
C,333 d P13 - 10171 

B-t '3 ! 5SIJ /t-'f1:-
s.s.sacHJibeB, B.B.,aaHHJIOB, A.B.CepM.Hf'JfH 

0 q,A30BOi1 3ABMCJ1MOCTI1 

CMrHAnA KBAHTOBOrO MHTEPq,EPOMETPA 



l 

P13 - 10171 

B.B.BacHJibeB, B.B.,l.J;a.HHJIOB, A.B.CepMjlrHH 

0 ~A30BOH 3AB1101MOC'rn 
C11rHAJIA KBAHTOBOrO 11HTEP~EPOMETPA 

HanpaeAeHo e )I(TtiJ 

0t1"'"~·" .. "'...l'·'•.ra m-1cnnyr I 
•lr'"'~! ,.,, ''"', ~~r.N..,mtl 

Ln..-J" , -.J 1 c.H.A 



I 

Bacf!nheB E.B. ff ap. Pl3 - 10171 

0 lj>a30B0ll 38BI!CI!MOCTH Cl!rHana KBBHTOBOrO IIHTeplj>epOMeTpa 

TeopeTuqecKH MeTOilOM rapMOHHqecKoro 6anaHca paccqHTaHa ¢a30BaH 

38BIICI1MOCTb CllrHana KBBHTOBOrO CBepXnpOBOilHlUero IIHTeplj>epoMeTpa. 

¢opM8 3KCTiepHMeHTBnhHO nonyqeHHOll 38BHCHMOCTH lj>83bl OT BHeiUHero 

TIOTOK8 YllOBneTBOpHTenbHO COBTI81l8eT C npellCK838HIIAMH pacqeTa. 

Pa6oTa Bwnonaeaa a fla6opaTOpHII HeATpOHHoA lj>H31!KH OHHH. 
~ 

[JpenpHHT 06be~HHeHHOrO HHCTHTyTa BAepH~X HCCneAOBaHHA 

,ny6Ha 1976 

Vasiliev B.V. et al. 

On Phase Dependence of the Quantum 
Interferometer Signal 

P13 - 10171 

The phase dependence of the quantum superconducting 
interferometer signal has been calculated theoretically 
with the aid of the harmonic balance method. The form 
of the experimentally obtained phase dependence on the 
external magnetic flux coincides satisfactorily with 
the theoretical predictions. 

The investigation has been performed at the 
Neutron Physics Laboratory, JINR. 
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C) 1976 Ochec)uNeNNwu UNc•u•y• Jlc)epHwx uccJtec)oea Nuu ,lb6NCJ 

;\!\· 

1. BeeoeHue 

B Ka\feCTBe ,AaT'lHKa coepxnpooo,AJn~ero KBaHToooro 

HHTep~epoMeTpa nepeMeHHOrO TOKa HCDOllb3yeTCB TaK Ha-

3biBaeMb1H CKBH,A, npe,AcTaonBIOll\HH co6oi ManyJO coepx

npoBOABll\YIO HHAYKTHBHOCTb I coepxnpooo,AJill\Hi BHTOKI, 3a

wyHTHpooaHHYJO cna6hiM KOHTaKTOM. B HHTep~epoMeTpe 
CKBH.A HHAYKTHBHO CBJ13bl&aeTCB c ,Ao6poTHbiM Kone6a

TenhHbiM KOHTypOM, KOTOpbiH B036y)I(,AaeTCB Ha \faCTOTe, 

6nH3KOH K pe30HaHCy, HCTO\fHHKOM pa,AHO\faCTOTHOH HaKa\f· 

KH /I ,2/. CHrHanoM KBaHTOBOrO HHTep~epoMeTpa 06bl\f

HO /1,2/ cny)I(HT npupameHHe aMDllHTY.Abl KOne6aHHH Ha KOH

Type A, oo3HHKaJOll\ee npu oo3,AeicTBHH Ha CKBH,A sHew

Hero MarHHTHOro DOTOKa tile· 0,AHaKO B03,AeHCTBHe CKBH,AA 

Ha KOne6aTenbHbiH KOHTyp 3THM He orpaHH\fHBaeTCJI H npu

BO,AHT eme K 3aBHCHMOCTH OT tile IKPOMe H3MeHeHHJI A I 
~a30BbiX COOTHOWeHHH npo~eCCOB B KOHType /3~ B pe3ynb· 

TaTe npu ucnonh30BaHHH ~a3oooro ,AeTeKTHpooaHHJI cur

HanoM HHTep~epoMeTpa MO)I(eT cny)I(HTb BenH'lHHa C,ABHra 

clla3 () Me)I(,Ay KOne6aHHJIMH HanpJI)I(eHHB B KOHType H B HC

TQ'lHHKe HaKa'lKH. PaccMoTpeHue JToro oonpoca JIBnJieTCJI 

~enbJO ,AaHHOH pa60Tbl. 

2. Pac'ielll 3Q6UCUMOC1/IU· coeuza (Ja3 () 0111 6H€UIH€ZO 

MQZHUIIIHOZO nOIIIOKQ $e 

llpo~eCCbl, npOHCXO,AJill\He B KBaHTOBbiX HHTep~epoMeT
pax nepeMeHHOrO TOKa /l,2 •4 /, B KOTOpbiX ,A06pOTHOCTb 

KOHTypa oenuKa(Q»l) u CBJ13b KOHTypa co CKBH,AoM Mana 
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<< 1), MoryT 6biTb npoaHaJIH3HpOBaHbl B npH6JIH)I(eHHH 

rapMOHH'IecKoro 6anauca, 6onee no~po6uo paccMoTpeHHOM 

a pa6oTe /2/. B 3TOM npH6JIH)I(eHHH HeTpy~uo noJiy'IHTL a 

o6meM cnyqae ~JIB HCKoMoro c~aHra cf>aJ cne~yromee ypaa
ueuHe: 

¢ k - k2 Q fiRs 
tg e = - -

2~Q¢ - k 2 QfiR 
k c 

/1/ 

,.--.i 

3~eCb, KaK H pauee /2,5/ ,Mbl HCDOJib30BaJIH 0603Ha'IeHH11: 

cpk - DpHBe~eHHaH BeJIH'IHHa TOKa B KOHType I k ; k - K03cf>· 

211 L I 
cf>Hu;HeHT HH~YKTHBHOH CB113H CKBM.LJ;a H KOHTypa; e= __ !!.....Q -

<l>o 
ocuoauoii: napaMeTp CKBM.LJ;a; L R- HH~YKTHBHOCTL 

w -wk CKBM.LJ;a; <I> 0 - KBaHT MarHHTHoro noToKa; ~ .., ___ -
u 6 u w paCCTpOHKa 'IaCTOTbl KOJie aHHH HCTO'IHHK~ HaKa'IKH w OT-

HOCHTeJibHO C06CTBeHHOH 'IaCTOTbl KOHTypa Wk; iR
8

,iRc -
cHuycuaH H KOCHHycuaH KOMnoueHTbl TOKa a CKBM.LJ;e I R , 
HOpMHpoaaHHOrO Ha KpHTH'IeCKHH TOK KOHTaKTa I O • 

Mccne~oaaHHe cf>aJoaoii: JaBHCHMOCTH a o6meM cnyqae 

BeCbMa CJIO)I(HO, O~HaKO HHTepeCHble C 3KCDepHMeHTaJibHOH 

TO'IKH 3peHH11 peJyJibTaTbl MO)I(HO DOJIY'IHTb, npoae~H aHaJIH3 

cooTuoweHHH I 1/ npH cne~yromHx ~onymeHHHx: 
1/ paCCMOTpHM CJiyqaii: f » 1 DpH YCJIOBHH, 'ITO B 

CKBM.LJ;e npoHcxo~HT JIHWL nepaa11 naf.a cKa'IKOB a o~HOM 
nepHO~e pa~HO'IaCTOTHbiX KOJie6aHHH / 5 ; 

2/ BBH~y TOrO, 'ITO Bbipa)l(eHHe /1/ cnpaae~JIHBO JIHWb 

a cnyqae, Kor~a CKa'IKH a CKBM.LJ;e npoHcxo~HT a Ka)I(~OM 

nepHO~e KOJie6aHHH, paCCMOTpHM 3Ha'IeHH11 DPHBe~eHHOH 
aMDJIHTY~bl HCTO'IHHKa HaKa'IKH f =fl B6JIH3H KOHll;a nepao

ro DJiaTO 3aBHCHMOCTH cpk (€/1,.2/ 

YcnoaHe f>> 1 noJBOJIHeT HcnoJILJoaaTL JHa'IeHHH i R 
iRe' nonyqeuuble a /5/: ____ s 

. 4 . ¢k 4 4v17-l¢el 
1 R = - - ; tR "' - - - - ---- ' /2/ 

s e c e 17e e.vr 
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<I> 
r~e cp = 217 _e_ - DpHBe~eHHaH BeJIH'IHHa DOTOKa <I> 

e <l>o e 

npH'IeM acer~a I ¢e 1.:>: 11 H JHa'IeHHe ¢ k ua nJiaTo npH 3TOM 

paauo: 

¢ =¢* -¢ = f+17/2 -¢ . 
k x e e 

/3/ 

llpH aMDJIHTY~HOM ~eTeKTHpOBaHHH 'IYBCTBHTeJibHOCTb 

HHTepcf>epOMeTpa Ya MO)I(eT 6b1Tb onpe~eJieHa KaK HaKJIOH 

xapaKTepHCTHKH A.(<l>e) , a onTHMaJILHOM cnyqae aeJIH'IHHa 

y a paaua 11 •2 /: 

y =Y .,{!LyL /L , 
a 0 k k R 

/4/ 

3~eCb L k - HH~YKTHBHOCTL KOJie6aTeJibHOrO KOHTypa. llo 

aHaJIOrHH, npH cf>a30BOM ~eTeKTHpOBaHHH 'IYBCTBHTeJibHOCTb 

HHTepcf>epoMeTpa y~o6uo onpe~eJIHTL cne~yromHM o6pa3oM: 

ae ae 
1 y = I A -- I'"' y I¢ ·- · /5/ e a<I> o k a¢ 

e e 

flcnOJib3Y11 /1/-/3/, DOJIY'IHM ~JIJI OTHOWeHHH 'IYBCTBH· 

TeJibHOCTH B 3THX ~BYX pe)I(HMaX CJie~yromee Bblpa)l(eHHe: 

r~e 

2 2 
y e - I _!_!!_ I - ,~.. k Q I (s ~ Q- 4 k Q + --- - ¢ - 'f'k 2 
Yo k a¢e (fiQ) 

2yf 
-+ 

2 
+ BLQ -11 )I, 

ve · v11-l¢e I 

2 2 2 k2 

(fiQ) =[¢k+4KQ] +[2Q·¢k·(~-2) 

4y77-lcf>el ]~ 

yf 

v11-l¢ I 
e 

/6/ 

4k
2
Q -+ -- ---

17 

/7/ 
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B CBJI3H c TeM, qTo nonyqeuuble ypaBHeHHJI BbiBe.u.eHbl .u.n.11 
cnyqaJI rucTepeJucuoro pemuMa H B uaweM npH6nHmeHHH 
rr-1 ¢e I» 1/f , pacxO.IJ.HMOCTH B ypaBHeHHH 161 neT. 

Auann3 Bblpameuuii 161-17 I noKa3LIBaeT, qTo npH .u.o
cTaToquo 6onLwoii BenHqHue napaMeTpa yfonTHManLHaJI 
qyBCTBHTenLHOCTL B 4Ja30BOM pemHMe nonyqaeTC.II llpH 3Ha
qeHHJIX paCCTpOHKH: 

k2 
~opt = 2 · 181 

llpH 3TOM .IJ.nJI llOBbiWeHHJI qyBCTBHTenLHOCTH OKa3biBaeTC.II 
u.enecoo6pa3t;g.IM yBenHqHBaTL napaMeTp (k 2 Q) , B TO 
BpeMJI KaK llpH aMnnHT~.IJ.HOM ,zteTeKTHpOBaHHH 06blquoe 
ycnOBHe OllTHMyMa eCTL k Q = 1 I l •2 ,4/ . 

Ou.euuBaJI qyBCTBHTenLHOCTL B 3THX .IJ.BYX cnyqaJix, 
nonyqHM 

Ye /y = __ 2 ____ 1_ 2 191 
0 --- - ' k Q ..::- 1; 

y TT -I¢ I y f 
e 

-
v'f k2 Q a f » 1. Ye /yo = 0,4 __ _..! IIOI 

yrr-1 ¢ I 
e 

Cne.noBa TenLHO, ,nnJI 6onLWHX 3HaqeuHii f, k 
2 

Q qyBCTBH
TenLHOCTL llpH 4Ja30BOM )].eTeKTHpOBaHHH MOmeT npeBLIWaTL 
MaKCHManLHYID qyBCTBHTenLHOCTL HHTepliJepOMeTpa B aM
llnHTY.IJ.HOM pemnMe Yo . 

BbipameHHJI 161-17 I no3Bon.IIIDT nonyqnTL liJopMy cur
Hana HHTepliJepoMeTpa B pemHMe 4Ja30BOrO ,neTeKTHpOBaHH.II 
B BH.IJ.e cne.IJ.YIDII.J.eii 3aBHCHMOCTH: 

O( ¢ ) "' C1 ¢ + C2 v'rr- 1¢ 1-
e e e 1111 

3,neCL C l H C 2 - KOHCTaHTbl, Ollpe,nenJieMble ycnOBH.IIMH 
uacTpoiiKH. TaKHM o6pa30M, npu paccTpoiiKe, 6nH3Koii K 
OllTHManLHOH, 3aBHCHMOCTL 0 ( r/> e) .IJ.OnmHa 6biTL 6nH3KOH 
K napa6onHqecKoii, KaK 3TO noKaJauo ua puc. 1. 
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-n 1T <fe 
Puc. 1. ~opMa cuzHaAa KeaHmoeozo UHmep¢epoMempa npu 
UCnOAb306QHUU ¢Q3060ZO oemeKmUp06QHURj CnAOWHQR KpU-
6QR - 3KcnepuMeHmaAbHblu pe3yAbmam, nyHKmupHaR KpueaR-
meopemu.,ecKaR 3aeucuMocmb /11/ e -v;-::rq;-r 

e 
HOpMUp06QHHQR HQ aMnAUmyoy 3KCnepUMeHMQAbHOZO 3HQ· 
.. eHUR 0 (cp ). 

e 

3KcnepuMeHTanLHoe onpe,neneuHe $a3oBoii 3aBHCHMo
CTH CHrHana KBaHTOBOrO HHTepliJepoMeTpa DpOH3BO.IJ.HnOCL 
no cxeMe BpeMJI-aMnnHTY.IJ.Horo npeo6pa3oBaHHJI c DOMOII.J.LID 
annapaTypLI, 6noK·cxeMa KOTopoii npe,ncTaBneua ua puc. 2. 
l13Mep.IIJiaCL pa3HOCTb $a3, TOquee, BpeMJI 3a,!J.epmKH B 
npoxom,neuuu qepe3 uynL BbiCOKoqacTOTHoro uanpJimeHHJI 
uaKaqKH u uanp.11meuuJ1 ua Kone6aTenLHOM KOHType, ycu
neuuoro wupoKononocHLIM ycHnHTeneM. ,D;ncKpHMHHaropLI 
uyneBoro uanpJimeHHJI B o6oHx Kauanax Bblpa6aTbiBanu 
uauoceKYH.IJ.Hble. HMDYJILCLI, ynpaBn.IIIDII.J.He KnwqeBbiM ycTpoii
CTBOM, B KaqecTBe KOTOporo CJiymHn TpHrrep C pa3-
,nenLHLIM 3anyCKOM. ,il;n.ll HHBepCHH CHruana .IJ.HCKpHMHHa
Topa uyn.11 H cornacoBaHH.II c TpurrepoM Mem,ny HHMH 

7 
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Puc. 2. EAoK- cxe.wa U3MepumeAbHOU annapamypbJ. J -
CKBH,l{, LC - KOH11lyp, r - zeHepamop, HTIIK - HU3KO'Iac-
11l011lHbJU zettepamop nuAoo6pa3HOZO HanpAJKeHUJI, Y - ycu
AumeAb, ,l{Hl, ,4H2 - oucKpu.wuHamopbJ HYAJI, YHl, YH2 -
u.wnyAbCHbJe ycuAumeAu, T- mpuzzep c pa3oeAbHbJM 3a
nycKoM, RC - uHmezpupyJOUiaJI 14eno'1Ka, p. V - .wuKpo
eoAbmMemp, YX- oeyxKoopouHa11lHbJii ca.wonuce14. 

CTaBHnCJI HHBepTHPYIOIUHB HMnynbCHblH ycunHTenb. BbiXO,IJ,· 
noii curnan HH3KOH qacTOTbl 4>opMupoaanc.11 HHTerpupyiO
meii ueno'IKOH, cny)I(HBweii narpy3KOH Tpurrepa. llpu H3-
MepeHHH 4laJOBOH JaBHCHMOCTH () (cp e) CHrHan C HHTer
pupyiOIUeH ueno'IKH DO,IJ,aBanCJI Ha OCb "y" .IJ.BYXKOOp,II,HHa T
noro caMonucua, na ocb 'x" KOToporo no.naaanocb Me.n
nenno u nuneiino pacTymee nanp.ll)l(eHHe OT HCTO'IHHKa 
MO,IJ,yn.IIUHH BHeWHero DOTOKa. THDH'IHblH rpa4>uK nonyqen
HOH 4>a3oaoii JaBHCHMOCTH npe.ncTaaneH na puc. 3a. lllyMbi 
ncnonbJyeMoii cxeMbl apeMJI·aMnnHTY.IJ.Horo npeo6pa3oaa
HHJI ne>Kanu na ypoane, 6nu3KOM K 10·12 c. llonHblH pa3Max 
nanp.ll>KeHHJI na HHTerpupyiDmeii ueno11Ke npn HJMeHeHHH 
BHeWHero DOTOKa Ha nonKBaHTa COOTBeTCTBOBan BpeMeHH 
-10"10c npu qacToTe naKa'IKH, 6nu3KOH K 7 MT14. ,D;n.11 cpaa
neHHJI nonyqennoro peJynbTaTa npu Tex )l(e ycnoan.11x pa3-
aepTKH na TOM :>Ke CKBH,D;e 6blna cHJITa aMnnuTy.nna.ll Ja
BHCHMOCTb curnana, KOTopa.ll noKaJaHa na puc. 36. 

Ka'leCTBennoe cornacue nonyqennoii 4>opMbi 4la3oaoii 
3aBHCHMOCTH H TeopeTH'IeCKH npe,D,CKa3aHHOH D03BOn.lleT 
C,IJ,enaTb BblBO,II, 06 a,IJ,eKBaTHOCTH H36paHHOrO HaMH Teope
TH'IeCKOrO DO,IJ,XO,IJ,a H ,IJ,ODYCTHMOCTH TeX orpaHH'IeHHH, 
KOTOpble 6blnH HCDOnb30BaHbl npH Bbl'IHCneHHJIX. 
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Puc. 3. Tunu'IHbJe zparjuKu U3MepeHHbJX rja3oeou /a/ u 
aMnAU111YOHOU /6/ 3a6UCUMOC1/leU CUZHaAa K6aH111060ZO UH· 
meprjepo.wempa. 

3KCDepHMeHTanbHO nony'leHHble 3Ha'leHHJI'IYBCTBHTenb· 
HOCTH npH aMDnHTY.IJ.HOM H 4>a30BOM ,IJ,eTeKTHpOBaHHH npn
MepHO o.nnoro nop.ll,D,Ka I puc. 3/. 3To, BH.IJ.HMO, CBJIJaHo c 
TeM, 'ITO BCe 3KCDepnMeHTbl DpOBO,IJ,HnHCb DpH O,IJ,HOM H TOM 
)l(e 3Ha'leHHH K03<lxilHUHeHTa CBJI3H k, XOTJI ycnOBHJI ODTHMy· 
Ma B 3THX .IJ.BYX pe>KHMaX, KaK OTMe'lanOCb BblWe, cymecT-

BeHHO OTnH'IaiOTCJI. 
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