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Konet:Iuo-pa3uocruhrti Meron peuwHH.SJ xpaesofi aa.uaqH Jl.'HI uenuueHuoro 
.llHtfl¢epeHLHfallbHOI'O ypaBH8HHSI B t.JaCTHb!X IIpOH3BO.llHbiX 311JiHIITHqeCKOf'O THH8 

HCIIOJib3yeTCSI .UIISI 'tJHCJl8HHOI'O pac•-tera M81"'HHTHOr'O TIOJ151 B CBepxnpOBO,({SilllRX 

( Cf1) llHIIOlU!X TRII8 "OKOHHOH p8Mbl ... • M HOI'O'IJ:HCJl8HHhl8 pacqeTbi IIOK838Jl.H, 

t.ITO pacqeruoe none c rot.tnocTbJO 1% coena!taer c 3KcnepuMeHTa1lbHO H3Me­
peHHbiM MBI'HHTHLIM IIOJleM. 3TO OK83biB88TCSI JlOCTBTOqHbiM ll-'HI H3yqeHHSI 

BliH51HH51 p831IHl.JHbiX KOHCTpyKTHBHbiX napaMeTpOB M8I'HHT8 H8 B8JlH'qHHY 

H ¢opMy IIO.TISI. 4ucneHHble pacqeTbi IIOCJly)KHilH OCHOBOif npu C03ll8HHH MOlle­

neH BbiWeH83B8HHblX M8r'HHTOB. 

Pa6ora BbinOJIHeHa B fla6oparopnH Bbiqecn~nenbHoil: TeXHHKH 

H 8BTOM81'H381UfH OHHH. 

Coo5meuue 06benHHeHHoro HHCTHTyTa SIJlepHbiX uccnenosaHH~. lly6na 1979 

Zhidkov E.P., Polyakova R.V., 
Shelayev I.A. 

Calculation of the Magnetic Field 
in Superconducting Dipoles of the 
"Window-Frame" Type 

P11 - 12324 

A finite-differential method of solving differential 
equations in partial derivatives of the elliptic type 
is used for numerical calculation of the magnetic field 
in superconducting dipoles of the ''window-frame'' type. 
The obtained results are compared with experimental data. 
The comparison shows that the system of ''POISSON" pro­
grams, by which numerical calculations have been perform­
ed, allows one to determine the value and distribution 
of the magnetic field in superconducting magnets at a 
a rather high field levels for iron with the l% preci~ 
sian. Numerical calculations served as a basis for con­
structing models of pulsed superconducting magnets. 

The investigation has been performed at the Labora­
tory of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

© 1979 06'1>8P.BH8HHblfl BHCTBryT SIP.epHblJC HCC08P.OBBHBfl /1y6HB 

BBeAeHIIe 

B CBepxnpoB08HIIIIIX 811llOJIRX Tllna "oKOHHOtl paMbl"/I/ cpopMa no­

JIR Ha ypOBHe 20 K3 H Bblllie BO MHOrOM orrpe8eJIReTCR HaMarHII4eHHO­

CTbiD *eJie3a RpMa, B rrpo~ecce rrpOeKTIIpOBaHHR TaKIIX MarHIITOB llOJIR 

B HIIX AeTaJibHO 113J4aJIIICb Ha 3BM C ITOMO~biD Bhl411CJIIITeJibHOM CIICTe­

Mbl rrporpaMM POISSON'/2- 31. PesyJibTaTbl 3TIIX BbNIICJieHIItl 11 cpaBHe­

HHe IIX C 3KCnep11MeHTaJibHblMII 8aHHblMII llp11B08RTCR B 8aHHOM pa60Te, 

I. Orr11caHHe HeKoTopb!X acrreKTOB Bhl411CJIIITeJibHotl 

rrporpaMMb! 

PacnpeAeJieHIIe MarHIITHOro noJIR H B anepType MarHIITa, KaK 

113BecTHo, sa8aeTCR ypaBHeHIIeM MaKcBenna 

rAe 

rotH = 4:Jr J 

J - ITJIOTHOCTb TOKa B CBepxrrpOB08HIIIeM 

HcrrOJib3YR COOTHOilleHIIR 
1-
jiB if 

II 
8 = rotA 

Hax08MM ypaBHeHIIe 

1 -rot(} rotA) 44 J, 

orrpeAeJIRID~ee BeKTOpHbltl llOTeH~HaR A 

(I) 

06MOTKe. 

(2) 

BeJIII4HHa OTHOCHTeJibHO~ MarHIITHOM rrpOHII~aeMOCTII ~ 8JIR B03-

8YXa paaHa I, a B RpMe saBKCHT oT aenK4KH~ MarHKTHO~ IIH8YKqHII B. 
3aBHCKMOCTbJ(B) 3aAaBanacb B BHAe Ta6JIII~~. rp~K ee np11-

B08KTCH Ha p11c.l. 
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P~c.I. MarH~THaR rrpoH~~aeMOCTb sneKTpoTexH~qecKo~ cTan~. 

epeA~ q~cneHHHX MeTOAOB pemeH~R HeRY.He~Horo ypaBHeH~R sn­
;mnTJ.IqecKoro TJma (2) 6onbmoe pacrrpocTpaHett~e rronyq:~n MeTOA Ko­
HeqHHX pa3HOCT8~/4/, KOTOp~ IT03BORReT Ha~T~ pemeHY.e B TOqKax 
CeTK~, ITOKp~BaiD~e~ 3~aHHJID pacqeTHJID o6naCTb. ~OCTaTOqHO ITORHaR 
rrocTaHoBKa s~aq q~c;e;Horo 
c~cTeM AaHa B pa6oTe 5 . 

aHan~sa rrone~ HeR~He~HHX MarH~THHX 

YpasHeH~e ilyaccoHa (2) 
ITROCKOI'O CRytraR HMeeT B~ 

B AeKapTOBO~ c~cTeMe KOOPA~HaT ARR 

~ ( 1.... oA ) 1... (.L M)- · 'dx JJ "aX +a !I ,u "''I --lf:AJ (x,<J). (3) 

e~cTeMa rrporpa.MM POISSON IT03BOJIH8T HaXOA~Tb pemeH~e HeJI~­
HeMHOI'O ypaBHeH~R ilyacCOHa (3) B ABJMepHOM CJiytrae, TO eCTb B 
rrpeAITOJio~eH~~. 'lTO MarH~T ~MeeT 6ecKoHeqHyro AR~Hy, rrp~qeM Ha 
rpaH~~e 06JJaCT~ pemeHHR sa,n,aeTCR 3HaqeH~e TIOTeHI.1HaRa A ~R~ HOp­
MaRbHO~ np0113BOAHO~ ~ • IlorrepeqHoe ceqeH~e e11 Mai'H~Ta, KOTO­
poe rrpe,n,cTaBJIReT pacqeTHyro o6JiacTb Kpaeso~ 3aAaq~ AJIR ypasHeH~R 
(3) B ABJMepHOM CJiytrae, ITOKa3aHO Ha p~c.2. 

M0,11HqJHUHpoB811Hal! CHCTelda nporpaMM POISSON /3/noCTaBJieHa Ha 

3BM CDC-6500 C ytreTOM B03MO~HOCTe~ MaTeMaT~qecKOI'O o6ecrreqe­
H~R 3TO~ Mam~H~ l1 pasn11q~~ R3~a COMPASS. 0Ha ~CITORb3Y8T KOHeqHO­
pa3HOCTHJID annpOKC~Ma!.1~~ ypaBHeH~R (3) Ha C€TKe, COCTOR~e~ ~3 
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P~c.2. DorrepeqHoe ceqeH~e err MarH~Ta Bl. 

27, 
25 

16 

r13 

11 
9 
7 
5 
3 
1 

r 
SLfti ;;y /:I (I 

1':1 ,>;Ui 
~:,; ty]:tff,'5~@ 
w~t:n~wr:::~ 
1 3 5 7 9 n 13 15 11 19 

r; 
24 26 

~c. 3. Jlor~eCKaR A~arpa.MMa err MarH~Ta Bl. 

r 

34 37 

r- BHelliHRR 
rpaHl1!.1a 06JiaCT~, B KOTOpO~ H8XO,IIHTCH pemeHl1e 
ypasHeH~R DyaccoHa, ~ - Me,n,MaHHaR TIJIOCKOCTb, 

r'2.- rpaH11Ubl pa3,n,eJia 06JiaCTe~. 
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TpeyrORbHHKOB o6~ero BH~a. B Ka~eCTB€ HCXO~HO~ HH~OpMa~HH ~RR 
ITOCTpOeHHR pac~eTHO~ C€TKH 3~aeTCR ROPH~€CKaR ~HarpaMMa (pHC.3) 

~RR pacC~HT~BaeMO~ P€0M€TpHH MaPHHTa (pHc.2). 

B Ka~eCTBe rpaHH~HhlX ycnOBH~ ~RR pac~eTa MarHHTHHX,fiOR€~ err 

~Hrrone~ (pHc.2,3) 3a~aBanHcb: 

Air = o 
'QA 
i?fflr1 

0 

Ha BHemHe~ rpaHH~e o6nacTM, 

Ha M€~MaHHOH ITROCKOCTH. 

Ha rpaHH~€ pa3~ena o6naCT€~ Bb!ITORHHRHCb JCROBHR COITpHX€HHR 

pemeHHR: 
'i • gradA ~ 

M - HerrpepbiBHhl, 

~ • (n·gradA ) 

r~e ~ - B€KT0p KaCaT€RbHO~ K ITOB€pXHOCTH ~ene3a, tl - ~KTOp 

HOpMaRH K M€~MaHHO~ ITROCKOCTH. 
eHcTeMa rrporpaMMPOISSON o6n~aeT TaK~e cne~~HMH 

~BO~CTBaMH: 

I. reoMeTpHR pacc~HTbiBaeMO~ MarHHTHO~ CHCT€Mhl 3~aeTCR rrpH 

ITOMO~H HeperynRpHO~ TpeyrORbHO~ C€TKM, COCTO~eH MaKCHMaAbHO H3 

1200 To~eK, ~To orrpe~eRReTCR ITaMRTbKl 3BM. Pa3HOCTHhle ypaBHeHHR Ha 

IIOCTpOeHHOn CeTK€ pemaiJTCfl K8TO~OM IIOCne~OBaTenbHO~ TO'I8'1HOn Bepx­

Heg peAaKC8nHH, 

2. Pacc~HThlBaKJTCR MarHHThl RKJ60H ~OpMbl: CHMMeTpHQHHe, He­

CHMM€TpH~Hhl€ H o6na~aKJ~Me aKCMaRbHOH CHMM€TpH€M. 

3. ]ID6oe pacrrpe~eReHH€ TOKOBhlX HCTO~HHKOB MO~eT 6b1Tb ~T€HO 

B pac~eTax. 

4. Pacc~HThlBaeTcR 3arraceHHaR MarHHTHaR 3HeprHR KaK B B03-

~oH o6naCTH, TaK H B o6~aCTH ~eRe3a. 

5. ~OITJCKaeTCR rrpHM€H€HH€ HeO~OpO~HhlX rpaHH~HhlX JCROBHH 

THrra ~pHxne. 

6. Bo3MO~€H pac~eT 3a~a~ C ITOCTORHHOH MarHHTHOH rrpOHH~ae­

MOCTbKl. 

6 

\ 

\ 

B CHCT€M€ rrporpaMM HM€€TCR BhlXO~ Ha 3KpaH INTERCOM a ~RR 

BhlCB€~HBaHHR pac~eTHO~ C€TKH o6naCTH H pacrrpe~€R€HHR 3KBHITOT€H­

~HaR€~ ITOR~€HHOPO ITORR, ~TO 3Ha~HT€RbHO o6ner~aeT peill€HH€ 3a~a­

~H • TaK KaK IT03BO~i{€T BH3JaRbHO Bb!6HpaTb OITTHMaRbHYKl paC'IeTHYKl 
• $• . 

CeTKy. 
Ha pHc.4a,6 rrpHBO~RTCR pac~eTHaR ceTKa H pacrrpe~eneHHe 3K­

BHITOTeHuHane~ ~RR O~HO~ H3 KOH~Hrypa~HH CB€pXITpOBO~ero ~HITORR. 

PHc.4a. Pac~eTHaR CBTKa ~R O~HOH H3 KOH~Mrypa~HH en ~HITORR. 

PHc.46. Pacrrpe~eneHHe 3KBHTIOT€H~HaR€H TIORR err ~HTIORR. 
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2. esepxrrposo~~HM MarHHT 

e ITOMO~biD Oll»CaHHOH B~llie rrporpaMMhl paccqHThlBaJIHCb ITOflH B err 

MarHMTaX C pa3nMqHb~H reoMeTpMqeCKMMH pa3MepaMH, HO B OCHOBHOM 

M3ytiaJIOCb noJie MarHMTa, JCJIOBHO Ha3BaHHOrO Bl • iJapaMeTpbl ~.JTOrO 

MarHMTa rrpMse~eH~ s Ta6nMue. 

AnepTypa MarHMTa, eM, p~MaJibHaH 
BepTMKaJibHaH 

Pa3Mepb! "OKHa" B HpMe, CM, p~MaJibHbill 
BepTMKaJibHhlM 

BHeWHHe pa3Mephl RpMa, eM, BhlCOTa 
rrmpMHa 

Bee MarHMTa, Kf/M 

HOMMHaJlbHaH HanpH*eHHOCTb MarHMTHOrO nOJIH, Ka 
!lOCTOHHHaR MarH~THOrO nOJIR, K3/A 

MHgJKTMBHOCTb, MfH/M 

3anaceHHaR 3HeprMR, K~/M 
~HCJ!O BMTKOB OCHOBHOM 06MOTKM 

HoMMHaJibHb!M TOK OCHOBHOt\ o6MOTKM, A 

Ta6nMua 

:),5 
5,2 

6,5 
5,5 

I4 u 
I5:0 

I25,tJ 
22,d 
II ,0 
3,0 
6,7 

4cl 
2.!:00 

KoHCTpyKTHBHaH ITJ!OTHOCTb TOKa B OCHOBHOt\ 06MOTKe,KA/cM 45,8 

IlonepeqHb!M pa3Mep err Ka6eJIH' MM I. I2x4. 0 
~MCJ!O BHTKOB 06MOTKH KOppeKUMM 30 

Bonee nO)J,p06HO KOHCT¥,Y.KUMM aHaJIOrMqHhlX MarHMTOB H pe3yJibTaTbl HX 

MCITb!TaHMH onHCaHbl B/ f. 
3. Pe3yJioTaThl qHcJieHHhlX pacqeTOB 

BeJIHqHHa MarHMTHOrO nOJIH B U8HTpe anepTyphl MarHHTa ITOKa3aHa 

Ha pHc.5. 

B,T 

3.0 

2.5 

2.0 

1.5 

0 1.5 2D .5 JD I,•A 
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PI1c. 5. !!JarHHTHoe none B ueHTpe 

anepTypbl Cll ,JJ;Hnona. I - ract~eT­

HOe noJie ,JJ;Hnona .llJiil )-'"'CD, c -
pact~eTHOe none ,JJ;Hnona ,JJ;nH /'=p(BJ 
(p11c. I), 3 - none, :113MepeHHOe 

C llOMOII1bKl ll,llepHOrO MarHI1TOM8T pa. 

KpHBaH 2 COOTB8TCTByeT paC'I8THOMY nOJIID MarHMTa C anepTypot\ 

7
1
4 CM. KpMBaR 3 nocTpOeHa no pe3yJibTaTaM M3MepeHMH nOnR C no­

MO~biD H)J,epHoro MarHHTOMeTpa. Ha6JIID)l,a8MOe OTJIMqHe paC'I8THOrO 3Ha­

qeHMR nonR OT 3KCnepHil8HTB.JibHOrO ( I+3%) CBR3aHO KaK C TOllHOCTbiD 

pacl:IeTOB, TaK M C TeM, qTQ HCnOnb3JeMaH B pacqeTaX 3aBMCMMOCTb 

p(B2 ) He cosn~aeT c peaJibHOM )J.nR )J.aHHoro copTa CTaJIH. 

ITpHMaR I Ha pHc.5 npe,ll,CTaBJIReT co6ot\ none )J.MnonR, B KOTopoM 

)J = oo H He 3aBMCMT OT B. B 3TOM CJiyqae senHllMHa nonR onpe)J.8JIH­

eTCH npoCT~ Bhlp~8HMeM 

H :: 0.4?i NI (4) 

r)J.e h - BhlCOTa anepTyphl MarHHTa. 
ilaCblll1eHH8 MarHHTOnpOBO)l,a npORBJIReTCH TeM CMJibHee, qeM MeHb­

we OTHOWeHHe WHpHHhl RpMa (a~) K p~HaJibHOM anepType MarHMTa (a). 

Ha pHc.6 noKa3aHa pacl:IeTHaR seJIHllMHa ~: 

H-Hp='t = 1 -
~ = -H~ 

B 3aBMCMMOCTH OT 3TOrO OTHOWBHHR. 

1-.!:!.LI!.._ 0 
6.0 0.4JINI, k 

5.0 

4.0 

3.0 

2.0 

1.0 
~~ ------=u:::: 

0.0 L---...,.-....,......~-~-....,.,.---,,----J 
UO 1.20 UJ 1.40 1.50 QL 

a 
PHc. 6. 3aBMCMMOCTb pacqeTHOM seJIHllMHbl 'l oT 

)J,nR )' =00 • 

(5) 

H - Hpa.c"t. 

H 

~H MarHMTa Bl pa3Mepb1 RpMa Bhl6paHhl TaKHMH, qTO cornaCHO 

pacqeTaM HOMHHaJibHOe none B HeM )l,OCTMraeTCR np11 ysenHlleHMM aM-
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ITepBMTKOB B036~eHMH ITpHMepHo Ha I~ ITO cpaBHeHMID co cnyqaeM 

~==00· 
PaciTpe~eneHHe ITOnH B aiTepType MarHMTa oKa3wBaeTCH HenMHe~-

HhlM, oco6eHHO B o6naCTM ITOne~ Bhlill8 20 K3. B OCHOBHOM 3Ta H8flMH8~­

HOCTb MM88T KB~paTM4Hhl~ xapaKTep. Ha pKc.? ITpMBO~MTCH 3aBMCM­

MOCTb aMITflMTY~hl.C8KCTyiTOflbHO~ rapMOHMKM B e~MHM~ax ~HITOflbHO~ rap­

MOHMKH Ha pa~Myce aiTepTyphl 2 CM. 

KaK BM~Ho M3 3Toro pMCYHKa, HeKoTopaH ~onH pacqeTHon HenMHe~­

HOCT~ ITOflH BHOCMTCH MCITOflb3Y8MO~ Bhl4HCflMT8flbHOn ITporpaMMO~. B Ca­

MOM ~ene, B o6naCTH ITOnen 5-Id K3 c; paBHO 9•IU-j M He 3aBM­

CMT OT B8flM4MHhl ITOflH (KpMBaH 0), OTO M0~8T 6hlTb CBH3aHO TOflbKO C 

H8~0CTaT04HhlM 4MCflOM y3nOB B paC48THon C8TK8. 

Ha 6onee BbiCOKMX ypoBHHX ITOnH c; pacTeT c pocToM ITonH 

ITpaKTM48CKM flHH8~HO. ~H KOMIT8HCa~HM KB~paTH4HO~ H8flHH8~HOCTM 

ITOflH 4HCneHHhlM ITYT8M H3J4aflHCb pa3flH4Hhl8 "ITaCCHBHhl8 11 M8TO~bl KOp­

peK~HH c M3MeHeHHeM reoMeTpKM ITOniDca KnK o6MOTKM. O~HaKo 3TH 

M8TO~bl OKa3aflHCb Htl3t[x.~eKTHBH!JIMH, IT03TOMY B ~aHHhlX MarHl!TaX KOp­

peK~HH OC~8CTBflH8TCH C ITOMO~biD ~OITOflHHT8flbHO~ KOppeKTHpJID~e~ 

o6MOTKH. llocne~HH ITpe~cTaBnHeT co6o~ ~Be ITnocKKe KaTymKH, BhliTon­

HeHl;lbie CIT ITpOBO~OM ~HaM8TpOM 0,5 MM M pa3M8~8HHhl8 Ha B8pXH8M H 

HH~H8M ITOfliDCaX, Koop~KHaThl BHTKOB KaTymeK KOppeK~MH Bhl6Kpanl!Cb 

ITO KBa~paTM4HOMY 3aKOHy, 4TO o6eCIT84HBaeT KOppeK~HID C8KCTYITOnh-

c~, 10-3 
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PKc.7. 3aBKCHMOCTh aMITnHTY~hl ceKCTyrronhHOM rapMOHHKH ITDnR 

OT 3HaqeH~II TOKa KOfp8KTi!PYD!lleil OdLIOTKH. 

10 

HOM rapMOHHKH. Ha pKc.? IToKa3aHa senH4KHa c~ ITPM pa3nH4HOM 

3Ha48HHH TOKa B 06MOTK8 KOppeK~HH (~Ktf/phl y KpMBhlX COOTB8TCTBJIDT 

TOKY KOppeK~HH). 
M3 sToro pHCYHKa BH~Ho, 4TO senK4HHa c; BITnOTh AD nonen 

ilOPHAKa 25 KJ MOll!eT Cib!Th odpal!lella B Hynh Hn:ll ,II.axe nlleTh APYfOil 

3Ha.K. 

oKcnepKMeHTaHbHO K3MepeHHOe ~e~CTBKe KoppeKTKp~eA 06MOTKH 

noKaaaHo Ha pHc.8, rAe npeAcTasneHo PaAHaHhHoe pacnpeAeneHKe 

BepTHKSAbHO~ KOMITOH8HT~ uarHKTHOrO nonR 6e3 TOKa KOppeK~KH (RpM­

BaH I) H c TOKou KoppeK~H I50A (KpHBan 2). 

1P·10' 
5 

0 

-1L...---------
-15 -10 -5 0 X,.. 

PKc.8. PQAKSAhHOe paciTpeAeneHKe sepTHKSAhHO~ KownoHeHTbl 

uarHHTHOrO nonn en AHITOnH (I - 6e3 TOKa KOppeK~KH, 
2- C TOKOM KoppeK~KH I50A). 

3aKnD48HH8 

MHoro4MCneHH~e pac46Tbl uarHMTHWX CMCTeM TKna BI (pKc.2) K 

cpaBHeHHe qKcneHHHX pacqeTOB c aKcnepMMeHTanbHdMK AaHHblMH (pKc.5) 

DOKa38AH
7 

4TO paC48TH08 pacnpe,II.eneHH8 uarHHTHOfO ilOAII C T04HOCTbD 

I~ COBrr~aeT C 3KCil8Pi\M8HTanbHblM pacnpe,II.eneHH8M. 3TO OKa3b1BaeTCII 

AOCTaT04H~ AnS npOB8A8HKH 4MCneHHOrO H3J48HKH BnKHHKR pa3RH4H!JIX 

KOHCTpyKTKBH!JIX napaweTpoB uarHHTa Ha BenH4KHY H ~pwy nonn. 

~R ITOB~8HKH T04HOCTK B~HcneHKR He06XOAHMO yeenH4HTb qKC­

no yanoB pacqeTHOA ceTKK, 4TO orpaHH4eHo o6beuou onepaTKBHO~ 
llaMHTH 3BW. npoBeAeHHOe 4KCneHH08 MOAenKpo~~Ke uarHHTHHX none~ 
en uarHHTOB pa3RM4H!JIX KOH~Kryp~K~ llOCny&MnO OCHOBOR npK C03Aa­

HHH UOAeneR TaKKX uarHMTOB. 
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