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NMPUMEHEHUE PEKYPPEHTHBIX HEWPOHHBIX CETEH JIJISA
NIEHTUOUKAOHNA TAPAMETPOB AIIT

B cratrTi po3risiHyTO MOZAENb ABUTYHA MOCTIHHOrO CTpyMYy, 110 HOOYJ0BaHA SK PEKypeHTHA HEelpOHHA
Mepexa y IpocTopi CTaHiB. BuBeIeHO CriBBiTHOLICHHS MiX [TapaMeTpaMy ABHI'YHA Ta BAarOBUMH KOE-
¢iuienTamu Mepexi. [IpoBeneHe MOAETIOBAHHSI.

B cratbe paccMoTpeHa MojeNnb ABUraTels IMOCTOSHHOIO TOKA, YTO MOCTPOEHHAs KaK PEKypPeHTHas
HE[POHHAsI CETh B IPOCTPAHCTBE COCTOSIHUI. BBIBEICHO COOTHOLIEHNE MEX Ty TapaMeTpaMi ABHIaTeNs
1 B3BEIIMBAOMNME K03 duimenTamMu ceTu. [IpoBeieHHOe MOACIMPOBAHHE.

The application of neural network is discussed in this article. The neural network model for DC motor
in state space was obtained and modeled. Several equations for weight coefficients and motor parame-
ters were obtained too.

ITocTanoBKa npo0JieMbl. B yclIoBUSAX COBPEMEHHOTO MPOU3BOACTBA, KOTAA
npobJiemMa 3HeprocOepeKeHNsI CTOUT BECbMa OCTPO, JIEKTPONIPHUBOJ OCTAETCS O-
HUM W3 OCHOBHBIX HOTpeOHUTENei »3yeKTposHeprur. I1o HEKOTOPHIM OICHKaM, Ha
JIOJIO NIEKTPONPUBOA B YKpanHe npuxoautcs domee 60% 3arpar [1]. CHmxaTh
MPOLEHT NOTPEOIIEMOI SHEPTUU MOXKHO ABYMS ITyTSIMH: BHECEHHEM M3MEHCHUH B
MPOU3BOJICTBEHHBIH TpoIiecC (MOBBIICHHE €r0 TEXHOJIOTMYHOCTH) U CHHKEHUEM
MOTEPh BO BpEMs IIEPEXOAHBIX IPOIECCOB (TexHUUeckoe pemenne). CHIbKeHne
3aTpaT IpHU HEPEXOJHBIX MpoLeccaX 0COOEHHO aKTyallbHO Ul IIPUBOJIOB, paboTa-
IOIIMX B PEKUMAaX YacThIX ITyCKOB-OCTAaHOBOK M PEBEPCOB (9KCKABATOPHI, MPOKAT-
HBIE CTaHbI, CHCTEMBI HaBEACHUS BOOPY)KEHHUS TaHKOB M T.1.). Ilpu 3ToMm 3amauy
CHIDKEHHS TIOTeph SHEPTHH CIeAyeT peliaTh COBMECTHO ¢ OOpaTHOM el 3amaueit
MOBBIIEHHUST MPOU3BOJUTEIBHOCTH. DTO MPHUBOAUT K HEOOXOTUMOCTH CO3JaHHA
ONTHUMAJIBHBIX CHUCTEM, 3a4acTyl0 PEaIM3YIOIIUX CIOXKHBIE AJTOPUTMBI yIIpaBiie-
HUSL.

Ananu3 aureparypbl. Cpey MHOXKECTBA pa3IMYHBIX KIACCOB JIEKTPONPH-
BOJIa 10 MPEKHEMY 3KCIUTyaTHpPYyeTCs MPUBOJ MOCTOSHHOTO TOKa, Ojaromaps Ju-
HEMHOCTH XapaKTEPHUCTUK, IIMPOKOMY AMANA30HY PETYIHPOBAHUS CKOPOCTEH H
IpocTOMY ymhpasieHHIO. [IpaBunbHas opraHu3anys TOKOBBIX AMarpaMM BO BpeMs
MEPEXOHBIX MPOIECCOB — CYTh AJITOPUTMA ONTHMAJIBHOTO IO 3aTparaM YHEPTUH
ynpaBieHus [2]. OmHako mapamMeTpsl ABHTATeNs, HA TOYHOM 3HAHWU KOTOPBIX
CTPOWTCSl alTOPUTM YIPABJICHHUS, TOABEPKEHBI M3MEHEHHUSAM, YTO OOBSICHACTCA
SBIICHUAMH HaMarHUYUBaHHUA-pa3sMarHMYUBaHWUA, HArpeBOM W T.A. M3MeHeHus
apamMeTpoB TPeOyIOT CYIIECTBEHHONH KOPPEKIIMH aITOPUTMOB YIPABICHUS, U KOP-
PEKIMIO 3Ty CIIEAYyeT BBINONHATH B TIpoliecce pabOTHl MPHUBOJAA, YTO SIBISETCS
CIO>KHOM 3afaueil. OZHUM U3 BapUaHTOB PEIICHUS dTOW 3a7audl SIBISETCS PEKYp-



peHTHas HeHpoHHas ceThb. Takas ceTb, OyIydH HCIIOIb30BaHa B Ka4eCTBE MOJACIN
o0BeKTa, Omaromapsi cBoel CIIOCOOHOCTH K 00yYEHHIO, CMOXET He TOIBKO OTCIIe-
JKUBAaTh M3MEHEHUs B pabore 0O0BeKTa, HO W MO3BOJHT BHIMOJHITH HACHTH(DUKA-
IIUIO €TO MapaMeTpoB. PekyppeHTHBIe HEWPOHHBIE CETH DIIMaHa, OTOOpa)KaroIue
00BEKT B MPOCTPAHCTBE COCTOSIHUH, IIO3BOJISIOT C BRICOKOH TOYHOCTHIO MOJIEIHPO-
BaTh JIMHEMHBIE U HENHHEWHbIE 00beKThI[3,4,5]. OCOOEHHOCTRIO TAKUX CETEH SB-
JSIETCSL CTPOTasi aHATMTHYECKAs 3aBICHMOCTh MEKAY MX BECOBBIMU KO3 (HUITHCH-
TaMH ¥ (PU3NYECKUMH ITapaMeTpaMi MOJICIUPYEMOTo 00bEKTa.

Hean crarsu. B paHHOI paboTe MpeasiokKeHO pelieHne 3a1a4u uAeHTH -
karuu napameTpoB JIIT myTrem ncnonb30BaHUS peKyppEHTHON HEHPOHHOI ceTH.

Mogeas IIIT B npocTpancTBe cocTosinuii. PaccMoTpyuM Mozess IBUraTens
MOCTOSIHHOTO TOKa, 0e3 yu€Ta THPHCTOPHOTO BHINPSIMUTENSL. Moenb Takoro o0b-
eKTa IpeJICTaBlIeHa Ha puc. 1.
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Puc. 1. Mogens JIIT. Bxonubie Bo3aeiicteus U — ympapinstomee Hanpspkenue, MC — mo-
MEHT CONPOTHUBIICHHS Ha BaJy; BBIXOJHBIC BEIIUYHMHBI | — TOK SKOPS, ® — CKOPOCTh Bparie-
HUS; TMapaMeTpsl R — akTHBHOE CONpPOTHUBICHHE LIENU SKOps, 1€ — MOCTOSIHHAsI SKOPHOM
neny, J — MpUBEJCHHBIH K BaJly JBUratelisi MOMEHT WHepiuu, c® — mpon3BeIeHUe KOH-
CTPYKTUBHOM NOCTOSITHHON Ha HOMUHAJIbHBIM MarHUTHBIN MOTOK.

OmnuceiBaercs [IIT crenyromieit XopoIro U3BECTHONH CUCTEMOH YpaBHEHHH:
. di
U=Ri+ La+c<bw;
doo €]
J—=cdi-M._.
dt
ITockosbKy IUIs1 IOCTPOECHUS HEMPOHHOM CETU HAC MHTEPECYET IpELCTaBIIe-
HHEe 00BEKTa B MPOCTPAHCTBE COCTOSHUIL, TO BBIOJHUM HOpPMaJbHOE Ipeobpa3o-
BaHMe cucteMsl (1) K N3BECTHOMY BULY:
X = Ax+ Bu;
2
y =Cx,
IZie X — BEKTOP NIEPEMEHHBIX COCTOSHUS; Y — BEKTOP BBIXOJHBIX IIEPEMEHHBIX;
U — BEKTOpP BXOJHBIX BozaekcTBui; A, B, C — MaTpuubl coCTOSHUSI, yNpaBiIeHUs U
BBIX0/1a COOTBETCTBEHHO. JlanbHeliniee paccMOTpeHne OyaeM BECTH, ONHPAsCh Ha
METOJIMKY, M3JI0KEHHYIO B [5]. Tak Kak BBINOJHAETCS HOpMalbHOE MpeoOpa3oBa-



HHUEC, TO NEPEMCHHBIC COCTOSIHUA 6yHyT MpeaACTaBJIATb coboii (1)I/I3I/I"I€CKI/I€ BCIINYH-

. |
Hbl. UMy OynyT i v o, T.e. X= . B aTom cnyuae X =Y, T.e. BBIXOJIHBIE BEU-
@

YUHBI COBITAJAIOT C IEPEMEHHBIMU COCTOAHHA, U MaTpHUIla C= 01 . CJIC,HOBa-

TENIBHO, Aanee OyleM paccMaTpHBaTh TOJNBKO IepBoe ypaBHeHME u3 (2). BekTop
BXOJIHBIX BO3JCHCTBHH BKJIIOYAET B Ce0sl yNpapisiollee HanpsHkKeHHE M MOMEHT

u
M

Hanee 3ammmrem o0a ypaBHeHHS cUCTeMBI B (¢opme Kormmm, mpu sTom B mpa-
BOM YaCTH KaXKJOTO M3 HUX OTOOpa3uM BCE COCTABILIIONINE BEKTOPA COCTOSHUN H
BXOJIHBIX BO3JICHCTBHIA CO CBOUMH KO3 durmentamu. [lomyunm:

CONIPOTHUBJICHUS HaA Baly, T.€. U =
c

ﬂ:—i —ga)+—u+0 M,
dt T. RT, RT, 3)
do co

—:—i+0-a)+0-u—£Mc.
dt  J J

VYuuThiBas BbIIIE CKa3aHHOE, MOJNyUeHHast cucTema (3) mpeacTaBisieT co0oi
MepBOe ypaBHEHUE CHUCTEMBI (2), 3aMMcaHHOe B pa3BepHyTOM Buje. CrieoBaresb-
HO, MOXEM OTIpeeuTh MaTpuilsl A u B:

1 L

ar| T RL| g |RT, | @
o 0 0 _1
J J

Mogeas AIIT B Buae pekyppeHTHOIi HelipoHHoM ceTru. HelipoHHas cetb
peanu3yercsi AUCKPETHO, CIIEA0BATEIbHO, IIEPBOE YPaBHEHHE CUCTEMEHI (2) MpUMET
BU/J

x(n) = Ax(n) + Bu(n), (5)
rae N — Homep otcuéta. [lycts T — mepuos AMCKpeTU3alluu, TOTAa POU3BOI-
Hasl TIEPEMEHHBIX COCTOSIHUS C ITPOTHO3MPOBAHMEM Ha IIar BHepén OyaeT ompene-
x(n+1)—x(n) .
JIATBCA KaK f IToxcTaBuB 3HaUeHHE MPOM3BOAHON B (5) M mpuBens
M0TI00HEIE, TTOTYIHM
x(n+1) = [I + TAJx(n) + TBu(n), (6)
rie | — equHUYHAsS MaTpuIa.

W3 (6) MOXHO omnpenenuTh BecOBble KOI(PGHUIMEHTH PEKypPEHTHOTO CIIOs

HEHPOHHOU Mojenu:



— ko3 umeHTHI 17151 nepeMeHHbIX coctostHus LW =1 +TA;

— k03 pUIMeHTHI 17151 ynpaBisionux curnanos 1P =TB.

[MoncraBuB onpenenéHHple paHee 3HaYeHUs Marpull A u B, noxyuum 3Haue-
HHS BECOBBIX KO GHUIIMEHTOB 11 HeliponHoW Moxenu JTIT:

LTl T

LW = . e A A : (7
-ch 1 0 _I
J J

PazpabarsiBaemast Mosiesib OyJeT MMETh BUJ CETH DibMaHa C JIByMsl HEHpo-
HaMU B 1-M peKyppeHTHOM CJIO€ U IByMSI HEpOHaMH B BBIXOJHOM ciioe. OyHKIMU
aKTUBAIMK 11 000MX CIOEB JMHEWHBIC. BecoBrle KOXQQHUIMUEHTH IS PEeKyp-
perTtHOTO cios 6epém u3 (7), a s BEIXOJHOTO CIIOS — W3 BBIIIE ONMMCAHHOW Mart-

punbl C (T.e. emuHmyHble Kod(duuueHTsl). Momens JIIT, peamn3zoBanHas Kak
pEeKyppeHTHas! HEHpOHHAs CeTh MPe/ICTaBlIcHa Ha pucC. 2.
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Puc. 2. PexypcusHas Heiiponnas cet 8 MATLAB

I[Ba DJICMCHTA 3ala3/ibIBaHHsl, KOTOPBIC PACIIOJIOKEHBI Ha BbIXOAEC MOJICIIH,

BBIIIOJIHAKOT (byHKI_H/IPO corjlaCoBaHHMs IO BPEMECHU C pE3yJibTaTaMU CXEMBI, IIPUBE-
JIEHHOM Ha puc. 1.



MonaennpoBanue BinoaHuM i napamerpos JIIT, ykaszanusix B Ta0a. Tam
K€ MPUBEICHBI 3HAYEHHS OLUIMOOK II0 TOKY M CKOPOCTH BPAIICHHS, TIOJydeHHBIC Ha
HEHUPOHHOMU CETH.

Tabmmma. [Tapamerpsr 11T n ommOKy Mo THPOBaHUS

OmmGKa 1o Omnbka mo
R, Om Te, C J, k[om? c®, Buc CKOpPOCTH
TOKY SIKOPSI
BpalICHUsI
0,553 0,212 0,105 0,583 2,25 % 1,57 %
0,476 0,159 0,144 0,634 3,19 % 1,19 %

Kak BumHO U3 TaOIUIIBI, TOTPEIIHOCTH MO TOKY HE TpeBbimaet 3,2%, a mo
ckopoct — 1,6%, 4yTO 0OecreunBaeT J0CTATOYHYIO TOYHOCTh MOJICIUPOBAHHS.

YuuteiBasg, 4yTO B pealbHOM OOBEKTE IMapaMeTpbl U3MEHSIOTCS, TO BaXKHBIM
CTaHOBHUTCS BONPOC 00 W3MEHEHUH BECOBBIX KOX(PQHUIIMECHTOB Mojeiau. BecoBeie
K03 PHUIUEHTHI OYAYT KOPPEKTUPOBATHCS MO Mepe OTKIOHEHHs mapamerpos JIIT
OT CBOUX HCXOIHBIX 3HAYCHHUH — B ATOM IPOSBIACTCS 3aMedyaTeIbHOE CBOWCTBO
HEHpOHHBIX ceTeil. [lanee mo BECOBBIM KOA(PQPHUIMEHTaM OIIPEIENIIOTCS TEKYIIHe
3HadeHnss mapameTpoB HIIT. CootHomenus mis 3Toro moirydarorcs u3 (7) u
HUMECIOT BHII;

BeiBoabl. Paccmotpena pexyppentHas mozaens HIIT, xapakrtepusyromascs
BBICOKOM TOYHOCTBIO. BBUIM BBIBEJICHBI COOTHOIIEHHS ISl ONpEIeTIeHNs TapaMeT-
poB JIIT 1o BecoBbIM KO3 PUIIEHTAM MOJIEIH.

JanpHeimre uccienoBaHus OyIyT HAIIpaBICHB HA PACCMOTPEHUE alTOPUT-
Ma o0yueHUsI PeKyppEeHTHON HEHPOHHOM ceTH.
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