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8aKHHM H8npaBH8HH8M HCcne~OBaHHR, npoBO~MYX B ]a6opaTOplm BH

COKHX 3HeprHA 0Hffi1 B 06HaCTH npRMeHeHHH CB8pXnpoBO~OCTH (en) B 

yCKOpHTCJibHOR T9XHHKe, HBHHSTCH C03~8HHe MarHHTHHX 3HeMeHTOB C rrpH

MOyrOHbHOR anepTypoR, B KOTOpHX MarHHTHOe none ~p~yeTCH en 06MOT

KOR H 6nHaKo pacnonozeHHHM zeneaHHM cep~eqHHKOM 1- 3 • Paapa6aTHBae

Nble B JIB3 OJ.fffii en M8rHHTHH9 CHCTSMH rrpe~a3H8'Q:8HH ,1\Jlfi noHyqemm OnH

Ta C03A8HHfl en YCKOpHTen,~4/, H806XO~OrO ,1\Jlfi no~rOTOBKH TeXHH'Q:e

CKOrO rrpoeKTa HyKHOTpoHa 5/. 
B H8CTO~eR P,a6oTe 06~aeTCfi BHHMaHHe Ha TeopeTH'Q:SCKH rrp8,1\JlO

~eHHYD B pa6oTe/6t KOH~rypaQHD ~flOHfl, B KOTOpoR BSHH'Q:HHa UORH B 

anepType MarHHTa MOZeT ~OCTHraTb 3 T, B TO BpeMH KaK MarHHTHafi HH,IzyK

QHH B zeneaHOM cep~e'Q:HHKe He npesocxo~T seHH'Q:KHH 2,1 T. MarHHT Ta-
~·-.K -·---1---··--······ -··-·-- -- ····----- --... -·-- ··--~--... .- - ,.,. .... - ..... ·"'~··· ..... li ....... _ 
1."'-"'1 .l.t.Vl.L't'¥'".LJ.t"""'U,ll'l•l ..,_...., ... ...., ..... '-'.1. •61.1.oL'-",t-'""''-' ........ .,.., ...,..,.., "'"'-..t""......., _. '-'""'•"'r-•-••••-••• ..__. ... 

HOHOrHH ero H3rOTOBH8HHR1 6HH3KOR C TeXHOROrHeR 06H'Q:HOrO "Tennoro" 

MarHHTa 1 a~ec& soaMozso no.nyt~HTb noJIR B if paaa awe. 

Uen&~ HacTo~eR pa6oTH RBHReTCR: 

I) 'Q:Hcn8HHOe HCCHe~osaHHe B03MOZHOCTH flOHY'Q:CHHH T8XHOHOrH'Q:eCKH 

npHeMJieMoR KOH~HrypaUHH ell ~llOHH,06ecne'Q:HBa~eR ~OCTaToqHO BHCOKO

O~Opo~oe none Ha yposHe 3 T; 
2) nonyqeHHS 38BHCHNOCTeR HCJIHHe«HocTeR llOHH en / 2/ OT BeHHqH

HH HH,IzyKUHH D , T.e. en= f(B); 

3) CpaBH8llil9 ~Byx TIWOB efl ~HflOJieR C npRMoyrOJibHOR anrTypoR: 

a) en ~nOJIH ~T (CM. pHc.I), HCCJie~OBaHHoro B pa6oTaX/l-3 H 

6) HOBOR KOH~rypauHH - en ~flOJieR ~2• ~3 H 1':lt (CM. pHc.2, pHC.3 

H pHC.4 a,6 ; pa3MepH ~aHH B CM ); 

4) CpaBH8HHe ~ByX M€TO~OB MO~eJIHpoBaHHH ~ByYCpHoro M8rHHTHOro 

flOJifi B ll0Jty'Q:8HHOR KOH~Hrypal.\HH eiT ~nOHR C npHMOyrOJibHOR arreg~R: 

a) KOH8'Q:HO-pa3HOCTHOro M8TO~a (CHCT8Ma nporpaMM POISSON/?, )H 

6) M9T0)\8 TOKOBHX OT06pali9HHR/I/ (nporpaMMa l.~lC2!,; ) • 

~llOJib ~2 - H830B9M ero "H~eaJibHHM" ~HflOJieM - 3TO ~Ba HaJIOEeH

HHX ~yr Ha ~yra ~HnOJIH J\r 6ea aaaopos Mell,ey' o6MOTKoi% H llteJieaoM. 

~H HCCJie~OBaHHR pOHH 3JI9KTpH'Q:CCKOA H30HHUHH Me~ 06MOTKOR H zene-
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0_;1,Q '----------, 

0;'2J5 

PMC. 

_Qj_S, 25 

O; 3,8891 

0;3,0688 

3,2.5; 2,15 

3.15;0.80 

1,5;0 

ITorrepe~aoe ce~eHMe I/4 

err ,IUIII OJIR .ll 1 

0.2681; 3.3315 

3.3315;0,2681 

PHc.3. ITonepe~Hoe ce~eHHe I/4 

err ,IUIII OJm JL3 

Puc.4. a) ITonepe~aoe ce~eHHe I/4 
CIT .IUffiOJIJl .U4• ~ 

o) eeqeaHe HIDKHeii ~CTH en 
OdMOTRZ ,IUIIIOJIR .fl.4 

0;5.25 

O; 3,8891 
0;3,351'1 

0.2681;3,6204 

P.Hc.2. llorrepe~oe ce~eHHe I/4 CIT 
,IUIIIOJIR .n.2 

a) 

oJ 

0;5.25 

1,9431; 1.2389 

1.9114:1.2106 2. 1981;0.9489 

P' v ~2.5159:0.6661 
..__... ~ 
~ 

30M Ha OMiOPOJUiOCTb fiOJ!H paCCMaTpHBaJICH ~HfiOJib .[(3, Yf, HQKOHet1, noJI

HOCTb~ T8XHOROrHqecKH npHeMJieMNA BapHaHT - ~HfiOJib ~4 , B KOTOpOM HeT 

06JiaCTH (' ~BOi1H0!1 TIJIOTHOCTbiO TOKa, T.e. B TOKOBbiX 06JiaCTRX TIJIOTHOCTb 

TOKa O~Ha II! Ta ~e. 0TM8THM, ~TO eCJIH IJ.RR ~KnOJIR ,[(I K0Jll'lt19CTBO BHTKOB 

B nonyanepType 6hlJJO r24, TO ~fl ~4 3Ta senHqKHa pasHa 37. Pa3Mepb1 
BMTKa 0,4 X O,ic CM~. 
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Pac.5.Aor~ecKHe ~rpww~ CIT ~no~e~ .UI'2'3'4' 

J-IA !'Uf' f) ~A.n,t"'I'Q'RlTPJ.n.l lfnTitAl:JAt"Jt'TAP .n.U~T1!'AUUJ.J RlHf n!'n'RP~PUlA'R Ut.f('loTTPJ.f

H01'0 MO~eJIHpOBB.HHil Mal'HHTHYX TIOJietl Crr ~i'ITIOJietl ,[(I , ;~~, ,ll,3 H ,'],4 
KOHe'IIHO-p8.3HOCTHYM MeTO~OM ( POISSON ) • <l!OTOrpa¢HH C IJ.HCTIJ!eR pac-qeT

HOtl CeTKH ~ll ~TIOJietl ,[(
2 

H ~ npeiJ.CTaBJieHbl H8 pHc.6. 

Pesym.TaTH 'D!CJISHHOro MO~eJmilOBBHWI ,ll;RllOJI.Ii .fl. I ~ HHT8pBaJia TOKa 

B BHTR8 I OT 500 ~0 2500 A llpKB9~8HH B Ta6JI.5 pa6oTli 2~ Alr.fl ~mo~eit 
,n

2
, .u3 H ~ STH peayJibTaThl npHee~eHhl B Ta6JIHt1e I H Ha pKc.7 -d. 

Ha pKC.7 ~ll AHTIOJietl ,[(I 
2 3 4 llOKaSaHa SUBRCRMOCTb ~~ B 

B ~8HTP8 anepTY};lH OT TOKa f 'e err BiiTKe ~R HHTepBa'!a I=(0;.2,:_,K!\). 

BKAHL~ npeHMy~qecTBa AliTIOJietl n2. 3. 4 no cpaaHeHHlO c AHnoJieM i\ T : 
BeJIHl!HHa HH,IzyK~H Ha BCeM HHTepsane TOKa ~R .U2 , 3 , 4 B {2' pa3a 

6oJihme, qeM ~R .U1 • 
Ha pHC.8 noKasaHa aaBHCHMOCTb OTHOCHT9JibHO!l 8MTIJIHTYAb1 IIOJH! (;,, 

KaK WHKLW!R TOKa T B BKTKe en AHnoJietl ,'II'?' 1' 4 • BH,li,HO' q'j'Q Haci.l

llleHHe llt8Jie3HOl'O cep~e'IIHHKa HaqHHaeT CKMhiBaTbCR npH I > i , ') i:i. 

HaH6onee HarJIRAHO npeHMYIIIeCTBa IJ.HTioJieA ,.1.-. 3 4 no cpasHeHIIIIO e n,HnrJJieM 
;::_, ... ' 

,[(I HOKa3aHH Ha pHC, 9: aaBHCHMOCTb C 
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1 • ;~C.Jlll! Jl,.llfl ; . OTIIO-

CHTeJibHaR 8MTIJIHTYIJ.8 TpeTbe~ rapMOHHKH nOJIR G 
3 

HaqHHaeT B0:~pAC'T8Tb 

npH B > I,5 T, To ~R J:\
2

, 3, 4 3TOT npouecc Hat1HHaeTcH rrwrJ:-. ~oc'!r 

2,I T. 
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Ta6Juru;a I 

BeJm'!Rfm BI(T) H en (%) Ha pa.ImYCe r = 2,0 OM B 

SaBROHMOOTH OT TORa I B BHTKe err OdMOTKH AKU~eH 

.112' .ll3' Jl4 

1=500 A rooo A 1500 A 2000 A' 2500 A I 
B1 , T 0, 77I4 1,5427 2,3002 2,9595 3,4924 1 

e3 0,029 0,023 -0,243 -I, 7I9 -3,592 
e5 0,025 0,023 -0,029 -0,2I3 -0,305 
e7 -0,003 -0,003 -0,016 -0,070 -O,II8 
C9 0,005 0,005 0,001 -0,003 -0,007 
en -0,008 -0,008 -0,003 -0,005 -0,007 
CI3 0,006 0,008 0,053 0,240 0,406 I 

-

BI, T 0,7238 1,4476 2,I692 2,8538 3,429I \ 
e3 -3,035 -3,039 -3,080 -3,595 -5,ro4 I 

-0,5571 I c5 -0,539 -0,540 -0,539 -0,538 I 
e7 -0,234 -0,234 -0,236 -0,257 i -0,291 ! 

e9 -0,025 I -0,025 -0,024 -0,0331 -O,OII I 
en -0,012 -0,012 -0,013 O,OI8 i -a,o3o I 
CI3 0,854 0,855 0,863 ~ o::~~ I I,060 I 

n "' ,..., ,....,.,~1'7 .,. .,.,..,... ,.... .,.. ............. ,.., .. -- I 
u, ''VUV I ..L.t~VVW' ~ • .l..;:JfU 

~:;:;~I 
.:>•'*'*:1.:> 

0,0268 . 0,0233 0,0085 -I,6478 
-0,0680 -0,0682 -0,0556 0,0663 0,1536 
2,1077 2,1074 2,0994 2,0522 I 2,0885 

'n "' 

0,4004 0,4005 0,4055 0,4229 0,4725 

II 0,38II 0,38!0 0,3784 0,3777 0,3756 

I3 -I,0997 -1,0995 -I,0943 -1,0624 -1,0777 

]1;4 A4 
PKc.6. Pac~THHe ceTxa ~ MOAenHPOBaHHH MarHHTHoro 

DOJUI Cll .IUfllOJiel 112 H .li4 (~Torpa«ln C JtlfCWie.ft) 

4 

1 

} 

B 112 Pac. 7. 3aBHomocn EeJIHliHHH Marli14T-
1 J .Q 4 HOA .i!JUtYKitmf BT OT TOKa B BHTKe 

2 

0 

.0.3 
Crr OdMOTKI! ,IVUI ,n:HIIOJieit ,11,1' 2 • 3 • 4 • 

PHc. 8. Be.1!!rlHHa e3 Ha ~oe 
"'90/b pa3MeyoB arrepTYIJI:l 

( r =2,5 OM~ Jli H n i r = 2,0 OM ~ ,11,5>•'<•4) B 
3aBHCRMOCTH OT TO~ 
I B BHTKe ell o6MOTKH ~ 
.rum~eA .111'2'3'4' 

C3~1Cr2 ..,... 

4 

2 
.!lt 

ol l ~ II.KA 

-2 

2 I,KA -4 

'J~---~} 
o I 1 ....-:,z 1 

-2 

-4 
ll3 

Cn•to-l 

:r ~"~:6=-~~q,-:; 01 
-t 

-z 

~~--------------_J 
- .4t ---- Az 

PBc.9. BeJIHliHHa C aa pa,Iteyce "' 90% PHc. IO. 
pa3MepoB SHepTypl:l B 3aBHCHMOCTH 

!2u!KCHMOCTI> BeJIH'UUI 
Cn (n =a,5, 7) aa pa,Jt~~y
ce N " J83MepoB anep
TYPf:lOT~BrAID~ 
JOD10J1el .n1 11 ~· 

OT Hfl.lt.YKilWI Bl ,Ir,1UI ,n:HIIOJie! 

.llr•2•3•4· 

Cn•10-l 
r,. 

2 
C'J 

of . ~ z 
-2 

PBc. II. 3aBHCm&OCTI> BeJilfU!H C n ( n =3, 5,?) -4 
aa P8JlHYCe ""90% pa3MepoB ~e~l:l '-----------~ 
OT HJWKlliUI B I .MJl ,llHilOJie1t "'I iJ .L0.4 • ------ .fi4 -- .D.t 
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!IoJIHM K&pTHH& 3&BHCIOIOCT8A en = f(B
1

) AJUI n•J,5 H 7 npH 
Cp&BHeHHH ,JtWIOJI.II ,UI H "~eaJibHOro" ~nOJIH HOBOA KOHqiHrypauHH ,U2 
a T~e .Ur H .u4 npHse~eHa Ha pRe. IO, II. Me~eHHYA poeT 8MTIJIH
TY~ e

0 
~H HOBOA KOHqiHrypaUKH (~nOJIH .U2, 3 , 4 ) o6nHCHHeTCH TeM, 

~TO reoMeTpHH 3THX MarHHTOB nOSBOJIHeT COS~&BaTb ~UHD B ~eJieSHOM 
cep,n;e-cmHKe B V2' pasa MeHbJDYIO, ~eM B aneprype MarHHTa, T.e. Ha rpa
HH~e C ~eJieSOM npoHBJIH6TCH He noJIHHA B6KTOp HH,Jl;YK~H B aneprype, a 
ero KOMnOH6HTI\I, ~0 H&rJI.R,II,HO BH,IIHO H3 K&pTHHl\1 CHJIOBI\IX JIHHHA ,ll;ByYep
HOrO MarHHTHoro nomr 3THX ~none« (eM. p:uc. 12, 13). 

Jti3JIOlK6HHbl6 Blml6 pesyJibT&Tl\1 nonyqeHl\1 C nOMOIIlblO nporpaMMl\1 POISSON, 

,UnH cpasHeHHH B Ta6JIH~e 2 npwse,n;eHl\1 pesyJihTaTl\1 rapMoH~ecKoro i¥~H
sa MarHHTHOrO nOJIH Crr ,Jl;HITOJIH ,U4 no MeTO,Jl;Y TOKOBI\IX OT06p~6HHJ.l I 
(nporpaMMa t!Ie2r.! ) ~H TOKa B BHTKe Crr 06MOTKH 1=500 A. 3,n;eCb 
~e. B Ta6JIH~e 2, ~H I=500 A npHBe~eHl\1 pesynhT&Tl\1 pac~eToB no npo
rpa.MMe Mie2I.l ,IIJIH 6es~eJie3HOrO B&pHaHTa Crr ,n;HnOJIH ,U4 , T, e, ,n;HnOJIH, 
JIHmeHHoro ~eJiesHoro cep,n;e~Ka. 

TaKHM o6pasoM, pesynhTaTl\1 npose,n;eHHI\IX ~CJieHHI\IX sKcnepHMeHTOB 
nossoJIHtoT c,n;enaTb cne~~e Bb!BO~: 

,UnH T6XHOJIOrH~eCKH OCYIIleCTBHMOrO Crr ,n;HnOJIH C npHMoyrOJibHOJ.l anep
TypoJ.l BOSMO~O C03,IIaHH6 BI\ICOKOO,IIHOpo,n;HOrO MarHHTHOrO nOJIH B 90% pas
MepoB anepTYPbl ,n;nf! HH,n;yK~J.l B = 0+ 3 T. HenHHeJ.lHI\Ie 31fxlleKTI\I npH B:: 3 T 
,IIOCTHraJOT 3i;; OTHOCHTeJibHI\Ie aMnJIHTY,Jl;bl Tp6TbeA H nf!TOJ.l rapMOHHK 

~ ~ ,-. -rr-.rr1 ... .. 
l;U\,;'l'l:I.HJlJ1lUT t::UU'l'tJt::::'L'LT.,cnnu V, LJ ft V t ..Lt..JfU u·.1· V'-'nVDnUVl lU::;}JDVn 

r&pMOHHKH nOJifl. 
?acqeTbl, nonyqeHHl\16 C OOMOIIlhlO M6TO~a KOHe~ p&3HOCT6J.l H MeTO

,n;a TOKOBI\IX OT06p~eHHJ.l,COBn&,n;810T C TO"IffiOCTblO !0-4 ~fl nepBI\IX ceMH 
rapMOHHK, 

Pac~eTl\1 MarHHTHoro nOJifl c noMOIIlhto nporpaMMH POISSOl~ npose,n;eHl\1 
C TO"CffiOCThlO 10-4 (CM,/2/), 

ITpose,n;eHHoe ~CJieHHoe MO,Jl;6JIHpoBaHHe MarHHTHoro nOJifl en ,n;HnOJifl 
.U4 noCJIYlfiHT OCHOBOJ.l ~fl C03,Jl;aHHH MO,IIeJIH TaKara M&PHKTS:. 

a) 6) 

Pac.I2. 3KBHi1oTemma.r.u ,n.,lH C.l .lUII10M! ,4~: 

a) I = 500 A, c) I = 2500 A, 

(, 

I 
'1' 
I 

i 
A. 

" 
.. 

3.) Ci) 

Pzc. I3. 3KBlmOTemmaJU1 ,Wifl c:1 .IUIDOJLH .ll4: 
a) I = 500 A , G ) I = 2500 A . 

Ta6.7U!I¥l 2 

CpaBHeHHe :se.IW':!HH B1 H Cn (%) aa pa.IU!Yce r = 2,0 eM llJIJl 

TOKa 1=500 A B BHTKe Crr 06MOTKH .lUII10JI.II .ll4 ITpll pac~eTe C 

llOMO!IIbiO rrporpaMM !;IIC2M H POISSON 

'! !.IIC2M I MIC2M I POISSON I 
6ea JreJieaa . , 

B1 , T 0,40474 0,7334 0,7335 
1c3 -!3, 7446 -0,004I o,o268 

1
c5 2,3785 -0,0026 -o,osoo 

11J7 ::J,:GlW : 2,1506 2,!077 i 
lc9 r ,0829 l o,5I45 0,4004 1 

I
CII 0,9736 \ 0,5629 0,38II : 

1 
c13 

1 
0,3759 I 0,2092 -I ,0997 j 
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60pHCOaCKaA 3.8. HAP· P11-83-893 
4HcneHHOe MOAenHpoaaHHe AayMepHoro MarHHTHOro nonA 3 T Cn AHnOnA 
C *Bne30M 

npoaBAeHO 4HCneHHOe HCCneAOaaHHe a03MO*HOCTH nony4eHHA TeXHOnOrH4e
CKH npHeMneMOH KOH~Hrypa~HH caepxnpoaOA~ero /Cn/ AHnonA, o6ecne4Haa~eH 
a~COKOOAHOPOAHOe none Ha ypoaHe 3 T. nony4eHa 3aaHCHMOCTb HenHHeHHOCTeH 
nonA C8 0T aenH4HH~ HHAYK~HH 8. npoaeAeHo cpaaHeHHe Aayx THnoa Cn AHnoneH 
C npAMOyronbHOH anepTYPOH. npoaeAeHo cpaaHeHHe Aayx MeTOAOa MOAenHpoaaHHA 
AayMepHoro MarHHTHOrO nonA a MarHHTax, HMe~HX npAMOyronbHy~ anepTypy. 
Pe3ynbTaT~ pa6oT~, nony4eHH~e c nOM~b~ naKeTa nporpaMM POISSON H npo
rpaMM~ MIC2M, noKa3~aa~T, 4TO HaHAeHHaA KO~Hrypa~HA en AHnonA o6ecne4H
aaeT aenH4HHY a~cOKOOAHOpoAHoro nonA a anepType MarHHTa Ha ypoaHe 3 T, 
a TO apeMA KaK MarHHTHaA HHAYK~HA a *ene3HOM cepAe4HHKe He npeaOCXOAHT 
aenH4H~ 2,1 T. 

Pa6oTa a~nonHeHa a fla6opaTOPHH a~COKHX 3HeprHH H na6opaTOpHH 
a~4HCnHTenbHOH TexHHKH H aaTOMaTH3a~HH OHRH. 

Coo6~eHHe 06oeAHHeHHoro HHCTHTYTa AAepHwx HccneAoBaHHH. Ay6Ha 1983 
~ 

Bori sovskaya Z.V. et al. P11-83-893 
Two-Dimensional Magnetic Field Numerical Simulation of 3 T 
Superconducting Dipole with Iron Yoke 

A numerical investigation of a possibility to get an acceptable 
technological configuration of superconducting (SC) dipole that provides 
high-homogeneous 3 T field is carried out. The dependence of the field 
nonlinearity with a value of B induction is received. Two types of SC 
dipoles with rec tangular aper t ure a re compared. Two methods of two-dimen
sional magnetic f ield simulation in the magnets with rectangular aperture 
are compared. These calculation have been performed using POISSON and 
MIC2M programs. The results Indica t e that this SC dipole configuration 
provides the 3 T value of high-homogeneous field in the magnet aperture, 
while the magnet induction inside the yoke does not exceed 2.1 T. 

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

Corrrnun ication of .the Joint Institute for tluclear Research. Dubna 1983 

nepeaoA O.C.BHHOrpaAOaOH 


