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Abstract. There is a class of complex systems characterized by dynamism, multi-link structural elements, multi-stage, multi-linked
chain of processes. Moreover, each of these processes occurs under conditions of stochastic and non-stochastic uncertainty in the
initial information, internal and external environment, which predetermine the uncertainty of the nature of the development of the
situation. Decision-making problems in such systems are divided into two types: 1) decision-making problems under risk condi-
tions, when uncertainty conditions are only probabilistic, stochastic in nature; 2) decision-making problems under conditions
of uncertainty, when the accompanying conditions are of a non-stochastic nature, and also when the necessary reliable statistical
data is unknown. In tasks of the second type, risks are manifested to a greater extent than in the first. At the same time, risk should
be considered — as an object, event, phenomenon — as a formal mathematical category in accordance with its following information
interpretation: risk is information uncertainty, fuzziness of the “object — subject — environment” system and its individual elements.
The measure of this uncertainty determines the measure of danger, possible damage, loss from the implementation of some decision
or event. The existence of risk is associated with the inability to predict the future with 100 % accuracy. Based on this, the main
property of risk should be singled out: risk occurs only in relation to the future and is inextricably linked with forecasting,
and therefore with decision-making in general (the word “risk™ literally means “making a decision”, the result of which is
unknown). Following the above, it is also worth noting that the categories “risk” and “uncertainty” are closely related and are often
used as synonyms. In conditions when the initial factors are given in the form of fuzzy characteristics, other approaches based
on the intelligent technologies of Soft Computing are widely used for forecasting. When evaluating alternative decision-making
options for risk assessment under uncertainty, the problem of developing fuzzy models based on fuzzy inference rules arises.
But there is no universal method for constructing fuzzy evaluation models. The advantage of fuzzy logic lies in the possibility
of using expert knowledge about a given object in the form of if “inputs”, then “outputs”. In the paper a bankruptcy risk model
is developed in poorly formalized processes for the purpose of forecasting.
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B YCJIOBHSIX CTOXACTHYECKON M HECTOXACTHYECKOH HEONpeNelIeHHOCTH B MCXOJHOW MH(OpPMAIMH, BHYTPEHHEH M BHEIIHEH
cpene, KOTOpbIe IPeJoNpeelsIIoT HeONPEIeICHHOCTh XapaKkTepa pa3BUTHs CUTYyalUH. 3alauyd MPUHATHS PEIICHUH B TaKUX
CHCTEMax pasJessAloT Ha JBa THma: 1) 3aa4u NPHHATHS PEIICHHWI B YCIOBMSAX PHCKa, KOIJa YCIOBHUS HEONpPENeICHHOCTH
HOCSIT TOJIBKO BEPOSTHOCTHBIM, CTOXAaCTUUCCKUI XapakTep; 2) 3afaun IPHHATUS PENIeHHH B YCIOBHUSIX HEONPEeICHHOCTH,
KOT/Ia COIIPOBOJKAAEMbIE YCIIOBHS MMEIOT HECTOXaCTHYECKYIO IIPHPOLLY, @ TAKXKE KOTja He0OXO MBIl IOBEPUTEIIbHBIN CTaTH-
CTHYECKHH MaTepuall HeM3BECTEH. B 3a1auax BTOPOro THIA PUCKH NPOSBIAIOTCS B 00j1ee 3HAYUTENBHON CTEHICHH, YeM B Iep-
BbIX. IIpH 3TOM Clie[lyeT paccMaTpHBaTh PUCK Kak OOBEKT, COOBITHE, SIBJICHUE — B KauecTBe (GopMalbHOI MaTeMaTH4ecKon
KaTeTOPUH B COOTBETCTBHH CO CIEIyIomel ee HHPOPMAIIMOHHOI HHTEpIIpeTaIeil: pUCK — 9TO HHPOPMALMOHHAs HEOIpeie-
JICHHOCTb, HEYETKOCTh CHCTEMBI «OOBEKT — CYOBEKT — Cpella» U €€ OTIENbHBIX JJIEMEHTOB. Mepa 3Toi HeolpeaeneHHOCTH
OlIpeeNseT Mepy ONAacHOCTH, BO3MOXKHOIO yIiep0a, MPOUrphIilia OT pealn3aluy KaKoro-To perieHus uian coobitus. Cyie-
CTBOBAHHE PUCKA CBS3aHO C HEBO3MOXKHOCTBIO ¢ TOYHOCTHIO 10 100 % mporuo3uposats Oyaymee. Mcxons u3 3Toro ciemyer
BBIZIEJIUTH OCHOBHOE CBOMCTBO PUCKA: PUCK UMEET MECTO TOJBKO II0 OTHOIICHHUIO K OyayIieMy ¥ Hepa3pbIBHO CBSI3aH C IPO-
THO3UPOBAHHUEM, a 3HAYUT, U C IPHHATHEM PELICHUH BOOOIIE (CIOBO «PUCK» B OYKBAJIBHOM HEPEBOJE O3HAYAET IIPHHSATHE
pELICHUS», Pe3yJbTaT KOTOPOro HensBecTeH). Ciietys BbILIECKa3aHHOMY, CTOUT TaK)K€ OTMETHTh, YTO KaTETOPHU PHCK U He-
OIIPE/ICJICHHOCTh TECHO CBSI3aHBI MEXIY COOOH M 3a4acTyio yrmoTpeOIsIoTcs Kak CHHOHMMEL B ycioBmsx, Koraa HCXOJHEIE
(axTopbl 33AIOTCSl B BHJE HEUSTKUX XaPAKTEPHCTHK, MU MPOTHO3MPOBAHUS IIMPOKO HCIIOIB3YIOTCS JAPYTHe IMOAXOJBI,
OCHOBaHHbIE HA MHTEJUIEKTYaIbHbIX TEXHOJIOTHAX MATKUX BbIYMCIeHUH. [Ipy OLeHKe anbTepHATUBHBIX BAPHMAHTOB NPUHATUSL
pEIICHUH Ul OLECHKM PUCKOB B YCIIOBHSAX HEOINPENEICHHOCTH BO3HHKAeT IpobiieMa pa3paOOTKH HEYETKUX MOJeei,
OCHOBAHHBIX Ha IIPaBHJIaX HEYETKOTO BhIBOJA. Ho yHHBepcalbHOrO MeToa MOCTPOEHHS HEUETKHX OICHOYHBIX MOJENCH He
cymiecTByeT. [IpenMyIecTBO HEUeTKOH JIOTHMKH 3aKJII0YAETCsl B BO3MOXHOCTH UCIIONB30BaHMs SKCIIEPTHBIX 3HAHUH O JaHHOM
00BEKTE B BUIE €CITH «BXOJBD», TO «BBIXOABI. B cTaTthe pazpaboTaHa MoIelb pucka OaHKPOTCTBA B ¢1a00 (OPMaTn30BaHHBIX
TIporeccax ¢ IeNbIo MPOTHO3MPOBAHUSL.

KiroueBble ciioBa: ypoBeHb PUCKA; KiIacCH(HKaLUs PUCKOB; JIMLO, IPUHUMAIOLIEE PelleHue; HeueTkas Mozaelb CyreHo;
UHANKATOPBI; GMHAHCHI; 6a3a 3HAHUH PUCKA; MATKHE BBIYUCICHUS
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Introduction

For complex processes characterized by uncer-
tainty (inaccuracy, non-stochasticity, incomplete-
ness, fuzziness) in the initial information and situa-
tions of the external and internal environment, it is
usually not possible to build simple adequate
mathematical models. Information about the pa-
rameters of such processes is expressed by experts
in the form of words and sentences, i.e. in linguis-
tic form. In such cases, it is advisable to use mod-
eling, decision-making and control systems that
use the tools of soft computing technology (Soft
Computing) [1, 2].

Risk is understood as the possible danger of
losses arising from the specifics of certain natu-
ral phenomena and activities of human society.
The risk can be managed, that is, various measures
can be used to predict the occurrence of a risk
event to a certain extent and take measures to re-
duce the degree of risk [3, 4].

Risks have a very big impact on people's be-
havior. Therefore, their analysis can help in
explaining certain actions performed by certain
subjects. It should be borne in mind that it is prac-
tically impossible to take into account all risk fac-

Hayka
wrexHuka. T. 23, Ne 1 (2024)

tors, so the assessment is based on certain assump-
tions, and the result is approximate to a certain
extent. However, this does not diminish the impor-
tance of developing an appropriate risk strategy.

The development of a risk strategy goes
through a number of successive stages, among
which are:

1. Risk classification.

2. Identification of factors that increase and de-
crease a specific type of risk.

3. Analysis of the identified factors in terms
of the strength of the impact on the risk.

4. Assessment of a specific type of risk.

5. Establishment of the optimal level of risk.

6. Analysis of individual operations in terms
of compliance with an acceptable level of risk.

7. Development of risk reduction measures.

The effectiveness of the organization of risk
management is largely determined by the classifi-
cation of risk. Risk classification should be under-
stood as the distribution of risk into specific groups
according to certain characteristics in order to
achieve the set goals [11, 12]. Scientifically based
risk classification allows you to clearly determine
the place of each risk in their overall system.
It creates opportunities for the effective application
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of appropriate methods, risk management tech-
niques.

In conditions when the initial factors are gi-
ven in the form of fuzzy characteristics, other
approaches based on the intelligent technologies
of Soft Computing are widely used for forecast-
ting [5, 6, 16-21]. When evaluating alternative de-
cision-making options for risk assessment under
uncertainty, the problem arises of developing fuzzy
models based on fuzzy inference rules. But there is
no universal method for constructing fuzzy evalua-
tion models. The advantage of fuzzy logic lies
in the possibility of using expert knowledge about
a given object in the form of “if “inputs”, then
“outputs” [22-29].

Formulation of the problem

Successful analysis of the risk of bankruptcy
of the enterprise can be carried out only on the ba-
sis of the following basic conditions [12—14]:

1. The analysis is based on the results of the
longest possible monitoring of the enterprise.

2. The forms of accounting used in the analysis
should accurately reflect the actual financial condi-
tion of the enterprise.

3. For the purposes of the analysis, only the in-
dicators that are most important in terms of their
relevance to the bankruptcy of the enterprise are
used. This is possible only when the DM assesses
not only the financial condition of the enterprise,
but also its position in the industry.

4. The analyst must have appropriate bankrupt-
cy statistics, which must be verified in terms
of industry, country and period under review.

All of the above shows that a given expert-
analyst needs to form an idea of what is “good”
and “bad” within the scope of the industry to
which the enterprise belongs.

Classical probability is a characteristic sign of a
general set of events, not of an individual object or
event. By looking at a separate entity, we describe
its relationship to the whole group on a probabilis-
tic basis. But the uniqueness of any type of enter-
prise is that it can be viable even when it has very
weak capabilities, and vice versa. The uniqueness
of the destiny of the enterprise encourages the re-
searcher to look carefully at the enterprise, not to
use the “same pattern”, but to find its specific side,
not to look for similarities, but to look for and de-
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scribe different aspects. There is no place for sta-
tistical probability in such an approach. The re-
searcher feels this inwardly and shifts the main
emphasis from predicting bankruptcy to recogni-
zing a situation that separates the enterprise from
the bankrupt.

It will be necessary for experts to distinguish
a number of separate financial indicators. It can be
said about the experts that it best describes the spe-
cific aspects of the enterprise’s activities and de-
scribes a number of completed sets that give
a complete picture of the purpose of the enterprise.
Conducting a selection of indicators using his
long-standing experience for analysis is highly
effective. There are no two companies that have
the same good approach to the same indicators.
Or more precisely: the importance of different in-
dicators for this or that enterprise will vary. There-
fore, the expert is faced with the difficult task
of selecting and differentiating analytical factors.
It is possible to analyze the hierarchy of indicators
classified by groups (financial stagnation, liquidity,
profitability, etc.), but in normal cases they form
a chaotic set.

Therefore, in this and subsequent cases,
the growth of each X; indicator is associated with
a decrease in the risk of bankruptcy and an im-
provement in the situation of the enterprise under
consideration. If the opposite idea is used for
a given indicator, the analysis will need to replace
it with other indicators. For example, it is prefera-
ble to replace the ratio of cash in the assets of the
enterprise with the ratio of the share of private
funds in assets.

For each indicator X;, we adjust the signifi-
cance level 7; settings for its analysis. To assess
this level, all indicators should be placed in de-
scending order of significance, in the following
order:

H2F 2.1y (1)

If the system of indicators is structured in de-
scending order of their significance, then the sig-
nificance r; of the i-indicator can be determined
according to Fishbern's rule [15]:

_2(N—-i+])
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Fishbern’s rule reflects the fact that nothing
is known about the significance of indicators other
than (1). In that case, the estimate (2) corresponds
to the maximum value of the entropy of the uncer-
tainty of the information available about the object
under study.

If all indicators are of equal significance (a sys-
tem with equal advantage), then Table 1.

Table 1
Risk level knowledge base
Name Risk level
of indicators low average high
X A A2 A3
X oS A A3
Xy Ani Az A

Here is an approach that transforms an expert
into quantitative assessments that allow him to best
express own fuzzy assumptions with the help of
words. If the expert knows the enterprise from the
inside, it will not be difficult to identify the factors
that affect the processes of insolvency (including
management errors), to adjust the quantitative
indicators to these factors and to normalize them.
One of the existing approaches to solving this
problem is to use fuzzy mathematical methods.

Development of Bankruptcy Risk Model

It is assumed that the following are known:
1) (X,, y,) selected experimental data, r=1,M,
where X, =(x,,,X,,,..., X, ) — input n-dimen-

sional vector, and y, — the output vector cor-
responding to it; 2) Takagi-Sugeno rules of the
fuzzy knowledge base [7, 9, 31]:

ki (o
U(ﬂxl. =a, ;, —w,, with weight) —
p=1\i=l

=b;o+b; 1% +b;,x, +..+D; X

j.n’n?

B ©)
j=1m,

B=(bg, D052 D,0: b1
b2,1""’bm,1’ bln’b2n’ o mn)
it is necessary to find such values of the coef-

ficients of the rule conclusions that they provide
a minimum of squared non-binding:
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2 .
> (v =) - min, 4)
r=1LM
where y*,/ - (X, ) is the output of the inputs in the

r-row of the selection on the B parameter fuzzy
knowledge base.

The following fuzzy output corresponds to the
input vector X, =(x

r,1o r,’ o rn)

Zudj (X,)d,

f _ Jj=l,m , 5
yr Zud/-(Xr) ( )

Jj=l,m

where d; =b,, + Z ;1% ; — the output of the j-rule.

i=l,n

The degree of execution of the conclusion of
the },td/_(Xr) = pz\l/’Tiwjp 'z=/1\,7[“-jp(xr’i)] —Jj rule.

The relative degree of execution of the j-rule
conclusion is defined for the input vector

Ha, (X,)
z Hdk(X)

k=l,m

B, = by Z.

In this case, (5) can be rewritten as follows:

f_ZBU jT

Jj=lm

Z[ r//0+Br]b11 rl ]

Jj=lLm +Brjbj2xr2+ +BIJ J.n rn
Here the following definitions are entered:
. . . \T
Y/ :(yljlﬂyi}{ﬁ"'ﬁyl{l) ;
T
Y:(yl’y23""yM) 5

_Bl,] PR B],m’ xl,lBl,] PR xl,lBl,m’

- xl,an PR xl,nﬁl,m;

BM,I’ “e BM,m ) xM,lBl,l’ “ee xM,IBl,m’

“ xM,nBM,l’ e 'xM,nBM,m‘

In this case, the problem (4) is written in
the form of a matrix in the following form: so that
the vector B is found, the condition is satisfied.

E=Y-Y"" (Y -Y/)— min. (6)

Here ¥ = AB.
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The minimum value of quadratic £ is obtained

at Y/ =Y , which corresponds to the solution of
the following equation:

Y=4B. (7)

The number of parameters to be adjusted for
real problems is smaller than the size of the data
sample, so equation (7) does not have a definite
solution. In this case, the solution of the prob-
lem can be found using the nickname inversion
of the matrix A4:

B=(A"4)"'A"Y. (8)

The problems of finding the solution of (8) are
related to the probability singularity of the matrix.

Computing experiment

Following the results of the work of the enter-
prise “AB” in the III and IV quarters, it is required
to build a fuzzy linear model of bankruptcy risk.

1. The financial condition of the enterprise
“AB” is characterized by the following financial
indicators (Table 2).

Table 2
Y Value of X; | Value of X
i Name of X; in the 1st | in the 2™
Indicator L . .
code indicator period period

(xL, 7) (L, 1);

X,  |Autonomy coefficient
(coefficient of private
capital to the foreign

exchange balance) 0.839 0.822

X, |Coefficient of working
capital to private equity
(coefficient of net working|
capital to current assets) 0.001 —0.060

X;  |Intermediate liquidity
coefficient (ratio of total
cash and receivables to
current liabilities) 0.348 0.208

X, |Absolute liquidity coeffi-
cient (coefficient of total
cash to short-term liabili-
ties) 0.001 0.0001

Xs Annual turnover of all
assets (coefficient of sales
revenue to the average
value of assets for the
period) 0.162 0.221

Xs |Return on total capital
(coefficient of net profit
to the average value of
assets for the period) -0.04 -0.043
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Also, the risk levels are ; = 0,709 and r, = 0,713.

2. Divide the current values of x into classes
according to the criteria in Table 1. The results
of the classification are presented in Table 3.

Table 3
. Value of {A} Value of {A}
4; Indi- in period I in period II
cator
M) | Ma(xe) | As(xed) | M) | Aa(xe) | As(Xea)
X, 0,200 | 0,500 1 0,2 | 0,500 1

X, |0920]0548 0483 1 | 0,500 0,200
X; | 0,562 ] 0,008 | 0,444 | 0,73 | 0,866 | 0,340
X, | 0,920 0,995 | 0,469 | 0,982 | 0,536 | 0,223
X; | 0,826 0,772 [ 0296 | 0,711 | 0,759 | 0,423
Xq 1 | 0,500 | 0,500 | 0,985 | 0,510 | 0,337

Based on the above formulas, the following
quantities were determined:

B, =0,512; B, =0,483; B,, =0,487; B,, =0,586.

General form of the linear model of the enter-
prise bankruptcy risk is as follows:

DoueHx’ D> e )xy

_ Jj=1 j=1
1 =by,—by, =b, -

n

Zn: H(xl Z u(xz

imwn

Jj=1
by P

ZM(M

Zumné

Jj=1
blé n

ZH (xé)

SueE Y

r, =byy — by, jzl,, —b,, = I,, -
D oux’) D ()
J=1 Jj=1
douhHe Y uea)xy
= by, jZI,, _ —b,, j:; -
PIRTED D ux)
= =
Sue e
_bzs = _bzs =

ued)  Xue)
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CONCLUSION

A bankruptcy event can include not only finan-

cial but also other parties in its list of causes,
which can be expressed in both quantitative and
qualitative terms. Systems of bankruptcy risk diag-
nosis have been established that are used simulta-
neously with speculative considerations of quanti-
fiable factors that can be accurately measured.

We believe that the construction of such a sys-

tem of risk assessment with modeling based on the
combination of “Soft Computing” — technologies:
fuzzy sets, neural networks and genetic algorithms,
theory of bipolar nonlinear sets will be carried out
in the near future.

10.
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