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1 OCHOBHBIE CBEJAEHUSA O MAIIIMHAX ITEPEMEHHOI'O TOKA
N OCHOBBI UX TEOPUU

1.1 Knaccudukanus MalIuH MepeMeHHOr0 TOKa

DIEKTPUYECKHE MALIWHBI IEPEMEHHOTO TOKA, JAJ€€ Ha3bIBA€MbIC MAlIMHAMHU
NEPEMEHHOT0 TOKa, 0€3yCJI0BHO, MPpeobagaloT B CUCTEMax MPOU3BOJCTBA U MIPE0O-
pa3oBaHUs SJIEKTpUUECKON sHepruu. OOmMM Il BCEX MAIllMH MEPEMEHHOI0 TOKa
SBJISIETCSA TO, YTO UX MPUHIIUI AEHCTBHUS OCHOBAH HA MCIOJIb30BAHUM BPAIAIOIITUXCS
MAarHUTHBIX TOJIEH, MOITOMY BO MHOTOM MX T€OPUS SABISIETCA OONICH.

MaiivHbl IepeMEHHOTO TOKAa ObIBAIOT CUHXPOHHBIMU, ACUHXPOHHBIMHU U KOJI-
JIEKTOPHBIMHU.

VY cunxponnvix mawun (nanee — CM) poTop U MarHUTHOE TOJIE BPAIIAIOTCS C
OJIMHAKOBOW YaCTOTOM, T. €. B TAKT — CHHXpPOHHO. CM NpHUMEHSIOTCS B KAYECTBE IBU-
raTesiei, reHepaTopoB U KOMIIEHCATOPOB PEAKTHUBHOM MOIIHOCTA. CHHXpOHHas Ma-
IIMHA, KaKk mpeoOpa3oBaTeslb SHEPTUH UHIYKIIMOHHOTO THUIA, COACPKUT UHAYKTOP U
AKOPb. TOJBKO y CHHXPOHHBIX MAIIIMH B KAYECTBE MHIYKTOPA UCIOJIB3YETCS Bpallla-
IOIUKACS POTOP, & B KaYECTBE AKOPs — OOMOTKA HEMOJBUKHOTO cTaTopa. OCHOBHOE
Ha3HAYEHUE CUHXPOHHBIX MAIIMH B HACTOSAIIEE BPEMS — 3TO IMPOU3BOACTBO AJIEKTPH-
yeckoil sHeprun. Ha Bcex 3JIeKTpUUYECKUX CTAaHLMSIX YCTAHOBJICHBI CUHXPOHHBIE T'e-
HEpaTOPbl, POTOPHI KOTOPBIX MPUBOJSTCS BO BpallleHUE TypOUMHAMU, MEPeIaroluMu
CUHXpOHHBIM TeHepaTopaMm (CI') mexaHnudeckyro sHepruto. CUHXpOHHBIE TeHEepaTo-
PBI pa3IMYalOT M0 TUITY TYpOUH.

Ha TemioBbIX ¥ aTOMHBIX JIEKTPOCTAHIUAX YCTAHOBJICHBI BHICOKOCKOPOCTHBIE
yeTbipex- U apyxnonocHsie CI' ¢ yactoramu Bpamenus 1500 wiu 3000 060poTOB B
MUHYTY, BbIPaOaThIBAIOIINE JICKTPOIHEPTHUIO MPOMBIIIIICHHON YacTOThl U MIPUBOIH-
MBbIE BO BpallleHHE naposvimu mypouramu. Ha THAPOITEKTPOCTAHITUSAX POTOPHI CHH-
XPOHHBIX TEHEPATOPOB MPHUBOJATCS BO BPAIICHUE B0OSAHbIMU MYpOUHAMU. DTH Ma-
IIMHBI HA3bIBAIOT TMIPOTr€HEpATOpaMu, U YacTOTa UX BpalleHUs HEeBEIUKa. /(s BbI-
PabOTKH DIIEKTPOIHEPTUN MPOMBIIUICHHONW YaCTOThl TUXOXOJIHBIE THIPOTEHEPATOPHI
BBITIOJIHSIFOTCSI ¢ OOJIBIIIMM YKCIIOM TTOJIOCOB.

Pocculickas denepanyst HAXOAUTCSA B YUCIIE MUPOBBIX JIMJIEPOB IO MTPOU3BOI-
CTBY MOIIHBIX TypOO- U THAPOTEHEPAaTOpOB. POTOPHI TypOOreHepaTopoB BHITIOIHS-
IOTCSl «TJIaIKUMU», U UX HA3bIBAIOT HeA8HONOMIOCHbIMU. POTOPBI TypOOreHepaTopos
M3TOTaBJIMBAIOT U3 IEJIBHBIX MTOKOBOK JISTUPOBAHHOW CTaju, B KOTOPBIX (ppe3epyroT-
csl ma3bl JUIsl YKIAAKA OOMOTKH BO30ykJeHusa. OOMOTKa BO30YXKIACHUS KPEMHUTCS B
naszax Mpu MOMOIIY aTFOMUHUEBBIX KJIMHBEB, B KOTOPBIX UMEIOTCSI KaHaJbI 1Ji 3a00-
pa OXJaXkAarolero raza, oObIYHO BOJIOPo/ia. JIOOOBbIE YacTh OOMOTKHU BO30YKIACHUS
3aKpBIBAIOT MPU TOMOIIU CTaJbHBIX KOHCTPYKIIMHM, Ha3bIBaeMbIX xannamu. J{nuHa
AKTUBHOM YaCTH POTOPA MOIIHOTO TypOOT€HEepaTopa MOXKET JOCTUTaTh § METPOB, a
ero quametp — 1,5 meTpa. MOIIHOCTh COBPEMEHHBIX TYpOOTE€HEPATOPOB MOKET J10-
cturath 1 000 000 kB-A. Jlyis nanpHeHIero yBean4eHus MOITHOCTH TypOOTeHepaTo-
pa HYXHO WJIM YBEJIWYHBATh €r0 radapuThl, YErO HE IMO3BOJISIOT BO3MOXKHOCTH CO-
BPEMEHHON METaJUTypruu, WIH MOBBICUTh MHTEHCHUBHOCTH OXJIAXIEHUS AKTHUBHBIX
JacTeil reHeparopa. Pa3BuTre KpUOTEHHBIX TEXHOJIOTUH OyeT crmocoOCTBOBATH MPO-
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rpeccy B co3fgaHuu 3(PQPEKTUBHBIX TypOoreHepatopoB. PoTopsl ruaporenepatopos
BBITIOJIHAIOTCS A6HONOMOCHbIMU. [10JIOCHI pOTOpa € KaTylKkaMu 0OMOTKH BO30YyXk/ie-
HUS KpemnsTcst Ha 000je poTopa. Yem MeHbIIe 4acToTa BpalleHUs! BOJSIHON TypOUHBI,
TeM OOJIbIIE TTOJIFOCOB COJIEPKUT PpOTOp. POTOp MOIIHOrO CHHXPOHHOrO reHepaTopa
(500 000 kB-A) moxxet umeTh auamerp a0 10—12 MeTpOB MPH aKTHUBHOW UIMHE €r0
710 2 METPOB.

MoliHbIe CHHXPOHHBIE T€HEPATOPHI BBIITYCKAIOTCS MajibiMu cepusamu. Konnue-
CTBO TAaKUX TEHEPATOPOB OIMpPENESETCS YHUCIOM JHEProOJIOKOB 3JIEKTPOCTAHIIHH.
DOHeprobJIoK 3JIEKTPOCTAHIIMK BKIIIOYAeT B ceOst TypOuHy u renepatop. CoctaBHOU
YacThIO DHEProOJIOKa MOXKHO CUMTATh MOBBIIAIOUINN TpaHCHOPMATOp, MUTAIOIIHIA
JMHUIO 3JIEKTPOIIepeiadll SHEPTUH.

CraTopsl BceX MaIIUH MEPEMEHHOTO TOKa, B ToM uncie u CI', uMeroT nuinH-
IpudecKyro GpopMy U comepkar TpExdasHyro 0OMOTKY, pa3MenEHHYIO B T1a3ax, BbI-
MOJIHEHHBIX BO BHYTPEHHEH pacToOYKe Cep/IeYHUKA, HAOPAaHHOIO U3 OTIEIbHBIX IUIa-
CTHH 3JIEKTPOTEXHUYECKOU CTaH.

Cunxponnsle gBurarenu (CJl) mpuMeHsIOTCS B AJIEKTPUUYECKUX MPUBOAAX C
MOCTOSIHHOW 4acTOTOM BpPAILEHUS, a CUHXPOHHBIE KOMIIEHCATOPBI, SIBJISIOIINECS IO
cBoeit cytu CJ, paboTaronumMu B peKuMe epeBo30yKI€HUSI Ha XOJI0CTOM X0y, UC-
MOJIB3YIOT B KQYECTBE F€HEPATOPOB EMKOCTHOTO TOKA, MOBBIIIAIOIINX KOAPPUIUECHT
MOIIHOCTH JIMHUM 3JeKTponepeay, MpeanpusITHA, UX LIEXOB U yYaCTKOB.

Acunxpounasa mawuna (AM) coaep uT cTaTop, KOTOPbIH UTPAET POIb UHIYK-
TOpa, U POTOP, BBHIMOIHAIOMUNA GYHKIUIO SKOpsi. CTaTOp COAEPKUT CEP/ICUHUK, B Ia-
3axX KOTOPOTro pa3MeIieHa, Kak MpaBujio, TpexdaszHas oOMOTKa, criocoOHas co37aBaTh
Bpalaroleecs MaruutHoe mosie. OOMoTKa Bpararonieiics yactu AM (poTopa) MoKeT
OBITH JIBYX TUTOB: (ha3HOW UM KOPOTKO3aMKHYTOM. Ecii oOMoTKa conepkut Tpu ¢a-
3bl, TO TAaKOW POTOP Ha3bIBaeTcs ¢asusvim. Hanbonee yacto B mazax cepAeyHUKa poToO-
pa pa3MeIlIeHbl JIECKTPONPOBOISIINE CTEPKHU, COCTUHEHHBIE TT0 000UM TOpIaM IH-
JIMHJIPUYECKOTO POTOpA SIEKTPOIMPOBOIAAIIMMH KOJIbIIaMU. TakoW pOTOp HAa3bIBAOT
POTOPOM C KOPOTKO3AMKHYTOH OOMOTKOW MIJIH IPOCTO KOPOMKOZAMKHYMBIM.

B acMHXpOHHBIX MalllMHAX POTOP U MATHUTHOE IOJI€ BPALIAIOTCA C HEOJIMHA-
KOBOM CKOpPOCTBIO, T. €. HE CUHXPOHHO. Kak mpaBuio, poTop BpalaeTcss MeIJIEHHEE,
YEeM MArHUTHOE MOJie. DT MAaIlMHbI WCHOJIB3YIOTCA MPEUMYIIECTBEHHO B KAUYE€CTBE
nBurartesiei. ACUHXpoHHbIe nBurarenu (A/l), riaBHBIM 00pa3oM KOPOTKO3AMKHYTHIE,
SABJISIFOTCS. CaMbIM PACHPOCTPAHEHHBIM TUIIOM S3JIEKTPOJBHUraTeNeld M3-3a MPOCTOTHI
KOHCTPYKIIMH, BBICOKOW HAJAEXHOCTH U HU3KOW CTOMMOCTU. B KauecTBe reHepaTtopos
AM HCcnoNb3yIOTCS PEIKO, MOCKOJbKY, OTAaBasi B CETh aKTUBHYIO MOIIHOCTb, OHU
MOTPEOISIOT U3 HEE MHTYKTUBHBIN TOK.

ACHHXPOHHBIE JBUTATENId OOBIYHO PabOTAIOT OT CUCTEMBI TPEX(Pa3HOTO TOKA,
3HAYUTETHLHO PeXe OBIBAIOT ABYX- WJIM OAHO(A3HBIMHU.

Konnexmopmuovie mawiunol nepemenno20 T0Ka 10 CBOEH CYTH SIBJISIIOTCS aCHH-
XPOHHBIMH M UMEIOT OTACIBHYIO TEOPHIO, TTI0O3TOMY B OOIIEM KypCe AJICKTPUUIECKUX
MAIIIMH HE PaCCMaTPUBAKOTCA.



1.2 Bpamarwueecsi MArHUTHOE T10JI€

PaccmoTpum nosydeHHe Bpallaronierocsi MarHUTHOTO TOJSl HA TPUMEPE aCUH-
XPOHHOM MAaIIMHBI C TPOCTEHIIIMM BapUaHTOM ABYXMOJIOCHOM TpEX(Pa3HOM 0OOMOTKH,
y KOTOpPOM KaTymku (a3 BHIIOJHEHBI OJTHOBUTKOBBIMU, U UX OCH CIIBUHYTHI B MPO-
ctpanctBe Ha 120 rpagycoB (puc. 1.1, a). O6MoTKka ctatopa AM nojkitoueHa K uc-
TOYHHKY TpexdaszHoro HampsikeHus. Porop AM B HamieMm citydae BBINOJHEH KOPOT-
kKo3aMKHYTBIM. [Ipocteitmass AM moka3ana Ha pucynke 1.1, a, Ha KoTopoMm H300pa-
KEHBI €€ TIOTIEPEYHOE CEUCHHE M BEKTOPHI TOKOB B (hazax oomoTku mipu ot = 0° (puc.
1.1, 0).

/ \
/TAHIN j

Ocb
PR

Puc. 1.1. CunoBble TMHUU MarHUTHOTO MOJISI ACHHXPOHHON MaIllMHbI
C IBYXIOIOCHOM TpéxdazHoi ooMoTkoi mpu ot = 0°:
a — TIOTIEPEYHOE CEUCHUE aCHHXPOHHOUN MAaIINHbI;
6 — BEKTOpHAas JuarpaMMa TOKOB

O0603HauUMM Ha PUCYHKE MOJIOKHUTEIBHBIA TOK KaK «X», a OTPULIATEIbHBIA —

«». Tlo mpaBuiy OypaBurKa OmpeaesIMM HaIlpaBJIeHHEe MAarHUTHBIX ITOTOKOB, CO37a-
BaeMbIX TOKaMHA 0OMOTOK. B 00Iieii MAarHuTHOI CUCTEME ABUTATEISI OTIEIbHBIE Mar-
HUTHBIC TIOJIS CJIOXKATCS U 00pa3yrT 00Iee MarHUTHOE TI0JIC, IBE CPEIHUX CHIIOBBIX
JUHUHA KOTOPOTO 0003HAYEHBI IITPUXOBBIMH JIMHUSIMU.

BuaHo, uTo B pe3ysbTrare 00pa3oBaIMCh JIBa MOJOCA MAarHUTHOTO TOJISI: Ce-
BepHbIN (N) 1 10xHBIH (S), KON U3 KOTOPHIX 3aHUMAET OJHO MOJIFOCHOE JICJICHHE.

Ecau MpIcIeHHO HWJIMHJP CTaTopa pas3pe3aTh MO 00pa3yrolleil U BHITSIHYTH B
JUTMHY, TO MOJYYUM KapTUHY paclpeesieHUs TOKOB B 0OMOTKE, M300paKEHHYIO Ha
pucyHke 1.2.

OnpenenuM HampaBlICHHUE MarHUTHBIX MOTOKOB, CO3JaHHBIX TOKaMHU OTACIIb-
HBIX (pa3, ¥ MOCTPOUM CpPEAHUE CUIIOBBIC JIMHUHU.

BunHo, 4TO0 MaruuTHoOE 1oJsie mpu u3MeHeHnu ¢aszpl TOKOB Ha 30 rpaaycoB Io-
BEPHYJIOCH Takxke Ha 30 rpaaycoB B HalpaBJICHUH YaCOBOW CTpesku. Ecin paccMoT-
peTh MoMeHT BpeMenu ot = 60°, To marauTHOE Tosie ToBepHETCs emé Ha 30 rpamy-
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COB T. €. 32 OJIUH MEPHUOJI U3MEHEHHUS TOKOB B OOMOTKAaX B JBYXIIOJFOCHOW MAIIIMHE
MarHUTHOE MOJie COBEPIIMUT OJIMH MOJIHBINM 000poT. [Ipu yactore Toka 50 I'y 3a onHy
CEKYH/y B JBYXIIOJIOCHON MallMHE MarHUTHOE 1oje coBepiiuT 50 moaHBIX 000po-

TOB, T. €. N1 = f1, e N1 — YacTOTa BpallleHUs] MArHUTHOTO TMOJIs (CHHXPOHHAS YacToTa
BpamieHus); f1 — yacrora Toka.

|y ‘Z

E X
(o) (o) .

" %
T T

9
57

Puc. 1.2. Pactipenenenre TOKOB B (pa3ax IBYXMOJIOCHOH OOMOTKH

PaccmoTpum kapTuny nipu u3meneHuu ¢asbl TokoB Ha 30 rpagycos (ot = 30°)
(puc. 1.3, a u 6).

Ock
oforels

a 3]

Puc. 1.3. CunoBble TMHUU MarHUTHOTO MOJISI ACHHXPOHHON MaIllMHbI
C IBYXITIOFOCHOM Tpéxdaznoir 0oMoTkoi mpu wt = 30°:
a — TOoTIepeYHOE CEYEHNE ACUHXPOHHOUN MaIIUHBI;
O — BEKTOpHAas JuarpaMMa TOKOB

B snekTpoMexaHuKe MPUHATO BBIPAXKaTh YaCTOTY BpAIllEHHUS B 000POTAaX B MU-
HYTY, T. €.

niy = 60 f; = 3000 06/MuH.

JIBa MOJIOCHBIX JIETICHUS B JIEKTPUUYECKOW MAIlIMHE COOTBETCTBYIOT 360 »ek-
TPUYECKUM TpajycaMm, MPUYEM TOJIBKO B JBYXIIOIIOCHOW MAIIUHE JJICKTPUUECKHE
IpayChl paBHBI IO BETUYMHE TEOMETPHUIECCKUM.

Jlst TOro 4TOOBI MOJMYYUTh YETHIPEXTONIOCHYIO MAIUHYy, Pa3MECTUM IIPo-
cTeimyo TpéxdazHyro 0OMOTKY TOJIBKO Ha TIOJIOBUHE JJIMHBI OKPYKHOCTH CTaTOpa,
a Ha IPyToi TIOJIOBHHE PACTIOIOKUM €III€ OJTHY TaKyIO e 0OMOTKY.
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Ha puc. 1.4, a u 6, npeacraBieHo pacnpeneieHne TokoB mo (azam mpu ot = 0°.
[To mpaBuity OypaBumKa OMpEIeICHO HANPABICHUE 3aMbIKaHUSI MAaTHUTHBIX CHIIOBBIX
JVMHUHA, 00pa30BaHHBIX COOTBETCTBYIOIIMMHU TOKaMH. BHIHO, YTO TMONydYnsIach Mma-
IIMHA C Y€THIPHbMS MTOJTFOCAMH.

a 0

Puc. 1.4. CunoBble JIMHUY MArHUTHOTO TOJISI B YETHIPEXITOIOCHON
aCMHXPOHHOU MamuHe npu ot = 0°:
a — TIONIEPEYHOE CEYEHNE ACHHXPOHHON MaIlVHBI;
0 — BEKTOpHAasl JuarpaMMa TOKOB

B uetsipéxnomtocHoii AM 3a oauH nepuoja U3MEHEHUs! TOKOB B 0OMOTKE Mar-
HUTHOE I10JI€ TIOBEPHETCA TOJIBKO HA ITOJIOBHUHY JUIMHBI OKPYKHOCTH cTaropa. [l
COBEpUICHHS] MArHUTHBIM MOJIEM MOJIHOTO 00OpOTa HEOOXOAuM el OAMH IMEPHOJ
M3MEHEHHUs ToKka B oOMoTKe. [To3ToMy yacToTa BpalieHusi MAarHUTHOTO TOJISL B YEThI-
PEXMOIIIOCHON MAIIMHE COCTABUT

f
n = ?1 =2506/c wm Nn, =1500 06/MuH.

Ecnau pazMecTuTh Ha IJIMHE OKPY>KHOCTH CTaTOpa TPU MPOCTEUIIHE JBYXIO-
JIOCHBIE OOMOTKH, TO 00pa3yeTcsl MIECTUTIONIOCHAS ACHHXPOHHAS MAIllUHA, T. €. BO3-
MOKHO co3aanne AM C pa3nyuyHbIM YKCIIOM TOJIFOCOB U C PAa3HOM 4aCTOTOM Bpaillle-
HUS MAarHUTHOTO ToJisA. B o0miem ciiydae npu ar000M 4YKciie MONICOB YacToTa Bpa-
IIEHUSI MAarHUTHOTO TIOJISI COCTaBUT

601,

N, = —— 006/MuH,

rac p — 4ucjio 1ap moJJaroCoB.

B acuHXpOHHBIX MalIvHAX OAWH MEPHUO] U3MEHEHHUS TOKa B OOMOTKE COOTBET-
ctByeT 360 »3leKTpUYECKUM TpajlycaM, KOTOPbIE PaBHbBI [0 BEIUYMHE T'€OMETpHUYE-
CKHUM Tpajycam TOJBKO B ABYXIOIIOCHON AM. B ueThipéxmontocHoi MaruHe Oyaer
720 >neKTpUYECKHUX TPaaycoB, a B mectunoatocHon — 1080.
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1.3 OcHOBBI TEOPHU ACHHXPOHHBIX MAIIIMH MPH HEMOABUKHOM POTOpe
1.3.1 Obwue ceeoenus
PaccmoTpuM acHHXpPOHHYIO MalldHy ¢ (pa3Hoi oOMOTKOM poTopa. OOMOTKY

poTopa MOKHO 3aMBbIKATh HAa COIIPOTHUBJICHUC, «3aKOpAUYHUBATL» WKW PA3MBIKATL, YTO
y,Z[O6HO IJIA U3YUYCHUA PA3JIMYHBIX PCKHUMOB. Ban poTopa MCXaHUYCCKHU 3aTOPMOKCH.

ALBLC
CraTop

ColooC 8
PoTop

Puc. 1.5. Cxema acCHHXpOHHOM MaIlIUHbI C (a3HBIM POTOPOM

VY acMHXPOHHOM MAIlIMHBI TPU HETIOJIBH>KHOM POTOPE UMEETCsl OM3Kasi aHalo-
rusi ¢ Tpancopmatopom. Tpanchopmatop u AM umeror mo jBe oOMoTKU. CBs3b
MEXIy OOMOTKaMH cTaTopa u potopa AM ocymiecTBisieTcs, Kak U 'y Tpancopmaro-
pa, AIEKTPOMATHUTHBIM MYyTEM, MTOCPEICTBOM OOIIEro MarHuTHOro mnoiig. OTinyue B
TOM, 4TO 0OMOTKH AM pacnpenenéHuble, U 'y He€ UMEETCS BO3AYIIHBINA 3a30p MEXKIY
ctaTopoM U potopoM. [Ipu ananuze Oyaem paccMaTpuBaTh TOJIBKO MEPBLIE TAPMOHU-
KM TOKOB, HaNPsKEHUM, MarHUTHOTO MOTOKa, MarHutoaBmwxkymux cui (MC), 3/1C.
[Ipu noakiro4eHM OOMOTKM CTAaToOpa K CETH MO He moTedyeT Tok u cozpact MJIC,
F1, ammmuTyaa KOTOpo Ha MOJOC U Pa3zy ONpeaesieTCs COOTHOIICHUEM:

2 W,k

®1 *o61 I
1"
P

MJIC Fi cosnmaér Bpamarorieecs MarHHTHOE IIOJIe CTaTropa, IepeceKaroInee
o6moTKy poTtopa u Hapojsmiee B Heir DJ[C m Tok. Tok poropa Oymer co3naBaTh
MJIC, aMnuTy1a KOTOpOM Ha MOJIIOC U (pa3y COCTABHT:

_ mz\/z.wmkom ..
m p

MJC F;, coznact Bpataronieecss MarHuTHOE T0Jie poTopa.

l1, 12— da3Hble TOKM cTaTopa U poTOpa;

M1, My — gucio a3 craropa u poTopa;

P — YKCIIO Tap TMOJIFOCOB;

Wo1, Wa, — anciio BUTKOB B (pazax 0OMOTOK cTatopa v poTopa;

Kos1, Kos2 — 0OMOTOUHBIE KO3(D(PHUIIMEHTHI CTaTOpa M POTOPA, YUUTHIBAIOIIHE
pacrnpeneneHrue U YKOpOueHre OOMOTKH.

F="
T

FZ
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1.3.2 Xonocmoii x00 acuHXpoHHOU MAWUHBL NPU HENOOBUNHCHOM POMOpE

B pexume xomoctoro xonaa (x.X.) pyowinbHuk P; pazomMkHyT (cMm. puc. 1.5). K
00OMOTKE cTaTopa MOABOAUTCS TpEX(azHOe HAMPSHKEHUE, MOJ ISHCTBHEM KOTOPOTO
0 Hel MOTEYET TOK X.X. lp, KOTOPBIH cozmact MJIC:

2 Wk

F_ 1 o61|
n P

[Tox neiictBueM Fo OyneT co3naBaThCsl BpalLAIOIINAKCS MarHUTHBIA OTOK, KO-
TOpPBIM OyneT nepecekatb OOMOTKH CTatopa, poTopa U MHIyKTHpoBaTh B HUX DJ[C.
[TpruéM yYacTh BpaIAIONIETOCS] MATHUTHOTO MOJS OyIeT CLUEIUISTHCS TOIBKO € 00-
MOTKOHM cTaropa, 1 uHaykTupoBaTh B Hel DJIC paccesnus. [Ipoueccsl, npoTekaro-
M€ MPHU X.X. ACUHXPOHHOM MAaIlMHBI, MOTYT OBITh ONMCAHbl YPaBHEHMUSIMU, aHAJIO-
TUYHBIMHU YpaBHEHUSM TpaHchopmaTopa (puc. 1.6):

Ul :_E1+ j|.0X1+ I.Orl
Uu,=E,;

Puc. 1.6. BekTopHas nuarpaMma aCHHXpPOHHOUM MAaIIMHBI IIPU XOJIOCTOM XOE!
X1 — UHAYKTUBHOE CONPOTHUBJIEHUE paccesHUs (pa3bl OOMOTKU CTaTOpa

Y AM 10K X.X. Ig MOxkeT nocturatb 20-50 % OT HOMUHAIBHOTO 3HAYEHUS TOKA
cratopa li. DTo 00BSACHAETCS HATUYUEM BO3IYIIHOTO 3a30pa MEXIY CTaTOPOM U PO-
TopoM. [lameHust HampsKEHUH B LEMAX cTaTopa U poTopa MOryT gocturath 8—10 %
OT HamnpsbkeHus craropa Uj:

j|0X1 +lgry=1z=U;- (8—10 %)
Tem He MeHee IpU UHXKEHEPHBIX pacuérax 4yacto nosaratot, yro U; = E;.
HetictByromue 3Hauenust 9JC craropa u poropa:
E, = 4,44fW, Kk, @, ;

E,=4,44TW, K .,D,;

G262
E W(blko(il
*E, W,k

$2062

— ko3 unment tpanchopmaru S]IC.
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1.3.3 Kopomkoe 3ambikanue acuHXpOHHOU MAUWIUHbL
npu HENOOBUNCHOM POmoOpe

[Ipu momadye HOMUHAJILHOTO HAMNPSHKEHUS] HA OOMOTKY CTaTopa, MpHU 3aMKHY-
TON HAaKOPOTKO OOMOTKE poTOpa, Mo o0enM 0OMOTKaM MOTEKYT TOKM KOPOTKOTO 3a-
MBIKaHUs, KOTOpbIe B 4—7 pa3 OyayT MpEBbIIaTh UX HOMUHAJIbHBIE 3HAaYeHUs. B Ta-
KOM PEKHME aCMHXPOHHAs MallliHA MOXXET HaXOJUThCAd HE 0oJiee OJHON MHUHYTHI,
IIOCJIE YEro, BO N30€kKaHue MOBPEXKACHUI, €€ CIeAYET OTKIIOUYUTh OT CETH. Y TpaHcC-
dbopMaTopa B peXHMMe aBapUHHOTO KOPOTKOTO 3aMbIKaHUs (K. 3.) 3HAUCHHSI TOKOB B
obmoTkax OymyT B 15-20 pa3 Oosbllie HOMHUHAIBHBIX. MEHBIIINE 3HAYEHUS TOKOB
K. 3. Y @CHHXPOHHOM MaIlllHbI OOBSCHSIIOTCS HaJMYMEM BO3AYIIHOTO 3a30pa MEXKIY
POTOPOM U CTaTOPOM.

[Ipoueccsl, npotekaromuie B AM npu K3, onuceiBatoTcs ypaBHEHUSMH:

Ul :_E1+ jl.lKX1+ I'lKr;L;
Uz = Ez - jl‘szz - I.2Kr2 =0;
I.lK :_I.ZK (I'o ~0);

1, 2 — AKTUBHBIC COIPOTHUBIICHUS (1)33 poTopa U CTaTopa,
X1, X2 — HHOAYKTUBHBIC COIIPOTHUBIICHUA PaCCCIHUA (1)33 poTopa U CTaTopa.

B pexume k. 3. MOXXHO 0€3 3HAUMTEIBHOM MOTPEIIHOCTH MPEeHeOpeub Hamar-
HUYMBAIOIIMM TOKOM, YTO ITOKAa3aHO M Ha BEKTOPHOU nauarpamme (puc. 1.7).

jl,

Puc. 1.7. BekTopHast nuarpaMma aCHHXpPOHHOM MaIllMHBI IIPH K. 3.

Tax kxak ip = 0, To MJIC Fo = 0. B atom ciyuyae:
F=F, = FR+F=0 = |F|=|F)]
[IpencraBum usmenenue MJIC F1u F, Bo Bpemenu rpaduyecku (puc. 1.8).

ml\/g.WCI)lkoGl | = m, 2 .W<D2k062 |
T p T 2 2
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Puc. 1.8. Pactipenenenne MJIC cratopa u poTopa Ipu OMbITE K. 3.

KoaddunmeHT tpanchopmaiiyu 1mno Toky:

1.3.4 Ilpuseoénnan acuHXpOHHAA MAUWIUHA NPU HENOOBUNCHOM POMOpE

I[JBI y,Z[O6CTBa IIOCTPOCHHUA BCKTOPHBIX AWArpaMM H CXEM 3aMCHICHHUSA ACHH-
XpOHHOﬁ MalllMHbI YU CJIO (1)33 W YKCJIO0 BUTKOB OOMOTKH poTopa, a TaKXKC Cro Iiapa-
MCTPOB «IIPHUBOIAT» K HHUCITY (1)33 " K YHUCJIy BUTKOB OOMOTKH craropa.

[Tpusenénnas I/1C poropa:
W,k
E; — keEz — D1 061 E2
W<I32k062
[IpuBen€HHOE HANPSKEHUE POTOPA:
Uy =kU,: k, = Voo
W<1>2k062
[TpuBen€HHBIN TOK pOTOpA:
II — |_2 — m2W®2ko62 |
2 2"
ki m1W(le062

IIpuBenéHHass aCMHXpPOHHAsA MalllMHA JOJDKHA MMETh TAKUE K€ DHEpPreTUYe-
CKHE€ XapAKTEPUCTUKH, YTO U peajibHas mamnHa. [lo3ToMy anekTpuueckue norepu B
00MOTKaxX pOTOPOB Yy peaabHON U puBEeAEHHON AM HOJIKHBI OBITh OJJUHAKOBBIMU:

o 2
—y peansHoit: M, 151, (M — gucio das);
o o 2
—y mpuBenéunon: M, (1,)°r,.
UYucno da3 06MOTOK poTopa u cTatopa y npuBenéHHoit AM onrHakoBoe.
Onpenenum NpuBeIEHHOE AKTUBHOE CONPOTUBIICHUE POTOPA:
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2 2 21,2
4 m2|2 _ m2|2m12VV(leo61 _ W®1k061 . m1W<D1ko61

r,= = =
2 "2 2 2 21,2 2
ml(IZ) m1|2m§vvd)1k062 W®2k062 mZWCD2k062

r, =kkir,.

I[JISI aCI/IHXPOHHBIX MallluH C (i)aSHI)IM pOTOpOM m; =mq BCE€raa, Toraa.:
! 1,2
r,=Kr,.

OmnpenenuM npuBeIEHHOE WHAYKTUBHOE CONPOTUBIIEHUE paccestHus (a3bl 00-
MOTKH pOTOpa MCXOJSI U3 TOTO, UTO CABUT IO (ha3e MeKIy TOKoM potopa u ero DJIC
y pe€ajibHOM U NPUBENEHHON MAlIMH OJIMHAKOB (puc. 1.9).

/
/"
*/
P
=
Puc. 1.9. ®azoseiii casur 9/IC 1 TOKa B pOTOpE ACUHXPOHHON MAaIlIWHbI
X, X r, _kkr
9y, :_2:_3 = X =Xt=x— = gy, =kkX,,
r2 r2 r2 r2

[TomHOE MpUBEIEHHOE CONTPOTUBIICHUE POTOPA:

2, =\(5) +(%) =kkz,.

1.4 IlapameTpbl aCHHXPOHHOM MAIIMHBI IPU BPalIAK0ILEMCsl poTOpe

[Tpu BpaiieHUH poTOpa YacToTa ToKa B HEM f, OyeT 3aBHCETh OT CKOJIbKCHU,
npuyéM oT vacToTsl T, OyayT 3aBuceTh BenmnumHa DJIC poTopa ¥ MHIYKTHBHOE CO-
MIPOTUBJICHUE PACCESIHUSI OOMOTKUA pOTOpa. AKTUBHOE CONPOTHUBIICHHE OOMOTKHU PO-
Topa I, MPU M3MEHEHUH f, MpaKTHUYECKU HE M3MEHSETCS, U €ro 3HAYCHHE T0JIararT
MTOCTOSTHHBIM.

O/1C poropa npu ero BpalleHUHU:

E, =4,44ftW_ K., P, (n=0).
Ecnu porop HenoaBmxkeH, To 3HaueHue ero J/[C cocTaBur:
E, =4,44TW, Kk ., D, (n=0).
H3BectHoO, uTo f; = f1S, TOrMa:
E, =4,44fTW, K ,,®, s=E,s, (n=0).
NHIyKTUBHOE CONPOTUBIIEHUE PACCESIHUS POTOPA IPU €TI0 BPALLICHUU:
X, =27f,L_,,
rae Lo — MHIYKTUBHOCTD paccestHus (a3l 0OOMOTKH POTOpAa.
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WNuaykTUBHOE COMPOTUBIIEHUE paccessHUsl 0OMOTKHU poTopa rpu N = 0:
X =2mfiL ;.

Torma Xzs = XoS mipu I, = const.
Ha ocnoBanuu 3akona OMa TOK B 0OMOTKE POTOpa MPH €r0 BpalleHUH:

E _ Bs E,

I, = 23 __ = = .
2 2 2 2
r,+X I

S S

PaGota npuBea¢HHON aCHHXPOHHON MAIIMHBI IPU BPALICHUH POTOpa OMUCHI-
BAETCS YPABHEHUSMMU:

Ul = El + jl‘lxi + I-lrl;
U, =E — il —-Lr; (1)
l,=1,-1).

2 ACUHXPOHHBIE JIEKTPUYECKHUE MAIINHBI

2.1 ACHHXPOHHBIE IBUTATEIH

2.1.1 IlIpunyun oeiicmeusn acuHXpoOHHO20 Oeuzamens

ACHHXPOHHBIN JIBUraTelIb COCTOMT U3 CTaTOpa, CEPACYHUK KOTOPOIrO BBIMOJI-

HEH W3 OTIEJBHBIX IUIACTUH 3JIEKTPOTEXHUYECKOM CTajau, NpUYEM BO BHYTPEHHEU

pacTouke craTopa MMEIOTCS Ma3bl, B KOTOPBIX YJIOXKeHa TpéxdazHas oomorka. Cra-
TOP ABJISIETCSI UHAYKTOPOM M CO3J1a€T BPAIAKOLIEECS MArHUTHOE T0JIE.

Puc. 2.1. KoHCTpyKIIMS aCHHXPOHHOTO ABUTATEIISI C KOPOTKO3aMKHYTBHIM POTOPOM:
1 — cranuHa; 2 — cepAeYHUK cTaTopa; 3 — 00MOTKA cTaTopa; 4 — CepAeYHUK poTopa
C KOPOTKO3aMKHYTOH OOMOTKOI; 5 — Baj
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SAxopemM y aCMHXPOHHOTO JBHUTATENsl SIBJSIETCS POTOP, KOTOPHIA COCTOUT W3
CeplIeYHNKa, HaOpPaHHOTO W3 OTIENBHBIX IJIACTHH JJICKTPOTEXHUYECKOW CTaIH, U
pacrnoJiokeH Ha Bairy. Ha BHemIHe# pacTouke cepJedyHUuKa pOTOpa UMEIOTCS Ma3bl, B
KOTOPBIX PACIOJIOKEHBI KOpoTKo3aMkHyTas (puc. 2.1) wnu Ttpéxdasznas (puc. 2.2)
0OMOTKH, B KOTOPBIX U MPOUCXOIUT MPOLIECC MPeoOpa3oBaHus INEKTPUIECKON IHEP-
MU B MEXaHUYECKYIO.

Puc. 2.2. KoHCTpyKIIHsS aCHHXPOHHOTO ABUTATENs ¢ (Da3HBIM POTOPOM:
1 — cranuna; 2 — 0OMOTKa cTaToOpa; 3 — pOoTOp; 4 — KOHTAKTHBIE KOJIBLIA; 5 — MIETKH

[Ipu nmoakiatoueHUH OOMOTKU cTaTopa K TpéxdaszHoW ceTu co3mgaércs Bpala-
IOIIIEeCs] MarHWTHOE T0JIe, KOTOpOe TMepecekaeT 0OMOTKY poTopa M HMHAYLHUPYET B
Hel snekrpoasmkyue cuibl (9C). o aeiictBuem 3IC no oOMOTKE poTopa mo-
TE4YET TOK, MPUUEM MPU HEMOABMKHOM poTope (N = 0) yacToTa TOKOB poTopa OyIeT
paBHa yacrore Toka cratopa (f = f1). Toku poropa cozmamyt cBo€ Bpararomieecs
MarHMTHOE I10JI€, YacTOTa BpalleHHUs] KOTOPOro OyAeT paBHa:

f2 fl

2 p p 1
[Tonme ctatopa u moie poTopa cloKaTcs W 00pa3yrT o0Iee Bpallarolieecs
MarauTHoe moJie. [Ipy B3auMoelCTBUN BpaIlalomerocss MarHUTHOTO TOJIS C TOKaMU
poTopa OyAeT co3gaBaThCsl MOMEHT, MOJ ACHCTBHEM KOTOpPOTO POTOp HAYHET Bpa-
IaThCs B TY YK€ CTOPOHY, YTO U MarHuTHoe moje. [Ipu »ToM gactora BpamieHus po-
Topa OyJeT Bcerjna MEHbIIe YacTOThl BPALEHUs MAarHUTHOTO MOJIs, T. €. POTOp, KaK
MPUHSITO TOBOPUTH, Oy/IET BPAIlaThCsl CO CKOJIBKEHUEM S:

s_m-n
nl

rae  Ni— 4acToTa BpamleHUs MOJs;
N — 9acToTa BpaIEHUS pOTOpA.
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Cronborcenuem Ha3bIBA€TCd OTHOCHUTEIIBHOE OTCTaBAaHHME YacTOThl BpallCHUs
poTOpa OT YacCTOThI BPAIlEHUsI MAarHUTHOIO TOJIsA. B IBUratebHOM pexuMe BEIUYU-
Ha CKOJIbKEHHS Bcerna Oyner Oouibliie HYJsA, W AUana3oH cKoyibxeHus 0 < s < 1.
CKoJlb)KeHHE HE MOXKET CTaTh PaBHBIM HYJIO, TaK KaK MpPH OJMHAKOBBIX YACTOTaX
BpaIICHUs] POTOpa M BPAILAIOIIETOCS MATHUTHOTO TOJIS IMoje He OyAeT mepecekarhb
00OMOTKY poTtopa, 1 moaromy 3/1C u Toku poTopa OyAyT paBHBI HYJO, © MOMEHT AJ[
TaK >kKe CTaHeT paBeH HYJII0, U YacTOTa BpalleHUs: poTopa OyAeT cHmkarhbes. Yacrtora
BpAILIEHHS pOTOPA OMPEETAECTCSI COOTHOLICHUEM:

00T 1 sy,
P
HpI/I BpallCHHUH POTOPA 4aCTOTA TOKA B HEM COCTABUT:
1:2 = p(nl - n);
fz = p(nl - nl(l_ S) = psn,;

n=n(1-s)=

f,=psn = Pty _ sf,;
P
f, =sf,.

YacroTa BpalieHusi MAarHUTHOT'O MOJISI pOTOPa OTHOCUTENBHO CaMOI'0 POTOpa:
n,, =Ns.
YactoTa BpalieHus MAarHUTHOTO TOJIsI pOTOPa OTHOCUTENBHO CTaTOpA:

N, =n,, +n=ns+nl-s)=n,.

Takum o0pa3zoM, MpU BpPAIIEHUHU POTOpPA YACTOTHI BPAIICHHS] MarHUTHBIX I0-
Jel cratopa U poTOpa OKa3bIBA€TCS OJMHAKOBBIMU U 00pa3yloT oOlee MarHUTHOE
ToJIe.

2.1.2 Cxemul 3ameuienusn pazvl acCUHXPOHHO20 O8u2amen

Ananm3 nponeccoB B A/l CBsI3aH ¢ paC4ETOM JIEKTPOMArHUTHON CUCTEMBI, CO-
CTOSIIIIEH U3 CEPJICYHMKOB POTOPA U CTaTOpa U UX 0OMOTOK. Kak mpaBuiio, MarHuTHast
CUCTEMA JIBUraTessl HaChIIEHHA, U, KPOME TOr0, MEXJy CTaTOPOM M POTOPOM CyIIle-
CTBYET BO3JIYIIHBIN 3a30P, UTO YCIOKHAET IPOLECC pacuéTa.

B psape ciaydae CHOXHBIM PAcy€T SJIEKTPOMAarHUTHOM CHUCTEMBI JBUIATEINS
MOYKHO 3aMEHUTh PACUETOM IIPOCTOM JIEKTPUUECKOU LENH, COOTBETCTBYIOIIEH YpaB-
HeHusM (1), B KOTOPOM 3JIEKTPOMArHUTHAS CBSI3b MEXKIy OOMOTKaMH CTaTopa U Po-
TOpa 3aMEHEHa BETBbIO HaMarHnuyuBaHus. CxeMa 3amenieHus (puc. 2.3) cocTaBiseT-
csl 171t OJIHOM (pa3bl ABUTATENS, @ pe3yIbTaThl pacueTa YMHOXAIOT Ha Tpu. B ciydae
HEPAaBHOMEPHOTO pacIipe/ielieHUs Harpy3Ku (TOKOB) 1o (pazam cxema 3aMeIIeHUs Co-
CTaBJIsIeTCS JJIA KXo U3 (a3, a o01mumid pe3ysbTar pacuéra onpeaessieTcs CyMMHu-
POBaHUEM.
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Puc. 2.3. T-o6pa3nas cxema 3amenieHus ha3bl ACHHXPOHHOTO JIBUTATEIS

CxeMa 3aMelleHNs] COAEPKUAT TPU BETBU:
e IIepBas Cc IapaMeTpamMu OOMOTKH cTaTopa 1, X1 ¢ TOKOM ly;
e BTOpas C MapaMeTpaMu NPUBEAECHHON OOMOTKHM pOTOpa: I, /S, X;C TOKOM l7;
® TpeThs (BETBb HAMAarHWYMBaHU) ¢ HapaMeTpamu: o, Xr ¢ TOKOM lo.

[lepBble 1BE BETBU COOTBETCTBYIOT CTAaTOPY U POTOPY, & TPEThSl YUUTHIBAET
ANEKTPOMATHUTHYIO CBSI3b MEXIY UX OOMOTKAMH.

lo — aKTUBHOE CONPOTHBIICHUE, YUUTHIBAIOIIECE MMOTEPU B CTAIN CEPIECUYHHUKOB
cTaTopa v poTopa;

Xr — IJ1aBHOE MHAYKTUBHOE CONPOTUBIICHUE, YUUTHIBAIOIIEE B3aUMHYIO MHIYK-
TUBHOCTh OOMOTOK CTaTOpa U poOTOpA.

Bricokasg TouyHOCTh pacuera AJl obOecneunBaeTcss NpH HMCHOIb30BAaHMM T-
oOpa3HOW cXeMbl 3aMelleHus (CM. puc. 2.3), HO A MOCTPOEHMsI KPYrOBBIX JAHa-
rpaMM U TIOJIYYEHHS pslla aHAIMTHUYECKUX COOTHOIICHHWH Oosiee yynoOHa cxema 3a-
MEILICHHS JIBUTATENS C BHIHECEHHOW Ha BHEIIHHUE 3a)KUMbl BETBbIO HAMAarHUYMBaHUSI.
Takas cxema 3amenienus (asbr AJl HaspiBaeTcs ['-o0pasHoii (puc. 2.4).

SEP ] X5
L W
e 2
O £
S|
Ig 0 )
. — >
el =
U, S
Xr

Puc. 2.4. I'-o6pa3Has cxema 3aMelIeHHs] aCHHXPOHHOTO JIBUTATENIs

[Ipu pacuére A/l ¢ ncmonb3oBanueM I'-00pa3HOI CXEMBI 3aMEIICHUS IS I10-
JY4YEeHUSI TOYHBIX PE3YJIHTATOB UCIIOIB3YIOTCS MOMPaBOYHbIE KOADPUIIUECHTHI.

2.1.3 Duepzemuueckasn ouazpamma ACUHXPOHHO20 08UZaAMeNs

Pabounii mporecc AJl MOXHO MpeICTaBUTh B BUAE AMarpaMmmbl (puc. 2.5).
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P
Puc. 2.5. 9HepFeTI/ILIeCKaSI AuarpaMma aCHMHXPOHHOI'O ABUT'aTCJIA

%EH%OB

oV

P1 — mogBoMMAast MOIITHOCTH K ABUTATENIO U3 cetr, P1 = MiUilicosos;
Ui, |1 — da3Hble HanpsbKeHWE U TOK ABUTATENS (CTaTopa);
My — gucio ¢a3 craTopa.

B o6MoTKe cTaTopa CylIecTBYIOT AIEKTPUUYECKUE TOTEPU MOIITHOCTH Py

_ 2
P91 - mlll rl !
I1 — aKTUBHOE COTPOTHUBIICHHE OOMOTKH CTAaTOPA.

KpOMe TOro, B CCPACUYHUKE ABUTATCIIAA €CTh MAIHUTHBIC ITIOTCPU MOIIHOCTHU B
cTajin PC (HOTepI/I Ha THCTCPC3UC U BUXPCBLIC TOKI/I). Ecmu QJICKTPUYCCKHUC ITIOTCPU U
IIOTCPHU B CTAJIM BBIYCCTH U3 HOHBOHHMOﬁ MOIIIHOCTH, IIOJIYYHM 3HAYCHUC IJICKTPO-
MAarHUTHOM MOIIIHOCTH:

Py =P1— (Pgl + Pc)

DneKTpOMarHuTHAasi MOIIHOCTG MepeAaéTcsi MPU MOMOIIM BPAIAOIIErocsl Mar-
HUTHOTO TOJISL OT CTaTOpa K POTOPY 4epe3 BO3AYIIHBIN 3a30D.
B oOMoTKe poTopa OyAyT 3JEKTpUYECKUE MOTEPU; IJIsl MPUBEAEHHON MAITUHBI:

_ I\2 .t
P, =m(12)°r;.
Mexanuyeckas MOIIHOCTh Ha PHEPreTUYeCKor nuarpamme (cM. puc. 2.5) ume-

€T BEJINYHHY:
Py = Poy — Poyp.

Kpowme Toro, nmpu BpailieHuu poTopa BOZHUKAIOT MEXaHUUYECKUe MoTepu (IoTe-
pU Ha TPEHHE B MOALIMIIHUKAX W MOTEPU HA BEHTWIALMIO) U J00aBOYHBIE MOTEPH,
00yCJIOBJICHHbIE TOBEPXHOCTHBIMH U MYJIbCAIMOHHBIMH MOTEPSAMHU, a TAKXKE MOTEepsi-
MU OT JIEWCTBHS BBICIIMX TApMOHUK. MeXaHW4YecKkue NoTepu OnpenessatoTes no ¢op-
MyJilaM, M3y4aeMbIM B Kypce JAeTajiedl MalluH, a J00aBOYHbIE MOTEpPH ISl MAIlWH
cpenHel 1 OOJBIION MOLIHOCTH MpUHUMaroTcs paBHbIMU 0,5 % oT nmogBoanMou (Io-
TpeOIsieMOit) MOIITHOCTH Pi.

P> — none3Hasi MOITHOCTh ACUHXPOHHOTO JIBUrartessl (MOUIHOCTh Ha Baly), Ie-
penaBaeMas PUBOLIY

P> = Py — (Puvex + Pros).

KoadduimenT none3noro qeHcTBUS aCUHXPOHHOTO JIBUTATES:



2.1.4 Bpawarowiuit momenm aCUHXpOHHO20 08u2ameis

B ycTanoBuBieMcs pesxxume paboThl Bpaniatronuii MomeHT A/l paBeH:

Mbsm = Mo + My;
Mo + M2 = Mo + My,
MM — BpalllaroNuii MOMEHT aCHHXPOHHOI'O JIBUTATE]Is;

Mg — MOMEHT, 3aTpayMBacMbIi Ha IPEOJOJIEHNE BHYTPEHHUX TOPMO3HBIX MO-
MEHTOB B CAMOM JIBUI'aTelIe, U €MY COOTBETCTBYIOT IOTEPH X.X.:

Po = Pyex + Pros;

M; — mosie3HBII MOMEHT, KOMIICHCUPYIOIIUNA TOPMO3HOM MOMEHT HArpy3Ku
Mr, COOTBETCTBYIOIIMH MMOJIE3HOW MOIIHOCTH P.
MommHocTH X.X. Pg COOTBETCTBYET MOMEHT X.X. Mo, U MOYKHO 3aIIHCaTh:

27N
P, = Pyex + Py =Mo=M;——.
60
[Tone3Hoi MOITHOCTH P2 COOTBETCTBYET MOMEHT My:
271N
P,=M,0=M,—.
60

N3 sHEpreTHUEeCKON AMarpaMmel BUJHO, YTO:
Py = (Pumex + Pros) + P2 = Moo + Moo = (Mo + M2)o = Mono; Py = Movo.

W3 npuHnyna neicTBUs aCHHXPOHHOI'O JABUTATENs U3BECTHO, YTO BPALIAIOLIUN
MOMEHT MAaIllMHBI CO3AAETCS B PE3yNbTaTe B3aMMOJEHCTBUSA TOKOB poTopa |2 ¢ Bpa-
IIAIOMIMMCS MarHUTHBIM I10JIEM, NPUYEM YacTOTa BPALLECHMS IO CUHXPOHHAs, W
yTJIOBasl 4acTOTa BpallleHHs MO PaBHa:

27nn,
®, = :
60

Torz[a QJICKTPOMAarHuTHas MOIMHOCTL OIIPEACTIACTCA COOTHOMICHUEM:

Prm = Momos.
N3 sHepreTrueckon 1uarpaMmMel BUAHO, UTO:
_ _ AY]
Py =Py =Py =m(L,)r;.

B sty popmMyny nmopcTaBuM 3HaYEHUST MOIIHOCTEH, BBIPAKEHHBIX YEPE3 COOT-
BETCTBYIOLIIME MOMEHTBI U YIJIOBbIEC YaCTOTHI BPALCHUS:

W, —O
Mngl — Mg]\/l(l) = sz; M:)M ((01 —(l)) = P32; MSM 1—0)1 = P32 ;

® —o .
—2  — CKOJIBXKCHHE S;
W,

MsmmS = Py, (2)
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PouS =Py = =22

S5M
OmnpenenuM BpallaroImyuii MOMEHT JBUTATENIS U3 BhIpaXCHHS (2):
rl
2
b MR
M, = D2 _ S (3)
®,S o,

Omnpenenum 1ok |, (mpuBenéuublii TOK poropa) mo I'-o0pasHoii cxeme 3ame-
HIeHUs 10 3aKoHy Oma:

Ul
2

(rl+r;j +(x1+x;)2
_ 2mm;  21n60a  2mnf

' 60 60p p
[ToncraBuM B (3) 3Havenus || u o;:

r!
2 72
mlpul ;

OM T

N2
2nf (rl+r;) +(x %)

BI/IIIHO, qTo Bpamafoumﬁ MOMCHT aCHHXPOHHOI'O ABUI'aTCJIA ITIPOIMOPLHHUOHAJICH
KBaApaTy HAIIPAKCHUA CCTHU. B sToMm cocTtout HCOOCTAaTOK Aﬂ

2.1.5 Mexanuueckasa xapaxmepucmuka ACUHXPOHHOU MAUIUHbL

Mexanuueckas xapakrepuctuka AM MoeT ObITh peACTaBIeHa B BUAE:
o Myy =T(S) nmu
o n="f(Msnm).
Paccmotpum 3aBucUMOCT, MOMeHTa AM 0T cKoJibxkeHus (puc. 2.6) B mperno-
noxkenuu, urto f,r), x, r, X;,U; =const. Kpome Toro, nonaraem, uTo Bpaliarolee-

Cid MAroHuTHOC II0JIC U3MCHACTCA BO BPCMCHH CTPOI'O IIO CHMHYCOMAAJIbHOMY 34KOHY,
T. €. HC COACPKUT BBICHINX I'APMOHHK.

M9Mﬂi
Mwyiax——-
|
Mk - —+:——— S, =0,12...0.2
|
o
: [
0 S, 1 o

Puc. 2.6. Mexanndeckasi XapaKTEpUCTUKA ACUHXPOHHOTO IBUTATENS
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PaCCMOTpHM MCXAaHHYCCKYIO XapaKTCPHUCTHUKY MalllUHbI IJIsI ABUIATCIIBHOIO
peXrMa, B KOTOPOM CKOJIbKEHHE MEHAETCS B nuamna3one 0 <s<1.
PaccmoTpum BHauase pexkum mycka AJl B xon, mpu kotopom: N =0, s = 1.
Bemnuuna ITYCKOBOT'O MOMCHTA AI[ B MOMCHT BKJIIFOUCHMH .
2.1
__mpUT,
m— 2 2y !
27t (r° + X;)

e hL=0+0, X =X+X.

N3 dhopmyibl BUAHO, YTO JUIS YBEIUYEHHUS MMYCKOBOI'O MOMEHTA CJEIyeT yBe-
JUYUBATh aKTUBHOE CONIPOTUBJICHHUE OOMOTKH POTOpA.

Ecin myckoBOl MOMEHT OOJIbIIIE TOPMO3HOTO MOMeHTa Ha Baiy (Mp > Mro),
TO POTOP HAYHET PA3TOHATHCA, a CKOJIBKEHUE — YMEHbIIAThCA. B ¢popMye MmomeHTa
CKOJIb)KCHHE BXOJUT B YMCIUTENb U 3HAMEHATENb, IPUUYEM IIPU YMEHBIIIEHUU CKOJb-
KEeHUs1 OyIyT OJHOBPEMEHHO PacTH M YHCIWTEIh, M 3HAMEHaTellb. BHavame uuciu-
Telb OyJeT pactu ObICTpee, YeM 3HaMeHaTelb, U MOMEHT OyJEeT YBEIUYUBAThCA J10
TeX Top, TOKa HE JOCTHTHET Makcumyma mpu Sy = 0,12 ...0,2. TTocie sToro Oymer
pactu ObICTpee 3HAMEHATENIb, © MOMEHT HauYHET YMEHbIIAThCA, U npu S = 0 OH cTa-
HET paBEH HYJIIO.

JIns aCMHXpOHHBIX JBUTAaTEIEH OTHOIIEHUE ITYCKOBOTO MOMEHTa K HOMHHAJb-
HOMY HaXOJIUTCS B IMAIIa30HE:

Moy
M

n
Jlns onpeneneHus MakCMMaJIbHOIO MOMEHTA BO3BMEM IEPBYIO NPOU3BOAHYIO
MOMEHTA MO0 CKOJILKEHUIO U IPUPABHAEM €€ K HYJIIO:

dM.,,,
ds

B pesynbrare muddepeHmupoBaHus psga MpeoOpa30BaHUM OMpeaesIeTCs
CKOJIb)KCHHE, PU KOTOpOM MOMEHT A/l OyaeT MaKCUMaJTbHBIM:

=0.

rl
_ 42 _ '
S, =2, X =X +X.
X
3HaYeHNE MAKCUMAJIBHOTO (OMPOKUIBIBAIOIIET0) MOMEHTA!
rl
mpu*-2
S, ]
Myax =% 2 1

2nif r1+sr2 +(x1+x;)2
. MmpU

. 2nf ((rlirxk)2+xk2)'

MAX

3HaK «+» OTHOCHUTCSl K JABUTaTEILHOMY U TOPMO3HOMY PEXKUMAM, a 3HAK «—»
OTHOCHUTCS K T€HEPATOPHOMY PEKUMY pabOThl aCHHXPOHHOUW MAIlIUHBI.

24



AHanu3 (HopMyJTbl TTOKA3bIBAECT, YTO MAKCUMAJILHBI MOMEHT OYyJIeT UMETh Me-
CTO Tpu OOJIBIIIEM CKOJIBKCHHUU, €CITU YBEITUYMBACTCS OTHOIICHUE I, K X, , UTO €ro

BCIIMYMHA ITPOIIOPHUOHAIBHA KBAJAPAaTy IMMOABOANMOI'O HAIIPSIKCHHA, YTO MMAX 6YI[GT
YMCHbLIIATHCA C POCTOM rl u Xk U 9TO OH HC 3daBHCUT OT aKTHBHOI'O COIIPOTUBJICHUA

r2, . OTHOIIEHNE 3HAYCHUS MAKCHMAJIbHOTO MOMEHTA 110 OTHOIICHHWIO K HOMHHAJIb-

HOMY Kosebsercs ot 1,8 1o 3,5 % =18...3,5].

n
MakcuMalibHbIi MOMEHT MHOTJA HAa3bIBAIOT ONPOKUObIGAIOUUM, TAK KaK €CIIU
MOMEHT Ha BaJly JIBUTaTeNsl MPEBBICUT MAKCUMAJIbHBIM, TO JBUIaTElb OCTAHOBUTCS
(onpokuHETCH).
[IpencraBuM rpadguuecku MOJHYI0 MEXaHUYECKYIO XapakTepucTuky AM (puc.
2.7).

LLBM/FOTeﬂb

——

Mmoxff ‘

| Toprmoz

1 S

S,

|
Ma L/

\

|

0 s
i,

[‘eHepaToP

Puc. 2.7. Mexannueckasi XapaKTEPUCTUKA ACUHXPOHHOW MAaIlIVHbI

NHorna MeEXaHMYECKYIO0 XapaKTepUCTUKY AM MpencTaBiOT I ABUTATEIb-
HOT'O peXuMa B BUJE puc. 2.8.

n4

n

M
0 >

Puc. 2.8. Mexanuueckasi XapaKTEpUCTUKA ACUHXPOHHOTO IBUTATENS

2.1.6 Kpyzoeasa ouazpamma acuHXpoHHOU MAUIUHbBL

[TapameTpsl M XapakTEpUCTUKU ACHHXPOHHOI'O JBUTATENSI MOXKHO OIPENEIIUTH
U3 OMbITa HEMOCPEACTBEHHON ero Harpy3ku. JlJist 3Toro motpedyroTcsi 3HaUUTEIbHbIC
3aTpaTbl BPEMEHU U DJIEKTPOIHEPTUH, CIIEHUAIBHBIE CTEHJIbI, CIOYKHBIE U3MEPUTEIIb-
Hble TPUOOPHI U 00opyaoBaHuE. [Ipy ’TOM TOYHOCTH MOJYUYEHHBIX PE3YJIHTATOB 3aya-
CTYIO OKa3bIBa€TCsI HEBBICOKOM. DTO MOCIYXWJIO TPUUMHON pa3pabOTKM KOCBEHHOTO
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MeTo/a OIpEACNICHUs MTapaMeTPOB U XapaKTEPUCTUK ACUHXPOHHOTO JBUTATENsA, KOTO-
pBIii peasinzyeTcst 0osiee MPOCTO U C MEHBIIUMHU 3aTpaTaMu BPEMEHU U 3JIEKTPOIHEP-
ruu, o0ecreynBas B TO K€ BPEMs TOBBIICHHYIO TOUHOCTD IMOJTYY€HHBIX PE3YJIbTATOB.

JlocTaToyHyI0 TOYHOCTH OMpeesieHHs XapakTepucTuk AJl obecrieunBaer kpy-
roBasi IMarpaMma acUHXpOHHOW MallliHBI.

2.1.6.1 O6ocHOBaHKE MOCTPOEHUS YIPOUIEHHON KPYTOBOM TUarpaMmbl

PaccmoTpum mpocTeiinyio 3eKTpUdYecKyro cxemy (puc. 2.9), comepkalryro
HEU3MEHHOE MHAYKTUBHOE COINPOTUBICHUE W U3MEHSIONICECS aKTUBHOE COMpPOTHB-
JICHUE.

0<r<ow
X = const
U =Ir + jlx=const

Puc. 2.9. Ilpocreiimas 351eKTpudecKas cxema

[Ipu u3meHneHuu I OyayT U3MEHSTHCS TOK B DJIEKTPUYECKOM CXEME€ U TMaJICHUs
HanpspKeHUH Ha COMPOTHUBIICHUSX I M X, a HalNpsOKeHUE Bcerja OyAeT OCTaBaThCs
Hen3MeHHBIM. [Tokaskem 9T0 Ha BeKTOpHOU quarpamme (puc. 2.10).

Puc. 2.10. BexkropHas nuarpaMMa npu U3MEHEHUU aKTUBHOTO COTPOTUBIICHUS

[Tpu n3MEeHEHNH aKTUBHOTO COMTPOTUBIICHHUS OT HYJISI 0 OECKOHEUYHOCTH KOHEI]
BEKTOpa MaJCHUs HampshkeHus I GymeT mepeMeraThesi M0 OKPYKHOCTH ¢ AHAMET-
POM, paBHBIM NIPHJIOKCHHOMY K CXEME HaIPSHKCHUIO.

Pasnenrm BeKTOpHI auarpamMmbl Ha JX. B pe3yibTare BEKTOPHI MU3MEHSTCS 10
BEIIMYMHE U MMOBEPHYTCS IPOTUB MOJOKUTEIHLHOTO HAIMIpaBJIeHUsS WX BparieHus Ha 90
rpaaycos (110 4yacoBoii ctpeiike) (puc. 2.11).

26



Jx
Puc. 2.11. IlpeoOpa3oBanHas Auarpamma

JIOITOTHUTENBHO TOCTPOMM HANpPaBJICHHBIM BEPTUKAIBHO BEKTOP HaNpskKe-

Hus U.
Paccmotpum I'-06pasnyto cxemy 3amernieHust AJl (puc. 2.12) u cpaBHUM €€ ¢
POCTEHIIICH IEKTPUIECKOU cxeMol (cM. puc. 2.9).

Puc. 2.12. I'-o6pa3nHas cxema 3amernieHus AJJ

Bunno, uto BepxHsis BeTBb [-00pa3HOil CXeMbl 3aMeIIeHUs] aHaJOTUYHa TPO-
CTEUILIEN AJIEKTPUYECKON CXEME, TaK KakK Xx = CONst, a €€ cymMmMapHOE aKTHUBHOE CO-
IIPOTUBJICHUE 3aBUCUT OT CKOJIbKEHUS U SIBIISIETCS IEPEMEHHBIM.

Otnnune ['-06pa3Hoil cxembl OT IPOCTENIIEN CXEMbI B TOM, YTO B HEM IPUCYT-
CTBYET HWKHSSI BETBb CXEMbI 3aMELICHUs, BEJIMYMHA TOKAa KOTOPOM HE 3aBUCUT OT
CKOJIBXEHHUs, T. €. lg = const. IloaToMy MOXHO MOCTPOUTH YNPOMIEHHYIO KPYTOBYIO
nuarpaMmmy AM (puc. 2.13), 106aBUB B HEE TOMOJIHUTEIBHO BEKTOP TOKA XOJIOCTOTO
xona lo.

R

Puc. 2.13. YnpoménHnas kpyrosasi guarpamMmma
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[TomyyeHHast OKPY>KHOCTb SIBJISIETCSI TEOMETPUYECKHMM MECTOM KOHIIOB BEKTO-
POB TOKa aCHMHXPOHHOM MalluHbl (rogorpadom) npu M3MEHEHUU aKTUBHOTO COMPO-
TUBIICHUS OT HYJIA 10 OeckoHeuHOoCTU. KpyroBas nmuarpamma MoKeT ObITh TOCTPOEHA
Ha OCHOBAaHHH JIAHHBIX ONBITOB XOJOCTOrO X0J1a U KOPOTKOT'O 3aMbIKaHUSI.

2.1.6.2 IToctpoenue kpyroo nuarpammMbl AM 10 JaHHBIM OIBITOB XOJIOCTOTO
X0/1a ¥ KOPOTKOT'O 3aMbIKaHUs

JI1s TIOCTpOCHUS KPYyTOBOM TuarpaMMbl AM BBITIOJHSIOTCS OIBITHI XOJIOCTOTO
X0/1a ¥ KOPOTKOT'O 3aMbIKaHUSI.
N3 ompiTa X.X. myTeM uzmMepenus onpenenstoT Uy, lo, Po.

P
PaccuntsiBator cos¢g, =——>—. Ilpu mpoBeaeHuu ombITa K. 3. U3MEPEHUEM
Hlo
P o p = 2
onpenenstoT Uk, |k, Pk, pacCUUTBIBAIOT COSQ, = ——K— 'k = Px/M x Ix*,

K 1K

AKTHBHOE€ COMPOTHUBIIEHHE (Pa3bl OOMOTKU cTaTOpa 1 OMPEACISIETCS METOJIOM
BOJILTMETPA — aMIlepMeTpa WM U3MEPEHHUEM, IPUUYEM ITO JIETAETCS 0 BKIIIOUCHUS
AJl B ceTb.

[Tpexae ueM CTpPOUTh JuarpaMmy, 3aJal0TCs MacIITaboM Toka m; — A/MM.

JlnameTp KpyroBoi auarpaMMbl JTOJDKeH ObITh HEe MeHee 200 MM, 4TO JIOCTUTa-
eTcs Mo 00poM Macirada Toka m;.

[Topsimok MOCTpOEeHUsI KpyroBoil AuarpamMmsl (puc. 2.14):

1) OTKIaAbIBaEM BEPTHKATLHO BBEPX BeKTOp HanmpskeHus U |

2) 1oz yriioM @o K Bektopy U B MaciTaGe Toka Mj CTPOMM BeKTOp Toka lo;

3) mox yriom ¢, k Bektopy U cTpoum BekTop ToKa K. 3. |,

4)  coemunsiem Toukn H u K n u3 cepenaunnl orpeska HK BoccranarimmiBaem
MIEPIICHIUKYJISIP 10 MEPECEUCHUs C JIMHKUEH, MPOBENEHHON U3 TOUKU H mapamiensHo
ocu abcuucc. [Tomyuaem Touky O1, ABISIONIYIOCS LEHTPOM OKPYKHOCTH TOKOB. Bek-
top HK — 310 mpuBea€HHBIN TOK poTOpa — I'g ;

5) u3 nentpa O; paguycom O;H npoBesém oKpyKHOCTH TOKOB.

. T K$:1
J Lo s
e ., \\\
Il s’ 718 \\\
(\% // \\\
| |
Y |
O ngo Ol
j X
0

Puc. 2.14. IToctpoeHue KpyroBoil 1uarpaMmsl
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2.1.6.3 Onpenenenrie o KPyroBoi guarpaMmme TOKOB, IMOJBOJUMOMN
Y MOJIE3HOM MOIIIHOCTEN aCUHXPOHHON MAIIIUHBI

J171s1 HOMMHAJIBHOTO peKrMa paboThl OMPEETUM JJIMHY BEKTOpa ToKa |iy:

OD = Il—H, MM.
m.

Pasmectum Hauano Bektopa |1 B Touke O (puc. 2.15) u 6yaem nepemeniaTh 3TOT
BEKTOP J0 T€X MOp, TIOKa €0 KOHEI[ He OKaKETCSl Ha OKPY)KHOCTH TOKOB B Touke D.

y Ks=1

D //// \\\\
I/ \ \\\
e VS BN
1H / b \
// \\
T [ |
P IOF+ 5 |
_ 1
U S=0

= =R

Puc. 2.15. Onpenenenre TOKOB, MOJBOIUMOM U MOJIE3HOM MOIIHOCTENH A/l

OHpCIICJII/IM TOKH ABHUTI'aTCJIA:

I, =0Dm,, A
I, = HDm,, A;
I, =OHm,, A

Onyctum u3 Touku D neprieHauKyssip Ha 0Ch a0CIIMCC U 0003HAYUM TOUYKY
IIEPECCUCHUS «a».
W3 mpsimoyronbHOTO Tpeyronbanka ODa naitaém:
® aKTUBHYIO COCTaBJISAIOLIYIO TOKA CTaTOpa:
Da =0Dcoso;
ODm; =1, mim ODm,cose=1,cosp=1,
® PEAaKTHBHYIO COCTABIIIOLLYIO TOKA CTATOpa!
Oa = ODsing;
ODm;sine=1sinp=1, = 1,=0am,.

a

[ToTpebsiemas (1oaBOAMMAsT) MOIITHOCTb:
P, =mUl coseo.

P1 nponopuiioHaibHa aKTUBHOM COCTaBIIsIIONIEH TOKA |1y, T. €.
P=Ilcosp=1,.

Toxk |, mponiopumonanien otpe3ky Da, u MoxkHO 3anucaTh, 4To:
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B = mp[_)ﬁ Br.
Maciirad MOIITHOCTH paBeH m, = mUm. = B-A/mm = B1/Mwm.

[Ipn m3mMeHeHnu Harpy3ku Touka D OyneT mepeMemarbesi Mo OKPY>KHOCTH TO-
KOB, @ TOYKa @ — 0 OCH abCIUCC, MOATOMY MOIITHOCTH P1 OyJeT Bceraa onpeaeisiTh-
Cs BEPTUKAJIbHBIMHU OTPE3KaMH, 3aKITIOUEHHBIMUA MEXKY OKPY>KHOCTBIO TOKOB U OChIO
aociuce. Ha kpyroBoil guarpamme och aOCITMCC HA3bIBAIOT JUHUEU NOOBOOUMOL
MOWHOCMU.

Jns onpeneneHus: MOJE3HOM MOIIHOCTH (MOIIHOCTH Ha Bally) P; COeAUMHUM
nrauer Toukd H n K, B KOTOpBIX 1one3Has MOIHOCTh P, paBHA HYJIIO.

JInansa HK HasweiBaetcs aunueu noneznou mownocmu. Ilonesnas MoHocTs Po
OTPENICIISICTCS BEJIMUMHON BEPTUKAIBHOTO OTPE3Ka, 3aKIIOUEHHOTO MEXKY OKPYKHO-
cThio TOKOB U nmuHuer HK, u Torna:

P2 = mp55 BT.

2.1.6.4 Onpenenenue No KPyroBoi quarpaMmme 3J1€KTPOMArHUTHBIX MOITHOCTH
Y MOMEHTA

DNEeKTPOMarHuTHAsE MOIIHOCTD OINPEAENSETCS BEPTUKAIBHBIMA OTPE3KaMH, 3a-
KJIFOUEHHBIMU MEKy OKPYKHOCTBIO TOKOB U JIMHUEH, TPOXOAsIIel yepe3 Touku H u
T, B KOTOPBIX 3Ta MOIIHOCTH paBHA HYJO. TOUKy Ts-: o DKCIEPUMEHTAIBHBIM ITyTEM
ONPENEIINTh HEBO3MOKHO — €€ ONPEAEISIIOT HCKYCCTBEHHBIM METOAOM, KOT/1a HaXO0-
1T Touky Kq yepes cooTHouienne oTpe3koB (puc. 2.16):

KK, _h. r_ P
—2 ="k = >
K,K, n ml
U K,Si\\
D// ANHS %\\\ Teceoo
T 7 \
Ly // 5 <, N P\\
7 AHAA R,
p il K |
0 Hesg O,
a AHna R X

Puc. 2.16. K onpenenenunio 31€KTpOMariuTHbIX MOIIIHOCTH 1 MOMEHTA
10 KpYTrOBOU Marpamme

[TpoBoaum mHUIO yepe3 Touku H n Ki 10 nepecedenus €€ okpyXKHOCTBIO TO-
KOB 1 noJsiyyaeM Touky T. Jlunusa HT Ha3eiBaercs nunueil snekmpomacHumuou Mouy-
HOCMU.

Py = ISEmp Br.

Bpamaromuiit MOMEHT aCHHXpOHHOTO ABHUratesnis Moy Oyner paBeH:
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MaM = >
o)
_2nn,  mn,
' 60 30°
P,
MBM = 30—31\4’ H-wm;
T,
30Dem,

M Tcnl !
M., = Dcm,,, H'Mm,
30mp

rae  macmrab MoMeHTa m,, =——, H'M/MM; N1 — CHHXpOHHAsI 4acTOTa BpaIleHHs
nn,

margutHoro mnoid. JIlmauga HT — nmuaug MmomeHTa.

2.1.6.5 Onpenenenue Mo KPyroBoi AuarpaMMe COSQ U CKOIbKECHUS

o Onpedenenue K03 huyuenma MOuHOCmMu
Jlns onpeneneHust cosQ Ha Ocu HarpspkeHus: (puc. 2.17) cTposT MOIyOKpYK-
HOCTb IPOU3BOJIBHOTO pajiyca TakKUM 0Opa3oM, 4TOObI Havao e€ guamerpa ObLIo B
touke O, Torma:

COS —O—d_
(I) 6_ )

WNuorna yno6Ho B3saTh Auamerp Oe = 100 mm.

Ule

, A

Puc. 2.17. Onpenenennie ko3PppuumeHTa MOIHOCTH MO KPYTOBOM uarpamme

e Onpeoenenue CKONbIHCEHUSA

Jnst mocTpoeHus MIKaidbl CKOJbXEHUsI U3 Touku H mpoBoauTcs BBEpX BepTH-
KanbHas TuHus (puc. 2.18), Ha KOTOPOU MPOM3BOILHO BhIOMpaeTCs: Touka Q, U3 Ko-
TOPOM MPOBOAUTCA JUHUSA, NapauienbHas Tuaun HT (muuauu Poy). 3atem nunuio Po
MPOJIEBAIOT JIO0 TMEpPEeceUeHHsl ¢ JuHueu, napamwienbHo HT, m momywaror mkamy
ckonmkeruss QN, koropyro nnorna aenar Ha 100 paBHbIX yacTei. /s onmpenenenus
BEITMYUHBI CKOJIbKeHUs Toukd H u D coenuusroT Mexmy coboit U mpoJjIeBaloOT 3Ty
MPSIMYIO JI0 TIEPECEUCHUSI CO MIKATIONU CKOJIbKECHUS.
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M= O,

Al X

Puc. 2.18. Onpenenenne CKOIbXKEHUS 10 KPyroBOUM AuarpamMmme

2.1.6.6 Onpenenenue No KPyroBoi quarpaMmmMe MakCUMalbHOTO U ITyCKOBOTO
MOMEHTOB

Jl1st onpeniesieHus MaKCUMaJIbHOTO MOMEHTA U3 IIEHTPa OKPYKHOCTU TOKOB O1
BOCCTaHABIIMBACTCS MEPIEHAUKYJIISAP 0 MEPECEUCHUs C JIMHUEH DJIEKTPOMArHUTHOM
MOIIIHOCTH W TIPOJIJIEBAETCA JI0 MEPECEUEHUs ¢ OKPYKHOCThbIO TOKOB. M3 Touku N
MPOBEIEM BEPTUKAIIBHO JIMHUIO JI0 TIepeceueHus ¢ TuHuen Psy B Touke M. OTpe3ok
MN nponopiiroHanieH MaKCUMallbHOMY MOMEHTY (puc. 2.19):

Mmax = mMNM, H'M.

U
AHns R
N s
D// \\\\ oo
LH / K \\
/ MHnsR,
LP { C M \\
O HS:O Ol
gl X

Puc. 2.19. K onpeaenennio myCKOBOro 1 MaKCUMaabHOTO MOMEHTOB A /]
10 KpPYTrOBOW Ixarpamme

s onpeneneHus mycKOBOTO MOMEHTAa M3 TOYKM K mpoBOAMM BHU3 BEpTHU-
KaJIbHYIO JIMHUIO J0 IiepeceueHus ¢ JIMHUEn Py [lyCKOBOM MOMEHT paBeH:

Mr[ch = mMKKl, H-wm.

Jlns onpenenenrss HOMMHAILHOTO MOMEHTA M3 TOUYKHA D MpoBOAMM BEpPTUKAIIb-
HYIO JINHUIO J0 IEPECEUCHUS C JINHUEN Pry B TOUKE C:

Mo = mMmDc, Hm.

KpaTHOCTB ITYCKOBOI'O MOMCHTA ACUHXPOHHOI'O ABHUIaTCJIA

Ml‘[yCK — KK]_ )
M Dc

HOM
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[leperpy3odnasi cocOOHOCTh ACHHXPOHHOTO JBUTATEIS
M NM

M Dc

HOM

2.1.6.7 OnpeneneHre MOIMHOCTA U KO3 (UITUEHTA MOJIE3HOTO ICHCTBUS
10 KPyrOBOW arpaMmme

KIIJI acMHXpOHHOTO ABUTATENsI MOXHO OIpPEACIUTh HEMOCPEICTBEHHO MPH
MTOMOIIM KPYroBoi auarpamMmsl (puc. 2.20):
p, m,Db Db

n_I'Tl_mpDa_Da'

U D~
AAHVA R

7
/

- /
I/ b 6 MIHAS "
/ C/ ac

’ — 2

O HS:O g /%:B@X+PCT

AAHA R

Puc. 2.20. K onpenenenunro momuocteit u KII/[ aciHXpoHHOrO IBUTATENA
110 KPyTOBOW THarpaMmme

OnHako B 3TOM Cilyya€ BO3HUKHET NorpemHocTh B onpeneneHun KIIJI, Ttak
KaK KpyroBasi 1uarpaMma He MO3BOJISIET YYUTHIBATh MOIIHOCTh JI00ABOYHBIX MOTEPH,
MOATOMY JIJIsi 60JIee TOYHOTO pacuéra Mo JuarpaMMme ONpeessioT OTIEIbLHO BCE TO-
TE€PU MOIIHOCTH, CYMMHUPYIOT UX U MPUOABIISIIOT K HUM 100aBOYHBIE MTOTEPH, a MOIII-
HOCTb P> ONIPENEIsIIOT KaK Pa3HOCTh 1 ¥ MOIIHOCTH BCEX MOTEPb.

Py =m,Da, Br.

Otpe3ok ad Ha KpyroBoil nuarpaMMe MPOIOPIHOHAJICH MOTEPSAM B CTAId U
MEXaHUYECKUM, T. €. TOTEPSAM XOJIOCTOTO X0/1a, KOTOPBIE MPAKTUYECKHA HE 3aBUCAT OT
HArpy3Kd JIBUTATEIISI U SIBJISIFOTCS MOCTOSIHHOW BenuuuHOW. [loTepu B cTanu Heus-
MEHHBI, Tak kak npu U = const MmarHuTHbIi noTok AJ] He u3menserca. Mexanuye-
CKHE TIOTepH (TPEHHE B MOAIIMITHUKAX U TPEHHUE O BO3IyX) HE MEHSIOTCS, TaK KakK 4a-
CTOTa BpalICHMS JIBUTATENs MPU M3MEHEHUU PEXUMA OT X.X. 10 HOMHUHAJIBHOTO W3-
MEHSIETCSI HE3HAUYUTEIBHO.

Onpenenum Po:

Py = Pyex + Pcr = mpad, Br.

Otpe30ok cd COOTBETCTBYET ACKTPUISCKUM MOTEPSIM B OOMOTKE CTaTOpA:
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P,; = mycd, Br.
Otpe3ok cb COOTBETCTBYET JAEKTPUIECKHM IIOTEPSIM B 0OMOTKE POTOpA:
P32 = mpr, BT-

JI71s1 HOMMHAJIBHOTO peXUMa MPUHUMAETCS, YTO J0OABOYHBIE MOTEPH P CO-
CTaBJISIOT OJIMH MPOLIEHT OT P JIJIsl MallluH Majiol U CpeHeN MOIIHOCTH U TMOJIIPO-
[ICHTA — JIJIs1 KpYIHbIX MaimH (cBeimie 100 kBT):

Pu06 = 0,005P1mpDa, BrT.

Jnis 06010 pekrMa paboThl aCHHXPOHHOTO JIBUTATEIS:

2

|
P=|-L|P

1100i I 1106 *
H

KoaddunmeHT noyie3noro aeicTBUS aCHHXPOHHOTO JIBUTATEIIA:
n= Pl_ZP _ Pl_(PMex +PCT +P31 +P32 +Pao6)
Pl Pl

Jns mocTpoeHusi pabounx XapakTEPUCTUK JABUTATENS ONPENSsIOTCs BCe Ma-
paMeTphl JJIsl pa3HbIX 3HAYECHUM TOKa HArpy3ku |1 u cTpositcs pabodue xapakTepu-
cruku AJl: coso, P, 11, 5,1, M =1 (P2).

CoBpeMEHHBIE ACUHXPOHHBIE JIBUTATEIN — IIIMPOKO UCIOJIb3YEMBIE JICKTpUYE-
ckue marmuabl, KITJ] kotopeix cocrapnser 0,85-0,9.

2.1.7 Cnocoowvl nycka ¢ Xx00 acuHXpOHHbBIX 0guzameieil

[Tpu BKIIIOUEHHH B CETh (ITyCKE B XOJ) aCUHXPOHHBIX JBUTATENICH TOJKHBI BbI-
MOJIHSTHCS CIEIYIOUIUE YCIOBUSL:

® IIyCKOBOM MOMEHT JOJIKEH OBITh OOJIbIIE CTATUYECKOTO0 MOMEHTA Ha Bally,
JUIS TOTO YTOOBI JBUTATENh MOT HauaTh BPalllaThCs;

® IIyCKOBOM MOMEHT JOJDKEH OBITh OTPAaHUYEH IJISl MCKIIIOUYEHHS MEXaHHWYe-
CKHX NOBPEXKJICHNN JBUTATENS U IPUBOJA;

® HE JOJDKHO OBITh 3HAUMTEIBHON «IIPOCAKW» HANPSDKEHUS MUTAOLIEH CeTH
(YMEHbILIEHHE HANPSKEHUS MUTAIOIIEH CEeTH JTI0NyCKAeTCsl KpaTKOBPEMEHHO He Oolee
gem Ha 10-15 %);

® [IyCKOBad ammapaTrypa J0JKHA ObITh POCTON U HEAOPOTOM.

[Ipu mycke B MalIMHE BBIIEISIETCS KOJMYECTBO TEILIA, SKBUBAJIEHTHOE KUHE-
THYECKOW 3HEPTUM POTOpPA W Bpallaromuxcs macc npuBoga. [loatomy konnuectBo
MyCKOB JIBUTATENSl JOJDKHO OBITH OTPAHMYEHO, MAaKCUMAIbHO JIOMYCKAETCS NECSTh
MyCKOB B 4ac. [IyCKOBOI TOK aCHHXPOHHOTO ABUTATENsl COCTaBIAECT 4—7 HOMHUHAJIb-
HBIX 3HAYE€HHH, U BCE COBPEMEHHBIC JABUTATEIN C KOPOTKO3aMKHYTHIMH OOMOTKaMHU
pPOTOPOB pacCUMTaHbl Ha MPSAMOUN MYCK, T. €. HA BKJIIOUYEHUE JBUTATENs HA MOJHOE
HanpspkeHne ceT. [IpsiMbIM BKJIIFOUEHUEM B CETh BKJIFOYAIOT JIBUTATENIN B HECKOJIBKO
THICSIY KWJIOBATT.

B psae cnydyaeB npuxoauTcs OrpaHUYMBATh BETUYHUHY ITyCKOBOTO TOKA.
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2.1.7.1 PeakTOpHBIii MyCK aCHHXPOHHOI'O JBUTaTENs

[enbio peakTopHOro mycka (puc. 2.21) siBisieTcsi orpaHMueHUe MyCKOBOTO TO-
Ka IpH BKJIIOYEHUU. /{7151 3TOro mocienoBaTesibHO B KaXKayto a3y JBUraresis BKIIIO-
YaeTcsl peakTop, MPEICTABIISAIONINMA CO00I KaTyIIKy, HAMOTAHHYIO U3 AJIEKTPOIPOBO-
JSIEH IUHBI HA CTAJIbHOW CEplICYHUK.

CeTb

PEAKTOP

Puc. 2.21. Cxema peaktopHoro mycka A/l

Benuuuna Toka IIpH IIPAMOM ITYCKC:
U
| =

1T "
afrkz + X7

HYCKOBOP'I TOK IIPpH UCIIOJIb30BAHHUH PCAKTOPOB!
U

np ) 2'
\/rk +(% +%,)

[Ipu peakTopHOM IMyCKe BHauajie BKJIHOYAeTCS PyOWJIbHUK Pi, 1 Ha OOMOTKH
cTaTopa HaIpsDKEHHE NOAAETCS 4Yepe3 MOCIENOBATENbHO BKIIOYEHHBIE PEAKTOPHI.
JIBurarenp HAYMHAET PA3TOHATHCS, U MPU JOCTUKECHUU UM OIPEIEIICHHON 4aCTOTHI
BpalIeHUs] OJJHOBPEMEHHO BKIIIOYAIOT PYOWMIIBHUK Pp W OTKIIIOYAIOT PEaKTOPHI, T. €.
OOMOTKHM JIBUTATENS MTUTAIOTCSA OT CETH HAIPSMYIO.

Crernenp orpaHU4eHHs MycKOBOro Toka AJl Oynmer ompenensiThCsi BEIUYUHOM
VHIYKTUBHOI'O COITPOTUBIICHUS PEAKTOPA Xp.

2.1.7.2 ABTOoTpaHcpopMaTOpHBIN MyCK ACHHXPOHHOTO JBUTATEIS

Ecnu tpebyetcs ocyliecTBUTh IIaBHbIM myck AJl, To mpuUMeHSIOT TpEXpa3Hbie
aBTOTPaHCPOPMATOPBI.

Jlng mycka asurarens (puc. 2.22) 3aMbIKatoT pyOunbHukd Pr v P3 U ipu nomo-
II1 aBTOTpaHc(opmaropa MIaBHO YBEIMYMBAIOT HANPSKEHUE, MOABOUMOE K OOMOT-
Ke craropa. Porop HaunHaer Bpamarses. [Ipy 1ocTokeHUM UM ONpeiesIEHHON 4acTo-
ThI BpallleHus pyOUSIbHUK P3 pa3MbIKalOT, 1 OOMOTKM CTaTOpa MPOJI0JIKAIOT MUTATHCS
OT CETH YK€ uepe3 peakTopsl. [lanee 3aMbIkaloT pyOHIIbHUK P,, @ aBTOTpaHchopMaTop
OTKJTIOUAIOT OT ceTu. O0ecneunBaeTcs MIaBHBINA Myck 0e3 OPOCKOB TOKA.
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Celb

AT l
e
bﬁ%

Puc. 2.22. Cxema aBToTpanchopmatoproro mycka AJl

TE}

=

DTOT CIIOCOO MPUMEHSETCS PEAKO U3-3a BBICOKON CTOMMOCTH €T0 pealn3alim.
B HEkoTOphIX cilydasx NpUMEHSIOT criocod nmycka A/l npu nepexitoueHun 00-
MOTKH CTaTOpa CO «3BE3[bI» HA «TPEYrOJILHUK), IIPU 3TOM IIYCKOBOW TOK CHUXKAETCS

B /3 pa3. Crnoco0 MOXHO IPUMEHUTH, €CIIM B HOPMAJIBHOM PEKHUME pabOThl OOMOT-
Ka CTaTopa COEAMHSETCSA B TPEYTOJIbHUK U B KJIEMMHON KOPOOKE UMEETCS LIECTh BbI-
BOJIOB OOMOTKHU.

B nacrosiiee Bpemsi Bce yallle HCHOJIb3YIOT CTaTHUECKHE MpeoOpazoBaTesn
YacTOThl M HAIPSDKEHUs, 00ECTIEUNBAIOIIUE 3a/1aHHbIE PEKUMBI ITyCKa aCUHXPOHHBIX
JIBUTATEIICH.

2.1.7.3 ITyck acCHHXpOHHOTO ABUTaTeNs ¢ (ha3HbIM POTOPOM

Jlns mycka B XOJ aCUHXPOHHOTO JBHUrareis ¢ ¢a3HbIM poTopoM (puc. 2.23) B
0OMOTKY pOTOpa BKJIIOUAIOT MTyCKOBBIE CONPOTUBIIEHUS, BEJIMUNHY KOTOPBIX IO MEPE
pasroHa MamMHbl YMEHBIIAIOT, a 3aTEM M 3aKOpauMBarOT. BKiItoueHue conpoTusie-
HUI B OOMOTKY POTOpa MO3BOJISET CHU3UTh IIYCKOBOM TOK MPH OJHOBPEMEHHOM YBe-
JMYEHUU ITYCKOBOTO MOMEHTA, YTO SIBIISIETCS OCOOCHHBIM, OTJIMYMTEIbHBIM CBOM-
CTBOM JTHX D3JEKTPUYECKMX MamMH IIyCcKoBbIE CONpPOTHBIIEHHS pacCUUTaHbl Ha
KPaTKOBPEMEHHBIN PEeXUM pabOThl, U MOCE BKIIIOUEHHUS JIBUraTelsl OHU 3aKOpayu-
BaIOTCH.

Puc. 2.23. Cxema mycka A/l ¢ (a3noit 0OMOTKO# poTopa
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2.1.8 Pecynuposanue wacmomaul epawieHus aCUHXPOHHO20 08U2AMEIA

PaHee, B Ha4aJIC HaCTOHHIGﬁ IJIaBbI, IPUBOAUJIOCH COOTHOMICHUC IJIAA OIIPCHAC-
JICHU BCJIIMYMHBI YaCTOTHI BPpAIICHUA POTOPA ACUHXPOHHOI'O ABUI'aTCIIA:

n:nl(l—s)zﬁ(l—s),
p

OTO COOTHOIIIEHUE MOKA3bIBAET, YTO YACTOTY BpauieHus: A/l MOXKHO U3MEHSTh

ABYMSI Ty TSIMU:
® H3MCHCHHUCM 4aCTOTHI BpaH_IeHI/Iﬂ MardmMTHOI'O ITOJIA,
® H3MCHCHHUCM CKOJIBXKCHUI.

[epBolii IyTh PEryIMPOBAHMS MPEAIIOIaracT COXpaHeHHEe BBHICOKOro Koahdu-
OUCHTA IIOJIC3HOI'O HeﬁCTBHH MalluHBbI, a BTOpOI\KJI — CHMJ)KCHHUC KHI[, TaK KaK IIpH
YBCIMYCHUU CKOJBbXCHUS BO3PACTAIOT IJICKTPUICCKUC ITOTCPU MOIMHOCTHU B O6MOTK€
poTopa.

2.1.8.1 PerynupoBaHne 4acTOTHI BpAalIEHUsI ACHHXPOHHOI'O JIBUTATEIIS
M3MEHEHHEM YaCTOThI TOKA

[Ipu perynupoBaHMM 4YacTOTHI BpallleHUS M3MEHEHUEM YacTOThl Toka (puc.
2.24) Heo0X0AUMO TOJACPKUBATH B IBUTATEJIC HOMUHAJIBHOE 3HAYEHUE MATHUTHOTO
OJISL [Tl COXPAHEHUsI BBICOKOTO KO3 duirenTa nouesHoro aeicteud. Iloaromy on-
HOBPEMEHHO C M3MEHEHHEM YacCTOThl TOKA JOJHKHA MPONOPUAOHAIBHO HU3MEHSATHCA
BEJIMYMHA MOJIBOJIMMOTO HANPSIKEHUS C COOII0/ICHUEM COOTHOIICHUN:

i=i:$:...:$:con3t.

fl f2 f3 fn
M
N o
iy ﬁ
™ - fa>f, > >f >f;
s %
Wg %

M, M

Puc. 2.24. MexaHnnueckue XxapakTepucTuku A/l pu 4aCTOTHOM peryIupOBaHUH

Takoe perynupoBaHue MOXKET 00eCleunBaTh CHUHXPOHHBIN T'€HEpaTOp C U3Me-
HSIEMOUW 4YacTOTOM BpalieHus poropa. Kak mpaBwmiio, JUisi TaKOro pPeryaupoBaHUS
MIPUMEHSIOT CTATHYECKUE MPEe0OPa30BATEIIN YACTOTHI U HAITPSAKEHUS.

YacToTa BpalieHUs poTopa MOXKET PEryJupoBaThCs B IMIMPOKUX TMpeaeliax,
IIJIABHO, BBEPX U BHU3 OT HOMUHAJIBHOI'O 3HAYEHMUsI, TP COXPAHEHUH BBICOKOTO KO-
s duruenta noje3Horo AeicTBus. CTOUMOCTh peaiv3aliid JaHHOTO Croco0a pery-
JINPOBAHUA OCTAETCS BBICOKOM.
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2.1.8.2 PerynupoBaHue 4acTtoThl BpameHus: AJl ”3MeHeHneM uucia nap
MIOJIFOCOB OOMOTKH CTaTOpa

[TomoconepekiitouaeMple OOMOTKH IMO3BOJISIFOT U3MEHATh YAaCTOTY BpallleHUs
MarHUTHOTO TOJs. BeimyckaroTcst IBYyX-, TpEX- M UYETHIPEXCKOPOCTHBIE MaIlIMHBI,
OpU4YEM JBYXCKOPOCTHBIE ABUTATENIN OOBIYHO UMEIOT OJHY IMOJIOCONEPEKITIOUYAEMYIO
OOMOTKY cTaTopa, a TpEX- M YETBIPEXCKOPOCTHBIE — MO JABE OOMOTKHM Ha CTaTOpe,
Ka)KJ1as U3 KOTOPBIX TaKXK€ MOJIIOCOINEpEKouaeMas. Takue ABUTraTelld UCIOJIb3YIOT,
HampuMep, B TUTaxX, CTAaHKAX U ICKATATOPaX.

PaccMoTpum npumep mpocTeuiel MoMICONEPEKIIYaeMOil 0OMOTKY cTaTopa
ACHHXPOHHOTO JABUTATENS C COOTHOIIEHUEM ITap MOIOCOB 1:2.

[Tpumep OyaeT paccMOTPEH Ha TIOCKOH pa3BEPTKe 0OMOTKH (puc. 2.25).

60 f
2p = 2; nlzTZBOOO 00/ MuH ot=0

A b ZiB L LTXIC

a o

Puc. 2.25. Cxema coeuHeHus ABYXIOIOCHON OOMOTKH CTaTOpAa:
a — cxema OOMOTKHU; 6 — BEKTOpHAs TMarpaMma TOKOB

Paccmotpum TpéxdazHyro 1mecTu30HHyI0 0OMOTKY cO cABUTOM B 60 rpaaycoB
MEX]ly COCeIHUMU (ha3HBIMU 30HAMU. B 3TOM ciiydyae 0OMOTKa MOJKIIOYAETCS K UC-
TOYHUKY TpEX(Pa3zHOro HAMPSIKEHUS] CO CIEAYIONIUM MOPSAKOM depenoBaHus ¢as:
A, Z, B, X, C, Y. Hacrora Bpamenust MarHuTHOTO 110151 — 3000 06/MUH.

JInst yBenMyeHus: 4uciia MmojrcoB OOMOTKU B J1Ba pa3a (puc. 2.26) BBIIOJIHUM
e€ Tpé€x30HHOI co caBuroMm B 120 rpaaycoB MeXIy coceqHUMHU (ha3HBIMU 30HAMH U
nopsiakoM depenoBanus ¢as: 4, B, C, A, B, C: yacToTa BpallleHHsI MarHUTHOTO TOJIs
Oyner B 2 paza MmeHbIe U coctaBuT 1500 06/MuH.

2p=4; N =— =1500 006/ mum.
p

[Tpu Takom criocoOe peryaIupoBaHus YaCTOTa BPAIICHUS] YMEHBIIIUTCS B 2 pasa.

Henoctatkom Takoro peryaupoBaHUs SBISIETCS CKAUKOOOPa3HOCTh U3MEHEHUS
94aCTOTHI BpallleHus1, pu 3ToM coxpansietcst Beicokuid KI1/ nBurarens. Pazpadborano
OOJIBITIOE KOJUYECTBO KOHCTPYKIIMHA MOTIOCOTIEPEKITIOYAEMBIX 0OMOTOK.
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Puc. 2.26. Cxema coemuHEeHUS YETHIPEXTIONIOCHOW 0OMOTKH CTaTopa:
a — cxeMa 0OMOTKH; 6 — BEKTOpHAs IUarpaMMa TOKOB

2.1.8.3 PerynupoBaHu€ 4acTOThI BpalIEHUsI ACHHXPOHHOI'O JIBUTATEIIS
U3MEHEHUEM CKOJIbXKEHUS

B »TOM ciiyyae yacToTa BpalleHUs MATHUTHOTO IOJIS OCTAETCS HEU3MEHHOM.
[Ipu TakoM peryinupoBaHUM CHUXKAETCS BEIMYMHA HAIPSHKEHUS, TIOJBOJAUMOIO K 00-
MOTKE CTaTtopa. 3aMETHUM, YTO MPHU 3TOM MOMEHT Ha Bally ABUTaTelsd OyAeT YMEHb-
IaThCS MPOMOPLMOHATIBHO KBAJIpaTy MOABOAMMOIrO HANPSKEHUS, U AUaNa3oH pery-
JUPOBAHMS U3-3a 3TOro Becbma y30kK (puc. 2.27). KIIJ] aBurarens npu pocte CKOJb-
KEHUS NMAJaeT U3-3a YBEIUUYCHHS JIEKTPUUECKUX TIOTEPh B POTOPE.

Kpome Toro, npu yBeIMYEHHH CKOJbXEHUS OyAyT BO3pacTaTh M MarHUTHBIE
MOTEPU B POTOpPE, T. K. YACTOTA MEPEMArHUYMBAHUS CEpACUYHHKA pOTOpa OyIeT BO3-
pacTaTh, a MarHUTHBIE TIOTEPU HA THCTEPE3UC U BUXPEBBIE TOKU IPONOPLMOHAIBHEI
KBaJIpaTy 3TOM YaCTOTHI.
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Puc. 2.27. Mexannueckue XxapakTepucTuku A/l npu U3MEHEHUU CKOJIbKECHHUS

YacToTa BpallleHUs MOXKET PEeryjaupoBaThCsl TOJBKO BHU3 OT HOMHUHAIBLHOTO
3HadeHusd. [Ipu perynupoBanuu moiBOJUMOE K CTATOPY HAIPSKEHUE MOXKHO TOJIBKO
YMEHBIIATh, T.K. YBEIMUYCHUE HAMIPSKEHUSI CBEPX HOMHUHAIBHOTO 3HAUYCHUS CHUKACT
CPOK CITy>KOBbI U30JISIITTH OOMOTKH.
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2.1.8.4 PerynupoBaHue 4acTOTHI BpallleHUs ABUTATENs ¢ (Pa3sHBIM POTOPOM

JIBuratens ¢ Ga3HbIM pOTOpPOM (pHC. 2.28) MOXKHO PEryJMpOBaTh TEMHU K€ CIO-
co0amu, 4TO 1 MalllMHy C KOPOTKO3aMKHYTBIM poTopoM. Ho ero perynupoBanue npoiie.

Puc. 2.28. PerynupoBaHue aCHHXpPOHHOTO JABUTaTENs ¢ (Da3HBIM POTOPOM

W3MeHss1 BENMYMHY COIIPOTHUBIIEHHS POTOPA, MOYKHO PETYIMPOBATH YACTOTY
BpalICHUS TOJBKO B CTOPOHY €€ MOHMKEHHs, IIJIABHO U B IIMPOKOM auanasone. Co-
NpOTUBJIEHUS R, pacCUMTHIBAIOTCS HA JUIUTEIbHBINA pexuM padoTel. HegocraTok pe-
TYJIMPOBAHUS — YMEHbILIEHUE KOOPPUIIMEHTA MTOJIE3HOTO ACHCTBUS IBUraTeNs 3a CUET
YBEJIMYEHUS SJIEKTPUUECKUX MOTEPh B 0OMOTKE POTOpA.

Jlisg yBenu4eHus] 4yacTOThl BpalleHUs ABUTaTeis ¢ (a3HbIM POTOPOM MOYKHO
BBOJUTH B poTop DJC yacToTsl, OM3KON K CKOIbXKEHUIO0. /{151 aTOro Tpedyercs kac-
KaJl 3JEKTPUYECKUX MAILIMH, TO3TOMY CIIOCO0 MPUMEHSIETCS PEIKO.

2.1.9 Oomomku cmamopos MauwiuH nepemenHHo20 moKa

Tpéxdazabie OOMOTKH CTATOPOB MOTYT OBITh OJHO- WM NBYXCIOWHBIMU. OI-
HOCJIOMHBIE OOMOTKH MPUMEHSIOT B MaIlIMHAX HEOOJIBIIION MOIIIHOCTH.
Nx HenocraTku:
® OHH HE JIONYCKAIOT YKOPOUEHHUE OOMOTKH;
e OOMOTKH BBITIOJHSIOTCS U3 CEKIUH pa3HOW BENWYMHBI, YTO CHIDKAET MX
TE€XHOJIOTUYHOCTb.

JIByxcrnoitHpie OOMOTKM CTaTOpa HM3rOTaBIMBAIOT U3 OJAMHAKOBBIX CEKIIUNA U
YKJIQJBIBAIOT UX TaK, YTO OJHA CTOPOHA CEKLMH JIEKUT HA JHE I1a3a, a Apyras CTopo-
Ha — B BEpXHEU 4aCTH I1a3a.

Haubomnee yacto 0OMOTKH BBIIOJHSIOTCS HIECTU30HHBIMH C YIJIOM ciaBura 60
IpasgyCcoB MEXIY COCEJHUMH 30HAMU.

Yuco ma3oB craropa:

Z = 2pmq,
I€  Z — YUCJO I1a30B CTATOpa;
2 — 9KCIIO0 Map MOJIOCOB;
M — gucio ¢das;

z
( — YKCJI0 Ma30B Ha MOJtoC U pazy: = ﬁ
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Ilpumep:71=24;2p=4; = q=%=2.

m=3.

Y =T — IMaMEeTPUUYECKUH 1ar OOMOTKH;

¥ < T — YKOPOUYCHHBIH II1ar OOMOTKH.

OOBIYHO JeNal0T OOMOTKH C YKOPOUYEHHBIM IIaroM.

PaccmoTtpum npumep (puc. 2.29), ecim y =5, 1=mq = 3 * 2 = 6, a yKOpoUEHHE
B =5/6.

Puc. 2.29. CoennHenne KaTymeyHbIX rpynn ¢aszsl A

OOMOTKH cTaTOpa MOTYT OBITh METJIEBBIMUA U BOJTHOBBIMH.
2.1.10 Topmo3snwvie perscumvt pabomuvl ACUHXPOHHOU MAUIUHBL

OcCylIecTBIATh 3JIEKTPUUECKOE TOPMOKEHNE ACHHXPOHHOTO JIBUTATENsI MOXKHO
Tpems criocobamu. IlepBblit crmocod — reHepaTopHOe TOPMOKEHUE, TPU KOTOPOM PO-
TOp BpamaeTcst ObICTpee, YeM MAarHUTHOE T0JIe MAIIMHBI, ¥ CKOJBKEHHUE CTAHOBUTCS
OTpHUIATENBHBIM. | €eHepaTopHOe TOPMOKECHHE MPUMEHSETCS B MHOTOCKOPOCTHBIX
ACMHXPOHHBIX MalllMHAX C TOJIIOCOTEPEKITI0YaeMbIMA OOMOTKaMH CTAaTOpOB. Brire
ObLIa mpejcTaBieHa mpocTeiinas TpéxdazHas 00MOTKA ¢ MEPEKITIOUCHUEM YHUCIa Tap
nomocoB 1:2 (cm. puc. 2.25). Eciiu B HOMMHAJIBHOM pPEXUME aCUHXPOHHBIN JABUTa-
TeJab paboTaeT ¢ ABYXIOIIOCHON 0OMOTKOW U CHHXPOHHOM yacToToi BpamieHus 3500
00/MHH, TO JUIsl TOPMOKEHUSI 0OMOTKa CTaTOpa MEPEKII0YaeTCs Ha YeThIPEXITONIOC-
HBII BapuaHT, IPU KOTOPOM MArHUTHOE IOJie Bpamaercs ¢ yactotoir 1500 o6/muH.
PoTtop Tenepr Bpamaercss ObICTpee MarHUTHOTO MOJISi, U ACUHXPOHHBIN JBHUraTelb
NEPEXOJIUT B TEHEPATOPHBIN PEXXUM padOThI, OTJaBasi B CETh aKTUBHYIO MOIIHOCTb U
MOTpeOIsist PU dTOM WHAYKTUBHBIC TOKH, YTO CHIDKAET KOA(D(PHUITMEHT MOITHOCTH.
MoliiHble aCUHXPOHHBIE ABUTATEIM, B YaCTHOCTU TSTOBbIE MAIIMHBI 3JEKTPOBO30B,
IIpU TEHEPATOPHOM TOPMOXKEHHH pabOTaIOT COBMECTHO CO CTaTHUYECKMMHM Mpeolpa-
30BaTeISIMU U 00ECIIEUYMBAIOT PEKYIIEPAINIO MIEKTPUUECKON YHEPTUN B KOHTAKTHYIO
CETh CHUCTEMBI JIEKTPOCHAOKEHUS JKEeTIE3HBIX JOPOT.
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Bropoii crnoco6 — TopMOKEHNE ACHHXPOHHOTO JIBUTaTeNsl TPOTUBOBKIIOYCHH-
em. Jlns OBICTpOH OCTaHOBKHM pabOTAlOIIEr0 aCHHXPOHHOTO JIBUTATENsI M3MEHSIOT
HampaBlieHUE BPAIICHUS €r0 MarHUTHOTO IOJsI, TIPH ITOM CIEAYyeT MepEeKIIOYHNThH
(momMeHATh MecTaMH) JIIoObIe JiBe ¢a3bl 0OMOTKH cTaTtopa. PoTrop nBurarens u ero
MarHUTHOE TI0JI€ HAYHYT BpaIIaThCsl B MPOTHBOIMOJIOXKHBIC CTOPOHBI. CKOJIBKCHHE
Oyzaet OoJIbIlie €AMHUIIBI, M 9aCTOTA MEPECCUCHUs MATHUTHBIM TI0JIeM 0OMOTKH POTO-
pa pe3ko Bo3pactér, yBenuuatrcss IJIC u Tok poropa. TopmoxeHue 3pheKTUBHO, HO
HE CJIeyeT MO3BOJISITH TOKAM POTOpa JOCTUTATh OMACHBIX JIJIS MAITUHBI 3HAYCHHM.

JlnHaMUYecKoe TOPMOKEHNE aCHHXPOHHOTO JBUTATEIS — TPETUH CIOco0, 1mo3-
BOJISIONIUH OBICTPO CHU3UTH YaCcTOTY BpalieHus potopa. [t ocyiiecTBieHrs TuHa-
MHUYECKOTO TOPMOKEHHSI 00bIdHO 0OMOTKa AJ] BHauane oTkioudaeTcs oT Tpéxdas-
HOH ceTH, a 3aTeM 1Be ($a3bl OOMOTKH TOJKIIOYAOT K CETH MOCTOSHHOTO TOKa Ha
BpEMSI TOPMOXKEHHUS, a TIOCJI€ OCTAHOBKHU JBUTATENS IPOUCXOIUT €0 MOJHOE OTKIIIO-
yeHne. Pa3paboTaHbl pa3inuHbIe CXEMbI NIEPEKIIIOUeHUsT 0OMOTKH cTaropa. Bpara-
SCh M0 MHEPIIMU B HEMOJIBMJKHOM MAarHUTHOM TI0Jie, BO30YX/1aeMOM CTaTOpPHOU 00-
MOTKOH, MUTaeMOM MOCTOSTHHBIM TOKOM, JIBUTATEb MEPEXOUT B PEKUM pabOTHI aB-
TOHOMHOTO CHHXPOHHOTO T'€HepaTtopa ¢ 3aMKHYTOM HaKOPOTKO OOMOTKOW sikopsi. B
pe3ysbTaTe Ha Bajy MalllMHbl BO3HUKAET TOPMO3HOM MOMEHT, KOTOPBI MOYKHO PEry-
JUPOBATH PEOCTATOM, BKIIOYEHHBIM B II€Tb MOCTOSIHHOTO TOKA. DTOT CIOCOO TOPMO-
*KeHusl BecbMma d(PheKTUBEH.

2.2 P33HOBHIIHOCTI/I ACMHXPOHHBIX MallIMH

2.2.1 AcunxpoHnHnblil 2eHepamop ¢ camoso3oyicoeHuem

AcuHxpoHHbIi reHepatop (Al'), oTnaBasi B ceTh aKTUBHBIN TOK, HOTPEOIISIET U3
He€ MHIYKTUBHBIM TOK, JJI1 KOMIICHCAIIMA KOTOPOTO K CETHU JOJDKEH OBITh MOJKIIIO-
4YEH UCTOUYHHUK EMKOCTHOTO TOKA. DTO PE3KO OrpaHWYMBAECT NMPUMEHEHHE aCUHXPOH-
HBIX T€HEPaTOPOB.

B reneparopHoMm pexrMe poTOp aCMHXPOHHOW MalllMHBI Bpaiiaetcst ObicTpee
MarHMTHOTO MOJIsI, U CKOJIbKEHNUE CTAHOBUTCSI OTPHULIATEILHBIM.

Paccmotpum padoty Al' ¢ camoBo30OyxaeHuem (puc. 2.30).
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Puc. 2.30. Cxema aCHHXpOHHOT'O T€HEPAaTOpa C CaMOBO30YKICHHUEM
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[Tpu BrIIOUEHUHN pyOMIIbHUKA Pi cO31aéTcsl Bpallarolieecs MarHuTHOE TOJe.
[lepBUYHBIM JBHUraTeIeM HA4YMHAKOT Bpamarb potop AM ¢ 4acToToil BpalleHus,
NPEBBIIIAONICH CUHXPOHHYIO 4acTOTYy BpauleHus, 1 Al HauMHaeT OTHaBaTh aKTHB-
HYIO SHEPIuio B ceTh. JlJiT HOpMaIbHON pabOThl ceTH HEOOXOAUMO CHAOXaTh €€ EM-
KOCTHBIMM TOKaMu (0aTapesi KOHJIEHCATOPOB, CHUHXPOHHBIN KoMmriieHcaTop). Ecim
BKJIFOUUTh PYOUIBHUKU P U P3, TO MOXXHO OTKJIIOYUTH pyOMIbHUK P; u Al' Oyner
paboTaTh B aBTOHOMHOM PEXHUME. 3aMETHM, YTO MOIIHOCTh OaTapen KOHACHCATOPOB
JUIsl pabOThI TeHEpaTopa MOKHA COCTaBIATh 75—80 % OT ero HOMUHAIILHOW MOIIHO-
CTH, YTO OTPAHUYMBAECT €r0 IPUMEHECHHE.

2.2.2 J/luneiinvie acuHxpoHHwvle 0guzamenu 0Jis1 6bICOKOCKOPOCMHOZ0
MACHUMOJ1e6UMAUUOHHO20 MPAHCROPMA

JInsl mepCreKTUBHBIX CHCTEM IMOJBHXKHOTO COCTaBa, TAKMX KaK MarHUTOJIEBH-
TanoHHBIN Tpancnopt (MJIT), B kauecTBe TATOBBIX MAIIUH OYyT MCIOJIb30BAThCS
TUHEWHbIe acuHXpoHHbIe ABurarenu (JIA/L), nmpeobpa3zyroiine 3MeKTPUIECKYIO dHEP-
THI0 HETIOCPEJCTBEHHO B MEXAHUYECKOE YCUIIME, 00ecleunBalouiee MoCcTynaTelIbHOe
IBIKEHUE BBICOKOCKOPOCTHOTO skunaxa. Muuykrop JIAJl, pacnosiokeHHbIH Ha
TPAHCIIOPTHOM HKHUIIAXKE, CO3JAET OEryliee MarHuTHOE T0JIE, a POJIb IKOPS BBIMOIHS-
€T BTOpU4YHbIN 31emeHT (BD), pasmeniaemelii B myTeBoi cTpykType. KoHCTpyKTHB-
Has cxema BbICOKOCKOpocTHOU cucteMbl MJIT ¢ naaykropamu JIAJL Ha skumnaxe mo-
Ka3aHa Ha pucyHke 2.31.
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Puc. 2.31. KoncrpykrruBHas cxema yctporictsa MJIT:
1 — xopmyc BaroHa; 2 — unayktop JIAJl; 3 — BTOpUYHBII 3JIEMEHT;
4 — snekTpornpoBoAsias yacte BD; 5 — oOpaTHbIN MarHUTONPOBO
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Ha skunake MarHMTOJEBUTAIIMOHHOTO TPAHCIIOPTa MOTYT OBITh YCTAHOBJICHBI
UHIYKTOPBI JINHENHBIX ACUHXPOHHBIX JBUTATENICH Pa3IMYHOW KOHCTPYKLHH: C MPO-
JOJIbHBIM, MOIMEPEYHBIM U MPOAOJIBHO-TIONIEPEYHBIM 3aMbIKAHUEM MArHUTHOTO MOTO-
Ka. JINHENHbIEe JBUraTeNn C MPOIOJIbHBIM MAarHUTHBIM IMOTOKOM JIJI pEJIM3aLUN BbI-
COKHX CKOpoCTel nBuxeHus B nauanazone 350—500 kM/4 1OKHBI CHAOXKAThCS DIICK-
TPO3HEPTHeH Yepe3 JacTOTHBIC MpeoOpaszoBarenu, Toraa kak JIAJ[ ¢ momepedHbIM
3aMBIKaHUEM OETYIIETO MarHUTHOTO TIOTOKA CIIOCOOHBI Pa3BUBATh HEOOXOAUMBIC IS
MUJIT ckopocTu npu MPOMBIILUICHHON 4acToTe TOKa. Kpome Toro, TMHEMHbIE aCUH-
XPOHHBIE JIBUTATEIN C MONEPEYHBIM MarHUTHBIM TOTOKOM Pa3BUBAIOT IOMUMO TSTO-
BbIX YCHJIMI M YCUJIUMSI MarHUTHOM JIEBUTAIIMH, CIIOCOOHBIEC B PsJiE CiIydaeB obecrie-
YUTh YCTOMYMBBIA MArHUTHBIN MOJABEC TPAHCIOPTHOIO JKHUIAXKa B COOCTBEHHOM
MarHuTHOM nosie UHAYKTOpoB JIA/I. ITyTh 3aMblkaHUsi MarHUTHOTO 1oToKa B JIAJI ¢
IPOJIOJIbHBIM MArHUTHBIM MOTOKOM (Ha puc. 2.32 cpelHsss MarHUTHAs CUJIOBas Ju-
HUs Oeryiero NoToka o003HayeHa MTPUXOBOM JIMHUEH) COBIAAET C HAMPABICHUEM
nepeMenieHus] TPaHCIIOPTHOTO dKUMaxka (0603HaueHo crpenkoil). Ha puc. 2.32 noka-
3aHO 3aMBIKAHHE MATHUTHOI'O MOTOKA B MPEAETIax OJHOIO IOJIIOCHOTO JICJICHUS WH-
nykropa. CUHXpOHHAsI CKOPOCTh OEryliero MarHUTHOTO MOJsi MPsIMO MPOMOPIINO-
HaJIbHA BEJIMYMHE MOJIOCHOTO AesieHusa nHaykropa JIAJ[ u gactore Toka.
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Puc. 2.32. Ynpouiennasa koHCTpykTuBHas cxema JIA /]
C TMPOJIOJIBHBIM MarHUTHBIM MTOTOKOM:
1 — uHAYKTOP; 2 — BTOPUYHBIN DJIEMEHT; 3 — 3JIEKTPOIPOBOAsIIas YacTh BO;
4 — oOpaTHBIM MAarHUTOIIPOBO/

Jlns yBenmuuYeHHUs] CKOPOCTH IEpEeMEIICHHS OeryIiero MarHUTHOTO IIONsS U
TPAHCIIOPTHOTO SKHIMAaka HA MArHUTHOM MOJBECE IPHU HEU3MEHHOW YacCTOTE TOKa
TpeOyeTcsl yBeIMUMBaTh MOJIIOCHOE jAenienne uaaykropa JIAJl. 1o mpuBOAWT K yBe-
JUYEHUIO ceueHus sipMa uHaykropa JIAJ[ ¢ mpoaoabHBIM MarHUTHBIM MOJIEM U BO3-
PaCTaHUIO €r0 MACChI, YTO 3HAYUTEIBHO YCIOXKHSET 33/1a4y peajnu3alud YyCTOUUYUBO-
r0 MarHUTHOTO IIOJIBECA BBICOKOCKOPOCTHOTO TPAHCIOPTHOTO 3kumaxa. [loaromy
st nmpuMeHenust JIAJl ¢ mpoJioJbHBIM MarHUTHBIM TTOTOKOM B cuctemMax MJIT
HEO00XO0JIUMO 00s13aTeNIbHOE MUTAaHUE OOMOTKH €r0 MHIYKTOpa TOKaMHU MOBBIIIIEHHON
YaCTOThI, YTO MO3BOJISIET CHU3UTh ra0apuThl U MacCy UHIAYKTOPA.
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3auvactyio uHAyKTOpbI JIAJ] ¢ monepeyHbIM MArHUTHBIM ITOTOKOM BBITIOJIHSIFOT M3
otaenbHbIX [1- wmm [1I-00pa3HbIX CeplIeYHUKOB, HAOPAHHBIX M3 OTACIBHBIX IIACTHH
xoJoHoKataHo# ctanu. Muaykropsl JIAJL ¢ monepeyHbIM MArHUTHBIM [TOTOKOM C JTHC-
KPETHBIM CTPOCHHEM MAarHWUTHOM CHCTEMbI Pa3BUBAIOT 3HAYUTEIIBHBIC YCHIIHMS MArHUT-
HOM JIeBUTAIMK. Y STHX JMHEHHBIX aCHHXPOHHBIX MAIIIMH CHUJIOBBIC JIMHUU MATHUTHOTO
moJist (LITPUXOBAs JIMHUS HA puC. 2.33) 3aMBIKAIOTCS B HATIPABJICHUH, MOIIEPEYHOM I1e-
PEMEIIICHUIO MarHUTHOTO TOJIs U JIBIKEHHIO dkumnaxa MJIT (HampapiieHue IBHKCHUS
MOKAa3aHo CTpenkol 7 Ha puc. 2.33).
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Puc. 2.33. Ynpoménnasa koHcTpykTuBHas cxema JIA /] ¢ monepeynbim
MarHUTHBIM ITOTOKOM, HHIYKTOP KOTOPOTO BBIMTOJIHEH U3 OTACIBHBIX CEPACUHUKOB:
1 — uHIYKTOP; 2 — CEpASYHUK UHIAYKTOpA; 3 — KaTyIIka 0OMOTKH;

4 — BTOPUYHBIN DJIEMEHT; 5 — 3JICKTPOIPOBOISINAS YaCTh BTOPUYHOTO JIEMEHTA;
6 — oOpaTHBIN MarHUTOMPOBO/; / — HaMpaBJIeHUE JBIKEHUS dkunaxka MJIT

[Tocnennee 06CTOATENHCTBO MO3BOJIET MOJIYYUTh BBICOKHE CKOPOCTH TIEpeMe-
meHust dkunaxa MJIT npu mpOMBINIUIEHHONW Y4acTOTE TOKa B OOMOTKAaX HMHIYKTOpa
JIAJI, MOCKOJIbKY JJIMHA MyTH 3aMbIKaHUSI CUJIOBBIX JTUHUNA OCHOBHOTO MAarHUTHOTO
MMOTOKA MHAYKTOpPA HE CBA3aHA C BEJIMYMHOM €ro MOJIOCHOTO JEJEeHUs. ITO — OJIHA U3
IJIABHBIX OCOOCHHOCTEH JIMHEHHBIX aCMHXPOHHBIX JIBUTATEJIEH ¢ MOMEPEYHBIM Mar-
HUTHBIM MTOTOKOM, JAENaroliasi uxX MepCrueKTUBHBIMU JJI1 PUMEHEHUS B BBICOKOCKO-
POCTHBIX TPAHCHOPTHBIX SKUIAXXKaX HA MATHUTHOM I10JIBECE.
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Crnenyer 3ameTuTh, uTo JIA/] ¢ momepeyHpIM MarHUTHBIM TTOTOKOM UMEIOT 00-
Jiee TMPOCTYH KOHCTPYKLHMIO MO CPABHEHUIO C JMHEWHBIMA ACHHXPOHHBIMU JBUTaTE-
JSIMUA C TIPOJOJIbHBIM MAarHUTHBIM MOTOKOM W YTO OHHM, Ojarojapsi JUCKPETHOCTH
CTPOEHHUS MAarHUTHOU CUCTEMBI (€€ MOIYJIBHOCTH), 00JIee TEXHOJOTUYHBI B U3TOTOB-
JICHUH.

B PoctoBckom rocynapctBeHHOM yHuBepcutere myteit coobuienus: (PIYIIC)
pa3paboTaH HOBBIM TUIl JUHEHHOTO acMHXpOHHOTro naBuratens — JIAJL ¢ mpoaosbHO-
MOTIEPEYHBIM 3aMBIKAHHEM MAarHUTHOTO TMOTOKA, MPEJCTABISIONUN COO0H MaIuHy
TUOPUIHOTO THUIIA, COYETAIOUIYI0 B ce0€ CBOMCTBA JMHEWHBIX aCHHXPOHHBIX JBUTA-
TeJIel C MPOAOJbHBIM M MOIMEPEYHBIM MarHUTHBIM MOTOKOM. OJHa U3 MPOCTEUIIHNX
KOHCTPYKTUBHBIX CXEM JIMHCHHBIX MAIIMH JAaHHOTO THIIa W300pa’keHa Ha PHCYHKE
2.34. JluHeliHble aCUHXPOHHBIC JIBUTATENIA C MPOJIOIBHO-TIONEPEYHBIM MArHUTHBIM
MMOTOKOM MTOMHUMO TSITOBBIX U JICBUTALIMOHHBIX YCWIIMI CLIOCOOHBI pa3BUBATh yCHIIMS
MOMEePEYHON aBTOMATHYECKOM camMOCTaOMIN3allii, YTO OYEHb BAXKHO JIJISi BBICOKO-
CKOPOCTHOT'O MAarHUTOJIEBUTALIHOHHOTO TPAHCIIOPTA.
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Puc. 2.34. JIA/] ¢ npo101bHO-TIONEPEYHBIM MATHUTHBIM TOTOKOM:

1 — uHIYKTOP; 2 — MOMEPEYHO PACTIONOKEHHbBIE CEPACUHUKH; 3 — TIPOOIbHBIN
MarHUTONpPOBO; 4 — KaTyka TpExda3zHoi 0OMOTKH; 5 — BTOPUYHBIN DJIEMEHT;
6 — anekTponpoBosIIas yacTh BD; 7 — 0OpaTHBIN MarHUTONIPOBO/I;

8 — cuiioBast IMHUSA MarHUTHOTO TIOJIS, 3aMBIKAIOIIIETOCs B MOMEPEYHOM
JBIDKEHUIO HAMPaBIIeHNUW; 9 — CUJIOBAs JIMHKUSI MATHUTHOTO TTOJIA,
3aMBIKAIOMIETOCS B MPOJAOILHOM HaIpPaBICHUH

Yeunus nornepeyHoi camocTabmiIn3auy Jisi TPAaHCIIOPTHOTO DKUIMaXka, IMO/I-
BEILIEHHOTO B MarHUTHOM I10Jie, 00ECIeUrnBalOT TOYHYIO €r0 OPUEHTALMI0 OTHOCH-
TEJIBbHO MYTEBOM CTPYKTYpHI 3a CYET TOrO, 4TO NMpU OOKOBOM CMEIICHUM MOE3[a,
HaIpUMep U3-3a CHJIBHOTO OOKOBOTO BETpa, MarHuUTHoe mnosie uuaykropa JIAJL mpu
B3aMMOJICHCTBUU C TOKaMH, UM HMHIYKTUPOBAHHBIMH BO BTOPUYHOM DJIEMEHTE, CO-
31aE€T MEXAHUYECKOE YCUIIME, BO3BPAILAOIIEE BEICOKOCKOPOCTHOM JKMIIAX B UCXOJ-
HOE COCTOSIHUE.
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[Ipnuém BenmuumHa ycunus, Bo3Bpamaromero sxunax MJIT B nonoxenne, Ko-
ra OH pacrnojaraercsi CUMMETPUYHO OTHOCHUTEIBHO IyTEBOM CTPYKTYyphl, Oyjaer
IPONOPLHUOHATIbHA BEJIMYMHE OOKOBOIO CMELIEHHUS. DTO 3HAYMTEIBHO IOBBIIIAET
0€30MacHOCTh ABM)KEHUS MarHUTOJIEBUTALIMOHHOTO TpaHCHopTa. B kauecTBe nmpume-
pa npuBenEéM KOHCTPYKTUBHYIO cxemy JIAJI ¢ mpooJIbHO-IIONIEPEYHBIM MarHUTHBIM
IOTOKOM JUISI CUCTEMBI BBICOKOCKOPOCTHOI'O MAarHUTOJIEBUTALMOHHOIO TPAHCIIOPTA,
Pa3BUBAIOIIETO YCHIINSA MTONEPEYHON caMOCTa0MIM3aIY SKUIaxKa, pa3padoTaHHYIO B
PI'VIIC (puc. 2.35).

a
F,
R S S B

| B C A C B “—  Fy
| C A B A C “—  Fj
| A B C B A “—  Fy
Fa B C A C B “— Fyp
F;, C A B A C “— F,
Fa A B C B A “— F;

6

Puc. 2.35. JIA/] ¢ npoaoabHO-TIONEPEYHBIM MarHUTHBIM oTokom st BCHT:
@ — KOHCTPYKTUBHAs CXeMa; 6 — CXeMa COEJIMHEHUS] OOMOTOK;

1 — cepaeyHMK, MMXTOBAHHBIN B MONEPEYHOM HANPABIICHUHU; 2 — CEPACUHUK,
HIMXTOBAHHBIN B IPOJOJIbHOM HaIpaBJiIeHUH; 3 — KaTyIIKa MHOTO()a3HOM 0OMOTKHY;
4 — 3IeKTPONPOBOAAIIASA YACTh BTOPUUHOT'O AJIEMEHTa (SIKOps);

5 — MarHUTOIPOBOIAIIASL YACTh BTOPUYHOTO 3JIEMEHTa; F; — TAroBble ycuius;
Fs1 1 Fs2 — monepednbie MEXaHUYECKUE YCUITUS
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JInHeVHBIM aCHHXPOHHBIM JIBUIaTENb C MPOAOJIBHO-TIONEPEYHBIM MAarHUTHBIM
NOTOKOM (puc. 2.35, a) coaep>KUT MarHUTONPOBOJ MHIYKTOpa, 0Opa30BaHHbIN coue-
TaHUEM IIMXTOBAHHBIX B MONEPEUYHOM HAINPABICHUU CEPACYHUKOB 1, COeAMHEHHBIX
MEXAy COOOM HMIMXTOBAHHBIMU B MPOJOJIBLHOM HAMNPAaBICHUU CEPACUYHUKAMU 2, UMe-
romuMu hopmy rpedéuku. Karymku 3 mHOrodazHoi (Tpéxda3Hoil) oOMOTKH OXBa-
THIBAIOT 3yOIIbl KaK MOMEPEUYHBIX, TaK U MPOJAOJIBHBIX CEPJACYHUKOB. Y BTOPUYHOTO
aJieMeHTa (SIKOpsl) 3JIEKTPONPOBOAsINIAs YacTh 4 UMEET B MOMEPEYHOM cedeHuH (op-
My paBHOOEIPEHHOW Tpameluu, O0OJbIlIee OCHOBAHUE KOTOPOM 00palieHo K MHIYK-
topy JIAJl, a MeHbIiee mpuiieraeT K MarHutonpoBojsiieit gactu BD. Karymku 3
MHOTo¢a3HOoH (Tpéx(da3Hoi) 0OMOTKH 00pa3yIOT MPOAOILHBIC U MONIEPEUHBIC PSIIbI.

Katymku 3 KaXa0oro mpoaosbHOTO psiga 0OMOTKM 0Opa3yloT OJMHAKOBBIC IO-
psaaku cienoBanus ¢as A, Bu C.

[Ipuanun peuctBusa panHoro JIAJ[ ¢ mpoaoJIbHO-TIONEPEYHBIM MATrHUTHBIM
MOTOKOM 3aKJIFOYAETCS B CIHEAYIOLIEM.

[Tpu nogkaroYeHn OOMOTKH MHAYKTOPA K UCTOYHUKY TpEX(a3HOro HarpsiKe-
HUS 110 €€ KaTylKaM MOTeuéT TpEx(da3Hbli TOK, KOTOPBIM CO3/1acT Oeryinue MarHuT-
HbIE MMOTOKU. MarHuTHBIM MOTOK MHAYKTOpa, OEryIIui B HAMpPaBICHUU JIBUKECHUS (B
IPOJOJIBLHOM HampaBJICHUM), Mepecekas 3EKTPONpOoBOsAILyI0 yacTe 4 BD (sxops),
Oyzaet HaBOIUTh B Hel anekTpoBrxkyiue cuibl (3/]C), KoTopbie BBI3OBYT IpOTEKa-
HUE BUXPEBBIX TOKOB. MAarHUTHBIN MOTOK, OErylIuil B MPOJOJILHOM HaIpaBJICHUH,
IIPY B3aUMOJIEHCTBUM C BUXPEBBIMU TOKAMH, UHAYKTUPOBAHHBIMU UM BO BTOPUYHOM
AJIEMEHTE, CO3AaET TAroBOE U moabeMHoe ycumus (puc. 2.35, 6). [lonbémMHoe ycunue
(ycunue MarHMTHOTO MOJBECA) OTTAIKUBAET UHAYKTOP (TPAHCHOPTHBIA 3KUIAXK) OT
BTOPUYHOIO 3JieMEHTa (IIyTEBOW CTPYKTYpbl), U MOJ ACHCTBUEM TATOBOTO YCHIIHS
SKUMAXK NPUXOAUT B JABUKEHUE B HANPABICHHH, ITPOTHUBOIIOJIOXKHOM HAIPABIECHUIO
MPOJIOJIBHO OEryliero MarHUTHOTO MOTOKAa. MarHuTHbIE MOTOKH, OEryuiue B Iore-
peYHOM JBMXKEHMIO dkumnaxa MJIT HampasieHun HaBCTpedy ApYyT APYyTry, MPHU Mepe-
CEUYEHUU MMM 3JIEKTPONPOBOASAIIEH YacTH 4 BTOPUYHOIO JIEMEHTa HABOJAT B HeE
O/1C u BuxpeBble TOKU. MarHUTHbIE IOTOKH, OETYIIME B MONEPEYHOM HAIPaBJICHUH,
MIPU B3aMMOJIEVCTBUU C BUXPEBBIMU TOKAMH, UMU UHAYKTUPOBAHHBIMH, CO3JAIOT Me-
XaHUYECKUE YCUIIMS, HAIIPaBJICHHBIE HABCTpEUy APYyr Apyry. B Tom ciyuae, ecnu Ba-
TOH BBICOKOCKOPOCTHOTO 3JKHIIaXa PACIOJIOKEH CUMMETPUYHO (B IIONEPEYHOM
HAIpPaBJIEHUU) OTHOCUTEIBHO MyTEBOU CTPYKTYphl (BD), monepeunbpie MexaHu4ecKue
YCWIHSI OJMHAKOBBI, B3aMMHO YPaBHOBEUIMBAIOTCS U HE OKAa3bIBAOT HUKAKOTO BIIMSI-
Hus Ha ABrkeHne skunaxa MJIT. IIpu cmemennn nHAyKTOpa TMHEWHOW MAIlMHBI B
MONIEPEYHOM HAIIPaBJIECHUU OTHOCHUTENIbHO MYTEBOM CTPYKTYphl (HAampuMmep, NpH
CUJIBHOM OOKOBOM BETpE WJIM MPH BIUCHIBAHUU B KPUBOW YYaCTOK IyTH) PaBHOBECHE
BCTPEYHO HANPABJIICHHBIX IONEPEUHbIX MEXAaHUYECKMX YCWIMK Hapymaercs. ITo
MIPOUCXOJIUT U3-3a TOTO, YTO YacTh MHAYKTOpa JIAJ[ pacrosnaraercs npu OGOKOBOM
€ro CMEIECHUH HaJl YYaCTKOM ITyTEBOM CTPYKTYpHI (3JeKTponpoBoasauieil yactu BO),
aKTUBHOE CONPOTUBIIEHUE KOTOPOTO OyaeT OOoJbIIMuM, yeM yacTu BD, moa ocHoBHOM
yacTbio uHAYyKTOpa. [Ipn 3TOM momepeuHoe OOKOBOE ycuiue yBenuduTcs. B To ke
camoe BpeMs BeJIMUYMHA MONepeyHoro OOKOBOTO yCHUIIUS, CO3aBaeMOro Mpu B3auMO-
JAEMCTBUM MAarHUTHOTO MOJIs, OETYIEro B MOMNEPEYHOM HAIpPaBIE€HUH, C BUXPEBBIMU
TOKaMM B IIEHTpaJibHOW 4YacTu B3O, mMeroliel MeHblliee akTUBHOE CONPOTHUBIICHHUE,
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OyneT ocTraBaThCsl Ha MPEXKHEM YpPOBHE (Kak M O OOKOBOTO CMEIICHUS DKUIIAXKa).
ITon peiicTBMeM pa3HOCTH mMomepeuHbX ycwiuk uHAyKTOop JIAJL (skumaxx MJIT)
IJIaBHO BEPHETCS B IIPEXKHEE TMOJOKEHUE M OyJeT pacnoyararbCsi CHMMETPUYHO OT-
HOCHUTEJIBLHO MYyTEeBON CTPYKTYyphl. TpaneneunanbHas ¢hopma MOMEPEUHOrO0 CEUCHUS
AIIEKTPOIPOBOIsAIICH yacT BD obecrieunBaeT 1miaBHOE yBeIUUYEHHUE €€ COMPOTUBIIC-
HUS OT IIEHTpaIbHOTO cermMeHTa BD k ero kpasm. TeM caMbIM JocTUraeTcst 0oJbInas
IJIABHOCTh M3MEHEHHUS YCHIMM TonepeyHor camoctadunuzaiuu sxumnaxa MJIT ot-
HOCHUTEJIPHO ITyTEBOW CTPYKTYPHI U UCKIIOUACTCS BOSHHUKHOBEHHE OOKOBBIX KOJieOa-
Huil. Bce 3T mporniecchl MPOUCXOASIT aBTOMAaTUYECKU U TOBBIIIAIOT O€30MaCHOCTh
IIPU JIBUKEHUHU BBICOKOCKOPOCTHBIX MOE30B HA MArHUTHOM TTOJBECE.

2.2.3 Jlunenintit acuHXpOHHbBLIL 08U2AMETb C NOBLIUEHHBIMU YCUTUAMU
00K080Il camocmaduuzayuu

JIuHEeNHbIA aCUHXPOHHBIN JABUTATENIb C MPOJIOJIBHO-TIONIEPEYHBIM MAarHUTHBIM
MMOTOKOM MOJKET KaK yCTaHaBJIMBaThbCsl Ha skunaxe MJIT, Tak U MCHOJIb30BaThCS B
KaueCTBE IMyTE€BOW CTPYKTYPbl BBICOKOCKOPOCTHOTO TpaHcmopTa. Crenyromas KOH-
crpykius JIAJl, coznannas B PI'YIIC, nmo3Bosser emé B OoJbliieil Mepe MOBBICUTH
0e30macHOCTh ABUKEHUS nepcrekTuBHBIX cucteM MIIT 3a cuér yBenuueHusi O0Ko-
BbIX ycwinil. Ha pucyHke 2.36 cxeMaTW4HO MpPEACTABICHO MONEPEYHOE CEUCHHE
JIA/] ¢ mpo10ABHO-TIONIEPEYHBIM MATHUTHBIM IOTOKOM.

2
TN\
2 AN 5

Puc. 2.36. JIA/] ¢ npo101bHO-TIONEPEYHBIM MATHUTHBIM ITOTOKOM:

1 — OCHOBHOM UHIIYKTOD; 2 — BTOPUYHBIN SJIEMEHT U3 DJICKTPOIPOBO/ISIIETO
MaTepuaa; 3 — KaTylkd OOMOTKH OCHOBHOTO MHIYKTOPA; 4 — TOTIOTHUTEbHBIHI
WHAYKTOP; 5 — KaTymku 0OMOTKH JOMOJTHUTEITLHOTO HHIYKTOPA,

6 — heppoMarHUTHOE OCHOBaHUE

PaccMOTpUM KOHCTPYKIMIO U NpUHLIMN padoThl faHHOro JIAJL ¢ mpononbHO-
MONEPEYHBIM MArHUTHBIM IMOTOKOM. JIMHEWHBIM ACUHXPOHHBIM JIBUTATENbL IJISI CH-
ctembl MJIT (cM. puc. 2.36) coiep>XUT OCHOBHOM MHIAYKTOP 1 M BTOPUYHBII 3JIEMEHT
2 13 dIEKTPONpoBoAsAIIero Marepuana. Muagykrop 1 cocTouT u3 cepaeuynuka u TpEx-
(da3Hoi 0OOMOTKH, KaTYIIKh 3 KOTOPOH 00pa3yroT psibl B MPOJOJILHOM U TMOIEped-
HOM JBHJKEHHUIO TPAHCIIOPTHOTO SKUMNa)xa HarpaBiieHusix. PaccmatpuBaembiii JIA ]
CHAOXXEH JTOTIOJIHUTEIBLHBIM UHAYKTOPOM 4, HIEHTUYHBIM OCHOBHOMY UHAYKTOPY 1 1
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pacrnoyioKeHHBIM TapayuienbHo eMy. Kartymkm 5 TpéxdaszHoil 0OMOTKH TOTIOTHU-
TEJILHOTO MHAYKTOpa 4 Takke 00pa3yroT psbl B MPOJAOJIBHOM U MTONEPEUYHOM JIBUKE-
HUIO HampaBieHusx. O6a unaykropa JIAJL nms maydineid 3JeKTPOMAarHUTHOM CBSI3H
MEXJy HUIMH YCTaHOBJIEHBI Ha 00111eM (eppOMarHUTHOM OCHOBaHUM 6. BTopuuHbIi
37eMeHT 2 o0pa30BaH COYETAHUEM IISTH AJICKTPOIMPOBOASIIMX T0JIOC, MPUMBIKAIO-
IIUX JIPYT K APYTY U BBIMOJHEHHBIX B (POpMeE MmapasijiesenuIe/1oB.

Cpenssia U KpallHHE MOJIOCHI UMEIOT MEHBIIIEE AKTUBHOE COMPOTHUBIICHHUE, YEM
MOJIOCHI, pa3MelIéHHble Mexay HUMH. Ha puc. 2.36 moka3aHo, 4TO MOJIOCHI, COCTaB-
JSIONIME BTOPUYHBIA SJEMEHT, UMEIOT Pa3Hble IUIOMIAAU TOMEPEUYHBIX CEUYCHUHU.
Bo3MoO€eH BapuaHT KOHCTPYKIMU BTOpu4yHOro sneMenta JIAJL, mpu kotopom oOpa-
3YIOIIME €r0 3JIEKTPONMPOBOJAIIME TMOJOCH OYyJIyT M3rOTOBJICHBI U3 MAaTepUaioB C
Pa3HBIM aKTUBHBIM CONIPOTUBIICHUEM.

Cxembl coequHEeHUs TPEX(Pa3HbIX 0OMOTOK OCHOBHOTO W JIOTIOJTHUTEIILHOTO HH-
JTYKTOPOB JIMHEHHOT0 aCHHXPOHHOT'O JABUTATEs MPEICTaBlIeHbI Ha puc. 2.37.

Fr

F=F F, — “—F > <[ Fa=F4
ABC CBA ABC C(CBA
BCA ABC BCA ABC
CAB BAC CAB BCA
ABC CBA ABC C(CBA
BCA ABC BCA ABC
CAB BAC CAB BCA

Puc. 2.37. Cxembl coenMHEHHs] 0OMOTOK OCHOBHOTO U JOTIOJTHUTEIBHOTO
uHAYKTOpOB JIA]] ¢ TPO10IHHO-TIONIEPEUHBIM MATrHUTHBIM ITOTOKOM:
Fr— taroBeie ycunus; F1 u F, — monepeunsie ycuinusi OCHOBHOTO HHIYKTOPA;
F3 u F4 — momepeunsie yCcumus TOMOJHATEILHOTO HHAYKTOpA

Ha puc. 2.37 cumBonamu 4, B u C 0603Ha4eHbI (ha3bl UICTOYHUKA HAMIPSKEHUS,
K KOTOPBIM TOJKIIFOYCHBI KaTYIIKH OOMOTOK 000MX MHAYKTOpOB. BHmHO, 4TO mpo-
JOJIBHBIE PSABI KaTyliek oOMOTOK HMHIYKTOpoB JIAJI 00pa3yroT mpsMbie TOPSIKA
cinenoBanus a3 A, B u C, a Bce MonepeyHbie psijibl KaTylek 0OMOTOK OCHOBHOTO U
JOTIOJIHUTEJIBHOTO MHIAYKTOPOB UMEIOT JI0 CEPEANHBI psjia OAWH, a MOCIe CepeIUHbI
— TPOTUBOTOJIOKHBIN MOPSAIOK ciaeaoBaHus (a3. MexaHWdYeckue yCcuius, BO3HHUKa-
IOIIIME TIPU B3aUMOJICUCTBUU OETyIIMX MarHuTHbIX nosier JIAJL ¢ Tokamu, UMH WH-
JTYKTUPOBAHHBIMU BO BTOPUYHOM 3JIEMEHTE, 0003HAUYEHBI CTPEJIKaMU M CUMBOJAMU
Fr, F1, F2, F3 u F4. PaGoTaeT naHHbIN JUHEHHBIN aCUHXPOHHBIN JIBUTATENbh C MPO-
JIOJIbHO-TIOTIEPEYHBIM MAarHUTHBIM TOTOKOM cieayromumM oopaszoM. [Ipu mogkiroue-
HUU KaTyliek 3 1 5 0OMOTOK OCHOBHOTO 1 U JIOMOJHUTENBHOTO 4 UHIYKTOPOB K HUC-
TOYHHKY TpEX(azHoro HanmpspkeHus (cM. puc. 2.36 u 2.37) no karymikam (a3 oOMo-
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TOK MOTEKYT TOKH, BO30YyKJarole Oeryiie MarHuTHbIE TOJIs, KOTOpble OyAyT me-
pecekaThb IEKTPONPOBOIAIINN BTOPUYHBIN 3JIeMEHT 2 U HaBoAUTh B HEM DJIC.

[Ton peicTBHEM JIIEKTPOABUKYIIMX CHII BO BTOPUYHOM 3JIEMEHTE MOTEKYT
BUXPEBBIE TOKU, BCTYMAIOUIUME BO B3aUMOJCHCTBUE C OEryIIMMU MarHUTHBIMH TOJISI-
MU, KOTOpPbIE MOCITYXUJIN IPUUYUHON UX BOZHUKHOBEHUs. B pesynbrare OyayT co3na-
BaTbcad MexaHudeckue ycuius. [Ipu B3aumoaendcTBUM OETyIIMX MarHUTHBIX TOJIEH,
BO30Y’KJ1a€MbIX MPOJAOIBHBIMH PSIIaMH KaTYyIIEK 3 U 5 OCHOBHOTO U JIOMOJIHUTEIBHO-
ro UHAYKTOPOB, UMEIOIINX OJIMHAKOBBIE MOPSIAKU ClieIoBaHUs (a3, ¢ BUXPEBBIMU TO-
KaMH, UIMHA WHIYKTUPOBAHHBIMH BO BTOPUYHOM 3JIEMEHTE 2, OyIyT CO3/1aBaThCsl Me-
xaHudeckue yewus F; (eM. puc. 2.37). [lox neiictBuem ycunuii F, BropudHbIi 31e-
MeHT (3kunax BCHT), noaBeleHHbIE B MATHUTHOM MOJI€, HAYHET MEepEMEIaThCs B
MPOI0JTbHOM HampapiieHnd. OTHOBPEMEHHO TOKH B TOTIEPEUHBIX psAZaX KATYIICK 3 U
S OCHOBHOI'O U JIONOJHUTEIBLHOTO MHAYKTOPOB JIAJl BO30YXIalOT B KaKJIOM IOIE-
PEYHOM CEUEHUU JIMHEHHOT0 ABUTATENS MO IBE Mapbl BCTPEYHO OEryIIUX MarHUTHBIX
noseit, Harpumep 4, B, Cu C, B, A; A, B, Cu C, B, A (BepxHss cTpoka Ha puc. 2.37)
U T. 1. OTH Oeryiiue HaBcTpeuy IPYT APYTy B MOMEPEYHOM HANpPaBIIEHUH MarHUTHBIC
T0JIsI, IepeceKasi BTOPUYHBIN 351IeMeHT 2, OyAayT unayktupoBaTh B HEM DJIC u Buxpe-
Bbie TOKHU. [Ipu B3aMMONEUCTBUM MOIMEPEYHO OETYIIMX CJeBa HANpPaBO MAarHUTHBIX
noJieir ocHoBHOTO 1 u nononuuTensHOro 4 uHaykTopoB JIAJL ¢ BUXpEeBBIMU TOKaMH,
UMH MHIYKTHPOBAHHBIMU B 3JICKTPOIIPOBOJIAIIEM BTOPUYHOM 3JIEMEHTE 2 (CM. pHC.
2.36 u 2.37), OyayTt co3naBaThCs (B Ka)XJOM IONEPEYHOM CEYCHHUU MO BCEU JIMHE
JMHEWHOTO aCMHXPOHHOTO JABUTATENs1) OJMHAKOBBIE MeXaHudeckue ycunus Fi u Fs,
JEUCTBYIOIIUE CJIEBa HAMpPaBO. A MPU B3aUMOJICUCTBUU MOMEPEUYHO OETYIIUX CIpaBa
HaJIEBO MATHUTHBIX ITOJIEN KAKI0T0 U3 MHAYKTOPOB JIAJ] ¢ BUXpEBBIMH TOKaMHU, MU
WHIYKTUPOBAHHBIMA BO BTOPHYHOM 3jieMEHTE 2, OyAyT CO3/1aBaThCsl OJMHAKOBBIC
Mexannueckue ycunus F; u Fa, neficTByronue Takke cipaBa HajleBO B KaXKJIOM IO-
MIEPEYHOM CEUECHHH JIBUraTelis Mo Bceil ero juuHe. [Ipu cuMMeTpUYHOM pacmioioxke-
HUW BTOPUYHOTO 3JIEMEHTa 2, SBIIAIONIerocs: nuuiieM skunaxa MJIT, otHocuTeasHO
OCHOBHOTO 1 M TIOMOJHUTEIHLHOTO 4 MHAYKTOPOB B MONEPEYHOM HAIPABICHUU yCH-
mus F1 u F, u F3 u F4 oguHAKOBBI 110 BeTMYMHE, B3aUMHO YPaBHOBEIIMBAIOTCS U HE
OKa3bIBAIOT HUKAKOTO BIMSHMS Ha MPOJOIHHOE JABUKEHUE BTOPUYHOTO DJIEMEHTA 2
(oxunaxa MJIT).

Ecnu nmo kakuMm-To mpuYMHaM, HalpuMep NP CHJIBHOM OOKOBOM BETpE, DKHU-
naxx MJIT cMecTuTcs BipaBO OTHOCUTEIBHO OCHOBHOTO U JOTIOJIHUTEIBHOTO UHIYK-
topoB JIAJI, To OyJeT HapylIeHO paBHOBECHE MEXaHUUYECKUX YCHIIMM, TEHUCTBYIOIINX
B ITIONIEPEYHOM HANPABJIEHUN HaBCTpeuy apyr Apyry. Ha puc. 2.38 unaykropsr JIA/]
C TIPOJIOJBLHO-TIONIEPEYHBIM MAarHUTHBIM ITOTOKOM HE MOKa3aHbl. BTOPUYHBIN 2JIeMEHT
nmoka3aH Ha puc. 2.38. Ycunus F1 yMeHbIIATCS B KaXXJIOM MONEPEYHOM CEUYECHUH TI0
nuHe JIAJL, mOocKoJIbKy OHM OyAyT CO3/aBaThbCsl MIPU B3aWMOJCUCTBUU DJUTUIITHYC-
CKHUX OErylux MarHUTHBIX TOJIEH C BUXPEBBHIMU TOKAMH, MU WHIYKTHPOBAHHBIMHU
BO BTOPUYHOM dJIeMeHTe. B J1eBoif yacTu HHIyKTOpa Oerymue cieBa HalpaBo JUTHII-
TUYECKHE MarHUTHBIC TOJIs OyAyT BO30YKIAThCs TOKAMHU BCETO JIBYX KaTYIIEK, IMOI-
KITIOU€HHBIX K (pazam B u C ucrtouynuka Tpex(azHoro HampspkeHus (Beapb jeBas Ka-
TyIIKa, MOAKIIOUEHHAs K (a3ze A, HE B3aUMOACHCTBYET CO BTOPUYHBIM 3JIEMEHTOM
M3-3a €ro CMEUICHUS ).
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Fh — «—F Fs — <«—F,

Fi<Fy F3<Fy4

Puc. 2.38. Ycunus npu nonepedyHoM OOKOBOM CMEIICHUH BTOPUYHOTO 3JIEMEHTA
BIIPABO OTHOCUTEIHHO UHIYKTOPA

[Toatomy u ycunust F1 ymenbmarorcs. OTHOBpeMeHHO ycunus F», neicTByro-
[IME€ HAa BTOPUYHBIA 3JEMEHT CIIpaBa HAJEBO, YBEIMYATCS 3a CUET TOrO, YTO MIpPH
CMEILIEHUH BTOPUYHOTO 2JIEMEHTA BIIPaBo (CM. puc. 2.38) MarHuTHOE 1oJje, Oeryiiee
B OCHOBHOM MHAYKTOpE CIpaBa HaJeBO, OCTAETCS MO-MPEKHEMY KPYTrOBBIM (OHO CO-
3naérca Tokamu Tpéx karyuek — C, B u 4), a akTUBHOE CONPOTUBIIEHUE BTOPUYHOTO
AJIeMEHTa HaJl 3TOM 30HOM KaTyIllEeK YBEITMYUBAETCA 3@ CUET TOTO, YTO IPU CMEILICHUU
BTOPUYHOTO 3JIeMEHTa HaJ KaTymkamu C, B 1 A OCHOBHOTO MHIYKTOPA MOMNEPEUYHOE
CEUYCHHE YaCTH BTOPUYHOTO AJIEMEHTa yMeHbInaeTcs. B pesynbrate ycunus F, Bo3-
pactatot. [Ipu TakoM cMeleHM BTOPUYHOTO 3JIEMEHTa YMEHbIIaTcs v ycmius F3 (cM.
puc. 2.38) 1Mo CpaBHEHHIO C CUMMETPUYHBIM €TI0 PACIOI0KEHHUEM OTHOCUTEIHHO WH-
nykropa JIAZL (cMm. puc. 2.36 u 2.37). OObsCHsIETCA 3TO TE€M, UYTO XOTS Xapakrep Oe-
TYIIEro CJI€Ba HANpPAaBO MAarHUTHOTO MOJISl JOMOJMHUTEIBHOIO MHIAYKTOpAa U OCTa&Tcs
KpPYTOBBIM (OHO CO3/1a€TCsl ToKaMu Tpéx Kartyiiek, A, B u C (cm. puc. 2.38), HO aKTUB-
HO€ COINPOTHUBJIEHUE YaCTH BTOPUYHOIO JIEMEHTA, PACIOJIAraloIIerocs Hajl 3TUMHU Ka-
TYIIKaMH, CHU3UTCS 32 CUET TOTO, YTO CEYECHHE (MOMEPEUHOE) JAHHON YacTH BTOPHUY-
HOT'O 3JIEMEHTa YBeNU4HTCa. B TO ke camoe BpeMs BCTPEUHO UM HAINpaBJIEHHbIE YCHU-
s F, yBenmuarcs 3a c4€T BO3pacTaHUsl aKTUBHOT'O COMPOTUBIICHHS YaCTH BTOPUYHO-
r'0 JIEMEHTA, pacloyioKuBlIelcs Hag kKarymkamu C, B u A TONOJIHUTEIBHOTO UHAYK-
Topa. B pe3ynbrare BO3HUKHYT Pa3HOCTH MOMEPEUYHBIX MEXaHn4Yeckux ycunuid F, — Fq
u F4 — Fs3, mon aeiictBueM KOTOPBIX BTOpUYHBIN 351eMeHT (3kumnax MJIT) Oyner Bo3-
BpAIllaThCsl B CAMMETPUYHOE TOJIOKEHHUE, COOTBETCTBYIOIIEE pucyHkam 2.36 u 2.37.

Ota koHCcTpyKuus JIAJl ¢ mIpo10IbHO-TIONEPEYHBIM MATHUTHBIM [TOTOKOM Pa3-
BUBAET IO CPABHEHUIO C MPEBIYIIEH OOJbIINE YCHINS MONEPEUHON CTa0MIM3AIIH 1
MTO3BOJIUT CYIIECTBEHHBIM 00pa30M IMOBBICUTH 0€301aCHOCTH JIBMKeHHS cucteM MJIT.

2.2.4 Pezynupyemulil TUHEUHbLI ACUHXPOHHDBLIL 08U2AM e
¢ KOPOMKO3AMKHYM O 00MOMKOI 6MOPUYUHO20 IJIeMeHma

BecpMa akTyalnbHBIM BOIPOCOM SIBJISIETCSI MTOBBIIIEHWE BEJIMYHMHBI TSITOBOTO
yeunus JIAJL, BO3MOKHOCTH PETYIUPOBAHUS €M0 U CKOPOCTH JIMHEHHOTO NIEpEMEILIE-
Hust. OIWH U3 MyTeW pelIeHHs 3TOW 3aJayd BUAWTCS B MPUMEHEHWH HOBBIX, HETpA-
JUIMOHHBIX KOHCTPYKIMM JMHEHHBIX ACUHXPOHHBIX JABUTaTeNed, pa3pabdOoTaHHBIX
BIIepBbIe B POCTOBCKOM TOCyJapCTBEHHOM YHUBEpcUTETe myTeil coobmenus. Ilpen-
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JIO’)KEHO BBIMOJHATH OOMOTKY BTOpPHMYHOTO 3iemeHTa JIAJl KOpOTKO3aMKHYTOW ¢
BO3MOXHOCTBIO PETYJIMPOBAaHUs €€ CONPOTHUBIICHMs. BapuaHThl NPUMEHEHHs pery-
mupyembix JIAJ] Ha penbCOBOM MOABM)KHOM COCTaBE Ha ydacTKax € OOJBIIMMHU
YKJIOHAMU TMPEICTaBJICHBI Ha puc. 2.39.
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Puc. 2.39. Cxemsl pacnionoxxenus peryaupyemoro JIA ] aiist TopMoxeHus
Y JIOTIOJTHUTEIBHON TATH Ha YYaCTKaX C KPYThIMU YKJIOHAMH:
@ — BTOPUYHBIE 3JIEMEHTHI pa3MeIIeHbl BHYTPH KOJIEH BO3JIC KXKIIOTO PEIIbCa,
6 — IIEHTPAJILHOE PACTIOIO0KEHNE BTOPUYHOTO JIEMEHTA,
1 — pensc; 2 — unaykrop JIAJL; 3 — cepAeUHUK BTOPUYHOTO 3JIEMEHTa; 4 — 0OMOTKa
BTOPUYHOTO AJIEMEHTA; D — pama; 6 — KoJieco; 7 — 3aMbIKAIOIIUNA SJIEMEHT
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PacnionoxeHne MHAYKTOPOB JTUHEHHBIX aCUHXPOHHBIX JIBUraTeleil HajJ pesb-
CaMU W HaJ BTOPUYHBIMHM 3JIEMEHTaMH IOKa3aHO Ha puc. 2.39, a. BHyTtpu konew,
BO3JIE KaXJOr0 M3 PelbcoB 1 pacrosoKeHbl BTOPUYHBIE AJIEMEHTHI 3, CEPACUHUKU
KOTOPBIX HaOpaHbl U3 OTAENbHBIX IJIACTUH 3JEKTPOTEXHUUECKOU cTanu. MHIYKTOpHI
2 JIA]Jl pacnonaratorcsi U HaJ peiabcaMu 1, U HaJ BTOPUYHBIMU 3J€MEHTaMu 3, CO-
JEepKalluMU KOPOTKO3aMKHYTYI0 0OMOTKY 4. C ABMKYIIUMCS 3KUIIAKEM UHAYKTOPBI
2 ECTKO cBsi3aHbl pamMamu 5. CoNnpoTHBICHHE 0OMOTKH 4 BTOPUYHOIO 3JIeMEHTa 3
MOJKET PEeryJIMpoBaThCs B MIMPOKHUX mnpeaenax. C 1enpio NoBbIIeHHs 3PGEeKTUBHO-
ctu JIAJl nns ymydmerus: paboThl TOJBHKHOTO COCTaBa HAa y4acTKax ¢ OOJIBIIAMU
YKJIOHAMH TPEAyCMOTPEHA BO3MOXHOCTh W3MEHEHHUS CONMPOTUBIIECHUS KOPOTKO3a-
MKHYTOH OOMOTKH.

PaccmoTpum Gosiee moapoOHO KOHCTpYKIHIO peryaupyemoro JIAJI, npencras-
JeHHYy10 Ha puc. 2.40.

JlunelHbll acHHXPOHHBIN aABurarens (puc. 2.40, a) coaep XUt UHAYKTOP, CO-
croammil u3 cepaeynnka 1 ¢ TpéxdazHoil 0OMOTKOW 2, U BTOPUYHBIA 3IEMEHT 3,
BKJIFOYAIOUIUN ceplieyHUK 4 u OOMOTKY 5. B KaxXJIoM ma3zy BTOPHYHOIO 3J€MEHTa
pPa3MEIIEHbl 0 HECKOJIBKO 3JIEKTPOIPOBOIAIIMX H30JIMPOBAHHBIX JIPYr OT ApYyra
CTEpXHEH 6, KOTOphIE PACIIONIOKEHBI IO BBICOTE Ta3a OAMH Haja IpyruM. Bee crepx-
HU BTOPUYHON OOMOTKH C OJIHOIM CTOPOHBI 3aMKHYThI HAKOPOTKO OOKOBOW IIMHOM 7,
a C APYroi CTOPOHBI 3TH CTEPKHU 00Pa3ylOT BBIEMKY B BUE MOJYLMIMH]IPA, B KOTO-
poil pa3MeléH UMWIMHIAP 8, YCTAaHOBJIEHHBIM C BO3MOXXHOCTBIO IOBOPOTa OTHOCH-
TEJIbHO CBOEH TOPU30HTAJIBbHOM OCU. LlMnMHApP COCTOUT M3 ABYX MHOJYLUMUIIMHIPOB.
Onua nomynuauHAp 9 SBISETCS AIEKTPOMPOBOMASIIMM M BBITIOTHEH, HaIpUMeEp, U3
MEIU WIM aIOMUHUS, a BTOpod monynuwinHap 10 U3roToBieH U3 U30JSIUOHHOTO
Marepuaia. [ BO3MOXKHOCTH BpallleHUs] HUIUHIp cHaOxkeH pykosTtkoi 11. K cep-
JICYHUKY BTOPUYHOTO JIEMEHTA UIUHAP MPUKPEIUIEH ckoOamu 12,

[IpyHIMO AedcTBUS TaHHOrO peryiaupyemoro JIAJ[ cocToUT B cieayromeM.
[Ipu nogkmroueHU OOMOTKU K UCTOYHUKY TpEX(Da3HOTO HAMpsHKEHUsS co3aéres Oe-
ryliee MarHuTHOE TI0JIe, TIepeceKaroniee CTepP>KHU 6 0OMOTKH 5 BTOPUYHOTO dJIeMEH-
Ta ¥ HaBOJAIIEE B HUX 3JIEKTPOABMXKYIINE cuiibl. Eciiu cTepxHu 6 3aMKHYTHI ¢ 00enux
cTOpoH, To moj nedictBueM DJIC B HMX MOTEUYET TOK, KOTOPHIA OYyJEeT B3auMOJCH-
CTBOBAaTh C OErylIMM MarHUTHBIM NojieM. B pe3ynbrare 3TOro B3auMoAEUCTBUS CO-
31a€Tcs TATOBOE YCUJIME, 3aCTaBIAIOLIECE NHIYKTOP JBUTAThCSA B CTOPOHY, MPOTHBO-
MOJIOKHYIO HaNpaBJICHUIO NEpeMelleHHs] Oerymero MarHutHoro mnoss. M3BecTHo,
YTO JIMHEWHBIE ACUHXPOHHBIE IBUTATEIN Pa3BUBAIOT HE3HAYUTEIbHBIE ITyCKOBBIC
ycuiusl. B jaHHOM citydae eCTh BO3MOYKHOCTh MOBBILLIEHHUS TyCKOBOIO TSTOBOTO YCH-
TS MyTEM YBEJIMYEHHs] aKTUBHOTO CONPOTHUBIICHUS KOPOTKO3aMKHYTOM OOMOTKH 5
BTOpUYyHOro 3nementa 3. C 3Toi Lenpl0 MWIMHAP 8 3aMbIKAeT TOJBKO BEPXHHE
cTepkHU 6 0OOMOTKHM BTOpUYHOTO 3jemeHTa (puc. 2.40, 6). 3aMeTuM, 4TO IJIEKTPO-
MPOBOJIAIIAS YacTh 9 IMMIHHAPA 8 MOXKET 3aMBIKaTh CTEP>KEHb 6 MpU MyCcKe HE MOJI-
HOCTBIO. JTO MO3BOJUT €1I€ OOJbIIE YBETUYUTh AKTUBHOE COMPOTUBIIEHHE OOMOTKH
BTOPUYHOI'O JIEMEHTA.
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Puc. 2.40. Perynupyemblii INHEVNHBIM ACUHXPOHHBIN JBUTATEIIb:
a — KOHCTpyKkTuBHas cxema JIAJl; 6 — BTOpUYHBII 2JIEMEHT;

1 — cepneynuk; 2 — 0OMOTKa; 3 — BTOPUYIHBIN DJIEMEHT; 4 — CepACUHUK BTOPUIHOTO
AJIEMEHTa; 5 — 0OMOTKa BTOPUYHOTO AJIEMEHTA; 6 — CTepKHU OOMOTKHA BTOPUYHOTO
AJNIEMEHTA; / — 3aMbIKAIOIIas MWHA; 8 — NWIUHAP; 9 — AIEKTPONPOBOASIIINN
noyuuausAp; 10 — monynuimHAp U3 U30MSILUOHHOTO MaTepuaa;

11 — pykosiTka; 12 — ckoObI

Kouctpykuusa perynupyemoro JIAJ[ mo3BosisieT peryinpoBaTh CKOPOCTh ABHU-
’KEHMS TUIABHO M B IIMPOKUX NPEJENax U CXOAHA MO CBOMM CBOMCTBaM C aCHHXPOH-
HBIMU MalllMHaMHu ¢ (a3HOM 0OMOTKOM poTopa. st peryaupoBaHusi CKOPOCTH JIBHKE-
HUs BpauatoT pykosaTky 11 uununapa 8. Ilpu 3ToM yBenMuMBaeTCs YUCIO 3aKOPOYECH-
HBIX CTE€p)KHEW 6 B Ka)XJOM Ia3y BTOPUYHOI'O 3JIEMEHTA U YBEIUYMBAETCS CKOPOCTb
JMHENHOTO MEePEMENIEHUS, T. K. IPU 3TOM BEJIMYMHA aKTUBHOT'O CONPOTHUBIICHUS BTO-
PUYHON OOMOTKM yMeHbIIaeTcs. J{Jis yMEeHbIIEHUsI CKOPOCTH IBUTATENs pyKosTKOM 11
MOBOPAYMBAIOT UMJIMHIP 8 TaKUM 00pa3oM, YTOOBI YKCIIO 3aMBIKAEMbIX CTEp>KHEH 6
ObUTIO OBl MUHUMANBHBIM. {7151 pacimpenus auanazoHa peryjIupoBaHUs CKOPOCTH Ma-
IIMHBI 11€JIECO00Pa3HO YBEIMYUBATh YUCIIO HU30JMPOBAHHBIX CTEPXKHEH 6 B Kaxa0M
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a3y cepAeyHuKa BTOPUIHOTO deMenTa. [IpuBoa moBopoTta nuimHaApa 8 MOXKeT ObITh
PYYHBIM, SJIEKTPOMEXAHUYECKUM, THEBMATUUECKUM WJTM TUAPABINYECKUM.
[Tony4deHHBIH MPOCTON CIOCOO pEeryJMpOBaHUS CKOPOCTH IEPEMEIICHHUS M
nyckoBoro ycuins JIAJL 3a c4€T U3MEHEHUsI aKTUBHOTO COMPOTUBJICHUS] BTOPUYHOM
OOMOTKH MO3BOJISIET PacCHIMPUTh (YHKIIMOHAIBHBIE BO3MOXKHOCTH AJICKTPHUECKOMN
MaIuHbI. J[Mana3oH peryJIupoBaHusl CKOPOCTH, TyCKOBOTO U TATOBOIO YCHJIMK pac-
IIUPEH B JIMHEHHOM aCMHXpOHHOM jaBuratene (puc. 2.41). KoncTpykuus uHIYKTOpa
nanHoro JIAJl He uMeeT NPUHIUIHAIIBHBIX OTJIMYUN OT ONMUCAaHHOM Bbilie. OCHOBHOE
OTJINYHE COCTOUT B KOHCTPYKIIMU 3aMBIKAOIIETO LWIMHAPA, CXEMATUYECKH MOKa3aH-
Hoii Ha puc. 2.41. Ha puc. 2.41 n3o0paxeHsl (parMeHThl 3aMbIKaHUS N30JIMPOBAHHBIX
ANEKTPOIPOBOIASAIINX CTEPHKHEU, JISKAINX B M3y CEPACYHUKA BTOPUYHOIO JIEMEHTA,
CErMEHTAMU 3aMBIKAIOIIETO HWJIMH/IPA, UMEIOIIMMH PA3JIMYHOE CONMPOTUBIICHUE.
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Puc. 2.41. 3aMbIkaHue TUIUHAPOM ITPOBOJHUKOB OOMOTKH BTOPUYHOTO DJIEMEHTA.
a — 3aMbIKaHHe CTepxKHSI BO M30/SMIIMOHHON YacThIO; 6 — 3aMbIKaHUE CTepkHsS BD
AJTIOMHUHHMEBOM YaCThIO; 6 —3aMbIKaHUE CTEpkHS BD MeHOM yacThbio;
1 — mmHa; 2 — NPOBOAHUKH; 3 — 3aMbIKAIOITUN TUIUHIP; 4 — U30JISIITUOHHAS YaCTh;
5 — MeJIHas 4acTh; 6 — aJIIOMUHUEBAs YacCTh
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3ambIkaromas muHa 1 ¢ 0OAHON CTOPOHBI 0OECIIEUMBAET 3aKOPAYMBAHHE BCEX
CTEpXHEN 2 OOMOTKM BTOPUUYHOI'O 3JIEMEHTA, a C APYTrOi CTOPOHBI 3TH CTEP>KHHU 3a-
MBIKAIOTCSl WIMHAPOM 3, COAEpXKAIIUM, HAaIpPUMEp, CIEAYIOINE CErMEHThI: U30JIs-
LIUOHHBIE 4, BJIEKTPONPOBOJSAIINE D U 6, BBHIIIOJHEHHBIE COOTBETCTBEHHO U3 MEAU U
AIIFOMUHHS.

[lepen myckom nBUraTelns CTEp>KHU 2 BTOPUYHONW OOMOTKH 3aMKHYTBI U30JIsI-
[IMOHHBIM cerMeHTOM 4. B 3TOM cilyyae 3aMKHYTOM 11€TIi BO BTOPUYHON OOMOTKE HET
(puc. 2.41, a).

Jlig mycka ABUraTesst B XOJ MOBOPAYUBAIOT LWJIUHAP 3, U JIEKTPOIPOBOIS-
IIMI CErMEHT 3aMbIKAET OJIMH WJIM JIBA CTEPXHS OOMOTKM BTOPHUYHOI'O 3JIEMEHTA.
Bropuunas oomotka JIAJ[ cTaHOBUTCSI KOPOTKO3aMKHYTOM, U MPU NEpeceUeHun eé
OerymuM MarHUTHBIM TOJIEM MHAYKTOpa B Hel uHaynupytotces 3/1C u Toku.

[Tpu B3auMopelcTBUM OEryIIero MarHUTHOTO TOJIS ¢ TOKAMHU CTEpKHEH 2 BTO-
PUYHOTO 3JIEMEHTa CO3JaETCA IIyCKOBOE TATOBOE YCUIIUE, MOJ JECHCTBHEM KOTOPOIO
MHIYKTOp HayuHaeT cBOE ABrkeHue. [Io Mepe pasroHa 3JE€KTpONPOBOIAIINM CET-
MEHTOM 0, BBITIOJTHEHHBIM U3 aJIIOMUHHUSA, 3aMBIKAIOT BCE CTEP’KHU 2 B Ma3ax BTOpPUY-
Horo 3eMeHTa (puc. 2.41, 6).

MakcumasibHasi CKOpOCTh JIMHEMHOTO IepemenieHus peryiaupyemoro JIA/I no-
CTUraeTcs MPU 3aKOpPaYMBAaHUU BCEX CTEPKHEW 2 BTOPUUHOM OOMOTKM MEIHBIM Cer-
MEHTOM 5 IuiMHapa 3.

Pa3paboTanbl BapuaHThl BBINOJIHEHUS peryIupyemsbix TAroBbix JIA/I, cnoco0-
HBIX pa3BUBATH JOMOJHUTEIBLHO U YCUJIHS MONEPEYHON aBTOMAaTUYECKON caMOCTaOu-
JM3alU BBICOKOCKOPOCTHOT'O SKUIIAXa ¢ MAarHUTHOM JIEBUTALIUEN OTHOCUTEIBHO ITY-
TEBOW CTPYKTYPHI MIPH JHOOOM HAIpaBICHUH ABUKEHUS, CO3aBaTh MOBBIIICHHBIE TS-
TOBbIE YCWJIHMS IPU PACHIMPEHUM JUalla30Ha W3MEHEHHsS CKOPOCTH NEPEMENICHUS
(puc. 2.42,2.43).

/3
4

7

Puc. 2.42. Perynupyemblil INHEWNHBIN ACUHXPOHHBIN JBUTATEIIb:
1 — cepaevyHHMK UHAYKTOPA; 2 — 0OMOTKAa MHIYKTOPA; 3 — BTOPUYHBINA 2JIEMEHT;
4 — cepIeUHUK BTOPUYHOTO 3JIEMEHTA; S — IEKTPONPOBOASIINE CTEPIKHH;
6 — ay1eKTponpOBOAALIAs IINMHA; / — 3aMBIKAIOIINKN UJIMHIP; 8 — pyKOsTKa
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Puc. 2.43. Bropuunslii aneMeHT peryaupyemoro JIA/:

1 — 3IEKTPONPOBOAAIINE CTEPKHM; 2 — HIEKTPOTPOBOIAIIAS IIINHA;
3 — 3aMBIKAIOMINNA TWIHHIP; 4 — PYKOATKA; 5 — IEHTpalibHas 4acTh
AIIEKTPOIIPOBOIANINX CTEPIKHEH; 6 1 7 — OOKOBBIE YacTH
3JIEKTPONPOBOIAIINX CTEPKHEN

[Ipy CUMMETPUYHOM PACIIONOKEHHUH HHAYKTOPAa OTHOCUTEIBHO BTOPUYHOIO
sanemeHta perynupyemoro JIAJl (puc. 2.44), pa3Melm€HHOTO Ha TPaHCHOPTHOM
SKUITAXKE, Oeryiiee MarHUTHOE TOoJIe, mepecekas MPOBOIAIINE CTEPKHU BTOPUIHOTO
anemMeHTa, UHAyKTupyeT B HUX DJC u TokH.

Toku B crepxkHsax BD, B3aumonelcTBys ¢ O€ryluM MarHUTHBIM TOJIEM, CO-
31aI0T MEXAHWYECKUE YCUJIWS, HAIPaBICHUE JEMUCTBUS KOTOPBIX MEPHNEHIUKYIIIPHO
TOKaM, MPOTEKAIOIUM B Pa3IMYHBIX ydacTKax cTepxkHeid. Dto ycumus Fr, F1 u F;
(cm. puc. 2.44). Yeunus F1 u F; pasnaratorea Ha yewnust Fy u Fjpp, KoTopble ckia-
JILIBAIOTCSI C OCHOBHBIM TATOBbIM ycuiueM JIAJl Fr u cocTaBisiloT TSATOBYIO CHITY,
npuBojsiyto skunax BCHT B aBwxkenue, u nonepeunnie ycunus Fs u Fsp, oquna-
KOBBIE M0 BEJIMYMHE U JICUCTBYIOIINE HABCTPEUY JIPYT IPYTY.

[Ipn cummeTprdHOM pacrnionoxenun naaykropa JIAJL u BD, pasmeménnoro Ha
skunaxkxe BCHT, nonepeunbie ycunus B3aMMHO YPaBHOBEIIUBAIOTCSA U HE BIMUSIOT Ha
JIBHXKEHUE JTAHHOTO TPaHCHOPTHOro cpeactBa. Ecmm sxunax MIJIT cmecturcst BieBo
OTHOCHUTEIILHO UHAYKTOpPA (CM. puc. 2.45), HanmpuMep o1 1eHCTBUEM CHIIBHOTO OOKO-
BOTO BETPa, TO PABHOBECHE MOTIEPEYHBIX YCHIINN HAPYIHUTCS U Fsp craneT Oosnbine Fs;.

[Tox nmeiicTBHEM PAa3HOCTH DTUX CHJI JKUIMAX Oy/eT aBTOMAaTUYECKH BO3Bpa-
IAThCSI B MCXOJIHOE CUMMETPUYHOE MOJIOKEHUE OTHOCUTEIbHO HHAYKTOpa JIA/I,
BBITIOJIHSIOIIETO POJIb yTEBOU CTPYKTYPHI (CM. puc. 2.44). DTO MO3BOJISIET YIAYUIIUTh
MONEPEYHYI0 JUHAMHUKY M O€30MaCHOCTh JIBUYKEHUSI BBICOKOCKOPOCTHOTO TTOE3/1a.

58



Puc. 2.44. CummMmeTprUYHOE pacnoyiokeHne nHaykTopa JIAJ]
OTHOCUTEJIHHO BTOPUYHOTO JIEMEHTA:
1 — uHAYKTOP; 2 — 3aMBIKAIOIINE PJIEMEHTHI; 3 — LIEHTPAJIbHbIC YaCTH cTepkHer BO;
4, 6 — OOKOBBIE MPAMOJUHENHBIE YacTu cTepkHel BI; 5, 7 — O0KOBbIE HAKJIOHHBIE
4yacTu crepxkHen BO

Puc. 2.45. [lonepeyHoe cMelIeHUEe BTOPUYHOTO 3JIEMEHTA
OTHOCUTEJIFHO UHIYKTOPA:
1 — uHAYKTOP; 2 — 3aMBIKAIOIINE PJIEMEHTHI; 3 — IIEHTPAJIbHBIC YaCTH CcTepkHer BO;
4, 6 — OOKOBBIC MPSIMOJIMHENHBIC YaCTH CTepkHel BO;
5, 7 — GOKOBBIE HAKJIIOHHBIE YacTU CTepkHEer BD
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ConpoTuBiieHHE BTOPUYHOIO BJIEMEHTA MOKHO PEryJMpoBaTh HE TOJBKO
MEXaHUYECKHM TPU HM3MEHEHUU IMOJIOXKEHHUS 3aMbIKaIolero ajnemMeHTa. Takoil ke
pe3yibTaT MOXET ObITh JOCTUTHYT MPU TOOYEPETHOM 3aMbIKAHMM OT/AEJIbHBIX
POBOJHUKOB CTEpKHEH BTOPUYHOIO JIEMEHTA MPHU MOMOIIM, HAPUMEpP, TEPKOHOB
WIH TUPUCTOPOB (pHUC. 2.46). ['epKOHBI (T€pKOHOBBIE pefie) JETKO YIPaBisSIoTCS U
cpabaTbIBalOT O4YeHb ObICTpO. COBpEMEHHBIE T'€PKOHBI CIOCOOHBI paldoTaTh MpU
3HAYUTETBHBIX TOKAX.

® @ ® ®
- - ) ) )

Puc. 2.46. ®parmMeHT 0OMOTKHM BTOPUUYHOTO dJIeMeHTa perynupyemoro JIAJL:
1 — cTepkHU; 2 — 3aMBIKAIOIIAsl IUHA; 3 — TEPKOHBI

Cxembl yInpaBi€HUs] MyCKOM B XOJ W PETYJIUPOBAHUEM CKOPOCTH JIMHEHHOIO
ACHHXPOHHOTO JABUTATENSl JOCTATOYHO MPOCTHI, HAAEKHBI U MOTYT OBITh peain30Ba-
HBI Ha dJEMEHTHOU 0ase, mpou3BoguMoii B Poccuiickoit ®denepamuu. Ilpu momaue
CUTHAJIa Ha KaTYyIIKH COOTBETCTBYIOUIUX T'E€PKOHOBBIX pejie TepKOHBI 3 (CM. pHC.
2.46) cpabaTbIBalOT W 00pa3ylOT KOPOTKO3aMKHYTYI0 00MOTKy BD ¢ TpeOyembim
3HauYeHHEeM comnpoTuBieHus. [Ipu 1ocTaTOuYHO OOJBIIOM KOJUYECTBE MTPOBOHUKOB B
KQKJIOM CTEP>KHE OOMOTKH BTOPUYHOTO JIEMEHTA WX 3aMbIKAHUE MPU TTOMOIIH DJICK-
TPOHHBIX YCTPOMCTB 00ECIIEUUT BBHICOKYIO CTETICHb ITUIABHOCTU PETYJIUPOBAHUS CKO-
POCTH ABUKEHUS U TATOBOrO ycwins. [lTaBHOCTH peryimpoBaHus IyCKOBOIO U TSTO-
Boro ycuius JIA/] pe3ko yBeIuuuBaeTcs Mpu PacloIOKECHUH B azax BD criomHbIxX
CTEpKHEM U IUIABHOM 3aMBIKAHMM UX IO BBICOTE MOJIBUAKHBIM 3JIEMEHTOM, TTPOBO/IS-
11as1 4aCTh KOTOPOTO BHITIOJIHEHA MEIHO-TPadUTOBOM UK TPadUTOBOM.

Pa3pabotan psijg BapuaHTOB WHKEHEPHBIX PEIICHUIN MPHUBOJAa 3aMbBIKAIOIIETO
AJIEMEHTa, 00ECTICUNBAIOIIETO HAJIEKHBIM KOHTAKT MEXTY HUM U CTEPKHSIMU OOMOT-
KU BTOPUYHOTO AJIEMEHTA.
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2.2.5 Illazoevie acunxponnsle oguzameu

[ITaroBeIil 3JIEKTPONPHUBOJ MOTy4YaeT BCE OOJIblIee pacnpocTpaHeHue B pobo-
TOTEXHHUKE, THOKUX MPOU3BOJACTBEHHBIX CUCTEMAaX, B BBIYUCIUTEILHON U JPYTUX 00-
JACTAX TEXHUKH. TEXHUYECKHI MPOTrpecc, POCT MPOU3BOAUTEIBHOCTH TPYAa MOBBI-
Iat0T TpeOOBaHUS K TOUHOCTH MO3ULIMOHUPOBAHUS, K KAUECTBY M HaI€KHOCTH pabo-
Thl LIArOBBIX AJEKTPONPUBOAOB. OCHOBHYIO pOJb B JUCKPETHOM 3JEKTPOIPHUBOJIEC
urpatot maroBsie anekrpoasuratenu (L), onpenensionue kauecTBo €ro GyHKIIU-
OHHUPOBAHMS, YTO JENACT aKTyaJbHOU 3a/auy pa3paOOTKH U co3qaHus Ooyee coBep-
IIEHHBIX TUIIOB JJAHHBIX JICKTPUYECKUX MAIIWH, 0071adal0luX HOBBIMU CBOMCTBAMU
1 BO3MOXHOCTAMH. B kauectBe IIIJ[ mpumeHstoTcs, Kak NpaBUIIO, CHUHXPOHHBIE
AIIEKTPUYECKUE MAIIMHBI, 00S3aTeNbHBIM YCIOBHEM PAaOOThI KOTOPBIX SIBISETCA HC-
MOJIb30BaHNE POTOPOB U3 PEPPOMATHUTHBIX MATEPUAIOB, COACPIKAIIUX YePEAYIOIIH-
€Csl YY4aCTKH C Pa3JIUYHbIMU 3HAYEHUSIMU MATHUTHOW MTPOBOAUMOCTH. IHBIMH CIOBa-
MU, poTopbl cuHXpoHHBIX /] Bcerna Beimomnustotes 3youarsiMu. Cunxponnsie 1111
HE CIIOCOOHBI OCYILECTBUThH JUCKPETHOE MEPEMEILEHUE INIaKUX (HEPPOMArHUTHBIX U
TeM 00Jiee HEMAarHUTHBIX POTOPOB, UTO SABJISIETCS HEYCTPAHUMBIM HEJOCTATKOM Ta-
KHX OJJICKTPOMAIIIMH. DTOr0 HEA0CTaTKa HE HMMEEeT pa3padoTaHHBIM Ha Kadeape
«NEKTpUUECKUE MAIIMHBI U anmnapaTbdy POCTOBCKOro rocyjapCTBEHHOTO YHUBEPCH-
TeTa MyTe COOOIIEHUS MIArOBBIA AJIEKTPOJBUTATENb, SBIAIONINICT (aKTUUECKU
ACUHXPOHHBIM, MPUHIUI JEUCTBUS KOTOPOTO OCHOBAH Ha WCIOJb30BAHWU MarHUT-
HBIX TOJIeH, Bpamaromuxcs (Oeryumx) HaBcTpedy Ipyr apyry. Mcmonws3oBaHue B
ANEKTPUUYECKON MaliMHe JABYX M Oojee BCTPEUYHO Bpallaromuxcs (Wid Oeryuux)
MAarHUTHBIX MOJIEH MO3BOJIUT CO3AaTh HOBble KOHCTpykumu LIJ[ mms Tounoro muc-
KPETHOTO JBHKEHHS B TEX JJIEKTPONPHUBOAAX, I/Ie HE TPeOyIOTCS OTHOCUTEIBHO
OoJpIIME BpalalOlM€ MOMEHTHI WM ycwius. PaccMoTpuM peanu3anuio Takoro
MIPUHIMIIA JEUCTBUS HA IIPUMEPE MPOCTENIIEN KOHCTPYKIIUU [IArOBOTO 3JIEKTPOABU-
raTelis, CXeMaTUYHO MTOKa3aHHOU Ha pucyHke 2.47, a.

1

Puc. 2.47. IllaroBslii aCHHXPOHHBIN JBUTATEIb:
@ — KOHCTPYKTUBHAS CXeMa; 6 — MOPSI0K MOAKIIOYEHUS EPBBIX IECTH KATYIIEK
acuHXpOoHHOIO /[ K NICTOYHUKY HAIPSIKEHUSA
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[ITaroBeIit 31eKTpoABHTATETH 1 CONEPKUT CTATOpP 2, HAa 3yOIlaX KOTOPOTO pa3-
MEIIeHbl KaTyIIKd 3 COCPEIOTOUYEHHONW OOMOTKH, U POTOP, AJIEKTPOIPOBOIAIIAS
4acTh 4 KOTOPOTO BHIMIOJIHEHA B BUJIE MOJIOr0 MUJIMHAPA U3 HEMAarHUTHOIO MaTepHa-
na (IUIUHIP MOXKET ObITh U (PEpPOMarHUTHBIM).

DJEeKTpONPOBOAAIIAs YacTh 4 poTOpa UMEET MPOpe3b S MO BCell JyinHe 00pasy-
IOLIEH MOJIOTO LMJIMHAPA, 3alOJIHEHHYIO0, HAIPUMEDP, WU30JIMPYIOIIUM BELIECTBOM, U
pasMelieHa Ha (peppOMarHUTHOM cepJIeUHHKe 6, 3akperui€HHOM Ha Baity /. Kartymiku 3
acuHXpOoHHOTO maroBoro asurarens (ALLJ]) moakmrodaroTcs K UCTOYHUKY TpEXPas-
HOTO HANPSKEHUs IPU OMOIIY KOMMYTHPYIOIIEro ycTpoucTsa. Ilopsnok noakmroge-
HUS YacTu (Hampumep, MIeCTH) KaTyIIeK IIaroBOTo AJIEKTpoABUraTess K ¢azam 4, B u
C WCTOYHMKA HANPSHKCHUA MTOKa3aH Ha pucyHke 2.47, 6. DTH MIeCTh KaTyIIeK 0OMOTKU
00pa3yIoT MepBOHAYATIBHBIN AYyTro00pa3HbIi Psill, UMEIOIIUNA 10 CEPEANHBI OJIUH, a T0-
CJie CepeIMHbI — TPOTUBOIIOIOXKHBIN NOpsAIoK cienoBanus ga3z A, B, Cu C, B, A.

Toxku, mpoTekaromye Mo MeCcTH KaTylIKaMm, CO3/aayT JBa OErymux Mo ayre
HaBCTpeYy JAPYT APYTY OJIMHAKOBBIX MarHuTHbeIX nons (4, B, C u C, B, A). berymiue
MarHuTHBIE TI0JIs1 OyAYT MepeceKkaTh JIEKTPONPOBOISIIYIO YaCTh pOTOpa U UHAYKTH-
pOBaTh B HEW 3JIEKTPOJBWXKYILIHE CHIIbI, KOTOPHIE BBI30BYT MPOTEKAHUE BUXPEBBIX
TOKOB. beryiye MarHuTHbIE TIOJISI, B3aUMOJICUCTBYSI C BUXPEBBIMU TOKaMU, UMHU UH-
JTYKTUPOBAHHBIMU B AJIEKTPOIPOBOIAIIEH YaCTU POTOpa, OYIyT CO3/1aBaTh MOMEHTHI
M1 u My, oilMHaKOBbIE TIO BEJIMYHMHE, HAMPABICHHBIE HABCTPEUYY U YPaBHOBEIINBAIO-
mye apyr apyra (cMm. puc. 2.47, 0).

Nmeem kak Obl JBa OJMHAKOBBIX JYTOCTATOPHBIX ACMHXPOHHBIX JIBUTaTels,
BpallalolMe MOMEHTBHI KOTOPBIX AEHCTBYIOT BcTpeuHo. Porop AIIIJl Oyxer Hemo-
JBUKEH U 3a(PUKCHUPOBAH B UCXOJHOM MOJOKEHHUH. [Ipy OTKIIFOUEHUH OT UCTOYHUKA
HaIpsHKEHUS! KOMMYTHPYIOIIMM YCTPOMCTBOM TNOCJIEHEN KAaTyIIKK NEPBOHAYAIBHO-
ro psjaa, npuHamiexamet ¢aze 4 (puc. 2.48, a), MarHuTHBIE MOJIsI, Oerymue
HaBCTpedy JpYyr APYry, CTAHOBATCS HEOAMHAKOBBIMM — MAarHUTHOE IOJI€, HaIpaB-
JIEHHO€ MPOTHB YacCOBOW CTPEJKH, BO30YKJIaeTCsl TOKaMU TPEX KaTyLIeK, MOIKIIO-
y&HHBIX K pa3zam A, B u C, u OyaeT KpyroBsIM, a MarHUTHOE T0JIe, Oeryiiee MpoTUB
4aCOBOM CTPEJKH, CO3AaETCs TOKaMU JIBYX KaTyllek, mpuHaaiexanux ¢azam B u C,
Y UMEET DJUTMIITHYECKUI XapakTep. DT Oeryiiue MarHUTHBIE TIOJIS, TepeceKast dJIeK-
TPONPOBOJSILYIO YaCTh pOTOpPa, HUHAYKTUPYIOT B Hel DJIC U BUXpEBBIE TOKH, KOTO-
pBI€ TIPU B3aUMOJICUCTBUH C OETYIIMMH MarHUTHBIMH TIOJIIMH OyJTyT CO3/1aBaTh Bpa-
mjaroime MOMeHTsl M1 u My, Bpamaromuii MomeHT M3 Oynet MeHblie, 4eM Mj, Tak
KaK OH CO3/1a€TCsl MPU B3aUMOACHCTBUY AITUITUYECKOTO MArHUTHOTO MOJIsA, Oeryie-
ro [0 YaCOBOM CTpPEJIKE, C BUXPEBBIMU TOKAMHU, UM MHIYKTUPOBAHHBIMU B 3JIEKTPO-
MPOBOJISIIEN YACTH POTOPA.

ITox pnevictBueM pa3HOCTH MOMEHTOB M1 — My poTOp Ha4yHET BpaleHUe U I10-
BEpHETCS Ha OJHO 3yOII0BOE JIeJIEHUE MPOTUB YACOBOUM CTPENIKH, TPU 3TOM MOMEHTHI
M; u M, cHOBa cTra"yT paBHbIMU. llocie 3TOro KOMMyTHpyROLIEE YCTPOUCTBO OT-
KJIIFOYUT OT MCTOYHHMKA HANPSKEHHUS MEPBYIO KaTYIIKy MepBOHAadalbHOro psiga. be-
T'YIIUE€ MarHUTHBIE MOJI CTAHOBSTCA SJUIMITUYECKUMU U CO3/Ial0TCA TENepbh TOKaMU
yeThIp€X KaTymiek — B u C (berymue npoTuB yacoBoi ctpenku) u C u B (6erymue
1o yacoBoil ctpeinke). Potop A/ caenan oguu mar.
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Puc. 2.48. Peanuzanus IMCKpETHOTO MEPEMEIICHUS pOTOpa:
a — OTKJIIOYEHHE OT UCTOUYHUKA HANIPSKEHUS MOCIEAHEN KaTyIIKU
MepBOHAYAJILHOTO PsiJia KaTyIIeK; 6 — psj U3 mecTu karymek [1TAJ]
MIOCJIC COBEPIIICHUA MEPBOTO 111ara poTopa

To4HOCTH MO3UIIMOHUPOBAHUS MPU peau3aluu mara OyJeT BHICOKON U 3aBU-
CAIEeH JINIIb OT KauecTBa u3roropiieHus A/, Eciau caenats npeamnosioxkeHue, 4to
POTOP MPU COBEPUICHUH IIara 1o MHEPLUUH MOBEPHYJICS HA YTOJ1, TPEBBIIAIOIIAN O/T-
HO 3yOIIOBOE JICJICHHE, TO PAaBEHCTBO MOMEHTOB M1 U My, KoTOpbIe yke OyayT co-
3M1aBaThCsl TMPU B3aUMOJCUCTBUM JJUIMNTHYECKUX MArHUTHBIX TIOJIEH, Oeryumx
HaBCTpeuy JApYT JIpYyry, C TOKaMU, UMH UHIAYKTHUPOBAHHBIMU, HAPYIIUTCS. ITO 00b-
SCHSIETCSI TEM, UTO MPU STOM CTENECHb UITMNTUYHOCTH MAarHUTHOTO MOJIs, OETyIIero
IIPOTHUB YaCOBOM CTPEJIKH, YBEIIMYUTCS, a BPALIAIOMINIA MOMEHT M| CTaHET MEHbIIe
MOMEHTa My U POTOp HAYHET MOBOPAYMBATHCS B MPOTHUBOMOJIOKHYIO CTOPOHY (110
4acOBOM CTpEJIKE), 10 T€X MOp MOKa PaBEHCTBO MOMEHTOB HE BOCCTAHOBHUTCS. JTO
MPOU30MIET, KOT/Ia BEIMYMHA I1ara CHOBA CTAHET PaBHOW OJHOMY 3yOII0BOMY Jeje-
Huto. Potop Oynet 3adukcupoBaH B HOBOM MOJOKEHUH. JIJI TOATOTOBKH K HOBOMY
ary M JIOCTHXKEHUsI 00Jiee YCTOWYMBOTO TMOJIOKEHUS pOTOpa MpU (PUKCAIMH €Tr0 B
HOBOM MOJIO)KEHUM KOMMYTHUPYIOIIEE YCTPOMCTBO MOJKIIOYAET K UICTOYHUKY HaIpsi-
KEHUsI KaTYIIKU OOMOTKH, HAUMHAsi CO BTOPOW KaTyIIKU NMEPBOHAYAIBHOIO psija, B
nopsiake A, B, C u C, B, A. O0pa3zyeTrcsi HOBBIA P U3 IMIECTH MOJKIIOYEHHBIX K HC-
TOYHUKY HaIpspDKeHUs KaTyiiek (puc. 2.48, 6) u JiBa HOBBIX OJIMHAKOBBIX IyroCTa-
TOPHBIX ACUHXPOHHBIX JBUTATEIIS, OJJUHAKOBBIE MOMEHTHI M1 1 My KOTOPBIX B3anM-
HO YpaBHOBEIIUBAIOT JPYT Apyra. JJis cCOBepIeHUsI BTOPOTO I1ara Ha BEJIUYUHY 3y0-
LIOBOT'0 JEJICHHS CHOBA OTKJIFOYAIOT MOCJEAHIOK KAaTYIIKy HOBOIO psiia M Tak Jajee.

Jlpo6ieHre BeTUYHHBI MAroBOT0 MEPEMEIICHUS POTOpa TOCTUTAETCS YCTaHOB-
KOW Ha KaKJ0M 3yOIle cTaTopa N OJIMHAKOBBIX KATYIIEK C BO3MOXKHOCTBIO UX TIOOYE-
PEIHOTO OTKJIIOYEHUs OT MCTOYHHMKA HANpPsOKEHHS. MakcumaibHasl BEJIWYMHA I1ara
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JIOCTUTAETCS MPU OTKIIOUECHHH BCEX N KATYIIEK, PACIIOJIOKEHHBIX Ha MOCJIEIHEM
3y0l1e MepBOHAYAILHOTO PsI/ia, U COCTABIISIET OJTHO 3yOII0BOE JIeTICHHE.

t. =t

max z"

MunumanbHas BeJIMUYMHA IIara poropa OyAeT MpH OTKIIOYCHUH OJHON u3 N
KaTylIEK Ha MOCJIETHEM 3yOLe

Ecnu xe oTKIIIOUuTh M U3 N KaTyHIICK Ha ITOCJIICAHCM 3Y6H€ IICPBOHAYAIIBHOT'O
paga, TO BEJIIMYKMHA IIara JUCKPCTHOI'O IMICPCMCIICHUA pOTOPa 6y,Z[eT paBHA
t -m

t= :
n

Hcnonb3oBaHuE BCTPEYHO BpAILAIOMIMXCS (OEryIIMX) MAarHUTHBIX MOJEH M03-
BOJISIET MOJYYUTh CKOJb YTOJHO MaJIO€ TOYHOE MEepeMENICHUE NMPU YMEHBIICHUH Be-
JUYUHBI TOKA B TOCJIEIHEN KATYIIKE psiaa.

Ha sTom e mpuHIune MoryT paboTaTh IIAroBbI€ JIMHEWHBIE ACUHXPOHHBIE
nBuratenu. «JImHelHoe» AUCKPETHOE MNEPEMEIIECHHUE 3IIEKTPOMPOBOISAIIEIO SKOPS
(BTOPUYHOTO 3JIEMEHTA) MOXKET OBITh PEAIM30BAHO B PA3IMYHBIX TEXHOJOTHYECKUX
npoleccax, I1aroBoe JBUKEHUE MOXKET IEpelaBaTbCs B 3aKPBITbIE 0OBbEMBI, B TOM
YHCJIe ¥ C BAKyyMOM, BO3MOYKHA I11aroBasi ojaya 3JIEKTPONPOBOISALINX JUCTOB, TPYO
U JleTaled ¢ MarHUTHOM JieBUTalMel B COOCTBEHHOM MAarHUTHOM II0JIE MHAYKTOpa
MaluHbl. PaccMOTpUM mpuHIUMO MX pabOThl HA MpHUMEpPE MPOCTEMILIEro IIaroBOro
auHeHoro acunxponHoro asurarens (ILIJIAJI), KOHCTpyKTHBHasg cxeMa KOTOpOTro
MIpeICTaBICHAa Ha pUCYHKe 2.49.

3 4
2 )
O O @ O O
(fﬂ
1 5
6
AL
Bz
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Puc. 2.49. JIuHeitHbIN aCHHXPOHHBIN IIAarOBbIN JBUTATEIb
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Nunyxrop HIJTAJL cogepkut cepaedHuk 1, Ha 3yOmax KOTOpOro pa3MelleHbl
KaTymku 2 oOMOTKH. [17OCKHiT BTOPUYHBIN 3JIEMEHT 3 BBINMOJHEH M3 JII0O0r0 2JIeK-
TPOIPOBOJIAIIECTO MaTepraia U pa3MeniéH Ha Bpallarmuxcs onopax 4. BeBoas! Ka-
TYyIIEK 2 COEUHEHBI Yepe3 KOMMYTHUPYIOIee yCTporcTBO S ¢ dazamu cetu A, Bu C
U HYJICBOM TOUKOM Uepe3 pyOHIbHUK 6.

[Tpr MOAKITIOYCHUH IMIECTH KaTymeK 2 OOMOTKH K HMCTOYHHUKY Tpéxda3Horo
Hanpspkenus (puc. 2.50, @) o6pa3yercs X MepBOHAYAIBHBIA PSIl, B KOTOPOM JI0 €r0
CEpEeIUHBI KaTyIIKH UMEIOT TIPSIMOH, a MOCye CepearuHbl — MPOTUBOIIOIOKHBIN MOpS-
nok cinenoBanus ¢as: 4, B, C, C, B, A. Toxu kaTyIek co3Aar0T ABa OJMHAKOBBIX, Oe-
TYIIUX HABCTPEUy APYT APYTY MArHUTHBIX TOJIS, TMEPECEKArONIuX BTOPUYHBIA dJie-
MEHT 3, PacnoJIOKCHHBIA Ha omopax 4, ¥ HaBOIAIIUX B HEM 3JIEKTPOJBMKYIIUE CH-
JIbI, KOTOPBIC BBI3BIBAIOT MPOTEKAaHUE BUXPEBBIX TOKOB. B pesynbTaTe B3amMoei-
CTBUS OETYIIUX MAarHUTHBIX TOJIEH C TOKAMH, MU WHIYKTUPOBAHHBIMUA BO BTOPHY-
HOM D3JIEMEHTE, CO3MIAIOTCS JIBE OJMHAKOBBIC MEXaHHYECKHE CHWIIBI, HaIpaBlICHHBIC
HaBCTpeYy JIPYT ApYry. ITU CUJIBI OYJAYyT YpaBHOBEUIUBATHCS, U BTOPUUHBIN AJIEMEHT
OyJeT HaXOUThHCS B (PUKCUPOBAHHOM IOJIOKEHUH, TTIOKa3aHHOM Ha pucyHke 2.50, a.

a o 8
4 3 4 3 4 3
OO OO OO0 O
ABI|CICBIA] | [{ ABICICB| | | [{ . |ABICICBIAl [{
2 2 2

Puc. 2.50. ITonoxxenust Bropuunoro snementa HIJIA/L;
@ — TIEpPBOHAYATIBHBIN PsI/i MOAKIIIOUEHHBIX K HAPSXKEHUIO KaTyllIeK 0OMOTKU
HIJTAL; 6 — oTKIOYEHHE MOCTAEAHEN KaTYyIIKU NePBOHAYaIBHOTO PAJIa;
6 — HOBBIN PAJI KaTyIIeK, MOIKIIOUEHHBIX K HAPSIKEHUIO
MIOCJIE COBEPILIECHMSI 111ara BTOPUYHBIM 3JIEMEHTOM

JInst coBepIieHMsl ara BTOPUYHOIO 3JIEMEHTa Ha OAHO 3yOII0BOE JI€JIEHUE OT-
KJIFOYAIOT OT MCTOYHUKA HANPSKEHUS TMOCIETHIO (KpalHIO MNpaByl0) KaTyIIKy
nepBoHavabHOTO psina (puc. 2.50, 6). Ilpu 3TOM TPOUCXOIUT HAPYLIEHUE CUMMET-
pUU BCTPEYHO OETYIINX MarHUTHBIX MOJIEH: MarHUTHOE T0JIe, OeryIiee cieBa Harpa-
BO, co3aaéTcsi TokaMu Tpex ga3 — A, B u C, U ABISIeTCS] CHMMETPUYHBIM (KPYTOBBIM),
a MarHUTHOE TI0Jie, Oerylee crpaBa HajeBo, co3naércs Tokamu aByX ¢as, B u C, u
CTAHOBHUTCSI HECUMMETPUYHBIM (AJUTUITUYECKUM).

[Ipu B3auMoneHCTBUM OETYIIMX BCTPEYHO MArHUTHBIX TOJIEW C TOKaMHU BO
BTOPUYHOM DJIEMEHTE CO3aI0TCS MEXaHUYECKUE CHIIbI, KOTOPhIE y)Ke He OyayT paB-
HbIMU TI0 BennuuHe. Cuia, NEUCTBYIOIAas Ha BTOPUYHBIA AJEMEHT cilieBa, Oyner
OoJibllle CHIIBI, IEUCTBYIOIIEH Ha Hero crpasa. [lox melcTBUEM pa3HOCTU ITHX CHUII
BTOPUYHBIN 3JIEMEHT HAuyHET JBUTAThCS ClieBa HAMpPaBO W OyJeT mepemMeniaTbes 10
T€X MOp, MOKa BCTPEUYHBIC CHUJIbI, MIPUJIOKEHHBIE K HEMY, HE CTaHYT PaBHBIMHU. DTO
MPOU30MAET MPU CMENIEHUH €ro BJIEBO TOYHO HAa OAHO 3yOuoBoe naenenue. s
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YCTOWYMBOW (PUKCALMK BTOPHUYHOTO 3JEMEHTAa B HOBOM IOJIOXKEHHH KOMMYTHPYIO-
I[ee YCTPOWCTBO OTKIIIOYAET OT MCTOYHHMKA HAMPSHKCHUS MEPBYIO (KPalHIO JIEBYIO)
KaTyIIKy 2 MepBOHAYAIILHOIO psJia ¥ MOAKIIOYAeT K HEMY KaTYIIKY, CISAYIONIYIO 32
nocJieqHeN KaTylIKoi nepBoHavaibHOro psana (puc, 2.50, 6). Co3ngaércst HOBBIU psif
U3 MOJKIIOYEHHBIX K UCTOYHUKY TPEX(PA3HOTO HAMPSHKEHUS IIECTU KATyIIeK, UICH-
TUYHBIA NIEpBOHAYaIbHOMY. /{151 coBEepIIEHU CIAEAYIONIErO IIara CHOBa OTKIIFOYAIOT
NOCJIENHIOK KaTylIKy HOBOTO psaa W Tak nanee. [Ipu 3ToM gocTuraercsi BBICOKas
TOYHOCTBH JMCKPETHOI'O IMEPEMEIICHUS TIIAJKOr0 JJIEKTPOIPOBOIAIIETO BTOPUYHOIO
AJIEMEHTA, T. K. BCTPEYHO OeryIie MarHUTHBIE MOJI aBTOMATUYECKH 00ECIeUnBaOT
CaMOCTaOMJIM3aLIMI0 BTOPHUYHOTO AJIEMEHTA B HOBOM IOJIOKEHHUU.

[IJTAJl, ommcaHHBINA BBIIIE, O00ECIEYMBACT JUCKPETHOE TEPEMEIICHUE BTO-
PUYHOTO 3JIEMEHTA Ha OJHO 3yOLI0BOE JIeJIeHUuE NHAYKTOpa t;. YBEIMUnTh Yncio ma-
roB nanHoro IIJIA/] MOXHO, KaK ¥ B IPEIbIAYLIEM BapUaHTE, YBEIMYECHUEM YHCIIA
AJIEMEHTApHBIX KaTyIIeK Ha KaxJaoM 3yOlie MHAyKTopa. JlanbHeilliee pacuivpeHue
JMana3oHa pPeryJMpoBaHUs BEIWYHMHBI Iara obecrieunBaer KoHcTpykius [IJTA/L,
UHIIYKTOP KOTOPOTO COCTOUT HE M3 OJHOTO, a M3 HECKOJIbKUX K mapaiiebHO pacmo-
JIO’)KEHHBIX OJMHAKOBBIX CEPIECYHUKOB C OOMOTKaMH, KAaTyIIKH KOTOPBIX 00pa3yroT
IIPOJIOJIBHBIE U MTOIIEPEYHBIC PSIbI.

MuHuMaibHas BEJIWYMHA LIara BTOPUYHOTO BJIEMEHTA JJIsl TaKOTO IIaroBOro
JIMHEWHOI0 ACUHXPOHHOI'O JBUIaTelIsi COCTABUT IIPU OJHOM OTKIIOUYEHHOW DIIEMEH-
TapHOM KaTyIIKe B TIOCJICTHEM MTOTIEPEUYHOM PSITy Ha OJJHOM M3 K cepieYHHKOB:

t. = L
min n . k ]
rae N — KOJMYECTBO JIEMEHTapHBIX, OJIMHAKOBBIX KATYIIEK HA KaXKJI0M 3yOlIe;
k — konmmyecTBO cepaeyHrKoB HHayKTOopa ITIJTA /.

MaxkcumanbHasi BeTUYMHA JUCKPETHOTO MEpPEMEIICHHUsST paBHA OJHOMY 3yOI10-
BOMY JICJICHUIO {; MpH BCEX OTKIIOUEHHBIX KATYIIKAX B MOCIEAHEM MONIEPEYHOM Py
KaTyIlIEK.

B o6mem Bune st LIIJTAJL, cocTosimiero u3 HeCKOJbKUX CEPACUYHUKOB, BEIIU-
YYHA 11ara BTOPUYHOIO 3JIEMEHTA ONPEAEIISIETCS] COOTHOIIEHUEM:

t. = L m-1I
n-k
rac M — KOIHUYECTBO KaTyIlICK, OTKJIIOYEHHBIX HA KaXXJ10M U3 | u3 k CCPACYHHKOB B
IIOCJIEAHEM ITOIIEPEUYHOM PALY,
| — KOJIMYECTBO CCPACHYHUKOB, Ha KOTOPBIX €CTb OTKJIIOUYEHHBIE HA 3y6uax I10-
CJIETHEr O MOMEPEYHOTO PAa KaTYIIKU.

VYBenuuuBas KOJUYECTBO MNapaslieiIbHBIX CEPACUYHUKOB M KaTylIeK OOMOTKH,
pa3MEeUIEHHBIX HAa KKIOM HX 3yOlle, MOXHO PacIIMPUTh TUANa3oH pPEryIrupOBaHUS
BEJIMYMHBI JUCKPETHOT'O MEPEMEIIEHNS BTOPUYHOTO 3JIeMeHTa. Eciau KoJm4yecTBo de-
MEHTApHBIX KaTYyIIEK, OTKIIOYEHHBIX Ha 3yOllax pa3jM4YHBbIX CEPIACYHUKOB B MOCIE-
HEM IONEPEYHOM DSy, HEOJAMHAKOBO, TO YHCIO IIarOB BTOPUYHOTO JJIEMEHTA €IIE
BO3pACTET M BEJIMYMHA I11ara B 0011IeM BUJIE MOXET ObITh paccuuTaHa no ¢opmye

66



t= nfk(a1+a2+a3+...+ak):tmm(a1+a2+a3+...+ak),

rae ai, ap, as, ... dx — KOJWYECTBO DJIEMEHTAPHBIX KAaTYIIEK, OTKIIOUEHHBIX HA MEp-
BOM, BTOPOM, TPETHEM U T. 1. U nocneaHeM cepaeunuke IJTAJ] B mocnegnem nome-
PEYHOM psify.

Koncrpykuuu [IJIAJ] uMEOT NEPCNEKTUBBI AJIsl UCIIOJIb30BAHUS B IIArOBBIX
ANEKTPOINPUBOAAX, B KOTOPBIX HE TPEOYIOTCS OOJIbIIME MEXAHWUYECKUE YCWIIMS, B
YCTPOMCTBAX I TOYHOTO IO3ULHOHUPOBAHMS DIIEKTPONPOBOIAIIMX JETACH Ha
MAarHUTHOM MOJIBECE, B IBYXKOOPAWHATHBIX MPUBOJAX JUCKPETHOTO NEPEMEIICHUS.

®usnueckue npoueccsl, npoucxongmue B ALLJ[ u TIJIA] npu BKIIOYEHHBIX
KaTyllIKaX 0OMOTKH, BO MHOTOM HMJICHTUYHBI IIPOIIECCaM B ACHHXPOHHBIX MalllMHAX B
pEXKUME KOPOTKOTO 3aMbIKaHHS U MIPUBOJAT B KOHEYHOM CUETE K HArPEBAHUIO JIBUTA-
Tenei. [ cHKeHHs CTeneHu HarpeBa MHAYKTOpa U poTopa (BTOPUYHOIO 3JIEMEH-
Ta) MOCJE COBEPIICHMsS IIara MOXKET ObITh MCIOJIb30BaHa MeXaHW4ecKas (UKcarus
poTOpa WIM BTOPUYHOTO 3JIEMEHTA B HOBOM IOJIOKEHUU C MOCIEAYIOIIUM OTKIIFOUE-
HUEM OOMOTKHM OT UCTOYHUKA HAMPSDKEHUS. Y BEJIMUEHUE BO3AYITHOTO 3a30pa BIIUSET
HAa TOK IIPU KOPOTKOM 3aMbIKAHUY aCUHXPOHHOM MAIIIMHBI, & UMEHHO IIPUBOJUT K €TI0
ymeHnbliennto. [Tostomy B [IIJIAJ] ¢ HEMarHUTHBIMUA BTOPUYHBIMU 3JIEMEHTAMU TOK
MPA KOPOTKOM 3aMBIKAHMHM U3MEHSECTCS HE3HAYMTEIBHO IO CPABHEHUIO C PEKHUMOM
XOJIOCTOTO XO/1a.

3 CUHXPOHHBIE SJIEKTPUYECKHUE MAIIWHbI

3.1 O0mue cBegeHUA

Cunxponnwvie mawunpt (CM) UMEIOT OJUHAKOBBIE YaCTOThI BpAIIEHUSI POTO-
POB U MarHUTHBIX TOJIEW U MOTYT paboTath B kauecTBe reHepaTopoB (CI'), cHHXpOH-
HbIX aurareneit (C/]) u komneHcaTopoB peakTUBHOW MOIIHOCTH. OCHOBHAsI UX OCO-
OEHHOCTh B TOM, YTO MHAYKTOPOM CHHXPOHHOW MAILMHBI SIBISETCSA POTOP, IO OOMOT-
K€ KOTOPOTO MPOTEKAET MOCTOSIHHBIA TOK U CO31a€T OCHOBHOW MAarHUTHBIN MOTOK, a
SKOpeM — cTaTop ¢ Tpéxdaznoit oomMoTkoil. ['maBHEIM 00pazom CM uUCIONB3YIOTCS B
KaueCcTBE reHEepaTOpPOB Ha JIEKTPOCTAHIUSAX, 10 TUITY TYPOUH MX MOAPA3IEIISIOT Ha:

® mypbozenepamopsl, POTOPbl KOTOPBIX MPUBOJIATCS BO BPAILIEHUE MAPOBHI-
MU WJIHA Ta30BBIMH TypOWHAMHU, MPUUEM YacTOTa UX BpaieHus coctasisier 1500 unu
3000 06/MuH, OITOMY TypOOT€HEPATOPHI BHITIOJHSAIOT JABYX- WM YETHIPEXIIONIOC-
HbIMUA. OHHM IPUMEHSIOTCS Ha BCEX TETUIOBBIX U ATOMHBIX 3JIEKTPOCTAHIIUSAX;

® 2udpozenepamopsl, POTOPbI KOTOPBIX MPUBOJATCS BO BpPALIEHUE BOASHBIMU
TypOuHamu. YacTtoTa BpalleHUsl 3TUX 3IEKTPUUECKUX MAIMH HEBEJIMKa, OOBIYHO €€
nuana3zoH cocrtabiger 60—-500 00/MHUH, TO3TOMY [IJIsi MOJYYEHHUS BJIEKTPOIHEPIHU
MPOMBIIUIEHHON YaCTOThI YHCIIO MOJTIOCOB TMAPOTEHEPATOPA 3HAUUTEIILHOE.

CHUHXpOHHBIE JIBUTATEIN MPUMEHSIOTCS B AJIEKTPONPHUBOJAX, TE TpeOyeTcs
HEU3MEHHOCTh YaCTOTHI BPAIICHUS TPU U3MEHEHUH HArpy3Ku, HapuMep B IPUBOAAX
KOMIIPECCOPHBIX YCTAHOBOK.
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Cunxponnvie komnencamopwvi (CK) 1o cBOel CyTH SIBISIOTCS CUHXPOHHBIMU
JABUTATEISIMH, PAOOTAIOIIMMHU Ha XOJIOCTOM XOJy B peXHUME NepeBO30YKIEHUS U Te-
HEPUPYIOLIUMU B CETh EMKOCTHBIH TOK.

Poccuiickas @enepanusi HaXOAUTCS B YHCIIE NEPENOBBIX CTpaH, CIOCOOHBIX
IPOU3BOAUTh MOILHBIE CUHXPOHHBIE MAIIUHBI AJi 3JIeKTpocTaHuui. [Ipu n3rotos-
JIEHUM M HKCIUTyaTalMi IIMPOKO UCIOJIb3yEMbIX MOILHBIX CHHXPOHHBIX T€HEPATOPOB
OUYEHb Ba)XKHBI BOIIPOCHI, CBSI3aHHBIE C OXJIAKICHUEM aKTUBHBIX 4acTed MaimuH. Jis
OXJIQXKJIEHHUsSI 0OMOTOK poTOpoB U cTaTopoB CI' MCHONB3YIOT BOJOPOA U BOAY, KOTO-
pbl€ CIIOCOOHBI MHTEHCHUBHO OTBOJUTH TEIIO0. KpHOreHHbIE TEXHOJOTWMU IO3BOJIAT
PE3KO CHU3UTH rabapuThl U MACChl CHHXPOHHBIX MAaIllUH IIPU COXPAaHEHUU HEO0OXO0Iu-
Moi moiHoctu. B CCCP, B Jlenunrpane, B uncturyre BHUMOJIEKTPOMALLIL, non
pykoBozacTBoM akaaemuka M. A. I'me6osa B 80-X rogax ABaAIaToOro Beka ObLT paspa-
00TaH ¥ U3TOTOBJIECH TYpPOOT€HEPATOP CO CBEPXIPOBOIAIIMMHI OOMOTKAMH, OXJIAaXk/1a-
€MBIMU JKUIKUM TeJIieM, MOIIHOCTBhI0 20 MeraBaTT. DTOT reHepaTop ObLI MOAKIIO-
4€H K 3JIEKTpOceTU JIeHuHrpasa u cHabXaj ropoJi 3JeKTpruuecKoi sHeprueil. Boico-
Kasi CTOMMOCTbh KPUOTE€HHBIX TEXHOJIOTUN HE MO3BOJISET UX LIUPOKO HUCIIONIb30BaTh B
HACTOSIIIEEe BpEMsI 11l TEHEPALUU 3JIEKTPOIHEPIUH.

3.2 KoHCTPYKIIMA ¥ IPUHIUAIN AeHCTBUSI CAHXPOHHBIX MAIINH

Cunxponnoii Ha3bIBAECTCA DJIEKTPUYECKAs] MAlIMHA NEPEMEHHOIO TOKa, y KO-
TOPOM YacToTa BpallleHHs] POTOpA paBHA YACTOTE BPALEHUSI MATHUTHOTO IOJS CTa-
Topa. CHHXpOHHAs 4acTOTa BPAIEHUS] MAarHUTHOTO MOJIS:

= 60 f
1 D .

[To KOHCTPYKIIMU CTAaTOpP CHMHXPOHHOM MAaIIMHBI aHAJIOIMYEH CTaTOpy AaCHUH-
xpoHHOM MamuHbl. Cepreynuk craropa CM HaOupaercss U3 OTAEIbHBIX IJIACTHH
AJIEKTPOTEXHUYECKON CTaIM M COAEPKUT Masbl i pa3MeleHus TpéxgpazHoit oOMOoT-
KU TIepeMeHHOro Toka. KoHcTpykTuBHbIE HcnonHeHus: ctatopoB CM MHOT000pa3HbI
Y 3aBUCAT OT WX Ha3HAUYEHUS U MOITHOCTH.

PoTop CMHXpOHHOI MalIMHBI COCTOUT U3 Baja, CEPACYHHKA U OOMOTKHU BO3-
OyxzaeHus. B 3aBucumMocTH 0T KOHCTpYKIMHU poTtopa CM ObiBatot (puc. 3.1):

® HESBHOMOJIOCHBIC (C HEIBHO BHIPAKCHHBIMU TIOJTIOCAMHU);
® SBHOIOJIFOCHBIE (C SIBHO BBIPAKEHHBIMH TOJIFOCAMU).

Hessnononocuvie pomopsl TPUMEHSIOTCS B MalllMHAX, paOOTAIOIIMX MPU BbI-
cokux 4dactoTtax BpameHus (061940 1500 mwmm 3000 o6/muH). B TypOorenepaTopax
TEIJIOBBIX M aTOMHBIX 3JIEKTPOCTAHIIMN YCTaHABJIMBAIOT HESBHOMOJIOCHBIC, WITU
TJIaJIKKE, POTOPHI. AKTHBHAsS JIJTMHA TaKOTO POTOPA MOXKET JOCTUTaTh BOCBMH MET-
POB, a €ro AMaMETP — MOJyTOpa METPOB. Takue pOTOPHI BHITIOJHSIOT CILIOMIHBIMU U3
IIEJTBHBIX TIOKOBOK 0C000 MPOYHOM JISTUPOBAHHOW CTayd. B ma3el poropa ykiaapiBa-
10T 0OMOTKY BO30YKJICHHUS, KOTOpast B Tla3aX KPEHMUTCS MPU TTOMOIIY ATFOMUHUEBBIX
KJIMHBEB, a €€ JJOOOBBIC YaCTH 3aKPHIBAOT CTATBHBIMU BTYJIKAMHU — KaITlTaMH.
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HesaBHOMOIIOCHBIHM SIBHOIIOJTFOCHBIN
poTop potop

Puc. 3.1. KOHCTpYKTHBHBIE CXE€MbI pOTOPOB CUHXPOHHBIX MallTUH

[Tomtockl B s8HONOMIOCHBIX pomopax MOITHBIX CM Han&xXHO KpersITcss K 0001y
poTOpa, HalpuMep, NPU MOMOIIH «JIACTOYKUHBIX XBOCTOB». 110JIFOCHI UMEIOT pa3BHU-
TYI0 MOBEPXHOCTh, OOpAIIEHHYI0 K BO3AYIIHOMY 3a30py, KOTOPYIO Ha3bIBalOT IO-
JIOCHBIM HaKOHEYHUKOM. Ha mosnrocax pa3MemaroT KaTylKiu 0OMOTKH BO30YXAEHUS,
a B MOJIOCHBIX HAKOHEYHHKAaX 4acTO PACMOJAratoT CTEPKHU KOPOTKO3aMKHYTOU 00-
MOTKH, KOTOpasi Ha3bIBaeTCs JAeMI(pepHON (YCIOKOUTENbHON) U NMpeaHa3HayeHa s
oOecrieueHus 3aTyXaHus KoJieOaHUM poTopa, BOZHUKAIOIINX B IEPEXOAHBIX PEKUMAX
paboTtsl CI', a Takke UrpaeT posib MyCKOBOM OOMOTKHM B CHHXPOHHBIX JBUTATEIISX.

VY CHHXpPOHHBIX I'€HEPATOPOB MAJIOH MOILIHOCTH Ha POTOPE MOTYT HCIOIb30-
BaThCsI IOCTOSIHHBIE MArHUTHI.

ObmoTka B0o30yxaeHuss CM muTaeTcsl MOCTOSHHBIM TOKOM, KOTOPBIM MOMKET
II0/1aBaThCS B POTOP IIPU MMOMOIIM KOHTAKTHBIX KOJEI] ¥ IETOK OT BHEIIHETO UCTOY-
HUKa, OT T'€HepaTopa IOCTOSIHHOIO TOKA, PacHOJIOKEHHOTO Ha OJHOM Bally C pOTO-
pOM CHUHXpOHHOW MamuHbl. OOMOTKa BO30YKJIEHUS CUHXPOHHOH MalllMHBI MOXET
[10JIy4aTh NOCTOSIHHBIN TOK OT BBIIPSIMUTEIS, BCTPOEHHOTO B POTOP, BBIIPSIMIISIFOLIE-
ro NEPEMEHHBIN TOK, MOTYyYEHHbIH OECKOHTAKTHO MHIYKIIMOHHBIM ITYTEM.

[IpyHIMTO AEUCTBHSI CHHXPOHHOIO T€HEPATOpa COCTOUT B caeayromieM. Porop
CI' npuBOaUTCS BO BpAlllEHUE NP IMOMOIIM MEPBUYHOTO JBUrarens (maposas, ra3o-
Basl WJIM TUAPOTYpOMHA, TM3€Ib, BETPOABUTATENb U T. /1.), U €My cOooOIIaeTcs Mexa-
HUyeckas 3Heprusi. OOMOTKY BO30YKI€HUS MOJKIIIOYAIOT K HCTOYHUKY MTOCTOSITHHOTO
TOKa, KOTOPBIA CO3/1a€T OCHOBHOM MArHUTHBIA MOTOK MamuHbl. OCHOBHOW MAarHMT-
HBII TOTOK poTopa (MHAYKTOpA) MPH BpPALIEHUU MEPECEKAET MPOBOJHUKH OOMOTKHU
cTaTopa (sIKkops) 1 HaBOAUT B HUX Tpéxdasznyro DJIC, BennurnHa U 4acToTa KOTOPO
IIPSAMO MPONOpPUUOHANBHBI yuciy noitocoB CI' m yactore BpameHus poropa. Ilpu
MOJIKJIFOUEHUH K BBIBOJAM CTAaTOPHOW OOMOTKM Harpy3ku B MPOBOJHUKAX OOMOTKH
cTaTopa MOTEKyT TOKH, COOTBeTCTBYIomuUe (azam la, 1z, lc. Takum oOpazom, mexaHu-
yeckasi SHeprusi mnpeoOpa3yeTcss B DJIEKTPUUYECKYI0O B CHHXPOHHOM Te€HepaTope.
Tpéxdazubie Toku cTaTopa (AKOps) co3MaAyT CBOE Bpallarolieecs MarHuTHOE TOJIe,
KOTOpoe OyJIeT BpaIaThCsi CHHXPOHHO C POTOPOM.
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3.3 Peakuus AKOpsi CHHXPOHHOI'O TeHepaTopa

B cuHXpoHHOM TreHeparope, paboTaolIeM IOj Harpy3Koiu, JEHCTBYIOT ABE
MAarHUTOABUKYIIIUE CUJIBI:

o MJIC sxops Fj;

e MJIC Bo30yx)neHus F.

OCHOBHOI MarHUTHBIMA MOTOK CHHXPOHHOrO reHeparopa cosnaércs MJIC o00-
MOTKH BO30YXIEHHS, PACIOJOKEHHOM Ha €ro potope (MHAYKTOpE), & MAarHUTHBIN
notok sikopsi (craropa) — MJC sikopsi. Bennunna u Xapakrep MarHUTHOTO TMOTOKA
AKOPS OKa3bIBAIOT OOJIBIIOE BIMSIHKUE Ha pabOTy CHHXPOHHOTO reHepaTopa.

JleficTBHEe MarHMTHOTO TIOTOKA SIKOPs (CTaTopa) Ha OCHOBHOE MarHUTHOE T0JIe
MAaIllMHbl Ha3bIBAETCS peaxyuel sIKops CUHXPOHHO20 2eHepamopa. Peakuus skops
UCKa)KaeT U OcJIaisieT OCHOBHOE MarHUTHoe mnose mamuubl. Peakuus sikopst CI' Bo
MHOI'OM aHAJIOTMYHA PEAKINU AKOPS B MAIIMHE IMOCTOSHHOTO ToKa. Ho €€ BiusiHuE B
CT" 3aBUCHUT HE TOJBKO OT BEJIMYMHBI, HO U OT XapaKTepa Harpy3ku (aKTUBHas, WUH-
OyKTuBHasg uinu émkoctHas). J/1C, nHaQyKTUpOBaHHasi B CTATOPHOM OOMOTKE OCHOB-
HbIM MarHUTHBIM IOJIEM, OTCTAET OT MArHUTHOTO MOTOKA Ha yroJi, paBHbid 90 rpany-
caM, a Tok | 3anumaer no otHomeHuto K DJIC paznuuHble MOJ0KEHUS, ONpeaesie-
MBIE YTJIOM .

1 AxtuBHas Harpy3ka (Tok u DJ1C ¢a3sl craropa coBnaaroT) (puc. 3.2).
[ |E Fg
y=0°
o

Puc. 3.2. AxtuBHas Harpy3ka CI'

O/1C u Tok coBmanarT 1o ¢daze, T. €. y = 0, Ipu ITOM MarHUTOBUKYIIAS CH-
na sikopsi Fa JAeficTByeT MmepreHauKyIsIpHO MarHUTOJBIDKYIIEH cuiie BO30YKICHMUS
F:. B 9TOM cilydae peakiusi SKOpsi TOJIbKO YMEHBIIIAET OCHOBHON MarHUTHBINA MOTOK
BO30YKICHHUS.

2 WunyxtruBHAs Harpyska (puc. 3.3).

- v =90°

ol
5|

il

Puc. 3.3. UnayktuBHas Harpy3ka CI'
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[Tpu unpykTuBHONM Harpyske Tok oTcTaét oT J/C Ha yrom B 90 rpamycos.
Marnutonsuwkymas cuia sikops Fa W MarHUTOABIDKYINAs cuia BO30OYkIeHHs Fy
HaIpaBIICHbI HABCTpPeUy IpYyT ApYry. B aToM ciydam peakuus sikopsi ocnadisieT oc-
HOBHOE MAarHHTHOE TI0JIC, HJIM, KaK TOBOPST, PEaKIHs SKOPsS HOCHT MPOJOJIBHO pas-
MarHHYMBAOIIIIA XapaKTep.

3 EmkocTtHas Harpyska (puc. 3.4).

Y= —900 Fb

Puc. 3.4. Emxoctuas narpyska CI*

[Ipu émkocTtHOM Harpy3ke Tok onepexaer DJIC Ha yron B 90 rpamycoB. Mar-
HUTOJBIDKYIIAs cuiia sikopsi Fa 1 MmarHuToaBIKYIIast cuia Bo3OyxaeHus F, Hampas-
JIEHBI COTJIACHO JIPYT NIpyTy. B 3TOM ciyuae peakuus sIKOpsi yCUIMBAET MAarHUTHBIN
MMOTOK MAIIIUHBI, T.€. HOCUT MPOI0JIbHO-HAMArHUYMBAOUIUN XapaKTep.

Takum oOpa3zoM, MpU OTCTAIOIIEM TOKE PEAKIUs SKOPS pa3MarHW4YMBaroIas, a
MIPHU OTEpeXKaroleM — HaMarHMYUBaroIIasl.

Ha npakTuke CHHXpOHHBIE T€HepaTopbl pabOTalOT HAa CMEIIAHHYIO HArpy3Ky
(kak, MpaBWJIO, aKTUBHO-UHAYKTUBHYIO). [Ipy aKTUBHO-WHIYKTUBHON Harpy3ke TOK
aKops sBisieTcs: oTcraromum oT DJ[C, a mpu aKTUBHO-EMKOCTHOM (TaKyr0 Harpys3ky
MOKHO CO371aTh B 1a00OpaTOPUM) — ONEPEIKAIOIINM SJEKTPOABIKYLLYIO CHITY.

3.4 Peakuus sikopst CI' npu cMeIaHHO# Harpy3ke

HauGonee 4acTo CHHXpOHHBIE TEHEPATOPHI pabOTAIOT HA CMEIIAHHYIO HArpy3-
Ky, KOTOpas MMEET aKTUBHO-WHAYKTUBHBIA Xapakrep. [Ipr akTUBHO-MHIYKTUBHOU
Harpys3ke Tok skops (craropa) Oynet orcraBath oT DJC Ep, KoTOpas UHIYKTUPYETCSI
B CTATOPE AKOPSI OCHOBHBIM MarHUTHBIM ITOTOKOM.

[Tokaxxem 3TO Ha BEeKTOpHOM Auarpamme (puc. 3.5).

Y
=
LL 7
.FWE \L‘
\
il I~
Fod qu

Puc. 3.5. AxtuBHO-uHAYKTHMBHAs Harpy3ka CI'
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O06o03HaueHMs HA BEKTOPHOU fuarpamme (cM. puc. 3.5):

Fa — MJIC sikops (peakuust sikopsi); |1 — Tok dassl sxops (craropa); Eo— 3/C,
WHIYKTHPOBAHHAS OCHOBHBIM MarHUTHBIM ITOTOKOM B (ha3e OOMOTKH SIKOPSI.

[Tpn aHanmu3e CHHXPOHHBIX MAIIMH YaCTO HCIIOJB3YIOT TMPUBS3KY OCHOBHBIX
BeJIMYMH U mapameTpoB CM K NpOAONBHBIM U TOmNEpedHbIM ocsiM d U (, mpudém
IPOJI0JIbHAS OCh 0 MPOXOAMT B SIBHOIOJIOCHOW MAIIIMHE IO MYTH «CEePACYHHMK CTAaTO-
pa — BO3IYUIHBIN 3a30p — MOJIOC POTOPa — SIPMO POTOPa — MOJFOC POTOPA — BO3TYIII-
HBIH 3a30p — CEPACUYHUK CTaTOPay.

[Tonepeunast och (| MPOXOAMT MO MYTH «CEPIACUYHUK CTATOPA — MEXKITOTIOCHOE

MMPOCTPAHCTBO POTOPA — POTOP — MCEIKIIOJOCHOC ITPOCTPAHCTBO PpOTOpPA — CCPACUHUK
craTopa».

OmnpenenuM OpTOroHATBHBIC MPOSKIMH ToKa sskopst 1 MJIC peakiuu skopst Ha
ocud m Q.

[IponosibHAst COCTaBIAIONIAS TOKA AKOPSI:
I, =1,cosvy.
[TonepeuHas cocTaBiIAIOIAs TOKA SIKOPS:
I, =1siny,
Amnanorunyno npoekuuu M/IC sikops
F.q =F,siny;
F,, = F.cosy.

B cimydae akTMBHO-EMKOCTHOM HArpy3Kd TOK cTaTopa (sSkops) OyAeT orepe-
xatb DJIC Ey (puc. 3.6).

- S

Puc. 3.6. AxtuBHO-EMKOCTHas Harpy3ka CI'

[Ipyu akTUBHO-UHAYKTUBHOW Harpy3Ke CUHXPOHHBINA T'€HEPATOP pa3MarHu4nBa-
€TCsl, @ IPU AKTUBHO-EMKOCTHOM — ITOAMArHUYUBACTCHI.
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3.5 YpaBaenue I/{C cHHXPOHHOI0 SIBHOIIOJIIOCHOTO FeHepaTopa

HanpsikeHue Ha 3aKkuMax CUHXPOHHOT'O TeHepaTopa Ha XOJOCTOM XOAy OyaeT
OTJIMYATBCSL OT €0 HAMPSIKEHUS TOJ] HAarpy3Ko. IT0 OObSICHIETCS JACUCTBUEM Mar-
HUTHBIX MOTOKOB PEAKLIHH SIKOPS U PACCESHUS, MMAICHUEM HAIPSIKEHUS B LEMU KO-
ps. B MarauTHOM 1eNM CHHXPOHHOIO I'€HEpATOpa NCHCTBYIOT OCHOBHOW MAarHUTHBIN
NOTOK, MAarHUTHBIE ITIOTOKU PEAKIUU SIKOPS U PACCESHUA.

JIns1 OLIEHKM NEMCTBUS 3TUX MAarHUTHBIX MIOTOKOB HA HAIPSXKEHUE CUHXPOHHO-
ro reHepaTropa pacCMOTPHUM UX JEUCTBHUE 10 OTAEIBHOCTH.

OdeBuaHO, YTO B OOIEH MAarHUTHOW CHUCTEME CHHXPOHHOTO Te€HepaTtopa BCe
MarHuTHBIC TIOTOKA OYAYyT CKIIQIbIBATHCA W CO3/1aBaTh OOIIMNA MarHUTHBIN TOTOK,
OJIHAKO JUIsl aHAJIU3a BO3JCHCTBUS ATUX MOTOKOB Ha BenuuuHy HampskeHus CIT Mbl
PacCMOTPUM HX IO OTJEIBHOCTH.

OCHOBHOW MarHMTHBIA MOTOK, CO3JaBaE€MbIii MHAYKTOPOM (pOoTOpoMm), OyjaeT
HUHIYKTUPOBATh B Kax o (aze crtatopa (sikopsi) IUC Eop:

cI)OCH - E 0"
[Ipu pabote reneparopa moj Harpy3Kol TOK SIKOpsl OyAeT co37aBaTh MarHUT-

Hblii oTok sikops O, , xoropeiii cosnan F, , u onu Gyayr uagykruposars E,
F->®,>E,.
DJC E, — aro DJIC, uaayktupoBanHas B (asze craropa (SAKOpPsA) MArHUTHLIM

MIOTOKOM PEaKIIUU STKOPSI.
[Ipu anamusze F, pasmararor Ha cocrassomue 1o ocsm d u Q:

E=F, +F,.

Maruurozasrkyiue cunsl By 1 Fy, GyayT co3naBaTh MarHuTHbIC TOTOKH, KO-

TOpbIE UHAYKTUPYIOT B Kaxk a0 (aze sikops (cratopa) D/1C Ead 151 an.

Toxk craropa (sSKOpsi) KpOME BpalIaIOIErocs MarHUTHOTO ToJis OyAeT co3ia-
BaTh JIOMOJHUTEILHO MarHUTHBIM MOTOK PACCESHUSI, KOTOPBIA MHAYKTHPYET B KaK-

noii ero ¢asze DJIC paccesnus Eg, paBubie:
Es =—11%,

Xs — UHIIYKTUBHOE COMIPOTUBJICHUE paccessHus (a3bl cTaTopa.

Kpome BJIC mpu paboTe CHHXpPOHHOTO T'eHepaTopa IO Harpy3kod OyaeT
MMETh MECTO Ta/ICHHE HAMPSHKEHUS Ha aKTHBHOM COINIPOTHUBJICHUH (Pa3bl cTaTopa:

B pesynbrate Hanpsokenue dasel craropa CI' cocTaBuT:

U =E,+E, +an +E -,

73



IIpencTaBuM 3TO ypaBHEHME B ApyroM Buje, Beipasus E,, E, u E; yepes co-
OTBETCTBYIOIINE TOKU U HHIYKTUBHBIE COIPOTUBIICHNUS:
E.o =—11gXaas
Eaqg = — 1 X
Es =—J1%.
B utore nocine npeoOpa3zoBaHUil MOITyIUM:
Ul = E0 - Jldxad - quxaq - I1XS - IlrS'

lg, ¢ — TOKM siKOps (cTaTopa) MO MPOAOJIBHOM U MOMEPEYHOU OCIM;

Xad — CHHXPOHHO€ MHAYKTHUBHOE COIPOTUBIICHUE, YUUTHIBAIOIIECE ACHCTBUE pe-
aKLUU SIKOPS MO MPOJOJIBHOW OCH (3aBUCUT OT HACBILICHMSI, IPU YBEJIIMYEHUH HACHI-
IIEHUS Xad YMEHBILIAETCS);

Xaq — CHHXPOHHO€ MHAYKTUBHOE CONPOTUBIICHUE, YUUTHIBAIOLIECE ACHCTBUE pe-
aKUUU SIKOpS MO MOMEPEYHON OCU (OT HACBIILIEHUS HE 3aBHCHUT, TaK KakK OOJBIIYIO
4acTh IIyTH MarHUTHBIN NOTOK D¢ MPOXOAUT IO BO3ZIYXY).

Ecnu ICHCPATOP BBIINOJIHCH HCABHOIIOJIIOCHBIM, TO MAaIrHUTHBIC IIPOBOJUMOCTH
poTopa 110 HpOI[OHI:HOI‘/JI u HOHGpG‘lHOﬁ OCsiAM OJWMHAKOBEBI, 1 HCT HCO6XOI[I/IMOCTI/I pas-
JaraTb pCakKIUIO AKOpA Ha COCTABJIAIOIINC, 1 OHA MOZKCET OBITH yY4TCHa 3HAYCHUCM

E., paBHOM:
Ea - — J lea .
Torna ypaBuenne J/C:
U =E, - I,x,—1,Xxs =11,
DT0 ypaBHEHHE MOXHO NMPeoOpa3oBaTh ¢ y4ETOM TOTO, YTO:
_Jll(xa +XS):_JI1Xc-
B pesynprare nonyunm:
U, =B, - Ix. - 14K,
X, — CHHXPOHHO€ MHAYKTUBHOE CONPOTHUBIICHHUE, YUYUTHIBAIOIICE ACHCTBUE pe-
aKIMU SIKOPS U MarHUTHOTO TTIOTOKA PacCesiHUs.

3.6 BekTopHasi ;uarpaMMa CHHXPOHHOI0 SIBHOIIOJIKOCHOT0 reHepaTropa
IPHU AKTUBHO-UHAYKTHBHOM HArpy3Ke

Bekropuas auarpamma (puc. 3.7) — rpaduyeckass HHTEpPHpETans ypaBHEHUS
OJ1C CMHXPOHHOTO TeHEepaTopa:

U, =By — jlgXe = J1gXeq = 1iXs — 11T .

aq

JI71s1 MOCTpOEHUS AUArpaMMbl JOJDKHBI ObITh M3BeCTHBI 3HaueHus DJIC u Toka
(da3el cTaTopa, yroa casura Mexay JJ[C u Tokom, a Takke — mapaMeTpbl MaIlIUHEI.
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Puc. 3.7. BektopHas nuarpamma CI” mpu akTHBHO-MHIYKTHUBHOM Harpyske

[TopsnoK MOCTPOEHUS BEKTOPHOU THAarpaMMBl:

1 Bektop EO B MacuTabe HanpspkeHus (My, B/MM) HanpasisieM BEpTUKaIbHO
BBEPX.

2 C oTcTaBaHUEM K BEKTOPY E, Ha YroM \y OTIOXKHM BekTop |, B MacmTabe
Toka (Mj, A/MMm).

3 Ompenenum opTOroHaabHBIE IPOeKIKy TOK |, Ha ocu d u (.

4 CtpouM B MaciiTade HANPsDKECHHUS BEKTOP MaJICHUS HATIPSHKCHUS —JXagld, KO-
TOPBIN HaIlpaBJI€H BEPTHKAIBHO BHU3.

5 Crpoum B MaciTabe HanpsbKEHHUS BEKTOP MaICHHUS HAPSIKCHUS —JXaqlg, KO-
TOPBIN HAMpaBJIeH NEPICHINKYIAPHO BEKTOPY —JXadld.

6 Crpoum B MmaciuTabe HampsuKeHHsT BEKTOP —j |;Xs , KOTOpBIH mepIeHIuKyIs-

PEH BEKTOPY I,

7 CtpouM B MaciiTabe HanpspKeHust BEKTop 1161, KOTOPBIN nmapalijiesieH BeKTO-
pyl;.

8 CoeguauB KOHel BekTopa liFi ¢ HavyamoM KOOPIWHAT, MOJIYYHM BEKTOP
Hanpsokerus U,

Ota BEKTOpHasi AMarpaMMma HOCUT Ha3zBaHMe «auarpamma binonaemns». [pu no-
CTPOCHHH BEKTOPHOW IuarpaMMbl sBHOMOMIOCHOTO CI' 0OBIYHO HE YUUTHIBAIOT TajIe-
HUE HaNpsOKEHUS HAa aKTUBHOM COMPOTHUBICHUU (ha3bl OOMOTKHU SKOPS M3-3a HE3Ha-
YUTENHFHOW €ro BenMW4uHbl. M3 aumarpamMmbl BHIHO, YTO C POCTOM TOKa HArpy3Kd
Hanpspkenue CI' OynmeT cHWXKAThbes W3-3a pa3MarHUYHMBAIOIIETO JEHCTBUS PEaAKIIHH
SKOPSI.
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3.7 XapaKkTepuCTHKH CHHXPOHHOI'0 reHepaTopa

st casitust xapakrepuctuk CIT cobupaercs cxema (puc. 3.8).

CtaTop

(AKOPbL) @ @

MHauxTOP OBF/ h- Ojr
(pOoTOP) /
\

LA YRS

Puc. 3.8. CxeMa i1 CHATHS XapaKTEPUCTUK CUHXPOHHOTO T€HepaTopa

Xapaxkmepucmuka xo010cmo2o xo0a npeacTaBisier coboil 3apucumocts IC
CHHXPOHHOT'O I'eHeparopa OT Toka Bo30yxaenus — Eo = f (1), n = const, I, = 0. s
CHATUS XapakTepUCTUKU X.X. CI' BKIHOYAKOT MEPBUYHBIN JBUIATENb U MOJAIOT IIO-
CTOSIHHBIM TOK B OOMOTKY poTopa (pyOusibHUK Pi 3aMKHYT). YBeIUYUBaAIOT TOK BO3-
OyK/I€HHS U 3alMCHIBAIOT NIOKa3aHUS BOJBTMETPA B LIETIH CTAaTOpa. XapaKTepUCTHKA
xousocroro xoaa CI' noka3zana Ha puc. 3.9.

=

Lo

Puc. 3.9. Xapakrepucrtuka xonocroro xoaa CI’

Hazpy3zounwie xapakmepucmuxku CI' (puc. 3.10) npencrasisitor coOoi 3aBU-
CUMOCTH HaIpsOKEHUS Ha 3KMMax reHepaTopa OT TOKa BO30YKIEHUS MPHU HEU3MEH-
HOCTH ToKa sikops (ctaropa). U; = f (I;), n = const, |; = const.

U
IOU:O
Iol
IOB
IO3

0 Ly

Puc. 3.10. Harpy3ounsie xapakrepuctuku CI'

76



[Tpu yBenmuuenuun toka Harpy3ku CI' xapakTepucTuku OyIyT pacrmojararbes
IMpaBeC M HHUIKC XAPAKTCPUCTHKH XOJOCTOro xoJa M3-3a pasMarHM4uBarolicro I[CI\/'I-
CTBHA PCAKIIUU AKOPA U U3-3a ITIAACHUA HAIIPAKCHUSA B €TO LICIIH.

I[JI?I HCKYCCTBCHHOI'O ITIOCTPOCHUA XAPAKTCPHUCTHUK CHHXPOHHOI'O I'CHCpATOpa
IMPOU3BOAUTCA OIIBIT KOPOTKOI'O 3aMbIKAHU:A, IIPpU KOTOPOM 0o0OMOTKa AKOpsA 3aKopa-
YUBAETCs, a B 0OOMOTKY BO30YXKJIeHUsI MOJaETCsl HEOObIION TOK BO30OyxkaeHus. [Ipu
9TOM AOCTATOYHO CACJIAaTb OAHO HU3MCPCHHC TOKA AKOPsA M TOKa B036y)KIl€HI/I}I, I10-
CKOJIbKY MarouTHas CUCTEMA I'CHCPATOPa HCHACBIIIICHHA U XaPaKTCPUCTHKA KOPOTKO-
T'O 3aMBbIKaAHHUA HpﬂMOHHHeﬁHa.

Xapakmepucmuka K. 3. — 3aBUCHMMOCTb TOKa AKOPA OT TOKa B036y)KI[eHI/DI
I, =1f(ls), n = const, Uy = 0 (puc. 3.11).

h

0

Puc. 3.11. Xapakrepuctuka KopoTkoro 3ambikanust CI'

OnHOM M3 BaXHEHIIMX XapaKTEPUCTHK CHHXPOHHOTO TI'eHEpaTopa SBISCTCS
6HEUIHAA XapaKmepucmuKa, NpeCcTapisioNias co00i 3aBUCMMOCTh HAITPSDKCHUS Ha
saxxumax CI' ot Toka Harpysku (puc. 3.12). U; = f (I1), n = const, I, = const. Xapak-
TEPHUCTHUKA CHUMACTCS IPU HEM3MEHHOM 3HAYEHHUH TOKA BO3OYKICHHMS, U €€ BHUJI 3a-
BHCHUT OT XapakTepa Harpy3KH.

Uy
U= Eoﬁ

0

Puc. 3.12. BHemHss xapakTepuCTUKa CHHXPOHHOTO FeHepaTopa.:
1 — akTuBHO-EMKOCTHAs Harpy3ka (CoS(—¢) = 0,8); 2 — akTuBHas Harpy3ka (cose = 1);
3 — akTUBHO-WHAYKTUBHAs Harpy3ka (cose = 0,8).

[ToTpeOuTenn MOMKHBI MOJYyYaTh 3JIEKTPUUYECKYIO SHEPTUI0 C HOMUHAIBHBIM
HaIpspKeHUEM. BHEIHAS XapakTepuCTHKa MTOKAa3bIBAET, YTO C POCTOM TOKA HArpy3KH
HamnpspkeHue Ha 3axumax CI' mamensercsa. s moaaep:kaHusl HanpsDKEHUS HEW3-
MEHHBIM IPH JIFOOBIX 3HAYEHUSIX TOKA HArpy3Kd HY>KHO PEryJIHpOBaTh TOK BO30YXK-
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neHus. PerynmnpoBouHas XapakTepUCTHKA — 3aBUCHMOCTh TOKA BO30YXKIEHHUS OT TOKa
Harpy3ku (sikops) |, = f (1), casitas mpu U = const.

Pezynuposounas xapakmepucmuka (puc. 3.13) nmokassiBaeT, KakuM 00pa3om
CIIeIyeT U3MEHSITHh TOK BO30YXKIEHHS, 4TOOBI BO BCEM JMalia30HE HArpy3Kd Harmps-
’KEHHUE Ha 3aKUMax reHepaTtopa 0CTaBaIOCh HEM3MEHHBIM.

le 1

0 I,

Puc. 3.13. PerynupoBo4dHas XapakTepUCTHKA CHHXPOHHOTO T€HEPATOpa.:
1 — aKTUBHO-MHIYKTHBHAs Harpyska (cos@ = 0,8); 2 — akTuBHas Harpy3ka (cos = 1);
3 — akTUBHO-EMKOCTHAs Harpy3ka (cos(—¢) = 0,8)

HpOI_[CCC PETYINPOBAHUA TOKA BO36y}KI[€HI/I$I ABTOMATHU3UPOBAH.

3.8 [IapajuiesibHast pad0Ta CHHXPOHHBIX T€HEPATOPOB.
YcinoBus BRIKOYCHUA

CHUHXpOHHBIE TEHEpaTOPbl PeIKO paboTaloT aBTOHOMHO. Ha Kaxk1oi 35eKTpo-
CTaHIIMU MUMEETCS HECKOJIBKO YHEProOJIOKOB, TEHEPATOPbl KOTOPHIX padOTAIOT Mapal-
JENbHO HA OONIYI0 CETh. DHEPrOCUCTEMbI CHAOKAIOTCS AIIEKTPOIHEPruer OT He-
CKOJIBKMX DJIEKTPUYECKUX CTAHIMHA Pa3MyHOTO TUMA (BOASHBIX (THIPO-), TETIJIOBBIX
U aTOMHBIX), BCE CHHXPOHHbIE T€HEPAaTOPbl KOTOPHIX BKIIIOUEHBI MapajuIesIbHO U pa-
6otaroT Ha 001y Harpy3ky. [lapannensHas pabora CI' obecriednBaeT pe3epBUpO-
BaHUE MOIIHOCTEN Ha cllydyail aBapuH WJIM PEMOHTA U JeJIaeT CUCTEMY SHEprocHal-
KEHUS TOTpeduTeneit 0oee ruOKoOM 1 HaIEKHOM.

JIJ1s BO3MOXHOCTH BKJIFOUEHHUSI CHHXPOHHOI'O T'€HepaTopa Ha MapaliesbHYIO
paboTy ¢ MOIIHON CEThIO AOKHBI ObITh BBIIIOJHEHBI CIEIYIOIINE YCIOBUSI.

B MOMEHT BKIIIOUEHUSI HAMPSHKEHHUS W YacTOTHl T€HEpaTopa W CETH IOJDKHBI
OBITH OJIMHAKOBHI, TEHEPATOP U CETh JIOJDKHBI HIMETh OJJUHAKOBBIN MOPSIOK ClIeJI0Ba-
Husa ¢a3. Kpome Toro, 00s3arenbHo, 4TOOBI MPU BKIIOYEHUN HampsbkeHus (a3, cooT-
BETCTBYIOILIUX T'€HEPAaTOpy U CETH, HE MMeNHu Obl BpeMeHHoro ciupura (puc. 3.14).
YcnoBus BKIIIOUEHUSI MOTYT OBITh 3alTMCaHbI TaK.

1) Ur=Ug

2) fr=fc

3) mopsmok ciegoBanus (a3 T0DKEH OBITh OAWHAKOB;

4) Ur, Uc — nomkHbl ObITH B (hase.
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UCA _UFA :UCB _UFB :Ucc _Urc =0, f,—f.=0
Puc. 3.14. Bexropusie quarpammsl Hanpsbkenust CI' u cetn

[Ipu HecoOM0IeHNN YCIOBUIA BO3MOKHBI OPOCKH TOKa, CIIOCOOHBIE TTPUBECTH
K BBIXOJly T€HEepaTopa U3 CTPOsl U HAPYUIECHUIO pekuMa paboThl ceTu. JJist mpaBuiib-
HOTO BBIOOpa MOMEHTA BPEMEHHU BKJIIOUEHUS TeHEpaTopa Ha MapajljieibHYIO0 padoTy ¢
CETBIO pa3pabOTaHbl METOJIbI CUHXPOHHU3AIIUH.

3.8.1 Memoo mounoii cunxponuzauyuu

PaccmoTtpum mopsinok Brimouenusi CIT Ha mapaymienbHy0 paboTy C CEThIO Me-
TOJAOM TOYHON CHHXPOHH3AIIMW TPH MOMOIIN MPOCTEHIIIETO JIAMIIOBOTO CHHXPOHO-
CKOTIa.

Jlist onpenienieHust MOMEHTa BpeMeHH BkimrodeHus: CI' Ha mapaienpHyo pado-
Ty HCTIOJIB3YIOT JIAMITOBBIE CHHXPOHOCKOTIBI JBYX THITOB:

® «Ha IIOTyXaHHUE CBETay,

® «Ha BpAIIICHHE CBETaY.

Ecnmm cxema coemuHeHUs JTaMIT CHHXPOHOCKOTA coOpaHa «Ha MOTyXaHUE CBe-
Tay», TO JIAMITbl HAaKAJIMBAHWS BKIIOYAIOT B Pa3pbIB KAKI0UW (a3bl, Kak 3TO IMOKA3aHO
Ha cxeMe (puc. 3.15).

It se
Ctatop
(AKOPb) @ “@‘.

NHaoyxkTOP OBl

(boTOP) N,

Puc. 3.15. Cxema CHHXPOHOCKOIIA «HA IIOTyXaHUE CBETa»
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[Topsinok peanuzanuu npouecca cuaxponusanuu CI ¢ ceTbro.

BxnroyaroT nepBUYHBINA JBUTATENb, MOCIE YEro PEryJupyrT €ro Tak, 4TOoObI
MOJIYYUTh YACTOTY BpalleHUsl OJIM3KYIO0 K CAHXPOHHOM, 3aTeM MOJIal0T TOK B OOMOTKY
BO30YKJIEHUS U, PETYJIUPYS €ro BEJIMUYMHY, JOOUBAIOTCS PAaBEHCTBA HANPSKEHUM Te-
HepaTopa U ceTu. IIpu HecoBmajeHMM 4acTOT TEHEPATOpPAa U CETH HANpPSIKEHUE Ha
JaMIax CHHXPOHOCKOIA BCE BpeMsi OyJeT U3MEHATHCS U JIaMIIbl OYIyT TO 3aroparh-
s, TO MOTyXaThb. EciiM pa3HOCTh 4aCTOT r€HepaTopa U CETU 3HAYUTENbHA, TO JAMIIbI
OyIyT 3aropathCsl U MOTYXaTh C BHICOKOM YaCTOTOM, CBET MOXKET Jake MepraTh. Pe-
TYJIUPYs YaCTOTYy BpallleHHUs NEPBUYHOTO JABUTATENS, JOOMBAIOTCA TOTO, YTOOBI JaM-
IIbI 3arOPAIMCH U MOTYXAIU MEJUIEHHO, C IEPUOJIOM B 3—5 CEKYHA.

MomeHT ansi BKJIIOYeHHs BbIOMparoT Tak. Korjga mammbl CHHXpPOHOCKOMA TO-
racHyT, BKJIIO4aeTcsi pyOminbHUK P v reHepaTop HaumHaeT paboTaTh MapajuieabHO C
ceThro. [Ipyu 3TOM MOXeET HaOIIOAAThC HE3HAUUTENbHBIA OpPOCOK TOKa SKOpS HM3-32
TOT0, YTO JIAMITbl HAKAJIMBAHUS MOTACHYT MPH HANPSIKEHUH, KOTOPOE MOYKET COCTaB-
1sTh 10-15 % OT HOMMHAJILHOTO 3HAYEHUS.

bosee ToUHO MOMEHT BKJIFOYEHUS MOKHO OIPENEIUTD, ECIIH JIAMITBI BKJIFOUEHBI
«Ha BpaieHue ceray (puc. 3.16). Ilo aToil cxeme oHa U3 JIaMIl BKIIOYAeTCs B pas-
pbIB (pa3bl, a 1BE ApyTrue — NepeKpECTHO.

MHaoYKTOP OBF

(poTOP) an

Puc. 3.16. Cxema CHHXpPOHOCKOIA «Ha BPAIIECHUE CBETa»

[TocnenoBarenbHOCTH Npouecca cuaxponuzanuu CI' ¢ ceTbro.

BrxiroyaroT nepBUYHBINA JBUTATEIb M YCTAHABIMBAIOT YaCTOTY €ro BpALEHUS
Onu3Kyto K cuHXpoHHOM. [locie 3Toro moaarOT TOk B 0OMOTKY BO30OYKACHUS U Pery-
JUPYIOT €ro 0 TeX Nop, moka HampspkeHne CI' He cTaHeT paBHBIM HANPSIKEHUIO CETU
(Ur = U,). IIpu 3TOM J1aMIIbl CHHXPOHOCKOIIA OYAYT MOOYEPETHO 3aropaThCsl U rac-
HYTb, co3/1aBas 3¢ (eKT BpalieHus cBeTa. Ecim pasHOCTh 4acTOT reHeparopa U CeTH
BEJIMKA, TO CBET OyJIeT BpalaThcsi O4eHb ObICTpO. Eciin yacToTa ceTu mpeBbIIIaeT ya-
croty CI', To cBeT Oyner BpaliaTbCsl B OJHY CTOPOHY, a €CIM 4acTOTa I'eHepaTropa
MEHBIIIE YaCTOThI CETH, TO CBET HAYHET BpAIaThCs B MPOTUBOIIOJIOKHYIO CTOPOHY. Pe-
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TYJIUPYS YaCTOTy BpallleHUs IEPBUYHOTO JABHUraTeNsi, JOOMBAIOTCS TOTO, YTOOBI Mepu-
OJ1 BpAIlICHUs CBETA 10 OKPYKHOCTH HE MPEBBIIIAN 3 —5 . 3aTEM ONPEAEIAIOT MOMEHT
BKJIIOUYEHHUSI TEHEPATOpa Ha MapajulebHYI0 paboTy, IpyU KOTOPOM JIaMIla, BKIIFOUEHHAsI
B pa3pbIB (asbl, MOTYXHET, a JBE ApPYyrue jamimbl OyJayT ropeTb OJMHAKOBO sipko. B
5TOT MOMeHT CI' MoAKIIIOYaloT K CETH, U HUKaKoro Opocka TOoKa sIKopsi He OyzeT.

JlaMIIOBBIE CHHXPOHOCKOIIBI B HACTOSAIIEE BpEMS IIPAKTUUECKU HE IPUMEHSIOT-
cs uist BkimoueHus: CI' Ha mapaienbHyto padboty. Jlis BKIIOUEHHsS] CHHXPOHHBIX T'e-
HEpaToOpOB OOJIBILION MOIIHOCTHA HMCHOJB3YIOT COBPEMEHHBIE 3JEKTPOMArHUTHBIE H
ANEKTPOHHBIE YCTPOUCTBA.

3.8.2 Bkawuenue cenepamopa Ha napaiiesibHyo padomy ¢ cemuvro
MEmoOOM CaAMOCUHXPOHU3AUUU (2PYOOIl CUHXPOHU3AYUN)

Metoa TOYHOW CHHXPOHHU3AIUMH TPeOyeT MOPOTOCTOSIIETO O0OPYAOBaHUS,
KBaJIN()ULIMPOBAHHOTO NEPCOHAJIa U B aBAPUIHBIX CUTyalUsiX, KOr/a BCE BpeMs U3-
MEHSIOTCS TapaMeTpbl CETH, HE MO3BOJISIET OBICTPO BKIIIOUUTH PE3EPBHBIN T'€HEpaTop
Ha MapajijiesIbHyI0 padboTy. Bpemsi HacTpoilKu MOXKET JOCTUTaTh HECKOJIBKUX MHUHYT,
YTO MOXKET IPUBECTU K TKEIBIM MOCIEACTBUAM. JTO — HenocTaTku BKimtoueHus CI
Ha MapaielbHy0 paboTy METOJIOM TOYHON CUHXPOHHU3ALIUU.

Nnxenepamu B CoBerckoM Coro3e OblT pazpaOOTaH HOBBII METOJ| BKJIIOUEHUS
CI' Ha mapamienbHy0 padoTy. DTOT CIOCOO BKIIIOUYEHUS HA3BIBAETCS MemoooM ca-
MOCUHXpOHU3AYUY (Unu 2pyooi cunxponuzayuu). MeTos caMOCHHXPOHU3AIUH 03~
BOJISIET B TE€UEHUE HECKOJBKUX JECATKOB CEKYH] BKIIOUHTH CHHXPOHHBINA T€HEpaTop
Ha MapajijieNbHylo padoTy ¢ ceThio. Cxema peann3alui METo/1a CaMOCHHXPOHU3AINH
CI' mpencraBnena Ha pucynke 3.17.

Moy TOP
(coTOPR?

Puc. 3.17. Cxema peanuzanuu meroaa camocuuxponuzanuu CI'

[Tpu MeToe caMOCUHXPOHU3AIMH HA MapaIeIbHYI0 paboTy C MOLIHON CEThIO
BKJIFOUAETCS] HEBO30YKIAEHHBIN CHHXPOHHBIN FeHepaTop, HAPsHKEHUE KOTOPOTo paB-
HO Hymo0. [locne moaxmouenus: CI' cpa3y moiaroT NOCTOSIHHBINA TOK BO30YKICHHS B
00MOTKY poTopa. Ilocie noakimodeHus: HeBO30yKAEHHOTO CUHXPOHHOTO TeHepaTopa
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K CETH BO3HUKAET OPOCOK TOKa B OOMOTKE SIKOPSI, TIOUTH TAKOM ke, KaK U MPHU TPEX-
(azHOM KOpOTKOM 3amblkaHuU. Ho BenuumHa Opocka TOKa sSIKOps OyJeT MEHbIIIE,
9YeM MPU KOPOTKOM 3aMBbIKaHHH, TaK KaK Ha MyTH MIPOTEKAHMUS TOKA OYIyT CONPOTHB-
JISHUsI JIMHUU DJICKTporepeaay, TpaHcGhOopMaTOpOB AIECKTPOCTAHIIUKN U MOJICTAHIINN U
JIPYyTUX T€HEPATOPOB.

JlomyckaeTcsi MCIMOJIb30BAaHUE METOAAa CAMOCHUHXPOHHU3AIMU JJI1 BKJIKOYCHUS
CHHXPOHHBIX T€HEPATOPOB Ha IMapalIebHYI0 padoTy, €Ciu BeIuduHa Opocka TOKa
He npesbimaer 3,51,. M3HayansHO 3TOT MeTO npenHasHavaiucs Juisl BKioueHus CI
HeOonbIo MomHOCTH. OKaszanoch, YTO METOJOM CAMOCHUHXPOHHU3ALUUH MOMXKHO
BKJIIOYATh U T€HEPATOPhI MOIITHOCTHIO B HECKOJIBKO COTEH ThICSY KBA.

PaccMoTpum mocnenoBaTeslbHOCTh BKJIIOUEHUS CHHXPOHHOTO T€HEpaTropa me-
TOAOM Ipy0Oil CHHXPOHH3ALUU.

BxirouaroT nmepBUYHBIN JBUraTellb U YCTAaHABIMBAIOT YACTOTY €r0 BpAILCHUS
OJIM3KYI0 K CHHXPOHHOM, 3aTeM pyOmsIbHUK P, BKiItOUaroT B moJsioxkeHnue 1-1 u ycra-
HapmmBaOT Ur = Uc. Tlocne aTtoro pyOmiasHUK P, BKIIFOYAOT B MOJIOKEHHE 2-2, U
Ur = 0. BrimrouaroT pyOuiibHUK P 1 HEBO30YKAEHHBIN reHepaTop MOAKIIOUYA0T Ha
nmoHoe HampsbkeHue cetu. CieayeT OpoCOK ToKa SKOps, M cpa3y ke pyOusbHHK P
MIePEKIIFOYAIOT B TOJIOKEHHE 1-1, mojaBasi MOCTOSSHHBIM TOK B OOMOTKY BO30YXK/Ie-
Hus. ['eHepaTop HaumHaeT paboTaTh mapaiebHO C ceThlo. [lepekioueHue pyouib-
HUKa B OOMOTKE BO30YKIACHHUS B IMOJOXKEHUE 2-2 MIPUBOJIUT K 3aMBbIKaHHUIO €€ Ha CO-
nporusieHre. Ha mporuecc CHHXpOHU3aIUM 3Ta Onepanys HE OKa3bIBAET HUKAKOTO
BIUsSHUSA. JlemaeTcst 3TO JyIsi 3aluThl 0OMOTKH BO30yxaeHus CI' oT BO3MOKHOIO
po00s U30JSLUH.

B Hacrosiee BpeMsi TaHHBI METOJ IIUPOKO MCIOJIb3yeTcs B Poccuu u 3a py-
OCKOM.

3.9 IIpeoOpa3oBaHHasi BEKTOPHAsI AMArPaMMa CHHXPOHHOI'0 reHepaTopa

[IpeoOpa3zyem BEKTOPHYIO THarpaMmy SIBHOTIOJFOCHOTO CHHXPOHHOT'O T€Hepa-
topa (puc. 3.18). Jlns aToro onyctum neprneHaukyssap u3 Touku D Ha Bektop D/C Eg
u nonyuum oTpe3ok DE, ma xoTopsiii onmyctum nepnenaukysisip u3z touku C. Tpe-
yroiapHuk CDF — mpsmoyronbHbIi 1o nmoctpoenuto, a yron CDF =y (kak yron c
B3aMMHO TICPIICHINKYISIPHBIMH CTOPOHAMH).

Puc. 3.18. IIpeoOGpa3zoBaHre BEKTOPHOU JUarpaMMbl CHHXPOHHOTO TeHepaTopa
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Ormnpenenum JUIMHBI OTPE3KOB AE u DE :
AE = AB+BE; AB=|E,|=I,x
BE =CF =Esiny =1,Xx;siny =1,X;

ad !

AE = 13Xy +13Xs = g (Xg +X5) = 14X

Xd — CHHXPOHHOE WHIYKTMBHOE COINPOTHUBJIECHUE CHMHXPOHHOTO F€HEpATOpa IO
IIPOJIOJILHON OCH.

ED=EF+FD=E, +Egcosy =l X, + X5 oSy =

= 1,X,, COSY + 1 X5 COS Y = 1, COS (X, +Xs) =1 ,X,,

Xq — CHHXPOHHO€ MHIYKTUBHOE CONPOTHBIIEHUE CHHXPOHHOI'O I€éHepaTopa Io
IIOIIEPEYHOU OCH.

B cuHXpOHHBIX TeHepaTopax cpeAaHeil U OOJBIION MOIIHOCTH aKTUBHOE CO-
MpoTHUBJICHHE (Da3bl cTaTOpa I's OYEHb Majo, TaK K€ MaJl0 W TMaJcHUE HAIPSDKCHHS
lirs, moATOMY WM, Kak MpaBwio, npeHeOperaroT. IlpeactaBum mnpeoOpazoBaHHYIO
JarpamMMmy sSIBHOIIOJIOCHOTO CHHXPOHHOTO TeHepaTopa 6e3 yderta l1irs (puc. 3.19).

Puc. 3.19. IlpeobpazoBanHasi BEKTOpHAas AMarpaMMa CHHXpOHHOTO TeHepaTopa

B Teopun CMHXpOHHBIX MAIIMH MNpeoOpa3oBaHHAs BEKTOpHAs AUarpaMma IIu-
POKO MCIIOJIB3YETCS MPH BBIBOJE PAZIA BAXKHBIX AHAIUTHYECKUX COOTHOILICHH.

3.10 DHepreTuyeckasi AMarpaMmMa MOLIHOCTEl CHHXPOHHOI'0 reHepaTopa

Pabounii mpormecc CHMHXpPOHHOTO TeHEparopa MOXKHO TPEJICTABUTh B BUJIC
SHEPreTUYECKON quarpaMMbl MomtHocTel (puc. 3.20).

K cuaxpoHHOMY reHepaTopy MOJBOIUTCS MEXaHW4YeCKash MOIIHOCTh P, mepe-
JaBaeMas TIEpPBUYHBIM ABUTaTeNieM. YacTh 9TON MOIIHOCTH PAcXOAYyeTCs Ha MOKPHI-
THe Pp — moTeph MOIIHOCTH Ha BO30YyXKJIEHHE TreHepaTtopa. Y reHepartopa OyJeT Te-
PATHCSA YaCTh MOIIHOCTH 3a CYET Pc — OTeph B cTaiu (TIOTEPHU B CEPACUHUKE CTaTOpa
1 pOTOpa) U MEXaHWYECKUX MOTEPh Pyex — MOTEPH HA BCE BUABI TPCHUS W BEHTHIIS-
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unto. Ecny Bce mepeyncieHHble NOTEPU BBIYECTh U3 MOABOANMOUN MOIIHOCTH, MONY-
YMM BEJIMYMHY 3JICKTPOMArHUTHON MOITHOCTU Pryv = P1— (P + Pc + Pyex).

Y =
]

——

j\:
T\\
\ \ PM EX P31
R P\ =

Puc. 3.20. Dneprernyeckas nuarpamma CI

P\ — 3eKTpoMarHuTHasi MOIIHOCTB, IepeiaBaeMas pyu NOMOIIM MAarHUTHOTO
MOJIL Yepe3 BO3AYUIHBIMA 3a30p OT POTOpa K CTAaTOpPy, T. €. OT MHAYKTOPA K SIKOPIO.
Eciu u3 31eKTpOMariuTHOM MOIITHOCTH BBIYECTh MOIIHOCTD BJICKTPUYECKUX MOTEPH
P> B 00OMOTKE cTaTopa (SIKOpsi), TO MOJIYy4YUM P, — IOJIE3HYI0 MOITHOCTh I'eHepaTopa,
KOTOPYIO MOIY4Yar0T OTPEOUTENN SJECKTPOIHEPTHH.

B CHHXpOHHBIX MalIMHAX CPEIHEH M OOJBIITON MOIIHOCTHA P3; HAMHOTO MEHB-
mwe yeMm 0,01P;, mosToMy 4acto mosararot, 9to Ps; =0 u monesnas momupocts P,
MPAKTUYECKH paBHA Prp:

P, = P.,, = mUI, c0s¢.

3.11 DeKTPOMATHUTHBIE MOIIHOCTH U MOMEHT CHHXPOHHOM MAIIIUHbBI

Bocnonb3yemcst mpeoOpa3zoBaHHONW BEKTOPHOUM JTUArpaMMOM JJIsl ONPEIeTICHUS
COOTHOILICHUM JJI pacyéra 3JEKTPOMAarHUTHBIX MOIIIHOCTH M MOMEHTa CHUHXPOHHOU
MalluHbl. B KauecTBe UCXOMHON (POPMYJIBI MPUMEM COOTHOIICHUE /JIsl OTPEICIICHUS
AJIEKTPOMArHUTHOM MOIITHOCTH B 00IIIEM BUJIE:

P, = P,,, =mUI, C0S .
[IpencraBum yroma ¢ B Buje (Ha OCHOBaHHH MTPpeoOpa30BaHHON BEKTOPHOM Aura-
rpammel (puc.3.19)) ¢ =y — O, Toraa:

P.,, =mUI, cos(y —O);

P,,, =mUI, cosy cos®+mUI, sinysin ©;

l,cosy =1, I siny=I,;

OE =Ucos®@=E,-E, =E, - I,X, (cM. IpeoOpa30BaHHYI0 IMATPAMMY);

_ E,-UcosO

| - - o
d )
Xd
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ED=E,=1,x,=U sSin®;
Usin®

X

I, =1,cosy =

IToncrasisasa Beipaxkenus 1 lq u lg B icxoqHoe ypaBHeHHe Ans Poy, NIOIy-
YHM:
P,y =mUI, cos®+mUI, sin ©;

[ E, - :
P, =mUUSI—n®cos®+mUMsm 0;
X4 X
2 2
Py = mu sin®cos® + mUE, sin® — mu sin®cos B®;
X, X, X,
2
P, = mUE, sin®+ mo7 1 1 sin 20.
X4 2 (X, X

HOCJI@I[H@G COOTHOIICHUEC MOKHO 3aIlucCaTh B BUJIC.
P3M:POCH+PZ[O6-

B HesBHONOIIOCHOM MaIuHE Xq = Xg U Pyos. = 0.
CooTHollleHue sl pacuéra 3JIeKTpOMarHuTHOro MomeHTta CM nosiydum, pas-
JIEJINB JICKTPOMArHUTHYIO MOIIIHOCTh HA CHHXPOHHYIO YIJIOBYIO YaCTOTY BpalllCHUS.
DJIEKTPOMArHUTHBI MOMEHT CUHXPOHHOM MAIlIMHBI:
2
_ P,y mUE, . mus|l 1 1

M, =—%=——siINO@+——| ———[sin20.

0 OXy 20 | X, X

OneKTpoMarHuTHbIM MOMEHT CM MOKHO NpEeACTaBUTHh B BHUJIE CYMMbI JIBYX
MOMEHTOB — OCHOBHOTO M PEaKTHUBHOTO, 00YCIOBICHHOTO HEOJUHAKOBHIMU MarHUT-
HBIMU IPOBOAMMOCTSIMUA MAIIMHBI 10 IPOJAOJIBHOM U IONIEPEYHON OCSAM

M9M = MOCH + Mp-

PeakTuBHBIM MOMEHT M, BO3HMKAET HA BaJly CAHXPOHHOW MAaIIUHBI, Y KOTOPOHN
Xq # Xd , T. €. Y IBHOIIOJIFOCHOM MaIlIWHBI.

3.12 PaGoTa CHHXPOHHOI'O reHepaTopa NP MOCTOSAHHOM MOLIIHOCTH
U NIePEeMEHHOM BO30YKIACHUM

[Tonaraem, 4TO CHUHXPOHHBIN TEeHEpaTOp padOTaeT MapajuieIbHO C CEThIO C
0ECKOHEYHO OOJIBIION MOIIHOCTHIO, Y KOTOPOW HANpsKEHHE M 4acTOTa HEU3MEHHBI
(U = const u f = const).

Ecnu cuHXpoHHBIN TeHepaTop padoTaeT Ha XOJIOCTOM XOJy, €ro dJIEKTPOIBHU-
Kyliasa Cujia YpaBHOBCIIMBACT HAIIPSAKCHUC MOIHHOﬁ CCTU U TOK €TI0 AKOpA pPaBCH
HYJIIO. Haunnaem YBCIIMYNBATb TOK B036y)KI[eHI/I$I CBCPX HOMHHAJIBHOI'O 3HAYCHMHA,
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YTO NPUBEAET K POCTY OCHOBHOI'O MarHMTHOIO NOTOKa U yBennueHuto JJ[C renepa-

n
Topa 10 3Hauenus Ey. DJIC reneparopa OyaeT NpeBLILATL HANPSIKEHHUE CETH.
[TokaxxeM 3TO Ha BEKTOpHOM auarpamme (puc. 3.21).

U:
L
AEY

’

2

Puc. 3.21. Bexropnas nuarpamma CI” ipu yBEeIMYEHUH TOKA BO30YKIEHUS

BosHukaeT pazHocTh Mexay HanpsbkeHueM cetu u DJ1C reneparopa:
Y
E,—-U. =AE,
[Tox neiictBueM pasnoctu DJIC AE B 06MOTKe cTatopa (AKOps) CHHXPOHHOIO
reHeparopa noTe4yeT Tok s |1, KoTopelil OyaeT orcraBath OoT He€ Ha 90 rpaaycos.
Ecnu yBenuuuBaTh TOK BO30Yy:k1eHUs najblie, To OyayT pactu DACAE u |;.
Ha BexTopHO# nuarpamMme (cM. puc. 3.21) BUAHO, YTO 1O OTHOLIEHUIO K I'eHe-
paTopy Tok sikops |1 Oyzner YucTo MHIYKTUBHBIM U oTcTaomuM ot D/IC, a o oTHO-
LICHUIO K HANPSUKEHUIO CETU TOT K€ TOK SBJIIETCS YUCTO EMKOCTHBIM, OIEpPE)Kar0-
muM HanpsbkeHue Ha 90 rpanycoB. Ecnyu HauaTh yMeHbIIATh TOK BO30YKIEHUS, TO
BJIC E; Gyner MeHbIiie, 4eM E,, KOTOpas COOTBETCTBYET HOMHHAIBHOMY 3HAYCHHUIO
TOKa BO30YKJICHUSI.
[losiBuTcs pasHocts AE, paBHas:
g .
AE=U_.—-E].
[Tox nevictBuem 3IC AE B 06MOTKe cTaTopa (SKopsi) mOoTe4YET TOK |1, KOTOpBIi

oynet otrctaBath OT »Toi DJIC Ha 90 rpamycoB. IT0 MoKa3aHO Ha BEKTOPHOW aHa-
rpamme (puc. 3.22).

—l

Co
Puc. 3.22. Bexropnas auarpamma CI' mpu yMeHbILIEHUN TOKa BO30YKICHUS

B nanHoM ciyyae TOk siKops |1 IO OTHOILIEHHIO K HAIIPSKEHUIO CeTU OyIeT Yu-
CTO MHAYKTUBHBIM, a 10 OTHOIIEHUIO K D/[C reneparopa — 4ucTO EMKOCTHBIM.
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[Tpu nanbHelIeM yBeTUYEHUN TOKa BO30YXIeHUs TOK sikops |1 OyneT pactu.
DJIeKTpOMarHuTHAasi MOIIHOCTh T€HepaTopa:

P, = P,,, = mUI, coS .

B ¢opmyne momuoctn mU = const, u eciu M3MeHEHHE TOKa BO30YXKIECHUS
MIPOUCXOIMT MpU Py = CONSt, To B mpousBeaeHuu licosg Oyner u3MeHATbCs peak-
THBHAs COCTaBJAOIIAsA ToKa sikops. Eciu nmpu Poy = CONSt OyaeT U3MEHAThCS TOK
BO30YXKIEHHsI TeHepaTopa, To moiydaeTrcs psa U-oOpa3HbIX XapaKTEpUCTHK (pHC.
3.23), npeacrapistromux coooit 3aBucumoctH |1 = f (1) mpu Py = const.

L

0

Puc. 3.23. U-o6pa3Hbie XapaKTepUCTUKU CUHXPOHHOTO TeHepaTopa

CneBa OT WITPUXOBOM JMHUM (CM. pUC. 3.23) HAXOJUTCS 30HA, B KOTOPOH TOK
AKOpPS CHHXPOHHOI'O reHepaTopa |1 o OTHOLIEHUIO K CETH SBISETCA UHIYKTUBHBIM, a
CIipaBa OT He€ — 30HA, B KOTOPOU TOK SIKOPs |1 IO OTHOIIIEHUIO K CETH SIBISETCS EM-
KocTHbIM. Hikaue Toukn U-00pa3HbIX KPUBBIX COOTBETCTBYIOT YMCTO AKTUBHOMY
ToKY |1 (cose = 1). Hmxaue Toukn U-00pa3HbIX XapaKTEPUCTUK C POCTOM MOITHOCTH
HE3HAYUTEIbHO CMEIAIOTCS BIPABO M BBEPX H3-3a YBEIWYEHUs IAJCHUs HaIpsKe-
HUs B LIEIU AKOPsSI CAHXPOHHON MAIlIMHBI.

3.13 CuUHXpPOHU3HUPYIOIIHE MOIIHOCTHL M MOMEHT CHHXPOHHOM MAIlIMHBI

[Ipu paboTe CHHXPOHHOM MAIMHBI B YCTaHOBUBILIEMCS PEXKHUME MOIIHOCTD,
IIOABOAMMAs K HEW U3BHE, paBHA MOITHOCTH, KOTOPYI0 CM 0THaéT B 3HEprocucreMy,
ecii OHa paboTaeT B peXUME IeHepaTopa, UM MEXaHU3MY, €CIIM CUHXPOHHas Ma-
IMHA paboTaeT B JBUTATEIbHOM pexkume. Ha paboTy CHHXpOHHOM MaIllMHBI OKa3bl-
BaeT 3HAUMUTEIHHOE BIIMSHHE BenuuumHa yrina Mmexay IJIC mamuabel U ¢da3HbIM
HanpspkeHueM. [Ipu onpenenéHubix u3MeHeHUsX 3toro yria CM crocoOHa coxpa-
HSTh CHHXPOHHBIM PeXUM pabOTHI M3-3a TOTO, YTO BO3HUKAET Pa3HOCTbh MOIHOCTEH
MEXAY MOJABOAUMON U OTAABAEMOM MOLIHOCTSIMH, IOJ JIEUCTBUEM KOTOPOW BOCCTa-
HABJIMBACTCSI PEXKUM pabOThl. DTa Pa3sHOCTh MOIIHOCTEH HA3bIBACTCS CUHXPOHU3U-
pPywouieit mowiHocmapilo. Hapyenue paBeHCTBa MOITHOCTEN MPUBOJINAT K N3MEHEHUIO
yria © mexnay DAC Eo u pazupiMm HanpspkeHueM U. Guznyuecku MOKHO MPEICTaBUTh
yrojl ® Kak yroy MexJy OCSIMU MarHUTHBIX IMOJEN cTaTopa U poropa. CUHXpPOHHU3H-
pyromiasi MOIIHOCTb MPUBOJUT K 0OPA30BAHUIO CUHXPOHUSUPYIOWE20 MOMEHMA, KO-
TOPBI CTPEMUTCS KOMIIEHCUPOBATh U3MEHEHHE yria ©.
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CHHXPOHHU3UPYIOLLYIO MOITHOCTh MOYXHO IPEJCTAaBUTh B BUJIE:
AP =P AO,

raie AP — CUHXpPOHHU3UPYIOIIAasi MOIIHOCTH;
P, — KO3 GUIMEHT CHHXPOHU3UPYIONIEH MOIIHOCTH;
A® — npupaiienue yria ©.

CuHXpOHM3UpYIOMEeH MOITHOCTH AP OyIeT COOTBETCTBOBATH CHHXPOHU3UPY-
FOIIIMM MOMEHT:

AM =M A AO,
rae  AM — CHHXpPOHU3HUPYIOIIMN MOMEHT;
M, — KO3PPUIUEHT CHHXPOHU3UPYIOLIETO MOMEHTA.

Omnpenenum 3HadeHus kodddurmentoB P, u M, :

PCM — E : M o= % .
A® A®
HGpGXOIIH K O€CKOHEUHO MaJIbIM IMpUpaACHUAM, MOKHO ITOJIYUYHUTD:
oP oM
W= Mo ==
00 00

Bo3bMéM miepBbIE TPOM3BOAHBIE COOTHOLIEHUM AJIEKTPOMArHUTHBIX MOIIIHOCTH
u MmomMmeHTa CM:

2
Py, = mUE, Sin® + mu (i—ijsin 20;
X4 X, %
P, = o _MEU os@emur| 1oL s 20;
00 Xy Xy X
2
o _OM _ mEU cos@+ Y 1 1 C0s 20.
00  ox, o |\ X X

[IpencraBum rpaduyecku AIEKTPOMArHUTHYIO0 MOIIHOCTE CM 1 ko3 duiineHT
CUHXPOHH3HUPYIOIICH MOIIHOCTH B pyHKIMHK yria ToTa (puc. 3.24).

F;M ’:C)M

Puc. 3.24. DnextpoMarauTHas MOUTHOCTh
1 KO3 (PUIHEHT CHHXPOHU3UPYIOIIEH MOIITHOCTH
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JlJ1s HeSIBHOIOJIFOCHOM MAILIMHBI, Y KOTOPOH Xd = Xq, KOA(PPUIIMEHTH CUHXPO-
HUBHUPYIOUIUX MOUTHOCTH U MOMEHTA ONPEESIOTCS CASAYIOIHUM 00pa3omM

P 0Py _MEU o
00 Xy

= oM _ mEU cos ®.
00  ox,

B cHMHXpOHHBIX MalmMHAX BO3AYILIHBIMA 3a30p MEXKJIY CTATOPAMU U POTOPAMH
BBITIOJHSETCS OOJIBIINM, YEM B aCHHXPOHHBIX MAalllMHAX. Y BEJIMYCHHE 3a30pa MPUBO-
JUT K YMEHBIIEHUIO X4 U K YBEJIUYEHUIO CUHXPOHU3UPYIOIIUX MOIITHOCTH U MOMEHTA,
T. €. 3TO IPHUBOJUT K MOBBIIICHUIO CTATHYECKOU ycToitunBocT CM.

YcTaHOBIIEHO, YTO 0OJie€ CTAaTUYECKU YCTOMYMBBIMU OKAa3bIBAIOTCS IMEPEBO3-
OyX/1€HHbIE CHHXPOHHbBIE MAIIINHBI.

3.14 Cunxponnble apuraresin. Cnocodobl MycKa B X0/

Cunxponnbie asuratenu (CJl) uMmeroT 0osee BbICOKHE 3HaYeHUsT KOd(DpuimeH-
TOB MOUIHOCTH MO CPAaBHEHUIO C ACUHXPOHHBIMH JBUTATESIMU, IOCTOSHHYIO YaCTOTY
BpAIICHUS U UCHOJB3YIOTCS B 3JIEKTPONPUBOIAX, IPUBOJIAX, B KOTOPBIX YacTOTa Bpa-
LICHMS TOJDKHA OCTAaBATHCS CMHXPOHHOW MPU M3MEHEHUU HAarpy3Kd B ONPEIEIEHHOM
nuanaszone. MontHocts asektponpuBoaoB ¢ C/l game Becero cocrasisieT ot 300 kBT u
6onee. Yacto CHHXPOHHBIE ABUTaTENN MPUMEHSIOT U1 IPUBOAOB KOMIIPECCOPOB.

OnHUM U3 HEAOCTATKOB CUHXPOHHBIX JBUraTelIed HapsiAy C UX BBICOKOUW CTOU-
MOCTBIO SIBJIIETCSI CJIOKHOCTh IycKa MX B XOJ. CHHXpPOHHBIE JIBUTATEIH HE MOTYT
OBITH BKJIFOYEHBI HETIOCPEJACTBEHHO B CETh /I Haudaja padoThl, W3-3a TOTO YTO MPH
BpAILlEHUH MX B aCHHXPOHHOM PEXUME CUHXPOHU3UPYIOIIUM MOMEHT SIBIISIETCS 3HA-
KOIIEPEMEHHBIM U B MEPBbIA MOJYNEPHO] M3MEHEHHS] TOKa B OOMOTKE CTaTopa OH
CTPEMUTCS BpallaTh POTOP B OJTHOM HAaIpaBJIECHUH, & BO BTOPOM IMOJIYNEPUOE U3MeE-
HEHHUA TOKa SKOpS — B MPOTUBOIONIOXKHOM. M3-3a aToro porop CJI He MOXKeT Ha4aTh
BpaulaThCsl.

[TpumeHs0T Tpu criocoba mycka B X0 CAHXPOHHBIX JABUTATEIICH:

1 CI MoxeT ObITh BKJIIOUEH MPH MOMOIIM BCIOMOTAaTEIbHOIO Pa3rOHHOTO
JBUTATEISI, KOTOPBIM Pa3roHSET €ero poTop A0 YacTOThl BpAIllEHUs, OJU3KOW K CHH-
XPOHHOM, TIOCTIE Yero B 0OMOTKY POTOpa MoAaéTcs TOK BO30YKACHHS U pOTOp JIBUTa-
TEeJIs TOTYKOM BTATHUBAETCS B CHHXPOHU3M. [locie 4ero oTkiIovyaroT pa3roHHbIN ABU-
raTenb.

HenocraTok cioco6a — HE0OX0AUMOCTh UMETH JAOMOJHUTENbHBIN AJIEKTPOIBH-
raTeb.

2 YacToTHBIN MyCK CMHXpPOHHOTO aBurareis. [lpw yacToTHOM mycke Ha 00-
MOTKY ctaropa (stkopsi) C/] mogaércsi moHMKEHHOE HaIpsiKEHUE, BEIMYMHA U 4acTo-
Ta KOTOPOTO IJIABHO YBEJTUYUBAIOTCS O HOMUHAIBHBIX 3HaUeHu. [Ipu sTom nBura-
TeJIb Cpa3y HaAYMHAET padOTaTh B CHHXPOHHOM pEXKUME.

Henocrarok cnocob6a — BeICOKasi CTOMMOCTh MOIIHBIX MpeoOpazoBarenen ya-
CTOTBI U HAMPSHKCHUSI.
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3 ACHMHXPOHHBIN ITyCK CHHXPOHHOTO JBHUraTesna. Hanbosee 4acTo CHHXpOHHBIE
JIBUTATENId BKJIFOYAIOT ACUHXPOHHBIM CHOCOOOM. [l 3TOro IBUTaTen 00OpYIayHOT
JOTIOJIHUTEJIbHOM KOPOTKO3aMKHYTOW OOMOTKOM, pa3MEIIEHHON B MOJIFOCHBIX HaKO-
HEYHUKaX poTtopa (puc. 3.25).

K3 OBMOTKA
cOOCTLVOGH

Puc. 3.25. Cepneunuk nomtoca poropa CJI ¢ KOpOTKO3aMKHYTOH 0OMOTKOM

Kak BapmaHT mia acuHxpoHHoro mycka CJI momrochl poTOpa BBIIOJHSIOTCS
CIUTOUTHBIMH (MaCCUBHBIMH ), JUIsl TOTO YTOOBI IO HUM MOTJIM T€4bh BUXPEBBIC TOKHU.

[Ipy acCHHXPOHHOM ITyCKEe 0OMOTKA CTaTOpa HEBO30YKIEHHON MAIIMHBI BKITIO-
yaeTcsa B TpEX(Pa3HyIO CeTh, U JBUTATENIb HAUMHAET paboTaTh B ACHHXPOHHOM PEKHU-
Me, TaK Kak OyJeT cO3/1aBaThCd MOMEHT 3a CUET B3aUMOJEHUCTBUSI TOKOB B KOPOTKO-
3aMKHYTOM OOMOTKE pOTOpa C BpallalolMMcs MarHUTHbIM moJjieM. Korjma wacrora
BpAILIEHHs] POTOPA JOCTUTHET BEJIMUUHBI, OJTM3KON K CHHXPOHHOU, B 0OOMOTKY poTOpa
MOJAI0T TOK BO30YKJACHUSI U POTOP JABUTATENS] TOJTYKOM BTATHUBACTCS B CHHXPOHU3M.
JIBuraTenb HauMHAET pabOTaTh B CHHXPOHHOM PEKUME.

PaccmoTpum cxemy aiisg ocymiectBiieHust acuaxponHoro mycka CJI (puc. 3.26).

| |
=
CtaTop
(AKOPB)
B
1
o
+
MH0YKTOP
(poTOP)
I
P

Puc. 3.26. Cxema aCHHXpPOHHOT'O ITyCKa CHHXPOHHOT'O JIBUTaTEIIs

PaccmoTpum nocnenoBaTebHOCTh Mpoliecca BKIFOUEHUSI CHHXPOHHOTO JIBUTA-
tens. B Hauane pyownbHuk P, (cM. puc. 3.26) BKIIOYAIOT B MOJOXKEHUE 2-2, 3aTeM
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BKJIFOYAIOT PYOWJIBHHUK P1, M pOTOp JBUTATEsl HAYWHAET BPAIIAThCs MOJ] IEHCTBHEM
ACMHXPOHHOTO MOMEHTA, a KOTJla 4acTOTa BpalleHHs] poTopa OyneT Onm3Ka K CHH-
XpOHHOH, pyOMILHUK P, MepekitoyaioT B mojiockeHue 1-1, mogaBas BO30YyXICHHUE B
pPOTOp, U ABUTATENh TOJTYKOM BTATHBACTCS B CHHXPOHU3M. [Ipu BKIFOUCHHN pyOUITH-
HUKa P1 0OMOTKa poTOpa 3aMBIKAeTCsl Ha CONMPOTUBIICHUE BO M30ekKaHUE €€ MOBpe-
XKIeHUs (MHa4Ye BO3MOYEH MPOOOM U30JISITUN ).

3.15 BHe3anHoe KOPOTKOE 3aMbIKAHUE CHHXPOHHOI'O FeHepaTopa

[lon eénezannvim KOpomKum 3aMblKaHUEM CUHXPOHHO20 2eHepAmopa nojpa-
3yMeBaeTCsl BpeMs MEPEXOIHOro Mporecca OT MOMEHTa BO3HUKHOBEHUS K. 3. J0 MO-
MEHTa, KOTJa TOK KOPOTKOTO 3aMBIKaHHsI IOCTUTHET CBOETO YCTAaHOBHMBIIETOCS 3Ha-
YeHHsI. DTO BpeMs IIEPEXOJHOTO MpoLecca KOPOTKOTO 3aMbIKaHUsA, KOTOPOE OOBIYHO
COCTaBJISIET HECKOJIBKO JI0JIEH CEKYH/bI.

TOKM KpOTKOTO 3aMbIKaHMsI BBI3BIBAIOT YCUJICHHBIH HAarpeB 0OMOTOK MallUHbI
Y CO3/1a10T OOJIbIINE 3IEKTPOAUHAMUUYECKUE YCUITUS, KOTOPbIE CIOCOOHBI IIPUBECTH K
MEXaHUYECKOH MOJIOMKE FreHepaTopa.

[TprunHamMu aBapUUHBIX KOPOTKUX 3aMbIKAHUI MOTYT OBITb:

® BUTKOBBIC 3aMbIKAHUS;

e 11po0Oil Ha 3EMJIIO;

e OIIMOOYHBIE ACUCTBUS MTEPCOHAJIA.

KopoTkoe 3ambIKkaHHE MOKET CIIyYUThCS B JIMHUU (B CE€TH) U HA BbIBOJAX (3a-
*KHUMax) reHepatopa. Hanbonee onacHbIMU SIBISIFOTCSI KOPOTKHE 3aMbIKaHHsI Ha BbI-
BOJIaX FeHepaTopa.

KopoTkue 3amblkaHusi MOTYT OBITH OJHO-, IBYX- M Tpex(a3zHbIMU. OOBIYHO
BO3HMKAET OJIHO- WJIM ABYX(}a3HOE K. 3., KOTOPOE MEPEXOIUT B TpEXPazHOE KOPOTKOE
3aMbIKaHHE.

[Tokaxkem cxeMaTU4eCKH BUJIbI KOPOTKUX 3aMblKaHui (puc. 3.27).

Oo6mortka sikopst CIU Oo6mortka sikopst CIU O6morTka sikopst CT0
OnnodaszHnoe K. 3. JIByx(dasznoe K. 3. Tpexdaznoe k. 3.
(Ha 3eMI1I0)

Puc. 3.27. Buapl KOpOTKUX 3aMbIKaHUN CHHXPOHHOTO T€HEpaTopa
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B ocHOBY aHain3a NpoleccoB MpU BHE3ATHOM KPOTKOM 3aMmbikaHnuu CI' mosio-
KEHO TOHATUE O CBEPXNPOBOOSUIeM KOHMYPeE.
CxeMatnyecku n300pa3uM CBEPXIPOBOISIINI KOHTYp Ha pucyHke 3.28.

Crepx—
MDBO 4 ALLVI
KOHTNYP

Pﬁ [Moc ToaHHbI

i; MOTHNT

Puc. 3.28. B3anmoneiicTBrE CBEPXIPOBOISAIIETO KOHTYpa C MATHUTOM

Ecnu x cBepxmpoBojsiiieMy KOHTYpPY MPUABUTATh WJIM OTOABUTATh MOCTOSH-
HBIi MAarHUT, MOTOKOCIIEIJIEHUE KOTOPOTO C KOHTYPOM COCTaBUT \n, TO MO JIEH-
crBueM DJ1C

__dv,
e, =———
dt
B KOHTYPC MOTEYET TOK i, KOTOpBIﬁ cO34acCT CBOW MarHMTHBIN IIOTOK, U B KOHTYPC
Oynet HaBoauThes U DJIC caMOMHIYKITNH ey .

__d(L) __dy,

- dt dt

rne L — MHIyKTHBHOCTH CBEPXIIPOBOISAIIETO KOHTYPA; | — TOK KOHTYpa.
Ha ocHoBanuu BToporo 3akoHa Kupxroga MokHO 3anucath:

e, +e =Ir.

Tak kak I = 0 (KOHTYp — CBEPXIPOBOJIHUK), TO TOTAa

e +e =0;
vy _dv,
dt dt

W3 nociaenHero ypaBHEHHUs CIEAYET, YTO:
Wy, +\y_ =const,

T. €. IIOTOKOCICIUICHUC CBCPXIIPOBOAIICTO KOHTYpPa B JIFO00M MOMEHT BpCMCHHA
OAHMHAKOBO. MMeHHO 3TO M IOJI0KEHO B OCHOBY aHaJIn3a IIpoueccCoB, MPOUCXOAANINX
B CHHXPOHHOM I'CHEPATOPC ITPH BHC3AITHOM KOPOTKOM 3aMbIKaAHHUH.

B CUHXPOHHOM I'€HCPATOPEC MMCIOTCA TPU KOHTYpa C OUCHb MaJIbIMH 3HAYCHU-
SIMHU aKTHUBHBIX COHpOTI/IBJICHI/Iﬁi
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1) oOMOTKA SIKOPSI;
2) 00OMOTKa BO30YKICHHS,
3) nemrdepHas (YCIIOKOUTEIbHAsS) 0OMOTKA.

Ot KOHTYPBI B MOMCHT HACTYIINICHHA BHC3AITHOI'O K. 3. paCCMATPHUBAIOTCA IIPpHU
AHAJIN3C KaK CBCPXIIPOBOIAIIUC. HOI[pO6HO IMPOLCCChl BHC3AITHBIX KOPOTKUX 3aMBbI-
KaHUM B CUHXPOHHBIX I'CHCPATOPAX pACCMATPUBAIOTCA B CIICHUAJIBHBIX KypCaX 3JICK-
TPUYCCKHUX MalllrH.

3.16 CuHXpOHHBIH KOMIIEHCATOP

CuHxXpoHHblll KOMREeHcamop — 3TO IEKTPUUECKas MallnHa, MpeIHa3HauYeHHas
TUTSI CHAOKEHUS JIMHUN DJIEKTPOTIEpeIad U JICKTPUIECKUX CETel éMKOCTHBIMU TOKa-
MU TSI KOMIICHCAIIMA PEAKTUBHOW MOIITHOCTH C IEJIbIO MOBBIIICHUS UX dHEPTeTHYIC-
CKHUX XapaKTEePUCTHK M TMOJJIepKaHUSI HOMUHAJIBLHOTO 3HAYCHHS HAINPSIKEHUS B Me-
CTaxX COCPEOTOUYCHHUS MOTPEOUTETHCKUX HATPY30K.

B kauectBe cuHxpoHHBIX KommeHcaTopoB (CK) Moryt OBITh HCIOJIB30BaHbI
KaK CUHXPOHHBIE T€HePaTOPbl, TAK U CUHXPOHHBIC JIBUTaTeIu. J{Jisi KoMmneHcaum pe-
aKTUBHOW MOITHOCTH CHUHXPOHHAs MaIllWHa JOJDKHA pabdoTaTh B PEKUME IMEpPEBO3-
OyXJeHUS, T. €. B TAKOM PEKHUME IKCIUTyaTalliy BEJIMYMHA ITOCTOSTHHOTO TOKa B 00-
MOTKE €€ pOTOpa MpEeBHIIIACT HOMHUHAJIbHOE 3HaueHue. [lokaxkem oOiacTe pabOTHI
CUHXPOHHOTO KoMIleHcaTopa Ha U-00pa3Hoil XapaKTepUCTHUKE CHUHXPOHHON MaIu-
HbI, paboTaronieil Ha X0JI0CcTOM X0y (Ha puc. 3.29 sTa obnacTh 3amITpuxoBaHa). B
3amTpuXxoBaHHOW YacTh U-oOpa3HOl XapaKTEpUCTHKH TOK CTaTopa CHHXPOHHOTO
KOMITCHCATOpa CTAHOBUTCS IO OTHONICHHIO K TOKY CETH éMKOCTHBIM. Benmnuuna ém-
KocTHOTO Toka CK MOXET TUIaBHO PeryJMpOBaThCS B JIOCTATOYHO IIMPOKUX Tpejie-
JaxX, MPUYEM ITOT IIPOLIECC MOKET ObITh aBTOMATHU3UPOBAH.

L

PabouaA 3oHa HOMMeHCaTopa

e
. _
M
S
P
asicri Dt T
BHOCTb PR
B

cosip=]

Puc. 3.29. U-o6pa3Has xapakTepucTUKa CAHXPOHHOTO KOMIIEHCATOpa
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Ha nmpakTtuke B KaueCTBE CHHXPOHHBIX KOMIIEHCATOPOB MCHOJIB3YIOTCS CIIEIU-
QJIbHO W3TOTOBJIEHHBIE CUHXPOHHBIE JBUIATEIH, pa0OTAOLIME HA XOJOCTOM XOAY,
[OTOMY MX KOHCTPYKIUSI UMEET psiJi OCOOEHHOCTEN, a NIMEHHO MX BaJibl BBIIOJIH -
I0TCSL OOJIETYEHHBIMU (OHM MMEIOT MEHBIIUE IJIOAAN MOMEPEUHbIX CEUYEHUM), Tak
kak Baybl CK He mepenaroT Bpanjaromme MOMEHTHI 2JIEKTPUYECKUM IIPUBOJIAM, a Ce-
YEeHHE MTPOBOAHUKOB OOMOTOK BO30YXK/IE€HHUS yBEJIUYEHO, IOTOMY YTO TOKH BO30YyXK-
JICHUs NIPEBBILIAOT HOMUHAJIBHBIC 3HAYCHUS.

JIns mycka B XOJ CUHXPOHHBIX KOMIIEHCATOPOB HMCITOJB3YETCS aCHHXPOHHBIN
croco0 BKJIFOUEHMS, JIs1 pealn3ali KOTOPOro B MOJIOCHBIX HAKOHEYHUKAX POTOPOB
YCTaHABIMBAIOT KOPOTKO3aMKHYThIE OOMOTKH, WJIM K€ CEPIECYHUKH ITOJIFOCOB BbI-
ITOJTHSAOTCS CIUIOIIHBIMH.

CHHXpOHHBIE KOMIIEHCATOPbI YCTAaHABIMBAIOT B KOHLE JUIMHHBIX JIMHUWA 3J€K-
Tporepenay, Ha pailoOHHBIX TPaHC(HOPMATOPHBIX MOACTAHIHUAX U HAa TMPOMBIIUICHHBIX
npeanpuaTuax. ['uaporeHepaTopsl 3JIEKTPOCTAHIUN B PALE CIIy4acB B MaJIOBOJHBIC
rOJIbl MCIIOJB3YIOTCSA TAaKXKE U B KAa4eCTBE CUHXPOHHBIX KOMIIEHCATOPOB, OJHOBpE-
MEHHO BbIPAa0aThIBasl AJIEKTPOIHEPTHIO.
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