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Abstract: This paper presents a model for choosing of quantity of employees of
an industrial enterprise, which necessary to obtain the required profit. This model
allows predicting the possibility of reducing the losses of the enterprise associated
with working in the enterprise of an excessive number of employees (wages,
payment for the treatment of sick employees, training new employees, ...). An
analytical technique is proposed for solving the differential equation used in the
model.
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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 [1,2]. In this situation
enterprises must develop effective methods and adhere to the strategic
concept of innovation development [3-5]. This paper presents a model for
choosing of quantity of employees of an industrial enterprise, which
necessary to obtain the required profit. This model allows predicting the
possibility of reducing the losses of the enterprise associated with working
in the enterprise of an excessive number of employees (wages, payment
for the treatment of sick employees, training new employees, ...). An
analytical approach was introduced to solve the differential equation used
in the model.

Method of solution

Let us analyze the changing of the quantity of employees of the enterprise
with account the desired profit and the maximum possible value of the
enterprise’s personnel costs by solving the following initial problem
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d;(t(t): a-Y(t)+b-Y(t—2)+c(t)+d () "
with initial condition
Y (0) =0. @)

Here Y(t) is the quantity of employees; a and b are the parameters of
model, which should be determined by using empirical data; c (t) is the
required enterprise profit; d (t) is the maximum possible expenses of the
enterprise related to the hiring of new employees (salary, payment for the
treatment of sick employees, training of new employees, ...); t is the delay
(i.e. Y(t-t) is the number of employees hired or laid off over time t). In this
article, we consider the simplest case of a single delay. Framework of the
introduced approach, if necessary, a larger number of delays could be taken
into account. Next, we transform equation (1) to the integral form (1a)

Y(t)= a-jY(e)de+b-}Y(e—r)d 9+}c(9)d 9+}d(9)d9_ (1a)

We solve Eq. (1) using the Bubnov-Galerkin approach [6]. Framework
this approach, we determine solution to this equation in the form of a sum
of exponential functions

Y (t)=d e '+d e"". 3)
These functions are the most natural solutions of equation (1) framework

the classical theory of differential equations [7]. Substitution of function (3)
into equation (1) leads to the following result

de™ +de™ =a-[(de™ +d,e™)do+

+b- j(dle*”ea’ +d,e™e)d o+ jc(e)d 0+ jd (6)do . @)

Calculation of these integrals in the right side of the equation gives a
possibility to obtain the following relation

de™ +de” =d,(1-e™)+d, Z (1-e®)+

- dlta)(l—eat)ear + dz( —efbt) e +jc(6’)d ‘9+jd (0)do. (4a)

Let us multiply the left and right sides of the above relation by e** or
e?! and integrate from 0 to «. As a result of this operation, we obtain
equations for calculating the coefficients 2 and b
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bZear b ebr

d — _[ec(t)dt—[ed(t)dt
la(a+b)Jr a+b £ ® ie ®
o0 0 . 4b
dlb(l—a—ea’)+d21(1—a—eb’j= [e®c(t)dt+[e*d(t)dt )
a+b b 2 b 0 0

The solution of this system of equations leads to the following result

;eaf(l— a'b-e)- °

d, = 1 5 (1 j{ee“ﬁeb‘(:(t)dt+ze1"d(t)dt}+

+a’'b(l-ab*- eaf)ﬁe‘a‘c(t)d t+ Ie‘a‘d (t)d t}}

1 o0 o0
d,=———+ - {e”f[je‘b‘c(t)dHje‘b‘d(t)dt}t
be (l—a—ebfj—be 1.8 0 0
2a b a+b b

+ ;[S +1J[1— % - e’”JEe‘a‘c(t)d t+ Ie‘a‘d (t)d t}}

(5)

In the simplest case at ¢ = ¢, and d = d, we obtain

g =2% (a+b)[a’e” +b (b-a—be* )|
1 a earb (a+b)(a_b_aebr)_zazebr(b_a_bear)
d =_% (a+b)2(b—a—be’)+ 2ae” (5a)

> p’ e (a+b)(o—a—be”)-2ae" (b—a—be")

Discussion

We use the above relations to analyze the quantity of employees taking
into account changes in profit and expenses. Fig. 1 shows typical
dependences of the quantity of employees on time for various values of the
parameters a and b with constant values of profit ¢, and losses d. Fig. 2
shows typical dependences of the quantity of employees on the value of
parameter a for various values of parameter b, at different values of time ¢
and constant values of profit ¢, and losses d . Dependences of the quantity
of employees on parameter b are similar to dependences on Fig.2 (see Fig.
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3). Dependences of the quantity of employees on the delay t are also
decreasing functions (see Fig. 4). Figs. 5 and 6 show dependences of quantity
of employees on parameters ¢, and d, respectively, at different values of
time ¢ and at constant values of parameters 2 and b.
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Figure 1: Typical dependences of the quantity of employees on time for various values
of the parameters 2 and b with delay ¢ and constant values of profit ¢, and losses d,,
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Figure 2: Typical dependences of the quantity of employees on the value of parameter
a for various values of parameter b, at different values of time t and delay ¢, and constant
values of profit c, and losses d,
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Figure 3: Typical dependences of the quantity of employees on the value of parameter
b for various values of parameter 4, at different values of time ¢t and delay ¢, and constant
values of profit c, and losses d,
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Figure 4: Typical dependences of the quantity of employees on the value of delay ¢ for
various values of parameters a and b, at different values of time t and constant values
of profit ¢, and losses d,,
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Figure 5: Typical dependences of the quantity of employees on the value of profit c,
for various values of parameters a and b, at different values of time ¢t and delay ¢, and
constant values of losses d,
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Figure 6: Typical dependences of the quantity of employees on the value of losses 4,
for various values of parameters a and b, at different values of time ¢t and delay ¢, and
constant values of profit c,
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Conclusion

A model for predicting of quantity of employees of an industrial enterprise
necessary to obtain the desired profit is introduced. The model leads to
prediction of possibility of reducing the costs of the enterprise associated
with the work at the enterprise of an excessive quantity of employees. The
analytical approach to solve differential equation used in the model is
considered.

References
S. Nathaphan, P. (2010). Chunhachinda. Economics Research International. Vol. 2010.
Article ID 340181.
J. Prat. Mathematics and Financial Economics. Vol. 9 (3). P. 169-193 (2015).

Ch.W. Wu, W. Zh. Hung. Economics Research International. Vol. 2010. Article ID 678927
(2010).

St. Villeneuve, X. Warin. Mathematics and Financial Economics. Vol. 8 (2). P. 193-227
(2014).
Ch. Mertzanis. Studies in Economics and Finance. Vol. 34 (1). P. 82-104 (2017).

M.L. Krasnov, A.L Kiselev, G.I. Makarenko. Integral equations (“Science”, Moscow,
1976).

G. Korn, T. Korn. Mathematical Handbook for scientists and engineers. Definitions, theorems
and formulas for reference and review. Second edition (McGraw-Hill Book Company.
New York, 1968).

To cite this article:

E. L. Pankratov (2021). On Approach to Choose Quantity of Industrial Enterprises Employees,
which Necessary to Obtain the Required Profit. Journal of Quantitative Finance and
Economics, Vol. 3, No. 2, pp. 161-167.





