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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.
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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
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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 ®(7) and ma-
terials and the processing power of the subjects of labour
[x]:,(#, $) 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]

ﬁ[x]o .5) , a[x]l(t,S) _

ot oS 0 )
(1], @.9)=[x], @.5). )
under the initial condition
[xlo(t, S) = ¥(S), 3
under the boundary condition
[xlo(Z, So) = @(S), “

where [y ]y(7, §) is the density of the distribution of sub-
jects of labour in unfinished production by technological
positions; [¢],(¢, ) 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'e [0; S,] (Fig. 1).
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When using the coordinates of the value space, the con-
stant S, corresponds to the cost of production. In a num-
ber of works, as a coordinate determining the position of
the object, a dimensionless quantity & € [0; 1] [9], the
value of which gives an idea about the degree of process-
ing of the subject of labour; & = 0 corresponds to the ini-
tial stage of processing the subjects of labour; & = 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 #, 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 7= 0, and the boundary condition (4) spec-
machine

machine machine machine

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 & € [0, 0.2], & € [0.2, 0.8],
& e [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

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

oL, @8) o[n]@.s)
oo 8s,

0; (5)

[x:11(2, 8)) = ailxalo(2, S)),

under initial

Delo(fors 1) ="F1(S)),
or boundary conditions

[xilo(2, Sor) = @1 (8),
and for the leading production line

a[X2]0(t’S2) . a[XZ:L ®.5,) =5
o as,

[x211(2, $2) = sl 210, S5), (7

(Sz _Soz)[XJl t,8,); (6)

under initial

[2lo(f2s S5) = Pa(S)),
or boundary conditions

[%210(2, Sp2) = Do(2),

where S, (0 < S, < Dy) are the coordinates of techno-
logical positions for the auxiliary (k = 1) and the main
(k=2) lines; [lo(?, So); [l i (2, S) 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 S for the auxiliary (k = 1) and the
main (k = 2) lines. The technological position with the
coordinate S, = S, corresponds to the degree of readi-
ness of the subject of labour, that is, the state to which
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the subject of labour must correspond at the exit of the
conveyor line in accordance with production and tech-
nological documentation. #y;, Sy, — the moment of time
and the coordinate of the technological position for
which the initial or boundary conditions are deter-
mined, respectively. Parameters [y,]o(z, S;) and [x,],(¢,
S,) are related to each other by a coefficient a,, that de-
termines the conveyor line speed. For conveyors with
the constant speed of movement g, = const. The right-
hand side of the equation (63(S; — Sy)[x:11(%, Sy) is de-
termined by the receipt of the subjects of labour for the
technological position of the main line with the coordi-
nate S, = S, from the auxiliary line to the main line with
the rate [y,],(¢, S;) where 3(x) is the delta function

[8(S,-S1,)dS, =1; S, €[0S, ]

—0

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

t=T; v, S=8u- & k=1,2;

(7], 550 =[6, ], (18005 Wi (S)=0-y,(&,);
D, (1)=0-9, (1),
where
0 = max{¥,(S)), ®,(1)} + max{¥(S), ©r(N)};

_a. T,

8
¢ Sar

Taking into account the introduced notations, we
write the balance equation (6) for the main line in the
dimensionless form

Lolee  A0]68

ot >, (8)
= 5(&:2 _E.m )g1 [el ]0 (v1);

[0:]0(T025 &2) = Wa(E2); 9)

[0:]0(7, Epa) = V(7). (10)

The function [6,],(t, 1) isunknown and is determined
by solving the balance equation (5) for the auxiliary line
that can be written down in a dimensionless form

6[61]0 (T’gl) 6[61]() (T’al) _0n- _ Sd2 .
o 801 o€, =0; gOI_ng_(u’ (11
[0110(To1, &1) = wi(E)); (12)
[01]0(t, Eo1) = B1(7). (13)

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

d
d&)l =85 (1) =8 (14)
T

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4



INFORMATION TECHNOLOGIES, SYSTEMS ANALYSIS AND ADMINISTRATION

d[e, |,

dr

=0; |:61 :'0 (&1:’501) = \V(E,»l)'

We integrate (14), we get
& =g t+C, C =const. (15)

The function &;(t) can be interpreted as a position
on the conveyor line of the t, subject of labour at the
time point ty; occupied the position &,. In this case, the
conveyor belt movement is carried out with a constant
dimensionless speed g;, (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)

[011o(z, €1) = [0110(&; — &o1 - T)-
Due to the fact that

a[el]o(él_gm'r): a[el]()(&l_gm 'T)‘

ot R GRS
al:el:|0 & =80 :al:el:|0 & =8
g (&, — &g ') ,

by direct substitution of the last expressions into equa-
tion (11) we obtain the equivalence

B a[el]o(‘il_gm‘ﬂ . 8[91]0@1—&)1-1):0

& t&
. a(‘ta] — 80 “T) o a(‘%] —&o1 “T)

Taking into account the initial condition (12) and
the boundary condition (13), the solution (11) has the
form

[01]0(t, &) = [01]0(E1 — &o1 - T) = Wi (7 + &op), (16)

or

[el}o(r’él):[eljo(él_‘gm 'T):Sl[Tm _gi} (17)

01

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

‘V1('i+5301)=81(101_i]a (18)
&o1

0

where the variable is introduced

(&1, 1) = (& = &) —&oi * (T To1)-

The substitution of © = 1y, in (27) and & = &, in (17)
gives the identical equalities to the initial and boundary
conditions

[01]o(To1, €1) = [0]0(&1 — &To1) = W(E));
(&1, to1) = (&1 = &o1)s
[0110(t, Eon) = [0110(Eo1 — &o1 - T) = V4(1);
r1(&ors T) = —8(1 = 10);
vi(&on) = Vi(ton)s  71(Eors To1) = 0.
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Taking (16—18) into account, we can write down the
expression [0,]y(t, 1) for a given initial condition

[011o(z, 1) =y (rp (1, 7) + &gy )5

ror(1, 1) = (1 = &py) — o1 (Tt — T01),

or if there is a boundary condition

0], (e =3, [‘Cm ] %}

01

If supplying subjects of labour at the initial moment
of time 1y is carried out to the first technological posi-
tion &;; = 0 of the free line, then condition (10) takes the
form

[0,]o(t, 0) = H(t — 7o) (7).

We substitute [0,]y(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)

dr o7 (19)
d| e, | (v.&,)
gz%ﬁs(éz—éoz)gl[el]o(r,l); (20)

[0,]0(T02, &2) = Wa(&)).

Equation (19) allows us to obtain the first integral
& —-g1=0C, (21)

-C
We express T= 5~C from (21) and insert it in (20)
2

g ~
[0 50= (&) 0, 1% -
0 & &
e
- H(g, —goz)j—l[el]o(‘izg_zzJ}Q,

we obtain a solution for the case if the initial condition
)
[92]0 (n&)= (H(E.}Z _aoz)_H(éz —&pp _ng))X
rE, T
<o, ]0(% —M,l}wxrz(apr)%oz);
&> &

(&, 1) = (& — &) — &t — 1), (22)

and the solution for the case if the initial condition (10)
is given

[92 :Io (t.§,))= H(gz &0 )?[91 JO (Tzo _%slj +
2

2
+92 (‘Czo - "2(22,'5)}
2

141




INFORMATION TECHNOLOGIES, SYSTEMS ANALYSIS AND ADMINISTRATION

The solution [0,],(r, &,) (22) for the function

[01]o(7, 0) =01(1) = 1, [64]6(0, &) = wi(E1) =05 (23)

[0,],0.6) = &) =3 (2+sinCay),  (24)

with the source of receiving subjects of labour on the
main line at the point &y, =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

MD)=g,[ 6, ], (1.0)= %(Z—Sin(anzr)), (25)

with the initial distribution of subjects of labor along the
technological operations of the conveyor line [0,],(0,
&,) = Wy(&,) at the time point T = 0. The combination of
the conveyor lines is carried out in the technological po-
sition with the coordinate &, = 0.2. The arrival of sub-
jects of labour from the auxiliary line onto the techno-
logical position &, = 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 [0,]y(t, &,) along the technological positions of
the conveyor for time points t=(¢/7,) ={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 gy, %, (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 g;. 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 &, = 0.2 received the

subjectsoflabourwithintensity g, [61 ]0 [120 - %,1).

The source of additional receipt of subjects of labour
[6,]o(t, &,) forms a jump at the technological position
& = 0.2 at time point T > 0.2 with the height

B.],(r.2.)
2

1.8
1.6
1.4

[91 ]o (nD? =9 (r)? In the case considered, where
2 2

g, =g the jump equals [91 ] o (r,l)§ =1. The total num-
2

ber of subjects of labour from the main and auxiliary
production lines moves with the dimensionless speed of
the conveyor line gl 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 &, = (5/S,) =
={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
[0,]o(t, &,) for the technological position &, = 0.2 at the
time point t = 0.2 2 is spread with the speed of the con-
veyor movement g, to subsequent technological opera-
tions. The state of technological reserves for technologi-
cal positions, characterized by dimensionless coordinates
£=(S/S,) ={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
[0,]o(t, &>). 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 &, = (§/.5,) = 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

1.0

1.2
1

1

0.6
0.4
0.2
0

0 01 02 0.3 0.4

0.3 0,

—
0.8 Q
L 0

.5

0.5 0.6 o.r 08 0.3 1

Fig. 3. The distribution of subjects of labour [0,],(t, &,) along the technological positions of the conveyor for moments of
timet=(t/T,;) ={0.0;0.1;0.2,...; 0.9; 1.0}, where g, =g, = 1.0; S, =0.25,,
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Fig. 4. The distribution of subjects of labour |0,],(t, &,) along the technological positions of the conveyor for time points
t=(/Ty)={0.0;0.1;0.2;...; 0.9}, where g, =g, = 1.0; S, = 0.25d,:
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Fig. 5. The dependence of the quantity of the subjects of labour at the technological position of the conveyor on time at g, =
=g, =1.0; S, =0.2S,, for the values of coordinate & = (S/S,;) = {0.0; 0.1; 0.2; ...; 0.9; 1.0;}
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Fig. 6. The dependence of the quantity of subjects of labour [0,]y(z, &,) at the technological position of the conveyor on
time for the values of coordinate & = (S/S,) ={0.0; 0.1; 0.2; ...; 0.9;}, when g, =g, = 1.0; S, = 0.25,;:
a—EJz:O.O; b—&220.1;c—&2202;d—§2=0.3;e—é2:0.4;f—§2=05;g—§2=0.6;h—§2=0.7;l—§2=0.8;j—&2:
=0.9

Fig. 7. Set of characteristics § =gt + C; C={0.2;0.1; 0.0;...; =0.7; =0.8;}; &, =g, = 1.0; S, = 0.25

passes from the first technological position to the last. using the simplified method of production organisation
The calculation of the production cycle for enterprises 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
rd=j£=ijdg=i.
182 &) &

The products put onto the conveyor line at a dimen-
sionless point of time t,, exit as a finished product at a
time point t, with a backlog t,; = (1, — t;), which equals
the time of the production cycle. Backlog (1, — 1,) 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, = g5 L
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
10>—10° technological operations, using the liquid model it
would be necessary to solve 10°—10° 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).
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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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Po3paxyHok mapameTpiB CKiaaeHoi
KOHBEEPHOI JIiHii 3 MOCTIiiiHOI0 MIBHIKICTIO
PYXy npeaMeTiB mpami
0. M. ITienacmuii', B. JI. Xodycos®

1 — HauioHabHUIT TeXHIYHUN YHiBEPCUTET ,,XapKiBCbKUI
MOJITeXHIYHUIM IHCTHTYT®, M. XapkiB, YKpaiHa, e-mail:
pom7@bk.ru

2 — XapkiBchbKMi1 HallioHaNIbHM YHiBepcuTeT iMeHi B. H. Ka-
pasiHa, M. XapkiB, YKpaiHa

Merta. Po3poOka aHaTITUMHUX METO/TiB PO3PAXyHKY
napaMeTpiB CKJIaAeHOI KOHBEEPHOI JIiHil 3 BUKOPHUC-
TaHHSIM MOJEJIEH, 110 MIiCTSITh PiBHSIHHS Y IPUBAaTHUX
MOXiAHUX.

Metoauka. 111 po3paxyHKy rapaMeTpiB KOHBEEP-
HOI JIiHil 3 MOCTIAHOK IMIBUAKICTIO pyXy NpeaMETiB
mnpalli BUKOPUCTaHO arnapaT MaTeMaTUYHO1 (Di3UKU.

Pe3ynbTaTu. PillleHHsI naHO B aHAJIiTUYHOMY BU-
TSI, 110 BU3HAYa€E CTaH MapaMeTpiB MOTOKOBOI JIiHil
JIJIS 3aJaHOT TEXHOJIOTIUHO1 TTO3K1ii SIK (PYHKIIiIO Yacy.

HaykoBa HoBusHa. I[lonsirae B yIOCKOHaJEHHI
PDE-moneneit BUPOOHUYMX CUCTEM KOHBEEPHOIO
THTY. 3alpOIIOHOBAHO METO PO3PaxXyHKY ITapaMeTpiB
KOHBEEPHOTO BUPOOHUIITBA, IO CKJIANAETHCS i3 TBOX
KOHBEEPHMX JIiHilA, 110 3’€IHYIOTbCS 3 TOCTIHOIO
IIBUAKICTIO pyXy IpeaMeTiB npaii. Po3risiHyTuii Me-
TON PO3PAXyHKy KOHBEEPHOTO BHMPOOHMIITBA MOXE
OyTU MOLIMPEHUI Ha BUIANOK CUCTEMU 3 OYIb-SIKOIO
KIJIBKICTIO KOHBEEPHUX JIiHiM, 110 3’ €THYIOTHCS.

IIpakTinuna 3naunmicTb. [lonsirae B TOoMmy, 110 3a-
MPOIMOHOBAHUI METOJ pO3paxyHKy MapaMeTpiB KOHBE-
€PHOTO BUPOOHMIITBA MOXE OYyTH BUKOPUCTAHUM TSI
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MPOEKTYBAHHSI CUCTEM YIPABIiHHS 3 OyIb-SIKOIO KiJlb-
KiCTIO KOHBEEPHUX JIiHIi. ICTOTHOIO mepeBaro MeTomy
€ Te, 1110 KOXXHa KOHBEEPHA JIiHisI OMUCYEThCS OTHUM
PIBHSHHSM Yy TIPUBATHUX TOXiTHUX, PIlLIEHHSI SKOTO
OTpPMMAaHO B aHAJIITUYHOMY BUTJISAIL. Take mogaHHs 1a€
MOXJIUBICTh BUKOPUCTOBYBATH PillleHHS AJIsI TIPOTHO-
3yBaHHSI MapaMeTpiB CTaHy ITOTOKOBOI JIiHii.

KimouoBi ciioBa: npedmem npaui, mexnonoeiuni mpa-
€Kmopii, mexnonoeiuHuil npoyec, Konseep, PDE-modens,
BUPOOHUMULL YUK

Pacuer mapameTpoB COCTaBHOI KOHBeiepHOI
JIMHUM C TIOCTOSHHOM CKOPOCTBIO JABMKEHUS
npeaMeToB TPyAa

O. M. uenacmuiii', B. JI. Xodycog*

1 — HaumoHanbHBINM TEXHUYECKUI YHUBEPCUTET ,, XapbKOB-
CKMI TIOJUTEXHUUECKUN MHCTUTYT®, T. XapbKOB, YKpaunHa,
e-mail: pom7@bk.ru

2 — XapbKOBCKUI1 HALMOHAJIbHBIA YHUBEPCUTET WMEHU
B. H. Kapa3suHa, r. XapbkoB, YKpanHa

Ienn. Pa3zpaboTka aHaTUTUYECKUX METO/IOB pacue-
Ta IapaMEeTPOB COCTABHOW KOHBEUEPHON JIMHUM C UC-
MOJIb30BAHMEM MOJENEN, ComepKallluX ypaBHEHUS B
YaCTHBIX MPOU3BOIHBIX.

Mertomuka. /Iyis1 pacyeTra mapamMeTpoB KOHBeliep-
HOW JIMHUM C TIOCTOSHHOW CKOPOCTBIO IBUXEHUSA
MPEIMETOB TPYJa UCMOJIb30BaH almnapar MaTeMaTuye-
CKOM (DUBHUKMU.

PesynbTatpl. [lonyyeHo pellieHWe B aHaaUTUYe-
CKOM BHUJIE, OMpeaesiiollee COCTOSIHUE IMapaMeTpoB
MOTOYHON JIMHUM JJIs1 3aJaHHOW TEeXHOJOTMYECKOM
MO3ULIMHY KaK (PYHKILIMIO BpeMEHMU.

Hayuynas HoBu3Ha. 3aKJII0YaETCSl B COBEPLIEHCTBO-
BaHun PDE-Mmopneneii Tpou3BOICTBEHHBIX CUCTEM
KOHBeiepHoro tuna. IlpennoxeH MeToa pacuera mna-
paMeTpPOB KOHBEMEPHOTO MPOU3BOACTBA, COCTOSIIETO
U3 IBYX COCOUHSIIOIINXCSI KOHBEMEPHBIX JIMHUM C I10-
CTOSIHHOM CKOPOCTBIO JNBMXEHMSI TIPEAMETOB Tpyja.
PaccMoTpeHHBIN MeToa pacueTa KOHBEepHOro mpo-
MU3BOJCTBA MOXET OBITh PACIIPOCTPaHEH Ha CJIyyail Ch-
CTeMbl C MPOU3BOJBHBIM KOJUYECTBOM COEIUHSIIO-
IIMXCS KOHBEUEPHBIX JIMHUM.

IIpakTHyecKast 3HAUUMOCTb. 3aKJTIOYAETCSI B TOM, UTO
MPeJIOXKEHHBI METOJI, pacyeTa MmapamMeTpoB KOHBeUep-
HOTO MPOM3BOICTBA MOXKET ObITh MCITOIb30BaH IS IPO-
€KTUPOBAHMSI CUCTEM YIIPABJIEHUS C TPOU3BOJIbHBIM KO-
JIMYECTBOM KOHBeiepHBIX JIMHUIN. CyIlIeCTBEHHBIM TTpe-
MMYLLIECTBOM TaHHOI'O METOJA SIBJISIETCS TO, UYTO KaXIast
KOHBeiiepHast JIMHUS OIMMCHIBACTCSI OMHUM YpaBHEHUEM
B YACTHBIX ITPOM3BOIHBIX, PELLIEHUE KOTOPOTO MOJYYEHO
B aHAJIMTUYECKOM Bue. Takoe nmpencTaBieHue 1aeT BO3-
MO>KHOCTb MCITOJIb30BaTh PELIEHUS IS [IPOTHO3UPOBA-
HUS TTapaMeTPOB COCTOSTHUS TIOTOUHOM JTUHUU.

KmoueBble cioBa: npedmem mpyoa, mexHonocuue-
CcKUe mpaeKkmopuu, mexHoa02u4eckKuil npoyecc, KoHeeu-
ep, PDE-modens, npouszeo0cmeeHHblil YUK

Pekomendosano do nybnixauii dokm. @iz.-mam. HayK
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