JIEKIIA Neb OJIEKTPOITPMBO/IbI C ACHMHXPOHHbBIMU
JABUTI'ATEJIEMA

['maBHBIM OCTOMHCTBOM A SIBISIETCSI IPOCTOTA UCTIOTHEHHS pOTOpPa, OOMOTKA
KOTOPOTO HE MOJKIIOYAETCA K KaKMM-THOO MCTOYHUKAM MUTAHUS U MOXKET OBITH
BBIIIOJIHEHA KOPOTKO3aMKHYTOM. IIpy 3TOM aCMHXPOHHBIM ABUTATEIb CTAHOBUTCS
OecKOHTaKTHBIM. biarogaps npocToTe KOHCTPYKIIMU, HAJIEAKHOCTH B IKCILITyaTalluu
Y OTHOCUTEIBHO HU3KOM CTOMMOCTH

AJl ¢ KOpOTKO3aMKHYTBIM POTOpPOM SIBJIIE€TCS HamboJee pachnpoCTpaHEHHBIM
TUTIOM JIBUTATEJISl IEPEMEHHOT0 TOKa (PUCYHOK 6.1).

==

6)

a) Kopotko3amkuyThIil poTop; 0) das3uslii poTop.
Pucynok 6.1 — Poropsr A/]

Craruyeckue XapakTepUCTMKH M JHeprermuyeckme pexkumbl AJl. Ha
pucyHke 6.2a n300pakeHa OCHOBHasI cxeMa NoAKIoueHus AJl kK ceTu mepeMeHHOro
TOKa (3Ty CXEMy MHOT]Ia Ha3bIBaIOT €CTECTBEHHOM cXemMoi BKiItoueHus AJl).
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Pucynox 6.2 — Cxema nogkmtoueHus AJ|



Jns pacuera W aHaiM3a pPa3IMYHBIX XapaKTEPUCTUK YacTO HCIOJb3YIOT
noka3aHHble Ha pucyHke 6.20, B T-o0pa3Hyro U yIpPOIICHHYIO CXEMbI 3aMEIEeHUs
AJl, ¢ OMOIIBI0 KOTOPBIX MOKHO ONPEACTUTh €ro 3JIEKTPUUECKHUE IepeMEHHbIE:
TOKH, MOITHOCTH U T.J. — B YCTAHOBUBILIUXCS PEXKUMAX PaOOTHI.

[Ipu pabore A/l oT craropa K pOTOpY BpAILAIOIIUMCS MArHUTHBIM IOJIEM
nepesaeTcs 3IEKTPOMAarHUTHAs: MOIHOCTD:

P., = Mw,, (1)
DJIeKTpOMarHuTHas MOITHOCTh MPE0Opa3yeTcsi B MEXaHUYECKYIO MOIIIHOCTh
P, = Mo, (2)

DNeKTpUYECKHEe NOTEPH B LIETISIX POTOPA U TOTEPH B CTAIIA POTOPA, MOCIETHUMHU
U3 KOTOPBIX MOKHO MpeHeOpedb U3-3a UX OTHOCUTEIHLHOW MaJOCTH.

AP, =31,°R, 3)
Torna
Ma,=Mo+31,°R,

OTKyga MoiydaeM CBsi3b MEXKAY ODJIEKTPOMArHUTHBIM MOMEHTOM U TOKOM
poTopa B BHJE
31.°R,
M="22 4)

@,S

)y —
rae s=— - CKoJbkeHue AJl.
Wy

3anuchiBas gajiee COTIIACHO CXeMe Ha PUCYHKE 6.1 BBIpaXeHHE JJIsl TOKA POTOpA.

: U
I, = — L (5)
(Ri +F\;2J + (X, + X,)?
Torna momeHT OyAeT paBeH
M= s (6)

“ [Rl +F22] +(X,+X,)°

B03MOXHOCTH peryaupoBaHust KOOPANHAT ACUHXPOHHOIO JIEKTPOIIPUBOIA.
OcHoBHBIE CIOCOOBI peryIMpoBaHusl CKOPOCTH Al MOXKHO BBIIBUTH HAa OCHOBE
aHaJIM3a CIEAYIOINX BbIPAKEHU:

O = @y — S (7)



AP ,=P s=M(w,-o) (8)

[lepBoe M3 KOTOPBIX CBSI3BIBAET CKOPOCTh POTOpPA CO CKOPOCTHIO BpallleHUs
MAarHUTHOTO TOJISI U CKOJIBKEHUEM, a BTOPOE — IOJIHBIE AJEKTPUUECKUE MOTEPH B
pOTOpHOM 1enu (KOTOpPhIE YacTO HA3bIBAIOT TMOTEPSIMU  CKOJIBKEHUS) C
ANEKTPOMATHUTHON MOIIIHOCTBIO

B cooTtBercTBUM C BhIpakeHHEM (7) BO3MOXKHBI JIBa CIOCO0a peryaupoBaHUs
ckopoctu A/l: peryampoBaHue CKOPOCTH MoJist (KOTOopast ONpeiessieTcs 4aCTOTOU U
YHUCJIOM Map MOJIOCOB) U PETYJUPOBAHUE CKOJIBXKEHUS MPU MOCTOSTHHOM 3HAYEHUN
®o (YTO TpU 3aJaHHOM MOMEHTE COTJIaCHO 3aBUCUMOCTH (6) NPUHIUIIHAIBHO
OCYIIECTBUMO HM3MEHEHUEM HAINpPSOKEHHs] CTaTopa, BBEACHHEM J00aBOUYHBIX
PE3UCTOPOB UM UHAYKTUBHOCTEN B CTATOPHBIE HJIM pOTOpHBbIE 1enu A/Jl).

C nomoristo Ghopmybl (8) MOKHO OMPEAETUTh MOTEPH B POTOPHBIX IEMSAX U
IPUMEPHO IPOMOPLHOHAIBHBIE UM ITIOTEPU B CTATOPHBIX Lemsx A/l, 4To mo3Bossier
OLICHUTh IKOHOMUYHOCTb CIIOCOOOB PETYJINPOBAHUS.

B Tabmuue 6.1 mpuBeneHbl Ha3BaHUS, CHUJIOBbIE CXEMbl M MEXAaHUYECKUE
XapaKTEPUCTUKU OCHOBHBIX CIIOCOOOB perysmpoBaHusi ckopoctu A/l

Tabauua 6.1 — CnocoOsbI perynupoBanusi A/l

Cnoco0 CuioBasa Mexannuyeckue HUcnonuenune
peryiaupoBaHus cxeMa XapaKTEPUCTUKU potopa
H3menenue ~ u_:_m# B Sty KopoTko3zaMkHyThIH
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NmnynscHOE
peryJupoBaHue
POTOPHOM e

[Io TEeXHMKO-3KOHOMHYECKHM IOKa3aTensiM, Haubojiee COBEPIICHHBIM U3
PEryJIUPYEMBIX ACHHXPOHHBIX JJIEKTPOIPUBOAOB SIBJIAETCS AJIEKTPOIPUBOL C
YaCTOTHBIM yIpaBjieHueM. /[ ero ocylecTBICHUSI MEXIY CEThIO0 MEPEMEHHOIO
Toka U crtatopoM AJ] BkiroueH mnpeoOpaszoBatenb udactoThl (IIY), Ha BBIXOAEC
KOTOPOTO MEHSIOTCA aMIUIMTyJa M YacToTa (a3HbIX HamnpsbkeHuil. V3MeHenue
YacTOThl MCTOYHMKA MUTAHUS MO3BOJSET IUIABHO PEryJMpoBaTh cKOpocTh A/l B
HIMPOKOM JIMANa30He KaK BbIIIE, TAK U HUYKE HOMUHAIBHOM.

[Tpu mo6o0it yactore AJl paboTtaer B npeaenax pabouero yuacTka MEXaHM4ECKOM
XapaKTEPUCTHUKH, TJI€ CKOPOCTh OJM3Ka K CHHXPOHHOM, 4TO, Cyis 1o Gopmye (8),
oOyclioBIMBaeT HeOOJbIIME MOTepu B OOMOTKax. I[lo3ToMy acHHXpPOHHBIN
AJIEKTPOIPUBOJ C YACTOTHBIM YIPABJIECHUEM OYEHb LIMPOKO HCIOJIB3YETCS Ha
MPAKTHKE.

3HAYNUTEIBHOE TPUMEHEHUE HAXOAUT CUCTEMA PETYIUPYEMOIO JIEKTPOIIPUBO/IA
npeodpaszoBarenb Hanpsikenusi (ITH)-AJL ¢ kopoTko3aMKkHYThIM poTopoM. [Ipu
U3MEHEHUHU (PA3HOrO HANpPSIKEHUS CUHXPOHHASI CKOPOCTh o U KPUTHUYECKOE
CKOJBKEHUE HE  M3MEHSIOTCA, a KPUTUYECKUM MOMEHT  H3MEHseTcs
MPONOPIUOHAIBHO KBajpar)' HaIpsHKEHUS. Cucrema ITH-AJ C
KOPOTKO3aMKHYTBIM POTOPOM CIY>KUT B KadeCTBE YCTPOMCTB MSTKOIO Mycka U
TOPMOXEHHUS, a Takke I o0ecrneyeHus: KpaTKOBPEMEHHOW  paloThl
AJIEKTPONPUBOJIA HA HHU3KUX CKOpocTsax. B kadectBe IIH wucnons3yrorcs
TUpPUCTOpHBIE TipeoOpa3zoBarenu Hampsbkenus (TIIH), xoTtopeie 3ameHmIn
MPUMEHSIBILIMECS pAHEE MArHUTHBIE YCHIIUTEIIH.

PerynupoBanue CKOpOCTM HM3MEHEHHMEM 4YMHCa Map MOJ0COB pt OOMOTKH
cTaropa NPUMEHSIETCS MPU HCMHOJb30BAHUM CHEUUATBbHBIX AJl, MOTy4MBIIMX
Ha3BaHHE MHOTOCKOPOCTHBIX. Takue JBUTATEeNM HMMEIOT Ha CTaTope JIMOO B
0ObIYHbIE HE3aBUCUMbIE OOMOTKH, BBITIOJHEHHBIE HA pa3HbIe YMCIIa TOJII0COB, TUO0
OJIHy TOJIIOCHO-TIEPEKIII0-4aeMyl0 OOMOTKY, KakJaas (paza KOTOPOH COCTOHUT W3
HECKOJIbKMX YacTel; MPHU NMEPEKITIOYEHUU KOTOPBIX U3MEHSIETCS YUCIIO MOJII0COB. B
MOCJIETHEM CITydae yalle BCEro 0OMOTKa Kaxaou (a3bl COCTOMT U3 JIBYX YaCTEW,
IPU UX COTJIACHOM BKJIIOYEHUH YHMCIIO Tap MOJIIOCOB B 2 pasza Oouibllie, YeM MNpU
BCTPEYHOM.

HaunOoubliiee npuMeHEHrE HalUIM CIIEAYIONINE CXEMbl MEPEKIIOUEHUs TaKUX
00MOTOK: TpEeyTOJbHUK-ABONHAS 3Be3/la U 3Be3/a-ABOMHas 3Be3/a (pucyHok 6.3).
PoTopbl MHOTOCKOPOCTHBIX A/l BBIOJHAIOTCS C KOPOTKO3AMKHYTOM OOMOTKOIA.

JIByxckopocTHble AJl ¢ He3aBUCUMBIMH OOMOTKaMH, H3rOTOBJIIEHHBIMH Ha
pa3HbIE YKCIIa [ap MOJIFOCOB P1 U P2 U MOAKIIOYAEMBIMU K CETH € IIOMOLIBIO KITHOYEH
K: n K, nomyuwin 3HAUWUTENBHOE pPACHPOCTPAHEHUE B JIIEKTPOIPUBOAAX



JU@TOBBIX W KPAHOBBIX MEXaHHU3MOB. JIJIsl TakMX MEXaHM3MOB IE€PCIIEKTUBHO
HCTIOJIb30BaHue AiekTponpuBoaa 1o cucreme TIIH-aByxckopoctHon A/l.

Cxema coeduHeHul Ha naHesnu Cxema coeduHeHUd Ha naHenu
Yacmoma epalueHus: \I/ \I/ \I/
HU3LWan asicwan
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a) 0)

1u,1v,1w — Hayaso nepBoi, BTOPOH, TpeThel (pa3bl COOTBETCTBEHHO; 2U,2V,2W
— KOHeEII MIEPBO#, BTOPOM, TpeTber (aszbl cooTBeTcTBeHHO; L1, L2, L3 — KOHTaKThI
JUIS TIOIKJIFOUYEHHMS CETH.
a) TpEeyroJIbHUK-/IBOMHAs 3Be3/1a, 0) 3Be3/1a-ABOMNHAs 3B€3/1a
Pucynok 6.3 — Cxembl noaxiroyeHust A /]

Hass A/l ¢ ¢a3HbIM POTOPOM HEIUIOXO 3apEKOMEHJOBAIM ce0si CIOCOOBI
pEryJIupoOBaHMsl, IPY PeAM3alUu KOTOPBIX B POTOPHYIO Lienb A/] BBOIAT CUIIOBBIE
AJIEMEHTHI (PE3UCTOpBI, IMpeoOdpa3oBaTenu). paclupstomue Q(yHKIUOHAIbHBIC
BO3MOYHOCTH 3JIEKTPOIPUBOJIOB.

Haubosee npocTbiM U3 3TUX CIIOCOOOB SIBISIETCS PEOCTATHOE pPEryJINpOBaHUE,
KOTOpPO€ OCYIUECTBISETCS IIyTEM M3MEHEHHsI COIPOTHUBICHUA PE3UCTOPOB,
BKJIFOUEHHBIX B pOTOpHBIE 1Henu AJl, 1 mupoko npumeHsercs Ha npaktuke. [lpu
BKJIFOUEHUH CHUMMETPUYHBIX CONPOTHBJICHU B LENH pOTOpa BO3pPACTaET
KPUTUYECKOE CKOJIbKEHHE, a KPUTHYECKHMI MOMEHT OCTAae€TCd HEU3MEHHBIM.
BBegenue 100aBOYHBIX COMPOTUBICHUM B LIETIh POTOPA MPU MYCKE U TOPMOKEHUU
MPOTUBOBKJIIOYEHUEM TMO3BOJISIET YMEHBIIUTh TOKHM B OOMOTKAax M YBEJIUYUTH
MoMeHT AJl. Ilpu Hanuuuu A00ABOYHBIX CONPOTUBIEHUWA YacThb NOTEPb
CKOJIb)KEHUS BBLIEISETCS HE B OOMOTKE pOTOpa, a BHE JABHUraTess B JOOABOUHBIX
pe3uCTOpax, 4YTo 00JIeryaeT TermoBou pexxum AJl.

JIOCTOMHCTBA PEOCTAaTHOIO PETYJIMPOBAaHMA — IPOCTOTa peaju3allly,
BO3MOXXHOCTb OIPAHMYEHHUSI TOKOB Ha YPOBHE HOMUHAJIBHBIX 3HAYEHUH B IIMPOKOM
JMAana3oHe CKOPOCTEH; HENOCTAaTKM — 3HAYUTENbHBIE IIOTEPU DHEPIUH B
N00aBOYHBIX PE3UCTOpaX, CTYNEHYATOE PEryJUpOBaHUE CKOPOCTH, CHUKEHUE
AKECTKOCTU MEXaHUYECKUX XAPAaKTEPUCTUK IPH OOIBIINX JOOABOUYHBIX PE3UCTOPAX
(4TO MOKET BBI3BAaTh CYIIECTBEHHbIE U3MEHEHHSI CKOPOCTH MPH PAa3HBIX MOMEHTAX
Harpys3Ku).

PeocTtaTHOe perynupoBaHre UCHOIB3YETCS AJIs JEKTPONPHUBOIOB MOLIHOCTHIO
go 100... 150 kBt, pabGoTarommx B MOBTOPHO-KPATKOBPEMEHHBIX pEXUMaXxX
(HampuMep, I KPaHOBBIX MEXaHU3MOB). Wi JuIsl mycka A/l ¢ ¢ga3HbeIM poTopom
pHu OOJIbIIEH MOLITHOCTH.



Henmocratok paccMOTpPEHHOrO pPEOCTATHOTO PEryJIMPOBAaHMS, CBSI3aHHBIA CO
CTYNIEHYATBIM PETYJIUPOBAHHUEM CKOPOCTH, MOXHO YCTPaHUTh CHOCOOOM
UMITYJICHOTO PEryJUpoBaHusl KoopAuHaT. HaumOomblnee NpUMEHEHHE HalUIU
CXEMBbI C UMITYJIbCHBIM PETyJIMPOBAHUEM B LIEIH BBIIPSIMIECHHOIO TOKa POTOpa, B
KOTOPBIX TOAKIIOYEHHBI K pOTOPY HEyIpaBisgeMblil Tpexdas3Hbli MOCTOBOMU
BBIIIPSIMUTENL B coenuHeH ¢ pe3suctopoM Ry, NMEpHOAMYECKM IIyHTHPYEMBIM
0eckoHTakTHBIM KitouoM K. [1pu 3amblikanum kitoya pe3uctop Rg mryHTHpyercs, a
IIPU Pa3MbIKAHUM OH BBOJUTCS B LIEMb BBIIPAMIIEHHOTO TOKa poTtopa. IIpu stom
nocturaerca 3QQEeKT MIaBHOTO pPEryJIMpOBaHUS AKTUBHOIO COINPOTHUBIICHHS B
POTOPHOM LETN.

IIpeoOpa3zoBaTein 4aCTOTHI € IPOMEKYTOYHBIM 3BEHOM IOCTOSIHHOI'O TOKA.
B mnpeoOpazoBarensix 4acTOThl C MPOMEKYTOYHBIM 3BEHOM IIOCTOSIHHOTO TOKa
HanpsDKEHUE TUTAIOIed CeTH TMOJAeTCsl 4Yepe3 BBIIPSAMUTENb U (QHIBTP Ha
uHBepTOp. MHBEpTOp, YyHOpaBIAEMBIM OT MHUKPOIPOLUECCOPHOU  CHUCTEMBI
yhnpaBieHus, (opMupyeT HanpsbKeHHE Ha BbIXOJA€ IpeoOpaszoBarens B
COOTBETCTBUU C IPUHATHIM 3aKOHOM PETYJIMPOBAHHUS.

NuBépTOp — YCTPOWCTBO I TPEeoOpa3oBaHUs IOCTOSSHHOTO TOKa B
NEPEMEHHBIN C U3MEHEHNEM BETMUMHBI HapspKeHUs. OObIUHO IPECTaBIsIeT COO0M
reHepaTop MNEepPUOAMYECKOr0 HampspKeHus, 1o ¢opMe MNpUOTMHKEHHOTO K
CUHYCOHUJIE, WJIH TUCKPETHOTO CUTHaNA (PUCYHOK 6.4).
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Pucynok 6.4 — PaGota uaBepTopa

BbICOKOBOILTHBIC PEO00PA30BATENHN € POMEKYTOYHBIM 3BEHOM
MOCTOSTHHOT0 TOKAa. Heo0Xxo1MMOoCTh MPUMEHEHHUSI CTIeMaIbHbIX UHBEPTOPOB JIJIst
BBICOKOI'O HAIIPSKEHUS BBI3BIBAIOT ClIEAYIoNIne (haKTOPhI:

- OTCYTCTBHE KJItOU€i Ha BbICOKOE Hampsbkenune (>1700 B) u Toku ¢ BbICOKOH
4acTOTONH KOMMYTallMU, HEOOX0IUMOU i (POpMUPOBAHMS HAIIPSKEHUST METOZOM
1M, ncnons3zyemMoil B Tpex(a3HbIX MOCTOBBIX HHBEPTOPAX;

- IpUMEHEHHE TPeX(Ha3HOro MOCTOBOIO MHBEPTOPA C YBEITMUEHUEM HAIIPSKEHUS
OPUBOJAUT K YBEIUYECHUIO NPOW3BOJHBIX HANPSHKEHUS IO BPEMEHH, YTO
CKa3bIBAETCS HAa TPEOOBAHUAX K M30JISALIMM IBUTATENS, YBEIUUMBAET MEKBUTKOBBIC



€MKOCTHBIE TOKH, OTPaHMYMBAET JUIMHY KaOessl, COeIMHSAIONIEro peodpa3oBareib
U Harpy3Ky, U TpeOyeT JOPOruX BBIXOAHBIX (PUIBTPOB;

- MPOCTOE TOCIEAOBATEIBHOE COEAUHEHUE KIIOYEH C LENbI0 IOBBIIICHUS
pabouero HanpsxeHHs Tprudopa HeAPPEKTUBHO, TaK KaK JaKe IIPU MaJIoM pa3dpoce
napaMeTpoB OAMH U3 KItoued OyJeT OTKPBIBAaThCA U 3aKphIBaThbcs ObICTpee, a
JIpYroil MeJIeHHee. DTO MPUBOAMUT K TOMY, YTO B MOMEHTHI KOMMYTAIIUI B CTOMKE
OCTAeTCs TOJBKO OJMH KJIFOU Ha MMOJHOE HAIPSYKEHNE BMECTO IOJIOKEHHBIX JIBYX B
cTaTU4eckoM pexume. [1o3ToMy Halle)KHOCTh TaKMX CXEM COEIMHEHHMsS KIItouen
KpaillHe HU3Kasl.
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