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1. BBE,llEHHE 

06bl4Hble·HH3KOTeMnepaTYPHble CKBHAbl RBnR~TCR BblCOK04YBCTBH
TenbHblMH npH6opaMH, C noMO~b~ KOTOpblx npoBOARTCR Bb1COKOT04Hble 
H3MepeHHR MarHHTHblX noneH, HX rpaAHeHTOB, 3neKTPH4eCKHX Ha
npRmeHHH H MHOrHX APYrHx eenH4HH, npeo6paayeMblX B MarHHTHble. 
0AHaKO WHPOKoe HCnonb30BaHHe CKBHAOB B npaKTHKe BHe coepeMeH
HblX HaY4HblX na6opaTOPHH CAePmHBaeTCR TeM, 4TO AnR o6ecne4eHHR 
HX pa60Tocnoco6HOCTH Tpe6yeTCR mHAKHH renHH. OTKPblTHe BblCOKO
TeMnepaTYPHblX ceepxnpoeoAHHKOB o6e~aeT npoHaeecTH nepeeopoT 
B H3MepHTenbHOH TeXHHKe 6naroAaPR WHPOKOMY BHeApeHH~ BblCOKo-
4YBCTBHTenbHblX npH6opOB Ha OCHOBe CKBHAOB, pa6oTa~~HX npH 
aaoTHOH TeMnepaType. no3TOMY pa6oTbl no C03AaHH~ CKBHAa H3 
BblCOKOTeMnepaTypHoro ceepxnpoBOAHHKa 6blnH Ha4aTbl cpaay BO 
MHOrHx na6opaTOPHRX paaHblX CTpaH. nepBblM ycnexoM Ha 3TOM nyTH 
6wno coaAaHHe TaK HaaweaeMoro 6anK-cKBHAa/l-4/ , npeACTaBnR
~~ero co6oH KYC04eK KepaMHKH H3 BTCn, BOKpyr KOToporo HaMOTa
Ha paAH04aCTOTHaR KaTywKa. MarHHTHoe none, C03AaBaeMoe KaTyw
KOH, paapywaeT MHOr04HCneHHble cna6we CBR3H MemAY aepHaMH 
ceepxnpoBOAHHKa, 4TO Bbl3blBaeT peaK4H~, noxomy~ Ha OTKnHK 
o6bl4HOro paAH04aCTOTHoro CKBHAa, OAHaKO conpoeomAaeTCR 04eHb 
6onbWHMH wyMaMH. 3TH WYMbl nemaT Ha ypoeHe 1 o-9 Tn/r4 112 , 
T.e. npeewwa~T WYMbl o6b14Horo HH3KOTeMnepaTypHoro CKSHAa npH
MepHO Ha 4eTwpe nopRAKa, H no3TOMY TaKOH CKBHA HHTepeceH 
TOnbKO KaK AeMOHCTpa4HOHHblH, 

Ha1-16onee 4YBCTBHTenbHblMH HH3KoTeMnepaTypHblMH CKBHAaMH RB
nR~TCR TOHKonneH04Hble CKBHAbl noCTORHHoro To~a 151 ._OAHaKo 
BblCOKoTeMnepaTypHble TOHKonneH04Hble CKBHAbl AO CHX nop He co-
3AaHbl, HeCMOTPR Ha ycHnHR B 3TOM HanpaeneHHH, HaHny4wHe nne
H04Hble CKBHAbl HMe~T pa604Y~ TeMnepaTy,py OKono 60 K H npHMepHo 
TY me 4YBCTBHTenbHOCTb' 4TO ,H 6anK-CKBHAbl /6/ • 

Ha1-16onbwee npHMeHeHHe e npaKTHKe AO HaC.TOR~ero epeMeHH Ha
wnH HH3KOTeMnepaTypHble paAH04aCTOTHble (p4) CKBHAbl; C04eTa~~He 
BblCOKY~ 4YBCTBHTenbHOCTb (AO .1 o-13 Tn/r4 112 . B o6nacTH 6enoro 
wyMa) C 'HaAemHOCTb~ H YA06CTBOM 3KCnnyaTa4HH. K HaCTOR~eMy 
epeMeHH yme C03AaHbl BblCOKOTeMnepaTYPHble p4-CKBHAbl, pa6oTa~~He 
npH 78 K H HMe~~He 4YBCTBHTenbHOCTb Ha YPOBHe c10-11 

1 O - 12 ) Tn/r4 112 17 • 81 • Llenb HacToR~eH pa6oTbl - onHcaTb Bbl
coKoTeMnepaTypHblH p4-CKBHA C 4YBCTBHTenbHOCTb~, npH6nHma~~eH-
CR K 10-13 Tn/r4
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2. nPHfOTOBflEHHE CKBHAA 

3TOT CKBHA H3rOTOBnRnCR H3 KepaMHKH Y1Ba2Cu307, nony4eHHOH 
C noMO~bID CTaHAaPTHOH npo4eAYPbl TBePAOTenbHoro CHHTe3a 191 • 
H3MepeHHR 3aBHCHMOCTH conpoTHBneHHR 3TOH KepaMHKH OT TeMnepa
TYPbl' BblnonHeHHble o6bl4HblM 4eTb1peX30HAOBblM cnoco6oM' noKa3anH' 
4TO oHa nepeXOAHT B nonHOCTbID ceepxnpoBOAR~ee_ COCTORHHe npH 
TeMnepaType BblWe 90 K /pHc.1/. 
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PHc.1. 3aBHCHMOCTb conpoTHBneHHH HTTpHeBoH 
KepaMHKH OT TeMnepaTypbl. Ilo OCH a(5c~HCC -
TeMnepaTypa, K. Ilo ocH opAHHaT - conpoTHB
neHHe, OTHOCHTenbHhle eAHHH~. 

H3 3TOH KepaMHKH nepeA nocneAHHM OT~HrOM $OPMHPOBanHCb Ta6-
neTKH, B KOTOPblX AnR npHroToeneHHR CKBH,Qa MeXaHH4eCKH BblCBep
nHeanHCb on1epCTHR AHaMeTpOM HeMHOro 6ohee 1 MM H Bb1Ta4HBancR 
nepeXOA C pa3MepaMH HeCKOnbKO AeCRTKOB MKM. TaKHM cnoco6oM 
H3rOTOBnRnHCb KaK AByx-, TaK H OAHOHHAYKTHBHble CKBHAbl, npH4eM 
npHMepHo Ka>KAblH nRTblH oKa3blBancR pa6oTocnoco6HblM. H3MepeHHR 
napaMeTpoe CKBHAOB npoBOAHnHCb Ha CTaHAaPTHOH annapaType, 
o6ecne4HBaID~eH H3MepeHHR C HH3KOTeMnepaTypHblMH CKBHAaMH, Bbl
nycKaeMOH OnblTHblM r,poH3BOACTBOM OH.RH /lO/ • H3MepeHHR eenHCb 
B o6b14HOM TpaHcnopTHOM a30THOM cocyAe AbIDapa, npH 3TOM AnR 
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HCnblTa HHH ripH noBblWeHHblX TeMnepaTypax CKBHA, 3aKpenneHHblH Ha 
H3MePHTenbHOH WTaHre, npoCTO nOAHHManCR B ropnoBHHY COCYAa, 
AnR Toro 4T06bl H36e>KaTb nonaAaHHR enarH Ha CKBHA, OH npH H3Me
peHHRX noMe~ancR B repMeTH4HYID aMnyny. 3Toro 6blno AOCTaT0°1.fHO' 
4T06bl coxpaHHTb pa60Tocnoco6HOCTb KepaMH4eCKHX CKBHAOB npH . 
MHoroKpaTHblX 4HKnax oxna>KAeHHe - oTorpee. npH 3TOM 6blna 3aMe-
4eHa HeKoTopaR AerpaA84HR KPHTH4eCKoro TOKa KOHTaKTa, HO 6onee 
AeCRTKa TaKHX 4HKnOB MHOrHe CKBHAbl BblAeP>KHBanH. HeKOTOpble 
CKBHAbl npH 3THX H3MepeHHRX llOKa3anH pa60TOCnOC06HOCTb TOnbKO 
npH noBblWeHHblX TeMnepaTypax, npH 830THOH TeMnepaType. HX KPHTH-
4eCKHH TOK OK83blBanCR cnHWKOM BblCOKHM H BblXOAHn 38 npeAenbl 
B03MOlKHOCTeH, KOTOpble Aaeana Hawa annapaTypa. 

AnR noAaeneHHR enHRHHR.BHeWHHX noMex CKBHA BMecTe c cocyAoM 
AbIDapa noMe~anH e MHorocnoHHblH MarHHTHblH 3KpaH . H3 oTolK>KeHHoro 
nepMannor., noAaBnRBWHH 3~MHoe MarHHTHoe none AO ypoBHR to-8 Tn 
H BHeWHHe noMeXH AO AOCT8T04HO Manora rpoBHR. 0AHaKO paHee 6bl
no 3aMe4eHo, 4TO MarHHTHOe none BHYTPH 3KpaHa nOABep>KeHo MeA
neHHOMY APeH$Y H $nYKTyHpyeT, n03TOMY 4YBCTBHTenbHOCTb CKBHAa, 
onpeAeneHHaR B Tal<HX ycnoBHRX, MO>KeT OKa3aTbCR 3aHH>KeHHOH H3-
3a B03AeHCTBHR 3THX

0

$nyKTya4HH. 

PHc.2. BonbT-aMnepHaH xapaKTepHCTHKa 
PMHOQaCTOTHoro KepaMHqecKoro AByxHffAYK
THBHOro CKBHAa, nonyqeHHaH npH 78 K. Ilo 
OCH a6c~cc - aMnnHTYAa HaKaQKH CKBffAa. 
Ila OCH OPAHHaT - aMnnHTYAa OTKnHKa CKBH
Aa. 
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3. PE3YJlbTATbl 

AnR Toro 4T06~ y6eAHTbCR B pa60Tocnoco6HOCTH CKBHAa, CHa4a
na H3MepRnacb ero aonbT-aMnepHaR xapaKTepHCTHKa. AnR 3Toro, 
KaK o6~4HO, MOAYnHpoaanacb aMnnHTYAq HaKa4KH CKBHAa. 3To npH
BOAHnO K B03HHKHOBeHH~ o6~4HOH CTyneH4aTOH KapTHH~, xopowo 
H3y4eHHOH•AnR HH3KOTeMnepaTypH~X p4-CKBHAOB H nc:>3BOnR~lqeH 11 Ha 
rna3 11 onTHMH3HpoBaTb CBR3b CKBHAa C KOHTYPOM. Ha PHC.2 B Ka-
4eCTBe npHMepa noKa3aHa BAX ABYXHHAYKTHBHoro KepaMH4ecKoro 
CKBHAa, nony4eHHaR npH TeMnepaType mHAKOro a30Ta. MOAYnR4HR 
MarHHTHoro nonR, npHnomeHHoro K C~BHAY, npH onTHManbHO B~6paH
HOH HaKa4Ke BW3~Bana B03HHKHOBeHHe 06bl4HOro TpeyronbHoro CH
rHana. Ha PHC. 3 noKa3aH TpeyronbHblH CHrHan C nepHOAOM npHMePHO 
1.6x10-9 Tn, nony4eHHblH Ha nepa~x Tpex nnaTO Ha ABYXHHAYKTHB-· 
HOM KepaMH4eCKOM CKBHAe npH TeMnepaType 78 K. BenH4HHa 3Toro 
cHrHana Mano 3aaHcena oT HoMepa nnaTo, Ha KOTopoM aenHCb Ha-
6n~AeHHR, H, npHBeAeHHaR K KOHTYPY, COCTaBnRna npHMepHO 

· 10 MKB. 

H3MepeHHR WYMOB 3Toro CKBHAa noKa3anH, 4TO B HX cneKTpe 
npHCyTCTByeT 6onb_WOH BKnaA WYMOB l /f H Ha4HHa~TCR 3TH WYM~ 
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PHc.3. 3aBHCHMOCTb cHrHana AByxHHAYKT~ti
Horo PaAHoqacToTHoro CKBHAa OT_ npHJioxeH
Horo BHemuero MarHHTHoro nonH, CHHTaH Ha 
nepBblX Tpex nnaTo. Pa6oqaH TeMnepaTypa 
78 K. Ilonoca l KrQ. Ila ocH a6c~cc -
MarHHTHOe none, 1,3 HTn/Aen. Ila OCH op
AHHaT - cHrHan cKBHAa, 20 MKB/Aen. 

:l 
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npH 3Ha4HTenbHO 6onee BblCOKHX 4aCTOTax, 4eM WYM~ 1/f HH3Ko
TeMnepaTypHoro paAH04aCTOTHoro CKBHAa. Ha pHc.4 noKa3aH $ypbe
cneKTP WYMOB B~COKOTeMnepaTypHoro KepaMH4eCKoro ABYXHHAYKTHB
Horo paAH04aCTOTHoro CKBHAa, nony4eHH~H npH TeMnepaType mHAKO
ro a3oTa /aepxHRR KpHeaR/. 3AeCb me AnR cpaBHeHHR npHBeAeH 
$YPbe-cneKTP WYMOB CTaHAaPTHOro HH3KOTeMnepaTypHoro ABYXHH
AYKTHBHOrO paAHo4aCToTHoro cKBHAai H3roToaneHHoro a on OHRH, 
$YHK4HOHHpy~iqero npH TeMnepaType mHAKOro renHR /HHmHRR .KpH
BaR/. CyiqecTBeHH~M oTnH4HeM a _ycnoBHRX H3MepeHHH 6~no To, 4To 
WYM~ HH06HeBoro CKBHAa H3MepRnHCb B ycnOBHRX xopoweH 3KPaHH
POBKH caepxnpOBOARtqHM 3KpaHOM, B TO apeMR KaK WYM~ KepaMH-
4eCKOro CKBHAa perHcTpHpoaanHCb B nepMannoeBOM 3KpaHe, KOTo
P~H, KaK yme OTMe4anocb, Mor BHOCHTb CBOH BKnaA. 
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PHc,4. ~ypbe-cneKTP myMOB KepaMffgeCKoro 
PaAHoqacTOTHoro AByxHHAYKTHBHoro CKBHAa 
npH TeMnepaType 78 K /aepXHHH KPHBaH/ H 
cTaHAapTHoro HH3KOTeMnepaTypuoro PaAHoqac
ToTHoro ABYXHHAYKTHBHOro CKBHAa npH TeMne
paType 4 K /HIDKHHH KPHBaH/. Ila OCH a6c
QHCC - qacToTa, rQ. Ila OCH OPAHHaT - nnoT
HOCTb myMOB, ~O /rQ1/2 • 

4. 3AKJll04EHHE 

WyM~ THna 1/f KepaMH4eCKoro ~KBHAa aenHKH CKopee acero H3-
3a Toro, 4TO B nnoiqaAH cna6oH CBR3H, aepORTHO, npHCYTCTByeT 
MHomeCTBO Mem3epeHH~X KOHTaKTOB, nepeKn~4a~tqHXCR cny4aHH~M 
o6pa30M, KaK· H B 6anK-CKBHAe. 
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ToT $aKT, 4TO Ha B~COKHX 4aCTOTax ypoeeHb WYMOB KepaMH4eC
Koro CKBHAa npH a30THOH TeMnepaType COCTaBnReT npHMepHo 
3. 1 0-4 KBaHTa noToKa ( npHMepHo 5. 1 o-13 Tn/r1.1 112 ) H oKa3~ea
eTcR 6nH3KHM K YPOBH~ WYMOB HH06Heeoro paAH04aCTOTHoro CKBHAa 
npH renHeBOH TeMnepaType,He B~3~BaeT YAHBneHHR, T.K. H3BeCT
HO, 4TO ypoeeHb 6enoro wyMa· nocneAHero (nopRAKa 10 4 KBaHTa 
noToKa) onpeAenReTCR He HM caMHM, a npeAYCHnHTeneM. 

B 3aKn~4eHHe OTMeTHM, 4TO XOTR onHCaHH~H CKBHA e~e YCTyna
eT no 4YBCTBHTenbHOCTH aHanorH4HOMY HH3KOTeMnepaTypHOMY, oco-
6eHHO B o6nacTH HH3KHX 4aCTOT, ero pa3pa60TKa noKa3ana, 4TO 
C03AaHHe B~COKOTeMnepaTypHoro CKBHAa C xopoweH 4YBCTBHTenb
HOCTb~ - pewaeMaR 3aAa4a 6nHmaHwero epeMeHH. C APYrOH cTopo
Hbl, ·onHCaHH~H CKBHA yme e HaCTOR~ee epeMR MomeT HaHTH ce6e 
npHMeHeHHe 6naroAaPR ceoeH OTHOCHTenbHO B~COKOH 4YBCTBHTenb
HOCTH H YA06CTBY 3KcnnyaTaf..lHH, B 4aCTHOCTH, B nonee~x ycnoeH
}IX AnR H3y4eHHR aHOManHH MarHHTHoro nonR 3eMnH, KpoMe Toro, 
no-BHAHMOMY, HCnonb3YR onHcaHH~H MeTOA, MOmHo H3rOTOBHTb 
ABYXHHAYKTHBH~H CKBHA C HepaBH~MH HHAYKTHBHOCTRMH, 6onbwaR H3 
KOTOP~X MomeT. B3RTb Ha ce6R ponb TpaHC$opMaTopa noToKa. TaKOH 
CKBHA MomeT HCnOnb30BaTbCR B peweHHH PRAa 3aAa4 $H3HKH TBep-' 
AOro Tena H, B03MOmHo, B MarHHTHOH KaPAHorpa$HH. 
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PyKonHCb nocTynHna B HSAaTenbCKHH OTAen 
19 anpenR 1988 roAa, 

6o6paKOB B.<I>., BacHnbeB 6.B., nonywKHH B.H. 

CKBHA, pa6oTal()UIHH npH a30THOH TeMnepayype 

P13-88-255 

OnHCaH ABYXHHAYKTHBHWH PaAH04aCTOTHWH CKBHA, H3roToaneHHWH H3 BWCOKo
TeMnepaTypHOH KepaMHKH YI BazCu307 •. CKIIHA <l>YHK~HOHHpyeT npH TeMnepaType ll<HA
Koro a30Ta, npoR&nRR ace OCHOBHWe oco6eHHOCTH CHrHanbHOH xapaKTepHCTHKH, 
npHCY\IIHe paAH04aCTOTHOMY CKBHAY, YpoaeHb WYMOB BWCOKOTeMnepaTyptloro CKBHAa 
B AHana3oHe BWCOKHX 4aCTOT•nPHMepHO .a TPH pa3a npeawwaeT COOTBeTCTB)'llUIHH 
ypoaeHb HH3KOTeMnepaTypHoro CKBHAa. WYMW THna i/f H34HHaOTCR npHMePHO OT 
100 r~. TaK 4TO Ha HH3KHX 4aCTOTax 4yBCTBHTenbHOCTb BWCOKOTeMnepaTYPHOro 
CKBHAa npHMePHO Ha nonTopa nOPRAKa XY*e 4YBCTBHTeribHOCTH HH3KOTeMnepaTypHoro 
CKBHAa, 

Pa6oTa awnoriHeHa a na6opaTOPHH HeHTPOHHOH <l>H3HKH OHRH. 

IlpenpHHT 06M!JumeeHoro IUlCTHTyra ll,IXepHJ>IX HCCJieJlOBIHd. Jly6ea 1988 

nepeaoA 0,0.ToKapeaoH 

Bobrakov V.F., Vaslllev B.V., Polushkin V.N. 

SQUID Operating at Liquid Nitrogen Temperatures 

P13-88-255 

A 2-hole rf-squld fabricated from high-temperature superconducting 
yttrium-based ceramic is described,· Squid operates at 1 lquld nitrogen tem
peratures and demonstrates all principal features of rf-squld signal. At 
high frequency the noise level of the hlgh-T squid is only three times as 
much as the corresponding level of the helium squid. The 1/f noises begin 
from approximately 100 Hz so that at low frequencies the hlgh-T squid sensi
tivity Is 1.5 order less than the helium squid sensitivity. 

The investigation has been performed at the Laboratory of Neutrons 
Physics, JINR. 
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