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foH4apoe H.H. H AP· P8 - 12323 

0 3aBHCHMOCTH AH~epeH4HanbHoro conpoTHBneHHA 
OT KpHTH4eCKOrO TOKa C y4eTOM neperpeea o5pa340B 

Ha neHT04H~x xonOAHOAe$opMHpoeaHH~x onpa34ax H3 ceepxnpoBOAA~Hx 
cnnaeoe Ni}-(76-80%)Zr H3MepAnHCb eonbTaMnepHble xapaKTepHCTHKH AnA 
pa3nH4H~X 3Ha4eHHH TeMnepaTyp~, MarHHTHOro nonA H yrna Me~AY Hanpae
neHHeM nonA H nnocKOCTb~ o6pa34a. KpHTH4eCKHH TOK H3MeHAncA 5onee 
4eM Ha nOpAAOK. npoBeAeH paC4eT BOnbTaMnepH~X xapaKTepHCTHK AnA pa3-
HMX yrnoe c y4eToM HHTerpanbHoro neperpeea ofipa340B H rHnoTe3~ o 
He3aBHCHMOCTH AH$$epeH4HanbHOrO conpOTHBneHHA OT BenH4HH~ KpHTH4eCKO
ro TOKa. Xopowee coenaAeHHe 3KcnepHMeHTanbH~x H pac4eTH~x BAX CBHAe
TenbCTByeT 0 npaBHnbHOCTH rHnOTe3~ /npH 3TOM MaKCHManbHOe 3Ha4eHHe 
cHn~ nHHHHHra 5 · 10 7 AHH/CM 3 npH T = 1, 85 K/. PaccMoTpeHa nponneMa 
YCTOH4HBOCTH pe3HCTHBHOrO COCTOAHHA, CBA3aHHaA C TennonepeAa4eH 
K ~HAKOMy renH~. 

Pa5oTa BMnonHeHa B na5opaTOPHH BMCOKHX 3HeprHH OHRH. 

npenpHHr 06bellHHeHHO!"'O HHCruryra S!llepHbiX HCCnellOB8HHii, Lly6H8 1979 

Goncharov I .N. et al. 

On the Dependence of Flux-Flow Resistance on the 
Critical Current Taking into Account Overheating 
of Samples 

P8 - 12323 

Voltage-current characteristics of the superconducting ND{'l6-80~Zr 
cold-worked strip samples have been measured for different values 
of the temperature, of the magnetic field and of the angle between 
the field direction and the sample plane. The critical current was 
changed by more than the order of magnitude. The voltage-current 
characteristics were calculated for different angles taking into 
account the integration overheating of samples and the hypothesis 
on the independence of flux-flow resistance of critical current. 
A good agreement of the experimental and calculated voltage-current 
characteristics shows evidence for the validity of the hypothesis 
(in this case the maximum pinning force is 5·10 7 dyn/cm 3 at T=1.85K). 
The problem of stability of the resistive state is considered con
nected with heat transfer to liquid helium. 

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

Preprint of the Joint Institute lor Nuclear Research. Dubna 1979 

BBE,llEHHE 

KaK H3BeCTHO, ecnH B CBepxnpOBO.IlHHKaX BTOporo po.ua, He 

CO)lep)l{a~HX llHHHHHr-ueHTpOB, llO.Il )leHCTBHeM TeX HnH HHbiX 

CHn B03HHKaeT )lBH)I{eHHe peweTKH BHXpeBbiX HHTeii:, TO llpH 3TOM 

reHepHpyeTCB JneKTpHqecKoe none 

E ~ 11 c • l v </; B I - Pr J · /1/ 

r.11.e j - nnOTHOCTb TpaHCnOpTHOrO TOKa, Vcj;- CKOpOCTb .llBH)I{eHHH 

BHXpeii:, B- HH.II.YKUHH, f't- conpOTHBneHHe BH3KOMY .II.BH)I(eHHIO /eM., 
, I , 

HanpHMep, o63op /. 

llpH HanHqHH o6beMHOrO HnH nOBepXHOCTHOrO llHHHHHra KpH

THqecKHH TOK He paBeH HyniO, H reHepHpyeMOe B o6pa3Ue JneKTpH

'IeCKOe none Ha nHHeii:HOM yqacTKe BAX HJMeHHeTCH B cooTBeT

CTBHH C Bbipa)l(eHHeM: 

E: • I' I i - i 1 (T ) I . 
I ' 

/2/ 

r.11.e j <!- .II.HHaMuqecKHH KpHTHqecKHH TOK, onpe.ll.enJieMbiH 3KCTpa

nonHUHeii: nuHeii:Hoii: qacTH BAX K Hyn10; T- TeMnepaTypa o6pa3ua; 

Pt BblqHcnBeTcH no HaKnoHy nHHeii:Hoii: qacTH BAX. 

B paHHeii: pa6oTe KHMa c coaBTopaMH 1 ~ 1B KoTopoii: BnepBble 

BBe)leHO nOHBTHe .II.HcMJepeHUHanbHOrO COllpOTHBneHHB, 6blna C.ll.ena

Ha nonbiTKa cpaBHHTb HaKnoHbi nHHe:ii:HbiX yqacTKOB BAX .llBYX 

o6pa3UOB Nb 0 .5 Ta 0 ,r. , oTnuqaBWHXCB TepMoo6pa6oTKoii:. HJ npHBe

.ll.eHHbiX TaM 3KCnepHMeHTanbHbiX .ll.aHHbiX cne.11.yeT , qTO XOTB KpH

THqecKHe TOKH 3THX o6pa3UOB pa3nHqanHCb npHMepHO B 5 pa3, HX 

.II.HcMJepeHUHanbHble conpOTHBneHHB 6blnH npaKTHqeCKH O.llHHaKOBbiMH. 
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UenL sacTOJill~eii: pa6oTbl - sccne,lloaaTL BflHJIHHe H3MeHeHHJI j 

B o'leHL UIHpoKHX llpe,llenax Ha BH.ll BAX H, rnaBHLIM o6pa30M, 

Ha BeflH'IHHY ,llHcWJepeHu;HaflbHOrO COIIpOTHBfleHHJI. )J.TIJI 3TOrO Mbl 

BOCIIOflb30BanHCb O'leHb CHflbHOH 3aBHCHMOCTblO KpHTH'IeCKOro TOKa 

OT yrnacp Me)l(,lly llflOCKOCTblO XOflO,llHO,lle<!JopMHpOBaHHbiX neHTO'IHblX 

o6pa3u;oa H aeKTopoM MarHHTHoro IIOTIJI /acer,lla H..:. .i/. )J.nR HaUiux 

o6pa3I.J;OB MO)I(HO 6binO llpeHe6pe'lb IIOIIpaBKOH K / 1f 3a C'leT H3Me

HeHHJI pa3MarHH'IHBalOll.lero <!JaKTopa IIPH IIOBopoTe o6pa3u;a's-;, , 

BBH.llY TOrO, 'ITO llapaMeTp TeOpHH rHH36ypra-JlaH,llay 1-: O'leHb 

BLICOK /-50/. O.llHaKo B 11pou;ecce pa60TLI BCTpeTHnHCL .llPYrHe 

TPY.llHOCTH. H~cMoTpJI Ha He6onLUIYIO TOflll.IBHY o6pa3u;oa /20 c 

-:- 50 M KM/, Bbi,lleTIJieMaJI B HHX MOll.IHOCTb llpHBO,llHfla K JaM eTHOMY 

11eperpeay, TaK 'ITO IIOCfle,llHHH llpHUlflOCb Tll.la TeflbHO Y'IHTbiBa Tb. 

)J.nR CaMbiX BbiCOKHX ,llOCTYIIHbiX HaM 3Ha'leHHH KpHTH'IeCKOro TOKa 

HaKnoH nHHeii:Horo yqacTKa BAX aoo6me He y,llaaanocL Ollpe,llenHTL, 

TaK KaK pe3KO COKpamanaCb ero llpOTJI)I(eHHOCTb BCne,llCTBHe Hapy

UieHHJI ycnOBHH CTa6HnbHOCTH Cyll.leCTBOBaHHJI pe 3HCTHBHOrO COCTOJI· 

HHJI / 3TOMy BOIIpocy 6y,lleT IIOCBJill.leH Clleu;HanLHLiii: paJ,llen/. 

IIOCTAHOBKA 3KCIIEPHMEHTA H PE3YHbTATbl 

8 Ka'leCTBe o6pa3I.J;OB Mbl HCIIOflb30BanH IIOnOCKH <IJonLrH TOnll.IH· 

Hoii: 20-46 MKM H UIHpHHoii: '•1 MM, KOTopble a peJynLTaTe cunLHoii: 

XOflO,llHOH ,lle$opMai.J;HH /OT 5 ,llO 0,05 MM/ HMenH aHH30TpOIIHOe 

pacllpe,lleneHHe 110 06'beMy rpaHHI.J; ,llHCflOKai.J;HOHHbiX Jl'leeK, TaK 

'ITO KpHTH'IeCKHe TOKH llpH IIOBOpOTe llflOCKOCTH o6pa3u;a OTHOCHTenL

HO 11onJ1 HJMeHRnHCL a 15-20 pa3. )J.nR ocymecTBneHHJI xopoUiero 

TellnOBOrO KOHTaKTa C )I(H,llKHM renHeM 110 BCeii: IIOBepXHOCTH 

o6pa3u;a 11ocne,llHHii: IIOMemancJI a Clleu;HanLHLiii: ,llep)l(aTenL c rpe-

6eHKOH llpOBOnO'IHbiX llpH:lKHMHbiX IIOTeHu;HanbHbiX KOHTaKTOB. )J.ep

)l(aTenL C o6pa3I.J;OM KpeiiHnCJI BepTHKanLHO Me)l(,lly llepMeH,lllOpOBblMH 

IIOfllOCaMH CBepXIIpOBO,llJill.lero MarHHTa, H MOr BpamaTbCJI TaK, 'ITO 

llnocKocTL o6pa3u;a ycTaHaanuaanacL IIO.ll n106LIM yrnoM K Hallpaa

neHHIO MarHHTHoro IIOTIJI. 113MepeHHJI BAX llpOH3BO,llHnHCL llpH 

<!JuKcHpoaaHHLIX JHa'leHHJIX TeMIIepaTypbl /1,8+4,2 K/ H MarHHTHoro 

nonR IS. 60 K3/ ,llnR paJnH'IHblX yrnoa oT<i> K =O''.llo~ =9<f unu rrpH 

<iJHKCHpoaaHHblX T H ¢ B paJnH'IHblX rronJIX H. lionLUIHHCTBO H3Me

peHHii: C,llenaHO B CBepxTeKy'leM renHH. 
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.. 

Ha puc. 1 aocrrpoHJBe.lleHbl 3KcnepuMeHTanLHble BAX ,llnR O,llHo

ro H3 o6pa3I.J;OB TOllll.IHHOH 40 MKM, nonyqeHHble IIPH ¢~¢J,.C B03pac

TaHHeM nonJI OT 1 ,5 ,llO 60 K 3,KpHTB'IeCKBH TOK IIa,llaeT OT -- 1000 MA 
JlO -· 35 MA, a .llHcW>epeHu;HanLHoe collpOTHaneHue, ollpe,lleneHHoe 

no HaKnoHy HaqanLHoro nuHeii:Horo yqacTKa, B03pacTaeT rrpuMepHo 

rrporropu;BOHaflLHO flOnlO. KaK BH,llHO B3 pUC. 1, B IIOflJIX, MeHbUIHX 

40 K3, aepxHJIJI qacTL BAX OTKnoHReTCJI OT Ha'lanLHoro nuHeii:Horo 

y'laCTKa BHH3 /TaK Ha3blBaeMblH "aHOManLHblH B3rB6"/, a B 6onL

UIBX IIOnJIX BMeeT MeCTO HOpManLHOe OTKnOHeHBe BBepx. TaKoe 
/(j' 

IIOBe,lleHHe 6blnO IIO,llp06HO BCCne,llOBaHO H 06'bJICHeHO B pa60Te , , 

cornaCHO KOTOpoii: IIPH'IHHOH aHOManLHOrO B3rB6a JIBnJieTCJI HanH'IHe 

,llOCTaTO'IHO rny60KOrO MHHHMyMa Ha K'pHBOH P t (T) llf , cons t 

y CBepxllpOBO,llHHKOB BTOporo po,lla C BblCOKHM 3Ha'leHHeM K /7,8 

§ ~I 

I, A 

0 1 2. 3' '1 5 6 
Puc.1. BAX o6pa3!la IIIOAIIIUHOU 40 MKM npu pa3AU'IHbJX 3Ha<teHUJIX 

Mai?HUIIIHOZO noAJI. ¢=¢1 ,T=1,85 K. CnAOUJHbJe AUHUU- 3KcnepuMeH

IIIUAbHbJe BAX; UJmpux- nyHKIIIUpHble - 3KCIIIpanoAJI!lUJI Ha<taAbHozo 

AUHeUHOZO Y'IUCIIIKa; UJIIIpUX06ble - pac'lelll /CM. llleKCIII/. 

5 



B 6onLIUHX MarHHTHLIX IIOll.IIX MHHHMYM Hel.fe JaeT, H Ha BAX rrpH 

yoenHl.feHHH BHyTpeHHero rreperpeoa Ha6mo.JJ;aeTe.ll o6LI1.fHoe OTKno

HeHHe BBepx OT llHHeHHOrO yqaeTKa. 

Ha puc.· 2 rrpHBe.JJ;eHLI BAX, eHRTLie Ha TOM )l(e o6paJue rrpH 

paJHLIX yrnax ~'> BH.JJ;HO, 'ITO no Mepe yMeHLIUeHH.II yrna c'> eHnLHO 

BOJpaeTaeT KpHTHl.feeKHH TOK, a TaK)I(e yoenHl.fHBaeTe.ll BH.JJ;HMWH 

HaKnoH HaqanLHoro KBaJHllHHeii:Horo yqaeTKa. TaKoe rroBe.JJ;eHHe 

I 
/ .I 

~I 
I _~- Jt.l ff 

81 1\J/ I' f'l ;/ I 

17 5° 
1 

1~.5° 

0 1 2. 3 4 
I, A 

Puc.2. BAX npu pa3AU'IHbiX ¢.H =54 K3, T =1,85 K. 06pa3e1J 

U 0603HatteHUJI KpUBbiX me JICe, '11110 U Ha puc. 1; UJTIIpUX • nyHKTIIUpHble 
npJIMble npoeeoeHbl noo HUKAOHOM, COOT/IBeT/ICTIIBYIOIJIUM 0=·1-. 

' '~'.L 

6 

6wno XapaKTepHLIM .JJ;ll.ll pa3HLIX o6paJUOB B IUHpOKOM HHTepoane 

MarHHTHLIX rroneii: /eM. puc. 3/. 

no Mepe rrpH6nB)I(eHB.II K 0" =0" eKal.fKoo6paJHLiii: rrepexo.JJ; o 

HOpManLHOe eoeTO.IIHBe IIpOHeXO.JJ;Hll IIpH Bee 6onee HB3KHX 3Ha1.fe· 

HH.IIX BW.JJ;en.lleMOH B o6paJue MOJUHOeTH /eM. puc. 4/. 3To IIpHBO" 

.JJ;Hno K eoKpaJUeHHlO nHHeii:Horo yqaeTKa BAX. Hal.fHHaB e HeKOTOpLix 

yrnoB, eKal.fOK B03HHKan rrpaKTHl.feeKH epaJy rroene .JJ;OeTH)I(eHH.II IC. 

1,8 

1,0 1, ~ 

I 58 k:7 • {1,0 . 
"" 1, 1.~ 

::;: 

~ us 
~8 k3 ~1.0 ~ ..,. 

0 ....... 

0 
~ . 
"0 
~ 

0 1 r~·· · :: 

1.~ 

0. 
2.& k3 ·i1. 0 ~ \ \ -~ 

: \ \ 1.~ 

1~ 1<3 
-- i ·~1.0 

Ol ~~ =, = = I 
20 40 60 80 

¢, I'paA 

"0 

0:: 
"' "0 

0:: 

Puc.3. 3aBUCUMOCllb 0/11 yzAa KpUliU'IeCKUX IIOKOB U OIIHOUJeHUJI 
Rd /R d (¢ ..L ) ' zoe Rd- HQKAOH AUHeUHOZO Y'IUCIIIKa 3KcnepuMeH· 
IIUAbHOil BAX, RJ.0.L)- ourfo/JepeHIJUUAbHOe conpoiiUBAeHue e nepneH· 
ouKyA.!IPHOM noAe. 06pa3e1J liOAIJIUHOil 40 MKM, T=1,85 K. 
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3 

<» 

~ 2~ ..., 
.( • 

" . 0' 

1 

¢, rpaa 

0 20 ~0 60 80 
Puc.4. 3aaucuMOC1!1b 0111 yzAa ¢ nA0111HOC1!1U 1/lenAoaozo no1!1oKa, 
npu K01!10poii npOUCXOOU1!1 CKQ'IK006pa3HbiU nepexoo 6 HOpMaAbHOe 
coc111oJtHUe. T =1,85 K, H =54 K3. KpuaaJt 1 CHJt1!1a npu ypoaHe zeAu.ll 
Hac) o6pa3ijOM 15 CM, KpU6Q.II 2- 5 CM. 

OECY)[(,4EHHE PE3YJihTATOB 

1. 06 U3MeHeHuu BAX npu yMeHbWeHuu YZAa ¢ 

HraK, JKcnepuMeHT noKaJan, qro Ha6nroaaeMwe BAX HMenu 

aocTaToqHo aDHHHble KBBJHDHHeHHbie yqacTKH, HBKDOH KOTOPWX 

JaMeTHO BOJpacran c pocTOM .i c npH ¢ -·0 
11

• Cneaoaano BhiHCHHTh, 

MO)I(HO DH 06'bHCHHTb B03p&CTBHHe HBKDOHa TODbKO neperpeBOM 

o6paJI.{a. )l;rrH JToro HaMH c noMOIQbiO 3BM 6wrrH paccquraHw BAX 

arrH paJHWX yrnoa B npeanorro)l(eHHH, _qro aucW»epeHI.{HarrbHoe conpo

THBneuue HeneperpeaaeMoro lr.e. 6ecKoHeqHo TOHKorol o6paJI.{a 

He MeHHeTCH C pOCTOM jc .B 3TOM crryqae COBnaaeHHe 3KCnepHMeH

TBDbHblX H pacqeTHbiX BAX arrH o6p&Jl{OB KOHeqHOH TOITIQHHW 

8 

·.) 
'"\ 

f 

·} 
) 

KocseHHo aoKaJwsano 6w cnpaneanusocrb caenaHHoro npeanono
)l(eHHH. 

llpu pacqere paccMarpusanacb TODhKO o6naCTb DHHeBHOH Ja

BHCHMOCTH ~: ()ol B BRae 121, rae T- TeMnepaTypa, B HeKOTOpOH 

TOqKe o6p&Jl{a, HMeiOwero TODillHHY GX0, WHpHHy a H paCCTOHHHe 

Me)l(ay noTeHI.{HBDbHWMH KOHTBKTBMH b TaK KBK B H&WeM cnyqae 

2x0 <<a, To pacnpeaeneHHe TeMneparypw no ronwHHe aaercH pewe

HHeM OaHoMepHoro ypaBHeHHH TennonpOBOaHOCTH 

v2 T + w/K ~0 

C rpaHHqJibiM YCDOBHeM 

T(x 0 )-Th l\T
8 

R fl q 
K 

/3/ 

141 

rae W (X)·· E j (x) - MOIQHOCTb, BhiaerrHIOIQB.IICH B eaHHHI.{e o61oe

Ma, K .Kl T(x)] - rennonpoaoaHOCTh, Th- TeMneparypa renueaoH: 

BBHHW, q ~ Ul l2ab - nDOTHOCTb Tennoaoro nOTOKa qepeJ WHpo

KYIO noaepXHOCTb o6p&Jl{a, X - paCCTOHHHe OT l{eHTpa o6p&31.{8, 
RII 

K - rennoconporuaneHHe arrH Hell. 

KaK cneayer HJ ypaaHeHHH MaKcaenna, B cTal{HOHapHoM cnyqae 

E ( x) ~·canst PeweHHe ypaaHeHHH 131 npoaoaunocb MeroaoM urepa

l{HB. B peJyrrhrare anH Ka)l(aoro JaaaHHoro JHaqeHHH U ~ b • E 

HBXOaHrrH pacnpeaerreHHe no TOITIQHHe nrrOTHOCTH TpaHCnOpTHOrO 

ToKa 1~ 0 yqeroM Bbipa)l(eHHH 1211 H aanee Ipac4eT ~- 2x 0 a< j' .c 

=4x 0a 0 ] j(x)d x TaKHM o6paJoM 6wno norryqeHo no 10-15 roqeK 
Ka)l(aoH: HJ pacqeTHhiX BAX. · 

llpH pacqeye HCnOITb30BBITH BerrHqHHY R 1~.KOTOpyiO onpeaerrHrrH 

arrH aaHHoH: Tb HJ ycnoBHH, qro6bi pacqerHwe BAX anH paJHhiX 

H npH ¢ = d>.L lr.e. ami crryqaH, Koraa He rpe6yercH npHBrreKaTb 

runoreJy o HeJaBHCHMOCTH Pr or ic I coanaaanu c JKcnepHMeH

ranhHWMH. TaK, HanpHMep, anH Tb =1 ,85 K 6wno onpeaerreHo 
II 2 

RK =1,1 zpao.cM '/B111, qro rre)I(HT B npeaenax HJMepeHHhiX JKcne-

PHMeHTarrhHO JHaqeHHH. Berruquaa rennonpoaoaHoCTH cymecraeH

HO He BITHJIITB Ha peJyrrbTBT, T.K. aa)l(e arrH CBMWX TOITCTbiX HBWHX 

06p&3l{OB B OKpy)l(eHHH CBepxTeKyqero rerrHH onpeaerrHIOIQHM OKa-

3WB&eTCH cKaqoK Ha rpaHHI.{e. Pacqerw 6;wnu caenaaw c ucnorrb

JOB&HHeM KpHBoH: K('f), HJMepeaaoB: anH rrHToro Nb- Zr o6paJI.{a, 

6rrH3KOrO no COCT&By K H3MepHBWHMCH B aaHHOH pa6oTe. Tenrro

npOBOaHOCTb B HHTepaarre 2 + 4 K MeHHrracb Me)l(ay 2,5 
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H 3,5 MBm/cM.zpao. j d (T) H p f ( T) ,n;m1 ,n;aHHoro o6paJua HJMe-

pBnHCb 3KC11epHMeHTanbHO. 

IlpHMep pac'leTHbiX rrpo4JHneii: T(x) H j(x) rrpHoe,n;eH Ha puc. 5, 

a pac'leTHble BAX ,n;aHbl Ha puc. 1 H 2 wTpHXOBbiMB nHHHBMH. 

PacXO)I(,D;eHHe Me)l(,ll;y pac'leTHbiMH H 3KcrrepBMeHTanbHbiMB 3Haqe

HHBMH TpaHCIIOpTHOrO TOKa, He06XO,ll;H,MOrO ,D;nR IIOJIBneHBB 3a,D;aH

HOrO U, He rrpeoblwaeT 4~. IIo-nB,n;HMOMy, B HaweM cnyqae MO)I(HO 

~ 

-xo 

• 
-~0 -20 

10 

C\l 

::1 
u 
'-
<t: 

"" 0 

>< 
'-' 

7,3 

7.1 

6,7 

I 

3,0 

i 2.~ I 
E-< 

18 I 
I +X 

• 
0 

" 
E-< 
~-t-

VJ 

E-< 
<J 

Puc.5. Pact~emHble npo(JuAu 

meMnepamypbl u nAomHocmu 

mpaHcnopmHozo moKa.Tb=1,85K 

H=54 K3, cp =17,5°, U =25MB. 

*T& 

0 20 40 
X, MKM 

yToep)l(,n;aTb, 'ITO a rrpe,n;enax 3Toii: owH6KH crrpaoe,n;nHBa rHrroTe3a 

0 He3aBHCHMOCTH f! l' OT jc HnH OT CHnbl IIHHHHHra, llpH H3MeHeHHH 

rrocne,n;Heii: OT ManbiX 3Ha'leHHii: .no - 5·10 7 OUH/CMJ /,n;nR Til= 
=1,85 K/. 

2. 0 CIW'IK006pa3HOM nepexooe 6 HOpMaAbHOe COCTIIO.JIHUe 

Pe3Koe ooJpacTaHHe HarrpB)I(eHHB Ha o6paJue rrpH Me,n;neHHOM 

yoenH'IeHHH TOKa MO)I(eT 6b1Tb CDR JaHO C ,D;BYMJI paJnH'IHbiMH 

rrpH'IHHaMH. Bo-rrepBbiX, ecnH ,n;ocTHraeTCB rrpe,n;enLHaB aenH'IHHa 

ITnOTHOCTH TeiTnOBOro ITOTOKa OT 06paJua K. )I(H,D;KOMy renHIO q , 
max 

TO CKa'IOK HaiTpB)I(eHHB 06ycnOBnHBaeTCB rrpOCTO CHnbHbiM rreperpe-

BOM o6paJua. XapaKTepHLie aenH'IHHbi - q max (2K) rrops,n;Ka 

10 B111/cM
2 q max /4,2!Y' rrops,n;Ka 1 BTII/CM~Bo-BTOpbiX, ecnH 

qck.'. q max • TO CKa'IOK B03HHKaeT H3- 3a HapyWeHHB ycno-

BHii ycTOH'IHBOCTH 
19 -·11 )J;ns Haumx o6paJuoo /TonwHHa . 46 M KM, 

j c ,· 10
4
A/cM

2 I cywecTBeHHbiM sanseTcB HapyweHHe ycT~H'IHBOCTH, 
CBBJaHHOe C OTBO,D;OM Terrna B )I(H,D;KHH renHH I 11/. 

B oT nH'IHe oT pa6oTLI1 11,1Mhi rrony'IHnH ycnonHe ycTOH'IHBOCTH 

,n;ns HarrpB)I(eHHii, cooTBeTCTBYIOIUHX nHHeii:HoMy yqacTKy BAX. 

)J,o BOJHHKHOBeHHJI CKa'IKa HarrpB)I(eHHB CITpaBe,D;nHBO COOTHOIIIeHHe; 

q c x0E j. 
/5/ 

HapyllleHHe Terrnoaoro paBHooecHB /5/ rrpoHcxo,n;HT B TOM cnyqae, 

KOr,D;a B03pacTaHHe ,ll;HCCHITHpOBaHHOH MOJUHOCTH, o6ycnoBneHHOe 

6eCKOHe'IHO Manb!M pOCTOM TeMITepaTyphl o6paJua, OKa3b!BaeTCB 

6onbllle B03pacTaHHB Terrnorrepe,n;a'IH: Tor,n;a ycnonHe ycTOH'IHBOCTH 

JaiTHIIIeTCJI B BH,D;e; 

dq rJ T: 
. T= 1'

5 

a ( x0 j E ) . ·aT . /6/ 

B o6nacTH nHHeii:Hoii: 'laCTH BAX E MeHBeTcB B cooTBeTCTBHH 

c /2/; ,n;nJI coepxreKy'lero renHB q ~ \ T, -Th )1 R 1~ IIo,n;crannHB 

B /6/ 3TH Bblpa)l(eHHB B 6epll paBeHCTBO, Haii:,n;eM /rrpH Ja,n;aHHOM 

H H 'I\,/: 

qck ~ Pr (tlpr 'tiT)-1 (1/R~ + XoPr jck ajd /tiT) /7/ 
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-j (T) 
06bi'IHO jct<T)!H - JIHHeiiHaJI tPYHK~HJI, II03TOMY ajd/aT=-Tc(H)-T' 
r.ne TcfH)- TeMrrepaTypa rrepexo.na o6pa3~a B Ja,naHHOM none H. 

B cnyqae MaJihiX j d cK-a'loK orrpe.nenJieTcJI rrepBhiM 'IJieHoM B 17 I: 

qck I j -> 0 
d 

• II -1 
= q~k =pr (RKaPr /aT) 181 

flpH IIOBbiWeHHH .ict BCe 6oJiee CyweCTBeHHbiM CTaHOBHTCJI BKJia,D; 

BToporo I oTpH~a TeJILHorol qneua B 17 I, TaK 'ITO q <:k , 0 rrpu 

j~k .. vi(Te(H)--T)/pr R~xo 191 

IJ,necb IIpHHJITO, 'ITO IIpH MaJibiX HaiipJI)I(eHHJIX jck - j d 1. 
B Ka'leCTBe IIpHMepa B ma611. J IIpHBe,D;eHbl a6COJIIOTHble BeJIH· 

'IHHbl, IIOJiy'leHHhie ,D;JIJI O,D;HOrO H3 o6pa3UOB. 

Ta611uija 

CpauHeHHe 3KcnepHMeHTaJihHhiX H pacqeTHbiX 3Hal.feHHH q ;. k 

H j , II pH T = 1 ,85 K ,D;JIJI o6pa3ua TOJIIUHHOH 40 M KM. 
(' h 

H,K3 . .; 
(jrk BT/cM2 j~k , 104 A/ cM2 

~Kcnep~~tM pac4eT 3Kcnep~~tM. pac4eT 

14 3,2 4,1 2,7 2,0 

54 2,6 3,6 1 '1 1 '1 I 

Ha pUC. 6 IlpHBe,D;eHa B OTHOCHTeJihHhlX e.D;HHHUaX 3aBHCHMOCTh 

MOIUHOCTH CKaqKa OT IIJIOTHOCTH KpHTH'IeCKOrO TOKa ,D;JIJI HeCKOJlhKHX 

o6pa3~0B. TaM )l(e crrnowHoii: KPHBOH - pacqeT no tlJopMyJiaM 

17-91. 

113 3TOrO pHCYHKa H Ta6JIHUbl BH,D;HO ,D;OCTaTO'IHO xopowee COBna

,neHHe 3KCIIepHMeHTa C pacqeTOM. 
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1,0 

"" 0 " . 0' 
· .. 
"" '-' . 0' 

0,5 

0 0,5 1, 0 
. ;. 0 

J c / J c 

Puc.6. 3aeucu.Mocmb qck om Kpumu'lec.:Kozo moKa 011.11 pa311U'IHbiX 
o6pa3ij06. Cn11owHa.R IIUHUJI coomeemcmeyem pac'lemy no rjJopMylle 
/7/. 

3AKJI/O lfEHHE 

TaKHM o6pa3oM, B pe3yJihTaTe rrpoue,neHHoro uccne,noBaHHll 

BAX TOHKHX XOJIO,D;HO,netlJopMHpOBaHHhlX JieHT H3 HH06HJI C 60JihWHM 

CO,nep)l(aHHeM UHPKOHHll MO)I(HO C,D;eJia Th CJie,nyiOwHe Bh!BO,D;hl. 

1. flpH YMeHhWeHHH yrna Me)I(,D;y BeKTOpOM MarHHTHOrO IIOJIJI 

H rrnocKoCThiO o6pa3ua B03pacTaeT KpHTH'IeCKHH TOK, a Ha BAX 

IIpO,D;OJI)I(aeT Ha6JIIO.D;a ThCll ,JJ;OCTa TO'IHO ,JJ;JIHHHhiH KBa3HJIHHeHHhiH 

yqaCTOK, HaKJIOH KOTOporo 3aMeTHO IIOBh!WaeTCll. flOCJie,nHee 06'bJIC· 

HlleTcll HHTerpaJihHbiM rreperpeBOM o6pa3ua. BAX, pacc'IHTaHHble 

C Y'leTOM IIeperpeBa H rHIIOTe3bl 0 He3aBHCHMOCTH Pr OT KpHTH'IeC

Koro TOKa, xopowo cornacyiOTCll c 3KcrrepuMeHTOM. Crrpaue,nJIHBOCTh 

YKa3aHHOH rHIIOTe3hl IIpOBepeHa IIpH H3MeHeHHH CHJibl IIHHHHHra OT 

Manoii BeJIH'IHHhi BIIJIOTh .no 5·107 ouH/cM 3 /rrpu T =I ,85 Kl. 
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2. Y'leT HHTerpanbuoro neperpeaa o6pa3u;a noJBOJilleT o6'bHc

HHTb TaK)Ke H HeKoTopbie .npyrue oco6euuocTH noae.neHHJI BAX, 

uanpHMep, HOpMaJibHble H aHOpMaJibHble OTKJIOHeHHll OT npJIMOH, 

liBJillfOII.J;eii:cl! 3KCTpanonllu;Heii ua'laJibHOro nuueii:uoro yqacTKa. 

3. PaccMoTpeua npo6neMa ycTOH'IHBOCTH pe3HCTHBHoro cocTo

liHHll, cBH3aHHall c Tennorrepe.na'leii K )KH,li;KOMY reJIHfO. Tionyqeubl 

Bbipa)KeHHll ,li;Jlll MOII.J;HOCTH, COOTBeTCTBYfOII.J;eH CKa'IK006pa3HOMy 

nepeXO,IJ;y B HOpMaJibHOe COCTOliHHe, KOTOphle ,li;OCTaTO'IHO XOPOWO 

coana.na10T c 3KcnepHMeHTOM. 

ABTOpbl Bb!pa)KalOT 6naro.napHOCTb JI.B.lleTpOBOH 3a ITOMOII.J;b 

npH H3MepeHHliX. 
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