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B pa60Te / 11 CHHTe3HpoBaHbI 06Pa3~I MeTaJInOOKCHnHOH KepaMHKH 

COCTaBa YBa2CuSO, C CHJIbHO BbIpa:lKeHHbIM 3<p<peKTOM MeHCHepa, BbICO

KOH KpHTH'IecKOH TeMnepaTypoH (To"" 92 K) H HaH60JIee Y3KOH WHpHHOH
/ 21 

nepexona. IIpe.n;cTaBJIReT onpeneneaasra HHTepec yCTaHOBHTb BJIHRHHe 

asrcoxosaeprerannoro 06JIy'leHHR aa BOJIbT-aMnepHbIe xapaKTepHCTHKH 

(BAX) H, CJIe.n;OBaTeJIbHO, aa nJIOTHOCTb KpHTH'IeCKOrO TpaHCnOpTHoro TO

xa xepea ofipaseu 3TOH asrcoxoresmeparypaoa caepxnpoaonautea xepassa
KH (BTCII), T.K. B nareparype OTCyTCTByJOT nanasre no 06JIy'leHHJO TaKOH 

KepaMHKH 'IaCTHU8MH BbICOKHX 3HeprHH. 

B aacroautea pafiore HaMH HCnOJIb30BaHbI npHrOTOBJIeHHble no MeTO

naxe, 6JIH3KOH K OnHCaHHOH B lSI, ofipaausi H3 KOMnOHeHTOB Y2 Os , 
Ba2 0, CuO ,0603Ha'leHHble HH.n;eKcaMH LU H LUO, H H3 KOMnOHeHTOB Y{J3' 
Ba

2
0 , Cu C HH.n;eKcaMH )l6 H )lB. Tesmeparypa nepexona B caepxnpoaona

utee COCTORHHe 6e3 aueunrero MarHHTHoro nOJIR no o6ny'leHHR 3THX 06pa3

UOB COCTaBJIRJIa T = 92 K, a urapaaa 6.To :;; 1 K. c 

YCJlOBHH OI"iJlYlJEHHH OBPA3UOB 

06P83Ubi Y Ba 0 -KepaMHKH nonaepranacs <ppaKUHoHHpoBaH2CuS 7 
1I0MY 06JIY'Iemuo npa KOMHUTHOH TeMnep8Ty"e ua BbIBe.neJUIhIX nyuxax 
IIPOTOIIOB c 'mepI'He" E ~ 8,09 f:.B H H.nep 12C C :lHeprHeH E • 
" :l,ti5 f:)B/Hy KJlOH CHIIXPO~U:JoTpolfa H IIU lIy'tKll nporouoa C :'meprHei% Ep
"A 660 M:JB a panoue "nsmycxuoro o xua" IPU:IOTPOIIB OHHH. 

MOJtHTOPHpOH811He oony'lellHR UpH l1038X 0 :. t 0& I'p ocyu.eCTHJIR

JlOCh IIHeTOHhlMH nnetlOlJHhlMH )leTllKTopOMH (IUlIl), K8K OllHC8HO 8 pafio
re /4/ . C xanapouauae C 1I0MOlI.h10 MHKPOI~01'OCIII'KTI)()MeTp81I0:180JIReT 

olll'e,lJ,I!JIHTh IIP()('TIUHH'Tnelllloe pucnpenem-uue )lIn"l 110 ofipaauy C 1I01'1'elll

1101'1'''10 1111 xy:IIW 12'!r" BO"IMIHKIIOI'TH IUlIl IIpOHJIJIIHl'TpHpOIlUIII,1 118 puc.L, 
1)11' 110 I<II:IUII 1,1 npOI\lHJIIl )10"'101 IIpll 06Jly'll'11I1II O(II'U'''.Oli 1\ lIy'IKO HJIep ICC, 

lI'IMI'l'eJlllhll' I' 110M0I1U,1O 1l)1I1 II I1POIIOJlOIIIIOIi IlUIIH:lUllIlOllllOll KllMll1)l,1. 

II"H )lO"IUX D, 10'" 1'1' II fidJII,llIlIX MOIIIITOI'III'OIIlIllIlI-l IIpUUO)lllJlOCh 110 1111

II('JII'II110" 11l<T11111101'HI 11 llJIHIMllIIlllllll,IX 1\IlIJl"I'lIX, II KOTOpl,1I-l 'IllHOIJIIlJIIHlI
117 ~C

Jllll'h O('PII"IIII.I, 110 pmlKllllll Af (p, :Ip :10, Na . UnoM CJlY'lIUl OIlP'l)lIl-

JIIIJII'II l'pHJlI ndi l\lJIIOI'III' (l~), HnrllJI hIlO" plll'lIpl')lIlJlIllllltl JlO' .101 110 no ""My 

ofII'II' II III OI'IIUUIJIOI'h 1I1·1t'1I1(·1~11I1.IM. Klnl\H\llIllIll'11T1,1 lII'pl'I"II'1'1I IlulIOO1I,'1l 

II )lIllY (lin OJUIY '1Il,'lllllY) IIpI1WITI,II'JW)lylollllw: 
J () I' l.!":l' - H,OIl I' IB ~,·1,1 (r p' I'M • 

Will IIpOTOIIOII { -10 I' It\4;1' = O.(ICII'.B :l II· 10 P' "M ,'» lJ
Jill" IIJIIlI' Ie (; 1,7,1 (r I'p' ,'M " 

14; -I:~!m I',B/IIYI(JIOII '. lY! 
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PuC. 1. BepTUKaJlbHblU (a) U 20PU30HTaJlb

a I HblU (0) npO¢UIlU 003bl 8 nyuxe soep ye

nepooa npu OOIlYlleHUU BTCII -KepaMUKU. 

H3MepeHWl coeaauu C nOMOU4blO npoeonos
HOU UOHU3a~UOHHOU xauepu (TOltKU) 

U IJJ]JJ (CtZIlOWHbleII UHUU) . 
e-

O 
."

Y,MM :3 
B TaM.1 npaaeneasr .o;aHHbIe o 

e-l 
06 yCJIOBHHX 06JIylleHHH ofipasuon ~6420246 In 
BTCn-KepaMHKH. Oumfixa B onpene :;..

8 D,OTH. eo, 6 JleHHH .o;03bI He npeasnuaer 20%. Flep :::l 
~ asre naa ceaaca 06JIylleHHH npa OAH ;:j

6 HaKOBOH 3HeprHH npOTOHOB E = p ~ 
= 8,09 ['3B OTJlHlIalOTCH MOJ..UHOCTH ~ 

8 
~4 MH .0;03: 0,153 I'p/c H 14,5 I'p/c, co


OTBeTcrneHHO, H3-3a paana-uroro nOJIO

E-.2 )f(eHHH ofipaauon OTHOCHTeJIhHO MH
Cl:l 

nreua. MaKCHMaJIbHaH MOllUIOCTh no <n1--.'---._L .. N.. L 
3bl npa 06JIylleHHH na "BJ,mycKHoM o 

:::t864202468 
oicne" ¢a30TpoHa .:; 300 ['pic, BO:! '" 8.MO)f(HO, MOr'JIa npanecru K noar.nueunro TeMnepaTypbl ofinysaeraoro ofipa.r- 'D 

oua no 400 K. 
~ 
~ .... 
:Y ....BOJIhT-AMII 1<:1'111.11'; XAI' A K'I'l<;Pl1CTHKH or: PA:lIlOB 

'l-) 
Co 
o-H:IMepl'IIHII BAX o(lpa'lIloll HPOHP)~PHIoI no CTall)lapTlloH Il'I{OHTaKTlloii 
,~ 

MeTO)ll1 Kl' 111'11 H'MHPpIlT'ype )l\H)lKOI'O InOTa fil"1 )lollOJII IllTl'Jlhl 101'0 11111'111111'1'0 a
'D ..
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I{OIITIlI{THO I '( I 1'11111111'1'1111.111'111111, 
'l ~ 
Itl lo'rennuum.ur.t« IlI,IIlllillo1 1II,1I101ll1t'1I\.1 11'\ 1I0'IOJIO'H'IIIlI.IX 111'.11, PlI'III1' 

I " 
l'Olllll,IX 1111 CIIIII{I'II!'OllllltlIOI' P'W("I'OlIiIlW, l'O('I'II1IJIIIIIIII('C' II I"I'IIII,IX I1'IMI'Pl'1I11 

IIX 0'1' 2 MM illl Ii MM, ('IIlI!'OTIIIIJlI'III1C' 'I'IIIX 1\0111111<"1'011 ('O('TlIIIIIII.llt1 III 
:111 (1M, 'I'IIICOIII,II' 1(1111 I'll 1\1'1,1 1111 I(OllllllX OhPlIlllOIl IIMI'1l1l 1I01lI'PXIIIII'II, 

HOIIYl'II011 1IIIIpMI,I, 'nil Y"I'1II'"II1IlJlII 1I1101l1,lljll. II YMC'III.llIlIJlO l'II11pllTl111111'II1-11' 

1(1111111111011,1'01'1/111.1111111111'1' 11,:1 I,ll (1M, 111'110)11,101111111'" II IlplllllllMlIl,lX 1(1111 

11I1\TlIX IIIHIllllilllllll'j, l'I'llI'hplllllli! 1I111'n,I IIPIlIIOi\II.1111 1<' YIII'IIIIIIIIIIIIIII 11'0111'll1(,( 

IIlII'O l'OIIIIOTlIIIJlI'IIIIJI 

11'IMI'pl'IIIIII III I IIIIPll'IIlll" I' 1IiIIMI',IIIMIt I x -l x I II I ['I MM 111,1111111111'111,1" 1111 

MIlIlll,lO I(OIl1'lIl"'HII (llll'llIlIoIX It 11111till 1l\11I 11I.III,IX l , II'IICIIOIIIII'III1I.IX II 1'1' pili II' 

I'M II 1I11111'pXIIIII' II, OhpllllUI 1'1111111111 BVilll I' 1I0I'III'ill,llllllll'i\ IIllillloi\ 1t1l)\ItI'llI,IM 

IIplllllll'M 11(111 '\111M 1111111111,11' 11011111"'1'1,1 IIMI'III1 l'OIlIUIIIIIIJlI'III1I' II/I' I,ll (1M, 

2 

e 
A 
<, 

N 

'=0 

Ii 
1; 
gI 

e 
.. 
§ 
III 

[ 
'0 
0 

a., 
~ 
0 

0 
H 
0 

~ 
~ 
0 

R 
a,. 
•0 

p, 

r
~, 
" 

"'~"oA
l=t'-" 

i~
 
j~ 
1'-1 
ll> 

f3:il 
o£ 
~'f, 
r§'r-f' 

!
 
(.) ~ 

(\/ 
H II) 

,~ 
(j) 

i 
--((i- 

:Ill '" 
E:I 
o~fo<' 

I~ J'PO-- ...._.. _

~
 
~ 

r> ,., r. 
, . ,n 

'0 

';(,~ I· 

'(I
f'-l Iol 
I. I~ . 

Ia ?; I " 
~. l"• '\1 ... 
, t"~11"

.;''I 

r. I 
rJ , , ~ 

(~l~ " 

~ '\1 ~ 
II.I,. I"~ 

tg ~, 

I
 

<0 
H <0 

00 
H.H 

cO 
H0. 
C')H 

<0 
H <0 

0 0 
H H 

0'>0 

H N 

I
 
----,". 

e-
H 

0 
H. 
H 
<0 

to 

e-
H 

0 
H 

<D 

to 

II) 
H 

0 
H 

In. 
'0 

--_.•. ~ 

<0 
0 
H 

c:.
 
H 

<0 
0 
H 

c-
H 

I
 

L() 
0 
H 

,~ 

N 

I
 

I
 

I
 

." 
I I 

C") 
H 

0 
H 

,;, 
to 

C') 
H 

0 
H 

0 
N 

.0') 
H 

0 
I ~ 

,n 
"I 

~ 
0 
H 

~.
 
0'> 

I
 

~ 
0 
H 

~ 
(0') 

I
 
-

1')
It , ,. 
'0 

I
 

I
 

'" 
II 

co 
H s 

II> 
0 

H 

(j) 
0 
H 

00 
H
 

C')
 

C') 
H 

0 
H 

6 
N 

-.jl 
0 
H 

If) 

C') 

-_.-- 

so 
H 

CJ 
H 

0 
H 

'0 
0 
H 

0 

C'} 

(j) 
H 

0 
H 

(') 

II) 

C 
0 
H 

.;,. 
H 

-.".- ---_. 

I
 

I
 

I
 

: I 
I I 

fl ''I ,rJ,u 

" 
· 

(1"/II) 

I I t'l 

1\ "' .r, , ) 

I I 
" 

I I '" 
I ·I 0' 

.~ 

I I 
I' 
I I 

I I ,.. "I
I' 

· I I 

" 

" 

:1
 



• •• •
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a nOTeHQHaJIbHhIe - OKOJIO 30 OM. ,1lJIH nexoropsrx nO,ll,06HhIX 06pa3U013 

HCnOJIb30BaJICH KOM6HHHpOBaHHhrH BapHaHT: TOKOBhIe KOHTaKThI npH)/GfM

asre, a nOTeHUHaJIbHhIe - JIH60 npanaaaasre, KaK YKa3aHO asnne, JIH60 npa

xneemnae cepefipaaoa npoaonautea naCTOH C nOCJIeAYJOIUHM nOKphITHeM 

KJIeeM E<t>-6 ,ll,JIH YBeJIHlIeHHH HX MeXaHHlIecKOH npOllHOCTH. IIoTeHQHaJIb

--, 

. ~()II 

asre KOHTaKThI, npHrOTOBJIeHHhIe C nOMOlUblO npOBO,ll,HIUeH cepefipaaoa 

nacrsr, HMenH COnpOTHBJIeHHe OKOJIO 15 OM. 
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HaHM~HbUlHM COnpOTHBJIeHHeM H JIyqUleH MeXaHHqeCKOH npo~OCTbIO 

06JIa,lJ;aJIH KOHTaKTbI H3 n030JIOQeHHOH npOBOJIOKH, sarrpecc OBaHHOH B HeKO

ropsre 06pa3UbI npn HX H3rOTOBJIeHHH. COnpOTHBJIeHHe nOTeHU,HaJIbHbIX 

H TOKOBbIX KOHTaKTOB TaKHX 06pa3UOB COCTaBJI1mO, OKOJIO 0,1 OM. 

OpH H3MepeHHH BAX 06pa3UbI B nepscarene, 06eCneQHBalOllJ,eM cPHK

caUHIO KOHTaKToB, nOMemaJIHCb B BaHHy C )KHAKHM a30TOM, HanpIDKeHHe 

na nOTeHUHaJIbHbIX KOHTaKTax 06Pll3UOB H3MepHJ10Cb C noraoun.ro HaHO-

BOJIbTMeTpa <I> 128/1 H BOJIbTMeTpoB B7-21 H B7-38. OpH60pHaJI norpeur-

HOCTb H3MepeHHR HanpR)KeHHR COCTaBJIRJIa 5,0% B naanasoae 1-'-10 MKB 

H 2,5% B naanasoae 10 MKB710 ME. TOK B ofipaauax H3MepJIJICJI C nOMOIIl,blO 

craanaprmax UlyHTOB C norpeunrocrsio He 60JIee 0,5%, 

C uerrsro npoaepxn B03MO)KHOrO BJIHJIHHJI pasorpeaa KOHTaKTOB na pe

3YJIbTaTbI 6bIJIH npoaeneasr 113MepeHHR KpHTHqeCKOrO TOKa ofipaauoa npa 

nl1TaHHH OTneJIbHbIMI1 HMnyJIhCaMH TOKa TpeyrOJIbHOH cPOPMbl C apeweaexr 
HapaCTaHHJI 10 MC H rropor-oja per-acrpaunu HanpR)KeHHR aa nOTeHUHaJIbHbIX 

KOHTaKTax 5 MB. OpH :nOM yCTaHOBJIeHO, QTO BJIHRHHe paaorpesa KOHTaK

TOB He3HaQHTeJIbHO. H naHHhle cOrJIacyKITcH C H3MepeHHhlMH B pe)K\1Me no

CTOHHHOI'O TOKa ,110 KpaHHeii Mepe, noxa TOK 'lepe3 ofipaseu He npeasnnan 

a A. 

Iia pHc.2 H :3 npauenem.r peaynsrana wiMepeHHH HAX ofipaanon BTCII
KepaMHKH no H II0CllP oonY'lellHfl. Pe:lyJIbTaTl,1 nocnpoaanonunucr, MIIOI-O

icparuo KaK Ii "POIlPCCt' uapacranan. TaK H npH CIIH)KeHHH TOKa. OI1HCiHlllUfi 

MPTO.ll.IIKa 1I0:lBOJlHlla HIK)fW 1I:IMt'IHfTbWIMellellHt' yuem.nor-o COllpOTHBHellllH 

ofipnuton IJpH KOMllaTlIOii rer-mcpurvpe 11 '1UflHCUMOCTII 01' 1\0'11.1 oOJlY'lellllll 

II OIU'IIllTh IIpH l1:IMI'!H'IIHIIX MOIIIIJO('Th Tl~IJJlOIII.IIIt'JlPIIIIII II KOIITII xrax , 

1'~::3Y JlhTATJ.1 H'IMI':I'I':IIlH~ I1 OIiCY)K)lEIIHfo: 

B rafllL2 Ilmll,1 IWIY'lhl;lII,1 IIIMpIH'llItli IIJJ(HIIIII'J'll Iqllnll'lp('KOnl 101(;1 

II ollpll'lllaX llpU II0POI'OIlOM 11,1111111>1(1'111111 IHI IIUIl'IIIIIIaJlhlll,IX 1I1.IIIO/lllX, pall' 

110M 1 MI(B, :1/lpI'h )f(P IIPIJlIp)l4'IIlo1 II1'JJIt'II111hl "pOMpikY ro-nu.rx II ('yMMalllll,IX 

(1)/1101'1[('011 II 1101, a 1,II(il(I' p"'lyIII,I'llI'l,1 \t'lMl,ppIJllii YJll'JII.II0IU ('0111'01111111.' 

111111 oflpa'IIlol1 IIpll I(OMIJIlIllOII [I'MIIPIIIIlypl' ( " I, (1I'lIlll'IITPJlloIllII' lI'IMpIII' 

lilli' IIJlOI'IIlH'T1I l(p"III'.(OCI(Olll 10Ril II Ollplllll,llll JUllllloi\ B'I'(:III(pPIIMIII(1I 
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