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OTKp~THe s~coKoTeMnepaTypHoH csepxnposoAHMoCTH 111 H nocne
AOsaswee BCKope ysenH4eHHe KPHTH4eCKOH TeMnepaTypw csepxnpoeo
AR~ero nepexoAa T0 AO 102 K coaAano peanbH~e npeAnOc~nKH AnR 
Pa3BHTHR HOBOrO HanpasneHHR - csepxnpoBOAHHKOBO~ a30THO~ 3neKT
poHHKH. 0AHHMH H3 HaH6onee RPKHX H HHTepeCH~X ee npeACTaBHTe
neH AOnmH~ CTaTb CBepxnpOBOAR~He KBaHTOB~e HHTep~epeH4HOHHWe 
AeTeKTop~ - CKBHA~· Aeno a TOM, 4TO cKBHA RBnReTCR napaMeTpH-
4ecKHM ycTpoHcTBOM, AnR KoToparo YXYAWeHHe 4yscTaHTenbHOCTH 9 CBR3aHHoe C pOCTOM pa6o4eH TeMnepaTyp~, MOmeT 6WTb KOMneHcHpo
BaHO ysenH4eHHeM xapaKTepHoH 4aCTOTW. ApyrHMH cnosaMH, 4yscT
BHTenbHOCTH 3KCnepHMeHTaJ1bH~X ycTpoHCTB Ha OCHOBe 11a30THoro11 

H renHesoro CKBHAOB MOrYT fiwTb CPaBHHMW. 
fny6oKHe H BCeCTOPOHHHe HCCneAOBaHHR CKBHAQB npH renHeBWX 

TeMnepaTypax noasonHnH B PRAe 3KCnepHMeHTOB /2,9,41 npH6nHaHTb
CR K ~YHAaMeHTaflbHOMY KBaHTOBOMY orpaHH4eHH~: 
BE :; h, /I/ 
rAe 8E - 3HepreTH4eCKaR 4yBCTBHTeJ1bHOCTb CKBHAa, h - noCTORH
HaR nnaHKa. 

AnR cepHHHwx CKBHAOB, a KoTopwx samHeHwHMH napaMeTpaMH RB
nR~TcR AHHaMH4eCKHH AHana3oH, nonoca npHHHMaeMWX CHrHanos, 
CKOpOCTb Cfle*eHHR, 3Ha4eHHR 4YBCTBHTeflbHOCTH, npHBeAeHHWe 
KO BXOAHOH aHTeHHe, o6~4HO COCTaBflR~T 

2 
8E/II:T = 

1 o-29 ll>K/f~ - B4-cKBHA~ 

1 o-3° /l>K/f~ - nT-CKBHA~ 
121 

rAe kT - K03~~H~HeHT CBR3H MelKAy KOHTYPOM KBaHTOBaHHR C HHAYK
THBHOCTbiO L H Tpac~pMaTOpoM noTOKa, 

YKaaaHHwe aHa4eHHR 4YBCTBHTenbHOCTH peanHayoTCR c AeCRT
KOB- COTeH KH.T10rep4 AO 0,1 f4. HHme 3TOH 4aCTOTW, KaK npasHno, 
Hat.IHHafOT npeo6naAaTb WYMbl THna 1/( , CBR3aHHble C pa311Ht.IHbiMH 
~H3H4eCKHMH npo4ecCaMH B Amoae¢>c0HOBCKHX KOHTaKTax 161 • 

AHHaMHt.teCKHH AHanaaoH nonHOCTbKl HH06HeBbiX CKBHAOB a aHanoro
BOM pe>KHMe cocTaBnReT 120-140 A5. KpoMe Toro, cna6aR aaBHCH
MOCTb xapaKTepHCTHK Amoae~COHOBCKOro KOHTaKTa Nb-Nb OT MarHHT
HOrO nOJlR n03BOJ1ReT H3MePRTb BapHa4HH nOTOKa AO 10 8 ~0 , HC
nOnb3YR npoCTO~ nOAC4eT KBaHTOB /~H~pOBO~ pe>KHM/ H ysenH4HBaR 
TeM caM~M nonH~~ AHHaMH4eCKH~ AHanaaoH AO 200 A5 141 
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YHHKanbHOCTb xapaKTepHCTHK ,qame cTaH,qapTH~x CKBH,Qos o6ycno

BHna HX npHMeHeHHe Ha npaKTHKe Allfl peweHHR aa,Qa4 B TaKHX o6na

CT.RX, KaK ~YH,QaMeHTaJlbH8R ¢H3HKa1 MeTponOrHR, KOCMH4eCKHe HC

Cile,QOB8HI-1R, 6HoMarHeTH3M H T.,q. 17• 8 •
91 • O,qHaKo AOCTYnHOCTb an

napaTyp~ Ha OCHOBe CKBHAOB Ailfl 60ilbWOro 4HCJla HCCile,QoBaTene~ 

H WHpOKOe BHe,qpeHHe c,qepmHBa~TCfl Heo6XO,QHM0CTbO HCnOilb30BaHHR 

mH,qKoro renHR. · 

B nocne,qHee speMR noRBHllCR PRA ea>KHbiX ny6nHKa4H~ 110•11 • 12• 131 , 

s KoTo~x coo~aeTCH o coaAaH~~ 8TCn 84-cKB~AOB aaoTHoro ypos

HR oxnam,qeHH.R H ,qaeTcR npe,qeapHTellbH~H TeopeTH4ecKHH npo

rHoa1141 HX 4YBCTBHTeJlbHOCTH. 8 3THX pa6c>Tax KOHCTaTHpyeTCFI 

(J>aKT coa,qaHHR B4-cKBHAOB, s ,qsyx 111• 121 npHBOA.RTCR cneKTpanb

Hble nnoTHOCTH WYMa, aHanHa cne~vt~H4eCKHX csoHcTs BTCn-cKBHAOB 

OTCyTCTsyeT. 

HacToR~aR pa6oTa nocBR~eHa 3KcnepvtMeHTanbHOMY aHanvt3Y xa

paKTepvtcTHK OAHOKOHTaKTH~X 84-CKBHAOB a30THoro YPOBHR oxnamAe

HHR, vtaroTosneHHbtX H3 nonvtKPHCTaJlJlvt4eCKo171 KepaMHKH YBa2 Cu 80 7....s 
/~aaa 123/. OcHOBHoe BH~MaH~e YAenHeTCH cne~~~~4ecK~M oco6eH

HoCTRM BTCn-cKBHAoB, npvtBHeCeHH~M csol7!cTsaMvt KepaMHKH. AHa

Jlvt3 4YBCTBHTeJlbHOCTH npoBOAHTCR Ha OCHoBe TpaAH4HOHH~ MOAe

neH, Y4HT~Ba~~HX TePMOAHHaMvt4eCKvte ~nYKTYa4HH /eM., Hanpvt

Mep,f15/ I. 

1. KOHCTPYKUHW HHTEP~EPOMETP08 

I 
8 HaCTOH~ee speMH non~Kp~cTann~4ecKaH KepaM~Ka YBa2Cu307_a , 

nony4eHHaR npeccosaHHeM c nocneA~~HM oTmHroM 1181 H vtMe~~aR 

nnoTHOCT~ Kp~T~4eCKoro TOKa j c /77 K/" 10 2 - 10 3 A/cM2 ' xopo

wo onvtc~saeTCR MOAeJlb~ caepxnposoAR~HX rpaHyn, CBR3aHH~x Mem

AY co6o171 Amoae~coHoscKHMH KoHTaKTaMH. HccneAoaaHvtR rpaHH~ Mem

AY rpaHyJlaMH nOKa3~Ba~T, 4TO, KaK npaBHJlO, OHH COCTORT H3 CJlOm

H~X COeAvtHeHvtH, npoBOAHMOCTb KOTOP~X BapbvtpyeTCR/17/ 

OT 10-1 OM·CM AO 10 OM•CM. no3TOMY K~HeT~4eCK~e CBO~CTBa BTCn

KepaMHKH s nepsy~ o4epeAb onpeAenR~TCR xapaKTePoM rpaHH~, 

OT COCTORHHR KOTOPbiX AOJl>KHbl 3aBHCeTb Itt CB0.:1CTBa HHTep~epoMeT

pos. 
Hanvt4vte 11ecTecTseHH~x 11 Amoae~COHOBCKHX CBR3eH MemAY rpaHyna

M~ np~ AOCTaT04HO 6onbW~X pa3Mepax rpaHyn /10 MKM/ AaeT Boa

MO>t<HOCTb H3rOTOBHTb OAHOKOHTaKTHbU1 HHTep~epoMeTp npocT~M Mexa

HH4eCKHM yMeHbWeHvteM pa3Mepoe nepeM~4KH B CBepxnpOBOAR~eM 

KOJlb~e AO 10-:-50 MKM. 3KCnepHMeHT~ noKa3b!Ba~T, 4TO npvt 3TOM KPvt

TH4eCKH.:1 TOK nepeMbi4KH lc /77 K/ MO>KeT H3MeHRTbCR B WHPOKHX 

npeAeJlaX /OT eAHHH~ MHJlJlvtaMnep AO HYJlR/. 3To eCTeCTBeHHO, no

CKOJlbKY 8 TaKOM np04ecce Bbi6Hpa10TCR rpaHH4bl Me>t<AY rpaHyJlaMH 
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co cnyyatiHbiMH csoHcTBaMH. HaH6onee onTHMaJlbHbiMH 3Ha4eHHRMH 
Ic = 10750 MKA o6na,qaJ1H KOHTaKTbl, ~MeiO!ll~e CBOHCTBa s-N-s nepe
xo,qos /iS/ , B KOTOpbiX rpaHHI.lY MO)f{HQ paCCMaTPHBaTb KaK (J>asy 
/123/, o6e,qHeHHYIO K~cnopo,qoMo TaKoe o6e,qHeH~e Mo~eT npo~cxo
.QHTb, HanpHMep, npH OT)f{Hre sa C4eT .QH$~Y3HH KHCilOpo,qa B MOHO
KPHCTai1IlH4eCKHe rpaHYilbl. BosMomHoCTb coa,qaHHR A)f{OSe(J>coHoscKHx 
nepexo,qoa THna S - nonynposo,qHHK -S AilR yaenH4€HHR npoHase
,qeHHR Rlc Tpe6yeT ,qailbHeHWHX HCCI1€AOBaHHti, a noKa B no,qaBJlR~
~eM 60JlbWHHCTB€ KOHTaKTOB 

= Rl = lQ-5 -10-4 B, c /31 

np~ 77 K /CMo TaK~e /19/, r,qe nony4eHo aHa4eH~e V
0 

= 300 MKB/ o 
HaH6onee npocTbiMH c T04KH speHHR H3roT~aneHHR KOH$Hrypal.lHP· 

MH KOHTypa KBaHTOBaHHR 84-CKBH,qa RBJlR~TCR: UHJlHH.QP, aaMKHYTblti 
CilaOOH CBR3b~/20!, H KOHCTPYKUHR ABYX napaJ1Jl€JlbHO CO€AHH€HHbiX 
~~n~HAPQB L\~MMePMaHa /10-12/ 0 B HaCTOR!lleii pa6oTe Mbl ~cnonbao
sanH KOHCTPYKI.lH~, noKa3aHHY~ Ha PHC. 1, noCKOJlbKY OHa npH ,qHa
MeTpe OTBepCTHti 0,8 MM no3BOJ1R€T nOilY4HTb HHAYKTHBHOCTb HHTep
<f>epoMeTpa 2o1 0 - 10 rH, 4TO B 2 paaa npeBbiWaeT 3Ha4eH~e $nyKTya
~~OHHOH ~HAYKT~BHOCT~ /,qnR 77 K/: 

/4/ 

CTporo rosopR, TeopeTH4€CKHe BblpameHHR, onHCbiBato~He wyMo
Bble xapaKT€PHCTHKH 84-CKBHAOB, nOilY4€Hbl B npe,qene MailbiX ~JlyK
TYa4Ht1, T.e. npH BblnonHeHHH ycnoBHR/M/ 

IT(y/2)2/S < e(y/2)2/S << TT, /51 

6eapaaMepHaR HHAYKTHBHOCTb HHTep$epoMeTpa, 
. y = 2 "kb T /I 0 W 0 - oTHoweH~e 3Hep
rHH TenJlOBbiX (J>IlYKTYal.lHti K 3HeprHH 
,qmo3e~COHOBCKOro KOHTaKTa. 

neaaR 4aCTb 3TOrO HepaseHCTBa 
03Ha4aeT, 4TO pemHM rHCT€P€3HCHbl~ 

P11c. 1. KoHCTpYKu;HH p;B~bipoqHoro 
pap;HoqacTOTHoro cBepxnpoBO)J;H~ero 
KBaHTOBOrO_ HHTep¢epoMeTpa. B Ka
qeCTB€ ~ose¢COHOBCKoro KOHTaKTa 
BbiCTynaeT €CT€CTB€HH8H rpaHHlJ;8 
Me~y rpaHynaMH BTCIT-~epaMHKH. 
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~>"/,a npaBaR YKa3~BaeT Ha TO, 4TO xapaKTepHaR WHpHHa pac

npeAeJleHHR nJlOTHOCTH BepORTHOCTH CKa4KOB MHOrO MeHbWe ~ /2. 
0 

KaK nerKo BHAeTb, npasaR 4aCTb HepaseHcTsa /5/ xopowo s~non-

HAeTCA TOJlbKO A11A L, MeHbWHX Lr /npH 77 K Lr"' 1 ,02·1 o-10 IH/. 
EcnH 3HalleHHe HHAYKTHsHocTH s~6paTb H3 ycnoBHR L = LF/", 

TO nerKO no11Y4HTb O~eHKY WYMOB MHTep~epoMeTpa, HCXOAR H3 pe-

3HCTHBHOH MOAe11H /15/: 

(8Eylmtn =: [2p(1-p)]/u2 ·(rrf/2o.>).(y/2)
118 

kbT '=- 7.10-SO A*/r4 

!6/ 

BKnaA WYMOB cornacy~~ero KOHTypa npH HCn011b30BaHHH a30THoro 

npeAYCH11HTe11A, KaK a pa6cne 1121 (T "'- TT ) , 11erKo Mol!(eT 6b1Tb CAe
naH npeHe6pe~HMO Man~M: 

2 
(8EylT/(8Eyltntn "[1/Srrk Qp(1-p)].(TT/T).(Lr1L) "'-

171 
"' (1!2rr).(L1Lr) « 1, 

noCKOJlbKY k2Q ~ 1, TT/Ta 1, p(1-p) " 0,25. 6o11ee Toro, npH 
TT > T OH e~e MO>KeT 6~Tb HeaHa4HTeJ1bH~M. no3TOMY npH pa6oTe 6e3 

a30THoro npeAyCHJ1HTeJ1R AOCTaT04HO HCnOJ1b30BaTb KOPOTKHe KOaK

CHaJlbH~e Ka6enH C He60J1bWOH C06CTBeHHOH eMKOCTb~. npaKTH4eCKH 

AeJlO ynpo~aeTCR TeM, 4TO aaoTH~e KPHOCTaTW MOryT 6~Tb CAeJlaH~ 

a 2-3 paaa Kopo4e re11HeBblx. 
Xopowo HasecTHo /15/, 4To Ha-aa cpaBHHTeJlbHO Mallblx K03~H-

4HeHTOB nPeo6pa30BaHHA B 84-CKBHAaX 6oJ1bWY~ pollb Hrpa~T WYMbl 
npeAYCHJ1HTenR. AeHCTBHTenbHO, nocKonbKY aHa4eHHR cneKTPa11bHOH 

nnoTHOCTH WYMa XOPOWHX nOJleBbiX TpaH3HCTOPOB Sv Jle)f(aT B 0611aCTH 

1Q-18 82/l4, A11A peaJ1H3a4HH 4YBCTBHTe11bHOCTH Ha yposHe 
1 Q-29 ll>K/14 npH L = 3·1 o-Il IH Heo6xOAHMO HMeTb 

(8< ) 
1 

& S /2LH 2
= k

2 
/o.>

2 
·Syi2L T < 10-

29 
A*/r4, /8/ 

a.mp mn v 

4TO npHBOAHT K Tpe6osaHHRM Ha K03~~HeHT npeo6pa30BaHHR 

1!2 10 
H = «>fk.(LT/L) > 4.10 B/B6. 19/ 

YclloBHA /7/-/9/ A11A 84-cKBHAa npH T = 77 K Bbln011HA~TCA. 
B 4aCTHOCTH, B HaWHX 3KcnepHMeHTax: (.() 5!. 1 ,8·1 08 r4; k ~ 0,1 Q.;. 

70,15; Lt'"/4- 5/·1tr7 IH H L!! /2- 3/·10-10 IH, TaK 4TO 
H ~ 5.10 10 8/86. 8 H3MepeHHAX c oxlla"'AaeMbiM npeAYCHJlHTeJleM 

(TT "'T): 



BbiPa>KeHHe /6/ npH L"' 2Lr CTaHoBHTCR HenpHMeHHMbiM, TaK KaK OHO nolly4eHo B npe,qene L « L F • no3TOMY 3Ha4eHHe BEV "' "7· 1 o-3° A>K/r4 ,QllR L "' 3·1 o-11 rH MO>KHO paccMaTPHBaTb KaK HH>KHio1a::1 npe,qen npH pa6oTe 84-cKBH,QOB C YKa3aHHbiMI-I xapaKTep!4CTio1KaMH npH a30THOH TeMnepaType. Aanee, nocKollbKY H3 /6/ ( BE.yl min = - 2/3 4/3. -1 
~ LI 0 T ~ _f MOmHo npe,qnono~HTb, 4TO AilR MHAYKTHBHoCTH CKBH,Qa L "- 2· 10 O rH Co6CTBeHHb1H WYM HHTep<)JepoMeTpa 6y,qeT 

/10/ 

BKila,q~ yCHJ1HTei1R lo1 cornacy~~ero KOHTypa nPH 3TOM CTaHOBRTCR 
HeCy~eCTBeHHbiMH. 

2. 3KCnEPI1MEHTAflbHbiE PE3YflbTATbl 

Ha o~eHoK, c,qenaHHbiX a npe,qbl,qy~eM naparpa¢e, cne,qyeT, 4TO e B4-cKBH.Qax c aaoTHbiM ypoBHeM oxna>K,qeHHR nPH L > Lr 4YBCTBHTenbHOCTb nonHOCTb~ onpe,qenReTCR wyMaMH HHTeP$epoMeTpa. HanoMHHM, 4TO ,QJlR 6ollbWHHCTBa 11 renHeBhiX 11 84-CKBH,QOB Clo1TyaLV1R o6paTHaR, T. e. HX 4YBCTBHTellbHOCTb B 06JlaCTI1 6enoro WyMa JlHMHTHpyeTCR WyM8MH TpaH3HCTOpa ,qame npH HCnOJlb30BaHHH QXnam,qaeM~X npe,qYCHJlHTeneH, ,qa~~HX B03MOmHOCTb ysenH4HTb K03~~1o1~1o1eHT npeo6pa-30BaHl-tR. 
11ccne.QYeMble HHTep<!JepoMeTpbl /pHc. 1/ noMe~allHCb e repMeTH4ecKY~ TPY6Ky Al-taMeTpoM 40 MM, HanonHeHHy~ rasoo6pasH~M ren~eM. TaKaR KQHCTPYK~~R n03BOnRna np~ OTOrpeBaH~~ CKBHAa H36emaTb KOH,QeHCa4HH napoB H H3011HPOBalla HHTep<)JepoMeTp OT >KH,QKOrO aaoTa, KHnCHHe KOToporo C03AaeT AononHHTenbH~H WyM. AsoTH~H MeTannl-tl.feCKl-tH KpHOCTaT 3KPaHHpoeanCR C nOMOUf.b~ Tpexcnoi:1Horo nepMannoesoro 3KpaHa H ToncToCTeHHoro /30 MM/ an~MHHHesoro 3KpaHa. Ko3<)J<!JH4HeHT 3KPaHHPQBaHHR nocTORHHoro nonR 60 ,q6. 
PesoHaHCH~H KOHTyp COCTORn H3 ABYX KaTYWeK, H3rOTOBneHH~X H3 MeAHOrO nPOBOAa. 4aCTb KaTYWKH pesoHaHCHoro KOHTypa, noMe~aeMaR BHYTPb HHTep<)JepoMeTpa C HH,QyKTHBHQCTbiO LT1 "'1 o-? rH, HsroTaBnHaanacb H3 MeAHoro npoBoAa AHaMeTPOM 0,1 MM. BHewHRR 4aCTb KaTYWKH /LT2"- 3·10-7 rH/ HaMaTbiBaJlaCb npoBO,QOM ,QHaMeTpQM 0,25T0,5 MM. 3TO no3BOflHllO nonyl.faTb AOCTaTOl.fHO B~COKHe 3Ha4eHHR ,Qo6pQTHOCTH KOHTYPa Q "- 60 ,Qa>Ke C Y4eTOM BJlHRHHR noTepb B HHTep¢epoMeTpe. 

Ha pHc.2 noKaaaHa THnH4HaR aMnnHTYAH0-4acTOTHaR xapaKTepH,CTHKa 84-CKBHAa npH a30THOC1 TeMnepaType . .QllR HeKOTOPbiX HHTep-
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PHc.2. AMnnHTYAHo-qacToTHaH 

xapaKTepHCTHKa paAHoqacToT

Horo CKBHAa C HH3KOOMHb~ 

~03e~COHOBCKHM KOHTaKTOM 

npH TeMnepaType ~HAKoro ago

Ta. ~HaMeTp OTBePCTHH 0,8 MM. 

~epoMeTpos YAaeTCR Ha6n~AaTb 

~Heepc~~ MaKC~ManbHoro oT

KnHKa CKBHAa OTHOCHTenbHO 

3HaKa. paCCTpoiiiKH, OTCYTCTBHe 

OTKnHKa Ha pe3oHaHCHOali 4aCTo

Te 1211 • 3TO 03Ha4aeT, 4TO 

3~CKT~ HeaAHa6aTH4HOCTH AO

CTaT04HO sem<K~ /q = w LIR> 1 I, 
H HOpMaJlbHble ConpOTHBneHHR 

iiiiilllllllllllllllillii~iiiiiTaKHX KOHTaKTOB R 4pe3B~4aH
HO Manbl wL" 4· 1 o-2 OM. Ao-

nonHHTCnbHble HCCilCAOBaHHR 

noKa3biBaiOT, 4To AM 6onbWHHCTaa KoHTaKToB, nony4eHH~x onHcaH

H~M cnoco6oM, 3Ha4CHHR HOpMaJlbH~X conpoTHBJleHHH nemaT B 06Jla

CT~ 0' H-1 OM np~ KP~T~4eCKOM TOKe lc 104 ; 1 o-5 A. no3TOMY 

e "xopow~x" ~HTep~epoMeTpax /R > 1 OM; Ic "'- 20 30 MKA/ HeaA~a-

6aTH4eCKHe RBJlCHHfl MOryT 6~Tb Man~ BnJlOTb AO 4aCTOT B036YmAe

HI1R w/2rr" 1 rrl\. 

6 

noCKOJlbKY B HaWHX 3KCnepHMeHTaX HHAYKTHBHOCTb HHTe~epoMCT

paBHa ~nYKTYalii10HHOH Lr /11n11 npeeblwana ee/, 

TO Aa>Ke np~ t » 1 

aonbTaMnepH~e xapaK

Tepi1CTI1K~ /BAX/ cy

~ecTBeHHo crnameH~ 

TenJlOB~MH ~IlYKTYa4HR

MI1 /p~c.3/. B ceR311 

C 3THM CHrHaJlbHbiC 

PHc. 3. BoJibTa.Mnep

HaR xapaKTepHCTKKa 

CKBHAa B nonoce qa

CTOT lQ KfQ npH TeM

nepaType ~HAKoro ago

Ta. nHaMeTp OTBep

CTHH 0,8 MM. 



PHc.4. BonbT-3pcTeAHaH xa
paKTepHCTHKa CKBHAa npH 
TeMnepaType ~HAKoro a3oTa 
B nonoce qacToT 10 Kr~. 
llHaMeTp OTBepCTHH 1 MM. 

XapaKTepHCTHKH HMe~T He Tpe
yronbHy~, a CKopee cHHyco
HAanbHY~ $OpMy lpHc.41. 

8biCQKHe K03$$H4HeHTbl npe
o6pa30BaHHR cornacy~~ero 
KOHTypa Sa C4eT YMeHbWeHHR 
eMKOCTH KOaKCHanbHOrO Ka6e

nR noaBOnY1nH peanH30BaTb BbiCOKHe 3Ha4eHY1R 4YBCTBY1TenbHOCTH 
a o6nacTH 6enoro wyMa .qnR cepY1H Y1HTep4JepoMeTpo8, 8blnonHeHHbiX 
Y13 paanH4H~X no /nnOTHOCTH KPY1TH4eCKOro TOKa/ KepaMHK 
YBa2Cu30 7-8 • reoMeTpH~eCKaR HHAYKTHBHOCTb HHTep$epoMeTpOB pac
C4HTbl8anacb no <J>opMyne 1221 

I 11 I 

~3MepeHHe npOH38e,qeHHR k2 L nPOBOAHnOCb no CTaH,qapTHO~ MeTo
AHKe c noMOl4b~ H3MepeHHR ToKa I0 8 KaTywKe L T, Heo6xo,qHMoro 
,qnR coa,qaHHR a CK8HAe ·4J , nocne 4ero aHa4eHHe k2L 8bi4HCnRnoCb 
1113 <bOPMYnbl 0 

Anr~ waMepeHHR cneKTpanbHO~ nnoTHOCTH wyMa 8 CK8HA B80AHnCR CHHYCOHAa!lbH~~ nOTOK C aMnJlHTy,qo~ - 1 0-2 '410 Ha 4aCTOTe, 60!lbWe~ 
rpaHH4HOi1 4aCTOTbl 1/f '"'WYMa, no KOTOPOMY onpe,qe!lRJlCR K03$$H
~HeHT npeo6paao8aHHR. CneKTpanbHaR nnoTHOCTb wyMa H CHHYCo
HAa!lbH~~ cHrHan nocne ycHneHHR o,qHo8peMeHHO H3MepR!1HCb cneKTpo
aHanH3aTopoM THna CK4-72. 

~3MepeHHe cneKTpa!lbHO~ niiOTHOCTH WYMa 8 06JiaCTH HH3KHX 4a
CTOT noKasano /pHc.5/, 4TO see Hccne,qo8aHHble HHTep<f)epoMeTpbl 
IIIMeiOT He06b14HO BbiCOKYIO no cpa8HeHHIO CO CTaH,qapTHbiMIII renHeBbiMH 
CKBH,qaMH Y1HTeHCHBHOCTb l~ •WyMa yme C 4aCTOT 8 ,qeCRTKH - COT
HH rep4. npH4eM 4aCTOTa, Ha4111HaR C KOTOPO~ IIIHTeHCHBHOCTb WyMa 
CTaHOBHTCR 4JYHK4He~ 4aCTOTbl, 3aBIIICV1T OT CBOi1CT8 KepaMHKV1 
H yMeHbWaeTCR nPH yBeJIH4eHHH nnOTHOCTH KPHTH4eCKOrO TOKa o6-
pa34a YBa2Cua0 7-a nPH 77 K. 8 ny~wHx o6pa34ax c ic:=10 2 AlcM 2 
WYM THna 11f Ha~HHaeTCR C 10f30 r4. 

8 HaCTORtqee 8peMR npe,qnpHHHMaiOTCR nOnbiTKH C03,qaHHR CK8HAOB.
H3 MOHOKpHcTannH~ecKHX o6pa340B lie "1 0 6 AlcM 21. 0AHaKo nony-
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, .. PHc. 5. CneKTpanbHbie IIJIOTHOCTH my

Ma B P~HoqacTOTHNX HHTep~epo

MeTpax, BbmonHeHHbiX Ha pasn~HbiX 

o6pa3QOB nOnHKPHCTannHqeCKOH Ke
PaMHKH. YMeHomeHHe qacToT~, npH 
KOTOpoH aaqHHaffiT npogBnHTbCH my

Mbl THna 1 /f , xapaKTepao p;nn Ke-

~ 
3 

~ 2 

' or• 

'" ' 1------,~-----..~----~,~ooo~~ paMHKH C UOBb~eHHhlM KpHTHQeCKHM 

TOKOM. 

4~Tb Amoae~COHOBCK~e KOHTaKT~ CKpaH6~posaHHeM B TaKHX o6paa
~ax 4pe3B~4aHHO TPYAHO. no3TOMY, B03MO~HO, 4TO AnR yKaaaHHoH 

MeTOAHKH onTHManbH~MH MOryT OKa3aTbCR nOnHKpHCTannH4eCKHe o6-
pa3~~ c AOCTaT04Ho e~coK~M~ /J 0 ~10 3 - 104 A/cM 2/ nnoTHoCTRM~ 
KPHTH4eCKOrO TOKa. 

~nR HHTe~epoMeTpOB, H3rOTOBneHH~X H3 KepaMHKH C HH3KHMH 

J0 a1-10 A/cM2 , Ha6n~AaeTCR peaKaR aae~C~MOCTb BAX, A4X ~ c~r
HanbH~X xapaKTepHCTHK oT MarHHTHoro nonA, noABnA~TCA AOnonHH
TenbHbe nepHOA~ Ha aaaHCHMOCTH V1(~e), B03HHKa~T MHoroaHa4Ho

CTH H rHCTepe3HC~, yaenH4HBaeTCR 48CTOTa nORBneHHR 1/f•WYMa. 

TaKoe Heo6~4Hoe noaeAeHHe 84-cKBHAOB nerKo o6DRCHHTb, ecnH 

B Ka4eCTBe MOAenH KepaMHKH B3RTb Am03e~COHOBCKY~ nepKOnR~HQH

HY~ CPeAY /pHC.l/, CBOHCTBa KOTopoH nerKo H3MeHR~TCR noA Boa

AeHCTBHeM cna~x 3neKTPQMarHHTH~x /MarHHTH~x/ noneH. ~eTanbHOe 

HCCneAOBaHHe 3THX CBOHCTB npeACTaBnReTCR HaM 4pe3B~4aHHo Ba*H~M 

H HHTepeCH~M He TOnbKO C TQ4KH 3peHHR AHHaMHKH KBaHTOB~X HH-

8 

PHc.6. B aq-CKBaAax, HgroToBneHHb~ H3 nonHKPHCTannH~eCKOH 

KepaMHKH C BWCOKHMH 3HaqeHHHMH KPHTHqeCKHX TOKOB, YAaeTCH 

nonyqHTb O,Il;H03HaqHble, o6paTHMble BOnbT-3pCTeAHbJe xapaKTe

PHCTHKH npH H3MeHeHHH BHemHero MarHHTHOrO flOTOKa B COTHH 

KBaHTOB npH OTCYTCTBHH orH6a~~HX, CBH33HHhlX C KBaHTOBa

HHeM B nap33HTHbiX KOHTypax. BonbT-3.pCTeAHaH xapaKTepHCTH

Ka CHHTa npH TeMnepaType ~HAKOrO 330Ta. 



Tep$epoMeTpos, nOCKOflbKY OHO 3aTpar~aaeT W~POK~~ Kpyr YCT
poHCTB /3KpaH~, aHTeHH~, KOHTaKT~, npoBOAa ~ T.A./, Heo6xoA~
MbiX a30THO~ 3/leKTPOHHKe B 4enoM. 

noCKOflbKY B HaCTOR~e~ pa6oTe AeTanbH~X ~ccneAOBaH~~ Amoae~
COHOBCKHX nepKOflR4HOHH~X CBOHCTB KepaM~K He npOBOA~IlOCb, TO 
Mbl MQmeM TOflbKO YTBeP>KAaTb, LITO HaH6onee Kal.feCTBeHHble CKB~A~ 
nony4a~TCR ~3 o6paa~oe YBa2Cu 3o7_8• ~Me~~~x 6onb~~e nnoTHoCT~ 
KPHTHL!ecKoro TOKa. KpoMe aToro napaMeTpa a Kal.feCTBe TecTa nPH 
OT6ope o6pa3U,OB HCnOflb30Bam·1Cb Tpe6oaaHHR: a/ OTCYTCTBHR 11na
pa3HTHbiX11 KOHTypoa KBaHTosaHHR, TaK Ha3btaaeMoro 11 bu 1 k SQU 1 0" 
H 6/ Y30CTH WHPHH~ nepeXOAa B CaepxnpoBOAR~ee COCTORHHe. 

8 CKBHAaX, H3rOTOBfleHH~X H3 TaKHX MaTepHanoa, YAaeTCR nony
LIHTb OAH03Ha4H~e, o6paTHMble CHrHaflbH~e xapaKTep~CTHKH Aa>Ke 
npH H3MeHeHHH BHeWHero MarHHTHOrO nOTOKa 8 COTHH KBaHTOB 
/pHc.6/. KaK npaBHflO, Ha TaKHX 3aB~CHMOCTRX OTCyTCTByeT H orH-
6ato~aR, CBR3aHHaR C KBaHTOBaHHeM B 11 napa3HTH~X11 KOHTypaX. 3TH 
csoHcTsa 4peas~4a~Ho samH~ np~ HCnonbaosaHHH pemHMa c4eTa 
KBaHTOB. ~fiR CKBHAa, noKa3aHHOro Ha pHc.6, KpyTH3Ha npeo6paao
BaH~R, rny6HHa MOAYflRU,HH H nepHOA no TOKY npH <11 8 = 'cll 0 H 'cll 6 = 
= i 12Q·t,ll0 COBnaAaiOT C T04HOCTbiO AO 1 0%, KOTOPaR onpeAellReTCR 
3Kcnep~MeHTanbHO~ norpewHOCTbto. 

3. 06CYlK.QEHHE 

Ha ocHoee nonHKpHcTannH4eCKoH KepaMHKH YBa 2CU 30 7_ 8 , HMeto
~e~ AOCTaT04HO BbiCOK~e (j 0 ( 77 K)"'-102A/cM 2) nnOTHOCT~ TOKa, 
C HCnOflb30BaHHeM B Ka~eCTBe cna6oH CBR3H rpaHHLJ,~ Me>KAY KpHCTan
n~TaM~ YAaeTCR C03AaTb BbiCOK04YBCTB~TenbHble It£" 1 o-28 .QJK/r~/ 
84-CKBHA~. npaKTH~eCKH AllR TaKHX CKBHAOB C HHAYKTHBHOCTbiO KOH
Typa KBaHToaaHHR L; Lr 3TO npeAellbH~e 3Ha~eHHR yyscTBHTellbHo
cTH, H AllR AallbHeHwero CHHmeHHR BE Heo6xoAHMO yMeHbweHHe HH
AYKTHBHOCTH HllH /H/ noB~WeHHe ~aCTOT~ B036Y>KAeHHR, T.e. C03Aa
HHe CB4-CKBHAOB asoTHoro ypoBHR oxnamAeHHR. 

CnomHoCTb TexHonorH~eCKHX aaAa~ npH H3roTosneHHH HHTep¢epo
MeTpoa c L ~ Lr/" ~ npocToTa coaAaHHR CB4-ycHmnene~ npH aaoT
H~x TeMnepaTypax AenatoT BTopoH nYTb npeAno~THTenbHeH, no Kpa~
HeH Mepe, B 6nHmaHwee speMR. 0AHaKO aaperHCTpHpoBaHH~e B Ha
CTOR~eH pa6oTe HeaAHa6aTH~eCKHe RBileHHR /HHBepCHR MaKCHMallbHO
ro OTKilHKa OTHQCHTellbHO 3HaKa paCCTPO~KH, OTCYTCTBHe KBaHToBa
HHR Ha pe30HaHCHOH ~aCTOTe/ yKa3biBaiOT Ha CpaBHHTellbHO HH3KHe 
conpoTHsneHHR Amose~coHoacKHX KOHTaKTOB, o6paaoaaHH~X rpaHHu,a
MH aepeH. no3TOMY AllR coaAaHHR a~coKo~yacTaHTenbH~x CB4-cKaH
AOB Heo6XOAHMO peWHTb npo6neMy nony~eHHR CTa6H11bH~X B~COKO
OMH~X A*03e~COHQBCKHX KOHTaKTOB. XopOWHX pe3yflbTaTOB B 3TOM 
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1 -77K 

2 • 70K 
3- 64K 
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PHc. 7. CrreKTpa.JibHbie ITJIOTHOCTH my

Ma ~nH O~Horo PaAHOqaCTOTHoro HH

TeJ>CPepoMeTpa, CHHTbie npH pasnHqHoH 

TeMrrepaType. BHAHO, qTo YMeHbiiieHHe 

TeMrrepaTypbi Be~eT K poCTY KPHTH

qeCKoro TOKa IIOnHKPHCTannHqeCKOH 

KepaMHKH H COOTBeTCTBeHHO K CH~e

HHID qacTOTM, npH KOTOpoH HaqHHaiDT 

IIPOHBnHTbCH H35biTOqHbie lj:lnyKTYai..J;HH 

THna 1/r. 

HanpaaneH~~ MOmHO A06~TbCR, ~cnonb3YR ~MnynbCHoe $OPMHPOBaHHe 
rpaH~l-'bl MemAY Kp~CTanJl~TaM~ B m~AKOM aSOTe 

1231 
• 

npo6neMa I~ -wyMa B BTCn 84-CKBHAaX B HaCTO~~ee speM~ HHTeH
C~BHO ~ccneAyeTCR /241 • nepable H3MepeHHR 1 Ita .. wyMa B OAHOKOH
TaKTHbiX HHTep$ePQMeTpaX /p~C. 7/ nOKa3biBaiOT, 4TO era rpaH~4HaR 
4aCToTa H noKasaTenb cTeneHH a c~nbHO saa~cRT oT TeMnepaTYPbl. 
3To nossonReT npeAnOJlO}I(~Tb, 4TO a ocHoae reHepal-'1-1~ 1 /fa ... wyMa 
Jle}KHT TennOBO~ MeXaH~3M pacnaAa MeTaCTa6~JlbHbiX COCTORHH~ B HH
Tep$epoMeTpe. 3asHCHMOCTb KPHTH4ecKoro TaKa I0 (T) o6b~CH~eT 
peaKoe ~sMeHeHHe wyMa 1~ c TeMnepaTypo~. TaKa~ MexaH~sM Aon
}l(eH npHBOAHTb K <tmyKTYal-'HfiM ~ a APYrHx cHcTeMax c A>Kose$co
HoacKHMH KOHTaKaTMI-1, HanpHMep B nT-CKBHAaX, CTaHAapTaX BOJlbTa, 
CMeCHTenfiX H T.A. no3TOMY H3y4eHHe 1/f-wyMa RBJlReTCR o6~~M ao
npOCOM Allfl csepxnpoaoAHHKOBO~ asaTHO~ 3neKTpoH~KH. 0AHaKO y}l(e 
H3 HaWHX nepBb/X H3MepeHH~ /pHc.5 H 6/ cneAyeT, 4TO An~ yMeHb
WeHH~ WyMa THna I /C He06XOAHMO OT6HpaTb o6pa3~bl KepaMHKH C MaK
CHMaJlbHbiMH 3Ha4eHHRMH nnOTHOCTH KPHTH4eCKOrO TaKa. 

Ha HeKoTapbiX ~HTep$epaMeTpax He YAaeTCR Ha6n10AaTb KBaHToao~ 
HHTep$epeHL-'~H Ha rapMOHHKaX TOKa, l-'HPKYnHpyiO~ero 8 OCHOBHOM 
KOHType KBaHTOBaH~R. np~4HHaMH TaKara naBeAeHHfl MOryT 6b1Tb He
aAHa6aTH4eCKHe RBneHHR, TaK KaK C pacTaM q = cuL/R. TpaeKTOPHR 
ABH}I(eHHfl 4aCT~l-'bl B KOOPAHHaTaX <I>('C!Je) crna}I(HBaeTCfl, ~ 803HHKaeT 
pe3Kafl saBHCHMOCTb nnOTHaCTH KPHTH4eCKOro TOKa HHTep$epoMeT
pa OT 8~-Ma~HOCTH, T.e. paspyweHHe KOHTypa KBaHTOBaHHfl npH 
6onbWHX YPOBHRX HaKa4K~. 0AHaKa nocneAHHe ~CCJleAOBaHHR naKasa
JlH, 4TO CKB~Abl, H3rOTOBneHHble H3 KepaMHKH C 6onbWHM KPHTH-
4eCKHM TOKOM, pa60TOCnOC06Hbl BO BCeX H3BeCTHbiX pe>KHMaX. 
Ha pHC. 8 npeACTaBJleHbl BanbT-3pCTeAHble xapaKTepHCTHKH AJlfl CKBH
Aa, pa6oTa~wero: 

a/ a pemHMe c pasAenbHoH HaKa4KoH /HaKa4Ka noAaeTCR 4epes 
cnel-'HaJlbHYIO HHAYKTHBHaCTb SO BTapoe OTBepCT~e/; 

6/ a pe}I(HMe CbeMa c~rHana Ha BTopaH rapMaHHKe /HaKa4Ka no
AaeTcfl HenocpeACTBeHHO 8 Kone6aTeJlbHb1H KOHTyp/; 
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a/ 

6/ 

B/ 

PHc.B. BonbT-3PCTe,z::J;Hbie 

xapaKT€PHCTHKH AnH CKB~a 

C KOHTYPOM KBaHTOBaHHR 

1 MM, pa6oTaw~ero: a/ B pe
:lKHMe C pagp;enbHO:H HaKatiKOH 

/Bq-cMe~eaHe nop;aeTCH 
qepeg Cne~HaiThHyro HH,D;YKTHB

HOCTh BO BTopoe OTBepCTHe/; 

6/ B pe:JKHMe c~eMa CHrHana 
Ha BT.opoft rapMOHHKe /Bq• 
CMe~eHHe nop;aeTCH aenocpep;
CTBeHHo B KOneQaTeiTbHblli 

KOHTyp/; B/ B pe~Me C~eMa 
CHrHana Ha BTopo:H rapMOHH
Ke c pagp;enbHo:H aaKaqKoH. 

a/ a pemHMe coeMa CHrHa
na Ha BTopoH rapMOHHKe 
C pa3AenbHOH HaKa4KOH. 

E~e OAHOH saw.HoH AnR 
BTCn-cKBHAOB npo6neMOH RBnR
eTCR CTapeHHe, T.e. aaBHCH
MOCTb HX napaMeTpOB OT Tep
M04HKnHpOSaHHR. TaK, ecnH 
He npHMeHRTb cne4HanbH~X 
Mep sat.QHTbl, To nocne oTorpe~· 
BaHHR HHTep~epoMeTpOB 
Ha B03AYXe, KBaHTOBaHHe 
B OCHOBHOM KOHType HC4eaaeT. 
00-BHAHMOMY, npH 3TOM paspy
waeTCR o6nacTb cna6o~ CBR-
3H. ~ononHHTenbH~e HccneAo
eaHHfl noKa3anH, ~TO 3TOT 
npo~ecc CBfl3aH c o6pasoea
HHeM rHAPaTOB 6apHR H paa
pyweHHeM ~a3bl I 123/. 0T>KHr, 
onTHMH3HpoeaHH~~ AnR ¢as~ 
/123/,He BOCCTaHaBnHBaeT 
CBepxnpOBOAHMOCTH. noaTOMY 
8 HaWHX 3KCnepHMeHTaX OTO
rpeBaHHe HHTep¢epoMeTpa AnR 
saMeHbl pesoHaHcHoro KOHTypa, 
H3MeHeHHR ero HHAYKTHBHQ
CTH H T.A. npOBOAHnOCb Tonb-

II 



PHc.9. CxeMaTaqnoe H306p~eHHe CKBH
~a c YMeHbmeaaoH nno~a~bro o~Horo 
H3 KOHTYpoB KBaHToBaHHR npH noMo~ 
CBepxnpOBO~~ero ~HnHHApa. 

KO 8 HHepTHOH /renHeBOH/aTMOC~epe. 
B 3TOM cny4ae H3MeHeHHH f npH MHoro
KpaTHOM ~~KllHPOBaHHH He OTMe4eHo. 

YMeHbWeHHe HHAYKTHBHOCTH HHTeP$epo
MeTpa, OTMe4eHHOe B~We, Heo6XOAHMO 
AJlR B~nOJlHeHHR B a30TH~X CKBHAaX Bam-
Hero HepaBeHCTBa /5/ H npoBeAeHHR HC

ClleAOBaHH~ e npeAene 11Mallb1X 11 lbnYKTya~H~. KoHcTpyKTHBHo 3TO AO
CTHranocb yMeHbWeHHeM nno~aAH OAHO~ H3 neTellb ABYXAbiP04Horo 
CKBHAa C nOMO~b~ CBepxnpoBOAR~ero ~HnHHAPa /pHc.9/. CKBHA npH 
3TOM aBTOMaTH4eCKH npeepa~aeTCR 8 MarHHTQMeTp C nno~aAb~ npH
eMHO~ neTllH, npHMepHO paBHO~ nno~aAH BTOporo OTBepCTHR. 3TO 
4aCTH4HO pewaeT /XOTR 6~ speMeHHO/ npo6neMY C03AaHHR aHTeHH~X 
YCTPO~CTB AllR MarHHTOMeTpoe, XOTR, ecTeCTBeHHO, yMeHbWaeT K03lJ>
lJ>H~HeHT CBR3H no MarHHTHOMY nOTOKy. TeM He MeHee OAHOBpeMeHHOe 
yaeJlH4eHHe KPYTH3H~ npeo6pa30BaHHR H CHHmeHHe C06CTBeHHOro wy
Ma HHTeplJ>epoMeTpa n03BOJlReT HCn01lb30BaTb TaKy~ KOHCTPYK~H~ AllR 
C03AaHHR MarHHTOMeTpoB c 4YBCTBHTenbHOCTb~ ~ 1 o-13 T ;r~ 1 /2 • 

MHHHMaJlbHbfe 3Ha4eHHR HHAYKTHBHOCTH, KOTOp~e Mbf peaJ1H30BallH 
B YKaaaHHOH KOH~Hrypa~HH, HMe~T 3Hae4HHR ~3·10-11 rH. 0AHaKO 
OCHOBHO~ np06JleMO~ A11R HCnOJlb30BaHHR OCTaeTCR 1/f-WYM, KOTOPbfH 
B KOHCTPYK~HH, noKaaaHHO~ Ha PHC.9, npaKTH4eCKH He yMeHbWallCR 
no CpaBHeHH~ C CHMMeTpH4HbfM HHTe~epoMeTpoM. 6011ee Toro, eCJlH 
KepaMHKa, HCnOJ1b30BaHHaR AllR H3rOTOBJleHHR ~HJlHHApa, HeAOCTaT04-
HO Ka4eCTBeHHaR, TO H 6e11~~ WYM, 1o1 WYM THna 1/f B aCHMMeTpH4-
HOM CJ1y4ae yseJ1H4HBa~TCR. 

B aaKn~4eHHe asTopcKH~ KonneKTHB C4HTaeT npHRTHWM 
AonroM BbfpaaHTb rny6oKy~ npHaHaTenbHOCTb C.C.THXOMHpoeoH, 
A.H.6oP3RKY, o.r.3aMOnOA4HKOBY, H.K.Kp~nosy aa HaroTosneHHe 
pa311H4H~X COpTOB KepaMHK, H3 KOTOPbfX YAallOCb n011Y4HTb CKBHAbf 
C npHBeAeHHbfMH na~aMeTpaMH. 
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