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AaaoTaU!IH 

0nHC8H8 CHCT9M8, npHMeH9HH8R H8 CHHXp0~830TpOH9 06~enHHeHHOrO HHCTHTyTa Rnep

HbiX HccnenoBaHHA nnR !lbiBona ycJtopeaaoro ny"'Ka aa MHwea& nyTeM BOa6y>KneHHR nepaol 

rapMOHHKH aaHMyTan&aolt acHMMeTpHH MarHHTaoro nonR. BoaMywatowee none coanaeTcH a 

ltOHUe UHJtna YCKOpeHHH C UOMOWbiO 06MOTOJt, H8MOT8BHbiX H8 Ka>KnOM H3 4 -x ceKTOpOB 

Kon&neaoro MarHHTa. 1-iMnyn&c ToJta nonaeTCR B o!5MOTKY oT !5aTapeH KoaneacaTopoB, KO

'i'opasr paapB>KaeTCH aa aee a ay>KHbll MOM eaT UHKna ycKopeausr. CucTeMa noa11onsreT Bbl

BOnHTb !19Cb ny"'OK HnH ero "18CTb 38 BpeMH }0 ~ 40 MCeK, nonanaHHe ny"'K8 H8 MHWeHb 

np.OHCXOnHT H8 H8p8CT810W91 "18CTH TOICOBOrO HMnyn&ca, npH STOM M8KCHM8nbHOe 3H8"1eHHe 

T01t8 B HMnyn&ce He npeBOCXOnHT 200 a, Y'K83811bl B03MO>KHOCTH npHMeHeHHR MeTona H8 

CHHXp0~830TpOH8X. 



B CIIHxpo<jla3oTpoHe c npS!MOniiHeliHbiMH npoMe>KyTKBMII 8311MyTanbH8S! HeoaHopoaHOCTb Mar

HIITHoro nonS! npiiBOLliiT K CHnbHOMy B03Myll.leHIIIO LlBH>KeHIIS! 'i8CTIIU. llel!CTBIIe 8311MYT8nbHOl! 

I 1,21 
acHMMeTp1111 noapo6Ho paccMoTpeHo B pa6oTax • Ebmo noKa3aHo, 'iTO B036y>KaeHHe 8311MY -

T8nbHOl! HeOLlHOpOLlHOCTII MBrHIITHOrO nonS! K"8K B npS!MOniiHel!HblX npoMe>KyTKax1 TaK II B ceKTO

pax KOnbQesoro MSrHIITa, npiiBOLliiT K IICKS>KeHIIIO <jlopMbl MrHOBeHHbiX op611T, np11 STOM CB060ll• 

Hbie pSLlllanbHbie KOne6aHIIS! 'iSCTIIU OKOnO HCK8>KeHHbiX op6HT npOHCXOLlSIT T8K >Ke, KaK OKOnO 

CIIMMeTpll'iHbiX, C llOMOlllb!Q noao6Hb!X B03Myll.leHIIl! B yCKOpiiTenS!X C KOnbUeBbiM MSrHIITOM npo-

/3 4/ 
113B0Lll!TCS! BbiBOLl YCKOpeHHOfiO ny'iK8 H8 MIIWeHb, noMemeHHyiO BHyTpll BaKyyMHOl! KSMepbl ' 

llnS! STOrO B KOHUe UIIKna yCKOpeHIISI nocpeaCTBOM B036y>KaeHHS! 8311MYT8nbHOl! SCHMMeTpllll 

MSrHIITHOro nonS! HCKYCCTBeHHO IICKa>K8IOT <jlopMy Op611Tbl TSKIIM o6p830M, 'IT06hi MSKCIIManbHOe 

OTKnOHeHHe OT CIIMMeTpll'iHOl! op611Tbl npHXOallnOCb Ha a311MyT, s6nll311 KOTOpOrO pacnono>KeHa 

MIIWeHb. BpeMS!, B Te'ieHHe KOTOporo npOHCXOLliiT coyaapeHIIe ny'iKS C MIIWeHbiO, onpeaenSieTCS! 

CKOpOCTbiO HapaCTSHIIS! SMnnHTYLbi IICKa>KeHIIS! BO BpeMeHII. Ha KOCMOTpOHe II 6saa-rpoHe 

6biCTpbil! c6poc ny'IKa HS MIIWeHb 6hin ocymecTBneH 3a C'leT C03LlaHIISI B oaHOM 113 npS!MOnll-

/5 6/ 
Hel!HbiX npoMe>KyTKOB cllnbHoro B03MymeHIIS! c noMOI.l.lbiO 6e3>Kene3Horo MarHIITa ' • ManaS! 

IIHayKTIIBHOCTb 6e3>Kene3HOrO MarHIITa n03BOnHna nony'iHTb 6onbWIIe CKOpOCTII HapaCTaHIIS! IIC

Ka>KeHIIS!, OaHaKo aMnnHTyaa B03MymaiOwero nonS! aon>KHa 6biTb B STOM cny'lae O'ieHb sen11Ka. 

8 HaCTOS!ll.lel! CTaTbe OniiCbiBSeTCS! CIICTeMa, npHMeHeHHaS! anSI BbiBOaa yCKOpeHHOrO Uy'iKS 

Ha MIIWeHb B CIIHXpo<jla30TpOHe 06oeaiiHeHHOrO IIHCTIITyTa S!LlepHbiX IICCneaoaaHIIl!, A311MyTSnb-

HaS! HeoaHopoaHoCTb MarHHTHoro nonS! co3aaaanacb aaecb a ceKTOpax Konbueaoro MarHIITa. 

121 
KaK 113BeCTHO , np~: so36y>KaeHIIII a311MyTanbHOi! HeoaHopoaHOCTII Blllla h (8) ~ h 

1 
sin (8 +a) 

OTKnOHeHIIe no paaKycy HCKa>KeHHOl! op6HTbl OT CHMMeTpH'iHOl! B CHHXpo<jla30TpOHe Ha 10 6 S i \ 

np116n11>KeHHO OnHCbiBaeTCS! COOTHOWeHHeM: 

sin (8 + cz) • ( 1 ) 

-oTHOWeHHe aMnnHTyahi HCKS>KeHHS! K HanpS!>KeHHOCTH MSrHHTHOrO nonS! B 3a30pEe 

ycKopHTenS!, R op6HThi, x 2= 1-n , rae n -nOK838Tenb MarHHTHOrO 

nonH, 8 = s n , rae n -nepHMeTp, S -TeKyWaSI KOOpaHHaTa aaonb anHHbl MrHOBeHHOl! op-

6HTbl, a -HeKOTOpaS! <jla3a HCKa>KeHHSI, Ha pHC, 1 nOKa3aH Blla IICKa>KeHIIS! MarHIITHOro nonS!, 

KOTOpOe C03aasanOCb C nOMOI.l.lbiO 06MOTOK, HaMOTSHHbiX BOKpyr noniOCOB Ka>KLlOrO CeKTOpa KOnb

ueaorO MarHI!Ta, Ha STOM >Ke _pHCyHKe aaHO COOTBeTCTByiOWee eMy IICKa>KeHI!e <jlopMbl op6HTbl, 

KaK a11aHo H3 p!!CYHKa, o6MOTKII Ha nepaoM H 'ieTaepToM ceKTopax (HoMepa ceKTopoa yKa3hlaa

IOTCII no HSnpaaneHI!IO aBII>KeHI!S! ny'IKa) BKniO'ieHbl HaBCTpeqy 06MOTKaM BTOporO II TpeTbero 

ceKTopa. TaKoe aKniO'ieHI!e ceKTopoa Bbi6paHo no cneay10 I.WM npl!'iHHaM. Bo-nepabiX, co3aaaa-

eMoe IICKS>KeHI!e MSrHIITHOrO nonS! coaep>Kl!T CllnbHO Bbipa>KeHHYIO nepayiO rapMOHI!Ky, KOTOpaS! 

OKa3biBaeT Hal!60nbwee B0.3MYW8IOI.l.lee ael!CTBIIe. Bo-BTOpbiX, <jlOpMa IICKa>KeHHOl! op611Tbl B STOM 

Cnyqae IIMeeT MaKCI!ManbHOe OTKnOHeHHe B pal!OHe npS!MOnl!HeliHblX llpOMe:>Y.yTKOB, pacnono>KeHHbi.lf 

Me >Kay BTOpbiM II TpeTbHM, a TaK>Ke Me>Kay nepBbiM II 'ieTBepTbiM CeKTOpaMII. VIMeHHO Ha STHX 

83l!MyTaX pacnono>KeHO 6onbWHHCTBO MIIWeHell, pa6oTaiOWHX B Cl!Hxpo<jla3.0TpOHe, C apyrol! CTo-
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pOHbi, npH B036y>KJleHHH B CeKTOpax HapacTaiOwero BO BpeMeHH HCKa>K610LUero Mai'HHTHOI'O nonSJ 

B OCHOBHOJI: 06MOTKe aneKTpOMarHHTa B03HHKaiOT HMnynbCbl nepeHanpS!>KeHHSI. nocKOnbKY OCHOB

Hbl9 06MOTKH CeKTOpOB Mai'HHTa nOJlKniO'IeHbl K HCTO'IHHKY nHTaHHSI B nOpS!JlKe 2-1-3-4, TO npH 

yxaaaHHOM BbiLUe nOpS!JlKe BKniO'IeHHSI B036y>KJlaiOLUHX 06MOTOK ( pHC. 1) nepeHanpH>KeHHSI B 

CeKTOpax 6yJlyT }leJI:CTBOBaTb HaBCTpeqy Jlpyr Jlpyry. npH 9TOM Ha KOHUaX 06MOTKH H B TO'IKe 

Me>Klly C9KTOpaMH 1 H 3 ( HyneBaSI TO'IKa HCTO'IHHKa nHTaHHSI) BenH'!HHa H8BOJlHMOI'O HanpSI>Ke

HHSI 6nH3Ka K HyniO, a B TO'!Kax Me>KllY CeKTOpaMH 2 H 1, a TaK>Ke 3 H 4, OHO He npeBOCXOilUT 

no aenu'luHe aMnnuTyllhi uMnynbCa nepeHanpH>KeHUSI a OllHOM cexTope. Taxoe pacnpeJleneHue 

nepeHanpSI>KeHUSI B OCHOBHOJI: 06MOTKe SIBnSieTCSI 6naronpUS!THbiM C TO'IKH 3peHUSI pe>KUMa pa6o

Tbl UCTO'IHHKa nuTaHUSI OCHOBHOJI: 06MOTKH, VJMnynbC TOKa B B036y>KJlaiOLUyiO 06MOTKY nO}laaan

CSI no CXeMe, noKa3aHHOJI: Ha pUC, 2. BaTapeS! KOHJleHCaTOpOB B npoMe>KyTKe Me>KllY UUKnaMU 

ycxopeHUSI aapH>Kanacb IlO HanpH>KeHUSI V
0 

aanycKaiOLUero UMnynbCa nOJl>KUranCSI TupaTpOH 

8 Hy>KHbiJI: MOMeHT UUKna YCKOpeHUSI C nOMOlUbiO 

T
1 

, BKniO'IeHHhiJI: nocne!loBaTenbHO c aoa6y>K-

JlaiOLUeJI: 06MOTKOJI:, U B Hell: npOUCXOJlUnO HapacTaHue TOKa no CUHyCOUJle, nepUOJl KOTOpOJI: onpe• 

JlenHncSI UHJlyKTUBHOCTbiO o6MOTKU L H eMKOCTbiO 6aTapeu KOHJleHcaTopoa c • Benu'!uHa 

CMeLUeHUSI Ha CeTKe TUpaTpOHF.I T 
2 

no!l6Hpanacb TaxoA, 'IT06bi npu IlOCTH>KeHUH aMnnHTYJlHo-

I'O 3Ha'leHUSI TOKa, OH aBTOMaTU'!eCKH nOJl>KHI'anCSI. C MOMeHTa nOJl>KHra THpaTpOHa T TOK B 
2 

06MOTKe 9KCnOHeHuuanbHO aaTyxan, CyMMapHaSI HHJlyKTHBHOCTb 06MOTKH B036y>KJleHHSI, COCTOSI -

well: Ha Ka>KJlOM KBaJlpaHT e H3 10 BHTKOB1 paBHSinaCb 0,09 I'H, 06bi'IHO pa60'!He MHWeHH pacno

iJaraiOTCSI a xaMepe cuHxpocpaaoTpoHa a npe!lenax :!: 25 CM no palluycy oT ueHTpanbHoll: op6UTbi • 

.LlnH TOI'O, '!T06b! MaKCUManbHOe OTKnOHeHHe HCKa>KeHHOJI: op6HTbl JlOCTHrno TaKOI'O 3Ha'!eHUSI, 

aenU'IUHa aMnnuTy Ilbl B03MyLUaiOLUero nonS! B Ka>KJlOM CeKTOpe, KaK cneLiyeT H3 Bbipa>KeHUSI ( 1) 1 

JlOn>KHa COCT8BnSITb - 60 9pCT9Jl, noaTOMY 8MnnlfTYllHOe 3H8'!eHue TOKa B 06MOTKe COCT8BnSieT 

oxono 200 a, CxopocTb HapacTaHHSI TOKa aapbHpoaanacb nyTeM H3MeHeHHH aenH'IUHbi C H aa

PSIIlHOro HanpH>KeHHSI V 
0 

• HanpuMep, npH BhiBOJle nyqxa Ha MHWeHb a Te'leHKe 10 Mcex, eM -

KOCTb 6aTapeH ( COCTaBnSin8 2000 MKcp , , npH V O 1 p8BHOM 2 Ka. THnH'IH8SI OCUHnnorp8MM8 

npOH3BOJlHOJI: M8I'HHTHOI'O nonS! B CeKTOpax npH BKniO'!eHHH HMnynbC8 TOK8 B B036y>Kll810WYIO 

o6MOTKy Jl8Ha H8 pHC, 3, .LlnH T .IM'O, 'IT06bi o6ecne'!UTb BbiBOJl ny'IK8 H8 MHWeHH, pacnonO>KeH

Hbie H8 p8JlHyce, K8 K 6onbWeM, T8K H MeHbWeM ueHTpanbHOI'OJ npOH3BOJlHnOCb H3MeHeHHe cp83bl 

HCXa>KeHHSI H8 180°, 3TO JlOCTHranOCb nyTeM nepeKniO'IeHUSI KOHUOB 06MOTKH C nOMOlUbiO py-

6unbHHK8 p (pHC, 2 ), 

3xcnepKMeHTA.nbHaSI npoaepia nOJlTBepllKna npaaKnbHOCTb pacqeToB, npoKaBeJleHHbiX no 

cpopMyne ( 1 ). Ha pHC. 4 npHBeJleHa OCUHnnorpaMMa TOKa '!aCTUU Ha MHWeHb, pacnono>KeHHYIO 

Ha paCCTOSIHHU 20 CM OT ueHTpanbHOJI: op6HTbl, npH BKniO'!eHHU B BOa6y>KJlaiOLUYIO 06MOTKY TOKa, . 
HapacTaiOLUero B Te'!eHHe 20 MCeK JlO aMnnuTyllHOI'O 3Ha'!eHR Sl 150a. npu BbiBOJle ny'!Ka H8 

MUWeHb B npouecce yCKOpeHHSI HMnynbC, nOK83aHHbiJI: H8 puc. 4, COJlep>KHT Bb!COK0'18CTOTHYIO 

CTpyKTypy C nepHOJlOM 1 paBHbiM nepHOJly o6paweHHSI '18CTHU, H CTpyKTypy nynbcauull: M8I'HUT

HOI'O nonS!. 0JlHaKo BKniO'!eHue aoa6y>Kll8IOLUero nonS! MO>KHO npouaBOilUTb nocne npexpaweHuH 

yCKOpeHUSI, yaenH'IHBaSI HnH yMeHbWaSI paJll!anbHYIO CKOpOCTb CMeLUeHI!SI ny'IKa Ha MI!WeHb. 8 

aTOM cnyqae ny'loK aa C'leT paa6poca qacTHU no aHepruHM ycneaaeT paaHoMepHo aanonHHTb 

ace aaHMYTbl, U BbiCOK0'!8CTOTHaSI CTpyKTypa 6yJleT nUKBUJlUpOBaHa. C nOMOlUbiO OnHC8HHOJI: 

CXeMbl MO>KHO BbiBOJli!Tb Ha MHWeHb KaK BeCb yCKOpeHHbJJI: ny'!OK, T8K II ero '!aCTb, Bpe MSI 

CnaJla TOKa B 06MOTKe B036y>KJleHI!SI nocne nOJl>KIII'8 THp8TpOHa T 
2 

COCTaBnSie T 30-40 MCeL 
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AMnllHTy.ay B03MYLU9HHSI MO:lKHO Bbl6p8Tb T8KOlt, 'ITO H8 MHLU9Hb IIOOa.aaeT TOnbKO '18CTb qac

THU, HM910LUHX 6onbLUHe pa.aH8nbHbl9 KOne68HHSI, 0cT8BLUH9CSI '18CTHUbl nocne cna.aa TOK8 6y .ayT 

npo.aon:>K8Tb HOpM8nbHO YCKOpSITbCSI H MOI'yT 6b1Tb HCI10nb30B8Hbl .anSI Bb!BO,aa H8 3TY :>Ke, HnH 

.apyry10 MHLU9Hr. B nocne.ay!OLUH9 MOM9HTbl llHKna yCKOp9HHSI, EcnH .aae MHLU9HH pacnonO:lK9Hbl 

H8 p83Hb!X 83HMYT8X H 38HHM810T T8K09 nonO:lK9HHe no pa.aHyCy, 'ITO HCK8:lK9HH8SI op6HT8 o.aao

Bp9M9HHO K8C88TCSI HX 060HX ( pHC, 1), TO pa60T8 C T8KHX MHLU9H9lt MO:lK9T npOH3BO,aHTbCSI o.a•. 

HOBpeM9HHO, 

PacCMOTpeHHb!lt M9TO.a noaaonSieT OCyLUeCTBHTb Me.aneHHbllt Bb!BO.a ny'IK8 H8 MHLU9Hb npH 

318'1HT9flbHO M9HblllHX 3H8'18HHSIX TOK8 H H8npSI:lK9HHSI, '18M T e , KOTOpHe Tpe6y iO T CSI 11pH B036y:>K

.aeHHH 83HMyTanbHOlt 8CHMM9TpHH B npSIMOnHH9ltHOM npoMe:>KyTKe. 3To ynpoLUaeT T8XHH'18CKOe 

pemeHHe aa.aa'IH, O.aHaKo OH npHro.aeH nHLUb .anSI nony'!eHHSI pacTSIHYTbiX ao apeMeHH HMnynh

coa BTOpH'IHblX '18CTHI1, .anHT9nbHOCTbiO 10-40 MC9K, npyroe B8:lKHOe npHM9H9HH9 M8TO.aa 38K-

/7/ 
ni0'189TCSI B Bb!BO.ae ycKOp9HHOI'O ny'IK8 H8 MHLU8Hb npH BbiCOKO'I8CTOTHOlt cenapaUHH '18C THI1 , 

KaK HaaecTHO, a aTOM cnyqae Tpe6yeTCSI ocymecTBHTb Me.aneHHOe CMeli,leHHe ycKopeHHoro nyq

Ka H8 MHLU9Hb, nocKOnbKY '18CTOT8 YCKOpS110lll91'0 H8npSI:lK9HHSI npH 3TOM ITOCTOSIHH8, OllHC8HHbllt 

M9TO.a SIBnSieTCSI e.aHHCTB9HHO npHeMn9MbiM .anSI 3THX uenelt, 

npH yaenH'I9HHH CKOpOCTH H8p8CT8HHSI TOK8 B9flH'IHHbl nepeHanpSI:lK9HHlt, 803HHK810LUHX B 

OCHOBHOlt 06MOTK9 M8l'HHT8, npeBOCXO.aSIT npe.aenbHO .aonyCTHMbl9 3H8'19HHSI, 8 CHny 3T 01'0 Bpe

MSI coy.aapeHHSI ny'IK8 C MHLU9Hb10 He MO:lK9T 6b!Tb c.aenaHO M9Hee 3 MC9K, 0,aH8KO 3TO OI'p8HH

'19HH9 MO:lKHO ycTp8HHTb , ecnH BHTKH B036y:>K.a8IOLU9lt 06MOTKH pacnonO:lKHTb H8 noniOC8X M81'HH' 

T8 BHyTpH B8KyyMHOlt K8M9pbl no CXeMe, nOK838HHOlt H8 pHC, 5. 3.aeCb UHcPpOlt { 0603H8'!8H8 

B036y:>K,a8IOLU8SI o6MOTK8, OXB8T'biB810lll8SI pe60'IYIO o6naCTb. 06MOTK8 n IIOM9LU89TCSI B Hepa6o

qeJt o6nacTH H aKniO'I89TCSI aaacTpeqy o6MOTKe 1. 3KcnepHM9HTbi, npoae.aeHHbte aa M o.aenH Mar·

HHTa CHHXPOcP830TpOH8 nOK838flH, 'ITO llpH paaeHCTBe M8l'HHTHblX nOTOKOB, C03.a8B88MblX 06MoT

K8MH 1 If ] J MO:lKHO npaKTH'19CKH nonHOCTbiO ycTp8HHTb rrepeH anpSI:lK9HHSI B OCHOBHOlt 06MOTKe , 

ABTOpbl nonb3yiOTCSI cnyqaeM Bblp83HTb rny6oKyiO 6naro.aapHOCTb n.n. 3HH OBbeBy If n.H.6ti

nSieay aa noneaHbte o6cyz.aeHHSI, E.B. )KHnhnoay H M.H. HHKHTaeay aa noMOlllb npH npoae.ae

HHH aKcnepHM 9HTOB aa CHHxpoctJaaoTpoae H A.Vf. Kp!OKoay, npHHHMSBLUeMy yqacTHe a HaroTos-

neHHH H Hana.aKe annapaTypbl. 
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Pae. 1. Ba.n eoa.nasaeMol! aaaMyTanbHol! Heo.nHopo.nHoeTH MarHHTHoro nonH H cpopMa 
HeK8)1{9HHol! op6HThi . HoMepa eeKTOpoa yKaaaHhi no HanpaaneHHIO LlBH)I{9HHll 
ny'lKa M 

1 
H M 2 - MHweHH. 

Jant,;CH 

v, 
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PRe. 2. CxeMa nRT8HHll o6MOTOK. 

PRe. 3. OeuRnnorpaMMhi npOR3BOLlHOA MarHHTHoro nonH B eexTopax npw BKniO'IeRRR 
aoaMyiUaiOIUero nonH. Caepxy BHH3: 1 eeKTop, 4 eeKTop ,2 eeKTop,3 eeKTop. 
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PHc. 4. OcuHnnorpaMMa TOKa qacTHU Ha MHWeHb. DnHTenbHOCTb paaBepTKH 25 Mcex. 

PHc. 5. Pacnono)KeHHe o6MOTOK Ha nomocax MarHHTa, noaBonsuowee ycTpaHHTb nepeHanpH)Ke

HHSI B ero 06MOTKe IIHT8HHSI (ill). CTpeiiK8MH YK838Hhl HanpaBneHHSI M8rHHTHbiX UOTO

KOB, C03A8BaeMbiX COOTBeTCTBeHHO pa6oqelt 06MOTKOit 1 H KOMUeHCHpyiOWelt 06MOT

KOit II. 


