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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 enter-

prise associated with working in the enterprise of an excessive number of employees (wages, payment for the treat-

ment of sick employees, training new employees, ...). An analytical technique is proposed for solving the differential 

equation used in the model. 
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1. 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 ef-

fective 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. 

2. METHOD OF SOLUTION 

Let us analyze the changing of the quantity of employees of the enterprise with account the desired profit and the maxi-

mum possible value of the enterprise’s personnel costs by solving the following initial problem 

 
       tdtctYbtYa

td

tYd
                  (1) 

with initial condition 

Y (0) =0.       (2) 

Here Y(t) is the quantity of employees; a and b are the parameters of model, which should be determined by using empir-

ical data; c (t) is the required enterprise profit; d (t) is the maximum possible expenses of the enterprise related to the hir-

ing of new employees (salary, payment for the treatment of sick employees, training of new employees, ...);  is the delay 

(i.e. Y(t-) is the number of employees hired or laid off over time ). 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) 
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We solve Eq. (1) using the Bubnov-Galerkin approach [6]. Framework this approach, we determine solution to this equa-

tion in the form of a sum of exponential functions 

Y (t) =d1e-a  t+d2e-b 
 

t.             (3) 
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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 

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

     tbtatbta e
b
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Let us multiply the left and right sides of the above relation by e-a  t or e-b  t and integrate from 0 to . As a result of this 

operation, we obtain equations for calculating the coefficients a and b 
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The solution of this system of equations leads to the following result 
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In the simplest case at c = c0 and d = d0 we obtain 

    
    

   
    






























abba

bb

abba

aa

ebabeaebabbae

eaebabba

b

c
d

ebabeaeabababe

ebabbeaba

a

c
d

2

2

2
2

2

2

0
2

2

2
0

1

           (5a) 

3. 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 con-

stant values of profit c0 and losses d0. Fig. 2 shows typical dependences of the quantity of employees on the value of pa-

rameter a for various values of parameter b, at different values of time t and constant values of profit c0 and losses d0. 

Dependences of the quantity of employees on parameter b are similar to dependences on Fig.2 (see Fig. 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 c0 and d0, respectively, at different values of time t and at constant values of param-

eters a and b. 
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Fig. 1. Typical dependences of the quantity of employees on time for various values of the parameters a and b with delay 

 and constant values of profit c0 and losses d0 
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Fig. 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 c0 and losses d0 
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Fig. 3. Typical dependences of the quantity of employees on the value of parameter b for various values of parameter a, 

at different values of time t and delay , and constant values of profit c0 and losses d0 
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Fig. 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 c0 and losses d0 
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Fig. 5. Typical dependences of the quantity of employees on the value of profit c0 for various values of parameters a and 

b, at different values of time t and delay , and constant values of losses d0 
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Fig. 6. Typical dependences of the quantity of employees on the value of losses d0 for various values of parameters a and 

b, at different values of time t and delay , and constant values of profit c0 

4. CONCLUSION 

A model for predicting of quantity of employees of an industrial enterprise necessary to obtain the desired profit is in-

troduced. 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. 
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