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Tom 284 1974

NYCK CPPA C KOPOTKO3AMKHYTON OBMOTKOH HA POTOPE

A. A BYVIMOB, B. I1. TAPT'AHEEB, I'' M. T'OJIOIIEBCKHFH, E. B. KOHOHEHKO

st yAOB/JeTBOPeHHsT NPOMBIIIJIEHHOCTH B 3JeKTPOHPHBOJAE € HU3KOH
CKOPOCTbIO BpAlleHUs TIPUMEHSIIOTCsT 3JEKTPOIBHIaTeNH C 3JeKTPOMArHHT-
1ol penykuHej cKopoctH. Pasnnuasce 1no KOHCTPYKIHW W No  NPUHHUUNY
LeACTBHS, OHH MMEIOT OAUH OOIUHHA HeAOCTAaTOK — IJIOXHe NyCKOBble CBOHCT-
Ba, Ilyck 3THUX JOBHraTtesiefl OCyIIECTBJSIETCS C NOMOIUbID Pa3JHUHBIX OTKJIO-
YJAWUIUXCS W HEeOTKJIOUAIOMNXCS, 3JeKTPHUECKHX ¥ MeXaHHUYeCKHX NyCKOBBIX
yerpoficTB. Boifop nycKoBoro YCTPOHCTBAa 3aBHCHT OT MHOTHX (DakTOpoOB,
TaKuX Kak 4UCcJO OOMOTOK JBHraTeJiss, HalpaBJ/eHHEe BpalleHHd poTopa,
BuA HanpsKenus U T. A. OcHoBHBIMH TpeOOBaHHAMH, NpPEeLbABAAEMBIMH K
IIYCKOBbLIM YCTPOMCTBAM, SBJSIOTCA HALEXHOCTb M MPOCTOTA KOHCTPYKUHH
¥ OTCYTCTBHE CKOJIb3ALIHX KOHTAKTOB.

Cunxponnele peakTHBHBle penykTopHble asurartesin . (CPPJI) mosso-
JSIOT IPHUMEHSITh B Ka4YecTBe MYCKOBOTO YCTPOHCTBA KOPOTKO3AMKHYTYIO 06-
MOTKy Ha porope. [IpuMeneHHne 3Tofl OOMOTKH BO3MOXKHO B ABHraTeJsdx MpH
COOTHOLIEeHHH 3yOIOB CTaTropa M pOTOpa, Y/AOBJETBOPSIOIIEM pPAaBEHCTBY
Z9=2,-2p, TaK KaK TOJIbKO B TOM cJyuae HanpasJeHHe BpaileHHUst poTopa
H MarHHTHOTO IIOJI cTaTopa COBNaAalofT.

Jlono/qHuTeNbHBIT MOMEHT [YCKOBOTO YCTPOHCTBA AOJIKEH HMETb MakK-
CHMaJibHoe 3HayeHHe NPH HEeNOJBHIKHOM pOTOPe ¥ YMEHbINAeTCs X0 HyJs
IpHd CHHXPOHHOH CKOPOCTH BpalieHna. OAHAKO NYCKOBbie YCTPONCTBA, 3a
HCKJIOYeHHeM MEXaHHYeCKHX H BCTPOGHHBIX IIYCKOBBIX 3JIEKTPOABHIaTesel,
paboTaloT Ha OCHOBHOH BOJIHE MArHUTHOTO MOJSi U NPH HOMHHAJIbLHOH CHH-
XPOHHOH CKOPOCTH MX MOMEHT He paBeH Hyaw0. [Ipu 3ToM BeanuuHa obiero
3JIEKTPOMarHUTHOTG MOMEHTa B CHHXPOHHOM peXUMe Bo3pacTaerT, a yCJAOBUSA
CHHXDOHH3aIIUH MOIYT YXYAUIHTbCS, TaK KaK NOJA JAeHCTBHEM MOMEHTa OT
IIyCKOBOTO YCTPOMCTBA POTOP YCKOpSAETCs ¥ B GOJBLUIMHCTBE CJydYaeB Hayu-
HaeT BpallaThbCsl CO CKOPOCTbIO, BO3MOXKHOM AJs MYCKOBOro yctpoiicrea. O-
KTloyeHune MyCKOBOTrO YCTpPOHCTBA B 3TOM Cjydyae HeOoOXOAHMMO, XOTHd OHO
YCJA0XKHAET KOHCTPYKIHIO MALIKHHB H CHHXKAeT HafeKHOCTh ee paboThi.

[lyckoBas KopoTko3aMKHyTast 0OMOTKA POTOPa MOXKET HCIOJb30BATHCSH
IJi - yJIydIIeHHs] MyCKa CHHXPOHHOIO PEakTHBHOIO PeXYKTOPHOIO ABHUTATEJs
ie3 OTKJIIOUeHHs] ee B CHHXPDOHHOM pexume. M3meHenuem BeAHUYMHB aKTHB-
1IOr0 COMPOTHBJICHKS OGMOTKH DOTOPA MOXKHO TOJYYHTb DasiaudHple MycKo-
Bble XapaKTepHCTHKH. OJHAaKO KpOMe HapaMeTPOB KOPOTKO3aMKHYTOH 06-
MOTKH Ha IYCK CHHXPOHHOIO PEAKTHBHOTO PEAYKTOPHOTO JIBUTATENAs] OKa3bi-
BalOT BJAMSIHHE H JPYrHe mnapaMeTpbl. Ilo3TOMy HCClef0BanHe MyCKOBBIX
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pexknMoB pabotsl CPPJI uenecooGpasHo NPOBOAWTH C NOMOLULIO MOJHOH
cucTeMHl HH(PepeHIHa bHbIX yPaBHEHHUI. '

BLIBOJ CHCTeMbl ypaBHelHi, KoTopas onHceiBaer nosenenne CPPJL c
VUETOM I[1apaMeTPOB KOPOTKO3aMKHYTOH OOGMOTKH pOTOpa, NPHBEASH B JH-
teparype [, 2]. Ilpu mepeMeHHOH CKOPOCTH BpallleHHsi pOTOpa 3Ta CHC-
TemMa ypaBHeHHji HeJTMHeHHa ¥ MCCJACHOBaHHe TEPEXOAHBIX JIeKTpOoMexXaHu-
YeCKHX TPOLECCOB BCTpeuaer olpeleseHHple TpyaHoctd. Hanbosee npocto
X MOXKHO HCCJAEJ0BaTh MOLENHMPOBAHHEM Ha aHAJOTOBHIX BBIUHCIUTEIbHBIX
vamndax (ABM). [Tpumenenne ABM Ttpefyer MHHHMAJLHOTO BPEMeHH i
1I0JyYeHHs pelreHuss @ obecneyHBaeT HeOOXOAMMYIO TOYHOCTb H HAIJAd-
IIOCTb TIPOIECCOB, TAK KAK HHTEPECyloliye 3aBHCUMOCTH MOIYT ObITb I10JY-
YCHDI HeNMOCPEACTBEHHO B BHJAE OCIHJJOTPAMM.

Cucrema ypasHenuii CPPJ] B OTHOCHTeIbHBIX €IHIIHIAX H B BHIE, y100-
HOM A/ MOAEJUPOBAHHS, MOXKCT ObIThH 3allHCaHa TaK:
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JlanHas cucTeMa ypaBHeHHH (1) npu 3azaHHBIX napaMerpax W Halpd-
skeHnH U COCTOUT M3 JeCsiTH ypPaBHEHHH W COJAEPXKHUT HeCATb MepeMeHHbBIX
. 'gd,'yq,'p,d,'{J,q,i,,,iq,i,d,im,wp,9 . BpeMsi { gBaseTcA He3aBHCHMOH NepeMeH-
HOIL.
CTpyKTypHasi cxeMa MOJeNH, peajnsyiollas onepalmdnd g COCTABJACH-
nas B COOTBETCTBHH ¢ ypaBHenusimu (1), npusejena na puc. L.
[MpencraBiaeHHass CXeMa MOJE/IH I103BOJIsIeT HCC/eMOBATh pPasjiHyHbIC
pexumbl padotst CPPJl u olennBaTh BJIHsIHHE MapaMeTPOB Ha HEPEXONAHBIC
npolecchl 'B MaluuHe, YCTaHOBKOH KO3(D@UIHEHTOB nepefaud MOTYT H3Me-
USThCSl BEJHYMHBI AKTHBHBLIX CONPOTHBJIeHHH 0OMOTOK CTaTopa H pOTOpa,
BEeJWYHHL CHHXPOHHBIX HHAYKTHBHBIX CONPOTHBJEHH{ MO 0CAM d, ¢, BeaHuH-
1Ha MeXaHHYeCKOM MOCTOSTHHOH BpallallMXCcsad Macc u JApyrve napaMeTphbl.
Hcrionb3oBakne KOPOTKO3aMKHYTOH o6MoTKH portopa Aas nycka CPPJL
BO3MOIKHO B TOM CJyuae, KOrja KpuUBasf aCHHXPOHHOIO MOMEHTa HMeeT clie-
iHaJbHYI0 (OopMy. DTO 3HAYHT, YTO BeJHYHHA MAKCHMAaJbHOrO ACHHXPOH-
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HOTO MOMeHTa A0JKHa OBITh CMelleHHO§ B CTOPOHY OTPHILATEbHDLIX 3Haye-
1iMIT CKOPOCTH BpallleHus poropa. B 3ToM c/lydyae acHHXDOHHBIH MOMeHT Oy-
JleT HaubOJBIIHM TOMBKO B Hauaje IIyCKa U N0 Mepe BO3DacTaHHA CKOPOC-
TH poTopa yMmeHbluaercs. HeoO6XOAHMOCTE YMEHbIIEHHS aCHHXPOHHOIO MO-
MEHTa BBI3BAHA TeM, YTO IPH AOCTHXKEHHH POTOPOM CHHXPOHHOH CKOPOCTH
BeJUYHHA I[IepeMeHHOf COCTaBJfIOmleH MOMEeHTa JOJKHA ObTh OoJbire
NOCTOSTHHON cocraB/siiomed. Muaue poTop nmoj JeHCTBHEM aCHHXPOHHOIO
MOMeHTa OyneT BpailaTbCsi ¢ OObIYHOJ JJig @CHHXPOHHOrO ABHratess CKO-
POCTDLIO.

Puc. 1. CtpyxrypHas cxema mofenn CPPI

U3 Teopun AacHHXpPOHHBIX ABHraTeJed H3BECTHO, YTO TOJYYHTh MeXa-
HHYECKYI0 XapPaKTepPHUCTHKY ¢ GOJbIUIMM 3HAUeHHEM KPHTHUECKOTO CKOJbXKe-
HHs MOXKHO TIpH VBEJMYEHHWM aKTHBHOIO COUDOTHBJEHHA OOMOTKH pOTOpa.
ITostomy pas nycka CPPJ kopoTko3aMKHyTass 06MOTKa poTOpa H3TOTOBJISI-
€TCd M3 MaTepHa/JoB ¢ OOJbLINM YAeJbHBIM CONDOTHBJEHHEM HJH HMeeT Ma-
Jloe cedeHHe CTepxKHeH.

HpeHe6peraﬂ SJIEKTPOMHFHHTHI)IMH HQPEXOII,HI)IMH npoueccaMu, MOMEHT
spamenus CPP/l ¢ o6Morxoll Ha poTope MOXKHO NMPeACTABHTh B BHIe ABYX
COCTaBJIAILHUX

M=M,sin 2(6—0,) +M,. ' (2)

IlepBad cocrasasiioliass MOMeHTa IpelcTaBjasieT cob0l llepeMeHHY Be-
JMUYHHY, 3aBHCALLYIO OT yIvia ®, KOTOpHIH OnpejesseT B yCTaHOBHBLIEMCS
CHHXPOHHOM pEeXKHME BEeJHYHHY HArpys3Ku, a B JIPYCHX peKHMaX — I10JIoXKe-
HHE OCU ¢ OTHOCHTEJLHO BEeKTOpa HanpsiKeHHs. AMIVIMTYla NepeMeHHOoIt
COCTEIB.HH}OI_U,QIL:{ Mm B OCHOBHOM 3aBHCHT OT BE€JHYHHBI CHHXPOHHOIO MOMEH-
1a ABuratens 6e3 oO6MOTKM Ha porope. BesauuunHa nocToAHHON COCTaBJSAIO-
et M, onpeaensieTcss napaMeTpaMu KOPOTKO3aMKHYTOH OOMOTKHM pOTOpA M
npeacrasaseT coO0H aCHHXPOHHBIA MOMeHT. [To3ToMy, HECMOTpPS Ha TO, YTO
‘O6MOTKA pOTOpa OKAa3bIBACT BJHSHHE HA NepPeMeHHYI0 COCTaBJSIONILYI0 MO-
MEHTa, a aKTHBHOE COIPOTHBJICHHEC OOMOTKH CTATOpa — HA TOCTOAHHYIO COC-
TABJSOILYIO, A5 YIPOIUEHHST TEPMHHOJOTHH YCJOBHMCS Ha3blBATb B JaJb-
HeHlieM TepeMeHHYIO COCTABJSIOUIYIO — CHHXPOHHBIM MOMEHTOM, a NOCTOsH-

~
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HYIO —acuHxpoHHbIM. M npu aHa/nu3e BJHAHHS NapaMeTpoB JABHraTens ia
nycK OyaeT paccMaTpHBATLCS BOIPOC, KAK BJHUAIOT T HJIH HHbIE TapaMeTphl
Ha BeJHYHHY CHHXPOHHOIO H aCHHXPOHHOTO MOMEHTA.

Ilepemennas cocraBngiomas momenta CPPJI npu HenoaBHKHOM pOTO-
pe M3MeHsieTCsT ¢ ABOHHOM YacTOTOH NMHTAIONIEr0 HANPsXKeHUsd, Kak # B 00blU-
HbIX CHHXPOHHBIX peaKTHBHHIX ABHrartensx. [To mepe yBeanuyeHHs CKOPOCTH
poTopa yacTtoTa NyJAbCAalHi MOMEHTa YMeHbINAeTCss H CTAHOBHTCH PaBHOMH
HYJI0 NPH CHHXPOHHOM CKOPOCTH BpAIleNHsl pOTOpa. YBeJHueHHe CKOPOCTH
BpallleHHs1 pOTOpa BhIIle CHHXPOHHOJ CONPOBOXKAAETCS BO3PACTAHHEM dac-
TOTBI TIyJIbCALMH MOMEHTA.

[TocTosinHas COCTaB/AAOIAT MOMEHTA C YBeJHUYEHHEM CKOPOCTH yMelb-
IIaeTcsd H CTAHOBHTCS PABHOH HYJIIO NPH CKOPOCTH POTOpa, PABHOH CKOPO-
CTH BpAIUEHHsT MATHATHOrO noJsg (ecAd He YYHUTBIBATH BJAHAHHE AKTHBHOIO
CONPOTHBJIEHHST O6MOTKH cTaTopa).

Hccnenosanve Bausinus napamerpos na nyck CPPJ] naer npeacrabiie-
HHE O KOJHYECTBEHHBIX H KaueCTBeHHBIX H3MEHeHHsix mpoilecca mycka. Ka-
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Puc. 2. PacuerHple ocumiiorpaMmpi nycka CPPI

mpu H=5 34 cex, X4 =14, a—r,=38,
%
6—r3=7

YCCTBO IIyCKa CJaellyeT OLeHHBAaTh BpeMeHeM, 34 KOTOPOe POTOp OOCTHraer
CHHXPOHHOH CKOPOCTH, BO3MOKHOCTHIO BTATHBAHHS POTOpPA B CHHXPOHH3M
H [UINTEJbHOCTBIO 3aTyXaHHsA KoJieGaHHH CKOPOCTH BpalleHHs POTOpa mnocie
BTATHBAHUS B CHHXPOHH3M. IIpH mMccrnenoBaHunm BAMSIHHS NapaMeTpoB Ha
nporece nycka B 0OJIbLIOM [JHaNa3oHe U3MeHSIHCh AKTHBHBIE COIPOTHBJIE-
HUs1 O6MOTOK CTAaTOpa H POTOPA.

AHanu3 pacuyeTHBIX W 3KCNEPHMEHTAJbHEIX OCUHJJIOIPAMM MOKa3hBaeT,
UTO H3MEHEeHHe BeJHYHHBl aKTHBHOIO CONPOTHBJiEHHS OOMOTKH CTaTopa B
peajIbHBIX Tpe/leax MPaKTHYECKH He OKA3biBACT BJHSAHHS Ha BPEMS YCKO-
peHHs pOoTOpa N0 CHHXDOHHOjJi CKODOCTH H Ha BTSICHBAHHE pPOTOpa B CHHXPO-
Hu3M. JIMHTeIbHOCT 3aTyXaHHsA KoJeGaHHHl CKOPOCTH NOCJe BTATHBAHUS
pOTOpa B CHHXPOHH3M C yBeJHUEHHeM AKTHBHOTO CONPOTHBJEHHS OBGMOTKH
cratopa BO3pacraer.

AKTHBHOE CONPOTHBJEHHE OOMOTKH pPOTOpa OKAa3bIBAE€T 3HAUHTENbHOE
BAusgHHe Ha npouecc nycka CPPH. Ilpn Maablx 3HayeHUsiX CONPOTHBJEHHS
0OMOTKH pOTOpa YBEJHYHBAeTCs] ACHHXPOHHbII MOMEHT JBHraTe]s H TpO-
Hecc Nycka IpoTekaeT KakK y OOBIYHOTO acHHXPOHHOTO aBHratenas. Jlefct-
BHE CHHXDOHHOTO MOMEHTa TNPOSIBJSETCS JIHIIb B TOM, YTO B KPHBOH MO-
MeHTa ‘M CKOPOCTH TIOSABJASIOTCS MYJAbCAlLHH.

YBe/HueHHe aKTHBHOTO CONPOTHBJIEHHS OGMOTKH POTOpa COMPOBOKA-
€TCSl YMEHbIIEHHEM aCHMHXPOHHOTO MOMEHTA U CTAHOBUTCS BO3MOMKHBIM BTSI-
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rusanne poropa CPPJI B cunxponnam. Ha puc. 2 npexcrasiensl pacueTHbic
ocumanorpammer nycka CPPJI, a na pHe. 3— sxenepumentaaniinie, M3 3THX
OCUHJJIOTPAMM MOXKHO CAeNaTh BBLIBOJ, UTO C yBeJHueliMeM aKTHBHOTO CO-
NpOTHBJIEHHsT OOMOTKH pPOTOpa BO3pacTaeT BPeMs, 3a KOTOpPOe pOTOp J0-
CTHraeT TIOACHHXPOHHOH CKOPOCTH, a TaKXKe AJIHTCJIbHOCTb 3aTYXaHHA KoJe-
OaHMiT CKOPOCTH MOC/Ae BTATHBAHHS POTOPA B CHHXPOHH3M.

IIpouecc BTATHBAHUST POTOPA B CHHXPOHHM3IM HAK/IALbIBACT OCHOBHOE OF-
paHHYEHHEe Ha YMCHbILIIEHHE aKTHBHOTO CONPOTHB/EHHS OOMOTKH pOTOpa, a
CJICA0BATEIbHO, H 11d YBeJHUEeHHe ACHMHXPONHOro movenTa. s HAZEeKHOrO-
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Puc. 3. SkcnepumenTtanbuble ocnuanorpaMmu nyeka CPPJT

npu H=10 354 cex, *a =14, a —r,=5, 6—r, =10
X
q

NycKa JABHraTe]s Ha XOJOCTOM XO/AY aKTHBIIOE COIPOTHBIENHEe 0GMOTKH PO-
TOpa JNOJKHO ObITb YyBesanueno B 5—I10 pa3 10 CpaBHEHHK € AONYCTHMBIMH
3HAUEHHSIMH B YCTAHOBHBIUEMCS CHHXPOHHOM peKHMe IIpH PaBHBIX IPOUHX
nmapamerpax [3]. :

PaGora B nepexoaubx pexumax u nyck CPPJI cyniecTBenHo 3aBHCAT
OT BEeJMUHHBI MOMeHTa nHepuuu fI (WM MexaHMUeCKON mNocTosHHON Bpa-
mawumxes Mace). Beaunuuna ee onpelensieTcs Kak KOHCTPYKIHeR caMoro
ABUTATENsd, TaK H IPHBOAMMBIM MeXaHH3MOM. M3 pacueTHbIX H IKCHePHMEH-
TaJAbHBIX ocnuAnorpaMm (puc. 4, 5) BuAHO, uTo NpH yBeauuennu H Bozpac-
TAeT BPEMsI YCKODEHHSA POTOpA A0 CHHXPOHHOH CKOPOCTH. JTO MOXKHO 06BAC-
ITUTb TeM, 4TO LI YCKOPEHHA POTOPA € BO3POCIUMMH MaxOBLIMH MacCaMH 10
CHHXPOHHOM cKopocTH TpebGyercst GoJblie 3HepruH. IIpy 1OCTOSHHOR MOLL-
HOCTH BPCMsi VCKOPEHHSI VBEJIHYHBAETCH.
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C yBeJdHueHHeM MeXaHHYeCKOH [OCTOSHHOH BPalAlOUIIXCA Macc BTs-
rHBalHe POTOPA B CHHXPOHH3M MOXKeT CTaTb HeBO3MOIKIlbIM, H Ol pasro-
sieTcs O YCTaliOBHBILENCH aCHHXPOHHOH CKOPOCTH. ATO BLI3BAHO TeM, UTO
¢ npHGJIHKeNHeM CKOPOCTH POTOPA K CHHXPOIHOf Ha pOTOP, KpoMme MOMell-
TOB HAPPY3KH M TPEHHs, AENCTBYIOT TMCJIOKUTEbHbIE Tepemeniias i noc
TOfHIAs COCTABNAKILME IEKTPOMArHUTHOrO MOMenTa. Potop B 3TOM citydae
yCKOpsieTcsl ¥ co3jlaeTesl N30blTOUHbIA AMHAMUYECKHA MOMEHT, NPOHOPLHO-

do
naabuplt H u ycKopeuuio poTtopa = P TIpu =0 nepeMenpas cocCTan-
Asoliiast MOMeHTa Taxxe pasia Hyao. OIHAKO JAMHAMHYECKHH MOMENT N
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Puc. 4. PacueTHble . OCUMJJIOrPAMMBI  MYCKa
CPPI mpu r, =474 =14, a—H-=
x

q
=5 92 cek, 6 —H=15 24. cex, 8—H =
= 925 aa. cex

TIOCTOSHHAA COCTABJAAOLIAS 3JEKTPOMArHUTHOTO MOMEHTa OCTalTCd N0.40-
JKHTEJBHBIMH H TTPOMAOJKAIOT JEHCTBOBATH HA POTOP YCKOPAIOUINM obpason.
CxopocTb pOTOpa IIpH 9TOM TpeBbllIaeT CHHXPOHRYIO. Vroa © Hauunaer
H3MEHATBCS OT HYJAS B CTOPOHY OTPHIATENbHBIX 3HAUElHil H TnepeMenteast
COCTABJSIONIAS MOMEHTA CTAHOBHTCSI TaKxke oTpuuate. bnod. Tloa aeficTBu-
eM OTPHIATEJIbHOIO MOMEHTa CKOPOCTb POTOpA NOHHIKAETCH. Ecaun npu or-
pHIIATEJbHBIX 3HAUEHHSIX yraa © CKOpPOCTb He yMEeHbLIACTCs HiKe CHHXPOH-
110f1, TO POTOp He BTATHBAETCH B CHHXPOHHM3M M Bpallaercs c ACHHXPOHHOK
cKOpOCTbIO. [1pH TOHHKEHHH CKOPOCTH J0 CHHXPOHHOH HJI 11HKe POTOp BTH-
I'HBAETCA B CHHXPOIM3M H IIPOLECC NyCKa 3aKaHUMBAETCS KOJCOaHHAMH CKO-
POCTH OTHOCHTENBHO CHHXPOHHOH. '

JInuTe bHOCTb 3aTyXaHHsi KosgeGaHHit CKOPOCTH pOTOopa Mocjae BTAMH-
pauus B CHHXPOHH3M YBEJIHYHBAETCS C POCTOM MEXaHHUECKOH NOCTOSAHHOMN
Bpamaomuxcs Mace. Yactora ko/ebaHull NpH 3TOM yMeHbIIAeTCA.

MHorouxcaeHHble PACUYeThl U IKCIEPHMEHTH IOKAa3bIBAIOT, YTO KOPOTKO-
3aMKHyTasg 0OMOTKAa DOTOpa He ABJseTCsS yHHBEPCANbHLIM TyCKOBBLIM Cpel-
cteom CPPJI. VBenuueHune NYCKOBOIO ACHHXPOHHOTO MOMeliTa C IOMOHIbIO
yMeHbUIeHHsi AKTHBHOTO COMPOTHBJIeHHS OGMOTKHM pOTOpa A0 r,=10—15
yAyumaeT NycK ABHrateJs NPU MOMEHTe CONPOTHBJEHHs Ha Baay, paBHOM
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Pic. 5. Drcnepinentapiible OCUIVLIONPAMMBLL 1yCKa

. X
) - = d

CPPI upn r,=10,

=15 a—H=5 51 coxn,
Xy
6 —1=7 3.1 cex, B—~H=10 34. cex
40—50% ot nomunaasioro. C padbHelIUM YMEHBIIEHHEM CONPOTHBJ/IEIHSA
00MOTKH POTOpa VJAVUILAETCS NYCK NpH 00JbIINX 3HAUEHHAX MOMEHTa Har-

PY3KH, HO IIpH 3TOM CTAHOBHTCA HEBO3MOKIIBIM IIYCK Ha XO0J0CTOM XOJY H
npH MaJaulx Harpysxax,
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