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06w;a.a: xapaKTepHCTHKa pa6oTbl 

AKTYaJibHOCTb TeMbl 

BhrcoK0Te1vmepaTypHbI!\lll ceepxnpoeoAHI1Ka11,m (BTCII) HaUhIBaIOT Knacc 

coe/l,I1He11111i Ha ocHoee oKucnoe MC/J.II Ln-M(-11)-Cu-O, r;a;e Ln - TpexeaneH

THhrii pe;a;Ko:3eMeJibHbri1 HOH mrn Y, Bi, Tl, M - ;a;eyxeaneHTHbIII w.enwrnooe

MCJlbHhrii noH (Sr, Ba, Ca). Herre Hue BhICOKOTeMrrepaTypHoii ceepxrrpoeo;a;n

MOCTH 6uno OTKphIT0 e 1986 ro;a;y e coe;a;uHemm La2-xBaxCuO4-y c TeMrre

paTypoii ceepxrrpoeo;a;.11w.ero rrepexo;a;a Tc= 30 K[l]. K HacT0.lllll,eMy epeMeHH 

.r1ocTHrHyT ona'lnTeJibHbIJi rrporpecc e 1Iccne;a;oeamrnx BTCII - c1rnTeo11po

eanbr H0BhIC ceMettcTea BTCII c KplITH'leCKHMII TeMnepaTypa11,m BhIIIIe 77 K, 
xopoIIIo ycTaHoeneHhl CTPYKTypa, MHor1Ie <IJ1Iol!'1ecKne cBottcTea, o;a;ttaKo eo

npoc 0 MexammMe, 0TBCTCTBeHH0M oa BhIC0K0TC!v!IlepaTypHyro ceepxnpo

B0AHM0CTh ocTaeTc.11 0TKphIThIM. AKTyaJibHOII oap;a'Ie11 OKcrrepm.1eHTaJihHhIX 

Hccne;a;oeaHHH .11en.11eTC.ll paoeuTne npeACTaenem1ii o MarnuTHhIX ceoi"icTeax 

H0BhIX ceepxnpoB0AHIIK0B. },IeTOA JtSR. II03B0JI.l!CT H3MCp.l!Tb CIICKTpanhHOe 

pacnpe;a;eneHne MarnHTHhIX none11 Ha l!MII/13HTI!j)OB3HHhIX MIOOHax. Ilp11Me

lUITCJibH0 K BTCII OTO ;a;aeT eonMmKH0CTh uccne;a;oeamrn noee;a;emrn Marm1T

HhIX euxpeBhIX HHTeii B Cl\-!eillaHH0M COCTO.l!Ifun ceepxnp0B0AHJH.:a II .l!BJICHIIII 

CB.ll:.JaHHbIX C MarHHT0JIIOpllAO'ICHIICM. 

J,fo pacnpe;a;e,1emrn MaTHIITHhIX norrei1 OT euxpeeoii pellICTKII M0;KCT 6hITb 

onpe;a;eneH TaKoi"i cyw.ecTeem1h1ii napaMeTp, KaK rrry61ma npoHnKnoeemrn 

MarHIITH0ro IIOJI.ll B ceepxnpoB0AIIIIK ,\. TeMnepaTypHal! :.JaBIICIIMOCTh rny-

6IIHhI IIpOHIIKHOBCHH.ll ,\(T) II :.JaBIICIIMOCTh HllOK0TCMUepaTyp11oro OHa'leHll.ll 

,\(T-+ OJ() OT TeMnepaTyphI ceepxnpoeo;a;.11w.ero nepexoAa [2] cny;,r,;aT xopo

UIIIMH KJ)HTCpII.l!Mll npoeepKI! pamlll'IHhIX MexammM0B ceepxrrpOB0AHM0CTII. 

O6w.enpnH.llThIM OKCIIepl!MCHTaJibHhIM <IJaKTOM Ha cerOAH.llllIHllll ;a;eHb .llBJI.ll

eTC.ll JIHillh eenn'l1ma ,\(0) e BTCII ceMei'1cTBa YBa2Cu3O7_5 , a OTHocn

TCJihH0 TC!-.JIIepaTypnoii nae1IcHMOCTII ,\(T) II nHa'leHIItt ,\(0) e ;a;pyrnx BTCII 

HMCIOTC.ll cyw.ecTBCHHhle OKcrrepIIMCHTanhHbie paCX0)Kl];CHll.ll. 

Hann'l11e y BTCII TaKnx cnel\n<IJ11'111h1x ceof1cTB KaK cHJihHaJI aHnnoTpo

mrn, Manal! (rrop.llAKa HeCK0JihKHX r-.ie;,r.;a.TOMHbIX paccTO.llHIIIi) AJinna Kore

penT11ocT11 II BhIC0Kal! Tc npIIBOl];IIT K neo6hl'IHOUY II0BCACHIIIO Bl!Xj)CBhIX 

HIITCll e CMCIIIaHH0M COCT0.l!HIIII, 'ITO AaCT HOBhie, ne Ha.6JIIOAaBIUIICC.ll e 

o6hI'IHhIX "mmKoTeMnepaTypHbIX" ceepxrrpoeo;a;m1Kax, o<IJ<IJeKTbI MarnnT11oii 

11eo6paTHMOCTll II MCTacTa611J1bHOCTII (na~p. [3)). 8Kcrrep1IMCHThI no epe

MCHHOll perraKcau;nn MarHHTHoro rroToKa n o6uapy:iKeHne "mrnnn Heo6pa

THMOCT11" B(T) Ha 1vrnrpaMMe none-TeunepaTypa, pa3ACJI.llIOlll,Ctt o6rra.cTH 

Heo6paTHMoro n o6paTnMoro noBe;a;enlI.ll BTCII rrono:iKnm1 na'laJio M0ACIIll 
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"cBepxrrpoB0/.151mero cTeKna.", B KOTopofr CBepxrrpoBOAl!Llllli1 o6pa:JeI\ pacoia

TpIrna.eTc51 Ka.K Ha6op cBepxrrpoBop;51m11x o6nacTeii coe1-111HeI11IbTX c.1a6bnlll 

A)KO:Jeq>cOHOBCKIIMll CB51351Mll. B ,o;anbHeiiweM p;nll o6b51CHeHIHI a11a,1or11'1J1hIX 

0qiq>eKTOB Heo6pa.THMOCTII CTa.nn rrpnMeH51TbCll o6hI'-!Hal! l\lO)le:Ib K(>IITll'te

CKoro COCT051HII51 - KpHrra IIOTOKa. II HOBble Teopn11, rrpep;cKa:JbIBaJOm11e rjJa

:JOBbie rrepexop;bl B Cl!CTeMe Ma.rHIITHhlX Bnxpeii ll:J )l{eCTimii a6p11KOCOBCKoii 

peweTKII B ")KIIAKOe" nmI "cTeKO!lbHoe" COCT051Hlle. KpoMe aKa.;_\eMII'IeCKoro 

IIHTepeca. uccne1-10Ba.HIIe 01pq>eKTOB ueo6pa.TIIMOCTII rrpe,o;cTaB!l.lieTC51 aKTy

aJibHbIM c TO'-!KH :Jpemrn rroJiy'-leHH.ll Texuonorll'IHbIX BTCII c BbICOKoii nnoT

HOCThJO KJ)IITll'-!eCKIIX TOKOB. 

BbICOKOTeMnepaTypHbie CBepxrrpoBO/.IHIIKII II POACTBeHHbTe IIM COC/"\IIHe

Hll51 rrpe,o;cTa.Bn.llJOT IIHTepec KaK o6beKTbI <f>II:JJIKII MarHeTll'31\Ja. Ilpe)K,r\e 

Bcero HMeeTc51 BBHAY MarHeTimM IIOHOB Cu2+, KOTop1,111, BO<Jl\IOA~Ho, cB.ll

:JaH c MexaHH::JMOM crrapIrnaHH51 0neKTJ)OHOB B BTCII. B coe1-1nHe1111.llx TIrna 

La2-xSrxCu04_y ,o;orr11p0Bamie cTponuneM 1rn11 Kncnopo1-10M BhmbmaeT 11:J

MeHemrn MarHIITHbIX xapaKTepIICTIIK H II051Bnenne CBepxrrpoBO,D;IIMOCTII rrpn 

x > 0.07. Bnn.llHHe MarHHTHoro 6ecrrop.ll/.1Ka., BHOCIIMoro 1-101111poBaH11eM, 

Ha CBOHCTBa aHTIIq>eppoMarHIITHOiI q>a8b! OCTaeTC.ll IIHTepecnoit o6na.CTb!O 

nccne1-10Bamdi 1-1aHH011 c11cTeMbI. HMeJOTC.ll pacxo;KAeHirn o Time MarnnTo

yrrop51p;o'-!emrn II rrpoT51)KeHHOCTII Hll3KOTel\UiepaTypuoii MarHIITHOII q>atJbl 

(HTM<P), ne;Kameii Ha q>a::JoBoii 1-1narpal\tMe Me)KAY aHnHpeppoMarHIITHoi1 II 

CBepxrrpoBOA51meii o6naCT51Ml!. 8KcrrepnMeHTanbHb!e 1-1aHHhie O npoHIIKJIOBe

Hllll HTM<P B ·cBepxnpoB0/.1.llll\YJO o6na.cTb rrpoTImope'1IIBbI. 

D;e.n:b pa6oTbl 

ZF- II TF-µSR 11ccnep;oBaHIH1 l\taTHIITO_vnop51/.IO'-leHllll 11 ,r\lllJa!\IIIKII Mar1111T

HhlX MOMeHTOB Cu2+ B coe1-1n~emrnx La2-xSrxCu04-v (x=0.00, 0.01, 0.0!>, 
0.07) 

I:l::JMepemrn rJiy611Hbl npoHl!KHOBeHIIll MarHHTHoro 110,Tll B CBl?J)XIIJ)OBO

AHIIK II nccne1-10Bamrn 0qiq>eKTOB neo6paTnMocTn B o6panuax La.2-xSrxCu04-y 

(0.10, 0.15, 0.25 ). 

J'cTaHoBneune BO::JMmKHocTeii µSR.-MeT01-1a B nccne,o;oBamrnx IIIIHHHHra 

MarHHTHbIX BIIXpei'I B )l{eCTKOM CBepxnpOBO/.IHIIKe II po1-1a Ha npnMepe H1!0-

611eBOll qion1,r11. 

Hay'IHruI HOBHOHa 
IIony'-!eHbI HOBbie ,o;a.HHbie no rny6Irne IIJ)OHHKHOBelllrn MarHIITHOro non.ll B 

BbICOKoTeMnepaTypHOM cBepxnpoBo,o;mrne La2-xSrxCu04-y• 

BbIBep;eHa HOBal! aHa.JIIITl!'-leCKal! q>opMa. q>yHKUl!II penaKcauIm cmrna MIO

OHa np1uo1-1nal! /.1!151 aHa.n1ma ZF-µSR-,o;aHHhIX Kor,o;a uccne,o;oBaHH.ll c11cTeM 

C MarnnTHhIM 6ecnop51AKOM npOBO,D;.llTC.ll C nomIKpIICTannl!'IeCKIIMl1 llmI Ke-
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paMil'ICCKIIMII 06pa.:JUal\111. Ilony'-lem1uii pe::JynhTaT rrpm,1emIM 1-1nJ1 ZF-µSR-

0Kcnep11111e11Ton c BTCII. 

IIonY'lelIO CBIIACTC!lbCTBO cymecTBOBamrn lll13KOTCl\lTTepaTyp110I'i l\larHIIT-

11011 <Iiaou ( rrpc1-1nono)KI1Ten1,110 cmm~cTeKom,11011) B 11ecBepxrrpoBo,o;J1me111 06-

paouc La1.93Sro.o;Cu04-y McTo,o;a.M11 ZF- 11 TF-Jt9R. 
Ilpe,o;JJo)KcH II npone1w11 jtSR-0Kcrrep11MeHT, J'-ll!ThIBa10m11ii pa.:JpememIe 

j1SR-MeTop;11K11, no 11ccne,o;0BaI111JO mmmmra MarmITHhIX B11xpcii B cBepx

npoB01-1111IKc II poJla Nb. 
11eTO/.IOM µSR ycTa11onnei10, 'ITO pa;cnpcJ1cne1111e 111arnnTHhIX rroneii B 

rpa11yn11p0Ba11111,1x o6paouax DTCII La2-xSrxCu04-y 11e rro,o;q1111J1eTCJ1 1110-

,o;cim KpI!Til'-lCCKOro COCTO.l!IIIIJI n AI1ana1JOIIC BIICJ..llllllX rronei'i 0-800 8. 

Paopa6oTaHhI HOBhie rrpoueJ1yp1,1 o6pa6oTKII nepBll'IHhIX JtSR-r11cTorpaM111, 

110:JBO!II!BllTIIC IIOBhICIITh TO'IIIOCTh ana.mma 0KC11epm,1enTanhHb!X ,o;aHHhIX no 

cpaBHCHIIIO C TpaJIIIUI!Ollllhll\111 l\lCTO/.la!',III. 

CTpyKTypa ~HccepTau;HH 

.IJ:11ccepTau1rn COCTOI!T 113 BB_c,o;emrn, '-lCTUpex rnaB II :JaK!IIO'ICHIIJI. 06beM. 

,o;11cccpTau1111 - 114 cTpa11111\ Ma1mmon11c11oro TeKcTa, BK!IJO'laJI 31 p11cyHoK, 

6 Ta.6n11u II 6116n11orpa<l>Il'ICCKIII! ClllICOK 113 66 11am,1e110Ba1111i'i. 

Arrpo6au;u.11 pa60TbI 

Pe:JJJibTaThl 1-10Kna,o;1,mamIcb 11a ccl\11111apax OIUIH, l\le)K,o;ynapo,o;110111 ceM11-

nape no BbICOKOTer..mepaTyp11oii CBcpxnpoBOJllll\lOCTII (,Uyfoia. 28 IIIOll.ll-l ll!O!l.ll 

1989), l\lC)K,o;y11apo,o;11011Komf,cpe11u1111112HTSC - II (CTon<f>op,o;, 23-28 nIOn.ll 

1989) VIII MC)l{AJHapo,o;11oii Komf>epem\1111 no cnepxTOHKIIM B:Janl\top;ettcTBil.l!M 

(II para 14-19 aBrycTa, 1989), V Me~JlyHapOJIHOll JtSR-Koml>epcnu1111 ( 0Kcq>op,o;, 

9-12 anpen51 1990), BCCCOJOIJIIOM 11SR-cel\11111a.pc (YcTb-HapBa; MapT 1991). 

Ily6JJHKau;uu 

Ilo pc:JJllhTaTaM 1-111ccepTa1\1111 ony6m1Kona110 6 pa6oT. 

Cop;ep)l{aHHe pa6oThI 

B rnaae 1 paccl\10Tpe111,1 np1111u11m,r Bpc1,rn-pa:J11ocT11oii JLSR-cncKTpocKomm. 

OnncanhI cnoco6bl nocTa11onK11 j1SR-0Kcnep11Me11ToB II xapaKTep nony'-la

eMoii Illlq>Opl\taUIIII. ,Uauu napaMeTpU 0KCnepl!MCIITa.JlhHOll ycTaHOBKII )];!151 

JtSR-11ccne,o;oBa1111f1 11a <J>a.:J0Tpo11e OIUIJI. Ilp1me,o;e110 KpaTKoe on11ca11ne 

rrporpaMnoro 06ccrrc•IC111rn, conJ1a.1111oro aBTo'poM Jl!IJI anan11oa 0Kcnep11111e11-

TanhHhIX µSR.-,o;a.n111,rx Ha 8BM. 

B rnaae 2 npe,o;cTa.Bncm,r pe:Jym,TaTbI JtSR-11ccne1-10Ba.1111ii necBepxnpo

BOAllIUIIX o6pa.."3UOB ccMciicTna. DTCII La2-xSrxCu04-y c Ko11ue11Tpa1\11ei'i 

CTpOHl~II51 X = 0.00, 0.01, 0.05, 0.07. 
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B §2.1 ,[),all Kpan:uii 063op p;aHHblX O CTp_\'KType II qia:J0Boi1 ;rnarpaM:\le 
coe1:vrnen11.11 La2-xSrxCu0-1-y-

B §2.2 npep:cTaBJieHbI pe3_YJibTaTbI µSR-0Kcnep11i,_1enT0B c Kepa:,.111,1ecK11:-.111 

06pa::11-1al\111 La2-xSrxCu04-y (x=0.00, 0.01 ). B GTIIX o6pa,Juax npo11cxo).IIIT 

aHTHq>eppoMarm1T11oe (Act>) ynop.11p:o'-Ie1111e MarHIITHhIX 1'10:\ICHTOB Cu2+ -
HII;t;e TN = 220 K n 130 K (p:;rn x=0.00 11 0.01) ua6mo;-1a.1an, npeueccn.H 

cmrna MIOOHa (puc .1) B 0KCIIeplll\1l'IITax B uy.1eBOM BHem11el\1 MarHIITHO:\I no:,e. 

(ZF) • .il:JI.H auamma ZF-JtSR p:a1111bIX BbIBeAe11a TeopeTll'ICCKai1 cJ1y11Kmrn no

JI.11p1mau1111 cmrna M10011a, lIBJI.HIO!lla.Hc.H 06061Ucu11eM 1fiynK111111 Ky6o-Toiia6e 

/J:.llI CHCTeM C MarHl!THbnl 6ecnopiq1m;v1 rmr;1a. ')KCllC'J)II:\!('IITbl IIJ>OBO/_\llTCll C 

nO.lllKJ)IICTarr.111'-IeCKHMII Jilli! Kl'j)al\llf'-ICCKJI:\111 06pa,J1\a.l\lll. 06pa6oTKa <)Kcne

Plll\leHTaJibHblX ,D,aHHbIX npoB0/111.lacb C ,V"IE'TOJ\I BKlla.,[\a OT na pa1'1arH1!THhlX 

'-Ia.CTei1 MllilleHn B q>yHKUIIIO noairpW3al(l!II cn1111a l\llOOila. Ilp1rne;lellbl TPMl!e

paTypHb!e 3a.BHCHMOCTH cpe;-1uero l\la[HJITHOl'O II0.1.!I Ha )\fJOOl!e B1,(T) II CKO

pOCTH penaKcau1111 a(T), KOTOpair nponopu11011a.rr1,ua CJ)C/:IIICKBa1qJaT!l'IHOMY 

pa::i6pocy iIOKaJibHb!X Mal'HIITHh!X noneii 6.B. :J11a'-IeH11e f!OJlll IIJ)II llll!JKOI'i 

TeMnepaType npaKTl1'1ecK11 O/:IIIHaKoso B 06011x 06pam-1ax Bµ(T ~ 0) :::: 400 

re, a HeO/:IHOpO/J:HOCTb Mal'HIITJlbIX IIOHei:i ~B '.:::'. ,50 re B o6patJUe C X=0.01 B 

~ 2.5 paua 6orr1,Uie no cpaBHem110 c ~B a o6pa:Jue c x=0.00. To ecTh, npn 

).lom1poaamm La2-xSrxCu04_:y npo11cXOJJ,IIT yserr11'1e1111e Ma.r1111T11oro 6ecno

p.!!,D,Ka npn coxpauemm aem1'-I11111,r Ma.rn11T1101'0 Mol\iewra. Cu 2+. Pan;1eJieHbl 
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P11c. 1: 8KcnepI1MeHTarr1,Ha.11 no:rnpmrnqn.H nrnHa. l\lJ0011a 

nprofipaCJon;i1111r n La2C'1101-y np11 T<'.\lllf'J>,1Typc' 2-~ K. 
P( I) 11 ee 1fiyp1,e-
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BKlla/lbI B !:iB Bhl::lBaHHbie pacnpe,D,erreuneM TeMnepaTyp Heerr.11 B o6pa::iu;e u 

JIOKaJihHbIMH HapyrneHirnMu Act> noplIAKa. PacnpeAeJieHHlI TeMnepaTyp He

e,'I.11 n(TN) onpe).leJieHbI no aMnJIJIT)'AC npeu;eccnn Ha '-IaCTOTe BHCUIHero norr.H 

11::i µSR-0KcnepHMe11ToB B nonepe'-IHOM Mar1111THOM norre ~ 100 8. IloKa

::iauo, '-ITO onpe11err.1110m111°1 BKJiaA B aerrn'-InHy D.B 06ycrroarre11 pacrrpe11erre

n11eM n(TN ). Ilpn Aom1poaamm ysem1'-I1rnaeTc.11 KaK wup1rna pacnp~11ene

u11.11 n(TN ), TaK u cTeneHh rroKanhuoro MarHHTHoro 6ecnop.11):1Ka. YKa::ia110 11a 

Cl!CTCMaTl!'-ICCKOe yaeJIH'-ICHlle !).B C nomoKeHneM TeMnepaTypbl Heerr.H (no 

pe:JyrrhTaTa.M 11arn11x 0Kcnep11MeHTOB 1i 0KcnepnMeHTOB ):lpyrnx µSR-rpynn). 

IlocKollhKY TN B coeAUHeHHH La2-xSrxCu04-y onpe):lerr.11eTc.H ypoaueM ):IOm1-

poaamrn 1101Ia1.111 Sr2+ n 0 2-, KOTOJ)bIII o6bI'-IHo Bb1pa)l(aeTC.H KoHu;euTpau;ueii 

/:lblpOK np = x - 2y, ecTCCTBeHHO npeAnOJIO)l(JITb, '-ITO pa.cnpeAeJieHile TCM

nepaTyp Heerr.11 BhI:JBaHO q>rryKTyau;IllIMII KOHUCHTpau;m1 AhlJ)OK B o6pa::iu;e. 

Ilpn'-IeM, TaK KaK Kopperr.11u;u.11 Me;..KAY ::iHa.'-IeHUlIMH AB II TN ua6rr10):la.eTc.11 

no pe::iyrrbTaTaM GKcnepHMCHTOB, BhIIIOJIHeHHblX c o6pa::iu;a-Mll npnrOTOBlICH

HbIMH no pa::imI'-IHOH Texuo'rror1111, pa.::iml'-IHbIX pa::iMepoB H T-A·, MO,KHO npe):1-

IIOJIOMHTb, '-ITO q>rryKTya.u;m1 KOHUCHTpau;mr ,[\blpOK np lIBlllI!OTClI BHyTpeHHIIM 

CBOllCTBOM CHCTCMbl La2-xSrxCu04-y• 

B §2.3 npe11cTaBJieHbI pe::iyrrhTa.Tbl ZF-1rSR 0Kcnep11MeHTOB c o6pauuoM 

0.2 ~------------------------~ 

-----~01 
0... 

0.0 ~-~---'---'-----'----'---~-~-----'---~-~ 
0.0 0.2 0.4 0.6 0.8 1.0 

t, MKC 

Puc. 2: 8KcnepnMeHTaJibHbie qiynKu;1rn norr.Hp11::iau;nn cmma MIOoHa P( t) B 

La1.93Sro.01Cu04_y B 11yrreBOM anernHeM MarHIITHOM none npn TeMnepaTypax 

15 II 6 I{_ 
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La1.9sSro.osCu04_y• IlepexoAa B MarmIToynop.llAO'leHHoe cocTO.l!Hlfe 11e ua-

6JJJOAaJIOCb BIIJJOTb AO ca.Mo1i mmKoii nccneAOBa.Huoii Te1vmepa.Typh1 4.4 K. 
Ilp1rneAeHa TeMrrepaTypuoii: nasncn~IOCTII CKOpOCTIJ pena.KCaJ..\1111 CIIIIHa MIOOHa. 

1m KOTopoii cneAyeT HaJii1'!11e KpllTH'lecKoii: 06nacT11 TeMnepaTyp 6-4,4 K, 
rAe rrpOIICXOAIIT penKoe ( 60JJbIIIee '!eM ua IIOP.l!AOK) yMeHbIIIeHJie 'laCTOTbl 

q>nyKTyal..\IIll MarHHTHbIX MOMeHTOB Cu2+. 
B §2.4 rrpnBeAeHbI penynhTaTbI ZF- u TF-µSR 0Kcrrepm.1eHTOB c 06-

panl..\OM La1.93Sro.01Cu04-y• YcTa.11osne110, '!TO rrpH Tel\mepa.Typax 1111:;i-;e 

13 K Ha'lllHaeTC.ll rrepeXOA o6pa.31..\a. B Ma.rn11Toyrrop.llAO'-leHHOe COCTOJl}III('. 

BpeMeHHa.ll naBnCIIMOCTb IIOll.llp1maJ..\llll cmrna MIOOHa rrpno6peTaeT xapaK

TepHblll BUA q>yHKJ..\llII Ky6o-Toii:a6e (p11c.2). IlpnBeAeH ana:111a ZF-. 11 TF

AaHHhIX, KOTOpbIH AOKa3bIBaeT uaml'-llle CTa.Tn'-leCKIIX MarHJIT!lbIX rroneii 11a 

MJOOHe HU)Ke 13 K. JviarHHTHbie IIOJJ.ll xopOIIIO OIIHCbJBa.lOTC.ll 11'30TpOIIHhlM 

rayccOBbIM pa.crrpeAenem1eM c 11yneBb!M cpeAHl!M 3Ha'-!e1111e:..1. CpeA11e1rna.

,a;paTH'!Hhill pa36poc MarHHTHbIX nonei'1 Ha MIOOHe 1111:.-Ke 6 K COCTa.BJJ.lleT 

(jj,_B'f}1/ 2 ~ 200fc. Ta.Koe pacnpeAenem1e BhJBano na.Mopa,KnBamieM Ma.r1111T

HbIX MOMeHTOB Cu2+ rrpn HH3KOJi Tel\mepa.Type. Bepoll'rHhIM T1mo11 Ma.

rHnToyrrop.llp;o'!eHil.ll .llBJJ.lleTC.ll C!IIIH-CTeKOJlbHOe COCTO.l!Hlle MOMeHTOB Cu2+, 
OAHaKo, cne,a;yeT CI<anaTb, '-!TO aHTllq>eppoMa.rHHTHOe COCTO.l!Hlle IIJ)ll Ha.JJll

'-llllr IIIHpoKoro pa.cnpeAeJJeHJI.ll TeMrrepa.Ty p Heen.ll Mo,KeT µ;a.Ba.Th noxo,Kee 

pacnpe,a;eneu11e 1v1a.r1111THhIX rronei', ua M10o11e. Ilp1rneAeHa Tel\rnepa.TypHa.ll 3a

BHcnMocTh ,a;om1 o6panl..\a., rrepeIIIeA~efr B Mar1111ToyrroplliJ.O'-!e1rnoe cocTo.ll

HHe. Ilp11 ca.MOIi HIHJKOH nccneAOBa.111101i TeMrrepa.Type 4.4 K oHa. cocTa.BJJ.lleT 

75%. 
Toaaa 3 nocs.llru,e11a µSR-0Kcnep111\1eHTa.M no nnMepeHHIO rny611H1,1 npo

HHKHOBemrn Ma.rmITuoro non.ll B cBepxrrpoBO,D;HIIK B BTCil La.2-xSrxCu04-~: 

C X = 0.10, 0.15, 0.25. 

B §3.1 paccMoTpeua CB.ll3h noH,a;oHOBcKoii rny6m1h1 npoH11K110BeH1l.ll Ma.

rm1T11oro rron.ll J;L cBepxrrpoBOAHIIK c pena.KCa.l..\11e1i cmrna. 11.110o1rn B BTCII. 

B CMeIIIaHHOM c"ocTO.llHHII CBepxnpoBOAHHKa. BToporo POAa. CIIIIH MIOOHa ,a;e

!IOJJ.llpH3yeTC.ll Ma.rHHTHbIMll !IOJJ.l!MII OT peIIIeTKII MarmITllbIX BIIXpeBbIX HH

Tett. Il3 0KcrrepnMeHTaJihHOH q>yHKJ..\Illl non.llp113a.u;,m cmrna MIOOHa MO:.-KeT 

6bITh nony'leH BTOpoii MOMeHT cneKTpa.JJbHOro pacnpe,a;enellll.ll lvtarHJITHbIX, 

rronett B BnxpeBott peIIIeTKe, CB.llnaHHhIIi c Benwurnoii rny6nHhI npom1KH0Be

Hll.ll MarHllTHOro !IOJJ.ll ..\, PaccMOTpe11a· JJOH)];OHOBCKa.ll MO)'l,CHb Bl!XpeBoii pe

IIIeTKH. PaccMOTpeH cny'-laH ammoTpOITHb!X B~ICOKOTCMIIepaTyp11ux csepx

lIJ)OBO)];HIIKOB. II pnse,a;eHbl COOTHOIIICHll.ll, CB.ll3b1Bal0Il.\lle J:\IICIIepcnJO 'JaCTOT 

MIOOHHOII npeu;ecc1111 (Jj,_w2}, rr'ony'leHHyJO B 0KCIIep11Me11Ta.X C IIOJJIIKpllc.Tan

Jlll'leCKl!Mll BTCil, c rny61rnoii rr.pom1K110Be1111.ll Ma.rn11Tnoro norr.ll nepneH,a;n

Kyn.llpHoro rrnocKOCT.llM Cu02 Aab· 
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B §3.2 o6cy,KAeHhl IICTO'IIIIIKII CIICTOlaTll'IeCKIIX ow1160K B onpe;::1enem111 

rny611Hbl npoHIIKHOBeml.ll 11'3 pea;Jbllh!X /tSR-cneKTpOB B !IOiJIIKpllCTaJJJJH'-!e

CKIIX o6pa•31..\a.X BTCII. Oco6o OTl\lC'Iella Heo6xo,1111110cTh pa.3B11Tll.ll Teope

Tll'!eCKIIX paC'!eTOB, KO'I'Opble no•3BO.lllilll 61,1 Y'leCTh B:Ill.l!Hlte IJIIHHIIHra l\!a.

rHJITilhIX B11xpe11 Ha 0Kcnep11:,.1e11Ta;lh!IO 11'31\ICl)lle}.!)'IO Beilll'-lllll)' BToporo :,.10-
2 . 

l\te11Ta pacnpc,le.1e1111ll qa.cToT (~ .. ,.: ) B BTCIT. Orr11ca11h1 npoue;::\yp1,1 o6pa-

6oTKII 0Kcrrep11:,.1e11Ta:ihHblX pSR-r11cTorp_a1111\1, 11cno.11,uoBaBw11ec.ll /1,Jlll onpe

)l,ene1111.ll rny611Hhl npo1111K11one1111ll. OrrpeAenem1e BToporo Mo111e11Ta pacnpe

)1,eneHllll qaeTOT npoBOAIIJJOCh HCCKO/lbKlll\111 crroco6aMII. 

a) 06pa.6oTKa. BpeMeHI!hIX pSR-rucTorpa.11111.1 c cliYHKl..\llei'1 rrorr.llp1mal..\111I 

m 
~ 2 2 P(t) = ~ <ljCOs(w_jl + ¢ )c.rp( -c,j t /2) ( 1) 
j=l 

l.J11cno KOMITOHeHT m = 2 AOCTaTO'IHO AJJ.ll AOCTIDKeHll.ll xopowero cor.nac!l.ll C 
2 

~KcnepnMeHTOM )];Jl.ll scex ,,sR-crreKTJJOB. BeJJll'-ll!Ha BTOporo 1\101\leHTa (~w }" 
orrpegen.llnac1, no 3Ha'!elllrnl\l no,a;ro110'lllbIX rrapaMeTpOB. 

6) o6pa6oTKa 'la.CTOTHoro crreKTpa F(w ). IIpe111\ly1u;ecTBOl\! Ta.Koro rro,a;xo,a;a. 

JIB/1.lleTC.ll BO•JMO:.-KHOCTb Bimya.nbHOII 01..\eHlm pa.cnpe;:i,enemrn rrorre11, 'ITO no

\JB0/1.lleT BhI6paTb ITOAXOAlllllllC cliYHKUIIII il,il.ll orrncaHil.ll crreKTpa. Ll,nll Toro, 

'IT06bI Y'feCTb CTaTJICTll'ICCKl!e 01111161m 11))11 onpe;:i,e:1e111111 'fa.CTOTHOfO cneK

Tpa F(w) ero onpege11e1111e 11p0Bo;:i,11:1oc1, rrp116:m;i-;enne:..1 11cxo:111oii spel\1eH

Hoi1 rncTorpa.Ml\lbl JV ( t) no Kpll'repmo \ 2 c K 1I1y11Ku1111 

N(t) = c.rp(-t/rµ )(No+ L Njco~(wjf + <;>)) + 1\'b9 (2) 

<l>nKcnpoBaHHhIC 'JaCTOThI npcu;eec·nn ...lj 6pam1c1, 113 06nacT11 BOKpyr cpe

,a;11eii qacTOTbl rrpel..\eCCllll CIIlllla l\lJOOHa. OnpegeJJllCMbie B peaym,Ta.Te npo-

1..\CAYPhl <lmT11poBa.Hll.ll aMnn11Ty)l,hI Nj AalOT cooTBeTCTBYIOII..\lle cliyp1,e KOl\1-

noncHTbl F(wj ). BTopoi•i 1\101\IeHT (~...12} orrpe/l,e/1.l!JJC.ll Aanee 11m1 np.ll!-lhil\t 

pac•1eToM llJJII 11'3 napa.MeTpOB o6pa6oTKII F(w) ra.yccoBhIMII cliYHKl..\11.lll\!II. 

B §3.3 rrpeACTa.BJJeHbl xapa.KTC))IICTIIKII o6pauu;oB II Tel\mepa.T_VpHhle na.

BIICIIMOCTII 0lleKTpoconpoTnBJJCHllll. On11ca.Ha. nocTa.HOBKa. 0KC!IC))lll\IeHTOB. 

µSR-1ml\!epe111rn npoHOAIIJJJICh B rrorrepe•mo11.1 OTHOCIITeJJhHO Ha'ia.1b1101i no

ll.llp1mal..\1Ill crrnua MJ0011a B11eu111ei.1 1-1ar1111TH01\! none 400 8 rrocne oxaa.:.-K,a;e1111.ll 

o6panl..\OB OT Tel\lnepaTyp 6on1,w11x Tc (FC-npou;e,a;ypa). 

B §3.4 np1me,a;eH a.Hamm 0KCITC))lll\leHTa.JJbHbIX ,a;aHHhIX. Ila. J>IIC.3 noKa

na.110 TIIIIIl'IIIOC AJJ.ll scex o6pa.31..\0ll pacrrpeACJJPIUle '-!aCTOT MIOOHHOii 11pe1wc

CIIH. Ta.Kall q1opMa. pacnpe,a;eneHU.ll cooTBeTCTByeT npei1,CTa.sne111rnM o F(w) 
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P11e. 3: Pacrrpep;enem1e '!aeToT F(w) B La1.9Sro.1Cu04-y rrp11 Te~mepaTYIJe 

10 K, Bo BHerrrneM none 400 fe. Jhmuei1 rroKauaHa rrop;roHKa F(w) K p;Byxra

yeeoBoii <pyHKQIIII. 

B IlOJIIIKpl:leTaJIJll:l'leeKOM ammoTpOilHOM eBepxrrpoBOp;Hin;e, Iloxo;KaJI <f1opMa 

F(w) MO;+;eT TaK;+;e euMym1poBaThC.ll Ham1'!11eM qio110Boro c11rna.:1a B crreK

Tpe. OueHeHbI eneTeMaTI1'1ecn1e OlIIII6Kn B Beml'll!He BToporo MOMeHTa 

(~w2) 113-:Ja BO:JMO;+;HOH rrpuMeCH <pOHOBoro CllrHaJia II oru1161rn BbI:JBa.HHhie 

rrpouep;ypar,..rn o6pa6oTKII. OueueHa oru116Ka B (~w2) 1w-na OTHil'lll.ll :3Kcrre

puMeHTaJibHoro OHa'!eHII.ll (~w2) BO BHelIIHeM none Hext == 400 re OT JICilOJl~

oyeMoro B paC'IeTa.x rny6nHbI rrpOHIIKHOBeHIUI acuMITTOTll'!eCKOro '3H3'IeHJl.ll 

rrpu Hext --s- oo. B peoyJihTaTe ycTaHOBJieHo, 'ITO cneTeuaTH'iCCKaJI orun6Ka. 

B Bem!'II!He rny611Hh1 rrpOHIIKHOBeHil.ll MarHIITHOro IlOJI.ll He npeBhIIliaCT 8%. 
B §3 .• 5 rrpep;cTaBneHbI peny,1hTaThI m:n.1epeu11i1. Ilp1rnep;eHLI Te~mepaTyp

Hhie oaBJICIIMOeTII CKOpOCTII pena.Kca.u1111 C1 D( (~w2) 112, IlOiIY'l<.'HHbie rrpn 

FC-rrpouep;ype B o6pa:Juax La2-xSrxCu04-y• Ilp11 TeMrrepa.Typax Bhrrne Tc 

CKOpOCTb penaKcauuu HMeeT HH3KOe <JH3.'leHI1e, 06ycJIOBJie1rnoe p;eIIOJlllJ)II3a.

Ulleii Ha.llp;epHbIX Al!IlOJibHhIX IlOJl.!IX aTOMOB KpllcTaJIJIIl'!eCKOii perueTKII. Ilpn 
rrepexop;e B eBepxrrpoBOA.!IIQee COCTO.ll.HHC CITIIH MIOOHa H3.'ll!Hae'r eHJibHO p;erro

JI.llpll:JOBaTbCll ua perueTKe Ma.rHIITHhIX Bl!Xpeii. Ilepexop; B eBepxnpoBOA.!IIQee 

coeTO.!IHite xoporno BHp;eH II ITO p;naMarHIITHOMY a<pq>eKTY Ter,,mepaTypnoi'i na

BHel!MOCTII MarHHTHoro IlOJI.ll Ha MIOOHe. TeMrrepaTypHbIC 33.BHCJIMOeTH a(T) 
B o6pa:Juax e x=0.10 u x=0.15 ua.xop;.!ITCll B xoporueM cornacnu c q>opMynon 
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Ta6. 1: CBop;HaJI Ta6m1ua rny6nn npon11Kn0Ben11J1 MarHHTHoro rron.ll B 

La2-xSrxCu04-y• 

"' 

X Tc,K a(O),MKe-1 ,\eJJ(0),A ,\ab(O),A 

0.1 26.44(6) 0.63(1) 4126(65) 3135(50) 

(300) (250) 

0.15 36.7(1) · 1.14( 2) 3067(54) 2330(41) 

- (250) (200) 

0.25 24 0.77(4)t 3732(194)t 2836(147)t 

·(300) (250) 

3Ha'ICHH.ll np1mep;eHhI rrpn Te~mepaType 6.5 K. 

1.2 ,-------------------~ 

1.0 -+------

• • • • • La1.9Sro.1CU04 
■■■■■ La1.asSro.1sCu04 

-"'C::.~ -....: -.... -- ""--

Eo.8 ----- ~---- " 
-------.'' ~ ' "-

,< 
;;,--.__ 
ao.6 .__,, 
,< 

0.4 

0.2 

........ BKill 
BKill rpH3HI,III rrpe,[(eJI 

------->, ~•, \ 
' ' ' " 

·----- '," \ 
--. __ ',: ·, \ 

---- ',. \ 
__ CHJII,HaSJ CBSJ31, 1.Il!CTl,lll rrpe.r1en 

-- ,[(ByX-lKU,[(KOCTHa.H MO,[(eJII, 
_ _ CUJil,HaSJ CBSJ31, rpSI3H1,!l! rrpe,[(eJI 

----->~,. ----~,~\ . ' ·--~,~ 
., 

0.0 +--~-~-~-~-~-~-~-~-~-
0.0 0.2 0.4 0-6 0.8 1.0 

T/Tc 

P1:1c. 4: Hopt!aJIIl:JOBaHHaJI rny611na rrpOHIIKHOBeHIIJI MarHHTHOro IlOJI.ll KaK 

q>yHKQl!.ll T/Tc B La2-xSrxCu04-y, TeopeTn'!eCKI!e KpnBhie ll3 pa6oTbI [4]. 

~Byx;+;np;KoeTHoi't ~10p;em1 p;JI.ll rny61rnb1 rrpoHnKHOBeH11J1. UHoe rr0Bep;em1e :Ja

.B~ICIIMOeTn a(T) B o6pa:Jue e_ x=0.25 IIHTeprrpeTHpyeTe.ll HeOp;Hopop;noeTblO 

o6pa:Jua H:J-:Ja 6mmoCTII KOHQeHTpau;nH CTpOHQIIJI x=0.25 K npep;eJibHOMY 

:JHa'!eHIIIO KOHQCHTpaunu. Ha pnc.4 rrpep;c'TaBJieHhI 0KerrepnMeHTaJibHbie na

Bl!el!MOeTn ,\(0)2 / ,\(T)2' B cpa.BneHIIII C TeopeTU'leCKIIMII q>yHKQII.!IMII (Teo

·peTH'leCKne KpHBhie B:JJl~hI_ 1!3 pa60TbI [4]) IIony'leHHhie :JHa'!elllrn ,\(0) II 
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Tc cBeAeHhl B Ta6mm;y 1. B 0TOTI Ta6mn-1e TaK:-Ke rrpeACTaB,leHbl :311a•1c

HII.lI 0qiq>eKTIIBHOTI rrry6HHbl rrpOHIIKHOBeHn.lI >-ef j( 0) AlI.11 YA06CTBa cpa1rne

HII.lI c peoynbTaTaMH Apyrnx µSR-pa6oT. Bo BTopoii CTpoKe B rpacpax rny-

611H rrpoHIIKHOBeHirn rrpnBeAeHhl 3Ha'leHII.II CIICTeMaTJI'!eCKIIX onm60K. §3.6 
COAep)KUT o6cy)KAeHue 0KCIIepuMeHTaRhHOTI c11Tyau1111 C ll311C])CHlle:-1 rny-

6lIHhl rrpoHIIKHOBeHU.11 B BTCII. IIpoBeACHO cpaBHeHne c Apyr111,,111 0Kcnep11-

MeHTanbHhIMII AaHHhIMll II MeTOAaMII. 

Thaaa 4 rrocB.IIII.\eHa µSR-nccneAoBaHH.IIM "o6bI'IHOro" CBepxrrpono~,1111Ka 

II poAa m106irn u cpaBHIITenhHOMY 11oyqe111110 0(J><peKT0B Mar111JT11oii 11eo6-

paTUMOCTII rrpn nai,,rnrHII'IIIBamm o6pauuoB Nb II IlTCII La2-xSrxCu0-1-y-

B §4.1 o6cy;KAeHbI B03MmKHocTn 11SR-MeTOAa AlI.11 1my-1en11l! mmH11Hra 

MarHIITHbIX Buxpeii B ":iKeCTKnx" cBepxrrpoBOAHIIKax II JJOAa. 11SR-MeTOA rro-

3Bon.lieT rrony'!aTh crreKTpanhnoe pacrrpeAenenue MarHIITHbIX rronei·i B o6bCMe 

CBepxrrpoBOA.IIII.\Cro o6paoua. Ecn11 MaKpOCKOIIH'ICCKHe MCTO):lhl 1!3MCJ)CHII.II 

Hai,,rnrHU'!eHHOCTII AaIOT TOlihKO cpeAHee ona•1enne IIHAYKUIBI (B) B o6paaue, 

TO no µSR-pacnpeAeJieHn.11 rrone11 BHYTJJII o6paoua nap.llAY c ( B), orrpeAen.11-

eTC.11 Ancrrepcu.11 rrorreu (fj,_B2) u 6onee cTapnrne MOMeHThI pacrrpeAenemrn. 

Ilpoq>Hnh MarHIITHoii IIHAYKUHH B o6paoue B ZFC-0Kcrrep11MenTax ( oxna;KAC

HHe B nyrreBOM none HU)Ke Tc C IIOClICAYIOII.\IIM IIOBhIIlleHUCM II IIOHH:>KeHHCM 

rron.11) CUJihHO 3aBUCIIT OT MarHHTHOIUI IIJJCAhlCTOplrn, 'ITO XOJJOillO rrpo.llBJI.11-

eTC.II Ha AaHHhlX µSR-0KcrrepnMeHTOB. 

,Urr.11 rrpaBitnhHOil nHTeprrpeTau1m peoyrrhTaToB µSR-110Mepen11ii c 110-

BhIMH BTCII coeAIIHeHn.llMH Heo6XOAHMO .11cHoe rro1111Manne anarrorH'IHOtt 1111-

qiopMaunn, rrorryqaeMOTI rrpu lICCJieAOBaHIIH o6bI'lllhIX "mmKoTeMrrepaTypHbIX'' 

cBepxrrpoBOAHHKOB. Ilpu rrocTaHoBKe pSR-0Kcrrep11MeHTOB rro 11oy'len1110 04>

q>eKTOB, CB.113aHHblX C IIlIHHHHrOM B ":>KeCTKl!x'' CBepxrrpOBOAHIIKax, cneAyeT; 

Y'IHThlBaTh B03MO:lKHOCTII MeTOAIIKll. ,Urr.11 orrpeAenemrn rrapaMeTpOB crreK

TpanbHoro pacrrpeACJICHll.11 rrorreii iKeJiaTCJihHO, 'IT06bI CKOJJOCTh pena.Kca1111H 

µSR-rrpe11eccuu ne rrpeBhIIllana 10-15 MKc-1, coOTBeTcTBYIOII.\eii neoAHopo

AHOCTH MarnnTHbIX rrorren B 06pao11e rrop.llAKa 200 re. illupnna pacrrpe)].ene

Hll.11 rroneii BHyTpn ":iKeCTKoro" cnepxrrpoBOAHHKa rrpn ero na.MarHH'IIrna.mm 

rrporrop11uonanhHa rrorrepe'!HOMY K BHellJHeMy IIOJIIO reoMeTpll'ICCKOMY pau

Mepy o6pa311a. ,Urr.11 ycrrelllnoro rrpoBe)].eHirn pSR-113Mepen11u nco6xo)].HMO co-

6nIOAeHne ycnOBII.11 Jcd/2 < 100 re, r)].e .Jc - IIJIOTHOCTh K[HITll'ICCKIIX TOKOB• 

B [A/cM2], d - rrorrepe'!Hbill pa3Mep 06pa.311a B [cM]. Emu B'3.IITh rnepxnpoBo

AHIIK c Jc '.:::'. 105 A/cM2 , TO nonepe'IHhIII pauMep 06pau11a., cooTBeTCTBy

IOII.\1111 pa36pocy rrorrer"1 100-200 re, cocTa.BnT 20-A0 MKM. BucoK0TeMrre

pa.Typnb1e KepaMU'!eCKlIC CBepxrrpoBO)l.HIIKH y)].a'!HO YAOBlICTBOJ).IIIOT 0TOMY 

Kpl!TepHIO - B IJOJI.IIX BhIIlle 10--'100 re HaMarHll'leHHOCTb OIIJ)eAeJillCTC.11 He-
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Nb ZFC T 6.5 K 

LO 
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Puc. 5: Mc11cc11epoBCKal! ( HC 3aII.IITal! MarHIITHbIM rroneM) )].OlI.11 o6beMa HU-. 

o6irn rrpn Ha.Maruu•mBa.111111 06pao11a rrpn TeMrrepaType 6.5 K. 

6onbllillM paoMepoM CBepxrrponOAHU\IIX rpa.nyn, TaK KaK crra6b1e CB.11311 Me:lKAY 

rpauynaMII B TaKIIX non.11x y;i,;c panpyrneHbI. B CJIY'rne 06bI'IIILIX 11enbHblX 

CBepxnpoBOAHHKOB neo6xO)].lll\la crre1,11an1,110 npnroTOBJieHHal! MlllIIeHb All.II 
ttSR-nccne)].0Bam111. 

B §4.2 IIpC)].CTaBnenbI xapa.KTCpllCTIIKJI o6pa3l\OB. H110611e~blll o6paoeu 

6un noroTonnen B Bll)].e 210 Kpyrm,1x rrnacTIIHOK Nb Tom111111ou 30 1,,1KM II All

a.MeTpOM 50 MM, CJIO)KCHHbIX 110)],0fiHO "C011)].BU'IY" Bl\leCTC C KJ)Y)l(Ka.M11 Man

na.pa TOlIII.\IIIIott 20 MKM. Ta.Kall Komfmrypau1rn nolJBorr.11eT paccMaTp11BaT1, 

Ka)KALitt KpyiKOK <l>Olibrll KaK "TOIIKy10" 11□ on11pona11uy10 nrracT1111y. 06pa

oeu 6blrr yrraK~BaH B unmm)].pll'lccKm1 arr10M111111cBb111 KOHTc11uep. IlpnBeAeHbl 

)].almble Jl3Mepemrn 0lICKTJJll'IeCKOro COIIJ)OTIIBJICHllll IIJ!o6neBOII q>OJihr!I. OT

HOlliCIIIIC 0JICKTJJll'IeCKIIX conpoT1mncm111 COCTa.BlllIO P3ooK/ PlOK = 8. 
,Un.11 nccneAona.111111 11cnorr1,□ onan11c1, Te iKe KcpaM11'!eCKI1e 06pao11u DTCII 

La2-xSrxCu04-y, 'ITO 11 )].lI.11 ll3Mcpen11u rny61111u rrpo1111KHOBeH11.11 ( rnaBa 3). 
B §4.3 rrpeACTaBrre111,1 peoyrrbTaTbI FC-0Kcncp11MCHTOB c o6paouoM nno-

61rn. I1oMepemrn rrpOBOAIIJIHCb rrp11 ABYX 011a•1emrnx non.lI Hext = 0.9 K8 n 

2. 7 K8. Ilp11 a11an1me 0Kcnepm,1e11Tanb11b1x Aannux Y'IIITbmaJJC.11 BKJiaA OT 

qionoBou 'Ia.CTI! M11Illen11. Ilon.11p1mau1rn cmma 1,,110q.11a corrocTaBrr.11rra.c1, c qiyu

Kl\llCTI TIIIIa {1 ). 011e11c11a BCITll'llllla rny611HbI rrpOIIIIKHOBeHH.11 Mar1111T11oro 

IIOlI.lI >.(o) '::'. sooA, BeJill'IHHa HToporo KJ)IITll'JeCKOro non.11 llc2(0) '.:::'. 10 K8 
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P11c. 6: Cpep,HeKBap,paTIPrnoe OTKJIOHe1111e 11.ia.rHHTHoro norr.ll ILM .S. 11 pa:3-

HOCTh (B)- Hext B m1061111 np11 11a11ar1111'111BaH1111 06pa:31w npn Te,mepa.Type 

8 K. Jlnmm 11a rpa<fmKe R.M.S. noKa3bIBaIOT norryu111p1111bI pacnpe;waeHIIH 

MarHIITHoro nom1 B 06pam.1e, paC'Il!'raHHbie corrrac110 I\IKC. Ha BCTaBI,e 

llOKa3aHa llJIOTHOCTh KpIITWieCKIIX TOKOB. Bee rpa<l>HKII IIMCIOT 06w,y10 oc~ 

a6c1.1ucc. 

u onpep,erre11a KpHTW-IeCKaH TeMnepaTypa Tc = 9.25::8:g K. 
B §4.4 paccMoTpeHa Mop,errb B1rna-Jl0Hp,ona ( 11.rnp,eJib KpllTIPiecKoro co

CTO.l!Hml ). IIorry'leHbI ocHOBHbie rnep,cTBllll )],!Ill ZFC-µSR oKcnepuMeHTa. 

B §4.5 npep,cTaBJICHbl pe3yrrbTaTbI ZFC-0Kcnep11Mel!Tbl c o6pa31.\0M 1mo-

6Irn. H3MepeHll.ll np0Bop,11m1cb npn ABYX Te11.mepaTypax 6.5 K n 8 K. /tSR

cneKTJ)bI 06pa6aTb1Bam1ch auarrorll'IH0 FC-oKcnepnMeH'raM B CO0TBCTCTBIIII 

C Bbipa;i.;enneM )],/Ill IIOJlllJ)II3aUIIII (1 ). Onpep,erre11a )],0Jijj ·110 CBepxnpOBO)],Hl!Ka, 

B KOTopoii MarHHTHaH IIHAYKl.\llll paBHa Hyrr10. Ha pnc.5 rroKanaHa naB11c11-

MOCTb gorrn no oT Bneurnero rroJill np11 T = 6.5 K. Ta.Kall rro;reBaH 3aBucu-

12 

11.!0CTb 110 xopowo 06bl1Clllll\la B pa!v!Kax MO)],eJIII KplITII'!eCKOro C0CTO.l!Hll.ll. 

Ha pncynKe xopowo BII/J.HbI nepBoe KpnTn'!eCKoe rrorre Hc1 ~ 0.5 K8 11 rrorre 

H* ~ 1.9 K8. 3Ha'!en11e BToporo KJ)IITII'!ecKOro norr.ll Hc2 ~ 3.8 K8 orrpege

JI.llJI0Cb no yMeHblllCIIIIIO CKO!)OCTII perraKcauxm )],O BeJII!'IUHbl ~ 0.2MKc-1
, co

OTBeTCTBYIOIUeii cKopocTII perraKca1.11rn B nopMaJibHoii <pwe. Ha puc.6 npeg

cTaBrreHbI pe3yilbTaTbI ZFC-0Kcnep11MeHTa rrpn T=8 K. B BepxHeii '!acn1 

p11cynKa noKa3aHa Bem1'!1rna cKopocT11 perraKcau1m c, KOTOJ)aH nporrop1.111-

0HaJ1bHa R.M.S MarHIITHor_o no:rn B o6panue, B 11mKHe11 '!acTn pa3HOCTh 

MC)K)].Y cpegm1M norreM B o6panue II BHelllHIIM rrorreM M(t) = (B) - Hext• Ha 

BCTaBKe 1mo6pa;i,;ena 3aBIICHMOCTh IIJIOTHOCTif KpHTif'!eCKllX TOKOB Jc( Hext ), 
BbI'IIICJieHHaH no r11cTepem1cy KJ)l!Boii JU ( Hext) corrracHo 11.1ogerr11 B1rna. HH

TerpupoBanueM ypaBHemrn KJ)IITll'ICCKoro COCTO.llHll.ll c Jc( H) 6bIJIH Bbl'III

CJICHbl 3Ha'!emrn norrywnpnH pacnpep,erreHH.ll Marm-1THblX norrei1. PeayrrbTaTbI 

pac'!eTa noKanaHbI Ha rpacpm,e R.Af.S.( Hext) crrrrornHbIMII JIHHll.llMH. Ka'!e

CTBeHHOe cor.1acue c MKC xopowee - rrpn noBbIIlleHHH n rronn;i,;ennn rrorr.ll 

B o6panue o6panyeTC.ll "Kp.IITII'!eCKoe COCTO.lllllie"' 'ITO rrpO.llBJlllCTC.ll B 3Ha

'!eHII.llX CKOp0CTII perraKcau1111, KOTOpbie Ha"rnoro rrpeBbilllaIOT BCJIII'IIIHY pe

JiaKcauIIu OT Marlll!THOII BIIXpeBoii peweTKII. f11cTepem1c B CKOJ)OCTII pe

J1aKca1.1m1 cmrna MIOOHa B03IIIIKaeT BCJie)],CT~lle CIIJlbHOiI tJaBl!Cill',IOCTII .Jc OT 

MarHIITHOro IIOJI.ll. 

B §-5.6 rrprrnegeHbI penyrrbTaTbI ZFC-1iSR 0Kcnep111-1eHTOB c BbICOKOTeM

nepaTypHbIMII CBepxnpoBO)],Hl!KaMu La2-xSrxCuO4-y• IIm.,1epemrn np0Bog11-

m1cb BO BHellIHIIX IIOJI.llX 0-800 :3 B IlIIIJ)OKOM )],llarrauone TC!I.IIIepaTyp. O6-

pa60TKa OKCIICJ)l!MeHTaJibHbIX gaHHbIX IIJ)OBO)],IIJiaCb aHarrorH'IIIO o6pa6oTKe 

FC-0Kcrrep11MeHTOB (rrraBa 3). Ha pnc.7 1mo6pa)KeHbI cKopocTb perraKca

uun <, ( rrpaBa.ll OCh opgmrnT IIOKa3bIBaeT cpegHeKBagpaTll'IHOe OTKJIOHCHlle 

(f1B2
)

112
) 11 paaHOCTb Me;i.;gy cpegnei'i Marm1T11011 IfHAYKUHei'i f1B JI BHe

llllUIM norreM Hext B cBepxrrpoB0)].HIIKe La1.ssSro_15CuO4-y rrpH II0BbIWemm 

BHernHero rrorr.ll go ~ 800 fc If rrocrregy10meM rroHn;Kemm Hext rrpn TeMrre

paTypax 10, 20 H 30K. IIorry<IeHHbn°I peayrrbTaT irnTeprrpeTHpyeTc.ll crre

AYIOII.\HM o6pa30M. Ilpn IIOBblllICHllll MarHIITHoro IIOJlll B CBepxrrpoBO)],.llll.\IIX 

rpanyrrax o6paayeTc.ll KJ)HTl!'!ecKoe cocTo.llHIIe. CKopocTb perraKcaunn rrpe

BbIWaeT 3Ha'!eHne <, OT MarHIITHOII BnxpeBOll peweTKH Ha BeJIII'IIIHY IIOp.ll)].Ka 

IllllJ)IIHbI rIIcTepea11ca cpegnei1 IIH/J.YKl.\1111 8(B). IlpII rroHl!)Kemm BHewnero 

IIOJI.ll II]>Oq>Hilb HH/J.YKI.\Hlf xapaKTepHbIII )],!Ill KpI!Tll'ICCKOrO COCTOllHH.ll He 06-

pa3yeTC.ll. MarHIITHaH IIHAYKl.\11.ll B rpanyrrax B( x) npaKTll'!eCKif He OTKJIOH.ll

eTC.ll OT cBoero cpeg11ero ::rnaqemrn (B). Ilpn GTOM, cKopocTh perraKcaunu c, 

HMeeT Hil3K0e t3Ha'!eHIIe o6ycrroBJieHHOe TOJibKO MIIKJ)OCKOIIU'!eCKIIMII ImMe

llelHUIMH MarHl!TH0l'O IIOJI.ll OT pellICTKII MarHHTHbIX BI!Xpeii. TaKIIM o6pa-
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Puc. 7: CKopoCTb penaKcal..(JIII a (npaBaJI ocb opAmiaT noKa.3LrnaeT cooTBeT

CTBYIOII.\He 3Ha'lemrn cpeAHeKBaApaTJI'IHOro OTKno1iem1.11 R.M.S) n pa•.JHOCTb 

{B) - Hext B La1.ssSro.1sCu04-y npn HaMarHII'UIBamm o6pat3IIa nJHI TeMne

paTypax 10, 20, 30 K. JlIImm rrpoBeµeHhI Afl.ll narn.l!AHOCTII. 

30M, nony'ICHHLie 0KcnepnMeHTanbHLie AaHHLie rro,3B0!DIIOT C;:\C!laTb BbIBOA, 

'ITO BO BHeIIlHIIX MafHIITHLIX ITOil.l!X AO 800 !3 MO/l,e!lb KJ)IITII'len:oro COCTO.ll

HH.ll He /],aeT aAeirnaTuoro orrucamrn pacnpeAenemrn Mar1111THoi.i IIH/J.YKI~m1 B 

rpanynnpoBaHHbIX BTCII La2-xSrxCu04-y· 

Ilp1meAeHLI aHanorn'IHLie pe3j'!ILTa.TLI, rrony'le1111Lie n ABYX /l,pyrux 06-

pam~ax La1.9Sro.1 Cu04-y II La1.7.i;Sro.2sCu04-y. 

B oaKJUO'leHHH AIICCepTal..(1111 rrepe<rncneHbl OCHOBHbIC BhTBO/J,bI. 
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OcHOBHbie peoyJibTaTbl µ;11ccepTa:u;1n1 

1. MeTO/J,aMn ZF- 11 TF-1iSR nccncAoBanu 1,rnr1111T11L1e «paoonue rrepexo/l,LI B 

c11cTeMe La2-xSrxCu04-y /l,Illl KOHIICHTpa1~11ii cTpOHl..(11.ll x = 0.00, 0.01, 0.05, 

0.07 B /l,llarra3one TCMncpaTyp 4.2-300 K. 
IloKaoano, 'ITO o6pa3IIhI c x = 0.00, 0.01 06na/l,a10T /J.aITLHIIM a11T11cI>ep

pot.rnrn11THLIM rropJ1/J,KOM 1111~e Tet.mepaTyp Heen11 TN = 220 K 11 130 K, 
COOTBeTCTBCIIIIO. Ilony•1e11u TCt.mcpaTyp11bIC 3aBIICIIMOCTH 1IOKanLHOro Ma

rJIIITJIOI'O non11 11a M10011e B1,(T) 11 cKopocTII penaKCaIInH MJOoHnoii rrpeIIec

cnu a(T). lfo Aa1111ux TF-0Kcnep11MCHTOB onpc/l,enenLI nmpnHLI MarnnTHhIX 

rrepCXO/J,OB. Il0Kaoa110, '[TO OCIIOBIIOll BKna/l, B JleO/J,HOpO/l,HOCTb nOKaITLHLIX_ 

noneii Ha M10onc mDKe TN B ZF-0Kcnep11Me11Tc 6.B <x: a o6ycnoBnen p<tcrrpe

/J,Cne1111cM TeMnepaTyp Hecn11 B o6pam~c. 

B o6paoIIe c x = 0.05 ycTaHOBITe110 cyrIIeCTBOBa1111e KpnTn'lecKoii o6nacTn 

Te1,mepaTyp T = 6 - 4.4 K B KOTopoii npoucxo/l,UT pe3KOe yMeHLwenne 

'laCTOThI ct>nyKTyaIIllll Marm~TllhIX MOMCHTOB Cu2+, CBII/J,CTenLCTB)'IOII.\eC 0 

6mmocT11 TO'IKII <flaooBoro ncpexoAa. 

\:hcrrepUMCHTbl C o6pa.mwM X = 0.07 IIOKaoami namJ'IIIC M3TIIIITHOro ne

peXO/l,a n, rrpeAITOnO)KIITcm,IIo, cmm-cTeKonLnoe cocTO.l!Hlle co cpeAIIeii TCM

rrepaTypoii rrepexo/],a T =8 K. Ha.,,ano rrepexo/],a. Ha6n10/l,anocL rrp11 TeMne

paType 13 K. CTaTll'ICCKuc t.tarm1T11L1c rron11 11a MJOone B Marn11ToyrropJ1/l,0-

'1e1mo11 o6nacTU IIMCIOT TOT-)KC nopJIAOK BCITWIIIHLI, 'ITO II B aHTn<flcppoMa

r1111TllhIX COC/J,IIHCIIIIJIX CIICTCMhl La2-xSrxCu0,1-y• 

2. MeTO/J,OM TF-µSR 11cCIIeAOBa11L1 BUCOK0Tet.mepaTyp11Lie cBepxrrpoao

/l,HIIKH ceMe11cTBa La2-xSrxC110,i-y, x=0.10, 0.15, 0.25. Ilo ll3MepeHHLIM 

31Ja'ICIIIIJIM BTOporo MOMCHTa. pa.cnpe/l,enemrn 'laCTOT MIOOHHOll rrpe~eCCHH 

B Marm1TH01°I BIIXpeBOII peIIICT[;C (6.w2) rrony<ICilbI BC!Ill'IIIHhl rny611Hbl rrpo

lllIKIIOBCIIIIJI Ma.rmlTHOro rronJI. IlpoBC/J,CII a11a.mm CIICTel\laTH'ICCKIIX onm6oK 

np11 np01~e/l,ype 113B!IC'IClll!ll BToporo MOMC!ITa. {6.w2) 113 BpeMeHHLIX µSR
r11cTorpat.1M. fny611Ha rrpOIIIIKIIOBCHIIJI M3TIIIITIIOl'O IlO!IJI B nanpa.nnemnm, 

nepneH/l,J1Kyn11p110M Cu02 rrnocKOCTJIM Aab(T = OK), cocTa.B1rna 2300~;~ A 
11 3100~~~0 A /l,IIJI o6pan~oB c KOHIICHTpaIIJillMII tTpoHl..(IIJI x=0.15 11 0.1. 

TeMrrcpaTyp11all 3aBJICIIMOCTL rny61111LI npoHIIKHOBCHIIJI .MarHIITHOro ITO!IJI. 

,\(T) naXOAIITC.ll B xopomcM cornac1111 c 0Mn11p11'1ecKoii <flopMynoii /l,n.ll /J,Byx

)KJ1AKOCT11oii M0Aem1. 

3. MeTO/J.OM TF-11SR 11ccne/l,0Bam,1 o6pa3IIU rnepxrrpoBO/l,Jlll~ero Nb 11 

BLICOKOTe~mepaTypHLIX caepxrrpoBO/J,HIIKOB La.2-x.SrxCu04-y• Ilony'leHHhIC 

pc3ynLTaTu no Nb rrpo/],eM011cTp11poBan11 Buc0Ky10 TO'IIIOCTh MeTOAIIKII JtSR 
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AIT.H orrpeAcneHII.H TaKIIX xapaKTepncTIIK csepxrrpoBoAHUK0B II poAa KaK Tc, 
Hc1, Hc2 , rny611m,1 rrpomtKH0Bemrn Mar1111Tnoro 110nll >.(0), rrnoTH0CTII Kpn
TIPJeCKHX T0K0B Jc. 

Anamm rronenux aanucnMocTeii nmpnHhI pacnpeAenemrn II cpeAHero DHa
'ICHII.H MarlIIITHbIX rroneii na MIO0He rrpn Ha~tarllll'JIIBamm o6pa.DL(OB Bbl.llBll/l 
Ka'JeCTBeHH0e OTJill'Jlle B IIOBeAeIIIIII umpllllhl pacrrpcAe/leHll.ll MarlllITllhIX II0-
neii B Nb n La2-xSrxCuO4-y o6pa.'.ll(ax. B TO Bpe~rn KaK AaJIHhie no 11110611!0 
xopomo OIIIICbIBaIOTC.ll B paMKaX M0AeITII KpIITil'teCK0ro C0CT0llllll.ll, rrpnMenc
HIIe au~or11'1Horo IIOAX0Aa K rpa11yn11pona1111bIM BTCII B o6nacTn m1emunx 
rroneii 0-800 re ue AaeT YA0BlleTB0pI!TeJihH0ro orrncamill II0llY'ICHHbIX 0KCIIe
pnMeHTaIThHbIX peaynhTaTOB. 

4. IlpeAJIO:iKeHhl n paapa6oTallhI H0Bhie MCT0Abl aHamma BpcMellHhIX 
µSR-cneKTpon: pean1mona11a np0L\CAypa nonrie1111ll pacrrpeAenemrn noKanh
HbIX noneii: ua IIMITJiaHTHpoBaHHhIX MIO0Hax MCT0A0M MIIHIIMJmal(IIII CTa.H
AapTHoro x2 q>yHKL\IIOHana II rrpol(eAypa COBMeCTIIOII o6pa6oTKII IICCK0/lbKIIX 
µSR-rncTorpaMM, noanon.HJOlliall yBemt'IHTh T0'IH0CTh orrpegencmrn CHJihll0 
K0ppennpy!OllIHX napaMeTp0B TeopcTII'JeCKIIX ~IO~enen. 
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