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I!CCJI9Jl0Balll(9 BliCOROT9llll9paTyp!!HX CB9PJ<IIllOBO;IIIIIIROB B9li9TC.II BO 

IIIIOI'KX JIS.6opaTOpiiRX Mllpa,ll IIpll STOll 118119'UIJ>TCJ1 H9RO.,Op!i9 T9HJl9HJtllll 

npaltTll'i9CROrO liCUOJIDaoaaJiliJI llBJI9HliSI BHCOROT9llll9paT1PJiOI CB9PJ<IIllOBO;IUI

IIOCTll. B Cl!SISll C STllll OCTaJlTCJi ~8JIDB'!NII BOnpcCH B.1lliJIIIJIII H8 CBOICT

B8 BHCOKOT9MnepaTypHHX CBepxnpoBO~OB paa.Hqa&x nyqKOB 88p&R9HHHX 

'laCTlln, H8JlPiiii9P T8lti!X,K8K CliJIDHOTO'DIH9 mmyJIDCH!i9 ny'IXII 3JI9KTpoHOB ll 

l!IOHOB. 

B nePJ!HX pa6oTax no 06JJY'Iellllll liTTIJI&BOII KepallliD CliJIDHOTO'DIHII 

3Jl9KTpOHHHII nyqKOII 6HJIO nOKasaHO, 'ITO noCp&llCTBOM nepen:~~:~-
HOCTHOro CJIOSI MOliHO OCyiii&CTBliTL 3alllBTY 06paSUOB OT .n;e ' 2/. 

B .~<SHHoJ! pa6oTe IIPliBOllHTCJi pesyJIDTaTH llaJIDHellllirx aKCnep~~~eHTOB 

no HCCJl9JIOB8llllll BOSll&IICTBliSI CHJILHOTO'IBHX nyqKOB 8Jl9KTpoHOB ll BOHOB 

yrJI9poJt8. 

Si<Cn9piii9HT!l npcBO)IHJIHCL H8 s;on9piii9HT8JIDHOI 1CTSliOBK9 lt.1TSI r&He

panllll 8Jl9KTpOBBHX H HOBBHX nyqKO:ef 3 •4f, OOHOBH!i9 napaB&TPH KOTOpoll 

IIPBB9Jt9HH B Ta6Jlllne. 

Ta6Jllllll!. 

PeZHM TOKOOT60pa .KI!H9Tlil'l90K8SI )lJiliTeJI:&JIOCTL I!JIOTliOOTL 'UiOTOTa 
SB~~NH, mmynoa TOKa.L2 CJI9;ztOB. 

KS TORa, BC A"OII liMn •• rn 
8JI9KTpoBHHI! roo - 300 300 5-1600 0,2 

HOHH yrJI&poJta, roo - 300 300 I- 60 0,2 
+ 

06JJY'i9Bllll npoBO:n;liJlliOL B :saeyyJ1HHX yoJIOBHJiX IIpll llaBJl9HliB OOT8TO'IHQ

ro rasa PN 5"10""5 Topp.06paanH BHOOKOT9111l9paTyp!IHX OB9PJ<IIllOBO;IIIIIIROB 

Y-Ba-Cu-0, Bi-Ca-Sr-Cu-0 IIP9J10TaBJISIJlll C06cl UJiaC~ TOJIQI

HOll I ""' B Cp&llHllllll r&OII9TPB'!&CKBIIB paSiol&pellll 5>:20 1111 • llPB 06JJY'i9-

BIIll o6pasno:e ny-qo& sapHK9HIIHX 'lB.CTBU ll8,li8Jl H& o6paaen 110p!8JIDHO • 

B aKCnepBM911T8X ll8119pHJIHOL OJI9)1JIIIIll9 OCHOBml9 X8paKT9PliOTliD BH

OOROT9111I9p&Typ!IHX OB&PJ<IIllOBO;IIIIIIROB: 

a) T9111lepaTYPH!i9 nepexow;:; 

6) COnpOTBBJI9HH9 , Kpi!Tli'ISCKI!li TOR; 

:e) cTpyxTYp&; 

r) 3JI9119HTHHI COOTSB; 

Jt) TOnorpa;.SI UOB9pxBOCTll. 

I!Siol&p&Hllll T9111l9paTyp!IHX n&p&X<>,llOB OCyiii9CTEJm1IIICL 119TOliOII '19Tilp&X 

TO'i!e:s: · (IISMepeHHe 1J19JILHOro oonpcuBJiaBllll) ll liJiltYKTBBIIlilll onooo6o11. 

I!SMep&Bllll COnpOTBBJl9HHSI npoBO.n;wiiiOL Ha '18CTOT9 { =250 - 500 !'n, 8 ll3-

119p&Bll9 T&IIII&paTypHOro U9p&XOj(8-liJiltYKTliBIIllll 119T0ll011 H8 '18CTOT9 f= 
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=5 - IO KI'rl· KpliTnecltlll! TOR onp9,llWlli1ICH no I!MllyJIJ>CHoli MeTo,!ll!l(e c 

liOIIOD>;r.ll RC-1'6llepa.,Opa, B KOTOpoJ! TOK B3MepsJI<:a 6eCKOHTaKT!WM CllOCQ-

6oJI ( TpaB<$>pMaTOpoM TOxa). CTPYKTYPHHII aHaJIBa npoao,IJ;liJI<:a Ha peHT
reHOBCKOII ITB\PpaxT0116Tpe .IJ;l'Ol! -311, a 3lt6MeHT!Wll aHaJIBS - IIOJtYITPOBO,urui

KOBiill Cll&KTPOIIEl.,poll p6Jl'rl'8HOBCIWI'O BSJ!Y"&IIBJI Ha pacTpoBOII .3lt9KTpoH

HOII IIIIKpOCKOll9 JSM-840, Tonorpaq.m llOB9px!IOCTB BCCJI9JJ;OB8JI8.Cl> Ha 

JSM-840. 

Ha pBc.Ia,6 ITpBB9JJ;911H saBBCBIIOCTB COnpoTBBJI&HBJI R/R1 OT T9M-
nepaorypH T ztJlJI IJ;Byx o6paa:aoB Y-Ba-Cu-0 THIIa 11bu1k" ~o o6JIY-
'I&IIBJI (Kpoall 0 ) B noCJie 06JtY'I&HBJI ( Kpoall e) ny'IKOII 3JI9KTpoHOB 

c ltiiCITHOCT:&Il Toxa j = IOOO A/CM 2 , Kliii&TneoKOl! aHepl'Bell 250 xaB 
ll lJ;JIBT9.liioi!OCTl>D BJIITYltl>ca TOKa ny'IKa 'Wh300 HC. 
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Jla pRO. 2a ITp9lJ;CTaBJI911!i aaBHOl!MOCTII R/R1•f (T) )\J[JI 

06pa3110B Bi-Ca-Sr-Cu-0 TBII8 JIOJtBKpl(CTaJtlt, a Ha PJIC.26 - JJ;JIJI 
06p&SitOB Bi-Ca.-Sr-Cu-0 TBJia "bulk" • 

!Ia l'JlB'Pmtoa, npBBeJJ;emmx llB. plilc.Ia,6, 2a,6,BB.I\liO, 'ITO ,q,pexT 

06JtY'I9Hllll BJIITYltl>CIIlilllil ny'IKQMlil 3JI9KTpoHOB lil liiOHOB yrJiepolJ;a 38KJIIl'laeT<lli 

B YJ191IL1119HBll IIHT9rpaJll>l!Ol'O OOlipOTliiBJt9lilliiJI 06pa8li;OB. 

llpR ni!OTHOCTll IIOIIIHOCTB ny'IKa 8JI9KTpoliiOB P0 ';1:- 107 BT/C~ Ha6JDD
lJ;a9TCJI npoiL11!1B liiTTPJI&BOl! xepaMllltll aa rJIY6liiH9 npo6era 8JI9KTpoHoB, on

peJJ;9.lUI9110l! Kliii9Tn9CKOJ! 8H&pl'B911. JL>m BliiCIIY'l'OBOII K9paMllltll nopo

l'OB09 81la'I&HBe P 0 >r 4 • ro6 BT/c~. AHaJIBa npoiLilaBJI9HHol noBepx!looTH 
liOKa3HBa9T, 'ITO Ha BliiCIIY"'OBOJI K9paMBK9 liOJtY'IQ9T<lli 6(),1[99 OlJ;IlOpo.I\Illll 
nponJtaB ( c lfi1!11M8!Tl.!!IOOI JIIIK.POii9poBHOCTJIMlil). B o6paai!IIX c nponJtaBJI9H

Hol liOB9px!IOCT:&Il Ha6JIDJJ;a9T<lli YB9ltlii'I9Hlil9 B9.lllil'll!llli KjlliTB'I&CilOl'O TO:&a. 

JL>m o6pa3110B C :1'1'-80 - 90 A ero B9Jtlil'lliiHa BOSpaCTaJia .I\0- 200 A. 
B CJtY'1Q9 liOHHoro c6JtY'I911BJI He xa6JIDJJ;a9TCJI npoliJ!aBa noB9px!IOCTB 

liJlll yxallallllll:l n&paM&Tpax ny-qHa, HO Bli.I\9H ,q,pexT 0 JiliiKCIIHra" Ha JIOB&px
HOCTB, YB9Jill'l&lilliiJI B9Jilil'lliiiLI xpl!Tli'I9CKOI'O TOKa npll liOHHOM c6JtY'I9Hlillil H& 

6HXo o6~xo. 
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PHc.2a. 388Kcm.ocT;. R/R1 = f(T) 
odpas~oB ~o odrr,rqeHKH (o) H 
llOCJIS o6.Jry'q:eHIDI. nyqKOM MGK

TpOHOB C llHOTHOCTDID TOKa 
j = IOOO A/c.f, E -200 KaB, 
'l'c. -300 HC npn IO llMIIYJll>Cax 
( 0) II 20 llMIIYJll>CaJ< BOS~el!
CTBRH (.&). 

PJic.26. 3aBJicm.ocT;. R/R1 • f(T) 
~ Bi-ca-sr-Cu-0 ~o odrr,rqeHKH (o) 

" noCJie odrr,rqeHKH ily'll<aMII c E
-200 I<aB, t' "-300 HC llJl8KTpOHllllM 
IIY"!<OM ( I40 llMIIYJll>COB) c j = 
= I50 A/c.i' (A) n j = 7 A/c.!' (o) 
H IIY"!<OM HOHOB yr~epo~a C j = 
= 35 A/cM2 : X - N = 80 llMIIYJll>COB 
H * - N = 250 JIMUyJll>COB BO~el!cT-
BRH. 

PeHTreHOCTpYK'l'ypwdl aHaJmS noKaSHBaeT, no npH .YXa3allliHX napaMllT
pax IIY"''CB He Ha~aeTCH aMOpqa~ Y-Ba-Cu-0, Bi-Ca-Sr-Cu-0, 

HcCJle,ItOBaHBe CT9XIIOM9TplAeCROrO COOTHOmemur Y-Ba-Cu, Bi-Ca-Sr- Cu 
ll0Ra3S.Jro, liTO o6.n;yqemre TaKHMll nyqBaMB' B9 HSMSHHST ero. 

iloJJY"<eHHII9 pesyJll>TaTH MODO nomrraTDCH Ra'teCTBeHHO OduCHliTL 1111-
IJYJ!l>CHHII xapai<TepoM BSSllMOJteltCTBHH CHJWIOTO'IIIHX a~eltTpoHHHX H IIOHHHX 
IIY"!<OB c B91lleCTBOM, BPeMii B38JDio)lellcTBIIH I<OTOpHX CYJil<lCTBeHHO Mem.me 
BpeMeH I!poTexaHHH I!poli9CCOB B BellteCTBe. Bo- l!ePBJiX, I!OCltOJll>l!;Y 't:u 
M9HJ>lll8 BpeMeHH JtiiiMYSHOHHHX nponeccoB B OOJJY'i89MHX Odpasnax, TO STO 
IijmBO.UT It CT86HJI&BOCTil CTexBOMGTplA:&CKOro COOTHOJU.9HBfl Y-Ba-Cu-0 , 

Bi-Ca-Sr-Cu-0. Bo-BTOpHX, SJtliadaTII'teC!td xapaxTep Teii.I!OBHX 
nponeccoB Ha rJtY611He npodera 'tacTHn llpiiBOJlHT 1t BHJteJieHllll Ha Hell 
BCel! IIOlllHOCTII nyqxa. ,lVm 9JieltTpGHHOro nyqRa npH p ;<. p O Ha~TCH 
I!poll.l!a8 IlOBepxJIOCTH. AliaJrOrH'lHHe pesyJll>TaTH IlO~eHH npH odrr,rqeHIIB 
MeltTpoHHHII IJY'lltO.M c TeiiH 119 napeMeTpeMH Nb 3 Ge 15 I. ,1Vm IIOIIlioro 
.JlY'11R,a, R8K UORa31iBSJJT pe.C"II9TH. I &ItCn9p1DieHTH, .IIJlOTBOCTI IIOIQHOCft B&
l!OCTQTO'lHO ltJUi I!Oltodi!HX Teii.I!OBHX nponeCCOB. ~re TOro, 811a.111l3 'JCM>-
BIIll SIIOpqasaJ<D I!Olt lt8JICTjlii8M IIOHHHX IIY"''CB I!OIIS.SHBae'r, 'lTO B 
HaiiiiiX 8KCI!eplllleHTax He XBaTa8T IIOlllHOCTH nyqRa IIOHOB yr.1epo,11a. 
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B 3aKJIXl'I9Hil9 pa60TH MOJUIO C]l9.118Tl> C.ll6J:tYDilll9 BliBO]lH: 

- liPll KIIH&TII'Iecxoll oHepl'llll a.neKTpoHoB E ~roo - 300 KSB 11 8lllla6aTII

'~&cma: T91JJlQBIIX ll,POII6Ccax noporo:aaa WIOTHOCTL MOIIIHOCTII 3.1l6KT,POBHOrO 

Ilf'lR!l llJilt noaepmOCTHOI'O n,POWiaBe IITTPII9BOA R8paMIIRI! COCTaBJIR9T 

-!07 BT/c.J'-, a BIICJIYTOBO:I!- 4•Io6 BT/c.J'-; 

- noaepmocTHHA npoWiaB CYJil9CTBeBHO y.!Iy'mlaeT noaepmocTJIYD CTPYRTYPY 

BHCOIWT9llll9paTypiiHX CB9px!IpOBOllHJIIWB, YM9iii>lllaJl MIIRjlOH9,POBHOCTII; 

- IIOB9px!IOCTHHA npoWiaB I!pB 9Jl9KTpOBHOM o6JJY"9HIIII Y-Ba-Cu-0, 

Bi-Ca-Sr-Cu-0 npBBOUBT K JBe~9HHD RPBTHq9CROro TORa; Tax,~ 

o6pa9J:IOB C Jk= 80 - 90 A B9JIII'DIIIa Jk BOSpaCTaiia 110 ~ 200 A; 

- o6JJY'I9HB9 CB9px!IpOBOllHJIIWB IIY'II<B.MB 9JI9RT,POHOB B BOHOB yrJI&,PO]la C 

7:'-'-300 He, E~IOO- 300 KSB,j 0= 5-!000 A/Cc.l-,Ji= I- 60 A/~ 
JipliBOHBT R IIHT9rpaJILHOMy yu&HLIII9HIID COn,POTIIBJI9HBH Y-Ba-Cu-0, 

Bi-Ca-Sr-Cu-0 B 2 ~ 2,5 paaa I!pH SJI9KTpOHHOM o6JJY"9HIIII H B !,25 

-!,8 pa38 I!pll IIOBHOM; 

- 9\(IPeKT OT 06JJY"9HBH JIIIIIYliLCIIHII JJY'D'OM IIOHOB yrJI9,POlla BIICJIYTOBOI! 

R8palllllCH IlpoJD!JIJi9TCH B IIOB9PXHOCTHOJI MO~aqmr, H9 CBHaaBHOJI C 

llpOIIJiaBOM j 

- Jipll o6JJY"&HIIII BHCOIWT911119paTypHIIX CB9PXII.P0BOllHJIIWB ~ '!acTJIII 

c YROMBHHMH BHme napaueTpaMH He npaHCXOHBT auopq.raaqmr RepaMHRH 11 

COxpaHH9TCH CT9XHOJI9Tp!I'{6CIW9 COOTHOIII9HII9 06pa9J:IOB, 'iTO OTKpll!laeT 

B03110DOCT::D BCllo.n:&SO:aamJ.Il T8.IQiiX nyql(OB B T9XBOJIOI'lfti9CIQIX. 9RCll9pmleR

TU no IICCJI9llOB911BD CBO:I!CTB BHCOIWT9MII9paTypiiHX CB9px!IpOBOJlHBIWB. 

AB'l'Opa BlipaZ8JJT rJI;y60J<SD 6.118I'0llaPHOCTl> AliTHHOBY B.A., Jlynlllxo

BY B.ll., OpeJIOBH"Y O.JI. aa nOMO!l(L a pa6oTe • 
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