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MATHEMATICAL MODELLING OF FINANCIAL STABILITY
OF PROCESSES OF THE COMPANY WORKING UNDER RISKS

The article proposes a mathematical model for estimating the probability of bankruptcy of a firm,
existing under condition of uncertainty and targeted critical levels of its financial state. The subject of
research is a large logistic company, working under risks of the international market. The article aims to
examine the problems of a company's financial strength in the light of a breach in its work under
condition of uncertainty and the issue of the irrational usage of its financial resources during a certain
period of time. The data is analyzed by applying the process of a resource withdrawal from the resource
container with linear trend and perturbations common for such a case. The advantage of this model is
that it allows both to conduct the analytical research and to perform the modeling experiments. The data
analysis over the period from 2014 to 2018 exposed the company profitability staggers caused by
structure and value changes of the financial flows and, as a result, the bankruptcy risk. In this case it is
necessary to develop a model, determining the probability of reaching the zero level of profitability using
the business activity array data in consideration of the detected risks.

Key words: financial stability, risks, enterprise, mathematical modeling, bankruptcy, financial
condition.
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ToyekeAaAiK KaFAaMbIHAQ XXYMbIC iCTEHTIH KOMMAHUS YPAiICTEPiHiH,
KApPXXbIAbIK, TYPaKTbIAbIFbIH MAaTEMATUKAAbIK MOAEAbAEY

Makarapa 6eArici3aikTiH  kKeHe Kap>XKbIAbIK, >KaFAAWAbIH MakKCaTTbl CbIHU  AEHrerAepiHiH
>KarAaMbIHAQ >KYMbIC ICTEMTIH KOMMaHMsIHbIH, 6aHKPOTKA YWbIPAY bIKTUMAaAAbBIFbIH 6Gafasay yuliH
MaTeMaTUKaAblK, MOAEAb YCbIHbIAAAbl. 3epTTey MoHi  XaAblKApaAblK, — HApbIKTbIK, ToyekeAAep
>KaFAAMbIHAQ XKYMbIC ICTEMTIH ipi AOTMCTMKAABIK, KOMMaHMs 60AbIN Tabblraabl. MakaAaHbiH, MaKCaTbl —
GeAriCi3AIK >KaFAalAQ KOMMAHMS XKYMbICbIHA KEAEPri KeATIpeTiH kaHe GeAriAi 6ip yakbIT Ke3eHiHAe
OHbIH, Kap>Kbl PECypCTapblH TUIMCI3 NanAaAaHyAaH TyblHAQFaH KOMMAHWSAHbIH, KQPKbIAbIK, KYLUTEPiHiH,
MaceAeAepiH 3epTTey. AepekTep pecypcTblK KOHTEMHEPAEH PecypcTapAbl aAy YPAICIH CbI3bIKTbIK,
YPAIC >K8He OCbIHAAM >KaFAalFa ToH HapasbIAbIKTAPAbl KOAAAHY apKbIAbl TaAAaHaAbL. byAa MoaeAbaiH
APTBIKWbIAbIFbI — OHbl MANMAAAAHBIM AHAAMTUKAABIK, Ta, MOAEAbAIK Te 3epTTey >XKYPrizy MYMKIHLLIAIr
6ap. 2014-2018 XbIAAAP apaAblFbiHAAFbI AEPEKTEPAI TAAAQY KAP>Kbl aFbIMAAPbIHBIH, KYPbIAbIMbI MEH
KYHADBIABIFbIHBIH, ©3repyiHe, HaTMXKeCiHAe OGaHKpPOT GOAY TayekeAiHiH nanaa 60AybiHa GalAaHbICTbI
KOMMaHWSHbIH, KipiCTiAIriHIH e3repyiH kepceTTi. ByA araaiaa aHbIKTaAFaH TayekeAAepAi eckepe
OTbIPbIMN, ICKEPAIK BEACEHAIAIKTIH AepeKTepiH ManAaAaHbin, KipiCTIAIKTIH HOAAIK AeHreiiHe >eTy
bIKTUMAAADBIFbIH @aHbIKTANTbIH YATi 83ipAey KaXkeT.

TyiiiH ce3aep: KapXKbIAbIK, TYPaKTbIAbIK, TOYEKeAAEpP, KOCIMOpbiH, MaTeMaTUKaAbIK, MOAEAbAEY,
6GaHKPOTTbIK, KAP>KbIAbIK, KaFAAN.
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MaremaTtnyeckoe moAeAupoBaH1e (hMHAHCOBOM YCTOMYMBOCTH
NpoLEeCcCoB KOMMaHMU, paboTaloLLeil B YCAOBUSIX PUCKA

B cratbe npeaAoKeHa MaTematmyeckas MOAEAb AASI OLEHKM BEPOSITHOCTM OaHKPOTCTBA (PUPMb,
CYLLECTBYIOLLEN B YCAOBUSX HEONPEAEAEHHOCTU M LIEAEBbIX KPUTUYECKMX YPOBHe ee (pMHAHCOBOIro
cocTosHus. [MpeAMETOM UCCAEAOBAHUS SBASETCS KPYMHas AOTMCTMYECKast KoMmanums, paboTatolias B
YCAOBMSIX PUMCKOB MEXAYHAPOAHOrO pbiHKA. LleAblo cTaTbym SBASETCS pacCMOTpeHMe MpoOAem
(bMHAHCOBOM MOLLIM KOMMaHMM B CBETE HapylleHust ee paboTbl B YCAOBMSIX HEOMNPEAEAEHHOCTU M
NPoOOAEMbI HEPALMOHAABHOIO MCMOAb30BaHUS €€ (PMHAHCOBbIX PECYPCOB B TEUYEHME OMNpPeAEAEHHOro
nepmoAa BpemeHu. AaHHble aHaAM3MPYIOTCS MyTeM MPUMEHEHMS MpoLecca M3BAEYEHUS pecypca U3
KOHTENHepa PEeCcypCcoB C AMHENHbIM TPEHAOM M BO3MYLUEHWMSAMM, OOLUMMM AASI TaKOro CAydasi.
[MpenmyLLLEeCTBO 3TOM MOAEAM 3aKAIOYAETCS B TOM, YTO OHA MO3BOASIET MPOBOAMTL KakK aHAaAMTUYECKME,
Tak M MOAEAbHbIE UCCAEAOBaHMSA. AHaAM3 AaHHbIX 3a neproa ¢ 2014 no 2018 roa BbISIBUA KOAeOaHMs
NPUBLIABLHOCTM KOMMaHMU, BbI3BaHHbIE M3MEHEHWUSIMU CTPYKTYPbl M CTOMMOCTM (DMHAHCOBbLIX MOTOKOB
M, KaK CAEACTBME, PUCKOM OaHKpoTcTBa. B 3ToM cAyyae Heo6XxoAMMO pa3paboTaTb MOAEAb,
OMPEAEASIOLLYIO BEPOSITHOCTb AOCTMXKEHMSI HYAEBOrO YPOBHSI PEHTAO0EAbHOCTM C MCMOAb30BaHMEM
AaHHBIX MAaCCUBa OM3HEC aKTMBHOCTM C yUETOM OBGHapPY>KEHHbIX PUCKOB.

KaroueBble caoBa: (prHaAHCOBas YCTOMUMBOCTb, PWMCKM, MpeAnpusTue,
MOAEAMpOBaHue, 6GaHKPOTCTBO, (PMHAHCOBOE COCTOSIHME,

MaTeMaTnyeckoe

Introduction

The development, study and adaptation of
flexible models analyzing and perfecting the market
tendencies and the financial flows has always been
an important aspect in the economic forecasting
theory. This scientific field becomes especially
important in the post-crisis period. In the terms of
market balance recovering well time detection and
minimization the full liquidation of the negative
financial tendencies is drastically important both
inside of the single company and the entire market
(Kalashnikov, 1996).

European and American methodological-
theoretical systems of bankruptcy probability and
financial stability modeling are based on the
researches of Altman (1968), Ohlson (1980) and
Zorin (2003) whose works still play the foundational
role in the enterprise financial stability analyzing.

Among the Russian authors it is hard not to
mention the works by A.A. Novoselov (2001),
Munjishvili (2014), etc. These works mainly focus
on such financial risk analytical methods like
Lundberg inequation, Kramer method, Sparre-
Andersen risk models, Poisson process.

As a rule, the models designed to estimate the
bankruptcy probability of a company are
demonstrated by the example of insurance
companies operating as an economic entity in which
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the collective risk as a financial stability indicator
can be clearly shown and characterized (Micel,
2013). However, the methods used to analyze
financial and statistic indicators of insurance
company performance have a drawback: they do not
consider the macroeconomic risks, affecting
financial stability of companies operating on the
international market (Telipenko, 2014).

Basic results

The article aims to examine the problems of a
company's financial strength in the light of a breach
in its work under condition of uncertainty and the
issue of the irrational usage of its financial resources
during a certain period of time. The data is analyzed
by applying the process of a resource withdrawal
from the resource container with linear trend and
perturbations common for such a case. The
advantage of this model is that it allows both to
conduct the analytical research and to perform the
modeling experiments.

The company under study is a large logistic
provider on the international market. One of its
major activities is delivering the imported goods to
Eastern Europe. To carry out one such deal
successfully it is necessary to consider the claims
and possibilities of three or more states (state of
origin, recipient state, and transit state). Using
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various world currencies, indirect dependence on
other world states economic stability and reliability,
additional risks arising due to using various
transport chains and links (e.g. inconsistency of
legislature, ‘trust factor’ towards the agents of other
states, criminal aspects) make the unforeseen
expenses possible. Unfortunately, these expenses,
along with those arising in the course of many other
deals, not always can be covered by insurance, but
they essentially influence the total revenue of
logistic companies. Amid the crisis these and other
risks are of great importance since they cause the
reduction of company’s financial stability.

As a rule, standard indicators and analytical
models of company’s besides company’s inner
accountable figures also consider local market
specifications (seasonal fluctuations, political and
economic stability in a state, company’s image and
policy). In this case the subject of analysis is the
results of company’s activity on the international
market in pre-crisis and crisis periods.

The data analysis over the period from 2014 to
2018 exposed the company profitability staggers
caused by structure and value changes of the
financial flows and, as a result, the bankruptcy risk.
In this case it is necessary to develop a model,
determining the probability of reaching the zero
level of profitability using the business activity array
data in consideration of the detected risks.

Mathematical model: the line functional

Finding the solution of various practical tasks
demand the studying the probabilistic characteristics
accounting time to reach some prescribed level by a
process on the exit of a inertial accumulative
detector (1,2). Let us consider an additive mix &(t)
of a determined positive signal s(t) and noise x(t):

S(t) = s(t) + x(1) . (1

If such an additive mix comes on the input of a
line detector, then the result of the detection is
random and the following value is formed on the
output

f
nt)=[[s(t')+x(t)]at”
0

Let us consider the schemes which actuate as
soon as a value n(7) reaches the some prescribed
level L . As far as n (?) is a random process, the time
to reach the L level is random as well. For the
positively determined functions s(?) and large ¢
values this moment of time will be defined by
reaching level n (7)) = L, in other words, it will be
determined by a moment of time 7" for which the
random event {4. n (i) = L} will be executed. For
the reaching moments the following condition is
observed

PO =(s(r-rW)), @

Where §(.) is a Diroc delta-function and n~*(L)
is an inverse function to n (7). Here and further the
operation of finding the absolute mathematical
expectation toward the set of the realizations of a
random process x(¢) will be put in <> brackets. In
other words this operation is a functional integral in
the space of {x(t)} functions. From the properties of
the d-function goes that

(mn)-L)). @

f
[

/d

Using Fourier representation for & -functions,
we shall obtain

P(t) = ;—H _|' (—iA)™? exp(HL)%i:exp{—iir?(r)}}di : (5)

Next we will assume that x(t) is a Markovian
normal process (MNP). Let us consider the
characteristic function Q t(y) = <exp (-iyn(v))>.
Since x(t) is a normal process, the n_(t) process is
also normal. For it we have

(m(r)) = [s{r) dt

]
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D, = D(1) = ((t)) = (n(t))"

Due to the normality of a random value n(t) = n
(1) the modified moments are enough to evaluate the

= jljl f:x(f| )x(ty)) dt, dt,

(6)

LUV

characteristic function value Q t(y), which gives us
Q_t(x) = exp (-ix <n(t) >) - ¥*2 D_t/2). Therefore

P(@) = o [ expli20,(Dd2, ™)
T
thus
_1{0 2291 - i (_. ! '\,_l.'_l: - 8
P(r)= 2 J (—iA)” exp(iAL) dr-s?xpt\ i) 54 D;r]d!i . ()
1 differentiation and consequent y integration leads to the expression of general type
1 . L- Wy {! ( - 1??”

P = D H .

(9= e B EL )| - o)

To obtain the expressions suitable for numerical
simulation it is vital to have a concrete type of
random MNP x(7) together with corresponding <n(t)
> and D; functions.

Below, the well-known Wiener process, to use
which it is sufficient to set the intensity 6, is
considered.

Numerical simulation of financial stability

For the model example the following parameters
were chosen: calculation duration 1 < 365 u 1 < 400
(days), time interval A1= 1, smashup level L1 =365
u L2 = 400, regular component ¢ = 1, random
component intensity 6 = 0,1. In this model the
system ‘forgets’ about its state by the next time
interval. Statistic simulation sample scope amounts
to M. Such sample scope magnitude M offers an
opportunity to draw a conclusion about the values of
desired probabilities (P) up to P =0,001 or P = 0,999
on the basis of statistic simulation results. The main
results of numerical calculations are presented
below in the form of amplitude histograms and
cumulative curves corresponding to them.

In the figure 1 five ways of functional
implementation and two critical levels of enterprise
financial state L1 = 365 and L2 = 400 are
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In the article the regular linear process s(t) with
constant ¢ will be used. Therefore <n(t) >=ct, <n(t)
>=c Next for Wiener process we have D,

D = =
2

In modified assumptions, taking into account

the normalization of desired distribution density P(7)

of reaching time 1, we have

(10)

represented (2). It is obvious that upon reaching the
chosen levels the functional n(t) (2) has an
amplitude distribution; the reaching moments are
distributed as well.

In the figure 2 the empiric histograms showing
how the times required for the random functional n(t)
to reach critical levels of financial state L1 = 365 and
L2 = 400 (days) are distributed. Judging from the
shape it reminds the normal law, however, in our case
the function is described by the expression (10), which
is different from the normal one. It is essential to notice
that due to the presence of a random component in the
phenomenon under study empiric distributions,
lumped around the critical levels L1 = 365 and L2 =
400 consider the smashup probability which may take
place before or after these time levels.

Cumulative curves (accumulated empiric
probabilities corresponding to the time histogram
presented in figure 2) are presented figure 3.
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Figure 2 — Empiric histograms g_1 and g_2 of reach time allocation of a random functional #(?) and
their analytical analogs P1 and P2 according to the formula (10);
critical levels of financial state, L; = 365 and L> =400
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Figure 3 — Cumulative curves Cum 1 t 1 u Cum T 2 showing how the times required

for the random functional r(t) to reach critical levels L1 = 365 and L2 = 400
are distributed and their analytical analogues C1 and C2 according to (10).
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Conclusion

The analysis of the modified cumulative curves
reveals that, considering the selected parameters of
simulation and critical levels of financial state, there
are detectable probabilities that a company will
reach the set level earlier than at the set moments of
time 1= 365 u 1= 400 (days). Therefore, to ensure
the probability to avoid bankruptcy P = 0,997
(bankruptcy is probable in 3 instances out of 1000)
under selected conditions 1= 370 and 1= 407 (days)
are required respectively. In practice, this may lead
to the loss of economic efficiency of a company. For
instance, under otherwise equal conditions, a

ignoring multilateral agreements, etc) in comparison
to the conditions of certainty. Therefore, the issue of
reducing uncertainty in the company performance
and economic efficiency of the expenses necessary
to enable this reduction becomes pressing.
Mathematical model, proposed in the article, can
be used to solve various application tasks dealing
with increasing the company operation efficiency
under conditions of uncertainty and risk. The
calculation results and its comparison with the
analytical model reveals good match. Quite large
amount of statistic selection used in this work
provides the basis for using the proposed approach
even for those cases, when it is impossible to obtain

company will be prone to choose less risky tactics  clear analytical expression for probability
(lower productions levels, higher delivery dates, distribution P(3).
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