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ABSTRACT

Context. A method for constructing an algorithm for stabilizing the interoperability of a production line is considered. The object
of the study was a model of a multi-operational production line.

Objective. The goal of the work is to develop a method for constructing an optimal algorithm for stabilizing the flow parameters
of a production line, which provides asymptotic stability of the state of flow parameters for a given quality of the process.

Method. A method for constructing an algorithm for stabilizing the level of interoperative backlogs of a multi-operational
production line is proposed. The stabilization algorithm is based on a two-moment PDE-model of the production line, which made it
possible to represent the production line in the form of a complex dynamic distributed system. This representation made it possible to
define the stabilizing control in the form of a function that depends not only on time but also on the coordinates characterizing the
location of technological equipment along the production line. The use of the method of Lyapunov functions made it possible to
synthesize the optimal stabilizing control of the state of interoperation backlogs at technological operations of the production line,
which ensures the asymptotic stability of the given unperturbed state of the flow parameters of the production line at the lowest cost
of technological resources spent on the formation of the control action. The requirement for the best quality of the transition process
from a disturbed state to an unperturbed state is expressed by the quality integral, which depends both on the magnitude of the
disturbances that have arisen and on the magnitude of the stabilizing controls aimed at eliminating these disturbances.

Results. On the basis of the developed method for constructing an algorithm for stabilizing the state of flow parameters of a
production line, an algorithm for stabilizing the value of interoperation backlogs at technological operations of a production line is
synthesized.

Conclusions. The use of the method of Lyapunov functions in the synthesis of optimal stabilizing control of the flow parameters
of the production line makes it possible to provide asymptotic damping of the arising disturbances of the flow parameters with the
least cost of technological resources spent on the formation of the control action. It is shown that in the problem of stabilizing the
state of interoperative backlogs, the stabilizing value of the control is proportional to the value of the arising disturbance. The propor-
tionality coefficient is determined through the coefficients of the quality integral and the Lyapunov function. The prospect of further
research is the development of a method for constructing an algorithm for stabilizing the productivity of technological operations of a
production line.

KEYWORDS: PDE-model of a production line, multi-moment equations, Lyapunov function, quality integral, optimal control,
stabilization problem.

ABBREVIATIONS
PDE is a partial differential equation.

Y, (t,S) is a program control of the normative produc-

tivity of production equipment at the time moment t for
the position of the technological route with a coordi-

NOMENCLATURE nate S, which ensures the transition of the production

[X]o (t,S) is a density of inter-operational backlog of
parts (WIP) at the time moment t for the position of the
production route with the coordinate S ;

[X]l (t,S) is a flow of parts at a time t through the po-

sition of the technological route with a coordinate S ;
[X]hu (t,S) is a normative productivity of the produc-

tion equipment at the moment time t for the position of
the technological route with the coordinate S ;
Y, (t,S) is a program control of the state of interop-

eration backlogs at the time moment t for the position of
the technological route with a coordinate S, which en-
sures the transition of the production system from one
state of the production system to another state of the pro-
duction system;
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system from one state of the production system to another
state of the production system;

Tq is a characteristic time of the transfer of the pro-
duction system from one state of parameters to another
state of streaming parameters;

uk(t,[y]o,[y]l) is a control action, providing stabiliza-

tion of flow parameters [X]k (t,S) relative to the undis-

turbed state [x]k*(t, S);
(o(t,[y]o,[y]l,uo,ul) is a function that determines the

requirements for the lowest possible cost of technological
resources (energy, raw materials, labour resources, etc.)
spent on the formation of control actions Uy (t,[y]o,[y]l),

U (t, [Y]os [Y]l )
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INTRODUCTION

The time factor plays a decisive role in planning the
operation of a production line and the operational control
of its flow parameters [1]. At the same time, the main
requirement for the process of planning and operational
control of production is to ensure the continuity and
rhythm processing of parts along the technological route
[2]. In this regard, mathematical methods of planning and
operational control of the flow parameters of the produc-
tion line are exceptional importance [3]. The most impor-
tant and least studied among them are the dynamic prob-
lems of the optimal use of the technological resources of
the enterprise to ensure a steady-state of the flow parame-
ters of the production line [4].

The object of study is model of a production multi-
operation production line.

The production lines of modern industrial enterprises
contain~10" technological operations [5], in the interop-
eration reserves of which are ~10° parts [6]. The structure
of the production line can be highly branched [7], consist-
ing of separate sections of the technological route with a
sequential position of technological operations [8]. The
presence of a branched structure imposes additional diffi-
culties on the construction of a production line model,
and, as a consequence, construction of an algorithm for
stabilization of the production line flow parameters. For
this reason, the construction of an algorithm for stabiliz-
ing the flow parameters will be carried out for a produc-
tion line with a sequential position of technological opera-
tions [9] (Fig. 1).
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Figure 1 —Serial production line

This simplification will allow us to focus on the key
design points of the stabilization algorithm. The obtained
results can be used to design control systems for flow
parameters of complex branched production lines.

The subject of study is a method for constructing an
algorithm for stabilizing the production line flow parame-
ters, based on the PDE model of the production line.

The control problem of the production line flow pa-
rameters is often considered as the task of building pro-
gram control (production schedule of the output plan
[11]). Methods for constructing a programmed control
using the equations of the fluid-model and the PDE-
model are presented in [12, 13]. However, in the presence
of disturbances, the programmed control will be imple-
mented without additional stabilizing effects only in the
case of asymptotic stability of the production line flow
parameters. This circumstance requires the development
of methods for designing algorithms for stabilizing the
production line flow parameters.

The purpose of the work is to develop a method for
constructing an algorithm for optimal stabilizing the pro-
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duction line flow parameters, which ensures the asymp-
totic stability of the state of flow parameters.

1 PROBLEM STATEMENT
To describe the serial production line (Fig. 1), let’s
use a two-moment PDE-model, the equations of which
have the form [4, 10]:

]y (. S) . ] .9
ot as

=Yo(©.5), Q)

olxh@.9) . [l -8 o] . 5)

ot LS s =nes). @

with a control program Y (#,S), Y;(¢,S) for transfer-

ring production systems from a state with parame-
ters [X]o (0,8) to a state with parameters [X]o (Ty,S) fora

time ¢ € [O,Td].
Let the production line flow parameters [x]o(t,S),

[X]l (t,5) receive unknown random small disturbances:
lo@.8) =l -y @.9) 3

V@S =@~k @), 4)

with respect to given program control YO*(t,S),
Yl*(t,S) unperturbed parameters [x]o*(t,S), [X]l*(t,S).
To eliminate the disturbances b/]o S), b]l (¢,S) that
have arisen, it is required to develop control actions
uo(t,[y]o,[y]l), ul(t,[y]o,[y]l), which should ensure the
asymptotic stability of a given unperturbed state of flow
parameters [x]o*(t,S) s [x]l*(t,S) , satisfying the system
of equations (1), (2). It is assumed that the function

ug (t, b]o,b]l), u (t,Lv]O,b]l) satisfies the equalities
u0(£,0,0)=0, u;(£,0,0)=0. ®)

The given functions are defined and continuous in the
area under consideration and are not constrained by any
additional inequalities.

When setting the problem of stabilization of produc-
tion line flow parameters, we supplement the requirement
of asymptotic stability of the unperturbed state of flow
parameters with the requirement of the best quality of the
transient process

1= Jole [l [y}t i ©
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2 REVIEW OF THE LITERATURE

Common models that are used for the synthesis of op-
timal control of the production line flow parameters are
Clearing-function models [14, 15], queue theory [16],
discrete-event models [17, 18], Fluid— models [12, 13],
system dynamics models [3], PDE— models [4, 5].

Clearing-function models and queue theory models
are used when the input or output parameters of the pro-
duction line are controlled. This class of models deter-
mines the relationship between input and output parame-
ters using approximate relationships or precise analytical
expressions that take into account, with a given accuracy,
the state of distributed parameters along the production
line. At the same time, there is no control over the state of
flow parameters along the production line. Effective use
of the Clearing-function model is presented in [19]. How-
ever, such cases of effective use of Clearing-function
models are very rare.

Discrete-event models make it possible to sufficiently
accurately simulate the process of processing products at
technological operations of a production line. This class
of models is used to build control systems of the flow
parameters of technological operations of production
lines. A significant disadvantage of their application for
the design of control systems for the production line pa-
rameters is that the construction of effective control sys-
tems requires large expenditures of computing resources.
When constructing multi-operational models of produc-
tion lines [5] for batches with a large number of parts [6],
the computational time of the model parameters exceeds
the time allotted for making a decision on the formation
of control actions.

Fluid models, system dynamics models and PDE
models are most suitable for describing a production line.
Fluid models and models of system dynamics are recom-
mended for describing production lines containing several
tens of technological operations [20]. For a large number
of technological operations, the most effective way to
describe a production line is to use a PDE model. In the
paper [19], the limit transition from the PDE-model equa-
tion to the Clearing-function equation is provided. The
Clearing Equation for a conveyor system determines the
relationship between the input and output streaming pa-
rameters of the transport system. In the paper [20], the
limit transition from the PDE-model equations to the
equations of system dynamics is given.

PDE-models are significant practical interest for the
control systems design for the parameters of many opera-
tional production lines. Further development of the PDE-
models class, associated with the development of methods
for constructing algorithms for optimal control of produc-
tion line flow parameters, providing asymptotic stability
of the flow parameters state, opens up new prospects for
using this class of models in control systems of flow pro-
duction.

3 MATERIALS AND METHODS
Balance equations (1), (2) determine the state of the
multi-operation  production line flow parameters
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[X]o ®,5S), [X]] (¢,5) (Fig. 1). The main mode of operation

of production lines for enterprises with a flow method of
organizing production is a synchronized mode, in which
the performance of technological equipment is the same
for each technological operation [21, 22]. Synchroniza-
tion of technological equipment is taken into account as
an additional condition

oy, (.5)
oS

=~0. (6)

Then the system of equations for the parameters of the
production line corresponds to a linearized system of
equations in small perturbations U]o t,9S), [y]1 t,9):

ks, drhe
Ot oS
bl , b
oS oS

O]

={qooUo T 90141

oB
B+ [y]l(t,S)g+
0 ,S o
+%AB+ L\/]O(f,S)% ={q10Y%o +4q11U
behy .9 - @.9)) 1}y, 0.9)|
A = ) = )
bhaes) | bhes|,

Gooto +qo141 = Yo (t,8) =Y (4,5),
Groto +q1u =Y1(£,8) =Y, (1,5).

Functions gq,,,, = ¢,,(¢) are limited and continuous

functions of time. The period of existence of the distur-
bance 7, of the flow parameters ranges from several days
to several weeks, while the period of change in the coeffi-
cients 4 and B, determined by the strategic manage-
ment of the enterprise, ranges from several months to
several years [23]. In this regard, let’s assume that the
coefficients 4 and B during the period of existence of
the disturbance 7, do not explicitly depend on time, and
their changes in time are much less than the values of the
coefficients themselves:

404 B
o’ T,

0B

T,

v

Inequality (8) allows us to assume that the coeffi-
cients 4 and B in equations (7) depend only on the co-
ordinate S. Let’s assume that during control it is possible
to measure the current values of the macro parameters
[X]O and [X]l . On the basis of measurements, the control

device influences

U :uo(fs[J’]o»[yL) ,
u :ul(t,[y]o,[y]l) on the flow parameters of the pro-
duction line [X]o(t, S), [X]l (#,S) . These influences should

ensure the asymptotic stability of the given unperturbed

develops
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state of the flow parameters. The problem of the stabiliz-
ing production line flow parameters [X]o @5S), [X]] @,S)

can be reduced to the control problem interoperable
stocks or to the control problem the productivity of tech-
nological equipment. In this paper, let’s consider the con-
trol problem of inter-operational backlogs.

Correction, coordination and approval of the produc-
tion plan require accurate information about the distribu-
tion of parts by technological operations along the techno-
logical route. The problem of tactical production planning
is closely related to the problem of reserve placement of
stocks. For a production line consisting of two techno-
logical operations in the paper [24], a solution to the prob-
lem of tactical planning at the level of individual elements
is proposed using linear programming methods. In paper
[8], the application of a fluid model for tactical production
planning is considered, which optimizes the amount of
safety stock to ensure the normative functioning of a
multi-flow line. A nonlinear problem of planning the
safety stock is formulated, which can be used to stabilize
the flow parameters of a multi-flow production line with
an objective function that minimizes the total cost of the
safety stock.

Along with the planning problem, the value of the op-
timal safety stock, the stabilizing the parameters by a
multi-flow line is no less urgent. The solution of the prob-
lem makes it possible to find the optimal control actions
that ensure the asymptotic stability of the planned given
unperturbed state of flow parameters with the least cost of
technological resources spent on the formation of the con-

trol action ug =u (t,[y]o,[y]l) . Suppose that in a syn-

chronized operation mode of the production line, the pro-
ductivity of the technological equipment is equal to the
standard value

[X]]\U (t’ S) = [X]] (t’ S) 5

and the parts are evenly distributed over the technological
operations

ol )
oS

=0.

Then, when using only the management of inter-
operational reserve u :uo(t,[y]o,[y]l) the system of

two-moment balance equations (7) can be represented in
the form

0 t,S) oyl S
Lvl?t( ) + Mé; ) =qooko
9
bhes) abhes) ,_ )
ot oS
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It is assumed that if the amount of inter-operative
backlogs deviates from the undisturbed state

[X]n = [x]n*(t,S) it is possible to compensate for this de-
viation with intensity qqq-#o at the expense of external
sources of replenishment or from insurance backlogs. The
absence of a control action ug = u (t, [y]o,[y]l) in the

equation for the productivity of technological equipment
MO3BOJISICT YTBEPXKIaTh, allows us to assert that there is no
source of change in the productivity of technological
equipment, ¢g;9 =0. The change in the value of inter-
operative backlogs occurs due to desynchronization in the
olvh.9)
as 7
which is ultimately compensated by the source of insur-
ance backlogs ¢ -ug. The negative value of the receipt

performance of technological equipmen

of parts from the source of insurance reserves g -

indicates the formation of an excessive inter-operational
reserve, which is taken from the technological operation

reserve. When [y]o(t,S)<O, additional costs are re-
quired to replenish the deviations of the inter-operative
backlog. Since the system of equations (9) contains only
one multiplier g, so let’s put gg9 =1, thereby taking
into account the considered coefficient directly in the un-
known function u .

As a criterion evaluating the quality of the flow pa-

rameters operational control (6), let’s choose the condi-
tion that determines the minimum of the integral:

=] (oc([y]o P +Bluo ) )det . (10)

where o, B are the coefficients characterizing the costs
associated with the deviations of the flow parameters and
the costs associated with the control actions necessary to
eliminate these deviations do not depend on S. Taking
into account the expansion of small disturbances
b}]o @S), [y]l (t,S) of the flow parameters

[Z]O(I,S),[;(]l (¢,S) and control actions uo(t,bz]o,bz]l) in

a Fourier series, the integrand o for the quality integral
takes the form

W=
2

=0 (Vo + 2 }j sin[kjS]+ i[yn ]j cos[kjS] +

j= Jj=1

—_

an

2

{un }j sin[kjS]+ %[”nL cos[kjS] .

Mg

+B {”n}0+

~.
N
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Let us perform integration the quality criterion (10) by
the coordinate S

1Ttk Sl bl

J=1

ﬁw%my%.

Substituting into the system of equations (9) the ex-
pansion of small perturbations b’]o @,S), b/]l (t,S) of the

(12)

M8

+OJ?B({”0 o’ J%

J

flow parameters and control action “0( Ly] [y] ) in the

Fourier series, the system of equations in small perturba-
tions is obtained:

d{yo }o
dt

d{h }o
dt

= {”0}0 ’

:0’

d%:h+kbﬂ1:boh,d%:h+kb@h:bmh, (13)
%;}l—bl]lszoj d[;tl]l +{y1}1kB:O.

When constructing the system of equations (13), for
clarity of demonstrating the method of constructing the
stabilization algorithm, the expansion in the Fourier series
is limited by the first two terms. Let’s seek the Lyapunov
function in the quadratic form:

Sd 80

PO [l P+l Phs. Z =0

0

(14)

with constant coefficients c¢;, c¢;. Then Lyapunov func-

tion ¥® can be written in terms of the coefficients W)

Wl bl

0°

1
yo :Co[{yo}oz +=

2

%@aﬁﬁmvﬂ+

) (15)
+Cl({yl}02 +% Z({yl}jz +b0]j2)J :

J=

Let us define the Hamiltonian B[V ] for the system

under study in the following form:

Lot d,
a §m1

J (16)
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Under optimal control u, = uo*(t,b]o,[y]l)) the value

B[VO] should have a minimum and thus become zero.
Hence the first equation for determining the form of the

Lyapunov function O

uo =uo (1[0} ) -

and the optimal control action

B°1=0. 17
4 RESULTS

. .- 0

Differentiating B[}J"] by {“0}0’ {uo}ja [”l]j and

equating the results to zero, we obtain the missing equa-
tions for determining the form of the Lyapunov function

¥ and the optimal control action uy = ”0*(t»[y]oab’]1)) :

BI°1_ & v’ o (dbub),
8{”0}0 _;Z:oa{ n}o 5{”0}0( dt j

=L oar? o (dbal;
*ZZanbwa m}*

oL ar?® 5 ;

*EEﬂmL%mi @

(18)

j=ln=0

oBv°]
o

“0}

FLLTT
av° 0 db/n]j

+zz%& (

Jj=ln=0

(19)

o 1 aVO P d{yn}
I [ = "J+ (20)

J=1n=09Wn } a[”0]

zd or® o (d],
*szmL[um(m

Jj=1n=0

]+B[u0]m=0.

Substituting (13) into the above equations (18)—(20),
the following equations are obtained:

co{vo o +colvoly +Bluoy =0, 1)

Co 1Yo +Bltt0 },y =0,

colol,, +[Bloluol, =0



e-ISSN 1607-3274 PapioenexrpoHika, inpopmaTuka, ynpasainss. 2020.
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020.

Ne
Ne

4
4

The system of equations (21) is solvable with respect
to coefficients {”0}0’ {uo}m, [uo]m:

@%=—%b&w (22)
{”0 }m = —%O{J’o }m s

[”o]m Z—?O[Vo]m-

The coefficient ¢y can be determined from equation

(17). If it is possible to find a limited particular solution
of the equation for determining the coefficient ¢, such

that form »° (15) turns out to be definitely positive, then
the control actions (22) will ensure the asymptotic stabil-
ity of the given unperturbed state of the flow parameters
due to equations (9).

5 DISCUSSION
The system of equations (22) determines the algorithm for
the optimal stabilization of the inter-operational backlogs
of the production line. Taking into account the relation for

the expansion coefficients of functions Lv]o(t,S),

uo(¢,S) (22), the stabilization algorithm can be repre-
sented in the form

ug(£,8) = —%OMO(AS) : (23)

The stabilizing action is proportional to the distur-
bance that has arisen and is opposite to it in sign. The

optimal control ugy = “0* (t,[y]o,[y]l)) is set by the value

of the coefficient ¢j, which is calculated taking into ac-

count the given form of the function of the quality crite-
rion of the process of stabilization of the flow parameters
(6). Substitution of function (23) into equation (9)

k) Ahes) _ <

-0 24
> ™ Bbkmw. (24)

allows a qualitative analysis of the obtained solution. The
stabilizing action (23) compensates for the desynchroniza-
tion of technological equipment The minimum value of
the constant ¢, in the Lyapunov function can be deter-

mined from the condition

CFOD/]O(I,S)+M >0. (25)

oS
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Inequality (25) must hold for any values of ¢ andS . If
the condition is satisfied

>>

B

s
oS

%b%mm

the solution of equation (24) takes the form
[],(2.5) ~ exp[—%on .

The resulting deviation of inter-operative backlogs de-
creases exponentially with characteristic decay time
ty =B/cq . An increase in the value of the coefficient ¢,

leads to an increase in the rate of the damping process of
the arisen disturbance and, accordingly, decreases the
characteristic time of the process of stabilization of the
arisen disturbances. Condition (25), which determines the
minimum value of the coefficient ¢, which the asymp-

totic damping of the arising disturbances of the inter-
operational reserve is ensured, can be represented in the
following form

1 aly] . 9)

— 20. 26
B ot (26)

%MW&—

Inequality (26) must be satisfied for any values of ¢
and S . The reasons for the disturbance can be different.
The main cause of disturbances is desynchronization of
technological equipment. The technological time for
processing a part with technological equipment is not a
deterministic value. The processing time is a random
variable, which is determined by a given law of distribu-
tion of a random variable with a mathematical expectation
inversely proportional to the standard productivity of
technological equipment [x]lw(t,S) [25]. Thus, a sto-

chastic process of processing parts with an average proc-

essing time [x]lw_l(t,S) leads to the emergence of a

function gradient [y]1 (t,S), and, accordingly, to desyn-

chronization of technological equipment along the pro-
duction line. Also, a significant source of deviations in the
value U]o (¢,S) 1is the presence of a source of defective

products. The occurrence of this situation can be caused
by both random factors and systemic factors associated,
for example, with the wear of a tool or technological
equipment. Such a source leads both to the loss of parts
due to the impossibility of their further processing and to
a decrease in the productivity of technological equipment
for processing modes of illiquid parts.

CONCLUSIONS

A method for constructing an algorithm for stabilizing
the production line flow parameters was proposed.
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The scientific novelty of obtained results is that for
the first time a method for constructing an algorithm for
stabilizing the production line flow parameters was pro-
posed. The stabilization algorithm makes it possible to
provide asymptotic damping of the arising disturbances of
inter-operative reserves, provided that the stabilization
proceeds in accordance with a given quality criterion.
This makes it possible to ensure a given production output
in accordance with planned indicators with a minimum
expenditure of technological resources. The algorithm for
stabilizing the flow parameters allows you to avoid
equipment downtime due to the lack of parts in the inter-
operational bunkers or due to their overflow.

The practical significance lies in the use of the de-
veloped methodology for the design of highly efficient
systems for stabilizing the production line flow parame-
ters of industrial enterprises with the flow method of or-
ganizing production.

Prospects for further research are the development
of a method for constructing an algorithm for stabilizing
the productivity of technological operations of a produc-
tion line.
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Hirnactuii O. M. — 1-p TexH. HayK, npodecop, npodecop Kadeapu po3NoALICHUX iIHPOPMALIHHIX CUCTEM i XMapHUX TEXHOJIO-
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Axuesepa XapKiBCbKOT0 HallioHaJIbHOTO yHiBepcuTeTy iM. B.H. Kapasina, m XapkiB, Ykpaina.
Kazak B.}O. — crapmmii Bukinagay xkadenpu (isn4HOro BUXOBaHHSA HalioHaJBHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBCHKHUMA
MONITEXHIYHUH IHCTUTYT», M XapKiB, YKpaiHa.

AHOTAIIS

AKTyanbHicTh. Po3risiHyTO MeTon nmoOymoBH anropuTMy cradimizarii Mex-onepauiitHux 3aainiB BupooHnydoi miHil. O6’exTOM
JOCITiKEeHHsT OyJ1a MoJielib BUPOOHUUO] OaraTo-omnepariiHoi MoTOKOBOT JiHii.

Merta po6otru. MeToro poboTH € po3pobka MeToAy MoOyIOBH ONTHMAJIBHOTO AITOPUTMY cTabimi3amii TOTOKOBHX MapaMeTpiB
BHPOOHUYOT JTiHi1, MpH IKOMY 3a0€3Meqy€eThCSl ACHMIITOTHYHA CTIHKICTh CTaHy NOTOKOBHX ITapaMeTpiB MPHU 3aTaHOMY SIKOCTI MpOIe-
Cy JIKBiJamii BUHUKINX 30ypEHb..

Mertona.. 3anpornoHoBaHO MeTo[ MOOYAOBU aNrOpUTMYy crabimizamii piBHS MiXKOIepaIiiHUX 3amiiTiB OGaraToomnepariiHoi BHpoO-
H14oi NiHil B ocHOBY moOy10BY anropuTMy cradiiizamis MokiaaeHa qBoX MomeHTHass PDE-Moznens BUpOOHUYOT JIiHIT, IO JO3BOJIH-
JIO TIPEJCTABUTH BUPOOHHUYY JIHIIO Y BHUIJISII CKJIAJHOI JMHAMIYHOI PO3MOoJieHoi cucteMu. Take ysBIEHHS a0 MOXIIMBICTH BH-
3HAUUTH CcTabuIi3yl0unil ynpasimiHHA y BUIIIAl QYHKIIT, siKa 3aJeXKNTh HE TUIBKH BiJl 4acy, ajie i KOOpAWHATH, L0 XapaKTepU3ye
MicClie po3TallyBaHHs TEXHOJIOTTYHOro 00JafHaHHs y310BXK BUPOOHMUOI MiHil. Bukopucranus Meroxy ¢yHkuiit JismyHoBa 103BoH-
JI0 CHHTE3yBaTH ONTHUMAJIbHE CTaOLTi3yIOUYMil YIPaBIiHHI CTAHOM MEX-ONepaniifHuX 3a1iliB Ha TEXHOJIOTIYHHUX OIepamisx BHPOO-
HUYO1 JiHii, sika 3a0e3nedye aCHMOTOTHYHY CTiMKICTh 3aJaHOTO HEBO3MYILEHHOTO CTaHy NMOTOKOBHX MapaMeTpiB BUPOOHUYOI JiHii
IPH HaMEHIINX BUTPATaxX TEXHOJOTIYHHUX PECYpCiB, 10 BUTPA4YalOThCs Ha (POPMyBaHHS KEpYHOHYOro BIUIMBY. Bumora mpo Haikpa-
i} SKOCTI MEePeXiHOTO Mpouecy Bil 00ypeHOro CTaHy 0 He30ypeHUX BHPAKEHO IHTErPaJoM SKOCTI, SKUl 3aJIeXUTh SK BiJ] BEIH-
YMHY BUHUKIIY 30ypeHb, TaK i Bil BEIMINHH CTAaOLII3yIOUHX YIIPaBIIiHb, HAIEHUX Ha JIIKBINAIIIO aHUX 30ypeHb.

Pe3yasTaTn. Ha ocHOBI po3pobieHoro MeToay moOyAoBH anropuTMy crabinmizanii cTaHy IOTOKOBHMX ITapaMeTpiB BUPOOHHUYOL
JiHIT CHHTE30BaHUI1 JITOPUTM CTa01Ii3a1li] BEJIMUMHU MEXK-ONepalifHuX 3a/1U1iB Ha TEXHOJIOTTYHUX OIepallisix BUPOOHUYOT JIiHi.

BucHoBku. Buxopucranns merony ¢yHkuiii JIsmyHoBa Mpu CHHTE31 ONTHMAIBHOTO CTabLII3yI0Y0ro YIpaBIiHHSI MOTOKOBUMHU
rapameTpamy BUpPOOHHYOI JiHIT J03BOJIsE 3a0€3NEYNTH aCUMITOTHYECKOE 3aracaHHs BHHHUKAIOTh 30yPEHb IOTOKOBHMX HapaMeTpiB
IpH HaMEHIINX BUTPATaX TEXHOJOTIYHUX PecypcCiB, 10 BUTPAYarOThCs Ha GopMyBaHHs Kepyrodoro BIumBy. ITokasaHo, 10 B 3a/ia-
4i crabinizamnii cTaHy MibKOTIEpaIliifHUX 3aiIiB CTaOUTI3yI0UHid YIIPaBIiHHS 0 BEIMYNHI MIPOMOPLIIfHO BETHMYNHI BUHUKAE 00YPEHHS.
Koeoimient npomnopuitHOCTi BU3HAYa€ThCS depe3 koedimieHTn iHTerpana skocti 1 ¢pyHknii Jismynosa. [lepcnekTHBOIO MOAAIBIINX
JOCIIDKEHb € PO3poOKa MeToy 0Oy JOBH aJITOPUTMY CTa0iIi3amil MpofyKTHBHOCTI TEXHOIOTIYHHX omepaniii BUpOOHUUOT JIiHii

KJIFOYOBI CJIOBA: PDE-monens BupoOHUUOI JIiHii, 6araro-MoOMeHTHi piBHSAHHS, (QyHKIiS JIAmyHOBa, iHTErpal SKOCTI, OI-
TUMaJIbHE YIPaBIIiHHS, CTa01Ti3aLlis..
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AJITOPUTM ONITUMAJIBHOM CTABAJIA3AIIMA TOTOKOBBIX TIAPAMETPOB ITPOU3BOJCTBEHHOMN

JIMHUH

Murnacteiii O. M. — 1-p TexH. Hayk, npogeccop, mpodeccop Kadeaps! pacrnpeaeIeHHBX HHPOPMAIIMOHHBIX CUCTEM U 00Jad-
HBIX TexHOJIorui HaloHaIbHOTO TEeXHHYECKOTO YHUBEPCUTETa «XapbKOBCKHN MOIUTEXHUYECKUH HHCTUTYT», I'. XapbKOB, YKpau-
Ha.

Xonycos B. /1. — 1-p ¢uz.-mar. Hayk, npodeccop, mpodeccop Kadeapbl TCOPETUICCKOM sIepHON HU3UKH M BBICIICH MaTeMaTH-
ku uM. A.M. Axuesepa XapbKOBCKOro HauuoHaimpHOro yuusepcurera uM. B.H. Kapasuna, r. XapbkoB, Ykpauna.

Kazak B.JO. — crapumii npenojaBaTens (HU3MIECKOro Bocmutanusi HalnoHambHOrOo TEXHHYECKOTO YHUBEPCHTETa «XapbKOB-
CKHMH MOJUTEXHUUECKUN UHCTUTYT», I'. XapbKOB, YKpauHa.

AHHOTAIUA

AKTyaJIbHOCTB. PaccMOTpeH MeToJ| IMOCTPOCHUS ANTOpUTMa CTAOWIM3AaLUK MEXOIEPAllMOHHbIX 3aJIeI0B IIPON3BOJCTBEHHOIT
sHIA. OOBEKTOM HCCIIEIOBAaHUS SIBJISUIACH MOJIEIb IPON3BOACTBEHHOH MHOIOONEPAI[OHHO TOTOYHO JIMHHN.

Lean padorsl. Llepto paboThl SBIsETCS pa3paboTKa METO/Ia IIOCTPOCHUS ONITUMATIBHOTO arOPUTMA CTAOWIIN3AIMH TOTOKOBBIX
[apaMeTpoB IMPOMU3BOJCTBEHHOI JIMHHUHU, NPU KOTOPOM OOECIEYMBAETCS ACHMITOTHYECKAs YCTOHYMBOCTH COCTOSIHUSI IOTOKOBBIX
MapaMeTpoB MpH 331aHHOM KadecTBe MPoIecca JUKBUAALMH BOSHUKIINX BO3MYIIEHHH.

Mertona. IlpeqoxeH METOA MOCTPOEHHS ANTOPUTMA CTAOMIN3ALUK YPOBHS MEKOMEPALMOHHBIX 33/1€I0B MHOTOONEPAllMOHHON
MIPOU3BOJCTBEHHOM JIMHUH. B OCHOBY MOCTpOCHHUS alropuTMa CTaOMIN3anus MojIoKeHa IByX MoMmeHTHas PDE—moznens nponssoa-
CTBEHHOHU JIMHHM, YTO TO3BOJIMIIO MPEICTaBUTh NPOU3BOACTBEHHYIO JIMHUIO B BHZE CIOXKHOW JTMHAMUYECKOH pacIpeieNeHHOH CHc-
TeMbl. Takoe Ipe/icTaBIeHNe a0 BO3MOXKHOCTh ONIPEAEIUTh CTaOMIIM3HpYIOlIee YIpaBiIeHue B BUie (QyHKIMN, KOTOpast 3aBUCHUT HE
TOJBKO OT BPEMEHH, HO M KOOPJMHATHI, XapaKTePHU3yIONIeil MECTO PacIIONIOKEHUSI TEXHOJIOTHIECKOTO0 000pYIOBaHUS BJIOJIb IIPOU3-
BOJICTBeHHOI1 jmHMU. Vcnonb3oBanue merona ¢yHKuui JISmyHOBa IO3BONWIO CHHTE3UPOBATh ONTUMAIBHOE CTaOMIN3UpYIOIIee
yIpaBJICHHE COCTOSIHUEM MEKONEPALOHHBIX 3a/1eJI0B Ha TEXHOJOTMYECKHUX ONEpalHsIX MPOU3BOACTBEHHOH JIMHUH, KOTOpoe obec-
MEYNBAET ACUMIITOTUYECKYIO YCTOHYMBOCTD MJIAHOBOTO 33JJAHHOTO HEBO3MYIIIEHHOTO COCTOSTHHS TIOTOKOBBIX TTapaMeTPOB MPOU3BOJ-
CTBEHHOU JIMHMH TIPH HAUMEHBIIHMX 3aTPaTaX TEXHOJIOTMYECKHX PECYPCOB, PACXOAYEMBIX Ha (pOpMUpPOBaHME YHPABISIOUIErO BO3-
neiicTust. TpeboBaHUE O HAMTydIIeM Ka4ecTBE NMEPEXOIHOTO MPOIIEcca OT BO3MYIIEHHOTO COCTOSIHHS K HEBO3MYIIIEHHOMY BBIpaXe-
HO MHTETPAJIOM Ka4ecTBAa, KOTOPHIH 3aBHCHUT KaK OT BEIMYHWHBI BO3HUKIINX BO3MYILICHHH, TaK M OT BEIMYMHBI CTAOMIN3HPYIOIINX
YIIpaBJICHUH, HAIleJICHHBIX Ha JIMKBUAIUIO JAHHBIX BO3MYIIEHHI.
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PesyabTatel. Ha ocHOBe pa3paboTaHHOTO METOJa IMOCTPOCHUS AlTOPUTMa CTAOWMIM3AIUN COCTOSHUS MOTOKOBBIX MapaMeTpOB
MPOU3BOJICTBECHHOM JINHUKA CUHTE3MPOBAH AJTOPUTM CTAOMJIM3AlUKM BEJIMYMHBI MCKOTECPAMOHHBIX 3a/ICJIOB HA TEXHOJOTHUCCKHX
onepanusax Mpou3BOACTBEHHON JIMHUY.
BriBoabl. lcrnonp3oBanne metosna ¢yHkuuit JIsimyHoBa npu CHHTE3¢ ONTHMAIBHOTO CTAOHIM3UPYIOLUIErO YIPABICHHS TOTOKO-
BBIMHU TapaMeTpaMH MPOM3BOACTBEHHON JIMHUH MO3BOJSIET 00ECIICUNTh ACUMIITOTHYECKOE 3aTyXaHHE BOZHHKAIOLIMX BO3MYIICHUI
MMOTOKOBBIX TAPAMETPOB MPH HAUMEHBIINX 3aTPaTax TEXHOJOTHYECKUX PECYPCOB, PACXOAYyEMBIX Ha (POPMUPOBAHUE YIPABIISIOLIETO
Bo3zaelicTBus. [lokazaHo, 4TO B 33ja4e CTaOMIM3AINAN COCTOSHUS MEKOIEPAIIMOHHBIX 3a/IeJI0B CTaOMIN3UpYIOIIee YIpaBIeHHE IO
BEJIMYHMHE MPONOPLIUOHAIBFHO BEJIHMYMHE BO3HUKAMOMIET0 Bo3MyIIeHUs. KoahOUIMEHT mpornmoproHaIbHOCTH ONpPENeIseTCs yepes
k03 HUIHEHTH! HHTETpaa kKadecTBa U QyHKImK JIsmyHoBa. [lepciekTuBON MampHEWIIMX UCCICOBAHHUN SIBIISICTCS pa3pabdoTKa Me-
TOJIa MOCTPOCHUS AIrOPUTMA CTAOMITH3AIUY TPOU3BOIUTEIEHOCTH TEXHOJIOTHUCCKHIX ONEepaIiii MPOU3BOICTBCHHOM JTMHUH.

KJIIOUYEBBIE CJIOBA: PDE-moiens npou3BOACTBCHHOW JIMHUK, MHOTO-MOMEHTHBIC ypaBHEeHUs, GyHKuus JIsmyHOBa, HHTE-
rpaj KauecTBa, ONTUMAJIbHOE yIpaBlIeHUE, CTaOMIN3aIys.
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