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AemOMamwupoeaHHbze JJIeKMmpoMexanudecKkue cucmemal

VJIK 681.5: 629.5
Hryen Txanp Xaii
ABTOMATHYECKOE YIIPABJEHUE ITOCJIEJOBATEJIbHO BKJIIOYEHHBIMHA
CUHXPOHHBIMU TEHEPATOPAMM HA FA3E HHBEPCHBIX
HEMPOCETEBBIX MOJIEJIEN

Armomauu}l. ﬂ]lﬂ QJZ(ZKmpOMexaHul{eCKOﬁ cucmemsl, codepofcaweﬁ osa oJlekKmpuvdecKku nocae008amebHo 6KIo-
YEHHBIX CUHXPOHHBIX 2EHEPAMOPA ¢ NPUBOOHBIMU SUOPOMYPOUHAMU, CUHIME3UPOBAH Pe2ysiImop YAPAGIeHUs YeloM No-
sopoma medcoy ux pomopamu. Pezynamop nocmpoen Ha OCHO8e UHBEPCHBIX Helpocemesvix Mooelell 2eHepamopa u
USONLYAMO20 pe2YIAMOpa 2u0pomypounsl. Memooom Mamemamuyecko2o MOOeIUpOBaHUs. UCCIEeO08aHA OUHAMUKA
Maxou cucmemvl, NOOMEEPOUBUUAsL ee NPUHYUNUATLHYIO pAOOMOCNOCOOHOCb U YCHOUYUBOCTD.

Hryen Txanp Xaii
ABTOMATHUYHE YIIPABJIITHHA ITOCJIIJOBHO BKJIIOYEHUMU CUHXPOHHUMMU T'E-
HEPATOPAMM HA BA3I IHBEPCHUX HEMPOMEPEKHHUX MOﬂEJIEFI
Anomauin. /[na enekmpomexauiyHol cucmemu, sika Micmums 08da NOCIAIO08HO 3 €OHAHI CUHXPOHHI 2eHepamopu 3
NPUBOOHUMYU 2I0POMYPOIHAMU, CUHIME308AHO PE2YIAMOP O/ KePYBAHHS KYIMOM HOBOPOMY MidiC IXHiMu pomopamu. Pe-
2YIamop nobyo08aHO HA OCHOBI IHEEPCHUX HEUPOMEPECesUX MOOelell 2eHepamopa ma 20a4acmozo pezyiamopa
2iopomyp6inu. Memooom mamemamuiHo20 MOOeNOBAHHSL OOCTIONCEHO OUHAMIKY MAKOL cucmemu, aKa niomeepouna it

NPUHYUNOBY NPAYe30AMHICIb | CMIUKICIb.

Nguen Than' Haj

AUTOMATIC CONTROL OF SERIES-CONNECTED SYNCHRONOUS GENERATORS
BASED ON THE INVERSE NEURAL NETWORK MODELS
Abstract. For electromechanic system, consisting of two synchronous generators which are connected in series is
derived by hydraulic turbine, synthesizing the rotation angle controller of rotor system. The controller is based on in-
verse neuron network models of generators and turbine control needle. The mathematical modelling method for study-
ing of the dynamics of this system confirming its fundamental efficiency and stability.

[ocnenoBarenpHOe BKIIOYEHHE CHHXPOHHBIX Te-
HeparopoB ([IBCT) peammsyercss IyTeM MOCIEI0Ba-
TENBFHOTO T0(a3HOTO COCTUHEHHSI CTATOPHBIX OOMOTOK
nepBoro (OMOPHOro) M BTOPOro (MPOXOMHOIrO) CHH-
xponnsix redepatopoB (CI'), B pe3ymbrare 4ero moiy-
Yal0T BEKTOPHYIO CYMMY HX Hampsokeruid [1]. Benmunma
pe3yapTHpytomero BeixogHoro Hampspkerus [IBCI 3a-
BHCHT OT yriia Mexnay poropamu CI' u obecneunBaercs
CIINUATBHBIM PErYJITOPOM NPHUBOJIHOM Mammusl (B
HallleM Cllydae — TUAPOTYpPOUHBI) IPOXOIHOrO reHepa-
TOpA.

AxtyansHOCTh Hcnionb3oBanust [IBCIT obycnosie-
Ha MHTCHCUBHBIMU DPa3pabOTKaMH BOJHOBBIX JJIEKTPO-
cranuit (Bn3C), Wi KOTOPBIX TaKOEe BKIFOYCHHE PAac-
TIpesieNIeHHBIX Ha BoAHOM moBepxHoctn CI' mact BO3-
MOYKHOCTh TTOBBIIIIATh BBIXOHOE HanpspkeHne BnOC 6e3
OPUMEHEHHUS JOPOrOCTOSIIMX TpaHchopMaTopos [2].

[enpro paOoOTHI SBIISETCSA CHHTE3 PETYJIATOpa THI-
porypbunsl npoxomaaoro CI', obecrednBaromero 3aaan-
HOE YITI0BOE IMOJIOXKEHHE €ETO POTOPAa OTHOCUTEIBHO PO-
Topa onopHoro CI' Ha Ga3e MHBEPCHBIX HEWPOCETEBBIX
MoJIeJIel TeHepaTopa M CTaHAAPTHOTO UTOJNBYATOr0 pe-
T'YISTOpa THAPOTYPOUHBI.

C yuerom [3] monHast WHBEpCHAs MaTEMaTHYECCKAs
MoJeTb 00bekTa yrpasienust CI' 1 uribt

Ao =K, ((0, —o,)—Awy ), (1)
P = f (0, Aw), (2
% =Py, (3)
k[ BT %
AV—kV[ - voj, (4)
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U ="f(V,,AV), (5)
rle O, — 33JaHHOE 3HAYEHUE YaCTOTHI BPALICHHUS POTOPA;
A®q — IpHpAIEHHE YACTOTHI, 00ECTICYNBAEMOE BHEIITHUM
BO3MYLIAIONIUM BO3/eiicTBUEeM (HArpy3Koii), CICAUT 3a
YIJIOM BEAYIIEro reHeparopa, paboras cuupasHo; mo, Xo,
Vo — TeKyIye 3HAUCHHsT YACTOTHI BPAIICHHS, TIOIOKESHHS
UIIIBL U CKOPOCTH €€ MIePeMEIICHHUs], COOTBETCTBEHHO; K,
kv — koadurmenTsl, MeHbIIHe eAUHUIBI; At — HHTEpBAT
Juckperrsanuy; P, — MOLIHOCTB TypOMHBI, X; — Tpe-
Oyemoe 3HaYCHHUE TTOJIOKCHHS UIIIBL.

Nusepcuas mozpens (1) — (5) momkna GbITH IOMON-
HEHa pPacyeToM HeOOXOAWMOrO 3HAYCHHS (),, UCXOMS U3
obecrieueHnst TpedyeMoro 3Ha4eHus yria ¢. Bocrons3y-
€MCsI JUTSL 9TOrO YMCIEHHBIM audeperiupoBanrem. To-
r/la HHBEPCHOE ypaBHEHHE

o, =K, £~ ()
At
rzae k, — koo dunpent, MeHbIIM eAUHALBL.

OKCHEepUMEHTH! NOKa3alll, YTO IPH TaKOM ITOIXO0Je
MOJYYUTh XOPOIIME MOKA3aTeIN KadecTBa HE YNAEeTCH.
ITpu ymenbimenun kodhduuuenta K, 1o semudus, obec-
MIEYNBAIOIINX OTCYTCTBHE KOJIEOAHHH, CHIBHO 3aMemIsi-
€TCs pPeaKknusl CUCTEMBl Ha AMHAMUYECKH M3MEHSIOIIEecs
3HAYEHHUE BXOJHOW BEITMUMHBI yTIIa (5. ITO OOBSICHAETCS
TEM, YTO PaCTSITHBAHUE BO BPEMEHH HCIIPABICHHS OIINO-
KH NPUBOJUT K 3aMEATICHUIO PEaKIHM Ha BXOIOHOH CHUT-
HaJl, T.€. yroJl IOBOPOTa JOCTUTaeT TpeOyeMoro 3HaueHNs
32 HECKOJIbKO MHTEPBAJIOB JUCKPETH3AINH. 3a 3TO BpeMs
BXO/IHAsl BEJIMYMHA (), YCIIEBa€T M3MEHHUTHCS, TaK Kak
(haKTHYECKMH Yroia TOCTOSIHHO OTCTaeT OT 3aJaHHOrO.
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Jlisi mpeonioseHust 3TOM TPYIHOCTH Tpeyiaraercsi pac-

CUNTBIBATH O, 10 ceaytomeit Gpopmye:

2205, 905 ©)
At dt

[Tpu sTOM pacTsruBaHue MO0 BPEMEHU IPONU3BOIUTCS
TOJIBKO T10 HCIPABJICHUIO OLINOKH, AUHAMUKA K€ BXOIHO-
IO CHTHaja OCTaeTcsl HeM3MeHHOW. MozenupoBanue 1mos-
TBEPAWIIO, YTO JAHHBIA IMOAX0A OOecHedrBacT pelIeHHe
3aJaun yCTpaHEeHUs! KojeOaHuii 0e3 MosSBIEHHUsS OTCTaBa-
HUSL OT BXOJJHOT'O CHT'HaJIa.

[Ipn KOMIBIOTEPHOM 3KCHEPHMEHTE B MOMEHT Bpe-
MeHHU { = 2 ¢ Ipou3BOAMIOCH U3MEHEHHE YA — IIePeXo]]
B pexxuM paboTel B mporuBodaze (OTCTaBaHWEe OT OMOp-
HOTO TeHepaTopa Ha 4eTBepTh 000poTa — 7/2 paj, 4To
IIPY JBYX Iapax MorocoB 3kBuBaieHTHO 180 snexrpude-
ckuM rpagycam). Ha puc. 1,a mpuBeneHs! rpaduku Tpe-
OyeMoro M (pakTHYECKOro OTCTaBaHHS IO YTy OT BEAy-
IIero reHepaTopa. BWIHO, YTO NMpH 3TOM TNPOMCXOAWT
TIepeX OJJHBIN Tporece 0e3 TepeperynmpoBaHus U Koeba-
HHH.
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Puc.1. Pe3ynpTraTsl MOAEIMpPOBaHUS PabOTHI CHCTEMBI
yIOpaBJeHUs YIII0M OBOPOTa POTOpA:
a — OTCTaBaHUE M0 YIIIy OT BEAYLIEro FeHepaTopa;
0 — N3MEHEHNE YacTOTHI BPaIIEHHsI pOTOpa o,

B — I3MCHCHHE KOOPIAMHATHI UTIIBI X; T — YIIPABIISOIIHI
curnai U

Ha punc.l moxazanel pe3ynbTaThl MOIEITHPOBAHMS
PabOTHI OIUCAHHOM cUCTeMBI yrpaBienus mnpu K, = 0,025,
ko, = 0,06, ky = 0,4. 31echk peaan3oBaH peXXuM, KOT/Ia TIPH
TIOCJIEIOBATENILHOM BKJIIOUEHHH TEHEPATOPOB PETYISATOP
NPUBOAA TPOXOIHOTO TEHepaTropa OTCIEKHBACT Yrol
Mexny poropamu CI', obeceumBas ux cuH(a3HOE Bpa-
1

OtMernM, 4TO B cucteMe ¢ TpaguiuoHHbM [TN/I-
PETYIATOPOM Y/IOBIICTBOPUTENBHBIN TEPEXOAHBIN TPO-
1ecc ¢ HeOONBIIMM KOJMYECTBOM KOJEOaHMI MOIYUIHTH
HE yJaJoch.

TakuM 00pa3oM, HA OCHOBAHHUHM CHHTE3UPOBAHHOTO
pErynsaTopa MOXKHO TOCTPOHMTH CHCTEMY, COJEpIKallyio
IBa Wiu Oojee MOCIIeAOBAaTENIbHO BKIIOYCHHBIX CHH-
XPOHHBIX reHeparopoB. OnuH u3 HuX (OMOpHEIHA) Gymer
paboTaTh ¢ CHCTEMOW YNpaBIEHUS YaCTOTOW BpalIeHUs,
MOIEP>KNBasi HEOOXOANMYIO YacTOTy CETH IIPpU M3MEHe-
HUSIX Harpy3ku cucteMbl. OcranbHble (IIPOXOIHBIC) Te-
HepaTtopsl OyayT paboTaTh € CHCTEMaMH YIPaBIICHUS
YIJIOM ITOBOPOTA POTOpa, CIEAS 32 OHOPHBIM M yCTAaHAB-
JMBas cBOIO (pasy B COOTBETCTBHHU C TPEOYEMBIM PEXKH-
MoM. IlyreM BEKTOPHOIO CyMMHpPOBAaHHS MOXET OBITh
YCTaHOBIICHO JIF000E 3HAYECHNE BBIXOAHOTO HAIPSHKECHUS,
OT HyNS A0 CyMMbl HOMHHAJIBHBIX HalpsDKEHHWH TeHepa-
TOpOB, a pa3pabOTaHHBIC PErYIATOPHI CHH(A3HOTO Bpa-
meHust poropos CI' obecmedat TouHOE COOMIOACHUE KaK
BBIXOAHON YacTOTHI, TaK U YIJIOB MEXIY BEKTOpaMH Ha-
MPsDKEHUN TE€HEPaTOPOB.
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