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BBEAEHHE 

K KOH4Y 1988 r. 6blnH C03AaHbl BblCOKOKa4eCTBeHHble ABYXHHAYK
THBHble paAH04aCTOTHble CKBHAbl, pa6oTaJOlllHe npH TeMnepaType mHA-

/1-5/ 
KOro a30Ta • TaKHe CKBHAbl RBflRJOTCR,nO CYllleCTBY, rpaAHeH-
ToMeTpaMH C Mano11 6a3011, Oa:.14HO MeHbwe 5 MM. CneACTBHeM 3Toro 
RBnReTCR HX OTHOCHTeflbHO cna6aR 4yBCTBHTeflbHOCTb K BHeWHHM 
MarHHTHblM nonRM, 4TO n03BOnReT, 8 OTCYTCTBHe B~COKOKa4eCTBeH
H~X csepxnpoBOARlllHX 3KpaH08 npoeeCTH HCCneAoBaHHe AHHaMHKH 
3THX CKBHAOB, H3MepHTb HX HHAYKTHBHoCTb H co6cTBeHH~e WYM~, 
04eHHTb pa3peweHHe no 3HeprHH, KoTopoe MomeT 6~Tb nony4eHo 
B nepcneKTHee \ YCTPOHCTeax Ha OCHOBe TaKHX CKBHAOB. Pa3pa-
6oTKa AOCTaT04HO TOHKOH nposonOKH, 06naAa10lllel1 ceepxnpoBOAH~ 
MoCTb~ npH TeMnepaType mHAKoro a3oTa, 1,13 K0Topo11 MomHo 6~no 
6~ H3rOTOBHTb ceepxnpoeoARlllHH TpaHc¢opMaTop MarHHTHoro noTOKa, 
Aa<:T 803MOmHOCTb C03AaTb. no-BHAHMOMY. Beeb cneKTP npH6opos' 
HCnOflb3YIOlllHX TPaAH4HOHHble HH3KoTeMnepaTypH~e CKBHA~-

OAHaKO a 0TcyTCTB1-1e TOHK011 B,Tcn-nposonoKH cna6aR 4yscTeH
TenbHocTb ABYXHHAYKTHBH~X CKBHAOB K BHeWHHM MarHHTH~M nonRM 
AenaeT HX HenpHrOAHblMH AflR npaKTH4eCKoro npH6opocTpoeHHR. TeM 
He MeHee co6CTB~HH~e AiOHCOBCKHe WYMb1,6flH3KHe no YPOBHIO K re-· 
nHee~M CKBHAaM nPH 3Ha4HTenbHO 60flbWeM YA06CT8e pa6oT~ C mHA
KHM a30TOM, 4eM C mHAKHM renHeM, no6ymAalOT HccneA0BaTene11 
HCKaTb peweHHR no npw-4eHeHHIO HMeHHO BTCn-cKBHAOB Ami npose
AeHHR BblCOK04YBCTBHTenbH~X H3MepeHH11. 

0AHHM H3 nyTe11 nOBblWeHHR 4YBCTBHTenbHOCTH ABYXHHAYKTHBH~X 
CKBHAOB RBnReTCR BBeAeHHe pa36anaHca Me*AY OTBepCTHRMH. 3Toro 
MOmHO AOCTHrHyTb, H3rOTOBHB ABYXHHAYKTHBHb111 CKBHA, HMe~HH 
OTBepCTHR C pa3H~MH AHc3MeTpaMH /6/ , HflH BBeAR Bi•OAHO H3 OTBep-:, 
CTHl1 csepxnpoBoARlllHH CTepmeHb /&~ • 0AHaKo 3TO He ycTpaHReT 
rnaBH~H HX HeAOCTaTOK - no HX BHewHeMy KOHTYPY, oxsaTblBalOllle
MY o6a oTeepCTHR, Te4eT 3KpaHHPYIOlllHl1 TOK, 4TO 3aMeTHO CHHma
eT 4YBCTBHTenbHOCTb. 

3Toro HeAOCTaTKa flHWeH OAHOHHAYKTHBH~11 B~COKoTeMnepaTYPHb111 
CKBHA.TaKOl1 CKBHA 6bln H3rOTOBneH'HaMH H3 KepaMHKH Y1Ba2CU307...,& 
nony4eHHOl1 C nOMOlllblO CTaHAaPTHOH npo4eAYP~ TBepAoTenbHoro CHH
Te3a 171 • B AanbHe11weM 0T61-1panacb Ta KepaMHKa, y K0Topo11 nnoT
HOCTb KPHTH4eCKOro TOKa j C > 150 A/CM 2• 

B Ta6neTKe H3 TaKOH KepaMHKH npocsepn1-1sanocb OTBepCTHe AHa
MeTp~M nopRAKa 1 MM, Cfl)'>Kalllee KOHTypoM KBaHTOBaHHR MR CKBHAa. 
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PHc.1. BnoK-CXeMa MarHHTo
MeTpa Ha OCHoBe OAHOHHAYKTHB
Horo BbICOKOTeMnepaTypHoro 

CKBffAa. I - CKBHA, 2 - Bq
reuepaTop, 3 - Kone6aTenbHblli 

KOHTYP LtCt, 4 - ManomYMH~HH 
npeABapHTenbHbJH yCHJIHTenb 
BbICOKOH tiaCTOTbI, 5 - aMilnH
TYAHbJH AeTeKTop, 6 - 6noK 
HH3KOH qacTOThl, 7 - 6noK 06-
paTHOH CBH3H. 

MemAY OTBepCTHeM H KPOMKOl1 Ta6neTKH MexaHH4eCKH npope3anacb 
llleflb. BHYTPH KOTOP011 OCTasancR MOCTHK. 3aMb1KaJOlllHl1 KOHTYP KBaH
TOBaHHR. MocTHK o6bl4HO HMen xapaKTepHble pa3Mepb1 HeCKOflbKO MH
KpoMeTpoe H lt1Men KPHTlt14eCKHl1 TOK le ::; 10 MKA. TaK 4T06bl r1t1cTe
pe3HCHbll1 napaMeTp CKB1t1Aa· fJ = 217Lsicl'<llo 6blfl MeHbWe /5~10/. 
3AeCb Ls - lt1HAYKTlt1BHOCTb KOHTypa. KBaHTOBaHlt1R, <llo - KBaHT Mar
HHTHOro noToKa. 

AnR Toro 4T06bl 1,136emaTb nonaAaH1t1R snarH Ha CKBHA. np1t1MeHRn
CR repMeTlt14Hbll1 aa1111t1THbll1 K'omyx. AnR noAaBneHHR BHeWHlt1X noMex 
CKB"1A BMecTe C COCYAOM .[\b10apa noMelllaflH 8 MarHHTHbll1 3KpaH 
/Ha oTommeHHoro nepMannoR/, noAaBnRJOlllHl1 aeMHoe MarHHTHoe none 
H BHeWHHe MarHHTHble n0Mex1,1 6onee 4eM B 1 00 paa. 

Ha p1,1c. 1 npeACTasneHa 6noK-CXeMa MarHlt1TOMeTpa. KaK o6bl4HO, 
HaKa4Ka CKB1t1Aa 1 OCYllleCTBnRnaCb Ha BblCOKOH 4aCToTe / fp= 20 Mf4/ 
B4-reHepaTOPOM 2 1,1 onpoc npolt13BOAlt1flCR np1,1 noMOllllt1 lt1HAYKTlt1BHO 
CBR3aHHoro C Hlt1M Kone6aTenbHoro KOHTypa LtCt 3, HacTpoeHHoro 
np1,16n1,131,1TeflbHO Ha peaoHaHCHYIO 4aCTOTY KOHTypa rup• npH 3TOM 
AflR nony4eHHR MaKCHMaflbHoro OTKflHKa K03¢¢1-141t1eHT CBR3H noA6H
paeTCR car nae Ho COOTHoweHHIO k2Q = 77/2. 

HanpRmeHHe Ha KOHType YCHflHBaeTCR ManowyMRllllt1M paAH04aCToT
HblM YCHflHTeneM 4 1t1 AeTeKTHpyeTCR aMnflHTYAHblM AeTeKTOPOM 5.npo
AeTeKTHPOBaHHblH CHrHan npeq6paayeTCR 6noKOM HH3K011 4aCTOTbl 
6, ocyiqeCTBflRIOII\HM nOTOK03aMKHYTblH pemHM MarHHToMeTpa. Bee 
YKa3aHHble aneKTPOHHble 6noKH nonHOCTblO 1t1AeHTH4Hbl 3neKTPOHHblM 
6noKaM AflR HH3KOTeMnepaTypHblX CKB1t1AOB. 

OCHOBHblE XAPAKTEPHCH1KH MAfHHTOMETPA 

MeTOAHKa H3MepeHlt1R TeXHlt14eCKHX xapaKTep1t1CTHK CKB1t1Aa 6onee 
noApo6Ho onHcaHa s 121 . 

HHAYKTHBHOCTb CKBHAa MOmeT 6b1Tb nony4eHa 1,13 paseHCTBa: 

2 2 -2 -2 
L =l Ct/<P (<u 1 -<u 2 ), 

S O O p p 

r, ¥& 

• ()151-.c-r•~•.~•11,· ::,-

~!!T' 
3 



rAe lo - 3Ha4eHHe TOKa 4epe3 Lt, BW3WBaID~ero H3MeHeHHe noToKa 
CKBHAa Ha <llo; Ct - eMKOCTb KOI1e6aTeI1bHoro KOHTypa; (iJ pl - pe-
30HaHcHaR 4aCTOTa Ko11e6aTeI1bHOro KOHTypa, H3MepReMaR npH Ma
IlOM ypoeHe HaKa4KH, npH KOTOPOM KOHTaKT coxpaHReT ceepxnpoeo
AHMOCTb 11 AHCCHnaTHBHble npo1.1ecCbl B CKBHAe He Ha6IlIDAaIDTCR; 
(iJp2 - pe30HaHCHaR 4aCTOTa Ko11e6aTeI1bHOro KOHTypa, H3MepReMaR 
nPH 6ollbWOM ypoeHe HaKa4KH, KOrAa A>K03e<!)COHOBCKHH KOHTaKT Ha

XOAHTCR B HeceepxnpOBOAR~eM COCTORHHH. 
H3MepeHHR n0Ka3a11H, 4TO npH AHaMeTpe KOHTypa KBaHTOBaHHR 

1 MM 

10 ::: /0, 8 ± 0, 1 / MKA 

k = /0,15± 0,01/ 

Ct = /220 ± 1 0/ n<I> 

fpl = /17,7±0,1/ Mr1.1, 

rP2 = /17,35± 0,1/ Mr1.1, 

H co6CTBeHHaR HHAYKTHBHOCTb CKBHAa LB = /3 '78 ± 0' 1 /. 1 0 -lo rH·. 
3aBHCHMQCTb cneKTpallbHOH nllOTHOCTH WYMOB no MarHHTHOMY no

TOKY '<lln npeACTaBileHa Ha pHC .2. 8bl4HC.iieHHR noKa3blBaIDT' 4TO 

B o6IlaCTH 6e11oro WYMa pa3peweHHe no 3HeprHH 

t = <JJ;/2LB -:::: 9· 10-
28 

Am/r1.1. 

BamHeHWHM MOMeHTOM KallH6poBKH MarHHTOMeTpa f!BilReTCR H3Me
peHHe peallbHOH 4YBCTBHTellbHOCTH CKBHAa no no11ID. nocKOilbKY ypo
eeHb OKPY>KaID~HX WYMOB He YAallOCb CHH3HTb HH>Ke 6-10-

11 Tn' 
TO paAHOnP03Pa4HblH n11aCTHKOBblH KPHOCTaT co CKBHAOM 6blll noMe
~eH ,B KOilbl.la re11bMrOilbl.la, npH4eM TaK, 4TO caM CKBHA pacno11a
ra11cR B reoMeTpH4eCKOM 1.1eHTpe Ko11e1.1. J:\HaMeTp KOilel.l COCTaBilRil 
50 CM. Ka~AaR KaTYWKa COAepmana 900 BHTKOB. KaTYWKH 6blllH BKI1ID-
4eHbl nocneAOBaTellbHO' TaK 4TO npoTe!(aID~HH · B HHX TOK 1 MA c_o-

~ ... C 10-2r_...,;_~- .. - ,--'---.--·. 
eo T: 78K 

PHc.2. ~ypbe-crreKTp IDYMOB Ke
paMHqecKoro pa,a;uoqacToTHoro 

~ CKBH,D;a rrpn TeMrrepaType 78 K, 
m . 
~ -3~---'..+------l~---+------1 HCrrOnb30BaHHoro B MarHHToMeTpe. 
a 10 IIo OCH a6CIJ;HCC - qaCTOTa, ru;; 
.Q f ITO oc~ OPAHHaT - rrnoTHOCTb my-
~ 2 MOB, ·(fl /fu; ½ : KpHBa.fl ] co-
g OTBeTc~eyeT CKBH,D;Y B ToncTo-
t 104L.-.................. ...,_~~.....,,_~ .................. ._...._._~~ CTeHHOM /-] CM/ MeAHOM 3KpaHe, 
t3 0.1 1 10 100 1000 KpHBa.fl 2 COOTBeTCTBYeT CKBH-

qaCTOTa, ru; AY 6es MeAHoro sKpaHa • 
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3Aaea11 e T04Ke pacnonomeHHR CKBHAa none 3,2•1o-10Tn. npH no
Mo~11 Kone1.1 renbMrOilbl.la Mbl onpeAellHill-1 nep110A BOilbT-3pCTeAHOH 

xapaKTep11cTHKH no nonID 

B
0 

= 3 ,8. 10-10 Tn. 
. ' 

3HaR nepHOAH4HOCTb B3X, nerKO nonY4HTb 01.1eHKY 4YBCTBHTenb-

HOCTH CKBHAa.no nonID: 

<Bn > = <<lln> 8 0/<l>o, 

. rAe <<l>n > - cneKTpanbHaR nnoTHOCTb WYMOB CKBHAa no MarHHTHOMY 
noTOKY /CM. p11c.2/. 

BHAHO, 4TO B o6naCTH 6e11oro WYMa 4YBCTBHTellbHOCTb CKBHAa 

no nonID paeHa 

<Bn>-3,8-10-10 •3·10-4 :;,.J,14•10-
13 

Tn/r1.1
112

• 

TaKOH 4YBCTBHTellbHOCTH enonHe AOCTaT04HO AilR 6011bworo 4HC
na npHMeHeHHH, HanpHM~P. B reo<!)H3HKe, MeAl-11.lHHe AilR CHRTHR Mar
HHTOKaPAHOrpaMMbl, B APYrHX <l>H3H4eCKHX 3KcnepHMeHTaX. 

OTMeTHM, 4TO AilR CKBHAa C AHaMeTpoM KBaHTOBaHHR, nPHMepHo 
paBHblM 1 MM, 113MepeHHaR HHAYKTHBHOCTb Ls=-3 ,8• 1 o-lO rH OKa3bl
eaeTCR 6nH3KOH K npeAellbHOMY 3Ha4eHHID HHAYKTHBHOCTH npH T=78 K. 
rpy6aR 01.1eHKa eenH4HHbl npeAellb\iOH HHAYKTHBHOCTl-1 Lmax nony4aeT
CR, ecnH np11paBHRTb 3HeprHID KOilbl.la C TOKOM H TennoBYID 3HeprHID. 
np11 3TOM AilR T = 78 K Lmax"' 10-10 rH. 6onee CTporHH y4eT 
BilHRHHR wyMOB onpeAellReT rpaHH4Hoe 3Ha4eHHe HHAYKTHBHOCTH cooT
HOWeH11eM181 : 

L =¢2 (rr{:3)-112 (2k T)-1 
max o b ' 

41"0 npH {:3 = 1 HT= 78 K AaeT Lmax = 10-
9 

rH. 
3TH 01.1eHKH, B o6~eM, MO>KHO C4HTaTb cornacyID~HMHCR C nony4eH

HWMH 3KCnepHMeHTallbHWMH pe3ynbTaTaMH, Y411TWBaR, 4TO AilR CKBH
Aa c AHaMeTpQM KOHTypa KBaHTOBaHHR OKOilO 1 ,6 MM o6HapymHBaeT
CR .3aMeTHoe yeenH4eHHe WYMOB' a CKBHAbl C 6ollbW11MH AHaMeTpaMH 
OTBepcTHH OKa3blBaIDTCR Hepa6oTocnoco6HblMH. 

3AKfll04EHHE 

B 3aKI1ID4eH11e Heo6xoAHMO OTMeTHTb, 4TO B ne4aTH HepeAKO no
RBilRIDTCR pa6oTbl' nOCBR~eHHble allbTepHaTHBHblM CKBHAaM. 

8 OTI1H4He OT HopMallbHblX CKBHAOB B anbTepHaTHBHblX nepeMbl4Ka 
He BblCTynaeT e Ka4eCTBe nepexoAa Amo3e<!)c0Ha. B HHX Ha HecKonb
KHX 3epHaX cny4aHHblM 06pa30M <l>OPMHPYIDTCR napa3HTHble KOHTYPbl 

1 ~1 . 
c HHAYKTHBHOCTbID < 0 . rH, ·a npoceepneHHble OTBepcTHR BblCTyna-

5 
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~· ~ Ka4eCTBe KoH4eHTpaTopoB MarHHTHoro nonH. TaK1-1e ycTpOHCT
sa KaK B nneH04HOM, TaK H B KepaMH4eCKOM sapHaHTe He 4TO HHoe, 
KaK pa3HOBHAHOCTb l-13BeCTHblX 6anK-CKBHAOB. HccneAOBaHHH noKa3bl
Ba~T, 4TO B HHX OTCYTCTByeT CTporaH nepl-10AH4HOCTb no MarHHTHo
MY noToKy. np1-1 B03AeHCTBl-11-1 Ha HHX BHewHero MarHHTHOro nonR 
cny4aHHble KOHTYPbl B nepeMb14Ke MoryT "1C4e3aTb, "13MeHHTb CBOH 
pa3MePbl. KpoMe Toro,Aa)l(e ny4wHe H3 TaKHX CKBHAOB HMe~T o4eHb 
Many~ CBH3b KOHTypa KBaHTOBaHHH C BHeWHHM noneM H, KaK cneA- . 
CTBHe, 4YBCTBHTenbHOCTb no non~ AfiH HHX no KpaHHeH Mepe Ha 2-3 'ti 
nOPHAKa xy)l(e TpaAH4HOHHblX CKBHAOB' pa6c:Ha~ll\HX npH T = 78 K. • 
no3TOMY anbTepHaTHBHble CKBHAbl C KOH4eHTpaTopaMH nonH He npeA- j 
CTaBilH~T HHTepeca AnH HCnonb30BaHHH B Ka4eCTBe AaT4HKOB MarHHT
Horo nonH e npaKTH4eCKOM np1-16opocTpoeHHH. 
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BacttnheB B.B., ITonyrnKHH B.H. 
MarHttToMeTp Ha ocHoBe op,HoHHAYKTHBHoro 
BbICOKOTeMnepaTypHoro CKBH,Zl;a 

Pl3-89-85 

PaCCMOTpeH Maf'HHToMeTp Ha OCHoBe O,[l,HOHHAYKTHBHOI'O CKBH
p,a H3 Bb!COKOTeMnepaTypHOH CBepxnpoBO,[l,Hll{eH KepaMHKM 
yl Ba2Cu307-B, cnoco6Hb!H pa6oTaTb B OTKPbITOM npocTpaHCTBe. 
IlpHBep,eHbl OCHOBHbie TeXHH<IeCKHe xapaKTepHCTHKH Maf'HHToMeT-

' ½ 
pa: tJ:YBCTBHTenbHOCTb no Maf'HHTHOMY nomo I , 14 • I 0-13 Tn/ru. ' 
pa3pernentte cKBll,[l,a no 3Heprtttt 9,10-28 ~~/ru.. 

Pa6oTa BbmonneHa B Jla6opaTopttu HeuTpoHHou q>H3HKH OIDUI. 

IlpenpHHT 061,eM{HeHHOro HHCTHTyTa MepHLIX HCCJie~onamru. ,Uy6Ha 1989 

IlepeBop, O.C.BttHorpa,a;oBoH 

Vasiliev B.V., Polushkin V.N. 
M~gnetometer Based on One-Hole High 
Temperature Squid 

' 

Pl3-39-85 

One-hole rf squid magnetometer operating in open space 
made of Y1Ba 2cu 3o 7_ 8 superconducting ceramics are descri
bed. The magnetometer main parameters are presented: mag
netic field sensitivity 1. 14•I0-13 T/ Hz 11~ squid energy 
resolution 9;Jo-2S J/Hz. 

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