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BbICOKO'lYBCTBRTenbHble CKBRAbl 

PaccM0TpeH MeT0A Il0BhlWeHRH 'lYBCTBRTenbH0CTH ceepxnpoB0AHWHX 

KBSHT0BbIX HHTepq,epoMeTpOB aa C'leT RCnonb30B8HRH MH0r0HHAYKTHBHblX 

CKBHA0B 6onbworo 06beMa, B K0T0pblX HeCK0nbK0 K0HTypoe KBSHT0BSHRH 

coeAHHeHbl napannenbH0. 3KcnepHMeHTSnbH0 Il0K838H0, 'IT0 AnH CKBHAS 

c o6bOMOM -200 CM 3, HMeJOwero ABeHSAUSTb K0Hrypoe KBaHTOBSHHH 

llHSMeTp0M 1,2 CM, 'lYBCTBHTenbH0CTb A0CTHraeT -1 cr11 re/ y ru. 

Pa6ora BbIIl0nHeHa B Jla6oparop1rn HeilTpOHHOII q,H3HKH 011fll1. 

Coo6wenHe O6beJ:mne11110ro HHCTHTyTa HAepHblX HCCneA0B8HHil, Lly611a 1978 

Vasiliev B.V,, Kolycheva E.V., Krivoj G.S, 

High Sensitive Squids 

Pl3 · 11253 

A method of sensitivity rising for superconducting quantum 
Interferometers by using large-volume many-inductive squids 
with several parallel loops is described, There is an experimental 
indication that for the, 200 cm 3 SQUID with 12 parallel loops, 1.2cm 
in diameter, the sensitivity is about 10-11G/,jHz. 

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

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

@ 1978 061,e11nHeHHbli1 HHCTHTYT JlJlepHbIX nccne110BBHHl1 ,ay6Ha 

B HaCTOHmee BpeMH B TCXHHKe ~H3HqecKoro 3KCnepH

MCHTa lllHpOKO HCilOJib3YIOTCH KBaHTOBble CBepxnpoBO,!l;H -

mHe HHTep~epoMeTpbl /KC:0:/ I 11, B K0TOpbIX nepBHqHblM 

H3MepHTCJibHblM npeo6pa30BaTeJieM MarHHTHOro IlOJIH B 

HanpH:>KCHHe CJIY:>KHT CBepxnpoBO,IJ;HmHH KBaHTOBblH HHTep

~epeHUHOHHblH .n;aTqHK - CKBH.n; IP./, HH,IJ;YKTHBHO CBH3aHHhIH 

c Kone6aTeJibHhIM KOHTypoM KCH. · 

OcHOBHbIMH xapaKTepHCTHKaMH CHCTCMbl CKBH,IJ;-KOHTYP 

KaK H3MepHTCJibHOro npeo6pa30BaTeJIH, HBJIHIOTCH: 

dUt . 
A= --- r,n;e U - aMnJIH-

dB ' t 
1/ KpyTH3Ha npeo6pa30BaHHH 

,. 
Ty.n;a HanpH:>KCHHH Ha KOJie6aTeJihHOM KOHType KCH, B -
HH,IJ;YKUHH npHJIO:>KCHHOro K CKBH,IJ;Y MarHHTHOro IlOJIH. 

2/ npHBe,n;eHHaH K CKBH,IJ;Y cneKTpaJibHaH IlJIOTHOCTb 

WB = <Bi> ½ I'll-½ COfiCTBCHHblX IIIYMOB CHCTeMbl CKBH,IJ;-

KO:Typ / B N - ~JIYKTyauHH MarHHTHOH HH,IJ;Y,KUHH a 3TOH 

CHCTeMe/. 

O6a 3TH napaMeTpa 3aBHCHT OT KOHCTPYKUHH CKBH,IJ;a, a 

HMCHHO - OT ero HH,IJ;YKTHBHOCTH L H nnoma~H KOHTypa 

KBaHTOBaHHH S / 3/. . 

KpyTH3Ha npeo6pa30BaHHH onpe,n;eJIHeTCH nepHO,IJ;Hq-

HOCTblO CiffHaJia IlO MarHHTHOMy IlOJIIO H pa3HOCThlO aMilJIH

TY,IJ; HanpH:>KCHHH Ha KOJie6aTeJibHOM KOHType Kew: co:o-riieT-

CTBYIOmHx MarHHTHbIM IlOJIHM Ha ... CKBH,IJ;e' paBHblM 
k<P o 
--H 

s 
(2k+ l)(J) 0 

2S 
/ k. • UCJI0e qHCJIO, <l> 

0
,,;2:07. 10-l 5 B6 - KBaHT 
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MarHHTH0ro IIOTOKa/. IIepH0,D;H'IH0CTh CHrHaJia 110 II0JilO 

BbipamaeTCH qepe3 11noma,nh K0HTypa KBaHT0BaHHH: 

AB = <l_l /S. /1/ 

AMIIJIHTy,na CHrHaJia 3aBHCHT OT HH,D;YKTHBH0CTH CKBH,D;a, 

1103T0MY, K0r,na 3aBHCHM0CTh l\ (B) HMeeT "TpeyrOJibHYJO" 

qiopMy, KPYTH3Ha llpeo6pa30BaHHH 

s 
A ~ -==-' /2/ 

yL 
KaK 3T0 CJie,nyeT H3 BhlpameHHH ,D;JIH KPYTH3Hhl 11peo6pa30-

/ ' 
BaHHH 110 II0T0KY 1 41 . 

IlpHBe,D;eHHaH K CKBH,D;Y ClleKTpaJibHa» IIJI0TH0CTb my

MOB CHCTeMbl CKBH,D;-K0HTYP, 011pe,neJieHHaH B TepMHHax 

MarHHTH0ro II0T0Ka, IIP0II0PUH0HaJibHa HH,D;yKTHBH0CTH CKBH

.na / 5/_ B TepMHHax MarHHTH0ro II0JIH ClleKTpaJihHaH IIJI0T

H0CTh WYM0B, IIPHBe,D;eHHaH K CKBH,ny, 6y,neT TaKme 3aBH

CeTh OT 11noma,nH K0HTypa KBaHT0BaHHH: 

WB ~ ~ 
N S /3/ 

,ll.JIH o6hl'IHOro 0,D;H0HH,D;YKTHBH0r:o CKBH,D;a / 1/,y K0T0po

ro 11noma,nb KBaHT0BaHHH H HH,D;YKTHBH0CTh JIHHeHHO.CBH-

3aHhl, yBeJIH'leHHe 'IYBCTBHTeJihH0CTH M0)KeT 6hlTb ,no

CTHrHyT0 3a C'leT yMeHbWeHHH HH,D;YKTHBH0CTH 11yTeM yBe

JIH'leHHH 3qJqieKTHBHOH ,D;JIHHhl CKBH,na. )].pyroii IIYTh y,e

JlH'leHHH 'IYBCTBHTenhHOCTH 6blJI yKa3aH UHMMepMaHoM 3/_ 

llpHMeHeHHe MH0r0HH,D;YKTHBHhIX /qacTH'IHOBHTKOBhlX/ CKBH

,D;0B, co,nepmamux HeCK0JihK0 K0HTypoB KBaHT0BaHHH, coe

,D;HHeHHhlX 11apannenhH0. B MHoroHH,D;yKTHBHOM CKBH,ne 11epuo

,D;H'IH0CTh CHrHaJia 110 MarHHTH0MY II0JilO 011pe,nen»eTCH 

_IIJI0IUa,D;blO 0,D;Horo OTBepcTHH, B TO BpeMH KaK CYMMapHaH 

HH,D;YKTHBH0CTb 011pe,neJI»eTCH KaKpe3yJihTaT 11apaJIJieJihH0-

ro · coe,nHHeHH» HH,nyKTHBHOCTeH. Ilo3TOMY c11eKTpaJihHa» 

IIJI0TH0CTh WyM0B, IIPHBe,neHHaH K CKBH,ny, HMe10meMy, N 
paBHhlX H 11apaJIJieJibH0 coe.nuHeHHhlX K0HTYP0B KBaHTOBa

HHH, 6y,neT B N. pa3 MeHhWe' 'leM y CKBH,D;a, HMe10mero 

o,nnH TaKOH me K0HTyp. Ilpu 3T0M KPYTH3Ha 11peo6pa30Ba-
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HHH A B03pacTaeT B N pa3 3a C'leT yMeHhWeHHH HH,D;yK

THBH0CTH *• 

)].pyroH, 6onee y,no6HhlH 11yTh yBeJIH'leHHH qyecTBHTeJih

HocTH MH0r0HH,D;YKTHBH0ro _CKBH,D;a - yeeJIH'IHBaTb IIJioma,nb 

K0HTYP0B KBaHT0BaHHH, coxpaHHH HH,D;YKTHBH0CTh CKBH,D;a 
-9 

Ha YP0BHe ~ 10 r 3a C'leT yBeJIH'leHHH K0JIH'leCTBa 0TBep-

CTHH. IlpH 3T0M 6blCTpee, 'leM llpH yMeHhWeHHH HH,D;YKTHB

II0CTH, pacTeT KpyTH3Ha 11peo6pa30BaHHH, 'ITO 1103B0JIHeT 

npeHe6peraTh wyMaMH ycHJIHTeJI» KCH. KpoMe Toro, ecnn 

HH,D;YKTHBH0CTh 11apaJIJieJibH0 coe,D;HHeHHhlX OTBepCTHH 6y,neT 

CJIHWK0M Mana /~1O-lT /, CTaH0BHTCH cymeCTBeHHhlM 

BKJia,n B CYMMapHyJO HH,nyKTHBH0CTb CKBH,D;a HH,D;YKTHBHo

CTeH coe,nHHHTeJihHhlX yqacTK0B H 11epexo,na, H ,naJibHeH

wero yMeHhWeHHH HH,D;YKTHBH0CTH CKBH,D;a He IIP0HCX0,D;HT, 

HeCM0TpH Ha B03M0)KH0e yMeHbWeHHe HH,D;YKTHBH0CTH 11a

paJIJieJibH0 coe,nHHeHHhIX OTBepcTHH. 

Heo6xo,D;HMOCTb coe,nHHHTb 11apaJIJieJibH0 0TBepCTHH e 

MH0r0HH,D;YKTHBH0M CKBH,ne 0llpe,nen»eT ero KOHqJHrypaUHIO. 

OTBepCTHH o6bl'IHO pac11onara10TCH Ha 11epnqiepHH CKBH,D;a, 

Ha paBH0M pacCT0HHHH OT 11epexo,na ,ll.)K03eqJCOHa. O,nHo

HMeHHhle . BhlB0,D;hl BHTK0B, o6pa30BaHHhIX 0TBepCTHHMH, 

coe,nHHHIOTCH KpaT'laHWHM IIYTeM, 'IT06hI He yBeJIH'IHBaTi. 

HH,D;YKTHBH0CTH CKBH,na. KpoMe Toro, BCH K0HCTPYKUHH 

,nenaeTCH )KeCTKOH, 'IT06bl BH6paUHH He H3MeHHJIH xapaK

TepHCTHK llepeX0,D;a ,lJ.)K03eqJCOHa H CaM0r0 CKBH,D;a. O,nHa H3 

Han6onee y,na'IHhlX KOHCTPYKUHH TaKoro THlla - MH0r0HH

,nyKTHBHhlH CKBH,n c 12 0TBepcTHHMH, 011ncaHHhlH UHMMep

MaH0M /3/. 3ioi CKBH,n 11pe,ncTaBJIHeT co6oH ,nBa UHJIHH,npn

'leCKHX HH06HeBblX 6JIOKa, B Kam,D;0M H3 K0T0PhlX HMeeTCH 

12 UHJIHH,D;PH'leCKHX OTBepCTHH ,D;HaMeTpOM 2,25 MM. Ilo 

o6pa3YIOIUHM OTBepCTHH c,neJiaHhl 11pope3H. liJIOKH C.00CH0 

C0BMemeHbl H pa3,neJieHhi T0HKHM CJI0eM H30JIHTopa. BbICOTa 

* )].JI,i: WHP0K0 pac11pocTpaHeHH0ro CHMMeTpH'IHoro ,D;BYX -
HH,D;YKTHBHoro CKBH,D;a, HBJIHIOIUeroc,i: 'rpa,nneHTOMeTpnqec
KHM, 'IYBCTBHTeJibH0CTh H KPYTH3Ha 11peo6pa30BaHHH, Hao-
6opoT, B 2 pa3a MeHbWe, qeM ,D;JIH 0,D;H0HH,D;YKTHBH0ro. 
IlpH'IHHa 3T0ro - 110,D;Be,neH,Hj! /H3Mep»eMoro II0JIH T0JihKO 
K 0,D;H0MY 0TBepCTHIO CKBH,D;a I 1 ~ 
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CKBHAa paBHa 15 MM. B KIDKAOM 6noKe <l>opMHPYIOTCJI 

nonoBHHhl BHTKOB, B OAHOM npaBhle, B APYrOM - neBble. 

COeAHHeHHe nonOBHH BHTKOB µpOlf3BOAHTCJI C IlOMOmLJO 

nonocoK HH06Heaoii <l>onLrH, npuaapeHHblX TO'le'IHOH caap

KOH K o6ouM 6noKaM. To11e11Hhlii KOHTaKT ,lJ;)K03e<l>coHa 

C03AaeTCJI B o6nacTH, 3anonHeHHOH H30IlJITOPOM, Me)KAY 

ABYMJI HH06HeBblMH BHHTaMH, 3aBHH'leHHhIMH no OAHOMy 

a Ka)KAhIH 6noK c Top:u;oB . CKBHAa u pacnonO)KeHHhIMH 

Ha OCH CHCTeMbl. IIepHOAH'IHOCTL no MarHHTHOMY nonro 
-6 

:noro CKBHAa COCTaBnJieT 5,3.10 re. TaKaJI KOHCTpyK-

:u;HJI npu yaenu11eHHH pa3MepoB, KaK yKa3aHO B / 3 /, MO)KeT 

AaTL 11yacTBHTenLHOCTL no 11onro He xyJKe 10-11rc/,Jrr.J. 
)];pyroe KOHCTPYKTHBHOe pemeHHe MHOrOHHAYKTHBHO

ro CKBHAa npeAilO)KeHO B pa6oTe / 6/. CKBHA BhlnOnHeH 

H3 MOHOilHTHOro 6noKa HH06u,1 H HMeeT . 5 OTBepcTHH. He-

11eTHOe qucno OTBepCTHH H BX pacnonO)KeHHe no3B0Il.lllOT 

C03AaTL Heo6XOAHMYIO KOH<l>urypa:u;uro, CAenaB BAOilL H no

nepeK OCH CKBHAa HeCKOilLKO pa3pe30B. JUenH npope3aHbl 

Ha 3neKTp03PP03HOHHOM CTaHKe H HMelOT lilHPHHY 0,25 MM. 

Ilpu AHaMeTpe OTBepCTHH 2,38 M_Af111YBCTB.HTenLHOCTb CKBH

Aa COCTaBn.lleT npHMepHO 5.10 Tc/,Jrij. ,D;ocTOHHCTBaMH 

TaKoro MHOrOHHAYKTHBHOro CKBHAa .IIBRHeTC.11 ero MOHO -

nHTHOCTL H OTCYTCTBHe caapHbIX coeAHHeHHH. K CO)Kane

HHIO, 3neKTp03pp03HOHHhIM CTaHKOM o6bl'IHO He YAaeTCJI 

npope3aTL OTBepCTH.11 6onLlilOH .rny6HHhl H OAHOBpeMeHHO 

Manoro nonepe11Horo ce11eHHJ1, TaK KaK TOHKHH H np0T.ll)KeH

HhIH 3neKTP0A CTaHKa H3ru6aeTC.II B npo:u;ecce pa3pe3KH. 

Il03TOMY TPYAH0, BHAHMO, H3r0T0BHTL TaKHM cnoco60M 

MHOrOHHAYKTHBHhIH. CKBHA 6onLlilHX pa3Mepoa C 6onLlilHM 

~0ilH'ICCTB0M OTBepCTHH. 

MLI H3rOT0BHnH HeCK0ilLKO MH0r0HHAYKTHBHbIX CKBH

A0B, auanorH'IHhIX onucaHHOMY a/3/ u HMeromux pa3nu11Hoe 

K0ilH'leCTBO OTBepcTHH H pa3Hble pa3MepLI. <l>oTorpatl>u.11 

0AH0ro H3 HHX npHBeAeHa Ha puc. 1. ,IJ;mi: CKBHAa AHaMeT

poM 70 MM, BblCOTOH 32 MM c 12 0TBepCTH.IIMH, K~Oe 

nnomaALJO ~ 110 MM 2, pac11eTHa.11 nepHOAH'IHOCTL curHana 
-7 . 

KCH no MarHHTH0MY nonro cocTaBnJieT ~ 2.10 re. 3Kcne-

puMeHTanLH0 H3MepeHHa.ll nepH0AH'IHOCTL coanaAaeT C pac

'leTHOH B npeAenax norpemH0CTH H3MepeHHH. Ilo pe3ynL

TaTaM H3MepeHHH 'IYBCTBHTenLHOCTL 3Toro MH0rOHHAYKTHB-
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Puc. 1. B11eumuu euc) OOHOZO U3 U3Z011106AeHHblX MHozo

UHOYK111U6HblX cKe_uooe. 

Horo CKBHAa cocTaauna 1.10-11rc/vrr.J u, BHAHMO, M0)KeT 

6blTL eme yaenu11eHa. Oc:u;unnorpaMMa BhIXOAHoro curHana 

KCH C MH0r0HHAYKTHBHLIM CKBHA0M npHBeAeHa Ha puc. 2. 
,lJ;OCTHrHyTa.11 BblC0Ka.11 'IYBCTBHTenLHOCTL K MarHHTH0-

MY nonro n03B0Il.llCT pacwHpHTL o6nacTL npHMCHeHH.11 CKBH

A0B B T0HKHX cpH3H'leCKHX 3KCnepHMCHTaX. 

ABTOphl rny6oKo QnaroAaPHLI B.B.HrHaTLe·ay, 11Le Mac

TepcTBo, npo.11aneHHOe npH H3rOT0BilCHHH MH0rOHHAYKTHB

HLIX CKBHA0B, onpeAenuno ycnex 3TOH pa6oTLI. 

7 



Puc. 2. Oct1UAAozpaMMa eb1xoo11ozo cuz11aAa KCH c M11ozo
u11oyK111ue11b1M cKeuooM. Bepx11uii AY'I - eb1xoo11oii cuz11aA 
KCH, nepuoo no Maz11u111110My noA10 coc111aeAJ1e111 -2.1U-7I'c; 
11ux11uii Ay'I - Maz11u11111oe noAe, · npuAoxe1111oe K cKeuoy. 
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