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BBe,QeHHe 

CBepxnpOBOJlRmHH 3KpaH RBnReTCR BamHOH COCTaBHOH · 

tJa,CTbJO <?6opy JlOBaHlrn npH • npoBe)leHHH BUCOKOtJYBCTBHTeJihHUX 

H3MepeHHH •... B CBR3H C 3THM H_eMe)lJieHHO . nocne OTKPUTHR_ 

BUC_OKO.TeMnepaTypHOH CBepxnpoBOJlHM~CTH PRJl . n'a6opaTopHH B MHpe 

BKJIJOtJHJIHCh B · pa6oTy: no C03JlaHHJO H Hccm~aoBaumo 3KpanoB 113 

'MaCCl1BHOH ·Il0~11Kp11CTaJIJil1tJecKOH KepaMl1KH'. H ,ceHtJac 3Ta 
, I 

npHKJia)lHaR o6JiaCTb BTCn .aKTl1BHO pa3BHBaeTCR. nocTl1rHyTu 

1:3netJaTJIRJOm11e pe3yJihT
0

aTu: 3HatJHTeJibHUe ra6apHTHue pa3Mepu 

BilJIOT~_JlO 320 MM [1], BUCOK~H K03cpcp11u11enT'noJlaBJieH11~ BHemuero 

. Marmfruoro nOJIR ~106 [.2],. H T. Jl, 

K HaCTORmeMy BpeMeHl1 ony6Jil1KOBaHO 60Jiblli09 
I ' ' / 

KOJll1tJeCTBO pa6oT, nocBRmeHHUX Jl~HHOH TeMaT11Ke~ uanp11Mep, 
' ... . 

· [3,.:5]. K comaneHHJO,. OH,11 3aTparl1BalOT,: rnaBHUM o6pa30M, TOJibKO 

JlBa BOnpoca: · 1 TeXHOnormo npHrOTOBJieHl1R 11 

Ko3cpcpuu11eHTa no~aBneuirn BHemuero Marn11Tuoro nonR. 

113Mepeu11e 

0JlHaKO C 

npaKTl14eCKOH T04Kl1 3 peHl1R 6UJIO. 6u f!OJie3HO 3HaTb. ~1anp11Mep. 

ypoBeHb MarHliTHOro myMa B' 3Kpau11py10meM '061,eMe B 3aBl1Cl1MOCTl1 

OT ycJIOBHH OXJiam)l9Hl1R, nocKOJlbKY )laHHUH napaMeTp BO MHOrOM 

11cnOJib30BaHl1R 3Kpaua B nape •C onpeaenReT B03MOmHOCTb 

BUCOKOTeMnepaTypHUM CKBl1Jl0M JlJIR BUCOK04YBCTBl1TeJibHl1X 
w ' H3MepeHHl1 ~arHHTHUX H 3JieKTp11tJeCKHX BeJil1tJHH. 

HapRJlY, C 3Tl1M H3BeCTHO, 'ITO noJIHKp11CTaJIJil1tJecKaR 
' ' . l ; ~ ' 

KepaMHKa HBJIReTCR xopomeH MOJleJibJO rpaHyJIHpOBaHHUX CHCTeM co 

CJiytJaHHO. pacnpeaeJieHHUMl1 CJia6UMl1 CBR3RMH. H ~OTR ·, JlOCTl1rHyTU 
' ' ' . 

3HatJHTeJibHUe ycnex11 B cp9pM11poBaHHH ,MOHOKp11CTaJIJil1tJecKl1X 

Ma~CHBHUX. o6pa~UOB ,H TOHKHX nJieHOK, HaytJHUH 
0

HHTepec K 

noJIHJ{pHc;aJIJiaM . ue · ocna6eBaeT. oi'c
1
JOaa, np~umiaR ~o · BHHMaH11e 

To; 'ITO B HaWHX'3KCnepHMeHTaX np11M~HRJICR BUCOKOtJYBCTBHTeJibHUH 

BUCOKOTeMnepaTypHUH CKBH)( [6], a TaKme -ro, 'ITO· noJIUH U11Jil1HJlp 
' ,_ ' r • ' • • 

RBJIReTcH yao6uoH Koucp11rypau11eH JlJIR onpeaeneu11R 3JieKTpHtJecKHX 
' ' 

H MarHHTHUX xapaKTepHCTHK MaTepHaJI~l13 KOTOporo ou·caenaH, ~u 

noctJHTaJIH noJie3HUM .' npoBeCTH cneu11a,JibHUe 3KCnepHMeHTaJibH!1e 

HCCJieJlOBaHHR npouecca nepexoaa CBepxnpOBOJlHl1Ka B pe3HCTHBHOe 
I . 

COGTORHHe H JlHHaMHKH npOHHKHOBeHHR :BHeumero MarH11THOro. noJIR' 

, Ha. :rex, YPOBHRX tJYBCTBHTeJibHOCTH, np11 KOTopux ,3TH RBJieHl1R eme, 

He Ha6JIJO)laJIHCh. 
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TexuonorHR npHroToBneHHR csepxnposo.ngmero 3KpaHa 

OCHOBY MaTep11ana CBepxnpOBOJlRmero 3Kpaua COCTaBJIRJI 

Y-Ba-cuo. nopowoK cpopMoBaJIH rHJlpocTaTH_tJecKHM o6maTHeM ua 

onpaBKe c JlaBneuHeM 7-10 K6ap. npeccoBaHHUH nopomoK cneKaJIH 

npH TeMnepaType pa3MRrtJeHl1R MaTepHaJia ( 9Ss
0
c) B TetJeHHe 8 

qacoB, H nocne 3Toro ocymecTBJIRJIH MeJlJieuuoe oxnam)leHHe JlO 

KOMHaTHOH TeMnepaTypu B TOKe KHCJIOpOJla. nnR JiytJwero HacumeHHR 

KHCJIOPOJlOM BO BpeMR oxnam)leHHR o6pa3eU BUJlepmHBaJIH npH T=400°C 

B TetJeH11e 10 tJaCOB. llJIR Toro 4T06U coxpaHHTb cpopMy 3KpaHa BO 

BpeMR peaKUHH TBepJlOTeJibHOro CHHTe3a, cneKaHHe ocymecTBJIRJIH 

Ha cneu11aJihHOH onpaBKe. t:!To6u noBUCHTb nJIOTHOCTb 

KpliTlftJeCKOro TOK a B MaTepliaJie 3Kpaua, a cJie)loBaTeJibHO, era 

KpliTlftJecKoe none, B no_pomoK Y-Ba-cuo Jl06aBJIRJIH nopomoK cnnaBa 

Ag-cu-Sn B KOJilftJeCTBe 107. K o6meH Macce 3KpaHa, npH: 3TOM 

cepe6po B cnnaBe Ag-Cu-Sn cocTaBJIRJIO 65%. Cepe6po noBumaeT 

JlJIHHY KorepeHTHOCTlf Ma Tep11ana B Mem3epeHHUX rpaH11uax, a Sn 

cnoco6cTBYeT cpopMiipOBaHlfJO nHHHlfHrOBUX ueHTpOB. IlJIOTHOCTb 

KpliTHtJecKoro TO Ka Ta KOH KepaMHKH B He60JibllilfX nJIOCKlfX 

Ta6JieTKax COCTaBHJia 1000 A/cM2 npli cetJeHlflf 06pa3ua 1MM
2

. rrp11 

rHJlpOcTaTHtJeCKOM o6maTlfH 3KpaHa B ueJIOM He JlOCTHraeTCR CTOJlb 

me BUCOKaR nJioTHOCTb KepaMlfKH, KaK 3TO lfMeeT MeCTO npli 

npeccoBaHlflf He60JibllilfX Ta6JieTOK, IT03TOMY nJIOTHOCTb 

KpHTHtJeCKOro TOKa B o6pa3uax, BUpe3aHHUX HenocpeJlCTBeHHO H3 

3KpaH~ Jc~260 A/cM2 TaKme npH cetJeHHlf 06pa3ua 1MM
2

. 

H3rOTOBJieHHUe H lfCCJie)lOBaHHUe 'HaMH .3KpaHU 

npe.ncTaBJIRJIH co6oH Tpy6KH C 3aKpUTUM JlHOM H nonue UHJllfHJlpU. 

llJilfHa 3KpaHa 120 MM, BHyTpeHHlfH JlHaMeTp 16 MM, TOJimHHa CTeHOK 

2,SMM. 

TeXHlfKa 3KCnepHMeHTa 

YcTaHOBKa JlJIR lfCCJieJlOBaHHR CBepxnpOBOJlRmero 3KpaHa 

cxeMaTHtJeCKH noKa3aHa Ha p11c.1. 
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T = 78K 

PHC.1. cxeMani:qecKoe H306paJKeH:lrn ycTaHOBKH )lJHI HCCJie,noBaHHSI 
cBepxnpoBo.n.simero 3KpaHa. 1-o,nHo,nupoqHufi BHCOKOTeMnepaTypHHH 
CKBH,n, H3MepSIDIUHH BapHaUHH MarHHTHoro noJISI BHYTPH 3KpaHa; 
2-HCCJie,nyeMHH CBepxnpoBO.IlSIIUHH 3KpaH, 3-COJieHoH.n, 
4-cTeKJIOnJiaCTHKOBHH KpHOCTaT. 

9KpaH 2 IlOMeIUaJICSI B UeHTpe COJieHOH,na )lJIHHOH 250 MM, 

tJT06H npOBO)lHTb H3MepeHHSI B KBa3HO)lHOpO,nHOM MarHHTHOM noJie. 

BHyTpb 3KpaHa BCTaBJISIJICSI o.nHo.nupotJHHH BHCOKOTeMnepaTypHHH 

CKBH,n B aMnyJie. AMnyJia CKOHCTpyHpOBaHa TaKHM· o6pa30M, tJT06H 

CKBH.Il 6HJI TenJIOH30JIHpOBaH OT 3KpaHa H· npeKpamaJI pa6oTy npH 

noBmneHHH T_eMnepaTypu no MeHbllleH Mepe Ha 3-5 MHHYT no3JKe 

MOMeHTa noJIHOro nepexo.na 3KpaHa B HOpMaJibHOe COCTOSIHHe. 9TO 

6HJIO. Heo6_xo,nHMO )lJISI H3MepeHHSI a6cOJIDTHOro 3HatJeHHSI MarHHTHOro 

nOJISI, T.K. 

COCTOSIHHeM 

np11pameHHe 

CKBH)l SIBJIS!eTCSI 3JieMeHTOM C · Hee,nHHCTBeHHUM 

ycTOHtJHBoro. paBHOBeCHSI H MOJKeT ,H3MepSITh TOJihKO 

MarHHTHOro noToKa. CaM CKBH)l 61m OTKa,!m6poBaH B 

e,nHHHUaX HH.IlYKUHH MarHHTHOro noJISI no MeTO)lHKe, no.npo6HO 

H3JIOJKeHHOH B [7]. 3,necb npHBe.neM TOJibKO pe3yJihTaT KaJIH6pOBKH: 
. -10 

0.IlHH KBaHT MarHHTHoro nOTOKa 1</>o COOTBeTCTByeT 3X10 TJI. 

tlyBCTBHTeJihHOCTh CKBH,na no MarHHTHOMY noJID COCTaBJISIJia 

1,5x10-13 TJI/ru112 . 

Bc.si CHCTeMa: CKBH,n, 3KpaH, COJieHOH)l B 

CTeKJIOnJiaCTHKOBOM a30THOM KpHOCTaTe noMeIUaJiaCb B nSITHCJIOHHHH 

nepMannoeBHR· 3KpaH, t{TO ,naJIO B03MOJKHOCTh HCCJie,noBaTb 

noue,neHHe KepaMHtJecKoro 3KpaHa B .n11ana3oHe noJieH OT 10-5 9 .no 

100 3. 4 
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o6cyx.neHHe pe3yJILTaToB 

npH HCCJie.noBaHHH CBepxnpouo.nSIIUHX 3KpaHOB Heo6xo.nHMO 

OTtJeTJIHBO npe.ncTaBJIS!Tb. ,nJISI KaKOH ueJIH OH npe.nHa3HatJeH: 

CorJiaCHO [8] MOJKHO BH,neJIHTb ,nBe o6JiaCTH npHMeHeHHSI: 

-3KpaHHpoBaHHe OT nepeMeHHHX MarHHTHHX (HJIH 

3JieKTpOMarHHTHUX) noJiefi, Kor.na .nonycTHMO BHYTPH 3KpaHa 

HaJIHtJHe 3HatJHTeJihHoro KBa3HnOCTOSIHHoro MarHHTHOro noJI.si; 

-3KpaHHpoBaHHe OT nocTOSIHHHX H nepeMeHHHX noJieH npH 

coxpaHeHHH KBa3HHyJieBoro nocTOSIHHOro MarHHTHoro noJISI BHYTPH 

3KpaHa. 

nepBUH cJiyqafi 3KpaHHpOBaHHSI 3a CtJeT JIOKaJibHHX 

MeHCHepoBCKHX cpa3 B MaTepHaJie H3 H30JIHpOBaHHHX 

CBepxnpoBO)lSIIUHX rpaHyJI ·yJKe no.npo6HO paccMOT
0

peH B [ 9]. Il03TOMY 

3,nech MU OCTaHOBHMCSI TOJihKO Ha BTOpOM CJiyqae. 

1. K03~~HUHeHT no.nauJieHHSI BHemHero MarHHTHoro noJISI. 

Kci3Cf)Cf)HUHeHT no,naBJieHHSI S oueHHBaJICSI npH Me,nJieHHOM 

HapacTaHHH BHewHero MarHHTHoro nOJISI H OT HYJISI B TOT MOMeHT, . e 
Karna npHpameHHe nOJISI BHYTPH 3KpaHa AH. cocTaBJISIJIO -10-

5
9. 

' . 1 

OTCD.na noJiyqaeM, tJTO 

Heo 6 • 3 5 
S = -- = -- ~ 6,3x10 

AHi 10-S 
(1) 

Ha pHC.2 npe,ncTaBJieHa rHcTepe3HCHaSI neTJISI 

3aBHCHMOCTH MarHHTHOro noJISI BHYTPH 3KpaHa Hi OT BHewHero 

MarHHTHoro noJISI He. H3 3Toro pHCYHKa BH.nHo, tJTO noJie Heo ~ 

6,3 9 - 3TO He noJie, KOTOpoe npoHHKJIO qepe3 uepxHee OTBepCTHe 

3KpaHa, a MarHHTHHe BHXpH, npowe.nwHe .tJepe3 era CTeHKH. TaKHM 

o6pa30M, peaJibHUH K03Cf)Cf)HUHeHT no.naBJieHHSI s 'AOJIJKeH 6HTb BHWe,. 

tJeM .naeT BHpaJKeHHe (1). 

5 
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PHc.2~ ITeTnH MarHHTHoro rHcTepe3Hca nna HccnenyeMoro 
?Bepxnpoaonamero 3KpaHa H3 Y1Ba2cu3o7 _x c no6aaKaMH Ag-Sn-Cu. 

HccnenoaaHHH CBHHUOBoro 3KpaHa TOH me KOH~HrypaUHH 

H Tex me pa3Mepoa npH TeMnepaType mHnKoro renHH noKa3anH, qTo 

K03~~HUHeHT nonaaneHHH S COCTaBnHeT 3X107 . 

none Heo"'6, 3 3 6yneM Ha3UBaTb · noneM npOHHKHOBeHHH 

nna Haweii KepaMHKH. 

3aMeTHM, qTo BpeMH H3MepeHHH Kamnoii ToqKH Ha pHC.2 

COCTaBnano 1 MHH. IlpH 3TOM BHnHo, qTo npH yMeHbWeHHH He nocne 

nocTHmeHHH Heo nHHHH HneT nepneHnHKynHpHO OCH Hi. To eCTh B 

Manux MarHHTHUX nonax KepaMHKa He noKa3UBaeT nHHHH 

Heo6paTHMOCTH a npenenax qyBCTBHTenhHOCTH CKBHn-MarHHTOMeTpa, 

qTo roaopHT 

nonroapeMeHHoro 

noneii. 

0 nepcneKTHBHOCTH ee HCUOilb30BaHHH 

3KpaHHpOBaHHH KBa3HCTaTHqecKHX 

2. MarHHTHY8 myM B 3KpaHHpy~meM o6~eMe 

nna 
MarHHTHUX 

KaK yme OTMeqanocb, MarHHTHUH wyM B 3KpaHHpyDmeM 

o6~eMe HBilHBTCH onHott H3 Ba~HBttWHX xapaKTBPHCTHK MarHHTHoro 

3KpaHa, npenHa3HaqeHHoro ·nna 
CKBHnaMH. rrepaue 3KCnepHMeHTU 

pa60TU C BUCOKOTeMnepaTypHUMH 

c 3KpaHaMH H3 Y1Ba2Cu307-X 
KepaMHKH, o6nanaDmeii OTHOCHTenhHO Manoii nnoTHOCThD 

KpHTHqecKoro TOKa, noKa3anH HeynoaneTBOpHTenbHUe pe3ynhTaTU: 

MarHHTHUH WYM ~10-10Tn [10]. TaKHe 3KpaHU He no3BOnHnH 
6 

1 

J 

nonHOCThD peanH30BaTb qyBCTBHTenhHOCTh, 3anomeHHYD B CKBHnax. 

OnHaKO CHTyaUHH panHKanhHUM o6pa30M H3l\1eHIUiacb C noBbllIJe.HHeM 

3He~r~H nHHHHHra 6naronapH no6aBKaM Ag-Cu-Sn B YBaCuO. TaK, 

Ha PHC. 3 npencTaBneHU cneKTpu WYMOB, H3MepeHHUe 

MarHHTOMeTpOM Ha OCHOBe onHonupoqHoro panHoqacTOTHoro CKBHna. 

10-10 .----------------, 

N 

' ~N -11 
::i: 10 

' I-
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~ -12 
C 10 ., 
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o, II 11111 
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;; -13 
z 10 '-1 

10 10 
Frequency I Hz I 

PHC.3. CneKTpanbHaH nnOTHOCTh MarHHTHOro wyMa, H3MepeHHaH npH 
rioMomH BTCIT-CKBH~ -MarHHTOMeTpa BHYTPH caepxnpoaonamero 
3KpaHa, oxnamneHHoro npH pa3nHqHux BHewl_!igx MarHHTHUX nonax 
He. KpHBUe 1, 2, 3 COOTBeTCTBYDT He: 5X10 , 0, 05, o, 1 3 

COOTBeTCTBeHHO. 

KpHBaH 1 COOTBeTCTB'yeT cneKTpanhHOH nnoTHOCTH WYMOB, 

H3MepeHHOH B OTCYTCTBHe caepxnpoaonHmero 3KpaHa B nHTHCnOHHOM 

nepMannoeBOM 3KpaHe, . a' TaKme cneKTpanbHOH nnOTHOCTH WYMOB, 

H3MepeHHOH B caepxnpoaonHmeM 3KpaHe, oxnamneHHO" B 

ocTaToqHoM none ne_pMam10eBoro 3KpaHa, He npeauwaDmeM 1 raMMa. 

BHnHo, qTo CBepxnpoaonamHH 3KpaH C noauweHHOH 3HeprHeH 

nHHHHHra, 

H36UTOqHUX 

oxnamneHHUH B 

MarHHTHUX WYMOB 

KBa3HHyneaoM none, He co3naeT 

Ha ypoBHe qyBCTBHTenhHOCTH, npH 

KOTOpOH npoaonHnHCh H3MepeHHH. 

OnHaKo ecnH npouecc oxnamneHHH 3KpaHa ocymecTBnHTh 

He B KBa3HHyneBOM none, MarHHTHUe wyMU npOHBnHDTCH .H HaqHHaDT 

pe3KO B03pacTaTb C yaenHqeHHeM nonH, npH KOTOpOM 

ocymecTBnHeTcH 3axonamHBaHHe. Ha pHc.3 npencTaaneH cneKTp 

wyMoB nnH 3KpaHa, oxnamneHHOro B llOilHX 0,05 3 (KpHBaH 2), 0,1 

3 ( KpHBaH 3). ITpH oxnamneHHH B none O, 5 3 ( npH6nH3HTenhHO 

COOTBeTCTBYDnteM nonD 3eMnH) MarHHTHUH WYM'Boo6me He ynaeTCH 

H3MepHTh npH noMOlltH CKBHna, T.K. CHnhHUe ~nyKTyaUHH nonH 

HapymaIDT era pa60TOCllOC06HOCTh. 
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3KpaHOM 

TaKHM o6pa30M, npH 

Heo6xo.z:tHMO Y4HTUBaTb 

pa6oTe co caepxnpOBO.ZUIIUHM 

o6HapymeHHYJO cneuH¢HKY H 

ocymecTBJH!Tb oxnam,neHHe B MHHHManbHO B03MOmHOM BHeUJHeM 

MarHHTHOM none. 

3. BUTanKHBaHHe MarHHTHoro nonH 

H3 3KCnepHMeHTOB C HH3KOTeMnepaTypHHMH 3KpaHaMH H3 

caepxnpOBO.z:tHHKa I po.na H3BeCTHO, 4TO npH Me.nneHHOM oxnam.neHHH 

CHH3Y BBepx Ha6nJO.naeTCH 3¢¢eKT BUTanKHBaHHH BHyTpeHHero 

MarHHTHOro nonH. no.no6HUH 3KCnepHMeHT 6un ocymecTBneH HaMH H 

.z:tnH BUCOKOTeMnepaTypHoro nonHKpHCTannH4eCKOro 3KpaHa H3 

YBaCuO C .no6aBKaMH Ag-Cu-Sn B .z:tHana30He MarHHTHUX nonew OT 

0, 01 .no O 1 1 3. K comaneHHIO, 3¢¢eKT BUTanKHBaHHH MarHHTHoro 

nonH He Ha6nJO.z:tancH. none BHYTPH 3KpaHa npaKTH4eCKH 6uno paaHo 

nonJO, a KOTopoM ocyme~TBnH_nocb _oxnam.neHHe. 'Bo3MomHo, 3TO 

CBH3aHo C Heco6nJO.z:teHHeM ycnoBHH oxnam.neHHH, npH KOTOpux MOmHO_ 

.z:tOCTH4b BUTanKHBaHHH, HanpHMep, 3Ha4HTenbHaH TOn!UHH~ CTeHOK, 

He.z:tOCTaT04HO BUCOKaH TennonpoBO.z:tHOCTb MaTepHana. 0.z:tHaKO, 

CKOpee acero, 3TO CBH3aHo C Hepea,epCHBHOCTblO .z:tHHaMHKH 

noae.neHHH nonHKpHcTannH4eCKOH KepaMHKH a npouecce oxnam.neHHH, 

Karna T 6nH3KO K T , , a caepxManux MarHHTHHX nonHx. 
C ' . . 

<I>opMHpy101UHeCH B Tomue KepaMHKH CBH3KH BHxpeH npH T➔T C npH 

.naaneHHH BHewHero cymecTBYIO!UeM 

KOnH4eCTBO KBaHTOB, ,ltOCTaT04HOe, 

BHewHee .naaneHHe. 

nonH ycneaaJOT nepeHecTH 

4T06U ypaBHOBeCHTb 3TO 

4. COOTHomeHHe Mex.ny nnoTHOCTblO KpHTH48CKOro TOKa H 

noneM npoHHKHOBeHHH 

nocKOnbKY . .z:tnH HaUJero OTHOllleHHH .nnHHll 3KpaHa K era 

pa,nHycy, 1/r, 3Ha4eHHe BHeUJHero MarHHTHoro nonH Heo' npH 

KOTOpOM Ha4HHalOT npOHHKaTb BHXpH MarHHTHOro IlOTOKa qepe3 

CTeHKH 3KpaHa, nemHT HHme Toro 3Ha4eHHH He' 

npOXO.l{HT qepe3 OTKpllTUe KOHUH UHnHH.npa, 

npH KOTOpOM OHO 

TO MU HMeeM 

B03MOmHOCTb oueHHTb COOTHOllleHHe Mem.ny noneM npoHHKHOBeHHH H 

nnoTHOCTblO KpHTH4eCKoro TOKa, npHaneKaH Mo,nenb 6HHa H 

8 

J 

! 

npe.nnonaraH, 4TO npo¢Hnb MarHHTHoro nonH B ceq_eHHH Kepa!-IHKH 

npe.ncTaBnHeT co60H nHHeHHO 3aTyxaJOIUYIO ¢YHKUHIO. TaK, cornacHO 

[ 11], .z:tJHI 

pacnonomeH B 

r.ne 

UHnHH.z:tpa C OTKpUTUMH TopuaMH, 

era reoMeTpH4eCKOM 

H = 4rr J d 
eo c c ' 

ueHTpe (pHC. 4), 

(2) 

d - TOn!UHHa CTeHOK UHnHH.npa. 

4 
3 

Karna CKBH.z:t 

PHC. 4. CxeMaTH4eCKOe H306pameHHe ycTaHOBKH .z:tnH HCcne,noBaHHH 
caepxnpoao.nH1Uero nonoro uHnHH.npa. 

He
0

<>< 5,5 

KepaMHKH 

B HaUJeM 3KCnepHMeHTe none npOHHKHOBeHHH COCTaBHJIO 

3. 

He 

cne.noaaTenhHO, nnoTHOCTb KPHTH4eCKoro 

npeauwaTb J,,, 56 A/cM2 . 3,necb HymHo 
C 

TOKa 

.nonmHa 

OTMeTHTb cne,ny101Uee: aupameHHe ( 2) pa6oTaeT npH ycnoBHH, 4TO 

Jc He 3aBHCHT OT BHeUJHero MarHHTHoro nonH. KaK H3BeCTHO, Ha 

npaKTHKe (H 3TO no.z:tTBepm.naeT Halli 3KcnepHMeHT) MarHHTHOe none 

B HeCKOnbKO e.z:tHHHU 3pCTe.n npOHHKaeT rny6oKo BHYTPb 

nonHKpHCTannH4eCKOH KepaMHKH no .nmo3e¢cOHOBCKHM CBH3HM H 

CHHmaeT TpaHcnopTHUH TOK. 0.z:tHaKO, ecnH npo¢Hnb MarHHTHOro 

nonH nHHeHHllH (.z:tnH 3TOro npe.nnonomeHHH eCTb OCHOBaHHH, CM., 

HanpHMep, [12]), TO nonyqeHHOe 3Ha4eHHe Jc MOmHO TpaKTOBaTb 

KaK nnOTHOCTb KpHTH4eCKoro TOKa npH HyneBOM BHelllHeM MarHHTHOM 

none, H3MepHeMyJO 4eTupeXT04e4HllM 

Jc<><56 A/cM2 3Ha4HTenbHO HHme Toro 

4eTupeXT04e4HllH HnH HH.z:tYKTHBHUH 
9 

MeTO.z:tOM. 

3Ha4eHHH, 

MeTO.z:tll 

B nJ06oM cnyqae 

KOTopoe HaM .naeT 

H3MepeHHH, Kor.na 



qyBCTBHTenbHOCTb BXO.l{Hh!X KaCKa.l{OB npe.nycHnHTenew C BXO.l{Hh!MH 

H3MepHTenbHhIMH uenHMH COCTaBnHeT nopH.z:tKa 1 MKB. nnH 06pa3ua, 

npHrOTOBneHHoro H3 KYCO'l{Ka HCCne.nyeMoro UHnHH,npa, nnoTHOCTb 

KpHTH'l{eCKoro TOKa, H3MepeHHoro qeTupeXTO'l{e'l{Hh!M MeTO.l{OM C 

qyBCTBHTenbHOCTbID 

260 A/cM2 • 

MKB, COCTaBHna, K~K y~e OTMeqanocb paHee, 

qTo6u npoBepHTb cooTHorneHHe (2) .nnH Toro me 06pa3ua, 

6una H3MepeHa BOnbT-aMnepHaH xapaKTepHCTHKa npH noMomH 

BUCOKOTeMnepaTypHoro ·CKBH.l{-BOnbTMeTpa, o6na,naIDmero 

qyBCTBHTenbHOCTbID B o6~aCTH 6enoro rnyMa -10- 10B/ru1 / 2 [13). 

3Ta BOnbT-aMnepHaH xapaKTepHCTHKa npe.ncTaBneHa Ha pHC.5. 

> 
C 

> 

500,-----..-------,. 

250 

0 -
50 100 

Jc ,A/cm 2 

PHC.5. BOnbT-aMnepHaH xapaKTepHCTHKa o6pa3Ua 
BUCOKOTeMnepaTypHOH CBepxnpoao.nHmew KepaMHKH; BUpe3aHHoro H3 
Hccne.nyeMoro 3KpaHa. 

H3 rpaqmKa BH.l{HO, t!TO nepexo.n nonHKpHCTannH'l{eCKOH 

KepaMHKH H3 CBepxnpOBO.z:tHmero COCTOHHHH B HOpManbHOe He CTOnb 

HpKO BUpameH, KaK 3TO HMeeT MeCTO B HH3KOTeMnepaTypHUX 

CBepxnpOBO.l{HHKax. Il03TOMY npH Hcnonb30BaHHH annapaTypu ~ 

He,nocTaTO'l{HOH qyBCTBHTenbHOCTbID 3a KpHTH'l{eCKOe 3Ha'l{eHHe 

npHHHMaeTCH TOK, MHoroKpaTHO npeaurnaIDmHH peanbHUH Jc. EcnH 3a 

KpHTepHH onpe.neneHHH nnOTHOCTH KpHTH'l{eCKoro TOKa npHHHTb 

HanpHmeHHe, B 1,4 pa3a npeaurnaIDmee ypoaeHb rnyMa B KepaMHKe (B 

3KcnepHMeHTe OH COCTaBHn sv~ 20 HB/ru112), TO, pe3ynhTaTU 

H3MepeHHH HaXO.l{HTCH B .l{OBOnbHO xoporneM cornaCHH C H3MepeHHHMH 

Jc H3 3KCnepHMeHTOB C nonow CBepxnpOBO.z:tHmew Tpy6KOH. OTMeTHM 

3.l{eCb, 'l{TO 3aBHCHMOCTb nnoTHOCTH KpHTH'l{eCKOro TOK a OT 

qyBCTBHTenbHOCTH H3MepHTenhHOH annapaTypu 6una yme 3aMe'l{eHa H 

10 

paHee pH.z:tOM Hccne,noBaTenew, HanpHMep [14). C 3T~H TO'l{KH 

3peHHH, ecnH MaTepHan 3KpaHa o.nHopo.neH, TO onpe.neneHHe -Jc B 

nonHKpHCTannwqecKOH KepaMHKe no npOHHKHOBeHHID MarHHTHOro nonH 

B CBepxnpoao.nHmyID Tpy6Ky HBnHeTCH MeTO.l{H'l{eCKH HaH6one~ 

npaBHnbHh!M. 

5. nHHaMHKa npOHHKHOBeHHH MarHHTHOro nonH. 

nonroBpeMeHHoe 3KpaHHpoBaHHe 

PacCMOTpHM .l{HHaMHKY npOHHKHOBeHHH BHernHero 

MarHHTHOro nonH BHYTPb nonoro UHnHH.npa Ha ypoBHe 

qyacTBHTenbHOCTH CKBH.l{-MarHHTOMeTpa. H3MepeHHH npoBO.l{HnHCb B 

ZFC-pemHMe. nepaoHaqanbHO 6uno TmaTenbHO no.no6paHo none 

npoHHKHOBeHHH Heo · 3a Heo npHHHManocb TaKoe BHernHee 

MarHHTHOe none, npH KOTOpOM B Te'l{eHHe 3000 c BHYTPb 

UHnHH.npa npoHHKano none npH6nH3HTenbHO Sx1o- 10Tn. qTo6u 

o6ecne'l{HTb .nocTaTO'l{HO BUCOKYID TO'l{HOCTb H3MepeHHH, coneHOH.l{ 

6un H3rOTOBneH .nnH 3THX 3KCnepHMeHTOB H3 .llBYX COOCHUX 

Ka~yrneK, HaMOTaHHhIX Ha e.nHHhIH KapKac. O.nHa H3 KaTyrneK 6un_a 
npe,nHa3Ha'l{eHa .nnH no.n.nepmaHHH nonH npOHHKHOBeHHH," a C noMombID 

.npyrow co3,naaanH cKaqKoo6pa3Hhle .nononHHTenbHUe npHpameHHH 

nonH AHe. nepBaH KaTywKa 3anHTUBanacb OT HCTO'l{HHKa 

ITOCTOHHHOro TOKa, o6na.naIDmero BUCO KOH .nonroapeMeHHOH 

CTa6HnbHOCTbID He xyme 0,017.. Ha pHC.6 npe.ncTaBneHU BpeMeHHUe 

3aBHCHMOCTH nonH BHYTPH UHnHH.npa .nnH 4 3Ha'l{eHHH BHernHero 

MarHHTHOrO nonH (He 0 +AHe) (r,ne HeoS,5 3). JIHHHH 4 

COOTBeTCTByeT AHe~o; 

AHe~o,os 3. 

3 - AH ~o,oos 3; 2 - AH ~0,01 3; e e 1 -

no CKOpOCTH npOHHKHOBeHHH BHelliHero MarHHTHOro nonH 

B UHnHH.z:tp BH.l{HO, 'l{TO KepaMHKa HaXO.z:tHnaCb B CBepxcna6oM 

pe3HCTHBHOM COCTOHHHH. nHHaMHKa npOHHKHOBeHHH nonH BHYTPb 

UHnHH,npa xopowo onHCUBaeTCH KnacCH'l{eCKHM BupameHHeM: 

Hi(t) = H
0

+ v ln(t-t
0

) (3) 

npH t ~ 100 C. JlorapH<JlMH'l{eCKaH CKOpOCTb penaKCaUHH V He 

HBnHeTCH KOHCTaHTOH, a npe.ncTaBnHeT co6011 <JlYHKUHID, 

npH6nH3HTenbHO nponopUHOHanbHYID AHe/Heo B .l{Hana30He HalliHX 

H3MepeHHH. 

II 
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PRC. 6. BpeMeHHUe 3aBl1Cl1MOCTl1 MarHl1THOro noJUI 
U11JIHH,llpa .llJI.SI 4 3HaqeHl18 BHernHero MarHl1THOro 
COOTBeTCTByeT BHelliHeMy nonn He= (5,5 +0,05)3, 

BHYTPl1 nonoro 
non.SI. Kp11Ba.SI 1 
Kp11Ba.SI 2- He= 

(5,5 +0,01)3, KpHBa.SI 3- He = (5,5 +0,005)3, Kp11Ba.SI 4- He "' 

5,5 3. 
Heo6XO.lll1MO OTMeTl1Tb, qTo npHpameH11e non.SI BHYTPl1 

UHJIHH,llpa 6Hi 3a BpeM.SI 113MepeHH.SI 3Haq11TeJibHO HHme 3a,llaBaeMoro 

cKaqKa BHernHero non.SI 6He. npaBaa, c Ha~am11BaH11eM 6He pa3H11Ua 

Memay 6H 11 6H. 6ucTpo ·yMeHbrnaeTc.SI. 3To r0Bop11T o TOM, qTo B 
e 1 

cna6ope3HCTl1BHOM COCTO.SIHl111 B npo,llOJ!bHOM ceqeHl1H U11JIHH,llpa no 

Kpa8He8 Mepe B6Jil1311 BHyTpeHHero OTBepCTl1.SI npo~l1Jlb MarHl1THOro 

non.SI aonmeH coaepmaTb KBa3113KCnoHeHQl1aJibHU8 3aKOH 3aTyxaHH.SI. 

KcTaTH, ec,n11 Bech npo~l1Jlb annpoKC11MTTPOBaTb 3KCnoHeHTOH, TO Mbl 

MomeM ,llaTb HeKOTOpue np116nHmeHHUe oueHKl1 KaqecTBa KepaM11KH B 

paMKaX MO,lleJil1 cTeKJia, Hanp11Mep, B TpaKTOBKe nmoHa KneMa (15]. 

TaK ~cnonb3Y.SI KpTTBYID 4 Ha p11c.S, Mhl nonyq11M 3~~eKTTTBHYID nmo-
. I . 

3e~COHOBCKYID rny6TTHY npOHTTKHOBeHTT.SI 
d 

;>..J = ln(H /H. . ) 
ea 1 min 

-3 "' 4X10 CM, 

-10 
rae 3a Himin 6uno B3.SITO 3HaqeHHe 5x10 Tn. 
HccneaoBaH11e cTpyKTypu KepaMHKl1 C noMomhD 

3JieKTpOHHOro MHKpOCKona noKa3aJil1, qTo cpeaH118 pa3Mep 3epeH 

12 

KepaMHKl1 a "'1 O MKM. Torna cornacHo [ 15] an.SI ycnoBH.SI ;>..J>>a 
0 , 0 

nepBoe Kp11T11qecKoe none KepaM11K11 

~o 

Hc1J"' 2 
4rr;>..J µeff 

2;>..J 

ln( -a-) 
0 

Jieml1T HTTme 0,01 3. naHHOe 311aqe1111e Hc1J HaXO.ll11TC.SI B 
.llOBOJihHO xoporneM cornac1111 C He3aBl1Cl1MUMl1 oueHKaM11, 

nonyqeHHUMl1 113 113MepeHH8 noBepXHOCTHOro 11MneaaHca (16] H 

MarHl1TH08 BOCnp1111MqHBOCTl1 CKBl1,ll-MarHl1TOMeTpa (12] . 

.SIBJI.SieTC.SI TaKme TO, qTo np11 Rn6onUTHUM ~aKTOM 

oxnamaeH1111 3KpaHa ao 77 K B none MeHbrne 0,01 3 Bero 

BHyTpeHHeM 061,eMe He Ha6JIID,llaJil1Cb 1136UToqHu8 MarHHTHU8 rnyM 11 

CKaqK11 MarHHTHoro noTOKa. 

3aKJinqeH11e 

TaKl1M o6pa30M, npoBe,lleHHUe 11CCJie,llOBaHH.SI noKa3aJil1~ 

qTo BHCOKOTeMnepaTypHue CBepxnpOBO.ll.SimHe 3KpaHU, 113rOTOBJieHHUe 

no npeanomeHH08 3,lleCb TeXHOJIOr1111, MoryT 6UTb C ycnexoM 

np11MeHeHU ,llJI.SI ,llOJirOB peMeHHoro 3KpaH11poBaHl1.SI OT BHelliHl1X 
MarHl1THUX none8 nop.SI.llKa HeCKOJibKO e,lll1H11U 3pCTe,ll. Yq11THBa.SI, 

qTo npH OXJiamaeHl111 B KBa3HHyJieBOM none BHYTPH 3KpaHa He 

Ha6nnaaeTC.SI 1136uToqHoro MarHl1THoro rnyMa, 

6UTb llil1POKO 11CTIOJlb30BaH B TeXHl1Ke 
TaKo8 3KpaH MomeT 

a30THoro ypOBH.SI 
oxnamaeHl1.Sl .llJI.SI BUCOKoqyBCTBl1TeJibHUX 113MepeH118. 

B 3aKnnqeHl1e MU XOTl1M BUpa311Tb Harny npl13HaTeJibHOCTb 

ID.06yxoBy 3a noJie3HUe ,lll1CKycc1111. 
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