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ADAPTIVE OPTIMAL CONTROL SYSTEM OF ORE LARGE CRUSHING
PROCESS

Context. The task of efficiency increase of power-hungry ore large crushing process by creation of optimal control system of it is
decided.

Objective is a improvement of control quality of ore large crushing process in conditions of information uncertainty about its state by
synthesis of optimal control based on identification of the process predictive model during control system functioning.

Method. It is developed the adaptive optimal control system of the ore large crushing process, which realizes the following procedures:
estimation of the controlled process state, its structural-parametric identification, prediction of the process progress, as well as synthesis
of optimal control. The solution of problem of synthesis of large crushing process optimal control is carried out during system functioning
by the principle of minimum of the generalized work on the sliding optimization interval with attraction of information about controlled
process state to the new interval of optimization and its future state by the predictive model that allows to simplify the solution of problem
of synthesis for nonlinear large crushing process and to compensate disturbances. The large crushing process identification is carried out by
definition of the operating mode and dimension of its state, based on which it is performed the model structure and parameters with the help
of composition of methods of global and local optimization that allows to increase the model accuracy.

Results. It is determined that for large crushing process the offered optimal control with prediction provides the decrease of the
control error in ~2 times and increase of productivity of the process of ore self-grinding, the next one in the technological line, (due to
stabilization of content of class +100 mm in its input ore) on 3.8%.

Conclusions. The scientific novelty of the work consists in development of adaptive system of large crushing process optimal
control, in which the optimal control is formed in the course of functioning of control system by the principle of minimum of generalized
work with the current estimation of the state of operated process and its future state by the predictive model that provides the control
system invariance to the changes of operating modes of the equipment and the disturbing environment, and therefore, the improvement of
control quality.

The practical significance of results of the work consists in development of algorithms of the current estimation and prediction of large

crushing process state, its identification and synthesis of optimal control realizing control system.
Keywords: ore large crushing, control system, optimal control, identification, prediction.

INTRODUCTION

The development of technology of iron ores self-
grinding is caused by reduction of capital expenditure in
view of use only of one stage of crushing — large crushing
process (LCP), but at the same time, the specific expenses
of the electric power were significantly increased. Therefore,
it is important to increase the efficiency of LCP, for example,
by creation of control system (CS) of it.

The crushing processes from the positions of control
are difficult controlled objects (CO) characterized by
nonlinearity of dependences, stochasticity of disturbances,
nonstationarity and considerable transport delays [1, 2].

It causes the need to use universal and effective control
principles of them according to the accepted criteria of
quality. It is performed by means of optimal control, regarding
which the one of the universal and effective in the practical
application to complex nonlinear CO is the principle of
minimum of the generalized work, which is implemented, for
example, using the method with predictive model and
functional of the generalized work (FGW) [3, 4]. Besides,
CO nonstationarity assumes using in CS of algorithms of
model adaptation and control laws to the real operating
conditions of CO.

The object of researches — the methods of control of
technological cycles of ores crushing. The subject of
researches — the methods of creation of optimal control

© Korniienko V. I., Matsiuk S. M., Udovyk I. M., 2018
DOI 10.15588/1607-3274-2018-1-18

systems of ores LCP. The purpose of the study is the
improvement of control quality of ores LCP in conditions of
uncertainty of information about its state by synthesis of
optimal control based on identification of the process
predictive model during CS functioning.

1 PROBLEM STATEMENT

Let the predicting CO model has the following form:
Xk +n]=F{dk],ulk], Wik],gk], alk]. k}, )
where estimation of its state z[k]e{xk],ulk],Wk]} is

formed by means of the corresponding filters of observation,
and the forecast of output coordinates serves for
compensation of pure time delay and time for synthesis and
realization of control.

The problem of synthesis of optimal control consists in
finding of the operating influences U,,,,, minimizing the
control functional:

min Jcont - uopt, (2)

ue Lcmlt

when observing the limitations for control L, ..
At the same time, the formation of vector 7 = {F,a} of

estimation of structure /' (structural identification) and
parameters a (parametrical identification) of the CO model
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(1) is carried out based on vectors of signals of observation

z|[ k] by minimization of identification criterion:

min Jige,, — Iopt = {Fopt’aopt} > 3

Ie Lident

when observing the limitations L;,,,,-

2 REVIEW OF THE LITERATURE

One of the leading concepts of the modern control theory
consists in achievement of the main ultimate goal at each
stage of system functioning. It supposes use of CO models
and it is provided by its optimization in real time [3]:

— optimal estimation (filtration) of dynamic processes in
CO;

— CO identification (estimation of structure and
parameters of a model);

— synthesis of optimal control at each stage of system
functioning;

— adaptation (adjustment of optimal control with
incomplete information).

The application of method of analytical design of optimal
controllers (ADOC) of Letov-Kalman for nonlinear CO leads
a problem of synthesis to search of solution of the nonlinear
differential equation that causes essential difficulties.

The development of the ADOC theory is the principle of
minimum of the generalized work developed by the
academician A.A. Krasovsky, according to whom the
optimization of control is carried out by FGW. At the same
time, the main functional equation is linear and has
essentially simpler decisions [3-5].

The CS, realizing this method, use the adaptive optimal
algorithms based on automatic identification of CO by means
of the adaptive predictive model that allows to compensate
nonstationarity of CO [6].

The synthesized model, which correctly transfers the
dynamics of one mode of CO functioning, may be inadequate
to the description of other mode. Therefore, it is needed the
realization of adaptive structural-parametrical identification
of CO in the course of CS functioning.

The process of structural-parametrical identification
includes operations of structure determination, assessment,
and optimization of parameters of the CO model [5, 7]. The
first two operations are solved by generation (by means of
basis functions) of applicant models of different complexity
and adjustment of their parameters with the subsequent
selection of the best of them by the chosen criteria (result —
optimal structure). Operation of determination of optimal
parameters is solved by methods of parametrical optimization
by specification of the values of parameters received earlier
on criteria of regularity on all selection of basic data (result —
optimal model).

At that, the urgent problems are the choice of basis
functions, in terms of which it is carried out the identification,
the choice of way of generation and selection of structures
of different complexity (the method of structural
optimization), as well as the choice of method of parametrical
optimization and effective criteria of selection and
optimization.
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Traditionally the polynomials of Legendre, Kolmogorov-
Gabor, etc. are used for approximation of basis functions [8,
9]. The coefficients of these polynomials form the unknown
parameters, the values of which are chosen to answer to
observed temporary realization in the best way. The more
productive is the use of neural networks (NN) and hybrid
NN with fuzzy logic, which are universal and effective
approximators [9, 10].

3 MATERIALS AND METHODS

Ore LCP is realized in conical crushers (fig. 1). Ore from
the open pit is delivered by dump trucks or self-dumping
cars (dumpcars). The crushed ore enters the conveyors 2,
which supply the ore to bunkers of technological sections
of self-crushing, via the bunker 1 under the crusher with the
help of apron feeders.

The CS switches on the device 3 of the width control of
the crusher opening, the converter 4 of the consumed active
power of the crusher driving engine, the device 5 of control
of the input ore fineness and rigidity, conveyor scales 6,
granulometer 7, and actuating mechanism 8 of width
regulation of the crusher opening 9. The devices are
connected with the controlling system of dataway 10.

The output variables for LCP are: granulometric
composition (GC) of the crushed product Y, the process

productivity Q... and power consumption P,.; the control

action is the size of the crusher opening G, and GC of the
input ore 7Y;,, and its rigidity § are referred to disturbances.
Then, according to (1):

X €{YoursOers Fop b u={G} andwe{vy;,,S}. @)

At the ore mining and processing enterprises on

magnetite quartzite processing, it is rational to carry out the

control of LCP by qualitative index, for example, by

minimization of difference between the current and given
GC of the crushing product:

task

JLC =\Yout — Your ‘_) min, )
task
when Pcr < chrmax and ch 2 chmin' Here yoalfl

corresponds to the maximum productivity by the input ore
of the self-crushing process, the following one in the
technological line.

According to algorithm of work, the controlling system
performs the estimation of the LCP current state to the time
of beginning of the current interval of control and
identification of its predictive model. By estimation of state
and prediction of LCP it is determined the optimal control

Gopt for the following interval, which is worked by hydraulic
system 8.

According to (1) and (4), the predictive model of LCP
becomes:
Your [k + 11 = Fy {¥ 0 [k, GTK L v, [ K1, STKL, E[K D, a (K1, K3, (6)
where £ € F and ay c a,

The formation of vector is the result of estimation of
LCP state:

EZ{G:Yin:SayOu[’ch3Pcr}' (7)
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Figure 1 — Scheme of CS of LCP

For simplification of the task solution of optimal control
synthesis we will switch from generalized model (6) to the
CO model with linearly entering control by transition from
controlling coordinate to its speed (its change for the current

control interval) G'Tk]=Glk]-Glk~1]:

Jlk+n]=A+B-G[k], ®)

where ylk+n]= [k +nl, Gk A={F

B= {0, l} .
Then taking into account (2), FGW with quadratic
functions of control expenses [3] becomes:

G-

k-1

Jeonr = EW Gk D+ Y O, GTkL vit [k]) +
k=kj+n

kj—n-1 kj—n-1

2Ky G Y

k=k; k=k;

)SINC)

( opt

where according to (5): O, =||Your [k +n]— Yi;a;tk[k+"]“ .

%
The task consists in finding of value G opt » Which
minimizes functional (9) with limitations P.. <P,

cr = Yermax >
ch 2 chmin and Gmm <G< Gmax .

Bellman discrete equation, taking into consideration the
expressions (6), (8)—(9), has the following form:

V(ili+n]) = E{Q. (KL YK (k1) +

Wil = w
+1{A +B- opt[]}_ay[lJrl]'B'GOpt[l]};
izkj+l —n—l, kj+1 —n—Z, veey k]

With limiting condition ij+1 (V& j+1]) =V, (ylk j+1]) , its

solution is determined according to equality
0 ) = . .
——(G,;[i])" = ———"=-B and optimal control is
Gy, " &yli +1]
equal to:
* ov;
G [il=-K —* . (10
oprl] oG[i +1]

The algorithm of synthesis of the adaptive optimal
control includes:
1) estimation of the LCP current state at the moments of

beginning of the regular control interval & ; according to
(7
2) identification of structure Fy and parameters ay of

the model (6) by the time of & ;;
3) prediction of LCP free movement in the model (6) (in
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the expanded form (8) with G*[k]:O) at the current interval

[kj+n, k;.1—1] of control optimization;
4) calculation of gradient of objective function
Vi (yli+n+1]) and formation of signal of optimal control

according to (10).

The LCP identification consists of the stages of
estimation of state and characteristics, as well as structural-
parametrical identification [7].

The estimation of state and characteristics of CO
includes the following procedures:

a) determination of CO functioning mode by Kolmogorov
correlation entropy;

b) estimation of CO temporary characteristics (correlation
interval of predictability (depth of prediction), equivalent
time of delay, period of discretization, correlation dimension
of attractor (dimension of phase space — memory depth));

¢) formation of estimation of vector of CO condition z
according to expression (7).

Structural-parametrical identification of CO includes:

a) choice of criteria of structural and parametrical
identification, basis functions and methods of optimization;

b) structural identification (generation of structures of
applicant models and selection of the best of them by
criterion of structural optimization);

¢) parametrical identification (determination of parameters
of model of optimal structure through its training by criterion
of regularity).

It is possible to determine the Kolmogorov correlation
entropy, which characterizes the estimation of depth of exact
prediction of the generating system state and in what mode
it is, as well as correlation dimension of attractor (system
order) [11, 12] by the temporal realizations of the generating
process.

When using NN and hybrid NN with fuzzy logic as the
basis functions, their parameters are the neurons scales,
and coefficients of their functions of activation and
membership (for hybrid networks). Their structural
characteristics are the type of structure, type of functions
of activation and membership, size and quantity of layers,
training functions, etc. [7].

The different approaches may be used for determination
of CO model structure. At that, the nonlinear dynamic system
(CO model) may be presented by composition of linear
dynamic and nonlinear static links, for example, in the form
of the Wiener-Hammerstein model [9].

Generally, the criterion of identification (3) is polymodal
that demands the use of global optimization methods, among
which the most effective are searching methods [13, 14].
There the search algorithm of decision connects the
decisions following one after another so that to receive the
new best decision.

In algorithms of direct casual search (DCS) the directions

are given and the values of criterion J;,,,, are determined

in search points. The development of searching methods is
evolutionary algorithms, among which it is most commonly
used the genetic algorithms (GA), modeling the development
of biological population at genomes level.
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For identification it is effective the external criteria,
adequate to problem of model creation with minimal
dispersion of prediction error, which are divided into criteria
of regularity and criteria of unbiasedness [8].

The criterion of regularity (error) is based on division of data
into learning C and training D sampling. The model optimization
is carried out on learning sampling, and check of its efficiency
(error value) on training one. All sampling N = C+D.

The criteria of biasing minimum (unbiasedness) are more
resistant to disturbances. For example, based on the analysis of
decisions the criterion of unbiasedness has the following form:

. ¥ +100ctk +1n1=7 100k + 1] _ (1
o Iy +100[k + ]|
4 EXPERIMENTS

When developing the LCP predictive model, as GC of
the crushed ore 7,,, it was used the content of class +100

mm Y, oo in it. The experimental values of estimation of the
LCP state (7) are determined by results of industrial
experiment at the Ingulets Mining and Processing Works.
The sample size is N=60 time steps (ore portions of dump
trucks).

At identification, DCS and GA were applied as global
methods of optimization for structure of models of Wiener-
Hammerstein with basis functions in the form of NN: cascade,
with RBF and Anfis. The criterion of unbiasedness (11) and
mean-squared error of the model were used as criteria of
structural and parametrical optimization.

The GA had single-point crossing, selective choice of
parents and formation of new population with displacement,
DCS algorithm — adaptive step of search and complete
search around the current iteration. The number of iterations
of DCS (in GA of generations) was 100, and size of the DCS
search space (in GA population size) — 30.

The earlier received optimal model was used for
estimation of efficiency of LCP CS. The ranges of values of
variables were standardized in signals with the range of
change [0, 1].

The time of admissible downtime of the crushing
equipment was used for accounting of restriction on
productivity of LCP:

Tdop = Tn '(Qpc _ng)/ng.
It is taken into account the expenses of time for the
scheduled repairs, delays in ore supply and equipment

failure in the designed productivity Qpc. As long as the

setting of optimal change of crushing opening width is
performed at its idle running, the time of downtimes because

of control realization should be 7, <Tj,,.
The values of G (Control) are structurally limited to

values of G, = 160 mmand Gy, =240 mm, YTIS(];O =49%
is accepted as the task (Set-point), and the mean-squared
deviation (error) of the current content of class +100 mm in
the crushed ore from the given value is chosen as the quality

measure of optimal control.
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5 RESULTS

It is determined that for LCP, generating the signal y_ ¢,

the depth of the exact prediction is 4 time steps, and memory
depth — from 3 to 5 time steps.

In result of identification of model structure (fig. 2) it is
established that the basis functions in the form of cascade
NN optimized by means of GA are correspond to the
minimum of structural criterion of unbiasedness (12). At the
same time, the amount of neurons in the hidden layer is 26,
the function of activation of the hidden layer is sigmoid, of
the output layer is linear, the NN training algorithm is
Fletcher-Reeves method.

The value of the mean-squared error of the LCP model is
0.036.

The results of LCP modeling in uncontrollable (Plant not
control) and managed (Plant with control) modes are given
on fig. 3.
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The values of the mean-squared deviations of the current
content of class +100 mm in the crushed ore from the given
value are: 0.141 in the uncontrollable mode and 0.076 in
controlled mode that determines the decrease of control
error in 1.85 time.

6 DISCUSSION

The solution of problem of synthesis of LCP optimal
control is carried out during system functioning by the
principle of minimum of the generalized work on the sliding
optimization interval with attraction of information about
controlled process state to the new interval of optimization
and its future state by the predictive model that allows to
simplify the solution of problem of synthesis for nonlinear
LCP and to compensate disturbances.

The basis functions in the form of cascade NN
correspond to the minimum of test of location for LCP. The
models in the form of NN with RBF demand much less
calculations, but their value of criterion of unbiasedness is

Best: 0.048721 Mean: 0.1156

o  Bestfiness
8p o o Mean finess
£}
® 6
>
®
8 4
£
[ ol 3
0
0 10 15 20 25 30
Generation
Average Distance Between Ihdividuals
151
N .
8
g 1oF ° o . °
B
fa} « °° °
8 ¢ o
51 LY .
B
Z
0 I I I ®Pogoeceoaetesoc?
5 10 15 20 25 0
Gansaton
b

Amplitude, rel.units

F----r----a-----r

se=== Plart not control
=== Pt with contral |
Cantrol

[

=

]
=]
r. ) I
[ E
3

Number of dump truck, units

Figure 3 — The results of LCP optimal control
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significantly higher that is possible to explain by poor
predictive ability of these NN. The models in the form of NN
with fuzzy logic Anfis have sufficient accuracy, but they
have low speed at vector lengths of inputs more than 5 (the
total quantity of inputs of the LCP model is 10).

In result of modeling (fig. 2), it is established that GA has
the higher speed of convergence (GA comes to the area of
optimal solutions at the first generations, and DCS — after
15 iterations). The algorithm of DCS revealed the higher
speed (4,2 s per iteration with 10,6 s at generation in GA).
The convergence of algorithm of GA is higher than DCS
(the values of criterion (11) is 0,048 and 0,066 respectively).

The realization of the offered algorithms does not bring
the temporary restrictions to their use in LCP control system.

It is determined that for LCP the offered optimal control with
prediction provides the decrease of the control error in ~ 2 times
and increase of productivity of the process of ore self-grinding,
the next one in the technological line, (due to stabilization of
content of class +100 mm in its input ore) on 3.8%.

The statistical check by nonparametric criterion of signs
confirmed the adequacy of the developed LCP model and
the importance of the received results.

CONCLUSIONS

The scientific novelty of the work consists in
development of adaptive system of LCP optimal control, in
which the optimal control is formed in the course of
functioning of CS by the principle of minimum of generalized
work with the current estimation of the state of operated
process and its future state by the predictive model that
provides the CS invariance to the changes of operating
modes of the equipment and the disturbing environment,
and therefore, the improvement of control quality.

The LCP identification is carried out by definition of the
operating mode and dimension of its state, based on which
it is performed the model structure and parameters with the
help of composition of methods of global and local
optimization that allows to increase the model accuracy.

The practical importance of results of the work consists in
development of algorithms of the current estimation and
prediction of LCP state, its identification and synthesis of optimal
control realizing CS. The performed experiments and modeling
allowed to estimate the efficiency of the offered solutions.

The further researches should be aimed at design and
realization of LCP CS at mining and processing works on
iron ores processing.
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!Jl-p TexH. HayK, JOLICHT, 3aBifxyBay Kadenpu Oe3rnexu iHpopmarii Ta TerexoMyHikaniii HanionansHoro ripaudoro yHiBepcutera, JHinpo,

VYkpaina

2AcmipanT kadeapu 6e3neku iHpopmarii Ta TenekomyHikaniii HamionansHoro ripauyoro yHisepcurera, Juinpo, Ykpaina
’KaHz. TexH. HayK, JOLCHT, 3aBinyBad Kadeapu IporpaMHOro 3a0e3edeHHs KOMIBIOTEPHBIX cucTeM HarioHaapHOTo ripHHYOro yHiBepCH-

tera, JlHinpo, Ykpaina

AJATITUBHA CUCTEMA OIITUMAJIBHOI'O KEPYBAHHS MIPOUECOM KPYITHOI'O APOBJIEHHS PYIU
AKTyaabpHicTb. BupilieHo 3aBiaHHs MiABUIICHHS e()eKTHBHOCTI €HEPTOEMHOTO MPOLECY KPYIHOro IPOOICHHS PYAU IUISIXOM CTBOPEHHS

CHUCTEMH ONTUMAJIBHOI'O KEPYBAHHSA HUM.

MeTa po0OTH — MiIBHILEHHS SIKOCTI KEPyBaHHS MIPOLIECOM KPYITHOTO IPOOJCHHS Py B YMOBaX HEBHM3HA4€HOCTI iH(popMalii npo ioro
CTaH LUIIXOM CHHTE3y ONTHMAJIbHOIO KepyBaHHs Ha OCHOBI ineHTH(iKkawil MporHo3youoi Moeni npouecy B Xoai (YHKIIOHYBaHHS CHCTEMU

KepyBaHHSL.

MeToa. Po3pobiieHa aganTuBHa CHCTEMa ONTUMAIIBHOTO KEPYBAaHHS IPOLIECOM KPYITHOTO IPOOJICHHS, 110 Peaji3oBye NPOLEAYPH: OLIHKU
CTaHy KEpOBAHOTIO MPOLECY, HOro CTPYKTYpHO-TIapaMeTpUuy4HOI iieHTHiIKallil, TPOrHO3YBaHHS X0y IPOIECY, @ TAKOXK CHHTE3y ONTUMAJILHOTO
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KepyBaHHs. PillleHHs 3a7a4i CHHTE3y ONTUMAJIbHOIO KEpYBaHHs 3/iHCHIOETbCSA B XOIi (DyHKLIOHYBAHHS CUCTEMHM 3a NPHUHLUIIOM MiHIMyMy
y3arajapbHeHoi poOOTH Ha KOB3HOMY IHTEpBasi OoNTHMi3alii i3 3amydeHHsAM iH(poOpMalii Ipo cTaH KEPOBAHOIO IPOLECY A0 HOBOIO IHTEPBATY
onTuMizauii i #oro MaiOGyTHHOro CTaHy 3a MPOrHO3YIOUOI MOJEJUIIO, IO JO3BOJISIE CIPOCTUTH PIllIeHHs 3a/aui CUHTE3y [JIs HeliHiHHOro
IpoLECy KPYIHOro ApOoOJIEHHS PyA 1 KOMIIEHCYyBaTu 30ypeHHs. lneHTudikauis npouecy KpymHOro ApoOIeHHs PyAU 3AIHCHIOETHCS LIIAXOM
BH3HAUYCHHS PEXUMY POOOTH 1 pO3MIPHOCTI HOro CTaHy, Ha OCHOBI YOTO 3a JOIIOMOT0K0 KOMITO3HIIii METO/IIB INI00AJIBHOI 1 JIOKaJIbHOI ONTHMI3amil
BU3HAYAETBCS CTPYKTYpA 1 MapaMeTpu IPOrHO3yl0u0i MOIEII, IO 103BOMISE MiIBUIIUTY i TOYHICTD.

Pe3yabraTn. BusHaueHo, 10 IPONOHOBAaHE ONTHMAJbHE KEPYBaHHS 3 IPOTHO3YBaHHAM 3a0e3leuye 3HIDKEHHS B ~ 2 pa3d IOMHJIKU
KEpyBaHHs 1 MiABUILEHHs MPOAYKTHBHOCTI HACTYIIHOTO B TEXHOJIOTIUHIN JiHIl mpoLecy caMo3piOHIOBaHHS pyau (3a paxyHOK craOimizamii
BMmicty Kiacy +100 MM B Horo BxinHiii pyni) Ha 3.8%.

Bupoau. HaykoBa HOBU3HA poOOTH HOJISIrae B po3poOLli CUCTEMH KEpYBAaHHs IIPOLIECOM KPYITHOIO APOOJIEHHS PyAH, B sIKii onTHMasbHe
KepyBaHHsI (POPMYETHCS B IPOLEC] PyHKIIOHYBAHHS CUCTEMH 3a IPHHIMIIOM MiHIMyMY y3arajJbHEHOI pOOOTH 3 HOTOYHUM OL[IHIOBAHHSAM CTaHY
KEpOBAHOI'0 IPOLECY 1 OLIHIOBAHHAM Horo MailOyTHBOIO CTaHy 3a IPOTHO3YIOUOI0 MOJEILIIO, 110 3a0e3Meuye iHBapiaHTHICTb CHCTEMH Kepy-
BaHHS JI0 3MiH P&KHMIB pOOOTU yCTaTKyBaHHs Ta 30ypIOIOYOro CEpelOBUIIA, i, TAKMM YMHOM, MiJIBULIEHHS SKOCTI KepyBaHHS.

IpaxkTHyHa 3HAYYILICTh PE3yIbTATiB pOOOTU MONArae B Po3podLi alropuTMiB MOTOYHOIO OLIHIOBAHHS 1 IPOTHO3YBaHHS CTaHy IPOLECY,
foro ineHTHdikauii i CHHTE3y ONTHMAJIBHOTO KEPYBaHH, SIKi JJO3BOJIAIOTH Peajli3yBaTH CHCTEMY KEpyBaHHS HUM.
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!JI-p TexH. HayK, JOLEHT, 3aBeAyroMHii Kadeapsl 6e30MacHOCTH MHPOPMAIINH ¥ TEIEKOMMYHHKauil HallHOHAIBHOTO TOPHOTO YHHUBEPCH-
TeTa, JJuunpo, Ykpauna

*AcniupaHT Kadenpsl 6€30macHoCTH MHPOPMAIINK U TEIEKOMMYHHKAIMiT HaloHa sHOro TOpHOrO YHUBEpCUTETa, JIHUMPO, YKpanHa

SKaH1. TeXH. HayK, JOLEHT, 3aBeAyoMuii Kadeapsl MPOrpaMMHOTO 00€CIICYCHHs KOMITBIOTEPHBIX cHcTeM HalmoHANbHOrO TOPHOTO yHH-
Bepcurera, JIaunpo, Ykpanna

AJJAIITUBHAS CUCTEMA ONTUMAJIBHOI'O YIIPABJIEHUS ITPOLUECCOM KPYIIHOI'O APOBJIEHUS PY/bI

AKTyanbHOCTh. Pemena 3amaga nmoBsimieHust 3p(hEKTHBHOCTH 3HEPrOEMKOro Mpolecca KPYIHOTO JpOOIEHHS pyAbl ITyTEeM CO3JaHUS
CHCTEMBI OIITUMAJIEHOTO YIIPABICHUS HUM.

Ilesab po6oTHI — MOBBIIICHNE KAUECTBAa YHPABJICHHS IIPOLIECCOM KPYITHOTO APOOJICHUS PyABl B YCIOBUSIX HEOIPEIEICHHOCTH H(pOpMaIiu
0 €ro COCTOSTHHU ITyTeM CHHTE3a ONTHMAaJIbHOTO YIPABJICHHS HA OCHOBE WACHTH(HKAIIMY IPOrHO3UPYIOLIEil Moeny nporecca B Xoze (GyHKIH-
OHUPOBAHUSI CHCTEMBbI YIIPABIICHUS.

Mertoa. Pa3paborana ajanTuBHasI CHCTEMa ONTHMAJIBHOIO YIPABJICHHS IIPOLIECCOM KPYIHOTO APOOJICHHS, peaau3ylomas Mponeayphl:
OLICHKH COCTOSIHUS YIIPABIIIEMOTO TIPOLIECCa, €T0 CTPYKTYpPHO-IIApaMETPHYECKOH NAESHTU(HUKALIMN, TPOTHO3UPOBAHMS X0/1a IIpoLecca, a TakKe
CHHTE3a ONTHMAJILHOTO YIIpaBJICHUs. PelleHue 3a1aun CHHTE3a ONTHMAIBHOTO YIIPABICHHS OCYIIECTBICTCS B X0J¢ (PYHKIMOHUPOBAHHUS
CHCTEMBI 10 IPUHINIY MHHIMYyMa 0000IIEHHON PabOThl Ha CKOJIB3SIIIEM HHTEPBAJIC ONTHMHU3AINHU C IPUBJICYIEHIEM HH(POPMALIUH O COCTOSHUN
YIPaBIIEMOIo Hpolecca K HOBOMY MHTEPBAIYy ONTUMM3AIMU U €ro OYAYIIETro COCTOSHHS MO HMPOTHO3UPYIOMEH MOJIEIH, YTO I03BOJISET
YIPOCTUTH pElIeHHE 3a/1a4 CHHTE3a JUIsl HEIMHEHHOTO IpoIecca KPYIHOro APOOICHUs py/] U KOMIICHCHPOBATh BO3MYIICHUS. VneHTudurams
IIporecca KpyImHOro IpoOJIeHHs pYIbl OCYIIECTBISICTCS ITyTEeM ONPEAEICHUS PeXXUMa paboThl U Pa3MEPHOCTH €ro COCTOSIHUS, Ha OCHOBE YEro
C ITOMOIIbIO KOMITO3HIIUH METOJI0OB INI00AIBHON | JIOKAJIbHOW ONTUMHU3AIMHN ONIPEEIACTCS CTPYKTYpa U apaMeTphl IPOTHO3UPYIOIISH MOJIEIH,
YTO MO3BOJISICT MOBBICUTH €€ TOYHOCTb.

PesyabTaThl. OnpeneneHo, 4To NpeajaraéMoe ONTHMaJIbHOE YIpaBJIeHHE C MPOTHO3UPOBAHHEM O0ECIIeYnBaeT CHIKCHHE B ~ 2 pasa
OMMOKH YIIPABIICHHUS 1 OBHIIIEHHE TIPOU3BOANUTEIBHOCTH CIEAYIOMIETO B TEXHOJIOTHYECKON JIMHUH MPOIIecca CaMOM3MeNbUeHHS PYIBI (32 cueT
crabmm3zanun conepkanus knacca +100 MM B ero BxonHo# pyzae) Ha 3.8%.

BeiBoabl. Hayunass HoBH3Ha pabOTBI COCTOUT B pa3pabOTKe CHCTEMBI YIPAaBJIEHUS MPOIECCOM KPYITHOTO APOOJECHHUS PYIbI, B KOTOPOU
ONTUMAJIbHOE yTIpaBiieHHe (OPMHPYETCs B TIporecce PyHKIIMOHNPOBAHUS CHCTEMBI 10 MPUHIIUITY MUHUMYMa OOOIIEHHOH PabOoThI ¢ TEKYITHM
OIIEHUBAHHEM COCTOSIHUS YIIPABISIEMOTO MPOIlecca M OLEHHBaHUEM ero OyIyIIero COCTOSHHS 110 MPOTHO3UPYIONIed MOJENH, YTO 00ecneynBa-
€T MHBAapHAHTHOCTh CHCTEMBI YNPABJICHUS K M3MEHEHUSM PEKUMOB PabOThl 000pYyHOBaHUS M BO3MYIIAIONIEH Cpelbl, U, TAKHM O0pa3oM,
TIOBBIIICHIE KAYeCTBA yIIPABICHHS.

[IpakTryeckas 3HAYUMOCTH Pe3yJIbTATOB pa0OTHI 3aKIIOUaeTcss B pa3pabOTKe alrOPUTMOB TEKYIIEro ONCHUBAHUS U MPOTHO3MPOBAHHUS
COCTOSIHHS TIPOIIecca, ero HISHTU(UKAIINHA 1 CHHTE3a ONTUMAIIFHOTO YIPABJIEHUS, MIO3BOJLIIONINX PEATN30BaTh CUCTEMY YIPABICHUS HUM.
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