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Tom 284 1974

BbICTPOOEWUCTBHE NPHU OTKJIOYEHHWH IJEKTPOOBUTATEJEH
CO BCTPOEHHBIMH TOPMO3HbIMHU 3JIEKTPOMATHHUHTAMHU

B. C. TPUHBEPT, 3. M. I'VCEJIbHHKOB, E. B. KOHOHEHKQO

{ilpencraByeHa HaydHbIM cemuiapoM KadeAp 3IMeKTPHYECKHX MallH H ailoparon
# ofiuefi 3MeKTPOTeXHHKH)

YMeHbIIeHHe BpeMeHH OCTAHOBA MeXaHU3MOB NPHBOAHT K COKPAaL(EHHIO
HeNPOH3BOAUTEIbHOTO paboyero BPEMEHH H YBeJNHUeHHIO 3(eKTHBHOCTH
HCIOJIb30BaHUs 000pyAoBaHHdA. B CBA3H C 3THM WHPOKOE pacnpocTpaHe-
HHEe TOJYYaloT ACHHXPOHHbIE 3/EKTPOABHIATEJH CO BCTPOCHHBIMH IIPYXKHH-
HBIMH TOPMO3aMH, MO3BOJAIOIIUMH 3HAYHTEJbHO COKPATHTb BpPEeMs OCTa-
11l0BA H MOBLICUTb 0€30NMaCHOCTb JKCIyaTalHH.

JJ1si pacTopMa)KHBaHHs BaJsa 3JeKTPOABUrATeNss TPH BKJUEHHH ero
B CeTb INPHMEHSIIOTCA TOPMO3Hble 2JCKTPOMATrHHUTHL, MHTAHHE KOTOPBHIX OCY-
ileCTBAAECTCA OT CTATOPHOH OOMOTKH 3JA€KTPOABHIaTEe]Is UYepes BBIIPSMHU-
Tedb (pHc. 1). Ilpu BKJIOYEHHH 3JEKTPOJBHraTesisi B CeTh HA KaTYUIKY
3JIGKTPOMArHHTa yepe3 BbIIPAMHTENb MO1a-
eTCSl HalpsiKeHHe, 31eKTpPOMarHuT cpaba-

ThIBA€T, PaCTOPMaiKyBasi BaJl 3JEKTPO/BH- ‘[ ‘[ I
rateasi. IIpy OTK/IOUEHHH 3JeKTPojBHraTe-

Jsi OT CEeTH NPOMCXOMHUT OTNYCKAHHE SIKOPS --
9JIEKTPOMarHuTa, TOPMO3HOE  YCTPOHCTBO

cpabaTbiBaeT, 3aTOPMaxKuBasl BaJl 3JEKTPO-

asurarensi. Bxoa sBuimpsamureas (puc. 1)

OObIYHO COEJIHHAETCA € BHIBOAAMH CTATOP- +—1
HOH OOMOTKH HENOCPeJCTBEHHO (TMyHKTHP- Prc. 1. CxeMa ynpabiesns Top-
Hafd JIHHI/IH) HJIH UYepe3 JAONOJHHTEJIbHLIE - MO3HOIO 3JeKTPOABHTaTel s

KOHTaKThl Iyckarenas [4 u ap.].

Kak nokasanu skcnepHMeHTaJbHBIE HCCJAEAOBAHHSA, PEWIAKILYI0 POJb
lia GBICTPOJAEACTBHE TODMO3HEIX 3JEKTpPOJBHratejiell NPH OTKJKUYEHHH OKa-
3bIBaeT BEJIIYHHA BPEMEHH OTIYCKAHHS JEKTPOMATHHTA {4, 1O3TOMY [PH
[IDOGKTHPOBAHHM TOPMO3HBIX 3JIEKTPOLBHraTes] el Heo6XOZUMO YUYHTHIBATh:
3TY BEJHUHHY.

[lpu coeauHeHHH BXona BHIIPAMHUTENsI CO CTATOPHOH OOGMOTKOlH yepes
JOMOJHHTE/IbHble KOHTAKTHI IIyCKaTe s NepeXOJHble INpOIecCh B ACHHXPOH-
HOM 3JIEKTPOJABHraTeJe H B 3JeKTPOMAPHHTE NPOTEKAIOT HE3aBHCHMO JPYT
oT Apyra. OHu H3yueHbl JocTaTouyHo mosaHo [1—3 u ap.]. Ilpu MemaeHHOM
YMEHBIIEHHH CKOPOCTH 3JIEKTPOIABHraTenAsi BO BPEMEHH I0CJe OTKJIOUEHHS
€ro OT CEeTH MAaTHUTHBLIA MOTOK M aMIUIHTYIA 3. A. C., HABOAHMOI B 06MOTKe
CTaTOPa, YMEHBINAIOTCA MO 3KCHOHEHUHAJbHOMY 3aKOHY C IIOCTOSAHHOH Bpe-
MeHu poTopa. BpeMmsi OTilycKaHHs 3/IeKTPOMAarHHTa B 3TOM cayuyae onpeje-
IS€TCs1 H3BeCTHHIM Bblpa)KeHHeM (NPH YCJIOBHH, YTO BEHTHJM HIAeafbHbie):
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fomi =T+ In-1200 (1)

LOTH
rjie
= B — [OCTOSIHHASL BpeMeHH  3/JEKTPOMAaruuta ¢ NPUTAHYTHIM
SIKOPEM;
iy — TOK B OOMOTKe 3JIGKTPOMATHHTA B MOMEHT OTKJ/IOYEHHS,
[orn — TOK, IIPH KOTOPOM 3JIEKTPOMArHUT HepecTaHeT VAepKHBaThL

CBON AKODb; _

L v R — cooTBeTCTBEHHO HHAYKTHBHOCTb M aKTHBHOC CONPOTHBJCIHEC
vJ1eKTpoMarHHTa.

B ciyuae ke HenmocpeACTBEHHOTO COeJHHEHHSI BXOAa BLIMPAMHTENSA C
BbIBOJAMH CTATOPHOH OOMOTKH mNepeXoJHble NPOLECCh B 3JEeKTPOLBHUIATC-
JIC M B 3JEKTPOMAarHuTe OKa3blBAlOT B3aHMHOE BJAMAHHE [APYyr Ha Jpyra, Tak
KaKk OOMOTKa CTaTopa 3JEeKTPOABHraTeldss OCTAeTCs CBA3AHHOH € OOMOTKOH
3JeKTPOMArHHTa (31eKTpHYecKasi CBSI3b yepe3 BBLIIPSIMHTE]b) H ¢ 0OMOT-
KOH portopa (MarHHTHAas CBSI3b).

Hasinune Toxa B cratopHoil 06MOTKe HpHBOﬂHT K 3aMeUICHHIO ClIaie-
iHsT MArHUTHOIO MOTOKA H aMIMIHTYABI 3. J. €. 3JeKTpoJBHrartess M0 Cpas-
IleHHI0 €O CcJaydaeM MOJHOro 06eCTOYMBAHHS CTATOpPAa NPH OTKJANUYEHHH. ITO
LBeAeT K MENJIEHHOMY CNajeHHI0 HaIPsIKeHHST H TOKAa 3JEKTPOMArHuTa, uto
OIATb K€ CHocoOCTByeT AeMNHPOBAHUIO 3ATYXAHHUS MarlHTHOTO HOTOKA
3JeKTpoABuraTesst 1 T. A. Ilpu 3Tom BpemMs oIyCKaHHs 3JeKTpOMAaruuta
Aoy 3HAYHTEJNDBHO YBEJHYHBAETCS MO CPAaBHEHHIO C BpeMeHeM tgml U MO-
JKeT TPEeBBICHTb AONYCTUMOE 3HA4YeHHEe [,y -

Benuynna BpeMeHH OTIYCKaHHA torpe MOXKET OBITH NPOCTO OfpefeseHa,
ec/JId H3BeCTell 3aKOH H3MEHEHHs] BO BpPEeMeHH TOKAa 3JEKTpPOMAarHura Nocic
oTka0YeHHsa. OAHAKO HAHTH 3TOT 3aKOH B aHAJUTHYECKOM BHle Ge3 H0i10.-
ITHTEJbHBIX YNPOLIEHHH He NPEeACTaBJAsETCS BO3MOXKHBIM BCJEJICTBHE Hafu-
uhsl HeJHHEHOFO 3JieMeHTa (BBIIPAMHTE/IA) H HECHMMETPHUHOrO COeIMHe-
IiMsl CTATOPHOJ Uenu (IMPH 3aMeHe CXeMbl BLINPSMJEHHS 3KBHBAJEHTHOI
AnHeHHOH Harpy3kod u npeo6pasoBaHun IuddepeHUHATbHBIX YDaBHEIHI
K OPTOrOHAJbHBIM OCHAM, HENOABHXKHBIM OTHOCHTE/IBHO CTaTOpa, NPUXOMAIIT-
Cs1 OTBICKHBaTb KOPHH XdPaKTEpPUCTHUECKOTO YPaBHEHHs TpeTbell cTerelu,
KOTOPblE HMEIOT TPOMO3/IKHE BbIpaXkKeHHUs ).

Jlns HHKeHepHBIX PacYeTOB MOXKHO BOCHOJb30BATHCS TIpeaJaraeMol
HHAKe YNPOU[eHHOH METOAMKOH olpefeseHUs 3aKOHA H3MEHEHHSI TOKA 3JeK-
TPOMUTHHTA U BEJHYUHBl BPEMCHH OTIYCKAHUA 4y

[Tpu BLIBofe 3aKOHA HM3MEHEHHS TOKA /71€KTPOMATHHTA TPH OTKJIKOUC-
1M B NepBOM NMPHO/IMMKEHHH NPHHUMAaeM, UTO NePeXOAHbIe NMPOIecCH B CTa-
TOPHOM IE€NH He OKa3blBAXOT BJHSHHS Ha IePexOAHbIe  NPOLecchl B POTOP-
HOH 0O0MOTKe. B COOTBETCTBHH € TIDHHSITBIM NONYHIEHHEM aMIIUTYAa 3. 1. C.,
1iaBOAUMOH B OOMOTKe €T4TOpa, H CpeJHee 3HaueHue HATNPAKEHHS Ha 0O-
MOTKe 3JeKTPOMATHHTA [JOJIKHBI YMEHBIIATBCS NOCJHe OTKJAYEeHHsa 10 3KC-
NIOHEHIIHAMbHOMY 3aKOHY € TOCTOSIHHON BpeMeHH portopa. Ilpu Takom pac-
‘CMOTDEHHH BJUSTHHE TEPEXOIHBIX NPOUECCOB B POTOPHOH O0OMOTKe Ha mnepe-
XOJHbIE NPOIEeCCH B 3JEKTPOMardHTe YYHTHIBAIOTCH He TOJH0CTbIo. OLHAKO
B3aHMHO€ BJIHAHHE TepeXOAHbIX NPOLECCOB B JIEKTPOJABHraTese H B 3JEK-
TPOMATHHTE MOXKeT ObITb Y4YTeHo OoJiee MOJAHO TIPH NOICTAHOBKE COOTBET-
'CTBYIOLIHX NapaMeTPOB B pacCueTHble BHIPAXKEHHS, BbIBeLEHHble NPH YKa3aH-
HOM IONYILIEHHH.

B COOTBETCTBHHM ¢ H3JOXKEHHBIM, YPAaBHEHHe PABHOBECHS HAaNpPSIKEHHS
oOMOTKH 3JEKTPOMAarHHTa OTHOCHTENbHO CPeIHHX 3HaueHHH IepeMeHHBIX
MOKHO 3aNUCaTb B BHIE
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rjpe Uo H io—CpEEIIHHe COCTAaBJAIOILHE HAaNpAKEHHSA W TOKa 3JAEKTPO-
MATHHATa B HOMHHAJIbHOM pEeXXKHMeE Iepell OTKJIOUEHHEeM;
l—Cpeﬂ,HHH COCTaBJAAKCINAs TOKA 3JEKTPOMArHHATa MOCJAe OTKJHO‘-[QHI/IFI

T — 0+x3 o
9= T‘f—AﬂHOCTOHHHaH BpEMEHH 06MOTKH poTOpa, NpUBeJeHHOH
Y A o )
K CTaTtopy,
Xo5 xz’ H 1’2’ ~— COOTBETCTBEHHO HHAYKTHBHOE COHpOTHBJ‘IeHI/Ie B34aH-

MOHHAYKIHH MEXIy CTAaTOPOM H POTOPOM, WHAYKTHBHOE CONPOTHBJEHHE
[raccesiid M aKTHBHOE CONpPOTHBJEHHE POTOPA;

[ — uacroTa ceTH.

Pewast ypaBHenue (26) OTHOCHTEbHO TOKA i, NOJYYHM

f f

712' € fa __'7"6

[==1y ,ecan To+T, (3a)

i:t’o-(1+-;—>~e T, ecau To=T. (36)

3Has BEJHUHHY TOKA iy, , C NOMOMIbIO BbipaxeHui (3a) uau (36) He-
TPYAHO ONpPENEIUTh 3HAUEHHE BPEMEHH OTNYCKAHUSA [ypy METOAOM IIOCTe-
LOBaTeNbHBIX NPUOJHAKEHUH.

B coOTBeTCTBHH C NpHHATHIMH JONYLIEHHAMH pacueTHble 3HAYEHHS
forne , ONpefeseHHble N0 BbipaXeHusaMm (3), JO/MKHBI OBITb 3aBEIOMO MeHb-
e peandbHbIX (SKCHep‘HMeHTaJIbeIe HCCJieJOBaHHA, l'IpOBeILEHHbIe Ha He-
CKOJIBKUX OMBITHBIX 00paslnax TOPMO3HBIX 3JeKTPOJIBHraTeael, NMoKa3aJ,
YTO 3HAueHHs BPEMEHH OTIIYCKaHHsl, ollpelle/ileHHble U3 OCHHJIJIOTPAMM, mpe-
BLILIAKOT pacyeTHble B 2 u Gosaee pas). [losTomy, ecan pacueTHble 3naye-
WHSA £ommp , ONpede/eHHBIE 1O 3THM BBIPAarKEHHSIM, NPEBLIIAIOT AONYCTHMOE
311ayelde BpeMeHH OTHYCKAHUs [,q;, TO IPH OTKJIKYEHHH TOPMO3HOrO 3JeK-
TPOABHTATEAS 10 YKa3aHHOH CXeMe He MOXKeT ObITb JOCTHIHYTO Heo6XoauMoe
OBICTPOdEHCTRBHE.

Ec/au e 3TH pACYeTHBle 3HAYEHHS OKA3BIBAIOTCS MEHbLIE JONYCTHMOTO,
TO BONPOC O OBICTPOAECHCTBUM CXeMBl OCTAeTCsl OTKDPHITBIM: Tpebyerca 6o-
Jjlee MOJIHBIA y4yeT B3aHMHOrO BJIMSHHUA NEPEXOAHBIX NPOLECCOB B 3JEKTPO-
ABHrarteje H B syekrpomaruure. [locaenHee yAOOHO OCYUIECTBHTbH TyTeM
yBeJMYEHHS IOCTOSHHBIX BpPEMEHH, HpHMeHsdeMblX B pacuerax. Xopolilee
COBIIaJIeHHE DPe3yJIbTATOB MOXKeT J1aThb 3ameHa Beawuud To nu T Ha Ty B
BbIpakeHusx (26) uau (36):

oTm2

lorn . (1+ OTI‘I’) "cyM’ (4)
Ly _ Tcy.\l /
rae
Teyu—T+Ts.
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CpapHenue 3HaueHHI BPEeMeHH OTIYCKaHHf, PacCUHTAHHBIX 10 BbIpa-
Kennio (4), ¢ 3KCIepHMEHTAJbHBIMH IIOKa3aJjo, 4TO PacXOXK[eHHE pe3ylb-
TaToB OOLIYHO He NMPEBBIIAET HECKOJbKHX IIPOIEHTOB.
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