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ABSTRACT

Context. The important task was solved during this scientific research related to specific development and verification of the
fundamental suitability of the software application that provides visualization of the automatic synthesis of Petri nets while setting up
the multi-level control systems. This task is current because the for the first time the integration of means of discrete-continuous net-
works from the DC-Net environment in the Labview environment is realized through the implementation of automatic synthesis of
Petri nets. This makes it possible to automate the processes of synthesis for the control algorithms based on the development of ap-
propriate intelligent systems.

Objective. The purpose of the scientific work is to minimize the time and to automatize process in synthesis of the control algo-
rithms by integrating the means of discrete-continuous networks and implementing the principles of automatic synthesis of Petri nets.

Method. This scientific article proposes the principle for automatic formation of Petri nets based on logical algorithm for classi-
fying various uncorrected algorithms. The multilayer neural network in the Labview 2009 software environment was implemented to
realize the appropriate algorithm. This artificial neural network provides algorithm formation, automatic synthesis and operation of
Petri nets. The article is devoted to the study of operating principle of the software application implementing such automatic synthe-
sis of Petri nets while setting up the multi-level control systems.

Results. A number of experiments were performed on the classification of algorithms and formation of Petri nets based on the
ready-made software application. The control system was automatically set up based on the Labview 2009 environment application
for the determined object.

As a result of these experiments we have determined the fundamental suitability of the software application for the synthesis of
some multi-level automatic control systems. It was also shown during these experiments that all mismatch signals in the system and
deviations from the ratios of values controlled variables are reduced to zero. All parameters of the control systems settings were
noted after the multi-level system setting procedure on the front panel of the virtual stand.

Conclusions. The task related to the software application development based on the Labview 2009 environment which provides
the automatic synthesis of Petri nets was solved in this scientific work. Thus the method of automatic synthesis of Petri nets and
technology for developing certain algorithms based on the functioning of the artificial neural network was further developed.

KEYWORDS: Petri net, artificial neural network, coordinating automatic control system, coordination of transient processes,
ratio control, algorithms of setting.

ABBREVIATIONS
NN is a neural network;
PN is a Petri net.

NOMENCLATURE

AOi+ is a i-th the uncorrected algorithms, where
i=1...4;

¢(?) is a deviation from ratio of variables;

e(?) is a deviation of the controlled variable from the
set value with in time;

Jis an integral criterion of system;

u1, % is a control action on the flow of cooling water
on the condenser;

u2, % is a control action linked to the speed of rotation
of the compressor shaft of the refrigeration plant;

A"1s a coefficient matrix;

p is a differential operators;

Gx.a1s a compressor capacity;

Pkis a condensation pressure;

b is a constant;

X;,X3,x, are input variables for determination of the
initial algorithm control,

o is a weighting coefficient in the integral criterion of
system;
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t'; is a i-th transition in a petit network, where
i=1...10;

pi s a i-th position in the Petri net, where i=1...10;

w; is a coefficient of interneuronal connection of the i-
th neuron of the j-th layer.

INTRODUCTION

Petri nets are the mathematical apparatus for discrete
systems modeling. It was presented by Carl Petri in 1962
and it has many extensions nowadays. Despite this, there
are few software tools to implement the synthesis of Petri
nets. The well-known MATLAB software environment
also does not have the appropriate tools for the synthesis
and analysis of networks. Instead there is StateFlow soft-
ware module that is implemented based on MATLAB for
graphical representation of the finite state machine as the
states diagrams. The DC-Net program has the significant
difference compared with MATLAB/Simulink/StateFlow
in the principle of constructing models in the complex
systems [1]. The DC-Net software environment is special-
ized in the field of analysis and synthesis in hybrid or
logical-dynamic systems [2—4]. It is possible to imagine
quite visually the synthesis of Petri nets and the develop-
ment of logical-dynamic models using this environment.
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Research has shown that DC-Net tools can be integrated
with other software products. Thus, this research work
represents the integration of DC-Net tools to implement
automatic synthesis of Petri nets and to form of algo-
rithms and sequential calculations. Automatic synthesis of
Petri nets and the formation of algorithms are advisable
for some tasks in the field of intelligent technologies. In a
special case it could be the formation of setting algo-
rithms for the synthesis of complex multi-level automatic
control systems with subordinate control processes.

The object of study is the processes of automatic syn-
thesis of Petri nets while setting up the coordinating
automatic control systems.

The subject of study is the methods of automatic syn-
thesis of Petri nets while setting up the coordinating
automatic control systems.

The purpose of the scientific work is to minimize
the time and to automatize process in synthesis of the con-
trol algorithms by integrating means of the discrete-
continuous networks and implementation of the principles
for automatic synthesis of Petri nets.

1 PROBLEM STATEMENT

To achieve this purpose it is necessary to solve the
problem associated with the development and verification
of the fundamental suitability for a software application
that provides visualization of the automatic synthesis of
Petri nets while setting up multi-level automatic control
systems. In this case, the developed software application
for setting of the multilevel control systems is acceptable
if it allows to determine all the values of the k; parameters
of various levels for the control system. These k; parame-
ters of setting must give the minimum value of J integral
criterion in the multilevel system. The integral criterion is

T = [(0-[et)  ema [J+[0(1) / @ rmax Dl 1)
0

where a is coefficient indicating the temporal coordina-
tion of the control processes; ¢(t) = AT X +b is devia-

tions from the ratio of the values of regulated variables; A”
is a coefficient matrix; b5 is a constant;
Omax = XImax K = X2min + b 1s maximum deviations

from the ratio of the values of regulated variables; e(f) is
the deviation of some variable in time from the given

value; X =[x¢ xzc]T is controlled variables vector;

X{max > X2min are the maximum and minimum values of

the control variables.

If 0.3<a <0.7, then it is possible to obtain the sub-
ordination of the control processes and to establish the
fundamental suitability in order to implement appropriate
control algorithm A0i+, where i=1...4. This setting algo-
rithm is presented during the synthesis of a Petri net based
on the appropriate software application. In this case, the
practical implementation for automatic synthesis of Petri

nets is possible through software. This software is capable
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of providing visualization of the Petri net synthesis proc-
ess, as well as graphical programming of Petri net synthe-
sis and analysis algorithms. In such case, it is necessary to
use the means of discrete-continuous networks of the DC-
Net environment to represent hybrid systems or systems
with a logical-dynamic nature of functioning [5].

Currently, there is no integration of discrete-
continuous networks tools into software products for im-
plementing the synthesis of appropriate complex systems.

Consequently, the task was determined to integrate
various software tools for developing complex systems
while expanding Petri nets and development of the means
for discrete-continuous networks of the DC-Net environ-
ment was determined. In the particular case these systems
which provide the implementation for automatic synthesis
of Petri nets based on the Labview environment. For our
research the Labview platform was chosen along with
such tools as MATLAB, C++ builder, Flash ets.

Undoubtedly, the integration of the capabilities for
various software tools MATLAB, Flash, DC-Net gives
obvious results, however, Labview in this case is intended
for specialists with programming experience in this field
activity. The Labview environment has a specific graphi-
cal programming apparatus and its own visualization plat-
form.

Thus, the task about integrating of the means for dis-
crete-continuous networks is relevant if we can use the
graphical programming language for the appropriate envi-
ronment to implement the automatic synthesis of Petri
nets. It should also be noted that the Labview environ-
ment is integrated with various automation hardware in
order to create measurement laboratories and different
virtual stands.

2 REVIEW OF THE LITERATURE

One of the first mentioned ideas about the automatic
synthesis of Petri nets was in the work of J. Peterson [6].
It was noted in this work that “the use of Petri net lan-
guages would be in the specification and automatic syn-
thesis of Petri nets. If the behavior which is desired can be
specified as a language, than it may be possible to auto-
matically synthesize a Petri net whose language is the
specified language. This Petri net can be used as a con-
troller, guaranteeing that all and only the sequences speci-
fied are possible”.

Since then, a number of scientific articles related to
the automatic synthesis and generation of Petri nets have
appeared [7—-10]. These scientific works reflect the princi-
ples for synthesis of Petri nets based on the rules of com-
position for individual subnets.

It was proposed to generate automatically Petri nets
based on the functioning of the artificial neural network in
such scientific works [11-13]. This artificial neural net-
work provides the necessary composition of Petri nets and
the intelligent technology for generating algorithms. This
automatic composition of Petri nets was implemented
primarily in order to form algorithms for the step-by-step
setting of multi-level automatic control systems.
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The proposed integration of software tools was able to
identify the direction linked to the software implementa-
tion of automatic synthesis of Petri nets [14—16]. This
primarily applies the software integration of DC-Net with
visualization tools on the Flash platform. We have found
out that the integration of the mathematical apparatus for
discrete-continuous networks of the DC-Net environment
into the Labview environment is possible through the
implementation of automatic synthesis of Petri nets. Thus,
it was determined the path of development for automatic
synthesis of Petri nets based on software implementation
using the Labview environment.

3 MATERIALS AND METHODS

The synthesis of Petri nets is performed according to
the relevant rules and can be implemented using software.
The proposed synthesis of Petri nets based on the func-
tioning of artificial neural networks is also the software
implementation of synthesis in an automatic way. In this
case, the neural network provides classification of algo-
rithms and their adjustment to the given task. And this
neural network is realized in software.

The formation of a Petri net when classifying various
uncorrected AO1+, A02+, A03+, A04 algorithms can be
represented on the basis of a logical classification algo-
rithm representing a binary tree [17 — 18]. In this case we
have different logical classification algorithms; one of the
simplest algorithms is shown in Figure 1. In such a tree
the predicate is prescribed at each vertex
B;: X — {0; 1}. It should be noted here that the algo-

rithm may include various x4,0,y variables and linguis-
tic rules for generating the appropriate result B(x4,a,y) .

If we consider the classification of setting algorithms
and the functioning of coordinating automatic control
system, then B(x;)=1 when selecting logical control

algorithm which provides the sequential inclusion of con-
trol loops in operation, P(x3)=1 when setting up the

control system in a step-by-step mode, B(x4,a,y)=1

when setting up the system on the structural-temporal
subordination of control processes.

The multi-layer neural network was implemented in
the Labview 2009 software environment using graphical
programming tools in order to implement the appropriate
algorithm. This artificial neural network pro-
vides classification of algorithms, automatic synthesis and
operation of Petri nets.

The generated Petri net represents a step-by-step algo-
rithm for setting up the multi-level automatic control sys-
tem that provides the separation of motions mode [13,
19]. Thus, the control system is synthesized and also pro-
vided a coordinated change of the controlled variables in
transient modes.

The process of generating Petri net and the setting up
process of the control system are visualized on the front
panel on the virtual stand. This front panel of the stand is
shown in Figure 2. The process of Petri net synthesis is
presented as the result of the composition PN;...PN,, in-
dividual networks. The front panel shows a number of
PN,...PN,, individual Petri nets that can represent the
functioning of individual elements for the system being
developed.

The classification algorithm which is represented by a decision tree

D YveV ooy, — Predicate 8:X —{0; 1}
) Vve Vleaf_) classname ¥ : A 01+, A02+, A03+, A04+
If 8(x,)=1then Y170 [ v, |
move right: If S(x,)=1 then
V, = Ao04+ move right: 0 1
else v, =A02+ \
move left else y
vV, =y move left J 404+
Vl = Vz 0 1
v, =V, \
It 8(x,.a.y)=1 then . A02+
move right:
v,:=A03+ 0 1
else / \

move left

A01 +
v, =A01+

A03+

Figure 1 — The logical classification algorithm
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It is also presented on the front panel such items:

— the automatically generated Petri net as a result of
the classification by 401+, 402+, 403+, A04 various
algorithms;

— the markings of Petri net;

— the errors displayed at various stages of system op-
eration;

— the values of control system settings parameters.

At the initial stage of operation in this software appli-
cation we have set the certain parameters of the control
object and the ratio coefficients between the controlled
variables that we need to coordinate.

After that we can select a task from the various op-
tions, such as:

— step-by-step system setting;

— setting to separation of motions mode;

— the control logical.

We also can select the algorithm of step-by-step ac-
tions or the algorithm of parallel operation. Petri net is
formed as a result of choosing the appropriate task and
algorithm. This Petri net is formed as a result of the com-
position of individual Petri nets, which are presented on
the front panel of the stand (Fig. 3).

After the Petri net has been formed, it starts its func-
tioning. The artificial neural network interacts with the

PN, ...PN,, Petri nets, and the process of the synthesized
Petri net is visualized (Fig. 4). As a result of the move-
ment of markers in the Petri net, changes are made to the
settings of the coordinating control system. If deviations
from the predetermined ratio between the regulated vari-
ables are reduced to zero then a certain transition in the
Petri net is triggered to perform the next stage of system
setting. Thus, the Petri net demonstrates the setting of the
control system. The operator only makes sure that at all
transitions of the Petri net there are no errors when setting
up the system.

Ultimately, the system setup will have been completed
while appearing the marker in position py.

The formation of Petri net is implemented as a result
of classification of algorithms and their adjustment if er-
rors are noted at certain stages while operating the synthe-
sized Petri net. One can see in Fig. 5 the NN multilayer
neural network in the fragment of the front panel of the
virtual stand. This multilayer neural network operates on
the principles of feedback with PN,...PN,, separate Petri
nets. However, wherein it is ensured the synchronous
movement of markers in PN;...PN,, Petri nets linked with
an NN artificial neural network.

The automatic synthesis of Petri net based on the functioning of artificial neural network
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One can perform the composition of a Petri net dur-
ing the synchronous changes in the markings in Petri nets.
In a particular case, this composition will represent an
algorithm for step-by-step configuration of a multi-level
control system. It is shown that each position of the gen-
erated Petri net matches a specific position of the PN;
Petri net connected to the NN neural network. The ¢, and
t'y transitions covered by the dotted curve are combined
into £, transition and so on according to the diagram of the
generated Petri net. This is shown in Fig. 5.

4 EXPERIMENTS

A number of experiments were conducted based on
the finished software application. A number of experi-
ments were performed by classification of algorithms as
well as the formation and correction of Petri nets. The
parameters of a certain control object were also specified,
for which control systems were automatically imple-
mented based on the Labview 2009 environment. A re-
frigeration turbocompressor was chosen as the object. To
improve the operating efficiency of a turbocharger, we
need to coordinate changes in the shaft rotation speed and
the cooling water flow rate on the condenser when regu-
lating the boiling pressure. The appropriate block diagram
of the customizable control system is presented as seen
from the Fig. 4. According to the diagram, we have repre-
sented the system control law in the following way:

gty :[”1 uz]T, where: u, :[uq1 ugr | s

the control vector of the 1st

28] =Mq1 :kl'(1+k11 %)@(l),
ug2 =ky (Lt kars V)00 s uy =ugs +up

Uy = APy, k3 (14 ks -%+k32p) is the law of 2nd

u=u,+u

level,

level of control; @(¢#)=k;-G,,—pp+b; APkl.p is a
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deviation of the controlled variable from the set value; &,
ki1, ko, ko1, k3, k31, k3p are parameters that are determined
in the process of step-by-step setting according to the
generated Petri net. These parameters are determined in
this way that the integral indicator has a minimum value.

We have also carried out the system optimization in
MATLAB/Simulink 5.2 in order to assess the quality of
system settings. All parameters in the model of control
object and in the appropriate control system which was
set we have also shown in Fig. 6. The comparative analy-
sis of the experimental results has been performed using
the MATLAB environment.

5 RESULTS

The fundamental suitability of the software applica-
tion for the synthesis of some multi-level automatic con-
trol systems was established as a result of the experi-
ments. After carrying out the procedures for setting up a
multi-level system, all the control system setup parame-
ters were presented on the front panel of the virtual stand
and it was also shown that all mismatch signals in the
system and deviations from the ratio of the values of the
controlled variables were reduced to zero. Signals of
mismatch and deviation from the given ratio were reduced
to zero both during the step-by-step setting up of a multi-
level system and when sequentially connecting the control
loops into operation. However, the most important thing
is that the developed software application has demon-
strated the principle for automatic synthesis of Petri nets
based on the logical classification algorithm. In the par-
ticular case it was demonstrated the automatic synthesis
of Petri nets in the formation of algorithms for setting up
multi-level automatic control systems.

It was also established the possibility for automatic
generation of Petri nets based on the reachability tree.
Such a generated Petri net will represent a logical control
algorithm ensuring the sequential connection of the con-
trol loops for a multi-level system to operation.
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The experimental results are presented in Table 1. All ment. Based on the data presented in the table we can
these data from Table 1 were obtained as a result of simu-  determine the fundamental suitability of the developed
lation in the MATLAB/Simulink 5.2 software environ-  software application for setting control systems.

The automatic synthesis of Petri net based on the functioning of artificial neural network
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Table 1 —Values of the J integral indicator for the quality of system functioning after setting and optimization based on software

Setting for separation of Setting for separation of Step-by-step system set-
motions mode at ¢ = 0.3 motions mode at o = 0.7 tingat o = 1
Setting in the application based on the 45.32 98.7 115.36
Labview environment
Optimization in the 36.4 81 87
MATLAB/Simulink 5.2 framework.

Transient processes of the optimized and set systems
in different software environments are also presented in
Fig. 6. Such obtained graphs allow to evaluate the quality
for setting of system.

6 DISCUSSION

The setting program of systems for the subordination
of control processes we can compare with an analogue of
the optimizer program based on the MATLAB/Simulink
5.2 environment. Comparing the data from Table 1, we
can draw the appropriate conclusion. The difference in the
values of the integral indicator for different systems is
small. However, it is obvious that the quality indicators of
the system have become better after optimization in the
MATLAB/Simulink environment. In order to assess the
fundamental suitability of the presented software applica-
tion we also need to synthesize on its basis a number of
control systems for the various objects of automatic con-
trol not only in the field of refrigeration equipment. Fur-
ther expansion of the software application should be di-
rectly related to an increase in the dimension of the multi-
layer artificial neural network, which is implemented in
software with elements of the initial training (Fig. 5).

This expansion is quite important, since in such a sys-
tem any operator action is associated with the work of an
artificial neural network, which represents an intelligent
technology for automated configuration of the multi-level
control system. This automated setting has a significant
difference from similar synthesis and optimization using
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the MATLAB/Simulink environment. In a particular case
during operation of the control object we able to rebuild
the system in order to provide subordination of regulatory
processes.

CONCLUSIONS

The scientific novelty of the results. The problem as-
sociated with the development of a software application
providing automatic synthesis of Petri nets was solved in
the present work. This software application was devel-
oped based on Labview 2009 environment for setting up
multi-level control systems. Thus the design technique of
automatic synthesis of Petri nets based on a logical classi-
fication algorithm has got the further development.

The practical significance of the results. The devel-
oped software application has practical importance. The
Labview 2009 software environment is integrated with
the various software and hardware automation of labora-
tory research and technological processes.

The prospects for further research. Further devel-
opment of the scientific direction should be directly re-
lated to the formation of methods for training of neural
networks which we can use in the developed software
application.
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IPOTPAMHA PEAJI3ZAIISI ABTOMATHYHOI TEHEPAIII MEPEX ITETPI

I'ypebkuii O. O. — kaHA. TEXH. HayK, JOLUCHT Kadeapu aBTOMaTH3allii TEXHOJIOTTYHUX MPOLECIB i pOOOTOTEXHIYHUX CHCTEM iH-
CTUTYTYy KOMII'IOTEPHHX cHcTeM i TexHouoriit «Iumyctpis 4.0» im. TLH. ITnatonoBa Onechkoro HarioHaJIbHOTO TEXHOJOTIYHOTO
yHiBepcutety, Oneca, Ykpaina.

Oyona C. M. — crapumii BUKIagad Kadeapy aBTOMAaTH3alii TEXHOJOTIYHUX MPOILECIB i POOOTOTEXHIYHUX CHCTEM 1HCTHTYTY
KOMIT'IOTEPHUX CHCTEM 1 TexHomorii «Iuxyctpis 4.0» im. I1. H. [TnaTonoBa Oniechkoro HamioOHAIBHOTO TEXHOJIOTIYHOTO yHIBEpCHUTE-
1y, Oneca, YkpaiHna.

AHOTAIIIA

AKTyaabHicTb. BupilieHo akTyanbHe 3aBIaHHsI, 10 IT0B’s3aHE 3 PO3POOKOI0 Ta MEPEeBiPKOI0 Ha MPUHIHUIIOBY MPUAATHICTD IPO-
rpaMHOrO JZIOJATKy, SIKMH MPEACTABIISE Bi3yaii3allilo aBTOMAaTHYHOTO CHHTe3y Mepex Ilerpi mpu HamamryBaHHI OaraTopiBHEBHX
cucTeM ympaBiiHHS. Take 3aBIaHHS € aKTyaJbHHM, OCKIJIbKH BIEpIIE peaidyeThesl iHTerpauis 3aco0iB JHCKPETHO-0e3nepepBHIX
Mepex cepenosuima DC-Net y cepenosuine Labview 3a paxyHOK peanizawii aBTOMaTu4HOro cuHTe3y Mepex Ilerpi. Lle mae Mmoxm-
BiCTh aBTOMATH3YBaTH MPOLECH CHHTE3Y AJITOPUTMIB YIIPABIiHHSA Ha OCHOBI pO3POOKH BiANOBIAHUX 1HTEIEKTYaIbHUX CHCTEM.

Merta po6oTu — MiHIMI3aIlisd Yacy Ta aBTOMATU3aIlisl IPOLECY CHHTE3Y aJTOPUTMIB YIIPABIiHHS 3a PaxyHOK iHTerpauii 3aco0iB
JIMCKPETHO-0e3MepepBHUX MEPEXk Ta pealri3allil IPUHIKIIB aBTOMATHYHOTO CUHTE3y Mepex Ilerpi.

MeToa. 3anpONOHOBAHO IPHHIIAI aBTOMATHYHOTO (hopMyBaHHs Mepex [leTpi Ha OCHOBI JIOTIYHOTO aNropuTMy Kiacugikanii pi-
3HUX HECKOPUTOBAHUX aJropuTMiB. JIJisl peaizaliii BiMOBIIHOTO alropuTMy, B mporpaMHoMy cepenoBuiii Labview 2009 3a mormo-
© Gurskiy A. A., Dubna S. M., 2024
DOI 10.15588/1607-3274-2024-3-3 OPEN (o) ACCESS




p-ISSN 1607-3274 Pagioenexrponika, iHpopmaTuka, ynpasiainus. 2024. Ne 3
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 3

MOTO0I0 3ac00iB rpadigHOro mporpaMyBaHHs OyJI0 peasi3oBaHO OaraTomrapoBy INTYyYHY HEHpOHHY MEpexy, Ha OCHOBI SIKOi 3a0e3me-
4yeThCst QOPMYBaHHS aJrOPHTMIB, aBTOMATHYHHUI CHHTE3 Ta (yHKIIOHYBaHHs Mepek Ilerpi. ITokazaHOo NpUHIKIT POOOTH MPOrpam-
HOTO JIO/IATKYy, 1110 peajli3ye Takuil aBTOMaTH4HUH cuHTe3 Mepex [leTpi npu HajamTyBaHHI 6araTopiBHEBUX CHCTEM YIIPABIIIHHS.

Pe3yabTaT. Ha ocHOBI B)ke TOTOBOTO IIPOrpaMHOTO AOAATKY OYJIO MPOBEACHO Psijl eKCIIEPUMEHTIB 3 KiacHpikallii alropuTMis,
(dbopmyBaHHs Ta kopuryBaHHs Mepex Ilerpi. Bymu 3agani Takox mapameTpu Iesikoro 00’ €KTa ympaBIliHHS, IS SKOro Oyju aBTOMa-
TUYHO HAJIAIITOBAHI CHCTEMH yNpaBIiHHA Ha 0a3i cepenoBuina Labview 2009. B pe3ynbpTaTi mpoBeAeHNX eKCIIEPUMEHTIB OyII0 BCTa-
HOBJICHO NPUHIMIIOBY MPHIATHICTH IPOrPAMHOTO IOAATKY IS CHHTE3Y JCSKUX OaraTopiBHEBUX aBTOMATHYHHUX CHCTEM YIPABIIiHHSL.
[Ticnst mpoBeieHHs Npoleyp HaNAIITYBaHHS BiIIOBIIHOI OaraTopiBHEBOI CHCTEMH Ha JIMILOBIH IaHell BipTyaJllbHOTO CTEHIY Bif-
3HAYaIUCs BCi MapaMeTpH HaJAIITyBaHHS CHCTEMU KepyBaHHsI, a TAKOXK OyJIO TOKa3aHO, 10 BCi CUIHAIM HEY3rOPKEHOCTI B CHCTEMI
Ta BiIXWJICHHS BiJ CIIiBBITHOILICHHS 3HAYEHb PETYJIbOBAaHMX 3MIHHHX 3BE/ICHI 10 HYJIS.

BucnoBkn. TakuM ynHOM, Yy poOoTi OyJI0 BUPIIIEHO 3aBAaHHs, II0B’s3aHE 3 PO3POOKOIO MPOrpaMHOr0 3a0e3MeUeHH s, Ha OCHOBI
cepenosuiia Labview 2009, mo peani3zye apromatuunnii cuate3 Mepex [lerpi. Tum camMuM oTprMaia moJajiblinil pO3BUTOK METO-
JIMKa aBTOMAaTHYHOTO CHHTE3y Mepex IleTpi Ta TexHOOris po3poOKH MEBHUX AITOPUTMIB Ha OCHOBI (DYHKI[IOHYBAaHHS LITYYHHX
HEUPOHHUX MEPEXK.

KJIFOYOBI CJIOBA: mepexa Iletpi, mTydHa HeipoHHA Mepeka, KOOPIUHYBaJIbHA CHCTEMa aBTOMATUYHOTO YIPABIISHHS, y3-
TOJDKEHHS TIEPEXiHUX HPOLIECIB, PETYIIIOBAHHS CIIiBBIIHOLICHHS, aJITOPHUTM HACTPOMKH.
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