
OE'bE,!JJIHEHHhIH HHCTHTYT .H,[(EPHhlX HCOIE,[(OBAHHH 

0-26G 
OEYXOB 

IOpaft BHKTOpOBIP-I 

17-97-399 

Ha npaBaX p)'KOilHCH 

Y,I(K 538.945 

HCCllE,UOBAHHE TIPOCTPAHCTBEHHO-HEO,UHOPO,UHbIX 

CBEPXI1POBO,U511UHX CHCTEM 

TIPH TIOMOIUH CKBH,Il-MAI1-IHTOMETPA 

CneI--lffa.JlhHOCTh: 01.04.07 - (pH3HKa TBepJJ:oro Terra 

ABTOpecpepaT ,1u,1cceprnu1,rn Ha COHCKaHJ-1e )"leHOH CTeneHH 

KaH,llH,llaTa cpH3HKO-MaTeMaTH'-IeCKHX HayK 

,Uy6Ha 1997 



Pa6oTa BbinOJIHeHa B Jia6oparnp,rn: HCHTpOHH0H <pH3HKH HM. cI>paHKa 

O6oe,llHHCHHOfO HHCTwryra H,!lCpHblX HCCJIC,llOBaHHH 

HayqHblH pyx:0B0,llHTenh: 

Oq>HUHanbHbIC onnOHClITbI: 

Be.llymaH oprattmauIDI: 

,ll0KT0p q>H3HKO-MaTeMaTHqecKHX Ha)'K 

Eanarypos A.M. 

.ll0KT0p q>H3HK0-MaTeMaTHqCCKHX Ha)'K 

JlymHKOB B.fi. 

.ll0KT0p q>H3HKO-MaTeMaTHqCCKUX Ha)'K 

CttHrnpeB O.B. 

HHCTHTYf pa,llH03JICKTpOHUKH p AH, 
r.MocKBa 

3awHTa C0CT0HTC.sl "2lt f!t/)-qlf.<,f 1998 r. 5/J}-t,t) qacoB Ha 3ace,llaHHH 

JluccepTaUHOHHOfO C0BCTa Jl 047.01.05 npu Jia6opaTOpHH HeHTpOHHOH 

q>H3HKH H Jia6opaTOpHH H,!lCpHblX peaKUHH O61>e,llHHCHHOfO HHCTHTyra 

H,!lCpHblX HCCJICL{OBaHHH, r. Jly6Ha MocKOBCKOH o6naCTH. 

C imcce'pTauueH MO)KH0 03HaK0MHTbc.sr B 6u6nHoteKe OIUIH. 

AsTopecf>epaT pa3ocnaH 'W" ~ 1998 r. 

YqeHbIH ceKpeTapb 

JlHccep,:aunottttoro co•~ TioneKO A.f. 

" 

C 

., 

c' 

Onm;AH XAPAKTEPIICTHKA PAJiOTbI 

AKTYAJibHOCTh PAEOThl 110 · npo6J1eMe BbICOKOTel\111eparyp11oi1 

cnepxnpoB0LlHM0CTH (BTCTT) 06ycJIOBJ1eua B03M0)KII0CThlO wupoKoro 

npHMeHeHH51 3THX coe)..{HHefIHH B tta}'Ke H Texm1Ke, 61iaroJ.J.ap}I HX IIOBbIM 

IICKJII0qHTeJihHhIM CBOHCTBaM. BhICOKa51 TeM11epaTypa CBepx11poBOJ.J.}IIUero 

nepexo)..{a Tc (Bb!We Te~mepaTypbl KHlleHIUI )KHJ.J.KOI'o a3oTa) Ii BbICOKlli1 

KpIHHqecKHH TOK 1103B0Jl5IT C03J.J.aTh II0BbJe ::meMeHTbl J.J.)l}I 

B.bJqHCJJHTeJihHOH TeXHHKH, J.J.eWeByJO Kp11ore1111y10 amiapaTypy, 

Bh1coKoqyBcrnuTe11htthie MarnuToMeTpbI 11a ocmrne CKBHJJ.crn, 

K0MIIaKTllbie J.J.BHraTeJIH, rettepaT0pbl H Tpa11ccpopMaTC>pb1, CBepXMOIUllblC 

Maq1iIThI H Mttoroe J.J.pyroe. C o-i·KphrrtteM 110Bh1X: 3cpcpeKTOB u, IIOBhIX 

BTCTT coeJ.J.HHem1ii 6e3yc11osuo 6yJ.J.yr B03IIHKaTh 110BhIC 061rncn1 

11puMeHel!H}I 3THX MaTepHaJIOB. BTCTT 11p~J.J.CTaBJl}IIOT orpoM11h1i1 · mrrepec 

J.J.)l}I TeopeTHlJCCKO~i H 3KCIICpHMCHTilllbIIOH qJJnllKH. Pa1pafioTKa 

pa3JIH4HblX TC0pCTHlJCCKHX MOJ.J.CJICii, paoOTbl 110 IICqJOII0llllblM 

MeXa(IH3MaM CBepx11poB0J.J.HM0CTH, IICCJICJ.J.0Bam1e CIIMMCTpHH 11apaMeTpa 

II0p}IJ.J.Ka J.J.aJIH MOIUilbIH T0JJqoK pa3BHTHIO qJH3llKH cnepx11pOBOJ.J.IIHKOB. 
\, ', ' ' :. 

OJ.J.IIHM, H3 0CII0Bllbl~, CBOikrn o6pa3UOB TaKHX coeJ.J,HIICHHii 5IBJ(}ICTC}I HX 

cywecrnellnllil I 1pcicT'pa11crne1ma}I IICOJ.J.IIOJ)0J.J.IIOCTb. 3TO KacaeTC51 KaK 
j, i ' 

Kepa~]H4eCKHX MaTepHaJI0B, B K0T0pb!X rpa11yJ111poBaHIIOCTh 5IBJJ}ICTC51 

CCTCCTBCllllblM CJICJ.J.CTBHeM rnepJ.J.OTeJibHOii peaKUHH CHHTC3a, TaK. ll 

MOll~~JJHCTaJIJIHlJCCKHX, 1ne pa3JIH4II0J'O poJ.J.a J.J.ecpeKTbl MOiyr npHBOJ.J.HTh 

K 110J.J.aBi1e11mo cBepx11poB0J.J.5IIUHX .. cBoiicrn. Ilp11 ucc11eJ.J.OBamrn BTCTT 

~taTep11ru1os TaKllil 11poCTpancrneHHa51 He0J.J.ttopomiocTh ctiepxnpoBOLl51IUIIX 

CBOHCTB BH0CHT J.J.0II0JIHHTCJ!hHhle TPYJ.J.H0CTII. KpoMe TOfO, II0)..{06Hble 

ofrheKTbl }IBJl}lfOTC51 HHTepeCHblMH H C cpyHJ.J.aMeHTaJlbHOH TOqKH 3pemrn H 

J.J.aJIH T0J!lJ0K pa3BHTHJO H0BblX nanpaBJICHHH B qJH3HKe 

cBepxnpoB0J.J.HHK0B, TaKHX KaK JPK03ecpcoHOBCKHe cpe,nhl II 

J.J.)K~3ecpcoHOBCKHe cBepxpeweTKH. · 

btt,,J~ ,~.wii 1;,.;-ru;;i1 
(~!iidl uc:::.11~1::i'.;Ulllil fi 
6W6Jli10TEKA ~ --



QEJlhIO PAEOThl .sIBJUIJI0Ch HCCJieJJ:OBaHHe CBOHCTB npOCTpaHCTBeHH0-

He0JJ:H0p0JJ:HblX CBepxnp0BOJJ:.sII..QHX CHCTeM: KepaMwiecKoro YBa2Cu3O1-x 

H M0H0KpHCTaJIJm'-IeCKHX La2CuO4+0; c03,n:anue CKBl1.I(-MarnHTOMeTpa; 

C03,n:anHe H OTpa60TKa H3MepHTeJihHhIX MeTOJJ:HK H HHTepnpeTaUH.sI 

.uatlllblX ).VJ,SI 3T0fO npH6opa. 

IIAY1-IHA.Il HOBM3HA. 

- Pa3pa6ornna ynyquieHHllil MeTOJJ:HKa H3MepenH.sI KpHTH'-IeCKHX T0K0B 

KepaMH'-IeCKHX BTCIT o6pa3UOB. 

- BnepBhie npe.D:JI0)Ketto . H · o6ocuoBauo npu rroMOI..QH qncne1moro 

Mo.ue.11Hp0Banirn ofrh.s1cnem1e na6.;uo,n:aeMoro B BTCIT rrapaMarnurnoro 

3cpcpeKfa Meiiccttepa 66 npe.n:noJio)KeHH.sI o JJ:)K03ecpcm-i:oic.':Knx K0HTaKTax 

7C-TIIIIa; 

- l1cc11e.uoBaHhI MOHOKpncTanJihI La2CuO4+o He ,n:eMOHCTpnpymI..QHe 
< , ) , ' , \ , >t j 

MaKp0CKOHH'-IeCK0fO cpa30B0f0 pa3,n:eneHH.sI (rro ueiiTpouorpacpH'-IeCKHM 

.uaHHhIM). . B pe3yJihTaTe HOKa3aHO, '-ITO MOH0KpHCTaJIJihl Bee-Ta~~ 

pa3,n:eJJ.sIIOTC.sI Ha C00TBeTCTByIOI..QHe cpa3hl, HO xapaKTepHhlH pa3Mep rpai{yn 

COCTaBJI51eT ~ 100 aHrCTpeM. IlpH ,n:aHHhlX pa3Mepax OCH0BHhie 

CTpyKTYPHhie _MeTO,Ubl (HeIITpOHiiOH H peHTreHOBCKOH .n:ncppa~UH~) He 

,n:m0T B03MO)KHOC~H o6Hapy)KHTh ::ni1 cpa3hl. ManhIH pa3Mep MOHOcpa3HhIX 

o6naqeii . fOB0pHT O. IlOHH)KeirnOH ~06HJibHOCTH .KHCJIOpo,n:a B, 3TH 

M0HOKpHCT~max, CB.sI3aHHOJ!, H0-BHJJ:HMOMY, C? cneuHcpHKOH HX pocT~. . 

- O6,napy)K.eHa 3aBHCHM0CTh ,n:Ha~rnrnHrnoro OTKJIHKa CBepxnpo~o~ru_Hx 

M0H0KpHCTaJIJI0B La2CuO4+o (KaK C MaKp0CK0IIH'-IeCKHM pa3,UeneHHeM ua 

6e,n:HyIO II, 6oraTyIO no KHCJIOpo,n:y cpa3hl, TaK II 6e3 ~rnKpOCKOIIHqecK(;m.>, 

pa3,n:enemrn) OT cKopocn1 3axoJia)KHBaHH.sI B ,n:Ha~a3oHe Te~mepaTyp 300 -
10 K. I1oKa3aHO '-ITO xapaKTepHa.sI CK0p0CTh o6pa30BaHH51 

CBepxnpOBOJJ:,SII..Qett cpa3bl (T.e. CK0p0CTh ,n:ncpcpy3HH KHCJIOpo,n:a) B 

cncTeMax 6e3 cpa30Boro pa3,n:enemrn CYI..Qecrnenno 

ananorH'-IHbIX CHCTCMax, onncaHIIbIX B ny6m1Kal{H.sIX. 
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HAY1IHAJI M IIPAKTWIECKA11 :U:EHHOCTh. 

IlonyqettHhie B ,n:HccepTauuu pe3ynhTaThI 110Mora10T 11yqrne JI0H51Th 

npouecCbJ, np0HCXOJJ:,SII..QHe npH ,n:ucpcpy_3HH KHCJIOpo.ua B CHCTeMaX 

La2CuO4+o. IlpeJJ:JIO)KeHHhie MeTOJJ:HKH onpe,n:enemrn KpHTH'-IeCKHX T0KOB B 

BTCIT KepaMHKax· no3BOJI.sIIOT '-IeTKO pa3,n:em1Th .uuaManrnTHhIH OTKJIHK 

rpanyn H TpancnopTHhIX Me)KrpanyJihHbIX T0KOB H C,UeJiaTb anaJIH3 

CBOHCTB JJ:)K03ecpcoHOBCKHX KpHTH'-IeCKHX TOK OB. qHCJiermoe 

Mo,ue;mpoBaHHe npoueccoB FC (Field Cooling) wrn t1eo,u11ocB513aIJllhIX 

cBepxnpoBOJJ:HHKOB pacurnp51eT MeTO.UH'-IecKne B03MO)KH0CTH CKBHJJ,­

MarnnToMeTpOB. HeKOTOpbte KOHCTpyKTHBHble oco6emIOCTH C03,UaIHI0I'O 

CKBMJJ,-MarnHTOMeTpa JIOBbllllalOT ua_ue)KH0CTh ero pa60Tb1, a MeTO,UHKa 

aHaJIH3a CHl'HaJia MafHHT0MeTpa ll03B0JJ.sieT HCCJie,U0BaTb neo.u11opo.u110 

naManm'-IeHHhie o6pa3UhI n 110Bb1rnae-r pa3pernem1e 11pH6opa. 

AilPOliAIJ.HH PAEOThl. 

OcllOBllhle pe3yJihTaThl pa60Tbl '.uoKJla,l\~IBaJIHCb ua K011cpepeHUH51X NA TO 

ARW 'Physics and Material Sciences in High Temperature 

Superconductivity, IV' (Strbske Pleso, Slovak Republic, 1996); Weak 

Superconductivity Symposium · WSS'94 (Smolenice Castle, Slovak 

Republic, 1994); Materials and Mechanisms of Superconductivity, High 

Temperature Superconductors III, (Kanazawa, Japan, 1991); na XXX 
COBeI..QattHH 110 qJH3HKe HH3KHX TeMnepa-ryp (JJ,y6na, 1994), na 

Me)K,uynapo,n:noii llIKOJJe -- Spring College in Condensed Matter on 

"SUPERCONDUCTIVITY", (Trieste, Italy, 1992), ce~rnnapax 11A3 HM. 

Kyp'-IaTOBa; Ila6oparnpnu Teope-rnqecKoii cpmuKn n ·na6oparnpuu 

neiiTpOHHOH qJH3HKH O6oe,unHennoro ·uuCTHTYTa 51,n:epHhlX nccne,n:OBaHHM. 
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CTPYKTYPA ,[)JICCEPTAD;IUI. 

,U11cceprnum1 C0CT0HT H3 BBeL{eHIUI, IIIeCTH rnaB, C0L{ep)Kam:ttx~. o63op 

pa6oT H 0CH0BHhie pe3yJJhTaTbl, 3aKmoqeHIUI, Cl1HCKa JIHTepaTypbI H 

npHJI0)KeHH5I. Pa60Ta H3JIO)Ketta Ha 134 CTpaHHUaX MaIIIHH011HCHOrO 

TeKCTa, BKJIIQqa51 50 pHCYHK0B H 103 6tt6JIHOrpaqmqecKHe 'cCbIJIKH. 

OCHOBHOE CO.ll:EP)KAHJIE PAEOTbl. 

Bo BBeL{eHHH KpaTK0 ccpopMyIIHpOBaHbl 11po6JieMbl, o6ocHOBbIBaeTC5I 

aKTYaJibH0CTb TeMbl HCCJieL{0BaHIUI, ccpopMyIIHpOBaHbl 0CH0BHbie 

pbyn1,TaThI, BhIH0CHMhie aBTopoM Ha 3am:nTy. 

B nepBoii nrnBe 11poB0L{HTC5I o63op 0CH0'.BHhIX CBOHCTB BTCIT. O63op 

11p0Boi(11Tc5I no TpeM ocnoBHhIM HanpaBIIeHIUIM. 

Bo-11epBbIX - MamHTHbie CBOIICTBa KepaMnqecKHX BTCIT. IlpnBeL{eHhI 

OCHOBHbie 3KCnepHMeHTaJibHbie L{aHHbie 110 HCCJieL{0Ba!fHI0 L{HaMarHHTH0ro 

OTKJIHKa, 3cpcpeKTa Meiiccttepa H IlJI0TH0CTH KpHTHqecKHX T0K0B L{Jl5I 

KepaM11qecKHX , BTCIT. IlpHBeL{eHbI 11p~1Mepb1 ananma 

3KcneplfM,eHTaJibHbIX L{aHHbIX 11pH II0M0W:H M0L{eJIH DHHa. 

Paccl\-taTpHBaeTC5I 110.[{X0L{. 011HCaHIUI 3THX CHCTeM Ka:i<,: CHCH!M 

CBepx11p0B0)].5Illl:HX rpanyn ,C L{)K03ecpconoBCKHMH K0HTaKTaMn. 
' ' 

. ; 

Bo-BTOpbIX, paccMaTplIB~eTC5I npo6JieMa, CHMMeTpHH 11apaMeTpa nop5I)J,Ka n 

BTCIT. I1p1rneL{eHbI 0CH0BHbie 3KcnepHMeHTaJibHhie peilynhTaTbI no 

HCCJieL{OBaHHJO ~lHH30Tp01IHH aM~HTYJJ.bl H cpa3hl rrapaMeTpa 1I0p5IL{Ka. B 

naCT05Illl:HH M0~teHT 3T.o HOBa5I o6nacTb B myqeHHH BTCIT : H qeTI~oi1 

HHTeprrpeTaUHH 3KC1Iepm1eHTaJihHhIX )J,aHHbIX rrp0CTO He cym:ecrnyeT, 

OL{HaKo, HCCJieL{0BaHII5I . aHH30Tp01IHH cpa3hl rrapaMeTpa 1IOp5I,UKa qeTK0 

110Ka3bIBaIOT, qTo B BTCIT MaTepttanax cym:ecrnyroT MexaHH3Mhl L{JI5I 

C03L{aHIUI Ha L{)K03ecpcoHOBCKHX K0HTaKTax HeHyneBOH pa3HOCTH cpa3 (a 

3HaqnT II TOKa) B 0TCJTCTBHH KaKHX-Jin6o BHeurnnx B03L{eHCTBHH. TaKoe 

rroBeL{eHHe coBeprneHH0 ne xapaKTepno wrn 0611qnhlx cnepxrrpoBOL{HHK0B 

H L{aeT TOJiqoK K pa3BHTHIO HOBbIX MexaHH3MOB cnepx11p0B0L{HM0CTH. 
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B-T)JeThHX, paccM0T)JeHbI cncreMbI La2CuO4+1i· 3-rtt coeL{ttHeHIUI np11 

KOHUeHT)JaUIUIX )].011HpoimHH5I O = 0.01 - 0.06 ')].eM0HCTpnpy10T npH 

TeMneparypax HH)Ke 200 - 400 K npoc-rpaHCTBettttoe pa3L{eJiettne tta .[{Be 

11paKT1l'iecKH H)].eHTnqHhIX 110 napaMerpy perne11m <pa3hI. O.z:tna o = 0.0 I -

aHTncj:JeppoirnrneTHK H H30JI5IT0P, BT0pa5I 0 = 0.06 - MeTaJIJI, KOTOpbIH rrpH ' . - . .. ,. 

TeMneparypax HH)Ke 38 K crnmfaHTC5I CBepxrrpoB0JJ.HHK0M. TaKHM 

' o6pa30M, B, 3THX CHCTeMax,. )J,IDK.e B M0H0KpllCTaJUiax, H3-3a 

rrepepacnpeJJ.enemrn KttcnopoJJ.a npo5IrurneTC5I rpattyJibH0CTh. KpoMe Toro, 

npoue~cbl nepepacnpeJJ.eneHIUI KHCJiopoJJ.a 11pu TeM11epaTypax cpa3oBoro 

pa3)].eJieHIUI T ps JJ.0CTaToqno MeJVIeHHhie. B . o63ope 11pnBeL{eHhI 

HMeIOm:nec5I 3KC11epuMeHTaJibHbie )].aHHhie no ll3)"IeHHIO KHHeTHKII 3T0ro 

11pouecca. B CB5I3II c MIITeJibHOCTbIO npouecca nepepacnpeL{enenmI . ; . . ,, ~ .• . - ' . 

KHCJI0p0)].a, B Ma·rpnue . La2CuO4, a CJie)J,0BaTeJII:,H0, B03M0)KH0CTblO 

yrrpaBJIBTI:, 3TI1M 11poueccoM, 3TH < C0e)J,HHeHIDI, o6em:aIOT CTaTh 

YHIIKaJibllbIMH MaTepHaJiaMH ~ myqeHIDI MexaHH3Ma 

CBepxrrpoB0)].HM0CTH B BTCIT •.. 

Bo BTOpoii r.n:aBe OIIHCaHa KOHCT)JJKUIDI H TeXHHqeCKa5I pearm3aUIUI 
I ' • ' 

. npn6opa, Ha KOTOJ)Ol\r rrpono)J,unac1:, ocH0BHa5I qac-rh H3MepettHH -

CKBMJ].-MarnHTOMeT)Ja. IlpHBe)].em1 HeKOTop1:,1e TexHuqecKHe perneHH5I 

npn6opa, npoBe)J,eHbI H3MepeHIDI. H at1arrm rnyMOB. I1pn6op HMee-r 

CJie)].yrom:ne pa6oqHe xapaKTepHCTHKH: 

Pa6oqnii mrrepnan TeMneparyp 

J(naml30H MaIHHTHhlX IIOJI~H 

'l:lynCTBHTeJibHOCTb no MarHHTHOMY MOMenry 

Pa3pemenHe no MarnIITH0MY M0Menry: 

1rnMarnJiqimarom:ee none 1 3 
ttaMarnHqnnaiom:ee none 100 3 
MaKCHMaJihHhIH )].HaMeTp o6pa3u;a 
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4.5 - 300 K 
0.01 - 100 3 
2.4.10·10 AM2/<P0 

10-12 AM2 

10"1I AM2 

4 MM 



B TpeTbett rnaBe npoBeJJ,eH ammm cttrnana, nonyqaeMoro nptt 

H3MepettmIX Ha Mallil1TOMeTpe. B. o6meM cnyqae Cl1lliaJI Mallil1TOMeTpa 

~IBmieTC}I CBepTKOH c11rnana OT ToqeqHoro l1CTOqH11Ka h,talliHTHOro 

MoMeHTa c pacnpeJJ.eneH11eM MOMeHTa no ofueMy o6pa3u:a. Ilp11 n0Mom11 

pewett11a o6paTttoii 3aJJ,aq11.ypaBttett11a cBepTKH npeJJ.JIO)KeHa_npou:eJJ.ypa 

soccTaHoBJ1ett11a pacnpe,neneHnH MOMema no 06pa3u:y. 3aJJ,aqa 
. . . 

npoamUIH3HpoBaHa JJ,JI}I KOHKpeTHbIX Cl1lliaJIOB 11 rnyMOB, nonyqaeMbIX np11 

113Mepett11ax Ha Marn11TOMeTpe. IlpeJJ,JIO)KeHbl qJHJibTpymm11e cpyttKU:HH JJ,Jl}I 

yCTpatteHH}I H36bJTOqHbIX Bb!COKOqaCTOTHblX WJMOB. B paMKaX pellieHtta 

JJ.aHHOH 3aJJ,aq11 npoamum311poBaHo npeJJ.eJibHOe pa3pernetttte np116opa JJ.Jia 

peaJihHOro pacnpeJJ.eJ1ettua rnyMoB. 

B qernepTou rnase upttne,Llena pa6orn no Hcc11e,Ll0Banmo Kp11THqecKHX 

TOK0B B BTCIT KepaM11Kax, a HMenno YBa2Cu3O1-x- ITpeJiT1o)Ket1a 

11pou:eJJ.ypa H3MepeHHa, II03BOJrnmmaa qeTKO pa3,neJIHTh 06JiacT11 11011ei1 H 

TeMIIepaTyp, B KOT0pb!X H3Menentte cm11aiia MOMeHTa B 0CHOBH0M 

cml3aH0 C pa3HbIMl1 THIIaMl1 CBepx11pOB0,Ll}lll{HX TOK0B - Me)KtpaHyJibHblMH 

TpaHCII0pTHblMH H Bt1yrpmpat1yJiblfblMl1 (CM. pttcyH0K l ). ITpH TaKOii 

0.0 
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-0.11 ,ouve __ b . 
15 Oe I 

X '20 Oe I 

2T Oe' I 
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80 
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Oe 
Oe 
Oe 

100 

'· 

PncYJIOK 1. TeMnepaTYPHM 3aBHCHMOCTb ZFC (Zero Field Cooling) 

nocnpttttMqHBOCTH KepaMttqecKoro 06pa3u:a YBa2Cu3O 7_x np11 pa3mrqHhIX 

MarnHTHbIX nomx. 
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11HTepnpeTaU:11H 'JJ,Jla 0611aCTH, rJJ,e OCHOBH)'IO pOJib 11rpaIOT Me)KrpaHyJibHble 

TOKH, Ha OCHOBe MOJJ,eJil1 Kp11T11qeCKOro COCTOamrn npe).lJJO)KeHa 

npou:eJJ,ypa BbJq11c11eHtta Kp11T11qecKl1X T0KOB. B pe3yJibTafe nOJ1yqaeM 

TeMnepaTypHbie 11 noJieBbie 3aBl1Cl1M0CTH Me)KrpaHyJibHblX Kp11T11qecKnX 

T0KOB. Bl1JJ. TeMnepaTypHOH .3aBHCl1MOCTl1 Kp11T11qecK0ro T0Ka 1103BOJrneT 

CJJ,eJiaTb BbIBOJJ. 0 Tl111e Me)KrpaHyJihHbIX ,JJ.)K03eqJC0HOBCKHX KOHTaKT0B. tfa 
Kp11BblX HaMarnnqeHHOCTl1 11011yqeua TeMnepaTypurui 3aBHCHMOCTb 

noBepXH0CTHOfO MalliHTHOrO 6apbepa JJ.Jrn KepaM11qecKoro 

CBepxnpOBOJJ.Hl1Ka, KOTOpb!H MO)KH0 paccMaTpHBaTb KaK ·11epnoe 

Kp11T11qecKoe HOJie JJ,Jl}I JJ.)K03ecpconoBCKOH cpe,Llbl Hj I• 

B 1151TOH mane paccMaTpttnaeTC}I tta6JIIO,LlaBrnHi1C51 HeK0T0pbIMH aBT0paMH 

11apaMarHHTHblH 3cpcpeKT Meuccuepa [ 1], KOTOpbIH II0CJIY)KHJI OTIIpaBIIOH 

rnqKott myqenu51 CHMMeTpHH uapaMeTpa nop51JJ.Ka B BTCIT (cM. pttcy110K 

2). 3TOT ::icpcpeKT paccMaTpHBael'c~ · iaK. TeCT · 11a HaJIHYHe d-cl1MMetpirn 

KytmeposcKott 11apb1 B BTCIT; ·npu tIOMOIUH q11c11e1111oro M0J.leJmpoBa11m1 

npouecca FC wrn 11eOJJ.HOCB513aHHhIX cnepx11ponoJJ.1IHK0B pa3JIH411oi1 

cpopMbl • IIOKa3a110, qTo IIOJJ.06Hbli1 ::icpcpeKT M0)KeT B03HHKaTb Ha. 06bI4HblX 

CBepxIIp0B0).llIHKaX, ; 6e3 , KaKOI'O-JIH60. Hpe,LlII0JI0)KeJ!H}I 06 · 3K30TH4eCKOi1 

CHMMeTpHH 11apaMeTpa • 110p51,LlKa. ITapaManiHTllblH CHrHaJI B03HHKaeT .B 

CJiyqae 3aXBaTa cnepx11p0B0,LlHHK0M _OCHOBIIOii qacTH MarHHTH0ro II0T0Ka, 

llp011H3bIBaI0IUero ero B H0pMaJibH0M. C0CT0}IHHH, H IIOCJie,LlyIOIUeii ero 

K0MIIpeccHH B • :0,LlH0 HJIH · HeCK0JlbK0 "110TOKOBb!X IrnTeH", 

ITpoatlaJIH3HpOBaHa . aMIIJIH'fY,Lla 11apaMarHHTH0ro CHrHaJJa JJ,JI}I o6pa3U:OB 

pa3JIH'-IHOH cpopMbl, 60J1ee Tll{aTeJibH0 paccMOTpeH CJ1yqai,i 3axBaTa H0T0Ka 

B csepx11p0B0J.l}lll{HX IIJieHKax. 

HeKOTOpble oco6eHHOCTH ,LlaHHbIX npHBe,L(eHHbIX Ha pucyHKe 2, TaKHe KaK 

yMeHbIIIe_HHe · ax/aH 11pH yMeHbIIIeHHH II0Jia, 1103B0JI51IOT yrnep)K.LlaTb, qTQ 

aBT0pbl Ha6JIIO.L(aJIH HMeHH0 TaKOH 3aXBaT II0T0Ka. TaK KaK B -CJiyqae 

HaBeJJ,eHtta CH0HTaHHbIX T0K0B B o6pa3U:e 6e3 KaKoro-111160_ IIOJl}I 

(J.l)K03ecpcottoBCKHH TC-KOHTaKT), M0MeHT JJ,0JI)KeH CTaH0Bl1TbC}I K0HCTaHTOH 

np11 JMeHhUieHHH nom, a 3Haq11T nonyqanacb 6bI paCX0MIUMC}I 

3aBHCHM0CTb ax/aH oc 1/H2. 
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, PHCJHOK 2. ZFC 11 FC c11rn.anbl KepaMHK~. Bi22l2, .Jl~MOHCTpHpy10m,11e 

napaMarnHTHhIH 3cpcpeKT Meiicctt;epa [1] · 
• ,, 1 ' '; 

B rnecTOH . mane np1rne)leHhl ,llaHHbie no HCCJie)lOBaHHIO MOHOKpHCTaJUIOB 

La2CuO4+i5• YttHKaJihH0CTh 11ccne)lyeMhIX o6pa:n.{OB cocToIDia B TOM, qTO 

0Hll He ' l{eMOHCTpHpOBaJill'' KaKOro-n1160 cpa30B0f0 pa31{eJieHIDI npH 

neifTponorpaq:mqecKMX H · peHTrettorpacp11qecKHX· · nccnel{OBamrnx , [2,3], 

l-feCM()Tp5I Ha TO,· qTQ HaXOl{IIJillCb n u:eHTpe :m,enll pacTBopeHIDI o = 0'.03 
[ 4]. 'Hccnel{OBamrn }].HaMantHTnoro OTKJIHKa • 3THX o6pa3U:OB noKa3anH, ~o 

lpa3onoe pa31{eJiettHe 'MO)i(eT 11~1eTh 'MeCTo, Ol{HaKO pa3Mep MoHocpa3HhIX 

o6naci'eii cocrnnnHeT ~ 100 attrcTpeM, ·qTO ')leITaeT· ·tteB03MOXHhlM 

perncTpau:mo 0Tl{eJihHblX cpa3 np11 TTOMOIJJ,H MeTO,llOB · lleirrpOHI-IOH HJIH 

pettTreHOBCKOH ,llHcppaKU:llH. 

JJ:anee 6hm 113yqen npou:ecc · o6pa3cmaI-irui: cnepxnpoBoMmeii <pa3hI. 

O6pa3eu: Mel{Jletttto oxnmKJJ.aJICH o;r 300 K JJ:O 10 K B Teqe1me npeMem11:, 

3ilTeM npo'BOJJ:lUlllCh m~1epeJiIDI ZFC (Zero· Field Cooling) B pa31IuqHbIX 

ITOJI5IX. H3MepeHIDI 6bUIH nponehetthi' Ami o6pa3U:OB C MaKpOCKOilll'leCKHM 

cpa30BhIM pa31{eneuneM (L2) II 6e3 pa31{enenIDI · (M4A). Pe3yJihTaThI 

npHBel{eHhI na pncyttKax 3 11 4. OKa3anoch, qTo npou:ecchl. 06pa3onaHHH 

CBepxnpOB01{5IIJJ,eii cpa3hl 1{mI 3TllX CHCTeM attanomqHbl, Ol{HaKO o6pa3Uhl 

6e3 cpa30B0f0 pa31{eJieHIDI J:{eMOHCTpnpyroT cymecTBeHHO MeHbIIIHH 
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J];llaMarnHTHbIH OTKJlllK. 3TO. JlllIIIHHH pa3 IlOJ];TBep)KJJ:aeT TO, qTQ npouecc 

cpa30BOfO pa31{eJieHIDI HMeeT MeCTO B TOH H l{pyroii CHCTeMe, Ol{HaKO B 

M4A npou:ecc JJ:11cpcp)'311ll KllCJIOpOl{a cymecTBeHHO IIOJ];aBJieH, no­

BH)];llMOMy, ll3-3a cneu:HcpHKH TeXHOJIOllill np11roTOBJieHIDI. 
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PHcyttoK 3; 3an11c11Mocrn ZFC JVUJ 06pa3ua L2 (c MaKpocKon11qecK11M 

cpa30BhIM pa31{eJieHlleM), B nomx 0.1 3, 5 3 11 30 3, OXJia)KJJ:eHHOfO Hll)Ke 

TeMnep,lTypbl cpa30B~ro pa3J:{eneHIDI T PS B TetJeHlle pa31IHtJHOfO ~peM~HH. 
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pa3,nenaIOlll,HHC51) B nomx 0.1 3,' 5 3 tt 30 3, OXJIIDK,AeHHOffi HH)Ke 

TeMneparypbI cpa3oBoro P3.3.l_(enemrn T ps B TeqeHHH pa31mqttoro BpeMeHH. 
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OCHOBHhlE PE3YJThTATbl PAEOThl: 

L Pa3pa6orntta ynyqrneHHa51 MeT0.D.HKa ,H3MepeHtta KpHTHqecKHX T0K0B 

Kepal\rnqecKnx BTCII o6pa3QOB. IlpoBe.n.etthI ttccne.n.oBattna o6pa3UOB 

YBa2Cu3O1-x KepaMIIKH. Ha ocHoBe rronyqeHHhIX JaBIICHMOCTett 

KpHTlflieCK0fO T0Ka OT TeMnepaTypbI c.n.enaH0 rrpe.n.n0JI0)KeHue 0 TUiie 

.lJ.)K03ecpcOHOBCKHX. K0HTaKT0B Me)KJ].y rpattynaMH ,(B .n.aHH0M - 06pa3ue -

S-N-S n S-I-N-I-S rnrra). 

2. BrrepBbie npe.D.JI0)KeHo o6'bacH_eHIIe Ha6m~.n.aeMoro B BTCII 

napaMarnnTHoro 3cpcpeKTa Meii:ccttepa 6e3 npe.n.nono)KeHII51 o 

.[()K03eqJCOHOBCKIIX K0HTaKTaX , 7t-THIIa. .[(aHHblll 3cpcpeKT - qHCJieHH0 

np0M0.D.eJittponaH wrn pa3JIIJqHblX, KOHcpmypauttii: CBepxnpoB0.D.HHK0B, B 

qaCTH0CTH, ,D,ID1 CBepxnp_0B0.D.5111..(HX rm:eH0K. IloKa3aHO, qT0 rureHKH II0CJle 

rrpoue.n.yphI FC M0ryT IIMeTh He T0JihK0 _ napaMarnHTHhIH curnai,, 110 n 

.n.eM0HCTpuponaTh ynenIIqeHue napaMarHHTH0ro cumana co npeMeHeM. 

3. Hccne.n.onaHa cnepxrrpoB0.D.HM0CTh , B M0H0KpHcTannax La2CuO4+0 

YHIIKaJibHOCTb M0H0KpIICTaJIJI0B 3aKJIIOqanaCh B TOM, qTo 0HH He HMeJHI 

xapaKTepHoro .D.JI51 3THX coe.n.uHeHIIH pa3.n.eneHtta Ha MeTannnqecKym u 

aHrncpeppOl\farHHTIIYJO -IIO.D.CIICTeMhl (no HeiiTponorpacpnqeCKHM .n.aI-IHbIM). 

B pe3ynfaaie 6bIJIO II0Ka3aH0, qTQ M0H0KpIICTaJIJibl BCe-TaKII pa3,!],eJrnI0TC51 

Ha C00TBeTCTBYJOlll,He cpa3bl, HO xapaKTepHblll pa3Mep O,!l,H0cpa3IlbIX 

o6nacTeii: C0CTaBJI51eT He 6onee 100 aIIfCTpeM. IJpu ,!],aHI:IbIX pa3Mepax 

ocHOBHhie CTPYKTYPHhie MeT0.D.hI (Heii:TpoHnoii: H peHTreHOBCKOH 

.n.nclJpaKUHH) He .n.aIOT B03M0)KH0CTH o~napyxIITb 3TH ,4Ja3hl. MaJihlii 

pa3Mep MOHOqJa3HblX o6nacTeii: CBH.D.eTeJihCTByeT 0 IIOHH)KeHIIOii 

M06IIJihHOCTII KIICJI0p0.D.a B _3THX M0H0KpHCTaJIJiaX, CB513aHHOH, II0c 

BH.D.HM0MY, co cneuucpIIKoii: IIX pocTa. 

4. O6napyxeHa 3aBIICIIM0CTb .D.HaMarHH_TH0r0 0TKJIHKa CBepxnp0B0.lJ.}llll,IIX 
' , •: '> 

M0H0KpIICTaJIJI0B La2CuO4+o• OT CK0p0CTII oxna)KJ].eHH51 B ,!l,Hana30He 

TeMnepaTyp 300 - 10 K, a HMeHH0, rrptt yneJmqeHHlf ' BpeMeHH 

0XJia)K,!l,eHH}I OT O.D.HOH MHHyTI,l .n.o. HeCK0JibKHX - qaC0B ' .n.naMarttHTHblH 

0TKJIHK cymecTBenno no3pacTaeT. TaKoe none.n.eHue rro.n.rnep)l(JJ.aeT 

npe.n.nono)Kett11e o JJ.II4J4JY3HOM xapaKTepe nepepacnpe.D.eJieHH51 Kttcnopo.D.a 
11 



B MaTpHue La2CuO4 c xapaKTeptthIMH BpeMettaMH nop5IJJ.Ka JJ.eC5ITKOB 

MHHyr. 
?-

5. TipeJJ.JIO)KeHa Mo,umpHuttposaHHM KOHCTPYKUH5I H C03JJ.aH nopTaTHBHhitt 
CKBl1JJ:-MarnHTOMeTp, pa6orn10mttii B mrnna3otte TeMnepaTyp 4-300 K H 
MarHHTHbIX IIOJtdi 0.01 - 100 3, HMeIOll(HH pa3pellleHHe 10-12 AM2. 

6. Pa3pa6ornHa MeTO.UHKa o6pa6oTKH cttrnaJrn CKBHJJ:-MarHHTOMeTpa, 
0CII0Bamta}I 11a pemeHHH ypaBHeHH}I CBepTKH. MeTO,UHKa !!OMOraeT 
II0BblCHTb pa3pewe1me MarHHTOMeTpa Ha nop5I.UOK H HCCJie,UOBaTb 
I !COAi mpo,UIIO IIaManm<teHIIbie ofrheKThl. 
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