3 ACUHXPOHHBIE MAIINHBI

ACHHXPOHHBIE MAIIUHBI SBJISIOTCS CAMBIMU PacHpPOCTPAaHEHHBIMHU JJIEK-
TPUYECKHUMHU MAIIMHAMHU U B OCHOBHOM OHM HCIIOJB3YIOTCS KaK JIBUTATEIIH,
pexe — Kak reseparopsl. bonee 80 % Bcex 3JIEKTpOABUTraTENEH, BBIITY CKAEMBbIX
IIPOMBIIIUIEHHOCTBIO, SIBIISIFOTCS MMEHHO ACHUHXPOHHBIMHU. CTONb HIHPOKOE
pacrpoCTpaHEHUE JaHHBIX JBUraTesIell OOBSICHAETCS UX XOPOUIMMHU IKCILTya-
TaIlMOHHBIMHU CBOMCTBaMH, MPOCTOTOM yCTPOWCTBA U OOCTYy>KMBaHUS, HAJC K-
HOCTBIO B pa00OTE€ U HEBBICOKOM CTOMMOCTBIO.

ACHUHXPOHHBIE MAIIIUHBI — 3TO OECKOJJIEKTOPHbIE MAIIMHbI IEPEMEHHOTO
TOKQ, Y KOTOPBIX OTHOILIEHHUE YAaCTOTHI BPAILLIEHUS POTOpPaA K YACTOTE TOKA B IIE-
M1, MOJKJIIOYEHHOW K MmamwuHe, 3aBUcUT OT Harpy3ok (I'OCT 27471-87, CT
CHB 169-86).

3.1 YCTPOMCTBO ACUHXPOHHOTI'O JIBUT ATEJIS

OCHOBHBIMM YacTSIMU JIF0OOTO ACHHXPOHHOTO JBUTATEN SIBISAETCS HEIMOo-
JIBIKHAS 4acTh, Ha3bIBa€Masi CTaTOPOM, U Bpall[aloNIasics 4acTh, Ha3bIBaeMasi pPOTO-
pom. CtaTop ¥ POTOpP paslielieHbl BO3AYIIHBIM 3a30POM, pa3Mep KOTOPOro Kojieo-
aetcs oT 0,1 (qBuraTenu mManoil MOIHOCTH) 10 1,5 MM (aBUraTenu OONbIIECH MOIII-
HOCTH).

B 3aBUCHMOCTH OT KOHCTPYKIIMH POTOpPA aCUHXPOHHBIC JIBUTATENN JEISAT Ha
JIBa THIIA: JIBUTATEIH C KOPOTKO3aMKHYTBHI pOTOpoM (prc. 3.1) m maBuratenu c ¢as-
HBIM POTOPOM (pric. 3.2) CTaTOPBI ATHX JBHUraTeJIeH UMEIOT OJIMHAKOBYIO KOHCTPYK-
ITHTO.

CraTop acuHXpoHHOro asurarens (puc. 3.1 u 3.2) cocroutr u3 Kopmyca 3
(cTaHuHBI), CepICYHHMKA 2, OOMOTKH M KPBIIIEK C MOAIMIUITHUKOBBIMU y31aMu 1.

Kopnyc cratopa (cranuHa), Kak MNpaBUIO0, HUMEET IHJIUHIPUIECKYIO
dbopMy M U3roTaBIMBAETCA U3 CTAJIM, YyT'yHa WIH amoMuHus. B kopmyce cta-
TOpa pacrmnoJiaraeTcss GeppOMarHUTHBIN CEpACYHUK C HAXOJSIIEHCS B ero mna3ax
obMoTKOM cTatopa. OOMOTKA cTaTOpa aCHHXPOHHOTO JBUTATENs MpelHa3Haye-
Ha JUIS TOJIyYEHHsl Bpallaromierocss MarHuTHoro mojigs. C TOpIEBBIX CTOPOH K
CTaHUHE KpemnsaTcs Kpblku. CeplieyHUuK cTatopa JJIisl YMEHBIICHUS MOTEeph Ha
BUXpPEBbIE TOKM HAOUPAIOT U3 IITAMIOBAHHBIX JIMCTOB JJICKTPOTEXHUUYECKOU
cranmu TommuHON 0,35—0,5 MM. JIucTel mrammyroT B Buae koisen (puc. 3.3), Ha
BHYTPEHHEUW CTOPOHE KOTOPHIX UMEIOTCS YriyOJeHUs— Ma3bl - AJs pa3MelleHus B
HUX OOMOTKH CTaTOpa; JUCTHI mepes; COOPKOM B MaKeT U30JUPYIOT, MOKPHIBas
CJI0EM JIaKa.

[Ta3el B cep/iedHUKE CTATOPa BBIMOJHSIOTCS MOJYOTKPBITHIMU WJIU TOJTy3a-
KpBIThIMU (puc. 3.4); B MaIllIMHaX CPeHEN U MaJIOW MOIIIHOCTH T1a3bl BHITIOJHSIIOTCS
MOJIy3aKpbITBIMUA. KaxIblil 11a3 NOKPBHIBAIOT U30JsUMend 1, a 3aTeM 3amOJIHSIOT
NpoBOJAHUKAMU OOMOTKM 2. B maszax crtatopa OOMOTKY 3aKpeIuvisioT C MOIIbIO
MJIACTMACCOBBIX WJIH JIEPEBSIHHBIX KIMHBEB 3.
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Puc. 3.3 JIuctsl ctatopa (1) u potopa (2) Puc.3.4 Ilony3akpbIThlii 1123 cTaTOpa ¢ 0OMOTKOM

B tpexdas3npix nBurarensx pasHbie OOMOTKHM CABUHYT B IPOCTPAHCTBE
OTHOCUTEJIBHO ApyT Apyra Ha 120°. Bce koHIBI (a3HbIX OOMOTOK cTaTopa BbI-
BOJSIT HAa 3aKMMBbI KOPOOKH BBIBOJIOB (puc. 3.5, a), o6o3Havas Havano pa3z — Cl,
C2, C3; a xoH1pl — cootBeTcTBeHHO C4, C5, C6. Tpexda3nyro oOMOTKY cTaTopa
MOKHO COEIUHSATH B 3B€3/ly WJIH B TPEYTOJIbHUK B 3aBUCHUMOCTH OT HAINPSIKECHUS
nuTarome cetu. Hanpumep, ecnu B macnopte ABUTATENs yKa3aHbl HaINPSKEHUS
220/380 B, To nmpu Hanpspkenuu cetd 380 B 0OMOTKY cTatopa COeIUHSIIOT B 3BE3LY
(puc. 3.5, 0); ecnu ke B cetn Hanpspkenue 220 B, To 00MOTKY cTaTopa COSIHHSIOT B
TpeyroiapHuK (puc. 3.5,8B). B 00oux cnyyasx Ha ogHO(pa3HYI0 OOMOTKY cTaTopa Mpu-
xoautcs HanpsbkeHnue 220 B.

A A A W
Y

I I

5

C1 C2 C3

Cé6 C4 C5

a) 6) 6)

Puc. 3.5 IuTok 3a)KMMOB aCHHXPOHHOTO JIBUTATEIS

PoTop acCHHXpOHHOTO ABUTATENs COCTOUT U3 Bajia, CepACUYHUKA U OOMOTKHU.
Cepaeunuk poropa umeer GopMy HUIUHAPA, €0 COOMPAIOT M3 IITAMIIOBAHHBIX
JIMCTOB JJIEKTPOTEXHUUYECKOW cTanu. JINCThI ceplleyHUKa CHENUAIbHO HE MU30JIU-
PYIOT, TaK Kak B OOJBIIMHCTBE CJIy4aeB BIOJHE JAOCTAaTOYHOM M3OJSAIMEH OKa-
3BIBAETCS MJIEHKA OKAJIMHBI, UMEIONIAsICAd Ha MOBEPXHOCTH JIUCTOB. B Mpo10abHBIX
naszax CepJIeuHrKa poTopa pa3MenaeTcss 00MOTKa poTopa.



Kaxk n3BecTHO, B 3aBUCUMOCTH OT TUIAa OOMOTKH POTOpPa aCUHXPOHHBIE JIBU-
raTenau JesATcs Ha JBUraTeld C KOPOTKO3aMKHYTHIM U (Da3HbIM pOTOPOM; B IO-
CJIEIHUX 0OMOTKA pOTOpa MPUCOETUHEHA K KOHTAKTHBIM KOJIbIIAM.

Kopomkozamxnymule pomopul yaiie BCEro NPUMEHSIOT B JIBUTaTENsAX Ma-
Jou u cpeaneit momHoctu (puc. 3.6). B maszax cepaedHukoB 1 TakuxX pOTOPOB
pacroJiaratoT MeJHbl€ WIH AJIOMUHUEBBIE CTEP>KHU 2, KOTOpBIE 3aMBIKAIOTCS Ha
Topiax poropa kojplamMu 3. TakuM 00pazoM, 0OMOTKa KOPOTKO3AMKHYTOTO pOTOpa
uMeeT BUJ Oenmmubelt kieTku (puc. 3.6). Yame Bcero KOpoTko3aMKHyTass 0OMOTKa
MoJydyaeTcsl MyTeM 3aJUBKU CEepJCYHUKA POTOpa pPacCIUIaBICHHBIM aTIOMHHUEM
noa nasiaeHueM. [Ipu 3ToM OJHOBPEMEHHO CO CTEPKHSIMH OTJIMBAIOT 3aMbIKaIO-
e (TOpUEeBbI€) KOMbLA C KPbUIBYATKOW BEHTHIISITOPA, TEM CaMbIM CIIOCOOCTBYS
YIIYYIIEHUIO OXJIAKICHHSI MAITUHBI.
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Puc. 3.6 KoHCTpyKIMsi KOPOTKO3aMKHYTOT'O pOTOpa TUMA:
a — Oennubs KJeTKa; O — poTop ¢ MEAHON CTEPKHEBOW OOMOTKOM; B — POTOp C alIOMHHHE-
BOM JIUTONH OOMOTKOM; 1 — cepliedHuK poTopa; 2 — CTEPKHH; 3 — 3aMBbIKaIOLIMe KOJbla; 4 — Jjomna-
CTHU BCHTUJIATOPA

Dasznvie pomopsbl TPUMEHSIOT B ACHHXPOHHBIX JBUTATENSAX OOJBIION MOIIHO-
CTH, B IIPe0Opaz0oBaTeNIIX U B HEKOTOPBIX CHEIMaJbHBIX MAlIMHAX Majol MOIIHO-
CTH JJIA MOJy4YeHHUs OOJIBIIOrO MyCKOBOIO MOMEHTA U IIUPOKOIO Juara3oHa pery-
JMPOBAHMS YacTOTHI BpamieHus. OTianune Gpa3HbIX pOTOPOB OT KOPOTKO3aMKHYTBIX
COCTOUT B YyCTPOMCTBE OOMOTKHU M HAJUYMU KOHTAKTHBIX KOJIEII.

O6MoTKY (hazHoro poropa 5 (cM. puc. 3.1) BEINOJHIIOT aHATOTUYHO 0OMOTKE
cTaTopa JABHUTraTess, T.€. U30JUPOBAHHBIE MPOBOJAHUKU, COOPAHHBIE B CEKIHH,
pa3MennalrTcs B ma3ax cepjeuHuKa potopa 8; cexiuu TpexdazHoil 0OMOTKH OObIY-
HO coeAuHsAOT 3Be310M. KoHubl (pa3HbIX 0OMOTOK poTOpa MPHUCOECAUHSIOT K
M30JIUPOBAHHBIM JIPYT OT JApyra W OT Bajia JIBUTATEJs KOHTAaKTHBIM KoJIbllaM O,
10 KOTOPBIM IIPH BPAILEHUH POTOPA CKOJIB3AT YKPEIJIEHHBIE B IIETKOAEPKATEIAX



meTku. C MOMOUIbI0 KOHTAKTHBIX KOJIEI[ U LIETOK OOMOTKHA POTOpa COEAUHS-
IOTCSI C TYCKOBBIMU WJIM PETyJIMPOBOYHBIMU PEOCTATAMH.

B acMHXpOHHBIX JBUTATENSAX Pa3JIMYHOIO BUJA KpBIIH (IIUTHI) 1, AB-
JAAIOIKUECs OMOPOW IS MOAIIMIIHUKOB, KpemsT Oonramu K kopmycy 3 (cra-
HUHE); WX BBIIOJIHSIOT JIMTBIMU WIM CBApHBIMH, U3 TOTO € MaTepuala, 4To |
KOpIYyC MalIMHBI. B KpyNHBIX MallMHAX HUCIOJIB3YIOTCS MIAPUKOBBIC WU POJIH-
KOBBIE TOJIIUIMHUKY (MOAIIUIHUKA KaueHUs), a MOAIIUIHUKA CKOJIbKEHUS
(6poH30BbIe UM OpOH30TPaPUTOBBIE) MPUMEHSIOTCS B TeX CiIy4asx, Korja Tpe-
Oyercs OecimrymHasi pabora asurarens. Ha xopryce MamiMHBI yCTaHAaBIMBAETCS
KOpOOKa BBIBOJIOB / C HIECTHhIO BHIBOJAMH OOMOTKH CTaTOpa, a Ha ABUraresie ¢ Qas-
HBIM POTOPOM — H C BBIBOJIaMU OOMOTKH pOTOpA.

Kpome Toro, Ha kopiyce 3akpeniseTcs IJIacTUHA ¢ TadIUUEel, B KOTOPOM
yKa3aHbl: THUII ABUTATENS, 3aBO/I-U3TOTOBUTEINb, MTOJIE€3HAS MOILIHOCTh, HAMIPSKCHHE
NUTaHUsI, 3HAU€HHE NOTPeOJIIEMOro TOKa, KO3(PPHUIMEHT MOIIHOCTH COS®, 4acToTa
Bpaiienus u KIIJI. IlpuHuunuanbHble cXeMbl aCHHXPOHHBIX ABUTATeJIEN C KOPOT-
KO3aMKHYTBIM U (pa3HBIM POTOPOM MPHBOASATCA Ha puc. 3.7, a U 6 (R,,; — MycKo-
BbIE UJIU PETYJIUPOBOYHBIE PEOCTATHI).
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c1 @ c3  c1 c3

a) 0)

Puc. 3.7 IlpuHIMIIMAIEHBIC CXEMBI BKITFOUCHUS ACHHXPOHHBIX JIBUTATEIICH:
@ — C KOPOTKO3aMKHYTBIM POTOPOM; 6 — ¢ (pa3HBIM POTOPOM

3.2 IPUHOUII OBPA30OBAHUS BPAIIAIOIIEIOCSA MATHUTHOI'O 1TO-
JISA

[TpuHuun oOpa3zoBaHMs BpPAIIAIOUIETOCS MAarHUTHOIO MOJISI PACCMOTPHUM Ha
npuMepe mpocTteiiei Tpexda3Hoi ABYXMOJIOCHOW 0OMOTKHU, Kaxaas ¢a3a KOTo-
pOif COCTOUT U3 OJAHOW CeKIuH, (pa3Hble OOMOTKH coelrMHEHbI 3Be3a0M. [Ipu BKIIIO-
YEHUHU B CeTh Tpex(a3zHOro ToKa B Pa3HbIX OOMOTKAX MOSABATCA TOKU, CABUHYTHIE
no ¢ase (1Mo BpeMEHU) OTHOCUTENBHO APYT Jpyra Ha ajiekTpuyeckuit yromn 120°
(puc. 3.8). [IpoBenem psin noctpoenuit Bekropa MJIC tpexdaznoit oomotku Fp,
COOTBETCTBYIOIIUX Pa3JIMYHBIM MOMEHTaM BpeMeHH iy, 1; 1y, 3, oTMEeUeHHEBIM Ha rpa-

¢uke puc. 3.8.



Puc. 3.8 Tlonydyenne Bpamaromerocss MarHUTHOTO TIOJIS:
1-4 — oOmoTKa ¢a3el A; 3-6 — o6MoTKa (assl B; 5-2 — oOMoTka (azsr C (nepBas mudpa
Hayasio 0OMOTKH)

B momenT Bpemenu t; Tok B (aze 4 pasen 0, B pa3e B TOK ©MEET OTpUIIATEIb-
HOe, a B paze C — MOJOKUTEIbHOE HAMpaBIeHUs. JTH HAMpaBIeHUS TOKa OTMEYaeM
Ha puc. 3.8 B ceueHHUsIXx 0OMOTOK cTaTopa ISl TaHHOTO MOMeHTa BpeMeHu. [lpu
TOM clielyeT TMOMHUTH, YTO 3a MOJOXXKUTEIbHOE HaIpaBlieHHWE TOKa B (pazHOM
0OMOTKE MPUHUMAETCS HAMpaBIeHHE TOKAa OT Hayaisa OOMOTKH K €€ KOHILy U 000-
3Ha4YaeTcs X, a CIe0BaTeIbHO, OTPUIIATEILHOE HAMMPAaBICHHE TOKa B 0OMOTKE CO-
OTBETCTBYET HAIPABJICHUIO TOKAa OT KOHIIA K Hadaly U o0o3HadaeTcs *. 3aTeM B
COOTBETCTBHUH C YKa3aHHBIMHU Ha puc. 3.8 HaNpaBICHUSIMHU TOKOB ompeselseM (1o
npaBuily OypaBumnka) HampaieHue Bektopa MJIC tpexdasznoit oOMOTKH cTatopa
(BexTop F, HampaBiicH BHU3).

B momenT Bpemenu ty, T.e. uepes (1/3) 7, Tok B aze B paBeH Hymto, B paze A
UMEET MOJIOKUTENbHOE, a B ¢aze C— oTpuuateiabHoe Hampaienue. Crnenas mo-
CTPOEHHS, aHAJIOTUYHBIE MOMEHTY BpeMeHH 1y, 3ameTuM, uTo BekTop MJIC 0OMOTKH



cratopa Fp o cpaBHEHHUIO ¢ €ro MOJOKEHHEM B MOMEHT BpeMeHU [y TOBEpHYJICS HA
120° B HanpaBJIEeHUU JBUKEHUS YACOBOU CTPEIIKH.

[IpoBens ananoruynsie noctpoeHus Bekropa MJIC oOMOTKHM cTaTopa s
MoMeHTa t, U t3, BUIUM, 4TO KaXkIbIH pa3 MpH Mepexojie OT OJHOTO MOMEHTa Bpeme-
HU K JIpyromy BekTop FpmoBopaunBaercs Ha 120°, a 32 0JJuH NepuoJl U3MEHEHUS TO-
KOB B 00MOTKax (¢ t0 110 t3) menaeT monHbIi 060pot (360°) u Oymer, TakkuM 00pa3oM,
Bpamatomumcsa. Bpawarowasaca MJ/IC coz0aem epawaroweecs macHumHoe noJe,
akeusanenmuoe nono Maraura N—S ¢ ungykmueit By. DTo mose Bpamaercs ¢ CUH-
XPOHHOW YaCTOTOM 71, KOTOpas MPOMOPIIHOHAIbHA YaCTOTe MMEPEMEHHOTO ToKa f, u
00paTHO MPOMOPIMOHATBHA YUCITY Map MOJCOB OOMOTKH cTaTopa p, T. €.

n = 601, . (3.1)
p
3aBUCHMOCTS 11 OT p u T mpencrasiena B Tadiume 3.1.
Tabmuma 3.1
B p 1 2 3 4 5 6
=300y hmm | 3000 | 1500 | 1000 | 750 | 600 | 500
0=1 fo, Iy 50 100 200 400 500 1000
ny,00/Mun 3000 | 6000 | 12000 | 24000 | 30000 | 60000

Kpyeosoe Bpamarwuieecss MarHUTHOE MOJI€ XapaKTEPU3YETCSA TEM, YTO
MPOCTPAHCTBEHHBIM BEKTOP MarHUTHOW MHIYKIIMU 3TOTO MOJISI By Bpaiiaercs pas-
HOMEPHO (71; = CONSt) U CBOMM KOHIIOM ONHUCHIBA€T OKpY>XHOCTh. Kpyrosoe Bpa-
HIAIOIIEEeCs] MAarHUTHOE TOJIE TMO3BOJISIET MOJYYUTh HAMOOJIbIlIEe 3HAYCHUE JJICK-
TPOMAarHUTHOTO MOMEHTA W MOATOMY SIBJISIETCS HauboJiee >KeaaTelbHBIM BHIOM
MarHUTHOTO TOJISI 71T aCUHXPOHHOTO JIBUTATEIS.

[Ipyn HEOOXOAUMOCTH U3MEHUTh HAIpABJIECHUE BpalllEHUS MAarHUTHOTO
MOJISI CTaTOpa HYKHO MOMEHSTH MOPSIOK CJI€JOBAHUS TOKOB B (ha3HBIX 0OMOTKAX
CTaTopa, AJs Yero nepexaodaroT ¢as3bl Ha 3aKUMax JIBUTATEIs.

3.3 NPUHLUII JEACTBUSI ACUHXPOHHOTI'O IBUT'ATEJIS

Bpamaromeecss MarHuTHO€ IOJie cTaTopa MEepeceKkaeT MPOBOJHUKU 00-
MOTKHU potopa u HaBoauT B Hux JDJIC. Hanpanenue D/C omnpenpensierca mo
IpaBUJly NpaBOu PyKHU. B aCUHXpPOHHOM JBUTraTese IBUKETCS MarHUTHOE IOJE, a
IIPOBOJHHUKHU POTOpPA MEPECEKAIOT MArHUTHBIE CUJIOBBIC JINHUU COOTBETCTBEHHO B
HAIPABJIIEHUHU, ITIPOTUBOIMOJI0XKHOM 3TOMY ABHXKEHUIO TOJIS; €CIU IOJI€ BpallaeTCs
10 4aCOBOM CTPEJIKE, 3HAYUT MPOBOJHUKU POTOpPA MEPECEKAOT MATHUTHBIE CHJIO-
BbI€ JIMHUHU TIOJIA CTATOpPa B HAIPABJIEHUM NPOTHUB YACOBOM CTpenku. Bce ckazaH-
HOE HEOOXOJMMO YYUTHIBaTh NpHU omnpeneneHun HampasieHus IJC B oOMoTke
poTtopa.

[Ton netictBuem DJIC B 3aMKHYTOM O0OMOTKE pOTOpa BO3ZHUKAIOT TOKH, CO-
HanpasieHHble ¢ D/[C. DTH TOKH B3aMMOJIEHCTBYIOT C MOJIEM CTAaTOpa, B PE3yib-
TaTe 4ero Co3JaeTcs AeKTpoMarHuTHas cuna F,,, HanpaBieHue KOTOpoi ompee-
JIAETCS 110 TIPABUILY JIEBOU PYKHU.




COBOKYITHOCTh BCEX 3JIEKTPOMAarHUTHBIX cull F,, co3gaer anexkTpoMarHut-
HbIH MOMEHT M, KOTOPBI MPUBOAUT POTOP BO BpPAUICHUE C YACTOTOM 71, MPUUYEM
cleayeT 3aMETHTbh, YTO HANpaBJCHUE 7 COBMANAET C HAIMPABICHHEM 4YacTOTHI
BpaIllIeHUs NOJIA /1;. TakuM 00pa3om, dJIeKTpUUYEcKasi SHEPTUs, MOCTyNaromas u3 ce-
TU B OOMOTKY cTaTopa, npeodpa3yercs B MEXaHHYECKYIO SHEPTHIO BpaIlleHUs Po-
TOpa.

YacroTa BpalieHuss poTopa 7 BCEra MEHbIIE CHHXPOHHOW YacTOTHI Bpallle-
HUS Np, T.€. POTOP ACHHXPOHHOIO IBHTATENs BCEraa OTCTAET OT IOJISI CTaTopa.
Bpamartscst ¢ yactotoil 7n; (CHHXPOHHO C MarHUTHBIM TOJIEM CTaTtopa) poTop
ACUMHXPOHHOTO JBHUIraTeds HE MOJXKET, MOCKOJbKY NPU BPALMIEHHU POTOPA U
MarHMTHOTO TOJIS C OJITMHAKOBOW YacTOTOM (7=n;) MarHUTHOE IOJIE CTaTOpa HE
OyJeT mepecekaTb NPOBOJHHUKH pOTOpPA, a CIEIOBATEIbHO, HE MOXET BO3HHK-
HyTh DJIC ¥ 2JIEKTPOMArHUTHBIA MOMEHT, BpaIlalomuii poTop. Takum oOpasom,
pOTOp ACHHXPOHHOIO JBUraTeNsl INMPUHIUINAIBHO HE MOXET BpallaTbCs CHUH-
XPOHHO C II0JIEM cTaTopa. Pa3HOCTH 4acTOT BpallleHUsI MAarHUTHOTO II0JISL CTAaTopa
U pOTOpA XapaKTEPUIYETCS CKONbIHCEHUEM:

s=(m—n)/n,. (3.2)
I/IHOFI[a CKOJIB2KCHHUC BBIpa)KaIOT B HpOHeHTaX:
Sy = (n, —n)L00/ . (33)

B o6mieM ciydae CKOJIbXEHHUE aCUHXPOHHOTO JBUTATENs MOYKET U3MEHSTh-
Cs B JAuamna3oHe OT HYJs (PEKUM XOJOCTOr0 X0Ja) 10 EAUHUIIBI (PEKUM KOPOTKO-
ro 3aMbIKaHUS — PeXUM mycka). HoMuHanbHON HArpy3ke COOTBETCTBYIOT HOMHU-
HaJIbHBIE€ 3HAYCHUS CKOJBXKEHUS S, U YaCTOTHI BPAIIEHUS pPOTOPA 1. Y aCHHXPOHHBIX
JIBUTaTeJIe HOMUHAJIBHOE CKOJIbXKEHUE S, cocTaBiseT oT 1 10 8 %, npuueM 00Jib-
1M 3HAYeHUSI COOTBETCTBYIOT JBUTATEISIM OOIBIION MOITHOCTH.

OOMOTKa poTOpa aCUMHXPOHHOTO JBUraTElsl JIEKTPUUYECKU HE CBSI3aHA C
0OMOTKOW poTopa. DHEpPTHsi, MOCTyNawIIas U3 CETH B 0OMOTKY cTaTopa, nepe-
JlaeTcsl POTOPY MOCPEACTBOM MArHUTHOTrO MoJisi. B 3TOM OTHOIIEHUU aCUHXPOH-
HBIW JBHUTATENh TO00eH TpaHchopMaTOpy, B KOTOPOM O0OMOTKa cTaTopa SBIS-
€TCsl IEPBUYHOM, 2 0OMOTKa poTOpa — BTOPUYHOMN. Pa3sHuIia Mexx1y acCHHXpPOHHBIM
nBurateineM u TpaHchopmatopoM cocTouT B TOoM, uto JDJIC B 0OMOTKax
TpanchopmaTopa HABOJUTCS MEPEMEHHBIM, U3MEHSIONIMMCS BO BPEMEHU Mar-
HUTHBIM TIOTOKOM, @ B 0OMOTKEe poTtopa acuHXxpoHHoro asurartens J/C co3na-
€TCs BpaIllaloNMCSl MAarHUTHBIM TIOJIEM, C TOTOKOM, TTOCTOSIHHBIM 110 3HAYCHUIO,
HO M3MEHSIOUIUM CBOE€ HampaBjieHHEe B MpocTpaHcTBe. OpHako >GGdeKT B TOM U
JPYTOM cllydyae OJMHAKOB — U3MEHSAETCA MOTOKOCIEIIEHUE MEX1Y OOMOTKAMU:

VY =wo (3.4)
3.4.TIOTEPHU U K1 ACUHXPOHHOTI'O IBUT'ATEJISA
[IpeoOpa3oBanue SHEPrUM B aCHHXPOHHOM JBHUTATee, KaK U B JIPYTUX

AJIEKTPUYECKUX MAIlIMHAX, CBA3aHO C MOTEPSIMHU DPHEPTrUU. DTU MOTEPU ACNAT Ha
MexaHnuueckue P, MarauTHbie P, u snexktpuueckue P,.



N3 cetn B 0OMOTKY cTatopa mocTymnaeT MOoIIHOCTh P; YacTh 3T0# MouI-
HOCTHU pacXoAyeTcs Ha IMIOKPBITHE MAarHUTHBIX ITOTEPh B CEpACUHUKE cTaTopa P, a
TaK)K€ DJIEKTPUUYECKUX NOTEpPh B OOMOTKE CTaTopa, OOYCIOBJIEHHBIX HarpeBOM
OOMOTKH MOCIIEHUE C YUYETOM, YTO M; — yKcia ¢pa3 B 0OOMOTKE CTaTOpa PaBHbI

Py =mlcn (3.5)
OcTaBmiascst 9acTh MOITHOCTH MEPEIACTCsl POTOPY MOCPEICTBOM dJIEKTpOMAr-
HUTHOTO TIOJISI, M TIOOTOMY €€ Ha3bIBAIOT AJIEKTPOMArHUTHONW MOITHOCTHIO. Takum
obpazom,

P,.=P—(Ps+Py) (3.6)

oM
YacTh 37€KTpOMarHuTHON MOIUTHOCTH 3aTPAayMBAETCs Ha MOKPBITUE IIEKTPUUECKUX
noTtepb B 0OMOTKE poTopa:

P, =m,lr, (3.7)
rjae M, — uucio ¢a3 B 0OMOTKe poTopa.

OcraBiasics 4acTh 3JICKTPOMAarHUTHOW MOIIHOCTH IIpeoOpa3yercs B Mexa-
HUYCCKYI0 MOINHOCTH JABHUTATE/sA, HA3bIBAEMYIO ITOJHON MEXaHHYECKOW MOIII-

HocThlO P,. Takum oGpazom,

om o
[Tocne psga npeobpa3oBaHUil MOTyIUM

2
T. €. MOWHOCMb IJIeKMPULEeCKUX Nomepb 8 pomope NPOoNnoOPYUOHAIbHA CKOJIbIICe-
Huto. IloaToMy paboTa aCHHXpPOHHOIO JIBUTaTesss 0ojice SKOHOMUYHA MPH MaJbIX
CKOJIb)KCHUSIX.

CnenyeT OTMETUTh, UTO B POTOpPE JABUTATEJISI BOSHUKAIOT TAaK)KE MarHUT-
HBIC MOTEPH, KOTOPHIE HACTOJIBKO MaJIbl, YTO UMM MOXHO MpeHeOpeUhb M3-3a He-
0O0JBIION YaCTOTHI TOKA pOTOpA.

MexaHuueckasi MOIITHOCTh Ha Bajly ABUrartess P', MeHbIIe OJHONW MEXaHU-
4eCKOoil MomiHOCTH P, 3a cueT MeXxaHUYeCKUX Mnorepb P, U 100aBOUYHBIX MOTEPh
Pao5, T. €.

P=P—(P,..*+Pys) (3.10)

Mexanuueckue MoTepu B ACHHXPOHHOM JIBUTATeJIe 00YCIOBJICHBI TPEHUEM B
MOJIIMITHUKAX a’pPOJUHAMUYECKUM COINPOTUBICHUEM Bo3ayxa. JloOaBouHbIe
MOTEPHU BHI3BAHBI HAJIMUUEM B JIBUTATENIE TOJIEH paccessHUs U MyJibcaruei mos
B 3y0LIax poTopa M cTaTropa.

Cornacao I'OCT 183-74 no6aBouHble MOTEPU B HOMUHAIBLHOM PEXUME MPU-
HUMaOT paBHBIMHU 0,5 % MOABOAMMON K JABUTATENIO MOIMHOCTH. TakuM 00pa3oMm,
MoJie3Hass MOIIHOCTh aCHHXPOHHOTO JIBUTATEIIS

P,=P->P (3.11)
rac Z P — CyMMa MOoTCpb B ACMHXPOHHOM JIBUTATCIIC,



Ha puc. 3.9 npencraBnena »sHepreTudeckas amarpaMma aCHHXPOHHOTO
nsurarend, KII/J[ kotoporo

P, P
77:—2:1——Z (3.13)
P P
Py
5 .. F -
SQ_
TN %54

f’omo,o
”fé /

7
s e

Puc. 3.9 Dueprernueckas nuarpamMma aCUHXPOHHOTO JABUTATEIIA

bnaronaps orcyrctBuio kojuiekTopa KIIJ[ acMHXpOHHBIA ABUraTesaeu
BBIIIE, YEM Y JIBUTATEJCH MOCTOSIHHOTO TOKa, W MpH MoIHOCTH Oojiee 1 kBTt
N=80-95 % (BepxHUi mpeqesl COOTBETCTBYET JBUTATENSIM OOJIBIION MOIIHO-

CTH).

3.5 DJEKTPOMATHUTHBIM MOMEHT ACUHXPOHHOI'O JIBUTATEJISL.
MEXAHUYECKASA XAPAKTEPUCTHUKA

DJIEKTPOMAarHWTHBIN BpalaloMid MOMEHT M acCHUHXPOHHOIO JIBUTATENs,
BO3HUKAIOUIUMN MpPHU B3aUMOJIEUCTBUU TOKa B OOMOTKE POTOpa C BpallaroIIuMCs
MAarHUTHBIM I10JIEM CTAaTOPa MPOIOPLHUOHAIIECH DJIEKTPOMArHUTHON MOIHOCTH:

P
M =21 (3.14)
]
rae @, = 27, /60— yriosas yacToTa BpalieHus MAarHUTHOTO TOJIS.

Tak kak cuHXpoHHas yactora N=60f./p, To

27
o =——F (3.15)
p
[ToncraBus B (3.14) Beipakenue P,, u3 (3.9), a P,; u3 (3.7), noxyunm
Py, mlir
M=-22=-"122 (3.16)
S S

Takum 00pa3oM, MOIIHOCTH DJIEKTPHYECKUX MOTEPh B OOMOTKE pOTOpa
MIPOTIOPIIMOHANIPHA PJIEKTPOMAarHUTHOMY MOMEHTY aCHHXPOHHOTO JIBUTATENS.
IToncrasnss B (3.16) Beipaxkenue @y (3.15), a Takke BeIpakeHUE TOKa po-

Topa



U,

|, =
9P+ (x4 %)

(3.17)

B KOTOpOM I'; H X1 — aKTHBHOC U HHAYKTHBHOC COIIPOTHUBJICHHUA (I)&SHOP'I 0OMOTKH
craropa, a ', U X, —aKTUBHOC M MHAYKTUBHOC CONPOTHUBIICHHA (I)aBHOIP'I 00-
MOTKH POTOpa, IPUBCIACHHBIC K 00MOTKE c¢raTropa, IMojadydum CJICAYIOIICC BbI-
PAKCHHUC SJICKTPOMAIrHUTHOI'O MOMCHTA, H-m:
5
M = r m.lpuzl "2 —1 (3.18)
27zfcs[(r1+r2/s) + (X +X5) J

Tak xak mapameTpsl I , X1, U X ACHUHXPOHHOTO JIBUTATENs NpU pado-
T€ C Pa3JIMYHBIMU YaCTOTAMHU BpaIICHHS 7 (CKOJBXESHHUSIMH S) OCTAIOTCS IpaK-
THYECKH TTOCTOSIHHBIMH, TO IPH MOCTOSHHON YacToTe TokKa ctaTopa f, 3HaucHMe
AJICKTPOMArHUTHOTO MOMEHTa M 3aBUCUT JUIIb OT HampsbkeHust cetu U; u
CKOJIb)KEHMUS S.

Kak BunnO u3 (3.18), 3nauenue spawaioweco momenma nponopyuoHaIbHO

2
keaopamy nanpsicenus cemu U; , 1 06 37oM HE0OXOJMMO MIOMHHTH TIPH pabo-

T€ C aCHHXPOHHBIMH JIBUTATEIISIMH, N0O0 CHIDKEHHE HampshkeHus U; XoTs Obl Ha
20 % HOMHUHAJIBHOTO BEIET K YMEHBIICHUIO MOMEHTA Ha 36 %.

[Tpu noctosinHOM HanpsixkeHun U; 271IeKTpOMarHUTHBIA MOMEHT M 3aBUCUT
TOJIBKO OT CKOJBXKEHHUS S, KOTOPOE OJHO3HAYHO CBA3aHO C YACTOTOM BpallleHUS
portopa n .

Takum o6pazom, mpu U; = const Beipaxkenue (3.18) sBnsieTcst ypaBHEH
HEM MEXaHHUYECKOH XapaKTePUCTHKH acHUHXpoHHOro nsurarens M=f(S), kortopas
npuBezeHa Ha pucyHke 3.10. Mcxozas u3s (3.2) yactoTa BpaiieHust potopa

n=n(1-s) (3.19)
OTKyJa BHUJHO, YTO MPH MOCTOSHHOW 4YACTOTE BPAIICHUS MarHHUTHOTO TOJS 7
YBEJIMYECHHE CKOJIBKEHUS S COOTBETCTBYET YMEHBIIIEHUIO YaCTOTHI BpallleHUS PO-
TOpa 1, 4TO HEU30E€KHO CBI3aHO C yBEJIMYCHUEM HATPYkKAKOMIEro (TOpMO3si-
[eT0) MOMEHTA JIBUTATEJIS.

T

Suom

©
-
Mma X

x

MHDM
M”
-(——;1 ,

Ly

RS ; 78
Puc.3.10 Mexanundeckas xapakKTepUCTUKAa ACUHXPOHHOTO IBUTATENS
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[Ipoananu3zupyeMm pabOTy JABHUraTeds Ha KaXJOM U3 yYaCTKOB MEXAHUYECKOU
xapaktepuctuku (puc. 3.10). Jlomyctum, uTo aBUrateiab paboraeT Ha yyacTke OA
B HOMUHJIBHOM PEKHUME (Myoy, Sion)-

Ecnu narpyxaromuii (TOpMO3SIIUNA) MOMEHT YBEJIUYUTCS 3TO BBI3OBET
COOTBETCTBYIOIIEE YBEIWUECHUE CKOJIBXKEHHUS 0 3HAYCHHS S'. DTO, KaK BUIHO U3
XapaKTEPUCTUKHU, TPUBEAECT K YBEJIMYCHUIO SJIEKTPOMArHUTHOTO MOMEHTa [0
3HaueHus M', mocie 4ero pexxuM paboThl ABUTraTessi BHOBb CTAHET YCTAHOBU B-
IAMCS TIPU HOBBIX 3HAYCHUAX CKOJbXEHHUS U DJIEKTPOMATHUTHOTO MOMEHTA.

YMeHbIIeHHEe HarpykamIiiero (TOpMo3sIIero) MOMEHTAa BBI30BET YMEHb-
IIEHUE CKOJIbKEHUS 0 3HaueHus S''. Kak BUAHO U3 TOU Ke XapaKTepUCTUKHU, ITO
NPUBEAET K YMEHBIICHUIO 3JIEKTPOMArHUTHOTO MOMEHTa 10 3HadeHus M", u
JBUTATEJIb BHOBH OyJeT YCTOWYHMBO pabOTaTh MPU APYTUX 3HAYECHUSIX CKOJIb-
xeHus S. Takum oOpazom, Ha yuacTke OA XapaKTEpUCTUKH, T1ie S u3Mensercs ot 0
70 Sgp, JBUTATENb pabOTaeT yCTOWYMBO, TaK KaK Ha 9TOM Y4YacTKe H3MEHEHHE
HATpPy3KU JBUTATENs (CKOJIBXKEHHS S) COMPOBOMKIACTCS COOTBETCTBYIOIIUM H3Me-
HEHHUEM 3JI€KTPOMAarHUTHOTO MOMEHTA.

PaboTa acHHXpOHHOTO ABUTATENS CTAHOBUTCA HEYCTOMYMBOM MpPU CKOJIb-
KEHUAX S>S.p. Ha 3TOM ydacTKke XapaKTEepHUCTHKHU Jla)ke HEeOOJbIIOEe YBEIUYCHUE
Harpy’KarIlero MOMeHTa (CKOJIbKEHHUS S) BBI3BIBACT YMEHBIICHUE 3JICKTPOMAr-
HUTHOTO (Bparmiaromiero) momenTa (puc. 3.10). D10 mpuBemeT K YMEHBIICHHUIO Ya-
CTOTHl BpalleHUs U, JajJbHEHIIEMYy YBEJIHUYECHUIO CKOJBXKEHUS S, K HOBOMY
YMEHBIICHUIO M U T. 1. YMeHbllIeHHe M MpOoAOIKAETCSA 10 TEX MOP, MOKA CKOJIb-
KEHUE HE JOCTUTHET 3HaueHus S=1, T.e. aBuratensb octanoButcs (N = 0).

Taxum oOpazoM, pu Mpax U Sye HACTYTAET TPEeNl YCTOMUUBOW pabOThI IBU-
raTeiyisi, ¥ yCJIOBHUSIMU YCTOWYHMBOW pabOThl aCHHXPOHHOTO JBUTATEJNsI, TAKUM 00-
pa3oM, SIBISIIOTCS: S<Syp, M,y <.-Mpax. [Ipy BBIMOTHEHUU 3TUX YCIOBHM JBUTATENb
Oynet paboTaTh YCTOWYMBO HE TOJBKO, P HOMHUHAJIBbHOW Harpyske, HO Oyner
CIOCOO€H BBIJECPKUBATH HEKOTOPBIE TMEPEerpy3KH, UYTO HEOOXOAUMO IS
HaJeXXHOU pabOTHI ABUTATEIISI B DJIEKTPOIPUBOJIE.

CnenyeT OTMETHUTh, UTO paboTa IBUraTessl B PEKOMEH1ye MOM JIharna3oHe
CKOJIBYKEHUH (TIpH S<Syp), T.€. HA paboYeM y4acTKe MEXaHUYECKOW XapaKTEPUCTH-
KU, ABJIsIETCS HauboJiee YdKOHOMUYHOM, MOCKOJIbKY OHAa COOTBETCTBYET MaJIbIM
3HAYCHUSM CKOJBXKEHHUS S, a CJIeI0BATEIbHO, U MEHBIIUM 3HAYCHUSIM DJICKTpHUYE-
CKHUX IOTEPh B 0OMOTKE pOTOpa, Tak Kak B coorBeTcTBHH C (3.9 ) P,,=SP,,.

BaxHelmuMu napameTpamMu MEXaHUYECKOM XapaKTEpUCTUKHU aCUHXPOH-
Horo npurarens (puc. 3.10) sBustorcs: Sy, — KPUTHYECKOE CKOJNBXKEHUE, Mpax —
MAaKCHUMAJIbHBIA 3JIEKTPOMATHUTHBIM (Bpalllaronuil) MOMEHT U M — MyCKOBOH
3JIEKTPOMArHUTHBI MOMEHT; 3TOT MOMEHT COOTBETCTBYET S = .

[MpoauddhepeHnrpoBaB BhIpaKeHUE IIEKTPOMArHUTHOTO MomeHTa (3.18)
M0 CKOJILKEHUIO S U MPUPABHIB MIPOU3BOJIHYIO HYJII0, HAWJAEM CKOJbXEHHUE COOT-
BETCTBYIOIIEE MAKCUMAJIbHOMY MOMEHTY, T. €. KPUTUUECKOE CKOJIbXKECHHUE

S,y = J_rclrz'/\/rl2 + (x1 + X, )2 (3.20)

WK, peHedperas r; kKotopoe o0bdHO He mpeBbimaeT 10—12 % (X;+X;), moayuum
YIPOIICHHOE BBIPAKCHHE IS KPUTHIECKOTO CKOJIBKCHUS:
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S, 1+ rz'/(xl + x2) (3.21)
[ToacraBus S, (3.20) B BeIpakeHHE 3IEKTPOMArHUTHOTO MoMeHTa (3.18), mo-

JyYUM BBIPAXKECHUE MAKCUMAJIBHOTO JIEKTPOMATrHUTHOTO MOMEHTa aCUHXPOHHO-
ro asurarens, H-m:

M — .

max

mlpU12 -
= \/ - = (3.22)
47ch[r1+ R+ (X +X,) J

MoxHo mpeHeOpeub aKTUBHBIMH CONPOTUBICHUSMU CTaTOpa U MOJY-
YuTh ynpoluieHnywo ¢opmyny Kiocca.

oM,
M=—S (3.23)
S e
S S

Kak yka3piBanoch BbIllI€, aCHHXPOHHBIN JBUraTeNlb 00Ja1aTh CIOCOOHO-
CThIO K Ieperpy3skam. OTO KadecTBO JABHUTATElNsl ONpPEAesieTCs] KPaTHOCTHIO
MaKCUMaJTbHOTO MOMEHTa, KOTOpas SIBASETCA OTHOIIEHHEM MaKCHUMaJbHOTO
MOMEHTA M,y K HOMUHaIbHOMY M,,,,,. [ COBpEMEHHBIX IBUTATENEH

Mmax/Muon=1,7-2,5.

W3 ananmsa BeipaxeHus (3.22) cieayeT, dYTO 3HAYEHHE MAKCHMAaJlbHOTO
MOMEHTa M,,,x HE 3aBUCHUT OT AaKTUBHOTO COINPOTHUBIEHHS poTopa. B To xe
BpeMs 3HAYEHHE KPUTHIECCKOTO CKOJIBKECHHUS Syp (3.21), MpH KOTOPOM MOMEHT J10-
CTUTaeT MaKCUMAaJbHOTO 3HAUYE€HHs, MNPAMO HPONOPLUHUOHAIBHO AKTUBHOMY
CONMPOTUBIEHHUIO L€ POTOPa I,. DTO 3HAYMT, UTO C YBEIMUYCHUEM [, MeXa-
HUYECKasl XapaKTEpUCTUK JIBUTaTellsl CMEIIAeTCsl B CTOPOHY OOJIBIIUX CKOJIBKEHUN
(pucynok 3.11). [Tpu 3TOM TIO Mepe yBenuueHHs r, OyJeT YBEIUUUBATHCS U MYyC-
KOBO¥ MOMEHT. B MmoMeHT mycka nBuraresi N =0wu s = I.

MA
i r 1" It Tenr
2r Z.
Mpaxf=—=— Mo
M
Myom
\ﬁ’ Maz
a :ﬁPI SK'u JKP,” s=1

Pucynox 3.11 BaussHue akTHBHOTO CONPOTHUBIIEHHS LIENU pOTOpa HA
MEXAHUYECKYI0 XapaKTEPUCTUKY aCUHXPOHHOTO JABUTATEIs

HavanpHbI NyCKOBOM MOMEHT M, XapaKTepU3yeT IyCKOBbIE CBOWCTBA
ACUHXPOHHOTO nBurartens. Yem 0oJbliie MyCKOBOW MOMEHT U MEHbIIE MyCKO-
BOW TOK, TEM JIydyll€ IYCKOBBIE CBOMCTBA ABUrareiisi. Y COBPEMEHHBIX TPEX-
(G a3HBIX ACUHXPOHHBIX JABUTATENEH ¢ KOPOTKO3aMKHYTHIM POTOPOM KPaTHOCTH
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nyckoBoro momenra M,/M,,,=1,2-2,5, a xpatHocTh myckoBoro Toka l,/l1,,,=3-8.
JlBuraTenu Majiod MOIIHOCTH MMEIOT MEHBIIYI0 KPAaTHOCTh NMYCKOBOTO TOKa:
1,/1,0,=3-5.

3.6 PABOYME XAPAKTEPUCTHKH TPEX®A3HBIX ACHHXPOHHBIX
JIBUTATEJIEI

Pabouue xapakTEepUCTUKH ACHUHXPOHHOTO JBUTATENS OMpPEAEIAIOT dKC-
njyaTallHOHHBIE KauecTBa JABHUTATENs U MPEACTaBISIOT COO0ONW 3aBUCUMOCTH
4acTOTHI BpallleHUsI poTopa n, kodddumuenta mouHocTu coSe, KIIJ, mones-
HOTO MOMEHTa Ha Baly M,,, u Toka |; OT mone3Hoi MoHocTH Ha Bainy P,mpu U; =
=const; f,=const. Ha pucynke 3.12 npencraBieHbl padoune XapaKTepUCTHKH aCHH-
XpPOHHOTO ABUTaTeNss. PaccMOTpUM HEKOTOPBIE U3 HUX.

r n
Ban
Z I,
tosg, s ¢
7 pts
)
Jyx
a 7 >
TR

Pucynok 3.12 PaGoune xapakTepUCTUKU aCHHXPOHHOTO JIBUTATEls

3aBucumocts N=Ff(P,) npeacrasisier cobol KPUBYIO, c1a00 HAKIOHEHHYIO K
ocu abcrucc. DTO 0OBACHSIETCS TEM, UTO NpHU Harpyskax ot 0 mo P,  JAWama3oH

HOM

M3MEHEHUS CKOJBKEHUS U COOTBETCTBYIOIIEE U3MEHEHHE 1 HE mpeBblmaet 8 %. Pa-
00Ta nBUTATEINS MPU HEOOIBIIOM CKOJIb)KEHUHM BEChbMa YKOHOMUYHA.
[Tone3nast MOIIHOCTH ABUTATEIS .

Pz':Mwa):g%an, (3.24)

rie w=2sn/60- yrioBas CKOpOCTh poTopa; My, — mosie3HbI MOMEHT Ha Baly JBU-
raresns, H-m.

3aBucumocts M,,,=f(P';) ncxons u3 (3.24) onpenensiercss BBIpaKeHUEM:

M_ =60P,/2m, (3.25)

B COOTBETCTBUHU ¢ KoTOphiM M,,,=f(P',) KpuBOIMHEliHA, Ta KaK C POCTOM HArpy3KH
P', yacToTa BpalieHus: # HECKOJIbKO YMEHBIIAETCS.

3aBucumocth Toka |1=f(P';) mpencraBnser co00i XapakTepUCTHUKY, OJIHU3KYIO
K NpsAMOil. DTO CBUAETEILCTBYET O TOM, UYTO C BO3PACTAHUEM HArpy3ku TOK |y
YBEJIMYMBACTCSl TMPAKTUYECKU MPOMOPIMOHANIBHO TMOJe3HOW MomHocTu. Kak
BuaHO xapakrepuctuku |;=f(P',), B pexxume xonocroro xona (npu P',= 0) nBuraressb
MOTPEOJISIET U3 CETH TOK XOJIOCTOTO X014 l;,, 3HaYeHHEe KOTOPOTO Y aCHHXPOHHBIX
nBUraTtesiei 0osbIiie, 4eM y TpaHchopMaToOpoB, 4TO OOBSCHACTCS HAIMYUEM Me-
XaHUYECKUX MOTEPh U BO3AYIIHOIO 3a30pa HAa MyTH MAarHUTHOTO MOTOKa JIBUTA-
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tenst. Tok xoJocToro xonaa |;, B aCHHXpOHHBIX JIBUTATENISIX MOXKET 10CTUTaTh 20—
30 % HOMHHAJIBHOTO TOKAa, 2 B HEKOTOPBIX CHELUANBHBIX JBUTATENSAX MalOu
MOIIHOCTHA OH MOKET JOCTUTaTh U OOJIHIIUX 3HAYCHUH.

3aBucumocTh COS@=Ff(P';) mokaspIBacT, YTO MPHU MaJIbIX HArpy3kax COS¢ UMeeT
Huzkue 3HaueHus (0,2—0,3); olHaKO C yBEIMYEHUEM HArpy3Ku COS¢ yBEINUYHUBAETCH,
nocturas mMakcumyma (0,75—0,85) npu Harpyske, 6JU3KOH K HOMUHAJIBHOM.

[Ipu meperpys3kax, COOTBETCTBYIOIIMX HEOOJBIIUM 3HAUCHUAM 7 (OOJIBIIOMY
CKOJIBKEHHIO), COS@ YMEHBIIACTCS, YTO OOBSCHSIETCS YBEJIMYCHUEM HHIYKTUBHOTO
COIPOTHUBIIEHUS POTOP (X2S) 32 CUET YBEIUYCHUS CKOJBKCHUSI.

B mensx momeimenus ko3 GuUIIMeHTa MOIIHOCTH aCHUHXPOHHBIX JBHUTATE-
JeH KeJaTelnbHOo, YTOOBI ABUTraTeNb paboTan Bcerjaa WM mo KpaifHeil mepe 3Ha-
YUTEJIbHYIO YaCTh BPEMEHU C HOMUHAJIBHOW HArpy3KoM, 4TO MOKHO 00€CTICUUTh
JUIb MPU MPaBUILHOM BbhIOOpe ero. Eciu ke nBuratenb 3HAYUTENbHYIO YacTh
BpEMEHU padOTaeT HEIOTPYKEHHBIM, TO I TOBBIIIEHUS COS¢@ I1eIeco00pa3Ho
YMEHBIIUTh MOJBOAUMOE K ABUrarenato Hampsikenue U;. B nBurarensx, pabo-
TaIOIHUX MPHU COCAUHEHUH OOMOTKH CTaTOpa TPEYTrOJIbHUKOM, 3TO MOXHO CJie-
JaTh, MEPEKIIOYUB OOMOTKHM CTaTopa C TPEyroJibHUKa Ha 3BE3]ly, YTO BBI30BET
yMeHbIIeHUS (Pa3HOro HANpsKeHHs B +/3 pas. IIpy 5TOM MarHMTHBIHA MOTOK CTaTo-
pa, a clenoBaTeNbHO, U MAarHUTHBII IOTOK POTOpAa yMEHBIIATCS MPUMEPHO B +/3
pa3. Kpome TOro, HECKOJBKO YBEJIMYMBAETCS aKTHBHAs COCTABJAIOMIAs TOKA CTa-
TOPa; BCE 3TO CIOCOOCTBYET MOBBILIEHUIO COS .

Pabouue xapakTepUCTHKH JBUTATe]ed Majloi MOIIHOCTH MOKHO CHSTH
METOJIOM HEMOCPEACTBEHHOM Harpy3ku ¢ MOMOUIbIO KaKOTro-1ubo Topmo3a, Mo3-
BOJISIIOIIETO U3MEPUTH CO34aBA€MbIi UM HAarpy304HbI MOMEHT.

3.7 MIYCK, PEBEPCUPOBAHHUE U TOPMOKXEHUE ACUHXPOHHBIX /IBU-
TATEJIEA

[lyckoBbIE CBOMCTBA aCHHXPOHHOTO JBHUTATENS OLEHHUBAIOTCS €ro MyCKO-
BBIMHU XapaKTEPUCTUKAMH:

a) 3HaYCHHEM MyCKOBOro ToKa |, umu ero kparHoctsio 1,/1,,,;

0) 3HAaYEeHHEM MMyCKOBOro MoMeHTa M, mii ero kpatHocteio M,/M,,,,.;

B) IPOJOJI)KUTEIbHOCTHIO U MIABHOCTHIO MyCKa JIBUraTeNsd B X0/,

I') CJIO)KHOCTBIO TYCKOBOMW OIE€paly;

J) SKOHOMUYHOCTBIO IYCKOBOW ormepaiuu (CTOMMOCTBIO U HaACKHOCTHIO
MyCKOBOM anmnapaTyphl), a TAKKE NOTEPSIMHU SHEPTUHU B HEM.

3HaYeHUEe MyCKOBOr0 TOKA

| = Y, (3.26)
\/(rl + r2')+ (x1 +x'2)2

W3 ananmza (3.26) u pucynka 3.11 cnenyer, 4TO ynydlmIuTh MYyCKOBBIE CBOM-

CTBa JBUTATEJISI MOKHO YBEJIMYCHUEM aKTUBHOTO COMPOTUBIICHHS €U POTOpA T,,

TaK KaKk B 3TOM CJy4yae YMEHBILIAETCs MyCKOBOM TOK M yBEJIMYUBAETCS MyCKOBOU

MOMEHT. YMeHbllleHue HanpsokeHus U; Binusier 6naronpusitHo Ha |, (ymMeHblnas

€ro 3HaueHHEe), OJHAKO IMYCKOBOW MOMEHT M, mpu 3TOM TakXke yMeHbIIaeTcs.
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B03MOXHOCTh TPUMEHEHHUS TOTO WJIM UHOTO CIOCO0a yIIydIeHHs MMyCKOBBIX Xa-
PAKTEpUCTUK ONMPENENSAETCS BUAOM JIBUTrATEIS, YCIOBUSIMH €ro 3KCILUIyaTalluu U
TpeOOBaHUSIMU K HEMY.

Ilyck nBurares ¢ ¢gasHbiM poTropoM. /1 mpuBOJOB OOJIBIION MOIIHO-
CTU, TPEOYIOMMNX 3HAYUTEIbHBIX MYCKOBBIX MOMEHTOB IpPU CPABHUTEIBHO He-
OOJIBIINX TOKaX, OOBIYHO MPUMEHSIOT ACMHXPOHHBIE JBHUTATENH C (Pa3HBIM POTO-
poMm. Ha Bpems mycka 3TOro ABUrateis B LENb €ro poTopa ¢ MOMOLIbIO KOH-
TaKTHBIX KOJICIl U IIETOK BBOIST COMPOTHBIICHUSA R, (prcyHOK 3.7,0), TEM caMbIM
CMeIlasi MeXaHNIeCKyIo xapaktepucTuky M = f(S) B cTopoHy OOJBIIUX CKOJBXKE-
HUH. DTO CMOCOOCTBYET YBEIMUEHHUIO MYyCKOBOTO MOMEHTAa U OJHOBPEMEHHO
BEJIET K YMEHbIIEHUIO MycKkoBoro Toka l,. [Io mepe pasrona potopa gBurartens
CONpPOTUBJIEHUE R .5 MOCTEIEHHO BBIBOJAUTCS, a MPU JOCTHKEHUU POTOPOM HOMHU-
HaJIbHOW YacTOTHI BpalleHHsI 0OMOTKA poTOpa 3amMbIkaeTcsl HakopoTKo (R, =0).

MaxkcumanbHbI TYCKOBOM MOMEHT MOET OBITh JOCTUTHYT MPU TaKOM
3HAYCHUH R,,5, KOTOpPOE MO3BOJMIO OBl CMECTUTh MakcuMyM kpuBoii M=f(S) mo
3HA4YeHUs, cooTBeTCTBYMOMEro S=I. JJobaBoYHOE CONMPOTUBIICHHE, OTBEYAOIIEE ITO-
My YCIOBHIO, R, zx1/(1+x'2—r2').

HenocraTtku mycka 3TUX JBUTATEEH: CI0XHOCTb, MPOJOKUTEIBHOCTh U
HE’KOHOMHUYHOCThH MyCKOBOW omepainuu (pacxoj IHEPTUU HA HarpeB MyCKOBO-
ro peocTara).

Ilyck aBuUraTesisi ¢ KOPOTKO3AMKHYTBHIM poTopoM. OH OCYyIIECTBIISETCS
KaK HpHU MOJHOM Hamnpsi)KEHUHU CETH (OPSIMOM IMYCK), TAK U MPU MOHUKEHHOM
HaNpPSKEHUU CETH.

IIpsamoti nyck IpUMEHSIETCS Al JBUTATENEd MaJlod U CpeJHEN MOLIHOCTH.
JlBurarenu 3TOro TUIMA OOBIYHO MPOCKTHUPYIOT TaK, YTOOBI MPU HEMOCPEACTBEH-
HOM TIOJKJIOUCHUH OOMOTKH CTaTopa K CETH, BO3HHMKAIOIIWE MYCKOBBIE TOKH HE
co3/iaBajid Obl UPE3MEPHBIX DIIEKTPOJUHAMUYECKUX YCUIUN U MPEBBIMICHUS TEM-
nepaTypsbl, OMACHBIX JJI1 MEXaHUYECKOW U TEPMUYECKON MPOYHOCTHU IBUTATENS.

Ilyck npu noHudsceHHOM HanpsAXceHuu TPUMEHSETCS Ui JBUraTesiei
0O0JIBIION MOIIHOCTH, a TAaKXKe JJIsl JBUTATEIeH CpeHeil MOIIHOCTH, €CJIM MUTa-
I0111as1 CeTh UMEET HEOObIIYI0 MOIIHOCTh. [IoHMKEeHNEe HANPSHKEHUST MOXKET OCY-
HIECTBJISITHCS CIACAYIOIIUMH CIIOCOOAMU:

a) MyTeM MEepPeKJIIOYEeHUsI OOMOTKH CTaTOpa C HOPMAaJbHOU CXEMBI «Tpe-
YroJbHUK» Ha MYyCKOBYIO CXE€MY «3Be3aa. B aTom ciyuae (a3zoBoe HampsiKeHUeE,
MoJaBaeMoOe Ha OOMOTKY CTAaTOpa, YMEHBIIAETCS B +/3 pa3, YTO OOYCIOBIHBAET
yMeHbIIeHHe (Da30BbIX TOKOB B +/3 pa3, a MHHEHHBIX TOkoB— B 3 pasa. Ilo okoHua-
HUU TIpoIlecca MycKa M pa3roHa JIBUTATEeJsl 10 HOMHUHAJIbHOW CKOPOCTH OOMOTKY
CTaTopa MEePeKII0Ya0T 0OPATHO HA HOPMATBHYIO CXEMY «TPEYTOJbHUKY;

0) myTem BKJIIOUCHHUS HA BpeMs IyCKa B IEMb OOMOTKH CTaTOpa PEaKkTOpPOB,
B pe3yJbTaTe Yero K BHIBOJAM OOMOTKHU CTaTOpa MOJBOJUTCS MOHMKEHHOE HaIpsi-
xxenue. [locne pasrona npurartens Ha 0OOMOTKY CTaTOpa MOJaeTCsl MOJHOE Hampsi-
KEHUE CETH;

B) aBTOTPaHC(HOPMATOPHBIN MYCK OCYIIECTBISACTCS MOJAKIIOUYEHUEM JBUTa-
TeIsd K CEeTH 4Yepe3 NOHWXKAWIUK aBTOTpaHchopmaTop. ABTOTpaHchOpMaTOp
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MOXET UMETh HECKOJBKO CTYIEHEH, KOTOphIE B MpOIECCEe IMyCcKa JBUTATENS Iepe-
KJIFOYAIOTCS COOTBETCTBYIOIICH ammapaTypoi.

HenocTaTkoMm BceX yKa3aHHBIX CITOCOOOB SIBIISIETCS 3HAYNUTEIHLHOE YMEHBIIIC-
HHUE MYCKOBOTO ¥ MaKCHMAaJIbHOTO MOMEHTOB, KOTOpPHIC TIPOIIOPIIHOHAIBHBI KBaApaTy
IPUJIOKEHHOTO HanpspkeHus. [103ToMy X peKOMeHIyeTcsl IPUMEHATH MPHU MMyCKe
IBUTATENS O€3 HATPy3KH.

PeBepcupoBaHue aCHHXPOHHOTO JABUraTe/isi (M3MECHCHHE HAMPaBICHUS Bpa-
IICHUST €T0 POTOpa) MPOU3BOIUTCS M3MEHCHUEM HaIIPaBJICHUS BPAIICHUS MarHUTHO-
T0 TOJIA, KOTOPOE OCYIIECTBISACTCS MEPEKIIOYEHUEM KaKUX-THO0O0 JBYX MHUTAIONIUX
MIPOBOJIOB U3 TPEX, MPUCOCINHEHHBIX K OOMOTKE CTaTopa.

TopMo:keHHe AaCHHXPOHHOTO JBUTaTeJIsl OCYIIESCTBISACTCS CICTYIOIINMHU
crioco0amu:

1. TenepaTtopHOE TOPMOXKEHHE — PEKHAM, TPHA KOTOPOM  TIOJ
JEeWCTBUEM BHEIIHEH CUJIbI YACTOTA BPAIEHUS] pOTOPa 7 CTAHOBUTCS OOJIbIIE CHH-
XPOHHOM YacCTOTHI #1. B 3TOM pexuMe CKOJIbKEHHE CTAHOBUTCS OTPUIATECIIBHBIM U
U3MEHAETCS B Mpejaenax: 0<s<-—oo,

2.  DIEKTpOMarHUTHOE TOPMOXKEHHE —  PEKUM, TIPU  KOTOPOM
MoJ JIEMCTBMEM BHEIIHEW CHJIBI POTOpP BpalllaeTcs B HANpaBJIECHUH, MPOTUBOIIO-
JI0’KHOM HaIlpaBJICHUIO BpaIIEHUS MAarHUTHOTO 1MoJisi. B 3TOM cllydae CKOJIbKEHUE
U3MEHSCTCS B mpeaenax: 1<s<+owo. IP&KUM 3JEKTPOMArHUTHOTO TOPMOXKCHHUS
MOYHO OCYIIIECTBHUTH, BHITIOJTHUB PEBEPCUPOBAHUE IBUTATENA. [Ipu 3TOM pexnme
3HAYUTEIBHO BO3pAaCTaeT TOK B OOMOTKE POTOpa, W JIJISl €r0 OTPAaHUYCHUS B IICITH
OOMOTKH pOTOpa HEOOXOJAMMO BKJIIOYATh PEOCTAT, YTO BO3MOYKHO TOJBKO B JIBH-
ratesie ¢ pa3HbIM POTOPOM.

3./lnHamMuueckoe TOPMOKEHHE — PEXUM, MPU KOTOPOM OOMOTKA CTaTtopa
JBUTATENS TOJKIIOYAETCS K MCTOYHUKY TOCTOSHHOTO TOKa (aBTOHOMHOMY WIIH
BBITIPSIMUTEITIO, pa0OTAIONIEMy OT CETH IEPEMEHHOTO TOKA).

4. TopMOXKeHHE TPU TOMOIIU AJIEKTPOMATHUTHBIX MY(T WM TOPMO30B C
AIEKTPOMATHUTHBIM YIIPABICHUEM.

3.8. PEI'YJINPOBAHUE YACTOTbBI BPAIIEHUSA ACUHXPOHHBIX JIBU-
I'ATEJIEN

YacToTa BpalleHusi pOTOpa aCHHXPOHHOTO JIBUTATENS
60 f
c(1-5s).

n=n1-s)= (3.27)

N3 (3.27) sicHO, 4TO 4acTOTY BpaIlleHUsI ACHHXPOHHOTO JIBUTATEIIsI MOXHO pe-
T'yJIUPOBATh U3MEHEHHUEM KAaKOW-THOO M3 TPEX BEIUYWH: a) CKOJBKEHHS S; 0) ua-
CTOTBI TOKA B cTatope f.n B) yucna map moocoB MarHUTHOTO TTOTOKa CTaTopa p.
PaccMoTpuM KaXablii U3 3TUX CIOCOOOB B OTACIBHOCTH.

PeryjqupoBanue 4acTOThl BpalleHUs] U3MEHEHUEM CKOJIbKe HUS BO3-
MOKHO JIBYMSI CIIOCOOaMU: U3MEHEHUEM 3HAUCHUS MOJBOJUMOrO K OOMOTKE CTa-
TOpa CUMMETPUYHOTO HanpsokeHuss U; 1 M3MEHEHHEM aKTUBHOTO CONPOTUBIICHUS
enu poTopa.
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Pecynuposanue wacmomur epawenus uzmenenuem nanpsxcenus U;. Bos-
MOKHOCTB 3TOTO CHoco0a peryaupoBanus nmoarsepxkaaercs rpadukamu M=f(S), mo-
CTPOCHHBIMH JiJIs pa3nudHbix 3HaueHud U; (puc.3.13). Ilpu HeusMeHHOM Harpyske
Ha BaJly JBUTATEJsl YBEIIMUYECHUE HAIPSXKEHUS BBI3BIBAET POCT YACTOTHI BPAIICHUS.
OpnHako Jauana3oH peryJupoBaHUs YacTOTHI BpAIICHUS MOIy4YaeTcss HEOOJBIIONH,
4TO OOBSICHSACTCS Y3KOH 30HOM YCTOMYMBOM pabOTHI JBUTATEINS, OrpaHHUYCHHOM
KPUTHYECKUM CKOJIBKEHHEM Sy,. KpoMe Toro, 3HaunMTenbHOE yBeIM4eHHE (OTHOCH-
TEJIbHO HOMUHAJIbHOTO 3HAYEHUS) BBI3BIBAECT UPE3MEPHBIN MEepEerpeB ABUTATENS, a
3HAYUTENIbHOE YMEeHbIleHne U; CHUKAET Meperpy304HyIo ClIOCOOHOCTh JIBUTATENS
Mmax/Myon. TTOABOIMMOE K ABUTATEIO HAMPSKECHUE U3MEHSIOT PETYIUPOBOYHBIM
aBTOTPaHC(HOPMATOPOM HJIM PEAKTOpaMH, BKIIOYAEMBIMU B Pa3phIB IEMH CTATO-
pa.

Pezynuposanue uacmomsr epawenus usmenenuem axmusHoOU CONPoOmMusie-
HUsL 8 Yenu pomopda. ITOT CIOCO0 PEeryIHpPOBAHUS BO3MOXKEH TOJbKO B aCHHXPOH-
HBIX JBUTATENsAX C (ha3HBIM POTOPOM, Y KOTOPBIX KOHI[BI OOMOTKH pOTOpa 4epes
KOHTAKTHBIE KOJIbLIAa U IIETKU BBIBEJAECHBI HAPYXy, YTO JA€T BO3MOMKHOCTH BKIIIO-
YUTh MOCJIEA0BATEIBHO ¢ OOMOTKOM pOTOpa PEryIMPOBOUHBIN peocTaT R, U € ero
MTOMOIIBIO U3MEHSTh AKTUBHOE COMTPOTHUBJIEHUE LIETIH POTOPA.

MexaHn4eckue XapaKTEpUCTUKH ACHUHXPOHHOTO [IBUTaB IOCTPOCHHBIE
JJIs1 pa3HbIX 3HAUYEHUN aKTUBHOT'O CONPOTHUBIIEHUE POTOPA, MOKA3bIBAIOT, YTO C YBE-
JMYEHUEM aKTUBHOT'O COIMPOTHUBIICHUS I[EH POTOpPA BO3PACTAET CKOJIbKEHHE, a Ya-
CTOTa BpalieHus n npu M =CONst yMeHbI1aeTcs.

JlocTonHCTBa AAHHOTO CIOCO0a peryJupoBaHUs: IJIABHOE PEryJIHpOBa-
HUS B MIMPOKOM JHMala30He YacTOT BpallleHUs U YJIydlIEeHHE MYCKOBBIX
CBOMCTB JBHUTATEIS.

Cy1iecTBEHHBIN HEAOCTATOK — OOJIBIIIUE JIEKTPUUECKUE TTOTEPU B IIETH PO-
Topa.

PeryupoBanne 4acToThl BpPallleHHS] U3MEHEHHEM YACTOThI TOKA NMUTAK0-
el ceTu (YacTOTHOE pEryjJupoBaHUE). ITOT COCOO peryaupoBaHUs OCHOBAaH
Ha U3MEHEHUW CUHXPOHHOW YacCTOTHI BPalllEeHUs 71;, KOTOpas MPOMOpPLUOHAIbHA
yacToTe Toka B oOMoTke crtatopa (3.1). [ns ocymiecTBieHHs TaKOro perysiu-
poBaHHUSA HEOOXOJAMM MCTOYHHUK MHUTAHMS C pEryaupyeMoi dacTtoToi Toka f. B ka-
YECTBE MCTOYHUKA MPUMEHSIOTCS 3JIEKTPOMArHUTHBIE U TIOJIYIPOBOJHUKOBBIE TpeE-
oOpazoBatenu 4acToThl. O HaKO HEOOXOIUMO UMETh B BUAY, UTO OJJHOBPEMEHHO C
W3MCHEHHEM 4YacTOThl MHTaoIero Hamnpsbkenuss f B coorBercTBuu ¢ (3.22) Oyzer
MEHSThCS MaKCUMAJIbHBIA JJICKTPOMArHUTHBI MOMEHT ABuratels. [lostomy s
COXpaHEHUsI Teperpy304Hoi cnocoOHocTH, Koddduiuenta momuHoctd U KIIJ]
JIBUTATEJIsI HA TpeOyeMOM yYpOBHE HEOOXOJIMMO OJHOBPEMEHHO C U3MEHEHHEM Ya-
crotel f u3MeHsATH M Hanpsbkenue cetn U;. Eciu perynupoBaHue 4acToThI Bpalie-
HUS IBUTATENSI MPOU3BOJIUTCA MIPU YCIOBUM MOCTOSHCTBA HATPY30YHOIO MOMEHTA,
TO MOJIBOJAMMOE HANPSKEHHE HEOOXOIUMO H3MEHATH MPOMOPIIMOHAIBHO U3MEHe-
HUIO YaCTOThI TOKA:

U, =U,f'/f (3.28)

17



YacToTHOE peryJIupoBaHUE MO3BOISAET IJIABHO U3MEHATh YAaCTOTY Bpalle-
HUS JBUTaTeIeH B IMPOKOM auamna3one (mo 12:1).

M cTOYHUKN NMUTaHUSL C PEryJIupyeMOM 4acTOTOM TOKa HECKOIBKO YJIOpO-
KAIOT YCTAaHOBKY, U MTOATOMY YaCTOTHOE PEryJUpoOBaHUE A0 HEIaBHEr0 BPEMEHU
NpUMEHsIOCh peako. OAHAKO B MOCIEAHUE TObl OJaroaapsi pa3BUTHIO MOIYMIPO-
BOJTHUKOBOW TEXHHKHU CO3/IlaHbl YCTPONCTBA YACTOTHOTO YIpaBJICHUS, TEXHHKO-
HPKOHOMHYECKHUE MOKA3aTEIN KOTOPBIX MO3BOJISAT MHUPOKO MPUMEHSATHh UX JJIA PEry-
JIMPOBAHUS YaCTOTHI BpallleHUs] ACHHXPOHHBIX JBUTaTeNIe, 0COOCHHO B MOXKapo- U
B3PBIBOOIACHBIX CPelax, IJie KOJJIEKTOPHBIE ABUTATEIN HEJIb3 MPUMEHSTh U3-
3a HAJIMYUS ETOYHOrO KOHTAKTA.

PeryiupoBanue 4acToThl BpallleHUs1 U3MEHEHUEM YHCJIA MOJCOB 00MOT-
KH CTaTopa. DTOT Croco0 peryaupoBaHUs JAeT JHIIb CIMYNeHYamoe usMeHeHue
yacmomsl 8pawjeHuss U MPUMEHSAETCA TOIbKO B JBUTATENSX C KOPOTKO3aMKHYTHIM
pOTOPOM (MHOTOCKOPOCTHBIE aCHHXPOHHBIE JBHUTAaTENM). VI3MeHeHre Yucia moito-
COB OOMOTKH CTaTOpa MPOU3BOAUTCS AByMs criocobamu. [lepBriit cmoco6: B ma3bl
cTaTopa YKJIaJbIBAalOT JB€ OOMOTKH C Pa3HbIM UYHCJIOM Iap MOJIOCOB, HAIPUMED
oJlHa oomoTKa ¢ p = 1, a apyras ¢ p = 2. DT OOMOTKHU SJEKTPUUECKH HE CBSA3AHBI
MeXIy coOOM, U, BKJIIOYasi B CETh pa3Hble OOMOTKH, MOXKHO IMOJYYUTh YaCTOTY Bpa-
IIeHus1, cooTBeTCTBeHHO paBHyI0 3000 u 1500 06/Mun (mipu =50 I'tr). Bropoii cro-
co0: B Ma3ax craropa pa3MmelraeTcsi oaHa oOMOTKa, CXeMa KOTOPOU MO3BOJSET MYy-
TEeM NEPEKITIOYCHUIN U3MEHSITh YUCIIO TIap Mmoo coB. CoenHss CEKIMU O0OMOTKHU CTa-
TOpa MOCJIEA0BATEILHO WM MapaJlIeIbHO, MOKHO M3MEHATh YHUCJIO Tap MOJIIOCOB
p MarHuTHOTO MOTOKA, a CJIE€A0BATENIbHO, U YaCTOTY BpalieHus. KomOuHamus stux-
crioco0OB 1a€T BO3MOKHOCTD MOJYUYUTh ABUTATENIN C OOJBIITUM YUCIIOM CTYNEHEHN pe-
T'YJIUPOBKH.

CrnemyeT cka3aTh, YTO U3 OMKMCAHHBIX CIIOCOOOB M3MEHEHHUS YMCJIa Map MOJko-
COB Yallle MPUMEHSIETCSI BTOPOU Croco0, MOCKOJIbKY TPUMEHEHHUE JBYX OOMOTOK CTa-
Topa (MEPBBIA CMOCO0) YBEIMYMBAET MACCy M rabapuTHBIE pa3Mephbl JIBUTATEINS, a
TaK)Ke MPUBOJUT K HEMOJTHOMY UCIOJIb30BAHUIO OOMOTOK JBUTATENIsl Ha 000 va-
CTOTE.
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