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Abstract

The article considers the modern theoretical and methodological approaches to the assessment of the economic sustainability
of industrial enterprises. Development of long-term strategy aimed at achieving a set of socio-economic indicators, should
include an analysis of the dynamics and ensure the minimization of cost for achieving the goal in the conditions of variable
environment. The objectively existing and fundamentally fatal uncertainty in the external environment system causes disturbing
impacts arising from its moments towards the goal, and determine formation of variable indicators at the output of the system.
It is offered to make an assessment of the economic sustainability of the enterprise on the basis of probabilistic-statistical
methods.

Keywords: economic sustainability, modeling of economic system, economic and mathematical models, industrial enterprise,
sustainable economic development.

1. Introduction

Projecting methods to evaluate the industrial enterprise on criteria of economic stability in terms of dynamics is connected
with the development of methodological approaches to form the system of its figures. At the present stage of the
economic thought the figures providing for the evaluation of dynamic economic stability are of great importance for
identification of reserves and possibilities to increase the efficacy of performance and development of mini-economic
systems under the condition of uncertain environment with the high degree of variability of disturbing influences.
Identifying figures of economic stability of a mini-economic entity completes the information derived from standard
procedures of economic analysis (Ansoff, 1989).

Industrial enterprises discriminate the following components of the specified factor groups, disturbing and control
influences: deterministic factors — cost of equipment, depreciation rates, different expenditure rates of material recourses
and productivity; uncertain factors — cost of material resources, volume of sales, product demand, tax level etc.
management decision factors — product price, wage rate, rate of marketing costs etc.

It's worth saying that these are the fluctuation of uncertain factors which are essentially incoming disturbing
influences of a mini-economic system. To solve the task of steady performance can be reduced to finding methods
compensating for the negative influence of the uncertain factors fluctuation.

To introduce a special quantitative index of economic stability this concept should be treated in terms of its
dynamics.

2. Theoretical Framework and Literature Review

It is regular that the difficulty of constructing special algorithms for the analysis of mini-economic entities’ stability under
the condition of uncertain environment is connected with the level of organizational forms of modern enterprises (Bayev
et al., 2001). The basic characteristics of modern enterprises as open social and economic systems are the complex
organizational structure, instability and uncertainty of disturbing influences.
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An industrial enterprise as a mini-economic system is characterized by a great lot of elements and their
interconnections, constant influence of external and internal factors of macro-, meso-, and micro-environments of different
degrees of variability. Meanwhile the internal corporative processes are difficult to formalize due to organization
complexity. Thus, there appears a necessity to develop non-parametric economic and mathematical methods for
identification of the economic stability figures characterizing the economic situation in mini-economic system, which is
observed at the given temporal interval.

While identifying the economic stability figures in terms of the analysis of enterprise operating results, it is
reasonable to use the models bases on the analysis of cash flow.

In this case it is necessary to predict possible factor values and disturbing influences of different origin which affect
the formation of cash flow, to analyze the quantitative influence of the disturbances of different level on the elements of
cash flow structure determine the final figures of the enterprise operating results.

The combination of factors of different origin produces defined values of different figures (Khudyakova and Shmidt,
2006), characterizing the enterprise operating results: sales proceeds, taxable income, net transactional inflow and
correspondent efficacy figures.

3. Materials and Methods

A possible interpretation of economic stability: let there be a trajectory of the development of a mini-economic system,
reflecting changing parameters of its standing, and let there be some domain ¢* of admissible deviation of a real phase
trajectory of the set development trajectory. Then if there is a domain o* and if the real trajectory lying in the domain o*
never exceeds the domain ¢* along all the trajectory, then a mini-economic dynamic system is steady. Such an approach
is used for the analysis of technical systems stability by Lyapunov. Our interest lies in the dynamic economic stability and
hereinafter making comparisons of economic systems stability we shall mean the very dynamic stability, since the
temporal factor in this case is completely impossible to be excluded from consideration.

It seems that the principle moment in leaving the technical system in favor of the social-economical one is the fact
that deviations of real development trajectories form an objective trajectory are of random and stochastical nature, and it's
impossible to get exact information of these deviations. And if it is possible to judge the stability of a technical system by
Lyapunov unequivocally, analyzing the difference equations, characterizing system’s behavior, in terms of the analysis of
economic stability due to the wide impossibility to propose a difference equation of the economic system performance,
the conclusion of stability or instability can be drawn only with some possibility by means of the suggested methods. The
crucial moment for identification of a stability index for the given class of systems is the property of deviation from real
development trajectories which provides for the occurrence, though random, of these deviations, but it possible to
determine the probability of a certain deviation of a real phase trajectory from an objective trajectory at every point, so
there appears to be a law of frequency distribution of these deviations. The existence of the law of frequency distribution
of deviations of a real phase trajectory of a mini-economic system from an objective trajectory makes it possible to
determine the probability of deviations of a real phase trajectory from an objective trajectory, with the set objective
anyway achieved. The possibility, that a real phase trajectory of performance and development of a mini-economic
system will not exceed the objective domain (domain €*) along all the objective trajectory, is an index of functional stability
of an object-oriented a social-economic system against the object view. In this respect the task to analyze the economic
stability against the object view is to identify the possibility degree for the system to achieve the object view under the
condition of uncertain parameters of the external environment.

If the stability of system performance is the probability of achieving some quantitatively characterized objective, the
stability analysis task is reduced to finding the law of frequency distribution of quantitative results of mini-economic
system performance and finding the probability of objective achievement using this law.

The possible approach for the solution of the task of steady mini-economic system performance of an industrial
enterprise against the set object view is to determine the function of distributing objective functional by means of the laws
of joint distribution of random system parameters. In this respect the task to determine the laws of distribution of the
objective function of a random value can be used to determine the probability of the given function to enter its acceptable
region (Ventsel and Ovcharov, 2000, Bolshakov, 1983). Consider an example when the objective functional of mini-
economic system is a function of random parameters x1, x2, ..., xn.

Z:(/)(xl,xz,...,xn)l (1)

when limited
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sk3k
Z2q (xl,xz,...,xn)' 2

The probability of steady performance of a mini-economic system against the object view can be determined with
the distribution function R(Z).

RZ)=PZ2q"} 3)

Consider the objective function depending on the combination of laws of distributing independent system
parameters, distributed according to the normal law and can be interpreted as

n
Z= Zaixi +b

i=1 , (4)
where ai and b — deterministic coefficients; xi— random parameters of a mini-economic system.
Consider an example when the objective function is a sum of random values xi with distribution densities f{(x;)

n
= Za[xi +b

zZ
respectively. Find the distribution density of the probabilities f(Z) of a stochastical value = Figure 1 clarifies the
set task.

n
g*¥* = a;xy +a,x, +) a;x;+b
i=3

Domaim
=

Z=g

X, = const
i=345. .n

X
. X i Z=Zn:aix‘+b2q*x

Figure 1. Plotting the domain =
Distribution function of a random value Z probabilities

F(2)=P(Z24¢")=P(Sax;+b24")

P Q)
. . . . . fé"w%) . N .
can be achieved by integrating the tuple probability density =1 in the domain, situated above the line

%k ok

n
aypxy +axxpy + z ajxj+b=gq
i=3 . Here we take q** as a deterministic value. For every fixed value xi the value x

must provide for the fulfillment of the condition ~*<*<#~%i Then it is possible to get (Ventsel & Ovcharov, 2000,
Bolshakov, 1983):

F(Zy= [ [fG1x000xp)dx1dy..dxy
s . ©)
In particular if xi and xj are statistically independent, the common distribution density of probabilities can be
interpreted as a factum of cofactors and the formula (6) appears as

co oo

FZ)= [ [ £ f 02 f(i)elx1iy ..y
=2 : (7)

zZ= i”iv"i +b= q**
The distribution density of random value probabilities =1 found, through differentiation of F(Z) along Z.
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In terms of the Leibnitz-Newton theorem the running integral with the running limit inferior is the continuous
function and the derivative from this integral over the variable is the primitive of this integral (Cooper & McGillem, 1989).

As the variable Z appears only in the limit inferior of the integrals. Thus, it is worth saying that in this case f(Z) is a
convolution of one-dimensional distribution densities of random values probabilities.

Then it is possible to write

5@ =T i =2 fsi11)dt iy
- : ®)
It is worth saying that the convolution of the (8) type can be attributed to any factor of the mini-economic system xi.
Taking into consideration that linear conversions of the laws of density distribution of a mini-economic system

environment do not lead to changing the law of distribution density of an objective functional, the condition of the

sk *
objective function to enter the set parameters can be interpreted as ¢ <4 <4

—_ Kk —

V4 -Z

EE3 * q * —
Pl <254 = [f@az = 5 -5
. oz oz
q , ©)
where @(.) - erf integral (Laplace's function).
As an example, consider the law of distributing an objective functional of a mini-economic system depending on
the distribution of three random values of environmental factors. The function is set as

Z =aqpxogx] +azxxpy +b (10)

where Z — annual balance profit, x0 — enterprise sales volume, x1 — price for an item of product, x2 — conditionally
variable costs, a1, a2 < 0 — regular coefficients, b — conditionally regular costs. To simplify the solution reduce the task to
two random parameters and the formula (10) will be interpreted as

Z=a|x| +ayxp +b , (11)

where 417400 Random parameter x0 taken through the solution of three tasks: the first solution is achieved

, - , +30 . .
with (x0 =30x, ), the second — *0 and the third (x0 %o ). There are the intervals for the solution =% (where

Ix, . mean-square deviation of the factor 0) of the mathematical expectation *0, as the probability with such

deviations of a variable is insignificant. With the received probability of steady performance it is possible to plot a diagram

R=¢(x0) as it is shown in the figure 2, and to evaluate the influence of the variable *0 on the probability of steady
performance of a mini-economic system.

As the common distribution density of statistically independent values x7 and x2 can be interpreted as (Ventsel and
Ovcharov, 2000, Bolshakov, 1983)

C(-®)’ C(n-%)’

20, 2 1 20,,°%
1 x2
e

1
S, x0)= () f(xy) = \/EO'X] e \/EO'XZ 1
find the distribution density of the objective functional of a mini-economic system.

R

. X
(x,-30,) % (x,+30, ) ’

Figure 2. Dependence of the probability of steady performance of a mini-economic system at the time moment i of the
stochastic factor x0
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The function of distributing probabilities of the random value Z

&k ok
F(Z)=P(Zzq )=Plajx; +axx2+b2q ) can he derived through integrating a two-dimensional distribution
density (12) in the domain situated above the line ¢ ** = a1¥1 +a2x2 +b  For example, the limit in the formula

FZ)= [ [farx)dds
X1 _y-ax b —eo Z=a,x,~b

a can be changed like in (9). Thus, it is possible to write @
Differentiating the formula with dZ gives the distribution density of random value Z probabilities like in (Kapur and
Lamberson, 1980):

Z-ayx;,-b ;
71[ a;—x; +(X3*X§
](( ) J' Sign(”]) 2 Uf[ %% dx, = Sign(a1) J' 7Ax2+ZB/\ +Cd
270,0° °" 2no,0
1¥2 1¥2

—oo

2 2
_ 1 ca g

T, 2 Tt z]
where 4 9 .

Z-b-ax, Z-b-aX +a,x X
B=—[ 2711_ X FA %y

ajo’l a,0,0 o}

x; XY x; X

1 (y_b_al)ﬁ)2 xz
C=——/~— - "7 4L 2
FLE—p -/

X,

If the latter expressions are integrated into the distribution density f(Z) formula the result is

. szgn(a])f - i 7(2—72)2
‘/(Z):z(7 i _f(Z)= e 17 : 7 —a1% %y +b
& . After conversion o 2 , where sign(al); Z=a1¥1+a2x2+b _
2 _ . . - .
mathematical expectation of an objective function; 2z =11 - dispersion of an objective function.

Now knowing the law of density distribution of a random value of the enterprise objective functional, it is sufficient
to determine the probability of steady performance of a mini-economic system with the expression

Z-7Z
s q ( p= )
R=P(q <Z<gq o, 4
(g f oy r z
: (13)
After these procedures the formula (13) can be expressed as
R=0(-L =) a-L_Z,
oz oz
(14)

4. Conclusion

Thus, the economic stability of an industrial enterprise is its ability to achieve the performance and development
objectives within certain time-limits. A sign of the enterprise stability is the entrance of the enterprise cost figures into the
target domain and the quantitative sign of the economic stability of an enterprise is the probability to meet the objective
within certain time-limits.

The category of the enterprise economic stability against the objective is more informative rather than stability as
an ability of a system to return to the balance state under external disturbing circumstances. The probability to achieve
the objective within certain time-limits can span from 0 to 1 while the ability of a system to return to the start state can be
estimated only by two values: a system is either able to return to the start state or not.

The evaluation of the enterprise economic stability should rest on a systematic approach for the usage of complex
systems’ stability principles. This study suggests the basic principles of the systematic approach for examining economic
stability of an enterprise. It appears that stability is an external demonstration of internal properties of the very object.

The analysis of the enterprise stability is made on the basis of the cash flow generated by the enterprise, internal
and external disturbing influences, limits of the target domain. The study offers a classification of disturbances influencing
the dynamics of an enterprise and correspondently the dynamics of its cash flow.

There have been developed mathematic models of predicting changes of the cash flow generated by an enterprise
under the influence of disturbances and evaluating a random event of the entrance of the enterprise cost figures into the
target domain. The models allow determining the dependence of the enterprise stability on its “starting” state, creating the
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necessary basis for the stability control, to evaluate the efficacy of this control in terms of comparing the stability
increasing expenditures with the stability index.
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