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1.BBeAe,HHe -

<l>opMIIpOBRHlle BbICOKOTeMIIepaTypHoro CBepxnpOBOp;HIIKa Y Ba2Cu3Q7_5 (Y123) IIO 

IICxop;HbIX KOMIIOHeHT ½03 , BaO (BaC03), CuO npoIIcxoµ;IIT, KaK IIOBeCTHo, B TBep

µ;oii <paoe IIO µ;n<p<pymmHHOMY MexaHIIOMY [l]. HecMOTpH Ha MHoroKpaTHble nepeTH

pRHHJI, o6paoe~ BCe-TaKu OCTaeTCJI HeOµ;Hopop;HbIM, OH UMeeT MOOaII'IHYIO CTpyK

TYPY' COCTOJii:.tzyIO HO CUCTeMbI CIIJibHbIX CBepxIIpOBOp;H~IIX rpRHyJI u BCTpOeHHOH 

B Hee CIICTeMbI cna6bIX CBJioeii, BKJIIO'IRIO~eii B ce6JI IIOBepXH~CTHbIH CJIOH rpaHylI 

n nopbI Me:iKµ;y HUMn: -Bcneµ;cTBIIe TaKOro <popMupoBRHUH- B _noBepxHOCTHbIX CJIOJIX 

rpaHyJI He C06n10p;aeTCJI CTexIIOMeTpU'IeCKOe COOTHOIIIeHil'e KRTUOHOB 1 : 2 : 3, 'ITO 

II IIpIIBOµ;IIT- K yxyp;llleHIIIO CBepxnpoBoµ;~~IIX CBOHCTB o6paoQa. -

YnoMiHyTair MOORII'IHall CTPYKTypa o6paaQOB CO~IIH~HIIJI-Y123 orpRHII'IIIBaeT 

. IIX npaKTII'Iecime IIpIIMeHeHne, rµ;e Tpe6yeTCJI BbICOKOe ci:ii:a'l:euue IIJIOTllOCTU KpIITII

:.iecKoro TOKa Jc. Oµ;HaKo, p;lU! CKBII,I(a IIMeHHO TaKIIe cna6ble CBJIOH IIrpaIOT ponh 

· 11,Ko3ecpconoBCJCHx - '.: KbHTaKTOB- c paoMepaMu,cmmMepnMbIMII ·c µ;n~rnoii KorepeuT110-

CTII (~ 10.4.) [2) •. JIOKaJIIIOIIpOBamie CJia6bIX CBJIOeH B KOHType KBaHTOBRHIIJI IIpOCTO 

ocy~eCTBJIJieTCJI C IIOMO~bIO MexaHH'IeCKoro cy:iKellIIJI MIIKpOMOCTIIKa. -TaKIIM nyTeM 

6bIJIII nony:qe~bl oµ;HouHµ;yKTIIBllhie Bl£-CKBII,I(bI ua KepaMIIKax Yi23[3) c MOCTII

KoM·paoMepoM 50 x 50 MKM, IIMeIO~IIe xopOIIIIIe napaMeTpbI: 'IYBCTBIITeJibHOCTb IIO 

0HeprIIII e ~ 10-29 ,I(:iK/rQ, CIIeKTpaJibllall IIJIOTHOCTb WyMa S4,, ~ 2 • 10:4 <Po/ ~ 
(<I/o = 2.07 • 10-15B6). Heµ;ocTRTKOM TaKIIX CKBII,I(oB JIBJIJieTCJI IIX 6blcTpall µ;e
rpaµ;aQIIJI ua_ Booµ;yxe, IIPII'IIIHOH KOTOpoii JIBJIJieTCJI HeMOHOJIIITllOCTb ( IIOpIICTOCTb) 

o6paaQa. 

B npep;bip;y~IIx pa6oTax (4,5) HaMII 6blna npeµ;cTaBJieHa TexuonorIIH noroTOBJie

HIIJI TOJICTbIX IIJieHoK Y123 Ha noµ;no:iKKe Y2BaCu05 (Y211) MeTop;oM oKpacKn. Oµ;Hoii 

IIO oco6eHHOCTeii TRKIIX IIJie~IOK JIBJIJieTCJI nx- BbICOKall IIJIOTllO-CTb ( _ MIIHIIMaJibHall 

nopIICTOCTb) (cM.puc.1). C noMo~bIO 1mMepe1mJI p;HHaMII'IecKoii MarHnTiioii Boc

npnIIM'IImocTII 0TIIX IIJieHOK 6bIJIO TaK:iKe BbIJIBJieHO cy~eCTBOBaHIIe p;Byx CIICTeM: 

CIICTeMbI CIIJibHbIX rpaHyJI u CII_CTeMbI cna6bIX CBJioeii. Oµ;HaKO nocneµ;HJIJI OaHIIMaeT 

60JibIIIYIO 06'beMHYIO p;OJIIO o6paoQa (µ;o 70%) II IIO CBepXIIpOBOp;JI~IIM CBOHCTBaM OHR 

He Ha MHOro ycTyIIaeT CIICTeMe CIIJibHbIX rpaIIyJI [5). 

KRK µ;eTaJibHO OIIIICRHO. B pa6oTax (4,5], µ;JIJI <popMnpoBamrn TOJICTOH IIJieHKII 

Y123 6bIJia ncnonwoBRHa peaKQIIJI Me:iKµ;y noµ;no:iKKoii Y211 n cMecbIO (3BaCu02 + 
2Cu0). Iloµ;no:iKKa Y211 6bIJia IIoroToBJieHa no cTRHµ;apTHoii KepaMII'IecKoii Te

xHonornII, BCJiep;CTBIIe 'Iero OHR o6naµ;aeT aHaJIOrII'IHOH MOOall'IHOH _ <;TPYKTypoii • 

. IlPII TeMIIepaType peaKQIIII 980°G CMeCh (3BaCu02 + 2Cu0) IIJiaBllTCJI ll BCTynaeT 

B p~aKQIIIO C IIOp;JIO:iKKOH Y211. Ilpn Meµ;JieHHOM OXJIR:iKµ;eHIIII C 980°G µ;o 920°G, 

_IIO-BIIp;IIMOMY, nponcxoµ;II-T npoQecc pacTBopemui Y211 B pacnnaBe (3BaCu02 + 
2Cu0) ll KOHQeHTpaQIIOHHOe nepecbI~eHne Y211 B 0TOM pacnJiaBe, 'ITO II npIIBOµ;IIT 

K KpncTaJIJIIIORQIIII <paobI Y123. Oµ;HaKo, nµ;eanhHble yCJIOBWI µ;JIJI <popMnpoBRHHJI Mo

HOKpIICTaJIJIOB Y123 He co6JIIOp;aJIIICh, B peoyJihTRTe 'Iero IIOJiy'IeHHbIH o6paoeQ JIBJIJI

eTCJI MO_HOJIIITHbIM'll IIMeeT npeµ;eJibHYIO (peHTreHOBCKYIO) IIJIOTHOCTb, HO npn 0TOM 

. OCTaeTCJI IIOJIHKpllCTaJIJill'IeCKHM, II00TOMY IIpeµ;nonaraeTCJI cy~eCTBOBaHne KOHTaK

TOB Me:iKµ;y KpncTaJIJIIITRMn; KOTOpbie, BOOMO:iKHo, JIBJIJIIOTCJI \ J1:iicosect,coionaaum. 
Mb! OTMeT_HM cneµ;y10~ne oco~eHHocTn TOJICToii IIJieHKH Y123,noroTOBJieHHoii Ha 

,. '--== ~ 
• r.)1,-,.~,,, ~1··· ;,_;ii ... _.-.,.~-.,, t 
1,_ ~:i<J,,;'.;;u .. 1,1, .. ,,~I «'1•H>l/ii ·, 
,- ' - I 
il nue~ii-JK nccJJe.:rnmuiru.g 1

1 ij t;MSJl!-!OTEH/.1 ,· --- ___ ,.. 



.. -· ... 11 ·•., "", •• -~ \ ..... •'•"1i' . ' •······· !t-. . . .. .•. , ,. ·, .,,.-;. . ,,. 
.~l;T'•.,.;· •. ~··:.;,·•: :_'-\.;~ .. '.·,:<.(~~)'-.,· 
,.,, ...... ·.·;.,. •. ·i;o;;,A.·.~·1··· Y _.,, .. '"'~"-r\·' ·:s ;-:•""J. •· , .. ;,:, . • ....... :r ~- :... •.• .!':. • • -~ .... ~ 1-. -•• .. I , .•... ,l\ • k•.~ •• , : • 

....... ! 

' -~ ·:~,~·,~-=t;\1'1 ~;.,. 
r'~~~--.:i.~&-~~-; :~~·--~: . _,._ • M •. ~ "I ,. 

:~"'•.:.:;j'J;•-~·-~- 11·,A. JI .. . : .IIIL_ __ . :ffllMIIII 

Puc.1 Mm~poq>oTorpacf>n:JI TIInII"IHOH TOJICTOll nneHKII Y123, II3rOTOBJieHHOH Ha no;a;

JIO:lKKe Y211 MeTO)l;OM OKpaCKII, CHJlTaJI Ha l)JieKTpOHHOM CKaHIIpyrorn;eM MUKpOCKOne 

JSM-840. Bonee nnoTHaJI o6nacTh - nneHKa Y123, MeHee nnoTHaJI ~ no;a;no:iKKa Y211 

no;a;no:iKKe Y211 MeTo;a;oM oKpacKII,B noJih3Y II:JroTOBJieHIIJl CKBHJl:oB Ha IIX ocHoBe: 

1. Xoponrne c:EiepxnpoBO)l;JlUJ;IIe CBOllCTBa nneHKU )l;JIJl C03p;aHIIJl KOHTypa KBaHTO

BaHIIJl. 

2. Cyw;ecTBOBaHIIe 
0

)l;:lK03eq>COHOBCKIIX KOHTaKTOB,KaK B cny<Iae Y123- KepaMII:.i:e

CKIIX o6pami;oB. EcnII MexaHII'IecKoe cy:iKeHue no3BOJIIIT JIOKalIII30BaTb cna6yro CBJl3h 

KOHTypa KBaHTOBaHIIJl B MeCTe MIIKpOMOCTIIKa y KepaMII'IeCKoro o6pami;a, TO 6e3 

BCJlKoro COMHeHIIJl MeTo;a; nepeHOCIITCJl )l;JIJl TOJICTOnJieHO'IHhIX o6pami;oB. 

3. IIpe;a;enhHO BhICOKaJI IJJIOTHOCTh (IIJIU BhIC0KaJI CTeneHh· MOHOJIUTHOCTII) TOJI

CTOll rmeHKU MO:lKeT KopeHHhIM o6pa30M U3MeHIITh KapTIIHY npou;ecca ;a;erpa;a;au;uII 

B llTOM o6pa3D;e. B nopucToii cp·e;a;e,KaK B KepaMUKe, ;a;erpa;a;anuJI ·06pa3u;a npoIIc

xo;a;IIT KaK pe3yJihTaT o;a;HoBpeMeHHOiI ;a;erpa;a;anuu OT)l;eJibHhIX rpaHyn. HanpoTIIB, B 

MOHOttlITHOM o6pa3IJ;e ;a;erpa;a;anIIJI npoucxo;a;IIT nocnoHHO. Ecnu npu 3TOM CBepxnpo

BO)l;JlUJ;Ue CBOHCTBa ocTaBll!eHCJI Henp·o;a;erpa;a;upoBaBllieii '!aCTII HeCHJI&H0 , MeHJIJOTCJI, 

TO MO:lKHO npIIMeHIITb l)T0T noCJIOllHhlll npou;ecc )l;JIJl C03)l;ictHIIJl MUKp0M0CTUKa )l;JIJl 

CKBHJl:a. 

Jl:anee MhI npuBe;a;eM pe3yJihTaThI II:Jy'IeHIIJl npbu;ecca ;a;erpa;a;au;mx TOJICTOH nneHKII 

Y123 'B B0)l;JIHOM nape. PeGynhTaThI npIIMeHeHIIJl ;a;erpa;a;an1rn ;a;nJI II3rOTOBJieHun 

o;a;HoIIH)l;YKTUBHoro B~-CKBH.D:a u ero pa6o'!IIe napaMeTphI 6y;a;yT npe;a;cTaBireHhI. 
B TpeTheii 'IacTu. 
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II.,I(erpaA~H.11 TOJICTOH nneHKH Y Ba2Cu307-:--6,. HoroTOBJieuuoii 

MeTOAOM oKpacKH ua UOAJIO)KKe Y:!BaCu05 

Ilpou;ecc ;a;erpaianIIII :aa Bo:J;a;yxe BhICOKOTeMnepaTypHoro cBepxnpoBO)l;HIIKa Y123 
II3y'IeH )l;OCTaTO'IHO X0pOllIO. OH II)l;eT no CJie)l;yJOUJ;ell XUMU'IeCKOii pea.KD;IIII [5-8]: . 

YBa2Cu301-s + H20-+ l;BaCuOs + Ba(OH)i + CuO + 02 j (1) 

Ba( OH)i + CO2 _,.• BaC03 + H20 · (2) 

. Jl:nJI IICCJie~OBaHIIll 6bIJia B3JlTa TOJICTaJI nneHKa Y123, II3rOTOBJieHH.aJI MeTO)l;OM 

oKpacKII [4] TOJilll;IIHoii 210 MK~ Ha no;a;n0:lKKe Y211 D;IIJIIIH;a;pu'IecKoii q>opMhI pa3Me:-.:· 

· poM ~ 8 x lMM. IIneHKa iioMew;anach B Hach!rn;eHHhlll B0)l;JIHOH nap Ha;a; noBepxHOCThID 

KUnJIUJ;ell BO)l;hl npu HOpManhHOM aTM~Cq>epHOM )l;aBJieHIIll. Ilocne 15-MIIHY;HOll Bbl·, 

;a;ep:lKKII (to) B TaKIIX ycnoBUJlX npoBO)l;IIJIUCh IIGMepeHIIJl p;UHaMU'IeCKOll MarH~ITHOH 

Bocn:pIIIIM'IIIBOCTII nneHKII, Ko-r:op1'.1e noBTOpJIJIIICh nocne BhI;a;ep:iKeK 3T~H Me nneHKlI 

B aHanorII'IHhIX ycnoBIIJlX B Te'IeHIIe ew;e o;a;Horo II Tpex '!acoB. 

PeHTreHOBCKIIe ;a;IIq>q>paKD;UO~Hhle cneKTphI ucxo;a;Horo II. no;a;BeprHyToro ;a;erpa;a;a

u;uu B Te'IeHue 15+60+180 MIIH o6pa3D;OB U3MepeHhI Ha ycTaHOBKe ,Il;POH-3 II npe;a;: 

cTiBneHhI Ha puc.2. Hcxo;a;HhIH o6pa3eD; HaxOIJ;UTCJl B 'IUCTO poM6U'IeCKOll q>a3e, ~ 
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Puc.2 PeHTreHorpaMMhI (1) ucxo;a;Hol'inneHKll u (2) 
1
nne~u, rto;a;Bepl'HJT0H ;a;erpa;a;a

D;llU B Te'IeHUe t 0 = (15 + 60 + 180) MHH; *· .nuK q>a3hI BaC03, o- Y2BaCuOs,. 6.
CuO 
npocTpaHCTBeHHOH rpynnoii Pmmm. IluK (200) 'IeTKo oT;a;eJIJieTCJI OT p;Byx CJIIIBaJO

UJ;IIXCJI nuxoB (020) u (006). IlapaMeTphI .!['JeHKII cooTBeTCTBeHHO paBHhI: a=3.82(4), 

b=c/3=3.89(3) A. Ilocne;a;Huii napaMeTp c ;a;aeT 3Ha'IeHHe co;a;ep)KaHIIJl aTOMOB xu

cnopo;a;a B 0neMeHTapHoii JI'Ie1'i:Ke (7 ~8) ~ 6.9. Jl:m1 ;a;erpa;a;upoBaHHciro 06pa3u;a mIKII 

q>a3hI Y123 y:iKe He BII)l;HhI, noJIBlll!JOTCJI 'I~T~u'e nuKu q>a:Jhl Y211, CuO u BaC03 , 
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'IT<> noµ;TBep:aq:i;aeT <pa.KT ,'ITO npon;ecc µ;erpaµ;an;1m npoTeKan no BblweynoMHHYTOII 

peaxn;mt. · 

Ha pIIc.3 noKaoaHbl OaBIIClIMOCTII peaJibHOII x' (T) II MHIIMOII x" (T)'Iac;re11 )i;ll-. 

.. HaMII'leCKOII MarHIITHOII BOCnplllIM'IUBOCTII, IIOMepeHHble npII B006y:lK~aI01IJ;eM nepe

MeHHOM MarHIIT.HOM none 'laCTOTbl 68 rn; II RM~lIIITJµ;bl Hae= 15A/M, p;lllI IICXOp;HOII 

nlleHKII II nlleHOK, noµ;BeprHJTblX µ;erpaµ;an;nII B · Te'leHHe to = 15 MIIH, (15 + 60) 

·wrn II (15 + 60 + 180) MUH. 3RMeTIIM, 'ITO BCe KpIIBble IIMe~T aHaJIOrII'lHbIII BIIµ;, 

y BCex KplIBblX x' (T) Ha6JI10µ;aeTClI o6JiaCTb nllaTO npII TeMnepaType B6mion 77 K, 
npII'IeM BelIII'IIIHa ,x' Ha IlllaTO p;lllI HCXOp;Horo <?6pao:n;a noCJie HOpMIIpOBKII _K Hae 
II K peaJibHOMy reoMeTpII'IeCKOMJ OM,eMy o6paon;a paBHa -1. Mo:lKHO OaKlIIO:'IIITb, 

'ITO IIcxoµ;Has: nneii:Ka II. nneHKII, noµ;BeprHJTble µ;erpaµ;an;IIII Haxop;lITClI B MeiicHepo

BCKOM cocTOlIHIIlI npII T ;, 77K. TaKoe noBep;eHIIe BOOMO:lKHO TOllbKO B TOM cny'lae, 

Korµ;a q,poHT. µ;erpaµ;an;nn pacnpocTpaH.!Ie'l'clI paµ;uanbHO c noBepxHoCTII. BHYTPb IJ;II

lIIIHµ;pa, 'ITO BnOlIHe:MO:lKHO npep;nOlIO:lKIITb, eCJIII o6paTIITb BHIIMaHIIe Ha TIInII'IHJIO 

Mopq,onorIIIO nneHKII, npeµ;cTaBJieHHJIO iia pIIc.l,.Ha ioTopoM BIIµ;Ho o'leHi. nnoTHJIO 

BHeWHIOIO o6oJI~'IKY IIO rpaHyll <pa.obi Y123, CO:Jp;aHHYIO. Ha 6onee pbIXlIOII nop;lIO:lKKe 

Y211 .. BNmey~OMSIH)"r3.11 HOpMIIpOBKa no3BOlllieT onpeµ;eriIITb o&!,eMbl (IIirn pa

. µ;IIycbI) o6pa:JIJ;OB, noµ;BeprHJTbIX µ;erpaµ;an;IIII. 

BpeMeHHoe II3MeHeHIIe paµ;uyca o6paon;a, noµ;BeprHyToro ~erpaµ;an;nn,npeµ;cTaB

JieHo Ha pnc.4, OHO nMeeT Bnµ; R(cM) = 9.91·10-2-8.95·10-4Jto(MIIH). ,II;erpaµ;an;noH

HaH CKOpOCTb (CKopoCTb yMeHbWeHlllI paµ;nyca 06paon;a,' 1IHblMII ClIOBRMII,TOlIIIJ;IIHbl 

nlleHKH) Bbl'llIClllieTClI 113 TaKOII OaBIICIIMOCTII II paBHa V(MKM/MHH)= 4.5/ Jto(MIIH). 

· Ha pnc.5 npeµ;cTaBJieHbl 3aBHCIIMOCTII H::, OT· Tp, np1IBep;eHHble K Tc;, rµ;e Tc; 
TeMn~paTypa nepexoµ;a ,B CBepxnpoBOp;lIIIJ;ee COCTOlIHHe Clla6oii o6JiaCTII nlleHKII, 

KOTOpa.!I onpeµ;elllieTClI 113 KpIIBOII x"(T), IIOMepeHHOII npn MIIH~MaJibHOM OHa'leHIIll 

Hae ( CM.pnc.2). H::, II Tp COOTBeTCTBJIOT 3Ha'leHlllI:i:i: RMillIHTJµ;bl IIOMepIITellbHOro 

nolllI II TeMnepaTypbI,npII KOTOpbIX Ha6JI10µ;aeTClI nnK Ha_ OaBllCIIMOCTII x" (T). . 
Ha6n10µ;aeMble nocTOlIHHble HaKJIOHbl KpIIBblx' 1 = dH::,/ d(Tp/Tc;) nooBolllIIOT 

npIIMeHIITb peoyllbTaTbl, npeµ;cTaBlleHHble B pa6oTe [5],µ;lllI aHaJIII3a KpIITII'leCKoro 

ToKa B ocTaBweiiClI 'laCTII o6paon;a nocne. Ka:lKµ;oii µ;erpaµ;an;1m. CornacHo [5], Ta

KIIe HaKlIOHbl TeCHO CBlI3aHbl C nIIHHIIHrOBOII cnoco6HOCTbIO o6pa::in;a a II TOlIIIJ;IIHOII 

o6paon;a II paBHbl a~ d * Tc; - Ji;lllI Moµ;eJIII BIIHa II -,/2;;J * Tc; -p;lllI Moµ;emx KIIMa. 

PIIc.6 nOKROblBaeT 3aBIIClIMOCTb HaKJIOHOB 'Y OT TOlIIIJ;lIHbl o6paon;a d. 'I'aKaH :lKe 

oaBIICIIMOCT~ HaKJIOHOB OT ,/d npeµ;cTaBJieHa Ha BCTaBKe pIICJHKa·~- 0'leBIIp;HO,TaKIIe 

OaBIIClIMOCTII He no3BOlllIIOT CJµ;lITb O Bbl6ope 'Moµ;eneii KIIMa IIllll_ BIIHa, oµ;HaKO I~ 

lIIIHeIIHOCTII TaKIIX oaBIICIIMOCTeII BblTeKaeT Ba:lKHbllI BblBOp; 0 TOM, 'ITO oa yMeHbWe

HIIe BblWeynoMlIHYTblX HaKlIOHOB OTBe'laeT yMeHbWeHIIe TOlIIIJ;lIHbl CBepxnpoBOp;lIIIJ;eII 

'laCTII o6paon;a, OCTaBWeIIClI nocJie µ;erpaµ;an;1m. TaKalI lllIHeIIHOCTb Oil.!J,Tb :lKe CBIIµ;e

TellbCTByeT O nOClIOIIHOM xapaKTepe µ;erpaµ;an;noHHOro npon;ecca: B. TOlICTOII nlleHKe. 

· ,lJ;lllI BbllICHeHlllI BlIIIlIHWI µ;erpaµ;an;IIII Ha CBepxnpoBOp;lIIIJ;IIe CBOIICTBa o6paon;a 

' 6bllIII npoBep;eHbl lIOMepeHlllI OaBIICIIMOCTeII x' (Hdc), x" (Hdc) OT BHeWHero noCTOlIH

HOro nolllI Hdc• Ha 3aBIICIIMOCTlIX x" (Hdc) Ha6JIIOp;aIOTClI nIIKII x" npII nolllIX H:c• 
COOTBeTCTBJICllIJ;lIX JClIOBIIIO nolIHOro npOHIIKHOBeHlllI nepeMeHiioro nolllI Hae B o6pa': 
oen;. ECJIII oopaoen; Ha caMOM µ;ene µ;erpaµ;IIpoBarr noCJIOIIHO, TO Torµ;a nocJie Ka:lKµ;oro . 
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PIIc.3 TeMnepaTypHble 3aBUCIIMOCTII peaJibHblX II MHIIMblX 'laCTei'1 µ;IIHRMII'IeCKOII 

MarHIITHOII Iiocnp1mM'IIIBOCTU µ;lllI ncxoµ;Hoii nneHKII ( + ); noµ;BeprHJTbIX µ;erpaµ;a

IJ;IIII nlleHOK B TC'ICHHe to = 15MIIH( * ), (15 + 60)MIIH( o ), (15 + 60 + 180)MIIH(~) 

0.105 

0.100 

;-----. 

10.095 
0::: 

0.090 

0.085 
0 5 10 15 

,/ t lMHHl 
0 

Pnc.4 3aBIICIIMOCTb paµ;uyca µ;erpaµ;IIpOBaHHblX o6pa3Il;OB OT KOpHlI KBaµ;paTHOro 

BpeMeHII Bblµ;ep:lKKll to o6paon;a B BOp;lIHblX napax. 
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P_IIc.6 3aBIICIIMOCTh HaKlIOHa KpIIBbIX H;:, = f(Tp/Tcj) OT TOlI~HHbl nrreHKII 
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/:lTana gerpaga~IIII TOlI~UHa nrreHKII yMeHhlllaeTCH, a reoMeTpII.11 o6pao~a OCTaeTCH 

HeIIDMeHHOH .. Torga :JHa'!eHIIe Ht /J;Oll)KHO Kopp_errIIpOB~Th c TOlI~IIHOH o6pan~a .. B 
. npegnolIO)KeHJIU O lIIIHeIIHOM pacnpegerreHIIII MarHIITHOro .DOll.11. BHYTPII o6pan~a, 'ITO 

cnpaBe~rrn~o gim nrreHoK, MO)KHO goxana;h-:ITO Me)Kgy H!c II d cy~ecTByeT nnHe_iiHa.11 

:JaBIICIIMOCTh, ·a IIMeHHO H!c = Jc(Hdc = 0) * d, ,ll;eiicTBnTellhH01TaKaJI CB.ll:3h Ha6mo

gaeTC.II (cM.pIIc.7), 'ITO II DOOBOll.lleT cgerraTb BbIBOIJ; O TOM, 'ITO B HaIIIeH.TOlICTOH 
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. • ·. d(cM) .- . --.· 'v" 
PIIc. 7 3aBIICIIMOCTh :JHa'!eHUII norreII H!c ,COOTBeTCTBYIO~HX nnKaM KpIIBOII x -( H de), · 
OT TOJI~IIHbl nrreHKII. 

nneHKe npo~ecc gerpag~II nponcxogIIT nocrroiiHo II,6orree Toro, OH Marro Bllll.lleT Ha 

BerrII'IHHY KpIITII'IeCKOro TOKa Jc OCT3Bmeli:Cll nocrre gerpag~IIII '!aCTII o6pan~a. 

3Ha'IeHIIe Jc B HylleBOM MarHIITHOM norre· II T = 77 K onpegeJI.lleTCH. Im HaKlIOHa 

np.11Moii Ha pIIc.7 II npIIMepHo paBHO 650A/cM2• · 

Ha ocHoBe .BliDienpe,11craBJiemmx penyrrhTaToB npo~ecca gerp_aga~IIII HaIIIeii 

TOJICToii nrreHKII B BOIJ;.IIHbIX napax MO)KHO cgerraTh crregyro~IIe BbIBOIJ;hl: · 

1.,ll;erpag~nOHHblll npo~ecc B o6pan~e ~IInIIHIJ;pII'IeCK~II cpopMbI npoIICXO~IIT no

ClIOHHO. 

2.IlpII TaKOM npo~ecce ~BepxnpoBog.11~IIe CBOHCTBa (Jc) ocTaBIIIenCH Henpoge
rpagIIpoBaBIIIeii '!aCTII o6panqa DO'ITII He MeHJIIOTCH: . 

0TII gBa BbIBoga, KaK oTMe"IeHo B Ha<Jarre, crry)KaT oc:ii:onaHJteM /'.Ill.II IIcnoJU,:JoBa

HH.11 ynoMJIHyToro gerpag~IIoHHoro ripotiecca B Haiueii iorrci-oii DJieHKe Y123 :eMecTo 

MexaHII<JecKoro cyiKe1trui ~~II II~roToBrreHirn MIIKpoMoc;IIKOB /'.Ill.II CKBII,ll;a. · 

III. B1I~CKBH,IJ; ui _oc1mBe ;;oJicToi 11ne11:irn Yl23 

III.1. · HorciTOBJieHHe · 

IlpII II:JroTOBlleHIIII BTCII CKBII.Ii;oB B OTlIII'IIIe OT HTCII QKBII)loB Heo6xogIIMO 

Y'IIITbIBaTh, 'ITO IIHTeHcIIBHOCTh TenrroB_~ __ qmyKTY~IIii m>II nepexoge oT reJmeBoii 
7_ 



K anoTHbIM TeMnepaTypaM BonpacTaeT npn:MepHo B 20 pan .. ,Il;rur o6ecne'IeHirn ycToir

"IIIBOit pa60Tbl llHTepq>epm.rnTpa IIHµ;yKTIIBHOCTb KOHTypa KBaHTOBaHII.11 Ls_He µ;011-

)Il'.Ha npeBocxoµ;n:Tb q>nyKTyaqn:oHHYIO n:Hµ;yKTIIBHOCTb Li (3], L1 = <P~/(21r)2kBT. 
Ilpn: T=77K BepXIDIJI rpaHm~a n:Hµ;yKTIIBHOCTH CKBH,II;a L. orrpeµ;erureTc.11 :JHa'Ie

HIIeM L1 ~ 10-10r. KpoMe :lTOro, KplITU'IeCKIIH TOK KOHTaKTa Io µ;om!WH :JHa

''IUTeJJbHO np~BbIIIIaTb TenJ1~BOH-q>J1)'KTyaqn:oHHbIH TOK Ir = 2eksT/n, T.e. Io >> 
3.2. 10-5 A (10]. IIocKOJlbKY onTIIMaJlbHOe :JHa'IeHIIe OCHOBHOro rn:cTeproIICHoro rra

paMeTpa B'I CKBH,II;a eCTb f3 = 21rI0 L./<P0 ~ 3, To,no11ara.11 I0 ~ 30MKA, nony'IUM 

p;ll.11 IIHp;yKTIIBHOCTII Ls= 3 • 1Q-llp; 

B HaCTO.II~ee BpeM.11 B rrpaKTII'IeCKIIX MarHIITOMeTpax Ha OCHOBe MaCCIIBHbIX 

BTCII-MaTepIIanoB rrpIIeMHbIM :lJJeMeHTOM .11B11.11eTC.1I He nepBII'IHa.11 KaTyllIKa cBepx

npoBoµ;.11~ero TpaHcq>opMaTopa noToKa, IIGroTOBJJeHIIe KOToporo Bee e~e .11B11.11eTC.1I 

TexHonorll'IecKou npo611eM01i, a co6cTBeHHO oµ;Hormµ;yKTIIBHbIH CKBH,II;, caM .IIBIDI-

IO~IIHC.11, KaK npaBIIJIO, KOHI~eHTpaTopoM MarHIITHOro noTOKa. ,II;11.11 ycIIJleHII.11 BHe

lIIHero MarHIITHoro norur npII nepeµ;a'Ie MarHIITHoro noToKa B_ KOHTYP KBaHTOBaHII.11 

JKa:3aHHoe :JHa'!eHIIe IIHp;yKTIIBHOCTII CKBH,II;a L, CJIIIIIIKOM Mano. Ho Ha µ;aHHOM 

:)Tarre Mbl npecneµ;oBaJJII QeJlb µ;oKa:JaTb rrpIIH~IIIIaJlbHYIO BO:JMOJKHOCTb C03p;aHII.II 

B'I-CKBlI,Il;oB no TOJ1CTon11eHO'IHOH TexHonorIIII 1m BTCII- KepaMIIKII,yMeHbllIIIB 

BJIII.IIHIIe BllellIHIIX MarHIITHbIX IIOMex na C'IeT CHIIJKeHII.11 noneBOH 'IYBCTBIITeJlbHO

CTII. KpoMe Toro, BbIXOp;HoH cIIrHan CKBH,II;a nponopQIIOHaJJeH -(L.)-112 , IIO:lTOMY 

onIICbIBaeMa.11 HIIJKe KOHCTPYKQII.II 6bIJ1a opIIeHTIIpOBaHa Ha peaJJII:J~tIO MaJIOIIHµ;yK

TIIBHOro CKBH,II;a. 

,II;rur BII3YaJJII38.qIIII KOHTporur KOHTypa KBaHTOBaHIIJI 6bIJla IICnOJlb:JOBaHa MeTO

µ;IIKa, IIMllTIIPYIO~a.11 o6bl'!Hyto o&beMHYIO TexHOJIOrIIIO II:JrOTOBJleHII.11 op;HOIIHµ;yK

TIIBHbIX_ B'I-CKBlI,Il;oB. B KepaMII'IeCKIIX Ta611eTKax q>a:JbI Y211 nnoTHbCTbIO ,;., 

- 4.6r/cM3 II panMepaMII 5 x 5 x 3MM 6bIJIII rrpocBepneHbl p;bipKII p;IIaMeTpOM 0.8 MM. 

O6_bl'IHbIM MexaHII'IeCKIIM nyTeM 6bIJIII II:JrOTOBJleHbl MOCTIIKII 50 x 50 x 100MKM''. Ha 

o6paaeQ HaHOCIITCilCMecb (3BaCu02 + 2Cu0), B ueKOTOpbIX CJJY'IMX B :lTY cMeCb 

µ;06aBrur11n: µ;IIcnepcHo~ cepe6po (B Be~oBbIX npoQeHTax K Becy cMecII (3BaCu02 + 

2Cu0)). O6paneQ cneKaeTCJI no TerrnoBoMy peJKIIMY, npeµ;cTaBJJeHnoMy B (4] IIJIII 

(5]. Ilocne CIIl!Teaa c o6panQa yµ;anJIIOTC.11 ocTaTKII cMecII (3BaCu02 + 2Cu0) II 

o6paneQ no11Bepraercsi: Bblllleonn:caHHoMy npoQeccy µ;erpaµ;aq1m. Ilo Mepe µ;erpaµ;a

Qim npoBepJIIOTCJI cn:rHaJJbl CKBH,II;a, TaKIIM o6panoM MOJKHO nnaBHO cnep;IITb na 

q>opMIIpOBaHIIeM MIIKpOMOCTIIKa n: BbI6paTb onTIIMaJlbHOe OTHOIIIeHIIe CIIrHan/lIIYM 

CKBH,II;a. 

III.2. OcuoBHble xapaxTepncTHKH roncroruieHO'IHblX _ CKBM,il;oB 

811eKTpoHHa.1I cxeMa BKJIIO'IeHII.II BTCII B'I-CKBlI,Il;oB Tpaµ;IIQIIOHHa u nµ;ecb He pac

cMaTpn:BaeTCJI. -PenoHaHCHMH KOllTYP, CBJI:JaHHbIH co CKBlI,Il;oM, Bon6yJKµ;ancJI OT 

Bllelllnero re11epaTopa Ha 'IacToTe oKono 19 MPQ u IIMen µ;06poTHOCTb,611unKyro 

K 40. Ko:lq>q>n:QneHT CBJI:JII KoHTypa co CKBnµ;oM k ~ 0.14. llnMepeHHM no Me~

Toµ;nKe (11] IIHp;yKTIIBHOCTb CKBH,II;a L. ~ 2.97 · 'io-11r •. CKBH,IJ; panMe~aJJC.11 

B a:JOTHOM p;broape B µ;ByXCJIOHHOM q>eppoMarHHTHOM 3KpaHe c oc11a611eH1IeM BHe

lIIHero norur 6011ee 60 AB B 3JleKTpoMarHHTH03KpaHIIpOBaHHOH ;OMHaTe [12]. Bbin~ 
ucc11eµ;oBaHo HeCKOJlbKO CKBlI,Il;oB ( c µ;o6aBKOH 8% Ag) -c rrapaMeTpoM rncTepenu-. ' -

8 

CHOCTll /3 ~ 2 + 40, KOTOpbie rrpaKTlI'IeCKII He MeHJIJIIICb rrpu-·peQHKJIIIpoBrumi1 µ;a)l{e 

µ;JIH µ;eC.IITKOB QIIKJIOB ororpeB-OXJJa,K,lleHHSI. Cneµ;yeT OTMeTlITb, 'ITO HaJIMeHblllmA -

ypoBHeM -6enoro lllyMa Scf> ~ 2 • 1Q-4<f>o/rQ1/ 2 p;JJJI ''IaCTOT Bblllle 1 rQ II HaJIMeHb

llleH '!aCTOToii cpena 1m6bITO'IHOro (1/ f) lllyMa MeHbllle lrQ 0611aµ;anu CKBlI,Il;bI c 

Han60JlbllIHM :JHa'IeHIIeM napaMeTpa rucTepe:JIICHOCTII, c11a6a.11 CBJI:Jb KOTOpbIX 6bIJ1a .. 

cq>opMIIpOBaHa CTpaBmIBaHiteM B napax BOp;bI 6en noCJJeµ;yro~eH MexaHU'IeCKOll o6pa-

60TKH (puc.8). Ilpu aTOM HCTO'IHIIKOM 1m.6bITO'IHOro lllyMa JIBJIJIJICJI, nocBIIµ;lIMOMY, 

He caM CKBH,II;, a q>nyKTyaqmi ocTaTO'IHoro no11JI qieppoMarHIITHoro :lKpa11a, Jie

CTa6u11bHocTb :)JleKTpomtTaHlrn II T.II. IloneBa.lI 'IYBCTBIITeJlbHOCTbB 0611aCTII 6e11oro ' 

lllyMa SI_~ 10-12To/rQ1/2, :lHepreTII'IecKoe panpellleHue e = S¢/2£., e ~ 2.9 • 10~:1 

.D:)l{/rQ. 

"' ...... 
-::r 
~ -,e 
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~ 

---/'11/\,,Jvi 

1 Q-4 '--'---'-~c...L.JL....W.--...L...--L..__;__._.1....1........,JL_ _ _.______.___:_._j 

1 oo 101 tIACTOTA, ru 
PIIc.8 CneKTpaJJbHa.11 IIIYMOBa.11 IIJIOTHOCTi op;HOlIHp;yKTIIBHOro TOJICTOruieH0'IHOro 
CKBH,Il;a Y123( +8% Ag) rrpu 77 K - • . 

IV .3aKJI10qeHHe 

Ha OCHOBe BlimeH3JIOll::eHHblX penyJlbTaTOB MOJKHO cµ;enaTb c11eµ;yro~11e BbIBOµ;bl: 

1 .IIpoQecc µ;erpaµ;aqm1 B rrapax BOp;bI B 'TOJICTbIX nJJeHKax Y123, 1mroTOBJ1eHHbIX 

' MeToµ;oM OKpaCKII rrpoucxoµ;uT IIOCJIOHHO II c11a60 BJIIIJieT Ha CBepxrrpoBoµ;.11~ue CBOit

CTBa OCTaBIIIeHC.11 '!aCTit o6panQa IIOCJle p;erpaµ;a_q1m. 8To CJIYJKIIT XOpOIIIIIM MeTOp;OM 

_ µ;= II3roTOBJJeHIIJI MlIKpOMOCTl!Ka B KOHCTpyKQIIII B'I-CKBH,Il;a. 

2 .BbIJJll BnepBbie II:JroTOBJleH~ oµ;HOIIHµ;yKTiiBHbie _TOJICTOMeHo'IHlie B'I-CKBlI,Il;bI 

C nOMO~bIO TaKOH µ;erpaµ;aQIIIICO CJleµ;yro~IIMlt napaMeTpaMn: Scf> ~ 2· l0-4 <J>
0
/rQ1/ 2 , 

f ~ 2.9 • 10-~7,Il;JK/rQ, Im6bITO'IHbIM WYMOM (1/f) Hll)l{e lrQ. , 

B 3aKJIIO'IeHne aBTOpbI' XOTJIT OTMeTUTb IIpOCT0TY lI rn6KOCTb 1mroTOBJleHIIJI 

TaKnx CKBlI,Il;oB. ProynhTaTbl ux µ;eTaJJbHoro ucc11eµ;oBaHIIJI 6yµ;yT ony6m1KOBaHbl 
B 611i1JKaxi1IIee BpeMJI. · 
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