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II HUyKUIIOHHbiH Me Ton ycKopeiHI >I 3ap>J}l<eHHbiX 'laCTIIU, ( 4acTb I ) 

OpeUJIOlKeH MeTOU yCKOpeHI!Sl 38p>IlKeHHb!X '18CTI!U 1 38KJI!O'I8WI!iiCH B 

TOM, 'ITO BTl! '18CTI!Uhl DpODYCK8IDT qepe3 o6ll8CTII DpOCTpaHCTB8 C 1!3Me

H>IIDWIIMC>I Maf'HIITHbiM noTOKOM, Op11 aTOM 1!3MeiJeHI!e Maf'HHTHoro noTOKa 

DpOH3BOU>!T IIyTeM nepeMeWeHI!>l M8f'HIITHOf'O JIO/JH1 8 UBf!lKeHI!e M8f'HHTH0f'O 

DOll>! ocyweCTBilHeTC>l BpaWeHI!eM M8f'HH TOB ( BlleKTpOM8f'HIITOB) Hllll C DO

MOillbiD MHOf'O<jJ83Hb!X 06MOTOK, JIHTaeMb!X CJ!CTeMOH MHOf'0<~83Hb<X TOKOB, 

Ha ocnoae naHHoro MeTana npennolKeH HOBNii ycKopi!renh - HHUYK

UHOHHhlll yCKOpHTellb C 6eryWIIM JIOileM, 

Pa6oTa ahmonHeHa a lla6opaTOpi!H BbiCOKIIX BHeprHil Ov15HI. 

flpenpBRT 06'1oe,IUIReRROro RRCTBTYT& a,llepRWJt BCCJie.llOB&RBI . Jly6R& 1977 

© 1977 06 .. eOUHf?HHWU UNCBUJI)IB ./IOepHWX UCCAe0060HUiJ)l)'6HO 

1. HAEJI ME TOAA 

CyTh MeTo.IJ.a 3aKniO'IaeTCH B TOM, 'ITO 3apH)I(eHHhie 

qacTHIJ.hi nponycKaiOT qepe 3 o6nacTH npocTpaHCTBa c H3Me

HJIIOIIJ,HMCJI MarHHTHhiM noTOKOM. flpH'IeM MarHHTHhiH noTOK 

3aBHCHT OT BpeMeHH H OT KOOP.IJ.HHaT: 

¢ ~ ¢ (t ,r (t )) . /1/ 

fi03TOMY npOH3BO.IJ.HaJI MarHHTHOrO noTOKa no BpeMeHH 

MO)I(eT 6hiTb 3anucaHa B BH.IJ.e 

d<tJ a <1> ----=--+grad¢. u 
d t at /2/ 

r.IJ.e 
· dr u---. 

dt 

BpeMeHHaH KoMnoHeHTa npoH3BO.IJ.HOH /2/ onpe.IJ.enHeT 

BHXpeBoe 3neKTpH'ICCKOe none: 

<: (J<t> /3/ 
'" - -t ()t 

rotE 
()3 

t 
----

r)t 
/4/ 

~nH BM'IHCneHHJI npOCTpaHCTBCHHOH KOMnOHCHTM npo

H3BO.li.HOH /2/ Y.IJ.06Ho nepeiiTH oT BeKTopa B MarHHTHOH 

HH.IJ.YKU.HH K BeKTOpHoMy noTeHu.uany A u Bocnonh30BaThCH 

TeopeMoii CToKca: 

.....,. -+ -+ -to 

¢ - J B • dS -= ( A • dr /5/ 
S L 
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Ilonh3YHCh npaBHnaMH BeKTOpHOH anre6phl, MO)KHO nony'IHTh 

-> -> -> 
grad <I> • u "' r ( B X u-+) • df . /6/ 

L 

Ilpu 3TOM npe~nonaranoch, 'ITO KOHTyp, aepHee ero npHMo

nHHeHHhiH aKTHBHhiH yqacTOK, HaXO~H~HHCH B MarHHTHOM 

none, nepeMell\aeT~H a HanpaaneHHH, nepneH~HKynHpHOM 

caMoMy ce6e : u ..1. df 
BenH'IHHa ii - cKopocTh nepeMe~eHHH KOHTypa L oT

HOCHTenhHO HenO~BH)KHOrO nonH. )l.anee 6y~eM C"'HTaTh 

KOHTYP L Heno~BH)I(HhiM, a MarHHTHoe none nepeMe~aiO

IllHMCH OTHOCHTenhHO KOHTypa CO CKOpOCThiO - U. Tor~a 
3neKTpO~BH)I(YillaH CHna B Heno~BH)KHOM KOHType 6y~eT 

onpe~enHThCH COOTHOIIIeHHeM 

C' --Jo ...... -+ --+._.-) 

l.')u = ( En· M~ -grad !Jl·(-u)~ ( (Bxu)ctr. /7/ 
L L 

HanpH)KeHHOCTh 3neKTpH"'eCKOrO nonH B KOHType L B COOT

aeTCTBHH c Bhipa)KeHHeM /7 I pasHa 

-> -> -> 
E :-uxB 

u 

... 
/8/ 

Ilone E u B03HHKaeT a pe3ynLTaTe ~BH)KeHHH co cKo-

pocThiO u MarHHTHoro nonH B H, no cyTH ~ena, ~On)KHO 
onpe~enHThCH Ha ocHoBaHHH npeo6pa3oaaHHH JiopeHua. )J.eH:

CTBHTenLHO, ecnH B CHCTeMe OTC"'eTa K' , ~BH)Ky~eHCH 
OTHOCHTenhHO na6opaTOpHOH CHCTeMhl K CO CKOpOCThiO . ~ 

u a~onh ocu, HanpuMep X , ecTh MarHHTHoe none B 
OpHeHTHpOBaHHOe, HanpHMep, no OCH Z , TO B na6 .... opa_"fOpHOH 

cucTeMe 6y~yT na6niO~aThCH MarHHTHoe none B"'y B', r~e 
y -nopeHu-«lJaKTOp CHCTeMhl K' , H 3neKTpH"leCKOe none 

E~, onpe~enH~Moe_, cooTHOIIIeHHeM /8/. Ilpu 3TQM ace ae

nH"'HHhl, U , Eu H B , H3MepeHhl B na6opaTOpHOH CHCTeMe 

OTC"'eTa I u - a M/c, E u - a B/M H B - a B c/M 2 I Tec
Aa/ I. cl>opMyny /8/ MO)KHO npuMeHHTh npu n106LIX cKopocTHX 

u.::;c 

• 
KaK H3BeCTHO, auxpeaoe none Et 3HaKonepeMeHHO /eM. 

Bhlpa)KeHHH /3/ H /4//, a none ~BH)KeHHH Itu MO)KeT HMeTh 

noCTOHHHhiH 3HaK. 
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Buxpeaoe none E t ucnonL3yeTCH a ycKopuTenHx /6eTa-

TpoH, J!.HHeHHhiH HH~YKUHOHHhiH YCKOpHTenh/, a none ~BH
)KeHHH E u, HacKonhKO HaM H3BeCTHo, paHee He npuMeHHnocL 

B yCKOpHTenhHOH TeXHHKe. Cne~yeT, O~HaKO, OTMeTHTh, 

"'TO B KOCMH"'eCKOM npOCTpaHCTBe 3TO none, no-BH~HMOMy, 

"pa6oTaeT" Ha ycKopeHHe "'aCTHU 111 . B ycnoBHHX KOCMH"'e

CKOrO npOCTpaHCTBa B03MO)KH0 CyllleCTBOBaHHe ~BH)I(YillHXCH 

nna3MeHHhiX o6pa30BaHHH C BMOpO)KeHHhiMH MarHHTHhiMH 

nonHMH. B ycnoBHHX BhiCOKoH: npoao~HMOCTHnna3Mhi 3neKT

puqecKue- nonH B nna3MeHHOM o6naKe npaKTH"'eCKH OTCYTCT

BYIOT H B 3TOM o6naKe cy~eCTByeT TOnhKO MarHHTHOe 

none B . Ecnu 3TO o6naKo ~BH)KeTCH co CKopocThiO u-+ OT

HOCHTenhHO "'aCTHUhl C 3apH~OM Q B HanpaaneHHH, nepneH

~HKynHpHOM TpaeKTOpHH "'aCTHUhi, TO Ha 3TY 'laCTHUY 

~eHCTByeT CHna qE u H "'aCTHIJ,a 6y~eT yCKOPHThCH 111. 

IJpe~CTaBnHeTCH BeChMa uenecoo6pa3HhiM HCnOnh30BaTh 

06Cy)K~aeMhiH MeXaHH3M YCKOpeHHH 'laCTHU B 3eMHhiX yc

nOBHHX. 

2. B03MO)J(Hb/E IIYTH PEAJIH3Af__JHH 

B pe3ynLTaTe npoae~eHHoro aHanu3a BhlpHCOBhiBaeTCH 

cne~yiO~aH CXeMa HH~YKUHOHHOrO YCKOpHTenH, B KOTOpOM 

B Ka"'e~TBe YCKOpHIO~ero nonH HCnOnh3yeTCH none ~BH

)KeHHH E u 

)l,BH)Ky~eecH MarnHTHoe none MO)KeT 6LITh nonyqeno 

nyTeM apa~eHHH MarHHTOB HnH 3neKTpOMarHHTOB, a TaK)Ke 

C nOMO~hiO MHOro«lJa3HhiX o6MOTOK, nHTaeMhiX CHCTeMOH 

MHOro«lJa3HhiX TOKOB, ananorH"'HO TOMY, KaK 3TO ~enaeTCH 

a 3neKTpuqecKux Maiiiunax *. YcTpoilcTBO ~nH nony"'eHHH 

~BH)Ky~erOCH MarHHTHOrO nonH H3BeCTHO B 3neKTpOTeXHHKe 

H Ha3hiBaeTCH HH~YKTOpOM 6ery~ero MarHHTHOrO nonH. 

TaKOH HH~YKTOp MO)KeT fihiTh HCnOnh30BaH B Ka"'eCTBe 

ycKopHIO~ero 3neMeHTa noaoro ycKopuTenH /na3oBeM ero 

HH~YKUHOHHhiM ycKopuTeneM c 6ery~HM noneM/. 

* Ilo~po6nee 3TOT aonpoc 6y~eT o6cy)K~en B nocne~yiO~Hx 
pa6oTax. 
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--MarHHTHOe none B B HHJJ.YKTope JJ.BH)I(eTCJI B uanpaune-

HHH, nepneH)J.HKynJlpHOM TpaeKTOpHH YCKOpJleMblX qaCTHU., 

a none JJ.BH:>t<eHHJI Er u - ycKopHIOJ..Qee none - opueuTupouauo 
BJJ.Onb nepuouaqanbuoro uanpauneHHJI JJ.BH)I(eHHJI qacTHI.J.. 

)l.BH:>KeHHe 'JaCTHU. B HHJJ.YKTOpe npoHCXO)J.HT B CKpeJ..QeHHbiX 

3neKTpH'IeCKOM H MarHHTHOM nonJIX. 
TpaeKTOpHJI 'laCTHU.bl B 06II.J.eM cnyqae - BHHTOBaJI nHHHJI 

c yuenuquaaiOII.J.HMCJI rnaroM unu /ecnu v l. B/ - TpoxoHJJ.a. 

B ycKopuTene MO:>t<eT 6biTb uecKonbi<O HHJJ.YKTOpoB, 

pacnono:>t<eHHblX JJ.pyr 3a JJ.pyroM BJJ.Onb TpaeKTopuu ycKo

pHeMbiX qacTHI.J.. OTKnoueHHJI qacTHU. B MarHHTHblX nonHx 

OT)J.enbHbiX HHJJ.YKTOpOB MOryT 6biTb B3aHMHO CKOMneHCHpO

BaHW. KpoMe TOro, MarHHTHWe nonJI HHJJ.YKTOpOB MOryT 
6biTb ucnonb30BaHbi JJ.nH o6ecneqeuuH MuoroKpaTuoro npo

xo:>t<JJ.eHHJI yCKOpJleMbiX 4aCTHU. qepe3 O)J.HH H Te :>Ke HHJJ.YKTO

pbl. B COOTBeTCTBHH C H3nO:>KeHHbiM o6cy:>K)J.aeMbiH MeTOJJ. 

MO:>KeT 6biTb peanH30BaH: 
1/ B nuueuuoM /unu cnupanbHOM/ ycKopuTene qacTHU. 

/npeHMYII.J.eCTBeHHO HOHOB/ C 6onbiiiHM npupOCTOM 3HeprHH 

Ha e)J.HHHU.Y )J.nHHbi; 
2/ B U.HKnH4eCKOM yCKOpHTene. 
KuueTH4eCKaJI 3HepruJI T qacTHU. c 3apHJJ.OM q ua Bbi

xoJJ.e ycKopuTenJI onpeJJ.enHeTCJI Bbipa:>t<euueM 

h 
T=T ~m-q-:i E .. r. 

0 i=l UJ I ' 
/10/ 

r.IJ.e To- uaqanbHaJI KHHeTn4ecKaJI 3HepruJI qacTHU., m- qucno 

npoXO)I()J.eHHH 4aCTHU.aMH YCKOpJIIOII.J.eH CHCTeMbl jqucno 060-

poToB/, n - qucno HHJJ.YKTopoB B ycKopuTene, Eui- ycKo

pHIOII.J.ee none B i - M HHJJ.YKTOpe, r i - )J.nHHa i - ro HHJJ.YKTOpa 

B)J.Onb uanpaaneHHJI )J.BH)I(eHHJI 4aCTHU. nepe)J. 3THM HHJJ.YKTO

pOM. 

3. OCHOBHOE IIPEHMYll(ECTBO METOAA 

OcuoBHblM npeuMyii.J.eCTBOM o6cy)I(JJ.aeMoro MeTOJJ.a no 

CpaBHeHHIO C H3BeCTHblMH JIBnJleTCJI B03MO)I(HOCTb C03)J.aHHJI 

6 

ua ero ocuoue ycKopHIOII.J.ero 3neMeHTa uenpepbiBHoro JJ.eii

CTBHJI, B KoTop~M ycKopHIOII.J.ee none Eu ucer.IJ.a nMeeT 
OJJ.HO u TO :>t<e uanpauneuue /eM. n. 1/, KaK B 3neKTpocTaTu

qecKHX yCKOpHTenJIX. 0JJ.HaKO B OTnH'IHe OT nocne)J.HHX o6-

Cy:>t<)J.aeMbiH YCKOpHIOII.J.HH 3neMeHT MO)I(eT npOXO)J.HTbCJI yc

KOpJleMbiMH 'JaCTHU.aMH MHOrOKpaTHO. Cne)J.yeT OTMeTHTb, 

'ITO B ycnOBHJIX KOCMH4eCKOrO npOCTpaHCTBa Cyii.J.eCTBOBaHHe 

ycKopJIIOII.J.ero 3neMeHTa uenpepbiBHoro JJ.eHCTBHJI, auanoruq

uoro o6cy)I(JJ.aeMoMy, BPJI.ll nu B03MO)I(HO. 

4. KPATKHE BhlBOAbl 

Ilpe)J.nO:>KeH MeTO)J. yCKOpeHHJI 'JaCTHU. B 3neKTpuqecKOM 

none, B03HHKaromeM npu JJ.BH)I(eHHH MarHHTHoro nonx B ua

npauneuuu, nepneHJJ.HKynHpHoM TpaeKTopuu ycKopHeMbiX qa

CTHI.J.. IlpH 3TOM )J.BH)I(eHHe MarHHTHOrO nonJI OCyii.J.eCTBnJI

eTCJI Bpaii.J.eHHeM MarHHTOB /3neKTpOMarHHTOB/ HnH C no

MOII.J.biO MHOro<l>a3HbiX 06MOTOK, nHTaeMbiX CHCTeMOH MHOro

<l>a3HbiX TOKOB. 
Ha OCHOBe )J.aHHOrO MeTO)J.a YCKOpeHHJI npe)J.nO)I(eH uo

BWH HHJJ.YKU.HOHHWi ycKopuTenb - ycKopuTenb c 6erymuM 

noneM. 
ABTop Bbipa)l(aeT ucKpeHHIOIO 6naroJJ.apuoCTb M.)l..llla<P

pauouy, H.A.lllenaeuy, A.r.Eouq-OcMonoucKoMy,A.~.Ilu

capeuy, 3.A.IlepenbrnTeiluy, C.E.Py6uuy H A.E.Ky3ueu.ouy 

3a none3Hbie o6cy)I(JJ.eHHJI. 

JIHTEPATYPA 

1. AopMaH JI.H. 3KcnepuMeHma/lbHble u meopemu'lecKue oc
H06bl acmpo¢u3uKu KOCMU'lecKux Ay'leu. H30. HayKa, 
M., 1975. 

PyKonucb nocTynuna B H3JJ.aTenbCKHH OTJJ.en 
20 HIOHJI 1977 ro.IJ.a. 

7 


