International Journal of Foreign Trade and International Business 2023; 5(1): 01-05

E-ISSN: 2663-3159

P-ISSN: 2663-3140

Impact Factor: RJIF 5.22
www.foreigntradejournal.com
IJFTIB 2023; 5(1): 01-05
Received: 01-10-2022
Accepted: 08-11-2022

EL Pankratov

! Nizhny Novgorod State
University, 23 Gagarin
Avenue, Nizhny Novgorod,
Russia

2 Volga Research Medical
University, 10/1 Minin and
Pozharsky Square, Nizhny
Novgorod, Russia

Corresponding Author:

EL Pankratov

! Nizhny Novgorod State
University, 23 Gagarin
Avenue, Nizhny Novgorod,
Russia

2 Volga Research Medical
University, 10/1 Minin and
Pozharsky Square, Nizhny
Novgorod, Russia

On prognosis of activity of industrial enterprise

EL Pankratov

DOI: https://doi.org/10.33545/26633140.2023.v5.i1a.80

Abstract

In this paper we present a model for forecasting the activity of industrial enterprises based on solving a
differential equation. This model gives a possibility to do prognosis of activity of industrial enterprises
taking into account changing of the volume of produced products, as well as taking into account
changes in its shipment to the domestic market and export deliveries. An analytical approach to solve
the differential equation has been introduced.
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Introduction

One of the most important factors, which determines increasing of competitiveness and the
successful operation of industrial enterprises, is the development of all spheres of its activity
(.21 In this situation enterprises must develop effective methods and adhere to the strategic
concept of innovation development &5,

In this paper we introduce a model for prognosis of the production activity of enterprises
with account the changing of volume of products produced in time. We also taking into
account the change of its shipment to the domestic market and export deliveries. Based on
the model we analyzed changing of activity of enterprises. This analysis based on the
solution of an ordinary differential equation. In this paper we also introduce an analytical
approach to analyze the considered model.

Method of solution
We will analyze the industrial activity of enterprises taking into account the shipment of the
products produced by analyzing the following initial problem

d:it(t) =a,-Y (t)+b,-Y (t)+a Y (t—7)+b-Y (t-7)+

+a,-Y(t—7,)+Db,-Y (t—7,)+d(t) 1)

with initial condition
Y(©0)=0 (2)

Here Y (t) is the volume of shipped products; = is the delays (i.e. Y (t-g) is the volume of
products shipped with delay z); ai and b; are the model coefficients, determined by empirical
data (ai - model coefficients corresponding to the shipment of products to the domestic
market; b; - coefficients of the model corresponding to the shipment of products for export);
d (t) is the increasing of volume of product due to its production at one unit of time. The
considered delays could be obtained by limited production speed, limited volume of
transport units, etc. Framework of this paper, we consider the simplest case of one delay.
Within the considered approach, more delays can be taken into account. Then we transform
equation (1) to the integral form (1a)

Y (t)=(a,+b,)- Y (0)d 0+ (a +b)-[Y (0-r,)d o+

~1~
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t(a,+b,)-[Y(0-7,)d0+[d(6)deo
) ) (1a)

We solve Eq. (1) by using the Bubnov-Galerkin approach . Framework the approach, we will determine the solution of the
equation in the form of a sum of exponential functions

Y(t)= foe—(ao+bo)t + fle—(a1+b1)t + fze—(az+bz)t @)

These functions are the most natural solutions of equation (1) framework the classical theory of differential equations [,
Substitution of the function (3) to the Eq. (1) leads to the following result

fo ef(aamu)tJr fl ef(a;+b1)|+

a, +b, a +b

fo Gy fe® +f2e"a?“’“':—(au+b0)-[

+ fz effa;-h;ilj|7(al+b1)e(aﬁb1)n { fo e (avho)t f1 g (ab)t fz ef(avbz“},
a, +b, a, +b, a1+b1 a, +b,

(3, +b,)e"" { fo g, B g@o, f e(azmz)t}

a, +h, a+b a, +b, &)

—(ag+hy )t
Framework the Bubnov-Galerkin approach we multiply left and right sides of the relation (4a) alternately on e ,

e_(al+b1)t e_ (az‘*'bz)t . R . e . . .
or and integrating from 0 to . The procedure gives a possibility to obtain equations for calculation of

coefficients fo, f; and f,

f, f, f f,

2 ——(a+b)|—To
2(a0+b0)+a0+b0+a1+b1+a0+b0+a2+b2 (a°+°){2(a0+b0)2+

f f
1 2 b (ay+b;) 7
+(a1+b1)(ao+bo+a1+b1>+(a2+bz)(ao+bo+a2+bz)} (@+b)e

fO fl fZ
‘{zmﬁbo)z*(aubl)(ao+|o<,+a1+b1>*<a2+b2><ao+bo+az+bj+

_(a2+b2)'|: fo >+ fl + f2 i|
2(a,+b,) (a+b)a,+b,+a+b) (a+b,)(a+b +a,+b,)
. e(az+bz)T2 _ J'e—(ao+bo)td (t)d t

0

f f f f
0 1 2 — b . 0
a,+b,+a+b 2(a-+h) a+b+a+h, @b [(an+bu)(ao+bo+al+bl)+

fy
[(an+bo)(an+bo+%+Q)+

f, f, B o
+z<al+ba>2+(az+b2><aj+bi+ey+b2>} (& +h)et

2(a,+b) (a,+b)(@+h+a,+b)|

(a, +b,) a0+b +a1+b1)

f

e
+ L+ } Ie @mig (t)dt
waly

2(a, +b) (a2+b2)(a1+b +a,+b,

fO fi
a0+b0+a2+bz+a1+bl+a2+b 2(a +b)

(a, +b,)(a, +b +a, +b)

+ fy e —(a, +b, e 3] P S
@ +h)(a +b +a +b) 2@ by | (8, +b,)(@ +b, +a, +b,)

. f, N f, —(a, +b )e(az+b,)rz.|:++
(a,+b,)(a, +b, +a, +b,) " 2(a, +b,)? B (a, +b, )(a, +b, +a, +b;)
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f1 f (ap+hy )t
T(a+b)@ b +a+b) 2(a, +b)} e d t)dt

Solution of the system of equations (see, for example, [7]) leads to the following result

t={ - A e a0t e Ot fe e a ¢
0 0 0

+ yl[ﬁzze"a“b“‘d (Odt—pfe ™ d(0)d t} } /[al(ﬂm = Br.)-Bleny,—asy,)+
+ e —ef,)]

= (@ )fe ™ a0t pfe s d ()t fe - a(0at |-
~rf e rawdt-afe a0t || fasr g Alar-ar)s -
+rl@p -~ ap)]

{ﬁl{azje @)t (t)d t — ozje*“‘l*th ‘d()dt} a{ﬂje(az”’?)‘d(t)dt—

- ﬂs.l.e%aﬁb])ld (t)d ti| —(a2ﬂ3 a,p, )I ~(aotbo)ty (¢ ( )d t}/[oﬁ(ﬁz}/a _ﬁsyz)_

_ﬁl(azya - a372)+ 71(“2/83 - agﬂz)],

Where
a. :1|:2+e(31*b1>71 a1-"_bl +e(az+bz)72 a2+b2:|
1
2(a, +b,) a,+b, 3, +b,
1
ﬂl_au+bo+a1+blx

s S (RN I CRESIN St

1 +b
E.—— | A
7 a0+b0+a2+b2{ +exp[(a +h)7, ]a2+b2+exlo[(a7+b) ]}
azz 1 2+a1+ eal-m1 +a +b2e(az+bz)z ﬂ :#X
a,+hb,+a +b a, +h, a, +b, =2 (@ +b)
1+a0 bo +gl@ma +a +bze (2z+be) 7, Y, = 1 1+ a1+b1 p@)n
a+h 3, +h a+h+a,+b,| a-+h,
+M+e<az+b2)12 a = 1 2 a1+bl a1+b1 T1+a7—i_b2e(az+b2)r2
a,+b, * a,+b,+a,+b, aU+b a,+b,
ﬁ3=; 1+e(al+b1)rl+M+a27+b2e(az+bz)7z 7 Z#x
<'51.1+b1+2512+b2 a1+b1 a1+b1 3 2(a2+b2)
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x 1+a0+b0 + a1+b1 e(a,wbl)r] +e(az4b2)12
a,+b, a,+b,

Discussion

We will use relations obtained in the previous section to analyze of the activity of enterprises, taking into account changes in
the volume of manufactured products, as well as taking into account changes in its shipment to the domestic market and export
deliveries. In Fig. 1 shows the typical dependences of the volume of products shipped from time for different values of the
parameters a; and b; with a constant increasing in the volume of production do. In Fig. 2 shows the typical dependences of the
volume of the shipped product on the value of the parameter a for various values of the parameters b; at different times t and
with a constant increasing of the volume of production do. Analogous are the dependences of the volume of the product
shipped on the parameters b; (see Figure 3). Dependences of the volume of products shipped from delays 7 are also decreasing
functions (see Figure 4). Thus, with the acceleration of export of shipped products, its quantity decreases and it is necessary to
increase its production. With decreasing the parameters a; and bi, as well as delays, 7 the volume of the shipped products
increases, which corresponds to the accumulation of output. In this situation, the curves in Figures 1-4 will be increasing.
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Fig 1: Dependences of the volume of products shipped from time for different values of parameters ai and bi with a constant increasing of
volume of production do and delays z
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Fig 2: Dependences of the volume of the product being shipped on the value of the parameters ai for various values of parameters bi, at
different moments of time t and at a constant increasing of volume of production do and delays =

1.0

0.8 —

0.6 —

0.4 —

A

0.0 - T T T T v T T T T ]
0.0 0.1 0.2 0.3 0.4 0.5

Fig 3: Dependences of the volume of the product being shipped on the value of the parameters bi for various values of the parameters ai, at
different moments of time t and with a constant increasing of volume of production do and delays«
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Fig 4: Dependences of the volume of products shipped from the value of the delays = for different values of the parameters ai and bi, at
different moments of time t and with a constant value of increasing of the volume of production do

Conclusion

In this paper we introduce a model for forecasting the activity of industrial enterprises based on solving a differential equation.
The introduced model gives a possibility to make prognosis of industrial activity of the industrial enterprises taking into
account change of volume of manufacturing of production, and also in view of change of its shipment to the domestic market
and export deliveries. We also introduce an analytical approach to solve the differential equation.
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