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BUKOPUCTAHHSA HEMPOHHUX MEPEX J1J151 BUPIIIEHHSA ITPOBJIEM
HEPO3B'SAI3HUX 3AJIAY I PINEHHSA CKJIIAJTHUX OBYUCJ/IIOBAJIBHUX
PIBHSAAHb EKCILTYATAIII EJIEKTPOTPAHCIIOPTY

Buxopucmanns neuponnux mepesic 015 supiuienns npooiem Hepo36'a3Hocmi i GUPIUENHS CKIAOHUX 00UUCTIO-

BANLHUX PIBHANbL CIAE 3A2ATbHONPUTIHATOI NPAKMUKOIO 6 aKadeMiuHux Konax i npomucnosocmi. byno nokasano,
Wo, He36adcaloyu Ha CKAAOHICMb, Yi NPOOIEMU MOICHA CRHOPMYI08AMYU AK HADIP PIGHAHL, A KNIOY - 3HAUMU HYI 3

HUX.

Kniouosi cnosa: nynvoea netiponna mepedicd, eiekmpompancnopm, YUceibti aneopummu, Haoilina cmabinb-

Hicmb

IlocTranoBka npo6JieMu. AHAJTI3 OCTAHHIX
AOCJIIKEHb i myOaikamin

[Migxomu, 3acHOBaHI Ha HEWPOHHOI MEpexi I
BUPIIICHHS PI3HUX BY3JyBaTuUX 3aBlaHb, NMPHUBEPHYJIH
3HauHy yBary B Oaratbox obOusactsix [1-14]. Hanpuknan,
aJlalTUBHUN HEYITKUH KOHTPOJIEp Ha OCHOBI HEHPOHHOT
Mepexi moOyHOBaHMHA I KJIACy HENiHIHHUX CHUCTEM 3
JMCKPETHUM 4acOM 3 MEpPTBOIO 30HOI0 3 JTUCKPETHUM
gacoM B [1]. IlpukimagHa nmermeHTpaii3oBaHa cxeMma, 3a-
CHOBaHAa Ha HEHPOHHOI Mepexi, IpeACTaBlICHA JUIA
MHOXMHHHMX HEJIIHIMHUX CUCTEM BBEINEHHS 1 MHOXKHH-
Horo BuBezeHHs (MIMO) 3 nornomMoror MeTo/iB 3BOpO-
THOTO KPOKY B [2-4]. Taka cxema rapaHTye piBHOMipHY
rpaHHYHy OOMEKEHICTh BCIX CHTHAJIIB B 3aMKHYTIil CH-
cTeMi mono cepenHporo keaaparta. 1106 mopomartu
KOHCTPYKTHUBHY CKJAJIHICTh CTPYKTypH HECTPOTOTO
3BOPOTHOT'O 3B'A3KY, [3] BUKOPUCTOBYETHCS METOJ IO-
IUTy 3MIHHHMX JJUISI PO3KJIaJaHHS HEBIIOMHUX (YHKITi
BCiX 3MIHHHMX CTaHy B CyMy DJIaAKHX (YHKIIH KOXHOT
JMHAMIYHOI TOMMJIKH. 3a JOIOMOTOI0 YHiBEpCAIbHOI
anpokcuMariiinoi ¢yHkuii HeHpoOHHUX Mepex 3 paiia-
nbHOT 0a3010 (YHKIIOHAJIBHUI aITOPUTM HEHPOHHOTO
YIpaBIiHHS NponoHyeThes B [3]. ABropu B [8] mpomo-
HYIOTb MOZIETIb HEHPOHHOI MepeXi AJIsl CTBOPEHHS KOH-
KypeHIIl BUIIB TEXHIKH, 5SIKa MAa€ SIBHE MOSCHEHHS Me-
XaHI3MY KOHKYpeHIIil. SIK raimy3i mTY4YHOTO IHTEIEKTY
Mojeni pexypeHTHoi HeiiponHoi mepexi (PHH) orpm-
MaJi 3Ha4yHI JOCHIDKEHHS B 0ararboX HayKOBHIX 1 iH-
KEHEPHHUX 00JIACTAX, SKI YaCTO BUKOPUCTOBYIOTBCS JUIS
oOuncaroBaNLHUX 3a1ad [1-12], a HenmiHilHI onTUMI3a-
il BUpimyroThea O6arateMa Metogamu [13,14]. Mozgens
RNN Ha ocHOBiI TpamieHTa TpenctaBieHa B [11] mis
oOuncieHHs iHBepcii MaTpHIli OHJIANH 3 TapaHTOBAHOO
KOHBEPI'eHII€I0, IKa MOXKE PO3MIIAAAaTUCS SIK I10YaTKOBA
pobota B miK obmacti. CrpomieHa MoJienb HEUpOHHOL
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Mepexi mpezcTaBieHa B [15] A BupilIeHHS Kiacy
3a[a4 JTiHIHHOTO MAaTPUYIHOTO HEPIBHOCTI, 3 IKUX TeOpe-
TUYHO aHANI3YIOThCS CTIHKICTh 1 MOJMIIHBICTH PO3B'S-
3aHHA. Y 3arajJbHOMY BUIIAJKy PEKYpEeHTHI HEHpOHHI
Mepexi MoxkHa po3ainTi Ha aBa kimacu: (1) RNN Ges-
nepepBHOro 4acy i (2) RNN 3 muckperaum gacom. Bu-
KOPUCTOBYIOUH LUGPOBY nudepeHuianbay (opmyy,
Mozenb RNN Oe3nepepBHOTO 4acy MOXKE JUCKPEIUTO-
BaHOI B JUCKpEeTHO-4acoBy. OIHAK MPAaBUIIO YHCEIBHO-
ro mudepeHiroBaHHs He 000B'SI3KOBO T'€HEPY€E KOHBEP-
TeHTHY 1 cTabinbHy Mozenb RNN 3 auckpeTHuM yacom,
HaBITh SKIIO BuUXigHa Moxaeidb RNN 0Ge3mepepBHOTO
gacy cxoauthes. Kpim Toro, sikmo momens RNN 3 muc-
KPETHHM 4YacOM KOJYEThCS SIK Iporpama IOCHTiJOBHOT
00pOOKH 1 BUKOHYEThCSI Ha IIM(POBOMY KOMIT'tOTEPI, ii
MOYHa PO3IIISAATH K YUCeNbHUI anroputm [2-15].

Mera crarri

3acTocyBaHHS Ta BUKOPHUCTAHHS HEHPOHHUX Me-
peX IS BUpIIIEHHS MPoOIeM HEpO3B'A3HUX 3amad i
pIIIEHHS CKIaJHUX OOYHCITIOBAIBHUX PIBHSIHD €KCILTY-
aTaii eJIEKTPOTPAHCIIOPTY.

Buxkiax 0cCHOBHOTO MaTepiany

Y pocnifpkeHHI HEHPOHHMX MEpEeX KIFOUYOBH-
MU Mpo0JeMaMy € KOHBEPIeHIis 1 cTabinbHicTh. B3ara-
i KaXXy4Hd, iCHY€ TPU CIOCOOH J0Ka3u 301KHOCTI Moe-
nert ZNN, 1. 6. Jloka3u, 3acHOBaHOTO Ha Teopii Jlamy-
HOBa, 3BH4aiiHOTrO audepenmiansHoro piHIHHSA (OY)
abo neperBopenHs Jlamaca.

JHoxa3 3acHoBane Ha Teopii Jlsmynosa [4]. Hanpu-
KIaj, ISl BUpIMIEHHS 3a1avi HeNmiHidHOI MiHiMi3allii,
10 3MIHIOETBCS B Yaci, 3 GyHKIi€ 3aBaanus, mo € f(x
(t),t)eRand x (t) € Rnin [6] , byHkuis nomMuiku
Moske OyTH CKOHCTpYHOBaHA 5K
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Enexkmpuuna inxcenepia. Enekmpoenepzemuxa, e1eKkmpomexnika ma e1eKmpomexaniKa

_0fx@®.t
e(t)= ax ()

nsxom nobynosu GpyHkuii JIsmyHoBa:
V (0=3¢"(e(®),

MOYXHa 3po0uTH BHUCHOBOK, 1m0 V (t), oueBHOHO, Mae
MMO3UTHUBHY BU3HAUYCHICTh. ToNi 0OYUCIICHHS HOT0 MOoXi-
JTHO1 32 YaCOM MPU3BOAUTH A0

V(t)=—ye(t)e (t),

sIKa Ma€ HETaTHBHY BH3HAYCHICTB, i MH POOMMO BHCHO-
BOK, II[0 3aJMIIKOBA MOMMIIKA BiamoBigHoi moxeni ZNN
rII00ANEHO CXOMUTHCS 10 Hys. Bapro Bim3HauwTH, 1110,
3aMiHMBIIM BU3HaueHHs (PyHkuii momumiku e (t), rmoda-
JbHAa KOHBEPIeHIIIs BCiX icHYrounx mozeneit ZNN 6e3-
MEPEPBHOTO Yacy Moxe OyTH MpoaHai30BaHa aHAJIOTi-
gHIM YrHOM. Llelt crocib € MOMiIHYFOUNM ITiX0I0M IIPH
aHami3i Mozeneit ZNN 3 6e3nmepepBHIM YacoM i IMUPOKO
BUBYCHHIA B [0, 5-12].

Jloka3 3acnoBane Ha ODE. Ha nonarok q0 KoHBe-
PTeHTHOTO Jiala3oHy MWinxinm, 3acHoBaHmid Ha OJY,
MOXe OyTH BUKOPHCTaHWH AJIsl JOKa3y KOHBEPTEHTHOI
LIBUKOCTI aKTMBOBAaHUX JIHIMHMX (QyHKUIH Monenei
ZNN. Hanpuknan, asst Tiel xx 3aj1a4i, mokasanoi B [3-6],
[UITXOM BUPIMICHHS i-U MIICUCTEMH MPOSKTHOI opMy-
au, T. 6. é(t) = —ye (t) , 3 uporo mMoxe BurutrBaTHU € (t)
=e (0) exp (—yt), 0e e (0) - moyarkoBe 3HaueHHs € (1).
IMoTtiM MU pOOMMO BHCHOBOK, IO 3aJHIIKOBA MTOMUIIKA
mozenm ZNN rio0anbHO 1 eKCIIOHEHINAIBHO TOPIBHIOE
nyiro. Llel muisx mupoko BuB4YeHui B [3-9].

Joxkas, 3acHOBaHe Ha mepeTBopeHHi Jlammaca. Bu-
KOPHUCTOBYIOUH IepeTBopeHHs Jlaraca B

é(t)= —ye (t) produces
se (s) —e(0) =—ye (s),
MaeMo:
-
&(s)= s+y’
3 orsany Ha y > () HEBaXXKO 3pOOWTH BHUCHOBOK,

mo MoXe OyTH 3acTOCOBaHa TeopeMa Ipo KiHICBHMA
3Ha4YCHHI. Buxomsum 3 TeopemMu mpo KiHIIEBHH 3HAYCH-

. . . . se (0
Hi, Maemo lime (t) = lim se (s) = lim © _ 0,
t—oo s—0 s—>0 sty

1o 3aBepinrye aokas. lleit croci® € HOBUM MMiIX0a0M i
OyB TonepeIHpO BUBYCHUI B [5-15].

[Tpu npoextyBanHi 1 moOyxoBi Moneneit ZNN He-
TmiHIMHI ¢GyHKOil akTHBamii BHUKOPUCTOBYIOTBCS IS
MIPUCKOPEHHs KOHBEPTEeHTHOI MIBHAKOCTI. SIK mpaBmio,
Ut noOynoBu mozeneir ZNN 4acTo BUKOPHUCTOBYIOTHCS
HacTymHi: [4 - 8]:

* (pyHKIIiS aKTHBAIl] CHEPTOBUIIICHHS:

— VN ,2N-1
ole;)=2oe "
ae N> 1.
* (DYHKIIiS aKTHUBAII] CHTMOIa:

1+exp (%) 1—exp(-Sei)
(P(ei ): 1-exp (8§ 1+exp(-8ei) ’
P
e,
if [e;] <1,
if le;] > 1,
Iie P - HeTapHe Iisie 9ucio i &> 0.
* i GyHKIIA aKTHBaMii TinepOoiYHOTO CHHYCca!

_exp(e;m) _ exp(e;m)
ple)=—————— —
Jie M - HeTlapHe LI YUCIIO.
BapTto 3a3HaunTH, mo A AoKazy 301KHOCTI IUX
AKTMBOBAaHUX HENHIHHUX QYHKIIH Moneneir ZNN 3ara-

JIBHUH MiAXija nojsirae B nooyaoBi ¢yukuii JisnyHosa V
(t)=eT (t) e (t)/ 2, a moTiM 0GUHCIIHTH HOTO MOXixHY 3a
gacoMm V' (#), sxwmif MeHIIe, HK y Momeni 3 ZNN 3 -
HiitHOO (yHKui€ero. [ToTiM MU poOMMO BHCHOBOK, IO
JUTSL TIPUCKOPCHHS IIBUAKOCTI 301KHOCTI MOYKHA BHUKO-
PHUCTOBYBATH HEINiHIHHY akTHBaliiiHy (QyHKIifo. barato
icHytoui pe3ynbraTi B ZNN CTOCYIOTBCS TOTO, 110 (yH-
Kiii akTUBaIlii MOBUHHI OyTH O€3MepepBHUMH 1 CTPOTO
MOHOTOHHO 30UIBIIYBATHCS, IO € OOMEKEHHIM i Mae
OyTH BHIIPaBICHO B MallOyTHEOMY.

BucHoBku

3anpornoHoBaHo Ui AUCKpeTH3auii mozeneit ZNN
0e3mepepBHOro Yacy, OCOOJMBO JJIS MOAAJBIIOTO PO3-
IIMPEHHsS. 00CSATY KPOKHM B ICHYIOUMX IMCKPETHHX pe-
synbratax ZNN mpu 30epekeHHI BUCOKOI 00YHCIIOBa-
nbHOT TOuHOCTI. Lleit HampsMOK TiCHO mOB's3aHHN 3
PO3BHUTKOM MPHUKJIAJHOI MaTeMaTUKH Ta 00YHCIIIOBAIIb-
HOI MaT€MAaTHKHU.

Byno noka3aHo sik noOyayBaTH HeJdiHiHHI QyHKIIT
aKTHBAIl A7 TPUCKOPEHHS IIBUJIKOCTI 30JIM)KEHHS
HEHpPOHHMX MEpeX Ui BHPILICHHS KOMIUIEKCHO3HAY-
HUX 3aBJaHb, 3aJHMIIAETHCSA BIIKPUTOIO MPOOJIEMOIO.
Jlnst BUIa/IKy CKJIAIHUX 3aBJIaHb OyII0 3aIpoIlIOHOBAHO i
JIOCIIIIPKEHO Oe311iy HeIHIMHUX aKTHBaLii. BiisIn Toro,
SIK OTPUMAaTH YMOBH KOHBEPIeHIIii, TAaKOXX Ma€ CEHC y
PO3BUTKY OOHYJIIHHSI HEHPOHHUX MEPEXK.
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USE OF NEURAL NETWORKS FOR SOLVING PROBLEMS OF NON-CONNECTING PROBLEMS
AND SOLUTION OF COMPOSITE COMPARTMENT EQUATIONS OF ELECTRIC TRANSPORT
OPERATION
D. Zubenko, V. Linkov
0O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

The use of neural networks to solve the problems of insolubility and the solution of complex computational

equations becomes a common practice in academic circles and industry. It has been shown that, despite the com-
plexity, these problems can be formulated as a set of equations, and the key is to find zeros from them. Zero Neural
Networks (ZNNs), as a class of neural networks specially designed to find zeros of equations, have played an indis-
pensable role in online decision-changing problems over time in recent years, and many fruitful research results
have been documented in literature. The purpose of this article is to provide a comprehensive overview of ZNN stud-
ies, including ZNN continuous time and discrete time models for solving various problems, and their application in
motion planning and superfluous manipulator management, chaotic system tracking, or even population control in
mathematical biological sciences. Considering the fact that real-time performance is in demand for time-varying
problems in practice, analysis of the stability and convergence of various ZNN models with continuous time is con-
sidered in a unified form in detail. In the case of solving the problems of discrete time, procedures are summarized
for how to discriminate a continuous ZNN model and methods for obtaining an accuracy decision.

Approaches based on the neural network to address various nodal tasks have attracted considerable attention
in many areas. For example, an adaptive fuzzy controller based on a neural network is constructed for a class of
nonlinear systems with discrete time with a dead zone with discrete time in. An applied decentralized circuit, based
on a neural network, is presented for multiple nonlinear input and multiple output systems (MIMO) using the meth-
ods of the reverse step in. Such a scheme guarantees a uniform limiting limit of all signals in a closed system rela-
tive to the average square. In order to overcome the structural complexity of the nonlinear feedback structure, uses
the method of dividing variables for the decomposition of unknown functions of all state variables into the sum of
smooth functions of each dynamic error.

Keywords: Zero Neural Network, Electric Transport, Numerical Algorithms, Reliable Stability
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