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B pe:KHUMe BOBHMKHOBeHUs Ondypranuu

AHHOTanusi. B CHHXpPOHHBIX TEHEpAaTOpax BO3MOXXHA XAaOTUYHOCTb B  BHJE
OM(YpPKAIMOHHBIX COCTOSIHUN, HM3-32 KOTOPOW IPOUCXOJTUT SIBJICHUEC W3MCHEHHE KauyeCTBCHHOU
JUHAMUKH CUHXPOHHBIX TE€HEpAaTOpOB IpU MaJlOM H3MEHEeHUU mnapamerpoB. CraHIapTHbIE
peryyaTopbl (JIMHEWHBIE, ONTUMAJIbHBIC W MM TOJIOOHBIC) HE HAIOT IMOJIOKHTEIHHOro 3(QeKTa B
O0oprbe ¢ xaoTWYecKUMH Tpoleccamu. B crarbe pemiaercs 3ajada ynpaBlieHUS CHUHXPOHHBIM
TCHEpATOPOM B PEKHME BO3HUKHOBEHHS OHQYypKallid Ha OCHOBE alTOpPHTMA aJallTHBHOTO
ynpaBieHus. s pemieHus MOAOOHBIX 3agady B oOmeM Buae MeTonoMm GyHKuui JlsmyHoBa
CHUHTE3MPOBAH AJNTOPUTM OE3BIHEPIIMOHHON aJanTalldd IO CXeME C HaCTPauBaeMOW MOJETBIO.
CucreMsbl perynupoBaHus BO30YKACHHUS CHHXPOHHOTO TeHepaTtopa ¢ 0e3bIHEepIIMOHHON ajanTaiueit
MOKA3bIBAIOT CIIOCOOHOCTh OTPAaHUYCHUS pa3Mepa CTPAHHOTO aTTPAKTOpPa B PEKUME BOSHUKHOBEHHS
Ooudypkanuu W Jgake ero monHOro moxaaieHus. MccmemoBanue B cpeae Simulink Toolbox
MEPEXOAHBIX TMPOLIECCOB CHUHXPOHHOIO T€HEparopa IOKa3aJlo CYIIECTBEHHOE YIIYUYIIEHUE
JUHAMUYECKHX XApaKTEPUCTUK CUHXPOHHOrO reHeparopa. Pe3ynbTarhl HCClEeI0OBaHUS PACIIMPSIOT
3HaHUST O TPUMEHEHUHW aJalITUBHOTO VYIPABJICHHUS, TaKUMU TEXHUYECKUMH OOBEKTaMU C
HEOMpEAENEeHHOCThI0 KAaK CHHXPOHHBIE TEHEpaTopbl, pabOTaIONIMMH Ha JHEPrOCUCTEMY.
[IpemyioxeHHBIN anTOpuUT™M OE3BIHEPIIMOHHOW aJanTallii OTJIMYAETCS MPOCTOTOM TMOCTPOSHUS U
JETKO MHTETPUPYETCSs B CUCTEMY BO30yxkaeHus. O(DPekTuBEeH B YNPaBICHUM MOIIHBIMU H
ABTOHOMHBIMHM 3JIEKTPOT€HEPATOPAMH, SJIEKTPOMEXAHUYECKUMHU CHCTEMaMH, a TakKXKe JPYyrUMU
TEXHUYECKUMHU 00BEKTaMHU C HETUHEHHON JUHAMHUKOM.

KiiioueBbie cj10Ba: HEONPEIEICHHOCTh OMHCAHUS TEXHUYECKOTO OOBEKTa; JMHAMUYECKHE
MPOLIECCh; OM(PYpPKAMOHHBIE COCTOSHUS, OE3bIHEPIIMOHHOE aJaNTHBHOE YIPABICHHE, METO]
¢byuknuit  JlamyHoBa; cxemMa aJanTUBHOM CHCTEMbl C HAacTpauBaeMOW MOJENBbIO; CHCTEMaA
BO30YKICHHSI CHUHXPOHHOTO TeHepaTopa, paboTaromiero Ha YHEProcUCTeMy; Touka Oudypkanuu;
YHIpaBJICHUC CUHXPOHHBIM I'€CHEPATOPOM; aJalITUBHOC YIIPABJICHUC, OTPAHNYCHHUE XaOTUIHOCTH.

1197183, CaHkT-MNeTepbypr, AnbyHoBckas yn, A.59, kB.20

http://naukovedenie.ru 41TVN514



http://naukovedenie.ru/
http://naukovedenie.ru/

NHTepHeT-xypHan «HAYKOBEAEHWE» Bbinyck 5 (24), ceHTs6pb — okTa6pb 2014

http://naukovedenie.ru publishing@naukovedenie.ru

1. BBenenne

[TocnenHue HECKONBKO JECATHWIICTHH OTMEYEHBI BO3PACTAIOIIMM HHTEPECOM K CHCTEMaM,
UCTIBITHIBAIONIMM Xa0TUYECKOE IMOBeneHue. Takue CHUCTeMBbl BCTPEYAIOTCS, KaK OKa3aloCch OYEHb
MIAPOKO, T.K. TMOAOOHOE TOBEJCHUE TMPOSBISCTCS TPH H3MEHEHHH [apaMeTpOB CHUCTEM
OOBIKHOBEHHBIX UG (PEpeHIINATbHBIX YPaBHEHUH C HEMTMHEWHOW 4YacThi0 BECbMa IMPOCTOrO BHIA.
TakuMu ypaBHEHHSMH OIMCHIBAIOTCS MPOLECCH, HAaIpUMep, B HEIMHEHHOH ONTHKe, 3amadax
OMOJIOTUU U SKOJIOTUH, PATHOTEXHUKE U HIEKTPOHUKE H T.JI.

XaoTHuecKHe MPOLECChl BCTPEUAIOTCS U B OOBEKTaX 3AIEKTPOIHEPIeTUKH, KOTOPHIE TAKXKe
OIMMCHIBAIOTCS TIPH TIOMOIINU CHUCTEM OOBIKHOBEHHBIX audepeHmanbubix ypapHenuit. OmaHol u3
HEMHOTHX paboT 1o 3Toi mpobiemaTtuke sBisercs ctaths K.C. Jlemupusina u ap. [1], mocBsieHHas
PACCMOTPEHHUIO CTOXACTUUYECKHX PEKUMOB B IJIEMEHTAX M CHCTEMaX 3JEKTPOIHEPreTHKU, MPE-
JIO’)KEHBl METOJIbl pacyeTa IMapamMeTpoOB BO3HUKHOBEHHUS TaKUX pexXUMOB. OJHUM M3 CHIIBHBIX
MPU3HAKOB CTOXACTUYHOCTH JUIsl JUCCHUIIATUBHBIX CHUCTEM CUYUTAETCS HAJIMYUE «CTPAHHBIX
aTTpakTopoBy». [log CTpaHHBIM aTTPAKTOPOM IMOHUMAETCS O0JACTh CTOXACTUYECKUX KOJICOaHMIA,
JOCTAaTOYHO TPyOast B TOM CMBICJIE, YTO MaJible U3MEHEHUS MapaMeTPOB CUCTEMBI HE YHUUTOXKAIOT
€e, HO BIIUSAIOT Ha €€ BUJI.

Jlis mccnenoBaHusT W OICHKM KAadecTBAa HEIMHEWHBIX JUHAMUYECKHX CHCTEM, CHadala
OOBIUHO OMpPENESIIOT X PABHOBECHBIE TOUYKH, IOTOMY YTO Ka4€CTBO JUHAMHUKHU CHCTEMBI 3aBUCHUT OT
KOJIMYECTBA PAaBHOBECHBIX TOYEK [2, 3]. Ha camoM nene, KOJUYECTBO U TOJOKEHHE PaBHOBECHBIX
TOYEK U3MEHSIOTCS M 3aBUCUT OT U3MEHEHUI 0JIHOr0 U Oojiee mapaMeTpoB cucTteMbl. MHaue roBops,
W3MCHCHHE TapaMeTpa, KOTOPBIH HA3bIBACTCS YIPABISIONIAM, BBI3BIBACT IMOTEPIO YCTOWYHMBOCTH
OJTHOTO COCTOSIHUSI CHUCTEMBI M TEPEeXO0Jl K IPYyromMy, KadeCTBEHHO OTIMYHOMY OT TPEKHETO
COCTOSIHUIO. DTO SIBIICHHE Ha3bIBacTcs OWdypkanuei, a 3HaYeHHE MapaMeTpa, NP KOTOPOM 3TO
MIPOMCXOUT Ha3bIBaeTCsA TOUKOU Oudypkanuu (dbudypkanmonnoe 3nadenue). Teopus Oudypkanuii
HAXOIUT TMPWJIOKEHUS B Pa3HBIX HayKaxX, HAYMHAs OT (PU3UKH U XUMHH, 3aKaHYHBAsl OMOJIOTHECH U
counonorueid. C momomplo Teopuu Oudypkanuii MOXKHO TMpeAcKa3zaTh XapakTep ABWKCHUS,
BO3HUKAIOIICTO TIPH TIEPEXO0JIe CHCTEMbl B KAa4eCTBCHHO HWHOE COCTOSIHHE, a TakKe O00JIacTh
CYIIECTBOBAHMSI CUCTEMBI U OIICHUTh €€ YCTOMYUBOCTb.

B MomeHT BpeMeHH, KOT/Ia CMCTEeMa HaXOAUTCs BOJIM3U TOUKH Ou(ypKaiiu, OrpOMHYIO POJIb
HAUMHAIOT UIpaTh Majible BO3MYILEHUs 3HAUEHUI €€ MMapaMeTpoB. JTU BO3MYILEHUS MOTYT HOCUTh
KaK 4YHuCTO CJ'Iy‘I&fIHI:IfI XapakTep, Tak U OLITH HeJICHaIpaBJICHHBIMU. NmenHo ot HuMX 3aBUCHUT, IIO
Kakol 3BOJIIOLIMOHHON BETBM MOMAET cUCTEMa, MPOiAs yepe3 Touky oudypkanuu. To ects, ecnu 10
MPOXOKACHUA TOYKH 6H¢)yp1<au1/m, MOBCACHUEC CHUCTCMbI TMOAYUHACTCA ACTCPMHUHUCTCKUM
3aKOHOMEPHOCTSIM, TO B caMOW Touke OM(ypKalMy pelarollyto poib urpaer ciydaid [4, 5]. Touka
OuQypKalMy UMeeT CIEAYIOIIE CBOWCTBA!

o Henporno3upyemocts. OObIMHO TOYKa OMQypKanuu MpeaBapsieT HEeCKOJIbKO BETBEH
aTTpakTopa (YCTOHYMBBIX COCTOSIHUH CHUCTEMBbI), B OAHO M3 KOTOPHIX mepeiiner cucrema. OnHako
3apaHee HEBO3MOXKHO IIpe/icKa3aTh, KaKOW HOBBIM aTTpakTop 3allMET cuctema. IJTO CBS3aHO C
IIPUPOJON BPEMEHM — HEBO3MOXXHO TaK CHHXPOHHM3UPOBATH BHYTPEHHUE COCTOSHHS DJIEMEHTOB
CHUCTEMBI, YTOOBI AOCTOBCPHO ONPCACINTb, B KaKHUX COCTOAHHUAX OHU 6YJIYT B MOMCHT, KOrjaa
crcTeMa JOCTUTHET TOUKU OMdypKanuu.

. Touka Oudypkauu HOCUT Kak MPaBUIO KPATKOBPEMEHHBIN JIOKaJIbHBIA XapakTep
OTHOCHUTEJILHO pa3eNsieMbIX €10 00Jiee IITUTENbHBIX YCTOMUYNUBBIX COCTOSIHUNA CUCTEMBI.

Mo>HO cKa3aTb, YTO BO3HHUKHOBEHUE OU(ypKAIIUKN MM TOYKU OM]ypKaLUy MPOUCXOTUT U3-
3a XAOTUYHOCTH HEIUHEHHBIX 00beKkToB. IlosTOMy, eciaM B TakuX CHCTEMax OTCYTCTBYIOT
PeryasTophl, KOTOpble Obl 3()()EeKTUBHO OrpaHUYMBAIN XAOTUYHOCTh, TO YCTOWYMBOCTh UX B paboTte
He rapaHTHpoBaHa. Takum o0pa3oM, 3ajJaya yHpaBJIEHUS TEXHUYECKUMHU OOBEKTaMU B PEKHUME
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BO3HUKHOBEHUS OU(YypKAIMH SBISIETCS BAXKHOW U aKTYaJIbHOU, MPU 3TOM 3()(HEKTUBHOCTH CHCTEMBI
OIIPEAEISIETCS] CHOCOOHOCTHIO YIPABICHUS Pa3MEPOM XaOTHYHOCTH (CTPAHHBIX aTTPaKTOpPoB) [6].

B cratee nmpencTaBIeHO UCCICOBAaHWE PEKMMa BO3HUKHOBEHUS  Oudypkamuuu
(XaOTHUYHOCTB) B CHUCTEME PEryIMpOBaHUs BO30YKIEHUS CHHXPOHHOTO IeHepaTopa U IMOJABICHHS
CTPaHHOTO aTTPaKTOpa QJITOPUTMOM OE3BIHEPIIMOHHOW ajanTanud Ha 0a3e CHCTEMBI C
HacTpanBaeMoOu MOJIeNbIo [7].

2. AanTHBHAS CHCTEMAa ¢ HACTPAUBAEMOIl MO/1eJIbI0
CHUHXPOHHBIN reHepaTop 3a7aeTcs B BUJIE

X(t) = Ax(t) + Bu(t), (1)
rae  X(t) — N-mepHbIi BekTOp cocrosiuus; U (t) —M-MEpHBIA BEKTOp YIpPABJICHUA,M=N; y

MaTpulbl B= {bU} BC€ DJICMCHTBI KOTOpOfI TOYHO HU3BCCTHEBI, a 3JIEMCHTBI MaTPHIIbI A= {aij}

nxm nxn

UMeeT napaMeTpUIECKYIO (MHTEPBAIBHYIO) HEONPEeIEeIEHHOCTh B obnactu O:

0= {9 eRr": ‘aij -a;;‘ <60 =1,_n} : a;} — HOMHUHaNbHbIE 3Hadenus, { € [tg, ] .

YpaBHEHHE HACTPAaUBAEMON MOAEIN UMEET BU
X(t)= Ao () + By (0 -u), e

rae X(t)—N-MepHsIit BekTOp cocTosHUA HacTpauBaemoii Moaemy; U (t)—M -mepHbiii BekTOp
CUTHAJOB  aJaNlTallid  MOJEIH, CO CTAl[MOHAPHOH  4YacTblO  HACTPaMBaeMOH  MOJENH
R(t) = AgR(t)+ Byli(t), cooTBeTCTBYOLIEH KeNaeMOii AMHAMIIKE.

A

BBenem ommbky ymnpaBieHus € (t) =X (t)— Xi (t), te [to,oo], I=Ln, ty— navanbHbIH
MOMEHT TIpoliecca YIPaBICHHS.

N3 ypaBHenuit (1), (2) mnocine HECIOXKHBIX MNpeoOpa3oBaHMN TMOJIy4yaeM YpaBHEHHE
MIEPEMEHHBIX COCTOSIHUH B BUJIE:

é(t)=Ae(t)+Bu(t)+4, e(ty)= ¢ ®)

rie (1) = [(A — Ay) %(1) +(B—Bo)g(t)], g (1)—Bxonnoii curuan.

U3 ypaBHeHus (3) noiayyaeM ypaBHEHUE aJJaITUBHOTO PEryisiTopa

Bu(t)=¢(t) - Ae(t) - 6(z). (4)
VpaBuenue (1) npeacraBum B BUE
X(t) = Agx(t)+Bog (t)+ 5 (t)+Bu(t), (5)

e 3(1) =[(4-40)x(1)+(B— By ) (1)].
[ToncraBnss Beipaxkenue (4) Ha (5) ¢ yueToM X — X, moyrydaeM

X(t)= AgXx(t)+Bog (t)+ 5 (t)+&(t)— Ae(t)—5(t) .
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YuutsiBas, uto €(t)— 0 Kak peleHne ypaBHEHHs U, cienoBatenbHo, §(t) — §(t), ypaBHeHue
(1) cBenercs k BUAY

X(t) = Agx(t)+Byg (1),

YTO COOTBETCTBYECT pE3YJIbTAaTy aAalITUBHOI'O YIIPaBJICHUA.

3. CuHTe3 aJropuTMa ajantanuu
PaccmoTpum ypaBHeHUe
é(t) = Ae(t)+Bu(t) (6)
Curnan  amanrammud — u(t) ompemensercss  TakuM — oOpa3oM,  4TOObI  00ECIICYHUTH
ACUMITOTUYECKYIO0 YCTOWYMBOCTD pElIEHUs1 ypaBHEHUs (6).

[TycTh cTpyKTYpa perynaropa 3agaercs B GopMe JIMHEHHOM 00paTHOM CBS3U
u(t)=Ke(t), (")

roe K= {k ji }mxn — MaTpHlla HACTPAUBAEMBIX I1aPAMETPOB.

VYpaBHenue omuOku (6) Toraa NpuMeT BUJL
§(t)=T(t)e(t). (8)
rae I'(t) = (A+BK).

HeoOxonnMo ompenenuTh 3aKOH HAaCTPOWKM 3JEMEHTOB MATPHUIbl HACTPaWBAaEMBbIX
IapaMeTpoB K(t), 9TOOBI 00ECIEYNTh ACHMIITOTUYECKYIO0 YCTOWYMBOCTH cucTeMbl (1) ¢ yderom

WHTEPBAJILHON HEONPECIICHHOCTH, yKa3aHHOU B (1).
[Tycts dynkuus JlsmyHosa [8] BeiOpaHa Kak
17

J (t)=§e (t)e(t)

Ee noJHast Ipou3BojHasi o BpeMenn nmeet sux J(t) =dJ / dt = e’ (t)é(t).

Jns obecrieyeHUs] aCUMITOTHYECKOM YCTOMUMBOCTH CHCTEMBbI (6) I0CTaTOYHO, YTOOBI
J(t)=¥(t)<O0.

Ha ocHoBanuu BelpaxkeHus (8) umeem

w(t)=e" (t)e(t)=e" ()T (t)e(t)= %eﬁyn +ilji:1yijeiej.

i ]

i=1 i,j=1

1+ ]

n n
OGosznaunm: ¥, (t) = Zﬂ/iieizi u't, (t) = 2. 7ij€i€j-
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Ipn semonuennu yemosuit Wi (1) <0 u W, (1)<0, i=1n, a sHaunr Y (t)<0,

ACHMIITOTHYECKAs YCTOWYMBOCTD CHCTeMBI (6) oOecrednBaeTcs.
HevictButenbHo, mnpuMeM [9] JauaroHajgbHbIE DJIEMEHTHI  MaTpPUIIbI F(t) = { 7ij }n i
X

MMOCTOSIHHBIMH U OTPHUIIATENIbHBIMU, T. €. Jjj < 0 , rorma Y, (t) <0,i=1n .

Teneps, HaiiieM yCIoBHs 1S BRIONHEHHs HepaBeHcTBa V) (t) <0.

Honycrum [9], uto pjj (t) = ai}lei (t)ej (t),i, ] =1n,i# J.

Torna
n n 2
¥, (t)= .Zl7ijeiej (t)= .Zf“mj (t) ®)
i, j= 1=
i] i#]

W3 Beipasxenns (9) cnenyert, aro ecimu ¢ <0,1, j=Ln,i=j 10 V) (t) <0.
Takum obpazom, ecmu %ji <0 mag; <0,i, j=1,n,i# j, To acumnToTHYECKas yCTOMYHBOCTD
cucteMsl (6) obecrieueHa.

13 Beipaxenns 1'(t)= A+BK(t) nomyuaem marpuiy mactpamsaembix mapamerpos K (t),

KOTOpasi HIMEET BUJI
K(t)=B(I-A),
npu N =M wmarpuna (Heocobennas) B umeer oOparHyo MaTpuily B_l, anpd N#M uMmeer
BUJI
K(t)=B" (I -A),
rae B" =(B"B)™'B" —ncesnounsepes k B; marpun I'(t) = { Yij }nxn MMEET  DIIEMEHT

Tak kak marpuma A WMeeT mapaMeTpUYECKyro HeorpeneseHHOCTh (1), A BBIYUCICHUS

*
matpuisl K (t) UCHOJIB3YIOTCS ““HOMHHAJIbHbBIC 3HaYeHUs O .

Bwvisod. Cucmema X(t) = AX(t) +BU (t) obnadaem acuMnMoOMU4ecKou yCmouyusoCmvio ¢

3aKOHOM Oe3blHepYUOHHOU napamempuyeckol adanmayuu U (t) =Ke (t) , K (t) - (F - A) unu

K(t)=B" (- A).
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4. Hccnenopanune pesxxuma Ougypkanun B CHHXPOHHOM IeHepaTope

Jdns  uccnenoBanust OM(YpPKAIMOHHBIX PEKMMOB B KadyeCTBE MOJEIH CHHXPOHHOTO
reneparopa (CI') BeiOpana cucrema nuddepeHnuanbHbiX ypaBHeHuid 4-ro nopsiaka [10]

J = o, (10)
@ = - Deo + 2My s sin5—;E' Siné, (11)
T T T(X|+Xd) T(X|+Xd) q 2
Eéz‘i 1+ 2da=%a Eé+i,E'fd+i, Xg=Xqg cos?, (12)
(7 X+ Xy 74 T4 1+ Xg 2
. kK
Efg=— L, Efg + a Uo - ‘a U, (13)
T4 To +hk To +h ks To +hks

1/2
u ={(acos§+(1—a)Eq )2 +a+(1-a)p)? sinzé} .

Xa 5 Xa—Xg
X+ X('j ' X|+ X;,
nporpaMma (ycTaBKa 10 HANPSKEHUIO).

rae a= , U - curnan obpartHoii cBs3u no Hanpspkenuto CI; Uo -

Takast cucremMa OOBIKHOBEHHBIX MU (dEepeHINaTbHbIX YpaBHeHUN omucbiBaeT Moaens CI' ¢
CHCTEMOU peryiaupoBaHusi Bo30yxaeHus. OHa coxpaHseT OM]ypKallMOHHBIE CBOMCTBAa MPUCYIIHE
MOJIHOM Monenu, umeromieit 7-i nmopsaok [10]. JIea ypaBuenus (10) u (11) BeipakaroT ABUKEHUE
poTopa CHHXPOHHOTO T'€HEpaTropa, padOTaroIIero Ha HIMHY OECKOHEYHOW MOIIHOCTH, ypPaBHEHUS
(12) u (13) onuceiBatoT pabOTy OOMOTKHU BO30YKACHUS U PETYIATOPA.

Hns paccmotpenust 3G(EKTUBHOCTH  aNropuTMa O€3BIHEPLIMOHHON ajanTaluyd  Mpu
yIpaBJIEHUU TOKOM cucTeMbl Bo30OyxaeHus CI' B pexxume oudypkanun (6udypkannoHHas TOUYKa)
BBIOpaHBI peabHble 3HaueHus mapameTpoB CI', mpuBeneHHbIE B TAOIHUIIE.

Tabanna
PeanibHble 3HAaYEeHHUS TAapaMeTPOB CHHXPOHHOI0 FeHepaTopa
[TapameTpsl T z'('j T1d Te D M
3HaueHue 6,5 4.0 10 0,5 0,5 0,85
I[TapameTps Ky X4 X, X4 X, Xq
3HaueHme 50 0,26 0,46 1,7 0,26 1,7

CrpykTypHas cxeMa CHHXPOHHOT'O T€HEepaTopa ¢ aJallTUBHBIM aJIrOPUTMOM IIPEICTABIICHA HA

puc. 1.
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el) () [Tomem ()
CHCTEMOH
+ BO30YKIICHHS

9
A 4

L J
X
7'}

AanTUBHBIA
ANTOPUTM

)4 Hacrpausaemas
—O—> MOJIEh

Puc. 1. Cmpykmypuas cxema cCUHXpOHHO20 2eHepamopa ¢ A0anMueHuIM ai20PUmmom

Koaddunuent ki sBiseTcss BapbUPYeMbIM MapaMeTpoM. M3MeHssI ¢ €ero IOMOIIbBIO
KOHTYPHBIH KO(DGHUIMEHT YCUICHUS CHCTEMbI, MOKHO HalWTH ToukH Oudypkarmu. [Tpu 3HaueHun K
= 0,053 nabmrogatorcst oudypramus poxkIeHUs IUKIA.

[Tocne TOro Kak, MOSBWICS TPEACIbHBIN IUKJ, 4epe3 HECKOJIbKO CEKYHJ TOJKII0YacTCs
alanTHBHBIN perynarop kK cucteme Bo30yxaenus CI'. Ha puc. 2.a moka3aHbl Tpu dTarna nepexoaHbIX
nporeccoB CI': ucXo/HbIe MEepexXoIHbIC XapaKTEPUCTHKH, TPOIecC OM(ypKalMu POXKIACHUS MUK
(kf = 0,053) u BO3ACHCTBHE AJANTHBHOIO PEryJISITOpa IOCIE HEKOTOPOro BpeMEHH Ou(ypKaIuu
POXJICHUS 1MKJIa; HA pUCYHKE 2.0 moKa3aHbl (pa30BbIe TPACKTOPUHU B KOOPAHHATAX "YToJI HArPYy3KH (
0 ) —4acrora (®)".

Pesynbrartel MonenupoBaHUS Ha PUCYHKaxX 2.a, O MOKa3bIBaIOT, YTO KOTJa aJalTHBHBIN
peryastop He moakimoueH, To CI' paGoraer He ycroitumBo, mpu ki = 0,053 mosBisiercs Touka
oudypkamuu (touka b) um kadectBenHas auHamuka CI' usmensiercs. Ilocie BO3HUKHOBEHHS
Ooudypkanuu yepe3 HEKOTOPOE BpeMs MOAKIIoUaeTcs ajanTuBHBIN perynstop u CI' mepexoauT B
YCTOMYMBBIN PEKUM C allepuoINYECKON TUHAMUKON (TouKa paBHOBeCHs Y).
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Puc. 2.a. Omanwvi nepexoouvix npoyeccos CUHXPOHHO20 2eHepamopa

http://naukovedenie.ru 41TVN514



http://naukovedenie.ru/
http://naukovedenie.ru/

NHTepHeT-xypHan «HAYKOBEAEHNE» Bbinyck 5 (24), ceHT6pb — okT6pb 2014
http://naukovedenie.ru publishing@naukovedenie.ru

(1)
4

)

Puc. 2.0. Dazosvie mpaekmopuu 6 KOOpouHamax «y2on nazpysku (O ) — uacmoma (@ )»

5. 3akjaoyeHue

CraniapTHbIC pEryJasSTOpbl (JMHEWHBIC, ONTHUMAJIbHBIE M WM MOJOOHBIC) HE AT
MOJIOKHUTEIbHOTO 3(pdexkra B 0Ooppbe ¢ xaormyeckumu mporeccamu. OJHAKO H3BECTHBI
UCCIICIOBAHKS, IEMOHCTPUPYIOIIUE YCIEeX B NPUMEHCHUH HEYETKMX M aJalTHBHBIX 3aKOHOB
yr[paBJIeHI/IFI. FpaﬂI/IeHTHI)IG aJIFOpHTMI)I II04TU HEC HpI/IFOIIHI)I B BUAY HX OFpaHI/I[IeHHOCTI/I 110
OBICTPOMCHCTBUIO, HO OE3bIHEPIMOHHBIC AJIrOPUTMBI A(PQPEKTUBHBI B BUAY OTCYTCTBHS HX
COOCTBEHHON JUHAMUKH.

[IpencraBieHHble MCCIEOBAHUS CUCTEMbl PEryJMPOBaHUS BO30YXICHHS CHHXPOHHOTO
reiepaTopa ¢ O€3bIHEpLUMOHHOM ajanTanueil MOKa3bIBalOT CIIOCOOHOCTh OTPAaHUYEHUS pa3Mepa
CTPaHHOT'O aTTPAKTOPa B peKUME BOSHUKHOBEHUS OM(YypKalMK U 1aXKe €ro MOJIHOTO M0/1aBIeHHUS.

[IpemnoxenHbIit aropuT™ 0€3bIHEPIIMOHHON aIaNTAIIMK OTIUYACTCS IPOCTOTOU MOCTPOCHUS
U JIETKO WHTETPUpPYeTCs B CHCTeMy BO30yxkaeHus. D¢GGEeKTUBEH B YIpPaBIEHUU MOIIHBIMU U
ABTOHOMHBIMHM 3JIEKTPOT€HEPATOPAMH, SJIEKTPOMEXAHUYECKUMHU CHCTEMaMHU, a TaKXKe JPYyrUMU
TEXHUYECKUMU 00BEKTaMHU C HETUHEHHOM TUHAMHUKOM.
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The adaptive control of synchronous generator in the regime
of the bifurcation appearance

Abstract. It is possible the chaos in the form of bifurcational states in the synchronous
generators, because of which occurs the phenomenon a change in the qualitative dynamics of
synchronous generators with a small change in the parameters. Standard regulators (linear, optimal
and to them similar) do not give positive effect in the fight with the chaotic processes. In the article is
solved the problem of control of synchronous generator in the regime of the appearance of
bifurcation on the basis of the algorithm of adaptive control. For the solution of similar problems in
general form by the method of the Lyapunov functions is synthesized the algorithm of inertia-free
adaptation according to diagram with the tuned model. The control systems of the excitation of
synchronous generator with the inertia-free adaptation show the ability of the limitation of the size of
strange attractor in the regime of the appearance of bifurcation and even its complete suppression.
The study based on Matlab/simulink of the transient processes of synchronous generator showed an
essential improvement in the dynamic characteristics of synchronous generator. The results of a
study enlarge knowledge about the application of adaptive control, by such technical objects with the
uncertainty as synchronous generators, that work on the power system. The algorithm of inertia-free
adaptation proposed is characterized by simplicity of construction and easily it is integrated into
excitation system. It is effective in control of powerful and autonomous electric generators,
electromechanical systems, and also by other technical objects with nonlinear dynamics.

Keywords: uncertainty of the description of technical object; dynamic processes;
bifurcational states; inertia-free adaptive control; the method of the Lyapunov functions; the adaptive
system scheme with the adjustable model; the system of the excitation of the synchronous generator,
which works on the power system; the point of bifurcation; control of synchronous generator;
adaptive control; the limitation of chaos.
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