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Statement of the problem

Negative trends in the global financial and economic recession led to the situation
in which the problem of bankruptcy has become one of the most relevant in almost
every country and Ukraine isn’t an exception (indicators of bankruptcy cases are in-
creasing every year. There were 6460 bankruptcy cases of enterprises of different
ownership in 2002 whereas by 2011 this number was already 14265, figure 1) [4].
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The critical condition of the national economy as a whole and its individual
sectors is the result of a number of internal and external factors. The decline in the
production, lack of working capital, deterioration of the property potential cause
a significant deterioration of the business.

The diagnostic of enterprise’s crisis is regarded as one of the way of economic
diagnostic and is closely related to the diagnostic of threat of bankruptcy. This
forecast is based on the development of the multivariate regression models and
takes into account the factors that has the most significant effect on the
development and formation of the greatest threats of bankruptcy in the coming
period.

The purpose

To identify the key factors in the integrated assessment of the bankruptcy, build
a tree structure of the crisis factors of the Ukrainian enterprises based on the
analysis of financial and economic indicators and highlight the possibility of using
Markov chains to determine the average probability of bankruptcy.

The findings

Combined estimation of bankruptcy risk can be performed on the quantitative
indicators (calculated with the help of Altman’s method, Beaver’s estimation,
fuzzy neural nets, etc.). [2] and qualitative benefits of the scale and relat ionships
between factors in the hierarchy of these factors. Determination of the bankruptcy
indicator is based on the data from all levels of the hierarchy. The scheme of the
process is described in the following mathematical model of bankruptcy risk
(BRM-Bankruptcy Risk Model): [1]

BRB=<G, L, &>,

where

G - tree structure factors of bankruptcy;

L - the set of the qualitative assessments of levels of each factor;

® - system of the preference relation between factors within the same level of the
hierarchy:

O={F(p)F, |pe(-.~)},
where

> - preference relation;
~ - indifference relation. [1]

It is necessary to select a set of indicators that would accurately assess the
financial position of the company in terms of risk, profitability and financial
stability.

For example, the depreciating of a fixed asset, the return on assets (ROA),
market liquidity, accounts payable, etc are relevant indicators for the Ukrainian
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companies. [2] With all this in mind, we can construct an optimal tree hierarchy of
the critical factors for national companies (Figure 2).
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Figure 2. The tree hierarchy of estimation of the company’s recession condition.

[, — the root node, corresponding to the risk factors of corporation on
whole;
F, — indicator of the company’s effectiveness;

F),— indicator of the financial stability;

F,,— coefficient of the depreciation of fixed assets;

F, ,— fixed-asset turnover;

F\ ; — the return on assets (ROA);

F, , — coefficient of the assets’ convertibility;

F,, —liquidity ratio;

F, ,— correlation between borrowed funds and the company’s equity;
F, ; —solvency ratio;

Each element in the hierarchy, as well as its every level, has a different degree
of importance r;, which is determined for each example.

Using the constructed hierarchy, we can count the operation for the assessment
of the bankruptcy risk. Let event A be a decline in the company’s effectiveness,
event C - the reduction of the financial stability, then from the law of total proba-
bility we obtain:

P(4) = ZP(E,j)P(A 1B
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P(C)=Y P(F, )P(C| F,))

where P(A), P(B) — the probabilities of A and B,
P(A|Fy ), P(C|F; ;) — the conditional probabilities of A given F; j and C given F, ;.

Let B be an event that is the occurrence of bankruptcy of the company Fj, then

we have:

P(B) = P(A)P(B| A)+ P(C)P(B|C).

Next, we will show the possibility of using the stationary continuous-time
Markov chains in predicting the possibility of bankruptcy. Let us recall some theo-
retical information.

Let our system S remain in the same state in every moment of time, forming a
countable set E= {1, 2, ..., n }. It is said that the system is described by Markov
chains if the next state depends only on the current state and not on the sequence
of events that preceded it.

Let X(t) be the state of the system in the moment of the time t, then using the
definition of discrete-time Markov chain we have:

PX(@)=jlX(1) = iy,.. Xt—-1) =i} =
=PX@®) =j1X(-1) =i} = py.
Continuous-time Markov chains differ from the discrete-time Markov chains
becouse the transitions between states can occur at any moment of the time, and
the next move is also a random variable.
Also, if the the probability of the transition is independent of ¢, then the chain

is called time-homogeneous or stationary.
Let P be the transition matrix of Markov chain

P11 " Pin
p =< LN )
Pn1 *° Pnan

and after n steps we will get:
Pi1 " Pi\"
Pn1 ° DPnn

Suppose that we have the initial distribution of a Markov chain

p©@ ={p;,i €E}, I,pi=1

then the distribution on the (n + 1) step will be determined by the following rela-
tion

p(n+1) = p(O) P™. [3]
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Therefore, the evolution of a Markov chain is fully completely described by
the initial distribution and transition probability matrix.

Let us consider the limit of the probability of transition from state i to state j at
time ¢, where ¢t — oo. If with the increase in ¢, the influence of the state X(t) =i
becomes smaller

lim; Lo p;;(t) = pj.
then the chain is said to be ergodic.

Let a function f(x(t)) be the probability of bankruptcy that depends on the
state in which the company is situated, which is defined on the set of states of a
Markov chain that is highlighted below in a figure:
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Figure 3. Example of behavior of the system S of Markov chain.

T4, Ty, ..., T, — moments of going from one state to another; T = min, {x(t) #
x(0)} — moment of the transition from the initial state, 7, = min;>,, _ {x(t) #
x(Tp_1)} The distribution of random variable 7; will be defined with such ratio:

P{r; < t} = e Mt t>0

because, a Markov chain is the stochastic process that can be thought of
as memoryless(Markov property), that’s why the moments of state transition is the
best described by the exponential distribution, because only this distribution has
the simple property. Now we will demonstrate it.

Let the random variable & have exponential distribution with parameter (A> 0).
Then we obtain:

P{é>n+m|é>n}=P{&>m}, n,m>0
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Proof: P{é>n}= fnoo le ™ dx = e

B P{€>n+m}_
P{€>n+m|f>n}— W—
e~ A(m+n) —im
== e =P{¢ >m]}.

Thus, the system S is given by:

1. initial distribution p© = {p;,i € E};

2. vector of parameters of exponential distribution A = {4;, i € E'};

3. matrix P = {p;;,i,j € E}.[4]

We will also assume that our Markov chain is irreducible and the stationary
distribution {p;,p, ..., Py} exists, namely:

Dj = X¢=1DsPsj

where pg; = P{x(t) = j|x(0) = s} — transition probabilities.
Now we will consider the average probability of bankruptcy f(x(t)) along
the trajectory of the process, in other words the value:

limyco 7 fy fC(O)dr.

According to the Markov ergodic theorem this variable exists and is defined by
the following ratio:

Lpi Mi(Jy fe)dw) _
XpiMt

FG@) = lim 2 [} f(x(@®)de =

_IpifOMiT _ IpifOA _ Epifidi
IpiMiT Tpidi ! Toidi ]
where T — moment of the transition from the initial state (also has the exponential
distribution).

Conclusions

The probability of bankruptcy is determined by many factors, such as the
probability of the crisis factors and the level of dependence of the enterprise on
these factors. Therefore it is necessary to develop a model in which the assessment
of the financial conditions of Ukrainian enterprises would be based on national
standards of accounting and reporting which would use statistical and information
database of local businesses.

Since the position of the company at some moment of time is completely de-
termined by the probabilistic characteristics of the next evolution of the system,
we can assume that our system is described by a Markov chain. Using time-
homogeneous Markov chains and Markov ergodic theorem, we can derive the
average probability of bankruptcy along the the process.
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Abstract:

The probability of bankruptcy is determined by many factors, such as the
probability of the crisis factors and the level of dependence of the enterprise on
these factors. Therefore it is necessary to develop a model in which the assessment
of the financial conditions of Ukrainian enterprises would be based on national
standards of accounting and reporting which would use statistical and information
database of local businesses.

Since the position of the company at some moment of time is completely de-
termined by the probabilistic characteristics of the next evolution of the system,
we can assume that our system is described by a Markov chain. Using time-
homogeneous Markov chains and Markov ergodic theorem, we can derive the
average probability of bankruptcy along the the process.

Estymacja wplywu kryzysu finansowego bankrutujacych przdsiebiorstw
w kontekscie lanuchéw Markowa

Problem bankructwa przedsigbiorstw jest jedna z wazniejszych kwestii we
wspolczesnej gospodarce. Uwidacznia si¢ on szczegdlnie w czasie kryzysow fi-
nansowych czy recesji. Rowniez na Ukrainie problem ten wystepuje w coraz
wigkszej skali. W pracy podjeto probe oszacowania przecigtnego prawdopodo-
bienstwa bankructwa w gospodarce ukrainskiej w zaleznosci od oddziatujacych
czynnikow za pomoca modelu opartego na tancuchach Markowa, ktore staja sie
coraz czgstszym narzedziem przy badaniu zjawisk i proceséw ekonomicznych
i finansowych.
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