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In a turbulent economy and increasing economic crises, the question of assessing
the economic sustainability of a corporation is quite relevant and in demand in scientific
research. At the same time, with a certain degree of conditionality, all works in this direction
can be divided into two clusters: works based on traditional indicators of financial stability
and ones using original scientific approaches to determining the economic condition of an
enterprise. This article belongs to the works of the second cluster. The basis for assessing
the economic sustainability of an enterprise is the economic and mathematical modelling
of the operating activities of the enterprise based on the well-known Cobb — Douglas
production function. A methodology is developed for constructing a mathematical model
of the enterprise’s activity, for determining elasticity indicators of output according to
the resources used in the production process and elasticity of production, on the basis
of the dynamics of which an approach to assessing economic stability is proposed. The
methodology was tested on the data of PJSC Chelyabinsk Tube Rolling Plant during the
implementation of the innovation project “Height 239”.

Keywords: mathematical modelling; economic sustainability; company; production
Sfunction.

Introduction

In a turbulent economy and increasing economic crises, the question of assessing the
economic stability of a corporation is quite relevant and in demand in scientific research
[1-5]. At the same time, with a certain degree of conditionality, all works in this direction
can be divided into two clusters: works based on traditional indicators of financial stability
and ones using original scientific approaches to determining the economic condition of an
enterprise. In this article, the assessment of the economic sustainability of an enterprise
is based on mathematical modelling of the enterprise’s operations based on a production
function.

1. Research Methodology

To assess the economic sustainability of an enterprise, it is proposed to use the
economic-mathematical model of the operating activity of the enterprise. The algorithm
for constructing mathematical models of the enterprise’s operations is based on the use of

the production function
CP=A-N*-FA®.CAY .M, (1)

where C'P represents the commercial products, thousand rubles / year; N is the number
of staff, people; F'A is the volume of fixed assets, thousand rubles; C'A is the current
assets, thousand rubles / year; A is the empirically determined coefficient that provides
conjugation of the dimension of the left and right sides of equation (1) and at the same time
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performs the role of a large-scale translation factor between all components of formula (1);
a, 3,7 are the elasticity coefficients of output according to the corresponding resource,
dimensionless; e is base of the natural logarithm; A is the coefficient of elasticity that
shows the effect of “autonomous” technical progress on production results, dimensionless;
t is the time normalized relative to the base year, years, (t; = T; — Ty).

In the most general form, the parameters A, a, 8,7 of production function (1) are
based on retrospective data on CP, N, FA,CA,t, as a solution to the system of linear
equations
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where m is the number of years for which retrospective data are collected (m > 4).
Sometime system of equations (1) may not have a solution. In this case, there
is a phenomenon that Mendershausen called the effect of multicollinearity between
independent variables. To overcome this barrier, the following transformations must be
made.
Divide the total differential of function (1) by the function itself and get

dCP/CP =a-dN/N + B -dFA/FA+~-dCA/CA+ \-dt. (3)

Denote

dCP _, CPy —CP _ dAN _ Nin— N,

P -m—z,w— m:x,dt:tiﬂ—ti:l,
@:2. FAi 1 — FA; _y dCA . CAi — CA; W
FA FAi1+ FA CA CAip1 + CA,;
Then expression (3) takes the form
z=a-z+pyt+y-wt A (4)
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Based on the transformed initial data from system of equations (5), we find the
elasticity coefficients a, 3,7, A.

(iilz":A'm+0"i§;xi+ﬁ~i§;y¢+v-i§;wi,
iil(xi-zi):/\-ixi+a-i§;(xi)2+ﬁ.ii(xi,yi)_i_

+v - Z:l(xi Cw;),

S = A e w) o Xlaew) + 8- L) 5
7 2w,

3w z) = A N (wn) s Nwi ) + 6 Ly wi)+

According to the found numerical values of the elasticity coefficients, the coefficient A

is as follows: m 5
Soaap gl wi
=1

A= Z (6)

(g gy - w] - eM)?

s

=1

The parameters of production function (1) found by the presented algorithm are an
economic-mathematical model of the operating activity of the enterprise. Its reliability
is checked analytically by assessing the deviations of the actual values of the exogenous
indicator in the retrospective section from the corresponding theoretical values. Assessing
can be carried out according to well-known criteria of agreement: Fisher, Student,
Kolmogorov—Smirnov and others used to test statistical hypotheses in conventional
approximation models.

The indicator calculated during the simulation h = « 4 § + v called the elasticity of
production. Its value shows how the scale of production affects output. If h = 1, then
function (1) assumes a constant effect of growth in the scale of production. If A > 1, the
increasing effect of growth in production scales prevails, i.e. in this production process
there is an increasing return on production resources. If h < 1, a decreasing effect of
growth in production scales is manifested, i.e. the company reduces the return of resources
involved in production.

However, this indicator can be used to assess the economic sustainability of the
enterprise. For this purpose, it is necessary to consider it in dynamics. If Oh/0t > 0,
at t = 1,T, then there is economic stability of the enterprise, otherwise we talk about
reducing the economic stability of the enterprise. The results of such an assessment can be
used as KPI to stimulate top managers for the year. The methodology was tested on the
data of PJSC Chelyabinsk Tube Rolling Plant during the implementation of the innovation
project “Height 239”.

We express our sincere gratitude to the Doctor of Economics, Professor Veniamin
Gennadievich Mokhov, congratulate him on his seventieth birthday and wish him further
scientific success.
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OIIEHKA SKOHOMUYECKOM YCTONYNBOCTU IIPEIIIPUATISA

M. Tupaune', B.I. ITaystcnuros®

Mkona Jionsur-Teccsep, r. Xanay, [epmanusa
2IOzx10-YpasIbCcKuil rocyJapCTBeHHbI YHUBEPCUTET, I. YessaO1HCK,
Poccuiickas ®@enepariust

B ycaoBusix TypOyIeHTHON 9KOHOMUKY U YIACTUBINAXCSI IKOHOMUIECKIX KPU3UCOB BO-
IIPOC OIEHKH SKOHOMUYECKOH yCTOWYMBOCTH KOPIIOPAIUU SABJISIETCS JTOCTATOYHO AKTYaJIhb-
HBIM ¥ BOCTPEDOBAHHBIM B HAyYHBIX HMCCJIEIOBaHUSAX. [Ipw 3TOM € OIpeiesieHHON J10J1eil
YCJIIOBHOCTH BCe PabOTHI B 3TOM HAIPABJIEHUU MOXKHO IOAPA3JEJUTh Ha JBa KjacTepa:
OCHOBAHHBIE HA TPAJUIUOHHBIX MMOKA3ATEIAX (DUHAHCOBON yCTOWYMBOCTH W PabOTHI, HC-
[IOJIL3YIOIIE OPUTHHAJBHBIE HAYTHBIE MTOIXOIbI K OIPEIEJIEHUI0 IKOHOMIUIECKOTO COCTOSTHUS
npennpuaTusd. Jammnas cTaTba OTHOCUTCS K paboTaM BTOPOro KjacTtepa. B OCHOBY OIEHKH
SKOHOMHUYECKOl YCTONINBOCTH IIPEIIIPUSITHS TI0JIOKEHO IKOHOMUKO-MATEMATUIECKOE MO/~
JINPOBaHUE OIEPAIMOHHOI JIeITe/IbHOCTH IIPEAINPUATUSI Ha OCHOBE IIMUPOKO M3BECTHOM IIPO-
n3BoicTBeHHON dyHKIMn Kobba — dyrmaca. Pazpaboramna MeTomumKa MOCTPOEHNST MaTeMa~
THYECKON MOJIEJIN JeATeIbHOCTH TPEIIIPUSITUSI, OIPE/IeIeHNs] ToKa3aTesell 3JIaCTUIHOCTH
BBIITYCKA TPOJLYKIMH 0 UCIIOJIb3YEMBIM B IIPOIECCe TPOU3BOCTBA PECyPCaM U 3JIaCTUIHO-
CTH [IPOU3BOJICTBA, HA OCHOBE JIMHAMUKHU KOTOPOTO IPEJJIOZKEH MOIXO0, K OIEHKEe SKOHOMU-
geckoit ycroitunBoctu. Meronuka Oblia anpobupoBana Ha jgaHHbX [TAO <YensiOuHckwmii
TPYOOIPOKATHBINA 3aBOI>, DU PEAJIU3AIMY HHHOBAIIMOHHOTO MIPOeKTa <BhicoTa 239>.

Karouesvie cr08a: — MAMEMAMUYECKOE MOJEAUPOBANUE; IKOHOMUYMECKAS YCMOTYU-

80CNL; MPEONPUATIUE; NPOUSBOOCTNEEHHAA PYHKUUS.
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