-

-
brought to you by .i CORE

View metadata, citation and similar papers at core.ac.uk

Komynansne zocnooapcmeo micm, 2020, mom 6, sunyck 159 1SSN 2522-1809 (Print); ISSN 2522-1817 (Online)

DOI 10.33042/2522-1809-2020-6-159-173-175

YK 621.311.001.57

J.FO. 3y6enko, C.O. 3akypaaii, O.B. lonennb

Xapriscokuul HayioHanvbHull yHigepcumem micoko2o cocnooapcemea imeri O.M. Bexemosa, Yxpaina

BUKOPUCTAHHA HEMPOHHUX MEPEX IS IPUAHATTS CKJIAJTHAX
PIIIEHB EKCILTYATAIII EJJEKTPOTPAHCIIOPTY B YMOBAX
HEBHU3HAYEHOCTI

Hetiponni mepesici mosxxcyms 6ymu UKOpUCMAHHI 015 8UPIUEHHS CKAAOHUX O00YUCTIOBANbHUX DIBHAHb CMAE
3a20TbHORPULIHAMOIO NPAKMUKOIO 8 aKadeMiuHux Koaax i npomuciosocmi. byno noxasano, wo, nesgasicarouu Ha
CKAAOHICMb, Yi NPOOIEMU MOICHA CHOPMYTIOBAMU K HAOIP DIGHAHb, A KIHOY - 3HAUMU HYJIL 3 HUX.

Kniouosi cnoea: Heiiponna mepedica,

eNeKmpompancnopm, —exkCHuayamayis pyxomoeo CcKiady, YMosu

HeBU3HAUEHOCMNI.

IlocTranoBka npo6JieMu. AHAJI3 OCTaAHHIX
AOCJIIKEHb i myOaikamin

IcHyr04i HEWpOHHI Mepexi /sl BUPIILEHHS Pi3HUX
BY3JIyBaTHX 3aBJiaHb, NPHUBEPHYJIM 3HAYHYy YyBary B
Oaratbox obOmactax [1-14]. Hampukman, amantuBHUMIA
HEJIiTKAH KOHTpOJIEp Ha OCHOBI HEHpPOHHOI Mepexi
noOy#oBaHUI JUId  Kiacy HENIHIWHUX CHCTEM 3
JUCKPETHUM YacOM 3 MEPTBOIO 30HOI0 3 JHUCKPETHUM
gacom B [1]. IlpmknagHa paeneHTpamizoBaHa CcXeMa,
3acCHOBaHA Ha HEWPOHHOI Mepexi, MpeACTaBIeHa Ui
HEJIHIMHUX  CUCTEM  BBEIACHHS 1
BuBeneHHs (MIMO) 3 jgomomororo
METOJIB 3BOPOTHOTO KpoKy B [2-4]. Taka cxema
rapaHTye pIBHOMIPHY TpaHUYHY OOMEXEHICTh BCIX
CHUTHANIB B 3aMKHYTIH CHCTeMi MIOAO CEpeIHBOTO
kBazapara. 1106 momonati KOHCTPYKTHBHY CKIIAIHICTb
CTPYKTYpPH HENIHIIfHOrO 3BOPOTHOTO 3B'S3KY, [3]
BUKOPHCTOBYETbCS ~ METOJ| TOAULY 3MIHHUX IS
pO3KJIagaHHs HeBiTOMHX (DYHKIIIH BCiX 3MIHHUX CTaHY B
CyMy IIaJIKUX (QYHKIIH KOXHOI JMHAMIYHOT HOMHMJIIKH.

MHOXXHWHHHUX
MHO>XHHHOT'O

3a  [OMOMOroK  YHIBEpCAJIbHOI  ampOKCHMAIIHHOT
¢yHKIOIiT HEHPOHHHX MepeX 3 pamiambHOi 0a30r0
(YHKIIOHATBFHUNA aJdTOPUTM HEHPOHHOTO YIpPaBIiHHA
nponoHyeThes B [3]. ABTopH B [8] MPOIIOHYIOTH MOIENb
HEHpPOHHOI MepeXi I CTBOPCHHS KOHKYPEHIIiI BHJIB
TEXHIKH, $Ka Ma€ SBHE IIOSICHEHHS MEXaHi3My
KOHKypeHwii. SIK rajgy3i IITY4HOTro iHTEJEeKTy MOAei
pexypertHoi HeWponHoi Mepexi (PHH) otpumamu
3HAYHI JOCHUKEHHS B 0araTboX HAyKOBHX 1
IHKEHEpHUX OO0JIACTAX, SKi 4acTO BUKOPUCTOBYIOTHCS
s obumcmroBanbHUX 3amad  [1-12], a HemiHiiHI
ONTHUMi3aLil BUpIlIyIOThCs OaraTbMa Metogamu [13,14].
Mogens RNN Ha OcHOBI rpajieHTa NpelCcTaBiIeHa B
[11] mms obGumcrenHst iHBepcii MaTpuii OHIAWH 3
rapaHTOBaHOIO KOHBEPIeHIIEIO, sIKa MOXe
posrisaTucsl SK Io4yaTrkoBa pobora B I oOnacri.
CrporeHa Mo/ieb HEHPOHHOT MepeXi Mpe/ICTaBlIeHa B

3a71a4
SKUX

[15] pns  BupilieHHS — Kiacy TiHifHOTO
MaTpUYHOTO  HEPIBHOCTI, 3 TEOPETHIHO
AHANI3YIOTBCS CTIMKICTh 1 MOXIIUBICTH PO3B'3aHHS. Y
3araJbHOMY BUINAJKy PEKYpPEeHTHI HEHWpOHHI Mepexi
MOXXHa po3mimutm Ha nBa kmacw: (1) RNN
6e3nepepBHOro yacy i (2) RNN 3 auckpeTHUM yacoM.
BuxopucrtoByroun uudpoBy mudepeHianbHy
¢dopmyny, mozmens RNN OesnepepBHOTO Hacy Moxe
JMCKPETH30BaHOI B UCKPETHO-4acoBy. OJHAK MPaBUIIO
YHCENBHOT0 quepeHIiIoBaHHS He 000B'I3K0BO reHepye
KOHBEpreHTHY 1 ctabinbHy Monenb RNN 3 nuckpetHrM
yacoM, HaBiTh SKIMO BHUXigHa Mozenb RNN
OesnepepBHOro yacy cxoauTbess. Kpim Toro, sKmio
Mozenb RNN 3 JMCKpDETHUM YacoM KOIY€TbCS K
mporpama IOCTiIOBHOT OOpOOKH 1 BHUKOHYETHCS Ha
OU(pPOBOMY KOMITHOTEpi, II MOXXKHA pO3IIIAAATH K
yuceNbHUN aaroputm [2-15].

Mera crarTi

3acTocyBaHHA Ta BHUKOPUCTaHHSA HEHPOHHHX
MEpeX AL MPUHHATTS CKIAJHUAX PIlIeHb eKCIUTyaTamii
€JICKTPOTPAHCIIOPTY B yMOBaX HEBU3HAUEHOCTI.

BukJsiag ocHOBHOro Martepiany

HefiporHi Mepexi BKIIOYAalOTH  IpoOieMaMu
KOHBEpreHmii i crabutpHOCTI. IcHYye Tpu crmocoou
JIoKa3u 30DKHOCTI Moxenedt ZNN, 1. 0. Jlokasw,
3acHOBaHOro Ha Tteopil JlsimyHoBa, 3BHUYAHHOTO

mudepernniaapaoro piBHAHHS (OY) abo mepeTBopeHHS
Jlamnaca.

Joka3 3acHoBaHe Ha Teopii Jlamynosa [4].
Hanpukman, s BupimeHHS 3a7avi  HEJTiHIHHOL
MiHiMi3aIlil, 10 3MIHIOETBCA B 4Yaci, 3 QYHKIIE
sapmanns, mo € f(x (t), ) € R and x (t) € R nin [6],
(YHKIIISI TOMUIIKK MOKe OyTH CKOHCTpYyHOBaHa sIK

_ofx(6).0)
e (= 2L200, )
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EﬂeKmpoeuepeemuKa, eﬂekmpomexnika ma €J1€Kmp0ﬂ/lextllll'l('a

nsxom nobynosu GpyHkuii JIsmyHosa:
1T
\Y (t)_E e (e(t), (2)

MOYHa 3pOOUTH BHCHOBOK, 110 V (1), oueBuIHO,
Ma€ MO3UTHBHY BH3HAYCHICTh. TONI OOYMCIICHHS HOTO
MOX1THOT 32 YaCOM MPHU3BOAUTH JI0

V(t)=—yeT(t)e (t), @)

sIKa MAa€ HETaTHBHY BU3HAYCHICTh, 1 MU POOHMO
BHCHOBOK, II10 3QJIMIIIKOBA IIOMHUJIKA BIAOBIIHOI MOJE
ZNN 1no0ampHO CXOOWTBCA [0 HylIsl. Bapro
BiJ[3HAYUTH, 110, 3aMIHUBINMA BH3HAYCHHS (YHKIIT
oMKy € (t), rro6anbHa KOHBEPIEeHIIs BCiX ICHYHOYHX
Mozeneit ZNN OesmepepBHOTO dYacy MoOXe OyTH
MpoaHajIi30BaHa aHAJOTiYHNM dYuHOM. llel cmocid €
JOMIHYIOYMM MIAX0A0M NpH aHaimi3i mozpened ZNN 3
Oe3nepepBHIM YacoM 1 MIMPOKO BUBYCHHUIL B [6, 5-12].

Jlokaz 3acmoBane Ha ODE. Ha momatox mo
KOHBEPIeHTHOTO Jiana3oHy MiAxix, 3acHOBaHWI Ha
OJlY, ™Moxe OyTH BHUKOPUCTaHMN I JOKasy
KOHBEPIeHTHOI IIBUAKOCTI aKTHBOBAaHUX JIHIHHUX
¢byukmii moneneit ZNN. Hanpukman, s Tiel x 3amadi,
mokazaHol B [3-6], IUIIXOM BUPIIICHHS i-H MiJCHCTEMH
npoekTHoi hopmyny, T. 6. é(t) = —ye (t), 3 uboro mMoxe
surutuBaty € (t) =e (0) exp (—yt), de e (0) - mouatkoBe
sHayeHus € (t). IToriMm M poGHMO BHCHOBOK, IO
3aAIIKoBa mnommika Moxaeni ZNN  rmoGambHO 1
€KCIIOHEHIIANbHO AOPiBHIOE HyM0. Llell nuisax mupoko
BuBYCHHIA B [3-9].

Jokas, 3acHOBaHe Ha mepeTBopeHHi Jlamaca.
BukopucroByroun nepersopenns Jlammaca:

é(t)=—ye (t) produces
se (s) —e(0) = —ye (s),
MaeMo:

_e(0)
e@)—m,

3 orsany Ha y > () HEBaXXKO 3pOOHWTH BHUCHOBOK,
I0 MOXKe OyTH 3acTOCOBaHAa TeopeMa IMpO KiHIEBH

3HaueHHi. Buxomsum 3 TeopeMuH MpPO  KiHIEBHU
3HAYEeHHi,  MaeMo lime (t) = lim se (s) =
t—oo s-0
. se (0) o .
lim —— =0, mo 3aBepmye mokas. lleii cmocib €
s->0 Sty

HOBHIM ITiJIX0/I0M 1 OyB MOTIEpeIHbO BUBUCHHH B [5-15].

BapTto 3a3HaunTH, MmO AA AOKa3y 301KHOCTI UX
AKTUBOBAaHUX HENiHIHHUX ¢QyHKOiA wmozpeneir ZNN
3arajlbHU MiAXig monsrae B TOOyHoBI  (QYHKILT
Jamynosa V (t) = €T (t) e (t) / 2, a moTiM o6uucIUTH
Horo moximHy 3a yacom V' (), skuil MeHIime, HiX Y
Moneni 3 ZNN 3 uiHiliHOIO ¢yHKIieo. IlotiM Mu
poOMMO BHCHOBOK, HIO JUIsi TMPHCKOPEHHS LIBHIKOCTI

30DKHOCTI  MOXKHAa  BHKODHCTOBYBATH  HEJIHIHHY
akTHMBaliiiHy ¢yHKUito. barato icHyroui pe3yibraTH B
ZNN cTocyroThCs TOTO, M0 (PyHKII] aKTHBaLii ITOBUHHI
Oyt  Oe3mepepBHUMH 1  CTpPOTO
301IBIIYBATUCS, IO € OOMEKCHHIM 1
BUIIPABJICHO B MailOyTHEOMY.

MOHOTOHHO
Mae OyTu

BucHoBku

3pobneHo aHami3 IS AWCKpEeTH3alii Mojesen
HEHpPOHHMX Mepex Oe3NepepBHOrO Yacy, OCOOIHBO I
MOJaJbIIOr0 PO3UIMPEHHS 00CATy Ta KpOKIB B
ICHYIOUMX TUCKPETHHX pe3ysbTaTaXx HEeHPOHHUX MEpex
mpu 30epekeHHI BUCOKOI OOYHCIIOBANFHOI TOYHOCTI.
Leit HampsMOK TICHO TOB'SI3aHUA 3 PO3BUTKOM
MPUKIaAHOI ~ MaTeMaTuKd  Ta  OOYMCIIIOBaIBHOI
MaTeMaTUKH sl  eKCIUIyaTallil pyXOMOro CKIamgy
SJICKTPOTPAHCIIOPTY.

Byno nokazano sik noOyayBaTH HeJXiHIAHI QyHKIIT
aKTHBAIlil A7l TPUCKOPEHHS IIBHIKOCTI 30JIM)KEHHS
HEHPOHHNX MEPEX AJIsl BUPIMICHHS CKJIQ[HUX 3aB/IaHb B
YMOBax HEBU3HAYCHOCTI, 3aJMIIAETHCS BIAKPUTOIO
npobsiemoto. s BHIIAAKY CKIaJHHX 3aBJaHb OyJo
3alpOMOHOBAHO 1 JOCHIMHKEHO Oe3Nid HeTiHIHHIX
aKkTWBaIii. bBimem TOrO, SK OTpUMATH  yMOBH
KOHBEPIeHIIi], TAKOXK Ma€ CEHC Y PO3BUTKY OOHYJIHHA
HEHPOHHUX MEPEK.
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USE OF NEURAL NETWORKS TO MAKE COMPLEX DECISIONS TO OPERATE ELECTRIC
TRANSPORT UNDER UNCERTAINTY
D. Zubenko, S. Zakurdai, O. Donets
O.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
complexity, 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
indispensable 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 studies, 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 considered 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
methods of the reverse step in. Such a scheme guarantees a uniform limiting limit of all signals in a closed system
relative 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: neural network, electric transport, rolling stock operation, conditions of uncertainty.
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