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AHHOmMauyusi — PaspaboTaHbl MNpPUHUMMbLI YNpaBrsieMoro
ycuneHus cnabblx MHOPMALMOHHBIX CUrHaNoB B CBEPXMPOBO-
OsILLMX KBAHTOBbIX MHTepdepomeTpuyecknx gatdmkax (CKBU-
[ax) 3a cyeT adpdpekta cTtoxacTtuyeckoro peszoHaHca (CP) npwu
NPON3BOSILHO HU3KOW TemnepaType 1 B MaTpuuax oAMHaKOBbIX
CP-ocumnnsTopoB C NOMOLLbIO dNEeKTPOMarHuTHoro nons. Yuc-
NeHHbIM MOAEeNMPOBaHWEM MOKa3aHo, YTO YyBCTBUTENbHOCTb
CKBWA-npueMHuKoB K cnabomy HW3KOYaCcTOTHOMY CurHamny no-
BbllwaeTcst Ha 30 ab npu oTHoweHun curHan/wym (10...20) ab.

|. BBepeHue

HeobblyHOE SBrEHWEe CTOXacTUYecKoro pesoHaHca
(CP) [1], Habntogaemoe B HENMUHEMHbIX OUHAMUYECKUX
cucTemax, NpMBOAUT K ycuneHuto cnabbix uHdopmaum-
OHHBIX CUrHanoB 3a CYEeT 3Hepruu rykTyauun, To ecTb
K HeTpuBManbHOMY YBENMWUYEHWUIO CTENEeHW Mopsifka B
cucteMe noa Aencteuem wyma. K Takum cuctemam ot-
HOCATCS1 U CBEPXMNPOBOASILLNE KBAaHTOBLIE MHTEpdepeH-
unoHHble getektopbl (CKBWAbI), ocHoBOM paboThl KOTO-
pbIX SIBMSIETCS KBAaHTOBaHWE MarHUTHOrO MOTOKa B
CBEPXNPOBOASALLEM KOMbLEe, 3aMKHYTOM KOHTaKToM [xo-
3ed)CoHa, 1 B KOTOpbIX paHee 6bin nony4veH acgpgekt CP
ycunerus [2]. CKBUObl npuMeHsiloTCa Ans M3MepeHust
OueHb cnabbix MarHUTHbIX moneit (107'2...10"° Tn) B
aKcnepumeHTarnsHon dusmke, reodusmke, GrnomeanLmH-
CKUX MCCnenoBaHusX, Anst AedekTockonun, B T.4. Tec-
TUPOBaHUS MUKPOIANEKTPOHHBLIX ycTponcts (CKBU-
MuKpockonbel) n T. A. B paboTte paccmartpusaetcs
ynpasnsemoe ycuneHve cnaboro kBasmrapmMOHUYECKOro
CUrHara B KOfbLie OLHOKOHTaKTHOrO CBEPXMPOBOASILLErO
KBaHTOBOro uHTepdepometpa (CKW), ocHoBHoro ane-
meHTta CKBW[Oa, OGnarogaps addekTy cToxacTuko-
napameTpuyeckoro ycunenus (Cr1P).

Il. OcHoBHaA yacTb

Mpy HanMuuy Tennoeoro Lyma C UHTEHCUBHOCTbLIO
D, =2k,T B cucteme c ABYMS MeTacTabunbHLIMU CO-
CTOSIHUAIMM, pasfeneHHbIMU [OCTaTOYHO BbICOKMM MO-
TeHumanbHbIiM 6apbepom AU > D, cpegHss YacTtoTa I,
CMNOHTAaHHbLIX (TEPMOAKTUBMPOBAHHbLIX) NEPEXOAoB AaeT-
cs1 popmynon Kpamepca [3]

I, =(w, / 27)exp(-2AU / D),
roe @, — CpefHss YactoTa MnonbIToK.

Mepuoauyeckoe HapyLleHne CUMMETPUN 2-X AMHOIO
noTeHuuana cucTteMbl MHMOPMALMOHHLIM CUrHaroMm c
Yyactoton fy mepuoguyeckn ysenmumBaeT BEPOSTHOCTb
CMOHTaHHbIX NEePexofoB CUCTEMbI B HYXXHOM Hanpasne-
Huu. MNpun BbINONHeHUn ycnosus 1, = 2f, Habnogaetcs
«CTOXacTUyeckass CUHXPOHM3aUMs» M MakcumarnbHas

BENUYMHA OTKIIMKA CUCTEMbl Ha curHan. [ng ontumusa-
UnMn ycuneHma m OTHOLLEeHUA CVII'HaJ'I/LIJyM Haao UMeTb

BO3MOXHOCTb YNpaBMsATb XapaKTepHbIMW BpemMeHamu
nepexodoB. YMpaBrneHWe W3MeHeHMeM TemnepaTypsbl
npeacTaBnseTca NpakTuyeckn HeyaobHbIM. Ons crnox-
HbIX MHOrokaHanbHbIX cucTem Ha ocHoBe CKBW[Oos
Temnepartypa AOmkHa ObiTb JOCTAaTOMHO Mana u ocTa-
BaTbCs MOCTOSAHHOW B NpoLiecce 3MePEeHNI.

PaHee mbl nokasanu [4], yto npy gobaeneHnn B cuc-
TeMy, OMUCbIBAEMYIO OBYXbAMHbLIM MOTEHUManoMm, no-
MMMO Wwyma, BY anekTpomarHMTHOro nomnsi BO3HUKaeT
noxoxun Ha CP addbekT ycuneHnus cnaboro ksasurap-
MOHWMYECKOrO CUrHana, HasBaHHbIi HamMu CTOXaCTUKO-
napameTpuyeckum pesoHaHcom (CI1P). YpesBblyaiHo
Ba)KHO TO, YTO 3TOT 9pheKT NO3BONAET yNpaBnATb yCu-
neHneM AWUCTaHLMOHHO WU MonyyaTb MakcumarbHOe ero
3Ha4yeHue Npu NPOU3BOSIbHO ManoMm Luyme.

Ona nayyeHusa agpcpekta CMP B konbue CKU unc-
NEHHO peluanvcb YpaBHEHWUs OBWXEHUS MPUBEAEHHOro
MarHWTHOro notoka x=®/®, (rae ®,=h/2e - kBaHT
MarHWTHOrO MOTOKa) B CBEPXNPOBOASILLEM KOMbLEe C 04-
HUM KOHTakTOM [Ko3edcoHa, onucbiBaEMbIM MOAENbIO
RSJ (cm., Hanp., [5]). B npaByo yacTb ypaBHEHUS BHO-
cuncs cnabblii rapMOHUYECKUIN curHan x; =asin2nfgt,

BbICOKOYACTOTHOE norne X, = Asin2rf, t oTHocuTenbHO

6onbLuown aMnnuTyabl " LLIYMOBOW MOTOK
Xy =@, /O, =&(t) ¢ rayccoBbiM  pacnpeferneHuem,
(£)-£(t))=2D5(t), D=(®})/ D=k, TL — uTeH-

CMBHOCTb Wyma. C y4yeToM peanuCTUYHbIX 3HaYeHWUn
napameTpoB (emkocTb SNS koHTakTa ~10" o, ero Hop-
maneHoe conpotueneHne Ry~1 OM, WHOYKTUBHOCTb
Konbua L~(1O'1°...10'9) lH, KPUTMYECKMN TOK KOHTaKTa
Ic~(1...10) mkA) paccmaTpuBanca nepegemndupoBaH-
HbI cryyan. YpaBHeHne nocrne nepexoda k 6espasmep-
HbIM NepeMeHHbIM nprobpeTtano Bma:

dx 1 b, .

— =—| X, = X+—=sin2px |’
dt t 2p

rae X, =@,/ P, =X; + X, + Xy, — BHEeLHWN notok. lNoa-

POGHOCTM YMCMEHHbBIX PACYETOB MOXHO HanTu B [4,6-8].

Ha puc. 1 nokasaHbl 3aBMCMMOCTU KO3 puumneHTa ycu-
nenns n cnaboro HY curhana B CKU ot amnnutygsl A

BbICOKOYACTOTHOIO MOSSi NPU PasnNMYHbIX YPOBHSIX LIyMa
s=D"? u dypbe-CneKkTp BLIXOAHOrO CUrHana B ykasaH-
HOM TOYKe; 3HayeHus napameTpoB f, =15, a=0,01,
f,=2 Ty, f,=256 y. KoadpcpuumeHT ycunenus n on-
pefensncs Yepes CnekTpbl BXOLHOrO (BHELUHEro) noTo-
ka S)"(f) u BbixogHoro (BHyTpu kombua) Sy(f):
: 1/2
r]:[S;“‘(fs)/S(';(fs)} . BugHo, uytO npu BbIGPaHHBLIX
napameTpax ycuneHue cnaboro curHana MoxeT OOCTU-
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Puc. 1. ClIP-ycuneHue MazHUMHO20 1omokKa 8 Kosbue
CKW. Ha ecmaeke — criekmp 8bIX0OH020 cu2Harsa.

Fig. 1. Stochastic-parametric amplification of magnetic
flux in SQUID ring. Inset shows output signal spectrum

ratb 30 pa3 npu nobbix 3Ha4YeHUst Tennosoro wywma. [e-
TanbHbIN pacyeT [8] cxembl CKBUI-mukpockona ¢ CP-
aHTeHHon pasmepom 10x10 MKM? MOKa3blBaeT, YTo ero
YyBCTBUTENbHOCTL MOXeT gocturatb 30 Tn npu OTHO-
weHun curHan/wym 10-20.

B npuemHbIX aHTeHHax Gonbloro pasmepa (~1 cm)
MOXXHO MONYyYUTb AONOMHUTENBHOE YCUMNEHNE, 3aMOIHSSA
ux nnowagab oamHakoBbiMn CP-koHTypamu, ynpasnse-
Mbix BY nonem. UNarotoeneHne matpuy CKUM ¢ SNS-
KOHTaKTOM He SIBNSIETCS CMOXHOW TEXHONOorm4yeckon 3a-
Aayent — BOCNPOM3BOANMOCTb KpUTHUYECKUX TOKOB SNS-
KOHTakToB B HacTosiwee Bpems coctasnseTt 0,1%. Cxe-
ma Takon CP-aHTeHHbI [8] noka3aHa Ha puc. 2.

Puc. 2. CKBU[-2padueHmomemp Ma2HUMHO20 r1orisi
dB, /dz(z) .

Fig. 2. SQUID gradiometer of dB, / dz(z) magnetic
field.

Ill. 3akno4yeHue

MokasaHo, 4To ncnons3osaHne acddekros CP u CIP
Onst co3gaHus HoBbix ynpasnsiembix CP-aHTeHH CKBU-
[oB no3BonsieT nogHsaTb uyyBcTBUTENBHOCTL CKBU[-
npuemMHKKoB, ucnonb3yembix B CKBWO-mukpockonax,
reonsnYeckmx, MEANLMHCKUX U MPOYMX MPUMEHEHMSIX,
Gonee 4Yem Ha NopsA0K BEMNMYMHBI, YTO NEPEeBOAUT Takue
uccneaoBaHNs Ha KadeCTBEHHO HOBbIM ypoBeHb. Kpome
Toro, 6narogaps adcpekty CINP ycuneHve BO3MOXHO npu
NMPOM3BOSLHO HU3KOW TemnepaType. OTO AaeT BO3MOX-
HOCTb paboTbl NMpU CBEPXHWU3KMX (MUMIUKENbBUHOBbIX)
TeMnepaTtypax B CXeMax CUMTbIBAHUS COCTOSIHUSI KBAHTO-
BbIX GUTOB (KyOUTOB).

IV. Cnucok nutepaTyphbl

[11 Gammaitoni L., Hénggi P., Jung P., Marchesoni F. Stochas-
tic resonance. Rev. Mod. Phys., 1998, 70, p. 223.

[2] Hibbs A. D. and Singsaas A. L. Stochastic resonance in a
superconducting loop with a Josephson junction. J. Appl.
Phys., 1995, 77, p.2582.

[3] Kramers H. A. Brownian motion in a field of force and the dif-
fusion model of chemical reactions. Physica, 1940, 7, p. 284.

[4] TypymaHos O. I., LLIHbipkos B. U., [nyxoe A. M. CtoxacTu-
KO-NnapamMeTpuyeckoe yCuneHme y3kononoCHbIX CUTHaroB B
OOHOKOHTaKTHOM MHTepdepomeTpe CKBMa. ®HT, 2008,
34, c. 45.

[5] Bapone A., lNamepHo [x. dddexT Dxo3edcoHa.-M.: Mup,
1984.-640 c., rn. 12.

[6] Turutanov O. G., Omelyanchouk A. N., Shnyrkov V. I., Bli-
okh Yu. P. Stochastic resonance-based input circuits for
SQUIDs. Physica C, 2002, 372-376, Part 1, p. 239—241.

[7] Fnyxos A. M., Typymanos O. I"., LLIHbipkos B. Y., OMenbsH-
yyk A. H. CToxacTuyeckuii pe3oHaHC B CBEPXMNPOBOASALLMNX
KOHTypax € KoHTakTamu [hxosedcoHa. YncneHHbln akcne-
pumeHT. ®HT, 2006, 32, c. 1477.

[8] Typymaros O. . MeTacTabunbHble TOKOBbIE COCTOSIHUS U
yrnpaBnsieMblil CTOXaCTUYECKUI pe30HaHC B CBEPXMPOBOAS-
LLMX MIIEHKaX U KBAHTOBbIX MHTEPdepomMeTpax. [nc. kaHa.
us.-maT. Hayk: 01.04.22.-XapbkoB, 2009.—149 c.

SUPERCONDUCTING QUANTUM
ELECTRONICS BASED ON STOCHASTIC
RESONANCE SYSTEMS

Turutanov O. G.1, Shnyrkov V. I.1, Melnik S. I.2,
Slipchenko N. 1.2, Larkin S. J.2
'Institute for Low Temperature Physics and Engineering
by B. I. Verkin, NAS Ukraine
47 Lenina ave., Kharkov, 61103, Ukraine
Ph.: +38-057-3410907, e-mail: turutano@ilt.kharkov.ua
2Kharkov National University of Radioelectronics,
MES Ukraine
14 Lenina ave., Kharkov, 61166, Ukraine
Ph.: +38-057-7401010
3Scientific and industrial concern NAUKA
2-B, 50-richya Zhowtnya Av., Kyiv, 03148, Ukraine
Ph.: +380-044-236-10-85

Abstract — The principles are developed for amplification of
weak informational signals in superconductive quantum inter-
ferometers (SQUIDs) based on the effect of stochasctic reso-
nance (SR) at arbitrary low temperature and in arrays of SR-
SQUIDs. Numerically calculated gain is 30 dB under signal-to-
noise ratio approaching to (10...20) dB. New rf field-controlled
SR-antennas for SQUIDs are suggested.

|. Introduction

Unusual phenomenon of stochastic resonance (SR) ob-
served in non-linear dynamic systems leads to the amplification
of weak informational signals at the expense of energy of ther-
mal noise. Applying this effect to SQUIDs and controlling their
stochastic dynamics due to the effect of stochastic-parametric
resonance, one can obtain reasonable additional amplification
in a wide temperature range.

Il. Main Part

Solving numerically the motion equation for magnetic flux in
a superconducting ring of an rf SQUID with weak sine signal,
noise flux and additional rf field in the right-had part, we obtain
gain as a function of amplitude of rf field and show that it is
possible to have its maximal value at any (low) temperature. An
additional amplification might be achieved by filling the area of a
SQUID antenna with an array of identical SR-rings and control-
ling the gain by external rf field. The gain demonstrated in a
single ring is about 30 dB. The signal-to noise ratio obtained in
the previous works at this gain was 10 to 20 dB.

lll. Conclusion

It is shown that the use of SR and SPR effects for designing
of new types of SR antennas for SQUIDs results in additional
amplification of weak informational signals by one order of magni-
tude and higher, under arbitrary low temperatures. This shifts
SQUID measurements and applications including experimental
physics, electronics, geophysics, biomedicine, quantum informat-
ics etc., to a principally higher level.
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