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ABSTRACT

Context. The problem of optimal control of flow parameters of a conveyor-type transport system containing sections with re-
versible conveyors is considered. The object of the stady was an analytical model of a reversible transport conveyor for synthesizing
an algorithm for optimal control of the flow parameters of a reversible transport conveyor.

Objective. The goal of the work is to develop a synthesis technique for an algorithm for optimal control of the flow parameters
of a reversible transport conveyor based on an analytical model of a conveyor section containing a transport delay.

Method. An analytical model of a reversible conveyor has been developed for the case of a constant speed of a conveyor belt,
which makes it possible to determine the values of the output flows from the reverse section with known values of material flows
coming to the input of the conveyor section. To build a model of the reversible section of the conveyor, an analytical model of the
section of the conveyor in partial derivatives, containing the transport delay, was used. When constructing the model, the assumption
was made about the instantaneous switching of the direction of movement of the conveyor belt, and it is also assumed that the inter-
val between switching the direction of the belt speed exceeds the values of the transport delay for the conveyor section. To synthesize
an algorithm for optimal control of the reversible conveyor, a control quality criterion was introduced. The formulation of the prob-
lem of optimal control of the flow parameters of the reversible conveyor is given, based on the Pontryagin maximum principle. The
Hamilton function for the controlled system is written, taking into account the criterion of the quality of control of the reversible
conveyor. A technique for synthesizing an algorithm for optimal control of the material output flow of a section of a reversible con-
veyor is demonstrated. The conditions for switching the direction of the speed of the conveyor belt are determined.

Results. The developed model of the reversible conveyor section is used to synthesize an algorithm for optimal control of the
material output flow of the reversible conveyor section.

Conclusions. A method for the synthesis of algorithms for optimal control of the flow parameters of a transport system with sec-
tions containing reversible conveyors has been developed. The construction of an analytical model opens up new perspectives for the
design of transport conveyor control algorithms, which can be used to reduce the specific energy costs for material transportation in
the mining industry.

KEYWORDS: reversible conveyor, PiKh-conveyor model, transport delay, conveyor belt speed, transport system, conveyor
control.

ABBREVIATIONS
PDE-model is a model of continuous representation of
the movement of material along the technological route of
the production line, using equations in partial derivatives;

[X]l (t, S) is a material flow at the moment of time t at

the point of the transport route with the coordinate
sef0,54];

PiKh-model is an analytical model of a conveyor line
that allows you to determine the density of the material
and the material flow at an arbitrary point on the conveyor
belt;

RC (reversible conveyor) is a conveyor whose belt is
capable of changing the direction of speed to the opposite
in order to move the material in the opposite direction.

NOMENCLATURE
Sy is a conveyor line length;

Tq is a characteristic time for the material to pass the

transport route;
[x]o(t,S) is a linear density of the material at the mo-

ment of time t at the point of the transport route with the
coordinate S € [O,Sd];
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Y(S) is an initial distribution of material along the
technological route;

O is a limit value of the linear density of the material
for the conveyor section;

Aj(t) is a material flow from the i -th bunker incom-
ing to the input of the conveyor section;

A

flow from the i-th bunker incoming to the input of the
conveyor section, 0 <A; (1) <Ajmax s

i max 1S @ maximum allowable value of the material

cj(t) is a planned value of the output flow from the
conveyor section, determined by the input flow from the
i -th bunker;

a(t) is a conveyor belt speed,

G~! is a function inverse to the function G(1);

H(S) is a Heaviside function;
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8(8) is a Dirac delta function;

Tym 1S a dimensionless time of switching the direction
of the belt speed, m=0,1,2,3...;

T,0 1s a dimensionless value of the start time of the

transport conveyor belt;
Tyk 18 a dimensionless value of the transport con-

veyor completion time, M=0;
Aru(m +1) = Tu(m+1) ~ Tum is a dimensionless time in-

terval between switching the direction of the belt speed;
At is a dimensionless value of the transporting delay

at the route point, determined by the value & ;

Aty is the dimensionless value of the transporting de-
lay at the route point, determined by the value £=1.

INTRODUCTION

The conveyor is one of the most effective ways to
transport material in the mining industry [1, 2]. The
length of the transportation route for modern conveyor-
type transport systems has reached one hundred kilome-
ters [3, 4] and continues to increase. With a conveyor belt
fill factor of 50-70% with material [5], transportation
costs reach 20% of the material mining cost [6, 7]. Reduc-
ing transport costs is achieved by increasing the load fac-
tor of the conveyor belt material [8, 9]. To do this, control
systems for belt speed [10, 11, 12], the output flow of
material from the accumulating bunker [3, 13, 14], and
energy management methodology [15, 16, 17] are used.

The division of the transport conveyor into sections
increases the efficiency of managing a section of the
transport route within a separate section and the reliability
of the functioning of the transport system as a whole [18,
19]. Technological trajectories of individual elements of
the material within the section are similar, do not inter-
sect, and are displaced relative to each other [20]. The
displacement of technological trajectories is determined
by the value of the speed of the conveyor belt.

Increasing the material load factor of the conveyor
belt can also be achieved by changing the route of mate-
rial transportation. Such control is carried out using re-
versible conveyors, which allow changing the direction of
material movement within the section to the opposite di-
rection [21, 22, 23]. The present study is devoted to the
synthesis of optimal control algorithms for the flow pa-
rameters of a reversible conveyor.

The object of study is an analytical model of a trans-
port reversible conveyor.

The subject of study is analytical methods for design-
ing a transport reversible conveyor control system.

The purpose of the work is analytical methods for
designing a transport reversible conveyor control system.

1 PROBLEM STATEMENT
The reversible conveyor (RC) is used to ensure mate-
rial is transported in both forward and reverse directions
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(Fig. 1). This method of designing a conveyor-type trans-
port system provides a more uniform loading of branched
transport routes as a result of redirecting material flows
from a more loaded transport route to a less loaded route.
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Figure 1 — Schematic diagram of the functioning of the transport
reversible conveyor:
a — the direct moving belt; b — the reverse moving belt

The transport reversible conveyor is a complex dy-
namic distributed system with a transport delay. An ana-
lytical solution to the problem of the main conveyor,
which makes it possible to calculate the value of the out-
put flow for a given initial distribution of material along
the transport route, was obtained in [1]. The problem of
synthesizing the optimal control of the flow parameters of
the transport main conveyor is considered in [2, 3].

For a reversible conveyor, the problem of synthesizing
optimal control can be represented as successive algo-
rithms for optimal control of the material flow between
the switching points of the direction of the conveyor belt
speed. The initial conditions for the equation of the trans-
port conveyor [1] at the point of switching the direction of
movement are determined by the current distribution of
material along the transport route.

When synthesizing algorithms for optimal material
flow control, let us assume:

a) there is no control over the flow of material incom-
ing the reversible conveyor from the input accumulating
bunker;

b) belt speed between switching intervals is constant;

c) the change of speed direction is instantaneous;

d) the time interval Art,, between two adjacent

switching of the direction of speed exceeds the time At
(&=1) of the passage of the material along the transport
path of the conveyor section.
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The accepted assumption about the instantaneous
switching of the speed of the belt implies the absence of
restrictions on the amount of change in the speed of the
conveyor belt, due to the occurrence and propagation of
dynamic stresses along the conveyor belt. The assumption
of the absence of material flow control at the input and
the assumption of a constant belt speed makes it possible
to simplify the problem of synthesizing algorithms for
optimal material flow control by considering at the initial
stage a model of a reversible conveyor with a constant
transport delay in the presence of relay control. Separate
studies will be devoted to the synthesis of algorithms for
optimal control of the speed of the reversible conveyor
belt and the flow of material coming from the accumula-
tion bunker.

2 REVIEW OF THE LITERATURE

To build a model of a separate section of the transport
conveyor, the finite element method is used [24, 25, 26];
finite difference method [27]; Lagrange method; method
using the aggregated equation of state [11]; equations of
system dynamics [14]. The methods are based on various
numerical schemes for calculating the flow parameters of
the transport system. Also, models based on neural net-
works [4, 28, 29] and regression equations [30, 31, 32] are
widely used to describe the state of the transport con-
veyor. The synthesis of an optimal algorithm for control-
ling the flow parameters of a transport multi-section con-
veyor using a model that includes a neural network is
presented in [33]. Among the existing models used to
calculate the flow parameters of the transport conveyor
section, it should be noted the analytical PiKh-model
(PDE-model) [34], which is used to synthesize algorithms
for optimal control of the flow parameters of the con-
veyor, taking into account the energy management meth-
odology [6], to synthesize the optimal speed control algo-
rithm movement of the conveyor belt [8], as well as for
generating a training data set in a model based on a neural
network [33] and on a linear regression equation [32]. The
analytical PiKh-model also proved to be good in describ-
ing the change in the flow parameters of a multi-section
main conveyor and modeling a conveyor with an in-
put/output accumulating bunker. In this study, the scope
of the analytical PiKh-model of the transport conveyor
will be expanded, using it to build a model of a reversible
conveyor.

The principle of operation of a multi-section transport
system containing reversible conveyors is described in
[21] when simulating transport flows in the “Rudna” mine
(Poland). Later, the “Rudna” mine transport system was
considered during research in [22, 23]. Interest in the use
of reversible conveyors is associated, on the one hand,
with the use of a reversible conveyor to change the route
of material transportation, and on the other hand, with the
use of a reversible conveyor as an accumulation bunker in
the transport system. The principle of operation of the
reversible conveyor section described in [21] is used to
develop a reversible conveyor model based on the ana-
lytical PiKh-model.
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3 MATERIALS AND METHODS
To build a model of a transport reversible conveyor
that determines the state of the flow parameters of a sec-
tion along the transportation route, we will use the equa-
tion PiKh—-model of the conveyor in a dimensionless form
[34]

By(t,8) Op(t.€) _
o TI— =3(EN(D), (1

00(0,8) =HEW().- )

The state of the flow parameters of the reversible con-
veyor section is described by dimensionless variables:

s
Ty 7 Sy )
00(1.8) = ["]O(f) ) ye=XO LP(S) @)
. L L
Yi(D) =X (t)sd®, Yimax =Mi max Sd®’ =12, 5)
Aj T
0- max{%) (f))} B@=aigls  ©
g<r>=a(t);—j, [ £9) =a®)) (t.9) ™
8(5)=5¢5(S), H(E)=H(S). ®)

The solution of equation (1) with initial conditions (2)
has the form [34]

c'em-9),
00(1.8) = (1-H(E-G(m) 14
ot =U-HE-CO) o m T ©

+H(E-G(D))w(E-G(1),

G(7) = [ g(a)do, (10)
0

01(7,8) = 9(1)0p(7,8) . (11)

The presented solution makes it possible to determine
the density of the material 0((t,§) and the flow of the
material 0;(t,§) at an arbitrary point in time t for each
point & of the transport route. In this study, let us focus

on building a model of a transport reversible conveyor,
the belt speed of which is constant and equal g, (with the

exception of the moment of switching the direction of
movement of the conveyor belt)

9(1)=Jp, G(r) =gyt,

0<t<1,.

(12)

For a constant belt speed, solution (9)—(11) can be
written in the following form
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))'Yl(T - AT@) +

0y(t.&) = (1-H(E— gyt (13)
0
+H(E-gyD)w(E—-goT),
0,(1,8) = 9¢9y(7.8) , (14)
At =&/, (15)
0<t<1y.

The resulting solution (9)—(11) makes it possible to
determine the output flow of material from the conveyor
section

0y(x) = (1= H(1-got)ly; (x - A1) +
+H(1-gyt)w(l-ge1)Yp>
At =1/9,.

(16)

Solution (13)—(16) of equation (1) was obtained for
the case of material movement only in the forward
direction (Fig. 1a) without speed switching.

If there are points of switching the direction of the
flow at the instants of time T, the values of the output
flows V00t (T) 5 Yaout(t) Of the reversible conveyor, tak-

ing into account the solution (16), take the form

M
Ynout(T) = Z Fn,m (T)(Ynl('c) +Vnom (D+ Yn3,m (T))a a7n

m=0

Y =10(0), n=(12), (18)
YIZ,m(T)=(1_H(l_goATmt))YZ(T_ATl): (19)
Voom(T) = (1 —-H (1 — 9oA T )11 (T - AT)) (20)
'Yn3,m("7): H(l_gOATmt)‘/n(Tum - ATy, 21

Aty = (‘c ~ Tum ) ) (22)
Fl,m(T):#(H (T_Tum)_ H (T_Tu(mﬂ)))’ (23)
Fz,m(r):#(H (T_Tum)_ H(T_Tu(m+1)))> (24)

Ty =0, M>M.

The flow of material into the bunker occurs with the
forward direction of the conveyor belt (Fig. 1a), and the
flow of material into the bunker y,,,;(t) occurs with the

reverse direction of the conveyor belt (Fig. 1b).
Functions Fl,m(r), Fz,m(r) determine the time inter-
val At () between switching the direction of movement

of the material along the conveyor belt. The function
Fam (t) is equal to one for the case if the conveyor moves

in the forward direction (Fig. la) and the inequality
Tum S T<Ty(my1)> (M is even) is fulfilled. Similarly, the
function F (1:) is equal to one for the case if the con-
veyor moves in the opposite direction (Fig. 1b) and the
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inequality Tym <T<Ty(my1), (M is odd) is satisfied. The
function v,, (1) determines the flow of material from
the bunker y,(t) to the bunkery,,,(t) with a transport
delay (Fig. la) in the time interval Ty, <1 <Ty(yn.). The
function 7y, (t) determines the flow of material from
bunker y,(t) to bunker y,,,(t) with the same transport
delay Art; (Fig. 1b).

The function v,; (1) determined by the flow of ma-
terial from the conveyor during the time interval At
from the moment of switching 7. The flow of material
Y23,m(7) is formed by the distribution of material (&)

along the conveyor belt at a time T,
Y23,m (D) =V23,m (Tum +ATme) =W (1= 9pATye) - (25)

Taking into account the assumption Aty > A1y, the

distribution of material along the conveyor belt is com-
pletely determined by the material flow y,(t). This de-

pendence at a constant speed of the belt within the time
interval At can be represented in the following form

Y2 (Tum = ATme) =W (1= 9oAty,) (26)

whence for the time interval At; from the moment of the
time of switching 7, , the expression is obtained for the

output flow from the conveyor belt in the forward direc-
tion of motion

Y23.m(0) =7Y23,m (Tum + ATpye) =

(27)
=72 (Tum _A‘cmr) = Yz(zrum - T) .

For the reverse direction of movement of the belt, the
distribution of material (&) along the conveyor belt at

the moment of time T, is given by the flow of material

v1(7)

Y1 (Tum = ATme) = Win(9oATp) - (28)

Taking into account the relationship between the out-
put flow v;3(7) and the distribution of material (&)

along the conveyor belt for the period of time At; from
the time of switching 7,
YI3,m(T):Yl3,m(Tum +ATm) =W (9oATm.) 29)

the value of the material flow 7,3 ,(7) is obtained when

the conveyor moves in the opposite direction
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Y13,m (m= Y13,m (Tum +ATpe) =

=71 (Tum = Atn) =71 CTym — 7) -

(30)

At given times of switching 1, the direction of

movement of the belt, expressions (17) determine the
flow of material in the transport system in the presence of
a reverse mode of operation of the conveyor.

4 EXPERIMENTS

To carry out numerical experiments, the software has
been developed that makes it possible to calculate the
values of the flow parameters of the transport conveyor in
accordance with the RC model (17)—(26). Test values of
material flows y,(t), y,(t), incoming the section of the
reversible conveyor from the accumulation bunkers, as
well as the value of the planned output flow 9,(t) from

the section of the conveyor represented by periodic func-
tions (Fig. 2):

v1(t)=2.0+ sin(0.4m) ,
v,(1) = 2.0 +sin(0.277) ,
9,(1) = 2.0+ 2.0sin(0.2nt + 7).

€2))

Periodic functions in the form (31) are used in the
qualitative analysis of the flow parameters of transport
and production systems [26, 35, 36], the production proc-
ess of which is periodic. This approach makes it possible
to reveal the qualitative features of the model and the rela-
tionship between flow parameters [37]. When carrying
out numerical experiments, it was assumed that at the
initial time the conveyor section is fully loaded with ma-
terial

() =1. (32)

In the absence of reversible control, the material

flows y,(1),v,(t), incoming the section of the reversible

conveyor from the accumulation bunkers, form the output

71(1), 72(1), 8,(7)

material flow y,,,(t) from the conveyor section (Fig. 3)
in accordance with the RC model (17)—(26). The type of
function (&), which specifies the initial distribution of
material along the RC section, affects the value of the
output material flow only in the initial period of time
t<1. For the time moments of the transport system op-
erationt > 1, the initial distribution of the material does
not affect the state of the output flow parameters of the
conveyor section (Fig. 3). In the absence of reversible
control, the output flow of material from the conveyor
section is determined by the expression

Yaout (1) = Y2(D) + 71 (= 1) (33)

which contains the transport delay At; =1. The superpo-
sition of material flows from the accumulation bunkers
7:1(1), v,(7), that form the output flow v,,,(7) , leads to

the fact that in the allocated time intervals the output flow
Ya0ut (1) deviates significantly from the planned material
flow 3,(t), required to maintain a continuous production
process (Fig. 3). With the reversible movement of the
belt, the flow of material changes direction, and therefore,
Y20ut (t) = 0. The condition (Fig. 4) was used to calculate
the switching points of the belt movement direction

A5 () =700t (1) —28,(7) > 0. (34)

The function Ay,(t), on the basis of which the

switching points are numerically calculated, is shown in
Fig. 4. When At >>1, to improve the performance of

calculations, the RC model (17)—(26) can be replaced by
the approximate model (33).

The method for calculating switching points in accor-
dance with condition (34) was used to synthesize the
algorithm for controlling the output flow from the con-
veyor section.
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Figure 2 — Dynamics of material flows y,(t), Y,(t) from the accumulation bunkers incoming the section

of the reversible conveyor and the plan material flow 9,(t) from RC
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Figure 3 — Comparison of the material flow y,,,(T) from the conveyor in the absence of reverse control with the value

of the planned material flow 3,(t) from RC
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Figure 4 — A function Ay, (t) for constructing points for switching the reversible mode of a conveyor section

for a given planned value of the output flow 9, ()

5 RESULTS
Let us formulate the problem of constructing an opti-
mal program for controlling the flow of material v,y (1),
coming out of the reversible conveyor to meet the needs
of the processing industry in the material. The transport
conveyor will be controlled by switching the direction of
material movement. Let us determine the value of the

switching points 71, of the direction of material move-
ment during a period of time t = [0,7,, ] with continuous
control u(t) = [0;yz°ut(r)] of the output flow of material

from the reverse conveyor, which lead to a minimum of
the functional

Tuk
I(ry) = | (u(®)=9,(v))dr— min (35)
0
with a limitation on the value of material flow
u() = [0:7200 (V)] (36)

0> Y50ut(T) >0
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The control value u(t) is equal to y,q,(t) for for-
ward material movement the control value u(t) is zero

for reverse material movement. To build a control system,
this paper uses a very simple criterion of control quality,
which makes it possible to demonstrate the features of
control of a reversible conveyor. It is assumed that there
are no restrictions on the maximum permissible value of
the linear density of the material along the conveyor belt.

The Pontryagin function for control problem (35), (36)
has the form:

H = ~(u(%) - 8,(1))} > max. (37)

From the condition of the maximum of the Pontryagin
function, the optimal control of the reversible conveyor is
determined u(t)

oH

) -2(u(t) = 9,(1))=0.

(3%)
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Since the control u(t) takes one of the values

[O;Yzout(T)] , and in the general case

u(t) # Ya0ut (1) »

then equality (38) cannot be used to construct the optimal
control of the reversible conveyor. Taking this into ac-
count, the conditions for the proposed switching of the
conveyor operation mode are determined by the inequali-
ties

Yaout (1) —32(1) > 8,(1), u(r) =0,
Y20ut (1) = 32(D) £ 8, (D), U(D) = y20, (1)

for which the Pontryagin function has a minimum. Thus,
for a finite interval At; =1 the point of switching the
direction of movement at the moment of time Tt,,, de-
fined by the condition

Vaout (Tumo) =282 (Tymo) » (39)
Ay, (1) = Y200t (1) —28,(1),

For switching points when the condition is satisfied

I(1)>0, (40)
the conveyor line operates in reversible mode, u(t)=0.
As a rule, for existing conveyor systems, the condi-
tion At >> At is satisfied, and the switching points are
determined by equation (39).

A numerical experiment demonstrating the synthesis
of an algorithm for the material output flow control for
boundary and initial conditions (31), (32) is presented in
Fig. 5. The presence of peak values of the output flow is
explained by the fact that starting from the moment of
switching the direction of movement and during the time

u(t), 9,(7)

interval At = At; =1 the output flow of material v,y (1)
determined only by the input flow of material y, (1) , and
during the time interval for which the condition At >1 is
satisfied, the output flow of material vy,,,(t) is deter-

mined by the input flows of material y,(t) and v,(t),
which and leads to a jump in the function
U(t) = [0;y20u (t)] at At=1. An analysis of the results of
a numerical experiment shows that the initial distribution
of material (32) does not affect the value of the output
flowatt>>1.

6 DISCUSSION

One of the significant difficulties that researchers en-
counter when designing control systems for a transport
system containing reversible conveyors is building a
model of a reversible conveyor section. Let us consider
one of the ways in which these difficulties can be over-
come.

One such way is to use an approximate model for the
section of the conveyor in which the transport delay
At =0 is assumed. This case may correspond to a sim-

plified model of the reversible conveyor section in the
following form

M
Ynout (T) = Z Fn,m(T)(Yl(T) + Yz(T)) .

m=0

(41

For a conveyor section of small length (S4 =200 me-

ters [23]), at a belt speed of one meter at the second, the
transport delay is several minutes. For conveyor sections
of medium length (S; = 2000 meters [23]), the transport
delay can be about one hour. If there are several reversi-
ble sections through which the flow of material moves in
the transport system, then the total transport delay of the
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Figure 5 — Optimal control U(T) of the RC section for a given planned value of the output flow 3, (1)
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conveyor system during the sequential movement of ma-
terial can be obtained as a result of adding the transport
delays of individual sections. Thus, the value of the trans-
port delay can be significant in the value. Neglecting the
transport delay in the model of the conveyor section can
lead to significant errors in the calculation of the flow
parameters of the transport system, and the model itself,
accordingly, should not be used to build algorithms for
optimal control of the flow parameters of the transport
system.

The use of model (41) implies not only an approxi-
mate calculation of the values of the flow parameters of
the conveyor section, but also the fact that the specific
energy costs for the movement of material are not opti-
mized for the reversible sections of the transport system.
The reduction in energy costs for moving the mined mate-
rial along the transport route makes the problem of build-
ing accurate analytical models of reversible sections that
can be used to synthesize algorithms for optimal control
of the output flow of a conveyor-type transport system
relevant.

When constructing the model and synthesizing mate-
rial flow control algorithms, a number of assumptions are
made in this paper. The purpose of these assumptions is to
simplify as much as possible the mathematical transfor-
mations necessary to build the model, demonstrating the
general methodology for creating models of reversible
conveyor sections and the features of synthesizing the
algorithm for optimal material flow control.

CONCLUSIONS

The actual problem of synthesizing algorithms for op-
timal control of the flow parameters of a conveyor-type
transport system containing sections with reversible con-
veyors is considered. An analytical model of a reversible
conveyor for the design of transport conveyor control
systems is proposed.

The scientific novelty of obtained results is that for
the first time an analytical model of a reversible conveyor
section has been proposed for conveyor-type transport
systems. This model, under the assumptions of a constant
speed of the conveyor belt, of instantaneous switching of
the direction of movement of the conveyor belt and of the
value of the time interval between two adjacent switching
of the direction of speed At = At;, makes it possible to

calculate the output flows of material Yy, (T) 5 V20u(T)

from the section of the reversible conveyor with known
values of the input flows of material v,(t), y,(t). The

construction of an analytical model of a reversible con-
veyor section allows, for a given control quality criterion,
to synthesize simple algorithms for optimal control of the
flow parameters of a transport system containing sections
with reversible conveyors.

The practical significance of obtained results is that a
technique has been developed for constructing algorithms
for optimal control of the flow parameters of a transport
system with sections containing reversible conveyors,

© Pihnastyi O. M., Ivanovska O. V., Sobol M. O., 2022
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which can be used to reduce the specific energy costs for
transporting material at mining enterprises.

Prospects for further research is to develop systems
for controlling the belt speed of the reversible conveyor.
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AHOTANIA

AKTyanbHicTb. PO3risiHyTO TpoGiieMy ONTHMAJbHOTO YIPABIIHHS HOTOKOBUMH IIapaMeTpaMH TPAaHCHOPTHOI CHCTEMHU
KOHBEEPHOTO THILY, III0 MICTUTBH CEKILii 3 peBepcUBHUMH KoHBeepaMu. OO’ €KTOM JOCITIPKeHHS OyIla aHaJiTHYHA MOJENb TPAHCIIOPT-
HOTO PEBEPCHUBHOTO KOHBEEPA I CHHTE3y aIrOPUTMY ONTHMAIIBHOTO KEPyBaHHS IIOTOKOBMMH ITapaMeTpaMH TPAHCIIOPTHOTO pe-
BEPCHBHOT0 KOHBeepa. MeTa po6oTH — po3poOKa METOAUKH CHHTE3y AITOPUTMY ONTHMAIBHOI'O KepyBaHHS IIOTOKOBHMH IapaMer-
paMu TPAaHCIIOPTHOTO PEBEPCHBHOTO KOHBEEPA, M0 0a3yEThCs HA aHANITHYHIM MOJIENI KOHBEEPHOT CEKIlii, 110 MICTUTh TPAHCIIOPTHY
3aTPUMKY.

Metopa. Po3po6ieHo aHaTITHYHY MOJIENIb PEBEPCUBHOTO KOHBEEPA [UIsl BUTIAAKY HOCTIHHOT MIBUIKOCTI KOHBEEPHOI CTPIUKH, IO
JIO3BOJISIE BU3HAYHUTH 3HAYCHHS BHUX1IHUX IOTOKIB 3 PEBEPCUBHOI CEKIIii IPH BiIOMUX 3HaUCHb MMOTOKIB MaTepiaiy, 0 HAIXOAATh Ha
BXia cekuii koHBeepa. [ moOyqoBH MOAei peBEepCHBHOI CEKIii KOHBEEpa BUKOPHCTAHO aHAJTITUYHY MOJENb CEKIlii KOHBeepa y
MIPUBATHHUX MOXITHUX, IO MICTHTh TPAaHCIOPTHY 3aTpUMKY. [Ipu moGymoBi Mozeli BBeAGHO MPUITYIIEHHS IIPO MUTTEBE TIEPEMHUKAHHS
HaINpsMKy PyXy CTPiUuKU KOHBEEPA, a TAKOXK MepedadaeThes, Mo iHTepBal MK IIepeMHUKaHHIMHI HAIPSIMKY MIBUIKOCTI PyXy CTPIUYKH
NEePEeBUILYE 3HAUYCHHS TPAHCIOPTHOI 3aTPUMKHM JUIs CeKUil KoHBeepa. s CHHTE3y airopUTMy OITHMAJBHOTO YIPaBIiHHS
PEBEPCHBHIM KOHBEEPOM 3alPOBA/DKEHO KPHUTEPiH sIKOCTI ynpaBiiHHA. /laHa MOCTaHOBKA 3aJiadi ONTHMAJIBHOIO YNPABIiHHS I10TO-
KOBHMH IapaMeTpaMy PEeBEPCHBHOIO KOHBEEPA, 3aCHOBAHA Ha NPUHLMII MakcuMyMy [loHTpsrina. 3anucano ¢yHkuito ['aminbrona
JUIsL KEPOBAHOT CHCTEMH, SIKa BPAXOBY€ KPHUTEPIil AKOCTI KepyBaHHSA PEBEPCUBHUM KOHBEEpOM. [IpoJIeMOHCTPOBAHO METOIMKY CHHTE-
3y aJrOpUTMY ONTHMAaJbHOTO YIpPAaBIiHHSA BUXIIHAM ITIOTOKOM MaTepialy CEKIii peBepCHBHOTO KOHBeepa. BuzHaueHo yMOBHU mepe-
MHKaHHSI HAIPSIMKY LIBUJIKOCTI PyXY CTPiYKM KOHBE€Epa.

Pe3yabsTaTn. Po3pobiieHa Momens cekiii peBepcHBHOIO KOHBEEPA BUKOPUCTaHA CHHTE3Y aJITOPUTMY ONTHMAJIBHOTO yIPaBIIiHHS
BHXI1JTHIM IIOTOKOM Matepiaiy CeKIlii peBEpCHBHOTO KOHBEEPA.

BucnoBku. Po3po6ieH0 METOIHMKY CHHTE3y alrOpUTMIB ONTHMAJIBHOTO KepyBaHHS ITOTOKOBHMH IIapaMeTpaMU TPaHCIIOPTHOI
CHCTEMH 3 CEKIIisSIMH, 1110 MICTATh peBepcuBHi KoHBeepH. [1o0y0Ba aHAIITHYHOT MOZIEINI BiIKPHBAE HOBI MEPCIEKTHBH JUIS IPOSKTY-
BaHHS aJrOPUTMIB KepyBaHHS TPAHCIIOPTHUM KOHBEEPOM, SIKi MOXYTh OyTH BHKOPHCTaHI JUIs 3HMKEHHS MUTOMHMX €HEpPreTHYHHX
BUTpAT Ha TPAHCIOPTYBAHHS MaTepiay Ha HiANPUEMCTBAX IipHUY0100yBHOT IPOMHUCIOBOCTI.

KJIFOYOBI CJIOBA: peBepcuBHuii kouseep, PiKh-Mozens koHBeepa, TpaHCIIOPTHA 3aTPUMKA, IIBHIKICTh CTPIYKH KOHBEEpPA,
TPAHCIIOPTHA CHCTEMA, KePYBAHHS KOHBEEPOM.
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r. XapbKoB, YKpauHa.

Co6o0sib M. O. — xaHJ. TeXH. HayK, CTapIINi NpernoaBaTeib Kadeapsl HHGOPMATHKH U HHTEIUICKTyaIbHOH coocTBeHHOCTH Ha-
LIMOHAJILHOI'O TEXHUYECKOI0 YHUBEPCUTETA «XapbKOBCKUHN MOIUTEXHUUYECKUI UHCTUTYT», I. XapbKOB, YKpauHa.

AHHOTALUA

AkTyanbHOCTb. PaccMoTpeHa npobiaeMa ONTHMANBHOTO YIPaBIeHHs TOTOKOBBIMH ITapaMeTpaMi TPAHCIIOPTHON CHCTEMBI KOH-
BeifepHOTo THIA, COAEPIKAIICH CEKIIMU C PEeBEPCUBHBIME KOHBeliepamu. OOBEKTOM HCCIIeJOBAHUS SBISUIACH AaHATUTHYCCKAsT MOJIEINb
TPaHCIIOPTHOI'O PEBEPCUBHOIO KOHBEHepa JUlsl CUHTE3a alfOpPUTMa ONTHMAJIBHOIO YIIPAaBICHUS IMOTOKOBBIMU IIapaMeTpaMH TpaHC-
MIOPTHOTO PEBEPCUBHOIO KOHBeiepa. Llens paboTel — pa3paboTka METOANKY CHHTE3a aJiTOPUTMa ONTHMAJIBHOTO YHPaBICHUS ITOTO-
KOBBIMHU IIapaMeTpaMM TPAHCIOPTHOI'O PEBEPCUBHOIO KOHBeliepa, OCHOBAHHOW Ha aHAJIUTHUYECKON MOJAEIM KOHBEHEPHOW CEeKIHH,
coJieprKaiieil TPaHCIOPTHYIO 3aIEPXKKY.

MeTtoa. Pazpaborana aHaquTHuecKkast MOJeNb PEBEPCUBHOTO KOHBelepa Ui cliydast HOCTOSHHOM CKOPOCTH KOHBEHEpHOH JICHTHI,
TI03BOJISIONIAsT ONPEAETUTh 3HAUYCHUS BBIXOAHBIX MOTOKOB C PEBEPCHBHOMN CEKIMM NPH M3BECTHBIX 3HAUCHUH MOTOKOB MaTepHaa,
MOCTYNAIOIIKUX Ha BXOJ CEKIIMM KOHBeiepa. [ mocTpoeHuss MoJIeN peBEpCUBHON CEKLIMU KOHBEWepa HUCIOb30BaHa aHAIUTHYE-
CKas MOJZieNIb CEKLIUU KOHBeHepa B YaCTHBIX IIPOU3BOJHBIX, COJCpIKallas TPAHCIOPTHYIO 3a1epkKy. [Ipu mocrpoenuu mMozenu BBe-
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JICHBI JIONYICHUE O MTHOBCHHOM IIE€PEKIIOUEHUN HANPABICHUS JBIKCHUS JICHTBI KOHBEHEpa, a TAKKe IPEANOoIaracTcsl, 4To HHTep-
BaJI MEXKY NEPEKIIOUEHUSIMU HAIPaBJICHHUs CKOPOCTH JBMXKCHHUS JICHTHI [IPEBbILIAET 3HAYCHUS TPAHCIIOPTHOM 3aIePAKKH U1 CEKLIUU
KoHBelepa. [l cuHTe3a aJlropuTMa ONTHMAJIBHOTO YIPaBJICHHUs PEBEPCUBHBIM KOHBEHEPOM BBE/IEH KpUTEpUI KauecTBa yIpaBiie-
HHA. JlaHa MOCTaHOBKA 3aaydl ONTHMAJBHOTO YIPABIEHHS MOTOKOBBIMH MapaMeTpaMH PEBEPCUBHOTO KOHBEHepa, OCHOBaHHAs Ha
npuHIune Makcumyma ITonTparuna. 3anucana GpyHkius ['aMUIBTOHA U1 YIPABIISIEMOH CUCTEMBI, YUUTHIBAIOLIAs KPUTEPHH Kaue-
CTBa YNpaBJICHHUS PEBEPCHBHBIM KOHBeHepoM. [IpomeMoHCTpHpoBaHa METOAWKA CHHTE3a aITOPUTMa ONTHMAIBHOTO YIIPABICHHUS
BBIXOZHBIM MOTOKOM MaTepualjia CeKIUH PEBEPCHBHOTO KOHBeiepa. OmnpeneneHs! yCIOBHs MEPEKITIOUCHHS HAIIPaBICHUS! CKOPOCTH

IIBHL

Bel

JKCHUS JICHTBI KOHBeerpa.

Pe3yabTaTel. PazpaboTanHas Mozellb CEKIMH PEBEPCUBHOTO KOHBelepa HCIIOIb30BaHa ISl CHHTE3a AJITOPHTMA ONTHMAIIBHOTO
YIIpaBJICHHs BEIXOAHBIM IIOTOKOM MaTepuajia CeKLHH PEeBEPCUBHOIO KOHBeHepa.

BriBoabl. Pa3paboTana MeToanKa CHHTE3a alIrOPUTMOB ONTHMAIBHOIO YIPABICHUS! IOTOKOBBIMH ITapaMeTpaMy TPaHCIOPTHOW
CHCTEMBI C CEKLHMSIMH, COACPKALIUMU PEBEPCUBHBIC KOHBeHepa. [locTpoeHne aHaIMTHYECKOH MOJICNH OTKPBIBAET HOBBIE MEPCIIEK-
THBBI JUIS IPOSKTUPOBAHUS AJITOPUTMOB YIIPABJICHHUS TPAHCIOPTHBIM KOHBEHEPOM, KOTOPbIE MOT'YT OBITh HCIIOJIb30BaHbI JUISl CHHKE-
HHS y/IeNbHBIX S9HEPTeTHYECKHX 3aTpaT Ha TPAHCIIOPTUPOBKY MaTepyalia Ha MPeIPUsTHIAX TOPHOAOOBIBAIOIICH IIPOMBIIUIEHHOCTH.
KJIFOUEBBIE CJIOBA: peBepcuBHblii koHBeiep, PiKh-moznenp koHBeliepa, TpaHCIOPTHAS 3a/€PXKKa, CKOPOCTh JICHTHI KOH-

€pa, TpaHCIIOPpTHAasA CUCTEMA, YIIPABJICHUE KOHBeﬁepOM.
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