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ABSTRACT

Context. The important task was solved during the scientific research related to the development of the algorithm for tuning of
the coordinating automatic control system. The reason why the development of those algorithms is important is because of the pro-
gress in field of certain classes of complex multilayered control systems, which provide coordination of the transient processes while
the regulating technological parameters.

Objective. The purpose of the scientific work is the minimizing of time and the automation of tuning process for the complex
multilevel control systems.

Method. We offer the step-by-step tuning of the double-level coordinating systems of automatic control for the refrigeration fa-
cilities in the particular for the refrigerating turbocompressor facilities and systems with the tunnel refrigerating chambers. We offer
the block-scheme of algorithms which may be used during the realization of automatic search for the system tuning parameters pro-
viding coordination of the transient processes under automatic control.

Results. The experiments were conducted in the Matlab 2012a environment. The result of the experiments is graphs of certain
transient processes obtained on various steps of the tuning for multilevel coordinating automatic control system. Based on the simula-
tion results we have done the conclusion about efficiency of the different algorithms. The possibility for using of the presented algo-
rithms was also considered, particularly the specificity of the functioning of the automatic tuning of the automatic control multilevel
system complex.

Conclusion. These experiments have showed the applicability of certain algorithms of step-by-step tuning for the double-level
coordinating automatic control system. It is estimated, that the automatic tuning of the automatic control coordinating systems with
algorithm utilization will increase the scope of the modern intellectual technologies.

KEYWORDS: Petri net, coordinating automatic control system, coordination of transient processes, ratio control, algorithms of
tuning.

ABBREVIATIONS e(?) is a deviation of the controlled variables within
CACS is a coordinating automatic control system; time;
ACS is an automatic control system. Jo: 1s an integral criterion of system;
NOMENCLATURE uy, % is a control action on the flow of cooling water
G, 1s a compressor capacity; on the condenser;
my is a degree of pressure increase; uy, % is a control action linked to the speed of rotation
¢(?) is a deviation from ratio of variables; of the compressor shaft of the refrigeration plant;
X is an actual value of the controlled variable; u, is a control action to change the ratio;
Py, is a set point of the boiling pressure; A" is a coefficient matrix;
Py, is an actual value of the boiling pressure; p is a differential operators.
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INTRODUCTION

The coordination of transient is implemented in the
range of multilevel automatic control systems. The lower
level of such systems is linked to the liquidation of devia-
tions from the ratio of the values of regulated variables.
The upper level is linked to the liquidation of errors in the
system. In the 20th century the well-known scientists Ig-
natienv M. B., Boichuk L. M. explored actively the sys-
tems under consideration [1-3]. Nowadays the coordinat-
ing control systems for refrigeration plants are designed.
The development of these systems is carried out in the
field of technological tasks [4, 5]. On this subject there
are plenty of the similar scientific papers [6, 7], for exam-
ple, in the field of control in the robotic systems [8—10] or
in the field of air-fuel ratio control in the engines [11-13].

The design methods of coordinating automatic control
systems were well represented in the scientific work by
Boichuk L. M. [2]. In our days a lot of research centres
explore the various automatic control systems and the
corresponding methods of designing and analysis. These
methods in designing of the systems of coordinating con-
trol are presented for the certain field of linear systems
[3]. Therefore the design of tuning algorithms of control
systems presented in scientific papers [4, 5, 10] is rele-
vant. As these systems in the certain cases belong to the
field of nonlinear systems. At the same time, these sys-
tems develop as the specific class of multilevel automatic
control systems, thereby confirming the relevance of de-
veloping appropriate algorithms of tuning.

The object of study is the processes of tuning up of
the coordinating automatic control systems.

The subject of study is the methods and algorithms
of tunings for the coordinating automatic control systems.

The purpose of the scientific work is to minimize
the time and automate of process in tuning of the multi-
level coordinating automatic control systems.

1 PROBLEM STATEMENT

To achieve this purpose it is necessary to design the
algorithms of tuning for the corresponding multilevel con-
trol systems. These algorithms of tuning are required to
design for the complex non-linear control systems for
which the known methods of synthesis are unacceptable.

As a result of analysis of the developed algorithms for
tuning of the multilevel systems it is important for us to
determine their fundamental suitability. It is also neces-
sary to determine the scope of application for these algo-
rithms in the system of automatic tuning with the intelli-
gent technology. This intellectual system was shown in
scientific work [14, 15] related to the automatic synthesis
of Petri nets based on functioning of the neural networks.

The developed algorithms for tuning of the multilevel
control system are acceptable, if they allow to determine

all the values of the parameters K € kij of various levels

for the control system. These parameters of tuning
K € k,; must give the minimum value of the integral

criterion J in the multilevel system. The integral criterion
of system is:
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J = J.(|e(t)|+B|¢(t)|)dt — min , (1)
0

where B is coefficient indicating the temporal coordina-
tion of the control processes; @(¢) is deviations from the
ratio of the values of regulated variables; e(?) is the devia-
tion of some variable in time from the given value.

2 REVIEW OF THE LITERATURE

Ratio systems controls or coordinating control systems
have researched in the different countries. The design of
these systems has not lost its relevance in the 21st cen-
tury. Now there are a number of English scientific works
related to the development the air-fuel ratio control sys-
tems for engines. In these works [11-13, 16] the control
systems block diagrams are presented. They can also be
classified as the multilevel coordinating automatic control
systems.

In Ukraine there are a lot of scientific works [8—10]
relayed to the control of robotic manipulators. The special
cases of the implementation of the trajectory tasks of the
coordinating control are presented in these scientific
works. The scientific papers of Ignatiev M. B, Mirosh-
nik I. V., Boychuk L. M., Tsybulkin G. A. [2, 3, 8, 17] are
considered as the fundamental scientific works in the de-
sign of the corresponding systems.

The scientific work by Boychuk L. M. [2] has become
the basis for the design of some control systems for re-
frigeration plants. First of all this is the design of the co-
ordinating automatic control system model providing the
energy-efficient functioning of the cooling turbo-
compressor plant [4]. Then the system was presented for
evaluating of the energy efficiency of the functioning of a
turbo-compressor plant for ammonia overload at the
Odessa Port Plant [18]. The next stage was the develop-
ment of control system for the laboratory unit with the
cooling tunnel chamber [5]. Considering these scientific
papers [4, 5, 10] it is possible to present the general sim-
plified block diagram of the coordinating automatic con-
trol system. This block diagram is shown in figure 1. This
control system represents the principles of operation and
the main features of the architecture described in the sci-
entific papers by Boichuk L. M. and Miroshnika I. V. [2].
However, such control system differs from similar sys-
tems presented in various papers [2, 8§, 11, 19, 20].

There are the following main differences of the coor-
dinating automatic control system under consideration
from similar systems.

1. The control signals are formed as the sum of control
signals of the lower and upper levels of the system.

2. There is an adjustment of the given ratio of parame-
ters based on the automatic optimizer.

3. The control is implemented in the field of nonlinear
systems.

4. There are no internal control loops at the lower
level of the CACS.

Accordingly, we need methods for tuning of the coor-
dinating automatic control system and in order to these
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methods would be acceptable not only in the class of
well-known linear systems [2, 3]. In this regard, this paper
shows presents experiments related to the tuning of sys-
tems in this class.

3 MATERIALS AND METHODS

The considered coordinating automatic control system
is two-level. The lower (first) level of control in this sys-
tem is linked to the liquidation of deviation from the ratio
of the values of regulated variables X; and X, And the
upper (second) level of control is linked to the liquidation
of the difference between the set and the actual value of
the controlled variable.

This coordinating control system adjusts to the devid-
ing of motions mode. It lets to eliminate the deviation
from the ratio of variables X; and .X; in the transition proc-
ess is linked to the liquidation of error in the system. This
is shown graphically in Fig. 1. The movement of the sys-

‘ Automatic optimizer ‘

tem from the initial point X to the final )X} in the space of
variables Xj and X, is shown. Movement along the trajec-
tory 1 corresponds to the traditional automatic control
system and movement along the trajectory 2 corresponds
to the coordinating automatic control system. The devid-
ing of motions mode provides the initial motion towards
the multitude M of the ratios, and then by the multitude M
to the end point X;.

In the MATLAB \ Simulink software environment we
have implemented the model of coordinating automatic
control system for the development of the tuning algo-
rithms (Fig. 2). The refrigeration turbocompressor is the
control object in this system. The refrigeration turbocom-
pressor model is represented as the linear system. It gives
some error in the simulation results. However this inaccu-
racy does not interfere with scientific research for the
design of methods for the synthesis of CACS.
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Figure 1 — The simplified block diagram of the coordinating automatic control system
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Figure 2 — Block diagram of the model of the coordinating automatic control system presented by means of the MATLAB \ Simulink
software environment
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We have represented the system control law in the fol-
lowing way:

w] @)

where

i, = Hal ={k1 '(Hk“'p)](bisthe law of lower level
Ugd ky -(1+ ka1 - p)

control;

0 .
T= Y| _ is the law of
Py, (Prip.z = Prip) k3 (1 + k31 - p)
upper level control,
=k-G. —m, +b is the deviation from ratio of the pa-
(I) x.a k p

rameters. This ratio ensures the functioning of the turbo-
charger with maximum efficiency; m; = p; /pg is de-

gree of pressure increase; Py, is actual value of the con-
trolled variable; Py, is set point of the boiling pressure;
G,.., 1s compressor capacity; p is differential operators;
uy, % is control action on the flow of cooling water on
the condenser; u,, % is control action linked to the speed
of rotation of the compressor shaft of the refrigeration
plant; & is coefficient for the ratio; b is constants.

The tuning of this system must be implemented taking
into account for ensuring the necessary peculiarities of its
functioning, Such as the coordinating change of compres-
sor capacity G,, and the degree of pressure increase
Ty = py/po during the regulation of the boiling pres-

sure Py;,~P,. The coordinating change of compressor ca-
pacity G,, is possible within tuning of the system for
deviding of motions mode.

The researches have shown that it is possible to define
two main algorithms for the step-by-step tuning of the
coordinating system to the deviding of motions mode.

At the beginning of the tuning all parameters ki, k, and
k; of the regulators Nel, Ne2 and Ne3 are equal to zero.

According to the first algorithm the main regulator
Nel of the Ist lower coordinating control level is set up
initially. The tuning is implemented according to such
integral criterion:

Jo1 = [ 6% ()dt — min . 3)
0

The transient characteristics for deviations from the
ratio of variables at different values of the parameter k; of
the regulator Nel and at corresponding values of the crite-
rion Jy; are presented in Fig. 3.

At the second stage the regulator Ne3 of the upper lev-
el of control is set up according to the integral criterion:

Jop = '[(|e(t)| +3-]0(t))dt — min . 4)
0
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Figure 3 — The transient responses showing by deviation ¢(?)
from the given ratio of variables within time. The transitional
responses got at different values of the tunings parameters in the
coordinating automatic control system

At the final stage regulator Ne2 of the 1st lower coor-
dinating level of control is set up according to the crite-
rion:

Jos = [ (o()|+e(t))dt — min . )
0

All transient processes obtained at various stages of
the system tuning setup are shown in Fig. 3-5.

The second algorithm of tuning consists of four stag-
es. At the first stage the tuning of regulator of upper level
according to the integral criterion is presented:

Joo = j|e(t)|dt — min . (6)
0

Then the regulator of coordinating level is set up ac-
cording to the corresponding criterion:

Jo1 = [|6()|dt — min . )
0

At the third stage the tuning of upper level regulator
Nel are adjusted again according to the criterion:

Joa = [ @ [0(0)|+[e()dr — min ®
0

At the last stage the regulator Ne2 of the coordinating
level is adjusted according to the criterion:

Jo3 = [ (o) +]e(®)]dr — min . ©)
0

4 EXPERIMENTS
All necessary experiments were performed in the
MATLAB \ Simulink 2012 software environment. Ini-
tially it is necessary to implement a model of the coordi-
nating automatic control system to conduct experiments
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in the software environment. The block diagram of this
model is presented in Fig. 2. All parameters in the model
of the control object and in the corresponding control sys-
tem are also presented in Fig. 2. Possessing the appropri-
ate software you can realize experiments using the neces-
sary data presented only in Fig. 2-4. To verify the princi-
ple suitability of the considered algorithms we have ob-
tained transients at various stages of the tuning in the con-
trol system. These transients and the corresponding pa-
rameters ki, k,, k3 of the coordinating control system are
presented in Fig. 4 and 5.

It is interesting to note the specific experiment shown
in Fig. 6. If the control action of the upper level of the
coordinating control system is connected with the control
action u;, then we must change accordingly the tuning of
algorithms.
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Figure 4 —The transient characteristics of the coordinating
automatic control system at different values of the tunings. The
transient characteristics showing the deviation e(¢) from the set

value are presented in Fig. 4a. The transient characteristics
showing the deviation ¢@(#) from the given ratio of variables are
presented in Fig. 4b.

The block diagram of such system is also shown in
Fig. 6. As a result of modeling of this system it is possible
to obtain the necessary transients. These transients proc-
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esses fairly accurately represent the coordination of the
regulatory processes and the tuning of the system to the
deviding of motions mode.

We can see from the transient graphs that the devia-
tion @(¢) from the ratio of the variables was practically
reduced to zero three times faster than the deviation e(f)
of the controlled variable from the set value (Fig. 6). Ac-
cording to the deviding of motions mode in the time in-
terval from 200 seconds to 1200 seconds the movement
was provided in the multitude of controlled ratio.

5 RESULTS

We can see from the graphs of transient processes pre-
sented in Fig. 3-5, the phased tuning of the coordinating
automatic control system is carried out under the condi-
tion of its stable operation. The minimum value of the
corresponding integral criterion and the corresponding
values of the regulators tunings are determined at each
stage of the control system tuning.

We can conclude based on the analysis of the simula-
tion results obtained at various algorithms of the phased
tuning of the coordinating control system. The four-step
tuning algorithm provides slightly faster way for the sys-
tem to reach the target multitude of controllable ratios
(figures 5d and 4c). Accordingly, the value of the integral
criterion of the quality (Jy;=139.8) for the system is less
with the four-stage algorithm than with the three-stage
(J03 = 1539)

6 DISCUSSION

The described tuning algorithms are phased due to the
structural features of multi-level systems. This case is
suitable not only for multi-level systems of the coordi-
nated regulation. The tuning of cascade control system
also presumes the phased tuning. For example, at first it is
necessary to set the inside control loop and then to set the
outer loop.

We should also note the scientific paper [2]. In this
scientific paper there is some process of step-by-step sys-
tem synthesis in which initially the coordinating control
system is considered as the one-level control system and
then as the multi-level one.

The phased tuning algorithms are represented in the

form of flowcharts shown in Fig. 7 and accordingly, in the
form of Petri nets in Fig. 8.
Petri net formation is the important component for repre-
sentation of the tuning process of the control system. If
the automatic tuning of the coordinating control system is
carried out, then the formed Petri net represents to the
user the definite process of retraining the specific artificial
neural network. In this case the neural network represents
the intellectual feature of the automatic tuning systems,
i.e. such network is able to learn at the operation of vari-
ous systems.

The simplified block diagram of control system with
the automatic tuning algorithm is shown in Fig. 9. Thus, it
is possible to set up the system to deviding of motions
mode.
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Figure 5 — Transients in the CACS for the different values in the parameters of the regulators. These transients are obtained at the
stage of tuning by the four-step algorithm. Figure 4a and 4c — transient characteristics of the deviation e(?) of the controlled variable
from the specified value; figures 5b and 5d — transient characteristics of the deviation ¢(¢) from the ratio of variables
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Figure 6 — Block diagram of the model of the coordinating control system and the graphs of transient processes on the deviation ¢(#)
from the ratio of the values of the controlled variables and on the deviation e(¢) of the regulable variable from the specified value

The artificial neural network forms the algorithm for  system is unsatisfactory, then the artificial neural network
tuning the control system in the kind of Petri net, it is just  is rebuilt according to the formed Petri net. This algorithm
shown in Fig. 9. If the algorithm of tuning for the control  for retraining of the artificial neural network was pre-
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sented in the scientific work [15] as the first experience to
implement this system.

CONCLUSIONS

The scientific novelty of the results. The problem as-
sociated with the development of tuning algorithms for
the highlighted class of automatic control systems was
solved in the present work. Thus the design technique of
corresponding coordinating systems has got the further
development.

The practical significance of the results. The com-
pleted scientific researchers have confirmed the suitability
of the developed algorithms for tuning of the coordinating
automatic control systems. Due to these algorithms we
can solve the problem of automated tuning for models of
the complicated control systems providing the coordina-
tion of various transients.

The prospects for further research. The problem of
automated tuning for the coordinating control systems
may be related to the field of automatic generation of Pe-

tri nets and to the field the learning of neural nets, name-
ly, the self-learning of neural networks at the synthesis of
Petri nets.
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Figure 8 — The Petri nets representing the algorithms of phased tuning for the CACS. The Petri net representing the three-step algo-
rithm for tuning of the coordinating automatic control system is shown at Fig. 8a. The Petri net representing the corresponding four-
step algorithm of tuning is shown at Fig. 8b.
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Figure 9 — The simplified block diagram of the control system with algorithm of the automatic tuning
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AHOTALIA

AxTyasbHicTh. Bupiliena akryasibHa 3aj1a4a, 110 OB’ s3aHa 3 PO3POOKOI0 aJlTOPUTMIB HACTPOIOBAHHS KOOPANHYBAIBHUX CHCTEM aBTO-
MaTHUYHOTO yIpaBIiHHI. BaxIuBicTh po3po0OKH JaHUX alrOPUTMIB BUKIMKAHA PO3BUTKOM, Y IIei Yac, IIEBHOTO KJIacy CKJIA[HUX OaraTopis-
HEBHX CHUCTEM YIPABIIHHS, [0 3a0€3MeUyI0Th Y3rOMKECHHS MEPEXiAHNX MPOIECIB MPH PEryIOBaHHI TEXHOJIOTTYHAX MapaMeTpiB.

Mera po6oTH — MiHIMI3aIlisl Yacy Ta aBTOMaTH3aLlisl IPOLECY HACTPOIOBAHHS 0araToOpiBHEBUX KOOPAMHYBAJIbHUX CHCTEM aBTOMAaTHYHO-
'O yIpaBJIiHHS.

MeToa. 3anpornoHOBaHO MOETAIHE HACTPOIOBAHHS ABOPIBHEBHX KOOPIMHYBAIBHUX CHCTEM aBTOMATHYHOTO YHPABIiHHS AJs 00 €KTIB
XOJIOAMIIBHOT TEXHIKH, B OKPEMOMY BHUIAJKY ULl XOJIOAMIBHUX TYpPOOKOMIIPECOPHUX YCTAHOBOK i CHCTEM 3 TYHEJIbHHMH XOJIOAMIBHUMHU
kamepamu. HaBoasTbest O10K-CXeMH alrOpUTMIB, sIKi MOXKYTh OyTH BHKOPHUCTaHI Ha eTari aBTOMaTH30BAHOI'O TOLIYKY HapaMeTpiB HaCTpo-
FOBaHHSI CHCTEMH, IO 3a0e3edye y3roKEeHHs MEePEeXiJHUX MPOLECiB P aBTOMATUYHOMY YIIPaBIIiHHI.

PesyabTaTn. Exciepumentu Oynu npoBe/eHi B cepenopuiii Matlab 2012a, 3a pesynsratamu sikux Oynu oTpuMani rpadiku MeBHUX Iie-
PEXiZHUX TMPOLIECIB Ha PI3HUX eTalax HaCTPOIOBAHHS 0araToOpiBHEBOI CHCTEMH aBTOMATHYHOTO yrpaBiiHHs. Ha migcTaBi aHaiizy pe3ysbra-
TiB MOZICIIOBAHHS POOUTHCS] BUCHOBOK IPO JAOLIIBHICTh BUKOPHCTAHHS Pi3HUX alTOPUTMIB HACTPOIOBAHHSL.

Takoxx Oyna BH3HAUEHa Traldy3b 3aCTOCYBaHHS DPO3POOJIECHHX AITOPHTMIB ITOCTAIIHOTO HACTPOIOBAHHS 0araTOpPIBHEBHX CHCTEM.
B okpemomy Bunanky Oyiu mpeacTaBiieHI OCOOIHBOCTI (DYHKIIOHYBaHHS KOMIUIEKCY aBTOMAaTH30BaHOTO HACTPOIOBAHHS 0araTopiBHEBUX
CHCTEM aBTOMATHYHOTO YIIPABIiHHSI.

BucHoBku. [IpoBe/ieHi €KCIIEPUMEHTH MTOKa3aIH MPUHIUIIOBY MPUAATHICTh EBHUX aITOPHUTMIB IMOCTAHOIO HACTPOIOBAHHS JABOPiBHE-
BUX KOOP/IMHYBAJIBHUX CHCTEM aBTOMAaTHYHOI'O YHpaBJiHHsA. BcTaHOBIEHO, 10 peaizaliis aBTOMAaTH30BaHOTO HACTPOIOBAHHS KOOPIHHYBa-
JIbHUX CHCTEM aBTOMATHYHOTO YMPABJIiHHS 13 32CTOCYBaHHSM BIAMOBIHUX aITOPUTMIB MA€ MICIIe B rajiy3i Cy4aCHHUX IHTEJICKTyaJbHUX TEX-
HOJIOTIH.

KJIFOUYOBI CJIOBA: xoopauHalisi, y3rofkeHHs POLECiB, peryII0BaHHS CIIBBITHOIICHHS, aITOPUTMH HaCTPOIOBaHHs, Mepexi [lerpi.
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CTUTYyTa KOMIBIOTEpHBIX cucteM H TexHonoruil «Muaycrpus 4.0» um. I1. H. [InatonoBa Opecckoil HaMOHAIBHOM aKaJeMUU MUIIEBBIX
texHosorui, Onecca, YkpanHa.

I'onuapenko A. E. — xaHJ1. TexH. HayK, IOLEHT KadeIpbl aBTOMAaTH3AI[IH TEXHOJIOTHYECKHUX IPOIECCOB U POOOTOTEXHUUECKHX CHCTEM
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AHHOTALUSA

AKTyaJbpHOCTb. PenieHa akTyanbHas 3a7a4a, CBA3aHHAS ¢ pa3pabOTKON alrOpUTMOB HACTPOWKH KOOPIMHUPYIOUIUX CHCTEM aBTOMAaTH-
YeCKOro ymnpasieHus. BaxHOCTh pa3pabOoTKu TaHHBIX aJTOPUTMOB BbI3BaHA Pa3BHTHEM, B HACTOAIIEE BPEMsl, ONPEIEIICHHOTO Kiacca CI0XK-
HBIX MHOTOYPOBHEBBIX CHCTEM YIMPAaBJICHUS, 00CCICUYMBAOIINX COTJIACOBAHUE MEPEXOHBIX MPOIECCOB MPH PEryJIUPOBAHIH TEXHOJIOTHYE-
CKHX IIapaMeTpOB.

Ileabp padoThl — MUHIMHU3AIKs BPEMEHN U aBTOMATH3aIHs IIPOLecca HACTPOHKH MHOTOYPOBHEBBIX KOOPANHHUPYIOIINX CHCTEM aBTOMa-
THYECKOTO YIPABICHUSL.

Metoa. [IpemnoxeHa mosramnHas HaCTPOHKa JByXYPOBHEBBIX KOOPIMHUPYIOLIMX CHCTEM aBTOMAaTHYECKOTO YIPABJICHHS I 00BEKTOB
XOJIONWIILHOM TEXHUKH. B 4acTHOM citydae JUIs XOJOIMIBHBIX TYPOOKOMITPECCOPHBIX YCTAaHOBOK M CHCTEM C TYHHEIBHBIMH XOJIOIMIIBHBIMA
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kamepamu. [IpencTaBisioTcst GJI0K-CXEMBI AITOPUTMOB, KOTOPBIE MOTYT OBITh UCIIOJB30BAHbI HA ATAlle aBTOMATH3UPOBAHHOT'O MOUCKA T1apa-
METPOB HACTPOHKHU CHCTEMBI, 00ECTICUMBAIOIIEH COTTIACOBAHUE IIEPEXOIHBIX MPOLECCOB MPHU aBTOMAaTUYECKOM YIIPaBJICHHH.

Pe3yabrarhl. DxcriepuMeHThl ObUIH MpOBesieHbI B cpene Matlab 2012a, B pe3ysnbrate KOTOPHIX OBUIM MOJTYy4EHBI FpaUKK ONpe/iesieH-
HBIX [EPEXOIHBIX MPOLIECCOB Ha Pa3IMYHbIX dTAarax HaCTPOUKH MHOTOYPOBHEBOI CHCTEMBbI aBTOMATHUYECKOTO yrpasieHus. Ha ocHoBe aHa-
JIM3a pe3yJIbTaTOB MOJCIHPOBAHHS INIACTCsl BEIBOJ O LEII€CO00Pa3HOCTH UCHOJIB30BAHUS PA3IMYHbIX AITOPUTMOB HACTPOUKH.

Taxoxe Obl1a onpeneneHa o0nacTh MPUMEHEHHsT Pa3pabOTaHHbBIX aJTOPUTMOB ITOITANHON HACTPOMKM MHOTOYpPOBHEBBIX CHCTEM. B wact-
HOM cily4ae ObUTH IPeJICTaBIeHbl 0COOEHHOCTH (yHKIIMOHHUPOBAHHS KOMIUIEKCAa aBTOMATH3UPOBAHHOIN HACTPOHKN MHOTOYPOBHEBBIX CUCTEM
aBTOMATHYECKOTO YIIPABJICHHUSI.
BoiBojbI. [IpoBeIeHHbIE YKCIIEPUMEHTHI TOKA3aJIi IPHHIUIIHAIBHYIO TIPUTOTHOCTD ONPEACIICHHBIX aJITOPUTMOB TIOTAITHOW HACTPOMKU
JIBYXYPOBHEBBIX KOOPAMHHUPYIOIIUX CUCTEM aBTOMaTHYECKOTO YIIPABICHHUS. Y CTAHOBJICHO, YTO Pealu3alus aBTOMaTU3UPOBAaHHON HACTPO¥i-
KH KOOPAHHUPYIOIIHX CHCTEM aBTOMATHYECKOTO YIPABJICHHUS C IIPUMEHEHHEM COOTBETCTBYIOIINX AJITOPUTMOB HMEET MECTO B OOJIACTH CO-
BPEMEHHBIX HHTEIUICKTYAIbHBIX TEXHOJIOTHIL.
KJIFOUEBBIE CJIOBA: xoopauHamysi, COrjacoBaHHE MPOLECCOB, PETYIUPOBAHNAE COOTHOLICHUS, alTOPUTMBI HACTPOHKH, ceTH [leTpm.
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