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B pavncax rrporpar-rr-n-r "HYKJIOTpOH" /11 ,n;JIH oTpa60TKH TeXHOJIOrHH 

H3rOTOBJIeHHH MarHHTOB H3 rpyõuaror-o CBepXrrpOBO,n;HHKa H rrOJIyqeHHH 

3KCrrepHMeHTaJIbHhlX XapaKTepHCTHK õsm C03,n;aH rrOJIHOMaCllITa6HhU1 zra
nOJIbHhlH MarnHT /2/. 

Oco6eHHocTbIO MarHHTa HBJIHeTCH TaKaH xoadnn-ypanaa aneprypsr 
,n;HrrOJIH, npn ROTOpOH )l(eJIe3Hoe HpMO B HeCROJIbRO pas CHH)I(aeT qHCJIO 

aMnep-BHTROB 06MOTRH, aeoõxonaxroe ,n;JIH c03,n;aHHH MarHHTHoro nOJIH 

3a,D;aHHOH BeJIHqHHhI. 

B03MO)KHOCTb ,n;OcTH)i(eHHH paBHOMepHOH YRJIa,D;RH BHTROB 06MOTRH 

H 60JIbIllaH rrpOTH)I(eHHOCTb MarHHTa C03,n;aWT BhICOROO,n;HOpO;D;HOe nOJIe 

B paõoueã qaCTH aneprypsr na - 96% ,n;JIHHhl MarHHTa. Il03ToMY pemaronrar-r 
cPaRTopoM, BJIHHIOll.l;HM na BeJIHqHHY HeJIHHeHHOcTH rrOJIH na TOPU;ax MarHH

Ta, HBJIHJIaCh ae xoarparypauaa 06MOTRH, a nsrõop OllTHMaJIbHhIX pasr-re

pOB H30JlfIU;HOHHhIX rrpOK:JIa,D;OR na .ropuax MarHHTa. 

B ,n;aHHOH paõore paCCMaTpHBaeTCH B03MO)l(HOCTb YMeHbIlleHHH Rpae

BhIX H anrerpansm.rx HeJlHHeHHOCTeH npa onTHMH3aU;HH cPOpMhI JI060BOH 

qaCTH MarHHTa. • 

4HCJIeHHOe Mo,n;eJIHpOBaHHe rrOJIH caepxnpoaonamero ,n;HnOJIH (CU) 

H aHaJIH3 HeJIHHeHHhIX 3cPcPeRTOB, CBH3aHHhIX c aacsnneaaexr apvra H BJIHH

HHeM H30JIHU;HOHHhIX npoK:JIa,D;OK, npoaonancx na OCHOBe MeTo,n;a 06õeM

HhIX HHTerpaJIbHhIX ypaBHeHHH (cncrer-ta nporpaMM MAGSYS/31 H na OCHOBe 

MeTo,n;a COrrpH)I(eHHhIX rpa,D;HeHTOB (CHCTeMa nporpar-rr-r (POISCR) 
POISSON) /4/. Pacsersr npOBo,n;HJIHCb c HCnOJIb30BaHHeM Ta6JIHqHOH 3aBH

CHMOCTH IJ. = IJ.(B) ,n;JIH ztanaoro copra TpaHCcPopMaTopHOH CTaJIH. 

4HCJIeHHaR Mo,n;eJIb 06MOTRH CIl-,n;HnoJIH npa pacxerax rro rpexr-rep

HOH MeTo,n;HRe npencranneaa na pHC. 1. KOHcPHrypau;HH norrepesaoro ce

qeHHH CIl-,n;HrroJIH, HCrrOJIh30BaHHaJI B pacxerax no ,n;BYlY1epHOH r-reronaxe, 

npencraanena na pHC. 2. HeJIHHeHHhIe HCRa)l(eHHH cPOpMhI rrOJIH, cosnaaae- . 

MhIe H30JIHU;HOHHOH rrpOK:JIa,D;KOH Me~ nOJIWCOM MarHHTa H 06MOTõ 

:KOH, BhI3hIBaWT rrOHBJIeHHe HeJIHHeHHOCTeH B IJ,eHTpaJIbHOH 06JIaCTH MarHH

Ta. ECJIH B pacserax ne npaaar-rars BO BHHMaHHe OIllH6RH H3rOTOBJIeHHH 

MarHHTa, TO aeonaopozraaa xacn- MarHHTHoro nOJIH B u;eHTpaJIbHOM cexe
HHH MarHHTa MO)l(eT 6hITb npencraaneaa crrezryromavr 06pa30M: 

OQ c (-!....)n-l
Hy(X,y)y=O H L 

n RNo 
n=2 

rne X, Y- ropH30HTaJIbHaH H BepTHRaJIbHaH xoopnnnarr,r; Ho - nanpaacea

HOCTb nOJIH B uenrpe ,n;HnOJIH; RN - pa,D;HYC HOpMaJIH3aIJ;HH B ,n;aHHoH pa60Te 

~~~:tn"ttet.\liNt lIHCT,gy}rr© 06'be,lJ,HHeHHblH HHCTliTYT H,lJ,epHhIX HCCne,lJ,OBaHHH .uy6Ha, 

«1~;a:iaX aCCJnU'ion;an~~.lL_~~. 
es' 

:JIil'~~ C,Me=..nMMT~HA 



Taõnuua 1 
Xaparcrepacrmca nOJIH B u;eHTpaJInHOM CeqeHlI1I Cll-.n;lInOJIH 

R = RN = 1,9 CM, [) = 0,1 CM .(MAOSYS) 

B/I, K3I, KA B,K3 C3 , % C % C , % 
5, 7 

2,3 8211,6 3,57 0,028 0,009 0,011 

4,3 15265,2 3,55 0,022 -0,029 -0,037 

5,3 18601,9 3,51 -0,113 -0,Q13 0,008 

6,3 21483,5 3,41 -0,462 -0,006 0,031 

KA 

Taõnuua 2 
Xaparcrepacrarca nOJIH B nenrpansnovr CeqeHlI1I Cll-.n;lInOJIH 

R = RN = 1,9 CM, ô = 0,1 CM (POISSON (POISCR)) 

I, KB B,KB B/I, K3 C 3 , % C 5 , % C 7 , % 
KA
 

'(
 2,3 8248,9 3,59 0,027 0,015 0,004 

4,3 15366,7 3,57 0,021 0,016 0,004 

5,3 18769,1 3,54 0,068 0,018 0,004 

s PHC. 2. Koazparvpanaa nonepesnoro cexeaaa 6,3 21742,8 3,45 0,143 0,021- 0,008I
 
nanoria, Hcnonb30BaIlliaR B pacserax no
 

X POISSON (PüISCR).
 

Ilpa HOMIIHaJInHOM snavenaa IIH.n;YKU;1I11 nOJIH TOqHOCTn pacxera HeJIII 

HeHHocTeH .n;JIH u;eHTpaJInHOrO nOJIH no nporpaxoae MAGSYS ..... 5. 10 -3 . 
npllHIIMaeTCH paBHhIM pa.nHYCY R, na KOTOpOM IICCJIe.n;yeTcH nOJIe; Cn - OTHO .uJIH ypoaaeá nOJIH B ~ 1,55 TJI 3HaqeHlIH ceKcTynOJInHOH 11 nexanorrs
CIITeJInHaH HeJIlIHeHHOCTn na paccroaaan RN = 1,9 CM OT OCII MarHIITa. HOM: rapMoHIIK ne npensnuaror ..... 3 . 10 -4 OT OCHOBHOií KOMnOHeHThI nOJIH. 

B cany clIMMeTpll1l .n;lInOJIH OTJIlIqHhI OT HYJIH rnnus K03<pqmU;lIeHThI ;UJIH aroro ypOBHH nOJIH npaseneansre pacxerasre zraaasre aaxonarca B 
C C HeqeTHhIMIIIIH.n;eKcaMII. . xopouievr CorJIaC1I1I ( .... 4 .10-4 

) c pe3YJInTaTaMlI 1I3MepeHIIM:- nJIOCKIIMIIn 
KaK 1I3BeCTHO, OCHOBHoe BJIIIHHlIe na .n;BII)KeHlIe xacran OKa3hIBalOT IIH.n;YKu;HOHHhIMII KaTYlllKaMII (Ta6JI. 3) . 

cerccrynorrsnaa (C
3 

) 11 nexarrorrsnaa (C 5) KOMnOHeHThI nOJIH. Hccnenoaa Merozrauecrcae ou;eHKII noKa3aJIlI, qTO CIICTeMa nporpaxrsr POISSON
nae Heo.n;Hopo.n;HOCTII MarHIITHoro nOJIH noKa3hIBaeT , qTO IIMeHHO OHII naror (POISCR) .n;JIH ztannoro MarHIITa oõecnesaaaer TOqHOCTn pacxera HeJIlIHeH
OCHOBllOH B KJIa.n B aeonnopO.n;HOCTn nOJIH .n;lInOJIH. HOCTeM: ~ 10 -5, a 1I3MepeHlIH IIH.n;YKU;1I0HHhIMII KaTYlllI~aMII - ae xyzce

Pacnerm.re 3HaqeHlIH 3TlIX BeJIlIqllH npn Ô = 0,1 CM npertcraaneasr ..... 10-4. 
~ Ta6JI. 1 (pacxer no MAGSYS) 11 B Ta6JI. 2 (pacxer no POISSON) B 3aBIICII Har-repemra MarHIITHoro nOJIH .n;lInOJInHOrO MarHIITa npononanacs 
MOCTII OT BeJIlIqllH TOKa B Cll-06MoTKe. MeTo.n;OM rapMOHlIqeCKOrO aHaJIlI3a npa aerraxaae TOKa B MarHIITe no 6 KA. 

2 3 

PHC. 1. QHcneHHaR MO,ll;enb Cn-06MOTKH nanorrsaoro MarHHTa. 

4 

4 6 8 10 12 



Taõnuua 3 
/).fS/B0:/0113M:epeHHH .u;eHTpaJIbHOrO norra HH,n;YK.u;HOHHbIMH KaTYllIKaMH 

4 

B/I, K3I, KA B,K3 
KA C3 ' % C5 ,% 

2,348 8368,0 3,564 0,024 0,016 

l 3 

4,302 15265,1 3,549 0,023 0,017 

5,376 18744,1 3,486 0,026 0,020 

2 

Paaneneaae HH,n;YK.u;HOHHoro narxaxa na TpH cexnaa aztorn, OCH MarHHTa 
rr03BOnHnO HCCne,n;OBaTb MarHHTHOe none B .u;eHTpaJIbHOH 06naCTH, a rarose 
onpenenars ero HHTerpaJIbHOe 3HatIeHHe. Peaynsrarsr paCtIeTOB H H3MepeHHH 
rrOKa3bIBaIOT, tITO aacsnneaae apr-ra nanonsaoro MarHHTa CKa3bIBaeTCH 
na cerccrynonsnoã H, tIaCTHtIHO, nexanonsaoá rapsroaaxax H rrOtITHne BnHHeT 
na nonexanonsayro rapMOHHKY (C 7) . ,llJlH .u;eHTpaJIbHOH 06naCTH MarHHTa 
pacaersr rro TpeXMepHOH MeTo,n;HKe He rr03BonHIOT YBeJlHtIHTb OTHOCHTenbHYIO 
TOtIHOCTb pacxera HeJlHHeHHOCTeH no YPOBHH .... 10-4 . OCHOBHOH rrpHtIHHOH 
HBnHeTCH aenocrarcsaaa oneparaaaaa naMHTb 3BM ,n;nH pacxera nporascea
HbIX MarHHTHbIX cHcTeM.OTcIO,n;a pacsersr rpexr-repnsrx MarHHTOCTaTHqeCKHX 
rroneá aauerreasr, B OCHOBHOM, aa pacxer rcpaeasrx noneá na Jl060BbIX qa
CTHX MarHHTa. B TaKHX ycnonaax uenecooõpasao HeCKOJlbKO ynpocrars PHC. 3. 

20 40 RN 60 80 10oi~,X 

N ~, ~---" 
f. I "" I 

1l9ll 

TID.96 

nc, 

I Cn,'/. 
0,15 

0,015 

!lI 

Ires ICs 
·~~~--~~C;-

n 2 4 6 I,KA 
I 

PHC. 4, 3aBHCHMOCn. H'emmefuIoCTeH CfI
AHnOJUI OT BeJlHIlHHhI TOI<a, norryvenaaa 

B H3MepeHIDiX HHAYI<UHOHHhIMH I<aTYW

I<aMM nOJlR B ueHTpaJIhHOH 06J1aCTH 

,D;HnOJlH (1) M na 'ropnax (lI). 

Pacnpezteneaae CYMMapHOH HeoAHO

pOAHOCTM .norra B arreprype ,D;MnOJlH ,D;JlHsanasy, ocymecranaa pacsersr .u;eHTpaJIbHOrO nona B npH6nH)l(eHHH õecxo
3HatreHMH TOI<a 1-2,3 I<A; 1I-4,3 I<A.; IlI- • rB/

3HetIHO ,n;JlHHHOrO vraraaronpoaona. 3TO npaaovrepno nrra MarHHToB, Y KOTO 6,3 I<A, IV-7,3 I<A. C./. tO 
B 

o _ 

psrx BeJlHKO OTHOllIeHHennaasr K ero rtonepevasrvr pasr-repara. 

Ha pHC. 3. npencraaneao pacnpeneneaae cYMMapHoH aeonaoponaocra 
ÂB/B B aneprype nanona azrons OCH X (CM. pHC: 2) ,n;JlH pa3nHtIHbIX 3HaqeHHH 
HH,n;YK.u;HH nona. TIYHKTHPOM crr-reseaa rpaaaua oõnacra, aa KOTOpOM npoao
,n;HTCH rapMOHHtIeCKHH aHaJIH3 (RN). CYMMapHaH neonaoponnocrs .D:JIH HH

PHC. 5. Pacnpeneneaae ~:a/Bo AJlH .3Ha,n;YK.u;HH rtorra ,n;o 2,.3 Tn ae npeasnuaer ... 0,1%. Onaaxo B npezrenax aceá 
80.0 ZêMtreHIDi TOI<a 4,3 I<A H C3 M C5 rapMOHHI< 

aneprypsr OHa ,n;OCTHraeT HeCKonbKHX npouearoa. -1.0BAOJlh OCM ,D;HnOJlH B 3aBHCMMOCTH OT 

BeJIHtJHHhI TOI<a: I rcpnaaa COOTBeTCTBY -2.0 
er TOI<Y 2,3 I<A; li - 4,3 I<A; lIlHa pHC. 4 npezicraaneasr peaym.rarra H3MepeHHH HenHHeHHocTH nOJlH 

• .J 5,3 I<A; IV - 6,3 I<A.HH,n;YK.u;HOHHOH KaTYIllKoH, 3axBaTbIBaIOmeH .u;eHTpaJIbHYID oõnacrs MO
nensaoro ,I:lHOonH (I) H (lI ) - ronsxo Jl060BYIO xacrs. BH,I:lHo, qTO c YBenH
qeHHeM TOKa 3<p<peKTbI aacsnneaaa »ceneaaor'o apr-ra õorree CKa3bIBaIOTCH 
na Jl060BÓH sacra MarHHTa, H, B OCHOBHOM, aa CtIeT pOCTa cexcryrronsaoâ 
(03) fapMOHHKH norra (na .... 0,15%). Ilonyseaasre peaynsrarsr xopouio BbIBO,n; BbITeKaeT H3 aaarrasa peayrn.rara pacsera, npencraanenaor-o na 

pHC. 5, rrre ,IJ;JlR Mo,n;eJlbHOrO Cn-,n;HnOJlH noxaaana 3aBHCI1MOCTb ~B/lbcornaCYIOTCR; ( ...10-4 ) c peayrn.rarawra pacxeroa ztna .u;eHTp8JIbHOH 
npa TOKe 4,3 KA OT nponom.aoã rcoopnaaarsr Z (OCb Z azrorn, OCH06J1aCTH zranonsnoro MarHHTa ( POISSON ) H ne nporaaopexar pe
MarHHTa) H nOBe,IJ;eHHe cexcryrrorrsnoà rapMOHHKH B 3aBHCHMOCTH OT3YJlbTaTaM pacxera HenHHeHHOCTeH aa ropuax nanons (MAOSYS). 3TOT 

4 5 

40.020.0 

1.0 

2.0 

0.5 
3.0 



OT BenHqHHhl TOKa H no aceá zmane MarHHTa. He06xo,l:(HMO HanOM- mero 3HatIeHHB:. Pacsernsre 3HatIeHHH mrrer-pam.asrx aMnJ1HTY,l:( cerccrynorn
HHTh, tITO pesynsrarsr norrynensr nrra paõo-reã 06naCTH Mar- HOH H ztexarrorrsnoã rapMOHHJ<t nonysenasre tIHCneHHhlM IDITerpHpOBaHHeM 

HHTa (RN = 1,9 CM ), tITO COCTaBnHeT .... 40% aneprypsr Mo,n;enh- KpHBhlX (pHC. 5, 7, 8), a raroice 3HatIeHHH 3<p<peKTHBHoH nnaasi znmorra 
B 3aBHCHMOCTH OT YMeHhmeHHH H30nHIJ;HOHHdH npOKJ1a,l:(KH H YBenHtIeHHH noro CTI-,n;HnonH. OTCIO,l:(a CYMMapHaH HeO,l:(HOpo,n;HOCTb nona, COCTaBnHIOI..I.J;aH 
TaKHM 06pa30M à6I..I.J;eH nnansr vrarnaronpoaona npencraanensr B Ta6Jl. 4 . .... 0,2% OT OCHOBHOH KOMnOHeHThl nona, CTaHOBHTCH eI..I.J;e õonee 3aMeTHoH 
B HeH npaseneasr rarose nrra CpaBHeHHH nannsre, nonyxeansre B H3MepeHHna KpaHX aneprypsr, Ilocxorrsrcy na ,n;BH)KeHHe tIaCTHIJ; orcaasraaer BnHHHHe 

anrerpansnaa nenaaeãnocrs, He06xo,l:(HMO 6hInO HCCne,l:(OBaTb B03MO:IKHOCTH HX HH,l:(YKIJ;HOHHhIMH KaTYI?:KaMH Mo,n;enhHoro CTI-,l:(HnonH. 

ee nonaaneaaa. Ha pHC. 6 nOKa3aH nponorrsnsrâ paspea nanonsnoro MarHH
Ta. TIYHKTHPOM orraeseasi norronaarerrsnsre 06naCTH xcerreaaoro apr-ra MarHH

Taõnuua 4 Ta, H3MeHHIOI..I.J;He BenHtIHHY H30nHIJ;HOHHOH npoxnanxa Me)l(,II;Y n060BOH tIaCThIO 
XapaKTepHCTHKH aarerpansnoro nona CTI-,l:(HnonH.06MOTKH H HpMOM. Ha pHC. 7 rrpencraanensr pesynsrarr.r pacxera 3aBHCH

MOCTH pacnpenenenaa rcpaensrx HenHHeHHOCTeH OT TOnI..I.J;HHhl nporcnanrca R = RN= 1,9 CM, Ô = 0,1 CM 

zrna ypOBHH nona ....1,5 H ..... 2,2 Trr (pHC. 8). ECTecTBeHHo, tITO B pacserax 
c YBenHtIeHHeM nnansr MarHHTonpOBo,l:(a 06I..I.J;aH ,l:(nHHa CTI-,l:(HnonH no 06
MOTKe ocraaarracs nOCTOHHHOH. Bsrn paCCMOTpeH rraun, BapHaHT H3MeHeHHH I, KA L 

F e 
, CM L3<p,CM C3,% C3,% C3,% C5,% C5 , % 

~l
 

'VeM 

10.0 

ao 

laI 

40 

1.0 

\0 

PHc. 6. 

30 

pazrayca H~rH6a 06MOTKH na ropne MAOSYS MAOSYS H3Mep. MAOSYS H3Mep.
 
MarHHTa (CM. pHC. 6), KOTOphlH ne +POISSON
 
npnaen K CYI..I.J;eCTBeHHOMY H3MeHe


2,3 0,071 0,068 0,030 0,011 0,019HHIO peaynsraroa. C 'YBenHtIeHHeM 
nnansr r-rarnaronpoaona xapaxrep H3

4:3 0,068 0,069 0,041 -0,009 0,023MeHeHHH cerccrynonsaoâ HenIDIeHHo
CTH (pHC. 7 H 8) n03BonHeT HaHTH 137,6 140,0 

5,3 0,063 0,128 0,080 -0,012 0,028ee MHHHManhHYIO BenHtIIDIY, npn KOTO- Ô. = 3,2 

(MOAeJIb, HCnOJIb30BaHHaH B pacxerax}. B paõoueâ 06naCTH TOKOB HaHMeHb
6,3 Ô. = 1,5 -0,430 0,078 -0,014 

4,3 -0,054 -0,058 -0,033 
. Cn~4~~·T c.;;. @ 1,436 145,6 

2D 
6,3 Ô. = 0,2 -0,450 0,110 -0,027 

l
 
I
 

1.0 ~.~j 
1.0 He06xo,n;HMO 3aMeTHTh, tITO ,n;nH MO,l:(enbHOro CTI-,l:(HnonH c YB~nHtIe
2D 

'I~Z. eM • HHeM HH,n;YKUHH nona H3MeHeHHe 3<p<peKTHBHoH nrmasr HBnHeTCH He3Ha
-I. 

tIHTenhHhlM no cpaBHeHHIO c MarHHTaMH YCTaHOBKH CTIHH /5/. 3Toro cneno
-io-2. i n\j' Bano ozomars, nOCKonhJ<Y axrrazt HaChlI..I.J;aIOI..I.J;HXCH TOPUOB orcaasraaer CY

m -2.0 

" ~.. . -

I..I.J;eCTBeHHO MeHhllIee BnHHHHe npn 60JIh.moH nnane MarHHTOrrpOBO)I,a. Berra

PHC. 7. Pacrrpenerreaae HeJIHHenHOCTeR tIHHa anrerpansaoã axmmrryzrsr cexcrynonsnoã rapMOHHKH nna MO,l:(enhHoro 
nOJIH B,dOJIb OCH MarHHTa AJIH anaue CTI-,l:(HrrOnH npaKTHtIeCKI1 nOCTOHHHa ,l:(nH HH,l:(YKUHH norra no 1,8 TJI H YBe
HHH TOI<a I = 4,3 I<A B 3aBHCHMOCTH PHC. 8. Pacrrpenenenae HeJIHHeHHOCTeR nOJIH nHtIHBaeTCH,n;o ..... 0,2% npn HOMHHanbHOM TOKe B CTI-06MoTKe. 
OT BeJIHtIHHbI H30JIHI.J;HOHHOR npOI<JIa.D;I<H BAOJIb OCH MarHHTa AJIH 3HatIeHHH TOI<a I = ,IJ,nH YMeHbmeHHH aenasansr anrerpansaoü aMnnHTY,IJ,hl cerccryrrorrs
Me)l(AY JI060BOH tIaCThlO 06MOTI<H H = 6,3 I<A B 3aBHCHMOCTH OT BeJIHtIHHhI 

HOH rapMoHHKH, HCXO,n;H H3 paCtIeTOB, He06xo,n;HMO yr-rensunrrs BenHtIH-
HpMOM MarHHTa. H30JIHI.J;HOHHOR npOI<JIa.D;I<H. 

76 

IlpOAOJIbHOe cexeaae CIl-AHnOJIH eM pacserrrstx KpHBhIX, ,l:(OCTHraeT 
1,410 142,8 

111m-r--l 
I II 

i
J I

I 
I 

&lO 

J

'10.0 1'<.0 ZCM POH 3HatIeHHe aarerpansaoü aMnnH12.0:10 

6,3 -0,423 0,202 0,191 -0,006 0,030TY,l:(hl cerccrynornrroà rapMoHHKH, no
nYtIeHHOe tIHCneHHhlM HHTerpHpoBaHH

4,3 0,009 0,008 -0,029 

SQo\\\1'-1;.1 80.0 



HY li30JIHnliOHHOH npOKJIMKli aa ropnax vrarmrra AO ó.:::: 1,5 CM. 'u8.JIbHeH
mee YMeHbllleHlie li30JIHIJ;liOHHOH npoxnarnca B03MO)l(HO, HO ae AaCT YMeHb
menaa anrerpanaaoã aMnJIliTYAbI ceKcTynOJIbHOH rapraonaxa. 

BJIliHHlie pa3MepOB li30JIHnliOHHOH npOKJIaAKH Ha TOpnax AlinOJIH Ha 

aenasaay liHTerp8.JIbHOH aMnJIliTYAhI AeKanOJIbHOM rapraoaaxa li li3MeHe

nae ee c pOCTOM liHAYKnlili nOJIH oueaaaaerca na paCtIeTOB (Ta6JI. 4) AJIH 
acero paõouero naanasona TOKOE BeJIliqliHOH: C5 :s 0,03%, qTO - naxoznrr

CH sa npenenar-ra TOqHOCTli pacxeroa c nOMOI..nb1O CliCTeMhI nporpaMM MAGSYS. 
Pacxersr no MAGSYS AJIH MOAeJIbHOrO CfI-AlinOJIH npoaozrarracs npa 80 3JIe
MeHTax paaõaenaa MarHliTonpOBOAa na 1/4 AlinOJIH no nonepc-moxry ce

qeHliIO li nOJIOBliHe ero AJIHHhI. r! 
KOHTpOJIhHhle pacsersr npoaonanacs npn YBeJIlitIeHHOM noxra BABoe 

I ~ 
(144) tIliCJIe 3JIeMeHTOB paaõaenaa r-rarmrronpoaona. Hli)I(HliH npenen no qliC

JIY 3JIeMeHTOB paaõaeaaa onperienanca He06xoAliMOH TOtIHOCThlO paCtIeTOB, a 
aepxnaá - orpaaauasanca 60JIbIllliM apevreaevr csera na 3BM CnC-6500. 

KOH.eqHO, B pacserax .rpexr-repasrx MarHliTOCTaTliqeCKliX nOJIeH npa 
orpaaaxemroâ oneparasnoâ naraara SBM BaJKHO yqliThIBaTb rpaxropsr, BJIli 

atonrae na TOqHOCTh pacsera MarHliTHoro nOJIH. YMeHhIlleHliIO tIliCJIa 3JIeMeH
TOB paaõaenaa cnocoõcrayer acnonsaoaanae anpaopnsrx npeACTaBJIeHliH 

o CTPYKTYP~ MarHliTHoro nOJIH B xceneae li BHe ero. KpOMe Toro, TOtIHOCTb 
BhIqHCJIeHHH MarHH.THoro nOJIH 3aBHCHT OT Toro, HaCKOJIbKO 6JIH3KO K peans
HOCTM npIDIHToe YCJIOBlie OAHOpOAHOCTI1 3JIeMeHTOB paaõaeaaa. OTCIOAa 

CJIeAyeT, qTO 06JIaCTli c 3aBeAoMO CliJIbHOH HeOAHopoAHOCTblO nOJIH na

MarHIftleHliH AOJIJKHhI pasõaaarsca na õorrsuree qHCJIO 3JIeMeHTOB (pac, 6). 
,UJIH npOTH)I(eHH~IX MarHliTHhIX CliCTeM, KpOMe Toro, nOJIe3HO liCnOJIh30BaT1> 

'AJIH pacseroa B neHTpaJIbHOH 06JIaCTli ABYMepHYIO MeTOAHKY, TaK KaK 
AOCTOBepHOCTb paCtIeTHbIX pe3YJI1?TaTOB yrrysnraerca npn liCnOJIb30BaHHH 

pa3JIlitIHhIX MeTOAoB pacsera. 

TaI<liM 06Pa30M, AJIH MOAeJIbHOrO CTI-AlinOJIH npOBeAeHO HCCJIeAOBa
nae HeJIlilleHHOCTH nOJIH BO acer-r paõosevr naanaaone TOKOB. Ilorcaaano, 
qTO B uearparrsaoã 06JIaCTM AlinOJIH aa paccroanan HOpM8.JIli30BaHHOrO pa

rrayca RN :::: 1,9 CM cYMMapHaH HeoAHopoAHOCTb nOJIH COCTaBJIHeT MeHee 
0,1%. C YBeJIHqeHHeM TOKa 3<p<peKTbI HaChI~eHHH cxaasráarorca CIDIbHee 

na JI060BhI~ qaCTHX MarHliTa. CYMMapHaH mrrerparrsaaa HeJIliHeHHOcTb, 
I 

OCHOBHOH BI<JIaA B KOTOPYIO BHOCHT ceKcTynOJIbHaFI rapraonarca nOJIFI, i 
3aBHCliT OT TOJI~HHhI li30JIFInliOHHoH npOKJIMKH Me~y JI060BOH xacrsro 
06MOTKI:I H FIpMOM Manuua. B pe3YJIbTaTe qliCJIeHHOro liCCJIeAOBaHliH 3TOH 

3aBHCHMOCTli 6bUIa norrysena OnTHMaJIbHaFI BeJIliqIDIa H30JIHnHOHHOá npo
xnazncn L\ =·1,5 CM" npa KOTOpOH aaaseaae CYMMapHOH aarerpansnoã iIeJIH li' 
HeHHOCTI1 CJ;aa.oBI1TCH r-reaee 0,1%. ,UocToBepHocTb pmYJIbTaTOB noa.srmaer
CH npn I;iCnOJIb30BaHHH Pa3JIHqHhIX MeTonHK pacuerà. qHCJIeHHOe MOAeJIH
pOBaHHe nOJIFI H aH8.JIH3 HeJIHHeHHhIX 3<p<peKTOB npOBOAHJICH B paõore c 1nOMO~~IO CHCTeMbI nporpavna MAGSYS AJIH pacxera TpeXMepHbIX MarHli  ! 
TOCTaTHqeCKHX nOJIeH, a AJIFI uearpansnoro nOJIFI - CHCT'eMhI nporpaMM 

POISSON (POISCR). Pe3YJIbTaThI pacseroa npaaeneasi B cpanaeaaa c 'pe
3YJIbTa1'aMH H3~epeHHH nOJIH MOAeJIbHorO CfI-AlinOJIH nJIOCKliMI1 H.HAYK

8 

OT °-:- 1,6 TJInHOHHbIMI1 KaTYIllKaMI1. ,UJIH I1HAYKIJ;liH nona	 Ha6mDAaeTcH 
xopouree COBnaAeHHe '( ~ 5· 10 -4) pe3YJIbTaTOB li3MepeHHH H paCq~TOB, 
KaK AJIH uearparn.aoro nOJIH, TaK li AJIH anrerpansaoro nOJIH. B 06JIaCTH 
liHAYKIJ;I1H nOJIH 60JIee 1,6 TJI, r'ne naxanaror CKa3hIBaTbCH 3<p<peKThI HaChI
meHHH )l(eJIe3HOrO apr-ra AHnOJIH, COBnMeHHe pe3YJIbTaTOB H3MepeHI1H li pac
tIeTOB HaXOAliTCH na yponae ~ 1 • 10 -:3. 

B aaxmoseaae aaropsr CqHTalOT CBOliM npH:HTHbIM AOJIrOM asrpaanrs 
6JIarOAapHOCTb B.C.An<peeBY li I1.fI.lOAHHY aa mrrepec K paõore li G6cY)I(
nenaa. 
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BopHcoscKaJI 3.B. H .n;p. 

Hccne.n;osrume HenHHeiffiocreii MarHHTHoro nonH 
csepxnpoBo.n;flmero .n;HnonH HyKnoTpoHa 

9-86-714 

)J,nH csepxnpoBO.n;Hmero .n;HnonH HyKnoTpoHa npose.n;eHo •mcneHHoe Hccne.n;oBaHHe 
HenHHeiffiOCTeH Maf'HHTH0£'0 llOnfl BO BCeM pa6o'leM .D;Hana30He TOKOB. TIOKa3aHO, 'ITO 
B ueHTpanbHoii o6naCTH .n;HUOnH Ha paccToHHHH HOpManH30BaHHoro pa.n;Hyca RN = 1,9 CM 
HenHHeiffiocTb cocTaBnHeT 0,1 %. HHTerpanbH8JI HenHHeiffiocTh .n;nH Mo.n;enhHoro CTI-.n;HnonH 
HaxO.D;HTCfl Ha ypOBHe 0,2%. TIOKa3aHO, 'ITO npH TOniUHHe H30nHUHOHHOH OpOKna.D;KH ~= 
= 1,5 CM Mell()l;y nOOOBOH 'laCTbiO 06MOTKH H HpMOM Maf'HHTa BenH'IHHa HHTef'panbHOH 
HenHHeHHOCTH COCTaBnHeT MeHee 0,1%. ,UnH pacqeTa TpexMepHbiX Maf'HHTOCTaTH'IeCKHX 
noneii Hcnonh3oBanacb cHcTeMa nporpaMM MAGSYS, .n;nn pac11eTa ueHTpanhHoro nonH -
CHCTeMa nporpaMM POISSON (POISCR). ProynbTaThi pac'leToB npHBe.n;eHbi B cpasHeHHH 
c pe3ynhTaTaMH H3MepeHHii CTI-.n;HnonH npH TeMnepaType lKH,li;KOro renHH. ,Unfl HH.D;YKuHH 
noTtH 0 + 1,6 Tn Ha6niO.n;aeTcH xopowee cosna.n;eHHe ( ~5 -1o-4) pe3ynhTaTOB pacqe
TOB H H3MepeHHH. B o6nacTH HH.!IYKLIHH nonH 6onee 1,6 Tn, r.n;e Ha'IHHaiOT CKa3h!BaTbcH, 
OC06eHHO Ha TOpUax Maf'HHTa, 3<j:l<j:leKTbl HaCbiiUeHHfl )Kene3H0£'0 HpMa, COBna.n;eHHe pe3ynb
TaTOB H3MepeHHH H paC'IeTOB HaxO.D;HTCfl Ha ypoBHe 1· 10-S. 

Pa6oTa BbmonHeHa B Jia6opaTopHH BhiCOKHX 3HeprHii OHHH. 

Coo6weHHe OOO.eAHHeHHoro HHCTHTYT& ~~.n;epHbiX HccneAOBaHHii . .ily6Ha 1986 

nepeso.n; O.C.BHHorpa.n;oBOH 

Borisovskaya Z. V. et al. 9-86-714 

Nonlinearity of Nuclotron Superconducting Dipole Magnetic Field 

The nonlinearity of magnetic field for superconducting dipole of nuclotron has been 
investigated for all current operating range. It is shown that the nonlinearity is 0.1% in the 
dipole central region at RN = 1.9 em distance of normalized radius. The integrated nonli
nearity for model superconducting dipole is about 0.2%. It is shown that for 1.5 thick insu
lation gap between the winding ending and the iron yoke the integrated nonlinearity is less 
than 0.1%. The MAGSYS program package used for calculation of three-dimensional mag
netostatic fields, for calculation of central field- the POISSON (POISCR) program package. 
The calculation results are given in comparison with the results on measuring the dipole 
superconducting field at liquid helium temperature. A good correspondence between these 
results for the fields is less than 1.6 T (5-10-4 ). For the field more than 1.6 T the saturation 
of iron yoke of the magnet occurs, and a correspondence between the measurement and 
calculation results is only 1-10·3 . 

• The investigation has been performed at the Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 

'"''..; 

w 


