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J1.H:roHqapoa, A.HHKHTHy, * J1.C.Xyxapeaa 

K PACqETY TTOTEPb 
J1 BhIBOPY TI1TTA TTPOBO~HJ1KA 
,LVIH CBEPXTTPOBO~ J1MTTYRbCHMX MArHJ1TOB 
HYKROTPOHA 

* 

Hay11eo-Texea11ecKaa 
6H6JIHOTeKa 

OHJIH 

l1HCl'l:!TyT aT0MHOH <pH3HKH, Eyxapecr. 
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roa'lapoB H.H., HHKHTHY A., XyxapeBa H.C. 8 - 8302 

K pac'leTy noTepb H Bbl6opy THlla npOBOLlHHKa LinH CBepxnpoBOLIHlllHX 

Ht,mynbCHblX MarHHTOB HyKnOTpOHa 

CLienaHa 0118HKa noTepb MOlllHOCTH B CBepxnpOBOLIHlll8M npOBOLlHHK8 

LinH HMnynbCHblX MarHHTOB HyKnOTPOHa • Ilp0B8Ll8HO cpaBH8HHe OTHOCH

TenbHOro BKnaLia rHCTepe3HCHblX llOTepb H noTepb Ha TOKH <l>yKo. 

Coo6meHHe O61.e,nHHeHHOro HHCTHTyTa B,!tepHhlX HCCJle,ll0BaHHft 

,izy6Ha, 1974 
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IlpH pa3pa60TKe
0 

npoeKTa YCKOpHTen.11 pen.11THBHCTCKHX 

.11,IJ;ep - HYKilOTPOHa /I/ OJI.HOB H3 aa,1rneiiWHX 3a,IJ;aq 

.IIBn.lleTC.11 Bb16op THna npOBOJI.HHKa JI.Il.11 HMnynhCHhIX JI.HilOilb.

HhIX MarHHTOB, T .K. OH B 3HaquTenLHOH Mepe onpe,IJ;emieT 

CTOHMOCTh Bcero YCKOpHTen.11. B qacTHOCTH, Tpe6yeTCH 

3apaHee onpe,IJ;enHTb, Heo6XOJI.HMO nH JI.Il.11 CHH)KeHH.11 IlOTepb 

BBe,IJ;eHHe B npOBOJI.HHK MeilbXHOPOBhIX neperopo,IJ;OK TOH HnH 

uuoii Komlmrypauuu, qTo cyll{eCTBeHHO ycnom11.11eT TexHono

ruro H nOBhIWaeT CTOHMOCTb npoBOJI.HHKa. 

IloTepH MOU{HOCTH e CBepxnpoBOJl..llll{eii o6MOTKe HM -

nyni.cuoro MarHHTa B OCHOBHOM CKna,IJ;blBalOTC.11 H3 rHCTepe -

3HCHhIX noTepb H noTeph~ ~a cqeT BHxpeBblX TOKOB /TOKOB 

<l>yKo/ •. Mbl pac~quTanH Te H ,IJ,pyrHe noTepH ,IJ;Il.11. cny'Ia.11 

npOBOJI.HHKa C MC,IJ;HOB MaTpuueii, He HMelOU{eii MeilhXHOpo

BhIX neperopO,Il;OK, cpaBHHilH HX Mem,IJ;y co6oii u oueHHilH 

IlOTepH Ha MeTp JI.IlHHbl HMilYilhCHoro JI.HilOilbHOrO MarHHTa . 
HYKilOTpOHa. 4 

HcxoOHb1e oaHHble 

MaKCHMailbHa.11 HH,IJ;YKUH.11 B JI.HilOne 

CKOpOCTb H3MeHeHB.II HHJI.YKUHB 

B anepType 

BpeM.11 uapacTauu.11 H cna,IJ;a 

HHJI.YKUHH 

- B = 5 T 
MaKG 

-B=l T/ceic 

no 5 ceK /H3Meue

uue no nuueiiHoMy 

3aKOHy/. 

Ceepxnpoeo,IJ;.11ll{Hii npoao,IJ; /Ka6enh/ cocTOHT H3 M npo

eonoK, Ka:>KJJ,a.11 H3 KOTOpblX /cM. puc. 1 H Ta6n. 1/ COJJ,ep

)KHT N ceepxnpOBOJJ..llll{HX HHTeii /CIIH/ H3 HT-5O C 

JJ,HaMeTpOM d = 10 MKM, pa3Mell{eHHhIX B Me,IJ;HOB MaTpH-

ue. 
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ffiar CKPYTKH IlpOBOJIOKH-e p , KpHTH'leCKaJI IlJIOTHOCTb 

TOKa B CBepxnpOBO.l(HHKe J = 1,05.10 5 A/CM 2 npH B =5 T. 
C 

II O T e pH Ha B H X p e B bl e T O K H Ha. 1 M npOBOJIOKH 

3a 1 ceK paCC'IHTbIBalOTCJI no l},opMyJie /2 ,3/ 

Pe 1 C 1 
) /Bm/M/, /1/ -=AC-+-=-· 

1L ,, .R p' 
np P 3qip CU 

r.l(e 
~ 

A = IL (2R >2 (Be p) 
2 

~ 2 
= 1,65°10 R i , /2/ 4 l 12•4 

.Ri =.Re -C , R = Re C 
T 

Hoe conpOTHBJieHHe MaTpHUbI. 

/CM. pHc. 1/, p - y.l(eJib
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Puc. 1. · CxeMamu11ec1<uii pa3pe3 npoao.1101<u co caepxnpoao
OJIUIUMU . HUlflJIMU 6 Mampuije U3 HOPMO.llbHOZO Mema.11.11a. 
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/3/ 

r,IJ;e p ;cpcp - 3<l>4>eKTHBHOe y,IJ;eJibHOe conpoTHBJieHHe MaTpH-

UbI C y11eTOM IlOBbIWeHHOrO conpoTHBJieHHH nepexo.l(Horo 

CJIOH Me)K.IJ;y caepxnpoBO,IJ;HIUHMH HHTHMH H MaTpHueii, W
paccTOHHHe Me)K.l(y ueHTpaMH CIIH, KoTopoe onpe

,IJ;enHeTCH H3 HCXO,Il;HblX .IJ;aHHbIX cne,IJ;YIOIIUIM o6pa30M /npH 

npe,Il;IloJio)KeHHH, 11To CIIH pacnpe.l(eJieHbIPaBHOMepHo BHYTPH 

Kpyra .l(HaMeTpoM 2 R i /. 
KaK BH,Il;HO H3 pHC. 2, IlJIO{Ua,IJ;b wecTHyrOJibHHKa 

6 w 2 
s =-(-). 

f {r" 2 

l I 
A~* 

/ ' . / " / . ,"- C""/ ----·""'-

y (/. y d I 
I w I I 
. I I 

~~~ ~ ~ " / '-.... / "- CJJ, / °' Cu. / . y y 
Puc. 2. t/acmb nonepe1111ozo ce11eHuJ1 npoao.1101<u. 
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IlnolllaAL ceqeHHJI npoaonoKH /6e3 MeAHoro qexna, He 
COAep:>KalJlero ,CITH/ 

i . 2 
S =N•S ==rr(R ), 

np f i 

N = - qucno CITH B npoaonoKe. 

OTCIOAa 

s .,, 6 (~}2 .,,rr(Ri)2 

../3 2 N 

H 

w = ✓ 
2rr 

v3N 
R i. /4/ 

p; onpeAenseTCJI 3KCnepHMeHTaHLHO H Il03TOMY AHJI 
pacc~iTPHBaeMLIX HaMH npOBOAOB TOqHo HeH3BeCTHO. lfa 
pa6oT / 3 ,4 /, rAe P;cpqi BLI~HCHJIHOCL H3 H3MepeHHH no
TepL B MH0rO,KHHLHLIX HH06HH·THTaHOBLIX npOBOAaX C MeA· 
HOH MaTpHI(eii, cneAyeT, qTo 3Ta aenuqHHa ne>KHT B npeAe· 
nax /5-;.I5/.IO-10 OM.M. IlpH 3TOM P~cpcp HMeeT TeHAeH
l(HIO B03pacTaTL C yaenuqeHHeM Ko3cW>Hl(HeHTa 3anonHeHHJI 
A /T.e. OTHOWeHHJI nonepeqHoro ceqeHHJI CBepxnpOBOAHHKa 
K ceqeHHlO npoBOAa/ OT 0,25 AO 0,9. B CBOHX pacqeTaX 
MLI npHH~nH P;cpq;= 1.10-10

oM.M, T.e. BeJIHqHHY, 6nH3KY~ 
K HH>KHeH rpaHHI(e. TeM caMLIM MLI onpeAeHHJIH uepXHHH 
npeAen Ans noTepi. 3a cqeT BHxpeBLIX TOKOB. IlpH c/R ~ 0, 1 
BTopoii qneH B cl>opMyne /1/ AaeT BKHaAB3TH noTepH :;1O1o. 

OTMeTHM Me>KAY npoqHM, qTo B cl>opMyne /4.1.51/ pa-
60TLI 121 AHJI BenHqHHLI p,, COAep>KHTCJI oneqaTKa: MHO· 
>KHTenL B CK06Kax He B03BeAeH B CTeneHL /-1/. MLI npH-
3HaTenLHLI H.rnaCHHKy, yKa3aBWeMy Ha 3TY OWH6Ky. 

r H C T e p e 3 H CH LI e Il OT e pH Ha 1 M npoBOHOKH 3a 
IU1Kn paccqnTLIBalOTCJI no cl>opMyne 121: 
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B +B 
w h~ I oBo • d. f'n( MaKc . o ) / ,l(J1C/t1uK11.M/. 
-= .· B 
·L 2 B MiiH + O .• np . 

/5/ 

I
0

B
0 

- xapaKTepHJyeT xpnTnqeckHH TOK B cBepxnpoBOA· 
HHKe, 3aBHCHMOCTh KOTOporo OT HHAYKIJ.HH AOCTaToqHO xo-

. porno annpoKCHMHpyeTCJI cliopMynoH· KaMa/
5
/: , • 

I '(B) = IoBo 
C B + B 0 

/6/ 

rAe I
0
(T)=21c (nPH B=B 0 ) aB 0(T)- nocTOJIHH@e, Ja

BHCJIIIJ,He OT TeMnepaTyp@. ll3 3KCnepaMeHTanhHOH JaBH· 
CHMOCTH }';;1 = f(B) ., AnJI HT-50 npH 4,2°K nonyqaeT· 

cs Bo"" 2,2 TnpH B=h~T H B 0 =1 T npaB;;;; 5 T. 
· PaJHHU.a B foB O AnJI B 0 = 1 T a 2,2 T He npeB@maeT 

5o/o, no3TOMY a AanLHeHmeM npHHJITO B 0= 1 T ·, 10 = 1660 A 
AnJI npoBOnOKH c. 3355 CIIH a lo= 516 A AnJI npoeonoKH c 

1045 CIIH • 
PeJynLTaThI pacqeTa noTeph 11a 1 M npoeo.iioKH npaee

ACH@ B Ta6n. 2. 

llJ Ta6nHIJ,hl BHAHO, qTO noTepH 3a cqeT TOKOB <l>yKO 
B npoBonoKe "c ". JHaqaTenhHO MeHLme, qeM e"'b ". 3To CBJI -
JaHO C yMeHhlIIeHHeM mara CKPYTKH. CneAyeT yqeCTh TaK· 
:»Ce, qTO :iKenaTenhHO BbIIlOnHeHHe ycnOBHJI ep$ ec , T.K. 
npH e p - 4 e C CIIH MO:iKeT nepeXOAH':'h B pe 3HCTHBHOe 
COCTOJIHHe HJ• 3,a 6onhlIIHX HaBeAeHHbIX TOKOB, acneACTBHe 
qero B03HHKHYT JHaqHTenhHhie A06aaoqHbIC IlOTepH npH 
npoTeKaHHH no npoaonoKe pa6oqero ToKa MarHHTa. 

B npaBOM CTOn6u.e Ta6nHUhl AaeTCJI npHBeAeHHaJI 3:U:eprHJI 

w 
·Lnp lc(5 T )' 

naqff@X MaTepaanax. 
Ha OCHOBaHHH nonyqeHHbIX AaHHhIX CAenaHbl ou.eHKH 

IlOJBOnJIIOIIJ,aJI cpaBHHBaTh noTepH B pa3-

noTeph B o6MOTKaX caepxnpoBOAJlllJ,HX AHilOnhHbIX MarHHTOB 

HyKnOTpoHa AnJI ABYX cnyqaeB: 
1. Kor~a BO acex qaCTJIX o6MOTKH MarHHTa HHAYKIJ.HJI 

MeHJ1eTCJ1 oT O AO B MaKE 5 T, 
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2. Kor.na B 1/3 qacTH o6MOTKH HIIJ:(YKIJ;H.Jl MeHHeTC.Jl OT 
0 .no 5 T , B 1/3 qacTH - OT 0 .no 3T H B 1/3 qacTH ._ OT 
0 ,no 1 T . 3TOT cny'laii 6onee 6nH30K K peanLHOMY, qeM 1. 
.IJ.nH TO'IHOrO pac'leTa noTepL Ha.no 3HaTL B(x,y ,z) BO 
BCeH o6MOTKe H npoBeCTH aKKypaTHOe HHTerpupoBaHHe. 

Pe3ynLTaTLI npe,ncTaBneHLI B Ta6n. 3. 

IlpH pac'leTe_ npHH.JITO, 'ITO BepXH.Jl.Jl H HIDKH.Jl.Jl nonoBHHLI 
,nHnOn.Jl HMeIOT no' 130 BHTKOB npoBo.na, COCTO.Jlll\ero H3 M 
npoBonoK C yKa3aHHLIMH BLDile napaMeTpaMH; UHKn =10 ceK; 
B Mrn<C =ST; nonepe'IHOe ceqeHue npoBo,nHHKa B nnocKOCT~ 
nepneH.IiHKYnHpHoii ,nmrne MarHHTa, paBHO -31,Sxl0-4 M 

2 

Pe:iynLTaTLI ouenoic nennoxo cornacyIOTCH /nocne cooT- · 
BeTCTBYIOIUero nepecqeTa/ C 3KcnepHMeHTanLHO H3Mepen
HhIMH noTepHMH B pa3nH'IHhIX Ka6em1x H ,nunonLHhIX MarHH -

TaX /6-l l/ 

Bbl600bl 

IlpoBe.neHHble pac'leTLI no3BOn.J110T c,nenaTL cne,nyIOll\He 

BLIBOJ:(hl: 
1. IloTepH 3a cqeT BHxpeBhIX TOKOB <l>yKO B o6MOTKe 

HMnynLCHOrO J:(HilOnLHOrO MarHHTa HyKnOTpOHa npH HcnonL -
30BaHHH npOBOJ:(llHKa C Me.[(HOH MaTpHueii, 11e co,nep:>Kall\eH 
MenLXHopa, H ,nuaMeTpe HHTeH H3 HH06HH-THTaHOBOrO cnna
Ba 10 MKM He npeBhIWaIOT rHcTepe3HCHhIX noTepb. 

2. Cyll\eCTBeHHOrO yMeHLWeHH.Jl noTepb 3a cqeT BHxpe
BhIX TOKOB B Ka6ene 6e3 MenLXHOPOBhIX neperopo,noK MO:>KHO 
.nociutiL /npH TOM :>Ke B l\JaKC H ,nnHTenLHOCTH UHKna/ 
nyTeM yMeHLWeHH.Jl wara CKpyTKH OT 5 ,no 3 MM, 'ITO no -
BH,D.HMOMY, noBneqeT 3a co6oii yMeHLWeHHe ,nHaMeTpa npo-

Bon<>KH OT 1 .no 0,S-7O,6 MM. 
3. BKna.n B 3TH noTepH 3a cqeT Me.nHoro qexna, He 

co,nep:>Kall\ero CIIH, oKa3hIBaeTCH nopH,nKa OTHOWeHHH ero 

Tonll\HHhl K pa,nuycy npoBonoKH. 

B 3aKnIO'leHHe aBTOPhl Bhlpa:>KalOT npH3HaTenLHOCTb 
A.r .3enL,nOBH'IY H JI.r .MaKapoBy 3a nocTaHOBKY 3a,na'IH 

H o6cy:>K,neHHH. · 

10 

(W) 

<( 

:j 

s 
< 
LO 
<( 

~ 

... ,_.,-, .. ="""-'--
~ 
s 
::r 
L
~ 

~ 

~ 

'"" 
<( 
:r 
Jl 
a.. 
LU 
lo 
C 

~ 
UJ 
::r 
u 
~ 
::s 
~ 
~ 
~ 
C'O 
w.l 
0.. 

_,/ . 

~- i~' 
L..:: ..J 3 

·, eu ....__,___~ 
u~-~11 
~ 
~ 

~ .. , ·.c-..i I ~ 1- C) · ~ ct:.>"" S)... .... 
<O «) ~- ._fg 

~ ~ 

~ 

~ 
~ 

~ 

.._._ 
~ 
<o 

l\11 I~ -~ "°' :E~I . I · .· 11 1- I · I ~ .J a .. . 

..J¾' 
_.........._.:;::-
a_Jg 

~-,~ ct)... -ct) ... ~-.,_; 

C::::) 

to"' ~-- ~ ~ 
~ 

~ -.....=E 
.QI~ -~_I 
~ c;..:. -~ 
ss J ':? ~,-~ 
I~ o..,cnl 

<::)IC) 
~ """ ... co ~ ~r ~,CQ 

•'fg.... ~--
~ 
0) ... 

co 

~-1· <::> .~ I·~-~- ~ .I(') ~ 
f'!\ ... ... ... 

co ~- ir ~ ~~I~ 
~ .. ~ 

-~ _J ~ ~ 0 ~ 0:) 'O ~ 
q: ---~ ~ .... Lo ... ~ ~ ~ ~-

'S:;,-1 · ~ 3 M ~ en ~ '-0 ~ q, 
"""" d Oi' II 1-~~--.:!::::=!f---+--+---it---+--t---t 

I--.: 4;.-= 

~,~,~ .. ~ 

~~ 
~~ 
~"' 
~~ 
c:::: ~ 
~c:::: 
~ 

~~ :::r-~ 

~ _J ~ ~ 
~~t5~-- ~ 

~ 

~ 
c::s -=.J, 

~ 

<T) ... 
~ i.n"" ~ CIC) 

.._~ ~ tu~ 
l.d ~~ ~ ::,.~ 
~ :::r~ ~ !:.> t..>i,:: ••• 

<.J ~ ~ ~ 
~ ?-<: ;:z: C\") ~~ :-Q 

~ ~~Cl.: !.JI ;l'S~ 
~;-s: ~a:i "(~ ((~~re <t~ 
~Cl:~~~~ ~&~Cl~~ 
"'~ ~~ ~J.,: ~I..: f.;:~ ~J..;: 

~~ @~ n~ ~~g~ ~g 
.. isuo:i =(z'-<'1'Q :i.suo:, F(z~'x)Q 
v ~\fh1'V~ ~ Id Y. b~VO 

II 



Jlu11fepa111ypa .. 
1. B.II.AAeKceee, A. M.J;a;iouH, 10.,lf.J;eaHozux u op. 

I1epcneK11ueb1 ucc11eooeaHuil no pe11J111ueuc111cKoil Aoep
Hoil (PU3UKe. 6 JIB3 OHJIH /Coo6paxeHUJI no pa36U111UIO 
ycKopu11e11bH0Z0 KOMnlleKca/. Coo6141eHUJI OHJIH, 
9• 7148, ,lfy6Ha, 1973. 

2. H.Brechna. Superconducting Magnet Systems, Springer- Verlag, 
Berlin, 197'3. 

3. A.H.Spurway, J.D.Smith, M.N. Wilson. J.Phys.D. Appl.Phys., 3, 1517 
(19'70). 

4. P.R.Critchlow, B.Zeitlin. J.Appl.Phys., 41, 4860 (19'70). 
5. Y.B.Kim, C.F.Hempsted and A.R.Strnad. Phys.Rev., /31, 6, 2486 

(1960). . 
6. G.Ries, K.P.Jungst. Preprint IEKP, KFK, 1354, /971. 
7. W.Heinz. Preprint IEKP, KFK 3/72-5, /972. 
8. G.Ries, H.Brechna. Preprint IEKP, KFK, /372, /972. 
9. G.Bronca et al. Report on the 4th Int, Conf. on Magnet Technology, 

Brookhaven, Sept. 1972. 
10. Towards a European Superconducting Synchrotron. Report 

GESSS, I (1972); Report GESSS, 2 (197'3). 
II. A.D.Mclnturff et al. Brookhaven National Lab., Acee/. Dept. In

ternal Report - AADD-179, CRISP 71-13, 1971. 

12 

PyKonucb nocmynu;ia a uaoa111e11bcKuil 0111oe11 
· 3 oK111J16pJ1 1974 zooa. 


