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ABSTRACT
Context. The important task was solved during the scientific research related to the development of the methods for automatic
synthesis of Petri nets while tuning up of the coordinating automatic control systems. The importance of development of these meth-
ods is due to the evolution of intelligent systems. These systems provide the automation of labor intensive processes in the particular
case this is the tuning of the certain type of complex control systems.
Objective. The purpose of the scientific work is to minimize the time and automation of process in tuning of the multilevel coor-

dinating automatic control systems.

Method. The principle of automatic synthesis of Petri nets and the implementation of certain algorithms for tuning complex con-
trol systems based on the functioning of an artificial neural network are proposed. The mathematical description of the method for
changing the coefficients in neural connections of network in the synthesis of Petri nets is presented.

Results. The experiments were conducted in the Matlab\Simulink 2012a environment. These experiments were bound to the joint
functioning of an artificial neural network and Petri nets. The functioning of Petri nets was presented in the Matlab \ Simulink envi-

ronment using Statflow diagrams.

As a result of the experiments we have obtained the temporal characteristics of the functioning of artificial neural network pro-
viding the composition of Petri nets. The fundamental suitability of using artificial neural network to provide the automatic composi-
tion of Petri nets was determined on the basis of analysis of temporal characteristics.

Conclusion. The problem linked to the development of system for the joint functioning of neural network and Petri nets for the
formation of algorithms and sequential calculations was solved in this work. Thus the method of automatic synthesis of Petri nets and
the method of developing of the certain algorithms based on the functioning of a neural network were further developed.

KEYWORDS: Petri net, artificial neural networks, coordinating automatic control system, algorithms of tuning, automatic syn-

thesis.

ABBREVIATIONS
PID is a proportional-integral-derivative control;
ANN is an artificial neural network;
ACS is an automatic control system.

NOMENCLATURE

M is an m x 1 vector, the marking after the -th fir-
ing;

‘ A‘ 1S an n X m matrix, the incidence matrix of Petri
net;

U is ann X 1 vector, the control vector indicating the
transition fired at the k-th firing;

p(p;) is a value of place p; marking;

Wi () is the synaptic weight, which determines the

corresponding connection in the formed Petri net at step
Ts

¢(¢) is a deviation from ratio of the parameters at
time #;

X, 1s an actual value of the controlled variable;

X3z 1s a set point of the controlled variable;

e(t) is a deviation of the controlled variable within
time from set point;

A" is a coefficient matrix;

J is an integral criterion of system;
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uy, 1s a control action;
u, is a control action to change the ratio;

|W| is an incidence matrix of the discrete-event part of
the system;
chi (t;,) 1is a control vector which is formed depending

on the fulfillment of conditions for triggering of Petri net
transitions;

ug (t;) 1s an input action.

INTRODUCTION

The algorithms or sequences of certain implementing
computer instructions are usually presented in the form of
block diagrams. Such graphical describing of the algo-
rithm is most widespread.

Petri nets are also known as forms of the graphical
representation of parallel algorithms and computations.
Nevertheless in general, Petri nets are mathematical mod-
els of the discrete dynamical systems.

Automatic synthesis of Petri nets is the field of algo-
rithms formation. These algorithms can represent the
functioning of discrete or hybrid systems [1, 2].

In a particular case the automatic synthesis of Petri
nets is expedient in the formation of algorithms for the
step-by-step tuning of the certain kind of multi-level au-
tomatic control systems. In this case the formation of al-
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gorithms and Petri nets is a necessary component for the
automation of the process of tuning in multi-level coordi-
nating control systems [3].

Automation of the tuning process for multi-level au-
tomatic control systems is an urgent task as the tuning
process is quite difficult. The complexity of the tuning is
due to the fact that as a result it is necessary to obtain the
temporal subordination of the control processes in the
system. If there is no temporal subordination of control
processes then the automatic control system will cease to
be coordinating.

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

The subject of study is the methods of automatic syn-
thesis of Petri nets while tuning up of 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

In order to achieve this purpose we need to develop
methods for automatic synthesis of Petri nets which will
represent the processes of tuning in the control systems.
Considering that the formation of an algorithm is an intel-
ligent process, then it is expedient to synthesize Petri nets
based on the functioning of an artificial neural network. In
this case the artificial neural network represents an intelli-
gent technology for forming the specific algorithm. Obvi-
ously, the training of the neural network should carry out
on the basis of the incident matrix of the generated Petri
net and on the basis of the values of the performance indi-
cators of the tuning system.

The positive result of automatic synthesis of the Petri
net and the corresponding algorithm is the minimization
of the values of integral indicators J;, J,, J; of functioning
at various stages of the tuning.

e8]
In this case, J; = I |(p(t)|dt is an integral indicator of
0
functioning for the coordinating level of the control sys-

tem; J, = I(|e(t)| +oc~|(p(t)|)dt is an integral indicator of
0
functioning for the stabilizing level in the control system;

o0
J3 = f(|e(t)|+[3-|(p(t)|)dt is an integral indicator repre-
0
senting the quality of the functioning of the system for
tuning to the temporal subordination of the control proc-
esses; a, P is coefficients determining the temporal sub-
ordination of the control processes (a0 < §); ¢(¢) is devia-
tion from the ratio of the values of regulated variables;
e(?) is the deviation of some variable during time from the
given value.
As a result we have to determine all values of the tun-
ing parameters K € kij of various levels in the control
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system according to the formed algorithm. In this case we
obtain the minimum values of the Jj, J,, J; integral indica-
tors of the multilevel system.

2 REVIEW OF THE LITERATURE

The relevance of developing methods for automatic
synthesis of Petri nets was presented in the scientific work
of J. Peterson 1981 [4]. After J. Peterson’s work it has
appeared a number of scientific works linked to the auto-
matic generation of Petri nets [5—7]. The certain synthesis
methods based on the composition of individual Petri nets
are presented in these works. The are not many scientific
publications in this field, however, we can see the certain
trend in the development of the corresponding scientific
direction.

Taking into account the peculiarities of the synthesis
of Petri nets, we have determined to form them on the
basis of the functioning of an artificial neural network [8].
Thus, the artificial neural network is an intelligent system
for the automatic synthesis of Petri nets and certain algo-
rithms.

Currently there are lots of scientific publications
linked to the integration of mathematical apparatus of
Petri nets and artificial neural networks [9—11]. However,
this integration is not linked to the automatic synthesis of
Petri nets. Thereby, the organization of the joint function-
ing of the artificial neural network and Petri nets for the
automatic synthesis of algorithms is presented in this arti-
cle [8]. The first attempt in the development of methods
for training of the artificial neural network linked to the
synthesis of Petri nets is also presented in the scientific
work [8].

The mathematical description of the process for train-
ing of the artificial neural network for the synthesis of
Petri nets is considered in this paper. This synthesized
Petri net represents the step-by-step algorithm for tuning
the special class of coordinating automatic control sys-
tems shown in papers [12, 13].

3 MATERIALS AND METHODS

The features of automatic synthesis of Petri nets based
on the functioning of the artificial neural network can be
determined from Figure 1. The simplified block diagram
of the coordinating control system with automatic tuning
of its parameters is shown in Figure 1. This tuning of pa-
rameters in the regulators is occured on the basis of the
joint functioning of the artificial neural network with the
set of Petri nets. Petri nets marking determines the incre-
ment of the values for the corresponding parameters in the
regulators to achieve the minimum value of the integral
criteria of the control system. As shown in Figure 1 the
artificial neural network interacts on the principles of
feedback with synchronously functioning Petri nets. We
can form the composition from these acting simultane-
ously nets. This composition will represent the certain
algorithm of actions implemented by the artificial neural
network. Figure 2a shows Petri net composition. This
composition presents the algorithm for tuning the coordi-
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nating automatic control system. The functioning of such
Petri net we can describe by the following equation:

My =My +|4-Uy, (1)

Where M = |u(p0),....u(pn)|T ; M ,_, is the marking of
Petri net at k-1 step.
In this case, if p(p;)=1 (where i = 1...n), then the

value of the corresponding parameter changes during tun-
ing up of the system.

If we consider that the simplified structural diagram
shown in Figure 1 represents logical-dynamic model, then
the discrete-event part of the model can be described by
the following equation:

X{ @)= X1 @)+ v o+l @), @)

where X (1) =MDt 1 XL,
X% (,_y) is discrete states in times #, #; ;.

If the place p, is marked — p(p;) =1 then x, parameter
should be increased i.e., u(p)=1=Tk in this way

wp)=1=4Vk, wp)=1=Tk, wpy=1=tk,

ups)=1=Tk,  ppe)=1=V ks, uipp)=1="Tk,

w(pg) =1=4 ky.

According to Figure 1, k; is the tuning parameter of
the Controller 1 in the coordinating control level, k; is the
tuning parameter of the Controller 2, &; is the tuning pa-
rameter of the Controller 3 in the stabilizing control level.

The equations (2) describe the joint functioning of
Petri nets and the artificial neural network.

The incidence matrix of Petri net |A| has the certain
analogy with the matrix of the weights of the output layer
in the neural network. So the artificial neural network
generates the output signals ¥ = |A| U}, corresponding to
the values of the incidence matrix of the formed Petri net.

When tuning up of the system if the certain algorithm
of actions is wrong then we must indicate the element of
the Petri net which is erroneous. This is necessary for the
reconfiguring of artificial neural network. For example, as
shown in Figure 2, if the value of the integral indicators of
the system increases, then it is necessary to eliminate the
connection between the transition ¢ and the place p; re-
spectively.

r— - — S~ — 7 ‘ Automatic optimizer ‘
I The lower level control |
! Y
| Pad ' 1. a
| (t) ¥
I (P(_’f) PID controller 1 —Lf@—pi Int ot ‘X}m'- T (p(f)
| | B
L X 2 | Plant LM A
| L
| L] PID COI]'IIOHCT 2 ) InZ process Xj (t)h
| &

Qutz
b

(el de—[ ol ] -7, |
[ @] de= [ o] e |- 1,

Integral indicator
formation unit

Artificial neural networks

Figure 1 — The simplified block diagram of the coordinating automatic control system with automatic tuning of its parameters
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But in this case it is necessary to add the new connec-
tion between the transition ¢; and the neighboring place
pi+1. Thus, the Petri net shown in Figure 2a changes to the
Petri net shown in Figure 2b. The coefficients of interneu-
ral connections in the artificial neural network must
change accordingly.

It can be represented mathematically like this:

Wi (tes) = w; (G —wy ()-8, +

1
+8 5 i)+ Wit j ()8 i +Wigy j(15) -8 i €)
i=13,5...
Wi (Geg1) = w, i () —wi ()-8, + 1
08, 1)+ Wit j (tx) 8 5 + Wiy j(15) 8 i 4)
i=2,4,6...
Wi Ges) = w1 (1) =8, ;- wy () +
+8; ;- wiy (%) ®)
if i=1,3,5...
Wi, (Ges) = w, i (1) =8 - wy (1) +
+8; Wiy, () (6)
ifi=2,46...

Where w, ) is the synaptic weight at step ;.

In this instance the matrix of the coefficients for in-
terneural connections of the output layer of the neural
network we can show as:

wi1 Wi w13 le le+l
Wi Wp e Wo i W2
N = . .
Wil Wi2 Wi Wi, j+1
Wil  Witl2 o Wislj Wikl i+l
g Jy > mx Jy = o
approaches maximum pproach PP h

t 3 The error is detected
at the P4 place

The matrix N of coefficients of interneuronal connec-
tions has a certain analogy with the incident matrix of
Petri net. For example, the matrix N is analogous to the
incident matrix W, of Petri net shown in Figure 2a. If the
place p; has the error then the incident matrix W, changes
accordingly into the matrix W, as follows:

p o+l -1 0
Py 0 0 0
pz; 0 0 +1 -1
w0 e
ps 0 +1 -1
p; -1 0 0
ps 0 0 0 +1
pg 0 0 0 O
ho oty 13 1
pp 0 0 0 O
pp, +1 -1 0 0
pz 0 0 +1 -1
w, = P4 0
Ps
Ps +1 -1
p; -1 0 0 O
pg 0 0 0 +1
pg 0 0 0 0
0
appro‘i:]izro _ appr;%'g:,‘ zero | appm'gfffze?o ‘

t, t,

f} 5 P Ps
Tk, parameter *k s 4 L .
Ll Ik, parameter M, tf k, parameter Ik, parameter Tk,
value increases value increases value increases value increases
Py P4 Pe Pe
o H—o— S5 S o
vk, parameter Lk, Lk, +k, parameter 1k, Lk,
value decreases value decreases
(The lower level control) {he Upperiavel cantrol) (The lower level control) (The upper level control)

Pg (g—/ Py
Stop O

Figure 2 — The Petri nets representing the tuning algorithms of the coordinating automatic control system
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The p; and p, rows of W, matrix were changed ac-
cording to expressions (3).

if an error is detected at the p; or p;;; place then we
have §,; =1 or &,;,; =1 accordingly. In this instance

if there is a connection between the transition #; and the
place p; then w; ;(;)-(8 i +8 i41) = |1| So according to
the expression, the coefficients of interneuronal connec-

tions at a ¢, step will become equal to zero

W, ;(t,,,) =0. Thus the corresponding connections with

the place p; in the forming Petri net will disappear. In so
doing the new connections must appear with the place p;

if Wiy j(t)-8p; =1 orif wiyy (1), 501 =1.
Similarly, if an error is detected at the transition # then
we have §, ; =1 accordingly. In this instance if there is a

connection &, ; -w; ;(f;)=1 and w; ;(t441)=0. In the

absence of connection and

i Wirn,j () =1

Wi,j(tk+1) =1.

4 EXPERIMENTS

In the software environment MATLAB \ Simulink
2012 the experiments were carried out linked to the joint
functioning of the artificial neural network with the Petri
nets. The functioning of Petri nets in the MATLAB \
Simulink software environment was implemented using a
Stateflow diagram. The fragment of Stateflow diagram rep-
resenting the functioning of Petri nets is shown in Figure
3. State 1, State 2, State 3 and State 4 are states of the
same Petri net. The artificial neural network is linked with
the functioning of three such Petri nets at once. This is
shown in Figure 4. Figure 4 is also shown the two-layer

artificial neural network implemented by means of the
MATLAB \ Simulink environment. This artificial neural
network consists of six neurons and has three output sig-
nals Xp1, Xp2, Xp3 connected with Petri nets.

The structural diagram of the neural network and Petri
nets is similar to the simplified diagram shown in Fig-
ure 1. In Figures 3 and 4 we can see all the necessary pa-
rameters of a system representing the joint functioning of
the neural network and Petri nets. This system is intended
for the automatic formation of Petri nets and certain algo-
rithms.

5 RESULTS

The system shown by the block diagram in Figure 4

can represent the functioning of different Petri nets.
For example, Figures 4 and 5 we can see timing diagrams
of the functioning of Petri net consisting of three positions
and three transitions. The functioning of such Petri net is
a system of joint function of the artificial neural network
and Stateflow diagrams.

The output signals of the artificial neural network Xp;,
Xpa, Xp3 correspond to the incidence matrix of the gener-
ated Petri net. The output signals u(p;), wp,), W(ps) show
the change in marking of Petri net for time. In this case
the work of the formed Petri net is realized as shown in
Figure 5.

According to timing diagrams, when we have the sig-
nal at J; input (Jy; >0) then transition ¢, is triggered. If we
have the signal at J, input (Jo; >1) then transition # is
triggered. The simultaneous triggered of ¢, and #; transi-
tion corresponds to the conflict situation in the function-
ing of the Petri net.

Stated .
/ ;- StateCt [data0150 9]

[data01=-09] \

after(9 tick)

LY

7=

State?
data1=0;
dataZ=1

Stated
datal=1,
data2=0

-

after(9 tick)

[data02<-0.9]

after(3 fick)
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data3=1,
datad=0

Figure 3 — Stateflow diagrams representing the functioning of Petri nets
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Figure 4 — Block diagram of the neural network implementing the synthesis of Petri net
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Figure 5 — The timing diagrams of the functioning of the synthesized Petri net

Analyzing the temporal characteristics we can con- is linked with the automatic synthesis of Petri net. Thus,
clude about the principal suitability of the considered sys-  the change in the coefficients of interneuronal connec-
tem presented in Figures 4 and 5.This system is able to  tions when tuning the network is linked with the change
represent the functioning of various Petri nets. Tuning the  in the synthesized Petri net.
parameters of an artificial neural network of such system
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6 DISCUSSION

The automatic synthesis of Petri nets we can imagine
in two stages. At the first stage the system realizes the
selection of a certain algorithm and the corresponding
Petri net among the possible variants. At the second stage
the system realizes the correction of the selected algo-
rithm and Petri net.

These two stages can be realized using an artificial
neural network and its tuning up. For this case the system
of joint functioning of the artificial neural network with
Petri nets was designed (Figure 5). In order to compose
the data of Petri nets into one common network we can
use the output signals of the artificial neural network.
These signals are required to form the corresponding inci-
dence matrix.

If the generated Petri net is unsatisfactory then we
must indicate which net element has the error. Then the
system has to start the corresponding change in the coef-
ficients of the interneural connections in the neural net-
work.

The mathematical description of the change in the co-
efficients for interneuronal connections during training of
the network was presented in the scientific work as one of
the attempts to implement the enumeration of possible
variants of connections in Petri net [14]. In this case the
formed Petri net is a peculiar visual reflection of the coef-
ficient set of interneural connections in the artificial neu-
ral network.

CONCLUSIONS

The scientific novelty of the results. The problem
linked to with the development of the system for the joint
functioning of the artificial neural network and Petri nets
was solved in the present work. The developed system is
necessary for providing of the automatic synthesis of
some algorithms. Thus the corresponding method of au-
tomatic synthesis of Petri net has got the further develop-
ment. In this paper we have presented the algorithm of
change in the coefficients of interneural connections of
the network during the synthesis of Petri net.

The practical significance of the results. The com-
pleted scientific research has confirmed the suitability of
the developed system of the joint functioning of the artifi-
cial neural network and Petri nets for providing the auto-
matic synthesis for some algorithms. Due to the method
of automatic synthesis of Petri nets we can solve the prob-
lem of automatized tuning for models of the complicated
control systems providing the coordination of various
transients.

The prospects for further research. Further devel-
opment of the scientific direction must be directly related
to the formation of training methods of neural networks
for the synthesis of Petri nets. It is also necessary to de-
velop more complex models of systems showing the joint
functioning of an artificial neural network and Petri nets.
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ABTOMATHUYHMUI CUHTE3 MEPEX IIETPI HA OCHOBI ®YHKIIIOHYBAHHS IITYYHOI HEMPOHHOI
MEPEXI

I'ypebkuii O. O. — xaH[. TeXH. HayK, JOLEHT Kadeapyu aBTOMATH3allil TEXHONOTYHHUX MPOLECIB 1 pOOOTOTEXHIYHUX CHUCTEM iH-
CTUTYTY KOMIT'FOTepHHUX cucteM i texuonoriid «Iumycrpis 4.0» im. II. H. [TnaronoBa Oneckkoi HalliOHAJIBbHOI aKageMii Xap4oBHX
TexHouorii, Oneca, Ykpaina.

Jenncenko A. B. — crapumii Buxianau xadenpu inpopmaniiinnx cucteM OfecbKOro Hal[ioHaTEHOTO MOMITEXHIYHOTO YHIBEPCH-
tety, Oneca, YkpaiHa.

Jyona C. M. — crapmmii BukIagad kadeapu aBTOMaTH3allii TEXHOJOTIYHUX MPOLECIB i POOOTOTEXHIYHUX CHCTEM 1HCTHTYTY
KOMIT'IOTepHUX CHCTeM 1 TexHouoriit «Iamycrpis 4.0» im. I1. H. ITnaronoBa Oneckkol HallioHAIBHOT akafeMii XapIoBHX TEXHOJIOTH,
Opeca, Ykpaina.

AHOTAIIA

AKTyanbHicTb. Bupiliena akryanbHa 3azaua, 110 1OB’A3aHa 3 PO3POOKOI0 METOJIB aBTOMAaTHYHOrO cHHTe3y Mepex Ilerpi mis
HACTPOIOBaHHS KOOPJMHYBAIBHUX CUCTEM aBTOMATUYHOIO YNpPaBIiHHA. BaxkiuBicTs po3poOKu JaHUX METO/iB 00yMOBJICHA PO3BHT-
KOM iHTEJIEKTyalbHUX CHCTEM, L0 3a0e3MeUyI0Th aBTOMATH3AII0 TPYIOMICTKHX MPOLECiB, B OKPEMOMY BHIAIKY II€ HACTPOIOBAHHS
TIEBHOTO KJIACY CKJIAQHUX CHCTEM YIPaBIiHHS.

MeTta po6oTH — MiHIMi3amis Yacy Ta aBTOMATH3aLis MPOIECy HACTPOIOBAHHS 0araTOpiBHEBHX KOOPAWHYBAIBHHUX CHCTEM aBTO-
MaTHYHOTO YIPaBIIiHHS.

MeToa. 3anporOHOBAHO MIPUHIUIT ABTOMAaTHYHOTO CHHTE3y Mepesx IleTpi Ta NeBHUX ajJropuTMiB HACTPOIOBAHHS CKIAIHUX CHC-
TEM yNpPaBJIiHHSA Ha OCHOBI (DYHKIIOHYBaHHS IITYy4HOI HEHpoHHOI Mepexi. [IpencraBneHnii MaTeMaTHYHUH OITMC METOIY 3MiHHU KOe-
¢iuieHTiB MDKHEHPOHHHMX 3B’I3KiB Mepexi npy cuHTe3i Mepex Iletpi.

PesyabTaTn. Y nporpamHomy cepepouini Matlab\Simulink 2012a Gyniu npoBezeHi eKCIIepUMEHTH, OB si3aHi 3i CriibHUM dy-
HKI[IOHYBaHHSM IITYYHOI HEeHpoHHOI Mepexi i mepex [lerpi. OyukuionyBanns mepex Ilerpi B cepenoBuiuni Matlab\Simulink Gyio
MpeACTaBIeHO 3a formoMororo Statflow miarpam.

Y pe3ynbTati eKCIepUMEHTIB Oyl OTPUMAaHi 9acOBi XapaKTEPUCTHKH (PyHKIIIOHYBaHHS IITyYHOI HEUPOHHOI Mepexi, sika 3a6e3-
neyye KoMnosuuioo mepex Ilerpi. Ha 0CHOBI 4acoBHX XapaKTEpHCTHK Oylia BCTAHOBIICHA IPUHLMIIOBA IPUAATHICTD 3aCTOCYBAaHHS
mTYy4YHOI HEHPOHHOT Mepexi s 3a0e3IeYeHHsT aBTOMAaTHIHOT KoMIo3uLii Mepex [letpi.

BucHoBku. Y naniii po6oti OyJio BUpileHO 3a1ady, siKa II0B’s3aHa 3 pO3POOKOI0 CHCTEMH CHUIBHOTO (DYHKIIOHYBaHHS HEHpOH-
HOT Mepexi 1 mepex [etpi as GopMyBaHHS anrOPUTMIB i MOCIIAOBHUX O0UMCIICHb. THM CaMUM, OJICPIKaIN MOJAIIBIINN PO3BUTOK
METOJMKa aBTOMaTHYHOTO CHHTe3y Mepex IleTpi Ta MeToauKa po3poOKH MEBHUX aJrOPUTMIB HA OCHOBI (yHKIIOHYBaHHs HEHPOHHOT
MEpexi.

KJIFOYOBI CJIOBA: mTy4Ha HelipoHHa Mepexa, Mepexki [leTpu, aBToMaTn4Hui CHHTE3, KOOPAWHYBaIbHA CUCTEMA, AITOPUTM
HACTPOIOBaHHS.
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ABTOMATHUYECKHHN CUHTE3 CETEW IETPU HA OCHOBE ®YHKIIHOHUPOBAHUS HCKYCCTBEHHOM
HEWPOHHOI CETH

Lypexmii A. A. — KaH[. TeXH. HayK, JOIECHT Kadeapbl aBTOMAaTH3AIH TEXHOJIOTMIECKUX MPOIECCOB U POOOTOTEXHMYECKHUX CHC-
TE€M MHCTHTYTa KOMITBIOTEPHBIX cucTeM Hu TexHoioruil « Muamyctpus 4.0» um. I1. H. [InaronoBa Onecckoil HallMOHANBHON aKaJeMHUH
MUIIEBBIX TeXHOJIOTuH, Onecca, YKpauHa.

Jenucenko A. B. — crapmmii npenonaBarens kadeapbl HHOOPMAUOHHBIX crcTeM OIEecCKOro HAMOHAIBHOTO MOJUTEXHUYC-
ckoro yHuepcurera, Oznecca, Ykpausa.

Jyona C. M. — crapiuii npenoaBarelib KadeIpbl aBTOMATH3AIUH TEXHOJIOTHYECKUX MPOLIECCOB U POOOTOTEXHUICCKUX CHCTEM
WHCTUTYTa KOMIBIOTEPHBIX cucteM U TexHoioruil «Munycrpus 4.0» um. I1. H. IlnatonoBa Onecckoli HalMOHAJIBLHOW aKaJeMUU
MUILIEBBIX TexHOMoruid, Onecca, Ykpausa.

AHHOTAIUA
AKTyalIbHOCTB. PelieHa akTyanbHas 3a/1a4a, CBSI3aHHAs ¢ pa3pabOTKON METOIOB aBTOMAaTHYECKOTO CHHTe3a cereit Iletpu mis
HACTPOUKN KOOPAWHHUPYIONIIUX CHCTEM aBTOMATHYECKOTO yNpaBieHHs. BaxXHOCTH pa3pabOTKH DaHHEIX METOJOB OOYCIIOBIEHA pa3-
BUTHEM HMHTEIUIEKTYaJIbHBIX CUCTEM, 00ECIIeUMBAIOIINX aBTOMATH3AINIO TPYAOEMKHX IPOIECCOB, B YACTHOM CJIydae 3TO HACTpOHKa
OIPEIEIEHHOT0 KJIACCa CIIOKHBIX CHCTEM YTIPABJIEHHUSI.
Ieanb padoTbl — MUHUMM3ALUS BPEMEHH U aBTOMAaTHU3alUsl [IPOLecca HACTPOMKY MHOTOYPOBHEBBIX KOOPIUHMUPYIOIIUX CHCTEM
aBTOMaTHYECKOI'0 yIpPaBJICHUSI.
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Meroa. [IpeqioskeH MpUHIUMI aBTOMaTHUYECKOIO CHHTe3a ceTed IleTpu U onpenesieHHBIX aJrOpUTMOB HACTPONKHU
CJIOKHBIX CHUCTEM YIPABJICHUS HA OCHOBE (DYHKIIMOHMPOBAHUS MCKYCCTBEHHOH HelpoHHOM cetu. [IpencraBieHo maTe-
MaTHYECKOE OIMCAHUE METO/Ia H3MEHEHUS KO3 (UIIMEHTOB MEKHEHPOHHBIX CBSI3CH CeTH MpH CHHTe3e ceTell [lerpu.

PesyabTatsl. B nmporpammuoii cpene Matlab\Simulink 2012a  Obuti poBeOCHBI SKCIIEPHUMEHTHI, CBSI3aHHBIE C COBMECTHBIM
(YHKIIMOHHPOBaHUEM HCKYCCTBEHHOI HeipoHHOH cetH U cereil [lerpn. @ynkunonuposanue cereit Iletpu B cpene Matlab\Simulink
OBLIO TIpescTaBIeHo ¢ nomombio Statflow auarpamm.

B pesynbrare sKCHEpHMEHTOB OBUIN IOJy4YEHBI BPEMCHHBIE XapaKTEePUCTHKU (YHKIMOHUPOBAHHS UCKYCCTBEHHOW HEHpPOHHOM
cerH, obecrieunBaromeil komnosuuuto cereid Ilerpu. Ha ocHOBe BpeMEHHbBIX XapaKTEpUCTUK OblLIa yCTAHOBJICHA NMPUHIMIIHAIIBHAS
[IPUTOAHOCTH MPUMEHEHUS HCKYCCTBEHHON HEHPOHHOU CeTH JuId oOecleueHns: aBTOMaTHYeCKoi kommno3unuu cereit [lerpu.

BriBoabl. B HacTosmeil pabore Obuta perieHa 3a1ayda, CBSI3aHHAs ¢ pa3pabOTKOM CHCTEMBI COBMECTHOTO (YHKIIMOHHPOBAHUS
HelipoHHO# cetu U ceteid [leTpu i GpopMUpOBaHHS aITOPUTMOB U MOCIEIOBATEIBHBIX BEIYUCICHHNA. TeM caMbIM, TOTYYMIN Jajb-
HeliIee pa3BUTHE METOANKA aBTOMATHYECKOTO cuHTe3a cereil [leTpu  MeToauka pa3paboTKu ONpeIeNIeHHbIX alrOPUTMOB Ha OCHO-
Be (yHKIMOHUPOBAHMS HEHPOHHON CETH.

KJIIOYEBBIE CJIOBA: uckyccTBeHHas HelipoHHas ceTh, cetu IleTpu, aBToMaTHYECKU CUHTE3, KOOPAUHUPYIOIIAs CUCTEMA,
QJITOPUTM HACTPOIKH.
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