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APPLICATION OF MATHEMATICAL MODELS
IN OVERCOMING THE CRISIS STATE
OF ECONOMICALLY UNSTABLE ENTERPRISES

3ACTOCYBAHHA MATEMATUYHNX MOJIEJIEI
[TPY BUXOMI I3 KPU30BOT'O CTAHY
EKOHOMIYHO HECTIMEUX IIIIITPUEMCTB

Summary. The article proves that all economic
crises are unique in their own way. This not only
raises a serious problem of correct forecasting of the
main parameters of the crisis on the basis of previous
experience of economic development, but also
emphasizes that the economic situation in which the
crisis occurs is also unique. Obviously, if we imagine
the onset of the same crisis in different time epochs,
the development of the crisis situation may differ
significantly, determining a high degree of stochasticity
of this process. It is recognized that decision-making
under conditions of uncertainty is a rather complex
task. In this aspect, the probabilistic nature of the output
variable is an attempt to obtain some simple integral
characteristic of the enterprise crisis resistance under
the accepted assumptions (optimal management) on
the basis of the available experience. This assessment
in its numerical expression (in the case of bringing it
to clarity) cannot be considered as an exact parameter.
Forming a ranked list of such assessments, we can
come to a linguistic variable of output with a basic term
set: high crisis resistance; moderate crisis resistance;
low crisis resistance. On the one hand, it is a direct
mathematical analysis, which consists in predicting
the value of one linguistic variable (output variable)
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through other variables (including linguistic ones)
by analyzing a fuzzy relation with some restrictions
(fuzzy criterion of non-dynamicity), the difficulties
of which are pointed out by the authors. In this case,
as it was shown above, the expert system is formed
in accordance with the course of human reasoning,
without taking into account which its correctness and
efficiency will be extremely low. However, on the other
hand, a linguistic variable, which does not pretend to
high accuracy in case of its reduction to clarity, at least
because this clarity value essentially depends on the
chosen method of reduction to clarity, in the authors'
opinion, removes the very principle of “economy”
associated with “elegance” of mathematical solutions,
which is unacceptable and is a hindrance. At the same
time, the problem of correct ranking of enterprises
according to their crisis-resistance from the point of
view of the peculiarities of the production process
associated with a high degree of non-dynamism is
solved. Thus, a compromise between the possibility
of direct mathematical analysis and the absence of
interference in decision-making has been found, which
makes it possible to achieve the goal set in this article.
Key words: economic sustainability, crisis period,
indicators, mathematical modelling, development.
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Formulation of the problem. The estimated
integral indicator of the company's lack of dynamism
should be correlated with the main parameters
of the impending crisis to determine the degree
of reorganization of the enterprise's production
process, the final result of which should be a
reduction of lack of dynamism to such a level that
will allow the company to successfully overcome
the crisis, preserving key production and personnel
potential. To achieve this goal, it is necessary to form
a criterion for the non-dynamism of the enterprise,
which would determine the critical value of the
non-dynamic indicator, above which the enterprise
will almost inevitably suffer irreparable significant
losses in a crisis or even cease its activities due to
a high degree of non-dynamism. At the same time,
as already noted above, the quality of management
decisions in this paper is not analyzed and is
considered close to optimal.

Analysis of recent achievements and
publications. The first works of foreign and
domestic scientists [1-8] used mainly linear
regression methods in assessing the financial and
economic state of an enterprise before and after the
crisis. However, the linear function has limitations
even with small changes in parameters. For example,
the weights and threshold intervals in the Altman
model vary greatly depending on the country and
year of the study; therefore, this model is not stable.
In addition, linear regression equations do not allow
taking into account the uniqueness and specificity
of each of the surveyed enterprises, do not allow
correctly analysing the state of enterprises in border
zones.

Therefore, the purpose of the article is to analize
the problems of economic stability of enterprices
with weak dinamics during a crisis period and to
propose measures to improve the situation.

Presentation of the main material. In [8] the
crisis is modelled as a catastrophic phenomenon
characterised by a sharp, discontinuous transition,
sudden qualitative changes in the state of non-
linear dynamic systems, which are enterprises.
At the same time, it is noted that the enterprise is
a complex system, the abrupt changes of which
are poorly analysed and predicted by classical
mathematical methods. The analysis of crises in
enterprises allowed the authors of [6] to propose the
following classification of the types of crises in the
enterprise:

— prolonged;

— protracted;

— unexpected and abrupt;

— intense and rapid;

— leading to an insurmountable catastrophe.

Moreover, according to the authors [8], classical
methods of analysis allow us to sufficiently
study only the first two types of crises. At the
same time, the catastrophe theory provides an
opportunity to study sharp, jump-like transitions,
sudden qualitative changes. However, these data
have a significant dependence on the accuracy of
estimation of the crisis parameters and the degree of
non-dynamism of the enterprise, which has already
been mentioned above. If a number of scenarios can
be used to estimate parameters of the crisis can be
used a number of scenarios: «optimistic», «neutral»
and «pessimisticy, thus removing the uncertainty of
the real parameters of the crisis, the overlap of errors
in the assessment of the degree of non-dynamicity
of the enterprise, as well as its ability to reduce non-
dynamicity makes this approach too cumbersome
for the development of a set of measures to reduce
non-dynamicity.

The authors [8] note the practical significance
of work using the theory of catastrophes as the
possibility of timely anticipation of the emerging
discrepancy in the structure of the enterprise,
determining the moment of entering the critical area.
However, if the crisis comes suddenly and abruptly,
ensuring timeliness is quite problematic. On the
other hand, without considering the impact of the
accuracy of estimating the real crisis parameters
of the enterprise on the timeliness of anticipating
mismatches, the practical significance is reduced.
Different models of catastrophes will also give
different results, which will be observed in fuzzy
sets when applying different algorithms. sets at
application of differentalgorithms of fuzzy inference,
as well as the methods of fuzzification. methods of
reduction to fuzziness. The inconsistencies in the
structure themselves can be quite can be interpreted
as a suboptimal value of the non-dynamicity index
due to the inefficient organisation of production
processes at the enterprise. inefficient organisation
of production processes at the enterprise.

The disadvantages of such models are
considered [6]:

— insufficient validity of the choice of a set of
financial and economic indicators of the enterprise's
activity, the values of which determine the distance
of'its current position from the «bankrupt» position;

— failure to take into account organisational-
technical and financial-resource differences between
enterprises of the same industry, and even more so
between different industries in the formation of a
certain «average» benchmark, for which at the
first stage the system of weights of indicators in
Z-survey is determined, and at the second stage —
the range [Z1; Z2];
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— «static» nature of the model, which consists in
the deterministic nature of the procedures of forming
a set of indicator weights, and, most importantly,
the range [Z1, Z2], which does not correspond to
the realities of enterprises’ activity in the conditions
of a highly dynamic market environment.

Some researchers come to the conclusion that
the practice of analysing real phenomena has
shown that in modern conditions for the economy
with its instability and financial crises, the classical
economic theory and statistics based on linear
models proved to be unproductive [7].

Parallel to the linear models, «qualitative»
models were also built, based on the study of
characteristics inherent in enterprises on the way
to bankruptcy and the assignment of appropriate
scores. For example, the well-known Argentine
model [8] allows predicting the management
crisis as one of the factors affecting the possible
bankruptcy of the enterprise, using the Argentine
indicator (A-score). Bankruptcy forecasting by the
method of financial flow analysis by J. K. Van Horn
[6] is widely used. However, it should be noted
that the correct construction of such models within
the economy is still problematic due to the lack of
mandatory consideration of a number of factors
affecting the financial stability of enterprises.
As a rule, these models are built on the basis of the
discriminant method on the basis of statistical data
of enterprises of one country and their use is limited
to the limits of this country or, at best, countries that
are close in terms of accounting system, taxes, etc.
The applicability of these models for the economy
should be checked statistically, because for all their
merits they were built on the basis of studying the
behaviour of firms in the conditions of Western
economic development, which may not correspond
significantly to the conditions of economic
development of our country.

Fractal models of crisis phenomena are reduced
to the study of financial and economic indicators of
the enterprise from the parameters of the crisis by
approximating the time series of data dynamics of
these indicators by fractal functions [7]. Within the
framework of the fractal approach the indicators are
considered to be dependent on the fractal dimension
of the approximating function [1]. However, in the
fractal theory it is not easy to define the concept
of fractal dimension [2]. The use of Hausdorft-
Bezikovitch dimension, Minkowski dimension,
generalised Renyi dimension, etc. as a fractal
dimension essentially turns the fractal dimension
into a fuzzy variable, since the values of the above
fractal dimensions are generally different. The very
proof of the fractal market hypothesis [3] also does

not look trivial in a concrete situation, since the
fractal is a fine structure from a mathematical point
of view. The correctness of application of fractals
should be investigated and justified separately
and based not only on good local coincidence of
particular results of modelling and real situation. of
modelling and real situation.

To make decisions about reorganisation of
production in crisis for enterprises with weak
dynamics, it is worthwhile to briefly discuss the
methods of decision-making. They are divided into
axiomatic, heuristic and verbal. Verbal analysis
allows:

— to check the received
contradictions;

— to present contradictory information to the
decision maker for its verification;

— establish ways of analysing and eliminating
contradictions.

The sudden onset of a crisis situation leaves
minimal time for detailed analyses and checks, so,
according to the authors [5], verbal methods are
poorly suited. In such situations, many researchers
see the advantages of axiomatic and heuristic
methods, such as multicriteria utility theory,
analytical hierarchy method, fuzzy sets theory.

The author of [5] considers heuristic methods
more suitable for decision-making underuncertainty,
because the heuristic approach itself corresponds
to repetitive complex situations that at first glance
do not lend themselves well to direct mathematical
analysis. The decision selection process is modelled
in such a way that the human reasoning process is
reproduced, and the very principle of ‘economy’
associated with the «elegance» of mathematical
solutions is unacceptable and is a hindrance [7].
However, these statements do not seem to apply to
the apparatus of fuzzy sets. Repetition of complex
situations is provided by the expert system, the
direct mathematical analysis of which is the
algorithm of implementation of fuzzy inference.
The choice of the method of fuzzification is closely
connected with the course of reasoning, which is
described in [7].

Thus, the use of the apparatus of fuzzy sets for
the construction of the criterion of non-dynamicity,
related as in the criterion of non-dynamicity, related
both to the estimation of the current degree of non-
dynamicity of the enterprise, as well as the forecast
of its criticality in relation to the impending crisis.
impending crisis, as well as the development of a
set of measures for the reorganisation of production
activity. reorganisation of production activities
during the crisis period in order to reduction of
non-dynamicity, seems to be the most justified and

information for
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in line with the conclusions of many researchers
concerning the correctness of application of the
mathematical apparatus for modelling the crisis.
mathematical apparatus for modelling the crisis
dynamics of an enterprise.

Conclusions. If there are no changes in the
initial data or knowledge base, it is necessary to
form a fuzzy conclusion in the form of evaluation
of the belonging functions of the investigated
enterprises to the fuzzy subsets describing the basic
term-multiplicity of the fuzzy criterion of non-
dynamicity. Thus, a classical expert system has been
constructed, which allows solving the problem of
assessing the crisis resistance of the enterprise as an
analysis of the criticality of the degree of their non-
dynamicity in the aspect of the main parameters of
the impending crisis. Significant criticality means
the necessity to increase the efficiency of production
organization during the crisis period by reducing the
non-dynamism. On the basis of the output variable
obtained with the help of the expert system, taking
into account the constraints, a fuzzy criterion of
non-dynamicity will be formed in the next section
of the chapter.
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AHoTanisl. Y cTarTi 10BEeIeHO, 10 BCl eKOHOMIYHI KPU3H MMO-CBOEMY YHiKalbHI. Lle He TiIbKH BHCyBa€e
cepiio3Hy Mpo0IeMy KOPEKTHOTO IIPOTHO3YBaHHS OCHOBHHUX IapaMeTpiB KPU3H HA OCHOBI MONEPEIHbOTO
JIOCBiJTy PO3BUTKY €KOHOMIKH, a i aKIIEHTY€ yBary Ha TOMY, III0 YHIKaJIBHOIO € 1 caMa eKOHOMIYHa CHUTY-
aris, B SIKy HacTae Kpuza. O4eBHIHO, IO SKIIO YIBUTH cOo01 HACTaHHS OJHI€T i Ti€l camMoi KpU3Hu B pi3Hi
4acoBl €MOXH, TO PO3BUTOK KPU30BOi CUTYyaIlli MOXKE ICTOTHO BIIPI3HATUCS, BU3HAYAIOUM BHCOKHM CTy-
IiHb CTOXaCTUYHOCTI 1IOTO Mpolecy. Bu3HaueHo, 1110 yXBaJ€HHs pIlIeHb B yMOBaX HEBU3HAUYEHOCTI €
JOCUTH CKJIAJIHUM 3aBIAaHHSAM. Y IIbOMY acHeKTi WMOBIpHICHMI XapakTep 3MiHHOi BHXOLy — IIe cIipoda
OTPUMATH SIKYCh INPOCTY IHTErPaJbHY XapaKTEPUCTUKY KPHU3O0CTIMKOCTI MIATNIPHEMCTBA 32 MPHHHATHX
NPUIYIIEHb (ONTHMAaIbHOTO MEHEPKMEHTY) Ha OCHOBI HAasBHOTO MocBiAy. L{to omiHky B umcioBomy ii
BUpa)keHH1 (y pa3l MpHUBEIEHHS 10 YITKOCT1) HE MOXKHA PO3IVISIATH K TOUHMUU mapametp. Popmyroun
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PaHXOBaHHM CITMCOK TAaKMX OIIHOK, MOJKHA JIMUTH JI0 JIHTBICTUYHOI 3MIHHOI BUXOAY 3 0a30BO0 MHOXH-
HOIO: BUCOKA KPHU30BO1 CTIHKICTh; IOMipHA KPU30BO1 CTIHKICTh; HU3bKa KPU30BO1 CTIHKICTh. 3 OTHOTO OOKY,
e — Oe3rmocepenHiii MaTeMaTHYHUH aHaTi3, SIKUH TOJISTae y MPOTHO3YBaHHI 3HAYCHHS OJTHI€T TIHTBICTUIHOT
3MIiHHOT (3MIHHOI BHXO/Y) Yepe3 iHIIi (30KpeMa, JIIHIBICTHYHI) HIUISTXOM aHaJli3y HEYITKOTO BiTHOIICHHS 3
JeSIKUMU OOMEXKEHHSAMU (HEUITKUN KpUTEpii HEAUHAMIYHOCTI), HA CKJIAJHICTh SIKOTO BKa3yIOTh aBTOPH.
[Tpu poMmy, sk 11e OyII0 MOKa3aHo BHIIE, EKCIIEPTHA cUCTeMa (POPMYETHCS BIAMIOBIIHO JI0 TIepediry MipKy-
BaHHS JIIOMUHH, 0€3 ypaxyBaHHS SKOTO i KOPEKTHICTh 1 €PeKTHUBHICTh OymyTh BKpail Hu3bkuMu. OmHAK, 3
1HIIOrO OOKY, JIIHIBICTUYHA 3MiHHA, 1110 HE IIPETEH/Iy€ Ha BUCOKY TOYHICTh Yy pa3i ii mpuBeIeHHs 0 YiTKO-
CTi, X0ua O TOMY, 1110 1I€ YiTKE 3HAUEHHS ICTOTHO 3aJIeKUTh Bl 00PaHOr0 METOY MPUBEIEHHS /10 YITKOCTI,
Ha JYMKY aBTOpIB, 3HIMA€ TOM CaMHI MPUHIUIT «EKOHOMID», MOB'A3aHOI 3 «BUIIYKaHICTIO» MaTeMaTUYHHUX
pilieHb, IKUi € HENPUHHATHUM 1 € nepermkoaoro. [Ipu boMy po3B's3y€eThbes 3aBIaHH KOPEKTHOTO PAHKY-
BaHHSI MIANPUEMCTB 32 IXHBOIO KPU30CTIMKICTIO 3 OISy 0COOIMBOCTEH BUPOOHHUOTO MPOLIECY, MTOB'sI3a-
HUX 13 BACOKUM CTyII€HEM HeIUHAMIYHOCTI. TakuM 4MHOM, 3HAIIEHO KOMITPOMIC Mi’k MOXJIMBICTIO 6€3M0-
CepeHbOr0 MAaTEMAaTUYHOTO aHaJI3y 1 BIACYTHICTIO MEPELIKO i/l Yac YXBaJ€HHS pILIeHb, 10 J1a€ 3MOTY
IOCSITTH METH, ITIOCTABJIEHO] B LIl CTATTI.

Ki1r04o0Bi c/ji0Ba: eKOHOMIYHA CTIHKICTh, KPU30BUH MEPioj], TOKAa3HUKU, MaTEMAaTHYHE MOJICITFOBAHHS,
PO3BUTOK.
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