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WAEHTU®UKATOP NEPEMEHHBIX ACUHXPOHHOIO 3NEKTPOIMPUBOAA

OpfHO 13 HanpaBneHuit pasBuUTUS ANEKTPONPUBOJOB NEPEMEHHOrO TOKa, KOTOPOMY B MocreaHee Bpems
NpuaaéTca OrpOMHOE 3HauyeHne, — Tak HasblBaemble Ge3naTumkoBble (sensorless) anekTponpusogsl. Mog
TEPMUHOM «Be3aTynKkoBbIE» MOHUMAETCS OTCYTCTBUE B CUCTEME MNEKTPONpUBOAA MN0BbIX AAaTYMKOB, KpOME
TEX, KOTOPbIE MOryT BbITb YCTAHOBNEHbI BHYTPK CUNOBOrO npeobpasosatenst yactotsl (MY), a umeHHo: gat-
YMKOB TOKOB W HaNpsHKEHWA CTaTopa ABUraTens, Aarymka HanpshkeHus 3BeHa NoCTosiHHOro Toka MN4. 310 3Ha-
YNTENbHO CHUXAET CTOMMOCTb M MOBLILLAET HAAEXHOCTb dneKkTponpueoda. besaarynkoBble anropUTMbl BEK-
TOPHOTO YNpaBEHNS UCNOMb3YIOTCS B TEX MEKTPONPUBOAAX, B YAaCTHOCTH, B aCUHXPOHHbIX 3MIEKTPONPUBOLAX
(ASM1) 06LienpOMBILINEHHbIX MEXAHU3MOB, KOTOpble He TpebytoT npeaenbHoro GbICTPOAEncTBus, paboTatoT
NPEUMYLLECTBEHHO B YCTAHOBMBLUEMCS PEXUME M He 06nafaloT LUMPOKUMK auana3oHaMu perynmpoBaHus
ckopoctit (4o100:1). MPUMEHSIOTCH OHWU W B NOABEMHO-TPAHCMOPTHBLIX CUCTEMAX, HO 3TO NPeAbSBNSET LO-
BOMbHO XECTKMe TpeboBaHMs K neperpy304Hoin CnocoBHOCTI NEKTPONPUBOAA W K AuHaMUKe no BeicTpoaen-
CTBUIO.

OTka3 OT JaT4mMKOB NepeMeHHbIX MEXaHUYECKOrO [ABWXEHNS anekTponpueoaa, coeauterne MY (v cu-
CTEMbI yNpaBneHus) c ABUraTenem TOMbKO CUIOBbIM kabernem npu BEKTOPHOM YNpaBneHUU acUHXPOHHbLIM
psuratenem (AL) obycnaenmealoT HeOOXOAMMOCTb KOCBEHHOIO ONpeaeneHns psga KoopauHAT COCTOSHMS.
310, Npexzae BCero, YactoTa BpalleHWs poTopa ¥ ¢ha3a OpUeHTUPYHOLLEro (OMOPHOTO) BEKTOpa — BeKTopa Mno-
TOKOCLENNEHNA pOTOpa — OTHOCUTENBHO HEMOABIKHOMO CTaTopa. BbluncneHne X OLEHOK OCYLLECTBISETCS
Ha OCHOBE M3MEPEHHbIX TOKOB W HampsiKeHWM cTatopa ABurateNii C NOMOLLbK CreuuarbHbIX anropuTMoB
naeHTUUKaLMM (MOEHTUMKATOPOB).

Haunbonbluee pacnpoctpaHeHne B npaktke A nonyymnn 3aMKHyThle MO BbIXOAHOW KoOpAMHaTe
NaeHTUUKaTopbl. B yacTHOCTK, 9TO anropUTMbIl, MOCTPOEHHbIE HA OCHOBE aanTUBHbLIX CUCTEM C 3aAatoLen
mogenbto (MRAS — model reference adaptive system [2]) unu Habnopgatenen nonHoro nopsigka (HIM) [3].
Kpome HuX, N3BECTHbI MAEHTU(MKATOPbI CO CTPYKTYPOI paclUMpeHHbIX punbTpoB KanmaHa, anrebpamyeckume
BbIYWUCAUTENN, aHANN3aTOPbI CEKTPOB Napa3suTHbIX FAPMOHUK U ApYTUe.

VioeHtudmkatopsl TMna MRAS copepxaT B CBOeil CTPYKTYpe ABE pasfuyHble MOAENH, KOTOpble Bbl-
YNCNAIT [BE OLEHKN OAHOM 1 Toi Xe (B 0BLieM Cryyae — BEKTOPHOM) KOOPAMHATLI COCTOSHUS, Hanpumep
BEKTOpa noTokocLenneHun potopa. OgHa Mogernb, He Coaepxallas HeonpeaenéHHoro napameTpa, SBnseTcs
3apaloLLen, 1 BbIYMCNEHHas C e€ MOMOLLBI0 NepeMeHHas cunTaeTcs aTanoHoM. [ipyras Moaenb, 3aBucumMast
OT HeonpeaenéHHoro napameTpa, SBMSeTCS HacTpanBaeMown, NpuyeM e€ aganTtaums OCyLLeCTBNSETCA NyTEM
N3MEHEHWS OLIEHKM HEONPeAEeNEHHON NEPEMEHHO, noanexallyen naeHtudukaymum. CuntTaeTes, YTo UCTUHHOE
3Ha4YeHMe MCKOMOW NepeMEHHON HaAeHo, ecni BbIXOAHbIE KOOPAMHATHLI 3afatoLlel 1 aganTUBHOW MOAEnH
cosnagarT. ViaeHtudukatop Yactotbl BpaweHns (MYBP), noctpoeHHbin no metoguke MRAS, Takke cogep-
XUT [Be mopenu: 3agatowyo mogens uenn cratopa Afl (MUC) u HacTpanBaemyio mMogenb Lenu potopa
(MUP). Obe moaenw BbIMMCISIOT OLEHKY BekTopa noTokocuennexnin potopa Al Hactpoika MUP ocywiecTs-
NAETCH M3MEHEHMEM OLIEHKW 4acTOTbl BpaLLeHWs poTopa, Bxogsen B e€ CTpykTypy. OLeHKy 4acToTbl Bpa-
LieHns poTopa (hopMUPYIOT C MOMOLLBIO MPONOpLMOHanbHO-UHTerpanbHoro (MA-) perynsatopa, Ha BXOA KOTO-
pOro NoJaéTcs BEKTOPHOE NPOU3BEeEHNE ABYX OLEHOK BEKTOPA MOTOKOCLIENEHMI poTopa, NPONopLoHanb-
HOe CWHYCY yrna Mexay HUMMU.

WneHTndmkaTopbl, NOCTPOEHHbIE N0 METOAMKE afanTuBHbIX HabnogaTenen nonHoro nopsaka (AHMMM),
NMEIOT HECKOMBbKO MHYK0 CTPYKTYpY [4]. B Takoi ngeHTudmkaTop BXogUT nonHas (B pamkax o6LenpuHATON
CMCTEMbl [OMYLLEHUI) MaTeMaThyeckas MOLENb dNeKTPOMarHUTHbIX npoueccos ALl, cogepxalyas 4actoTy
BpalLeHNs poTopa Kak HeonpeaenéxHbin napameTp. Ha Bbixoge AHIMI nonyyatoT oueHKy AOCTYMHOM Afis
MPAMOro M3MepeHNst NEPEMEHHOI W, CBOASA TEM UINN UHBIM 06Pa3oM €€ OTKMNOHEHME OT HEMOCPEACTBEHHO M3-
MEPEHHOTO 3HAYEHNS K HYII0, AEHTU(ULMPYIOT HEONPEAENEHHbIN napameTp. B 6e34aTunKoBbIX cucTemax
AQIT HeT Apyron anbTepHaTMBLI, KPOME BOCMpOM3BeAeHUs nocpeacTeom aganTtueHoro HIM oueHkn BekTopa



TOKOB CTaTopa — eAUHCTBEHHON BEKTOPHOW KOOPAMHATbLI COCTOSHUSA, KOTOpasi MOXET ObiTb M3MEpeHa Ha Bbl-
X0AHbIX Knemmax Y.

WneHTndukatop nepemMeHHbIX 1 KOOPAMHAT MOSHOIO NopsiAKa BOCCTaHABMMBAET NEpeMeHHbIE COCTOS-
HUS, UCMONb3YS NOMHYI0 CUCTEMY ypaBHeHMI. [IBuratens, kak 1 niobas auHammyeckas cuctema, onucbiBaeT-
CSl CUCTEMOW YPaBHEHNIA:

dx

— = Ax+ Bu,
dt

y=0Cx.

OLI,GHKVI nepemMeHHbIX (*)OpMI/Ipy}OTCﬂ B COOTBETCTBUN C YPABHEHNEM:

X _ 45+ L(y—CD),
roe X — oueHeHHble NepeMeHHble COCTOsHNS, L — maTpuua koapduumeHToB.
HenocpeacTBeHHOE BblYMCIIEHME paccornacoBaHns no qopmyne (1) 3aTpyaHUTENBHO, NOCKOMbKY Kax-
[as KoopAnHaTa UMeeT [Be NPOeKumMm, TO eCTb [ABa 3HaveHns. PaccornacoBaHue nyudlle uckatb nNo Koopau-
HaTe, UMetOLLEeN OHO 3HaYeHue. Takon KOOpAWHATON ABNSETCA MOMEHT. B HenoaBukHOM cucTemMe KoopamHaTt
MOMEHT MOXHO BbIYMCINTL MO M3BECTHLIM TOKaM CTaTopa W NOTOKOCLIENIEHMIO poTOopa:
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PaccornacoBaHue e siBnsieTcst OTpaxeHem hopMynbl MOMEHTa (2). ATO paccornacoBaHue noaaeTcs
Ha Bxog lMW-perynsTopa. Bbixogom perynsropa SBMSETCS BbMUCNEHHAst CKOPOCTb BpalleHus potopa. Yka-
3aHHbIE BbIYMCIIEHNS BLIMOMHAKTCS NO CReayowmm dopmynam:
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rae Ko, Ki — Koahh1LMEeHTbI, KOTOpble BbIBUPaOTCS N0 HannyYLIel OLEHKE CKOPOCTM!.
BbluncneHHas ckopocTb BpalleHus poTopa Aanee UCnonb3yeTcs B MOAENW ABuUratens ans Toro, Ytobbl
NoACTPOUTL PaboTy MOZENM MOA UMEPEHHbBIE XapakTePUCTUKKN ABUraTens.



VioeHTudmkatop KoopamHaT NOMHOMO Nopsiaka YCTONYMBO paboTaeT B 30HE HU3KMX YacTOT BpaLLeHWs
ABUraTens, a Takxe npu U3MEHeHU ero napameTpoB. GYHKLMOHANBHASA CXeMa Takoro UAeHTUdMKkaTopa npu-
BefeHa Ha puc. 1.
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Puc. 1. dyHKunOHanbHas cxema uaeHTdmkaTopa nepeMeHHbIX MoNHOro nopsaka

MaTematnyeckas Moaenb MaeHTUGMKkaTopa nonHoro nopsigka B cpege Matlab/Simulink npegcraenena
Ha puc. 2.

B kavyecTBe npumepa ¢ e€ 1cnonb30BaHUs NPOU3BELEHO MaTEMaTUYECKOe MOLENMPOBaHKe npouecca
nycka aCUHXPOHHOTO ABUraTenst ¢ HOMUHaMbHbIMK AaHHbIMK: MOLHOCTL 15kBT, HanpspkeHue 380B, yactota
50y, HoMWHanbHas ckopocTb BpalleHus asuratens 2920 ob/mMuH. PesynbTaThl, NONyYyeHHble Ha 0ObekTe
naeHTudmkaumm (Mogenn acuHxpoHHoro asuratens B cpeae (Matlab/Simulink, koTopble paccmaTpuBatoTcs
KaK pearibHble AaHHbIE) N BbIYMCNEHHbIE MAEHTUMKATOPOM, NPeaCTaBneHbl Ha puc. 3. Mogenuposancs npo-
Lecc nycka auratens 6e3 MOMeHTa Harpy3ku Ha ero Bany.
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Puc. 2. O6was cxema Mogeny AEHTU(MKaTopa nepeMeHHbIX MOSTHOMO Nopsiaka

. CHOpOCTE pealbHad

- CROPOCTE BREYHCIEHHAR

Puc. 3. T'pachvkm peanbHOM 1 BLIYUCIIEHHON CKOPOCTY

ConocTasneHne nonyyeHHbIX peaynbTaTos CBIUAETENbCTBYET O 4OCTATOYHO XOPOLLEM COBMNafeHU ne-
PEMEHHbIX B YCTAHOBMBLLEMCS PeXuMe paboThl UOEHTU(UKATOPA, MOCNE OKOHYaHUS B HEM MepexOdHOro
npoLecca.
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