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6e~HTaAJe A.T. HAP, 
HccneAOBaHHe B~COKOTeMneparypH~X ceepxnpoBOAHHKOB 
µSR-MeTOAOM Ha $a30TpoHe nRn OHRH 

Al4-"89-455 

µSR-MeTOAOM HCCneAOBaH~ B~COKOTeMneparypH~e ceepxnpoBOAH~K~ (BTCn) 
La 2. ~rxCuO, (x = 0•0,25), Ho(Er)Ba 2Cu 307. 0 ~ Bi-Sr-Ca-Cu-o· ($a3a -2212 c He-
6onbWO~ np~MeCb~ $a3~ 2223) B HyneeoM H nonepeYH~X BHeWH~X MarHHTH~X nonRX0 
-100 H -400 3 a A~anaJoHe reMneparyp 4,2•300 K. AnR 06pa34oe La-Sr-Ct.i-0 c·x=O 
H x=0,01 MarH~THoe ynopRAOYeH~e Hacrynaer np~ reMneparypax H~~e T ~ 250 K H 
T ~ 170 K COOTBeTCTBeHHo: 3HaY~TenbHOe B03pacraHHe w~p~H~ pacnpeAeneH~R Mar
H~THOro nonR Ha MIOOHe np~ yaen~YeHH~ COAep~aH~R CTPOHL\~R CB~AeTenbCTByero6 
yaenHYeH~~ OTKnoHeHHR MarH~THblX MOM3HTOB Cu 2• OT OCH MarH~THOro ynopRAOYeHHR. 
npH COAep~aH~~ c'rpOH0L\~R X :: 0,07 pe3ynbTarn o6pa60TKH µSR-cneKTpOB yKa3blBalOT 
Ha $OPMHPOBaHHe cnHH-CTeKonbHOro COCTORH~R B 06pa34e. 8 npoTHaonono~HOCTb Ke~ 
paMHKe H0Ba2CU307-o He 06Hapy~eHO MarHHTHOro ynopRAOYeH~R aTOMOB Ere o~pa3~e 

• ErBa2CU307.o•OhpeAeneHhlrny6~H~ npoHHKHOBeHHR MarHHTHoro nonR B ceepxnpoBOAHHK 
A1(0): (3200±79)_A - La 119Sr 0 , 1 CuO, ; (24~0±60) A~ La 1 , 85 Sr 0 , 15Cu0,; 
(2000±50)A - Bi-Sr-Ca-Cu-0 ($a3a 2212) H 0(i600±50)~ - ErBa2Cus01-o· 

Pa6ora e~nonHeHa a na6oparop~~ RAepH~x npo6neM OHRH. 

npenpHHT 061,e,11HHeHHoro HHCruryra RJ1epHbtX uccne.11oeaHHR. JlY6Ha 1989 

Bezhitadze D.T. et al. 
µSR - Investtgation of High-Tc Superconductors 
at the LNP JINR Phasotron 

D14-89-455 

High-Tc superconductors La 2 .xSrxCuO~ (x = 0•0.25), Ho(Er)Ba 2 Cu 307. 1 and 
Bi-Sr-Ca-Cu-0 (the main ohase 2212 with a small admixture of the 2223-phase) 
were investigated in the zero and 100+400 Oe transverse external magnetic 
fields in the temperature interval 4.2+300 K. The magnetic ordering for the 
La 2 .x5rx CuO, samples with x=0.00 and x=0.01 occurs below 1'. .. 250 K and TN.,170 K 
respectively.A considerable increase in the distribution width of the magnetic 
field on the muon with an increase in the Sr-content indicates an enhancement 
of the Cu 2 • magnetic moment deviation from the magnetic ordering axis. The 
results of the analysis of the µSR spectra indicate the formation of the spin 
glass state in the La 1 , 93 Sr 0 , 01 CuO, sample. In contrast to the behaviour of 
the Ho8a 2Cu 307., ceramic the.magnetic ordering of the .Er-atoms in the ... 
~rBa 2 Cu 301., sample is not observed in the comparable temperature interval. 
Our da~a ~as also a\lowed the magnetic field penet,ration ,depth Al.(O) to be 
d'etermrn,ed: 3200±70A for La1,, 9 Sr 0 • 1 CuO,, 2420±60~ for La 1 • 85 Sr 11 , 15Cu0,, 
2000±50 A for Bi-~r-Ca-Cu-0 (phase 2212), 1600±50 A for ErBa 2 Cu 307.,. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 

Preprint of the Joint In~titute for Nuclear Research. Dubna 1989 
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BBe,nemre 

IIpn: n:syiremrn: cBepxnpoBO.IUIBKOB J>IS R-MeTo~oM /I/ MOl!teT 6HTI> no
JIY"l9Ha U9HHaJl HHqiopM~ 0 B9JIH"!HHax BHYTP9HIIHX Mal'HHTH!lX nOJiett B 
HCCJI9,lzy9MOM B9!119CTB9 H IDC pacnpe~eJleHHmc. B B'rCII 8TH noJI/1 o6yCJIOBJie
Hil KaK ~opMHpOBaHH9M perneTKH Bmcpell B CM9IDaHHOM COCTOmnrn:, Trut H o6-
pa30Ba.HH9M o6JiacTell C MaI'HHTHilM yno~O"l9H~eM, KOTOpHe M%:T 6/'TI, 
CBSl3aHH C aHTH~ppOMaI'H9TH3MOM HOHOB CU. B CJIOJlX (u O 2-ID IIJm 

IIpHCYTCTBH9M B CBepxnpOBO~Ke pe~039M9JII,irX aJir9HTOB C 60JII,lliHMH 

MaI'HHTHHMH MOM9HTaMH 8Jl9KTpoHH!lX o60JIO"l9K II-I4 • . . 

naHHHe no pacnpe~eJI~H~ID MarHHTHHX IIOJiett B CM9lliaHHOM COCTOsmmr 
n03BOJl.llT onpe~eJIHTI, rJIY6HHY npOHHKHOBemm MarHHTHOro IIOJI/1, HaMarHH
"l9HHOCTI,, H3Y"!HTI, 3qxp9KTH, CBit3aHHHe C IIHHHHHrOM. lfaY"!9HH9 .llBJI8HHJI 
MarHHTHoro yno~O"l9HHH H cocymecTBOBaHHH MarH8TH3Ma H CB8pxIIpOBO~H
MOCTH npe~CTaBJI/19T HHTepec C TOm/spemm BHHCH9HHJ! M9xaHH3Ma, OTB9T
CTB9HHOro sa cBepxnpOBO~OCTI, r5 • 

B ~aHHOH pa6oTe .npe~cTaBJieHH pesyJII.TaTll no HCCJI8~0Brumro rs R -
MeTo~oM CJI9~!11IDC BTCII: LQ2_xSr,c Cu 04 (x = 0; 0,OI; 0,05; 0,07; 0;10 
O,I5; D,25), Ho(Er)Ba2.Cu~0=,-8H 5~-Sr-CO--Cu-0 

YQ.JIOBIDI 3KCII~j]}IM9HTa 

~a30TpoH Jia6myopHH B;D;9pHWC IIp06Jl8M C03~a8T IIpOTOHHl:l:!t llY"lOK C 
aHeprneii 659 MaB 6 • B }A 5 R -aKcnepHMeHTaX HCIIOJII,30BaJica BHBe~eH
HHii IIpOTOHHHil IIY"lOK HHTeHCHBHOCTI,ID ~I MKA. BTOPH"lHiltt ny"lOK IIOJIOl!ra
T9JII,HllX MIDOHOB HM99T CJI9)zyl(IllH8 xaprucTepHCTHKH: HMnyJII,C I30 MaB/c, HH
T8HCHBHOCTI, ~ ro5 I/ C' IIOJIHpH3aUM ~ 80%, anepTYpa 5x5 c~. ~ 3KCII8pH- . 
IVl8HT11 BHIIOJIHHJIHC:& C IIOM0!11I,ID _o~oro H3 CII8KTpOM8TpOB JSR- YCTaHOB
KH/I?< KOTOPHH o6ecne"!HBaJI npoBe~eHHe H3MepeHIDi: B MarHUTHOM llOJie ~o 
0, 5 TJI, HaIIpaBJieHHOM nepne~KYJI/lPHO HanpaBJISHHID CIIHHa MOOHa. HcCJie
~OBaHHH npoBO~HJIHCI, B ~HanasoHe TeMIIepaTYp 4,2+300 K. HcnOJII,30Ba.JIHCI, 
o6pasmr B B~e ~HCKOB ~aMeTpOM ~ 40 MM JI TOJilllHHOii ~ IO MM, pacnoJio
l!t8lillllX TrutHM o6pa30M, "ITO HX IIJIOCKOCTI, 6wra nepne~KYJIRJ)HOtt HaIIpaB
Jl9HHID ny,ma MIDOHOB, a BH9IDH89 MaI'HHTHOe IIOJie HaIIpaBJI8HO B,ItOJlI, 3TOtt 
IIJIOCKOCTH. 

3KcnepHM9HTil npoBO~HJIJICI, npH Tpex YCJIOBIDDC: a) H3Mepemm IIPH 
O.XJlaJK.!J;8HHH o6pa3UOB B HYJI8BOM MarHHTHOM IIOJI8 ( z: F ) ; 6) H3Mepemm 
npn: OXJia.l!OJ;SHHH o6pasnoB B noJre ( F C ) n: B) H3Mepemm npn: oXJiaJK.IJ;SHHH 
o6pa3UOB B HYJl8BOM noJie C IIOCJI8,Izyl(lllHM YB8JIH"l8HH9M MarHHTHOro IIOJI/1 

,□ 6bf.7~~ ~: _,,.~;;iT~T 1 
1 
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npH WHKCHpoBaHHott TeMIIepaTYPe HJIH YBS~H'leHHeM TeMIIepaTYpH npu cpuKcu

poBa.HHoM MarmtTHOM nMe ( :l FC). 
CHI'HaJILt npe~CCHH cmrna MIOOHa OIDICHBaJillCI, @'HKUH8il 

N(t)-=- No e-t/t.M (1 + P(t) ), + Ns , (I) 

l'.I(e NO - c'leT nos.0:TpoHoB 1'1+ - e + pacna.na B Hatmm,HHit MOMeHT 

BpeMeHH, t.f'\ -==- 2,2 MKc - BpeWI lltH3HII MIOOHa, N8 - He saBHCRI11aH OT 

Bp8M8HH IIOCTO.llHHM, P(t)- 3aBHCRIIIM OT BpeM8Hll @'}IKU11.ll, CO'A8PJKall.lM 

HH~pMaUHI() 00 3BOJI11'.lWIH CIDIHa MIOOHa B oopasue. Tom p ( t) B 'AaJ!I.Heil:

DI8M 0Y'A9T npHBO'AHTI,CJI B Kallt,Il;OM OT'A8~I,HOM c~~e. 

AJiTH/peppoMarHeTH3M ll CilllH-CT9RO~I,H08 COC~Q.llHH8 

)LlI.11 i'!3Y'l'.9HH.ll 3TliX JIMeHuil: 6wrn BHOpaHll o6pas!l,ll RepaMHRH· 

LQ2-x Srx Cu Oi., (x = 0,00; O,OI; 0,05 H 0,0?). 

.lLlI.ll oopasuoB (x = 0,00 H O,OI) qJYHRIJ;,I.11 P(t) B YMOBH.llX Cl F) · 
BHOH~c:& B B,me • -At . -Aot 

P(t)-=-Q[½t-½e CosW11 (t+to)]t-(ar_-a)e, <2> 

r'Ae nepBHM 'JJI9H OilHCHBaeT IlOB8'A8HHe CIIHHOB MIOOHOB, OCTaH~BaiallHX

CJI B M9llt,Il;OY3.IDUlX, r'A8 npucyTCTByeT MarHHTH09 IIMe. BTopoit ttll8H OIIH

CHBa9T TO ~e IlOB9'A8HHe B M9CTaX o6pasua, CB06o.mrux OT MarHHTHOro no

M. Cl - K03®JllUH9HT acHMMeTpllll fl+➔ e+ pacna,na, OTHOCRIIIHitC.ll K 

MIOOHaM, HCIIHTHBaKJllllM B03~8ttCTBH9 MarHHTHOrO IIOM. . Q z =:. 0, !8 - CYM

MapHHM K0344JHUH9HT acHMMeTpHH. A - cKopocTI> pe~Kcauuu crruHa MIOO

Ha, CBJI3aHHaJI c ~crrepc.0:ett <..t. a;;>li pacnpe'Ae~emr.11 MaI'HHTHHX no~ett 

Ha MIOOH9 COOTHODI9Hll8M A2 = or (~Bi> , r'Ae ~f'/2r, = !3,55 RI'u/I'c. 

wf' = 'tr <.Br'!, r'Ae < BJ'I)- CP9'AH98 MarHHTH09 rro~e Ha MIOOHe. Kos~ 
wnuneHTH I/3 .11 2/3 B03IDIBaIOT BM9'ACTBll9 ycpe'AHSHM no rro~pHcTaJIJiy. 

Ha puc.Ia-~ npe~cTaBJI9Hll T8MIIepa'i'ypHHe saBHCIL~OCTll CP9'AH8ro 

MaI'HHTHoro UM.II ( B Jt/ Ha MIOOHe, 01topocT.1I pe~aRCaUfl'.H .A. u Kos~ 

wnuneHTa acHMMeTpHn "Q" • 
. lfa p.0:c.Ia BH'AHO, 'ITO ·rrpn mrsRHX TeMIIepaTYpax ( < Tw> Ha MIOOH 

'A9ilCTByeT 3aM9TH08 Mlll'lUITH09 IIMe. 3TO CBH,Il;9T8~CTBY9T O HaJ!ll'l'.llll 

aHTHweppoMarHHTHOro. yrropR)J;O'l8H:1!.ll B. o6pasuax. CMODIHHM.II ~HH.II.llMH Ha 

3TOM pHCYHK9 IIOKa3aHH T80p8TH'l8CKII9 T8MII9paTYPHH9 3aB.IIC.IIMOCTll HaMar

Hll'l8HHOCT.II, Bll'l'.IIM9HHH9 B npH6~~8HHll MO~eeyMpHoro IIOM 'AM cmrna 

I/2. 
C~6a.a.· 3aBHCHMOCTI, B9~'l'.IIHH A (puc •. !6) OT T9MII8paTYpH (sa 

ncRJIJO'!eH.11eM o6~cTeil BMuan TN) cmmeTe~CTBYST B IIMI>ay Toro, 'ITO 
pe~CaUH.11 A o6yMoBJieHa cTaTH'lecKIIMH IIOJLHMH. HecMoTp.11 Ha TO, 'ITO 
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Puc. I. 3aBHCl'IMOCTH cpe'Allero Mar1mTHoro noM 

Ha MIOOH8 <Br) '· CKOpOCTl-1 pe~aRCaU]rn 

A 11 acilMMeTpm, "Cl" (cM. wopM,Y~ 

(2)) OT T9MIIepaTYPH 'AM o~pa3UOB 
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HY~8BOM BH9DIH9M MarHllTHOM no.rre. 

CMOmHHe ~HHllll - T90P9Tll'l8CRHe. 

O CP9'AHI18 MarHUTHH:9 IIO~.ll Ha MIOOH9 (pnc.Ia) ,nJI.ll 

OOOHX o6pa3~0B H9 CHJII,HO OTJIH~IOTC.ll 'Apyr OT 

'Apyra, CKOpOCTl-1 peJirutcauim OTJill~RlTC.ll 6Mee, 

'ISM B 'ABa paaa: A (x = 0,00) ~ ·r,8 MKC-I 

B iI A (x = O,OI) ~ 4,5 MKC-I. 3TO MOllt9T OHTI> 

llHTepnpeTllpOBaHO KaR YBMH'l8Hll8 O~OH9Hlltt 
2-1-\ I ~ I 

0 L__.__:-=::-_.._-;;!;;;~-;,; 
0 100 200 

MarIDITHHX MOMeHTOB Cu OT ocu aHTilweppo-
300 

T,K MarHHTHOro yrropR)J;O'l9Hll.ll. 

Ha puc.IB IlP9'ACTaBJI8Ha 3aBHCHMOCTI, 

K03qqJHUI18HTa acHMMeTpllU " a " OT T9MII8paTY

pbl. B o6~acTH TeMIIepaTYp cymecTBeHHO mme, 'ISM Tr-,1 , OTHODieHne o/a~ 
'Aa8T ~MIO o6paaua, Haxo.nmueroc.11 B aHTHweppoMarHHTHOM COCTO.llHllli. B 00-

~CTH, 6~3Rofi R T"' , nocTerreHHoe na.neHue " Cl " MOJKST OHTI> cB.llaaHo 

KaK C H80'AH0p0'AHOCTI,IO CO'Aepl!taHll.ll IrnMOPOM no oopasny, TaR II C YJ39~

"I9IDI8M aMIIm1TY'AH q>JJYKTYHPYiall9M traCTll MarIDITHOro IIOM Ilpll npHM~emrn 

K T"'. 
Ma-sa ClIJII,Horo YJ39~ll'l8Hll.ll CROpOCTll peJiaKcaunu CIIllHa MIOOHa (rrpll-

BO,nmllero K IIa'A9HHIO aMII~HTY'AH }IS R -curnana) Oita.3anocI> 3a.Tpy'AHuTeJII>

HHM B ·( 1 ~ )-aRcnepHM8HTax oueHlITI> TN . .IJ:rr.11 onpe'Ae~em!.ll TSMIIepaTY

pH II9p8XO'Aa ~ B aHTllweppOMarHlITH09 COCTOR1UI8 OWill !IpOB9'A9HH ::JRC

Il8pllM9HTH THrra ( FC) rrpn H.1.. ..... IOO 3. IIpu 3TOM @'HKUII.ll P(t) BH-

6u~cI> B B,me _ A- t 
P(t) = 0..1. e (05 W.f'1 (t tt 0 ). (3) 

TeMIIepaTYPa HeeM TN B 3TOM ~~e onpe'Ae~acI> no Ha~ na,neHll.ll 

aMMHTY,nH cHrHana npeueccmr al. c YM9HI,DI8HlleM TeMIIepaTYpH o6paaua 

(p.rc.2). IIo oueHKaM 7 TN (x = 0,00)-:,, 250 Kn TN (x = 0,0I) ~ I?O K. 

vl:3 pHCYHKa BlmHO, '!TO II9P9XO'A B aHTHweppoMarHHTH08 COCTO.llHll9 CHJII,HO 

3aT.flHYT (60Jiee, 'ISM Ha 50 K). 

IIpn ROH~HTpaUfill B o6pasue Sr x = 0, 05 B YMOBll.llX ( l F ) He 

HaMIQIJ;anocI> ~apMopoBcKott 'laCTOTH npeueccuu cnnHa MIOOHa B ~OCTYTIHOM 

HaM 'AM ucMe'AOBaHHit TeMIIepaTYpHoM HHTep~e 4,8+300 K. B 3TOM ~~e 

3 
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Pac.2. 3aBl1C1™0CTb K03qxI)}!Ulf8HTa aCliMM8T
p1rn Cl.1- (CM. qppMYJIY (3)) OT TeM
nepazypH BO BH9illH9M MarHRTHOM 
rrMe ~ IOO :3 ,ll,JIR. 06 paanoB 
La2-x Srx CU 04 (x = 0 H 0,OI). 

CIJJIOillHH9 KpliBH9 rrpoBe~eHH ,ll,JIR. 

Har.JUUU-IOCTH. 

3KCII8pllM9HTaJlbHHH crreKTp OilliCHBaJICR. 

qJJHKUHBii _ ( _A t) ol 
. P(t)=- aLe, . C4> 

P:ac.3. TeMIIepaTYPHM saBHClfMOCTb rrapa
MeTpOB A n o( (cM. it,opMYJIY 
(4)) .IWl o6pasrr,a La 1.~5 Sro,osCu04 • 

.. 
Ha pnc.3 npe~cTa.BJIBHH TeMnepazypHH9 sa
BliCIDIIOCTli A ·n o<. • Ilpn TeMnepazypax, 
Bl:llll9 7 K, r.n;e 3KCIIOII9HU!faJlbHa.fl cfJYHKUHR. 
peRaKcaUHR xopOillO anrrpOKCilM!ipyeT 4JYHK-

u J , s s 1 s g 10 UHID rromi:p.1rnaUHH, (.I'- npmn™a.1mcb paB-
r,K HOfi I. HHJKe 3TOii TeMII9pazypH Hai:mHaeT-

CR. 3aMe.n;.,reHRe (ll)IYKTYaU!fii MarHHTHOro IIOJIII Ha MIOOH9 rrpa rrpli6JIRJK8Hl1li K 

TO"IKB qasoBoro nepexo~a. 

La 193 Sr no7 Cu4 Hexe107. 5 Oe 

0.4 

, 0.3, ? 
t o.2f r~H • 

0 

<·0.1 

0 
Q20f 

0 
0 O O O 0 

I I 0000 o 0 

0.16> 

c 0.12 

:~r. . . _ I 
0 10 20 30 40 50 

T,K 

Pirn.4. Te1wrnpaTYpHH8 3aBHC1™0CTH CKOPOCTU 
peRaRca.n;rn A ;r ROaqxp11n.1IeHTa acHM
MBTpnu 0.1.. BO BH9illH9M MarHRTHOM 
rroRe ~ IOO :3 .IWl o6pasrr,a 
La.,19 ., 5r0101 Cu 04 . 

06pasen C X = 0,07' RaR M9~T li3 
( F C>-naMepeHHii (p1rn. 4), ncIIHTh!BaeT rrepexo~ 
B MaI'HHTOynOPJI,nO'tleHHOe COCTOR.Hli8 npH 
T t ~ IO K. IlpH HaMepeHHR.X B ycROBUR.X CH ) 

.IWl o6paarr,a c x = 0,07 (RaR u ,ll,JIR. o6paarr,a 
c x = 0,05) Ml:I He Ha6JIIO.naJIH rrpeneccUH crru:Ha 
MIOOHa IIPll ~OCTYIIHHX HaM Hli3KllX T9Mil9paTYPax. 
O~aRo c rroHHJKBHUeM TeMnepaTYPH cfJYHKUHR. rro
MpH3aUHH Ha~a8T IIpll06peTaTb B~ cfJYHKWfll 

4 

i 

!) 
'! 

1J': 

\ 
I 

.Ky6o.:.Toiia6e /IS/. B CBR.31! C 3TllM rrpe~MaraeTCH, '!JTO Ma.I'Irn:Toynopimo
'tl9HH08 COCTOHHll8 o6pa3I.T,a C X= 0,07 Ilpli HU3rupc T9MII9pazypax R.BJIR.9TCH 
CITJIH-CTeRORbHHM. IJ03TOMY ,ll,JIR. OIIHCaHUR. cfJYHKUHH IIOMpH3anuH B YMOBllR.X 
( _i F ) HCIIORb30BaJIOCb BHf)aJK9Hll9 l. _ . -1,.:f 

P(t) = [% t ½ (1-t.Ztz) exp C-½·Ll tz)J+ (a..r. -a) e , (5) 

z l.. < )z.. . 
r~e Ii = i? < ( B/k - B,;> > . IIpu TeMIIepaTYPe 4,8 K. t1 cooTBBTCT-
BYBT illlipMHe pacrrpe.n:eReHUR. MaI'HllTHHX IlOReii < ( Br - ( Br) )2 >½ ~ 2IO re. 

MarHHTHOe yrroprurO"!SJm:9 ll CB90XIIPQBOJ!l™OCTb B coenHHeHUHX THIIa 
RE- Ba - Cu -o 
Jl;m li3Y'tl9HHR. MUR.Hli.lI MarHHTHHX MOM9HTOB pe~R039M9RbHHX.3R9M9HTOB 

B BTCII 6HRH BH6paHH o6pa3~ Ho 6a2. W3 ot -o li Er BCl2Cll3 or-S. 
:3RcrrepIDl!eHTH rrpoBo~cb B YMOBRl!X (lF). ~ P (t) ncrroRbSOBa-

Jiacb B B~e -A-t - (<:r-t/ 
P(t)=a-e.. +(aL-a)e ) (6> 

r~e nepBHtt -vreH, KaR MH rrpe~rromraeM, cooTBeTCTBYBT c.,rytiaIO, Ror.n:a 
M!OOHH OCTaHaMJiIBaIDTCR. B M9CTOilMOllt8HllJIX, 6RH3KliX K aTOMaM MaI'HliITlIOro 
3R8M9HTa (Ho, Er• ) , a BTOpoii "VI0H OIIUCHBa8T_ peRaKCaUHOHHlrlt riponecc 
,ll,JIR. M!OOHOB, OCTaHaBJIBBarcmmccJI }W;aJili OT aTOMOB Ho(Er-). 
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Puc.5. TeMIIepaTYPHM 3aBHCHMOCTD CROPOCTli 
pemRcaUHn cIIHHa MIOOHa A ( CM. 
qpp,!YJIY (6)) ,ll,JIR. 06pa3~B 

Ho(lr) Ba2ws01-o B JIYR9BOM 
BH9filH9M MarHHTIIOM IIOR9. 

Ha pnc.5 rrpe~cTaMeHH aaBHCHMOCTH A(r) 
Mfl o6pasnoB Ho (Er) Baz. Cu3 0=,-0 • 

KaK B~o na puc~, .n;JIH o6paana 
HO Ba.2. Ct..t =, 0=,-o r31 B OMaCTli TeMIIepa
TYP 4,2~IO K Ha6JI!l)'AaeTcR. 6HcTpasr ~errMR.
pnaan:rui: CIIHHa MIDOHa, Ha IlOp;I.D;OR rrp9BHillaIO
masr cRopocTb ~erroRR.pnaanuu ("' O, 2 MKc-1) 

rrpn BucoIOOC TeMIIepaTYPax. B CJIY'tla9 fr Ba,2 Cu 3 0-=,- -S' cROpoCTb ~erro
Mptt3aUHH OCTaeTCR. Hli3KOii (~0,2 MRC-I) B 06MCTli T9Mil9pazyp 4,6t 

270 K. 
HcMenoBaHUe BTCII B cMemaHHoM cocTo.HRHH 

,Il;.Jm IIMY'!J9Hli.ff ~aHHHX O rRy6HHruc rrpoHHKHOB8HllR.•MarHRTHOro IlOJIII B 
CB9pXIIpoBO~HRli ll 3qxp9KTaX IIliHHHHI'a liCM8~0BaJiliICb M9~9 K9paM!iIRH: 
Laz-)(. Sr.< Cu 04 (x = 0,I; O,I5; 0,25), er Ba2. Cu3 O:i:-8 u Bc:-Sr-Gt-u.i-0. 
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HsMepemm BunoJIWL1rac:E. B yc.noBHruc ( F C ) H ( 2 F C ) npH sHatJ:emmx BHem

Hero MarJmTHoro IlOJI!l "' IOO 3 Ir ~ 400 3. ~ll;lfJl P ( t) annpoKCRMHpo-

BaJiaC:E, BHpalK9HH9M _ (o·ti 
PCt) = a.Le Cos Wr Ct +to) 1 (7) 

r.zte O - CKOpOCTl, PMaKCall;lfll cmma .MIOOHa, CBJl3aHH8Jl C ,ItllCIIepcHeii 

pacnpe,It9JI9HIDI MarHRTHhTX noJiett COOTHOmemreM 2 <5 2 = 0 fi < ti B 2 > 
.T;ry61rna npoJmKHOBSHHJl MarHHTHoro IlOJI!l paCC'\IHTliBaJiaC:E, II3 3KCII9pll

M9H;riJ.r:E.HHX 3aBHCflMOCTSfi o (T) , IlOJIY'\ISHHl:lX B yc.noBAAX ( F C ) , Ha oc

HOBaHHH q>OPMYJIH /l9/ 
- Lt 

2 'rl 2 ) (6B :>-= CJ,003t '-1:?0 !Leff , (8) 

r.zte ~o = 2,07•I0-7 re/~ - KBaHT MarHHTHOro IlOTOKa, /lefi - 3@>9K

THBH8Jl r;ry6HHa npomIKHOB9HHJl MarHHTHOro llOJlll ,ItJlll llOJIRKpHCT8JUIH'\I9CKO

ro CBepxnpOBO,ItHHKa. 3TO COOTHOW9Jm9 MO~eT 6UT:E, llCIIOJI:E,30BaHO ,ItJlll pe-

ryMpHOfi TpeyrOJI:E.Hott pemeTKH Bmcpett, eCJIH A.eH > L (r.zte L - cpe.zt-

Hee paccToruiue Me,imy Bmcpmra). Hs 3HatJ:eHHfi /\.eH orrpe,1teJIJ1Jiuc:E. r;ry-

6HHU rrpoHmCHoBeHM A1 , cooTB9TCTBYJOIIIH9 HanpruµreHHro BHeWHero Mar

wrmoro llOJlll rrepneH.ItHKYJIJlPHO 6a30BOtt IIJIOCKOCTH KPllCTaJIJia, no ~OPMY-
/20/ )\.,ti. 

JI AeH = 11 2:> "-1 (npn /?\..i_ > 5) (9) 

La'"" Srx Cu04 Hexi.= 4000e · PHc.6. 3aBHCHMOCT!> CKOpOCTll peJiaKcall;lfli 
t2 

tor 1 \ - I 
'-;_as l:--... ~ . ' ,, 
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( CM. <I>oPMYJIY (7)) OT TeMIIepaTY.PH · 

~a o6paauoB Laz-x Srx Cu O'-, 
(x = 0,IO; 0,15 H 0,25) B MarHHTHOM 

noJie 400 3. KpHBUe npoBe.zteHu ,ItJlll 

HarJ!Jl,ItHOCTll. 

Ha pnc.6 ,ItJlll o6pasuoB La. - 5 r- C1.r 0 
so npe,ItCTaBJI8HhT 3aBHCHMOCTll 6° (T)", IIOJJYtJ9H

Hh19 B YCJIOBHruc (FC,}fQ BO BH9WR9M Mal'HliTHOM 

IIOJie -:: 400 3. Ilpu IIOJie -::, IOO 3 o (T) 
HM9IDT TaKoil ~e BH,It. He3aBllCHMOCT:E, .. 0 OT MarHllTHoro llOJlll ,ItaeT OCHO

BaHHe rrpH BH'\IHCJISHHH A eff IIOJI:E.3oBaT:E.cJl <I>oPMYJiofi (8). IloJIODTeJI:E.HaJl 

KpHBH3Ha B Q (T) B6JIH3ll Tc 06'bJlCHJl9TCJl KOHetJHott llillpHHOfi rrepe.xo,Ita B 

CB9pxnpooo~ee COCTOJlHH9. IlpH o6pa60TK9 3KCll9pHM9HT8JI:E,HUX ,ItaHHhTX He 

'Y'\IHTliBMac:E. rrorpemHOCT:E,, CBJl38HH8Jl C pa3MarHll'\IHBar<Illl™ qjaKTOpOM CBepx

npOBO.zumtliX rpaHyJI. 

AHaJ.torHtJHUM o6paaoM 6wm pacctJ:HTaHH AL ,ItJlll·o6paauoB 

tr Baz. Cu2, 01_0 n BL-Sr-Co-..: Cu- O (qnaa 2212). CyMMapHue pe

ayJI:E,TaTU ,ItJlll BC9X o6pa3UOB npe,ItcTaBJI8HH Ha puc.7. ITOJIYtJ8HHH9 ,ItaHHH9 

annpOKCRMllpOBaJ.tHC:E, ~OpNJYJIOil: 

6 

7QQQ lol-1Sr1Cu0, Bi-Sr-Co-Cu-0 :~: !J) . .,, •·•• •·•• c,e.,c,,o., 

~4000 · . • .. , 

.< 3000 · ·• 

2000 

1000 0~~2~0~ ..... 40~...,s"co~~so~~,o ..... o..,_..,,120 

TIKI 

Puc. 7. Ter,mepa TypHHe aaBncHMocTH rJJY6RHU 

rrpOHHKHOB9HHJl Marm:THoro IIOJIJl /l .L 

.ltJIB. 06pa3ucm La- Sr - Cu.- 0 
B~~Sr-Ca-(u-0 II _fr-:-5a.-Cu-O • 
CIIJIOWHHMH JI:IHUJlMM IIOKa3aHU T90p9T.ll

'\I9CRl!e 3aBJJCHMOCTH, BhT'U:cJieHHHe. no 

q>OPMYJI9 (IO). 

ll.L{T) = ll1.(0J/v 1-(T/re,) 4 ', 
(IO) 

B KOTopofi 3Ha'!eHllJl IL .L ( O) no.zt~RpaJIHc:E. 

ITO M9TO,Ity H8lIM9H:E,WllX KBa,ItpaTOB. ,lJ,Jm o6pa3UOB, ,ItJlll KOTOpmc aaBHCHMOC

TH r;ry6RHU. npoHRKHOB9Hl1.fl. I\..L (T) xopomo OIIHCHBaJIUC:E, 3TOH q>OpMYJIOil, 

noJJy-tieHH cJIS.ztYKl!lHe aH8'\I9HMa 71.L(o): 3200±70 j - La 1,1 Sr0,1 Cu ol/ 
0 

(Tc-:,, 30 K); 2420±60 A -La,,g,Sro,,,Ck 04 (Tc,::, 37 K)·(200Qt50)A -

Bi.-Sr-CCl- Cu-0 (wa,sa 2212, Tc~ 80 K) H 160□±_50 ~ - fr Ba2 C13 0:,.~-
rJIY6HHa IIpOHllKHOB9Hl-!Jl MarHHTHoro IIOJlll MOlK9T 6UT:E, BhltJ:HCJieHa TaIOKe 

Ha ocHOBaHHH 3aBRCIDl!OcTefi o (He.xi.), IIOJIYtJeHHmc B yc.noBMX ( 1 F C ) 
npll 3HatJ9HllJlX MarHHTHoro llOJIJl, COOTB9TCTBYJOOlHX YCTaHOBHBmeilcJl pemeTKe 

BHXpefi. 0,ItHaKo rrpOffilJI9HH9 II.llHH.llHra rrpu TaKOll rrpoue,Itype M0~9T BH9CTU 

.ztorroJIHHTeJI:E.Hue om.R6KH npH orrpe.zteJieHHn A • 06 s@leKTax rnmmmra Mar

HHTHUX BHXpei-i MOlKHO cy,ItllT:E, U3 pllc.8, r.zte IIpe,ItCTaBJI9HH npll pa3HhTX T9M

nepaTypaX aaBHcHMocTn cKopocTH peJiaKcal];lfR <S u paaHocTn Bfa - Hert. 
OT BHemHero MarHHTHOro IlOJlll, llOJIY'\I9HHl:l9 B YCJIOBHJlX ( 1 F C) ,ItJlll o6pas:-

D;l La1,es Sro,,s- Cu Oft. KaK B.ll,ItHO 113 pl!CYHK8, La,_,,s,,,,cuo, 

B 3Tl!X 38BllCRMOCT.fIX llpOJlBJIJl9TCJl · 3aM9THHH 3·2 

rncTepeanc llpll Hl13KliX T9MII9paTypax, KOTOPl:lll 
2

.8 
2.4 

YM9H1>fil89TCR npn llOBliIII9H.llli TSMIIepaTypH. 

PHc.8. 3aBHCHMOCT:E, CKOpOCTll peJiaKCau,ill 

CnHHa MIDOHa O ll pa3HOCTll 

Bt - H exl_OT BHemHero MarHRTHoro 

IIOJIJl rrpu IIOBhTIDSHHH lI noCJie.nyzcrneM 

IIOHilllt9HlllI IIOJIJl ,ItJIJl o6pa3IJ;l 

La{'i{S Sro IS Cu 04 • .llirnrur IIpoBe.n;e-
' I 

HU ,ItJIJl HarJ!Jl,ItHOCTH. 
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3aMIQ'l:8lIB8 

,UallliaJI pa6oTa fil3JI.II8TCJI KpaTKllM ll3JIOiK8Hll8M OCHOBHIDC p83YJil>TaTOB, 
IlOJiyti8HHWC B T8~8HH8 ilOCJI8,JUI8rO BP8M81IB no ll3yti8Hll10 BHCOKOT8MilepaTyp
HWC cBepXIIpOBO,IUmKOB j115R-MeTo.n;oM Ha (pasoTpoHe JiillI 0Hffi1. EOJiee no.n;po6-
HO pe3yJII,TaTH 6y.n;yT ny6JnucoBaTI,CJI B OT,IJ;8JII,HIDC CTaTl>.RX. Ey,n;eT TaIOKe 
npo,D;OJDK8HO ,ll;8TaJII,H08 llCCJI8,IJ;OBaHll8 Hall60JI88 illiT8p8CHIDC JIBJI8Hllli. 
Tn{aT8JII,HOro ll3yti8HllJI saCJiy-..rn.BaroT JIBJI8H.l1.II CilllH-CT8KOJII,HOro Tll-
na, COCTOJIHWI CBepxnpoBo.n;mqero CT8KJia 11 CBR3aHHIDC C 3TllM ,IJ;OJI

roBp8M8HHHX peJiaKcan,romnnc npo~eccoB. Ilpe.n;noJiaraeTcJI TaK~e pacw11pnTl> 
l13M8p8HllJI rJiy6l1H npOHl!KHOB9Hl1JI MarHliTHOro IlOJUl B CBepxnpOBO,ll;HUKll pa3-
Horo COCTaBa C pa3JIU~h1Mll Tc. 
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