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OBIIJ;Afl XAP AK'JlEPHCTHKA P ABOThl 

AxTyan:bHOCTb npo6ncMbl 

Co BpcMeHH OTKpbiTHH IIIBeHQapcKH~H <t>mmKaMH HG <t>upMbi IBM B IJ;ropHX~ 
Bc~aopQeM H MromrcpoM B Ha'lan:e 1986 r. [1] JIBIICHHH BbiCOKOTeMnepaTypaoii. 

cBepxnpoBOAHMOCTH npH HGy'leHHH CBOHCTB coc~HHCHHJI La4BaCu50r2+S npo-

IIIno no'lTII ACCJITb neT. Koae'!HOH QenbiQ. HGy'leHHJI Taxoro JIBJICHHH JIB1111IOTcJI: 

1) OTKpbiTIIC XII~H'lCCKHX COCTaBOB CBepxnpOBO~HHKOB 1 KOTOpble o6na~aiOT TCM

nepaTypoH nepcxo~a B CBCpxnpOBO~Jlll\CC COCTOJIHHC Tc nopH~Ka KOMHaTHOH TCM

nepaTypbi II CBCpxnpOBOAHU\IIMII CBOHCTBaMII no:JBOIIJIIOU\HMH HX noBCCAHCBHbiC 

npHMCHCHHJij 2) noJIHOC 06'bJICHCHIIC MCXaHII:JMa BbiCOKOTeMncpaTypHOH CBCpX-

npoBOAHMOCTH. TaKaJI QCIIb BbiGbiBacT 6onbiiiOH :JHTY:JHaGM HCCIICAOBaTcne:iiupu 

npoBCACHHII pa6oT B :JTOH o6rraCTII . . 
_ Ha ccro~HJIU\HIIii ~eHb IICCIICIJ;OBaHHe BbiCOKOTeMncpaTypHbiX cBepxnpoBo~HII-

KOB (BTCII) MO)KHO paGACIIIITb Ha CIIC~YIOU\HC f!anpasrreHHJI: 1) TCOpeTH'lCCKHe 

HCC1ICAOBaHH11
1 

:JaHHMaiOU\IICCH noHCKOM HOBOrO MCXaHHGMa JIBIICHHH BbiCOKOTCM-

nepaTypHOH CBCpxnpOBO~HMOCTHj 2) :JKCncpiiMCHTaJibHbiC HCCII~~OBaHHH, BKIIIO

'laiOU\IIC B CC6JI Tpii OCHOBHbiX HanpaBJICHHJI: BCCCTOpOHHCC HGY'lCHHC <fliiGHKO-

XIIMH'lCCKIIX CBOHCTB BTCII, ciinhHO- H cna6oTO'lHble npHMCHeHwi BTCII II no-

HCK HOBbiX COCTaBOB C 6onec BbiCOKOH Tc. 

Y BTCII-MaTcpiian:o~ cyll\eCTByei OAHa oco6eHHOCTb , KOTopaH cHnbHO Bnii-

HCT Ha peoyllbTaTbl HCCIICAOBaTCIIbCKHX pa60T 1 npoBe~CHHbiX no .BbiiiiC ynOMJI

HYTbiM aanpasneHllliM. Taxo:ii oco6eHHOCTbiO JIB1111CTCJI HX rpa.Hy1111pHOCTb. Oaa 

CBJI:Ja.H(i.
1 

B HaCTOJIU\CC BpcMJI1 C TCXHH'lCCKHMH TpJAHOCTJIMH npH CHHTC3C MO-

HOIIHTHbiX o6paGQOB CO IIIKaiiOH OAHOpO~HOCTH nopHAKa A1IHHbl KOrepeHTHOCTH 

e. KOTOpaJI ~1111 BTCII-MaTepHaJIOB OKaGbiBaeTCH O'lCHb Man:q:ii, e"' lOA. I'paay-

1111pHbiC BTCII-MaTepHan: er~ COCTOJIT HG _t!!!JX CHCTC a,-.ao·T•x•••ee••• 
••~aonaa 

OB8H 

: OCHOBHaJI CHCTCMa 
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.liBruieTC.li MHo:lKeCTBOM rpaHyrr (rpaHyllbHaJI 06rraCTb - rO), HMeiO~HX onpep;e

JieHHbiH XHMH'leCKHH COCTaB H HeOCHOBHaJI CHCTeMa (Me:lKrpaHyJibHaJI 06JiaCTb-

Mr0), KOTOpaJI OKpy:lKaeT OCHOBHYIO CHCTeMy H OTllH'laeTC.li OT n~crrep;HeH no 

XHMII'lecKoMy cocTaBy, Mopq>onornn H q>n:JHKO-XHMII'lecKHM caoiicTBaM. 

B noiicKe HOBbiX XHMH'leCKHX cocTaBOB BTCIT 6blnH p;ocTIIrHyThl ycnexii • By 

n coaBTOpbi (2] ~TKphlnH B Ha'lane 1987 r. cocTaB Y Ba2Cu301-o, B KOTopoM Tc 

nepenma nopor TeMnepaTyphl KHIIeHH.ll :lKIIp;Koro a:JoTa npn H. y. H paBHa"' 90K 

no cpa~HeHHl<> c :JHa'leHHeM 40K B coep;IIHeHHH La2-x(Ba/ Sr )xCu04. Tc cp;e-
~ . 

nana cnep;yro~nii CKa'IOK npn OTKpbiTHHCOCTaBa Bi2Sr2Can-1 Cun04+2n Maep;oii 

H p;p. (3] II T/2Ba2Can-1Cun04+2n (4], rp;e B :JaBHCHMOCTH OT HHp;eKCa n, COOT

BeTCTBYIO~ero 'IHcny CBepxiipOBOp;.li~HX IIUOCKOCTeH CuQ2.B· KpiiCTanUII'leCKOH 

G~:reMeHTapHoii .li'leiiKe Tc Mo:lKeT p;ocTIIraTb :JHa'leHH.ll "' 120K. lloiiCK HOBoro co

CTaBa KpOIIOTUIIBO npop;On:lKaeTC.ll II yBeH'lanC.ll e~e 0):\HIIM ycnexOM C OTKpbiTIIeM 

ITynnTIIHhlM, AHTIInOBbiM H gp. (5] cocTaBa HgBa2Can-1Cun02+2n+x, rge HOBOe 

:JHa'leHIIe Tc ~ 130K OIIHT:b Bp;oxHaBmreT IIccrregoBaTeneii. 0TMeTIIM op;Ho o6-

CTO.liTeUbCTBO, BCe 13TH Coep;IIHeHH.ll · .liBllliiOTC.ll rpaHyrr.HpHbiMII, npii'leM IIMeeTC.ll 

TeHp;eHu;IIH pocTa cTeneHII rpaHynHpHOCTII c noBbiiiieHIIeM Benii'IIIHbl Tc. 

llocKOUbKY rpaHyrr.HpHOCTb HapyiiiaeT MOHOUIITHOCTb BTCIT-o6pam:~;oB, Ta

KIIM o6pa30M OHa HaMHOrO OCllO:lKH.lleT IIHTepnpeTaiJ;IIII nony'leHHbiX p;aHHhlX, II 

TeM CaMbiM orpaHn'IIIBaeT ):IOCTOBepHOCTb MHOrO'IIICUeHHbiX p;aHHbiX, Heo6xop;II-. . 
MbiX grur nocTpoeHH.li Teopnii BbiCOKOTeMm!paTypHoii CBepxnpoBop;IIMocTH. OT-

croga BbiTeKaeT BbiBOA o ToM, 'ITO napannenhHo noiicKy HOBoro cocTaBa BTCIT- · 

' . 
MaTepnanoB He06XO)J;HMO IIpOBeCTII H HCCUep;oBaHII.ll no nony'leHHIO MOHOllHTHbiX 

o6pa:JIJ;OB H:JBeCTHbiX COCTaBOB, 0 'leM He 6biUO C006~eHII.ll B llRTepaType. 

Ba:lKHbiM )J;ll.ll CBepxiipOBQ)J;HIIKOB .liBruieTCH II:Jy'leHIIe IIX OTKlliiKa Ha BO:Jp;eii

CTBHe MarHHTHOrO norur H, 6ro KOTOporo HeJib:J.ll O):IHO:JHa'IHO nop;TBepp;IITb Ha

rrn'Iire B HHX .liBrreHHe cBepxnpoBO):IIIMOCTII. lpaHyrurpHble cTpyKTYPhl BTCIT-
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MaTepiianOB cy~eCTBeHHbiM o6pa:JOM BliiiHIOT Ha pe:JyilbTaTbi II:JMepeHIIH HaMa

rHH'leHHOCTH II :JaTpY):IH.liiOT npoBep;eHIIe KOllH'leCTBeHHOrO aHanii:Ja 13THX proyrrb

TaTOB. B (6] noKa:JaHo, 'ITO grrH TaKoro poga II:Jy'leHIIH Ka'leCTBeHHo MO:lKHo npii

MeH.liTb Mop;errb KpHTII'leCKOrO COCTO.liHIIH (7], rp;e KpiiTII'leCKIIH TOK Jc l1II6o He 

:JaBIICIIT OT H rrii6o nponopu;IIoHaneH ·1/ H. TaKIIe :JaBIICIIMOCTII Jc(H) He cnpa

Bep;niiBbl gn.H MrO, KoTopaJI cy~ecTByeT B BTCIT-o6pa:Ju;ax KaK HeoT'beMneMaJI 

'laCTb. llocKorrbKY IIMeHHo Mro .HBrureTCH IICTO'IHHKOM Bcex oco6eHHocTeii Ma

rHIITHbiX OTKUIIKOB BTCIT-o6pa:Ju;oB, To ocTpo CTOIIT Bonpoc o paciiiiipeHIIII 

Mogenn KpiiTII'lecKoro cocTo.HHII.li grur oniicaHII.li HaMarHII'leHHOCTII B MrO, rge 

CB.ll:Jb Me:lKp;y TpeM.H OCHOBHhlMII napaMeTpaMII Jc - H - T HOCIIT 6onee CBo6o

AHhlH xapaKTep. 

B :JaBIICIIMOCTII oT cBoeii cTpyKTyphl, Mro Mo:lKeT .HBruiTbCH II cBepxnpoBo

AHIIKoM, II ecTeCTBeHHO Me:lKgy Mro II ro ):IOU:lKHO cy~eCTBOBaTb B:JaHMogeii

CTBIIe. TaKoMy .liBUeHIIIO nOCB.ll~aiOTC.li B nocnep;Hee BpeM.ll IIHTeHCIIBHble 13Kcne

piiMeHTanbHble IICcnep;oBaHIIH (8-11]; pe:JyUbTaTbl KOTOpbiX p;eMOHCTpiipyiOT Gq>

<l>eKT KOHIJ;eHTpau;IIII MarHIITHOrO norur. Ha noBepXHOCT.liX rpaHyn II BUII.liHIIe ):III

aMarHIITHOro COCTO.liHII.li rpaHynbHOH o6naCTII Ha riiCTepe3IIC MarHIITHbiX OTKUII

KOB B o6pa:Ju;e. TeopeTII'lecKoe IIccnegoBaHIIe B GTOM HanpaBneHIIII gaeT nporHo:J 

0 BO:JMO:lKHOM cy~eCTBOBaHIIII II 06paTHoro Gq>q>eKTa - pa3pe:lKeHIIH MarHIITHoro 

non.H BHyTpii CIICTeMbl, COCTO.li~eH II:J ):IIIaMarHIITHbiX rpaHyn. Bbi.liCHeHIIe Ta-

~ . 
KIIX Gq>q>eKTOB HOCIIT He TOUbKO aKap;eMII'leCKOe :JHa'leHIIe, Kacaro~eec.ll :paHy-

ruipHOH KapTIIHbl BTCIT-66pa:JIJ;OB, HO II npaKTII'lecKoe :JHa'leHIIe npii npiiMe

HeHIIII BTCIT B Ka'leCTBe II:Jp;eniiii, pa6oTaro~IIX nog Bo:JgeiicTBIIeM BHeiiiHero 

MarHIITHoro IIOrui. fioGTOMY JICHa Heo6xop;HMOCTb p;anbHeHIIIero II:Jy'leHIIH 13TOH 

npo6neMbl. 

M:JBecTHo, 'ITO Ba:lKHeHIIIIIM cpegii npiiMeHeHuii CBepxnpoBop;.H~HX MaTepiia

noB .liBil.lleTc.ll CBepxnpoBO):I.ll~uH KBaHTOBbiH IIHTepq>epeHD;IIOHHbiH p;aT'IMK 

(CKBM,II;). Ha6nrogeHHbiH B pa6oTe [12] Gq>q>eKT CKBIIp;IIpOBaHIIH B o6'beMo-

3 



KepaMII'IecKIIX o6pam~ax Y Ba2Cu30 7_ 5 Bhi3biBaeT 6onhlllOH IIHTepec B03MO:lK~ 

Horo.npiiMeHeHH!I BTCII B C031J;aHIIII CKBM,II;oB, pa6oTaiO~IIX npii 77K, KOTo

poe o6ecne'IIIT 60JiblllOH nporpecc B MarHIITOMeTpiiii. ,II;eHCTBIITCllbHO, B Ha'IaJie 

90-hiX rop;oB, BaciiJibeB B.B. II ero rpynna cp;enaJIII nepBbiC lllarii B 3TOM Hanpa

BJieHIIII [13-15] 7 B pe3yJibTaTe 6biJIII C03):1;aHbi 'IYBCTBIITCJibHbiC pap;IIO'IaCTOTHbiC 

CKBM,II;hi Ha ocHoBe KepaMIIK Y Ba2Cu301-o· Op;HIIM Hep;ocTaTKOM TaKIIX II3p;e-

JIIIH .!IBJIJiliOCb KOpOTKOC BpCM.!I :lKII3HII 7 OHII 6biCTpO p;erpap;IIpOBaJIII npii TepMII'IC

CKOM ~IIKJIIIp.oBaHIIII II npii xpaHeHIIII Ha B03p;yxe. B nocnep;yro~ee BpeM.!I 7 co3p;a

HIIe CKBM,II;oB nepeopiieTIIpoBaHo Ha npiiMeHeHIIe p;oporocTo.!I~eil TexHonoriiii 

TOHKOH nneHKII p;n.!I II3roToBJieHII.!I BhiCOKOKa'!eCTBeHHhiX II nepcneKTIIBHhiX B IIH-

TerpaJibHOM IIcnonHeHIIII TOHKonneHO'IHhiX CKBM,II;oB [16] .• 'B nocnep;HIIe rop;bi 

nepep; aBTOpOM 6hiJia llOCTaBJieHa 3ap;a'Ia C03p;aHII.!I TOJICTOllliCHO'IHhiX pap;IIO'!a-

cTOTHhiX CKBM,II;oB, KoTopbie IIMeJIII 6bi xopollliie xapaKTepiiCTIIKII, KaK B nony

'ICHHhiX o6'beMoKepaMII'IeCKIIX CKBM,II;ax Ho o6nap;aJIII 6bi BhiCOKOH CTOHKOCThiO 

B 3KCnJiyaT~IIII II XpaHeHIIII II npOCTOTOH II3rOTOBJICHII.!I no cpaBHCHIIIO C TOHKO-

nneHO'IHhiMII CKBM,II;aMII. B TaKyro :Jap;a'Iy BXOIJ;IIT pa3pa6oTKa cnoco6a II3roTo-

BJICHII.!I TOJICTOH llliCHKII Ha UO):I;XO):I;.!I~CH UO):I;JIO:lKKC 7 peryniipOBaHIIe rpaHyllhHOCTII 

II CBOHCTB 3TIIX llliCHOK II MCTOIJ;IIKa C031J;aHII.!I TOJICTOllliCHO'IHOrO KOHTypa KBaH-

TOBa:im.!I II il:OKaJIII3~IIII B HCM CJia60H CB.!I3II. C Y'ICTOM llOCJIC):I;HIIX }J;OCTII:lKCHIIH 

B r:mroTOBJICHIIII CBepxnpOBOIJ;.!I~CH npoBOJIOKII Ha OCHOBe BIICMYTOBO~ CIICTCMbi 

[17], KOTOpbiC MoryT 6biTb IICllOJib30BaHbi p;1UI II3rOTOBJICHII.!I TpaHclf>opMaTOpa 

MarHIITHbiX ll0TOKOB 7 Ha3BaHHa.!I 3ap;a'!a IIMCCT nepcneKTIIBY B C031J;aHIIII Ma-

rHeTOMeTpOB 7 pa6oTaiO~IIX npii 77K, 'ITO .!IBJIJICTC.!I OIJ;HIIM II3 IJ;OCTII:lKCHIIH B 

npiiM:eHeHIIII BTCII B ~enoM. 

l~ocne OTKpbiTH!I coep;II~eHH!I Y Ba2Cu30 7_ 5 cpa:Jy 6biJIO ycTaHOBJieHo, 'ITo 

·cBepxnPOBOIJ;.!I~eil .!IBJI.!ICTC.!I TOJihKO poM6II'!eCKa.!I lf>a:Ja. 3Ha'IeHIIe Tc II CBepx-

npoBop;.!I~IIe cBoilcTBa yny'IlllaiOTC.!I c noBbillleHIIeM poM6II'IHOCTII 3JieMeHTapHoil 

.li'ICHKII
7 

KOTOpa.!I B CBOIO O'Iepep;h yBeJIII'IIIBaeTC.!I C llOBhilllCHIICM COIJ;Cp:lKaHD:.li 

KIIcnopop;a B .!I'IeHKe (7 - 8) p;o cBoero paBHoBecHoro 3Ha'!eHII.!I "' 7. Mccnep;o

BaHIIIO npo~ecca p;II!J>cpymm aTo:r,;mB KIIcnopop;a u3 oKpy:lKaro~eil aTMoccpepbi B 

KepaMIIKax Y Ba2Cu301-o nocB.!I~eHhi MHoro'IIICJieHHhie 3KcnepiiMeHTaJihHhie n 

TeopeTn'IeCKIIe pa6oTbi. Ilony'IeHHhiJI 6oJiblllOH pa36poc B onpep;enemtn K03cp

cpnn;neHTa p;ncpcpymtn D n ero 3aBHCIIMO.CTII oT Tel\mepaTyphi II napn;naJibHoro 

p;aBJICHII.!I KIICJIOpop;a CB.!I3biBaeTC.!I C rpaHyJI.!IpHOH CTpyKTypoH IICCJiep;yeMbiX o6-

pa3IJ;OB. Ilo3TOMY aBTopoM 6bma nocTaBJieHa 3ap;a'!a o aHaJIIme TaKoro npon;ecca 

):I;IIcpcpy3IIII B CTaiJ;IIOHapHOM II KIIHCTII'ICCKOM pe:lKIIMaX B rpaHyll.!IpHbiX CUCTCMaX 

C Il;CllbiO llOJIY'ICHII.!I ero aHaJIHTU'ICCKOro OllUCaHH!I }J;ll.!I Bbipa60TKII peKOMeHp;a

IJ;IIII npii n:JroTOBJieHnn KepaMII'IeCKIIX o6pa3IJ;OB Y Ba2 Cu30 7 _ 0 c 3ap;aHHhiMII 

cBoilcTBaMn. 

D;enb pa6oThi 

MTaK, n;enn pa6oThi HanpaBneHhi Ha pellleHII.!I cnep;yro~IIX npo6neM: 

p;oKa3aTeJibCTBo HaJIII'IH!I rpaHynHpHOCTII KaK CBOHCTBa npiicy~ero BTCII

o6pa3n;aM. 

- oniicaHIIe npon;ecca p;IIcpcpy3IIII aToMoB Kncnopop;a II3 oKpy:lKaro~eil aTMoccpepbi 

B rpaHyll.!IpHOH CIICTCMC Y Ba2Cu30x B CTaiJ;IIOHapHOM II KIIHCTII'ICCKOM pe:lKII

Max. AHaJIII3 JIIITepaTypHbiX II co6cTBeHHhiX 3KcrrepnMeHTaJihHhiX p;aHHhiX o co-

p;ep:lKaHIIII KliCliOpop;a B 3JICMCHTapHOH .!I'ICHKe, IIOJIY'ICHHhiX C IIOMO~hiO o6pa

'6oTKII HeilTpOHHhiX p;IIcppaKTorpaMM rro MeTop;y PIITBenbp;a, KoTopbie CH.!IThi 

Ha II3rOTOBJICHHhiX KepaMII'ICCKIIX o6pa3IJ;aX C IIOMO~biO I!;IIcppaKTOMeTpa ,II;H-2, 

ycTaHOBJieHHoro Ha IIMIIYJihCHOM peaKTope MBP-2. Orrpep;eneHne K03lf>cpun;neHTa 

p;IIcpcpy3IIII D II ero 3aBIICIIMOCTII OT TCMIIepaTyphi II napiJ;llaJibHOro p;aBJICHII.!I 

KIICJIOpop;a. 

- Pa3BIITIIe Mop;enn KpiiTII'IcCKoro cocTO.!IHII.!I p;JIJI ap;eKBaTHoro oniicaHH!I HaMa-

rHD:'ICHHOCTU II ee 3aBIICIIMOCTH OT TCMIIepaTyphi, IIOCTO.!IHHOrO.II nepeMeHHOrO 



MarHnTHbiX none:il B rpaHymrpHbiX BTCII-o6pam~ax. IIoncK MeTo;o;a onpe;o;ene

HH.!I TeMnepaTypHOH H MaHrHTononeBOH tlaBHCHMOCTeH nJIOTHOCTll KpHTIPieCKOrO 

TOKa Me:lKrpaHynhHOH o6nacTn B rpaHynKpHbiX BTCII-o6pam~ax. Bbrpa6oTKa 

MeTo)l;IIKII onpe;o;eneHH.li napaMeTpoB rpaHynKpHo:il CTPYKTYPhi n xapaKTepncTHK 

QeHTpOB nHHHHHra, ycTaHaBniiBaiOIQHX TeMnepaTypHyiO ll MarHHTnoneByro tJaBII

CHMOCTH KpHTII'leCKoro TOKa. 06'b.IICHeHIIe OC06eHHOCTeH MarHHTHbiX OTKJIIIKOB 

B BTCII-o6panQax, CBJI3aHHhiX c Hanii'liieM B HIIX Me:lKrpaHynhHOH o6nacTn. IIog

TBep:lK)l;eHne ::IKcnepnMeHTanhHO ::~<lJ<lJeKTa panpe:lKeHII.li MarHHTHoro nonJI BHyTpn 

BTCII-o6panQoB. 

- IIogTBep:lKgeHne Heo6xop;IIMOCTH n B03MO:lKHOCTII panBIITII.li HOBoro HanpaBne-

HIIJI no co:JgaHnro KBatJHMOHOniiTHhiX BTCII-o6panQOB. 0QeH!m ponn <~Toro Ha

npasneHnJI B p;anbHe:ilweM panBnTnn nccnegoBaHH.li BTCII. 

- Panpa6oTKa cnoco6a n:JroToBneHn.li cBepxnpoBO)l;JIIQe:il ToncTo:il nneHKH 

Y Ba2Cu301-6 n MeTognKH C031J:aHII.li BbiCOKOcTa6ImhHbiX ToncTonneHO'lHbiX pa

gnoqacTOTHbiX CKBU:,Il;oB. 0QeHKa nepcneKTHBbi TaKoro HanpaBneHll.!I B co:Jp;a

Hnn CKBU:,Il;oB. 

Hay'lHM HOBII3Ha n npaKTH'leCKM QeHHOCTb pa6oTbi 

Hay'lHM HOBII3Ha :JaKnroqaeTcJI B: 1) pa3pa6oTKe HoBoro cnoco6a n:JroToBne

HHJI TOJICTbiX nneHoK Y Ba2Cu30 7_6 MeTO)l;OM oKpawrmaHn.!I Ha nogno:lKKe 

~BaCuQ5 H nony'leHHII opnrnHanbHOH MeTOIJ:IIKH C031J:aHII.li O)l;HOIIH;IJ;YKTHBHbiX 

ToircTonneHO'lHbiX pa;o;noqacTOTHbiX CKBU:,Il;oB Y Ba2Cu30 7_ 0 c ncnonbtJOBa

HHeM IIpOQecca IIOCJIOHHOH gerpagaQnn nneHKHj 2) panBIITHH MO)l;eJIH KpHTH'le

CKoro .COCTO.!IHII.II C ee ycneWHbiM IIpiiMeHeHHeM )l;JI.!I o6'h.IICHeHII.li oco6eHiiOcTeH 
! . 

MarHIITHbiX OTKnnKoB B BTcrr:o6panQax; 3) o6ocHoBaHnn Bo3MO:lKHocTu u Heo6-

xo;o;nMocTu panl'lnTII.!I nepcneKTIIBHoro HanpasneHII.li nccnep;oBaHII.li no co?gaHuro 

KBatJIIMoHonuTHbiX BTCII-o6panQOB. 
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IIpaKTII'lecKM QeHHOCTh pa6oTbi CJiep;yromM: 1) nony'leHHbi aHaniiTII'leCKIIe 

Bbipa:lKeHII.li onncaHII.li npoQecca noBbiWeHII.li co;o;ep:lKaHII.li KIIcnopoga B ::~neMeH-

TapHo:il JI'leHKe KepaMII'leCKIIX o6panQOB YBa2Cu30 7 _ 0 , KOTOpbie ucnonhtJOBa-

JIIICb ll IICnOJib3YIOTC.li B Bbipa60TKe TexHOJIOrii'leCKHX peKOMeH)l;aQnH )l;n.!I norryqe-

HIIJI o6panQoB Y Ba2Cu301-6 c nap;aHHbi~u CBOHCTBaMIIj 2) panpa6oTaHbi npoQe-

p;ypbi )l;JIH onpegeneHII.li IIJIOTHOCTU KpiiTII'leCKOrO TOKa Me:lKrpaHyJibHOH o6naCTII, 

o6pa60TKU pe3yJibTaTOB II3MepeHIIH TeMnepaTypHbiX II MarHIITOIIOJieBbiX tlaBU-
' 

CIIMOCTe:il p;nHaMII'lecKo:il BocnpniiM'lHBOCTII B rpaHynKpHbiX BTCII-o6panQax II 

onpe;o;eneHIIH napaMeTpoB rpaiiynKpHo:il CTpyKTYPbi II QeHTpoB niiHHHHra. 8Tn 

npoQegypbi IIMeiOT 6onbwoe npaKTn'lecKoe tlHa'leHue p;nH uny'leHII.li <lJunuqecKux 

' 
npoQeccoB, npoucxo;o;Hmnx B rpaHynKpHbiX BTCII-o6panQax; 3) ToncTonneHo'l-

Hbie CKBU:,Il;bi, II3roToBneHHble no npegnaraeMoMy cnoco6y npu p;anbHe:ilweM 

'---
ycoBepweHCTBOBaHIIII MoryT HaHTII npiiMeHeHIIe B COtlp;aHIIII MarHeTOMeTpa, pa-

6oTaromero npu 77K. 

OcHOBHble pe3yJibTaTbi ;o;nccepTaQnn 

OcHOBHble pe:JynhTaTbi p;nccepTaQnn, BbiHocirMbie Ha ::miQIITy, c<lJopMynupo-

BaHbi cnegyroiQIIM o6panoM: 

1. CBepxnpoBOIJ:.liiQM <lJana Y Ba2Cu30 7_6 ( 8 ~ 1) <lJopMupyeTcJI nn ucxop;Ho:il 

HecBepxnpoBO)l;JIIQe:il <lJanbi Y Ba2Cu30 6+6 Henocpep;cTBeHHO c noMOIQhiO p;u<lJ<lJy

nun aTOMOB Kncnopop;a u3 oKpy:lKarome:il aTMoc<lJepbi B Y Ba2Cu30 6+S npu ee 

OT:lKnre. B rpaHynKpHbiX BbiCOKOTeMnepaTypHbiX cBepxnpoBO)l;HIIKax, TaKOH npo-

QeCC p;u<lJ<lJynuu MO:lKHO paCCMaTpiiBaTb KaK COBOKYllHOCTb rrapanJieJibHbiX npo

QeCCOB p;u<lJ<lJynuu aTOMOB Kncnopop;a B Ka:lKp;o:il unonupoBaHHOH rpaHyne. O;o;u

-HO'lHbiH aKT p;u<lJ<lJynrm aTOMOB KUCJIOpoga B Ka:lKp;OH rpaHyne Xopowo OIIliCbl-

BaeTCJI ogHoMepHbiM, tlaBliCJIIQIIM OT BpeMeHII ypaBHeHneM p;u<lJ<lJynnu. PeweHue 

<~Toro ypasHeHII.li onucbiBaeT IItJMeHeHne cop;ep:lKaHII.li Kncnopop;a B ::~neMeHTap-
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HOM .!PieHKe li(t) BO BpeMeHu OTJKIIra t II crryJKIIT ocHoBon p;Jl.!I II:Jy'leHII.!I rrpo

n;ecca p;mpcpy:JIIII aTOMOB KIICJIOpop;a B KepaMHKe Y Ba2Cu306+5, KOTOpbiM MOJKeT 

rrpoiiCXO)J;HTb B )J;BYX peJKHMax: CTau;IIOHapHOM (rrpu IIOCTO.!IHHOH TeMrrepaType) 

u p;IIHaMII'leCKOM (rrpu oxrraJKp;eHIIII IIJIII HarpeBaHIIII o6pam~a). Taxoe pemeHIIe 

HMeeT BIIp;: 

li(t) -lio = 2_ fc -1t JL. er fc nLa + z dz. 
lipas -lio La n=O 

0 
2VY 

3p;ecb L 0 -cpep;HIIH panMep rpaHyrr, lio II lipaa-Ha'laJibHOe u paBHOBecHoe cop;ep-
. t I I 

JKaHII.!I xucrropop;a, cooTBeTCTBeHHO. Berru'IIIHa Y paBHCJ. Y = f D( t ) dt , rp;e 
0 

· D-Koacpcpiin;IIeHT p;IIcpcpyniiii aTOM~B KIICJIOpop;a, KOTOpbiH :JaBIICHT OT BpeMeHII 

OTJKIIra t :Ja C'leT H:JMeHeH.!I TerrepaTypbi BO BpeMeHH. 

2. B rrpon;ecce p;ucpcpynuii KIIcrropop;a un oxpyJKaiO~en cpep;bl B Y Ba2Cu30 6+5 ( c 

/i ~ 1) C.OCTO.!IHIIe IICCJiep;yeMOrO MaTepiiaJia IIpOXO)J;IIT TpH CTap;uu: 

a) BbicTpoe rrepBOHa'laJibHOe o6panoBaHue TBepp;oro paCTBOpa 

Y Ba2Cu306+5- KHCJiopop; TeTparoHaJibHOH cpanbl, B KOTOpOM Koacpcpun;ueHT p;ucp-

cpynuu D = D 1 B HHTepBarre TeMrrepaTyp 200- 700°C u p;aBrreHIIu xucrropop;a 

1.4 - 10.7 aTM BblpaJKaeTC.!I crrep;yro~eil cpopMyrron: 

2 7 J 2 (-0.14(aB)) D 1(cM /cex) = (2.3- 4.6) ·10- ( Po2 (aTM.)- 0.7) exp KT . 

. 6) ,il;aJibHeHiliee pa3BHTHe CHCTeMbl B TeTparOHaJibHOH cpane, Heyrrop.!I)J;O'leH

HOH rro n;erro'!KaM Cu - 0. B aTon,cpane xoacpcpun;ueHT D = D 2 on;eHHBaeTC.!I 

Bblpa:lKeHHeM: 

. _ 4 (-0.6(aB)) 
. D 2(cM

2 
/cex) = (0.84- 3.4) ·10 exp KT · · 

r) IloCJie TeTpa-poM6H'leCKOrO rrepexop;a, B po:M6H'leCKOH cpane Koacp!j>un;u

eHT p;ucpcpymm OKa:JblBaeTC.!I MeHbilie, '!eM B TeparoHaJibHOH cpane II IlOCTelleHHO 

yMeHblliaeTC.!I p;o HYll.!I c p;ocTuJKeHHeM ~p;eallbHOH poM6u'lecxon cpanbl Y Ba2 Cu30 7 • 
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3. PanBHTa pacmupeHHM Mop;errb KpiiTH'lecxoro cocTO.!IHH.!I {PMKC) c 11CIIOJib

noBaHueM cpyHKil;IIOHaJia ll;ll.!I IIJIOTHOCTH Kp11T11'!eCKOr~ ToKa THIIa Jc = o(T)/IBI.O 

C rrpOH:JBOJlbHbiM B111l;OM cpyHKil;HH o(T) 11 rrpoH:JBOJibHbiM :JHa'!eHIIeM cpaKTOpa 

{3. PMKC xopomo orrucbmaeT rrpon;ecc HaMarHU'IHBaH11.!I B MeJKrpaHyJibHOH 11 

rpaHyJibHOH o6JiaCT.!IX B OT)J;eJibHOCTll II o6pann;a B n;eJIOM C y'leTOM B:Ja11MOCB.!I:J11 

MeJKp;y :3TUM11 o6JiaCT.!IMll. 

4. B paMKax PMKC p;eTaJibHO orrucaHbl oco6eHHOCT11 p;11HaMII'lecxon Bocrrpu11M

'IHBOCT11 B rpaHyrr.!IpHbiX BTCII-o6panu;ax,.Taxne KaK: rroBep;eH11e rrnxa Ha KpiiBOH 

MH11Mon '!acTu rrepBon rapMOHUKU p;uHaMII'!ecxon BocrrpunM'l11BocT11 x~ B :JaB11-

cuMocTu oT TeMrrepaTypbi T, aMIIJI11TYil;bi ImMepuTeJibHOro rrepeMeHHoro rroJI.!I 

Ho 11 BHemHero rrocTO.!IHHoro rrorr.ll Hdc; B03HIIKHOBeHue '!eTHOH rapMOHIIKH ):1;11-

HaMH'!ecKoii BocrrpniiM'IUBocTu, II:JMep.!IeMoii B rrorre Hdc; p;ByxrruKOBbiH acpcpeKT 

rrepBOH rapMOHUKII )J;UHaMU'leCKOll BOCIIpiiHM'lliBOCTII, U:JMepeHHOII B HaJIOJKeH

HbiX rrocTO.!IHHOM Hdc II rrepeMeHHOM Hac IIOJI.!IX co BCeMII ero oco6eHHOCT.!IMII. 

IIoxanaHo, 'ITO rrpii'IHHOH TaKnx oc~6~HHOCTen .!IBJI.lleTc.ll CHJibHM MarHHTorrorre-

Ba.!I 3aBUCUMOCTb IlJIOTHOCT11 Kp11TU'!eCKOrO TOK~ Me:lKrpaHyJibHOH 06JiaCT11. 

5. Ilpep;JIOJKeHa rrpou;ep;ypa o6pa60TK11 penyJibTaTOB 113>.1epeH11H )J;11HaMU'leCKOll 

Bocrrp1111M'l11BOCTII B paMxax PMKC p;ll.!I orrpep;erreHII.!I rrapaMeTpoB rpaHyrr.!IpHon 

CTPYKTYPbi ( o6'beMHble p;orru rpaHyJII>Hoii H MeJKrpaHyJibHOH o6rracTeii n cpep;HIIII 

pa3M~p rpaHyrr), 11 XapaKTepHCTliK u;eHTpOB IlllHHUHra, orrpep;eJI.!IIO~liX TeMrrepa-

TYPHYIO u MarHHTorrorreByro naBIICHMOCTU Kp11TII'!ecxoro TOKa B Me:lKrpaHyJibHOI'i: 

u rpaHyJibHOH o6rracT.!IX rpaHyrrHpHbiX BTCII-o6panu;oB. 

6. Panpa6oTaH MeTop; )J;JI.!I orrpep;erreHII.!I TeMrrepaTypHon H MarH11TorrorreBon na

BIIC11MOCTen rrrroTHOCTH xpuTn'!ecxoro ToKa Me:lKrpaHyJibHOH o6rracTn B BTCII-

o6pann;ax J1(H, T). Ilorry'leHbl cpyHKn;un Jl(H, T) )J;JI.!I panrr11'1HbiX xepa-

Mll'leCKIIX u TOJICTorrrreHo'IHbiX o6panu;oB coep;uHeH11H Y Ba2Cu30 7_6 11. 

(_ 
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Bi1.65 Pbo.3sSr2Ca2Cu3010+S· ,Cp;erraH BbiBop; o ToM, 'ITO B Me:lKrpaHyrrbHOH o6rra

CTH KpHTH'ICCKHH TOK KOHTporrnpyeTCJI MexaHH3MOM pa3BJI3biBaHHJI ( decoupling 

mechanism), npH'ICM II3 TCMnepaTypHbiX 3aBIICHMOCTCH J1(T) crrep;yeT, 'ITO B 

ncc~ep;yeMbiX BTCII-o6pa:JQax crra6ble CBJI:Jn: o6bl'IHO HMCIOT cTpyxTypy S-N-S. 

B BHCMJTOBoii: cncTeMe Bit.6sPbo.3sSr2Ca2Cu3010+5 J1(T) 6orree cnrrbHo :Jaan

CHT OT TCMnepaT)'pbi 'ICM B HTTpHeBOH CliCTCMC Y Ba2Cu3Q7_ 5 • 

7. Pa:Jpa6oTaH cnoco6 H:JroToarreHHJI ci!epxnpoaop;Jirn;HX TOITCThlx nrreHoK 

Y Ba2Cu307-5 Ha nop;rro:lKKax Y2BaCuOs, B ocHoBe KOToporo rre:lKHT peaKQHJI 

B KBa:JH6HHapHOH CHCTCMC MC:lKfiY cpa30H Y2BaCuOs H CMCCbiO (3BaCu02 + 
,2Cu0), HaHCCCHHOH Ha nop;ITO:lKKJ MCTOIJ;OM OKpaCKH. Ilorry'ICHHhle nrreHKH BbiCO

KOniTOTHbiC (p "' PpeHTr "' 6.3 r / cM3
) H MoryT liMCTb rri06ble ~cpopMbi (no cpopMaM 

nop;rro:lKKH) c Torrrn;nHoii: B p;nana:JoHe 50 - 200 MKM. Me:lKrpaHyrrbHaJI o6rracTb 

o6rrap;aeT napaMeTpaMn: o6'beMHaJI p;orrJI fn "' 70%, TeMnepaTypa nepexop;a B 

caepxnpoaop;Hm;ee cocTOJIHHe Tcj = 87 K, J1 "' 102 -.103 A/cM2 npn 77 K B Hyrre

BOM norre n Mo:lKeT p;ocTnraTb"' 105 A/cM2 npn rrernpoBaHHJI cepe6poM. 

8. IIccrrep;oaaH npoQecc co:Jp;aHHH QCHTpoB nnHHHHra B BhliiiCCKa:JaHHhlX TOITCThiX 

nrreHKax Y Ba2Cu30 7_0 • Taxn:MH QCHTpaMn nnHHHHra HBITJIIOTCJI MHKpOHHhle '!a-

CTIIQhl cpa:Jbi Y2BaCuOs, Bbrp;err~HHbre B nrreHKe Y Ba2Cu30 7_ 0 B npoQecce ee 

nrraarreHHJI npn 985°C n nocrrep;y10m;ero oxrra:lKp;eHHJI, npoxop;Hrn;ero 'Iepe3 TO'IKY 

nepHTCKTIIKH. Haii:p;eH onTHMMbHhiii: pe:lKHM p;rr.H Bhlp;erreHHJI Taxnx '!acTHQ B Ka-

'!ec;rae QCHTpoa nHHHn:Hra. B Taxnx TOITCTbiX nrreHKax cnoco6HoCTb nHHHHHra 

MarHHTHbiX noTOKOB yaerrH'ICHa npnMepHo B 5 pa3. 

9. ,ll;OKa:JaHo, 'ITO B OTITII'IIIC OT KepaMII'ICCKIIX o6pa3QOB, H3rOTOB1ICHHbiX no 

CTc:iup;apTHOH nopOIUKOBOll TexHOITOrHn, npoQCCC p;erpap;aQHII CBepxnpOBOiJ;Jllll;HX 

CBOHCTB B norry'ICHHhlX TOITCThlX nrreHKax nponcxop;HT nocrroii:Ho. TorrCThle nrreHKII 

JIB1I.IIIOTCJI O'ICHb CTOHKHMH K a(mp;eii:cTBHIO oKpJ:lKaiOm;eii: aTMoccpepbi. YcTano-
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BITCHO, 'ITO B HaCbllll;CHHOM BO)J;JIHOM nape Hap; noBepXHOCTbiO KHllJilll;Cll BOiJ;bi npn: 

HopMarrbHOM aTMoccpepHoM p;aarreH:nn nrreHKa p;erpap;npyeT nocrroii:Ho co cxopo

CTbiO v(MKM/MnH) = 4.5/ Jt(MnH). Borree Toro, np!l TaKOM npoQecce caepxnpo

BOfl.lllll;HC CBOHCTBa OCTaBIUCHC.II Henpop;erpap;npOBaBIIICH '!aCTH o6pa3Qa nO'ITH 

HC MCHJIIOTC.II. 

10. Pa3pa6oTaH cnoco6 C03iJ;aHHJI OiJ;HOHHiJ;JKTHBHbiX TOITCTOnrreHO'IHbiX pap;Ho

'!aCTOTHbiX CKBII.D;oa Ha ocHoBe TorrcToii: ~rreHKH Y Ba2Cu30 7_ 0 , npn'IeM rro

xarrn::JaQnH crra6oii: CB.II3H B TOITCTOniTC!JO'IHOM CBepxnpOBOiJ;Jllll;CM KOHType pe

MH3JCTCJI C nOMOlll;biO BbiiiiCJnOMJIHJTOll nOCITOHHOll p;erpap;aQHH IJ;ITJI JMCHh

IIICHH.II TOITlll;HHhl KOHTJpa, cop;ep:lKaiOrn;ero o6rraCTb MHKpOMOCTHKa. BnepBhle 

n:JroToarreHhl op;HOIIHIJ;JKTnBHhle pap;no'!aCTOTHhle TorrcTonrreHO'IHhle CKBII,ll;hl 

Y Ba2Cu301-o no ;noii: MCTOIJ;HKC, KOTOpble HMCIOT napaMeTpbi: ypOBCHb 6erroro 

rrryMa Scp "' 2 · 10-4 cl> 0 jrQ
112 ( cl> 0 -KBaHT MarHHTHoro noToxa) p;rrJI '!acTOT Bhlrrre 

1 rQ, ;mepreTH'ICCKOe pa3pCIIICHHC € "' . 3 . 10-27.D;:lKjrQ H H36biTO'IHhlll IIIYM 

' (1/f) Hn:lKe 1rQ. IlpocToTa n rn6xocTb MeTop;nxn n:JroToarreHHJI CKBII.D;oa, nx 

CTOHKOCTb H Hap;e:lKHOCTb B :ucnrryaTaQHH II ~paBHHTCITbHO Xoporune Ka'ICCTBa 

p;erraiOT TorrcTonrreHO'!Hhle BTCII CKBII,ll;hl nepcneKTHBHhlMII B crra6oTO'IHhlX 

npnMeHeHnHx BTCII. 

11. Ilpn Bo3p;eii:cTBHH BHCIIIHero MarHHTHoro norrJI, B BTCII-o6pa3Qax npep;

aapnTerrhHO OXITa:lKp;aeMbiX B HJITCBOM norre, Ofihl'IHO HMCCT MCCTO acpcpeKT KOH

QCHTpaQHH nOITJI Ha rpaHHQC MC:lKiJ;J rpanyrraMH, Bhl:JbiBaeMblll )l;HaMarHCTH:JMOM 

caepxnpoaop;Jirn;nx rpaHyrr. Op;Haxo aBTopy, anepahle yp;arroch p;oKa:JaTh axcnepn

MCHTMhHO, npH II3J'ICHHII rHCTepe:JHCHOrO nOBC)l;CHHJI nepBOll rapMOHHKII )l;IIHa

MII'ICCKOll BocnpnHM'IHBOCTH B xepaMHKe Y Ba2Cu30 7 _ 0 , 'ITO B naancnMOCTH oT 

rpaHJ1I.HpHOll CTpJKTJpbi IICCITC)l;JCMOro o6pa3Qa, MO:lKCT HMCTh MCCTO H o6paT

HhlH acpcpeKT - acpcpeKT pa3pC:lKCHHJI no1I.II, npii'IHHOll KOTOporo JIB!IJICTC.II B:JaHM

HaJI KOMnCHCaQHJI BITHJIHHJI )l;HaMarHCTliDMa rpaHyrr. 'l'axoii: acpcpeKT npep;CKa:JaiTH 
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Xop;rp;oH, HaBappo II Ka.Mn6errrr (18] npii TeopeTII'ieCKOM II3Y'!CHIIII p;IIaMarimT

HoroB:JaiiMop;eilcTBIDI Me:lKp;y cBepxnpoBop;.!IUJ;IIMII rpaHyrraMII B BTCII-o6pam:(e. 

12. Cym;ecTBOBaHIIe aTI_IX p;Byx a<J><J>eKTOB CBIIp;eTeJibCTByeT o CIIJihHOM BJIII.!IHIIII 

rpaHyJI.!IpHo~ CTPYKTYPhl BTCII-o6pa:Jl:(OB Ha <J>m3II'iCCKIIe .!IBJICHII.!I, npoiicxop;.!I

m;IIe B :lTIIX o6pa:Jl:(ax. )l;JI.!I TOrO, 'iT06bi norry'IIITb IICTIIHHbiC KapTIIHhl <Jlii3II

'iCCKIIX .!IBJieHIIM B BTCil-MaTepiiarrax, IIccrrep;oBaHII.!I p;orr:lKHhl 6biTh npoBep;eHhl 

B o6pa:Jl:(ax, COCTO.!IUJ;IIX TOJibKO II3 rpaHyJihHOM o6JiaCTII 3ap;aHHOrO XIIMII'IC

CKOrO COCTaBa. )l;JI.!I :lTOM l:(CJIII, aBTOpOM 6biJI pa3pa6oTaH IIpOI:(CCC nepeCIIHTC3a 

p;JI.!I norry'!eHIIH KBa:JIIMOHOJIIITHhlX KepaMII'ICCKIIX BTCII-o6pa:Jl:(oB, y KOTopbiX 

MC:lKrpaHyJibHa.!I o6JiaCTb CBO)J;IITC.!I K MIIHIIMYMY, a rpaHyJihHa.!I 06JiaCTb COCTOIIT 

II3 60JibiiiiiX II CIIJibHO CB.!I3aHHbiX MC:lKp;y co6o:il rpaHyJI. 

13. IJpep;JIO:lKCHO, 'ITO naparrJICJibHO nOIICKY HOBOrO COCTaBa BbiCOKOTCMnepaTyp

HbiX CBepxrrpoBO)J;HliKOB C 6orree BbiCOKOM TCMIIepaTypo:ii nepexop;a Tc, CTaHo-

BIITC.!I He06XO)J;IIMbiM II B03MO:lKHbiM HOBOC HanpaBJICHIIC IICCJIC)J;OBaHII.!I no pa3pa-

6oTKe TexHorroriiii p;rr.!I II:JroTOBJieHIDI K3Ba:JIIMOHOJIIITHhiX xepaMII'!ecKIIX BTCII

o6pa:Jl:(OB (KM BTCII) y:lKe II3BCCTHhlX XIIMII'ICCKIIX cocTaBoB, KpiiTepiieM KOTO- ' 

pbiX, KpOMC pe3KOro CHII:lKCHII.!I CO~pOTIIBJICHII.!I II a<J><JleKTa MCMCCHCpa, .!IBJI.!ICTC.!I 

IIX 6ecriiCTepe3HCH'oe nOBC)J;CHIIC )J;IIHaMII'ieCKOM BOCnpiiiiM'iiiBOCTII npii l:(IIKJIIIpO

BaHIIII BHenmero nocTO.!IHHoro MarHIITHoro noJI.!I. IlepcneKTIIBa Taxoro HarrpaBrre-

HII.!I IIccrrep;oBaHII.!I OCHOBbiBaeTCJI Ha crrep;yrom;IIx coo6pa:lKeHIIJIX: a) KM BTCII 

IIrpaiOT IIpep;IIO'ITIITCJibHO Ba:lKHYIO pOJib p;JI.!I <JlyHp;aMCHTaJibHhlX IICCJiep;oBaHIIM, 

- IIOCKOJihKY TOJibKO C nOMOUJ;biO rrpOBC)J;CHIIM. :lKCIIcpiiMCHTOB Ha :lTIIX o6pa:Jl:(Hx Mhl 

MO:lKCM IIOJIY'iiiTb nOJIHbiM Ha6op )J;OCTOBepHOM IIH<JlopMal:(IIII, Kacarom;eii:CJI CBepx

rrppBO)J;.!IUJ;IIX _ cBoilcTB IIccrrep;yeMoii cBepxnpoBop;.Hm;e:ii <Jla3hlj 6) p;rr.!I rrpiiKrrap;Hhlx 
U' . 

npHMeHeHIIii: KM BTCII IIMeeT rrpeHMym;ecTBO rrepep; MaCCIIBHhlMII o6pa:Jl:(a.MII, 

II3rOTOBJICHHbiM C IIOMOUJ;biO p;pyriiX MCTO)J;OB. B IIOCJIC)J;HIIX )J;JI.!I nOBbiWCH~ Kpii

TII'iCCKoro TOKa HY:lKHhl Bhl)J;CJICHIDI pa3Jili'iHhlX pop;OB l:(CHTpOB IIIIHHIIHra. IJo-
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BhliiiCHIIe Ka'!eCTBa KM BTCII CBJI3aHo c nop;aBJieHIICM BJIII.!IHII.!I Mc:lKrpaHyJihHo:ii · 

o6rracTII, II rroaToMy, cBepxnpoBop;Jim;IIe cBo:ilcTBa B 3TIIX o6pa:Jl:(ax p;orr:lKHhl rrpii-

6JIII3IITbC.!I K BbiCOKIIM TCOpCTII'iCCKIIM rrpep;eJiaM )J;JI.!I KJiacca CBepxnpoBO)J;HIIKOB C 

Marro:il p;rriiHoii xorepeHTHOCTII. ABTOp He IICKJIIO'!aeT, 'ITO o6a aTIIX HanpaBrreHII.!I 

Korp;a-H1I6yp;b CMoryT COCTbiKOBaTbC.!I .. 

Anpo6al:(II.!I pa6oThl 

IJpep;CTaBJICHHbiC B )J;IICCCpTal:(IIII peoyJibTaTbi )J;OKJiap;biBaJIIICb Ha COBeUJ;aHIIII 

no BTCII (I:ITarriiJI, TpiiecT, MapT 1990 r. ), BeceHHeM xorrrrep;:lKe Hayx MaTepiiarroB 

(IITarriiJI, TpiiecT, Mail 1991), XVI CeMnHape no npiiKrrap;H:oii: cBepxnpoBop;.!Im;e:ii 

arreKTpOHIIKe II 6noMarHeTH3MY (KIIeB, YxpanHa, IIIOHh 1993), CIIMnO:JIIyMe no 

crra6o:il CBepxnpoBO)J;IIMOCTli ( CMOJICHUI:(a, CrroBaKII.!I, IIIOHb 1994)' xv.n CCMli

Hape no npnKrrap;HOM CBepxnpOBO)J;.!IUJ;CM 3JICKTpOHIIKC li 6IIoMarHCTII3MY (KIIeB, 

YxpaiiHa, IIIOJih 1994), 30-M Bcepocpti'rcKoM Coaem;aHIUI no <Jlii3IIKe HII3KIIX TeM

nepaTyp (.D;y6Ha, PocciiJI, ceHT.!I6pb, 1994)~ 

Ily6rruxal:(IIII 

OcHOBHbie pe:JyrrhTaTbi ony6rriiKoBaHhl B 15 pa6oTax. 

06'heM u c'ipyxTypa p;uccepTal:(IIII 

)l;IICCCpTal:(II.!I HanncaHa Ha 253 CTpaHUI:(ax MaiiiUHOnHCHOrO TCKCTa, BKJIIO'!a

UJ;IIX B CC6.!I. 91 pncyHoK, 12 Ta6JIUI:(, 2 npiiJIO:lKCHH.!I II CIIliCOK JIUTepaTyphl II3 

240 HaiiMCHOBaHUII. )l;IIccepTal:(II.!I COCTOliT ll3 BBC)J;CHII.!I, 6 rJiaB ,II 3aKJIIO'iCHII.!I. 

B Ka:lKp;o:ii rrraBe npiiBep;eHhl xpaTKlle BhlBOp;bi • 
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KPATKOE CO.IJ:EPMAHIIE .IJ:IICCEPTAIJ;IIII. 

Bo BBep;eHIIII p;aHo KpaTKoe npep;cTaBrreHIIe o6 aKTYallhHOCTII npo6rreMbi IIC

crrep;oBaHIIJI BTCII. IlocKOllhKY npoBep;eHHaJI pa6oTa cop;epJKIIT umpoKIIH cneKTP 

o&beKTOB IIccrrep;oBaHIIJI BKJIIO'IaJI cnoco6bi II:JrOTOBJieHIIJI BTCII-o6pann;oB, Me

TO)l;IIKII II proyJibTaTbi II3Y'IeHIIJI IIX CBOHCTB II IIX npiiMeHeHIIe, TO COCTOJIHIIe 

xaJKp;oii: IIX :JTIIX npo6rreM npegcTaBrreHo B KaJKp;oii: rrraBe, xacaiOIIJ;eii:cJI TOM IIJIII 

IIHOll npo6JieMbi. Ilpii npoBep;eHIIII CBOell pa60Tbi OTMe'!eHa TO'!Ka 3peHHJI aB-

Topa, ocHoBaHHaJI Ha rpaHyrrHpHOCTII BTCII. Ilpep;cTaBrreHa o6IIJ;aJI cTpyxTypa 

p;IIccepTan;IIII. 

IlepBaH rrraBa noCBJIIIJ;eHa 060CHOBaHIIIO rpaHyliHpHOCTII KaK CBOllCTBa npii

cyiiJ;ero BceM II3BecTHhiM go CIIX nop BTCII-MaTepiiarraM. 

rpaHyliHpHOCTb - 3TO CBOllCTBO MaTepiiallOB, B03HIIKaiOIIJ;ee B CBJI3II C TeM, 

'ITO OHII He MOryT 6biTb II3rOTOBJieHbi C noMOIIJ;biO KaKIIX-TO TexHOJIOrii'IeCKIIX Me-

TO)J;OB B BII)l;e MOHOJIIITHbiX o6pa3IJ;OB. f'paHyliHpHbie MaTepiiallbi1 KaK BbiUie CKa-

:JaHo, Bcerp;a cocTOJIT II3 p;Byx o6rracTeii: rpaHyrrhHaJI o6rracTb (rO) II MeJKrpa-

HYJihHaJI o6rracTh ( MrO). 

B crry'!ae, eCJIII ro MOJKeT II36aBIITbCJI OT Mro TO MaTepiiarr CTaHOBIITCJI 

rpaHyllhHbiM. rpaHyllhHbie MaTepiiallbi1 B OTJIII'IIIe OT rpaHyliHpHbiX MaTepiiallOB1 

COCTOJIT II3 HeCBJI3aHHbiX MeJKp;y co6oii: rpaHyJI, KOTOpbie MOryT CliiiBaTbCJI p;pyr 

. C p;pyroM C nOMOIIJ;biO KaKIIX-TO TexHOJIOrii'IeCKIIX cnoco60B 1 o6panyJI npii ~TOM 

MOHOliiiTHbie Ma Tepiiallbi. 

B BTCII-MaTepiiarrax npii3HaK rpaHyrrHpHOCTII 6biJI OTMe'IeH B pa6oTe 

Be~Hopn;a II Miorrrrepa [1], rp;e aBTOphi coo6IIJ;IIJIII o crra6oM norrynpoBop;HIIKoBoM 

noBep;eHIIII o6pann;a B TeMnepaTypHoii o6rracTII BbiUie, '!eM TeMnepaTypa nepe

xoga B cBepxnpoBogJIIIJ;ee cocTOJIHIIe Te II ciiJihHOM C)l;BIIre Te no;o; Bo:J;o;eiicTBIIeM 

crra6oro BHeurHero MarHIITHoro noJIJI. 
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,I(o CIIX nop, BHIIMaHIIe IICCJiep;oBaTeJiell He )l;OCTaTO'IHO y;o;eJIJIJIOCb II3y'IeHIIIO 

rpaHyrrHpHOCTII KaK "co6cTBeHHoro" cBoiicTBa BTCII-MaTepiiarroB. B ocHoBHOM, 

IICCJie)J;OBaTeJIII COCpep;OTO'IIIBallii YCIIJIHJI Ha BbiJIBJieHIIII cyiiJ;eCTBOBaHHJI rpaHy

liHpHOCTII (eM. 0630pbi [19, 20]), aHallii3e ee BliHJIHIIll Ha CBOllCTBa o6pann;a [21]. 

Ilocrre OTKpbiTHJI CBepxnpOBO)J;IIMOCTII B CIICTeMe La-Ba-Cu-0 II o6HapyJKe

HIIJI BhiCOKOTeMnepaTypHoii cBepxnpoBop;IIMOCTII npii Te "' 90K c noMOIIJ;hiO oa

MeiiJ;eHHJI La Ha Y [2] npHMbie II:JMepeHHJI MarHIITHoro noToKa .Po = hc/2e = 

2.07 . 10-lS B6 npii II:Jy'IeHIIII CTyneHII mairiipo )l;JKO:Je<PcoHOBCKOro KOHTaKTa 

B coep;IIH~HHHX La~.85Sro.tsCu04 II Y Ba·2Cu301-o [22, 23] II KBaHTOBaHHH Ma-

rHIITHOrO noTOKa B CBepxnpOBO)l;JIIIJ;eM KOllbiJ;e, II:JrOTOBJieHHOM II:J MaTepiiarra 

Yi.2Ba0 .8Cu04 [24] noxanarrii, 'ITO cnapeHHbie xynepoBCKIIe napbi HOCIITerreii: c 

oapJI)J;OM 2e o6pa3yiOTCJI B CBepxnpoBO)l;JIIIJ;eM COCTOJIHIIII y 3TIIX MaTepiiallOB. 

'IyHHeJibHbill :J$$eKT [25] O)l;HO:JHa'IHO nOKa3biBaeT $opMIIpOBaHIIe 3HepreTII'Ie-

cxoii: IIJ;eJIII 6. B cneKTpe HOCIITerreii: oapHp;a. B CBJI:JII c BhiCOKIIM :JHa'IenneM Te, 

ecTeCTBeHHO npegnorraraeTcJI, 'ITO IIJ;eJib 6. B BTCII 6orrbure, '!eM B HII:JKOTeM

nepaTypHbiX CBepxnpOBO)l;HHKaX (HTCil). 8To 03Ha'!aeT, 'ITO BCJIKOe BHeUIHee 

B03p;eiicTBIIe, nepeBop;JIIIJ;ee BTCII-MaTepiiarr:i.:r II3 cBepxnpoBO)l;JIIIJ;ero cocToJIHHJI 

B HOpMarrbHOe gorrJKHo, B npiiHn;nne, 6biTh 6orrhUIIIM, '!eM grrJI HTCII. B '!a

CTHOCTH, TepMogiiHaMII'!ecxoe KpiiTII'Iecxoe MarHIITHoe norre He )l;JIJI coep;IIHeHIIJI 

Y Ba2Cu301-o on;eHIIBaeTCJI nopHp;Ka 2 Tecrra npii T = OK [26]. 8HepriiJI KOHp;eH

can;IIII xynepoBCKIIX nap E"oH)I. paBHa"' 104 .Il:JK/M3 npii 77K, 'ITO Ha p;Ba n_opHp;Ka 

6orrbure E"oH)I. B MaTepiiarre Nb, KoTopbiii: IIMeeT He "' 0.17 Tecrra. B CBJI3II c :JTIIM, 

nliOTHOCTb KpiiTII'IeCKOro TOKa B Clly'!ae MexaHII:JMa pacnapiiBaHHJI, npn KOTO-

poM KIIHeTII'IeCKaJI 3HeprHH cnapeHHbiX :JJieKTpOHOB paBHa 3Hepr1III KOHp;eHCaiJ;IIII, 
"--

;IJ;OliJKHa 6biTb BbiCOKOll. TaKOll pacnapeHHbill KpiiTII'IeCKIIll TOK OIJ;eHIIBaeTCJI no 

<PopMyrre J1P = He/ A£, r;o;e A£ - rroH;o;oHOBCHaJI rrry6IIHa npoHIIKHOBeHHJI . .IJ:rrJI 

YBa2Cu301-S AL nopHp;Ka"' 1000A, TaK 'ITo J1P nopz;o;xa 109A/cM2 [27]. 

C BhiCOKIIMII :JHa'!eHHJIMII Te II 6. CBJI3hiBaeTcJI II cpaBHIITeJibHO MarraJI KOH~e-
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Tp~IDI HOCIITCJICH n (nopHp;Ka 1021 
CM-J [26]), KOTOpM o6ycJIOBJIIIBaCTCJI OTKJIO-

HCHIICM XliMli'ICCKOrO COCTaBa OT CTexliOMCTpli'ICCKOro COCTaBa li:JOliHI:(liOHHOrO 

COCTOHHIDI, npn KOTOpOM MC)l;b )l;BYXBaJICHTHa. 

J;P MO:lKHO Bbipa:JIITb 'Iepen OTHOllieHIIC MC:lK)l;Y n II )l;JIIIHOH KOrepeHTHOCTli ~, 

J;P = nehf';rm~. BbrcoKoe :JHaseHne J;P Tor;o;a CBJI:JaHo c MaJibiM nHaseHneM ~' 

KOTopoe KOMnCHCnpyeT MaJIYIO BCJIII'IliHy KOHIJ;CHTpai:(liii n. BeJIII'IIIHa ~ OKa:Jhi-

BaCTCJI Ha HCCKOJibKO nopH)l;KOB MCHblllC, 'ICM B KJiaCCli'ICCKIIX CBepxnpOBO)l;HIIKaX. 

llTaK, HOBbiH Krracc MaTepnarroB BTCIT, no cpaBHeHniO c KnaccnsecKnMn 

HTCIT-MaTepnarraMn, nMeiOT 6onee BbiCOKYIO TeMnepaTypy Tc, 6onhll1YIO aHep

rniO KOH)l;CHCai:(nn EKoHJo 6onee HII:JKYIO KOHI:(eTp~niO HocnTene:ii n n HaMHoro 

MCHhlllYIO )l;JIIIHY KOrepeHTHOCTII ~-

,Ii;Ba nOCJIC)l;HliX napaMCTpa JIBJIJIIOTCJI co6CTBCHHhiMli liCTO'IHIIKaMII rpaHy

liHpHOCTli BTCIT-MaTepnarroB. 

MarraJI ;o;nnHa KorepeHTHOCTII ~: 

Bn;o;Ho, 'ITO B BTCIT-MaTepnanax, BCHKne Heo;o;Hopo;o;HocTn, nMeiOII:(IIe npo

TH:lKCHHocTh Ha paCCTOJIHIIII, cpaBHIIMOM C ~, KOTOpbie BOJihHO liJili HCBOJihHO 

06panyiOTCJI B npou;ecce II:JrOTOBJICHIIJI 06pai3I:(OB, 06JI3aTCJihHO npnBO)l;JIT K B03-

HliKHOBCHII10 no60'IHOH cpep;bi, KOTOpM yxyp;UiaCT IIJIII p;a:lKe panpyUiaeT CBepx

npOBO)l;liMOCTb OCHOBHOH cpep;bi MaTepnarra. Mbi Ha:JbiBaeM aTn cpep;bi, KaK yno

MH~yTo B Ha'Iarre, Mro II ro, COOTBCTCTBCHHO. BnnHHne TaKnx HCOJ:!HOpo;o;Ho

CTe:ii Ha cBepxnpoBop;nMOCTh MaTepnarra BonpacTaeT ecnn, KaK B cnysae ;o;nH 

Y Ba2Cu307-5, ~ npnHnMaeT :JHa'IeHne, cpaBHIIMoe c napaMeTpoM JI'ICHKn, no

CKOJihKY O'ICHb TpY)l;HO ynpaBJIHTb npOI:(CCCOM II:JrOTOBliCHUJI MaTepnarra .Ha aTO

MapHOM ypOBHe. 

_!In:JKaJI KOHI:(CHTpai:(IIH Hc;>CIITCJICH 
11 

HnnKaJI KOHIJ;eHTp~IDI HocnTene:ii npnBop;nT K BO:JMO:lKHOCTH o6panoBaHnH 

Me:lKrpaHyrrhHbiX rpaHni:(, KOTOpbie Bep;yT ce6JI KaK. cna6ble CBHnn. Ecnn TaKne 

rpaHHIJ;bi o6na;o;aiOT nnoTHOCThiO cocTOHHIIH 3apH;o;a N II:J-3a He c6arraHcnpoBaH-
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HOM KOMneHcai:(nn nap.H;o;a B oKpecTHOCTHX aTnx rpaHni:(,_To 6y;o;eT con;o;aBaTbCH 

nOTCHI:(UaJihHbiH 6apbep, TOJIII:(liHa d KOTOporo :JaBUCliT OT BCJIII'IliHbi n, npn-

'!eM d=N/n (26]. IToaToMy, Hn:JKM KOHI:(CHTpai:(ll.li n MO:lKCT npnBecTn K ToMy, 

'ITO TOJIII:(IIHa d 6apbepa CTaHOBIITC.H cpaBHIIMa HJIU )l;a:lKC 60Jibllle, 'ICM )l;JIIIHa· 

KOrepeHTHOCTli ~-

ll:J BhilllCCKa:JaHHOrO cnep;yeT, 'ITO npii'IIIHa, npHBO)l;JIII:(aJI K BO:JHIIKHOBCHHIO 

rpaHyrr.HpHocTn B BTCIT-MaTepuarrax TCCHO CB.H:JaHa c <f>yHp;aMe~TaJihHbiMII cBo:ii

CTBaMu 3TUX MaTepiiaJIOB. 0TC10p;a, OTHIO)l;h, He CJiep;yeT :JaKliiO'ICHUe, 'ITO rpaHy-. 
ll.HpHOCTh- [)TO <f>yH;o;aMCHTaJihHOC CBOHCTBO BTCIT-MaTepnarroB. rpaHyrrHpHOCTb 

B BTCIT-MaTepuarrax CBH:JaHa c TexHII'ICCKIIMn Tpy;o;HoCTHMU (noKa) :B II:JroTo-

BJICHIIII MOHOJIIITHbiX o6pa:JIJ;OB CO lllKaJIOH O)l;HOpO)l;HOCTII nopHp;Ka )l;JIIIHbi KOre-

pCHTHOCTU ~. 

,Ii;arree npOBC)l;CH aHaJIII3 acnCKTOB, CB.H:JaHHbiX C IICnOJib:JYCMbiMII TCXHOJIOrii-

secKUMII npou;eccaMu ;o;nH unroToBneHuii BTCI1-o6panu;oB (Bn.HTbiX ;o;rrH npuMepa 

p;Byx cucTeM Y Ba2Cu307-5 II Bi2S~2Can-} Cun04+2n), Bbi:JbiBaiOII:(IIX rpaHyliHp

HOCTh B aTux o6panu;ax. TaKUMII acneKTaMu HBJI.HIOTCH HenaBepUICHIIe peaKIJ;UII B 

TBep;o;o:ii <f>ane, npoiiCXO)l;HII:(eH no ;o;n<f><f>ynnoHHOMY MexaHII:JMY, )l;JIJI CUHTC:Ja Ke-

paMII'ICCKIIX o6pa:JIJ;OB II OTCYTCTBIIC TO'IKII KOHrpyeHTHOro nJiaBJICHll.li, npiiBO)l;JI-

II:(Ce K pa::lliO:lKCHUIO <f>an npii KpUCTaJIJIII:JaiJ;UU MOHOKpUCTaJIJIU'ICCKUX o6pa:JD;OB. 

llpep;cTaBJICHa KOpOTKO Ka'ICCTBCHHaJI KJiaCCU<f>IIKaiJ;IIJI rpaHyJI.HpHOCTII, KOTO-

pM KacaeTCH npoUCXO:lK;D;CHll.li TCX•IIJIU liHbiX acneKTOB, Bbi:JbiBaiOII:(liX rpaHyJI.Hp-

HOCTb B BTCI1-o6panu;ax. 

C;c;enaH BbiBO;D; o TOM, 'ITO He:JaBliCIIMO oT Toro, KaKo:ii li3. nepesncneHHbiX 

<f>aKTopoB n~:lKIIT B ocHoBe yxy;o;UieHIIH cBepxnpoBo)l;.HII:(IIX cBoHCTB BTCI1-o6pan

IJ;OB B ll;CJIOM no OTHOlllCHIIIO K TCM napaMeTpaM rpaHyJI r0, BCC OHII B KOHC'I

HOM C'ICTe npiiBO;lJ;.llT K o6pa:JOBaHIIIO Mro OXBaTbiBaiOII:(CH ro. lloaTOMY B. 

Mop;errhHOM OTHOUICHIIII BTCI1-o6panu;hi MO:lKHO paccMaTpnBaTb KaK cMeCh II:Jo

nupoBaHHbiX. "CIIJibHbiX" no <f>II:JII'ICCKIIM CBOHCTBaM H O)l;HOpO;D;HbiX no XHMH'IC-
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cxoMy cocTaBy rpaHyn BCTpoeHHbiX B HeogHopogHyro no cocTaBy II cTpyxType 

MeJKrpaHynhHYIO nogciicTeMy, KOTopaJI o6nagaeT 6onee cna6biMII cBepxnpono)l;.!l

miiMII cBoncTBaMII. 

~j 

Bo BTopoii rnane npep;cTaBneHo IIccnenoBaHIIe npo~ecca p;mp<lJy::m:n KIIcnopona 

B rpaHyn.!lpHoii KepaMIIKe Y Ba2Cu30r (YBCO). YBCO-KepaMIIKII, nony"leHHbiH 

B peoyJibTaTe CIIHTeoa npii Tcm" HaXO)l;.!lTC.!l B TeTparoHanbHoil: <Pane (npocTpaH

CTBCHHaJI rpynna P4/mmm) c cocTaBOM Y Ba2Cu30 6+5 c 8 <t:: 1 (YBC06), 

KOTOpaJI He JIBJIJieTcJI cBepxnpoBop;Jimeii. CBepxnpoBop;IIMOCTb BO:JHIIKaeT npii 

8 "' 0.3 II yciiJIIIBaeTCJI no Mepe noBbiiiiCHII.!l 8 p;o "' 1. Ilpo~ecc <lJopMIIpoBa

HIIJI cnepxnpoBOAJimeii <lJanbi YBa2Cu301-6 (8 <t:: 1) (YBG07) (np. rp. Pmmm) 

II:J <lJaobi YBC06 MOJKHO paccMoTpeTb JIII6o KaK npo~ecc npeBpameHHJI TeTparo

HaJibHOH cpaobi B poM6II"!ecxyro, JIII6o. KaK npo~ecc cpopMIIpoBaHII.!l TBepp;oro pac-

TBopa YBC07 II:J p;Byx KOMnoHeHT YBC06 II 

KIIcnopoga. PeoynbTaToM TaKoro npo~ecca .liB-

JI.!ICTC.!l llOBbiiiiCHIIC COp;epJKaHII.!l KIICJIOpop;a B 

aneMeHTapHoii .!l"'CHKC YBCO. MexaHII:JMOM Ta-

xoro npo~ccca liBJI.!lcTcn p;n<lJ<lJyonn aToMoB xu-

cnopoga no oxpyJKaromcii cpe)l;hl B o6panc~. Pac-

CMOTpiiM 3JICMCHTapHyiO .!l"'CHKY COC)J;IIHCHIIJI 

YBa2Cu30r (6 < x < 7) (piic.1). KoopgiiHaT-

Hhle nO:JII~IIII aTOMOB B .!l"'CHKC II IIX OaCCJICHHO-

CTII B CBOIIX MCCTaX onpep;eJI.!liOTC.!l C nOMOmbiO 

o6pa6oTKII HCHTpOHHbiX p;IIcppaK~IIOHHbiX cnex

TpOB no MeTop;y PnTBenbp;a [28]. B penynhTaTe Puc.l 

gn<lJ<lJyniiii, nacencHHOCTII aToMoB KIIcnopona B nnocxocTn Cu1 ( c o6ooHa'ICHIICM 

05 II 04 j];JI.!l aTOMOB KIICJIOpoga, HaxognmnXC.!I Ha OCli a II b, COOTBCTCTBCIIHO) 
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MCH.!IIOTC.!l. Taxoe IInMeHeHIIe npnBO)l;IIT K II:JMCHCHIIIO napaMeTpoB .li"leHKII a n 

b, Bcnep;cTBne "lero npoiicxop;IIT npeBpameane TeTparoHanbHOH MOAII<lJnxa~nn B 

poM6II"!ecxyro. IloBbiiiiCHIIe cop;epJKaHHJI xncJropona B nnocxocTII Cu1 BMCCTe c 

nepe)l;a"ieil: )l;bipoK no aToii nnocxocTn B nnocxocTb Cu2 npnBOp;IIT K BOOHllKHOBe-

HlliO CBepxnpOBOp;IIMOCTll B )l;aHHOM.COCp;IIHCHIIII. 

,II;nH npo~ecca p;II<lJ<lJynnii xncnopoga B YBCO OTMe"laiOTC.li cnegyromiie xa-

paxTepHbiC "'CpTbi: 

1. ConepJKaHIIe xncnopoga He MoJKeT npeBbiiiiaTb paBHOBecHoe cogepJKaHIIe 

Xpan(T) = 6+8pan(T), KOTopoe .liBJI.liCTC.!l <PYHK~neii: OT TeMnepaTyphl (29]. TaKaJI 

<lJYHK~II.!l IIMCCT npn6JIIIJKCHHYIO <lJopMyny: 

Xpan(T) = 6.93685 + 7.84959 · 10-5T- 3.01854 • 10-6T 2 + 2.38422 • 10-8 T 3 

-7.48581· 10-11T 4 + 8.71322 ·10-14T 5 - 3.41385 · 10-17T 6 (1) 

2. CymecTBYIOT paonii"'Hbie peJKIIMhl npo~ecca p;n<P<PY:JIIII. B cT~IIOHapH~M 

peJKIIMC aTOMbi KIIcnopop;a II3 oxpyJKaromeii cpep;bi p;II<P<PYH;:J;IIPYIOT npii TeMne

paType T11n.p B o6pa3e~, KOTOpbiH 6bln 6biCTpo :JaxaneH nn Tcm,. KIIHCTII"'CCKIIH 

peJKIIM COOTBCTCTByeT p;II<lJ<lJyniiii aTOMOB KIICJIOpop;a npll OXJiaJKp;CHIIII IIJIII Ha

rpeBaHIIII o6pan~a. 

3. OH cocTOIIT nn MHoro"lncneHHhlX aKTOB p;n<P<PY:JIIII aToMoB KIIcnopop;a B 

OT;:J;CJibHbiX rpaHynaX. IfHTCHCIIBHOCTb npo~ecca p;II<lJ<lJY3IIII KIICJIOpop;a B rpaHyne 

:JaBIICIIT OT TCMnepaTyphl, nap~IIaJibHOro p;aBJICHII.!l KIICJIOpop;a OKpyJKaromen 

cpep;bi II nepBOHa"laJibHOro COp;CpJKaHII.!l KIICJiopop;a B noBCpXHOCTHOM CJIOC 

rpaHynhl. 

Op;IIHO"'HbiH aKT gn<P<PJ:Jnii aToMoB KIIcnopop;a B xaJKgoii rpaHyne xopoiiio 

OlliiCbiBaCTC.!l Op;HOMCpHbiM, 3aBIIC.!lmiiM OT BpCMCHII ypaBHCHIICM p;n<lJ<lJy3IIII: 

88~, t) = D(t) 828~, t) (2) 

C KpaCBbiM ycJIOBHJIMII : 

8(z,t = 0) = 80 , (3) 
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8(z = O,t) = 8(z = La,t) = 8p..,(ToTli<,Po2), (4) 

op;ecb t-Texy~ee BpeMH p;mp<Pymm (nnn OT:lKHra),. z-Texy~aJI xoopp;nHaTa no 

:3<P<PeKTHBHOll p;nnHe p;II<P<Pyonii La, ycpep;HeHHon no BCeM rpaHynaM, 80 II 8pas

ncxop;1Ioe H paBHOBCCHOe COp;ep:lKaHHH KHCnopop;a B :3JICMCHTapHOll JPICllKC 06-

paoJJ;a, COOTBCTCTBCHHO. 

PellleHne aToro ypaBHeHrm cny:lKnT ocHoBon p;nH II:Jy'IeHIIH npoqecca gn<P<PY

onii aTOMOB xncnopoga B xepaMnxe Y Ba2Cu3 0 6+8 , KOTOphln MO:lKeT nponcxognTb 

B CTaJJ;IIOHapHOM ll KIIHCTII'ICCKOM pe:lKUMax. Taxoe pellleHHe HMCCT Bnp;: 

L. L +z 
00 J n a dz 8(t)-8o=~L:(-1t erfc

2
.;y · 

8pas - 8o a n=O 0 
(5) 

3gecb 
t 

Y = j D(t')dt', (6) 
0 

rp;e D-xoa<P<PIIJJ;HCHT gn<P\IJyoiin aTOMOB xncnopoga, KOTophln oaBIICHT oT Bpe-

MeHn OT:lKHra t :Ja C'ICT M3MCHCHHJI TCMIIepaTyphl BO BpeM~HH. 

AHanno nony'IeHHoro pellleHrm II conocTaBneHne c axcnepnMeHTanhHhiMH gaH

HhiMH, B:JHThiMII ll:J pa60Thi (30) n03BOJIHIOT cp;enaTh cnep;yl<?~lle BhiBOj];hl: 

1. B rrpoqecce gn<P<PY3HII KIIcnopoga no oxpy:lKaro~en cpep;hl B Y Ba2Cu306+8 

(8 ~ 1) cocTOHHne nccnegyeMoro MaTepnana npoxognT Tpn cTagnn: 

·a) BbicTpoe nepBomi.'IanhHoe o6pa3oBarme TBepgoro pacTBopa Y Ba2Cu306+8 

- Kncnopop; TeTparoHanhHon <Paohl, B KOTopoM xoa<P<PIIJJ;HCHT ;r:~n<P<PY3HH D = D 1 

B HHTepBane TeMnepaTyp 200 - 700°C n ;t~aBneHnn xncnopo;r:~a 1.4 :::_ 10.7 aTM. 

Bhlpa:lKaeTCH cne;r:~yro~en <PopMynon: 

2 7 V )2 (-0.14(aB)) {?I(cM /cex) = (2.3- 4.6) · 10- ( Pa2(aTM.)- 0.7 exp. KT . (7) 

6) ,Jl;anhHClllllee pa3BHTIIC CHCTCMhl B TCTparoHanhHOll <Paoe, HeynopJip;O'ICH

HOll no ll;CIIO'IKaM Cu- 0. B aTOll <Paoe Koa<P<PnJJ;HCHT D = D2 OJJ;CHHBaeTCH 
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Bhlpa:lKCHHCM: 

D2(cM2 /cex) = (0.84 _ 3.4). 10-4 exp (-0.6(ai3)) 
KT . (8) 

B) Ilocne TeTpa-poM6II'lecxoro nepexoga, B poM6II'lecxon <Paoe xoa<P<PIIUII

eHT ;t~II<P<PY:JHH OKa:JhiBaCTCH MCHhllle, 'ieM B TeparOHanbHOll <Paoe H nocTeneHHO 

yMeHhlllaeTcH go HYJIH c gocTn:lKeHIIeM. ngeanhHOn poM6II'ICCKon <Paoh! 

YBa2Cu301. 

,ll;nH nccnegoBaHIIH cTaJJ;noHapHoro pe:lKIIMa ;r:~II<P<Pyonn ncxop;Hhie o6paoJJ;h1,, . 
nony'ICHHhiC ll:J CTa6IIJihHOii BhiCOKOTCMIIepaTypHOll TCTparoHanhHOll <Paohi :Ja-

KanKOH B :lKH;r:IKOM a:JOTe, IIO;r:IBepranHCh OT:lKn:ry Ha B03)l;YXC IIpn: 350°C B TC'Ie

HHC paoHoro BpeMeHII OT 1 p;o 24 'JacoB. Pe:JynhTaThi orrpegeneHrm cop;ep:lKaHn:H 

KliCJIOpop;a X = 7 - 8 B aneMCHTapHOll H'ICllKC :3TliX o6pa:JD;OB C nOMO~hiO o6pa-

60TKH CHJIThiX Ha HIIX HCllTpOHHhiX 

gn<PpaxTorpaMM no MeTogy PuT- 6. g .----------------. 

BCJihp;a cpaBHIIBlliOTCJI C Bhi'IIICJICH-

HhiMH no <PopMyne (8) H noxaoaHhi 

Ha pnc.2. Ha gaHHOM piicyHxe noxa-

3aHa OaBliCHMOCTh cop;ep:lKaHHJI Kll-

cnopop;a x o6paoJJ;OB Y Ba2Cu30:z: oT 

BpeMCHll OT:lKn:ra, r;t~e TO'lKH-

axcnepn:MeHTanhHh!e ;t~aHHh!e a xpn:-

BaJI-Bhi'IliC1IeHHaJI c La = 0.25 CM., 

D = 3 · 10-6 cM2 fcex. 

X 

6.6 

6.3 YBa2Cu30x 

6.0 I I I I I I I I I I I I I I I I I I I I I 

0 2 

Pnc.2 

4 6 
tonc/4 

8 10 

ATOMhi Kn:cnopop;a n:o oxpy:lKaro~en cpe;t~h! c napqn:anhHhiM ;t~aBneHn:eM Kn:

cnopo;r:~a P0 2, nocne ;r:~n:ccoqn:aJJ;HH Monexynh! 02 npii a;r:~cop6uun Ha noBepxHocTu 

o6pao11;a, p;n<P<PYH)l;IIpyiOT Brny6h o6pao11;a no noOllll;IIJIM 04 'Iepeo MCTacTa6Hnb-• . 
Hh!e nOOHJJ;HH 05. BepOJITHOCTh Taxoro npOJJ;CCCa OaBHCHT OT TOro, HaCKOJlbKO 

BCJIHKa BepOJITHOCTb BaKaHCHH B noOIIJJ;UH 04, oxpy:lKaiO~liX j];aHHYIO nO:JHJJ;HIO 
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05. CooTBeTCTBeHHO, xoa¢¢ninreHT gn¢¢yonn xncnopoga nMeeT MaKCUMMbHOe 

oHa'leHne J:ll'I.II Y Ba2Cu30s n MUHHMM&Hoe ::JHa'leHHe f:ll'I.II Y Ba2 Cu30 7 • TaxnM 

o6paooM, j:ll'I.II llOBbiWeHll.II COgepJKaHU.II KllCl'IOpoga Ha llOBepXHOCTH rpaHyl'I ll TeM 

CaMbiM ero ::JHa'leHll.II B 06'beMe HYIKHO yBel'IU'IllTb BepO.IITHOCTb yxoga BaKaHCllll 

04 Ha noBepxHOCTb rpaHyn . .IJ:nH aToii uenn npoBegeH OTJKnr o6paoua YBC06 

ogHOBpeMeHHO c ero ll:::JMeJib'leHneM. Ha pnc.3 gn.II :::JaBncnMoCTH c oT BpeMeHH 

TaKOrO OTJKUra Hap.IIJ:IY C 3KCnepH-

MeHTMbHbiMil TO'IKaMH npegcTa-

BJ1eHbl KpllBble, Bbl'lllCl'IeHHble no 

¢opMyne (5) c napaMeTpaMH 1-

La = 8 • 10-3 CM, D = 3 • 10-9 

cM2 /cex, C0 = 0.14, Cpan = 0.3; 

2-La = 7 • 10-3 CM, D = 3 · 10-9 

cM2 /cex, C0 = 0.14, Cpaa = 0.8; 3-

La = 4.5 • 10-J CM, D = 3 • 10-9 

CM2 /cex, C0 = 0.06, Cpaa = 0.97. 

7.0 

6.8 

6.6 

"' + 6.4 
\D 
6.2~ 
6.0 

0 

Puc.3 

YBa 2 Cu 3 0 6 • 6 

100 200 300 
tOT)!( IMUH 

. 0'1eBU):IHO, 'ITO 3KCnepnMeHTMbHbie pe:::Jyl'IbTaTbl J:lll¢¢Y:::lllll KllCl'Iopoga B ' 

YBC06 c y'leToM Bl'IIl.I!Hll.II noBepxHocTn xopowo onncbiBMHCb B paMKax npocToH 

Oj:IHOMepHOH MO):Iel'IIl J:lll¢¢Y:::lllll. IlogrOHO'IHbiM napaMeTpOM npn 3TOM .IIBJ1.1IeTC.II 

gnHHa gn¢¢Y:::lllll La, KoTopaH MeH.IIeTC.II B npegenax ( 4.5- 8) ·10-3 eM n cpaBHHMa 

c paoMepoM :::JepeH B HccnegyeMbiX o6paouax. 

0TMeTHM, 'ITO ll:::l-:::Ja rpaHyn.IIpHOCTil llCCl'IegyeMbiX o6pa:::JUOB HeJ1b:::l.II TO'ITO 

onpegenHTb f:IJ1HHY AH<l><l>Y:::JHH La, B pe:::JynbTaTe 'lero npegaKcnoHeHuuanbHbiH 

¢aKTop Do n aHeprH.II aKTHBaunn E onpegeneHbi c 6on&wnM pao6pocoM. IIo-

3Tl~,!,IY HeouxognMo f:IUJibHciiwcc noy'ICHnc npouccca gn¢¢yonn, nponcxogmucro 

npn cpaBHnTenbHo HnoxoTeMnepaTypHoM HarpeBe (T < 500°C), '1To6bl nony-

• 
'lllTb p;ODOl'IbHll'renbHYIO HH¢opMa.Qli101 KaCaiOJUYIOC.II 3TliX xapaKTepHbiX napa-

MeTpOB npouecca p;H¢¢y:mH. IlpHMeHHM BbiWeCKa:::JaHHYIO op;HOMepHyiD p;n¢<Py-
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OliOHHYIO MOp;el'Ib p;1I.II onncaHll.II yBel'IU'IeHH.II cop;epiKaHll.II _KliCl'IOpop;a 6 + 0 B 06~ 

paoue YBC06 c ncxogHbiM ::JHa'leHneM 6+8o npn ero HarpeBaHnn oT T8 ,.., p;o T.,08 

Ha pHc.4 BMecTe c p;aHHbiMH U:::J pa6oTbl [29] npep;cTaBneHa KpnBaJI, Bbl'lncneHHa.II 

B paMKax ynoM.IIHYTOH MOp;enH II BblpaiKeHa.II B npoQeHTHOM U:::JMeHeHIIll Beca ):IJ1.1I 

ogHo¢aoHoro o6paoua YBC06. Ilpii aTOM npep;nonaranocb, 'ITO 

D =Do exp ( K(Tua:: Vuarpt)) • 
(9) 

PIIc.4 noKa::JbiBaeT noMeHeHIIe cop;epJKaHII.II xncnopop;a B npouecce 

HarpeBaHII.II Y Ba2Cu30s.1s: 

TO'lKII-pe:::JynbTaThl Tr A-no

MepeHnii [29], npoBep;eHHbiX 

C Vuarp = 1 °C /MnH. li Po2 = 

1 aTM. CnnoWHaJI xpuBaJI-

Bbl'lHCJ1eHHble DO (5) (6) II (9), 

BblpaJKeHHble B npoueHTHOM 

IIOMeHeHuH Beca IIcxop;Horo 

COCTaBa Y Ba2CuJOs.1s, 

La = 3 • 10-3 cM, Do = 
2.1·10-4 cM2 /cex, E = 0.6aB .. 

102.0..----------, 

~ 101.2 
:E 
~ 
:E 100.4 
<1 
+ 

.6 

Puc.4 

500 .700 

r ;·c 
900 

Taxoe xopowee COBnap;eHue MeiKp;y Bbi'IIICneHHOH KpiiBOH II 3KCnepuMeHTanb

Hb1Mli p;aHHbiMli a TaKJKe aHanU::J peoynbTaTOB COgep)KaHIUI KIICl'IOpop;a B HCXO

p;HbiX o6paouax YBa2Cua06.11 HarpeTbiX Ha Boogyxe co cKopocTbiD B IIHTepBane 

Vuarp = 0.5 - 3°C /MliH nooBOJ1.1IIOT C):lellaTb BbiBO)J; 0 cnpaBe)J;liiiBOCTU ¢opMyl'Ibl 

(8) p;nH xoa¢¢uuueliTa p;u<I>¢youu D B TeTparoHMbHOH ¢aoc YBC06 npn oT

xmre B HHTepBane 150- 500°C. 

TpeTb.II rnaBa llOCB.II~eHa npo6neMe paopa60TKII li noy'leHli.II MarHUTHbiX OT

XJ1llKOB B rpaHyn.s:pHbiX BTCll-o6paouax. B Ha'lane rnaBbl 6blna uonox<eHa one-
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paTIIBHa!I MCTOgiiKa onpegeJieHIDI TCMnepaTypHbiX II MarHIITOnOJICBhlX naBIICII

MOCTCH nrroTHOCTII KpiiTII'Iecxoro TOKa Jg Me:lKrpaHyJihHOH o6nacTII B BTCII

o6pam:~ax. TaKrui MCTOgiiKa 6an1IpyeTCJI Ha II:JMepeHII.IIX :JaBIICIIMOCTCH pearrbHOH 

(x~) II MHIIMoii (x~) '!acTeii: nepBoii rapMoHIIKII giiHaMII'Iecxoii: BocnpiiHM'IIIBO-

CTII OT TCMnepaTyphlii BHCIIIHero noCTOJIHHOrO noJIJI Hdc B ycJIOBIIJIX He nOJIHOrO 

npoHIIKHOBCHHJI norrJI B o6paneu;. C<lJopMyrriipOBaH Kp1ITep1Iii grrJI ygoBJICTBope

Hli.II TaKOrO ycJIOBII.II Ha onbi:Te, KOTOpbiH o6JinyeT liiiHCHHOCTb MC:lKgy x" II x' no 

" 4 ( , ) <lJopMyrre X 1 = 3.. X 1 + 1 . IIorry'IeHhl crregyto~IIe pa6o'!IIe <lJopMyrrhl grrJI TaKoro 

poga onpef.leneHIDI: 

( 
1 1)- Ho __ 1 

X1 + - R Jl(Hdc, T)' (10) 

4 Ho 1 
X1 =---.-

37r R Jl(Hdc, T)' 
(11) 

rge H 0 -aMnJIIITyga II:JMepiiTCJihHoro nepeMeHoro norrJI Hac· 

Panpa6aTbiBaeMrur MeTogiiKa 6blrra IIcnorrhnoBaHa gJIJI onpegerreHIIH Jg(H, T) 

B o6panu;ax coegiiHCHIIH Y Ba2Cu301-S II Bit.6sPbo.JsSr2Ca2Cu301o+S, IInroTo-

BJICHHhlX no panHhlM TexHorrorii'ICCKIIM npou;egypaM. IIorry'IeHHhle naBIICIIMOCTII 

Jg(H, T) nonBOJIIIJIII cgerraTh BhlBoghi o TIIne crra6hlx CBJineii: B IIccrregyeMhlX o6-

panu;ax, BJIIIJIHIIII rreriipoBaHIIJI cepe6poM Ha Jg(H, T) BY Ba2Cu30 7_s II cpaBHe

HIIII Jg(H, T) B IITTpiiCBhlX II BIICMYTOBhlX coegiiHeHIIJIX. 

B Bhliiieiinrro:lKeHHOM MeToge onpegerreHIDI Jg(H, T) npeHe6perarrii naBIICIIMO

·CThto Jj OT Hac, 'ITO cnpaBegrriiBo npii ygoBJICTBopeHIIII KpiiTCpii.II II:JMepeHIIJI. 

B CBJI:JII c IIHTeHciiBHbiM IIccrregoBaHIIeM cBoiicTB MrO II ee porrii B onpegerreHIIII 

·cBepxnpoBogJI~IIX CBOHCTB o6panu;oB B u;erroM, a TaK:lKe IIn-na OTCYTCTBIIH age

KBaTHoro OniiCaHIDI OTKJIIIKOB MrQ nog BO:JgeHCTBIICM noJIJI II TCMnepaTyphl, 

B GToii: rnaBe 6hlrro npoBegeHo panBIITIIe Mogerrii KpiiTII'!ecxoro cocToJIHIIJI grrJI 
~ . . 

OniiCaHII.II giiHaMIIKII MarHIITHhlX noTOKOB B CBCpXnpOBOgHHKax BTOporo poga, 

Y KOTOpbiX :JaBIICIIMOCTh Jc(H, T) IIMeeT 6orree o6o6~eHHhlH BIIg, a ~MeHHO 

Jc = a(T)/(Bo+ I B 1).0, rge a(T)-npoii:JBOJihHrui <PYHKIJ;IDI, Bhlpa:lKaro~rur TCM-
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nepaTypHyto :JaBIICIIMOCTb Cllllhl niiHHIIHra niiHHIIHryto~IIX ll;CHTpOB, a nOJICBrui 

naBIICIIMOCTh CIIJihl niiHHUHra Bhlpa:lKaeTCJI 'Iepen <PYH.Kn;uro (Eo+ I B 1)-:.0 c npo

nnBOJihHhlM nHa'IeHneM <lJaxTopa {3. PeiiieHHe npo6rreMhl CBJinaHo c peiiieHneM 

ypaBHCHUJI KpHTU'!ecxoro cocTOJIHIIJI dB(r)/dr = a(T)/(Bo+ I B 1).0 AliJI Bb!'IU-

cneHIIJI llOKaJihHoro BHyTpeHHero nonJI. B(r ). Cnegyro~nMn IIIaraMII 6b!JIII Bb!_'m

cneHUJI HaMarHII'ICHHOCTU B o6panu;e, neTllii HaMarHH'ICHHOCTII II AIIHRMil'ICCKOII 

BocnpniiM'IIIBOCTII nro6oro nopJigKa rapMoHnKn. IlocTpoeHHoe onncaHue B paM

xax TaKoii paciiinpeHHOH Mogenn KpiiTII'!ecxoro cocTOJIHUJI (PMKC) nonsommo 

K01IU'ICCTBCHHO II.HII.1Ili3UpOBaTb TP.MllP.fmTypHbH' II nonPBhH~ CO BC.C'MU UX oro-

6eHHOCTJIMU nasucnMOCTU gnHaMn'Iecxoii: BocnpnnM'IUBocTu B BTCIT-o6panu;ax. 

Puc.5 gcMOHCTpupycT cpaBHCHUC pac'ICTHhlX (KpiiBhi<!) pcnynhTaToB u 

GKCnepUMCHTaJibHbiX ( TO'IKU) gaHHhlX 

naBUCUMOCTCH X~(T), X~(T), U:JMC

peHHhlX c aMnnnTygoii: nepeMeH-

Horo nonJI Ho(A/m)= 20(o), 41(£?), 

61(l::.), 101( 0 ), 203( *) B KepaMm{e 

Y Ba2Cu301-S· IIapaMeTpb! ucnonh-

nyeMble B pac'!eTe: (:3 = 0.2, a(T) = 

(1-T/T1}2
•
43

, fn = 0.12, Rg = 5MKM, 

0: 0 = 5.6 • 109
, R = 0.001M. 

t 
.... 
o.o~~v ~J 

-0.5 
.... 

-~I 1.0 ' ' 
85 86 

Pnr.5 

87 
T. K 

88 89 

IlpegcTaBllCHa onepaTUBHa!I ~pon;egypa, JI~rKO UCllOllh:JYCMrui Ha npaKTUKe, 

gnJI onpegeneHIDI cpyHxu;uu a(T) (gnJI onpegeneHHOCTU 6blna B:JJITa a 

(1- T/Tj)q c npoHnBOJihHhlM <PaKTopoM q), <PaxTopa /3, o6'beMHhlX goncii: MrO 

H ro U cpeg~ero pa3Mepa rpaHyn. 

PMKC 6b!n ycneiiiHo npuMeHeH gJIJI xonu'!eCTBeHBoro onucaHH.II Ta.JC Hanb!

BaeMoro gsyxnuxosoro acpcpexTa gnHaMH'!ecxoii: socnpnnM'IHBocTn MrO, H:JMe

peHHoii B HaJIO:lKCHHb!X nonJIX Hdc H Hac• 06 GTOM CBHgeTellbCTByeT puc.6, rAe 

CpaBHCHbi axcnepUMCHTaJibHbiC Aa.HHbiC H paC"'CTHbiC XpHBbiC TaKoro acpcpeXTa. 
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0.0 

-0.0 
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-0.8 
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.1 
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• 0 • "' f· .. ~ .. · ~ . t. . .. T.eoK 
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: ·/! • de: 0 r; • B • f • 0.44mT 

a 0.&1 mT 
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... ... ... 10 

B,,(mT) 
... 

Pn:c.6 CpaBHeHHe Me)Kp;y Bbl'IHC1IeHHbiMH H H:JMepeHHbiMH KpHBbiMH x~(Ho) u 

x~(Ho) npn: pa31IH'IHbiX ll01IJIX Hdc· a): KpHBble Bbi'IHC1IeHHble B paMKax PMKC 

c napaMeTpaMH f3 = 1.2, Hp = 0.79 MTh, 7 = 1.2 p;nH Hdc = 0(.0.), 0.44 (o), 

0.66(0) H 1.1 MTh (D); 6): 8KcnepHMeHTa1JbHble ~aHHbie B:JJITbl H3 pa60Tbl [31]. 

tfeTBepTaH rnaBa nocBJI~eHa pa3pa6oTKe cnoco6a cnHTe:Ja T01ICTbiX nneHOK 

coep;nHeHHH Y Ba2Cu30 7_ 5 , HanpaBneHHbiX Ha n:x npn:MeHeHne p;nH co:Jp;aHIIJI 

CKBM,Il;oB. Pa::1pa6oTaH cnoco6 nnroToBneHnJI TaKnx nneHOK MeTop;oM oKpawn

BaHHH nacTbl (3BaCu2 + 2Cu0) Ha nop;no)KKe Y2BaCu05 • OcHOBHbiMH MOMeH-

TaMn ~Toro cnoco6a .IIBIT.IIIOTC.II: 1) Bbr6op no~no)KKII nn cpanhi Y~BaCuOs, KOTo

pM C O~HOH CTOpOHbl .IIB1I.IICTC.II ~ll:l1ICKTpH'ICCKOH 1 'ITO BU)KHU JJ;JI.II llUCITC~YIO~liX 

npn:MeHeHHH a C ~J;pyroii, JIB1IJieTCJI Op;HOH ll3 KOMllOHeHT peaKniiH IJ:ITH cJ>opMHpOBa

HHi1<f>a3bl Y Ba2Cu30 7_ 5 • 'Th.KaJI nop;no)KKa Ha:JbiBaeTc.II xuMn'IeCKH aKTHBHoii, 

H noaToMy npn:Bop;n:T K xopoweii a~J:re:JHH nony'IeHHbiX nneHoK K nop;nO)KKe; 2). 

<f>opMnpoBaHnc <f>a:Jbl Y Ba2Cu30 7 _ 5 npoucxop;n:T B nponcccc pcaKnHH B KBa:JH-
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6n:HapHoii cncTeMe Y2 BaCu05-(3BaCu2 + 2Cu0). 3) HanH'!He pacnnaBneHHJI 

KOMnoHeHTbl (3BaCu 2 + 2Cu0) npn: cJ>opMnpoBaHHH .cJ>a:Jbi Y Ba2Cu301-S· 

,Il;eTanbHO OllHCaH nponecc CHHTe::Ja T01ICTOH nneHKH, Ha nony'IeHHbiX o6-

pa3nax npoBe~J;eHbl CTPYKTYPHhlii aHanH:J, n:ccnep;oBaHbl Mop<f>onornH H Te~.me

paTypHble :JaBHCHMOCTH conpoTHBne~HH n: a<f><.PeKT MeiiccHepa. IIneHKH n:~eroT 

T01I~HHbl OT 20 )l;O 200MKM1 BbiCOKYIO ll1IOTHOCTb (6e:JnopHCTbie), proHCTHBHaJI 

TeMnepaTypa nepexop;a o6pa::1ua Tc "' 90K, wnpHHa nepexop;a 6.T "' 1-2K. MrO 

nneHOK XOTJI HMCCT 601IbWYIO o6'beMHYIO /];01110 fn "' 70% HO ee Tj "' 87K, a ee 

Jj "' 102 -103 A/cM2 n: p;ocTn~aeT :JHa-;IeHHJI 105 A/cM2 npn nernpoBaHHII nneHoK 

cepe6poM. <l>opMbi nneHOK 

MoryT 6b1Tb nro6ble (no 

<f>opMe nop;1IO)KKH), KOTO-

pble He MeH.IIIOTC.II B npo

uecce CHHTena nneHOK. Ha 

pnc.7 noKa:JaHa MHKpocpo

Torpa<f>n:.!I ll1ICHKH T01I~H-

Hbl "' 100 MKM, CIIHTC:JH-

pOBaHHOll Ha fiH1IHH)l;pH'IC-

cKo:ii nop;no)KKe, rp;e 6onee 

nnoTHaJI o6nacTb- nneHKa Pnc.7 

a MeHee nnoTHaJI- nop;no)KKa. 

,Il;anbHCHWee llOBbiWe~ne ll1IOTHOCTH KpHTH'IeCKOro TOKa o6pa:Jna npe~ycMa-

TpHBa1JOCb BO:JMQ)KHOCTblO npn:MeHeHHH BbiCOKOTCMllepaTypHbiX nponep;yp )l;1I.II 

BbiiJ:C1ICHHH HeCBepxnpOBOp;.!I~HX '!aCTHU B Ka'ICCTBe neHTpOB llHHHHHra B :lTHX 

nneHOK 6ro HapyweHHJI KOHTaKTa Me)KIJ:Y nop;110)KK0H H nneHKOH. TexHonorn:•te

CKaJI nponep;ypa IJ:1I.II CO::lp;aHIIJI TaKHX neHTpOB llHHHHHra 6biJia p;eTaJxbHO H::liTO

)KeHa B aTo:ii rnase. Ee cyT:& :JaKliiO'IaeTC.ll B nepn:TeKTH'I~CKOM pa3liO)KeHHH <f>a:Jbl 

Y Ba2Cu30 7_s npn: T > 980°C c Bblp;eneuneM '!acTnn <f>a:Jbl Y2BaCuOs. Pe:Jynh~ 
. ' 
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TaTbi IICCliC):IOBaHIU! CBepxnpOBOR!I~IIX CBOllCTB llOliY'ICHHbiX llliCHOK ll03BOliiiliH 

HaUTH OllTIIMallbHbill TCpMII'ICCKIIll pe)I(IIM ):lliJI Bbi):ICliCHIU! TaKHX 'laCTIIQ, KOTO

pbiC nrparoT pOlib QCHTpOB llHHHHHra II CllOC06CTBYIOT llOBbilllCHHIO llliOT~OCTH 

KpHTII'ICCKOrO TOKa o6pa3Qa B 5 pa3. 

B llJITOll rrraBe OCHOBHOC BHIIMaHHC yp;eliJICTCJI II3Y'ICHHIO p;erpap;aQHH Bbi

llleynoMJIHYTOll BhiCOKOllliOTHOll nrreHKH. IIpoBep;eHo nccrrep;oBaHne p;erpap;aQHH 

llliCHOK, llOMe~CHHbiX B HaCbi~CHHbill BO):IJIHOll nap Hap; llOBCpXHOCTbiO KIIllJI

~Cll BO):Ibi npn HOpMarrbHOM aTMoc<PepHOM p;aBrreHHH. IIpep;cTaBrreHbi pe3yrrhTaTbi 

aHaJIII3a llpOQCCCa p;erpap;aQHH B TaKHX )I(CCTKHX YCliOBHJIX C llOMO~biO <Pa30BOrO 

aHaliH3a Ha peHTrCHOBCKOM J:IH<PpaKTOMCTpe H H3Y'ICHHJI ):IHHaMH'ICCKOll BOCllpH

HM'IHBOCTII B p;erpap;npoBaHHbiX nrreHKax. Bbirro cp;erraHo p;Ba Ba)I(HbiX BbiBop;a, 

KOTOpbie crry)l(aT ocHoBaHneM ):lliJI opnrnHarrbHbiX panpa6oTOK CKBII,I(oB. Ta-

KHMH BbiBO):IaMII JIBliJIIOTCJI MC):IliCHa!I llOCliOllHa!I p;erpap;aQHJI llOliY'ICHHbiX TOli

CTbiX llliCHOK (B p;aHHOM YCliOBIIH p;erpap;aQM!i CKOpOCTb llOCliOllHOro YMCHlllCHHJI 

TOli~HH paBHa v(MKM/MnH) = 4.5/ .Jto(MHH) ) H CJia6oe BliHJIHHC p;erpap;aQHH B 

TaKnx ycrroBHJIX Ha cBepxnpoBo):IJI~ne CBOHCTBa ocTaBlllencJI '!aCTH nrreHKH nocrre 

p;erpap;aQHH. 

,I(arree, Mbi OTMCTHM crrep;yiO~He oco6eHHOCTH TOliCTOll llliCHKH Y Ba2Cu307-6, 

II3I'OTOBliCHHOll Ha llO):IliO)I(KC ~BaCu05 MCTO):IOM OKpaCKH B ll0llb3Y H3rOTOBliC

HIIJI CKBII,I(oB Ha nx ocHoBe: 1) xopolllne cBepxnpoBO):IJI~ue cBoilcTB~ nrreHKH ):lliJI 

C03):1aHIU! KOHTypa KBaHTOBaHIU!. 2) cy~eCTBOBaHHC ):I)I(03e<PcoHOBCKHX KOHTaK

TOB KaK B crry'!ae Y Ba2Cu30 7_ 6-KepaMII'lecKnx o6'beMHhiX o6panQOB. Ecrrn Mexa-

HH'ICCKOC CY)I(CHHe ll03BOliHT liOKaliH30BaTb crra6yro CBJI3b KOHTypa KBaHTOBaHHJI 

B ~1eCTC MIIKpOMOCTIIKa y KepaMH'ICCKOrO 06'beMHoro o6pa3Qa, TO 6e3 BCJIKOrO 

COMHCHIU! TaKOll MCTO):I nepeHOCHTCJI ):lliJI TOliCTOllliCHO'IHbiX o6pa3QOB. 3) npe

):IClibHO BbiCOKa!I llliOTHOCTb TOliCTOll llliCHKH1 KOpCHHbiM o6pa30M1 MCHJICT \(ap-
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THHY npouecca p;erpap;aunn B nrreHKe. B nopiicToii cpep;e KaK B o6'beMHoii Kepa

MIIKe, p;erpap;aQIIJI o6panQa JIBJIJieTcJI peoyrrhTaToM o~HoBpeMeHHoii p;erpap;aUIIII 

oTp;errhHhiX rpaHyrr. B BbiCOKonrroTHOM TorrcTonrreHO'!HoM o6panue p;erpap;aunJI 

npoiiCXOfl:llT nocnoiiHo. Ecnii npii :lTOM cBcpxnpoBo):IJIJ..Unc cBoiicTBa ocTaBlllc:iicJI 

Henpop;erpap;IIpOBaBlllCll '!aCTII HCCIIlibHO MCHJIIOTCJI, TO MO)I(HO npUMCHIITb :lTOT 

llOCJIOHHbill npOQCCC )l;JIJI CY)I(CHHJI MUKpOMOCTUKa II TeM caMbiM, liOKaliU30BaTb 
'-..-_/--

crra6yro CBJI3b B KOHType KBaHTOBaHHJI p;liJI C03)l;aHltJI O)l;HOlfHIJ:YKTUBHbiX pa:D;UO-

'!aCTOTHbiX CKBII,I(oB {Blf-CKBII,I(oB). 

fla OCHOBC TaKHX C006pa)I(CHHll6biJia npep;JIO)I(CHa H onpo6oBaHa HOBa!I MCTO-

p;uKa coogaHIIJI O)J;HOUHfl:YKTHBHbiX pagiio'IaCTOTHbiX CKBII,I(oB. IIogpo6Ho onii

caH cnoco6 H3rOTOBJieHHJI TaKux CKBH,I(oB c npuMeHeHIICM TexHorrornu Torr

CTOH llJICHKII )l;JIJI <PopMI1pOBaHIIll CBepxnpoBOf];lll..l.{Cro KOHTypa KBaHTOBaHUJI Ha 

UMUTaTope O)l;HOIIHfl:YKTIIBHoro CKBH,I(a, IIOroToBrreHHOM 113 <Pan hi· Y2BaCu05 

C llOCJICfl:YIOJ..UIIM CYJKCHIICM y)Ke COOf];aHHOrO Ha IIMHTaTope MHKpOMOCTHKa f];Jill 

rroKarrHoaunH crra6oii CBJIOII B KOHType. TaKaa npoQegypa cxeMaTH'IeCKH noKanaHa 

Ha cnep;yromeM piiCYHKe. Ha 

pnc.8 llOKa3aHbi (a) 061..l.{HH BII)l; 

HMIITaTopa Of];HOHH)l;YKTIIBHOro 

CKBII,I(a, HoroToBrreHHoro H3 

<Panbi ~BaCu05; (6) nonepe'I-

HOe CC'ICHIIC TOJICTOllJICHO'IHOro 

Blf-CKBII,I(a. IIoKanaubi p;erpa

p;IIpoBauHb!ii cnoii (/ /), KOHTYP 

KBauToBaHIU! Y Ba2Cu30-1 co 

cna6o:ii CBJIO:biO ('IepHb!H) II llO):I

JIO)KKa ~BaCu05 • . 

' I 
' ;. ........ 
' / /' 

' : 
,3) •·· ..... 

Puc.S 

BnepBb!e noroTOBJieHHh!e Ofl:HOIIHAJKTIIBHb!e ToncTonneHO'IHbie pa):IIIO'IacToT

Hh!e CKBH,I(b! HMCIOT CliCAJIDI..l.{IIe napaMeTpb!: yp.OBCH:b 6enoro wyMa s4> ,... 
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2 . 1Q-41P
0
jru;1f2 ~Jl!I 'laCTOT Bhiiiie 1 ru;, ;mepreTII'leCKOe pa:3peiiieHUe f ~ 3 · 

1Q-27,U)Kjru; II U36biTO'IHblll IIIYM (1/f) HIDKe 1ru;. 

IIpocToTa nnroTOBJieHnH, B03MO)KHOCTh ManocepnilHoro npoii3BO~CTBa, Bhl-

COKaH CTOllKOCTh II cpaBHHTeJibHO XOpOIIIUe xapaKTepiiCTHKH TaKUX TOJICTOnJie

HO'IHhiX CKBII,I.{oB cocTaBJIHIOT ocHoBy ~JIH ~aJihHeiiiiiero IIccne~oBaHIIH II pa::J-

pa60TOK B aTOM HanpaBJieHUH. 

B naKJIIO'IUTeJihHOll IIIecToil rnase o6cy)K~aiOTCH Heo6xo~uMocTh n B03MO)K-

HOCTh pa::JBHTIIH HOBOI'O HanpaBJieHUH UCCJie~OBaHUH no C03~aHUIO KBa::JUMOHO

JIUTHbiX KepaMU'leCKUX BTCII-o6pa::JIJ;OB. ITo~ KBa::JUMOHOJIUTHhiMU BTCII-o6pa

nu;aM~ Mhi no~pa::JyMeBaeM KepaMU'lecKne BTCII-o6pa::JIJ;hl, KOTOpbie o6na~aroT: 

1) BhiCOKOll nJIOTHOCThiO, 6JIU3KOll K peHTI'eHOBCKOll nJIOTH,.?CTU ~JIH p;aHHOI'O XU

MU'leCKOI'O COCTaBa o6pa::Ju;a; 2) O'leHb 6oJiblliOll, II B JIY'IIIIeM CJiy'lae, CTOnpo

u;eHTHOll 06'beMHOll )l;OJibiO rpaHyJihHOll o6JiaCTU, B KOTOpOll rpaHyJihl CUJihHO CBH-

naHhl Me)Kgy co6oil, 'ITO B csoro O'Iepegh o6ecne'lnBaeT xopoiiiue csepxnpoBO~H-

l.I.\Ue CBOllCTBa, 6JIU3KUe K TeopeTU'leCKHMU npep;enaMU )l;JIH 3ap;aHHOI'O XHMU'le-

cKoro cocTaBa BTCII-o6pa::JIJ;OB. 

IlposegeHhi nogpo6Hble uccnegoBaHUH rucTepenucHoro noBegeHIDI nepBoil rap-· 

MOHUKU )l;UHaMU'leCKOll BOCnpUUM'lliBOCTU B pa::lJIII'IHhiX o6pa::JIJ;aX, UMeiOl.I.\UX 

pa::JJIU'IHhre rpaHynHpHhle cTpyKTyphr, npu :guKnnpoBaHuu BHeiiiHero MarHUT-

Horo nonH Hdc· Ha ocHoBe nony'leHHhiX gaHHhiX TaKoro rncTepennca, unMe

peHHhiX npu pa::JJIU'IHhiX TeMnepaTypax II pa::JJill'IHhiX nonHX Hac II Hdc, go

Ka::JaHo, 'ITo HapHgy c a<J><I>eKTOM KOHIJ;eHTpau;uu nonH B BTCII o6pa::Ju;ax na 

C'leT OTTaJIKIIBaHIIH llOJIH p;UaMai'HUTHbiMU rpaHyJiaMU Cyl.I.\eCTByeT, B 3aBUCll-

MOCTII OT rpaHynHpHoil CTPYKTYPhi, II o6paTHhlll a<J><J>eKT - a<J><PeKT pa::Jpe)KeHII.ll 

no;m B BTCII o6pa::Ju;ax na c'leT KOMneHcau;uu nogo6HhiX BongeilcTBllll rpaHyn 
'\ .· 

llpU CI'Yl.I.\eHHOll ynaKOBKe :JTUX rpaHyJI. IJpep;CKa::JaHUe TaKOI'O a<J><J>eKTa 6biJIO 

cgenaHo B pa6oTe [18] npu TeopeTn'leCKOM uccnegoBaHuu BJIUHHIIH rpaHynHp

H~ll CTpyKTyphr Ha non~, geilcTBYIOl.I.\ee BHYTPII BTCII o6pa::Ju;a. IloKa::JaHo, 'ITO 
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peaJibHaH rpaHyJI.llpHaH CTPYKTypa liCCJiegyeMhiX o6pa::JIJ;OB npiiiJ;llllliaJihHO BJili

.lleT Ha goc:oBepHOCTh proynhTaToB aHaJIU3a MarHIITHhiX CBOHCTB BTCII o6-

pa:3IJ;OB II gJI.ll nonHaHIDI IICTIIHHhiX cBepxnpoBOg.lll.I.\liX CBOHCTB cBepxnpoBog.ll

l.I.\ell <J>a:3b1, Heo6xogiiMO pa:3pa6oTaTb TexHOJIOI'llli ll3I'OTOBJieHIDI KBa::JHMOHOJiliT: 

HbiX o6pa::Ju;oB BTCII. B aToll rnaBe npegcTaBJieHhl nepBhle proyJibTaTbl CIIH

Tena TaKUX o6pa::JIJ;OB coegnHeHIDI Y Ba2Cu301-6·, Cyl.I.\HOCTh cnoco6a 3aKm<>'la

eTC.ll B nepecUHTroe o6bi'IHbiX KepaMUK Y Ba2Cu30 7_6 B aBTeTli"'eCKOM pacnnase 

(3BaCu02 + 2Cu0) npM 980- 1000°q c noCJiegyrol.I.\HM MegneHHbiM OXJia)Kge

HMeM Heo6xogHMbiM gJI.ll pOCTa KpynHbrx I'paHJJI II YJIY'IIIIeHIDI KOHTaKTOB Me)Kgy 

HIIMII. ThKoil cnoco6 nogo6eH MeTogy BhlpaiiiUBaHIDI KpllCTaJIJIOB B pacimase, HO 

6e3 HCllOJI:b30BaHIDI TUI'JI.ll. IJoCJiegHHH np06JieMa peiiieHa C llOMOl.I.\biO TexHIIKH 

HaHeceHIDI cocTaBa (3BaCu02 + 2Cu0) Ha KepaMUKY Y Ba2Cu301-6, panpa-

6oTaHHOll gJI.ll CIIHTroa TOJICTOll nneHKH. ,ll;eTaJibHO oniicaHa npou;egypa nepe

CIIHTroa. IlpoBegeH <J>anoBhlll aHamro, IICcnegoBaHa Mop<J>onorll.ll Ha aneKTpOHHOM 

MIIKpocKone II ll3y'leHhl rpaHJJI.llpHaH CTPYKTYPa II MarHIITHhle CBOHC'l'Ba nepe

CIIHTe31IpOBaHHhiX o6panu;oB B paMKax ynoM.lleyToil PMKC. 8TH MCCJiegoBaHHH 

n03BOJIHJill cgeJiaTb OCHOBHble BhiBOghl: 1) npou;ecc nepeCUHTroa KepaMU'leCKIIX 

o6panu;oB Y Ba2Cu301-6 B :JBTeKTII'!ecKOM pacnnase (3BaCu02 +2Cu0) He pan-

pywaeT rpaHyJibl ncxogHoro o6pa::Ju;a no <J>anoBoMy cocTasy II no cBepxnpoBo

g.lll.I.\IIM CBOHCTBaMj 2) HaJIH'IUe llBTeKTII'leCKOI'O pacnnasa (3BaCu02 + 2Cu0) 

npii noBTOpHOM cneKaHIIII co:JgaeT 6naronpiDITHhle YCJIOBIDI gJI.ll nepe<J>oJ?MMpo

BaHli.ll COCTaBa Me:lKrpaHyJibHOll 06JiaCTH1 CYl.I.\eCTBOBaBWell go nepeCHHTroa B 

CTexiiOMeTpli"'eCKIIH cocTaB Y Ba2Cu30 1-6, B proyJibTaTe '!ero ofueMHaH goJI.ll 

Me)KrpaHyJibHoil. o6nacTM CHII)KaeTC.ll c 50% go 5%. CpegHIIil panMep rpaHyJI 

YBeJIII'IUBaeTC.ll BgBOe II CBH:JH Me)K)zy' HliMli CTaHOB.liTC.ll 6onee CIIJibHbiMli. IJpn 

gaJibHeHWeM llOBhiWeHIDI CTeneHII MOHOJiliTHOCTll o6pa::JIJ;a Ha6mogaeTC.ll npH6Jili-

:lKeHIIe UOBep;eHIDI nepeCUHTroiipOBaHHhiX XepaMU'IeCKliX o6pa::JIJ;OB K UOBegeHliiO 

MOHOKpHCTaJim:'IeCKIIX o6pa::JIJ;OB1 0 '!eM CBHgeTeJibCTByroT OHa'!eHIDI <J>aKTOpOB 
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q = 1, {J = 1 H 6rorn:eTepe3HeHOe llOBegeHn:e gHHaMH'!eeKOH BoenpHHM'IHBOeTH 

·npn: n;n:Knn:poBaHHH Hdc· 

B :JaKJIIO'leHn:n: nogBogn:Te.!I n:Tor BblllOJIHeHHoii: pa6oTbl. OeHOBHbie BbiBOgbl 

(eM. eTp.7-13) npegeTaBJieHbl B 6onee paeumpeHHOM Bn:ge. 06ey:lKgeHa nepeneK-

THBa HanpaBJieHH.!I n:eenegoBaHn:.!I no eo:JgaHn:ro KBa:JHMOHOJIHTHbiX BTCIT-

o6pan;oB. 
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