
OS'hEllHHEHHbiPI 
HHCTHTYT 
~llEPHbiX 

HCCnE.llOBAHH.A 

llytSaa. 

a 
! 
3 • 
I e 
2 . • .. 
~ 

P8- 4558 

I 

H.H.roHttapoa, XaaH 3oH Cy, ct>.XoaaHe~ 

HCCJIE,ll,OBAID1E TEilJ.IOOT ,ll,A 1IJ1 

OT TOHKHX UHJIHH,ll,POB K XH,ll,KOMY rEJIHIO I 

1969 



P8 • 4558 

M.H.roat~apos, Xsaa 3oH Cy, !]).Xosaaeu 

MCCJIE~OBAHME TEIIJIOOT~tM: 

OT TOHIG1X Ul1.11M~POB K XM~KOMY rEJIMIO I 

HanpaBneao B 'Hameaepao-¢aaaqecKafi mypaan" 



I 
l 

... 
I 

I 

I 

· B pSiae cnyqaea OKa3biBaeTCSI aeo6xomi:MbiM 3H8Tb aenH'IHHbi, xapa~~ 

' T9pH3YIOIIIH9 npouecc Tennonep9Jl8'1H OT UHnHHJlpOB 1 HM9IOIIIHX JlH8M9Tp 

0,05 fo 0,5 MM1 K )KI{JlKOMy renHIO B o6naCTH ny3blpbKOBOI'O I_mnei!HSI ( Ha­

npHMep, npH HCCneJlOB8HHH nepeXOJl8 _CBepX~pOBOJlSIIIIHX npOBOnOK B HOp­

ManbHOe COCTOSIHHe riOJl )leitCTBH9M TOKa). 8 nHTepaType OTCyTCTBOBSm! 9K_; 
. /1/ 

cnepHMeHTanhHbie aaHHbie o6 aT~x aenH'IHHax (eM. o6aop .. c np~aeael!-

HbiMH TaM CCbinK8MH), a T90p9TH'I9CKH9 paC'I9Tbl no TennonepeJlaqe B o6-
. ·.. ·. . ; - ' .. · .. /2..;,4/ 

naCTH ny3blpbKOBOI'O KHneHHSI OTHOCHnHCb nHIIIb K nnOCKHM noaepXHOCTSIM • 
··I .~: 

Bcne)lCTBHe 9TOI'O Mbl HCCne)lOB~nH 38BHCHMOCTb CK8'1K8 TeMnepaTypb! Ha 

rpaHHUe Me*.!lY o6paauoM H *HllKHM renHeM OT nnoTHOCTH Tennoaoro no..: 
. ' • 0' . : 

TOKa anSI UHnHHllPOB pa3HbiX JlHaMeTpoa B o6nacTH T b = 2,2 +-4,2. K. 

B xaqecTae o6paauoa· HcnonbaoaanHcb aeoTo**9HHbie npoaonoKH H3 

KOHCT8HTSHa HnH .. MaHralmHa 1 C KOTOpb!X na~OBBSI ·H·ao.iistUHSI 6bina y/:lan'eaa 

C nOMOIIIblO TOHKOH ( "MHKpOHilOH"' )' ml)KJl8liHOH. 6yMafH C nocne/:ly!OIII9H .. -. '' ' 

O'IHCTKOH B CnHpTe. T.faCTb b6pa3Ua (,r;tnllHOH 6 +- 60' MM) M9*llY 'npH)I{HMHbi­

MH nOT9HUHanbHbiMWKOHT8KT8MH 1 • B K8'19CTB9 KOTOpb!X ncnonb30Banacb TOH- . 

-xasi npoaonoKa, pacnonaranacb a remteaott aa.Hae akpTm{ani.!Io Hml r~tm­

aoai-anbHO l!a aaaaHHOM ypoaae HH*e noaepx,HoCTH *HllKOCTH; '06paaeu aar'.:.. 

peaancSI nyTeM nponycxaHHSI 'Iepea ·nero· Toia I , a a!jl!jleKTHBHaSI TeMne-, 
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paTypa T er o6paaua onpeJlen.smacb no ero snexTpoconpoTuBneHHIO H3 yc-

nOBHSI R (I) I Tb .. R(O ' T ) • llpeJlBapHTenbHO Jlnsr o6pa3ua Ka~JlOI'O JlHa-

MeTpa 6bma onpeJleneHa 3aBHCHMOCTh R(O, 1) Ha ManOM H3MepHTenhHOM 

TOKe, He npHBOJlSIWeM K 38MeTHOMj" neperpeBy npOBOnOKH. 8Ta 38BHCHMOCTb 

6hin8 ~HHei!:Hoii: B o6nacTH 1,6 fo 9°K, a 'IYBCTBHTenbHOCTb . !:J.R'~1) COCTaB~ 
nsrna nopsrJlKa 0,006 %/rpall Jlnsr KOHCTaHTaHa H 0,025 t- 0,040%/rpaJl Jlnsr 

M8HI'8HHH8 ('IyBCTBHTenhHOCTb B03p8CTana C yBenHTieHHeM JlHaMeTpa npo-
..--' 

Bono:K D ) • llaJleHHe Hanpsr~eHHSI Ha o6pa3ue H HOpManbHOM conpoTHBne-

HHH, BKniO'ieHHOM nocneJlOBSTenbHO C 06p83UOM JlnSI KOHTponsr TOKa, H3Me­

psrnOCb noTeHUHOMeTpOM Knacca 0,002 • 0wH6Ka.B OnpeJleneHHH a¢¢eKTHB-

O ' 
HOi!: TeMnepaTypbl COCTaBnsrna nopSIJlKa ~ 0,1 K JlnSI o6pa3UOB H3 M8HI'8HH-

H8 (o6pa3U~ H3 KOHCTSHTBHB HCnonb30BanHCb npaKTH'ieCKH nHWh JlnH on­

peJleneHHH M8KCHM8nbHOi!: nnOTHOCTH TennOBOI'O nOTOKB npH liy3bipbKOBOM 

KHneHHH ( Q I A ) max ) • BHYTPH o6pa3uatneperpeTOI'O TOKQM, B03HHKaeT 

HeOJlHOPOllHOe pacnpeJleneHHe TeMnepaTyp~ no paJlHycy, BcneJlCTBHe Tiero 

T ef OK83biBaeTCH HeCKOnbKO Bb!We, 'i9M TeMnepaTypa noBepXHOCTH Ts • 

4HcneH.HbiA paCTieT noKa3an, 'ITO npH (Q/ A)= ( QFA) ..J pa3HHU8 T er-Ts 
. 0 . m 4,2o§ 

·. cocTaBnsreT 0,15 K JlnH npoBonoKH c D = 0,09 MM H "' 0,25 K Jlnsr npoBo-
• ' • lo-

nOKH c D .;. 0,24 MM. B · cnyTiae o6pa3UOB c Dl paBHhiM 0,05 H 0,5MM, pacTieTHasr , . 

BenHTIHHa ·!:J. T .
8 

= T.
8 

-T 
max max ,b 

HB Ha pHC. 4 (KpHBbie C HHJleKCOM 

C HHJleKCOM "a " ) • 

npH (Q/A)~(Q/A)max ITb 

"b " ) BMeCTe C !:!. T'er max 

npHBeJle­

(KpHBhie 

Pe3ynbTaTbi HSMepeHHA (Q/A)= f(!:J.Ter) npHB~JleHhi Ha pHc.1 H 2 

BMecTe c TeopeTHTieCKHMH KpHBhiMH, paCC'iHTaHHhiMH no cflopMyne KyTaTe-
n/ .. 

naJl3e Jlnsr o6nacTH ny3hipbKOBoro KHneHHSI H no. cflopMyne EpHHa-YacT-
/5/ . . 

yOTepa JlnSI o6naCTH nneHO'IHOI'O KHneHHSI~ 113 pHCYHKOB BHJlHO, 'ITO, 

• a . 
Bo-nepBhiX, B 3aBHCHMOCTH Q/ A ... (!:J.T) BMecTo npencxa3hlBaeMoi!: Teo-

/2/ . 
pHei!: BenH'IHHhi a = 2,5 SKCnepHM9HT naeT I'Op83Jl0 MeHbwyiO BenH'IH-

Hy 1,2 .. 1,5 (c yTieTOM TOI'O, 'ITO !:!. T s f. !:!. T ef ) • Bo-BTophiX, npH 
.-· 

4 

~ 

... 

yMeHbWeHHH. T b .· aKcnepHMEHITanbHhie KpHBhie Cl 
• . . /2/ 
JlO MeHbwe, 'ieM npeJlCK83biBaeTCSI TeOpHeii: • ] 

nneHO'IHo'ro KHneHHSI 3KCneJJHMeHT JlOCTBTO'iHO XOJ: 

- /5/ ( 6 . . eH OCO eHHO ecnH yTieCTb CJlBHI' BneBO KpHB 

!:!. T s <!:!. T err • B-TieTBepTbiX, M8KCHManbH8SI miOTE 

npH KOTOpOM ny3blpbKOBOe KHneHHe nepeXOJlHT B I 

OK83biB8eTCSI, CHnbHO 38BHCHT OT JlHaMeTpa, B03p 

npH YM9HbWeHHH JlH8MeTpa OT 0,5 JlO 0,05 MM 

CTOSITenbCTBO COBCeM He Y'IHTbiBaeTCSI cyweCTBYIOI 

/6/ - - 0 
THTh, 'ITO B pa6oTe , B IWTOpOH npH 4,2 K HCCJ 

( Q/ A·) oT D > 0,3 MM, Ha6nroJlancH HeperynHp 
max 

0 6 + 0 1 --lU:.. ). 
t _ ' CM"" 

113 puc. 4 BHJlHO, 'ITO H9CMOTpSI Ha 6onbWOE 

JlnH o6pa3UOB p83HOI'O JlH8M9Tpa, 38BHCHMOCTb 31 

nOJl'IHHHeTCH o6weMy 38KOHY (KpHBSSI JlnH npHBeJl 

Q(Tb )max;iX4,2°K}maJ. 3JleCb , TaK ~e, KaK H B pa6o 

MeHsreTCSI Mano npu. yMeHbWeHHH T li OT 4,2 JlC 

naJl~eT, yMeHbwasrc~ noTITH B 2 pa3a npH Tb-=2, 

pa3HOCTb TeMnepaTyp Ha rpaHHUe Me*llY noBepXE 

renHeM cymecTBeHHO B03pacTaeT c yMeHbWeHHe~ 

xy). llpH aToM, ecnH TeMnepaTypa renHeBoii: BaHJ 

TSM Bb!We, 'ieM MSHbWe JlH8M9Tp o6pa3U8 (eM. 1 

Bee. npHBeJleHHhie BhiWe pe3ynhTaThi OTHOCH 

o6pa3Uhi pacnonaranHCb ropHSOHTanbHO. llpH noB' - . "." 

nono~eHire BenHTIHHa ( Q/A) max yMeHbwanach Ha 
. 171 

cornacyeTcsr c JlBHHhiMH . pa6oTbi Jlnsr nnoc1 

TaKHM o6pa3oM, JlnH "o6'bsrCHeHHSI o6Hapy~el 

Te CHnbHOH 38BHCHMOCTH OT JlH8M€iTpa HeKOTOpbn 
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no ero anexTpoconpoTnanemno u3 yc­

llpeaaapHTenbHO ansr o6pa3Ua xa*aoro aHa­

Ra ManOM H3MepHTenbHOM 

MeTHOMY neperpeay npoaonoxH. STa 3aBHCHMOCTb 

1,6 t- 9°K, a 'IYBCTBHTenbHOCTb L\R~~1) COCTaB~ 
ansr KOHCTaHTaHa H 0,025 t- 0,040%/rpa.ci ansr 

ao3pacTana c yaenH'IeHHeM aHaMeTpa npo­
-"' 

o6pa3ue H HopManhHOM conpbTHBne-

o6pa3UOM ang KOHTpong TOKS, H3Me­

• 0wH6xa.B onpeaeneHHH a~~KTHB-
o . '!: 0,1 K ansr o6pa3UOB H3 MaHraHH-

HCnonb30BanHCb npaxTH'IecxH nHWh ansr on­

nnoTHOCTH TennOBOrO nOTOKa npH iiy3blpbKOBOM 

BHYTPH o6pa3ua, neperpeToro TOKQM,. B03imxaeT 

HHe TeMnepaTypbi no paaHycy, acneacTBHe 'lero 

onhxo BbiWe, 'leM TeMnepaTypa noaepXHOCTH Ts 

(QI A)= ( (lfA) J . pa3HHua T er-Ts 
. ma 4 ~2 0 l5 

D = 0,09 ~M H "' 0,25 K ansr npoao-

o6pa3UOB c Dl, paBHbiM 0,05 H 0,5 MM, pac'leTHasr 

npH (QIA)~(QIA)max ITb npHaeae­

(xpHBbie "b " ) BMeCTe C L\ T er max 

(QIA)= f(~Ter) npHB~aeHbl Ha pHC,l H 2 

KpHBbiMH, pacc'IHTBHfibiMH no ~opMyne KyTaTe~ 

oro KHneHHR H no ~opMyne BpHHa~YacT­

InneHO'IHoro KHneHHR. 113 pHCYHKOB BHaHo, 'ITo, 
'(l 

=( L\ T) BMecTo npeacxa3biBaeMoii Teo-

axcnepHMeHT aaeT ropa3ao MeHbwyiO aenH'IH-

, 'ITO L\T8 f. L\ T er ). Bo-BTOpbiX1 npH 

4 

J 

I 
l 

l 

• i 

< 

i. 

l , 

i 

I 

' ; 

yMeHbWeHHH T b · axcnepHMeHTanbHbie KpHBbie cMewaiOTCR ·anpaao ropa3-

. u
121 B '6 ao M8HbW81 '18M npeaCK83biBaeTCR TeOpHeH • -TpeTbHX,, ~ 0 naCTH 

nneHO'IHoro KHneHHR axcnepHMeHT aocTaTO'IHO xopowo'coanaaaeT c TeopH-

u /5/ ( 6 . ·. . . eH OCO 8HHO ecnH y'leCTb CaBHr BneBO KpHBhl~ 3a C'leT Toro, 'ITO 

L\ T s < L\ T err • B-'leTBepTbiX, MaKCHManbHSR nnoTHOCTb Tennoaoro noTOKa, 

npH KOTOpOM ny3bipbKOBOe KHneHHe nepexoaHT B nneHO'IHOe ( Q I A ) max , 

oKa3biBaeTcsr, CHnhHO 3aBHCHT oT aHaMeTpa, B03pacTaSI no'ITH xax 1 I D 

npH YM8HbW8HHH aHaMeTpa OT 0,5 ao 0,05 MM ( cM.pHc.3). STo o6-

CTOSJTenbCTBO COBCeM He Y'IHTbiBSSTCSI cyweCTBYIOIDeii: TeOpHeii:. (Haao OTMe-
/6/ - 0 . 

THTb
1 

'ITO B pa60Te 1 B KOTOpOii: npH 4,2 K HCCneaoaanaCb 3aBHCHMOCTb 

( Q/ A•) oT D > 0,3 MM, Ha6nroaancSI neperynSipHbiii: pa36poc oxono 
max 

0 6 + 0 1 ....!U:.. ) • 
t _ ' CM"" 

113 puc. 4 BHaHo, 'ITO HeCMOTpsr Ha 6onbwoe ~a:;~nH'IHe ( Q I .A) max 

ansr o6pa3UOB paaHoro aHaMeTpa, aaBHCHMOCTb aToii: aenH'IHHbi oT · T. b. 

nori'IHHSI8TCR o6meMy 38KOHY (KpHBSSI anSI npHBeaeHHOH BenU'IHHbi 
• • 0 

Q(Tb )max/Cl4,2 K)m .. j.. 3aecb TaK *e• KaK . .., . 

MeHSieTcst Mano npH. yMeHbWeHHH T b 

. /7/ . 
H B pa6oTe . 1 . BenH'IHHS (QIA)max . ... 6 ... 
oT 4,2 ao "'3,2 K, a aaTeM peaxo 

0 
T~;o=2,2 K. B. ~oii: *e o6nacTH naa~eT1 yMeHbWSSICb nO'ITH B 2 paaa npH 

pa3HOCTb TeMnepaTyp Ha rpaHnue Me*aY noaepXHOCTbiO o6paaua H mHaKHM 

renueM cywecTBeHHO aoapacTaeT c yMeHhWeHHeM T b (eM. pH c. 4, BBep­

xy). llpH aToM, ecnH TeMnepaTypa renueaoii: aaHHhi nocTOSIHHa, L\ T 8 

TeM BbiWe, 'ISM MeHbWe aHaMeTp o6paaua (eM. Taxme pHc. 2). 

Bee. npuBeaeHHhie BbiWe peaynhTaTbi OTHocunHCh K cny'laiO, xoraa 

o6pa3Ubi pacnonaranHCh ropH30HTanhHO. llpH noaopoTe HX B aepTHKanhHoe . . , .. 

nonomeHHe aenH'IHHa ( Q/A} max yMeHbwanach Ha 20-30%, 'ITO xopowo 
. . 6 /7/ u 

cornacyeTCSI C aaHHbiMH . pa OThl anSI nnOCKOH UOBepXHOCTH. 

TaxnM o6paaoM, anSI o6~SICHeHHR o6HapymeHnoii B HaCTOSJWeii: pa60: 

Te CHnhHOH 38BHCHMOCTH OT aHaMeTpa HeKOTOpbiX aenH'IHH1 XapaKTepH3yiO-
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mHx Tennon~pe.q:aqy a o6nacTH nyablp&Koaoro KHneHHSI,, HeooXOJlHMa MOJlH­

cll~KaUHSI cymecTayromeit TeopHH. 

B 3SKIIIO'leHHe SBTOpbl BblpS)I{SIOT npH3HSTeltbHOCTb n.B. TieTpOBOH 

H B.<ll •. l.J:yMaxoay,· noMoraBIIIHM npH HeKoTopblX H3MepeHHSIX. 
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ny3bipbKOBOI'O JCHD9HHSI,, He06XO.llHMa MOllH-

Bbipa)l(aiOT DpH3HaTenbHOCTb n.B. IleTpOBOil: 

WHM npH· H9KOTOpbiX H3MepeHHSIX. 

n H T e p B T y p a -"' 

H KRDeHRH. MaWI'H3 1 

h. Int Advances in Cryog.Eng. , ~0, part 2, 

J.W.Westwater. Proc. of the Int. Coni. on 

Boulder, Colorado, p.230 {1961). 

~~twater. Chern. Eng. Progr., 58, No.7, 67 

of the Int. Conf.on Magnet. Technolo-

in Cryog. Eng., ~ part 2, 371 {1965). 
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