Jlekuus 6. NMonapusoBaHHbIE,
KOMOMHUpPOBaHHbIE, KOOOBbLIE pere.

5.1. lNonapusoBaHHbIE pene
5.2. KombunHnpoBaHHble pene
5.3. KogoBble pene



Bo MHOrmMx yctpomctesax aBToMaTuKu U TenemMmexaHuKu, B TOM
4yucne n XenesHooopoXHOW, TPebYTCA ANEKTPOMarHUTHbIE
pene, KoTopble, B OTIINYME OT HEeUTparbHbIX, pearnpyrT He
TONIbKO Ha abcontTHOe 3HayYyeHue Toka B OOMOTKe (Mnu
HanpsP>KeHnss B HEW), HO N Ha €ro HanpaerneHue (Unn Ha
NOMAPHOCTL HanpsXeHwuda). Takue pene Ha3bliBalOTCH
nonsapu3oBaHHbIMM.

Cunbl f3 onpeaenaetca dopmynon Makcsenna:

(6.1)

rae U, = 41077 [H/M — MarHUTHaA NocTosHHaA, S — naowaab

TOopua cepaevyHmnKa (MM NONKCHOrO HaKOHEeYHUKaA), obpaLlleHHOro
K BO34YLUHOMY 3330py.



Kpueas 3asucumoctn  f (P,) npusegeHa Ha puc. OHa
CMMMETPUYHA OTHOCUTENbHO OCH f .
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(6.2)

rae F, = [,W — marHutoaBuKyLas cuna, cosaaBaeman obMOTKOM
c yncnom sutkos W.

(6.3)

roe & — ANMHA BO3AYLLHOroO 3a3opa.

(6.4)






A CcMeleHMnAa XapaKTepuctmku I Hado, YyTOObl MAarHUTHbIN
3\ P

MOTOK (I)B CO34aBa/iICA HE TOJ/IbKO MAalrHUTHbIM NMOTOKOM 0OMOTKM C
TOKOM Ip , HO W HeKOoTopbiM AO0NMNO/IHUTENbHBIM MAlTHUTHbLIM

MOTOKOM  OAHOr0  HanpasaeHuAa. ITOT  AONONHUTENbHbIN
MArHUTHbIX MOTOK Ha3biBalOT nonapusywwmm (P,), NOCKONbKY
MMEHHO 3a CYeT Hero M co3gaetcaA Heobxoammaa acummeTpus
XapPaKTEPUCTUKU fa(lp) , T.E. obecneynBaeTcs
«MNONAPU30BAHHOCTbY pene.

MarHuTHbIM NOTOK, CO34,aBaeMbli OOMOTKOM C TOKOM [, HasblBatoT
pabounm (®,), a camy o6moTKy — pabouent o6moTkoM.

OB6LWMM MAarHNTHbIN NOTOK B BO34YLIHOM 33a30pe MeXAy AKOpPeEM U
cepaevyHMKOM onpeaenaeTca CyMmMoun notokos @, u D,

(6.5)



MonApusylowmMin MarHUTHbIM NOTOK @D, moXKeT ObiTb CO3A4aH Kak
NOCTOAHHbIM MarHMTOM, TakK W cChneuuManbHOM noAApusyloLlein
0OMOTKOM, NOAKNOYAEMOWN K UCTOYHMKY NOCTOAHHOIO HanpAXeHUA.
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Cnocobbl co3gaHma Nonspm3ayoLwero MarHUTHOro NOToKa: a — C MOMOLLbIO MOCTOSIHHOTO
MarHuTa, 6 — ¢ NOMOLLbIO Nonsipuayowen 0bMoOTKN; 1 — NOCTOSAHHBIN MarHuT, 2 —
nonsipuaytowad obmMoTka, 3 — pabodas 06MoTKa, 4 — sikopb, HK — HopMmanbHbIM KOHTaKT, K —
nepeBeaeHHbIN KOHTaKT



Cxema 3aMelleHNA MarHUTHOM LUEenu pene no OTHOLLIEHUIO K MNOAAPU3YIOLLLEMY
MarHuTHomy notoky @ : F,, — HamarHM4mnBatoLLasa CUaa NOCTOAHHOIO MarHMTa
AN nonapusyrowen o6MoTku; Rs — MarHUTHOe CONnpoTUBAEHNE BO34YLLHOIO
3a30pa §; Ry — MarHUTHOE CONPOTUB/IEHNE OCTA/IbHbIX 3/1IEMEHTOB
MarHMTonpoBoAa



Ecau ok I, co3paeT marHUTHbIM NOTOK @, TOro e HanpasieHMA YTO
M NOTOK @, TO CyMMapHbIii NOTOK @, Npu yBeMYeHUN ToKa 1,
YBE/IMYMBAETCA, CUNA NPUTAXKEHUA [ yBenUMBaeTcs, npu

HEKOTOPOM 3HA4YEHUN (Dp, d CNneaoBarte/ibHO, U TOKA Ip, nponcxoanT

cpabaTbiBaHMe pene (3amblKaeTcs nepeBeAeHHbIN KOHTAKT MK —
aHanor pPOHTOBOro KOHTaKTa Y HEUTPabHbIX pene). IToT TOK
Ha3bIBAlOT TOKOM cpabaTbiBaHMA pene, TOKOM NepeKAUYeHnsa nnm
TOKOM NpUTAXKeHUA aKopAa. COOTBETCTBYOLWME 3HAYEHUA
HaNpPAXKeHMs Ha 0OMOTKe AKOPA Ha3bIBalOT aHANOTMMYHbIM 06pa3om.
Mpy yMmeHbLeHUN ToKa [, MarHWTHbIN NOTOK @y 1 cuna f

YMEHbLIATCA, MPU HEKOTOPOM TOKe (TOKe OTNyCKaHUA) AKopb 33
cyeT cobCcTBEHHOM MACCbl MM BO3BPATHOM NPYXKUHbI BO3BPALLLAeTCA B
NcxoaHoe coctoaHue. BHOBb 3aMblKaeTca HOpMabHbI KOHTAKT HK.
Pexknm paboTbl NONAPMU30BAHHOIO pesne, Koraa Noc/ie OTKAYeHUA
paboyen 0OMOTKM OT UCTOYHUKA NUTAHUA AKOPb BO3BpaLLAETCA B
NCXOAHOE COCTOAHUE, HAa3biBAOT PEXUMOM € npeobnagaHuem.



YnpolleHHast KOHCTpyKuusa pene tuna MNJi3



YnpolleHHas cxema 3aMelleHnsa MarHMTHoOW Uenm
13



CornacHo 3akoHy Oma anst MarHUTHOWM Lien MarHUTHbIA NOTOK

yepe3 KOHTYyp | (T.e. 4epe3 MarHUTHy nepemMblyky)
NpPMONMKEHHO onpeaensaeTcd COOTHOLLEHNEM:

(6.6)

(6.7)
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Cxema pacrosioxeHunsi BbIBO4oB 0OMOTOK pene Tuna
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Xapaktepuctuka f (1)

MarHuTHble uenun perne, B KOTOPbIX CYMMapHOe YCUIue Ha
AKopb o0Opa3syeTca B pes3ynbraTe CyMMMPOBAHUS [ABYX
NMPOTUBOMOSIOXKHO  HaMpaBfeHHbIX  YCUIMA,  Ha3biBaoT

anddepeHunanbHbIMM.
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KOHCTpyKUMsa nonapmnsoBaHHoOro pene ¢ guddepeHumanbHOM MarHUTHOW
Lenbto (a) 1 ynpoLleHHasi cxema 3aMeLLleHnst MarHUTHoum uenm (6)



Taknm obpa3om, pene pacCcMOTPEHHOro Tuna pabdoTtatoT
criegyrowm obpasom: nepekniveHne sKopss B gpyroe
NOMNOXEHUE MPOUCXOAUT TOMbKO MPU OOHOWN MOSIAPHOCTU
HanpshKeHunst Ha pabo4ven oomoTke. UTobObI NepeBeCcTU AKOPb
B WCXOOHOE TMONOXeHWe, Haao nogaTtb Ha OOMOTKY
HanpsaXXeHne aOpyron nondpHocTtu. Ecnm HanpaxeHue oT
OOMOTKWN OTKMIOUYUTb, TO AKOPb OCTAHETCH B TOM MONOXEHUM,
KOTOPOE 3aHAmM Nocne nepeknioyeHna pene.

Takon pexmm paboTbl (C  yAepXaHuem  SAKops)
NoNnsipu3oBaHHOrO  pene  HasbiBaldT  HEUTparibHbIM
pexumoM. IHorga pene ¢ Takoum perynmpoBKOW HasbiBaloT
ABYXMNO3UUMOHHbLIMM. He cnenyert nytatb HeumparsbHbiU
PEXNM [10/159pU308AHHO20 perie ¢ paboTton HelumparbHO20
pene.



Mcnonb3ysa pacCMOTPEHHYIO MAarHUTHYIO LEeNb, MOXHO NOCTPOUTb
TPEXNO3MLUOHHDbIE Pefe, Y KOTOPbIX SKOPb MOMKET HaxoAMTbCA B
TPeX YCTOMUYMBbLIX MNONOXKEHUAX. 1PN OTCYTCTBUM TOKa B 0OMOTKeE
AKOPb YAEPXKMUBAETCA B CpeAHEeM TMOJIOKEHUN C MOMOLLBIO
CNeuManbHOM MNPYKUHbI UAK 3@ c4eT cOOCTBEHHOM YMNpyrocTtu.
Mpn NoaKAOYEHUU K OOMOTKE HanpsKeHUAa OH NepeBOAUTCA B
npaBoe MAU N1eBOe MNONOXEeHUe B 3aBUCMMOCTU OT NOJISIPHOCTU
Hanpa»keHus. Nocne OTKAIYEHUS HANPAXKEHUS NoAa, AENCTBUEM
yNpyrvx Cui NpyXuHbl, Npesblwatowmx pasHocte cua f . u f .,

AKOPb BO3BPAWLAETCA B UCXOAHOE CpeaHee COCTOAHUE.

Takon pexumm  perynmpoBkM  MNOMAPU30BAHHLIX  pene
Ha3bIBalOT PEXNMMOM € MarHUTHbIM npeobriagaHueMm (T.K.
NoONSAPU3YyOLWNUA MarHUTHbIM MNOTOK B OAHOM BO34YLLUHOM
3a3ope Bcerga borblie, 4emM B APYyrom).
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Cxema MarHUTHoro AYTbA
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Pacnono)eHne KOHTaKToOB 1 cxema oOMOTOK pene
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ANEeKTPOMarHUTHbIN MeXaHn3Mm (a) U MarHuTHas uenb (0)
pene NP



a) 0)
Cxema 3amelleHusa marHnTtHom uenu perne UP: BapnaHT | (a)
n BapuaHrT Il (6)



Cxema 3amelleHna mariutHom uenu pene NP npu R, = 0



Kak n B INEKTPUNHECKUX UenAax, pacnpegeneHne marHMTHOro NOTOKa
(Dn Nno napanneabHo coeamHeHHbIM MalrHUTHbIM COMPOTUBIEHUAM
nponcxoaunT O6paTHO nponopunoHalibHO UX CONPOTUBIAEHUAM
(6OI'IbLLIaFI YaCTb NOTOKa (I)n NnpPpoTekKaeT no MeHbWeEMY
COI'IpOTVIBerHVIlO), T.€.

(6.8)

Rs3s R
NockonbKy Rg; = Rss, @ Rgy = Rg3, To =22 = =22,
Rs1 Rgsa

Toraa n3 cooTHoweHun (6.8) nonyyaem

(6.9)
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OrneKkTpoMarHmTHbIN MexaHnam pene VMIMLLU



Cxema 3amelleHns marimtHom uenu perne AMLL



KpomMe  HeuTpanbHblX W  NOMAPU30BaHHbLIX pene B
XKenesHo40opoXXHOU aBTOMaTuKe NCNONb3YyT
KOMOMHUPOBaHHbIE pPEfie, KOTOpble MNpPeacTaBnsaAlT cobon
cCOYeTaHue HenUTparbHOro M NnosiiPU3oBaHHOrO pene ¢ ooLen
MarHMTHOM CUCTEMOMN U C He3aBUCUMbIMU HeWUTpanbHbIM U”
NoNsipU30BaHHbLIM SIKOPEM.
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YnpouleHHaa KoHCTpykuma pene KMLL



YcnoBHble rpacdunyeckne obo3HavdeHnst obMoTok pene
B anekTpuyeckmx cxemax CLIb

A Al

VY CIIOBHEBIE

HaumeHOBaHHE perne
0003HAUCHHUA

HopMmansHoro aeficteus (6e3 mpeo6iagaHuA)

C npeobi1agaHAEM MOPHOCTH

C JOIOJIHHUTEIIEHBIM BBIIIPAMHTCIICM (,‘_UUI pa6OTBI
Ha IICPCMCHHOM TOKC)

2 KOMﬁI'IHI'I[)OBﬂHHbIC IMOCTOAHHOI'O TOKA

HopMmansHOro JeHCTBHA

C 3aMeTeHHEM TIPH OTITYCKaHHH HEHTPATEHOTO
AKOPA

C caMmoyepxaHHEM HEHTPATBHOIO AKOPSA

P68 | PR

3. C MArHHTHOIT CHCTEMOI1, pearupyroueil Ha TOK 0JHOro
HAIIPpaBJIeHIA

HopMmamtpHOro JeHCTBHA

C 3aMeICHHEM IIpH OTIIYCKaHHH

HMITY.JIBCOB)

5. IlepeMeHHOr 0 TOKA

OIDHO3IEMEHTHOE

o | P




JIByX3I€MEHTHOE

6. TpaHCMHTTepHOe MepeMeHHOro ToKA —&—
7. KoJoBble peJe
Oo01ee 0603HaUeHHE (BHYTPH 0003HAUCHHA L
MOXKET YKa3bIBaThCA AKTHBHOE COIPOTHBICHHE 1
OOMOTKH)
C mBymsA pa3genbHBIMH OOMOTKaMH

C 3aMeICHHEM IIpH OTIIYCKaHHH

C 3aMeICHHEM IIpH CpaGaTBIBaHHH

C 3aMelIeHHEM IIpH CpaﬁaTBIBaHHH H
OTIIYCKaHHH

BB




KopoBbie pene tTunos KOP v KOPLU

N T

KoHcTpykuua pene tmna KOP1



