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IlpH OIITHMH3an;HH CHCTeMbl BbIBO,lla rryi:IKOB 113 l(HKJIOlpOHa, KaIC IIpaBHJIO, 

BO3HHKaeT Heo6xO,llllMOCTb BKffiOqeHIDI B :ny CHCTeM)' lpOK)'CHpyIDID;HX (<l>K) H 

KOMIIeHCHpyIDIUHX MarHHTHbIX KaHanOB B pa3JIH'IHOH KOM6HHan;HH. Manmnn,1e KaHanbl 

MOryr 6bITb B TOKOBOM, )KeJie3HO-TOKOBOM. H )KeJie3HOM (rracCHBHOM) HCIIOJIHeHIDIX. 

IlocJie,!l;HHH BapHaHT, BepOllTHO, llBJilleTCll HaH6oJiee IIpOCTbIM C Tex~eCKOH TO~ 3peHIDI. 

Arrll reopeTHqecKoii: 011eHKH rrapaMelpOB TaKoro KaHana B pa6ornx [1,2,3] HCIIOJib3OBaHa 

IIpOCTall MO,lleJib C IIOCTOllHHOH no o6'beM)' HaMamuqeHHOCTblO )KeJie3a. Arrll 
IIpllMOyrOJibHOro 6pycKa, CHCreMa o6o3HaqeHHH H pa3Mepbl KOTOporo IIOKa3aHbl Ha puc.la, 

aKCHailbHall KOMIIOHeHTa MaraHTHoro IIOJill By B TOqKe P(xp,yp) HMeeT BH,ll 

µ0 a-xp a-xP a +xp a +xp 
By(P)=--M0(arctg-- +arctg--+arctg--+arctg--), 

21r b-yp b+yp b-yp b+yp 

a rpa.uueHT 3TOH KOMIIOHeHTbI G = aB y / iJx p 

G(P)=-µo Mo( 1 -------+ 
2,r (b-yp)(l+(a-xp) 2 ) (b+yp)(l+(a-xp)2 ) 

b-yp b+yp 

+ 1 + 1 . ). 
(b- YP )(1 +(a+ Xp )2) (b + yp)(l + (a+ Xp )2) 

b-yp b-yP 

IloJie H rpa.uHeHT B MO,lleJIH H3 HeCKOJibKHX 6pycKOB eCTb cyrrepIIO3Hn;IDI IIOJieii: H 

rpa.uueHTOB OT Ka)K,lloro 6pycKa. 

y 
Bo 

a) y 6) y •) 

b ++ 
b,a 

• P(xp,Yp) 

Mo a.rr a X alb 2 X X 

Puc.l. 

a)- peanbHbie pa3MepbI, 6)- 6e3pa3MepHble rrepeMeHHb1e, B)- 3q>q>eKTHBHble pa3Mepbl. 



B CJI)"Iae pa3MeIIIeHIBI MafHIITHOfO KaHaJia B o6JiaCTII 3aBe,noMO BhICOKIIX 

MafHIITHbIX noJieH (10-15KI'c) )KeJie30 6pyCKOB KaHaJia C mo6bIM xapaKTepHbIM 

oruornemxeM alb nona,naeT B o6JiaCTb no'ITII noJIHOfO HaCbIIl(eHIIJI II BeJIII'IIIHY 

HaMarHlf'IeHHOCTII MO)KIIO C'IlITaTh 0/:l:HOpO,nHOH no ceqeHmo 6pycKa. Pac'leThl napaMeTPOB 

TaKIIX naccIIBHhIX KaHaJIOB /J:aIOT xopornyio peaJIII3aIIIIIO Ha npaKTIIKe. 

TeM He MeHee, Hepe,nKO B03HIIKaIOT CIIryaIIIIH (Hanpmtep, <l>K B CIICTeMe BhIBO,na 

nyqKa H3 UHKJIOTPOHa Y-400M), Kor,na KaHaJI Heo6xo,n1IM0 nocTaBIITh B o6JiaCTh C 

Heo6hl'IHO HII3KID.I ( 1-2 IU C) noJieM. B 3TOM CJI)"Iae HaMarHII'leHHOCTh 6pyCKOB ~e neJib3JI 

C'llITaTb 0/:l:HOpO,nHOll no ce'leHIIIO II BeJIII'IIIHa ee npaKTII'leCKH HeII3BeCTHa. OHa CIIJlhHO 

3aBIICIIT OT BeJIII'llIHhl BHernHero MafHIITHOfO nOJIJI Bo H OT OTHOIIIeHIIJI pa3MepoB 6pycKa 

alb. 
U:eJihIO HaCTOHIIIeii pa60Thl JIBJIJ!eTCJI pa3pa6oTKa npoCToro MeTo,na npu6JIII)KeHHoro 

pac•IeTa MarHIITHOfO IIO)IJI CHCTeMhI qieppoMarHIITHblX 6pycKOB rrpHMoyroJibHOfO ceqeHHJI B 

~HpOKOM .n1IanaJOHe BHeIIIHIIX MarHIITHhIX IIOJieii O .5 - 21.5 IU C II xapaKTepIICTII'leCKIIX 

OTHOIIIi.HIIII pa3MepO.!! alb B /J:IIaIIaJOHe 0.05 - 20. 

, CucTeMa 6pycKOB BHOCIITCJI B 3MaHHOe O,nHOpO,nHOe none Bo II npeo6pa3yeT ero B 

HeKOTopoii o6JiaCTH D B IlOJie B, KOTOpoe cpaBHIIBaeTCJI C HCK0MhIM. Bb16op OnTIIMaJU,HOH 

KOH4JllfYPaIIIIH qieppoMarnenIKa rrpe.nnonaraeT MHoroKpaTHOe peIIIeHIIe Ja,na'III pacqern 

MarHHTiiOfO IIOJIJI B o6JiaCTH D /J:JIJI 60JiblilOro 'IlICJia rrpo6Hh!X KOHqJHrypaIIIIH. CYTb MeTO,na 

3aKmoqaeTCJI B 3aMeHe KaJKAOfO ()pycKa B CIICTeMe HeKOTOphIM, TaK Ha3bIBaeMbIM 

"3qiqieKTHBHbIM" , 3JieMeHTOM C nOCTOJIHHOll HaMarHII'leHHOCTbIO. Ha~afHII'leHHOCTh 

3JieMeHTa II ero pa3Mepbl onpe,neJIHIOTCJI II3 YCJIOBIIJI arrnp0KCID.18IIHII, B o6JiaCTH D 
MarHIITHOfO noJIJI 6pycKa noJieM , "3qiqieKTHBHOro" 3JieMeHTa. IloJie "3qiqieKTIIBHOro" 

3JieMeHTa onpe,neJIJ!eTCJI 110 IIpOCThIM aHaJIHTII'leCKIIM q>OpMymlM:. 

IIepell/J:eM K IIOCTPOeHmo Bbl'IHCJIHTeJibHOII l\lO/J:eJIII. Tpe6yeTCH onpe,neJIHTb 

MarHIITHOe II0Jie CIICTeMhl m qieppoMarHIITHblX 6pycKOB npHMOYfOJihH0fO ceqeHIIH, 

BHeCeHHhlX B 0/:l:H0p0/:l:HOe noJie Bo. )lmI ynpoIIIeHIIJI M0/J:eJIH npe/J:flOJl)KIIM, 'ITO: 

• 6pycKH /:1:0CTaT0'IHO IIp0TJl)KeHHbie no K00P/:1:IIHaTe z ( /J:BYl\fepHaJI MO,neJib ), 

• 6pycKH /J:0CTaT0'IHO y,naJieHbl ,npyr OT ,npyra (IIOJIJI 6pycKOB He3aBIICIIMbI). 

Tor,na 3a,naqa CB0ro,ITCH K pacqery ,nBYl\fepHoro 'noJIJI OT,neJibHOfO 6pycKa C nocJie,nyxoIIIIIM 

CYl\fMIIpOBaHIIeM IIOJieii. 

IlycTb 3a,nam,1: CHCTeMa KOOp,nIIHaT (x,y), 0/:l:HOpo,nno'e MarHIITHOe IIOJie B = (0, Bo)' 

qieppoMarHIITHhlll 6pycoK c IIeHTPOM B Ha'laJie KOOpAHHaT II pa3MepaMH 2a,2b no OCJIM x ny 
COOTBeTCTBeHHO (Pile. la). BBe,neM 6e3pa3MepHble nepeMeHHbie 3aMeHoii X = ax, y = ay' r,ne 

a= . B Ka'lecTBe o6nacTII D Bbr6epeM KOHTYP pa,neyca 2 (pIIc.16). {
lib, npu a/b<l',l 

I I a, npu a I b -.:, I 

MarHHTHOe IIOJie B TO'IKe P(xp,yp) BHe qieppoMarHeTIIKa onpe,neJIJ!eTCJI H3 ypaBHeHIIJI 

B(P) =B0 + µo V jM(Q)-VlnrdGQ, (I) 
27' G 

r,ne M = (M,,My) - HeIIJBeCTHaJI HaMafHII'leHH0CTh 6pycKa, G- o6JiaCTh,3aHIIMaeMaJI 

· 2 2 2 p Q 
qieppOMarHeTHKOM, r = (xp -xQ) +(yp - YQ) -paCCT0JIHIIe Me)K/J:yTO'!KaMII II . 

)lmI Bbl'IlICJieHIIJI HaMarHII'leHHOCTII M pa306heM npl!M0YfOJlhHHK G Ha 

N = NX • NY npl!M0YfOJlhHhIX JJieMeHTOB. B npe,nenax JJieMeHTa HaMarnuqeHH0CTb 

C'llITaeM n0CT0HHH0H. 3aIIIICbIBaJI (1) /J:JIJI N T0'leK P,' i = 1, •.. , N' JIBJIJIIOIIIIIXCJI QeHTPaMII 

2 

1' 

!,,, 

-

3JieMeHT0B, II0JI)"IIIM CIICTeMy HeJIIIHell.HhIX aJire6paII'leCKIIX ypaBHeHIIH, K0T0pyxo pelillIM C 

noM0IIIbIO IITepallIIOHH0f0 rrp0IIecca [ 4] 

N[ vfa vfa ) Bk+1(P;)=B
0

+µo(Mk(P;)+ L M!(P)[- -lnrdG]+M;(Pj)[- -lnrdG] 
~ ~~fu ~~fy 

Mk+l(P;)=_!,_(1 lk+I )Bk+1 ,i=l, ... ,N, 
µo µ(I B I) • 

(2) 

µ - MarHHTHaJI np0HIIIlaeM0CTb qieppoMarHeTHKa ( IICII0Jlh3YeTCJI Ta6JIIIIla /J:JIJI CTaJIII 1010 II3 

rrporpaMMbI POISSON).11nTerpaJihI B KBa,npaTHbIX cKo6Kax 6epYTCJ1 aHaJIIITII'leCKH. 

Tenepb 3aMeHIIM qieppoMarHHTHhIH 6pycoK "3qiqieKTIIBHbIM" 3JieMeHT0M C 

rrocTOHHHOii HaMarnnqeHH0CThIO M 0 = (0,M0 )II pa3MepaMII a,ff,b,ff (pIIC.lB). IlpII 

IIOCTOJIHHOH HaMarHH'leHHOCTII II0Jie B T0'IKe BHe 3JieMeHT8 Bhl'IIICJIJ!eTCJI no qiopMyJiaM: 

B;tr (P) =-µo Mo ln((X-Xp)2 +(y-yp)2)1 x: a,ff I y:b•ff 
41r . x - -a,ff y - -b,tr 

(3) 

•ff - µo x-xp I x=a,ff I y=b,ff B,. (P)-B0 --M0arctg-- b , 
. 21r y-yp x=-a,ff y=- •ff 

a BeJIII'IIIHbI Mo,a,ff,b,ff HaX0/:1:HTCJI II3 ycJI0BIIJI MIIHIIMII3allIIII KBa,npaTII'IH0fO OTKJI0HeHIIll 

rroneii B •ff II B B o6nacTH D 

min LIB'ff(P,)-B(P,)1 2
, P, eD. (4) 

Mo.a~lfA.tr ; 

ECJIII HaM 3a,naHbl rpaHIIIIbI II3MeHeHIIJI BeJIII'IIIH Bo II A =alb, TO, BB0/:1:H Ha 

[B;t" ,B;'ax] x[Amin ,Amax] HeKOT0pyxo ceTKY C Y3JiaMII (B~,Aj), onpe,neJIJ!eM Mg ,a:0-,b:0- B 

Y3Jiax ceTKII, pelilaJI /J:JIJI Ka)K/J:0fO Y3Jia ypaBHeHIIe (1) II MIIHIIMII3IIPYH (4). CeTO'IHbie 

3Ha'leHIIJI BeJIII'IIIHbI Mo rrpe,ncTaBJieHbI Ha pIIc.2. 3Ha'leHIIJI MO, a,ff ,b •ff Mll npoII3BOJlhHhlX 

Bo E [B;'in, B;'ax ], A E [Amin ,Amax] II0JI)"IaIOTCJI IIHTeprroJIJIIIIIeii ceT0'IHbIX 3Ha'leHIIH 

napaMeTP0B. 

PIIc.2. HaMarHII'leHH0CTh Mo 
qieppOMarHHTHOfO 6pycKa B A/M

2* l 0
6 

B 

38BIICIIMOCTH OT OTH0IIleHIIJI alb II 

BHeIIJHero M8fHIITH0f0 II0JIJI Bo. 
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TaKHM o6pa30M, npH6nIDKeHHOe BbJqHcneH11e MarHHTHOfO nolli! CHCTeMbl 
qieppoMarHHTHbIX 6pycKOB BO BHenrneM OJlHOpO.llHOM none COCTOHT HJ cnecyIOIIlHX maroB: 

• Ja.llaHhI BHemttee none B0 = (0, B0 ) II tta6op Il3 N 6pycKOB c pa3Mepal\m 

a;,b;, i = 1, ... ,N, 

• IIHTepnolli!uneil: ceTOqffhJX Q.JYHKIIIIH nonyqaeM BenI1qnHbI M~,a!ff,b!ff, 

• no qiopMynaM (4) BbJqIICllileM none B TPe6yeMbIX TO~ax, 

• CYl\fMilpyeM nollil no i=l, ... ,N. 
KaK y,Ke OTMeqanocb, ll'cnonbJOBaHile .llaHHOro MeTO.lla npe.llCTaBllileT oco6eHHbIH IIHTepec 
npII BbJqnCneHIDIX nollil CIICTeMbl qieppoMarHIITHbIX 6pycKOB B HHJKHX BHeIIIHHX 
MarHHTHbIX nolli!X . 

.[{Jul npoBepKI! npe.llCTaBneHHOro MeTO.lla pacqern MarHIITHbIX KaHaJIOB Ha CTeH.lle 
MarHIITHbIX l!3MepeHIIH JUIP 6hma ycTaHOBneHa MO.llenh qJOKYCIIPYJOIIIero Kattana B 
cI1cTeMe BhIBo.lla ~a IIJ IIIIKIIOTPOHa Y-400M B Macmrn6e M=l:3 II npoBe.lleHbI 
MarHHTHhie l!3MepeHIDI napaMeTPOB Kattana. I1JMepeHIDI npOBOJll!JIHCb B Me.llilaHHOH 
IIJIOCKOCTII Kattana BO BHeIIIHeM (KBaJIIO.llHOPO.llHOM) MarHIITHOM none Bo. Pacnpe1eneHHe 
MarHIITHOro nollil B pa6oqen anepTYPe Kattana IIJMepIDIOCb .llaTqnKOM XoJIJia HJ InSt, 
pa3Mepbl pa6oqefi o6naCTII KOTOporo B IIJIOCKOCTII COCTaBlli!IOT 0.5xl.5 MM. IIepeMeIIleHHe 
.lla=Ka no OCH x ocyrn:ecTBJIHJIOCb MexattuqecKIIM npHBO.llOM c maroM 0.1 MM. Ha pilc.3,4 
npe.llCTaBneHbl .llaHHble IIJMepeHHH II peJynhTaTbl pacqeTOB MarHIITHoro nolli! B rpa.llileHTa 

G MarHHTHOro no.illl Ha OCH CHCTeMbl IIJ TPeX 6pycKOB: (D) - .llaHHbie ll3MepeHIIH, (-) -

pacqeT c TPeMJI 6pycKal\m no (2), (---) - BhJqHcnettile M O, a,ff ,b,ff .llllil Ka)l(Jloro 6pycKa II 

cno)KeHile noneil:. CoBna.lleHHe Il3MepeHHH C .llaHHbIMII pacqeTOB B pa6oqefi o6nacTH 
COCTaBlli!eT 10-15%. 

BlTI 
0 

0.2 

0.1 

0.1 

0., 

17mm 

mm 

17mm·• 

0.01 
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Puc.3. CpaBHettI1e .llaHHhIX 
IIJMepeHIIH H peJynhTaTOB 
pacqeTOB MarHHTHOro nolli! B 
Jlllil CIICTeMhl HJ TPeX 6pyCKOB. 

1 
J 

;) 

GIT/ml 
B0=0.2311 T 

12 

·-., __ ._., 
!-:.;, 

21 ' 0 0.01 ' 02 

3aKJIIO'IeHHC 

:17mm 

!17mm 

'.lr.i .h,i' 

Pnc.4. Cprumettile .llaHHI,IX 
HJMepeHI!HHpeJynhTaTOB 
pacqeTOB rpa.lllleHTa G 
MafHIITHOfO nollil .llllil CHCTeMbl 
IIJ TPeX 6pyCKOB. 

PaCCMOTPeHa Ja.zlaqa CIIHTe3a naCCHBHblX qJOKyCIIPYJOIIIHX MarHHTHblX KaHaJIOB .llllil 

CHCTeMbl BbIBO.lla ~OB H3 llllKIIOTPOHa. Oco6eHHbrn: rnnepec Ja.zlaqa npe.llCTaB.illleT npII 
qiopMI1pOBaHIIII MarHIITHbIX KaHaJIOB B o6nacTH Hll3KHX BHeIIIHHX MarHHTHI,IX noneil: npII 
uenonHOM uaCbIIIJeHllll )KeneJa . .[{Jul pacqern MarHHTHoro no.illl CllCTeMbl qieppoMarHHTHblX 
6pycKOB BO BHeIIIHeM none rrpe.llJIO)KeHO ucnOJib30BaTb "3qiqieKTHBHbie" JneMeHTbI C 
nOCTOJIHHOH uaMarHHqeHHOCTbIO . .[{Jul 3a.llaHHbIX HHTepBaJIOB ll3MeHeHIDI BHeIIlHero nollil H 
pa3MepoB 6pyCKOB HaHJleHI,J napaM~bI "Jq_Jq_JeKTHBHb!X" JneMeHTOB. PacqeT no.illl .llllil 

"3qiqieKT11BHbIX" JneMeHTOB IIpOBO.llllTCJI no IIpOCTblM aIIaJIIITllqeCKIIM qiopMynal\1. 
PeJyJibTaTbI pacqeToB xopomo cornacyioTCJI c .ll8HHI,IMH l!3MepeHIIii. 

Pa6oTa BbillOnHeua npn nOMep)l(Ke PoccHiiCKOro q_JOH.lla <!>YHJlaMeHTaJibllbIX HCCneJlOBaIIIIH, 

rpaHT NQ98 -01-00190. 
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Aiip51H 3.A. H ap. P9-98-210 
CHHTe3 naCCHBHbIX MarHHTHblX KaHaJIOB 
B IIIHpOKOM aHanaJOHe BHeIIIHIIX MarnHTHbIX noneii 

PacCMOTpeHa 3~aqa CHHTe3a nacCHBHbIX qJOKYCHp)'IOII.(HX MarHHTHblX KaHaJIOB 
aJI51 CHCTeMbl Bbrnoaa nyqKOB H3 UHKJIOTpOHa. Oco6eHHbIH HHTepec 3~aqa npeacTaB
JI5leT npH cpopMHpOBaHHH MarnHTHblX KaHaJIOB B o6JiaCTH HH3KHX BHeIIIHHX 
MaIBHTHbIX noneii npH HenOJIHOM HaCbIII.(eHHH )l(eJie3a. Jlrrn pacqeTa MarHHTHOI'O 
noAA CHCTeMbl cpeppoMarnHTHbIX 6pycKOB BO BHeIIIHeM none npe~O)l(eHO HCnOJib-
30BaTb «3cpcpeKTHBHble» 3JieMeHTbl C nocT051HHOH HaMarnHqeHHOCTblO. AAA 3~aH
HblX HHTepBaJIOB H3MeHeHH51 BHeurnero [l0Jl51 H pa3MepoB 6pycKOB Ha~eHbl 
napaMeTPbl «3(p<peKTHBHblX» 3JieMeHTOB. PacqeT nOAA aAA «3cp<peKTHBHbIX» 3JieMeH
TOB npoBoaHTC51 no npoCTbIM ananHTHqecKHM cpopMyJiaM. Pe3yJibTaTbI pacqeTOB 
xopoIIIO cornaC)'IOTC51 C aaHHbIMH H3Mepenuii. 

Pa6oTa BbIIlOJIHeHa B Jia6opaTOpHH BblqHCJIHTeJibHOH TeXHIIKH H aBTO
MaTH3aQHH OI-rnl1. 

Coo6111euue O6-LeJIHHeHHOro HHCTHtyra ll/lepHI,IX HCCJie)lOBaHHii. J.ly6ua, 1998 
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Ayrjan E.A. et al. 
Design of Passive Magnetic Channels in Wide Range 
of External Magnetic Fields 
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The passive magnetic channels design problem is considered for the cyclotron 
beam extraction system. The investigation is focused on magnetic channel design 
in the region of low external fields with unsaturated iron. Effective elements 
with constant magnetization are supposed to be used for calculation of the magnetic 
field of ferromagnetic bars in the external filed. For the given ranges of the external 
field and bars dimensions the parameters of effective elements are obtained. 
The magnetic field of effective elements is calculated by simple analytical formulas. 
The result of the calculations is in a good agreement with measurements. 

The investigation ha'i been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1998 


