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B~80A KOilb~a H3 cpeAHe~ nnocKOCTH aAresaTopa ocymecT8nReTcR 
B pe3ynbTaTe CMemeHHR ~eHTpa MarHHTHO~ nOTeH~HaflbHO~ RMW B CTO
pOHY YCKOPR~me~ CeK~HH 1 MarHHTHaR CHCTeMa KOTOPO~ o6ecne4H8aeT 
ycKopeHHe KOilb~a B cnaAa~meM MarHHTHOM none. 3TO CMemeHHe AO
CTHraeTCR npM HapyweHHM CMMMeTpHH MarHHTHOro nOilR B aAresaTope 
B aKCHailbHOM Han~a8neHHH. tJ.nR 3TOrO B OCHOBHOM HCnOilb3YIOT A8a 
cnoco6a. nepsbl~ 1•61 saKn~4aeTCR 8 TOM, 4TO s KaTywKax nocneA
He~ CTyneHM cmaTHR 8 aAreSaTope H3MeHRIOT CKOpOCTH HapaCTaHHR TO
K08: 8 nep8o~ KaTywKe, npHnera10me~ K ycKOPRIOme~ ceK~HH, TOK 
WYHTHPYIOT 1 a 80 BTOpO~ KaTyWKe, no APYrYIO CTOpOHY OT CPeAHe~ 
nnocKocTH aAresaTopa, TOK npoAonmaeT HapacTaTb. B pesynbTaTe 
8 nep80~ KaTyWKe TOK H3MeHReTCR 80 8peMeHM HaMHOrO MeAileHHee, 
4eM 80 8TOPO~. 3To npH80AMT K nepeMemeHHIO MarHMTHO~ noTeH~Manb
HO~ RMW OT cpeAHe~ nnocKOCTH 8 CTOPOHY YCKOPRIOme~ CeK~HH. CKo
pOCTb M3MeHeHHR TOKa 8 KaTyWKaX MarHMTHO~ CHCTeM~ ycKOpRIOme~ 
CeK~HH npM 3TOM B~6Mpa10T TaKme 6onee MeAneHHO~, 4eM 80 8TOpO~ 
KaTywKe. B pesynbTaTe 8 Te4eHHe HeKoToporo npoMemyTKa 8peMeHM 
C03AaeTCR pacnpeAeneHMe MarHMTHOrO nOilR B aKCHaJlbHOM Hanpa8neHMH, 
o6ecne4MBa~mee YCKOpeHMe 3neKTpOHHO-MOHHWX KOne~, a BTOpaR 
KaTywKa ocymecTBnReT 8WTanKM8aHHe KOJlb~a B npeAenax 3Toro npo

MemyTKa 8peMeHH. 
8Topo~ cnoco6 COCTOHT 8 TOM, 4TO 8 nocneAHMX CTyneHRX cmaTHR 

KOnb~a 8 BAre3aTope Hapywa~T CHMMeTpMIO, HCnOnb3YR HeOAHHaK080e 
4HCnO 8MTK08 8 KaTyWKaX no pa3HWe CTOpOH~ OT cpeAHe~ nnOCKOCTH 
aAresaTopa /6/ . B 3TOM cny4ae pacnpeAeneHHe MarHHTHoro nonR 
8 aKCHanbHOM Hanpa8neHHM cymecTBeHHO 3a8HCHT OT none~ nocneAHHX 
cTyneHe~ cmaTMR, a npoMemyTOK 8peMeHH, 8 Te4eHHe KOToporo pac
npeAeneHHe YA08neT80pReT Tpe6o8aHHRM ycKopeHMR 3neKTPOHHo-HoH
Hwx KOne~, KaK npa8HnO, MeHbWe, 4eM npH HCnOnb308aHHH nep80rO 
cnoco6a. npH TaKo~ cxeMe 6naronpHRT~~e ycno8HR AnR 8W80Aa H 
ycKopeHMR 803HMKa~T npaKTH4eCKM OAH08peMeHHO. HecMOTPR Ha 3To, 
8Topo~ cnoco6 MMeeT PRA npeHMymecT8 no cpa8HeHH~ c nepB~M, oco-
6eHHO npH MCCfleA08aHHM pa3nM4HWX pemMMOB 8~BOAa. 3TOT cnoco6 
peanH308aH Ha MOAeilM KOnneKTMBHOrO YCKOpMTenR 161. 3aAaHH~~ MO
MeHT BW80Aa KOnb~a o6ecne4M8aeTCR aKTM8HWM cnoco60M. tJ.nR 3TOrO 
8 o6nacTM 8bi80Aa B aAresaTope nOMemaiOT AOnOilHMTenbHYIO OAHOBMT
KOBYIO KaTyWKY 1 npH sanHTKe KOTOPO~ HMnynbCOM TOKa cne~MaJlbHO~ 

~OpMW 803HMKaeT He06XOAHM~~ MarHMTHW~ 6apbep, npenRTCT8YIOmH~ 

8W80AY KOilb~a 8 CnaAaiOmee MarHMTHOe none. 0TMeTMM, 4TO OCH08HaR 
~YHK~MR 3TO~ AOnonHMTeflbHO~ KaTyWKM - o6ecne4MTb 8~80A KOJlb~a 
8 TOT MOMeHT BpeMeHM, KOrAa CYMMapHOe pacnpeAeneHMe MarHHTHOro 
nonR CTyneHe~ cmaTMR H YCKOPRIOme~ CMCTeMW YA08neT80pReT Heo6xo-
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AI-IMbiM Tpe6osaHJ-~fiM 121• KpoMe Toro, c noMO~biO AOnOJ1HI-1TenbHOi1 Ka
TYWKI-1 YCTpaHfleTCfl HeonpeAeJleHHOCTb MOMeHTa BWBOAa,D03HMKaiO~afl 

BCJleAC TB J-~e Hec Ta6!-1Jlb HOC Tei1 BbiBOAHbiX nonei1 H na paMeT POD KOJlel!, 
a TaKme o6ecne4HBaeTCfl CI-IHXpOHH3al!J-~fl C 6wcTpWMH CI-ICTeMaMH yc

KOpfiiO~ei1 CeKL.!HH/ 7~ 6WCTpwi1 nepeXOA KOJlbl!a H3 MarHHTHOH fiMW 

B 06JlaCTb cnaAaiO~ero MarHHTHOrO nOJlfl npHBOAHT K CYU\eCTBeHHOMY 
coKpa~eHHIO speMeHM npoxomAeHHfl uenoro pesoHaHca vr •1 npM sw
BOAe121. B pesynbTaTe 3Toro yMeHbwaeTCfl BJlHfiHHe nepooi1 rapMOHM
KH MarHHTHOrO nOJlfl B 06JlaCTH BWBOA~ Ha ABHmeHHe KOJlbUa H o6ec
ne4HBaeTCfl YAOBJleTBOPHTeJlbHafl L!eHTpOBKa KOJlbl!a OTHOCHTeJlbHO 

OCH BaKYYMHOH KaMepbl B YCKOPfiiO~ei1 CeKL!HH /8/. no 3TOH npH4HHe CH
CTeMy, KoTopafl o6ecne4HsaeT aKTHBHWM cnoco6oM 6wcTpoe H3MeHe

HHe pacnpeAeJleHHfl MarHHTHOrO nOJlfl B aKCHaJlbHOM HanpasneHHH 
OT MarHHTHOH noTeHL!HaJlbHOH fiMW AO cnaAaiO~ero MarHHTHOrO nOJlfl, 
B pe3yJlbTaTe 4ero npOHCXOAHT BWBOA KOJlbl!a B 3aAaHHWH MOMeHT 
speMeHH, Ha3WBaiOT CHCTeMOH 6WCTporo BWBOAa. 

MarHHTHWe CHCTeMW aAre3aTopa H YCKOpfiiO~ei1 ceKL!HH MOAeJlH KOJl
JleKTHBHOro YCKOp~TeJlfl paCC4HTWBaJlHCb AJlfl peaJlH3aL!HH BTOporo 

cnoco6a BWBOAa, npH 3TOM 3aAaHHWH MOMeHT BWBOAa o6ecne4HBaJ1Cfl 
C nOMO~biO CHCTeMW 6wcTporo BWBOAa, BKJ1104aiO~ei1 AOnOJlHHTeJlbHyiO 
OAHOBHTKOBYIO KaTyWKy H reHepaTop, ~OPMHPYIO~HH MMnyJlbC TOKa 

cneL~HaJlb HOH ¢opMbl. npH Bbl6ope MeeT a pacnonomeHHfl AOnOJlHHTeJlb HOH 
KaTyWKH B aAre3aTOpe B o6naCTH BWBOAa H ~OpMW HMnYJlbCa TOKa 
B HeH npHHHMaJlHCb 80 BHHMaHHe CJleAYIO~He C006pameHHfl, 

AononHHTeJlbHafl KaTywKa AOJlmHa o6ecne4HBaTb MarHHTHwi1 6apbep, 

npenfiTCTByiO~HH BWBOAY KOJlbl!a B npol!eCCe ero MeAJleHHOrO CMe~eHHfl 
H3 cpeAHeH nJlOCKOCTH, npH pa3JlH4HbiX pemHMaX MarHHTHbiX none'l:i 

cmaTHfl H YCKOpfiiO~ei1 CHCTeMbl, no3TOMY nepeAHHH ~POHT HMnyJlbCa 
TOKa B AOnOJlHHTeJlbHOH KaTyWKe AOJlmeH COOTB8TCTBOBaTb 80 BpeMeHH 
~pOHTY HMnyJlbCa TOKa B nOCJleAHHX CTyneHfiX cmaTHfl, TO eCTb TOK 

B Hei1 AOJlmeH HapaCTaTb BnJlOTb AO 3aAaHHOrO MOMeHTa BbiBOAa, 
3aTeM AOJlmHo npOHCXOAHTb 6WCTpoe BWKJ1104eHHe TOKa B AOflOJlHHTenb
HOH KarywKe. 3To npHBOAHT K 6wcrpoMy CHfiTHIO MarHHTHoro 6apbepa, 

4TO o6ecne4HBaeT 3aAaHHWH MOMeHT BWBOAa. Ha MOAeJlH KOJlJleKTHBHO

ro YCKOpHTeJlfl B COOTBeTCTBHH C -3THMH Tpe6osaHHfiMH AJlfl AOnOJlHH
TeJlbHOH KaTyWKH BW6paH HMnyJlbC TOKa C BpeMeHeM HapacTaHHfl 
200+ 250 MKC H speMeHeM cnaAa 100 +150 HC, 

MecTo pacnonomeHHfl AOnonHHTenbHOH KarywKH sw6Hpanocb cneAyiO
~HM o6pa3oM, B Te4eHHe npoMemyrKa speMeHH, npeAwecrsy10~ero 
MOMeHTY BWBOAa KOJlbl!a, ABHmeHHe L!eHTpa Mace KOJ1b4a onHCWBaeTCfl 
CHCTeMOH ypasHeHHH /4/: 

2 1 - . r 8 [Sz(r8 , z8 , t) -·-·Sz(r9 , z 8 , t)] = const, /11 
2 

Sr(r8 , z 8 , t) =0, 

rAe Sr H Sz - paAHaJlbHafi_H aKCHanbHafl cocraBJlfiiO~He seKTopa ~H
AYKL!HH MarHHTHoro nonH; Sz - cpeAHee MarHHTHoe none s nnocKOCTH 
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KOJlb I.! a Z = Z8 (t) Ha paAHYCe r <= r 8 (t). CHCTeMa KOOPAHHaT OpHeHTH
posaHa TaKHM o6pa30M, 4TO KOJlbl!O npH BWBOAe ABHmeTCfl B CTOpOHy 

OTPHL!aTenbHwx L AH$$e6eHL!HPYfl ypasHeHHfl /1/ no t, n~ny4HM AJlfl 

CKOpOCTeH ABHmeHHfl UeHTpa MaCe KOJlbl!a B paAHaJlbHOM r 8 H aKcH-
aJlbHOM z 8 HanpaBJleHHRX: 

r B as z 1 aBz 
r = -· [n(-·- --·----~ + 8 

[n(1-n)-•e2] Sz az 2 at 
r B as r as z 

- . .[(1 -·n)--+ d-· 
[ n (1 - n) - ( 2 ] Sz at at Zs 

asr 
e-a;-J• 

1 as z 
-·-)], 
2 at 

/2/ 

rAe n - noKasafenb cnaAa 
pH3YIO~Hi1 pacnpeAeneHHe Sz 

MarHHTHoro nonH; e - napaMeTp,xapaKTe
~ aKCHaJlbHOM HanpaBJleHHH: 

n = -·~ aaz 
Sz --a;-·, 

rs 
E = Bz asz 

~-- /3/ 

BXOARU\He s /2/ senH4HHbl S z, B r, n H e HMeiOT CBOHMH apryMeHTa
MH r = r8 (t) , Z = Z 8(t), 0TMeTHM, 4TO B HeCHMMeTpH4HOH f!Me A8H
meHMe 4acTHL! 6yAeT ycTOH4MBbiM npH n(1-n)-e 2 >0 191.B ~IOMeHT spe
MeHH t 6 , KOrAa pacnpeAeneHHe MarHHTHoro nonfl oTse4aer rpe6osa

HHfiM YCKOpeHI-Ifl 3JleKTpOHHO-J-~OHHWX KOJlel!, npOHCXOAHT 6WCTpOe H3-
MeHeHHe BeJlH4HHbl npOH3BOAHOH TOKa j B AOnOJlHHTeJlbHOH KaTyWKe, 

B pe3yJlbTaTe TOK B Hei1 6wcrpo YMeHbWaeTCfl, H npOHCXOAI-IT 6WCTpafl 
Ae$opMal!Hfl MarHHTHOH fiMW H yMeHbWeHHe noTeHL!HaJlbHOrO 6apbepa 
8 HanpasneHHH BWBOAa. C AOCTaT04HO XOpowei1 T04HOCTbiO ABMmeHHe 

KOJlbl!a npH 6wcTpOM H3MeHeHHH MarHHTHOrO nOJlfl AO MOMeHTa speMeHH 
t,, COOTBeTCTByiO~ero Ha4aJly YCKOpeHHfl, TaKme OnHCWBaeTCfl CHCTe

MO~ ypasHeHMH /1/. nocKOJlbKY CKOpOCTb H3MeHeHHfl 80 BpeMeHH Mar
HHTHOrO nOJlfl AOnOJlHHTeJlbHOH KaTyWKH cy~eCTBeHHO npeBOCXOAHT 
CKOPOCTH H3MeHeHHfl OCTaJlbHWX MarHHTHWX nonei1, TO BXOAfi~He B /2/ 
4aCTHWe npOH3BOAHWe no speMeHH MO~HO OTHOCHTb TOJlbKO 
IOU\HM HHAYKL!HH OT AOnOJlHHTeJlbHOH KaTyWKH. npeACTa8Jlflfl 

AYIOll\eM BHAe: 

K COCTa8JlR-
HX 8 cne-

Bn.on. J 
D = gr ' 

non. J. 
B.. ~ g . ' z z 

B non.= - wn.. J 
z g z ' /4/ 

rAe J- B~JlH4HHa TOKa B AOnOJlHHTeJlb~OH KaTyWKe, nepenHWeM ypasHe
HI-!e AJlfl z 8 : 

rs 
[n(l _: n) -e2] B [(1 - n)gr + E (g - ...!..g )]. j z z 2 z • . zs 

TaK KaK B CHJlY BW6paHHOH OpHeHTaL!HH OCH Z npH BW80Ae KOJlb40 
AOJl~Ho ABI-lraTbCfl s cTopoHy OTPHL!aTeJlbHbiX z, To z 8 < 0. flpH 

/5/ 

t<ty ueHTP Mace KOJ1b4a 3aHHMaeT ycroi14HBoe nonomeHHe 8 MarHHT
HOM none, TO ecTb n(l-n)-e2>0. 0TCIOAa nony4aeM 

1 - . 
[(1 - n) g + E (g - - g )] J < 0 . 

r , z 2 z !6! 

3 



I 

P:Hc. I. fpa<Pm< <!Jymnv-tfi gr(r, z) 
/cnnomHbie JI:Hmnr/ 11 gz(r, z) -

-i ,'g~(r, z) /nyrmTttpH&Ie .nmum/ 

Ha pag:Hycax: I - r •4 eM; 2 -
r =5 CMj 3 - r =7 CMj 4 - r 
=8 eM. Pag:Hyc ogHOBUTI<Onofi I<a
TYIIIKH r k =6 CM, 

Ha pwc.l npwseAeH~ pacnpeAe

neHwR g r w gz-·i gz AJlFI MBrHWTHo

ro nonR KBTYWKW, pacnonomeHHO~ 
8 nJlOCKOCTW Z = Zk, C PBAWYCOM 
rk' ~3 3Toro PIIICYHKB CJleAyeT, 
4TO BCerAB MOmHO Ha~TW o6naCTW 

(r, z), rAe 
1-

lg I> I g --2 g I.B r z z 
COOTBeTCTBWW C pwc.l 3TO He-

ll I paseHCTBO B~nOJlHFieTCFI AJlR npw
BeAeHH~X senw4WH r 
/0,66 rk::;,r ::;, 1,5 rk I npw lz-zkl > 

> IZmax -· zk I /npw z = zmaxsenw4wHa lgr (r, z)l MaKcwMaJlbHa 
Ha s~6paHHOM paAwyce r/. KpoMe Toro, nepexoA KOJlb4a 1113 HecwM
MeTpi114Hoi:1 MarHwTHoi:i RMbl s o6nacTb cnaAaiOil.\ero MarHWTHoro nonR 
OCYil.\eCTBJlReTCFI npw n-> 0, a B6JlW3111 MOMeHTa BbiBOAa kl $ yn /TaK 
KaK (1- n) n- e 2 ~ 0/, To ecTb 11- n I » le 1. no3TOMY /6/ BblnOJlHReTCR 
npw nepe4WCJleHH~X B~We yCJlOBIIIFIX W npM 

grJ < 0., 171 

KaK FICHO IllS pwc.l Ill npwBeAeHH~X B~We coo6pameHW~ 0 $OpMe 
IIIMnyJlbCa TOKB, HepaBeHCTBO /7/ MOmeT B~nOJlHFITbCFI npM CJleAYIOil.\111~ 

YCJlOBWRX: 

1. Ecnw J < 0 , TO J > 0 Ill gr>O, TO eCTb npw 
a/ rs<rk' z > zk; 

6/ r s > rk' z > zk. 
!8! 

2. Ecnw J < 0, TO J < 0 w gr <0, TO ecTb npw 
a/ r s < rk' z < zk; 

6/ rs > rk' z < zk. 

B cnyqae /8.1/ wMeeM AJlR paAwanbHO~ KOMnoHeHT~ MarHWTHoro 
nonR AOnonHMTeJlbHOI:i KaTyWKIII B~00 ": Jgr > 0, TO ecTb aKcwanbHaR 
COCTaBJlRIOil.\aR CWJlbl nopeH4a OT Hee 

F~on.= lei,BeB~on.> o' 
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rAe ,8 e- aSMMyTaJlbHaR COCTaBilFIIOil.\aFI CKOpOCTW 3JleKTpOHOB 8 KOJlb-
4e,OTHeCeHHaR K CKOpO~TIII CBeTa.TaKIIIM o6pa30M,MarHWTHOe none AO
nOJlHWTeJlbHO~ KaTy~KW COSAaeT OTTaJlKWBaiOil.\YIO KOJlb40 cwny,npenRT
CTBYIOil.\YIO B~BOAY KOJ1b4a. Ecnw aKaMaJlbHaR COCTaBJlFIIOil.\aFI CWJl~ ~o
peH4a, CBRSaHHO~ C nOJlFIMW CTyneHei:i cmaTWFI Ill YC~OPFIIOIJ.\ei:i CeK41111~, 

no a6COJIIOTHO~ BeJl1114WHe 8 06JlaCTIII BbiBOAa MeHbWe F~Oll'(Zmax), TO 
KOJlb40 OCTaHaBJlWBaeTCFI nepeA AOnOJlHWTeJlbHO~ KaTyWKOI:i 8 TOM 
MeCTe, rAe CYMMapHaR aKCWaJlbHaFI COCTBBJlFIIOil.\aR CWJl~ nopeH4a, 
Aei:iCTBYIOil.\el:i Ha 4eHTP KOJ1b4a, pasHa HYJliO. nnoCKOCTb KaTyWKIII 
Z = Z k 6~AeT npOXOAWTbCFI np111 BbiKJll04eHWW B Hei:1 TOKa, B CJly4ae 
/8.2/ Br

0
n'<0,To ecTb·MarHMTHoe none AOnonHwTeJlbHOI:i KBTYWKM 

COSAaeT npiiiTFirWBaiOil.\YIO KOJlb40 CIIIJly, W npM COOTBeTCTBYIOil.\IIIX 
YCJlOBIIIFIX KOJlb40 6yAeT npOXOAWTb nnOCKOCTb AOnOJlHWTeJlbHOI:i KaTyw
KIII npM MeAJleHHOM CMell.\eHMW MarHMTHOI:i FIM~ OT cpeAHei:i nJlOCKOCTW, 
OCTaHaBJlWBaTbCFI sa Hei:i, a nplll B~KJll04eHWIII TOKa B AOnOJlHMTeJlbHOI:i 
KaTyWKe - nepeXOAWTb 8 o6naCTb cnaABIOil.\ero MarHMTHOro nOJlFI, 

CpasHMBaR pemwM pa6oT~ AOnonHwTenbHOI:i KaTywKw /8.1/ 111 /8.2/, 
nyTeM- HecnomHbiX paccymAeHwi:i MOmHo saKJliOLIMTb, liTO s cny4ae /fl-. 1 I 
HeCTa6WJlbHOCTIII B BeJ1M4MHaX nonei:1 CTyneHei:1 cmaTIIIFI Ill YCKOpFIIOil.\el:i 
ceK4WM 6YAYT MeHbwe snwRTb Ha pemwM B~BOAa KOJ1b4a. Aei:1cTswTenb
Ho, nyCTb B~6paH HeKOTOp~~ pemWM B~BOAa KOJ1b4a, COOTBeTCTBYIOil.\WI':i 
onpeAeJleHHOI:i BeJ1W4MHe B~TBJlKWBal011.\ei:1 CWJl~ MarHWTH~X nonei:i aA
resaTOpa F:WT: Ecnw s cwny KaKwx-nw6o ycnoswi:1 senw4wHa 3Toi:1 
CWJl~ yseJlW4WTCR,· TO B pemWMe /8,1/ OHa 6yAeT B~3~BBTb CMell.\eHWe 
KOJlb48 K AOnOJlHWTeJlbHOi:1 KaTyWKe, rAe B~Oll. 60JlbWe, TO eCTb 6onb
we~t F:wT.6yAeT cooTseTcTsosaTb 6onbwaR >Ke cwna FzA0~·s pesyJibTaTe 
4ero o6ecne4WBBeTCFIOCTBH08KB KOJlbi.\B nepeA AOnOJlHWTeJlbHOA KB7 
TYWKoA. ~ Hao6opoT, 8 pemwMe /8.2/ 6onbwaR cwna .FBhiT, npoTonKHeT 
KOI1b40 Aanbwe sa nnocKOCTb AOnonHwTeJlbHoA KaTywKw~ rAe F~on. 
6yAeT MeHbWe BCJleACTBWe yBeJlW4eHWFI paCCTOFIHWFI MemAY KOI1b40M 
111 AOnonHMTeJlbHO~ KaTywKoA. B pe3ynbTaTe 3Toro MarHWTH~A 6apbep, 
COSABBaeM~~ AOnOJlHIIITeJlbHOA KBTYWKOA, MOmeT OKBS8TbCR HeAOCTBT04-
H~M AilR ynpasneHWR ABWmeHweM KOI1b4a. B cwny 3TWX npw4WH MecTo
nonomeHwe AOnOJlHMTeJlbHOA KBTYWKM npw pac4eTaX CWCTeM~ 6~CTporo 
B~BOAB HB MOAeJlW KOJlJleKTWBHOro YCKOpiiiTeJlR B~6wpaJlOCb TBKWM o6-
paSOM, 4To6~ o6ecne4WTb pemwM /8.1/. 

KaK cneAYeT ws /8. 1/, paAWYC AOnonHWTeJlbHoA KaTywKw MomeT 
6~Tb 60JlbWe /8,1a/ WJlW MeHbWe /8,16/ paAwyca KOI1b4a. nyTeM He
CJlOmHbiX paccymAeHWA, aHanorM4HbiX npwBeAeHHbiM BbiWe, MO)I{HO npwA
TIII K saKI1104eHwiO o npewMyll.\eCTsax sapwaHTa /8.1a/. Aei:1cTBWTenbHO, 
ecnM paAIIIYC KOJlb4a npw 8~BOAe OKasancR HeCKOJlbKO 60JlbWe omwAae
MOro.,l TO Ha KOJlb40 6yAeT Aei1cTBOBBTb 60JlbWaR 8biTaJlKWBal011.\aFI CII!Jla 
FZBb!,'r"aK KBK C yBeJ1W4eHweM paAWYCB B o6Jl8CTW 8biBOAB pacTeT CTe
neHb HeOAHOPOAHOCTM MarHWTHOro·nOI1FI, a ?Ha4WT, W 8eJ1W4111Ha pa
AWaJ1bHOi:1 cocTa8JlRIOil.\eA 8eKTopa MHAYK4111W OT nocneAHWX cTyneHei:1 
cmaTwR. TaKwM o6pa30M, 8enwmHa BAOH. AOJllKHa y8enw4wBaTbCFI . z 
C PBAWYCOM, 4TO AOCT!IIraeTCFI 8 pemwMe /8.1a/, KOrAa paAWYC AO-
nOJlHI-'tl'eJlbHOA KBTYWKW 60JlbWe paAwyca KOJlbl..lB. 0TMeTWM, 4TO npw-
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BeAeHHble BbiWe paCCY>KAeHVI.A -cnpaBeAJlVIBbl B TOCi OOJlaCTVI z, rAe 

sJ!0 "· ysenVILIVIBaeTC.A no a6coniOTHoei senVILIVIHe c npVI011VIlHeHVIeM K Ao

nonHVITenbHoei KaTywKe, TO ecTb Afl.A lz-,zk I> lz
10

ax-zkl/cM. pVIC: 1/. 

B CVIJly nepeLIVICJleHHOrO BhlWe Ha MOAeJlVI KOJlJleKTVIBHOrO ycKOpVI

TeJl.A B Ka4eCTBe CVICTeMbl 6biCTpOrO BbiBOAB, o6ecne4VIBaiOll.le~ BKTVIB

HhlM cnOCOOOM 6hlCTphl~ BhlBOA KOJlb~a, 6hlna Bhl6paHa AOnOJlHVITeflbHa.A 

KaTyWKa C paAVIYCOM, KOTOphlC\ B 1 ,2+ 1,5 pa3a 60J1bWe O>KVIAaeMoro 

paAVIYCa KOJlb~a npVI BbiBOAe, TO eCTb rk =6 CM, B aKCVIaJlbHOM 

HanpasneHVIVI AOnonHVITenbHa.A KaTywKa pacnonaranacb s nnocKOCTVI 

z = zk =-17 CM, cMelJ.leHHoei Ha l:!.z ~ lzrnax- zkl B HanpasneHVIVI BbiBOAa 

OTHOCVITeJlbHO O>KVIAaeMO~ BeJlVILIVIHhl aKCVIaJlbHOCi KOOPAVIHaThl KOJlb~a, 

COOTBeTCTBYIOlJ.le~ MOMeHTy CH.ATVI.A MarHVITHOrO 6apbepa B nOJl.AX 

aAre3aTopa VI ycKOp.AIOlJ.leC\ ceK~VIVI tM.Mhl Bhl6panVI Az =3 eM. B Ka-

~4eCTBe tM Bbi6VIpanc.A MoMeHT speMeHVI, KOrAa senVILIVIHa n(1-n)-·(2 

CTBHOBVIJlBCb paBHOC\ HYJliO. npVI ABJlbHeC\weC\ Ae~OpMa~VIVI MarHVITHOrO 

6apbepa B o6naCTVI BbiBOAa B MOMeHT BpeMeHVI ty > t M nOJlY4aeM 

B r < 0. B pa6oTe 141 MOMeHT t Y Bbi6VIpanc.A s KaLiecTBe MoMeHTa Bblso

Aa. Ha MOAeflVI Mhl npVIHVIManVI tM 3a MOMeHT BhlBOAa, YLIVIThlBa.A oco6eH

HOCTVI pe>KVIMOB ~OPMVIPOBaHVI.A MarHVITHOrO nOJl.A npVI BhlBOAe. B pa-

6oTe/10/ npVIBeAeHhl HeCKOJlbKO pe>KVIMOB BhlBOAB KOJlb~a, B TOM LIVICJle 

c ManhlM cpeAHVIM rpaAVIeHTOM cnaAaiOlJ.lero MarHVITHoro non.A, KOrAa 

a a 
B o6naCTVI BbiBOAB B cpeAHeM 1--ZI <2 3/CM.PBC4eTbl no ypasHe,-

az cpeu. -

HVI.AM /1/AVIHBMVIKVI ABVI>KeHVI.A KOJlb~a Afl.A 3Toro pe>KVIMa noKa3aJlV1 1 4TO 

Afl.A MOMeHTB BpeMeHVI tM o6naCTb nOJlO>KeHVI~ KOJlb~a B BKCVIaJlbHOM Ha

npaB~eHVIVI JlOKBJlV130BBHa B npeAenax 3 CM npVI AOnyCTVIMhlX Afl.A ocy

lJ.l'eCTBJleHVI.A AaHHoro pe>KVIMB BbiBOAa sapVIB~VI.AX napaMeTpos nVITBIOlJ.lVIX 

Hanp.A>KeHVI~ Afl.A CTyneHeC\ C>KaTVI.A 1 a TBK>Ke npVI pa3JlV14HOM 4VICJ1e 

LIBCTVI~ B KOJlb~e, npVIBOA.All.leM K KYJlOHOBCKOMY CABVIry 4aCTOThl 6eTa

TPOHHbiX KOJle6aHVI~ VI VI3MeHeHVIIO BeJ1V14VIHbl n(l-n)-fl?: npVI t> tM, 

KOrAa pacnpeAeneHVIe MarHVITHoro non.A a o6nacTVI BhlBOAa npV16nVI

>KaeTc.A. K YCJlOBVI.AM 1 aHanOrVILIHbiM Afl.A t y V13 pa60Tbl / 4/, B Bbi6paHHOM 

HaMVI pe>KVIMe BhlBOAa Br OC~VIJlJlVIpyeT OKOJlO HYJl.A B o6naCTVI no Z 

OT Z 1 =-15 CM AO z 2 =-30 CM, TaK LITO nono>KeHVIe KOJlb~a B aKCVI

aJlbHOM HanpasneHVIVI npVI t-ty CTBHOBVITC.A B 3HB4VITeJlbHO~ CTeneHVI 

HeonpeAeneHHhlM, Ha4VIHaeT 3BBVICeTb OT TOLIHOCTVI pac4eTOB KaK 

none~, TaK VI VICnOJlb30BaHHhlX HBMVI anropVITMOB HBXO>KAeHVI.A peweHVI~ 

CVICTeMhl ypaBHeHVI.A /1/. 

no 3TOCi npVILIVIHe Mhl Be3Ae C4VITaJ1VI MOMeHTOM BhlBOAB 3aHyneHVIe 

n (1-•n)- f 
2, LITO 1 K TOMy >Ke 1 COBnBABeT C MOMeHTOM 3aHyJleHVI.A 

4aCTOThl 6eTaTpOHHhlX BKCVIBJlbHhlX KOJle6aHVI~ 6e3 y4eTa C06CTBeHHhlX 

none~ 3JleKTPOHOB VI VIOHOB KOJlb~a. MoMeHT speMeHVI tM M~ HB3hlBBeM 

BpeMeHeM MeAneHHoro BhlBOAa KOJ1b4B. 

An.A o6ecne4eHVI.A ysepeHHoro BbiBOAa KOJlb ~a c noMOlJ.lbiO CVIC TeMbl 

6biCTpOrO BbiBOAB MOMeHT BbiBOAB _t
8

, KOrAa npOVICXOAVIT 6tkTpoe Bbi

KJliOLieHVIe TOKa B AOnOJlHVITeJlbHOVI KaTyWKe, Bhl6VIpanc.A TaKVIM o6pa30M 1 

4To6hl npVI ta t 8 p~cnpeAeneHVIe MarHVITHoro non.A 6e3 yLiera AOnon-
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HVITeJlbHO~ KaTyWKVI YAOBJleTBOp.AJlO He06XOAVIMhlM Tpe60BBHVI.AM no 

ycKopeHVIIO KOJ1b4a, npVILieM B o6nacTVI lz-zki:S21zmax-zkl B 3TOM 

pacnpeAeneHVIVI 
2
1 ·BnpeA.'< B <0, rAe BnpeA:. npeAenbHO AonyCTVIMa.A ae-

r r r . 

JlVILIVIHa Br npVI ycKopeHVIVI s cnaAaiOlJ.leM MarHVITHOM none 12~ AMnflVITYAY 

VIMnynbca TOKa s AononHVITenbHOR KaTywKe npVI 3TOM onpeAen.AnVI Vl3 

ycnoBVI.A 
npeA. 

Br I I , 
J 2:. gr(zmax) 

/9/ 

rAe g /Zrnax) - sem14VIHa ·B r Afl.A AOnOJ1HVITef1bHOCi KaTyWKVI .nPVI, ToKe 

B He~ 1 A B nnOCKOCTVI Z= Z max VI Ha paAVIYCe, COOTBeTCTBYIOlJ.leM O>KVI

AaeMOMY paAVIYCY BbiBOAa KO.lJb~a, TO eCTb AflR r ""/0,65 +0,85/rk, 

rAe rk- paAVIYC AononHVITenbHO~ KaTywKVI. npVI rpaAHeHTe non.A Bz 

B BKCVIaflbHOM HanpaaneHVIVI 10 3/cM nOJlyLiaeM B COOTBeTCTBVIVI 

c pHc.1 AflR r =5 eM 1-13 /9/ J ~ 250 A. nocKonbKY s HeKOTopbiX pe

>KVIMax Mhl O>KVIAaeM BeJ1VI4VIHhl JlOKaJlbHhlX rpaAVIeHTOB AO 50 3/cM, TO 

npVI C03AaHVIVI reHepaTopa AflR 3anVITKVI AOnOJlHVITeJlbHOC\ KaTyWKVI 

6hlna Bhl6paHa aMnJlVITYAa TOKa 1,5 KA, 

CxeMa reHeparopa ToKa An.A 3anVITKVI AOnonHVITeJlbHOR KaryWKVI 

npVIBeAeHa Ha pV1c.2. Ueno4Ka C1L1L2 o6ecne4VIBaeT s AononHVI-

renbHO~ KaTyWKe (L2) VIMnYJlbC TOKa npVI pa3P.AAe eMKOCTVI C1 AJ1VI

TeJlbHOCTbiO OKOJlO 500 MKC /~OMMyTBTOp B 3TO~ ~enOLIKe - VIMnynbCHbl~ 
PTYTHbl~ pa3P.AAHVIK 111 I. npVI pa3P.AAe eMKOCTVI C2 c nOMOlJ.lbiO 

4enoYKV1 C2L2 AOCTV~raerc.A 6hlCTpoe VI3MeHeHVIe B~JlVI4VIHhl npoV13BOA

HOCi TOKa B L2 VI 6hlCTpoe YMeHbWeHVIe B He~ TOKB BnJlOTb AO Hyne

BbiX 3Ha4eHVI~ /KOMMyTBTOp B 3TO~ 4en04Ke - VIMnYJlbCHblei TVIPB,TpOH 

112/. AnHTeflbHOCTb VIMnynbca TOKa, ~opMVIpyeMoro ~enoLIKO~ L2C2, 

COCTBBJl.AeT ~ 250 HC. ~HAYKTVIBHOCTb L1>>L2 npen.ATCTByeT pa3-

P.AAY eMKOCTVI C2 4epe3 L1C1. MoMeHT cpa6an.IBaHVI.A m 3BAaerc.A 

3anycKBIOIIIVIM VIMnYflbCOM U3 an . 1 4epe3 TpaHc~opMarop T1 , o6ecne4VIBal0-

lll~-'~~ ranbBBHVI4eCKYIO pa3P.AAKY. MoMeHT cpa6aThlBaHVI.A 112 3aAaerc.A 

c noMOI!IbiO 3anycKa10111ero VIMnynbca U3an.~ noAaBaeMoro Ha ceTKy TVI

parpoHa OTHOCVITenbHO 3eMJ1VI. AaHHa.A cxeMa aHanorVI4Ha cxeMaM, 

B KOTOPhlX VICnOJlb3yiOT CJlO>KeHVIe ABYX VIMnyJlbCOB C CYI!IeCTBeHHO 

OTJlVILiaiOIIIVIMVIC.A AflVITeJlbHOCT.AMVI /'0,7/. Co6paHHbiR no cxeMe /pVIc. 2/ 

reHepaTop o6ecne4V1Baer s AOnonHVITenbHO~ KaTywKe L2 Heo6XOAVIMYIO 

~OpMy VIMnYJlbCB TOKa. 

U1ap.2 
PHc.2. CxeMa reHepaTopa TOKB, 

cPOpMHPYIOlJ.lero B ,!l;OTIOJ1HHTeJ1bHOH 

KBTYWKe HMTIYJ1bC TOKB He06XO,IJ;H

MOH <PopMbl. 
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PHc.3. Pacrrpe~eneHHe MarHHTHoro rronH B o6nacTH BbiBo~a 6es y~eTa 
I crrnOIIIHbie nHHHH/ H c y~eTOM /rryHKTHPHbie nHmm/ rronH ~orronHHTe.Jib
HOH ICaTyliiKH, Pacrrpe~eneHHH rrpHBB~BHbl! a/ ITPH t 1 =240 MKC, 
ICOr~a f 8 =6 CM, Z9 =-12,6 CM ITpH pa60TaJO~eH CHCTeMe 6biCTporo 
Bb!BO~a; 6/ ITpH t 2 =420 MKC, KOr~a r 8 =4,6 CM, Z8 =-J4 CM, 

Ha pVJC. 3 npVJsep,eHbl pac4eTHble pacnpep,eneHVJR B z VI B r B aKcVJ
anbHOM HanpasneHVJVI f-LfO eM ~ z '5.. -8 eM/ Ha r 1 =6 eM It 1 =240 MKC/ 
VI r 2 =4,6 CM /t 2 =420 MKC/, 4TO COOTBeTCTByeT paC4eTHO~ senVJ4VJHe 
pa~VJyca KOnb~a B yKa3aHH~e MOMeHT~ speMeHVJ, PaC4BT npOBOP,VInCR 
npM pemMMax pa6oT~ cTyneHe~ cmaTVJR VI ycKOpR~~e~ ceK~VIVI, npMse
p,eHHbiX B/10/, npl-1 tc-t1 3JleKTpOHHOe KOnb~O HaXOP,I-ITCFI B MarHHTHO~ 
noTeH~HanbHO~ RMe KaK npl-1 y4eTe nOnR p,ononHMTenbHO~ KaTyWKM 
/z 8 =-12,6 eM/, TaK 1-1 6es ero y4eTa /z8 =-14,2 eM/. B MOMeHT 
sp'eMeHM t"" 290 MKC p,nR aKCManbHO~ 4aCTOTbl 6eTaTpOHHbiX KOne6aHM~ 
vz 3neKTPOHOB s Konb~e pac4eT p,aeT vz .::-,0 I 6es y4eTa nonR p,o
nonHMTenbHO~ KaTyWKM/. npM y4eTe nonR p,ononHMTenbHO~ KaTyWKM 
Vz>O BnnOTb P,O t ::,440 MKC /npl-1 aMnJlHTyp,e TOKa B p,ononHHTeJlbHO~ 
KaTywKe J =1 KA/. 3KcnepHMeHTbl no Hccnep,osaHHIO napaMeTpos Bbl
sep,eH~~x KOneQ p,anH HaMnY4WHe pesynbTaTW no HHTeHCHBHOCTH KOJlB~ 

1-1 HX ~eHTpOBKe OTHOCHTenbHO OCM BaKyyMHO~ KaMep~ B YCKOPR~Qe~ 
CeK~HI-1 npH 3ap,aHHH MOMeHTa B~BOP,a C nOMOQbiO p,ononHMTenbHOA Ka
TyWKI-1 t 8 =420 NKC. Pacnpep,eneHMR p,nR KOMnoHeHT B z 1-1 B r npM t 
=420 MKC /CM. PHC.36/ noKa3~BaiOT, 4TO C y4eTOM ~OnR p,onOJlHHTenb
HOA KaTyWKI-1 KOJlb~O HaXOP,HTCR B MarHHTHOA noTeH~ManbHO~ RMe 
H Z s =-14 CM, np11 BbiKJli04BHillill TOKa B p,ononHiiiTeJlbHOA KaTyWKe KOnb
~0 nonap,aeT ,B_.o6naCTb cnap,a10~ero MarHiiiTHoro nonR co CDBAHiiiM 

as 
rpap,HeHTOM __ z_< 14 3/cM. Pacnpep,eneHille nonR Bz(z) npill t =420 MKC az -
i113MeD,H0 3KCnepiiiMBHTanbHO,,OHO COBnap,aeT C npMBep,eHHWM Ha pHc.36, 
/eM. 101 /. Ha pillc.4 nDHBep,eHw cMrHanw c $3Y, sosHHKaiOQHe oT 
TOD~03Horo i113ny4eHI1R KOnb~a nDH ero c6Doce Ha KonneKTop s KOH4e 
YCKOpRIOQeA CeK4illill /Ha DaCCTORHiiiH 220 CM OT P,OnOJ1HMTeJ1bHOA Ka
TyWKH/ s DemiiiMe 6~cTporo swsop,a. B 3KcneDiiiMeHTax no 6~cTpoMy 
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Pnc.4. CHrHan c c!>3Y, B03HHICaiO
IlJ;HH OT y -H3Jly'-IeHIIH ITpH BbiCa~ICe 

KOnh~a , rrpH pa6oTaro~eH: CHCTeMe 
6biCTporo BbiBop;a. ITo ropnsoHTa
nn - 50 Hc/p;en. 

BbiBOAY KOnbL(a Ha MOP,eJll-1 KOnneKTiiiBHOro yCKOpHTenR B Da3J11-14HbiX 
DemiiiMax s~sop,Hwx none~, npHBOAHM~x s Da6oTe/10~ 6~na nop,Tsepm
p,eHa Da6oTocnoco6HocTb s~6paHHO~ cillcTeMw 6wcTporo s~sop,a. 

B 3aKnl04eHHe aBTOp~ B~DamaiOT 6narop,aDHOCTb BCeM COTPYAHHKaM 
oTp,ena Mop,enill ycKODHTenR OHMY, npHHHMaBWHM y4aCTHe s cosp,aHillill 
ill nDosep,eHillill 3KcneDHMeHTOB c cHCTeMoA 6~CTDoro s~sop,a. 
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!a6H~KHH B.H. H AP· P9-82-731 
CHCTeMa 6wcTporo BWBOAa 3neKTpOHHWX KOne~ Ha MOAenH KOnneKTHBHOrO 
YCKOPHTenA OHRH 

PaCCMOTpeH BOnpoc BW6opa CHCTeMW 6WCTporo BWBOAa 3neKTpOHHWX KOne~ Ha 
MOAenH KOnneKTHBHOrO YCKOPHTenA. CHCTeMa 6WCTpOrO BWBOAa o6ecne4HBaeT 3aAaH
HWH MOMeHT BWBOAa 3neKTpOHH~X KOne~ B o6naCTb cnaAa~ero MarHHTHOrO nonA, 
KOTOpoe ~pMHpyeTCA C noM~b~ KaTyweK CTyneHeH C~aTHA aAre3aTopa H KaTyweK 
yCKOpA~eH ceK~HH. CHCTeMa 6~CTporo BWBOAa COCTOHT H3 AOnOnHHTenbHOH OAHO
BHTKOBOH KaTyWKH, C03Aa~eH npenATCTBY~HH B~BOAY KOnb~a MarHHTH~H 6apbep, 
H reHepaTopa TOKa, o6ecne4HBa~ero HMnynbC TOKa He06XOAHMOH ~OpM~. PaCCMOT
peHW pa3nH4H~e aapHaHT~ CHCTeM~ 6~CTporo BWBOAa. 0pHBeAeH~ 3KCnepHMeHTanbH~e 

pe3ynbTaTw, nOATBep~Aa~~He pa60TOCnOC06HOCTb B~6paHHOrO aapHaHTa CHCTeM~ 
6wcTporo BWBOAa. 

Pa6oTa awnonHeHa a 0TAene HOB~x MeTOAOB ycKopeHHA OHRH. 

C~eHHe 06~eAHHeHHOro HHCTHTyTa AAePHWX HCcneAOBaHHH. ny6Ha 1982 

Zhabitskij V.H. et al. P9-82-731 
Fast Electron Ring Removal System at the Hodel of JINR Collective 
Accelerator 

The problem of choice of a fast electron ring removal system at the 
model of collective accelerator has been considered. The system of a fast 
removal provides the preset removal moment of electron rings into a region 
of decreasing magnetic field which is formed by compression stage coils of 
the adhezator and by the coils of accelerating section. The system consists 
of an additional single-winding coil creating a magnetic barrier that 
Impedes a ring extraction and curren~ generator providing current impulse 
of the required shape. Different variants of a fast removal system have 
been discussed. The experimental results confirming the capability of the 
selected variant of a fast removal system have been presented. 

The investigation has been performed at the Department of New Methods 
of Acceleration, JI .NR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 
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