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AKTYaJihHOCTh npo6neMbI. 

BucoK0TeM11epaTypHb1e cnepXIIpoBO)]..!IUJ;IIC MaTepIIarru (BTCII) co npe

MCHII IIX 0TKpbITIDI ll 110 HaCTO.!IUJ;llH M0MCHT 1IBJI.lIIOTC1I o6'beKTOM aK

TllBHbIX llCCrreµ;onaHIIH DO DCCM HaJ'IH0M MIIpe. IlpII60pbI C03)].aHHble Ha 

IIX 0CH0Be Y2KC HaX0J];.lIT rrpHMCHCHllC D Kapp;HorrorIIII, MarHHT00HIJ;llCparro

rpaqmn, ll3J'ICHllll q>ll3ll'ICCKllX CBOHCTB TBepp;oro Terrall p;pyrnx o6rra

CT.!IX. EcTeCTBCHHO, 6orrbWOH llHTepec K TaKIIM rrpn6opaM CTIIMyrrIIpyeT 

pannnTne BTCII TexnorrorIIii. K HaCT0lIUJ;eMy MOMCHTY panpa6oTaHhl 

MHoro'IHCITCHHbie MCTOJJ;HKII 11orry'leHIIH BTCII KepaMn'lecurx o6pami;on 

a TaK)KC TOHKIIX ll T0ITCTbIX IIITCHOK. Oµ;HaKo, B C03p;aHIIll TCXHOJiornii: 

T0ITCTbIX IIJICH0K IIpOH3BOJibHOH qiopMbI C peryrrIIpyeMbIMll cnepXIIpOBO

}].lIUJ;llMll CBOHCTBaMII 0CTaIOTC1I rrpo6erru, ycTpaHeHHe KOTOpbIX 1IBJI.!I-. 
u u 

CTC.!I aKTyarrbHOll 3ap;a'ICll. 

:QeJib pa60Tbl, 

D;errb p;aHHOH pa60Tbl COCTO.lIJia B crrep;yroui;eM: 

1. Bb16op MaTepnarra XHMH'lecKII aKTHBHOH nop;JIO)KKll II panpa6oTKa 

cnoco6a rrorry'leHrur 11rreHOK Y Ba2Cu307_ 0 B CTPYKType 0Toii nop;

rro)KKH. uccrrep;onaHne nx cTpyKTYPhl, Mop<porrorIIII, cnepXIIponop;.!I

ui;nx CBOHCTB ll BJIIDIHIDI Ha HIIX B3allMOJ];CHCTBIDI C napaMll B0J];bl. 

2. Pa3pa6oTKa c11oco6a norry'leHIDI 11rreHoK Y Ba2Cu30 7_ 0 Ha Bb16pan

HOH II0J);JI0)KKC, cop;ep2KaUJ;IIX IJ;CHTpbI IIIIHHHHI'a J);JI.ll yrry'IIIICHIDI 

cnepXIIponop;.!IUJ;IIX cnoicTB. 

3. Panpa6oTKa cnoco6a qiopMIIponaHrur MIIKpOMOCTIIKa B cTpyKType 

nrreHKII p;ll.lI co:Jp;anrur CKBH,r:t:on Ha ee ocHone. 

Harrnrur HOBHOHa. 

Panpa6oTaHa opIIrIIHaJibHM MeTop;IIKa 11orry'leHrur 11rreHoK Y Ba2Cu307_ 0 

Ha 11op;JIO)KKC Y2BaCu05 MeTop;oM aKTIIBHoi nop;rro)KKII. ,II;anHM MeTo

JJ;IIKa II03BOJI.!ICT IIOlIY'laTb IIJICHKII JII060H KOHq>IIrypari;llll, B TOM 'IIICJIC 

II D;IIJIIIHJJ;pII'lecKou, 'ITO HenonMO)KHO no MHOrIIx p;pyrnx MCTop;ax. C 

IIOMOUJ;bIO q>II3II'ICCKIIX MCTOJ);OB IICClICJ];OBaHIDI II3Y'ICHbl CTpyKTypHhle 

II CBepXIIp0BOJ];.lIUJ;IIC CBOHCTBa IIOlIY'ICHHblX IllICHOK, a TaK)KC BITIDIHIIC 

Ha HIIX p;erpaµ;aIJ;IIII B BOJ];.!IHblX napax. O11pep;erreHo, 'ITO B 0TlIII'IIIe OT 
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o6pan~oB, norry'IeHHbIX CTaHAapTHI,IM TBepAOq>a3HbIM CI:IHTe30M, npo

:a;ecc AerpaAa:a;1rn B GTIIX nrreHKax npoIICXOAIIT nocrro:uHo, 6rraroAap.ll IIX 

noBblllleHHo:a: nrroTHOCTII, 1:1 He BJIII.lleT Ha cBepxnpoBOA.llJ..QI:le CBOHCTBa 

ocTaBllle:uc.ll HenpoAerpaAIIPOBaBllle:u '!aCTI:I 06pa3:a;a. BnepBbie CAerraH 

CKBII,I( ( OT aHrrr. SQUID - superconducting quantum interference de

vice) Ha TOJICTOH nrreHKe Y Ba2Cu30 7_ 0, npII'IeM, npII q>opMIIpoBaHIIII 

MI:IKpOMOCTI:IKa Ha nrreHKe TaK)Ke BnepBbie 6bIJIO npIIMeHeHO TpaBrremre 

B BOA.llHbIX napax. 

IlpaKTH'leCKa.JI OHa'IHMOCTb. 

C noMOJ..QI,IO pa3pa6oTaHHOro cnoco6a MO)KHO norry'IaTb nrreHKII JII06o:u 

TonorrorI:III, 'ITO .llBJI.lleTC.ll .llBHbIM npe1:1MyJ..QeCTBaM nepeA II3BeCTHbIMII 

MeTOAaMII. ,I(aHHble nrreHKII I:IMeIOT Tc = 911{ 1:1 nJIOTHOCTI, KPIITII'feCKOro 

ToKa nop.llAKa 103 A/ cM2 • Cnoco6 no3BOJI.lleT peryrr1:1poBaT1, CBepx

npoBOA.llJ..QIIe CBOHCTBa nrreHOK nyTeM BBeAeHII.ll B IIX CTpJKTypy MII

KpOBKlIIO'IeHIIH HecBepxnpoBOA.llI.I.J;e:u q>a3bl Y;,BaCu05, 'ITO noBbllllaeT 

nJIOTHOCTI, KpIITII'IeCKOro TOKa B Ha:UAeHHbIX TeXHOJIOrII'ICCKIIX ycrro

BII.llX np1:1MepHo B 5 pa3. IIpeAJIO)KeHHM B AaHHo:u pa6oTe MeTOAIIKa 

norry'IeHII.ll TOJICTbIX nrreHOK Y Ba2Cu30 7_0 MO)KeT IIcnorr1,30BaTbC.ll AJI.ll 

II3rOTOBJieHII.ll nrreiroK c AaJibHe:UllIIIM IIX np1:1MeHeHIIeM B CKBII,I(ax, 'ITO 

nOATBCP)KACHO 3KcnepIIMeHTaJibHO. KpoMe Toro, C nOMOJ..QI,IO TaKoro Me

TOAa MO)KHO 1mroTaBJIIIBaTb CBepxnpoBOA.llJ..QIIe MarHIITHble 3KpaHI,I. 

Anpo6au;n.JI pa6oThI. 

OcHOBHble pe3yrr1,TaTbI, II3JIO)KeHHI>Ie B AIIccepTa:a;IIII, AOKJiaAbIBaJIIICb 

Ha XVI. CeMIIHape no npIIKJiaAHOH cBepxnpoBOA.llJ..Qe:u arreKTpOHI:IKe II 

6IIoMarHeTI:13MY (K1:1eB, YKpa1:1Ha, IIIOHb 1993), CIIMno31:1yMe no crra6o:u 

cBepxnpoBOAIIMOCTII (CMorreH1:1:a;a, CrroBaKII.ll, I:IIOHb 1994), XVII ceMII-' 

Hape no npIIKJiaAHOH cBepxnpoBOA.llJ..Qe:a: arreKTpOHIIKe II 6IIoMarHeTII3MY 

(KIIeB, YKpa1:1Ha, 1:110rr1, 1994), 30-M BcepoccIIHCKOM COBeJ..QaHIIII no q>II-. 

3IIKe HII3KIIX TCMnepaTyp (,I(y6Ha, PocCII.ll, 1994). 

Ily6JIHKau;nn. 

Ilo TeMe AIIccepTa:a;IIH ony6rrIIKOBaHo 4 HaJ'!Hbie pa6oTbI. 
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06'beM n cTpyKTypa µ;nccepTau;nn. 

,I(IIccepTa:a;II.ll COCTOIIT 1:13 BBeACHII.ll, 'IeTbipex rrraB, BbIBOAOB, cnIICKa JIII

TepaTypbI II ABYX npIIJIO)KeHH:u. O6-beM pa60TbI II3JIO)KeH Ha 120 lIIICTax 

MallIIIHOnIICHoro TeKCTa, BKJIIO'IaeT 36 pIICJHKOB, 3 Ta6JII:ID;bl II 6II6JII:IO

rpaq>IIIO 1:13 85 HaIIMeHoBaHIIH. 

Ha oaID;HTY BhIHOCHTC.JI. 

1. Cnoco6 norry'IeHII.ll TorrcTo:u cBepxnpoBOA.llJ..Qe:u nrreHKII 

y Ba2Cu307_/j Ha XIIMII'IeCKI:I aKTIIBHOH nOAJIO)KKe Y;,[JaCu05, no-

3BOJI.llIOI..QCH norry'IaTb nrreHKII JII06o:u KOHq>nrypa:a;IIH co CBepxnpo

BOA.lll..QIIMII napaMeTpaMI:I He xy)Ke, 'IeM y II3BeCTHbIX o6pa3D;OB, 

norry'IeHHbIX TexHH:'{eCKII 6orree CJIO)KHbIMI:I MeTOAaMI:I, o6pa3:a;bl, B . 

KOTOpbIX nrreHKa II nOAJIO)KKa npep;cTaBJI.llIOT eAIIHOe :a;erroe, OTCJT

CTByeT npo 6rreMa aAre3IIII II XIIMII'IecKoro B3aI:IMOAeHCTBII.ll Me)KAY 

nrreHKOH 1:1 nOAJIO)KKOH. 

2. Cnoco6 C03AaHII.ll :a;eHTpoB nHHHiiHra - '!acTI:l:a; q>a3bl Y;,BaCu05 B 

nrreHKe Y Ba2Cu30 7_ 0 B npo:a;ecce ee nrraBJieHII.ll 1:1 nocrreAJIOJ..Qero 

OXJia)KACHII.ll, npOXOA.llJ..Qero 'Iepe3 o6rraCTI, nepI:ITeKTIIKII, no3BOJI.ll

IOJ..QIIH BocnpoII3BOAI:IMO peryrr1:1poBaTb CIIlIY nHHHIIHra, no Kpa:uHeii: 

Mepe B 5 pa3. 

3. Cnoco6 q>opMIIpoBaHII.ll MHKpOMOCTI:IKa B cTpJKType TOJICTOH nrreHKII 

Y Ba2Cu307_0 AJI.ll C03AaHII.ll CKBII,I(a Ha ee ocHoBe. 

4. IlpIIMeHeHHe ~iIHTe31:1poBaHHbIX I:13AeJIIIH II3 TOJICTbIX nrreHoK 

Y Ba2Cu30 7_0 Ha Y;,BaCu05 XIIMII'IeCKII aKTIIBHOH noAJIO)KKe c MII

KpOMOCTI:IKOM, norry'IeHHbIM TpaBJieHIIeM nrreHKII B napax BOAbI, AlI.ll 

1:13roT0BrreHII.ll CKBH,I(oB Ha 1:1x ocHoBe. 

Ocuoeuoe coµ;ep)l{aune pa60Thl, 

Thaea I. 

B rrraBe I npeACTaBrreH o 63op 1:1 aHaJII:13 lII:ITepaTypHbIX AaHHbIX no nrreH

KaM Y Ba2Cu307_0• PaccMoTpeHa KpIIcTarrrrn'IeCKM cTpJKTypa aToro 

coeAIIHeHII.ll, q>a3oBhle paBHOBeCII.ll B cncTeMe Y -Ba-Cu-0, ocHOBHhle 
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MeTO;IJ;h! rrorry'Iemur rrrreHoK Y Ba2Cu307_6 II IIX rrapaMeTphl. B1,16pam,1 

OCHOBHhle HarrpanrreHIDI II n;errII pa60TI,I. 
,,. 

I'.naaa II. 

B rrrane II orrIIcaH HOBhlH crroco 6 rrorry'IeHIDI TOJICThlX rrrreHoK 

Y Ba2Cu307_0 II IIX cnoncTBa. 

IIcxo;a;.lI II3 aHaJIII3a p;IIarpaMMhl q>a30BOro paBHOBeCII.lI CIICTeMhl }"2O3-

BaO-CuO coep;IIHeHIIe CTPYKTyp1,1 Y Ba2Cu307_0 M02KHO norry'IIITb no 

crre;a;yIOI..QHM XHMII'IeCKIIM peaKn;II.HM: 

1. PeaKn;IIell rrp.HMOro CIIHTe3a II3 IICXO)l;HhlX KOMIIOHeHT: 

}"203 + BaO + CuO __, Y Ba2Cu301-o 

2. PeaKn;IIen CIIHTe3a II3 ;a;nyx rrpeKypcopon: 

}"2Cu2O5 + BaCu02 --> Y Ba2Cu307_0 

3. PeaKn;IIen CIIHTe3a II3 _Tpex rrpeKypcopon: 

½BaCu05 + BaCu02 + CuO--> Y Ba2Cu301-o· 

IlepBhlll rryTn .HBrureTC.lI cTaH;a;apTHhlM TBep;a;oq>a3HbIM CIIHTe3oM, urn

poKo rrpIIMeH.HeMbIM IIpII CIIHTe3e KepaMIIK, a TaK 2Ke IIpII rrorry'IeHIIH 

rrrreHoK MeTo;a;aMH HarrhlrreHIDI rre'IaTII H OKpacKH. Ecm1 HeT crren;narr1,

HhlX Tp~6onaHHH K MaTep11arry rro;a;rro2KKH, rrpIIMeHHMbI BTopo:a: II TpeTIIH 

rryTII ;a;rur rrorry'IeHII.lI Y Ba2Cu307_0 - rrrreHoK Ha ½Cu2O5 HJIII ½BaCu05 
- rro;a;rro2KKax. B ;a;aHHOH pa6oTe 6blrra Bhl6paHa TpeTb.lI peaKn;II.lI cHHTe3a . 

Y Ba2Cu307_6 Ha rro;a;rro2KKe II3 "3erreHon" q>a3hl Y2BaCu05. IIorry'IeHIIe 

rrrreHKII YBa2Cu30 7_6 cocTOIIT II3 crre;a;yroI..QIIX orrepan;II:a: [1]: 

1. IIpmoTonrreHIIe rro;a;rro2KKII ½BaCu05 - rrepno:a: KOMIIOHeHThl pe

aKD;IIII CIIHTe3a Y Ba2Cu307_6 c IIOMOI..QbIO cTaH;a;apTHoro TBep;a;o

q>a3Horo CIIHTetla (T = 950°G, 24 'Iaca) c rrocrre;a;yIOI..QIIM rrpecco

BaHIIeM II 3aKJIIO'IIITeJibHhlM crreKaHIIeM. IIrroTHOCTI, rrorry'!aeMOll 

rro;a;rro2KKII p = 5.6r / cM3, cpe;IJ;HHH pa3Mep rpaHyrr oKorro 5 MKM. 
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2. IlpmoTonrreHIIe cMeCH (3BaCu02 + 2Cu0) - BTopo:a: KOMIIOHeHTbI 

peaKn;IIII CHHTe3a Y Ba2Cu307_0• 

Ilpon;e;a;ypa rrorry'IeHII.lI BaCu02 aHarrorII'IHa rrorry'Iemno 

½BaCu05 II BKJIIO'IaeT B ce61I rrpIIroTonrrem1e WHXThl II3 ncxo

;IJ;HbIX KOMIIOHeHT II CIIHTe3 B Te'IeHIIe 24 'IacoB rrpII Tel\mepaType 

950° C ;IJ;BYM.ll rrpoMe2KyTO'IHbIMII nepeTIIpaHIIBMII. 3aTeM rropornoK 

BaCu02 cMern11naeTc1I c CuO B MOJibHOM cooTHornemrn 3 : 2. 

3. HaHeceHIIe cMecn (3BaCu02 + 2Cu0) Ha rro;a;rro2KKY ½BaCu05• 

Bnrno IICIIOJib3oBaHo ;a;na MeTo;a;a HaHecemrn cMecn. IIepBhlH, Han-

6orree npoCTOII, Kor;a;a CMeCI, BrrpeCCOBhlBaeTC.lI Ha IIJIOCKYIO IlOBep

XHOCTb cnpecconaHHOH HeOTO)K)KeHHOH IIO)l;JIO)KKII. 3THl\I crroco6m.r 

M02KHO rrorry'Ia·Tn nrreHKII rrrraHapHon: q>opMnI. 

,UpyrlIM MeTO)l;OM HaHeceHII.lI TaKOH CMCCH Ha IIO)l;ll02KKY .lIBlI.lICTC.lI 

OKpaWIIBaHIIe. OH 6orree rrpe;a;rro'ITIITCJICH rrpn norry•IeHIIII IIJICHOK 

CJIO)KHhlX q>opM, HaIIpHMep, D;lIJIHH)l;pHqccKOII. ,Urr.H 3Toro CJIY'IM Ha 

IIO)l;ll02KKY HaHOCHTC.lI rracTa crre;a;yroI..Qero COCTaBa: 

rropornoK (3BaCu02 + 2Cu0), cMernaHHhlII c pacTnopeHHhll\I n TP

TpaxrropMeTaHe rrorrHMeTHJIMeTaKpHrraTa ( rrrreKcnrrrac) n crrP;a;yro

I..Qen rrponopn;IIH: 

lr(3BaCu02 + 2Cu0) : 0.02r rrorrH(C5HsO2) : 2Mrr CHCl3. Ta

KM nacTa 6blCTpo COXHCT, IIMeeT Heo6xo;a;HMYIO B.lI3KOCTb, no::mo

JI.lIIOI..QYIO HaHOCHTI, JII06oe KOJIH'IeCTBO CJIOCB rracTbI Ha IlO)l;JIO)KKil 

rrro6o:a: q>opMhl. 

4. CnHTe3 nrreHKH Y Ba2Cu307_6 Ha rro;a;rro2KKe Y2BaCu05 cocToIIT 

II3 crre;a;yro~ux cTa;a;Hn:: 

- o6pa3en; HarpenaeTC.lI OT TKOM ;a;o 200°c co CKOpOCTI,IO 1, 5° /1\IIIH. 

Bhl6op TaKo:a: cKopocTH o6ycrronrreH TeM, 'ITO n aTo npcM.H rrpoucxo

)l;HT y;a;arreHne HJIII BhlropaHHe opraHII'IeCKoro HaITOJIHIITCJI.lI II npn 

TaKOM HarpeBe He rrpoucxo;a;nT pa3pyrncHHC D;ClI0CTH0CTII HclHC'C('H

Horo Ha rro;a;rro2KKY crroK; 

- o6pa3en; HarpenaeTC.lI ;a;o T = 975°G co CK0pOCTblO 8° /MIIH. Ta

KM TeMrrepaTypa 'IYTb Bhlrne TO'IKH nrranrremrn cMccu 3BaCu02 + 
2Cu0 ( onpe;a;erreHHOH aKcnepnMeHTaJibHo ), Ho HII:lKC Tcl\mc•paTyp1,1 

rrrranrremrn rro;a;rro2KKH; 

- Bhlp;ep2KKa o6pa3n;a IIpH T = 975°G B TC'ICHIIC 5 MIIH. fi GTO 
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npeMJI HaHeceHHruI cMecb (3BaCu02 + 2CuO) nrraBIITCJI II nnIITbI

naeTcJI B nopIIcTyro no;a;rrmKKY Y;BaCu05 Ha He6orrblrryro rrry6IIHY, 

KOTOpruI npII ;a;aHHOII TeMnepaType onpe;a;errJieTCJI nlIOTHOCTbIO no;a;-
,;. 

lIO.iKKII II BJI3KOCTbIO pacnrrana II KOTOpruI B KOHe'lHOM pe3JllbTaTe 

onpe;a;errJieT TOlIIIIIIHY nrreHKII. <f>a3a Y;BaCu05 pacTnopJieTcJI B 

aToM pacnrrane; 

- nocrre nJITIIMIIHYTHOll Bbr;a;ep.iKKII Te1mepaTypa noHII)KaeTCJI co 

CKOpOCTbIO 20° /MIIH ;a;o T = 950°G. Pacnrran HaCbrrrraeTCJI q>a30ll 

Y2BaCu05; 
- OT T = 950°G ;a;o T = 920°G TeMnepaTypa CHII.iKaeTCJI co CKOpo

CTbIO 1 ° /MIIH, npII 3TOM Ha'lIIHaeTCJI 3apo2K;a;eHIIe q>a3bl 

Y Ba2Cu307_6• ,[(aHHruI cTa;a;IIJI JIBlIJieTcJI lIIIMIITIIpyrorrre:u: cTa;a;IIerr 

ncero npon;ecca, noCKOllbKY IIMeHHO B 3TOT MOMeHT pacTyT rpaHyllhl 

q>a3hl Y Ba2Cu307_0; 

- o6pa3en; Bbip;ep.iKIIBaeTCJI npII T = 920°G B Te'leHIIe Tpex 'laCOB 

;a;rrJI cTa6IIlIII3aD;IIII o6pa3onanIIIerrcJI q>a3hl Y Ba2Cu307_0; 

- OXlla2Kp;eHIIe 06pa3n;a C 920°C /l;O 400°C CO CKOpOCTbIO 0.5° /MIIH II 

Bbip;ep.iKKa npH 400°G OKOlIO 20 'laCOB /l;lIJI nOBbIIIIeHHJI co;a;ep2KaHIIJI 

KHcrropo;a;a n o6pa3n;e c nocrre;a;yrorrreM oxrra2K;a;eHHeM ;a;o KOMHaTHorr 

TeMnepaTyphl B pe.iKHMe OCTbIBaHHJI ne'IH. 

Mop<J>orrornJI 06pa3n;on nccrre;a;onarracb Ha CKaHnpyrorrreM arreKTpoH

HOM MIIKpocKone JSM-840. Ilo norry-.:ieHHhlM MHKpoq>oTorpaq>HJIM 6blrra 

onpe;a;erreHa TOlIIIIIIHa rrneHOK (50 - 100 MKM), a TaK.iKe TOlIIIIHHa nepexo

;a;Horo crroJI _ Me2K;a;y no;a;rro2KKOH H nrreHKOH ( ~ 10 MKM). Ha norry-.:ieHHhlX 

CHHMKax 'leTKO npocrre.iKHBaeTCJI MOHOlIHTHruI CTpyKTypa rrneHKH; 'ITO 

o6ecne-.:innaeTcJI npon;eccoM nrranrreHHJI II a6cop6n;IIH pacrrnana (3BaCu02+ 
2CuO) nrrry6b nopIIcTon: no;a;rro2KKII. 

PeHTreHOBCKIIH q>a30BbIH aHalIII3 o6pa3n;on npono;a;IIrrcJI Ha ;a;II<ppaK

TOMeTpe ,[(POH-3. Pe3JllbTaTbI <J>a3onoro aHalIII3a noKa3arrII, 'ITO n 

OCHOBHOM Ha ;a;II<ppaKD;IIOHHbIX cneKTpax npIICJTCTBJIOT nIIKII, COOT

BeTCTBYIOIIIIIe opTopoM6II-.:iecKorr q>a3e c npocTpaHCTBeHHon: rpyrrrron: 

Pmmm. IIapaMeTpbr JI-.:ien:KH paBHhl a = 3.83(3).A, b = c/3 = 3.88(6).A. 

Co;a;ep.iKaHIIe KIIcrropo;a;a, BbI'lIICJieHHOe no napaMeTpy c = 11.66.A paBHO 

6.94. 

Pe3JllbTaTbr H3MepeHIIH y;a;errbHoro conpoTIIBlleHIIJI 06pa3n;on OT TeM

nepaTyphl II /l;IIHaMII'leCKOH MarHIITHOH nocnpIIIIM'lIIBOCTII noKa3alIII, 

'ITO norry-.:ieHHble nrreHKII IIMeIOT xopOIIIIIe cnepxrrpono;a;JIIIIIIe CBOHCTBa: 
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(1). TeMrrepaTyphl Ha-.:iarra II KOHn;a nepexo;a;a n cnepxrrpono;a;Jirrree 

cocTOJIHIIe (T8 aq, TKoH) nrreHKII HMeIOT 3Ha-.:ieHIIe 91 II 90K, 3Ha-.:ieHHe p 

nrreHKII IIpII KOMHaTHOH TeMnepaType paBHO p ~ 1. 7. 10-4OMCM, 'ITO errre 

pa3 ;a;oKa3bIBaeT o;a;Hoq>a3HOCTb nrreHKII II COOTBeTCTByeT pe3JllbTaTaM 

peHTreHOBCKoro ;a;II<ppaKD;IIOHHOro aHalIII3a. 

(2). IIrreHKII xopOIIIO aKpaHIIpyroT MarHHTHOe rrorre. 

Ifoy-.:ieHO BlIIIJIHIIe ;a;erpa;a;an;IIII rrrreHOK B BO/l;JIHbIX napax Ha IIX CBepx

npono;a;JIIIIIIe cnon:cTna. ,[(rrJI IIccrre;a;onaHIIH 6hllIII B3JIThl TOJICThle rrrreHKII 

Y Ba2Cu307_6 Ha rro;a;rro2KKe Y2BaCu05 D;IIlIIIH;a;pn-.:iecKorr. <J>opMhl [2]. 

IIrreHKH noMerrrarracb B HaChlIIIeHHhlH BO)J;JIHOH nap Ha;a; rronepXHoCTbIO 

KHnJirrren: BO)J;bI npII HOpMaJibHOM aTMOC<pepHOM ;a;anrreHIIH. Ilocrre 15-

MIIHYTHOH Bbip;ep.iKKII ( to_) B TaKIIX ycJIOBIIJIX IIpOBO)J;IIJIIICb II3MepeHIIJI _ 

)J;HHaMII'leCKOH MarHHTHOll BOCIIpIIHM'lIIBOCTII IIJieHKII, KOTOpbie IIOBTO

PJIJIHCb rrocrre Bbip;ep2KeK 3TIIX )Ke IIJieHOK B aHarrorH'lHbIX ycrroBIIJIX B 

Te-.:ieHIIe errre o;a;Horo II Tpex -.:iacon. 

AHalIH3 norry-.:ieHHbIX norreBbIX H Te~rrepaTypHbIX 3aBIICHMOCTell Ma

rHIITHOH BOCIIpHIIM'lIIBOCTII Il03BOlIHJI ycTaHOBHTb crre;a;yrorrree: 

1. JJ:erpa;a;an;noHHbIH rrpon;ecc B o 6pa3n;e D;IIJIIIH)J;pII'IecKo:ii q>opMhl 

npOIICXO)J;IIT nOCJIOHHO. 

2. B pe3JJibTaTe TaKoro rrpon;ecca cnepxrrpono;a;JirrrIIe cno:iicTBa ocTa

BIIIe:iicJI Herrpo;a;erpa;a;IIponanIIIe:ii -.:iacTII o6pa3n;a rrpaKTII'leCKII He MeHJI

IOTCJI (rrrroTHOCTb KpIITH'leCKoro ToKa Jc= 650A/ cm2). 

ThaBa III. 

B rrrane III orrncaH cnoco6 rrorry-.:ieHIIJI II cno:iicTna TOJICThlX rrneHoK 

Y Ba2Cu307_6 Ha rro;a;rro2KKe Y;BaCu05 c n;eHTpaMII nIIHHIIHra. 

KaK 6hlrro cKa3aHo BbIIIIe no;a;rro2KKa Y;BaCu05 JIBJIJieTCJI o;a;Horr II3 

Tpex KOMnOHeHT n peaKD;IIH q>OpMIIpoBaHIIJI nrreHKII, a nrreHKa KaK 6bl 

npo;a;orr2KeHIIeM IIO)J;JIO)KKII II BMecTe OHII Bbip;ep.iKHBaIOT TepMII'IeCKYIO 

o6pa6oTKY, no Kpa:iiHe:ii Mepe YClIOBIIJI CIIHTe3a. OTcro;a;a BbITeKaeT o-.:ie

BII)J;Hhlll BbIBo;a;, 'ITO )J;JIJI TaKIIX nrreHOK MO.iKHO IIpIIMeHIITb BbICOKOTeMrre

paTypHbIH rrpon;ecc ;a;JIJI Bhlp;erreHIIJI q>a3hl Y;BaCu05 B MaTpnn;e 

Y Ba2Cu307_0, Kor;a;a oHa Me;a;rreHHO oxrra2K;a;aeTcJI rrocrre rrrranrreHIIJI II 

rrpoxop;IIT -.:iepe3 TeMrrepaTypy nepIITeKTIIKII. ThKIIe BKlIIO'leHIIJI 

Y;BaCu05 B Y Ba2Cu307_0 JIBlIJIIOTCJI n;eHTpaMII IIIIHHIIHra n ;a;orr.iKHhl 

nOBbIIIIaTb Jc. 
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B ;D;a.HHOll "'!aCTII npe;a;cTaBJieHa TeXHOlIOrII.lI II:JrOTOBlleHII.lI TaK Ha:3!,I

BaeMhlX MG (melt- growth) TOlICThlX nrreHoK Y Ba2Cu307_6 Ha no;a;rro2KKe 

½BaCu05 [3]. BrrH.lIHIIe BKlIIO"'IeHIIH ½BaCu05 B MaTpIIn;e 

Y Ba2Cu307_ 6 Ha CBOHCTBa o6pa:3D;OB onpe;a;err.Hrroc1, c n0Mo~1,ro II:Jy

"'!eHII.lI MHIIMoii: II pearrbHoii: -qacTeii: MarHIITHOH BocnpIIIIM"'IIIBOCTII, II:3-

MepeHHoii: Ha AC-MarHIITOMeTpe. 

B OTlIII"'IIIe OT TenrroBoro pe2KIIMa CIIHTe:Ja, onIICaHHOro BbIIIIe, ;D;lI.lI 

II:JroToBrreHII.lI MG-nrreHKII Y Ba2Cu30 7_ 6 npHMeH.HeTC.lI ;a;pyroii: TeMne

paTypHhlii: pe2KIIM, KOTOphlll M02KHO pa:3p;elIIITb Ha ;a;Ba OCHOBHbIX 3Tana. 

IlepBhlll- GTO qiopMIIpoBaHIIe nrreHKII Y Ba2Cu306.5, KOTop1,1ii: :JaBeprna

eTC.lI OXlla2Kp;eHIIeM O 6pa:3D;a C 985°C p;o 920°C CO CKOpOCTbIO 1 °C jMIIH 

II ero cTa6IIrrII:Jan;IIeii: npII 920° C B Te"'!eHIIe Tpex -qacoB. Ha BTopoM 

GTane npoIIcxop;IIT qiopMIIpOBaHIIe MG-nrreHKII. CHa"<Iarra o6pa:Jen;, IIMe

IO~IIii: q>a:Jy Y Ba2Cu306.5 6hlcTpo HarpeBaeTC.lI c 920° C ;a;o 985° C II 

Bhlp;ep2KIIBaeTC.lI npII 3TOll TeMnepaType B Te"'!eHIIe to. ,II;aHHa.lI TeM

nepaTypa Bhlrne TeMnepaTyphl ycTOll"'IHBOCTII qia:31,1 Y Ba2Cu307_6 II 

B Te"'!eHIIe BpeMeHII t0 q>a:Ja Y Ba2Cu30 7_ 6 Ha"'IIIHaeT nepIITeKTII"'!eCKII 

pa:JrraraTbC.lI no peaKD;IIII: 

Y Ba2Cu301-6 _, Y2BaCu05 + BaCu02 + CuO; 

nocrre -qero IIp;eT oxrraMp;eHIIe co cKopocTbIO 1 °C /MIIH ;a;o 920° C. Ha GTIIX 

p;Byx cTa/J;II.lIX qiopMIIpyeTc.H :JaHOBO q>a:Ja Y Ba2Cu306.5 c BKlIIO"'IeHII.lIMH 

q>a:Jhl ½BaCu05, pa:3Mep, 06'1,eMHa.H ;a;oll.H II pacnpe;a;erreHIIe KOTop1,1x 

:JaBIICIIT OT BpeMeHII Bhlp;ep2KKII II CKOpOCTII oxrra2Kp;eHII.lI. B OTlIII"'!IIe OT 

KepaMII"'!eCKIIX MG-o6pa:3D;OB, KOTOphle Bce-TaKII IIMeIOT HeKOTopyro no

pIICTOCTb, ;a;aHHhle nrreHKII no OKOH"'!aHIIII nepBoro 3Tana CIIHTe:Ja IIMeIOT 

BhlCOKYIO nrroTHOCTh 6rraro;a;ap.H BnIIThlBaHIIIO cMecn (3BaCu02+2CuO) 
B nopIIcTyro no;a;rro2KKY, noGToMy nopucToCTb B MG-nrreHKax cBop;IITC.lI 

K MIIHHMYMY- <Pa:Ja Y Ba2Cu306.5 c BKlIIO"'!eHII.HMII Y2BaCu05 cTa6nrrn-

3IIpyeTC.H npII 920° CB Te"'!eHIIe Tpex "'!aCOB II Me;a;rreHHO oxrra2K;a;aeTC.H ;a;o· 

400° C co CKOpOCTbIO 0.5°C/MIIH. Ilpn TaKOM Me;a;rreHHOM oxrra2Kp;eHIIII 

KIIClIOpo;a; II:3 OKpy2KaIO~eii: aTMOCq>ephl (Po2 = laTM) ycneBaeT ;D;Ilq>

q>yHµ;IIpOBaTb B o6pa:3en;, nOBhlllla.lI TeM caMhlM coµ;ep2KaHI1e KIIClIOpoµ;a 

B GrreMeHTapHOH .H"'!eHKe µ;o paBHOBecHoro :JHa"'IeHII.lI (7 - /j ~ 6.93). · 

<Pa:JOBhlll COCTaB o6pa:3D;OB npoBep.HlIC.H c nOMO~bIO peHTreHOBCKOH 
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p;IIq>paKD;IIII. Bee norry"<IeHHbie cneKTpbl B OCHOBHOM IIMeIOT IIIIKII, xa

paKTepHbie )];lI.lI q>a:Jbl y Ba2Cu301-6, KOTOpa.H B cpeµ;HeM µ;;rn BCeX o6-

pa:3D;OB o6rraµ;aeT crreµ;yroI.QIIMII napaMeTpaMn 3lieMeHTapHOII .lI'IeIIKII: 

a = 3.825(5), b = c/3 = 3.879(5).A., coµ;ep~am1e Kncrropoµ;a (7 - o), 
onpeµ;erreHHOro no napaMeTpy c paBHO ~ 7. llcKlIIO"'IeHIIe COCTaBlI.lIIOT 

HeK0Top1,1e nIIKII (20 = 23.89°), np1rnaµ;rre2Ka1.QI1e ocTaTKY Henpopearn

poBaBrnen HaHeCeHHOH CMeCII Ha IIOBepXHOCTII nop;lIO)KKII. Kpm.1e IIIIKOB 

Y Ba2Cu307_6 Ha peHTreHorpaMMax npncyTCTBYIOT IIIIKII q>a:Jhl 

Y2BaCu05, 'ITO .lIBlI.lieTC.lI 02KIIµ;aeMbIM pe:3yrr1,TaToM. ,II;aHHbie peHTre

HorpaMM noµ;TBep2Kp;aIOT TO, "'ITO npII noMOI.QII OIIHCaHHbIX Bhlllle TeXHO

rrorn'IeCKIIX npon;eccoB qiopMnpyroTc.lI rrrreHKII cnepxnponoµ;.HI.QeII q>a:Jhl 

Y Ba2Cu307_6, HecMoTp.lI Ha To, 'ITO npeM.lI nx CIIHTe:Ja ropa:311;0 MeHbIIIe 

"'!eM npeM.lI CHHTe:Ja B CTaHµ;apTHOM TBepµ;oq>a:JHOM MeToµ;e ImroTOBlle

HII.lI KepaMII'ICCKIIX o6pa:3D;OB. 

Ilorry"<IeHHbie Ha 3lICKTpOHHOM MIIKpOCKOIIe q>OTOrpaqinu o6pa:3D;OB 

xoporno nrrrrrocTpIIpyroT CTPYKTYPY MG-rrrreHoK. llx :JepHa HMeIOT rr:i:a

CTIIH'IaTyro qiopMy, OHII IllIOTHO npIIrreraJQT µ;pyr K µ;pyry. ,II;mIHHbIC OCII 

3epeH IIO"'ITII rraparrrrellbHbI OCII D;IIJIIIHµ;pa, XOT.lI OHH pacnorraraIOTC.lI OT

HOCIITellbHO µ;pyr µ;pyra C Marron CTerreHbIO yrrop.Hp;O'ICHHOCTII. Ha rrone

pe"'IHOM ce'IeHIIII nrreHKII, rroµ;BeprHyTOH ~rncTII"'IHOMY rrrranrreHIIIO B TC

'IeHIIe Tpex MIIHYT OTMe'IeHa MOHOlIIITHa.lI CTPYKTypa, Ha q>OHe KOTOpOII 

Bhlp;elI.lIIOTC.lI MelIKIIe "'!aCTIID;bI, KOTOphle Mhl IIp;eHTIIq>IIIJ;IIpyeM KaK 1III

KpOBKlIIO'IeHII.H q>a:Jhl ½BaCu05 II KOTOphle IIMeIOT pa:JMep oKorro 2-3 

MKM. 

Ilpeµ;cTanrreHHhle Bhlllle pe:JyllhTaTbl peHTreHOBCKoii µ;nqipaKI.J;IIII II 

IICCllep;oBaHII.lI Ha 3lleKTpOHHOM MIIKpOCKOIIe II0:3BOJI.lIIOT cµ;erraTb BbIBOµ; 

o TOM, "'!To rrpnMeH.H.lI rrpeµ;rro2KeHHhlH TepMII"'!ecKnii pe2KIIM, 61,1m1 Bhl

;a;erreHhl -qacTIID;hl q>a:Jhl ½BaCu05 n MaTpIIn;e cnepxrrponoµ;.H~cii qia31,1 

Y Ba2Cu301-6• BrrII.lIHIIe 3TIIX BKlIIO~IeHIIH Ha cnepxnponoµ;.HI.QIIC cnoii

cTna rrrreHOK II:Jy'IalIIICb C IIOMO~bIO II:Jy'IeHII.H :JaBIICIIMOCTeii p(T)' 
x'(T,H), x"(T,H). 

TeMrrepaTypHhle :JaBIICIIMOCTII R(T)j R(300K) rrorrr1cHHhIX o6pa::rn:on 

II:Jy'IalIIICb "'!eThlpCXKOHTaKTHhlM MCTO)J;OM. ,II;rr.H o6pann;on y KOTOpbIX 

to > 4MIIH nee KpIIBhle rrpII T > Tc IIMeIOT MeTalllIIl'ICCKOC rroneµ;CHIIC, 

BClIII"'IIIHhl yµ;errbHOro corrpoTIIBlleHH.lI p(TxoM) 3TIIX o6pann;on 6mmKII II 

lle)KaT n IIHTepnarre µ;ec.HTKOB MOM - CM. ,II;rr.H o6pa:3D;OB c to ~ 4MIIH rrpn 

T > Tc xoµ; KpIIBhlX p(T) IIMeeT norryrrponoµ;HIIKOBhlII xapaKTcp, rrpIPH'M 
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urnpIIHa rrepexo;a;a l:1T Mem1eTc.H B WIIpoKoM ;a;IIarranoHe. Ilo-BII)];IIMoMy, 

TaKoe IIOBe;a;eHIIe CB.H3aHo C TeM, qTo C yBeJIIIqeHIIeM BpeMeHII to yBeJIII

qIIBaIOTC.H ofrbeMHhle ;a;orrII BKJiroqeHIIH B MaTpIIrzy Y Ba2Cu307 .. + 
AHarrIIn TeMrrepaTypHhlX II rrorreBhlX naBIICIIMOCTei ;a;IIHaMIIqecKoi 

MarHIITHOH BOCIIpIIIIMqIIBQCTII )];JI.H o6pam:i;oB C pa3JIIIqHI,IMII 3HaqeHII.HMII 

t0 ~ 4MIIH (To ecTh c panrrIIqHoi ofrbeMHOH ;a;orrei BKrrroqeHIIH) rronBOJIIIJI 

on:eHIITh CIIJIY IlIIHHIIHra, JIIIHeHHO cmrnaHHYIO C IIJI0TH0CThIO KpIITIIqe

CKOro TOKa. OKanarroch, qTo ;a;rr.H o6pann:oB c t0 = 3MIIH Koacpqnn::i;IIeHT 

a, xapaiTepIInyrou:i;IIi cIIrry IIIIHHIIHra B II.HTh pan 6orr1,we qeM y ;a;py

rIIx o6pann:oB. To eCTh TexHorrorIIqecKIIH rrapaMeTp t0 = 3MIIH .HBJI.HeTc.H 

OIITIIMaJibHhlM II II03BOJI.lieT IIOBhlCIITh IIJIOTHOCTh KpIITIIqecKoro TOKa 

rroqTn Ha rrop.H;a;oK. 

Thaaa IV. 

B rrraBe IV paccMaTpnBaeTc.H o;a;HOIIH)];YKTIIBHhlH ffq-CKBll,IJ;, nnroTo

BJieHHhlH Ha ocHoBe TOJICTOH rrrreHKII Y Ba2Cu307_6 c Herrocpe;a;cTBeHHOH 

rrpoBO)];IIM0CThIO (T.e. CTpyKTypa TIIIIa s - N - S). 
Hawei n:errhIO B ;a;aHH0M crryqae 6hlJIO ;a;oKanaTb IIpllHUHIIHalihHYIO 

B03MO)KHOCTh rrpIIMeHeHH.H rrorryqeHHhlX rrrreH0K B CKBll,IJ;ax. MeTO)];IIKa 

IInroTOBJieHn.H Bl:J-CKBll,IJ;a Ha ocHoBe TOJICTOH rrrreHKll Y Ba2Cu307_0 

naKrrroqaeTc.H B crre;a;yrou:i;eM [ 4]: 

- B KepaMIIqecKnx Ta6rreTKax cpan1,1 Y;BaCu05 IIJIOTH0CThIO ~ 5.6r/c·~:f3 

II panMepaMll 5 x 5 x 3MM 6hlllll rrpocBeprreHhl OTBepCTll.H ;a;IIaMeTpOM 0.8 

MM; 

- 061,rqHhlM MexaHIIqecKIIM rryTeM 6bIJIII nnroTOBJieHhl M0CTIIKll 50 X 50 X 

100MKM3; Ha o6panen: HaHocnrrach cMech BaCu02 + CuO; 
- o6panen: crreKaJic.H no TerrrroBoMy pe)KHMY, orrncaHHOMY B rrraBe II; 
- rrocrre CIIHTena c o6pann:a y;a;arr.HJIIICh ocTaTKll cMecII 3BaCu02+CuO) 
II o6panen: rrop;Beprarrc.H BhIWeorrncaHHOMY npon:eccy ;a;erpa;a;an:nII. Ilo

CKOJihKY ;a;erpa;a;an:II.H B TaKllX IIJieHKax IIp;eT IIOCJIOHHO, TO C IIOMOlll;hIO 

TpaBJieHH.H B BO)];.HHhIX rrapax yMeHbrnarracb WIIpIIHa MOCTIIKa, HO He 

yxy;a;warrIICh CBOHCTBa caMoi rrrreHKII. Ilo Mepe ;a;erpa;a;an:nII npoBep.H

JIIICh cnrHaJihl CKBll,IJ;a, TaKIIM o6panoM MO)KHO 6hlrro rrrraBHO crre;a;IITh 

na cpopMIIpoBaHIIeM MIIKp0MOCTHKa 11 Bhl6paTb OilTHMaJibHOe OTHOWe

HIIe CIIrHarr/rnyM CKBll,IJ;a. 

PenoHaHcHhIH KOHTYP, CB.H3aHHhlH co CKBll,Il;oM, Bon6y)K;a;arrc.H OT 
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BHeWHero reHepaTopa Ha qacTOTe OKOJIO 19 Mrn: u IIMeJI ;a;o6pOTHOCTh 

6rrIInKyro K 40. Koacpcpnn:neHT CB.H3II K0HTypa co CKBII;:J;OM k ~ 0.14. 

IlorryqeHHhlli CKBll,IJ; IIMCJI IIH;:J;YKTIIBH0CTh Ls~ 2.97 · 10- 11 n1. 
B1,rno IIccrre;a;oBaHo HeCKOJihK0 CKBll,Il;oB c rrapaMeTpol\1 fJ ~ 2 7 40, 

KOTOpbie rrpaKTIIqecKII He MCH.HlIIICh rrpII pen:IIKlIIIpoBaHIUI ;a;a)Ke ;::r;:rn ;::i;e

C.HTK0B U:IIKJIOB 0TOrpeB-OXJia)K;a;eHIIe. Crre;a;yeT OTMCTIITh, qTo HaII:\leHh

WIIM ypoBHCM 6erroro wyMa (S4> ~ 2. io-4<Do/fn:1/ 2 ;a;rr.H qacTOT BhIWe 1 

ru: n HaIIMeHbWCH 'IaCTOTOII cpena II36hlTO'IHOro (1/ f) wpra MeHbWe 

lfn:) o6rra;a;arrn CKBll,IJ;1,1 c Han6orrhWIIM nHa•reHIICM rrapa:MeTpa /3, c:ra-

6a.H CB.H3h KOT0pbIX 6hrna ccpopMIIpoBaHa TpaBJIC'HIICl\I B rrapax BO;::r;hl 6en 

rrocrre;a;yrou:i;e:i'r MexaHwrecKoii o6pa6oTKII. Ilorrena.H 'IYBCTBIIT<'ahH0CTh B 

o6rracTII 6erroro rnyMa S1 ~ IQ- 12Th/fn:1/ 2, aHcprcTIPiecKoe panpewemre 

E = S,t,/2Ls, E ~ 2.9. 10-27 .il:)K/rn:. 

OTMeqeHhI crre;a;yrou:i;IIe oco6eHHOCTII TOJICTOII rrrrcHKII Y Ba 2Cu30 7_/i 

B rrorrhny II,lrOT0BJICHII.H CKBll,Il;on Ha IIX ocHonc: 
~ 

1. BonMO)KHOCTh con;a;aHII.H KOHTypa K_BaHToBamrn CKBIIJa :rm6oii 

KOH<pIIrypan:nn. 

2. BbICOKIIe KpIITII'ICCKIIe rrapaMeTphl IIJICHKII. 

3. BhlCOKa.H IIlIOTH0CTh (IIJIII BhIC0KaiI CTCIICHh MOHOJIIITHOCTII) T0:I

CTOH IIJICHKII, KOT0pa.H K0pCHHhIM o6pa30M MC'HllC'T KapTIIHY npo

n:ecca ;a;erpa;a;an:IIII B aToM o6pann:e. B nopucToii cTpyKTYP<' ;::r;P

rpa;a;an:H.H o6pann:a npoIICXO)];IIT KaK pC3JlibTclT O)];HOBJH'!\H'HHoii ;:J.C'

rpa;a;an:IIII OT)];CJihHhIX rpaHyrr. HanpoTirn, B l\WH0lIIITH0!\I o6pa3U(' 

;a;erpa;a;aun.H nponcxo;a;IIT rrocrroiiHo. IIocKoJihKY npu 3T0J\I c•nppxnpo

no;a;.Hu:i;IIe cnoiicTBa ocTanweiic.H Hcnpo;a;crpa;a;upomrnwc•:ii 'I,H'TII m• 

CIIJihHO MCH.HIOTC.H, TO MO)KH0 npIIMCHIITh 3T0T nocrro:iiHhIIi ITJl0U<'(T 

;a;rr.H con;a;aHII.H crra6oi cB.H3II n CKBll,IJ;c. 

4. B penyrrhTaTe rrpouccca ;a;crpa;a;aumr Ha nonPpXH0cTn n:rPHKII co-

3;a;acTC.H 3alll;IITHhIH crro:u, npc;a;oxpaH.HK)lll;Uii IlJI('HKY OT BH<'WHIIX 

B03)J;CHCTBIIH. 

BbIBO;IJ;bl. 

1. Panpa6oTaH cnoco6 norry•icHII.H TOJicToii ITJI<'HKII Y Ba2Cu:1O7_~ !\I<'

To;a;oM XIIMII'ICCKII aKTIIBHOif no;a;JI0)KKII TOJilll;IIHo:ii ;rJ;C'CllTK0B !\IK!\I Ha 
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rrop;rro2KKe Y2BaCu05. IIrreHKa BcTpoeHa B cTpyKTYPY rro;u;rro2KKII, 
'ITO CHIIMaeT B0IIpoc 06 a;u;re::mII rrrreHKII K II0)];lI0)KKe. ,I(aHHaJI Te
XH0lI0rII.H M02KeT 6bITb rrpIIMeHeHa )];lI.H rrorry'leHII.H rrrreH0K Ha rro;u;
lI02KKax mo6011 qiopMbI. 

2. IIorry'!eHHbie rrrreHKII c;u;ep2KaT opTopoM6II'!ecKyIO Y Ba2Cu307_a 
qiany c o ~ 0.l. IIrreHKII IIMeIOT xopourne cBepxrrpoBop;.Hrn:IIe cBoii:
cTBa: p(300K) = 0. 7 X 10-3 )];lI.H rrrraHapHbIX rrrreH0K II 4 X 10-3OMCM 
J:J:IT.H n:mrnH;u;pw1ecKoii: rrrreHKII. TeMrrepaTypa rrepexo;u;a B cBepxrrpo
B0J:J:.HI.I..J;ee cocT0.HHIIe Tc~ 90K, b.T ~ II(. IIrreHKII IIMeIOT xopourne 
3KpaHnpy10LQIIe cBoii:cTBa. 

3. Ifoy'!eH rrpon:ecc p;erpa;u;an:nII B rrapax B0)];hl T0lICThlX IIlICH0K 
Y Ba2Cu301_a• OH rrpoIIcxop;IIT rrocrroii:Ho II crra6o BrrII.HeT Ha cBepx
rrpoBop;.Hrn:IIe cBOHCTBa ocTamneii:C.H '!acTII o6pann:a rrocrre ;u;erpa;u;a
D:IIII. 8To cBoHCTBO IIcrrorrh30BaHo rrpII panpa6oTKe HoBoro crroco6a 
IInroToBrreHII.H MIIKpoM0CTIIKa B K0HCTPYKD:IIII B"9:-CKBII,II;a. 

4. Panpa6oTaH rrpon:ecc conp;aHII.H n:eHTp0B IIIIHHIIHra B TOlICTOH rrrreHKe 
Y Ba2Cu30 1_a• · TaKIIMII n:eHTpaMII .HBIT.HIOTC.H '!aCTHD:hI qianhl 
Y2BaCu05, Bhip;erreHHhie B MaTpIIn:e Y Ba2Cu307_ 6 B rrpon:ecce ee 
rrrraBrreHII.H rrpII 985° C II rrocrre;u;y10rn:eM oxrra2Kp;eHIIII, rrpoxop;.HI.I..J;eM 
'Iepe3 T0'IKY rrepIITeKTIIKII. IIrreHKII, II3r0T0BITeHHhle 3TIIM MeT0-
p;oM, M0)KH0 rrpe;u;cTaBIITb KaK C0'leTaHIIe p;Byx CIICTeM, peryrr.HpH0 
BCTpoeHHbIX ;u;pyr B ;u;pyra: CIIlibHaJI o6rraCTb CBepxrrpoB0)];.Hlll,IIX 
rpaHyJi II crra6aJI o6rracTh, CB.Ht3hlBaIOI.I..J;aJI rpaHyIThI. Crra6y10 06-
rracTb M02KH0 paccMaTpIIBaTb KaK CBepxrrpoB0)];HIIK BT0poro po;u;a. 
Ee cnoii:cTBa peryrrIIpy10Tc.H c rroM0lll,hIO orrIIcaHHoro rrpon:ecca co-
3p;aHII.H n:eHTpon IIIIHHIIHra II B OIITIIMalihH0M pe2KIIMe CIIrra IIIIH
HIIHra yBelIII'IIIBaeTc.H B 5 pan. TaKIIe rrrreHKII D:IIlIIIHp;pII'IeCKOH qiopMhI 
c peryrrIIpyeMhIMII cnoii:cTnaMII o6rracTII crra6bIX cn.Hneii: rrpep;cTaBlliIIOT 
co6oii: IIHTepecHhlH ofrI,eKT p;IT.H rrpIIMeHeHII.H IIX n CKBII,II;ax. 

5. BhllIII BIIepBbIC II3r0T0BlieHbI 0)];H0IIH)];YKTIIBHhle T0lICT0-IIITeHO'IHhle 
B"9:-CKBII,I(hl c IIcrrorrhnoBaHIIeM panpa60Ta1moro crroco6a con;u;a
HIIH M0CTIIKa (;u;erpa;u;an:II.H B rrapax BOp;hl) co crrep;yIOlll,IIMII rrapaMe
TpaMII: S4> ~ 2 • 1Q-4<P0 /fn:1/ 2, E ~ 2.9 • 1Q-27,I(2K/fn:, II36bITO'IHhlM 
wyMoM (1/f) HII2Ke lfn:. 
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