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I.BBFJJEHHE 

npH HsyqeHBB ~.eH'1'anLBHX BOnpOCOB TeOpHB ~SO~ nepeXO~OB 

60nLmoe SBa~eBBe HMeeT ~eT8~BHI aHa~S BSaHMOOTHOmeHHH Me~ pas­
MepHOC'l'LIl ClIc'l'ellH B XapaR'1'epOIl 1lI0PJl,ltO~eHIDl. C oc06eHHIiM BHmlBHHeM 
8'l'0'1' BOnpoC paCCM8'l'pHBaeTCH as Rn&ccxqeCRol Mo~egw ~YMepHol peme~­

RI 0606~eHBHX CUllHOB, ~ORa~90BaBHHX B o~ol n~OCROC'1'H ( 2~-XY ­
MO~eJIL) • 

B ~YMepHHX CHCTeMaX (TOHRHe n~eHRH, n~eH~ CBepXTexyqel ~­
ROC'l'H, n~aHapHYe MarHeTBRII H ~.) npH Bcex 'l'eMUepa'l'1P8X T> O HeBOS­
MOMBO cnOHTaHHoe ynop~o~eHHe c BOSHHRHOBeHHeM ~~LHero nO~8 

oossaoro THIIa (l!IO. 
EMeCTe c TêM, KOCTep~TUeM H Ta1~ecoM!I/ 6H~ npe~CRasaH SOBRA 

~sOBHI nepexo~ THIIa nOp.H,ltOR - 6ecnop~OR, CBHsaHHHI c 1CTaHOB~eHH­
eM RBaSII- H~ 'l'onO~O~eCRorO'~Hero nop~a (TnD). TaRol nepexo~ 

(K.-T.) xapaRTepHsyeTCR B ~YMepHol pemeTRe CllHHOB HSMeHeBBeM CDBH­
CDBHOBOI Roppe~OHHol ~xnBH npH ROHe~Hol TeMnepaY,ype TR'l' 0'1' 8R­
cnOHeBnH8XDaol R CTeneHHol S8BRCHMOC'l'H O! paCC'l'OHHHa r 

<sel""')' '5(o):> exp [-r / ~ (T)] opu T:;> T KT (Ia)"-J. 

« 5 (r--). 5 (or> rv ,... - '2 (T ) npa T < T KT, (IB) 

npa~eM MIDia Roppe.mnvm: ~ (T) .... S . exp [ B/(T - T KT)] 
1/2 

onpe~eAReT paSMep ~'l'YanHH B BHCOROTeMUepaTYPHol ~se, a RpHTHqeC­
Kd ~ap8lle!p rz (T) - CIIJr'j B3BlD10,neftcTBJitfI npH T < TR'l" 5 ~ napa­
MeTp pemeTRB 0606meHHHX CIDIHOB HJD!I pa3Mep HJUl8 BHX.PJ1. 3JIeMeHTapHH­
MH Bos6Y1UeBB.R:MH cmmoBol cBC'l'eldi JlBJIRI)'l'CR n8pll CBH3aBBllX BHXpeB!lX 
CTPYK'l'YP npOTRBOnOJIOJKH~ro SHaRa. llPK scex TeMIlepaT1pax T :> O 
RO~eH'l'pmnm 'l'aRllX xsaaaxaceau OTJIJrIlIHa 0'1' HYJlJl, ~TO 11 npoo,IUI'l' R 
Hapymemm .DlI npa cozpaaeaaa T)ll1. 

KplI'l'B'leCRoe' IfOBe~eHHa BHSB8ao TeM, ~TO npa T > TR'l' nOJlBJleHH8 
cB060mua BHXpel c'l'aBOBHTCJI 8HepreTneClO! BlirO.ItHIiM~ CB060)UUle BHXPH 
paspymallT ~aKe TlUI 11 cTKMYJIJlpyI>'l' ,D;BcCoIUlarom casaaaasx nap, 3'1'0 03­
Ba~aeT Ra~eCTBeHHoa H3MeHeHHe O'l'R~Ra Bcel CBCTeMli sa BBemHBe napa­
lIe'1'pll nPH T = TR'l" conpOBoz.naeJlOe aHOM8JIDHHMII 8iIÇeR'l'aD. 

Teope'l'neCRJI 61lJIO nOR8saBO, ~'l'0 TaRaR Mo~e~ MOZe'l 611'lL npIDIe- ., 
HHMa ~ onxcaHBH.~swqecKBX CBoIC'l'B TOHRHX CBepxnpOBO~ n~eHOR 

11 n~ocRol ce'l'RB CJIa60CBJI3aHHHX CBepxnpOBO~ 8~elleB'l'OB 2/. 
!o HaC'l'O~ero BpeMeBB 60~C'I'BO 3RcnepEMeB'l'B~HHX pa6o'l' npo­

Be~eHO B8 'l'O..-x BHcoRopeSHC~HBBYX n~eHRax, ROTopHe paCCM8'l'pKB8nxCL 
8S8Jlorxqao 8~eRTpoHeITpa~Hol nxeHKe cBepxTeKyqel ~OC'l'H. ORasa­
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~OCb, O~aRO. ~TO aTOT 8RCnepKMeHTa~b~ no~o~ cymecTBeHHO YC~OMHR­
eTCH He~OCTaTo~Hoft O~OpO~OCTbID o6paSnOB R ne~ p~OM ~yrHX npo6­
~eM npR me RSrOTOBJIeHIDI R npOBe~emm HSMepemrl1'. 

npyraH cepRH 8RCnepHMeHTa~bHHX pa60T npOBe~eHa Ha 60~billHX pery­
JIHpHHX 2n-nOCTpOeHRHX C~60CBHsaHHHX CBepxnpOBO~ 8~eMeHTOB, ~TO 

nOSBOAaeT Hs~eHRe npo6~e~ B BapMaHTe ~{CRpeTHOn pemeTKz/3-5/. 
XapaRTepHO~ oco6eHHOCTbID peSHCTRBHoro nOBe~eHRH TaRKX CTPYKTYP 

HBAHeTCH ~BYXCTyne~aTuH nepexo~ B CBepxnpOBo~ee CocTOHHRe. llpR 
no~eHHH TeMllepaTYPU cHa~a~a Ha6~~aeTCH CRa~OK COnpOTRBneHHH npz­
MepHO Ha 20 •.• 7[J'/o OT SHa~eHIDI B HOpMBJll>HOM COCTOHHlm, cooTBeTcTBYIO­
mK! nepexo~ OCTpOBOB B cBepxnpoBO~mee COCTOHHHe. na~bHelmee n~aBHoe 

YMeHbmeHHe conpOTRBJIeHHR B ~OBo~bHomHpOROM HHTepBa~e TeMnepaTYP 
06YC~OBJIeHO npOHBJIeHHeM 8~eRTa 6JIMSOCTH. IToc~e~mHi oROH~aTeRDHHI 

CRa~OR conpoTRB~eHKR ~o HYJIH BO Bcex ~THX pa60Tax ~eHTH~HUHPyeTcH 

KaK ~SOBHt nepexo~ K.-T. 
TIo~o6Horo po~a ~BOftHOi ·nepexo~, HO Ha TeMTIepaTYPHoK SaBRCHMOCTH 

nepeMeHHol MarHRTHon BocnpHHMNRBoCTR, 6u~ 06Hap~eH npH Hcc~e~OBaHKK 

ROMn03HTHOro Me~o~clIepcHoro csepxnpoaonsner-o nposona HS NbTi B 
Me~Hol MaTPxue/6/ . . 

B CBeTe BumeYKaSaHHHX np06~eM TaRRe ROMTIOSRTHHe CBepxnpOBO~RRH 
npe~CTaBnamT c0601 BecbMa HHTepeCHue MO~eJIbHUe MaTepHaRH. Hx ce~eHHe 

~ aTO ~YMep~oe nOCTpoeHHe ~epe~IDmKXCR CBepxnpOBo~ero H HOpMaJIbHO­
ro MeTaJI~OB, ~eHTHqHOe pery~pHol nJIocKoA pemeTKe S - N - 5 
nepeXO~OB. ITOMRMO HX OTHOCHTeJIbHO JIerROrO RSrOTOBJIeHRH (Rcno~bsyeTcH 
BunycKaeMHI npOMHillJIeHHOCTbID TeXHKqecKHi MaTepHa~},TaKZe 06pasnH OT­
~aI)TCH coaepaeaaoã CTPYKTYPHOi O~OpO,nHOC'l'bK> B~OJIb 'OCR Z , nep­
ne~~KYJIHpHOI R ~YMepHOMY ce~eHHID B nJIOCKOCTH XY. TeM caMHM HCK~ 

~aeTCR BJIHmme pasHHX TRnOB RpaeBUX aqxpeI<TOB, TpY~HO ROHTpOJIHpyemx 
B nAeHO~HHX nOCTpoeHRHX. C ~yrol CTOPOHH. npaKTKqeCKH HCnOJIbsyeMHe 
TO~HH no~06HHx 06pa3~OB COCTaBJIHIDT ~ 0.1 MM, ~TO 3Ha~TeXbHO npe­
BHIDaeT ~Y RorepeHTHocTH B HOpMaJIbHOM MeTa~e. C~e~oBaTe~bHo, Ta­
RHe RBaSH,IJ;BYMepHlle caepxnpoaonsana MOlltRO ClI:KTaTb TpeXMepHHMH no­
CTpOeID!.fIMH (c CR~bHOI aImSOTponHeJt 3HeprHH CBHSH B~O~b OCR Z ), 
3RCnepHMeHTaJll>HOe Hs~eHHe ROTOpHX HB~eTCR Rpa.He aRTya~bHol s~a­

~el. 

'llepBlle rrpHMHe HSMepeHRH rrorrepe~oro COnpOTKBJIeHHR B ROMOOSHTHOM' 
~	 Me~o~cnepCHOM CBepXnpOBO,nHHRe 6HJIH npOBe~eHH Ha 06p,asue, COCTOHB­

meM H3 60JIlillloro ~Hc~a NbTi HHTel li Me.IUIol MBTPm:o/7- 9/ . Bnocasn­
CTBHH 6u~o YCTaHOBJIeHO, ~TO nonepe~Hoe COnpOTHBJIeHHe n Bocnp~­
BOCTb B rrapa~e~bHOM HHTHM MarHRTHOM rro~e MeHHIDTCR c TeMnepaTypol 
rrO;Uo6HHM 06paSOM 06Hap~BaR ~YXCTyrreH~aTujt rrepexo;u B CBepxnpOBO­

f~ee COCTOHHHe/ 0/. 

2 

B ~aHHol pa60Te npe~CTaB~eHB peSYADTaTH no~po6Horo HCCJIe~OBaHRff 

pe~HCTHBHoro nOBe~eHHH Taxoro ROMnOSHTHOro CBepXnpOBO,nHHRa npH npo­
nyCRaHHH TORa neprrett~Ry~pHO CBepxnpOBO~ HHTHM. Ha OCHOBe HOBHX 
3RCrrepHMeHTa~bHHx ;UaHHHx ~aeTCH aHa~s RpRTHqeCKOrO nOBe~eHKH CHCTe­
m B6RHSH HlIaROTeMnepaTYPHoro nepexo~a. 

2.	 H3MEPEHIDI H PE3YJThTATll 

HaMepRBillHeCH 06paanH HarOTaB~BaJIMCbHS TeXHKqeCROrO ROMn03HT­
Horo cBepxnpoBO~lIKa. Hcxo~ npOBO;U ~aMeTpoM 1 MM COCTOfiJI H3 
1045 HHTel NbTi (HT-50) li Me,1tHol MaTpHIni R 1IMe~ R03cI$mHeHT sanoa­
HeHKH 0,45 B neHTpa~Hol ~aCTH. Ce~eHRe npoBo;ua rrpe~CTaBJIHnO c0601 
R~acTepHYK> cHcTeMY. B R~acTepe 19 cBepxrrpoBo~ HHTel ~aMeTpOM 

-20 MKM Ka1t,D;aH, paCCTOHIme MeW- coce,1tHKMH lIHT.fDI.1:K BnyTpR KJIaCTepa ­
nop~Ka 3-~ MRM, Me1t,IJY coce,IUmMH: KJIaCTepaMl1 - nopansa 20 MKM. KycOR 
TaKoro rrpoBo~a m~~Ba~cH c ~yx CTOpOH B npo~OJIbHOM HarrpaB~eHKH 

~o	 n~ocRonapa~e~bHHX rroBepxHocTel, aaTeM BUpeaa~CH 06paaen B BH;Ile 
ysKoro 6PycRa nonepex nposona, Oopaaus HMeJIH B ~ .-.J 0,9 UM 11 ce­
~eHlIe - O,5xO,2 ~. B 06~eMe o6paaua nOMema~OCb npHMepHO 15 RJIBC­
TepOB H COOTBeTCTBeHHO ORO~O 300 cBepxnpoBo~ HHTel. 

3a)IyEeHHHe Me~e npoDo~o~KK. KOT9pHe cJIYEH~ TOROBHMH li nOTeH­
IUIa~bHHMH BBo,naMll, npllInaHBaJIJlCb K TOpnaM o6paaua TaRllM oespaaoM, ~To­

6H	 H3MepRTe~HH! TOR rrpoTeKa~ nepneH~KYRHpHO cBepxnpoBo~ HHTHM. 
OCHoBHHe peaYXDTaTH no~eHH rrpH TeMITepaTypax HKEe cBepxnpoBo~ero 

nepexo~a npHnoH, ~TO nOSBO~O He ~eAaTb norrpaBoK Ha conpoTHB~eHHe 

npxnoH. HanpHMeHHe c 06paana no~aBa~OCb Ha HaHoBo~bTMeTp TRna P-341 
1lI perHcTpHpoBa~ocb c nOMOmbl) nHwpOrre~aTH. CHHXpOHHO aaITHCHBaAH HaMe­
pHTeJll>HHi TOR li TeMIlepaTypy. Hanpaxeaae MewtJIOC1:l OT HYRH no .v0, ?MKB 
R perucTpHpoBaAOCb C TO~HOCTbl) ± 3 HB. 3TO cooTBeTçTBoBaAo H3MepH­
Te~HoMY TORY OT O ~o ~ 500 MA. ROTOpul perHcTpHpoBa~cH c TO~OCTbD 

± 0,1 MA. Bó~bTaMIIepHaH xapaRTepHcTHRa (BAX) o6paana CHHM8JIBCb no 
TO~RaM B OTCYTcTBHe BHemHero MarHHTHOro rro~ npH ~RcHpoBaHHHX 3Ha­
~eHHRX TeMnepaTYpu. ~ HCK~eHHH BJIRRHHH TepM03~C HaMepeHHH npoBo­
~RXCD npH ~BYX HanpaB~eHHHX TORa. TeMITepaTypa MeHXABcb B HHTepBa~e 

OT 15 K.no 1,5 K H no~e~a~aCb nOCTGaHHOI c TO~HOCTbD ~0,OO1 K. 
Ha pHC. 1 npHBe~eHH rrpHMepH 3KcnepHMeHTa~bHHX BAX ~ O,1tHoro 

Ha o6pasuoB. TeMnep8Typa cBepxnpoBo;uHmero nepexo~a HBo6HI-THTaHoBYX 
HHTel T = 9,5 K. ITo Mepe rrOHmteHIDI TeMllepaTYPll MeHJleTCH BH~cs 
BOADTaMIlepHHX xapaRTepHCTHR: OHH nepecTaDT 6llTb npHMo~elHHMH H 
06HapYKHBaDT H8JIKqHe RpHT~eCKoro TORa. Ha pRC. 2 rrpe~cTaB~eHH TeM­
nepaTJPHRe aaBHCHMOCTR rrorrepe~oro conpoTHBJIeHHH HHEe ;IlAH psa­Tc s 
HHX 3Ha~eHHI n~OTHOCTH HaMepHTe~bHoro TORa. ~O, ~TO c nOBYmeHEeM 
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PRC. I. llitCnepHMeHTa~HHe BAr oópa9ua: I) 11,5 K; 
2) 7, I K; 3) 5,7 R; 4,2 K; 5) 3,0 R; 
6) 2,0 R: 7) 1,5 K. 

PRC. 2. SaBHCKMOCTh norre­
pesaoro COrrpOTHBJIemm 0'1' 

~,o TeMIJepaTypH 1I.JIH. pasHHXc 
TOKOBo::: 

<, • oõpasen li I, j =: 120' A/cJex + o6paseu 163, = -"­
0,5 )(- " - 40 A/crl­

0- " - 16 A/crl­
.6 - " 320 A/cwf 

( 

o	 2 4 6 8 10
 
T,K
 

n~OTHOCTH TORa mxpBH8 HK~Hero nepexo~a YBe~BaeTCH, a 
npx } = 3,2.102 A/cu2 OH Bo06me HCqeSaeT. 
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PRC. 3. S8BHCKMOCTD conpOTHB~eHHH 06pa3ua R = -r ­
0'1' K3MepHTeRbHOrO TORa ~~ pa3HHX TeMnepaTyp.I) 7,1 K; 
2) 5,7 K; 3) 4,5 K; 4) 3,5 R; 5) 2,5 R; 
6) 2,0 K; 7) 1,7 K; 8) 1,5 R. 

OTCYTCTBHe Ha BAX npHMO~elHOro yqacTKa, BYXo~ero H9 
Ha~ana ROOPnHH8T, Be~e'1' R TOMY, ~'1'O corrpOTKB~eHHe 06pa3U8, onpe~e­
neHHoe RaR R =1t---, CTaHOBHTCH IDYHKUKel He TO~DKO TeMnepaTYpY, 
HO H H3MeplITeJIhHOrO TORa. KaR BH,IOlO H3 pRC. 3, aTO conpOTHB~eHIle 

pacrer c YBeJllItieJ:meM TORa. XapaXTep 3aBHClmOCTH R (I ]j{3M~ 1I3Me­
HHe'l'CH no Mepe nOHJDteHIDr TeMllepa'l'Ypw. JJ.;IH caMUX HH3KHX TeMnepaTYP 
H3Mepemm R ( IH3M ) cTaHOBHTC.lI JlHHe'Hol. 3KC'1'P.anQJI.a:UKH KpW31iX K 

R =: O ~aeT 3Ha~eHKe XpHTKqeCROrO TORa I ~KC~., Koropoe B npe~e~x 
oW1l6n 113Mepemm oosnazaee c onpe~eJIeHHHM 113 BAX npaU - O. 

Ha pHC. 4 3KCnepKMeHTanhHHe BAX npe~CTaBJIeHH B ~OIHOM norapH~ 

MIflIeCROM MBCillTa6e. BR,mi0, tITO .nmt acex TeMnepaTYP MOJKHO BH,neJIllITL 
npRMOJDi!Hellml yqacToK, xopomo oIIH:cwBaewl COOTHOmeHH:eM U -: I o<.(T) ,

H9M. 
r~e cJ.,.. (T) ~ 1. O,IUI8RO, B OTJIB"IHe 0'1' ~mCnepHMeHTOB c nJIeHOtOmMH 
06pasnaYH, Bo-nepBHX,

f 
B 06JIBCTH HB9KllX TOROB Ha6~~aeTcK OTRJIOHeHHe 

9RCnepHMeHTa~HHx To~eH B CTOPOHY YBe~eHHH HaR~OHa ~~ (~~ 
Cp8BHeHKH CM., HanPRMep,/4/). Bo-BTopHX, B 06~cTH 60~uTõKoB,KaK 
npaBHJIO, MOBHO BH)(eJIBTI> BTOpol JDiIHelHHl yqacToK c 6o~ee HlI3KHM 9Ha­
~e!DleJl cÁ-	 • 

3.0ECYJ.lJ.ElOOi PE3YJThTATOB 
3.1. Onpe~eJIeHHe KpHTHtIeCROrO Toxa 
rrpeAU~oERM,~TO OCHOBHHe CBO~CTBa Hamero o6pa3~a CBH3aHU c aro 

.IU3YMapHoA CHMM8Tpza1t. Tor.n;a IDI4eaM llJIaHapHYID ceTKY cBapxnpoBo,IU!IIU1X OC'1'­
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PHC. 4. SRCnepHMeHTaJffiHIie BAX B l1Boit­

HOM norapH~ecRoM MScmTaCie
 
I) 7,1 R; 2) 5,7 R; 3) 4,2 R;
 
4) 3,0 R; ?) 2,0 K; 6) 1,5 K.
~~ld.~·I~~f: 

1/ 1 
/.

" 2 I' 
~ 3 I:~ I 

( 4 :1: r POBOB, BSaKMO,neICTB:mi .apyr C llJff­
I. ., /. 

rOM C aHeprzel CBnSH 11( ... : t : 
S	 '6 

E =- E!'t. (T) cos 6 Lf (2a) 
<1 ~J2, 

0,1 10 
20 50 100 ;DO soo 

!UJM., mA	 r,ne.ó li 1,2 - paSHOCT:& qes napaaee­
pa nop~a ;nB1X OCTpOBOB. TaRol ROH­
TaRT xapaRTe~H8yeTcH CBepXTeRyqIM
TOROr/II,I2/ 

i = i, (T) sin Ólf>1,2, (2B) 

rne i, (T) = 2 e [1 (T) /n 
HBXffeTCH RpHT~eCRKM TOROM npH OTCyTCTBHH Ten~OBHX ~TyaUHI/I3/. 

B6mISH Tcs RPRTHlIeCK:PI' TOR xepea 5 - N - S ROHTaRT roa­
mHHH d c~e~eT SaBHCKMOCTH 141: 

ic(T)--- s (T)(1- ~ ;Z, ex.pC- d/2~ (T)J, (3a)
)N I CS N 

rne ~ N - .nmma RorepeHTHOCTH B HOpM8~:DHOM MeTa~e H 

• . d/2~N» ~ .. (3B) 
Ha OCHOBaHHB aRCnepRMeHTa~:DHHX SHa'qeHHI RpHTHlIeCRoro TORa

I aRcn. . '
 
C (':I') noJI:y"nD4 TeMIJepsTYPHyXl S8BJlClIMOCTIl l c (T) .ItM aamero oClpas­

na, C aTol ueJffiD npencraaax (3) B BH,ne:
 
Ia (T)'T [ ]

X (T) = (~_ T /Tc~F = exp - d /2~N (T) ) 

r,ne lo = N to (N - ROJllIlIeCTBO CBepXUPQBO,n.mItHX .HRTel B nonepes-
HOM ce'qemm ocpaena) , ~N = nV,:- /21LK BT 110/ . COOTB9TCTByxr­
IItHe 3RCnepHM9HTaJffiHHe SHa'leImJI X(T) npe,nCTaBJIeHH aa pRC. 5 B n0JIY'~o­
lapJl~ecROM MacmTaCle, r,ne npJIH.R:TO lo = lo axcn • OClHapYJltBBaeTcH, 
lITO X(T) =Xo = c on st npa T ~ 4 K, T.'e. B OCl~CTR ~eMIIepa'l'yp, rae 
nepeHopMlilpoBaHHHft RpHT~ecKKR TOR I s npHCI~aeTCH R lo, He yqHTHBa­
mmeMY BHXpeBHe ~TyaURH. C~e,nOBaTeJffiHO: 

'ore (T) = ~o (~-T /Tes)2 , r,ne Xo = 0,252, AR (4) 
,IJ;,1IH TJE:4 K. 
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PRC. 5. Onpe,ne~eHHe TeMnepaTYPHoft saBH­
O,S, , ,. , 0,3 CHMOCTH RpHTHlIecKKX TOROB I !, 15 (noH!:s)c 

~­ Q2~ • ..- X [I~Rcn. (T)J; )( - X [lo (T~, r,ne T »:'\ . 
onpe,ne~eTCK HS aRCnepHMeHT8 cor~. yp.

\\. 10,1 
\
\ ( 9);

• \ o 
, • o ~ - - npHClJID9HHe ,nM X(Ic) H6 X(T)1 ~"~ 0.2 (H~ n.s / n.o)	 B aepmeã R HDHeft lIaCTHo 

lJ-l~~2-3~-+-------=-~~ol--~ .. S 6 7 8 PHCyHR8 COOTBeTCTBeHHO; 
T,K - - - - Xs(T); o - ~ X(T) onpe,neMeTOH 

H8 9ROnepKMeHTa. 

3.2. Onpene~eHHe KpHT~ecRoA TeMnepaTYpH 

TeMlIepaTYPY nepexo,nli' K.-T. Momo OneJmT:D HS cooTHomemm/ I5/: 

.Js~TKI1_ = 1,542· 10-8 A/K.	 (5) 
IKT 

CpaBHeHHe (4) H (5) ,naeT .n.m HamBX oõpasnoa TXT ~ Tcs.C .npyroft CTOpo­

HW, HamH 9RCnepHMeHTaJffiHHe BAX oClHap~amT'CB~:DHO He~eftHHe a~R­


TH aHaHOraqHO n~eHO'IHHM CHCTeMBM B WHpOROM HHTepBa~e TeMUepaTYP
 
T < T •
c s 
~ BKHCHeHRK aToro npoTHBOpel{XH aHa~sRPyeM peSYH:bTaTH OTHOOR­

Te~:DHO c~eCTBOB8HHH Koppe~oHHoft ~ THna (Ic) B BH,IJ;e: 
~ 

~	 (T)= Ci'S- exp[5(T/l\ -1fl] (6) 
Se	 1 I 6/

r,ne OD)(8eTCH, '1'1'0 c, H 6 - BeJIHtmHH DIE~a emmm:tli 17, I , 
a TeMnepaTypa onpe,ne~eTcH c~e~ oClPàsOM : 

~ Te (Tc) ....
T ::: I (T) . T ('1'.e. HopMPIpyeM Tc = T >' (7)c 

TaRoe onpa,ne~eHHe ~ R,neHTH'qHO HSMeHeHHD MScmraÓa napaMerpa T'. 
~ ,naHHoro OÓpasUB 

-- , s KBT T 
T .= 10 'T', K (T' == E}(T) ~ Ic (T) ) . 

ECRB conpOTBB~eRHe oópB3nB B nepBOM npHCI~eHHH saBRCRT TO~:DRO 0'1' 
ROHUeHTpanHIJ OBOClo,IJ;HHX BHXpeft nf' a nf '" ~ ~ 2. , TO aa OCHOBamm 
(6)	 noJIy'qEM" 2/ : 4 

R=R 'exp ~2r,CT/Tc-1) -2J Zde 1<.00 '= e~m R(I) (8) 
00 1 I--c::>c>' 

YpaBHeHHe (8) nOSBOAKeT onpe,neRRT:D Tc Henocpe,ncTBeHHo HS BXCnepKMeH­
TaJffiHHX SH811eHBft R (I, T) B BH,IJ;e: 

bR(T) == óT/(ó~T~) =[en (R/RoO)J-~6T =T-Te J bo:20,: (sa) 
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4,0 
',) (bl 

4 '<, I 
'\. 

" .E~, 10~2 '\..,, 
. nr-: ~ . ' ,0/+

0,1 0,4 
I,A 

J:>HC. 6. (a) TeMIIepaTYPHan saaacaxoc TI. BeJIHq}fi{H 6 R 

B6JmSH TC ,nJIJl paSHHX SHa'fieHmt TORa: + ...,. I = 0,25 A; 
• - I ::: 0,20 A; o - I ::: 0,15 A; x - I ::: 0,10 A. 

(B)	 S8BHCHMOCTb napaMeTpa Do 0'1' TORa: 
• - T ::: 2,5 Ri o -, T = 3,5 Ri 6 - T ::: 4,2 R; 
+ ... T = 4,5 Ri )(-T = 7,1 R; ----1)0'" i/I 

c	 y-q8'l'OM roro , 'fiTO ~m 6R(T ) ::: O. (9B) 
T-Tc _ 

.lJ.wI paazax ypÓBHel HSMepHTeJIDHOrO TORa 8 R (T) npHBe,IJ;eHH Da 
pRC. 68. HeCMo'!'pJl aa 06HapyzeHHym CMbHYI' saBHClDIOC7Ob 6 R = 6 R (I) , 
Bce Rp~e CXO~TCK B O,IJ;HY TO'qRY, T ::: Te ::: 1,7! K. 

• TaRo orspasoMJTc npe,IJ;cTaBJLR:eT co~oft RpH'l'H'tIecRYJ> TeMlIepaTYPY 
nepexO,IJ;8 nma R.-T., KoppeJI1llU:oHHan,IlJlHHa RO'1'OpOro JlBJIJieTCK iWHR­
UReft TORa. TeNnepaTYPY, B ROTOpol T::: O,BaSOBeu RpHTzqeCRol '!'eMne­
pa'!'ypol TcI (pao , 7). IlpH T"O (~ T' - O) E,--oc, 'qTO oaH8'qaeT 
CnOH'l'aHHOe ynop~o'qeHHe Bcel CHCTeMH c BosHHKHOBeHHeM ,IJ;a~HerO no­
p.1l,ltR8 , ROTOpul yze He saBHCHT 0'1' Be~ TORa. ~asoBJd: nepexo,lt 
npH Te! CMS8B ,e TeM, 'tITo npH I ~ O JII T < oõpaaen Be,IJ;e'l' ce­TcI 
6H R8K o~oponHHI, TpeXMepHQft cBepxnpoBo~,a BHme TcI - RaR ~YMep­
H8Jt e_CTeMa. CJIe,IJ;OBaTeJI1JHO, 1IJ1H H,D;eaJIl>Hoft 2.ll-cRCT~, ::: O. 3Kc­TcI 
nepKMeH'l'aJI1J~e ,IJ;aHHHe yxasHBaDT Ha TO, 'qTO ~ HamIIIX 06paS~OB '1'8ROI 

« nepexo,IJ; EMae'!' Mecro n.PR TcI ~ I R (pRO. 7). 3700'1' peaYJIbTaT COrJI8­
cyeTCR c oueHRol ~ ROrepeH'l'HOCTH 

2 ~ N '(TCI) := d, 
T.e. npH	 TcI S8MHR8DTCH YTonmeHHHe 3~RTOM 6JIHSOCTH cBepxnpoBO~e 

UTl~(9 8,B) CJIe,ItyeT bo = m/(T~-6pJ • ÔRCnepHMeH'1'8JIl>HYe ,IJ;aH­
lUie (pc. 6B) nOR8SHBaIlT, '1'1'0 bo ....... 1/ I. (90) 

8 

PRC. 7.	 SaBHCHMOCTD T (H ~ T) 0'1' Te~ 
25 nep8TypLl T: 

25 . -! onpe,I(eJI.R:eTCSI corx.yp. (4 )H( 7 )'. 
. X - T onpe,I(eJLR:eTCSI Ra 3RCnepHMeHT8

20 

20 corvr. yp. ( 9); . npH6JIH1ÇeHHe T(T) npJII T ~ Tc• 
15 . 15 

Yp8BHeHU (9) ~mpe,I(eJIJDOT TeMnep8TypHyIO . 3aBHCKMOCTb ~T(T) H T(T), ~TO n03BO­
1~10r	 ,I--­

10 

~	 

JIJ1e'1' npoBepRTD yp. (4) nocpe~CTBOM (7). 
Kax noxaaHBaroT pRC. 5 R 7, yp. (4) HB­

• i '	 mIeTCn XOpOillHM npH6JlIDlteHHeM ,I(JIH I C BO 
T.'I:I TeI /, 1
 

5 -BceA 06JIaCTR TeMnep8TYp.
 
I	 ';' -------1,< IlOMHMO aToro, KaR BH,I(HO Ra pRc.5, 

O~---·--;J'·----_=.==Jo BHille T	 Ha6KID,I(aeTcn CRCTeMBTHqeCROe 0'1'­cI 3 4 5 ' ,O 1 2	 K~OHeHHe BenHliRHY I 0'1' I~Rcn.( ~.Is)'cT.K	 ROTopoe MOHOTOHHO paCTeT C nOBHIDeHHeM 
TeMnepaTypH. 3'1'0'1' ~aRT HJIJIDC'1'pHpyeTcn 
B BH,I(e ~X(T) Ha pHC. 5, np~eM 

R	 8RCII • 
.c::, X ::: X (I ) - X(Ic )::: G(T - rne (IOa)c Tc)' 

1~ - onpaneaeao as (7) R (9) H G = 0,073 A. Tc < T <. Tco' 
TOr,I(8 8HaJIOrK'tiHO (4) onpe,I(eJlHM: 

Mo T 2	 ( )I = -------(1 - ------)	 IOB 
S T	 T' cs 

rne Xs = X - 6X. HCnOJIDsYH (4) JII (Ia), HeTpy,IJ;HO y6e,IJ;liTbCn, 'qTOo 

I	 = G (1 - ~T__ )2. ( - TCfL - 1) , rne (IOc)s T Tcs 

XT ::: ---(F-- + Tc	 = 5,2 K.co 
ECJIH npe~cT8BHTD KOHUeHTPaqKD cBepxTeKY'tie~ ROMflOHeHTH, ROTopaH 6L1­
JI8 6w npa oTcyrcTBmI BHXpelt, K8R no(T) = -- ~~-EJ-(T) = 
::: v'3 ~_ ic(T), TO C yqeToM (4) nOJIY'tIHM: 

2 e fi 

n (T) = Á-mXo a T _)2	 (11 ) 
o 11 eNT T	 aJ cs 

9 



8 COOTBeTcTBynmaa ROHUeHTp8URH npR H8~ BHXpeBHX Bos6~eHHI 6y- T8RRe pesYJIDT8TW CT8HOBHTCH rrOHflT­Te T,K
, 2 4 5'· 6 

.neT {3 m G T 2TCO nS(T) = ---:'------. ( ---- - i)( 1 - ----) (IIB)
." 1'1 e N T TC5 

(m - Macca aJIeRTpOH8 ) H 

~: (T) = <3-0 (T - T)(IIc)c o 

G- o =GrIXo = 0,29 R-i (pMC. 5). 

CJIe.noB8TeJIDHO, ns (T) = O npa T ~ onpe.neJIllIM T R8R TeMIIe­TCOI R MW oo 
paTYPY CBepxrrpOBo~ero rrepexo.n8 Bcel CRCTeMH. 

3.3.~Re· TOR8 H8 BHXpeBym CTolKTYPl 

Ec~ I ~ O, cBH38HHHe n8pw BHXpeft MOryT ~CCO~pOB8TD He TOJID­
RO no.n BJlHHHHeM TepMKqeCROrO Bos6~eHHH, HO T8~e rro.n BJIRnHHeM CHJI 

.nopeH~a.J1M YTollHemm xapaxrepe 98BHC&OCTR R = R (I) rrpe.ncT8Bm4 
1

HamH pesYJIDT8TJl B COOTBeTCTBmI c (8) R (9c) B BK.1le enR"" 1- (pRC .8). 
llPH aTOM 06H8PYMHB8DTCfl CJIe~e xapaRTepHHe oc06eHHOcTH: 

I) Boe pesYJIDT8TH xopomo orrRCHB8DTca ~p~JIol 

R (I) =R.,..;,exp.(- BR/I). (I2) 

2) llpH To < T <. T rr8paMe'l'p DR (T) c yBeJIH'qeHHeM TOR8 MeM­co
 
er csoe 9H8l1eHHe OT!)~ rrPR aexoropoã cpe,IJ;Heit BeJIHqHHe I .no bOQ
 

'l'8KHM 06p890M, lITO R"""" =const B aTol 06JI8CTH TeMIIep8TYP. 

11m.a. SaBHClIMOCTD en R 
0'1' I - -1.nM p89HHX 9H8l1e­---::::::::-:.::~~~~~~=~==: HHft TeMlIep8TYPW'0"~~"'-~:::::~t-_~_""_"'3 I I

~'::::::<=~:: -;.•----­ (--- enR~ 1- '1 ) • 
'~"~':",-:' 6 --., •• 

"" t '~-: .. '-;.z r. 7,1 R; 2. 5,7 R;~ ~". "o"' .~, <,1.,0" ~,8 , 3. 4,5 R; 4.4,2 R;ci \\

.'" 5. 3,5 R; S. 3,0 R;
\' 

tO~\ g 7. 2,5 R; 8. 2,0 K; 
" 9. 1,7 K; Ia. 1,5 R.

'O'JO~I---~--~-------,~--~,-------:'=-' 
10 15 20 25 

r" A-' 

( 

3) Ilpz T = T H86JIID.n8eTCH s8MeTHIlft CR8l10R BeJIJlIlUlHH ROCJ R c 
RClI&aaeT rrepeJIOM B~ 1: Boot:> • HaMeHeHHe c TeMlIep8Typol rr8paMeTpOB 

R~,H g00 npe.nCTaBJIeHO H8' pRC. 9. 

HWMR, eCJIH np~.ncTaBRTD 06mym ROHneHTp8­
Q2,.......,
 

'l! ' _ ,,.--"---­ nRID CB060.1lHHX Blllxpeft nf B BH.1le 

nf = 2-(nf I , (I3a)+ nf T) 
~ • 03.J~"~.~=" 

1 

• _ 0.2
/ nf I = exp ( -a1/n, (I3B)

'l
 : O) 
R nfT = e:xp ( -82 / 1 ), (I3c)


O
 
le:: 3 ~......,.,10r­0..........----.- • ........,,3~.........,1"'O~----.J
 

\! 
T,K" J r.ne nf ' nfI PI nfT HOpMHpyeM T8R, 

lIT061i rncrx. n f = 1. BeJlH'UlHll 8 11 821 
orrpe.neJIHM·CJIe.nyIDmmM 06P8S0M: Ra 06mHX 

Co06p8xeHHft CJIe.nyeT, lITO HOBwe a~RTg 
PRC. 9. Te~ep8TypH8SI S8mI­ (9c, 11 H 13 8-C) flBnRDTCH CJIe.nC'l'BBeM 
CHMOCTD napaxerpoa Ro.a ( .. ) HeRoero rrponecca TO~OCTHM1JIHPOB8HHoft 
R B'-"(+) , - Õe>oO (T) RS yp. 8RTRB8UHH cB060.1lHHX BHXpeft.
(13) • B YCJIOBWDC CHJIDHOI CMaM ( T' <<. I ) 

aTO e.1lHHCTBeHH8fl B08MOmHOCTD Bos6r-.neHHH 

S8MeTHoft ROHOeH'l'P8nHH RB8SH'tl8CTHn . BJ1RHHHe aJIeRTpKqeCROrO TORanf 
CBO,IJ;HTCJI R TOPlf1, liTO 06ycJIoBJIeJlHidt mA rp8.1lHeHT lIEs pesao )'MeHlXII88T 

aqxpeRTIdBHIiI 9HepreTId'tl9ClCm dapsep .wm B08HIdRHOBeHlUI ~YXTyaItd. B 
Mo,neJIH KYJIOHOBORoro r8S8 (Ia') 3'f.'0MY' OOOTBeTcTByeT ~CCOUHartWI ~­

rrOJIbHHX rr~p rro.n Bos.nelcTBHeM aJIeRTpR'tleCROrO nOMlta • Bo3MOEHO rrpe.n­

CT8BH'l'D ceoe .1lB8 nportecca - rrp.ftMoe Bos6Y!UJ;eHl'Ie TOROM IT3B) 11 KOCBeH­

aoe (I3c). MOZHO TO;I'.n8 0U.Il8TD, lITO aropoã nponeco ( nfT ) X8P8R­

TepHsyeToH aR8JIOrH'tIHOft Roppe~oHHoft ~Hol R8R B C~8e rrepeXO.1l8 

R.-T. (6) o Y'tIeToM (90). CJIe.nOB8TeJIDHO, 82"""" 1::" , r.ne 1:' 

(;!!! (_ T _ 1)- . 1/2
T . 
c 

C ,Iijlyrol CTOpOHH , a<W>eRT npHJIOltêHHOrO nOM E- .nODeH S8BHce'l'D 0'1' 

aHepoo OM3R (T), T.e. 81 R 82 ~ E1( T ) ---- I (T). T8RoeEr c 
Ee rr~~rrOJIOXeHHe CJle~eT H3 Co06p8MeHHR MScmTa6HoI HHB8pH8HTHOCTK 

KI'/I , r.ne IÊ I = -1_. CYMMHPYfl BHiIlecR8saHHoe, noJIY1UlM: 

lO 

8~ = 801 I c (T)' (I3.n) 

~ R 82 = 802Ic (T) 't". (I3e) 

Tor.n8 n f1:« n, TrrPR T »T ' lITO rr08BOJllIT aenoopencraeaao npoaeparscI~ 
(130) H8 OCHOBe aRCrrepHMeHT8JIDHHX .n8HHHX PI onpe.neJIHTD napaMeTp 802' 

Y1tHTHBSfl TO,1U)RO SH8l1eHHJ! R ( n .1lJIjl MBJIHX I: 82 (T) = I en( Roo / 2R~.:J 
PesYJI»T8m raxoro 8H8JIHa8 npencraszeaa H8 pac , Ia B BH,lle 82 (T)/r:""Ic 

10 11 
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PRC. 10. Onpe~e~eHHe a1 H a2 Ha OCHOBe T, K Te 
2.	 j 1.5 .1

3KCnepRMeHTa~bHHX ~aHHHX: 0.7~3 I• - a2/'l:" ; ~ - a.., ; ----npH6JImt.	 /
0.6 / 

~cora. yp. (13).	 1 . 
/

/ QSo«QS t-;/
/ ")". J/~0.4 

3 
.:::

/
/H nO~TBe~aIDT npe~nO~OXeHBe (I3c). Mc­

~0.3 /
d (	 .nO~bSYH 3TOT peSY~bTaT li (13 a-c), onpe­

0,2 
/ 

/"
~enHM a1(Ic). PRc. 10 nOKaSHBaeT, ~TO !)

0,1OH ;"/
(13) BHnO~TCH BO Bce~ 06~acTH TeMITe­

O 20 40 60 ao 100 120 140paTYP (H~ I c) c 60~moH TO~HOCTbID H	 Ie.mA 

a01 = a02 = aO	 (I3f) 

4 [ (aO Te) ( do Ie )J	 (I3~)R=2" Ro<> exp. - -1-- + e:x:p --1- 1:' ,Tc < T < TCO ' 
f'	 = () tn R I

Ms	 (12) c~e,uyeT: O ~ 0(1/1) 1 __ c>c::> 

ao 
e _ --I c (T) (1+ 'L ) ,T.:> Tc 
00<>- 2 (14) 

{ ao' I c (T) , T ~ Tc . 

Yp. I3f nCm~epKHBaeT CXO~ÇTBO 3THX ~yx npo~eccoB aKTHBalUlH, npH­
~eM 8 = 4,6. npyron HHTepec~ pesY~TaT CBKsaH co CKa~KOM Be~­0 
Hb1 RoO~R~npH T = T (pRC. 9 H 8), TaR ~TO R~ > R e:-oc 
HeTPY~o y6e~TbcR,~TO aTOT a~eRT HBnHeTCH c~e~CTBReM Ra~eCTBeRHO~ 

nepecTpoftKH B 3HepreT~eCROM cneRTpe CBKS8HHHX nap BRXpe~ H COOTBeT­
c'rBYDIlterO YBe~eHM 3~eKTHBHoro XHMIIOTeHIJ;Ha~a ,t '= Rrexp(AD/J<í >. 

OQ 

3.4. KpHT~ecKH~ napaMeTp Q 
TIo	 aHa~orHH c/20/ onpe~e~ RpHT~ecRH~ napaMeTp CHCTeMU ~ 

< ~ = ~-- [-1~~ ~~]-1	 (I5a) I 
I 

H C yqeToM (13): 
~	 _ T -1 - ] T < T (I5B)~ (I,T) = ~o_ [1 exp [-(1-'l)/e..} t, _' co I 

( E :: _-1__ ; _.f_·- L ;: ( __T_ _ 1 ) -1/2 I,
rne o	 T . , !ao	 I c a o c ',. 
Iloseneaae Q(1, T) I I = con.st06pas~a npR pasmrx sHa~emmx TORa npen­
~TaBJIaHO na pRC. lI. BlmHO, ~TO npa T Q (O,T)__ oc::>, ~TO COOTBeT­co ~'l
cTByeT qasoBOMY nepexo;ny 3~-CjlCT8MH. SaBHCHMOCTb 7 (Ic,T), 

.~ 

npe.nCTaB~eHHaH B HHXHa~ ~acra pHCYHRa, YKaSHBaeT Ha Ra~eCTBeHHHe 

PRC. 11. TeMIIepaTYPHaH S8­
Tel Te BHCHMOCTb KpHT~ecKoro na­
• • paMeTpa~~ pasHHx SH8~e­

I 
I HH~ TOKa I H OTHomeHHH
I 1,0 
I 2az/QU1 (lc).( 6. - I =: 
I ~ 

I 1--. = 0,10 A; • - I = 0,05 A).

I H
 
1_ c;.
 
I 
: 0,5 RSMeHeHHH B Tono~or~eCROM 

I nop~a CHCTeMH Hzxa Tc' 
: 1=0 T.R. TaM napaMeTp nop~a 
I 

___________JI J O nepeCTaeT 6HTb ~KUHel 

TeMUepaTypH. 

4r I I 0,6 B COOTBaTCTBHH c .nBY­
MH npOneCcaMH aKTRBanHH 

0,5eT _	 (13) BBe,neM .nBa RpHTiNeC­
ç:­3l ~! 0,4	 '3 KHX napaaerpa ~ a1 H . ~ a2' 
C> KOTopHe xapaKTepHsyDT)~ [--------------1 ____ ___.1 0,3 

cHcTeMY npH npeHe6pex8HHH 
O - ",/ , 0,2 ~yr.mM npOneccoM:

/ Y) - é.o--./'" 0,1 ( a.- -2--- (I5c) 

o ~ a2=~ (15 ) 
I I II	 2'L 

O 1 2 3 4 5 6 SaBHCHMOCTb ~:~ (T)
T,K npe,ncTaBJIeHa H8 pRC. 11. 

~HO, ~TO npH Tc Ha6RD­
,naeM CRa'tIOK 

_rzaz. (~) _ ~etZ.(TC) ~ 0,4. 
? rzetf' rz ai 

Ms	 Toro 'Ia pHC. CJlel1YeT, ~TO :~ = I npH T == ~ 2,2 K. CJIe-TCT
,nOB8Te~AHO. BHme TCT TonoJIorHq3cKBI nO~OR HapymaeTcH rnaBHWM 06~ 
paSOM US-S8 Te~ecRoft 8RTHBauRB (T.e. nf T ) CBo60,nHHX BHXpel. Onpe­
,ne.1UlDlJHe rc ozBOs6Yl1Utemm - aTO HOBIdt THII \KBaSH'lIaCTHq, TelJMHlleCKaJI 
aR~ ROTOPSX ,no~a 6HT~ TOXOCTKMY~pOBaHa, ~TO HX Ra~eCTBeH­

HO çTJIKqSeT OT TOnO~OrHqeCRDX ,ne~KTOB B TeopKH K.-T. neweRTH, CBa- ' 
S8HHLle c nrr, H CBepX;eRytI8Jl ROMIlOHeHTa MOryT COCYllleCTBOB8Tb B IIIHpO­
Rol oCSJI80n TeMIIepaTYP (To < T < TO~HO TaR !te" R8I< H nfI npaTco)
T > rele XapsKTepHO! -qepTol Teopn K.-T. JmJ.lHeTCSI CRB'lOR RpHTJlqeC­
xoro n8paue!pa ~ (U cÁ ) npH T = TX! ' AHaJlHSHpyeM c aTol '1'O~RJI 

speHHX nOJIOEeHHe B T ' TIpe~CTaBHM ~ aToro (I5B) B HH,neco 

l • 

12 
13 
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PRC. 12. SaBRCKMOCTb RpHT~eCRoro napa­
o 1 

Eo 
MeTpa '2 OT BeIDrnUDi E. (u é o ) npa 

7/l T = T~o ( - rz onpenezena H3 1P·15B ;

? npe.nno~oaeHHe ~ 2n - CHCTeMH 
6 cora, yp.l? ,n ;nO =1/ 4) .

(KT 
5 

4 UJ_ 

.~ ?~O = rz ( T~O ' é) ,pHC. 12. 
a / KOHRpeTHOe noseneaae rz ~O onpenezxercaUJ b"-" 
~ napaaerpox "L (Tco)~'Lco' B ttaCTHOCTR: 
I::-' 

SE­
= -21:"' (t-O--O) (16a)l,/J j'

O 
\? ~O 

10 20 ~ co 
E 

+ -~ (é O-
OO

) . (I6B)12 co - 1+'l 
co 

~ cpe~ 3~atteHHI ~ Hal,neM mHpoKHt HHTepBa~, r,ne: 

rz ~O = rz ~T + E,~ ( ( 1 - 'LCO) < to < De», (I6c)
1 + L. co 

~~T = rcRT (L ) = c 60Jlb[llol TO'tlHOCTblD, 'tITO cosnanaer co+co
 
3Ha'tleHHeM, no~eHHHM B 12I/ ~ .nBYMepHoft CHCTeMH npB T
 = TRT 
B npH6.mmeHHH HyJIeBOrO TORa. KaR CJle,nyeT H3 (16), BeJIH'tIHHa Q~T 3a­

BHCHT OT napaaerpa ROTOpIl! onpenezaaa H3 8RCnepHMeHTa. EcJIRr CO ' 

npe~O~O~Tb, 'tITO pe3Y~bTaT (16c) He c~aftHHl, TO yp. (16c) npe,n­

CTaBJIHeT c0601 BHpaaeHHe ~ yHHBepca~bHoro CRa'tlRa c yqeToM IF O 
,nJIR: 2,U-cHcTeM. rorna '2 ·~O ae ,nOJDIHO aaaacezs OT ROHRpeTHHX CBOftCTB 

oõpaana, T.e. ,n0JD\tH0 6liTb ao (1 + 1;co) = const. (I6d) 

C Y'tIeTOM 8RCnepHMeHTaJIbIDllC ,naHHllX HaJt,neM: ao (1 +1:'co) = 1:~6· 
C~e,noBaTe~bHo, (16a, B)MOEHO 3anHCaTb B BK,ne: 

1 +r.-'n- = _~. ê (é--O) (16e)
(co 2 

rz~o = T ' ê. «. - e>c). (16f)co 
( Hcno~b3YH pe3YJlbTaT (16c) Haft.neM no aHaJIOrHH c (15), (16) npH 

JIID6llX E. Jd C ~ Lco,nJIH 2n-cRCTeM:
 

2D 3D E. o

r2a~ f. o' T) = na = - (I?a)

1 (. 1 2 

'2D 3D E.. o
 
7a~ E. o' T) = 7RT(T) + rz a2 = ?RT + ~ (l?B)
 

rz RT(T) - onpenenaercx B Mo,neJm K.-T. ,nJIH 2n- CBCTeM, 

tz2D( S o,T) = 7RT(T) + "1:~ (I?C) 

H '22D 
( to'Tco ) = '(~T + L co' E, (I?d) 

T.e. yHHBepCaJlbHHft cKattOR HBJIKeTCH JIHHeHHOi WYHKUHel t H xapaRTe­

pH3yeTc~ ,lJ;ByMK napaMeTpaMB ? ~T H 1;co. COOTBeTCTBYDmHe (1?) ROH­
UeHTpan;Pm CB060,nHHX BHxpeft.I(JlíI 2n-CRCTeM Haft,neM c nOMOmblD (15),I 

1
 pemaa o6paTHYJO 3a,natty OT.HocHTeJlbHO nf :
 
~ 3D 

I nfr=ex.p( - ~ 1 E. o) = nfI (l?e)
 
1­

2D ~'L:' - -- 3D nfT = (1 + é · ) 2~T ;infI . (l?f) 
o 

CHJIbHOe OTR~OHeHlfe B noseneaaa H8mHX 06pa3UOB npH I --o 
(pRC. 12) OT nOBe,neHHK ,lJ;BYMepHoft CHCTeMW ,neMoHcTpHpyeT O'tléBH,nHO 

xapaRTepHHe cBoftcTBa 3~-CHCTeMH, ROToplie 06Hap~8lDT cnOHTaHHoe 

ynopn,nO'tleHHe c YCTaHoB~eHHeM .nn npa T ( tz3~~0)II::g).co 
~ Henocpe,ncTBeHHoro cpaBHeHHH c 8RcnepRMeHTaJIDHWMH ,n8BHHMH 

3aBHCHMOCTb (15B) npe,ncTaBJIeHa Ha pRC. 13 B nepectteTe Ha BeJIH'tIHHY 

oi.- (ol = 1 + 1 12'2 ), B BH,ne d.. = d. (X ) ,nJIH pa3HI:lX 3H8't1emrft co 
E ,r,ne Xco == + = _1..-.. I e (Tco) _ MScmTa6HoHHBapHaHTHM 

co Tco I (T)c 
BeJIJiI'lIHHa. (UpH T > T d- onpenexaerca rrocpencraox (I5a) H co' 

nf = n f o + ( 1 - nfo) • nfI). PHc. 13 nOR83IlBaeT, ttTO B Tco 
( ~ Xço = 1) noaeneaze d... (T, I) H8IURX oopaaaoa aHaJIoruttHO naencs­

t TCT to 
J t 

10~ E=O! 
i ,I 
I 
I 
IJ 3 L-+-+-+_ <;~ 

~ 

f-- : --""-'---.___ 
1 c·_·-·_·_·-:-·_·_·_·-·_-_·_·_·_·...............·.. - -"­
10-2 3 10" 3 10° 3 

Xco 

'i
 PRC. 13. TeMIlepaTYPHaJI 3aBRCHMOCTb napaaerpa c/... ~JIJt
 

p83ma 3HatteHHI é ( ~ - t = 0,5; • - E. = 1;
 

~. + - E = 1,5; o - € = ao).
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HHM CUCTeMaM ~ Tol npHHUKITHa~bHOI pa3HBUeft B Be~He yHHBepCa~bHOrO' 
CI<a"elKa ( cÁ 2TX~0 ) = 3), KOTopaJ! oT~aeT 3,U- OT 2n-CHCTaMH. 

3.5. llOBeneHBe conpoTBB~eHHK 

PaccMOTPBM	 06mee conpoTRB~eHBe CRcTeMH, BY3BaHHoe .~~eHueM 
/131. o L 1'1 Tinf' 1 ( 8 ) cB060~wx BHxpe~ K = ------ -------- --T---- I a• 'vJ e lt' 

rne L _ ;nmrna, 'vJ - llIRpIDia oopaana, t - cpezaee BpeMf.I npoxo!t,IJ,eHID'I
 
([>JDOI<COH;nOM paCCTO.HHRfl S , a i = I/N .)LIDI onpe;n;e~eHJILfI nOnBIDItHOC­

TU HOCHTe~el TORa it He06xo;nM1M0 ouaHRTb B6JU11.U1HY /( == --g,- .
 
B HaIIIaM CJIY'laa )( = ~105 • K :» ro3 npa T "S Too ' §TO n09BOJUleT
 
He ;nenBTb nOnpaBI<y' Ha B3MeHeHHe 8~eI<TH~HOro nOTeH~aAbHoro 6apbepa
 
B KOMll03RTe, a nO~b30BaTbCfl pe3Y~bTaToM' 22/ B BR;I(e:
 

~/it == ~~n V~ _(í c )2,	 (I8B) 
_ conpoTlffi~eHHe onnoro S - N - S:KOHTa:KTa B HOpMaJThHOM Co­rne r"n 

CTO.HHHH o 

CYMMBPYfl (13) H (I8 a,B) noJIytUlM: 
R- z'w (rnV~~ic? + C2)' e"o KT [e>'p (- iAo)+ e:<cp (- 'l;' / to o)]. (1801 

C xapaKTepR3yeT B03MoEHWe ;nOnOAHRTeJThHYe npoueccw p8cceHHHH BRxpen.
2 Rcno~b3YH 8I<CnepRMeHTa~bHwe ;naHHYe H npe06pa3YH (I8c) COOTBeT­

CTByDmBM 06pa30Y, onpe;neXKM C2 (pRc.I4). ~ cpaBHeHBH Ha pHC. 14 
B TOM 1!e MaCllITa6e npe.ncT8B~eHO C1= \'n V~ -( icY'. 3aMeTHbdl: B:KJIa.n 

Q3 
:z » .. .\ 

··1 
.\	 0,2 ' 

1i02 .. 
~I '\ ....5 \ LJg. 

\ -, 
0,1.......
~01 .......
 

~ ...... --.~~~-._- -_..­
p •• OOe~l 
~ bo-o--o- O-G-o--o--o.-o-~-o--O-"c>~-O_~""'~Jo 

JI ....... ~...!':-::IC-1' -- 5 
2 3 400 

( I/Ie 

PHCo 14. SaBHCHMOCTb K08~KUReHTOB c~ (---) B C2 OT TORa. 
(C o - T = 2,5 K; • - T = 2,0 K; x - T = 1,5 K;

2: ____ c{'e~p( 1 léo) ). 
l' 

OT C2 06HaPYEHBaaM TO~bKO B6RH3H T (Ha pHC. ;n~ T = 2 R). ~ c
T/r BHme M8RcHMy.Ma C2(I ) c xopollIe~ TO"qHOCTbID BH~ORHHeTCH 38BHCH­c 

MOCTb: C2"" e:x:p( 1I E.. o). C~e;noBaTe~bHo, C2 H nfI npe;nCTaBJImDT coooã 
KOHKypRp~e npoueC~H al<TKB8URM BHXpe~ c HaCHmeHHeM Ha 60JThllIRX TO­
l<axo 3TH pe3Y~bTaTW Y:Ka3HBaIDT Ha TO, "qTO C2 Xapal<TepH3yeT npouecc 
pe30HaHCHoro pacceHHHH CB060;nHWX BHXpe~ Ha CBH38HHHX napaxo 

I1pH T > Tco acIxI>eRTHBHHa 8HepreT~eCR~ õapsep pe3RO yMeHbIlla­
eTCH, n03TOMY BMeCTO (17 B-C) no~HMf2,I3 : 

H R = -~- 'h[nf o+ ( 1 - nfo )nfTJ (18 ) 

- ,y 1 /2Jnf o,...., exp' 
[ 

-g1( T/T - 1)- .co 

3RCnepHMeH'l'8JIl,HHe pe3YJI1>TaTH ;najT reHI<y: fJ1 == 2,5 3, "qTO xo­0.0 

pomo COOTBeTcTByeT TeopHH R.-To 16 • ~ 60~ee TO"qHoro orrncaHKH no­
Be~eHHH conpoTHB~eHHH B 3TO~ 06~CTH TeMnepaTYP,O,mIal<0JHe06XO;nHM0 
yqHTHBaTb 3~el<T 6RH30CTH/I3/. 

3,. 6. 06rqaH	 l<apTHHa 

06max RapTHHa HallIRX pe3Y~bTaToB npe;nCTaB~eHa B BH;ne ~30~0~ 

,IJ;HarpaMMbI aa pHC. 15. BepTRRaJThHIle .nmum: pa3,u:eJImOT 06~acTH resme­
paTYP • B ROTOpHX nu R~ T.lUl HapymsIDTCJI (B nepBYJO o-qepe;nb) pa3Hl:lMH 
l<Ba3H"tiacTImaMH: 

T > Tcs - HOpM8JThHHe 8~eI(TpOHll B ocrpoaax
 
T < T< T -' TepMmeCRH al<THBRpOBaHHwe cB060,mIHe BHXpH (nfl')
co cs 
Tc <T< Tco - TOl<OCTHMYJmpOBaHHHe csoõozaae saxpa (nfI. J nfT) 

cocymecTByIDT c BHXpeBWMB napaMHo 
(T < - nepexonaaa 06~aCTIl)c T< TeT 
TcI < T < Te - Boa6Y'lt.nBHHIle TOItOM cB060,mIwe aaxpa (nfI) 

ooeymecTByDT c BHXpeBHMH napaMH. 
T < - KMeeT MeCTO nu.TcI 

llpH T < TeI oopaaeu JDWlBTOJI O,mIOpO,IOlllM i 3,U-cBepxnpoBomm­
KOM. TOT ]la peaYJIlJTaT noJIytmM nPH T > TcI,lVIJl I -< Im. 3~ecb, on­
HaRO, noaenenae eHCTeMH S8BBCDT OT pasxepa 06paSU8 e , l<OTOpllA onps­
~enmT l<pHT~ecKBI TOR Im. xapsRTepH9yDmHft nOHBneHHe nepBHX cB06o;n­
HHX BHXpel. COnOCTaBAftH~C cooTBeTcTBYmmeft ~oft Roppe~ (I3~ 

Hal,neM OueHl<Y: 

e R. s·exp(a 12 Im L 
C yqe'1'oll ~Ty~ nf'T B@)el<THBmd KpHTJdlIeclOdt TOl< CDCTeMhI 
. I S OTJ1HlrseTCJI O'l' caoero .He~HOPMHPOBaHHOro 3H8"e1eHM I B 

16	 17 
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WlI!pOROM lI!HTepBaJIe TeMIlep8TYP T -e, T c:::. T li! 06pam8eTCR B HYJIb npac co
 
TeMilepaType
 Tc o• 

J.1HTepBaJThl TOROB Im <: I <. 15 , 15 < I < I li! I > I xapaRTepKsyIOT­c c 
CH pasHoft nO~R~HOCTnID CBOOO~YX BRxpe~. 

Ka~ecTBeHHoe RSMeHeHRe B nOBe~eHHH CRCTeMY npR TcI' Tc R Tco 
H8S0BeM TOnOJIOr~eCRKMH ~SOBHMH nepeXO~aMH (T~rr) TRna K.-T., ROTO­

pse 06YCJIOBJleHll CBOl/IMH RB8SH'laCTlmaMR nfI ' nf T H nfO COOTBeTCT­

BeHHO. 
PaCCMOTpHM cHa~aJla T~rr OROJlO B cOOTBeTCTBHH C pesYJI»TaTa­Tco• 

MH (15), (16 >, YHHBepCaJIbHhlI CRa~OR npa T = T flBJlHeTCH qJyHRUHeft TO­c o 
Ra R Ra~eCTBeHHO OT~aeTCH ~JIH 3.u- CHcTeMW npa I --o TeM, ~TO 

RpHT~ecRHft napaaerp Q CTpeMHTCSI R HYJIIO (pRC. 12). 
TaKllIM o6pasoM, B T H86~~aeM T~n, ROTOPYft B npH6~eHHRI--0 co 

OlIeHb nexos Ha 06YlIHHft 4JaSOBY~ nepexon c YCTaHOBJIeHHeM Jlll npa 1< I c• 
TltlTI npa T = T CBHS8H c TeM, lITO c YMeHDIIleHHeM aaepraa CBHSlI! EI'(T)

c I 
nu CRCTeMY CTaHOBHTcH HeCTa6l1!JIbHHM OTHOCRTeJInHO ~TyaUHft, BWSBaH­
HHX 3JIeRTpRlleCRKM TOROM. COOTBeTCTByDmeH Koppe~OHH8H ~JlHHa 
S -1­SfI...... nf.I 2. xapaKTepBsyeT MaRClIIMaJIbHOe paccroaaae Me!t,IJY CBHsaHHIiMH BKX-

Tes·b	 Te TfT Teo II 

,: i: 
,\ \: 

--- lc",\ \:\: 
-- I s100 : \ 

! \' ,	 -_.- lm
! \ ~ i ,--,
I \' \ I " -- _.' ITI . 
: .: \:,' I 

-,
 
I \ \: I "
 "J :	 :\ ~! \, 
!	 :\'\:~ \' ... -, : 10 ci/aI ",:	 ,A'

50 i	 :.~:\ -. : : 0.11 a 

:	 i ~", "~ :
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PRC. 15. TeMilepaTypH8H S8BRCKMOCTb conpOTHBJleHWI RO = R<I -- O) 

li! ~SOBaJI ~8rpaMM8, X8paKTepll!SyDm8JI nOBe~eHHe ClI!CTeMH B pasHHX 
06~CTHX TeMTIepaTYP R TORa. H8Me~eHHHe napaMeTpY 06~CHeHH B 

.. TeKCTe. 

p.FIMH npH HaJIRlIHH STRX WJIYI(TyaURn li! onpeneaar I\pMT1ftIeCI\Mií rrapaxarp 
( ~ a 1 ),UM TJII1 npH OTCYTCTBHH TOROCTMMYJlMpOBaHHhlX rennonux cf?J1YR­
Tyarm:3 nfT. nOCJIe,n:HRe HBJIflIDTC.ff peSYJlnTaTOM MHTePcI>epeHI~m TOROBO­
ro H TSpMHlIeOROro IDYMOB, YCToiíqMBOCTn R KOTOpOH c pOCTOM TeMilepaTY­
phl TepSI8TCR npH T COOTBeTCTBYID~n T~rr npM T = T xapaKTepMSY­= Tc• c 
arca Hoppe.7I.fiWIOHHoH ~JIMHOH ~fT ~ n+T-"'2 • Ilpa T ::> Te rrO.ffBJlHeTCH 
CHJIbHa.ff lIYBCTBRTeJlnHOCTn K TeMTIepaType KpHT~eCKoro napaMeTpa ~az' 

KOTOPHt\: CT8HOBHTC.fI onpe~eJlHlOII{HM ~JlH Tnu BceH CHCTeMEl npa T > TCT• 

4.&lBO,IT,H; 

npe~CTaB~eHHHe peSYJlDTaThI nOK8ShlBalOT, ~TO T~rr,8HaJlOrRlIHhle rrepe­
xo.n:y K.-T.,H CBHS8HHHe c HMMH ~YMepH~e Tono~orMlIeCRRe ~eweRThI Ha­
6~~aIOTCH TaK~e B TpeXMepHHX o6pasnax H cymeCTBeHHO MeHHIDT RX M8R­
pOCROllH~eCRHe CBonCTB8 B illHpOROM HHTepBaJle T8MIIepaTYP (~Jl.ff HamRX 
oopasnoa TI ~ 10-5) . 

06Hap~eHHhle TpM TMna T~n xapaKTepH3YlOTC.ff nO.fIBJleHHeM cOOTBeT­
cTByromero MeXaHR3Ma B036Y!t.UeHIDI cBo6o~HX saxpeã n f I , n.çT H nf o • 

Bce HaH,n:eHHhle HaMH 3MITHpM~eCKHe saKOHOMepHOCTH MaCillTa6HOHHBapH­
aHTHH OTHOCHTeJlnHO Be~~MHhI E = I/I ' B cooTBe~CTBHM cc 
Mo,n:eJlnIO 2n - Kr. YHMBepca~nHhln CI\a~OR npORBJlHeT HOBhle xapaKTepMcTH­
lIeCKHe CBOHCTB8 B SaBHCHMOCTR OT 3~eKTHBHoH pa3MepHocTH o6pssna M 
npaaoseaaoro nona E.. . 

YCT8HOBJleHhl ROHKpeTHHe BSaHMOCB.ff3M Me~.n:y xapaRTepHhlMH 3~eKTaMM 

B 2n-R 3,U-cacTeMax. 
nOKaa8Ho, ~TO B HSMepeHIDIx,no~o6HhlX HaillRM,cTeneHn KOppeJlflllMH 

M TeM caMHM RpHTRlIecRHtl: napaMeTp nJIaBHO perY~PyeTcH TOKOM. STO, B 
lIaCTHOCTR, rr03BOnRT npRMoe SRCnepKMeHTaJlnHOe Rs-yqeHHe WMSHlIeCRHX 
CBonCTB BemeCTB B aaBHClI!MOCTH OT Tono~orH~eCRoro nop~R8 H Henocpe~­
CTBeHHYID npOBepRY T80p8THlIeCRRX Mo~e~eH. 
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~IIWOp á., Xyxapeoa H.C. 1>8-86-869 

nOpCXOAKocrepmrrua - Tayneca 
o TpeltMepHOH CHCTeMe 

Ilpencraaneasr peaynsrarsr axcrtepasrearansaoro accnenoaaaaa pe3HCTHBHoro 
nOBeneHHR KOMll03HTHOrO caepxnpoaonnaxa npa nponYCKaHHH TOKa nepneanaxynap­
HO caepxnpoaonmnast HHTRM. Conporaaneaae 06pa3QOB B 3TOM cnyuae 06HapY)ICHBa­
eT pan oc06eHHOCTeH n 3aBHCHMOCTH 01' TeMnepaTypbl H H3MepHTenbHoro roxa, B IJaCT­
HOCTH, nByxcTyneHlJaTbIH nepexon B caepxnpoaonantee COCTORHHe. Ilpoaonarca aaanaa 
nonyqeHHblX 3aKOHOMepHOCTeH, )Ia OCHOBaHHH xoroporo pa3BHBaeTCR MOnenb ronono­
rHIJeCKHX 4Ja30Bblx nepexonoa rana nepexona KOCTepnHTQa - Tayneca B rpexeaepasrx 
CHCTOMax. PaCCMOTpeH HOBblH THn TonOnOrHlJeCKHX ne4JeKTOB: TOKoCTHMynHpoBaHHble 
o036YmJlCHHR.Hait.neHHble 3MnHpHIJeOKHe 3~KOHOMepHOCTH RBnRIOTCR MaCWTa6HO-HHBa-­
pHlUITllblMH OTIIOCHTC1Ih'HO BenHIJHHbl f .. 1/1 13 ' YCTaHOBneHa B3aHMOCBR3b Me)K.D;y xapax­
TOpHblMII OenHIJHHaMH B nnyx- H rpexraepasrx CHCTeMax. 

Pl100TQ DbInOnHOHl1 a na60paTOpHH BbICOJ<HX saepraã üH.RH 

nponp1dlT Ofh,ClJUlIlOIIIIOro mlCTHTyra R.AepHblx HccneAOB8HHH. )ly6Hll 1986 

Ilepenon 0,0.DUllorpAAonoA 

Fischer Dl., Ithulthuavll te. P8-86-859 

TranolUon or Lho Koll1.arlll.l - ThouloDO Typo 
in Dulk BYIlLom 

RollulLa ur mOlllluromant.A on Lho Lrllnllvorao. reaístance of a multifilamentary super­
conduolor 1110 pnaaonLod. Whon PllDDlnll 11 aurront flow porpondicular to the filements the 
rcolDtlviLy bohAvlnur rovoll1l1 aomo pooultAriLloo dopondlng on the temperature and magní­
tudo or tho ourron' llnd ~ Lwu-aLap tmnlliLlon Lo 11 superconductíng state. An analysis of 
tho oxporlmantAl roaulu loada to 11 modol of topologícal transitions of the Kosterlitz­
Thouloll/J Lypo ror hulk-aYlll.Gma. Tho obtalnod now Lypcs of topological excitations are 
modíated by tlnlte curron' ftlrocLa llnd IImuo wlth t· I/I O' 
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