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CALCuLAtION Of tHe PArAMeterS Of tHe COMPOSIte 
CONVeyOr LINe wItH A CONStANt SPeeD Of MOVeMeNt 

Of SuBjeCtS Of LABOur

Purpose. The development of analytical methods for calculating the parameters of a composite conveyor line us-
ing the models containing partial differential equations.

Methodology. To calculate the parameters of the conveyor line with a constant speed of movement of subjects of 
labour, the apparatus of mathematical physics is used.

findings. The solution is given in an analytic form that specifies the state parameters of the production line for a 
given technology position as a function of time.

Originality. The scientific novelty of the results is the improvement of PDE-models of production systems of a 
conveyor type. The method for calculating the parameters of conveyor production, consisting of two connecting con-
veyor lines with a constant speed of movement of subjects of labour is offered. The considered method for calculation 
of conveyor production can be extended in case of a system with an arbitrary number of connecting conveyor lines.

Practical value. The practical significance lies in the fact that the proposed method for calculating the parameters 
of conveyor production can be used to design control systems for conveyor production with an arbitrary number of 
conveyor lines. An essential advantage of this method is that each conveyor line is described by a single partial dif-
ferential equation, the solution to which is obtained analytically. Such a representation makes it possible to use solu-
tions for predicting the state parameters of a production line.

Keywords: subject of labour, technological trajectories, technological process, conveyor, PDE-model, production cycle

Introduction. At modern manufacturing enterprises 
with a flow-based method of production organization, 
the technological routes for manufacturing products 
contain 102‒103 technological operations [1], in the 
inter-operational reserves of which there are thousands 
of subjects of labour in unfinished production [2] (work-
in-process). Among the variety of models used for de-
signing enterprise management systems with a stream-
lined method of production organization, four basic 
types are now clearly distinguished: discrete-event mod-
els (DES-model) [3], queuing models (QN-model), 
fluid models (Fluid-model) [4] and models using partial 
differential equations (PDE-model). The analysis of ad-
vantages and disadvantages of using each type of models 
is presented in [5]. It is shown that PDE-models, which 
are used to describe the production systems with a flow 
type of production organization, have a distinct advan-
tage over other models in those cases when the produc-
tion functions in a non-stationary mode. PDE-models 
are continuous models, the content of the partial dif-
ferential equation, which allow taking into account the 
influence of the average speed of movement of labour 
subjects along the technological route on the macro-
scopic parameters of the production system: the dura-
tion of the production cycle, the amount of inter-opera-
tional reserves, the size of inter-operational accumula-
tors, the rate of processing of subjects of labour. In this 
case, the models take into account the stochastic nature 
of the impact of technological equipment on the subject 
of labour during technological processing [6, 7]. The 

concept of the minimum deviation of the enterprise out-
put from existing demand and the concept of minimiz-
ing the supply of unfinished production are the main 
ones in designing the systems of production control. 
These production management concepts are imple-
mented for production systems using PDE-models by 
regulating the input flow of raw materials F(t) and ma-
terials and the processing power of the subjects of labour 
[c]1y(t, S) at each technological operation [8]. It is as-
sumed that the production system is ideal, that is, there 
is no loss of subjects of labour as a result of the produc-
tion process (there are no defective products). The sys-
tem of equations determining the behaviour of the pa-
rameters of the production line in a one-stage descrip-
tion has the following form [7, 9]

 0 1
( , ) ( , )

0;
t S t S

t S

   ∂ c ∂ c   + =
∂ ∂

  (1)

 1 1
 ( , ) ( , ),t S t S

y
   c = c     (2)

under the initial condition

 [c]0(t0, S ) = Ψ(S ), (3)
under the boundary condition

 [c]0(t, S0) = F(S ),  (4)

where [c]0(t, S ) is the density of the distribution of sub-
jects of labour in unfinished production by technological 
positions; [c]1(t, S ) is the rate of processing of subjects of 
labour along technological positions at the time point . 
The position of the subject of labour in the technological 
route is characterized by a coordinate S  [0; Sd] (Fig. 1). 
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When using the coordinates of the value space, the con-
stant Sd corresponds to the cost of production. In a num-
ber of works, as a coordinate determining the position of 
the object, a dimensionless quantity x  [0; 1] [9], the 
value of which gives an idea about the degree of process-
ing of the subject of labour; x = 0 corresponds to the ini-
tial stage of processing the subjects of labour; x = 1 cor-
responds to the final stage of subjects of labour process-
ing (the subject of labour turns into a finished product). 
The initial condition (3) determines the number of sub-
jects of labour at a time point t0 at each technological 
operation. The solution to the system of equations (1–4) 
makes it possible to calculate the parameters of the pro-
duction line without branching (Fig. 1). At the same 
time, most enterprises have technological processes, 
where the movement of labour subjects is carried out 
both sequentially and in parallel. The flow lines are a part 
of the technological routes that can be connected to each 
other and diverge [10]. The question of describing 
branched flow lines, even in the simplest form (Fig. 2), 
remains relevant.

the analysis of the recent research and unsolved as-
pects of the problem of designing branched conveyor lines. 
The solution to the system of equations (1‒4) for a con-
stant speed of movement of subjects of labour along the 
production line or along its individual part is presented 
in [11, 12]. However, a detailed analysis of the received 
solution is not given. At the same time, the calculation 
of the state parameters for conveyor lines is an impor-
tant production task that requires the use of new meth-
ods of solution. Work [9] contains a numerical solution 
of the system of equations (1‒4) under specified initial 
and boundary conditions and the solution analysis is 
provided. The initial condition (3) determines the state 
of the subjects of labour at each technological operation 
at time point t = 0, and the boundary condition (4) spec-

ifies the intensity of the receipt of labour subjects for 
processing in accordance with existing orders for pro-
duction. A numerical calculation of the production line 
consisting of three sections x  [0, 0.2], x  [0.2, 0.8], 
x  [0.8, 1], is presented in [11]; at each of these sections 
the speed of the subject of labour g is constant and equals 
{15; 10; 15} respectively. Each of the sections represents 
a conveyor, providing a constant speed of movement of 
subjects of labour. The conveyors are placed one after 
another in succession.

A special place is occupied by the problem of calcu-
lating the parameters of the state of the production sys-
tem, consisting of several interconnected conveyor lines 
arranged both in series and in parallel [10]. An iterative 
algorithm [10], offered for planning a production system 
containing many branched technological routes, uses a 
deterministic discrete Fluid-model for describing the 
production system. It should be expected that using the 
class of PDE-models will allow obtaining a solution in a 
more compact form.

Despite quite a large number of publications devoted 
to the design of control systems for production lines us-
ing PDE-models, the analysis of the conveyor line 
model has not received sufficient attention. It is espe-
cially necessary to single out the industrial systems with 
branched technological routes. At the same time, the 
conveyor type of production with branched technologi-
cal routes is a widespread way of production process or-
ganization. The characteristic feature of this method of 
production organization is in the fact that all subjects of 
labour located on a specific conveyor line are moving at 
the same speed. The above-mentioned circumstance 
simplifies the system of equations (1–4).

The purpose of this article is to construct an analyti-
cal solution to the system of equations (1‒4) for the case 
of movement of subjects of labour along the connecting 

Fig. 1. The scheme of a single-station flow conveyor line

Fig. 2. The scheme of a two-station conveyor line
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technological routes with a conveyor way of organizing 
production for each of them. An important and specific 
task, along with the analysis of the obtained solution, is 
to demonstrate the dependence of the type of solution 
on the type of initial and boundary conditions that de-
termine conveyor line functioning. The task of deter-
mining the state of the parameters of the conveyor line 
for an arbitrary moment of time, as well as the task of 
calculating the duration of the production cycle for 
manufacturing articles deserve attention as a result of 
solving the system of equations (1‒4). The production 
cycle of manufacturing products is one of the most im-
portant characteristics of the production system.

Presentation of the main research. Let us consider the 
process of manufacturing products, which contains two 
technological routes of a conveyor type, united into one 
(Fig. 2). We choose the lower conveyor line as the main 
conveyor line, and the top line as an auxiliary conveyor 
line. The auxiliary conveyor line is used in a number of 
cases, one of which allows increasing the productivity of 
output for the main conveyor line. As a rule, the main 
line contains a critical route of product manufacturing.

The subjects of labour with the (m-1) ‒ technologi-
cal operation of the main line and the M-technological 
operation of the complementary auxiliary line get onto 
the m- technological operation of the main line. The 
system of equations describing the interaction of the 
joint lines has the form for the auxiliary production line

 1 1 1 10 1

1

( , ) ( , )
0;

t S t S

t S

   ∂ c ∂ c   + =
∂ ∂

 (5)

[c1]1(t, S1) = a1[c2]0(t, S1),
under initial

[c1]0(t01, S1) = Ψ1(S1),
or boundary conditions

[c1]0(t, S01) = F1(t),
and for the leading production line

( )2 2 2 20 1
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   ∂ c ∂ c     + = d - c ∂ ∂
 (6)

 [c2]1(t, S2) = a2[c2]0(t, S2), (7)
under initial

[c2]0(t02, S2) = Ψ2(S2),
or boundary conditions

[c2]0(t, S02) = F2(t),

where Sk (0 ≤ Sk ≤ Ddk) are the coordinates of techno-
logical positions for the auxiliary (k = 1) and the main 
(k = 2) lines; [ck]0(t, Sk); [ck]1(t, Sk) is the value of inter-
opretational reserves and the rate of processing of sub-
jects of labour at a technological position that is charac-
terized by the value Sk for the auxiliary (k = 1) and the 
main (k = 2) lines. The technological position with the 
coordinate Sk = Sdk corresponds to the degree of readi-
ness of the subject of labour, that is, the state to which 

the subject of labour must correspond at the exit of the 
conveyor line in accordance with production and tech-
nological documentation. t0k, S0k – the moment of time 
and the coordinate of the technological position for 
which the initial or boundary conditions are deter-
mined, respectively. Parameters [ck]0(t, Sk) and [ck]1(t, 
Sk) are related to each other by a coefficient ak, that de-
termines the conveyor line speed. For conveyors with 
the constant speed of movement ak = const. The right-
hand side of the equation (6d(S2 - S02)[c1](t, Sd1) is de-
termined by the receipt of the subjects of labour for the 
technological position of the main line with the coordi-
nate S2 = S02 from the auxiliary line to the main line with 
the rate [c1]1(t, Sd1) where d(x) is the delta function

( )2 02 2 02 21; 0; .dS S dS S S
∞

-∞

 d - = ∈ ∫

We introduce dimensionless variables, by means of 
which we will describe the state of the parameters of the 
main line

t = Td ⋅ t; Sk = Sdk ⋅ xk; k = 1, 2;

0 0
( , ) ( , ) ; ( ) ( );
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Taking into account the introduced notations, we 
write the balance equation (6) for the main line in the 
dimensionless form
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   ∂ q t x ∂ q t x   + =
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 = d x -x q t 

 (8)

 [q2]0(t02, x2) = y2(x2); (9)

 [q2]0(t, x02) = 2(t). (10)

The function [q1]0(t, 1) is unknown and is determined 
by solving the balance equation (5) for the auxiliary line 
that can be written down in a dimensionless form

1 1 1 10 0 2
01 01 1

1 1

( , ) ( , )
0; ;d

d

S
g g g

S

   ∂ q t x ∂ q t x   + = =
∂t ∂x

 (11)

 [q1]0(t01, x1) = y1(x1); (12)

 [q1]0(t, x01) = 1(t).  (13)

The system of the following characteristics corre-
sponds to a system of equations (11–13)

 1
01 1 01 01; ( ) ;d

g
d
x

= x t = x
t

  (14)
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1 0
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d
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 q   = q x t = y x t

We integrate (14), we get
 x1 = g01 ⋅ t + C1, C1 = const.  (15)

The function x1(t) can be interpreted as a position 
on the conveyor line of the t, subject of labour at the 
time point t01 occupied the position x01. In this case, the 
conveyor belt movement is carried out with a constant 
dimensionless speed g01 (11). Equation (15), which de-
termines the possible trajectories of the movement of 
subjects of labour in the phase coordinate space [12], is 
the first integral of equation (14).

The general solution to equation (11) is the function 
of the first integral (15)

[q1]0(t, x1) = [q1]0(x1 - g01 ⋅ t).
Due to the fact that
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by direct substitution of the last expressions into equa-
tion (11) we obtain the equivalence
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Taking into account the initial condition (12) and 
the boundary condition (13), the solution (11) has the 
form

 [q1]0(t, x1) = [q1]0(x1 - g01 ⋅ t) = y1(r1 + x01), (16)
or

 1
1 1 1 1 01 1 010 0

01
( , ) ( ) ,r

g
g

 
   q t x = q x - ⋅t = ϑ t -    

 
 (17)

for the case when there is no discontinuity of the solu-
tion [q1]0(t, x1) the equality is done

 1
1 1 01 1 01

01
( ) ,r
r

g
 

y + x = ϑ t - 
 

 (18)

where the variable is introduced
r1(x1, t) = (x1 - x01) - g01 ⋅ (t - t01).

The substitution of t = t01 in (27) and x = x01 in (17) 
gives the identical equalities to the initial and boundary 
conditions

[q1]0(t01, x1) = [q]0(x1 - gt01) = y(x1);
r1(x1, t01) = (x1 - x01);

[q1]0(t, x01) = [q1]0(x01 - g01 ⋅ t) = 1(t);
r1(x01, t) = -g(t - t0);

y1(x01) = 1(t01), r1(x01, t01) = 0.

Taking (16‒18) into account, we can write down the 
expression [q1]0(t, 1) for a given initial condition

[q1]0(t, 1) = y1(r01(1, t) + x01);

r01(1, t) = (1 - x01) - g01(t - t01),
or if there is a boundary condition

01
1 1 010

01

(1, )( ,1) .r
g

 t
 q t = ϑ t -  

 

If supplying subjects of labour at the initial moment 
of time t01 is carried out to the first technological posi-
tion x01 = 0 of the free line, then condition (10) takes the 
form

[q1]0(t, 0) = H(t - t01)1(t).

We substitute [q1]0(t, 1) from the solution for the 
auxiliary conveyor line into the equation for the main 
conveyor line, we receive a closed system of equations. 
The state of the flow parameters of the leading conveyor 
line is determined by the state of the parameters of the 
auxiliary conveyor line. The system of characteristics 
corresponds to a system of equations (8–10)

 2
2;d

g
d
x

=
t

 (19)
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[q2]0(t02, x2) = y2(x2).
Equation (19) allows us to obtain the first integral

  x2 - g2t = C2. (21)
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we obtain a solution for the case if the initial condition 
(9)
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 r2(x2, t) = (x2 - x02) - g2(t - t02), (22)
and the solution for the case if the initial condition (10) 
is given
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The solution [q2]0(t, x2) (22) for the function

 [q1]0(t, 0) = 1(t) = 1; [q1]0(0, x1) = y1(x1) = 0; (23)

 ( )2 2 2 2 20

1(0, ) ( ) 2 sin(2 ) ,
3

 q x = y x = + πx   (24)

with the source of receiving subjects of labour on the 
main line at the point x02 = 0, is shown in Fig. 3. The rate 
of receipt of the subjects of labour for the first techno-
logical operation is determined by the expression

 ( )2
2 2 20

( ) ( ,0) 2 sin(2 ) ,
3
g

g g l t = q t = - π t   (25)

with the initial distribution of subjects of labor along the 
technological operations of the conveyor line [q2]0(0, 
x2) = y2(x2) at the time point t = 0. The combination of 
the conveyor lines is carried out in the technological po-
sition with the coordinate x2 = 0.2. The arrival of sub-
jects of labour from the auxiliary line onto the techno-
logical position x2 = 0.2 of the main line begins at the 
time point t = 0.2, which is determined by solving the 
system of equations (8–15). The distribution of subjects 
of labour [q2]0(t, x2) along the technological positions of 
the conveyor for time points t = (t/Td) = {0.0; 0.1; 0.2; …; 
0.9; 1.0} separately is shown in Fig. 4. Conditions (23) 
for the auxiliary conveyor line indicate that at the initial 
time point t = 0 the auxiliary conveyor line was empty. 
At point of time t  = 0 the first technological position 
receives the subjects of labour with intensity g011(t).

The distribution of labour subjects at time points t = 
= 0.1, t = 0.2 is determined by the displacement of the 
initial distribution of labour subjects along the conveyor 
line with the dimensionless speed g1. At time point t = 
= 0.2, the first subject of labour on the auxiliary line un-
derwent technological processing at the last technologi-
cal operation. The technological position of the main 
conveyor line with the coordinate x2 = 0.2 received the 

subjects of labour with intensity  2 2
1 1 200

2

( , ),1 .r
g

g
 x t

 q t -  
 

 

The source of additional receipt of subjects of labour 
[q2]0(t, x2) forms a jump at the technological position 
x2 = 0.2 at time point t > 0.2 with the height 

( )1 1
1 10

2 2
( ,1) .g g

g g
 q t = ϑ t   In the case considered, where 

g1 = g2 the jump equals 1
1 0

2
( ,1) 1.g

g
 q t =   The total num-

ber of subjects of labour from the main and auxiliary 
production lines moves with the dimensionless speed of 
the conveyor line g1 along the technological route 
(Fig. 3), t = {0.3; 0.4; 0.5; …; 0.9}. The change in the 
number of subjects of labour in time in the inter-opera-
tional reserves of the technological positions of the main 
conveyor line, determined by the coordinate x2 = (S/Sd) = 
= {0.0; 0.1; 0.2; …; 0.9; 1.0;} is presented in Fig. 5. Starting 
from the point of time t > 0.2, the influence of work of 
the auxiliary conveyor line is seen at the technological 
positions of the main conveyor line. The function jump 
[q2]0(t, x2) for the technological position x2 = 0.2 at the 
time point t = 0.2 2 is spread with the speed of the con-
veyor movement g2 to subsequent technological opera-
tions. The state of technological reserves for technologi-
cal positions, characterized by dimensionless coordinates 
x = (S/Sd) = {0.0; 0.1; 0.2; …; 0.9;}, is shown in Fig. 6. The 
spread of a jump-like increase in the state of inter-opera-
tional production stocks in time is clearly shown. Let us 
determine the rate receipt of subjects of labour onto the 
first technological position of the main line. The distri-
bution of labour subjects along the technological posi-
tions with the initial condition (23) creates a source for 
the first technological position, ensuring the receipt sub-
jects of the labour at a rate determined by the solution 
[q2]0(t, x2). The change of the value of inter-operational 
reserves for the first technological operation with the giv-
en rate of receipt at the first technological position (25) is 
presented in Fig. 6 for x2 = (S/Sd) = 0.

The characteristic equation (19) determines the tra-
jectories of movement of individual subjects of labour 
(21) along the technological route along the main con-
veyor line. As expected, the movement of an individual 
object of labour along the trajectory (21) is carried out at 
a constant speed equal to the speed of the conveyor line. 
Equation (19) makes it possible to calculate the duration 
of the production cycle of product manufacturing 
(Fig. 7). The duration of the production cycle is equal to 
the time interval during which the subject of labour 

Fig. 3. The distribution of subjects of labour [q2]0(t, x2) along the technological positions of the conveyor for moments of 
time t = (t/Td) = {0.0; 0.1; 0.2, …; 0.9; 1.0}, where g2 = g1 = 1.0; Sd2 = 0.2Sd1
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Fig. 4. The distribution of subjects of labour [q2]0(t, x2) along the technological positions of the conveyor for time points 
t = (t/Td) = {0.0; 0.1; 0.2; …; 0.9}, where g2 = g1 = 1.0; Sd2 = 0.2Sd1:
a ‒ t = 0.0; b ‒ t = 0.1; c ‒ t = 0.2; d ‒ t = 0.3; e ‒ t = 0.4; f ‒ t = 0.5; g ‒ t = 0.6; h ‒ t = 0.7; i ‒ t = 0.8; j ‒ t = 0.9

c

a

e

g

i

b

d

f

h

j

Fig. 5. The dependence of the quantity of the subjects of labour at the technological position of the conveyor on time at g2 = 
= g1 = 1.0; Sd2 = 0.2Sd1  for the values of coordinate x = (S/Sd) = {0.0; 0.1; 0.2; …; 0.9; 1.0;}



144  ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, № 4

I n f o r m a t I o n  t e c h n o l o g I e s ,  s y s t e m s  a n a l y s I s  a n d  a d m I n I s t r a t I o n

Fig. 6. The dependence of the quantity of subjects of labour [q2]0(t, x2) at the technological position of the conveyor on 
time for the values of coordinate x = (S/Sd) = {0.0; 0.1; 0.2; …; 0.9;}, when g2 = g1 = 1.0; Sd2 = 0.2Sd1:
a ‒ x2 = 0.0; b ‒ x2 = 0.1; c ‒ x2 = 0.2; d ‒ x2 = 0.3; e ‒ x2 = 0.4; f ‒ x2 = 0.5; g ‒ x2 = 0.6; h ‒ x2 = 0.7; i ‒ x2 = 0.8;  j ‒ x2 = 
= 0.9
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Fig. 7. Set of characteristics x = gt + C; C = {0.2; 0.1; 0.0; …; -0.7; -0.8;}; g2 = g1 = 1.0; Sd2 = 0.2Sd1

passes from the first technological position to the last. 
The calculation of the production cycle for enterprises 

using the simplified method of production organisation 
is given in [12]. The value of duration of the production 
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cycle for a conveyor-type production line can be deter-
mined as follows

1 1

2 2 20 0

1 1 .d
d d
g g g
x

t = = x =∫ ∫

The products put onto the conveyor line at a dimen-
sionless point of time t1, exit as a finished product at a 
time point t2 with a backlog td = (t2 - t1), which equals 
the time of the production cycle. Backlog (t2 - t1) does 
not depend on the time point of receiving the order for 
production, it is a constant value, inversely proportional 
to the dimensionless speed of the conveyor line 1

2 .d g-t =  
The state of the flow line parameters at the exit is deter-
mined by the state of the production line at the input 
with a backlog on a constant value.

Conclusions and further prospects for the development 
and improvement of PDe-models of production systems. 
The received results of the research are fundamental for 
the development of control systems for production of a 
conveyor type, consisting of the main and a number of 
auxiliary lines. The dependence of the state of the inter-
operational reserves of the main conveyor line on the 
state of the inter-operational reserves of auxiliary con-
veyor line is shown. The influence of initial and bound-
ary conditions of the auxiliary line on the state parame-
ters of the main conveyor line is considered. Except for 
the case considered in the present article, the boundary 
condition (4) can be claimed in the case when the model 
of the production line takes into account the offloading 
of the subjects of labour in the form of a semi-finished 
product from the technological position characterized 
by coordinate or the presence of the factors which deter-
mine accounting of the amount of defective products in 
the model. The presence of initial (3) and boundary (4) 
conditions leads to the interrupted character of the solu-
tion of the system of equations, which is characteristic 
for the behaviour of the flow parameters of modern pro-
duction conveyor lines [1‒4].

The model of the production system of a conveyor 
type, in which auxiliary lines are used as the subjects of 
management for ensuring the required output of finished 
products by the enterprise, is of interest. The main line op-
erates in a continuous mode, while auxiliary conveyor lines 
in the on/off mode, which allows regulating the output of 
finished products. It should also be pointed out that, unlike 
the liquid models, the PDE model uses one equation for 
one non-branched route, and not for each piece of equip-
ment included into the technological route. So, for exam-
ple, to describe the production system [1], containing 
102‒103 technological operations, using the liquid model it 
would be necessary to solve 102–103 differential equations 
describing the operation of individual production units.

Along with the advantages in describing complex 
production systems of the flow type, the use of PDE-
models is bound by a number of difficulties, one of 
which is the construction of a closed system of equations 
for the production process. In the present paper, the 
derivation of a closed system of equations is solved by 
using an additional equation determining the conveyor 
speed, which allows us to derive equation (2).

It should be pointed out that the results of the work 
are of scientific and practical interest for designing the 
speed control systems for conveyor belt systems, which 
found widespread use in mining industry [13‒15]. An 
important result of this work is also the method for calcu-
lating the duration of the production cycle, based on the 
use of characteristic equation (19). This method makes it 
possible to construct the dependence of the length of 
production from the distribution of labour subjects along 
the conveyor line at the moment of time, which deter-
mines the arrival of the first subject of labour for process-
ing at the first technological operation. Thus, the dura-
tion of the production cycle is not a constant value; it is 
determined by the load for operating production.

A further perspective for the development of the is-
sue discussed in this paper is the construction of a con-
veyor line control system and the extension of the of-
fered method for calculating conveyor lines for the sys-
tem “main line ‒ N-auxiliary lines”.
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Розрахунок параметрів складеної 
конвеєрної лінії з постійною швидкістю 

руху предметів праці
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Мета. Розробка аналітичних методів розрахунку 
параметрів складеної конвеєрної лінії з викорис-
танням моделей, що містять рівняння у приватних 
похідних.

Методика. Для розрахунку параметрів конвеєр-
ної лінії з постійною швидкістю руху предметів 
праці використано апарат математичної фізики.

Результати. Рішення дано в аналітичному ви-
гляді, що визначає стан параметрів потокової лінії 
для заданої технологічної позиції як функцію часу.

Наукова новизна. Полягає в удосконаленні 
PDE-мо делей виробничих систем конвеєрного 
типу. Запропоновано метод розрахунку параметрів 
конвеєрного виробництва, що складається із двох 
конвеєрних ліній, що з’єднуються з постійною 
швидкістю руху предметів праці. Розглянутий ме-
тод розрахунку конвеєрного виробництва може 
бути поширений на випадок системи з будь-якою 
кількістю конвеєрних ліній, що з’єднуються.

Практична значимість. Полягає в тому, що за-
пропонований метод розрахунку параметрів конве-
єрного виробництва може бути використаний для 

проектування систем управління з будь-якою кіль-
кістю конвеєрних ліній. Істотною перевагою методу 
є те, що кожна конвеєрна лінія описується одним 
рівнянням у приватних похідних, рішення якого 
отримано в аналітичному вигляді. Таке подання дає 
можливість використовувати рішення для прогно-
зування параметрів стану потокової лінії.

Ключові слова: предмет праці, технологічні тра-
єкторії, технологічний процес, конвеєр, PDE-модель, 
виробничий цикл

Расчет параметров составной конвейерной 
линии с постоянной скоростью движения 

предметов труда
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Цель. Разработка аналитических методов расче-
та параметров составной конвейерной линии с ис-
пользованием моделей, содержащих уравнения в 
частных производных.

Методика. Для расчета параметров конвейер-
ной линии с постоянной скоростью движения 
предметов труда использован аппарат математиче-
ской физики.

Результаты. Получено решение в аналитиче-
ском виде, определяющее состояние параметров 
поточной линии для заданной технологической 
позиции как функцию времени.

Научная новизна. Заключается в совершенство-
вании PDE-моделей производственных систем 
конвейерного типа. Предложен метод расчета па-
раметров конвейерного производства, состоящего 
из двух соединяющихся конвейерных линий с по-
стоянной скоростью движения предметов труда. 
Рассмотренный метод расчета конвейерного про-
изводства может быть распространен на случай си-
стемы с произвольным количеством соединяю-
щихся конвейерных линий.

Практическая значимость. Заключается в том, что 
предложенный метод расчета параметров конвейер-
ного производства может быть использован для про-
ектирования систем управления с произвольным ко-
личеством конвейерных линий. Существенным пре-
имуществом данного метода является то, что каждая 
конвейерная линия описывается одним уравнением 
в частных производных, решение которого получено 
в аналитическом виде. Такое представление дает воз-
можность использовать решения для прогнозирова-
ния параметров состояния поточной линии.

Ключевые слова: предмет труда, технологиче-
ские траектории, технологический процесс, конвей-
ер, PDE-модель, производственный цикл
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