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CynKOBCK"1 4. "1 Jlp. P14-92-65 

ConpoT"1Bfletrne B HOpMaflbHOM COCTOAHl,11,1 

MBa2 Cu 3 O 7 _x KepaMHK 

,lJ,nA KepaMwIecK1,1x 06pa3uos M8a2 Cu 3 O 7 _x, rJle M 3TO Y, Er, Eu, Gd, 
Ho, Dy, Er+Y, c KOHUeHTpau1,1e111 K"1Cfl0pOJla OT 6,8 JlO 7 6blfll,1 BblnOnHeHbl 
npeU"13110HHble "13MepeH"1A TeMnepaTypHOIII 3a811C"1MOCTl,1 3fleKTpw,,ecKoro co­

npornsneH"1A p (T). O6pa3Ubl C BblCOKOIII KOHUeHTpau1,1e111 K"1CflOPOAa (TO 
ecTb C H"13K"1M p) noKaJan1,1 'leTKOe OTKfl0HeH"1e p (T) OT fl"1HelltHOro XOAa 
H"1>t<e 260-270 K. 3TO OTKflOHeH"1e t:.p nonO>t<"1TeflbHO, 1,1 ero sen"1'111Ha yMeHb­
waeTCA C nOH"1>t<eH"1eM KOHUeHTpau1,11,1 K"1CflOPOAa, JlOCTHraeT t:.p = 0 np1,1 X = 
= 0,2 . H1,1>t<e 200 K noABnAeTCA Apyro111 q>aKTOp, noH11>t<at0w.11111 sen"1'1"1HY p, -
q>nyKTyauHOHHaA csepxnpoBOA11MOCTb, ee BKflaA 6blfl onpeAeneH AflA o6pa3-
ua C fl"1HelllHOIII 3aB"1C"1MOCTbtO p (T) 11 Y'l"1TblBancA np1,1 Bbl'i"1CneH"1"1 XOAa co­

npornsneH"1A B HOpMaflbHOM COCTORHl,11,1 Pn (T). nony'leHHbllll XOA Pn (T) B 
o6nacrn 120- 300 K AflA o6pa3UOB C KOHUeHTpau1,1e111 K"1CnopoAa, 6n"13KOIII K 

7, ABnAeTCA Tl1n"1'1HO MeTannH'leCK"1M 11 xopowo on"1CblBaeTCA Knaccw,eCKOIII 
q>opMyno111 6noxa - rpt0Ha111JeHa. 

Pa6oTa sbinonHeHa B na6oparnp111,1 BblCOKHX 3Heprn111 OVIAVI. 

npenpHHT 0m.e)1HHeHHOro HHCrnryTa 11)1epHbLX HCCJJe-,oeaHHH. }ly6Ha 1992 

nepesoA as1opos 

Sulkowski C. et al. P14-92-65 

Normal State Resistivity of M8a 2 Cu 3O 7_x Ceramics 

The precision temperature dependences of resistivity p(T) for ceramic sam­
ples MBa 2 Cu 3 O 7 _x where M is Y, Er, Eu, Gd, Ho, Dy, Er+Y were measured. 

The samples with high concentration of oxygen (i.e. with low p) showed clear 
deviation p(T) from linear dependence below 260-270 K. This deviation t:.p is 
positive and its value decreases with decreasing oxygen concentration and ar­
rives t:.p = 0 for x = 0 .2 . Another factor decreasing value p appearing below 
200 K is fluctuation superconductivity. Its contribution was defined for the 
sample with t:.p = 0 and accounted in calculation of normal state resistivity 

Pn (T). Resulted Pn (T) in the range 120-300 K for samples with oxygen con­
centration close to 7 is typically metallic and agree with classic Bloch - Gru­
neisen theory. 

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

JINR . 
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1. BBEAEHl/1E 

CaoHCTBa BblCOKOTeMnepaTypHblX caepxn~BOAH1,1KOB B HOpManbHOM COCTOR• 

Hl,11,1 AaneKO e1.J..1e He pacKpblTbl 1,1 l,1HTeHC1,1BHO 1,1ccneAY'?TCR. Aa>Ke TaKOH OCHOBHOH 

napaMeTp, KaK aneKTpW·IOCKaR npOBOA1,1MOCTb, Tpe6yeT e1.J..1e MHOrnx peweHl,1H, iii; 
C y'leTOM cno>KHOfO 3neKTpOHHOfO cneKTpa 3Tl,1X_C08Al-!HeHl,1H, 3TO He npocTaR 3a,D,a: 

'18. BepHblM Ka>KeTCR TOflbKO YTBep>KAeH1,1e, 'ITO ace BTCn-coeA1,1HeHl,1R AeMOHCTpl,1• 

PYIOT B nnoCKOCTl,1 ab aneKTp1,1'1eCKYIO npoBOA1,1M0CTb MeTann1,1'1ecKoro T1,1na. 4acTO 

Ha6ntoAaeMaR nonynpOBOAH1,1KOBaR 3aBl,1Cl,1MOCTb conpOTl,1BfleHl,1R OT TeMneparypbl' 

p (T) AnR YBa2 Cu3 O7-x Bbl3BaHa np1,1MeCblO TeTparoHanbHOH HeceepxnpOBOAR· 

1.J..1eei QJa3bl, B KOTOPOH KOHUeHTpau1,1R Kl,1CnopoAa Hl,1>Ke 6,5. Cao.;iCTBa opropoM61,1: 

'leCKOCi ceepxnpoaoARIJ..leei QJa3bl, cy1.J..1eCTBY101.J..1e.;i' np1,1 1<0HueHTpau1,11,1 _K1,1cnop0Aa 

6,5-7, O'leHb Cl,1flbHO 3881,1CRT OT COAep>KaHl,1R Kl,1CnopoAa 1,1 rnna o6pa3ua. TaK, 

aneKTp1,1'1eCKoe conporneneH1,1e np1,1 300 K AnR Kepa¥1,1K YBa2 Cu3 O 7_x MeHR~ · 

eTCR OT P3~0 = 0,7 MOM°CM np1,1 x.= 0 AO P300 = 5 MOM•CM np11 X = 0,41112 
'·. 

AnR noA06HblX coeA1,1HeHl,1H rnna 123, HO C peAKl,1Ml,1 3eMnAM1,1 BMOCTO 1,1np1,1R, 

Befll,1'11,1H8 P300 o6bl'IHO HeMHOfO BblWe. AnR ,MOHOKp1,1CTannoa 111' op1,1eHT!,1pOB8H· 

HblX nneHOK P300 H8MH0f0 Hl-'l>Ke {~ 150MKOM°CM 13 1). ' 

TeMnepaTypHblH XOA conporneneHl,1R p (T) AflR coeA1,1HeH1,1.;i rnna 123 C'll,1TaeT• 

CR "no'!rn" npRMOfll-1Hei1HblM B o6naCTt1 TeMnepaTyp OT 130.:...150 KAO 300 K 12 ,3 ,4 
/. 

3ToT A1,1ana3oH 3aa1,1c1,1T OT TexHonorn1-1 1,13roToaneH1,1R o6pa3Ua, Kon1,1'1ecTaa np1,1M_e• 

cei:i, KOHUeHTpau1,11,1 Kl,1Cnopo,O:a, Bl,1Aa 06pa3ua (MOHOKpl,1CTann, KepaM1,1Ka), CTeXl,10• 

MeTp!,11,1, a TaK>Ke OT TO'IHOCTl,11,13MepeHl,1H 1,1 Bbl6opa Kpl,1Tep1,1R onpeAeneHIIIR fll,1Hei1-

H0f0 y'laCTKa. 111MeeTCR HeCKOflbKO pa6oT, B KOTOpblXOTMe'laeTCR Hanl-1'11-'!e nonO>Kl,1• 

TeflbHOfO OTKflOHeHl,1R OT n1,1Hei1HOH 3'ael-1Cl,1MOCTl,1 p (T). 8 pa6oTe13 I MOHOKp1,1CTan• 

flbl YBa2 Cu3 O7-x C H1,13Kl,1M P3 00 06Hapy>Kl,1B8IOT OTKflOHeH1,1e OT n1,1Hei1HOCTl,1 

Aa>Ke Ha y'laCTKe Me>KAy 200 1,1 300 K (np01,13BOAH8R dp/dT MeHReTCR 3AeCbOT ~ 0,5 

AO ~ 0,56 KMOM •cM/K). ToHK1,1e nneHKl,1 YBa 2 Cu 4 Os ±x 1,1 YBa2 Cu 3 07-x 15 1 

TaK>Ke npORBflAIOT np1,1 Hl,13Kl,1X TeM nepaTypax OTKflOHeH1,1e p (T) OT n1,1Hei1Horo XOAa, 

aaTOpbl o6bRCHRIOT 3TOT Meranr.1,1'1eCKl,1H xapaKTep OTKnOHeH1,1A B paMK8X KnaCCl,1· 

'leCKOH MOAen1,1 aneKTpOH·QJOHOHHOro pacceRHl,1R 6noxa-rplOH8H3eHa. B pa6ore 

nony'leHo xopowee cornac1,1e c Teop1,1ei1 1,11,13 A8HHblX p (T) Bbl'l1,1cneHbl no q:iopMyne 

6noxa-rpt0Hai13eHa TeMnepaTypb1 Ae6aR AnR aneKTpoHHoro TpaHcnopTa 8*0 , 0H1,1 

paeHbl 500 K AflR YBa2 Cu 4 Os ±x 1,1 200 K AflR YBa2 Cu 3 O 7_x IS 1• oonbwoe pa3n1,1-

'11,1e B aenl,1'11,1H8X p AflR KepaMl,1K 1,1 MOHOKp1,1CTannoe 06bRCHReTcR H8fll,1'1l-1eM B 

KepaM1,1Ke AOnOflHl,1TenbHOro pacceRHl-'IR aneKTpOHOB Ha rpaHl-'!UaX 3epeH,. HO TaK 

t<aK OHO He 3881,1Cl,1T OT TeMnepaTypbl, TO He AOn>KHO Bnl-'IRTb Ha XOA TeMnepaTypHOH 

38Bl,1CHMQCTl,1 conpOTl,1BneHl,1R p (t.1,,-----------...... \ 
.. \Cf,,i.i:-;inhil 1H:anyT _ 
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O6bl'IHO KepaM11'1eCK11e o6pa3Ubl npeccytoTCA B ra6neTKl1 nOJl JlaBI1eH11eM, nOJ· 

TOMY TaK11e o6pa3Ubl Cl1!1bHO TeKcTyp11poBaHbl, 3TO 3Ha'll1T, '!TO B nnOCK0CTl1 ra6-

neTKl1 eCTb Bbl)leneHH0e Kp11CTa!1!111'leCKOe HanpaBI1eH11e, 11MeHH0 n!l0CK0CTb ab. 

Be!111'111Ha conpOTl1B!1eHl1A B HanpasneHl111 0Cl1 C Ha JlBa nopA)lKa BblWe, '!eM B nnoc­

KOCTl1 ab, n03TOMY X0Jl p (T) B nnocKocrn ra6neTKl1 6!11130K K XOJlY B MOHO· 

Kp11CTannax 11!111 op11eHT11poBaHHblX nneHKax B n!10CKOCTl1 ab. 8 BTCn-coe)ll1HeHl1· 

. AX no Mepe YI1Y'!WeHl1A 0JlHOcpa3HOCTl1 11 '111CTOTbl Ha6nto)laeTCA see 6onee Bblpa>KeH­

HblH MeTann11'!ecK1111 xapaKTep conpoT11BneH11A p. Hanp11Mep, coe)l11HeH11e 

Nd 1 8 s Ceo 1; CuO4-x B KepaMl1'leCKOM B11Jle 11Meer BblCOKOe, cna6o 3aBl1CALUee 
~ , . . . . . 

OT TeMneparypbl conpOTl1BI1eH11e P. a B B11)le MOHOKpl1CTa!1!10B BblCOKOro Ka4eCTBa 

)laeTH113Koe p 11 MeTann11'!eCK11~ XOJl p (T) 16 1• 

Ha TeMnepaTypHbl11 XOJl conpOTl1B!leHl1A B BTCn Cl1!1bHO B!111AeT cpnyKTyau11-

0HHaA· csepxnpOBOJll1MOCTb, KOTOpaA B BTCn nOABilAeTCA np11 O'leHb BblCOK11X TeM· 

neparypax, Jla>Ke Bbl We 200 K
17 1

• 3TOT 3cpcpeKT, Ha3BaHHbl11 napanpOBOJll1MOCTblO, 

BHOCl1T JlOnOI1Hl1TeI1bHbll1 BK!la)l B 3!1eKTpl1'leCKyto npOBOJll1MOCTb 11 Jl!lA npaBl1!1b· 

HOrO 'onpe)le!leHl1A p (T) JlO!l>KeH 6b1Tb Y4TeH. 

. 1/IJ REineHH~ 3!1.eKTpOHHOro TpaHCn0pTa Ba>KHbl TaK>Ke, Jl!lA nOHl1MaHl1A XO/la 

p (T); 3cficpeKT Xonmi 11 repMOJJlc: AnA coe)ll1HeH1111 123 rnaBHbi11 peJynbTaT 1,13 

113MepeH1111 3cpcpe~Ta Xonna - JTO nono>K11TeI1bHb111 3HaK ::iroro 3cpcpeKTa, 11 OTCtoJla 

np.e)lnono>1<eH11e: B 3Tl1x· coe)l11HeHl1AX TOK nepeHOCl1TCA JlblpKaM11. 
0

11l3MepeH11e rep­

M03JlC S Jl!lA YBa2 Cu3 O7-x noKa3blBaeT MHoro 11HTepeCHblX ABI1eH1111. np11 H113· 

KOH KOHUeHTpau1111 t<l1C!10pO)la 3HaK S nono>K11TeI1eH, HO np11 KOHUeHTpau1111 BblWe 

6,9 ~H CTaHOBl1TCA orp11uaTenbHblM
18 1. 3as11c11MOCTb S(T) TaK>Ke 11MeeT oco6eH­

HOCTl1: B o6nacrn KOHUeHTpau1111 6,8 - 6,9 s Hen11He11HO pacTeT C noH11>KeH11eM TeM­

neparypbl. np11 KOHUeH,Tpau1111 Kl1C!10pOJla, 6!1113K011 K 7, Ha6!1to)laeTCR !111He11ti0e 

YMeHbWeH11e S, 11 Be!111'111Ha S Hl13K8A. (~ -5 MKB/K); 3Tl1 JlBa cfiaKTa BblAB!lAIOT Tl1· 

nl1'1HO MeTaJ1!111'leCKYIO np11pOJlY 3TOro COe)l11HeHl1A np11 BblCOKOl1 KOHUeHTpau1111 
Kl1CI10pOJla 18 1. 

Uenbto Jl8HH011 pa60Tbl AB!lAeTCA TO'IHOe onpe)leneH11e 38B11C11MOCTl1 conpOTl1B· 

neH11A B HOpMa!lbHOM COCTOAHl111 OT TeMneparypbl Pn (T) · Jl!lA KepaMl14eCK11X o6-

p83UOB MBa2 Cu3 01-x C KOHUeHTpau11e11 Kl1C!10pOJla Bbl We 6,8, r)le MeTann M - 3TO 

Y, Gd, Eu; Er, Dy, Ho, Y+Er, 11 BblABneH11e CBA311 Me>KJlY 3as11c11MoCTbto p (T) 11 

CB011CTB8Ml1 110Ha M 11 JlPYrl1Ml-1 xapaKTepl1CT11K8Ml1 o6pa3UOB. 

2. 3KCnEPIIIMEHT 

. OJlHOcpa3Hble o6pa3Ubl MBa2 Cu3 O7-X (CM. Ta6n1-1uy) 6bl!111 nony'leHbl 113 no-

pOWKOB M2O3, BaCO3 11 CuO BblCOKOl1 '111CT0Tbl C nOMOLUblO MOJl11cfi1-1u1-1pOB8HHOH 

TeXHOnor111,1 cneK8H11A, n03B0!1AtoLUeH nony'laTb o6pa3Ubl 06beMHO nnOTHble 1-1 Mexa­

. Hl1'leCKl1 YCT011'11-1Bble B pe3yf1bTaTe nOABI1eHl1A >Kl,1JlKOl1 cpa3bl B pearnpytoLUeH C11C· 

reMe
19 1

• nocne npeccosaH11A o6pa3Ubl 1-1Men1-1 npAMoyronbHYto cj:,opMy paJMepoM 

3x4x15 MM. B KOHUe npouecca OHl-1 BblJlep>K1,1B8!11,1Cb np1,1 400-450°C B TC'ICHl1e 
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Tc• li.T,., P300, A, B, 0•0, ·. Po, 
N" O6pa3Ubl K K MKOM"CM ~~Q_~:£~ MKOM•CM K MKOM•CM 

K 
-----------------------------------------------------------

1. YBa 2Cu3O7--ic (1) 91.4 1,5 690 2,07 69,7 825 333 

2. HoBa2Cu3O7 __ " 92,4 0,8 800 2,13 160 760 416 

3. GdBa2Cu3O7 __ x 93,9 0,8. 990 2,80 150 710 464-

4. ErBa 2Cu3 0 7 _ x ( 1) 92,2 0,6 1100 3,30 108 720 487 

5. YBa 2Cu3O7_x(3) 91,9 0,8 1110 _2,75 286 585 542 

6. 
0

OyBa 2Cl'JO7 -x 92,2 0,6 1100 2,78 265 680 566 

7.- YBa2Cu3O7_x(2) ~1.2 1,6 1200 3,85 44 700 470 

8. EuB·a2Cu3o 7_" 93.7 1,4 1260 2,97 368 

9. v0_5Er0_5Ba2cu3O7 , 92,0 1,0 1340 3,63 250 640 625 

10. Y 0_ 75 Er0_25 Ba2Cu3o7 ., 91,6 1,1 1390 _3,32 395 540 668 

11: ErBa2Cu3O7 __ x(2) 91,7 1,8 1840 4,67 439 
. . ----------------------------------------------------------

20 '18COB B 8TMOCQJepe TeKYLUero Kl1CI10p0Jl8 11 3aTeM 6blCTp0 OXI18>KJl8!111Cb. KOH· 

ueHTP8Ul-1A Kl1C!10p0Jl8 onpe)le!1AI18Cb rpaBl-1MeTp11'1eCKl-1M MeTOJlOM 11 AilA scex 

o6p831.l0B 6bl!18 B Jll1anaJOHe 6,8 --;- 7 np11 TO'IHOCTl-1 113MepeHl111 ± 0,0,5. 

PeHTreHOBCK1111 aH-anl-13 noKa3an, '!TO o6pa31.lbl 6b1n1-1 OJlHOQJ83HblM11 1,1 11Meni1 

opTOpOM611'!eCKyto .CTpyKTYPY ~ He3H8'11-1Te!lbHblM pa36pOCOM Be!11-1'111H napaMeTpOB 

peweTKl1 MC>KJlY 06pa:1uaM11 (Hanp1-1Mep, napaMeTp a MeHA!lCA B l-1HTepsane 

3,82 7 3,83 A). nnoTHOCTb o6p831.l0B no cpaBHeHl-1!0 C nnOTHOCTblO, nony'leHHOH 1-13 

peHrreHOBCKl1X l-13MepeHl111, COCT8B!1AeT 75-92%. PeHTreHOBCKl-1e i-iccile)l0B8Hl-1A no< 

KaJan11 TaK>Ke, '!TO o6pa3Ubl TeKcTyp1-1posaHbl, JlI111HHaA ocb 06pa.3ua 11MeeT BblJleneH' 

Hoe HanpasneH11e, oHa napannenbHa Kp1-1crannorpacp1-1'lecK011 nnocKOCTl1 ab. B Ta6n11• · 

ue np1-1Be)leH cn11COK 1-1ccne)lOBaHHblX o6pa3UOB 11 HeKbTOpble l,1X napaMeTpbl :_ TeMne­

parypa csepxnpoBOJlALUero nepexo)la Tc, w1-1p1-1Ha JTOro nepexo)la LlTc, conporns-· 

neH11e ·np11 300 K p 300 • Tc onpeJleneHa 1,13 l-13MepeH1-111 pe31-1crnsHoro nepexo)la 

KaK reMnepaTypa, np11 KOTOpoi1 conpornnneH1-1e pasHo 0,5 OT senl-141-iHbl B HOP· 

Ma~bHOM .COCTOAHl11-1, LlTc - JTO o6naCTb, r)le p 11:1eHAeTCA OT 0, 1 JlO 0,9 3TO~ sen11-

411Hbl. 1/13 ·ra6n11Ubl B1-1,llHO, '!TO Tc o6pa3UOB MeHAeTCA ·He3Ha•t11TeI1bHO, B TO speMA 

KaK senl-1'11-1Ha conpOTl1BI1eH11A P300 MeHAeTCA no'ITl-1 B 3 pa3a, '!TO, sepo.ATHP, Bbl·. 

JBaHO 113MeHeHl-1eM KOHUeHTpaui-11-1 Kl1CI10pOJla (113BecTHa nponopu110HaI1bHaA JaBl-1· 

Cl-1MOCTb Me>KJlY P300 1-1 x 12 1
). Haw1-1 113MepeHl1A KOHUeHTpau111-1 Kl-1CI10pOJla 61,ini.1 

He,llOCTaTO'IHO TO'!Hbl; Mbl MO>KeM TO!lbKO CKa3aTb, 4TO KOHUeHTP81.ll-1A AilA o6pa3-

UOB N°1.-3 (Ta6n.) H8XO,lll-1TCA B npe,llenax_ 6,9 7 7,0, A!lA N°4-7 - 6,85 7 6,93 1-1 

AilA N°8-,-, - 6,8 7 6,87. 

1113MepeHl-1A conpOTl-1BneHl-1A 6bl!11-1. npose,lleH!,I '!eTblpeX30H,ll0BblM MeTOJlOM 

Ha nOCTOAHHOM TOKe, nnoTHOCTb KOTOporo 6b1na HH>Ke 0,4 A/cM
2

• AnA 3Tl1X 113Me­

P!JHl111 06bl'IHO BblpC38!111Cb o6pa31.lbl pa3MepoM 2x3x 15 MM.· npoBo,lla K o6pa3UY 

3 



np11Kne11eam,1cb cepe6pRHOH nacro'1, conporneneH11e ,meKTp1111ecK11x KOHTaKTOB 

nony11anocb ~ 1 OM. Vl3MepeHl1R BblnOnHRnl1Cb np11 113MeHeHl111 TeMnepaTypbl co 
CKOPOCTblO MeHbWe 1 K/M11H KaK np11 pOCTe, TaK 11 np11 nOH11>KeHl111 T

0

eMnepaTypbl. 
J],nR onpeAeneH11R TeMnepaTypbI 11cnonbJOean11cb Pt 11 Cu TepMOMeTpbl conporne­

neHl1R. Ow116Ka e 11JMepeH1111 conpoT11eneH11R 6bIna ecerAa H11>1<e 0, 1% een111111Hbl 

p 3 00 , a ow116Ka e onpeAeneH1111 TeMnepaTypbI H11>1<e 0, 1 K. 

3. PE3YnbTATbl Vl3MEPEHVIVI VI VIX OEiCY)f{AEHVIE 

Pe3ynbT8Tbl H8Wl1X 113MepeHl1H TeMnepaTypHOH 38B11Cl1MOCTl1 conporneneHl1R 

AnR coeA11HeH11'1 MBa2 Cu 3 0 7_x, np11 TO'IHocrn 113MepeH1111 0, 1%, AnR MHornx 06-
pa3uoe noKa3an11 11eTKOe, xopowo 113MepReMoe OTKnpHeH11e OT n11Hei1Ho'1 3ae11c:11-

MOCT11. AnR KOn1111ecTBeHHOro onpeAeneHl1R 3Toro OTKnoHeHl1R BBOAl1M napaMeTp 

t:i.p = p - PL, rAe p - 113MepeHHoe 3Ha11eH11e, a PL = A •T + B - pac11eTHoe 3Ha11eH11e 
np11 AaHHOH TeMnepaType, Bbllf11cneHHOe __ 3KCTpanon11poeaH11eM TO'IHO n11He'1HOH 

38B11Cl1MOCTl1, ecerAa Ha6nlOA8eMOH np11 TeMnepaType, 6nl13KOH K KOMHaTHOH. 
3ae11c11MoCTb L:!.p OT TeMnepaTypbl npeACTaenetta Ha p11c. l AnR wecrn 06pa3uoe. 

KaK B11AHO, Al1ana30H n11HeHHOH 38B11Cl1MOCTl1p(T) (KOrAa t:i.p = 0) pa3n11'1eH 11 
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HaXOA11TCR B npeAenax OT 
230-270 K AO 300 K. B rn6n11-

ue A8Hbl eenl1'111Hbl A 11 B, on­

peAeneHHble 113 3TOH n11HeHHOH 
3a~l1Cl1MOCTl1 p (T). 

TeMnepaTYPHblH XOA conpo­
rneneH11R (p11c.l) MO>KHO pa3-

Aenl1Tb Ha Tp11 o6nacrn: 1) n11-
He11HaR 38B11Cl1MOCTb p (T) ; 

2) t:i.p > 0, e 3TOH o6nacrn co­
npoT11eneH11e naAaeT MeMeH­
Hee c noH11>1<eH11eM TeMnepaTy­

pbl, 'leM B n11HeHHOM Al1ana30· 

He; 3) t:i.p < 0, 3Aecb y>t<e CKa-
3bleaeTCR enl1RHl1e cpnyKTya­
U110HHOl1 ceepxnpoBOA11MOCTl1 

Puc.1. TeMneparypHaR 3aeu­

cuMDCTb DTKflOHeHUR yoenbHO­

zo conporueneHuR or nuHeu­

Hou 3aeUCUMOCTU OflR o6pa3-

qoe MBa2Cu30 7_x, zoe M -
UOH, yKa3aHHb/U Ha KpUBb/X. 

) 

:_:n 

J 

( napanpoBOAl1Mocrn) . Aea nepebIx 11neHa ecerAa np11cyTCTBY10T a p (T) y MeTan­
noe, nepeblC:, - e BblCOKl1X TeMnepaTYpax, BTO.poi1 - Hl1>Ke TeMnepaTypbl Ae6aR. 

8 BTCn ceepxnpoBOARLUl1e cpnyKTY8Ul111 nORBflRIOTCR np11 O'leHb BbICOKl1X TeMne­

paTypax, Aa>Ke Bbl We 2Tc /7 '. 11 3TOT 3cpcpeKT Cl1nbHO pacTeT C nOHl1>KeHl1eM TeMne­

paTypbl. Vl3MeHeHl1e conporneneHl1R, CBR38HHOe C napanpoBOA11MOCTblO, Ha p11c. l 
060JHa11eHo .KaK L:i.pp, AnR nony11eH11R npae11nbHOi1 een111111Hbl conporneneHi1R e 

HOpManbHOM COCTORHl-111 Pn HY>KHO D.pp Bbl'leCTb 113 113MepettHOH BMl1'111Hbl conpo­

Tl1BneHl1R. AnR ecex H8Wl1X o6pa3UOB eCTb o6naCTb, rAe L:i.p = o. o6naCTb C t:i.p > 0 

MeHReTCR Cl1flbHO OT 06pa3ua K o6pa3UY, H81160nbwyio eenl1'111HY t:i.p np11Hl1M88T 
AnR Er8a2Cu30 7_x (1); AnR Hero e MaKc11MyMeOTHOWeH11e L:i.p/p300 ~ 2%. AnR 

06pa3ua ErBa·2 Cu3 0 7_~ (2) o6naCTb L:!.p > 0 eoo61.1.1e He noRenReTCR, a AnR 

EuBa2 Cu3 0 7....,: L:!.p .011eHb Mano (p11c.l ). VIJ 11ccneAOBaHHblX 06pa3uoe ErBa2 Cu30 7-x 

(2) BblnOflHReT oco6yio ponb, AflR Hero n11Hei1HaR 38B11Cl1MOCTb p (T) Ha6nioAaeTCR 

a Hal16onee W11p0KOM Al1ana30He T8MnepaTyp, 'lneH C D.p > 0 OTCYTCTByeT, 11 nOTO· 

MY 0Tp11U8TeflbHOe OTKnOH8Hl1e OT n11Hei1Horo XOAa conporneneHl1R (D.p < 0) 

Hl1>Ke 230 K CBR38HO TOnbKO C 3(p(p8KTOM napanpOBOAl1MOCTl1. MO>KHO TOrAa 3KC· 
nep11M8HTaflbHO onpeAenl1Tb BKnaA napanpOBOA11MOCTl1 D.pp (T) B XOAP (T) (p11c. l). 

Bee Haw11 o6pa3Ubl -3TO coeAl1HeHl1R rnna 123, 11X TC no'ITl1 OA11H8KOBbl, 11 no3TOMY 
Mbl C'111T88M AOnyCTl1MblM npeAnOnO>t<8Hl1e, 'ITO 113MeHeHl1e conpoT11eneHl1R, Bbl· 

3BaHH08 3(p(p8KTOM napanpOBOAl1MOCTl1 D.pp{Tl. AflR ecex 113MepeHHblX 06pa3uoe 

OAl1H8KOBO, KaK AnR ErBa2CU307-x (2). 8 11Tore TeMnepaTypHylO 38B11C11MOCTb 
conporneneHl1A B HOpManbHOM COCTORHl111 Pn (T) MO>KHO 3an11caTb KaK CYMMy: 

Pn (T) = P (T) -D.Pp (T) = PL (T) +t:i.p (T) -D.Pp (T) =AT+ B +Ap (T) -App (T) • 

Ben111111Hbl A 11 B A8Hbl e Ta6n11ue, Ap (T) 11 App (Tl onpeAenRn11cb 113 AaHHblX Ha 

p11c. 1. 8bl'111CneHHble T8K11M MeTOAOM BMl1'111Hbl Pn AnR pa3HblX TeMnepaTYP 113 
o6nacrn 120-300 K npeACTaeneHbl T011KaM11 Ha p11c.2 MR wecrn 1136paHHblX 06-

pa3uoe. H111>1<e 120 K TO'IHOCTb onpeAeneHl1R Pn 6blCTpo naAaeT 113-38 c11nbHOH 38B11· 
Cl1MOCTl1 napanpOBOAIIIMOCTIII OT TeMnepaTYpbl 11 6nl130CTl1 ceepxnpoBOARLUero 
nepeXOA8, 11 nOTOMY eenl1'111Hbl Pn Hl1>Ke 120 K Ha plllc.2 He HaHeCeHbl. 

Ha6nlOAaeMoe nonO>Kl1TenbHOe OTKnOHeH11e OT n11HeHHOrO XOABPn (T) np11eeno 

Hae K np11MeH8Hl1IO KnaCCl1'18CKOl1 MOAen111 3neKTp0H·(pOHOHHOro B3811MOAeHCTBl1R, 

on111CaHHOH cpopMynoH Einoxa - fplOH8H3eHa AIIR TeMnepaTypHOH 38B11CIIIMOCTl1 
conpoT11eneHl1R Merannoe, KaK 3TO CAenaHO B /S '· HeKOTOpble MOAen11 BblCOKOTeM­
nepaTypHOH ceepxnpoBOA11MOCTl1 npeACKa3bIB8IOT Pn ~ T 11 o,t 1 '; HO B03MO>KHO, 

'ITO MOAenb Eif, npeACK83bleaio1.1.1aR np11 Hlll3KIIIX TeMnepaTYpax Pn ~ T 5• a np11 
TeMnepaTypax Bb1we TepMOA11HaM1111ecKOH TeMnepaTypbl Ae6ai:i Bo Pn ~ T, 6onee 
np11MeH11Ma An A BTCn c Tc ~ 90 K. 

Pac11eTHbl8 38B11Cl1MOCTl1 p (T) no cpopMyne Einoxa - fplOH8H3eHa 

P = Po+ C (T/8*o)
5 

F5 (Bo/T) 
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T,K-

Puc.2 .. TeMneparypHaR 3aeUCUMOCTb 

conporueneHUR e HOpMaflbHOM coc­

TORHUU iJnn MBa 2 Cu 3 0 7 _x, TO<f· 

KaMu o6o3Ha'leHbl 3KCnepuMeHranb­

HbIe iJaHHble, flUHURMU - reMnepa­

rypHb/U xoiJ conporueneHuR, ebI: 

yucneHHbliJ no <f;opMyne 5noxa -

Tp10Hai13eHa. 

npeAcrnsneHbl Ha p1,1c,2 cnnoWHblMH 

fll,1Hl,1RMH. noA06paHHblMl,1 napaMeT­

paMH RBflRIOTCR: TeMnepaTypa ,[l,e6aR . 

AflR TpaHcnopTa 0 *o. OCTaTO'IHOe 

conponrnneHHe p0 1,1 nocTORHHaR C. 

nony'leHHbl'e TaKHM o6pa30M O*o 1,1 

p 0 np1,1seAeHbI sTa6nm.ie; Mbl oueHH­

saeM -TO'IHOCTb onpeAeneHHR 0*o 
oKono ± 50 K. 0TKnoHeHHe Pn (Tl 

OT 3aBHCHMOCTl,1 6r Mano, HH>Ke 1% AflR o6pa3UOB C HH3KHM p (TO eCTb C KOHUeHT­

pau1,1eel KHCflOPOAa, 6nH3KOH K 71. AflR o6pa3UOB C 60flbWl,1M p 3Ta pa3HHUa y>Ke 

3Ha'IHTeflbHa (~ 3%) (p1,1c,2). a AflR o6pa3UOB C X = 0,2 ¢,opMyna 6noxa - rpio­

HaH3eHa y>Ke He MO>KeT 6b1Tb npHMeHeHa (CM. Ta6n.). 

,[l,11R o6pa3UOB EuBa2Cu 30 7_~ 1,1 ErBa2Cu 30 7_x (2) senH'IHHbl 0*0 1,1 Po He 

onpeAeneHbl 1,13.3a no'lrn nHHeHHOro XOAa 3aBHCl,1MQCTl,1 p (T). nony'leHHble HaMH , ·. *. .. c, • 

senH'IHH.bl 0 D 6onee BblCOKHe, ecn1,1 cpasHHTb C _nneHKaMH YBa2CU307.,...x, rAe 

0* 0 ·=200 K, 1,1YBa2Cu40s±x, rAe0* 0 =500K
151

• np1,1111,1Hoel pacxo>KAeHHR 

MO>KeT 6b1Tb TOT ¢,aKT, 'ITO. s Wt He y'IHTbIBan1,1 snHRH~e 3¢,¢,eKTa· napanposOAH­

MOCTH BblWe 140 k, npHHHMaflOCb, '!TO BblWe 130-140 K H3MepeHHOe conporns-

neHHE! _:_ 3~0 ~~O 3Ha'leH~El B HOpManbHOM COCTORHl,11,1, · . . . - . , , . . 

,[l,nR 1,1ccne,o,osaHHblX o6pa3UOB Ha6ntoAanacb nponopu1-10HanbHOCTb Me>KAY * , . , ~ i ' ' ' . . . • 

0 D VI. sen1,1~1,1Ha1VtH 1/P30 0 1,11/Po (rn6n.) : T.e. AflR 06pa31;1os c. HH3Kl,1M P, (1,1n1,1 C 

KOHUeH.TPBU,VleH .KHCnopoAa; 6~H3KOH K 7) 0* D nony111,1naCb MaKCHM3flbH~H: 

~ 800_ K .. C nOHH>KeHHeM _KOHUeHTpau1,11,1 KHCnopoAa 0 * D 6b1CTp0 naAaeT 1,1 np1,1 6,8 

,11,ocrnraeT sen1-111HHbl ~ 500 K. 
0AH-OH 1,13 · ueneel pa60Tbl 6bino 06Hapy>1<eH11e 3as1,1c1,1Mocrn Me>KAY p 1,1 XOAOM 

,o.(T) :1,1 csoelcTBaMH 1,10Ha M _s coeAHHeHHRX MBa2 Cu 30 7-x: HO c1,1n.bHaR 3as1,1c:1,1-

MOCTb 3THX xapaKTepHCTHK OT ~OHUeHTpau1,11,1 KHCflOPOAa CAemi.na ~eB03MO>KHblM 

Ha6nioAeHHe TaKHX cna6b1X 3¢,¢,eKTOB. . . . - . ' 

CHnbHaR 3aBHCHMOCTb OT KOHUeHTpau1,11,1 KHCnopOAa TaKl,1X napaMeTpOB, KaK 

conpornsneHHe p 11 ero TeMnepaTypHblH XOA p (Tl, TepM03AC S l'I S(Tl
18 1

, noA­

Tsep>KAaeT cnO>KHYIO 3neKTpOHHYIO CTPYKTypy 3THX coeAHHeHHi( HeKOTOpyio B03-

MO>KHOCTb o6bRCHeHl'IR TaKOro noseAeHHR CBOHCTB 3neKTpoHHOro TpaHcnopTa AaeT 

MOAenb y3K011 30Hbl
12 

'· 
6 

npeACTasneHHble BblWe peJynbTaTbl A3IOT B03MO>KHOCTb CAenaTb BblBOA 0 

TOM, 'ITO no Mepe np1,16n1,1>1<eHHR KOHUeHTpau1,11,1 K1,1cnop0Aa K 7 3neKTp~111eCKOe 

conpOTHBneHHe (a TaK>Ke TepM03AC 1811 coeAHHeHH11 MBa2CU307_x AeMOHCTpH­

PYIOT see 6onee MeTann1,111ecKHH xapaKTep. TeMnepaTypHbll1 XOA conpOTHBneHHR B 

HOpManbHOM COCTORHl,11,1 TaKHX o6pa3UOB xopowo onHCblBaeTCR Knacc1,111eCKOl1 cpop­

Mynoi1 6noxa - rpioHaelJeHa. 

noHH>KeHHe KOHUeHTpau1,11,1 KHCflOPOAa AO 6,8, He MeHRIOLUOO sen1,1111,1Hy Tc, 

CHflbHO l,13MeHReT sen1,141,1Hy l'I xapaKTep 3fleKTPOHHOrO TpaHcnoprn. 
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