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B HacTofl~e~ pa6oTe np~BeAeH~ pe3ynbTaT~ pac4eTa ABYMepHo
ro MarH~THoro nonfl csepxnpoBOAfl~ero 1en1 KBaApynonfl c npflMo
yronbHOH anepTypoH ~ mene3H~M flPMOM. Pac4eT npoBOA~ncfl ABYMfl 
MeTOAaM~: 

1 I KOHe4Ho-pa3HOCTH~M I c~cTeMa nporpaMM POISSON 11•2' I ~ 
21 MeTOAOM ToKos~x ~3o6pameH~H 131 lnporpaMMa MIC2 I. 
KoMnoHeHT~ MarH~THOro nonfl en KBaApynonfl npeACTaBnfln~Cb 

BHYTP~ anepTyp~ 4epe3 nonflpH~e KOOPA~HaTbl r ~ 8 B B~Ae pa3no
meH~fl no rapMOH~KaM 141: 

n-1 
HY(r,8)= I h 0 -r .cos(n-1)·9, 

n•2,4,6, ••• 

n-1 
Hx(r,8)• I hn· r -sin(n-1)8. 

0"'2.4,6, ••• 

3AeCb aMnn~TYAa OCHOBHO~, KBaApynonbHO~ rapMOH~K~ pasHa 

h9 .. a= ~H,v I ~ = ~~XL -- n • 

d A .A-J-u U J 4f>.-J-v 

AHanor~4HO aMnn~TYA~ h 0 flBnfliOTCfl (n-1) npo~3BOAHbiM~ nonfl.B AaH
HOH pa6oTe s Ka4eCTBe YA06H~x xapaKTep~CT~K MarH~THoro nonfl 
e~6paH~ sen~4~H~ a -rpaA~eHT nonfl 141 ~ c n - OTHoc~TenbH~e 
aMnn~TYA~ B~CW~X rapMOH~K Ha paA~yce r: 

Hn n-1 
c 0 --, H =h -r ~ H 2 =a.r. 

H 2 n n 

UenbiO pa6oT~ flBnfleTCfl ~ccneAoBaH~e B03MOmHocT~ nony4eH~fl 
KBaApynonbHOro MarH~THOro nonfl c c 0 -10-4 np~ r ~ 1,5 CM, ~c
cneAoBaH~e Hen~He~H~X 3~~eKTOB np~ ~3MeHeH~~ rpaA~eHTa B A~a
na3oHe a= 120007120001 rei eM, a TaKme OL\eHKa T04HOCT~ npose
AeHH~X pac4eTos. 

1. nonY4EHHE KBAAPYnOnbHOrO MArHHTHOrO nonR, 
6nH3KOro K HAEAnbHOMY 

HccneAyeM~~ en KBaApynonb flBnfleTCfl CTpyKTYPH~M MarH~TH~M 
3neMeHTOM perynflpHoro nep~OAa en C~HXpOTpOHa-~HmeKTOpa Ha 
1 ,5 r3B no npoToHaM15~ KoH~~rypaLI~fl nonepe4Horo ce4eH~fl pac
cMaTp~saeMoro en KBaApyn?n.~ !J..Q.K£13cll;j.2-liCI Pl1~, 1 ,_ .r:A-T pa3Mepbl 
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PHc.l PHc.2 

,qaHbl B CM. 6011ee ,qeTaJlbHOe pacnOJlO>KeHI1e TOKOBbiX 06MOTOK npl1ee

,qeHO Ha p11c.2. W11p11Ha TOKOBOrO CJlO~ 2a=0,325 CM, TOJ1~11Ha 1130-

11~~1111 8 1:-o;-f125 eM, 8 2-81 , 8 3 .. 0,05 eM. eo6cTBeHHa~ 113011~
~11~ en npOBO,QH11Ka 11MeeT TOJ1~11HY 0,125 MM. KOJ1114eCTBO en npo
BO,QH11KOB B O,QHOH 4eTBepTI1 anepTypbl paBHO 28 ,QJl~ nOJ10>KI1TeJlbHbiX 

3Ha4eHI1H TOKa 11 CTOJlbKO >Ke /2x14=28/ - ,QJl~ OTpl1~aTeJlbHbiX. Be
,-;;,;;.;;,.;;;, ;!1 Yl U2 I..VVII>CII..It>CHHV IJdtsHbf 3,2 l..M Ill j ,0 CM. Ma pi1C.3 

npi1Be,qeHa pac4eTHa~ CeTKa 11CCJle,qyeMOrO en KBa,qpynOJl~ ,QJl~ CI1C

TeMbl nporpaMM POISSON. Ha p11c. 3a ,qaHa norl14ecKa~ ,q11arpaMMa 

en KBa,qpynOJl~. U11~paMI1 Bbi,QeJleHbl HOMepa OCHOBHbiX Y3J10B ceTK11. 

Ha pl1c.36 - ~oTorpa~l111 c ,q11cnne~ - np11ee,qeHa Ta >Ke pac4eTHa~ 

CeTKa, HO B peaJlbHOM MaCWTa6e. e nOMO~b~ 3TOH CeTK11 nOJly4eHbl 

OCHOBHble pe3yJlbTaTbl ,qaHHOH pa60Tbl. 3aBI1CI1MOCTb MarHI1THOH npo

HI1~aeMOCTI1 ll OT BeJ111411Hbl MarHI1THOH 11H,QYK~1111 8 ,QJl~ TeMnepaTyp 

T = 4, 2 K 11 T = 300 K 6b1Jla B3~Ta TaKoH >Ke, KaK 11 e 161. 
KaK nOKa3aHO MeTO,QOM TOKOBbiX 11306pa>KeHI1H/a/, np11 MaJlbiX 11H

,qyK~11~X Ha nOJl~CaX <1 ,5 T Oni1CaHHa~ BbiWe reOMeTpl1~ TOKOBbiX 

OfiMOTOK ~OpMI1pyeT B anepType r ~ 1,5 CM KBa,qpynOJlbHOe none, 

aMnJ111TY,Qbl Cn B KOTOpOM COCTaBJl~~T -10-~ B Ta6Jl. 1 cpaBHI1Ba~TC~ 
pe3yJlbTaTbl pac4eTOB, nony4eHHbiX c noMO~b~ nporpaMM POISSON 

11 MIC2. KaK BI1,QHO 113 3TOH Ta61111~bl, pe3yJlbTaTbl pac4eTOB np11 

MaJlbiX 11H,QYK~11~X c 3aBI1CI1MOCTbiO IJ.•tt(B) ,QJl~ T=300 K 11T=4,2 K 
OTJ1114a~TC~ ,qpyr OT ,qpyra Ha BeJ111411Hy, MeHbWY~,4eM 1•10-~ no3-

TOMy B ,qaJlbHeHWeM 11CCJle,qoeaHI1e npOBO,QI1J10Cb C CI1CTeMOH nporpaMM 

POISSON 1111w b c ll .,.,. (B) ,qn~ T = 4 , 2 K . 
np11 cpaeHeHI111 pe3yJlbTaroe, nony4eHHbiX c noMo~biO CI1CTeMbl 

nporpaMM POISSON 11 MIC 2, MO>KHO 3aMeTI1Tb, 4TO OHI1 OTJ1114a~Tc~ 

Ha BeJ111411HY- 1 .1 0- 4• 

eyMMI1PY~ npe,qbl,qy~ee, MO>KHO cKa3aTb, 4TO on11caHHa~ BbiWe reo

MeTpl1~ TOKOBbiX OfiMOTOK en KBa,qpynOJl~ C03,qaeT np11 MaJlbiX IIIH,QYK~I1-
~X Ha noniOcax < 1 '1 T /TOK B O,QHOM en BI1TKe I = 500 A/ B anep-
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BemNHHbl G , H2 H c n I Ha PB.AHyce r .. I , 5 CM/, 
paccqHTaHHhle MeTOAOM OTpaEeHHWX TOKOB [MIC2] 
H c noMOIIU>IO CHCTeMhl nporpaMM POISSON. l!Hcno 
aMnepBHTKOB B OAHOH qeTBepTH o6MoTKH paBHO 
n.I = 28x500 A. 

POISSOII/ MICZ 
JI=~(B) .1'- = .ft(8) 

T=?>OO I( T='f,2 K 
f=-ao r=oa 

G ' rc/cM 2686,0 2686,2 2686,5 2681,83 

H2.; rc 4029,0 4029,3 4029,8 4022,75 

C ro-4 ., ' 5,0623 5,0356 4,2573 0,040 

c,, ro-4 -8,1853 -8,1838 -8,4367 -3,680 

c s' ro-~+ 5,5464 5,3657 5,2875 1,750 

C 101 IO -4 -5,5893 -5,7014 -5,6482 -1,.800 

C1z. 1 IO -4 6,7436 6,8II7 6,7070 -o,u90 

c -4 
1.,, IO -4,!734 -4,3443 -4,0222 0,0 

c ro-4 ,, 1 5,1807 5,2825 6,1320 0,0 

Ta6mu~a I 

Typer ~1 ,5 CM K8a~pynonbHOe none, 6n~3KOe K ~~eanbHOMy. np~ 
3TOM OTHOC~TenbH~e aMnn~Ty~~ 8~CW~X rapMOH~K Cn-10-~ 

2. BJlH.AHHE HEJlHHE~HbiX 3<J>c!>EKTOB 

np~ pa6oTe en K8a~pynonR 8 o6nacT~ 6onbW~X ~H~yK~~H 8Cne~
CT8~e a~eKT08 Hac~~eH~R meneaa Ha6n~~aeTCR yMeHbWeH~e pacTa 

4 

' 

l 
I • 

aMnn~TY~~ 8TOpOH ~ y8en~4eH~e OTHOC~TenbH~X aMnn~TY~ 8~CW~X 

rapMoH~K. Pa6o4~M ~~anaaoHoM ~R ~cxo~HOH 8en~4~H~ - TOKa 8 
O~HOM en 8~TKe - R8nReTCR ~HTep8an I= /25+ 1631 I A. G 

B Ta6n.2 np~8e~eH~ 8en~4~H~ G /rpa~~eHT nonR/, T /OTHowe
HHe rpa~~eHTa K 8en~4~He TOKa 8 8~TKe/, H2- 8en~4~Ha aMnn~Ty
~~ K8a~pynonbHOH rapMOH~K~ Ha r •1 ,5 CM, Cn- 8en~4HH~ OTHOC~
TenbH~X aMnn~Ty~ 8~CW~X rapMOHHK Ha r=1,5 CM np~ y8en~4eH~~ 
TOKa 8 en 8~TKe OT I- 500 A ~0 I = 2500 A. ,llaHH~e' npH8e~eHH~e 
8 Ta6n.2, noKa3~8a~T, 4TO OTHOC~TenbH~e aMnn~TY~~ 8~CW~X rap
MOHHK y8en~4H8a~TCR Ha 3TOM ~HTep8ane np~MepHO Ha nopR~OK, 
a c 4 H c6 no Mepe pOCTa TOKa MeHR~T 3HaK. 

B nocne~HeH rpa~e Ta6n.2 ~nR cpa8HeH~R np~8e~eH~ 8enH4HH~ 
G , ¥- , fl2 ~ Cn Ha pa~~yce r: 1 ,5 CM ~R TOK080H KOH~Hrypa
~~H, on~caHHO~ 8~we, HO nHweHHO~ OKpyma~ero meneaHoro RpMa. 
3TH 8en~4HH~ nony4eH~ c noMo~b~ nporpaMM~ MIC2 ~nR I = 500 A. 
,llnR ~pyrHX 3Ha4eHHH TOKa 8 o6MOTKe 6eamene3HOrO en K8a~pynonR 
8enH4~H~ G ~ H2 Haxo~RTCR 8 nHHeHHOH aa8HC~MOCT~ OT ToKa, a .9. 
~ Cn OCTa~TCR KOHCTaHTaM~. a I 

Ha pHc.4a noKaaaH xo~ KPH80H r- 8 aa8~CHMOCT~ oT 8enH4HH~ 
TOKa I 8 ~HOM 8HTKe o6MOTKH en K8a~pynonR. Ha p~c.4a ~aHO 
3Ha4eH~e ~ ,COOT8eTCT8y~ee MaKCHManbHOMy 3Ha4eHH~ TOKa 8 pa-
6o4eM ~~anaaoHe I • /25+1631/ A. Ha 3Toro pHCYHKa 8H~Ho, 4TO 
8en~4HHa HenHHeHHOH 3a8HC~MOCT~ rpa~HeHTa a OT TOKa, T.e. ~G/G, 
Ha 3TOM ~HanaaoHe cocTa8nReT He 6onee 0,4%. 

Ha PHC. 46 noH8e.QeH~ 8en~4HH~ a ~ c n Ha oan~o~vce r - 1 , 'i eM 
~R 3Ha4eH11H TOKa 8 811TKe en o6MOTK11 I- /0+2500/ A. 38e3~04KOH 
OTMe4eHa aa8~C~MOCTb rpa~~o~eHTa G OT TOKa I ~R 6eamene3HOro en 
K8a~pynonR. Ha p~o~c.46 811~Ho, 4TO ~R MaKCHManbHoro aHa4eHHR 
ToKa Imax= 1631 A 8en~o~4~H~ lcnl He npe8~wa~T 10-3. 

Ha p~o~c.5a 11 6 noKaaaHo pacnpe~eneHHe c~no8~X n~H~H MarH~T
Horo nonR cooT8eTCT8eHHO ~nR I- 500 A~ I =2500 A. MomHo aa
MeT~Tb, 4TO 8HyTp~ anepTyp~ 3TO pacnpe~eneH~e npaKT~4eCK~ He 
MeHReTCR. 

3. 0 T04HOeTH nOJlY4EHH~X PE3YJlbTATOB 

,llnR npo8e~eH~R paC4eT08 ~8yMepHOrO MarH~THOrO nona en K8a~
pynonR c~cTeMa nporpaMM POISSON, ~cnonb308aHHaR 8 161, 6b1na Mo
~epH~a~po8aHa.8 Hanpa8neH~~ y8en~4eH~R 4~cna pac4eTH~x yano8 
c 1135 ~o 1700. 4~cnoM yano8 ceTK~ 1700 orpaH~4~8a~TCR 8HyT
pe~H~e pecypc~ c~cTeM~ nporpaMM POISSON, pean~ao8aHHOH Ha 3BM 
CDC-6500 OH.AH. Heo6xo~~MOCTb 8 y8en~4eH~~ 4~cna yano8 6~na 
8~38aHa TeM, 4TO ~ccne~yeM~H en K8a~pynonb Tpe6yeT 6onbWOrO 
4~cna yano8 ceTK~ ~R on~caH~R o6nacTeH c TOKaM~ ~ aneKTp~4e

CKOH ~aonR~~eH. ,lloci~rHyToe y8en~4eH~e Kon~4eCT8a yano8 noa8o-
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AnR ABYX 3Ha4eHHH TOKa B OAHOM Cn BHTKe: I= 500 A /Ta6n.3/ H 
I= 2500 A /ra6n.4/. npoBeAeHHOe cpaeHeHHe noKa3~eaer, 4TO 
pac4eT BenH4HH 0 H Cn Ha paAHyCaX OT r0 = 1,3 CM AO r

0
• 1 ,5 CM 

HMeeT He6onbWOH pa36poc, -1o-~YeenH4eHHe pa36poca 3THX eenH-
4HH AnR MeHbWHX paAHYCOB B~3~BaeTCR TeM, 4TO BHYTPH OAHOrO 
3neMeHTa pac4eTHOH CeTKH nonaAaeT 6onee OAHOH T04KH, B KOTO
pOH B~4HCnReTCR none AnR npOBeAeHHR rapMOHH4eCKOrO aHanH3a. 
no3TOMy B Ka4eCTBe pa6o4ero 6~n B~6paH paAHYC r 0 =r .1,5 CM, 
Ha KOTOpOM H nony4eH~ OCHOBH~e pe3ynbTaT~. 

AHanH3 ra6n.3 H 4 noKa3~Baer HeKoropoe YXYAWeHHe T04HOCTH 
B~4HCneHHR eenH4HH 0 H Cn Ha yKa3aHHOM HHTepeane r0 = /1+1 ,5/ CM 
AnR B~CWHX rapMOHHK nonR. 3TO CBR3aHO C TeM 06CTORTenbCTBOM, 
4TO cHcTeMa nporpaMM POISSON nepeoHa4anbHO onpeAenReT aM-
nnHTYA~ rapMOHHK noTeH~Hana U0 ,a 3aTeM yMHomeHHeM Ha HOMep 
rapMOHHKH nony4aeT BenH4HH~ aMnnHTYA rapMOHHK MarHHTHOrO nonR 
Hn· 

OTMeTHM, 4TO npH yeenH4eHHH TOKa B en BHTKe c I = 500 A AO 
I,._ 2500 f:. pa36poc BenH4HH C n npH B~4HCneHHH HX Ha pa3H~X r

0 
OCTaeTCR npaKTH4eCKH HeH3MeHH~M. 

TaKHM o6pa3oM, npHBeAeHH~e e~we pe3ynbTaT~ 4Hcne_HH~x 3Kcne
PHMeHTOB no3BOnR~T CAenarb cneAY~~ee 3aKn~4eHHe: 

1. AnR en KBaApynonR c npRMOyronbHOH aneprypOH B03MOmHO 
C03AaHHe npH Man~x HHAYK~HRX B aneprype r ~- 1 ,5 CM KBaApynonb
HOro nonR, 6nH3KOrO K HAeanbHOMY. npH 3TOM OTHOCHTenbHble aM
nnHTYA~ B~CWHX rapMOHHK C 0 - 1 0-4. 

2. npH HOMHHanbHOH pa6o4eH BenH4HHe rpaAHeHTa 0 .. 8,75 KrC/CM -
4TO COOTBeTCTByeT !max"' 1631 A - HenHHeHHble 3$$eKT~, CBR3aHH~e 
C HaC~~eHHeM mene3a, npORBnR~T ce6R He3Ha4HTenbHO. npaKTH4e-
CKH Ha BCeM pa6o4eM AHana30He eenH4HH~ aMnnHTYA BbiCWHX rapMOHHK 
H n He npeB~Wa~T 0, 1% OT eenH4HHbl aMnnHTYAbl BTOpOH, OCHOBHOH 
rapMOHHKH MarHHTHOrO nonR. 

3. Pe3ynbTaT~ pac4eTOB no MeTOAY TOKOB~X H306pameHHH H KO
He4HO-pa3HOCTHOMy MeTOAY npH HX cpaBHeHHH OTnH4a~TCR Ha BenH-
4HHy -1 o-4. 
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TEMATWIECKHE KATErOPHH I1YB11HKAI.IMA 
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1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprMH 

2. TeopeTH4eCKaR ~3HKa BWCOKHX 3HeprMH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~3HKa 

· 4. TeopeTH4ecKaA ~3HKa HM3KHX 3HeprMH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHA 

7. ~3HKa TAlllenwx HOHOB 

8. KpH r HHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~HA o6paOOTKH 3KCnepHMeHTanbHWX 
AaHHWX 

11. Bw4H cnHTen bHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 
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14. HccneAOBaHHA TBePAWX Ten H liiHAKOCTeH 
RAepHWMH MeTOAaMM 

15. 3KcnepHMeHTanbHaA ~3HKa AAePHWX peaK~HH 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ¢M3HKa 3a~Tbl 

17 . TeopHA KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~3H4eCKHX HCcneAOBaHHH 
B CMeli!HWX o6naCTAX HayKH H TeXHHKH 

19 . 6HO¢IH3HKa 

IMAKOB E.O. M AP· 
4McneHHOe MOAenMpoBaHMe ABYMepHoro MarHMTHOro no~ 
caepxnpoao~ero KBaApyno~ 

P9-82-38" 

HCCneAOBaHa aoaMOIIIHOCT~ C03AaHMA 8 anepType f S, 1,5 CM BWC:OKOOAHO~
HOrO no rpaAMeHTY MarHMTHOro no~ a AManaaoHe 0 -(2000-12000) rc/cM. OoKa
aaHO BnMAHMe HenMHeAHWX ~KTOB, T.e. ~KTOB, CBA3aHHWX C Ha~eHMeM 
APMa. Opo&eAeHo CpaBHeHMe ABYX MBTOAOB pac~eTa ABYMBPHOrO MarHMTHOrO nonA 
caepxnpoao~ero KBaAPYnonA c npAMOyron~HOA anepTypo~: KOHe~HO-paaHOcTHOro 
MeTOAa M MBTOAa TOKOBWX M3o6pa*eHM~. AnA ~McneHHOrO pac~eTa KOHe~HO-pa3HOCT 
HWM MeTOAOM HCnon~aoaancA naKeT nporpaMM PODIN>N. 0pMB8AeH aHanMa TO~HO
CTH nony~eHHWX peayn~TaTOB. Peayn~TaTW pac~eTOB no o6oMM MeTOAaM OTnM~a
OTCA npH HX Cpa&HeHHM Ha aenM~HHy -1o-4. 0oKa3aHO, ~TO npM Manwx MHAYKijHAX 
Ha nolliDCax ~ f • 1,5 CM aMnnHTYAW BWCUIHX raPMOHMK He npe-.I)T 0,01% OT 
BTOpo~, OCHOBHO~ rapMOHMKH MarHHTHOrO nonA. 

Pa6oTa awnonHeHa a na6opaTOPHH aw~HcnHTen~HO~ TeXHHKH H a&TOMaTHSaijHH 
H na6opaTOPMH BWCOKH~ 3HeprMA OHRH. 

COCJ6I&HM8 06MAMMBHHOrO MHCTHT)'TB ll,qei)HWX MCCneAOBaHMA • .ly&ta 1982 

Zhidkov E.P. et al. P9-82-38" 
Numerical Simulation of the Two-Dimensional Magnetic Field of 
a Superconducting Quadrupole 

A comparison is made of two methods of calculation of the two-dimen
sional magnetic field of a superconductlng quadrupole having rectangular 
aperture: the finite-difference and the Image curren ~ methods. The POISSON 
set of programs Is used for numerical calculation b)· the finite-difference 
method. The ~ossibility is studied of setting up a high homogeneous magne
tic field in gradient over a range ofO. (0.2+1.2) T/cm for the r S 1.5 em 
aperture. The Influence is shown of nonlinear effects, I .e. of effects which 
are due to the saturation of an Iron yoke. The analysis of the accuracy 
of the obtained results Is perfo~d. The results of two methods of calcu
lation differ by-10-~ It Is shown that for small inductions on poles for 
r • ·1.5 em amplitudes of higher harmonics do not exceed 0.01% from the se

cond, basic harmonic of magnetic field. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation and the Laboratory of High Energies, JINR. 

ComMUnication of the Joint Institute for Nuclear Research. Dubna 1982 
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