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J.1CCJJCAOBaHO BJJHHHHe OTlKHra npH KOMHaTHf.IX TCM!Jt.:p,nypax Ha KpHTlfqeci<yIO TeMnepaTypy H 

JJJeKTpoconpOTHBJJettHe MOHOKpttcraJJJJOB YBa1Cl.1:J07-li c L1e<jH1ltllTOl'I KllC.1opo.n:a Ii= 0,5·-0,6, 3aKaJJeHHbIX 

OT TeMnepaTyp 620-650 °C. B nponeccc OTJKHra KpHT11qecKaR TicM!lepaTyµa B03pacnn, a 3JJCKTpoconpo

TlfRJJettHe yMettbrnaeTCH. Dposc:'(CHbI lf3MepeHHH 11:10TepM11qec•~oi1 peJJaKca1urn J.rit'KTpoconponrnJJeHHH, 

no3BOJJllBUJHe 01;e11HTb :rneprmo aKT11eau1111 Hpouecca pc"1aKe<mHH. KoTopaH co1rna;1aeT c :rnepr11el\ aKTl!Ba

UHll .n:11Cp<j:>y31111 KHc,1opc;1a. DoJJy'lcHHbJC pe3y.10TaTM o6bHCH<!iOTCR ynO)Hli10'lE'HHeM KHCJJopo.n:a B nJJoc

KOCTRX Cu-0 6e3 H3MeHPHHH ero KOH1Je1npan1111 Ha6n•Oi(deMaH CTyneuq;nasi tjlopMa pe3HCTHBHbIX 

nepexottOB B cacpxnpoeo.n:muee cocTORHHe nwreµnpen1µyeTcJ1 06pa.1onau11eM KJ•acTepoB. xapaKTepH3y!O

ll.IHXCR pa3HbIM co11epJKaHtteM KHCJIOpo;1a H ero ynop1111o'le1rneM. C.'!eJJaHa oueHKa pBMepos KJJacTepoB. 

,llocJJiJllKeHO BflJJllB BittnaJJ!OBaHHH B o6JJaCTi KiMHanmx TCMileparyp ua KpHTH'!HY TeMnepaTypy i 

eJJeKTpoonip MOHOKpHCTaJJiB YB<1:1Cll:J07-lj :l 11e¢inllTOM KHCHIO Ii= 0,5·-0,6, 3arapT<JBaHllX BiJI TeMnepaTyp 

620-650 °C. B npm1eci Bi.n:naJJIOBaHHR KPHTl!qHa TCMTiepaTypa 3pnCTac. a e.~eKTpoonip 3MeHUJyETbCll. 

IlpOBetteHO BHMipIOBaHHR i30TCpMi'IHOi peJJaKCaUii CJJeKTpOonopy. HKi ):(0380.~llJIH OUiHHTH eHepriIO aKTH

BaUii npoueca peJJaKcat(ii, Km·pa cniana.n:ae 3 eHep:·iEIO aKnrna1iii 1n1<j:>y3ii KMCHIO. OTpHMaHi pe3yJibTaTH 

lIOHCHIOIOTbCH ynopR.n:KyllaHHHM KHCHIU B n,10mH11ax Cu-0 6e3 3MiHH iioro KOHUCHTpauii. CnocTepeJKyBa

tta CXiJl'laCTa <j:>opMa pe:JHCTHBHHX nepexo11iB B Ha.n:np0Bit11111i1 CT211 i111ep11peTy€TbCH yTBopeHHHM KJJac

TepiB, RKi xapaKTepH3YIOTbCll pi3HHM BMiCTOM KHCHIO I l'wro ynopH.n:KyHattHHM. 3po6neno ouiHKY P03Mipin 

KJJaCTepiB. 

PACS: 74.72.Bk 

l1ccJie,noBatt1rn rnepxnp0Bo;u1mttx [ 1, 21 tt omtt
qecKHX [3,4] CBOHCTB 3aKaJieHHhIX OT Bb!C'OKllX TeM· 

neparyp MOHOKpttcTaJIJIOB YBa2Cu30 7 __ 8 c ,neqm

UHTOM KHCJIOpo.na 8"' 0,5-0,6 HOKa3aJrn, 'ITO :ntt 

CBOHCTBa 3aBHCHT He TOJlbKO OT BeJitt'IHHbI KHCJIO

po,nHoro HH,lleKca, HO ll OT BpeMeHH HX OT:lKlffa rrp11 

KOMHaTHOH TeMrreparype. TaK ttanpHMep, <JT)!(ttr np11 

KOMHaTHblX TeMneparypax npHBO,llHT K yBeJHnemuo 

KpHTH'!ecKoif TeMnepaTypbr Tc , KoTopoe B 3aB11c11-

MOCTH OT BeJIH'IHHbl KHCJIOpo..a;Horo HH,lleKca MO)!(eT 

,noCTHraTb 3Ha'!eHHH 15 K [ 1, 2]. OnTw-1ecKHe 11ccJie

,noBaHHH noKa3hIBaIOT [3,4], 'ITO B npouecce OT:lKttra 

npH KOMHaTHOH TeMrrepaType tta6mo,naeTCH yBe.IIll'-Ie·· 

HHe OTprut<aTeJibHOH cnoco6HOCTli MOHOKpHCTaJl;10B' 

KOTOpoe aBTOpbl 06bHCH.8.JIH pOCTOM Kottue11Tpau11tt 

HOCHTeJieM: TOKa. 

HeM:TpottorpacpH'ICCKHe HCCJieJJ.OBaHH.8. l S l KepaM11-

qecKHX o6pa3U.OB YBa2Cu30 641 , JaKaJieHHhIX OT 

TeMrreparypbI 500 °C, CBH,lleTeJJbCTBYIOT 06 11:JMette· 

mrn napa1'wrpoB perneTKtt B rrpouecce OT)!(Hra o6pa3· 

UOB nptt KOMHaTHOH TeMrrepaType. Ilptt 3TOM, o.n

HaKO, H'' tta61110,naeTCH cyru.ecTBeHHoro tt3MetteHHJI 

Kmi4>¢ttutteHTa 3a11011HeHHH KHCJIOpO,llHbIX 1103Hl.J,HH 

B HJIOCKOCTH Cu--0 B.llOJib oceii a H b. 
Bmrnm1e GT)l(ttfa rrpH KOMHaTHbIX TeMnepaTypax 

Ha Kp11Tll'ICCKYIO TeMuepaTypx. KOHUeHTpaUHIO HO

CHTeJieH TOKa H 11;~MeHeHHe rrapaMeTpOB perneTKH 

KHCJ10p0Me¢11u11Ttthrx o6pa3UOB YBa2Cu30 7--0 HH

TepnpeTwpyeTcH ynopHD;O'ICHHeM aTOMOB KHCJIOpo.na 

B 11JiocKocT11 Cu- 0 6e3 H3MeHeHHH co,nep)!(aHJrn KHC

:10po.na B o6pa3t\e [ 5]. IJ OCKOJibKY 3JieKTpocorrpo

THBJieHtte cymec-rneHHO 3aBHCHT OT KOHI~eHTpaUHH 

1mrn1cm:}: TOKa 11 ,ne(peKiHocTH o6pa3UOB, B npou.ec

ce OT)!(Hf'a nptt KOMHaTJIOH TeMrrepaType ,llOJI)!(HO 

Ha6JI!O/J,aTbCH l13MCHeHHC 3JieKTpoconpoTHBJieHllH. 

UejjbJO ttacroamet1 pa60Tb1 HBJIHeTCH 11ccJ1e,noBaHHe 

BJ!HHHH.H OT>Kttra nptt KOMHaTHOH TeMnepaType Ha 

311eKTpoconpoTHHJret111e B ab-nJIOCKOCTH H Ha KPH· 
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Puc. f. Pe311CTllBHbJC nepexO.llbI n CBepxnpoao.n>rntec COCTOilHHe 

MOHOKp11na1rnos Sl (KpHBbie 1-3) 11 S2 (KpHBbIC 4--6). 3aBHCH

MOCTll 1 II 4 113MCpCHbl 11e11ocpe1tCTBt'liHO IIOC JIC TCpMC){)6pa6oTKH 

KpHCTall!IOB B llOTOKC KHL10po.na, 3aBHCHMOCTH 2 H j H3MepeHbl 

nocJie OTJK11ra KpHCTaJIJIOB B TC'ICHHe 20 'l np11 KOMl!aTHOii TeM

neparype, a JaBHCHMOCTll 3 11 6 - IlOC!IC on1rnra B Tt''ICHHC 'le

Tbipex cyroK. 

. Tll'!ecKJIO TeMIIeparypy MOHOKpttcrannoB YBa 2Cu30 7_0 
c IlOHHJKeHHb!M eo.nep)f(aJmeM KHeJlOpo,:i;a !lOCJie HX 

6hICTporo oxJia)f(_ne1rnJI OT TeMrreparyp 620-650 °C. 
MottoKpHeTaJIJihI YBa2Cu30 7_0 Bb1paw:1rnaJIH pac

rsop-paerrnaBttbiM MeTO,UOM B 30JIOTOM THf Jie [ 6]. 
Ori1rnr KpHeTaJIJIOB rrpoBO.iJ:I1JIH B iIOTOKe 1<11cJiopo,na 

npH reMrreparypax 620-650 °C B Te'lem1c ,~Byx 

cyroK. IloeJie OT)KHfa KpHeTaJl.llbl OXJJa)Kjl.aJIH IW 

KOMHaTHOH TeMrreparypbl B Tel'.Jem1e 2--3 Ml1H. 06pa-

3eu MOHTHpOBaJ111 B H3Mep111eJibHOH .R:'leiiKe H ox

JIC!lKl!aJIH ,l(O TeMnepaTypbl >KH,l(KOro reJIIrn B Tel.J.eHHe 

15-20 MHH. Bee H3Mepemrn reMnepaTypttblX 3aBHCH

Mocreil 3JieKrpoeonporHBJiemrn R npoB0~1;11_;rn np11 

ororpese o6pa3l{OB. :C:beKTpoeonpoTHBJiett11e H3Me

pHJill e1am1apTHh!M 'feTblpeX30H,J,OBhlM MCTOJJ,OM Ha 

nocroHHHOM TOKe I = 1 MA. TeMnepa1ypy H3MepRJIH 

nJlaTl!HOBblM TepMOMeTpOM eonpOTHBJiemrn. 

Ilp11 11eeJie.l(OBaH1m BJ!lf.f!HH.f! OT)f(lffa npH KOMHaT

HOH TeMneparype Ha KpHTHt.J.ecKyIO TeMrrepa1ypy 

IlOCJie,llOBaTeJibHOeTb l13MepettlfH 6hIJia CJie.UyIOl.I.(ett. 

IlocJie nepBoro H3Mepemrn R(T), ripoue.uettttoro tte

nocpe.ncrneHHO noeJie MOHTa>Ka, 06pa31~h1 Bhr,nep>K11-

BaJI11 B reqeHHe 20 q rrpH KOMHaTHOH TeMnepa1ype l1 

npoBO,lll!JIH 110BTOpHb!e H:JMepemrn. 3aTeM o6pa3l{bl 

Bbl,lleplKHBaJIH nptt LOMHaTHOH TeMnepaType B Te'le

Hl!e rpex eyTOK H npOBO,l(HJIH .l(OHOJIHHTCJihHbie H3-

MepeHHH. 11oeJie.l(tt.f!.f! eepu.>I H3Mepett11if R(T) 6blJia 

npoBe,l(eHa noeJie .l(OllOJIHHTeJibHOrO OT>Kttra B Tet.J.e

Hl!e .llBYX He,l(eJih. 

~11Ka H1>13Kl1X TeMneparyp, 1997, T. 23, N2 11 

Ha pw~. l npet:('~.Tc\BJ1Cl!b1 pe3y11nr«Tbl 1·1:1MepeHHH 

nepeXO,[PB B CBCp>:ii J'OBO,il,Hll!Ce eoeTO.f!HHe o6pa3UOB 

S 1 11 S2, m m11'.fa1om11xc>< TeM;rieparypoH: nepexo.l(a. 

H11,n:r10. 'ITO c yBer1w>eHHCM BpeMett11 OT)!rnra KpHC

TdMIOB npH KOMl1<1Tttoi1 TeMrreparype Tc B03pacraer, 

a ocTaro"lJ-hJC :·ueK ,-poconp0Tl·'B,1emw R rem yMeHb

maeTCH. Ta1<>KC r:'1i.LHO. 'ITO o•:BOBHOH np11poeT Kpn

Tl11'.JeCKOH TeMner>~ny j)bl H ~.IMCHbIIIC.Hlk OCTaTOqttoro 

3,1e1<rpoconpoT11nJieH1rn peaJm3yIOTc.si: Ha Ha'laJibHOH 

CTaJl.HH OT>Klll'c' T. e. B TP'lew~e nepBbIX eyToK. 11oc

J!CJIY!Oll.(HH ODKHf H T'?.'leHJ:ie Tpex ey-f'OK CJia6o BJIH

.R:CT H3 113MetteHHe KpMTMl'.JeCKOH TeMnepaTypw H 

OCTaTO'IHO!'O 3.'JeKTpoconpo·: i!BJ.iemrn. ,LJ.onOJIHHTeJib

HhlH OT)KHf B TeY:emJ.e J.{BYX He,l.(eJ1b He 113MCHHJI HH 

Be.1JH'll1HY oeTaTO"iHOfO aJieKTpocorrpOTHBJICHH.f!' HH 

KpH'H!'leCK)'lO Te~mepaTypy. 

X apaKTtpno11 oco6einmc:Tb!D pe3HCTHBHbIX rrepexo

/~OB B eBepxnpoB0,[{5H!1ee COCTO.HHHe 5!BJl.f!CTe.f! HX 

CTyrreHl'.JaTa.H ¢opMa. lioeJie ODKHra nptt KOMHaTHOH 

TeMnep,n-ype CTyrrett1>in1 Ha. pe3v.cTHBHhIX nepexo.l(ax 

er JialKHBalOTU!' "· B ueKOTOpbIX eJiy'l.aJIX IIO'ITH HC'le-

3aK>T, KaK :no ua6m.on.aerc;;;: J.(JIH: KpHeTaJIJia S2. 
flpH HCCJie.QoBamrn BJ!l!5IEH.f! ODKHra ua 3JieKTpO

conponrnJ1ett11e noc.11eaoHa1eJihHoeTb H3MepettHtt 6h1-

11a CJle/JYIO!lleH. fl OCJle Bbl/~ep>KKH KpHCTaJIJia rrpH 

T_"'i 620 u(: B TC'iCHHe CyT:)K, ero OXJia>K,UaJIH . .l(O 

KOMH3THOH TeMrrepa1ypbi B Tel.J.eHHe 2-3 MllH, 

MOHTHpOBao1H B 113MepHTt.7!bHOH .li'leHKe B Tel.J.ett11e 

5 Ml1H, H I!pOimtrnml HJMt>pem1.1 3JICKTpoconpOTHB

JJeHJrn KaK ¢YHKI~11u B!X'«:HH R(t) np11 qrn:Ke11po

Battaoi1 TeMnepaType. M:JMepeHHR npoBO.llHJIH np11 

pa3JIH'1HblX TeMnep:<TT;~x B v.ttTepsane 240-320 K 
Cra6HJibilOeTh TeMm:pa:')''.:hI rrp11 113orepMWieCKHX 

l13Mepeumi:x 6bL'1a He xy1Ke 0,05 K. 
3at111c11Moc1tt P(t) npeanasJieabl Ha pue. 2. 

I311/lHO, no 3J1e1<rp:ironponrn.1Jett11e HenpepbIBHo no

HH:lKae·reH c ysemt'ICHHCV! BpeMe1m or:l!rnra. Ilptt 

3TOM yro,1 aaKJIOHa 3atn1C11Moc1eii R(t) yMettbIDaeTeJI 

C !lOHlfA<eEHCY-1 TeMnepaT'jpbL aTo eBH,[{eTeJibCTByeT 

o ·1 epMoaKTJ.PHr!J'{eMOM xapc1KTepe npol{ecca pe11aK

ea1111H. l1cnO.'ll>.3Y>l Mer,_;,:i, ;nMeaetttt.si: yrJia ttaKJIOHa 

KpHBhlX peJJaKcal(HH 3JltKTpocorrpOTl1BJICHl1.f!' MQ)K

HO aafrrn :rneprmo aKT11Bar.urn no Bbrpa>Kettmo [7] 

rµ;e o:1 11 a 2 Yi"c1hI H3K,10Ha JaBHCHMOCTett R(t), 

H3Mepem-IhlX npn TeMnepaTypax T 1 H T 2 H orrpeAe

JlHCMbJX np11 o;urn,lKon1.1x JHa'lettHJIX 3JieKrpoeonpo

Tl!BJieHHR. Be.111q1rna :rnepr11u aKTirnal{HH peJiaKca

u1111 ::;1wr;·;·poeonp01 HB1remrn, onpeAeJiettttaJI 113 

H3Mepemril 3aBV.CHMOCTe11. R(t) npu TeMrrepaTypax 

295,3 H 305,8 Ka R ,,, OA4 OM (3asue11Moc111 4 H 5 
Ha puc. 2' a)' pairna 1 ' 1 104 K n OJIYt.fCHH<UI HaMH 

ae.1Jwu1H.a :mcpnm :1;;:1:e21um peJJa1<eaiu111 aJieKTpo .. 
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Puc. 2. l130TepMHqecKHe apeMettttbie 3aBHCHMOCTH aneKTpocon

poTHBnettH.H, H3Mepettttb1e npH pa:i;mqttbIX TeMneparypax T, K: 
279 (1); 257(2); 239,4 (J); 295,3 (4); 305,6 (5), TeMnepaTypa 

H3MeH.HJiacb B rnqKax A, B, C (a) H 289 (1); 320 (2); 289 (3), 
TeMnepaTypa tt3MeH.Hnacb B TOqKax F H D (6). 

conpoTHBJiemrn: COBna,u.aer c BeJIWfHHOH 3Heprm1 aK

THBau1rn .nmp$y3HH KHCJIOpo.na B MOHOKpHCTa.IIJiax 

YBa2Cu30 7_0 c rrottmKeHHhIM co.nep:>KaHHeM KHCJIO

po.na [8,9]. ITosToMy BhICKa3aHHoe pattee rrpe.nrroJio

)l(em1e [ 1-5] 06 yrropR.noqemrn KHCJiopo.na B rrJioc

Kocrnx Cu-0 nptt OT)l(Iffe o6pa3U:OB YBa2Cu307~ 
npH KOMHaTHOH TeMnepaType, 3aKaJJeHHhIX OT TeM

nepaTypbI 500 °C, npe.ncTaBJIReTOI BITOJlHe npaa.no

no.no6HhIM. 

Heo6xo.n.HMO TaKlKe OTMeTHTb, 'ITO ec1m nocJJe .n.o

CTH)l(eHHR paBHOBeCHOro 3Ha'leHH51 3JieKTpoconpo

THBJJeHH51, COOTBeTcTByromero 3a,ll;aHHOH TeMnepary

pe, IlOBbICHTb TeMneparypy, a 3aTeM IlOHH3HTb ee .no 
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llCXO,l{HOl'O 3Ha'lel!l1R, I'O paHBOBCCH•)( :~!fa'-!em1e 

3JICKTpoconponrn.1emu• ;H:crm ;"t'ffH 1·0.rif>K(; no 11c· 

Te'!ett11.11 ,:vnneJJbH:_;rc m0:;J110,J:a "l-"~:.:uw ~fTG Ha· 
fJI51/(HO BHJ(HO Ha f'HC. 2.6. h:p111;i_:J ; i-UMepetta Hpll 

TeMnepaType 289 K EOC.'!f' 11301epM11"eCK(ii1 Bbi.l\CPJK· 

KM KpHcTaJl.'la np1: :;m,Jl TCYiilfD~Lype !l Te'!eHHe 

.ll:l!YX cyToK. BH.n:rw, <!To 3JICKTpoconpo~-l! .rneHHe He 
H3MeHReTc51 so HP'!MettH. 3are:•1 •·.~Hr;c:pai:y;1y noBbI· 

cmrn ,a;o 320 K, Bbll{ep)f{d 111 u6pucl( rrp11 3TOR 

TeMneparype B Te 1H:tt11e 4 'l ( KpHBaR 2) 11 f!OHl13H!!H 

TeMrreparypy ;:io ;1cxo.u.Horo ma'-!e<:!l>J 2B9 K. BH){HO, 

'lTO ::weKrpoconpornti;!eirne Me,J:Jlfniw p,;;1aKc11pye1 

K paBHOBeCHOMY 3H<flCHHJO (Kp•IBZili 3). PanHOBec· 

Hoe 3Ha'Iem1e R(289 K) = 0.341 ()..; 6b11rn ..J.ocrnrtty· 

TO TOJlbKO 110 11C7e<l(':HIH1. ;~syx cy1mc (}rMeT!lM 

TaK)l(C, 'lTO B rrpo1~Lcce fiOCJ1eri:y101ueit HJOTePMl1'lec· 

KOH a1>r,a;ep:lKKH npH ;;rnii. TeMnepaType B re'lettm 

l(BYX He,QeJib BC.,'Ill'!HHa 3J1CKrpoconµoTllBJlt'lUU! He 113· 

MeIDIJJaCb. 

llOCKOJ!bKY BeJIJfl!lfHa ;meIO})OCOITfKlTMBJlCHIU! H !(pH· 

Tifl.lecKaR TeMHeparypa MOHOKpHcr<Lnfa~0 YBa :,:Cu30 7-l 
'IYBCTBHTeJibHbl K Be.'l}F!HHe Kl1.CJIOpc1,_lJ:·!Ol'O HH.ll,CKCa 

H npocTpaHCTBeHHOMY pacnpe.ue:1eHHlO Kl1CJIOPOAa, 

IlOJiyqeHHhie B pa6ore pe3yJibTaTbI MOI'YT 6bITb o6'b· 

51CHeHbl KaK HaCbIII.{C'HlieM KHCJIOPO/(OM mmepxHOCT· 

Horo CJIO.H MOHOKpHCTaJVIOB, TaK li nepepacnpel{eJie· 

HtteM KHCJJopo.n.a B o6beMe Kp11cra;rna. B nepBOM 

CJiyqae o6oramettHbIH Kl1CJIOPO.ll.OM flOflt.j)'.(HOCTHblH 

CJIOH c TIOHH)!(elif!blM y.n,eJibHbIM 3JJeKrpocur: ponrn· 

JieHHeM li IIOBbil!IeHHOH Tc MO)!\f:T UJV~1·:11pona1b 

o6beM KpHcTaJI,1a. 0,1.HaI<o, KaK ill)K;,3;; ;c_tj HCCJieAO· 

BaHHR HaMarHH'!eHHOC'TH CW'!F!OKpHcTaJIJIOB 

YBa2 Cu3o6 ,45 , KpttTH'leCKa.H TCMf,;~parypa B rrpo· 

u:ecce OT)f(Jtra rrptt KOMHaTHOH rewiepaType yne1rn· 

'iHBaeTc51 Bo BCCM o6beMe KJm:CTaJ1.11a [ 1 ]. Heo6xo.n.11· 

MO TaJOKe OTMeTl1Tb, '!TO peHTfeJ-!Ol:ICKHe HCCJie,noBaHl!R 

MOHOKpHCTaJl.'lH'!.eCKMX [ 1] H Ht::ihponorpacpll'!eCKHe 

HCCJie,ll;OBaHM51 IlOJU!KpHCTaJJ.'111'-l.eCKHX [ s] KHCJIOpo.n· 

.ne$HU:HTHblX o6pa.3U:OB CBHll:eTCJibCTBYIOT 06 !f3MeHe

HHH B npou:ecce OTJKHra npH KOMHaTHOH TeMneparype 

napaMerpOB KpttcTaJIJIU'H'CKOH pellif:'TYH II u6 yBeJIH'le

HHH CTeneHH OpTOpOM6lf'-!HOCTl1 peille'fKl1 fI pH ::JTOM 

3aCeJieHHOCTb KHCJIOpO.ll,HblX !I63HIUfif f 5 j l1 BeC o6p· 

a3Il,OB [ 11 B rrpouecce OT)!(ttra He l13MCHHKHrn. CoBo· 

KJilHOCTb :=lTHX :=lKCnepHMCBTaJJbHblX .n,aHHb!X CBH· 

.neTCJibCTBye• 0 TOM, •no B HpUllCCCC ODKHra 

peaJJH3YIOTCR cTpyKTYPHbie 113Me!leHl!R ao sceM 

o6beMe o6pa3U:OB 6e3 H3MeHeHH51 CO,;.lCp)f<aHJfR KHC· 

Jiopo.na. Ha6JIIO;~acMoe n, nacT05lIUCT"f pa6me yMeHb· 

rneHHe :=lJJeKTpoconponrn.'IeHH51 CHH,'.!eTCJlbCTByeT 06 
ynop51.no'leHHl1 crpyKTYPbl a npm(ecu~ OTiKHra, a TOT 

$aKT, qTo BCJIM'll!Ha :=i11epnm aKi11B3UP.:!'1 peJiaKC· 

al.{HH 3JieKTp0COIIpOTJ1B,1eH'1.>l com1a,:i:aeT c aeJIM'!H· 

HOH :=ittepnrn aKTlIBaum1 .n11<p¢y::i11;i 1rnc110po;ta yKa 
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3bIBaeT Ha TO, 'ITO 3TH l13MeHeHli..H CB.H3aHbl c .n11cti

cpy3Hb!M nepeMememi:eM Knc11opo.na. IIoaToMy MbI 

C'IHTaeM, '!TO tta6mo.aaeMoe a rrpou;ecce ODKHra 

yMeHbllleHHe 3JleKTpocorrpOTHBJ1eHHR H yseJIH'feHHC 

Tc o6ycJJOBJJeHhI yrropR,D.O'!ett11eM :1a6HJ1bHOro KHC

Jiopo.l(a B rrJ1ocKocrnx Cu-0 no sceMy o6beMy KpHC

raJIJia, a ue 06orame1meM nosepxHOCTHoro CJIOR 

KpHCTaJIJIOB Kl1CJIOp0,D.OM. IlpH 3TOM, KaK BH,ll;HO Ha 

pHC. 2,6, pasHOBCCHOe pacnpe,neJieHHe KHCJiopo.na 

3aBHCHT OT TCMneparypbl H H3MCHRCTCR ,na)Ke npH 

H3Mettemrn reMneparyphI Ha BCJIH'IHHY !l.T = 30 K. 

06paTHMOCTb :JKe 3JieKTpoconponrnJiemui: nocJie .ao
CTH)l(eHHR paBHOBCCHOro 3Ha'!eHHR CBH,ll;eTeJibCTByeT 

0 TIOCTO.RHCTBe co,aep:JKaHHR KHCJIOpo.na B KpHCTaJI

Jiax npH t: : oTlKHre npH T < 320 K. 3TH 3aKJIIO'le

HHll cornacyIOTC.H c BbIBO,naMH, c,neJiaHHbIMH B pa6o

Tax [1-5] Ha OCHOBamrn HCCJie,llOBaHHH BJIH.RHHR 

ournra B HttTepsa11e TeMneparyp 300-420 K Ha 

OTITH'lecKHe, Marm1Tttb1e 11 CTpyKrypHbie xapaKTep

HCTHKH KHCJIOPOMe¢Hu;l1THbIX MOHOKpl1CTaJIJ1H'leC

KHX H fIOJIHKp11cra11J111'feCKHX o6pa31(0B 

YBa2Cup7_0 . 

CTpyKrypa YBa2Cu30 7-0 npH o = 0 xapaKTep1ny

eTCl! ttanwmeM u;eno'feK Cu-0, T.e. KHCJiopo,nHbie 

TI03HU:HH 0( 1) IIOJIHOCTbIO 3aUOJIHeHbI, a II03H1(HH 

0(5) aaKaHTHbI. IIpu .ae¢m-lHTe KHcJiopo.na o = 0,5 

crpyKrypa xapaKrepn3yercJI rrocJie,aosareJihHhIM qe

pe.l(oBaHHeM u;erroqeK, B KOTOpbIX K11CJIOpO.D.Hbie rro-

3HIUIH 0( 1) IIOJIHOCTbIO 3aIIOJIHCHbI, }I u;erro'!eK, B 

KOTOpbIX 110a11u;n11 0( 1) saKaHTHhI. PeaJm3al.lnR 

ynopl!AO'l.CHHblX CTPYKTYP TaKOfO THIIa B03MO:JKHa 

npH cTeXl10MeTp11'1.CCKOM COOTHOlllCH1111 KOHUCHT

pauHif KHCJrOpOJla H BaKaHCl1H 1:0 11 1:1 (10,11]. 

3KcnepHMCHTaJlbHl>IC HCCJIC,llOBaHH.J! pa3JIH'!HbIX ¢H-

3H'leCKHX csolfcTB o6pa31.lOB YBa2Cu30 7_5 c .n;e

cf>HUHTOM KHCJIOpO.lla 0 $ 0,3 ll03BOJIHJIH aBTOpaM 

pa6oTbl [ 12) o6octtosaTb rrpe.acTas11eHne o cBepx

npoBO.l(Rll1CM KJJacTepe, cTpyKrypa Kornporo 6JIH3Ka 

K ynopl!AO'l.CHHOH npH COOTHOllleHlU!X KOHl.leHTpa-

11.llH KHCJJopo,lla 11 saKaHCHH paBHblX 5: 1 , 4: 1, 3: 1 11 

2.:1. HanpHMep, C'fHTaeTCR, qTo npH cooTHOllleHHH 

5:1 B KaJK.l(OH llICCTOM 1-lCIJOqKe KHCJIOpO,llHbJe II03H

ll.HH 0( 1) BaKaHTHhl I a B OCTaJlbHbIX l.lCfIO'!KaX OHH 

3aHl!Tbl. 

IlpH HCCTCXHOMeTpHqeCKOM COOTHOJllCHUH KOH

ueHTpaUHH KUCJIOpOJla H BaKaHCHH B03MO:JKHO JIH6o 

paaynopR.noqem1e B CHCTCMe KHCJIOPO.ll - BaKaHCl1H I 

JIH6o 06pa30BaH11e CMec11 ynopH,D.O'ICHHblX KJiaCTe

poB c pa3JJH'l.HbIM COJlep)f(aHueM KJ.1c11opo.n;a. KaK 

yJKe OTMe'laJJocb, nonb1weHHe Tc B npou;ecce OT)f(Hra 

KpHCTaJIJIOB nptt KOMHaTHOH TCMIIepaType [ 2] 11 yse

JIH'!eHHe KomieHTpau,1111 HOCHTCJICH TOKa rrp11 YMCHb

meHHH TeMnepaTyphI OT 1 SO .n;o 20 °C [ 4] asropbI 

pa6oT HHTepnpeTttpOBaJrn ynopR.D:O'fCHHeM Kl1CJIOpo-

¢113MKaHM3KMXTeMnepa-ryp, 1997, T. 23, N211 

,na B IIJIOCKOCTRX Cu-0. Ha6mo,naeMoe B HaCTORllleii 

pa6oTe yMeHbllieH11e 3JICKTpocorrpOTHBJICHHR B rrpo

u;ecce OT)f{Hra TaK:JKe CBHJleTeJihCTsyeT 06 yrropR,llO

'feHHJ.I B CHCTeMe KHCJiopo.n - BaKaHCHH. IIo:noMy 

CJie.n;yeT Q)f(HJlaTb, IIO Kpaiitteii: Mepe IIpH KOMHaTHbIX 

TeMrrepaTypax I ynopRJlO'feHHOro COCTORHHR B CHC

TeMe KHCJIOpo,ll -BaKaHCHH. Ha6mo.naeMaR :lKe B 

JlaHHOH pa6ore cryneH'iaTaR ¢opMa pe3HCTHBHbIX 

nepexo,noB, BepoRTHO, CBHACTCJibCTBYCT 0 HeCTeXHO

MeTpH'leCKOM COOTHOlIICHHl! KOHI.l,eHTpau;nii KHCJIOpO

.z:i:a H BaKaHCHH, 'ITO npHBOAHT K o6pa3oBamuo CMeCH 

pa3JIH'!HbIX KJiaCTepoB. 9TH KJiacrepbI, KOTOpbie 

MOryT npeACTaBJIRTb co6oii OTACJibHbie <l>aJbI, IIO-BH

,llHMOMY, xapaKTepn3y10TcR pa3HhIM co.nep:lKaHneM 

KHCJIOpo.na Hero yrropR..l(O'fCHHeM, H COOTBCTCTBeHHO 

HMeIOT pa3JIH'iHbie I<PHTH'!eCKHe TeMrreparyphJ. Ha-

1111q11e cryrreHeK TaK:lKe npe.nrroJiarae-r OTCY'fCTBHe 

nepKOJIRIJ;HOHHbIX rryreii npoTeKaHHR TOKa no ¢a3e c 

6oJihllleii: KpHTH'!ecKoii: TeMneparypoii. B rrpoTHBHOM 

CJiyqae ::ira ¢a3a llIYHTHpOBaJia 6bI HH.3KOTeMrrepa

rypttyIO H Ha6JIIO,naJICR 6hI rrepexo.n B CBepxnpOBO..l(.R

mee COCTORHHe TOJlbKO BbICOKOTeMrreparypHOH ¢a3bl. 

XapaI<TepHoii oco6eHHOCTbIO BJIHRHHR OD1rnra RB

JIRCTCR H3MCHeHHe BbICOTbI cryneHeK Ha pe3HCTHB

HbIX rrepexo.nax. Han6oJiee HpKo sro H3MeHeHHe 

rrpoRBJIReTCR ,nJIR I<pHCTaJIJia S2. Ha I<pHBOH 4 
(pH.C. ,1) BbICOTa HH:lKHCH cryrreHhKH COOTBCTCTByeT 

seJIH'fHHe O,SRN , rtte RN - corrpoTHBJieHHe a 

HOpMaJlbHOM COCTORHHH, a Ha KPHBbIX 5 H 6 OHa 

COCTaBJIRCT 0,95RN J.f 0,96RN COOTBeTCTBeHHO. 

TaKoe 6oJibUIOe HJMeHemi:e BbICOThI cTyrreHbKH yI<a-

3hIBaer Ha H3MeHeHtte nyTeii rrpoTeKamrn ToKa nocJie 

OT:JKHra Kp11CTaJIJIOB rrp11 KOMHaTHOH TCMneparype, 

'ITO B03MO:JKHO rrpH H.3MeHeHHH npocrpaHCTBCHHOfO 

pacnpe,neJieHH.R H pa3MepoB KJiacTepoB HH3KO- H BbI

COKOTeMneparypttoii cpa3. I10CJ1e.nttee Tpe6yeT JlH¢

¢y3HOHHoro rrepeMellleHH..!I KH.CJIOpo.n;a Ha paCCTOR

HH.e rropR.nKa pa3MepoB KJiacTepoa. 

lfaBeCTHO, 'ITO ,llJIR HaCbilllCHHR KpHCTaJIJIOB 

YBaiCu30 7-0 KHCJiopo.noM tpe6yeroi OT>KHr B rroroKe 

KHCJIOpo,na B TC'feIDie cyTOK npH TCMIIeparype 400 °C. 
THIIWIHb1e pa3Mephl KpHCTaJIJlOB COCTaB.1IfilOl' 1x1x0, 1 MM, 

n, CJI~OBaTe.llbHO, pac.cmmrne L 0 = (Dt)V2, Ha KoTopoe 

.z:i:n¢<PYH..l(Hpyer KHCJIOpoJJ: npn YKaJaHHblX Bbillle yc

JIOBIDIX, pasHo 0, 1-1 MM. IIocKOJihKY Kos¢¢nIJ;HeHT 

M¢¢Y3HH D - exp (-U /D, :meprIDI aKTHBaIJ;Hn 

u = 1, 1 · 104 K' MO:lKHO ou;eHH.Tb paCCTORHJfe I Ha KOTO

poe MO)l(eT .D,mp¢ym:i.npoBaTb KHCJIOpo.n B Te'feHHe 

cyroK rrpH KOMHaTHbIX TCMrreparypax: 

1/2 
L = L0([exp (-U/300)]/exp (-U/700)\ "' 

""3o-3oo A.. 
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TaKHM o6pa3oM, pa3Mep KJiaCTepoB MO:IKeT .n;ocTH

raTb 30-300 A. 3Ta BeJill'IHHa HaXOJ];llTC.fI B pa3yM·· 

HOM COOTBeTCTBl1!1 c .ll.Jllll!OH l uerro'!eK Cu-0 B 

MOH0Kp11cTaJJJJax YBa2Cu30 7_0 rrpu KOMHaTHbIX 

TeMrrepaTypax, r10JJy'IeHHOH H3 Hei1TpoHorpa¢rnqec

KHX, l "' 50 A [ 13], 11 omuqecK11x, l "' 300 A [ 4], 
HCCJJeJJ,OBattm'i.. 

0TMeTHM TaK)Ke, '!TO Ha6Jllo.n;asweec.fl HaMll yMeHb-

weH11e OTHOCllTCJlbHOro 3JJeKTpocorrpOTllBJJeHll.fI 

tiR/R = 0,2-0,4 rrpu OT)Klffe Kp11CTaJJJJOB rrp11 KOM

HaTHOH TeMrrepaType cor 11acyeTC.fI c yseJJll'IeHHeM 

KOIIUCH"rpaum1 HOCHTeJJeH TOKa B uerrO'IKax Cu-0, 

rroJJy'IeHHblM Ha OCHOBaHllH OITTl1'ICCKl1X 11CCJJeJJ,OBa

Hl1H [ 4]. 
YseJI11'IeH11e KpHT!1'IecKoi1 TeMrreparypbI np11 OT:1K11re 

KpHCTaJIJIOB np11 KOMHaTHOH TeMrreparype MO:IKeT 6hffb 

BhI3Batto ttecKOJJbK11M11 np11'I11HaM11. TaK, aBTOpbI pa-

6oT [2,5] CB.fI3bIBaIOT pocT Tc c JIOKaJJbHbIM yrropH

.n;o'IeHtteM KllCJJopo.n;a, a a1JTOpb1 pa60T [3,4] - c 

yBeJJH'IeHlleM KOHUeHTpau1111 HOCHTeJJei1 TOKa. Eme 

OJJ.HOH rrp11'I11ttoi1 yseJm'IeHH.fI Tc MO:IKeT cJJy:1K11Tb 

ll3MeHeHHe rrapaMeTpOB KpHCTaJJJIH'IeCKOH peweTKH 

11, s qacTHOCTl1, 113Me11e1rne paccTO.fltt11i1 Cu-0 11 

Cu-Cu s ab-nJJocKOCTH [5 ]. 3TOT sonpoc noJJ.po6Ho 

06cy:1KJJ.aeTrn HaMH B pa6oTe [ 14]. 
B aaKJJIO'Iett11e OTMeT11M, 'ITO rrOJJY'JeHHhie pe3yJJb

TaTbI coro1acyIOTOI c pe3yJJbTaTaMl1 OTITll'IeCKl1X 11 

MarHHTHbIX HCCJJeJJ,OBaHHH KHCJJOpo.n;.n;ecp111..1;rnHbIX 

KpttCTaJJJJOB YBa2Cu30 7_0 , 3aKa.1eHHbIX OT BbICO

KIIX TeMneparyp [ 1-4 J. OrrpeJJ,e.1e11a 3Hepnrn aKT11-

sautt11 peJJaKcau1111 3JJeKTpoconpoTl1BJJeHH.fI, KOTopM 

COBrraJJ,aeT c 3Heprnei1 aKT1IBau1111 .n;tt:cpcpy31111 Kl1CJIO

po.n;a. CTyneH'IaTM cpopMa nepexoJJ,oB B csepxnpo

BOJJ..fIIUee COCTO.f!Hlle o6'bJICHJieTCR KJiaCTepHOH CTpyK

Typoi1 KpHCTaJJJJOB, 06ycJIOBJie1rnoi1 HepaBHOMepHblM 

pacnpeJJ.eJJeHHeM KHCJ!OpoJJ.a B nJiocKOCTH Cu-0. Pa3-

Mepb1 KJJaCTepoB oueHIIBaIOTCJI paBHb!Mll 30-300 A. 
AsrnpbI pa60Tu1 11cKpeHHe 6JJaroJJ,apHbl B. A. lIIKJJOB

cKoMy 3a HHTepec, npoHBJJeHHbJH K pa6oTe, H PM rroJJe3-

HbIX 3ru'\1e'IaHl1H. 

Pa60Ta qacTH'IHO cp11HaHc11posa11acb focyJJ.apcT

settttbIM KOMHTeTOM y Kpa11Hbl no sonpocaM ttayKH 11 

TeXHOJIOrHH B paMKaX npoeKTa <-<TepM1>-. 
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Resistive relaxation processes in oxygen 
deficient single crystals YBa2Cu30 7_0 

M.A. Obolenskii, A. V. Bondarenko, R. V. Vovk, 
and A. A. Prodan 

The effect of annealing at room tcmpPrarni.· ()!J the 

critical temperature and on the resistance of oxygen-de

ficient single crystals YBaFu/).
1
_

0 
(1\ = 0 5-0.6) 

quenched from temperatures 620-650 °C was investi

gated. The critical temperature is in'. rcased and the 

electrical resistance is decreased during annealing. 

Isothermal relaxation of resistance were measured, 

this allowed us to estimate the ;ictivation energy of 

the relaxation process. The erwrgy coincides with the 

activation energy of oxygen diffusion. The results 

obtained are attributes to oxygen ordering in the 

Cu-0 plan<' without changirig its rnnn·ntratiun. The 

observed stepped shape of the rc,;istivr.· supercon

ducting transitions was at.tribu,ted to the formation 

of clusters, which are characterized by different con

centrations of oxygen and its ordering. The clusters 

dimensions were estimated. 
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