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1. BBe~eau:e 

IIapamierrbHO rroIIcKy H0BhlX coeµ;IIHeHIIH BhlC0KOTeMrrepaTypHI:,IX 

cBepxrrpoB0)];HIIK0B (BTCII) c em;e 6orree BhlC0KIIMII ::ma"<IeH~MII TeM

rrepaTyp rrepexoµ;a ·Tc IIHTeHCIIBHO Beµ;yTcH pa6oThl no norry"<IeHIIio 

BbicoKonrroTHhlX BTCII-KepaMIIK. YcneXH B 3TOH o6rracTII nccrreµ;oBa

HIIH nooBOlIHIOT cµ;erraTb B0OMO)KHhlMli Ha npaKTHKe MH0rIIe TeXHH

"<IeCKIIe rrpIIlIO)KeHIIH BhlCOKOTeMnepaTypHOH CBepxnpoBO)];lIMOCTR • 

.I(JIH norry"<IeHIIH BhlCOKOIIlI0THbIX o6pam:i;oB Y Ba2Cu307_6 

(YBCO) II0BeCTHbI TaKIIe MeToµ;hl, KaK npeccOBKa KepaMII"<IecKnx. 

o6pam:i;0B npII IIX CIIHTeoe (ropH"<Irur n:peccOBKa) [1], HanpaimeHHM 

KpIICTarrrrmmI:i;IIH [2], MeToµ; nrraBJieHIIe - Bbipam;IIBaHne [3], . nrraBrre

HIIe - TeKCTypIIpOBaHHe - BhlpaIIJ;IIBaHIIe [4], 0aKaJIKa - IIllaBJieHIIe -

Bhlpam;IIBaHIIe [5] II MeT0)l; rrrraBJieHIIe - nopOIIIOK - IIllaBrreHIIe - Bhl

paIIJ;IIBaHIIe [6]. B MeToµ;e ropH"<Ien: rrpeccOBKII IIlI0TH0CTb o6paona 

yBelIII"<IIIBaeTCH C II0M0IIJ;blO IIpIIlI0)KeHH0ro µ;aBJieHIIH, K0Topoe B00-

p;en:CTByeT Ha o6paoen BO BpeMH CIIHTeoa II orpaHII'9:IIBaeT yMeHbIIIe

HIIe IIlIOTHOCTII o6paona II0-0a IIHTeHCIIBHOro Bhlµ;erreHIIH KIICllopoµ;a. 

B OCTallbHbIX MeToµ;ax BhlCOKaJI IIlIOTH0CTb 06pao11;0B )];0CTIIraeTCH 

C IIOM0IIJ;blO nponecca nrraBJieHIIH. Ka"<IeCTBO 06pao11;0B B paOlIII"<!HbIX 

MeToµ;ax )];OCTIIraeTCH pa0lIII"<!HhlMII MexaHII0MaMII, B OCHOBe KOTO

pbIX rre)KIIT nepeqiopMIIpOBaHIIe qiaohl YBCO II BKlIIO"<IeHIIH B Hee 

neHTp0B IIIIHHIIHra. 

YcTaHoBrreHo, "<ITO Bee BTCII-06pao11;hl MO)KHO paccMaTpIIBaTb 

KaK CIICTeMhl II0OlIIIpOBaHHhlX rpaHyrr, B.CTp0eHHbIX B CIICTeMy Me)K

rpaHyllbHOH o6rracTII (MrO). ::ha Me)KrpaHyrrbHaJI cpeµ;a IIMeeT cTe

xIIoMeTpII"<IecKIIH cocTaB, OTlIII"<IaIOm;IIn:cH OT cocTaBa rpaHyrr, ·o6rra

µ;aeT MaKpOCKOIIII"<IeCKIIMII paoMepaMII B KepaMII"<IeCKIIX o6paonax II 

MIIKp0CKOIIII"<IeCKIIMII - B MOHOKpIICTalllIII"<IeCKIIX o6paonax, rµ;e crra-

61>IMII CBH0HMII MoryT 6bITb rpaHIII:i;hl )l;BOHHIIKOBaHIIH, rpaHIII:i;bI lIO

KallbHOro OTKlIOHeHIIH OT KIIClIOpoµ;HOH CTeXH0MeTpIIII. Me)KrpaHyllb

HaJI cpeµ;a TaK)Ke HBlIHeTCH CBepxnpoBO)];HIIKOM BT0poro poµ;a, ee 

CBepxnpoBO)];HIIJ;IIe CBOHCTBa MO)KHO µ;ocTaTO"<!HO xopoIIIO II0Y"<IIITb, C 

II0MOIIJ;bIO IIOMepeHIIH µ;IIHaMII"<IeCKOH MarHIITHon: BocnpIIIIM"<IIIBOCTII 

c nocrreµ;yrom;e:ii: o6pa6oTKOH peoyrrbTaTOB B paMKax paCIIIIIpeHHOH 

Moµ;errII KpIITII"<IecKoro cocTOHHIIH (PMKC)[7]. 
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B. oTmr<me OT BhnnecKaoaHHhlX MeTo;a;oB B ;a;aHHoii pa6oTe npe;a;rro-
2KeH npon;ecc nepec1IHTeoa KaK HOBhlH cnoco6 1IoroT0Brremrn Maccn

BHhlX KepaMII"leCKIIX o6paon;oB YBCO, c noMOUl,bIO KoToporo 

MO.Jlq!O peryJrnpoBaTb ofrbeMHYIO ;a;orrro H cBepxrrpoBO)l;Hlll,He CBOHCTBa 
MrO YBCO-KepaMIIK. Boo;a;eiicTBIIe TaKoro npon;ecca Ha CBOHCTBa · 

o6paon;oB 
0

1Iccrre;a;yeTCH c noMOUl,bIO q>aooBoro aHarrn:oa Ha ,[(POH-4, 

Mopq>onor1I1I Ha CKaHHpy10I11,eM aneKTpOHH<>M MHKpocKone JSM-840 
n: aHarrn:oa pe3ylibTaTOB IIOMepeHHH ;a;n:HaMH"lecKoii MarHHTHoii Boc-

1 
np1IHM"IHBOCTH B paMKax PMKC. 

2. 8xcnepuMeHT 

PaccMoTpHM KepaMn:1IecK11e 06paon;b1 coe;a;1IHeHHH Y Ba2Cu30 7_ 6, 

nony"leHHble no nopornKOBOH TeXHonorHH HO CMecn: KOMnoHeHTOB 

½03, CuO n: BaC03. CMecb 6blna KalibD;HHnpoBaHa npn: 880°C n: 
q>opBaKyyMe 5. 10-3 Topp lI CHHTeon:poBaHa npH 950°C B aTMOCq>epe 

KHClIOpo;a;a (P0 2 = 1 aTM) C TpeXKpaTHblM n:poMe2KyTO"lHblM nepe
THpaHHeM H nocrre;a;yrolll,HM OXlia)K;a;eHHeM ( V ~ 0, 5°C/MHH) C 950°C 
;a;o· T~oM• <l>opMn:ponaHn:e TeTparoHarrbHOH q>aobl Y Ba2Cu306_5 npn: 

950°C npolICXO)l;HT 3a C"leT MacconepeHoca C nOMOUl,bIO npon;ecca 
}l;IIq>q>yoHH, KOTOpblli oaMe;a;nHeTCH no Mepe o6paooBaHIIJI q>a3bI 

YBCO n: O)KHBlIJleTc.a nocrre Ka)K;a;oro npoMe2KyT01IHoro nepeTIIpa
HIIH lI cneKaHIIH. KaK npaBIIlIO, IIO-oa )l;IIq>q>yOIIOHHoro xapaKTepa 
npo:a;ecc q>opMn:poBaHRH q>aobl YBCO TeopeTH"leCKH ;a;rrn:Tc.a O"leHb 
;a;orrro ;a;o KOHe"lHoro oaBeprnemrn. B peoyrrbTaTe B o6bI"lHhlX YBCO
KepaMn:Kax Me.tKrpaHyrrbHaJI o6rracTb (MrO) oaHHMaeT HecKOlibKO ;a;e

CHTKOB npo:a;eHTOB o6'beMHOli )l;OlIII, B KOTOpoii lIMeeT MeCTO CTeXII
OMeTpH"leCKOe OTKlIOHeHIIe OT cocTaBa YBCO. 

11To6bl yMeHbllIIITb o6'beMHYIO ;a;onro MPO II norry"ln:Tb BhlCOKOKa
"lecTBeHHble o6pao:a;bl 6eo Mro, HY2KHO coo;a;aTb YClIOBRH }l;lIH nepe
q>opMHpOBaHRH MrQ II yMeHbllieHHJI CTeneHII CTeXIIOMeTpH"leCKOro 

OTKlIOHeHRH, nplI 0TOM He no;a;BepraJI rpaHylibHYIO o6naCTb paonmrrn
HHIO. 
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Mb! npe;a;rrorraraeM, "ITO TaKoe rrepeq>opM1IpoBaH1Ie MrO KepaMH'.'" 
"leCKUX YBCO-o6paon;oB MO)KeT rrpouooiiTII c noMOUl,bIO IIX nepe

CUHTeoa B aBTeKTn"leCKOM pacnrraBe 3BaCu02 + 2Cu0 (3B2C) 
rrpn T ~ 1000°C, P02 = 1 aTM B Teqemie 15 MHH c rrocrre;a;y10I11,HM 
oxrra2K;a;eHueM co cKopocTbIO 0, 5°C/MIIH ;a;o 920°C. TaKaJI npo:a;e;a;ypa 

ocHoBaHa Ha crre;a;yrolll,HX coo6pa2KeHRHx: 

1. Ilo ;a;aHHblM q>aOOBOH ;a;11arpaMMbl 0KII lI coaBTOpOB [8] He 02KU
;a;aeTCH pa3rro)KeH1Ie q>aobl Y Ba2Cu30 7_ti rpaHylibHOH o6nacTn: npn: 
TaKOM rrpo:a;ecce rrepecHHTeoa. 

2. fpaHyJihHa51 o6JiaCTh, KOTOpa51 COCTOHT H3 rpaHyJI, HMeIOUl,HX cpa3y 

Y Ba2Cu307_ 0, rrplI 1000°C paonaraeTCH Ha q>aobl ½BaCu05 n: 2KH
;a;Kyro q>aoy, co;a;ep)Kalll,yIO BaCu02·H CuO [9]. Ilpu oxna2K;a;eHnn pe

aK:a;n.a rrepeq>opMIIpoBaHRH q>a3bl Y Ba2Cu307_ti Me.tK;a;y ½BaCu05 
u 2KU)l;KOH q>aooii npoTeKaeT Heo6paTnMo, rrocKOlibKY "laCTb 2KU)l;KOH 

q>aobI oT;a;en.aeTCH OT q>aobl ½BaCu05 uo-oa MIIrpa:a;noHHbIX rrpo
:a;eccoB. Harrn"ln:e pacrrnaBa 3B2C rrpn: HarpeBe YBCO ;a;orr)KHO orpa
HH"llITb rrpo:a;ecc MHrpaD;IIH 2KH)l;KOH q>aobl H c;a;enaTb npon;ecc nepe

q>opMnponaHRH YBCO-q>aohl rpaHynnHoii o6nacTn o6paTIIMbIM. 

3. B HCXO)l;HOM KepaMH"leCKOM O 6pa3:a;e OTKlIOHeHIIe OT CTeXHOMe

Tpnu 1:2:3 MrQ HBlIJieTCH peoylibTaTOM yMeHbllieHRH BepOHTHOCTII 

KOHTaKTOB -qacTHD; Tpex Hcxo;a;HhlX KOMIIOHeHT no Mepe pocTa YBCO

rpaHyn. TaKoe OTKlIOHeHHe HOCHT lIOKalibHblH xapaKTep, a B KOH
TeKCTe OaKOHa coxpaHeHRH Belll,eCTBa ll rrpH rro;a;xo;a;Hlll,HX ycnoBRHX 

rrepeclIHTeoa Mro )l;OlI)KHa rrepeq>opMHpOBaTbCH B q>aoy YBCO. Ta
KOH rrepeclIHTeo rrpe;a;rronaraeTc.a rrpon:nBecTII BO BcrroMoraTelibHOH 

cpe;a;e aBTeKTH"lecKoro pacrrrraBa 3B2C. 

lITaK, KpoMe ncxo;a;Horo KepaMn:"lecKoro YBCO-o6pao:a;a (IS), IIO

roToBrreHHoro no o6bl"IHOH KepaMn"lecKoii TeXHonorHH, 6blnH 1mro

TOBlieHhl o6paon;hl (RS) c IIOMOUl,bIO rrepecHHTeoa B pacrrnaBe 3B2C. 

,[(ITH aToro Ha HCXO)l;Hblli o6paoe:a; 6blna HaHeCeHa Tlll,aTelibHO ImMelib
"leHHaJI roMoreHHaJI nacTa cMecn 3B2C co CBH3YIOI11,HM BeI11,ecTBOM, 

cocTOHUl,HM n:o rronHMeTIIlIMeTaKplinaTa, pacTBopeHHoro B CHCl3. 
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06pa3en; c HaHeceHHoii rracToii crrexarrcH B cooTBeTCTBIIII c TepMII-

-qecKIIM pe2KIIMOM, rrpeµ;cTaBlieHHhlM Ha pnc.l. . 
.IJ:o pe2KIIMa rrepecIIHTe3a 06pa3en; rrpoxoµ;nT cTaµ;mo Meµ;rreHHoro 

HarpeBa µ;M yµ;arremrn opraHII'9:ecxoro CBH3YIOI11,ero c rrocrreµ;y10I.IJ,IIM 

6hlCTphlM HarpeBOM µ;o TeMIIepaTyphl CIIeKaHIIH ~ 1000°C. IlocJie CTa

;rt;IIII rrepecIIHTe3a o 6pa3en;, Haxoµ;Hlll,IIHCH B TeTparoHam,Hoii 
cpa3e, CTa6IIJIII3IIpyeTCH IIpII 920°C B Te'9:eHIIe 3 '9:aCOB. Ilepexoµ; II3 
TeTparoHam,Hon: cpam,1 n poM6II'9:ecxy10 ccrneprnaeTcH BO BpeMH Me

µ;rreHHoro OXJia2K;rt;eHII_H ( V ~ 0, 5°C /MIIH) C 920 µ;o 400°C II .20-'9:aCOBOH 

Bhl;rt;ep2KKII IIpII 400°C B aTMOC<pepe KIICJiopoµ;a P0 2 = 1 aTM. 
.IJ:rrH cpaBHeHII_H Hecxom,Ko 06pa3n;oB IS 61,rno rroµ;BeprHyTo TaK2Ke 

rrepecIIHTe3y 6e3 HaHeceHII_H Ha HIIX cMecII 3B2C. 8TII 06pa3n;1,1 MbI 

o6o3Ha'9:IIJIII IIHµ;excoM MS. XapaKTepIICTIIKII IIccrreµ;yeMbIX 06pa3n;oB 

rrpeµ;cTaBJieHhl B Ta6rrIIn;e 1. 

3. Pa6o'la.H Moµ;en:b 

.IJ:rrH II3y'9:eHII_H CBepXIIpC>BO;rt;HI.IJ,IIX CBOHCTB IICCJieµ;yeMbIX O 6pa3D;OB 

II µ;oKa3aTeJibCTBa B~3µ;en:CTBIIH rrepeCIIHTe3a Ha o6~eMHYIO ;rt;OJIIO 

MrO 6hlJIII IICIIOJII,30BaHhl II3MepeHIIH ;rt;IIHaMII'9:eCKOH MarHIITHOH BOC

IIpIIIIM'9:IIBOCTII ( aC-BOCIIpIIIIM'9:IIBOCTb) o6pa3D;OB Ha ac-MarHII

TOMeTpe [10]. 06pa6oTKa 0KCIIepIIMeHTaJII,HhlX µ;aHHbIX cpyHµ;aMeH
TaJibHOH ac-BocrrpIIIIM'9:IIBOCTII rrpoBoµ;IIrrac1, B paMxax pacrnIIpeHHoi'1 

Moµ;errII KpIITII'9:ecxoro cocTOHHIIH (PMKC) [7] II cocToHrra II3 crreµ;y

IOill,IIX orrepan;mr: 

V
II 

1. lfoMepHIOTC_H 3aBIICIIMOCTII CIIrHaJia ' rrporropn;IIOHaJibHOro MHII-

MOH -qacTII cpyHµ;aMeHTaJibHon: ac-BocrrpIIIIM'9:IIBocTII x", oT aMrrrr11-

TY;rt;hl nepeMeHHOro IIOM Ho '9:aCTOTOII 68 rn; B µ;IIaIIa30He Ho < Hp 
(H - none norruoro npOHIIKHOBeHmI). CooTHOllleHIIe V" I Ho ~ x" ~ 11 . H0 + IT03BOJIHeT onpe;a;errIITb cpaKTop /3 (B PMKC IIJIOTHOCTb xpn-

TII'9:ecxoro TOKa rrpIIHIIMaeT BII;rt; Jc = J0 (l - T /Tcj )q / I B 1,8, r;a;e T 
- TeMnepaTypa, B - JIOKaJibHOe MarHIITHOe IIOJie B MrO, Tei - TeM
nepaTypa nepexoµ;a MrO, q II /3- cpaKTOpbI, KOTOpbie 0603Ha'9:aIOT 
3aBIICIIMOCTII CITOC06HOCTII IlIIHHIIHra MrQ OT TeMnepaTyphl II Ma
rHIITHOrO IIOM COOTBeTCTBeHHO ). 

4 

2. lfoMepHeTC_H ceMellCTBO KplIBI,IX Te:r.mepaTypHoii 3aBlICIIMOCTII 

x" (T) rrp11 pa3JIIPIHbIX aMIIJIIITyµ;ax H0 B µ;IIarra3oHe 5+ 150 A/M. Co

rrracHo [7] 3aBIICIIMOCTb H0 OT 3Ha'9:eHirn Te:r.mepaTyphl rrnxa Tpj, rrpII 
KOTopoi'1 B03HIIKaeT Me2KrpaHyJibHhlII IIIIK Ha KpIIBOII x" (T), IIM.eeT 

BIIµ; H0 ~ (l -Tvi/Tcj)q/,B+l. 0Ha II03BOJIHeT orrpe;a;errIITb OTHornem1e 

q / (/3 + l) II, cooTBeTCTBeHHo, caM _ cpaKTop q. 

3. CBH3b Me2Kµ;y aMIIJIIITY;rt;OII Ho i1 Tpj BhlrJIH;rt;IIT crreµ;yIOill,IIM o6pa""' 

30M [7]: 
H£.B+l) = R(/3 + 1 )Jo(l ~ Tvi/Tci )q. (1) 

C IIOMOill,bIO ImBeCTHhlX cpaKTopoB /3, q II 3Ha'-1emrn Tcj, orrpe;a;erreH-
u If 

Horo KaK TeMrrepaTypa, rrpII KOTopon x µ;ocTnraeT HyrreBoro 3Ha'!e-

Hirn rrocrr_e ;a;ocT112Kemrn cBoero IIIIKa rrpn Harpene oxrra:,i.,:µ;eHm~ro 6e3 

IIOM o6pa3n;a C 77 µ;o ·95 K, KOHCTaHTa Jo HOpMupyeTC_H ~o oµ;uoi'1 

nape 3Ha'lem1ii H0 11 Tp c rrpe;a;rrorro:,i.,:euneM o TOM, 'ITO rrry6nua rrorr
Horo rrpoHIIKHOBeHirn rrepeMeHHOro IIOJij! paBHa R. 

4. B [7] rroKa3aHo, 'ITO Ha BhlcoTy rrnKa x" p(T = Tpj )° KpoMe aM
IIJIIITY;rt;hl Ho BJIIrneT TaK2Ke II 0cpq>eKTIIBHM rrpOHiln;aeMOCTI, l\fe J J, 
KOTOpaH OaBIICIIT OT o6~eMHOII ;rt;OJIII Mro !11 II MeIICHeponcKoro 
COCTOHHIIH rpaHyJI, cpe;rt;HIIII panMep II JIOH;rt;OHODCKM rrry6I1Ha rrpo
HIIKHODeHirn KOTOphlX paBHhl Rg II Ag COOTDeTCTBeHHO . . 1',/eff IIMPeT 
BII;rt;: 

2Ii(Rg/Ag) 
Meff = !11 + (l - fn)(Rg/ Ag)Io(RgJ Ag)' (2) 

r;a;e lo, Ii - MO;rt;II<pIIn;11ponaHHbie cpyHKn;nn BeccerrH. Ilo Il3BeCTHOII 

BeJIII'IIIHe cpaKTopa /3 C IIOMOI.IJ,I,IO Kam16poDO'IHOII KpIIDOII x;:1 (/3) [i], 
rrpeµ;cTaBrreHHOH Ha pIIc.2, orrpeµ;crrHeTcH nemrurna \;;1 ;a;rrH crr~"Iall 

Mell = 1. 0THOllleHne Me:,i.,:µ;y Il3MepeHHbIMII µ;aHHhlMII .\.;;(1~,j) II \;:1 
;a;aeT HaM cpyHKD;IIIO MeJJ(Tpj). IIo;a;rouKa 0Toii cpyHKD;IIII 1.\JeJJ(I'i,j) 
ITO cpopMyrre (2) II03BOJIHeT orrpeµ;cJIIITI, 3Ha'-IeHirn !11 II Rg. IlpII TaKoii 
rro;a;roHKe Ag rrpIIHHMaeT BHµ; [11]: 

Ag{MKM) = 0.6(1- (T /Tc)4)-1/2. (3) 

0TMeTIIM, 'ITO BeJIII'lIIHa f n orrpeµ;errHeT rrpeµ;eJibHOC ::rna'IeHIIe iHcf I 
rrpII HII3Kon: TeMITepaType, a xoµ; Kpnnoi'1 orrpeµ;errHeTcH 3Ha•1eHI1P:M 

Rg. 
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4. PeoyJibTaTbI H AHCKyccHJI 

p eHTreHOBCKlle ;a;uq>paKD;IIOHHble CITeKTpbI nccrre;a;yeMbIX O 6pan:a;on 
(pnc.3) IIOKa3blnaIOT, 'ITO nee o6pa3D;bl o;a;Hoq>a3Hble II IIMeIOT poM6H
'leCKYIO q>any Y Ba2Cu30 7_ 6 (ITp.rp. Pmmm) c ITapaMeTpaMII .H'leIIKII 
a= 3.82(3) A, b = c/3 = 3.88(6) A. Co;a;ep:;i.,;:am1e n1crropo;a;a n .H'leIIKe 
oITpe;a;erreHo ITO ITapaMeTpy c II panHo ~ 7. 

O6pan:a;1,1 IS, MS II RS nMeIOT :a;IImrn;a;pII'lecxy10 q>opMy ;a;mrno11 
L u pa;a;nycoM R, ITpII'leM L >> R µ;rr.H ITpeHe6pe:;i.;:eHIIH q>aKTopoM 
panMarHII'lnnamrn. Ilocrre xa:;i.;:;a;oro nnMepeHII.H nee 06pan:a;1,1 Harpe
nam1c1, ;a;o ~ 120 K c ITocrre;a;y10UJ,IIM oxrra:;i.;:µ;eHIIeM n HyrrenoM ITorre. 
Bee KpIInhle x"(T) 11nMep.Hm1c1, ITPII Harpenamm o6pan:a;a c 77K co 
CKOpOCTblO V ~ 2°C/MIIH. 

C ITOMOll.l,bIO ITpe;a;cTanrreHHoii nb1Uie pa6o'leII ITpo:a;e;a;yp1,1 61,rnII 
uny'leHhl non;a;eiicTBII.H ITepecIIHTena Ha nnMeHeHIIH o6'beMiidiI ;a;omI 
f n, panMepa Rg II ITJ'IOTHOCTII TOKa Jc IICCrre;a;yeMbIX o6pan:a;on. 

Ha pIIc.4 ITpe;a;cTanrreHa nanncuMOCTb OTHOUieH~.H V" / H 0 , ITpo
ITop:a;II0Harr1,Horo x" n nanIICIIMOCTII OT Ho, 3anIICIIMOCTII Ho ~ 
(1 - Tj /Tei) ITpe;a;cTanrreHhl Ha pIIc.5.Ha GTIIX p1icyHxax TO'lKII - GKC
ITepnMeHTaJ'IbHbie ;a;aHHbie, a KpIInbie ITo;a;orHaHbI ITO CTerreHHOII q>yH
KD;IIII. Pnc.6 IIJ'IJ'IIOCTpIIpyeT naBIICIIMOCTb Me11(T) nccrre;a;yeMbIX 06-
pan:a;on, Ha KOTopoM rrpe;a;cTanrreHbI rro;a;roHO'lHbie KpIInl>Ie c na;a;aH
HhlMII 3Ha'leHIIHMII fn II Rg, 

IIpoaHarrIInIIponan p11c.4-6, MbI orrpe;a;errurrn rrapaMeTphl fn, Rg, 
Jo, /3 II q µ;rr.H IIccrre;a;yeMbIX o6pan:a;on (cM.Ta6rr. 1). C GTIIMII rrapaMe
TpaMII BbI'IIICJI.HJ'IIICb TeopeTII'lCCKIIe naBIICIIM0CTII x" (T) n paMKax 
PMKC. Pac'leTHbie Kpnn1,1e cpanHIIBaIOTC.H c II3MepeHHbIMII ;a;aH
HbIMII Ha puc.7, 8 II 9. Ha6rr10;a;aeTc.H xopoUiee comm;a;em1e Me:iKlfY 
HIIMII, K0Topoe CBII;D;eTeJ'IbCTByeT 06 a;a;eKnaTHOCTII MeTo;a;a orrpe;a;e
rreHII.H II O ;a;ocTonepH0CTII YIT0M.HHYTbIX ITapaMeTp0B. 

llcxoµ;Hl>IH o6pane:a; IS rrrroTH0CTII ~ 5, 2 r / cM3 IIMeeT TeMrrepa
TYPY rrepexo;a;a Me:;i.;:rpaHyITbHOH o6rraCTII Tcj = 89, 3 K. Mro naHII
MaeT 50% 06'bCMHOII /];0ITH, a rO C0CT0IIT 113 rpaHyrr CO cpeµ;HIIM pan-
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MepoM Rg ~ 15 MKM II IIMeeT Tcg = 91 K. <l>aKTII'leCKII GTII rpaIIyrrhl 
6bll1II crra6o CB.H3aHbl ;a;pyr C ;a;pyroM, ITOGT0MY Ha KpIInhlX x" (T) nII
;a;eH 0'leHb crra6blH ITIIK, ITpIIHaµ;rre)Kall.l,IIH ro, TOJ'IbK0 ITpII 60llbllIIIX 
aMITrrnTy;a;ax H0 (cM.pnc.7). TI;eHTphl IIIIHHIIHra MrO o6pan:a;a IS 
IIMCIOT q>aKTOpbl /3 = 0, 26 II q = 2, 41. 

O6pane:a; MS 11pII rronTopHoM crreKaIIIIII 6en pacrrrrana 3B2C 110 
TepMn'lecKoMy pe)KIIMY, 11pe;a;cTanrreHH0My Ha pIIc.l, q>aKTII'leCKII rro;a;
neprarrc.H 11po:a;e;a;ype, aHarrorII'lHoii TeXHorrorIIII pac11rran
nhlparn;IInaHIIe. Ha6rr10;a;aeTc.H CHII.:iK.eHIIe o6'beMHoii ;a;orrII f n ;a;o 20%, 
o;a;HaK0 panMep rpaHyrr q>aKTII'lCCKII He MeH.HeTCH. O6pa3e:a; 0CTaeTCH 
11opIICThlM C IIJ'I0TH0CTI,IO ~ 5.3r/cM3 • lpaHyrrl>Hblll IIIIK Ha KpIInoii 
x"(T) He nonHIIKaeT ;a;a.:iK.e 11pn 6on1,Uioii aMlllIIITy;a;e H0 (cM.pIIc. 8), 
'ITO 03Ha'laeT rronHy10 n3.0J11I:a;n10 Me.:iK.;a;y rpaHyrraMII. B o6pa::rn;e MS 
yxy;a;UiaIOTCH q>aKTOphl /3 n q, K0T0pble paBHhl: /3 = 0, 56, q = 3, 06. 
Ilpn'IIIHOH TaKoro yxy;a;UieHII.H .Hnn.HeTcH ueorrnrnam,u1,1ii pe.:iK.IIM Bhl
;a;eneHIIH 'laCTIIII; Y-i,BaCu05 n Ka'leCTne :a;eHTp0B IIIIHHIIHra llpII Ta-
K0M rronTopH0M ClleKaHIIII [12]. _ 

B 0TITII'lIIe OT o6pan:a;a MS HaITII'lIIe pac11rrana 3B2C n 11po:a;ecce 
11epeCIIHTe3a CIIlibHO CHII)KaeT o6'beMHYIO ;D;OlIIO Mro 
Un~ 5%). <l>aKTOpbl /3 II q MrO 06pa3:a;a RS yny'lUiaIOTC~ 110 cpa
BHeHIIIO c aHarrorII'lHhlMII y o6pa3:a;a MS II 11pIIHIIMaIOT 3Ha'leHIIH 
/3 = 0, 37 II q = 2, 62, 'ITO 11pII6J'III)KaeTCH K 3Ha'leHIIHM /3 II q ncxo
µ;Horo o6pan:a;a. Cpe;a;HuiI pa3Mep Rg rpaHyrr n o6pan:a;e RS Bhlpoc 
;a;o 3Ha'leHII.H ~ 30MKM, IIJ'I0TH0CTI, o6pa3:a;a II0BblUiaeTCK ;a;o 3Ha'le
HII.H 6.2r/cM3• lpaHyrrhl CIIJ'IbH0 CBK3aHhl Me)K;a;y co6oii, 'ITO ;a;aeT 
OT'leTrrIIBhlii rpaHyrr1,m1ii IIIIK Ha KpIInoiI x" (T) (pIIc.9). IIpn'leM 
GTOT rpaIIynl>HhlH m1K n o6pan:a;e RS cMern;aeTCK n cTopoHy 6orree 
HII3KOII TeM11epaTyp1,1 11pII IIODbIUieHIIII aMlllIIITY;D;hl II3MepIITeJ'IbHOro 
II0lI.H H0 c TaKIIM )Ke TeMrroM, KaK II Me)KrpaIIyrr1,HhIH IIIIK (cM.pIIc.4) 
(oTHOIIIeHIIe n = q/(f3+l) = l, 91). Ecnn 11pe;a;rrorr0)KIITb, 'ITO ;D;lI.H ro 
f3 ~ 0, TO q ;D;lI.H Hee 6y;a;eT ~ 1, 91. B o6pa3:a;e RS cnerKa 11on1,111IaIOTCK 
nHa'leHIIH Tei II Tcg ;a;o oHa'leHnii 91 II 94 K, cooTBeTcTneHHo. 

Mhl cpanHIIBaeM ;a;aHHble o6'beMHoii ;a;ollII Me.:iK.rpaHyl1bHoii o6na
CTII f n, COCTOKll.l,eII no IIHTepq>eHCHhlX q>ao II rrop, II cpe;a;Hero pa3-
Mepa rpaeyrr Rg nccrre;a;yeMbIX o6pao:a;on, 11orry'leHHhle n pe3yn1,TaTe 
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o6pa6oTKII µ;aHHbIX II3MepeHIIH aC-BOCIIpIUIM"<IIIBOCTII C penyrrbTaTOM 

orrpeµ;erreHIDI 0TIIX µ;Byx rrapaMeTpOB rrpn lI3y"<IeHlilI MOpq>OlIOrIUI 06-

pam:i;oB C IIOMOlll,bIO CKaHnpyrom;ero arreKTpOHHOro MlIKpOCKOIIa. 
Ha pIIc.10,a-e npeµ;cTaBrreHbI MIIKpoq>oTorpaq>IIII cKorroB nonepe"<I

HbIX rr npoµ;orrbHbIX noBepXHocTen: o6pam:i;oB IS(a, 6), MS(B, r) II 

RS(µ;, e). 0"<IeBnµ;Ho, no 0TIIM CHIIMKaM M02KHO cµ;erraTb crreµ;yrom;IIe 

BbIBO;JJ;bI: 

1. B Me2KrpaHyllbHYIO o6rracTb ncxoµ;Horo o6pann;a BKlIIO"<IaIOTC.H 
nopbl (prrc.lQ,a) II MelIK03epHIICTa.H o6rracTb IIHTepqien:CHbIX qian 

(pIIc.10,6). 3Ha"<IeHIIe o6'beMHOH ;JJ;OlIII Mro (50%), norry"<IeHHOe Ha 

OCHOBe II3MepeHIIH ac-BOCIIpIIIIM"<IIIBOCTII .HBll.lleTC.ll xopouien: Oll;eH

KOH BelIII"<IIIHbl In ;JJ;ll.ll Mro, "<ITO em;e pan ;JJ;OKa3aHO C IlOMOlll,bIO 0TIIX 
q>oTorpaqinn:. Ha aTIIX CHIIMKax TaK 2Ke BIIµ;Ho, "<ITO cpeµ;HIIH panMep 
rpaHyrr nop.llµ;Ka 15 MKM, "<ITO conrraµ;aeT co nHa'leHIIeM R9 , KOTopoe 
6brno norry"<IeHo rrpII o6pa6oTKe µ;aHHbIX II3MepeHIIH MarHIITHOH Boc

npIIIIM"<IIIBOCTII. 

2. B o6panue MS ( CM. pIIc.10, B,r) o6'beM rrop rrocrre npouecca -qa

CTII"<IHoro IIllaBJieHIDI _IIpII 1000°C He II3MeHIIlIC.H, rpaHyllbl IIMeIOT 60-

rree "<IeTKIIe rpaHIIIJ;bl. Mo2KH0 C"<IIITaTb, qTo 3Haqemu1 In = 20% II 

Rg = 15 MKM .llBlI.HIOTC.ll npIIeMrreMbIMII. 

3. Ha pIIc.10, µ;,e BII;JJ;HO Ka"<IeCTBeHHOe II3MeHeHIIe rrepeCIIHTe3IIp0-
BaHHOro o6panua RS. B HeM penKo cHII3IIlIC.ll o6'beM nop, IIHTep
qien:cHble q>a3bl YHII"<ITO)KeHbI, rpaeyrrbl BblpOClllI. npII6mmIITellbHO 
Bµ;noe II IIlIOTHO rrpIIrreraroT µ;pyr K µ;pyry. Bee 0TII penyrrbTaTbI XO
porno COBIIaµ;aroT C penyllbTaTaMII o6pa6oTKII µ;aHHbIX II3MepeHIIH 

aG-BOCIIpIIIIM"<IIIBOCTII, KOTOpble µ;aIOT 3Ha"<IeHIDI In = 5% II 

Rg=30 MKM. 
Haµ;o OTMeTIITb, "<ITO o6pa6oTl(a 0KCiiepIIMeHTallbHbIX µ;aHHbIX II3-

MepeHIIH ac-nocrrpIIIIM'lIIBOCTII 6brna npoBeµ;eHa µ;o rrorry"<IeHIDI µ;aH
HbIX In II R9 no Mopqiorronrn o6pa3IJ;OB. 8To CBIIµ;eTellbCTByeT o 
TOM, "<ITO PMKC nrrorrHe aµ;eKBaTHO orrIIcbrnaeT HaMarHII"<IeHHOCTb 
B BTCII-o6pann;ax II rrorry'leHHble 3Ha'leHII.ll rrapaMeTpoB 8, q, In II 
R9 µ;ocTonepHble. 
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5. BbIBO~bl 

Mb! npeµ;rraraeM TeXHOlIOrIIIO IIOBTOpHoro CIIeKaHirn KepaMII"<Ie
CKIIX o6pann;on Y Ba2Cu30 7_ 6 (YBCO) D aBTeKTII'leCKOM pacrrrrane 

(3BaOu02 + 2Cu0) µ;rr.H yMeHbrnemra o6'beMHOII µ;orrn 11x Me1Krpa

HYllbHOII o6rracTII II conµ;aHII.ll MaCCIIDHbIX o6pa3Il;OB, COCTO.lllll,IIX II3 

rpaHyrr YBCO, CIIllbHO CB.H3aHHbl~ Me2Kµ;y co6011. 
Mny'leHIIe TaKIIX napaMeTpon, KaK o6'beMHa.H µ;orr.H Me2Krpa

HYllbHOH 06rracT11 In, cpeµ;m1n: pam.1ep rpaHyrr R9 11 q>aKTopon /3 11 
q ueHTpOB IllIHHIIHra rrpoBeµ;eHO C IIOMOlll,bIO aHamma norry'leHHbIX 

µ;aHHbIX lI3MepeHirn ac-BOCIIpIIIIM'lIIDOCTII B paMKax pacumpeHHOil 

Moµ;emI KpIITII'leCKoro COCTO.llHirn, penyrrbTaTbl KOToporo II03BOlI.llIOT 
cµ;erraTb crre;ri;y10111,ue BblBoµ;bl: 

1. Ilpon;ecc rrepec1rnTena He panpywaeT qiany Y Ba2Cu307_ 6 rpa
HYllbHOH o6rracTII ncxo;ri;Horo o6pann;a. 

2. Harru-que anTeKTII'lecKoro pacrrrrana (3BaCu02 + 2Cu0) rrpu rre
pecIIHTene conµ;aeT 6rrarorrpII.llTHbie ycrromrn µ;rr.ll rrepeqiop:r..mpona

HII.ll cocTana Me2Krpa11yrrbHOII 06rracT11, cy111,ecTBOBanrne11 µ;o rrepe
ClIHTena B cTex110MeTpII"<IecKIIII cocTaB Y Ba2Cu307_6, B penyrrbTaTe 
-qero o6'beMHa.H ;JJ;Oll.ll Me1KrpaHyllbHOII o6rracTII CHII)KaeTC.ll c 50 µ;o 
5%. Ilpn aToM rpaHyrrbl, ecTeCTBeHHo, pacTyT, ux cpeµ;tt1111 pan
Mep yBelIII"<IlIBaeTC.ll B)l;BOe II CB.ll311 Me1Kµ;y HIIMII CTaHOD.llTC.ll 6orree 

CllllbHbIMII. TeJ1.,11IepaTypa rrepexoµ;a B CBepxrrpoBoµ;.!1111,ee COCTO.!IHIIe 
rpaHyrr IIOBbllliaeTC.!I µ;o 94 K. 

B HaCT0.!1111,ee BpeM.ll IICClle)];OBaHirn D 0TOM HarrpaBJieHIIII rrpoµ;orr
)KaIOTC.ll C IJ;ellbIO rrpaKTII"<IeCKII IIOlIHOro YHII"<ITO)KeHirn Me)KrpaHyJib

HOM o6rracTII n KepaMIIKax Y Ba2Cu307_6 II rrorry'leHirn BbICOKorrrroT
HbIX KepaMII"<IeCKIIX o6pann;oB, COCT0.!1111,IIX 113 CllllbHO CB.!I3aHHbIX II 
xoporno TeKcTyuponaHHbIX oµ;Hoq>a3HbIX rpaHyrr Y Ba2Cu30 7_ 6• D 
µ;aHHbIM MOMeHT OIIIICaHHa.H TeXHOlIOrII.!I xoporno IIpIIMeHm.rn )l;ll.!I 113-

roTOBJieHIDI cBepxrrponoµ;.1I111,IIx aKpatton, µ;rr.!I rroKammamm crra6blx 
cn.llne:ii n BTCII CKBM,I(e. 

B 3aKlIIO"<IeHIIe OTMeTIIM, "<ITO D OTlIIl"<IIIe OT MaCCIIDHbIX Kepa:r..m
-qecKIIX o6pa3D;OB, ImrOTOBlleHHblX C IIOMOlll,bIO Bblllierrepe'lIIClICHHblX 

MeTO;JJ;OB (2-6], B KOTOpbIX KpIITII'lCCKIIII TOK yneJIII'lIIDaeTC.ll 3a C'l('T 
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conp;amrn: B HIIX ueHTp0B IIIIHHIIHra, B rrepeCIIHTemrpoBaHHbIX 06-
panuax OH II0BbIIIIaeTC.H II3-3a rrop;amreHII.H BJUI.HHII.H Me)KrpanyrrbH0II 
06rracT11. IloaToMy cBepxrrpoB0)];.Hll.J,IIe CBOIICTBa rrepecnHTemrpoBaH
HhlX o6panuoB 6en Me)KrpanyrrbHOII 06rracT11 p;oIT)KHbI yrry'lrnIITbCH 
p;o TeopeTII'IeCKIIX rrpep;erroB p;rr.H 'IIICTOII <panhl Y Ba2Cu3O7_ 6• 

TABJUIU:A 1. OcHoBHbie xapaKTepucTIIKII uccrrep;yeMbIX o6panuoB 

06pa.Jeu IT.rlOTHOCTh, Tc9 , Tei, q /3 Jo In, Rg, 
r/cM3 K K % MKM 

IS 5.2 91 89 2,41 0,26 1,40x109 50 15 
MS 5.3 92 90,5 3,06 0,56 5,43x109 20 15 
RS 6.2 94 91 2,62 0,37 2,08x108 5 30 

IlpIIMe'laHHe: Tcj II Tcg orrpep;erreHbI C II0M0ll.J,blO KpIIBOH x" (T), II3Me
peHHOII c MHHIIMaITbHoii aMrrrrIITY)J;OII nnMepuTerrbHoro rrepeMeHHoro 
rrorr.H H0 = 5, 25 A/M. 3Ha'lemrn J0 BbI'IIIcrreHbI B CIICTeMe CH. 
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PIIc.6. TeMrrepaTypHbIC 3aBIICIIMOCTII 3<pq>eKTHBHO:U: rrpoHIIa;aeMOCTII 
Me/ 1 IIccrre,n;yeMhlX o 6pa3a;on. To'IKII - 3KcrrepIIMCHTaJibHhle ;a;aHHhle. 
KpIInhle Bhl'IIIClICHhl no q>opMyrre ~) co ;:rnaqeHIIJIMII f n II R9 , yKa-
3aHHhlMII y KruK;a;oii: KpIIBOH 
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P11c.7. TeMnepaTypHbie naBHClIMOCTlI MHJIMOH 'laCTJI ac-Bocnp1111M
'llIDOCTlI 11cxo;a;Horo o6pam:i;a IS. 
a)- 8KcnepHMeHTallbHhle ;a;aHHbie, 11nMepeHHhle npH Ho(A/M) = 
10,5(0), 31,5( □), 52,4(~), 73,4(+), 94,3(*), 115,3(*)-
6)- TeopeTII'lecxue KpIIBbie, DbI'lIIcrreHHbie no PMKC c napaMeTpaMII, 
np1me;a;eHHbIMII n Ta6JIIIIJ;C 1 ;r:I;JIJI COOTBeTCTDJIOI.IJ.IIX aMnllIITy;a; Ho 
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10,5(0), 20,9(□), 52,4(~), 73,4(+), 94,3(*), 131,3(*)-
6)- TeopeTH'lCCKJie KpIIBbie, BbI'lIIcrreHHbie no PMKC ;a;JIJI Me2Krpa
HJJibHOH o6rracTII c napaMeTpaMII o6panIJ;a MS, rrpIIBe;a;eHHhlMII B 
Ta6JIIIIJ;e 1 ;r:I;JIJI COOTBCTCTBYIOllI.IIX aMIIlIIITy;a; Ho 
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PIIc.9. TeMnepaTypm,rn 3aBIICIIM0CTII x" (T) o6pam:i;a RS. 
a)- 8KcnepIIMeHTalll,Hhle µ;aHHhle, II3MepeHHhle IIpII Ha(A/M) -
10,5(0), 31,5(□), 52,4(~), 73,4(+), 94,3(x), 115,3(*), 136,2(*). BII
p;Hhl IIIIKII rpaHyrr1,Hoii o6rracTII npII 6orree BbICOKOH TeMnepaType, 
KoTopaJI yBerrII~IIrrac1, f?rraroµ;ap.H np01:i;eccy nepecIIHTe3a. 
6)- TeopeTII~eCKIIe KpIIBhle, Bhl~IIcrreHHbie no PMKC µ;rr.H ·Me2Krpa
Hyrr1,Hoii o6rracTII c rrapaMeTpaMII 06pam1a RS, npIIB~p;eHHbIMII n Ta-
6rrm1e 1 µ;JI.H C00TBeTcTBYIOlll,IIX aMIIJIIITyµ; Ha 
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a) 

6) 

Pttc. l O a,6. MnKpoq>oTorpaq>nu cKorron nonepc~rn1,1x n npoµ;orrbHbIX no
nepxHocTci'106pam1on IS(a, 6), MS(n, r) n RS(;r:i;, e) 
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Bb10Hr H.B·., Pacnonmm E.B., 51K0Be11Ko H.A. 
nepecm1Te3 ~ HOBblH 110.UXO)l K ·1nroTOBJ1e111110 
Macc11BHbtX XB½Cu30 7_0-KepaMHK ~ 

P17-96-27 

ITpencTaBJ1e11a npouenypa nepeCHHTe3a YB'½Cu307_3-KepaMHK B 3BTeKTH'IeC

KOM . pacnnaBe 3BaCu02 + 2Cu0 JJ,JUI C03JWIIIUI . MaCCIIBllblX o6pa3UOB._ B 

nepecmITe3HpOB.~HHb;X Kepa~HKaX coxpat;.HeTC.H ~JlHO<pa3IIOCTb pm.16114ecicoii cpa3bl 
YB'½Cu307-0' o6beMllrul .UOJJ.H Me)KrpauynbHOH o6nacrn Yl\H!HbWIIJlaCb c 50 .uo ~%. 

cpemmii pa3Mep_ rpanyn · yBentt1-111JJC.H B.UBoe, JaMerno yc11mm~cb CB.H3b Me)KJly, 
rpai1ynaM11. · .1 • 

. Pa6ora l!btnOn11eua B na6opaTOpHH ueiiTpm111oii q>H3HKII IIM. 1-1.M.<t>paHKa 
Ol15ll1 H a OT)lene CBepxnpoBO.UHMOCTH l1ct_JTTT. 

Coo6mem1e 06b~JlHHeH110ro HHCTIITYf; ll~epHhJX · 11ccnenoeam1ii. }lyfaia. 1996 
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nepeBO.U aBTOpOB 

Vuong N.V., Raspopina E.V., Yakovenko N;A. . .. PI7~96-27, 
Resintering - a Novel Approach for Preparing Massive 
YBazCu30 7_0-Ceramics 

The resintering procedure of YBa;cu30 7_0-ceramics in 3BaCu02 + 2Cu0 

eutectic melt for preparing massive samples is presented. The resintered ceran1ic~ is 
of_the single orthorhombic phase YB'½Cu30 7_0 and ha~_the volume fraction ofthe 

. intergrain region reduced from 50 to 5%. The average grain size is twofold increased, 
the connection between grains is appreciably strength~ned. . · 

The investigation has been perfor~ed at the Frank Laboratory of Neutron 
Physics, JINR and the Department of superconductivity, IPTP. 
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