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CxemaTtun4yeckoe npeacTaBneHne N3amMepuTenbHOM YCTaHOBKM.
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R. Feynman's Pawl and Ratchet Device
(Marian Smoluchowski, 1912)

Directed motion is forbidden at
equilibrium (T.,=T,)

Directed motion is possible
when T >T,

Contrary to classical ratchet, in
quantum system like
superconducting ring there is
already directed motion at
equilibrium — persistent current

Unsolved problem yet — either it
is possible or not to produce
useful work from persistent
current



Bce nepunoanyeckmne ABJieHNA B CBEPXNPOBOAALLUNX KOJIbUAX —pe3yrbraTt
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Uccnepgyemble acuMmMmeTpudHble Al CTPYKTYpbI

CBsa3aHHanA

napa Konetu PaszpenbHas
(DRs) DRs cTpykKT.
OpgHo

KoJibLo€e

‘/(SR)\

CBa3aHHaa DRs
CTPYKTypa co
cnabbiMm MmecToM

< A >f=5 KMy
@) NMuTtaHne KaTyLIKK

(f=0.1-1 ')
HanpsxeHune

Ha CTPYKType

ADC card

* LlupuHa wmnpokon n yskon yacrteun korney, ~ 0.4 and 0.2 ym, COOTBETCTBEHHO.
« [OunameTp OAUHOYHOro u 6onbLoro Koney 4 um, guameTp manoro Konosua 3.36 ym



MpurotoBneHne ob6pa3LOB N UX CBOUCTBA

iccneoyemble CTPYKTYPbl U3roTOBMANNUCL U3 antoMUHue-
BOM nnieHkn TonwmHon 40-60 nm, TepMMUYECKN HaMbISEH-
HOW HA OKUCMNEHHYIO KPEMHMEBYIO NOASOXKY C LUMPUHAMU
nonykonbua 200 and 250, 300,350, and 400 nm gns y3kou
N LLMPOKOW YacTeN COOTBETCTBEHHO.

OuameTp oanHouHbIX Konewy, (SR) un 6ornblunx Konew, B
nape (DRs). OTHoweHKe nnowagen 60sbLWoro nmasroro
koney 1.42. CTpyKkTypbl 66151 CPOPMMPOBAHBLI
9NEeKTPOHHO-Ty4YeBOU nuTorpadouen ¢ NCnonb3oBaHUEM
«lift-off» npouecca.

ONeKTPOCONPOTUBIIEHNE UCMONb3YEMBbIX MITIEHOK
coctoBnano 0.2-0.5 Q/o npu 4.2 K, oTHOLLEHKE
conpotumeneHnn R(300 K)/R(4.2 K)=2.5-3.5, Temneparypa
cBepxnpoBoasdLlero nepexoga ~1.24-1.35 K.

OueHka anuHbl korepeHTHocTU ¢(T=0 K) coctaBnsaet 170
nm, rnyounHbl npoHnkHoBeHna (T=0 K) 80 nm.



KayecTtBeHHOe 06bsAACHEHMe (hopMUpPOBaHUA CUrHana
BbINPAMJIEHHOrO HanpPAXeHus.
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Voltage (uV)
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BbinpsMneHHoe HanpsXeHue -
nepuoanyeckas QPyHKUUA
MarHMTHOro Noss ¢ Nnepuoaom,
OTBEYaloLWMM KBaHTY NOTOKA

®, =h/2e

«HYNN» BbINPAMIIEHHOro Hanpsxe-
Husa B @=n® , n O=0 (n+1/2)
MakcMMmyMbl ® MUHUMYMbI
HabnoaakoTtcsa npu =P (nt1/4),
(n=0,%1,...).

AMNnutyaa BbiNPAMIIEHHOIO
HanpsXKeHUs1 HEMOHOTOHHO
3aBUCUT OT aMNnNnTyAabl
nepemMeHHOro Toka, npoTeKkaroLiero

yepes CTPYKTYPY.



Oscillation Amplitude (uV)
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¢ AMI'IHI/ITyﬂ,a ocunnnAauun BbINMPAMINEHHOIro HanpsxeHmnsa nMmeeT
pe3KMVI MaKCUMyM B 3aBNCUMOCTU OT aMIMJIUTyAbl TOKa HAaKa4YKMW.

e Makcumym HabnrogaeTcs npu amnnuTyge Toka HEMHOro Bbille
KPUTUYECKOro ToKa CTPYKTypbI | . 1 AeMOHCTpUpyeT NoA00HYHO
TeMmnepaTypHy 3aBUCUMOCTb (f Sl (7))



OPDEKTUBHOCTb BbINPAMMNEHUS ONA O4HOro Konbua
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AcummeTpuyHoe Konbuo 3hheKTUBHBLIN OEeTEKTOP

nepemMeHHoro Toka. 3¢ (PeKTMBHOCTb BbinpsAMneHusa = R, /R

~26% npu Hu3Kom Temnepartype, rae R, =V /. 1R, -

conportuBJrieHne B HOpMaliibHOM COCTOAHUMN.

A heKTUBHOCTb BbINPAMIIEHNA YMEHbLUAeTCAa Npu npmuonu-
XeHUU K TC
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B dypbe-cnektpe OCHOBHOM BKIag onpeaensiercs
ocLUUNNALUMAMMU OT OONLLUOIro U Manoro Koneu.

PasHeceHHast DRs cTpykKkTypa BbIinpaAMNAeT KaK ABa
NMpPakTU4eCKN He3aBUCUMBbIX KOnbLa.



[1apa CBA3AHHbIX Komnell,

e CBA3b Napbl Konewy, npu-
BOAUT K NOSIBIIEHUIO AO0-
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BHenpeHue cnaboro mecTta B

CBsd3aHHble KornbLua co crnadbbiMm MecToM

O0OLLMM YHACTOK CBA3aHHbIX
Konewy NpMBOAUT K NoAaBIIeHUIO
pPa3sHOCTHOWU rapMOHUKMN U
NOSsIBNIEHU0 OCLUUNNSALUN,
oTBeYarLmxX CyMMapHoOu1
nnowaamn Konew.
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HabnoaeHne oByxX COCTOAHUN C OFIU3KUMUN IHEPrUAMU
B OOVMHOYHOM KOJibLe C BbIpe3oM
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BbiBOoAbI

BbinpssMneHHoOe HanpsiXXeHne OAMHOYHOro KosnbLla - nepuognyeckan pyHKUuUsA
MarHMTHOro Nosisi C NepuoaoM, OTBeYarLWmM KBaHTy notoka @ =h/2e.

Amnnmy.qa BbINPAMJI€HHOIo Hanps>xeHnAa oaoMHO4YHOro Kosfibua AeMOHCTPUpyeT NUKo
noaobHoe noBeAgeHUe B 3aBUCUMOCTM OT TokKa. lNMuk pacnosfioXxeH BONU3n aMmnnumTyabl
nepemMeHHOro Toka, paBHOU KPUTUYECKOMY TOKY.

A heKTUBHOCTL BbINPAMIEHUA OOUHOYHOIO Kosfibua coctoBnseT 26 % npu HU3KOWU
TeMnepaType U yMeHbLUaeTCcsl Npy NpUbnmkeHMn K T

BbinpsiMnieHne nepeMeHHOro Toka Nnapon pa3HeceHHbIX Kosew AeMOHCTpupyeT
He3aBMCUMbIN, aAUTUBHbINA XapaKTep.

dPypbe- CnekTp ocUuMnNALUN BbINPAMIIEHHOIO Napou CBA3aHHbIX Korewl HanpsaXeHus
NnoKa3biBaeT KOMMOHEHTbI, CBA3aHHble C OOMbLINUM U ManbIM KofbLuamMu (Kak B
npeabiaywemM nyHKTe), N TaKkXKe KOMMNOHEHTY COOTBETCTBY LY Pa3HOCTU nrowaneu
OonbLIOro n Marioro Koneu,.

Ona cBA3aHHON napbl KoJsiey Cco cnabbiMm MEeCToOM B MecTe CONMPUKOCHOBEHUA
ocumnnAauyun, cooTBeTCTBYHOLMEe Pa3HOCTU Nowagaeun, noaaBrieHbl, B TO JXe BpeMA
nosABNAKOTCA ocumnnnsaunn, coorseTcTteyrouine Cymme nrnoiwjagaeun Koreu.

Ocumnnauum BbINPSAMIIEHHOIO HaNpPsXXeHUA NPoNnopLUUOHanbHbl aHU30TPONUN
kpuTu4ieckoro Toka (I..-1. )(P/P ), koTopas Bo3HUKaeT B pe3ynkrate caBura asbl,
paBHOW NO NOTOKY CD;?Z O TOKOB NPOTUBOMONIOXKHOIO HanpaBrieHUs.

®azoBbi casur (A= @ /2) He 3aBucUT OT TemnepaTypbl (0.94-0.99Tc), Toka (3-50 pA)
M CTeneHn acCuMMeTpumn Konedu,.

Ocuunnsauuu JNintTna-NMapkca Ana CMMMeTPUYHOIO U aCUMMETPUYHOro Konekw,
noao6Hbl. MMHMMYM HabnogaeTcsa npu n®, U MakcUMyMmbl npu (n+1/2)® ..

U3mepeHUnsa KpUTUYECKOro Toka aCMMMEeTPUYHbIX KoneL, npoTtuBopeyar
HabngaroLwemMycs Ha 3TUX XXe obpasuax addekty Jintrna-Mapkca.



MHoOXecTBeHHbIle nocriegoBaTesibHO COeAUHEeHHbIe
dCUMMEeTPUNYHbIEe KOJibLla

2 ym diameter
110 ring
structure

Arm width 200
and 400 nm

1 ym diameter
667 ring
Structure

Arm width 100
and 150 nm

 Low operation temperature ~1 K — very low intrinsic noise level
e Operation from DC up to 10 GHz
e Structures were fabricated by e-beam lithography using NanoMaker



Rectification Efficiency (%)

Operation of asymmetric ring structure as noise detector.
Temperature dependence of rectification efficiency and rectified

voltage (I;=0) in near T,

-_—

(960 €)

_\o-xnw.hcnmsloou:o-x

131 132 133 134 135 136 137 138 1.39

Temperature (K)

n

R

10 =

o
o

o o
s o
Rectified Voltage (uV), R(T)

o
[\

o
(=)

Il,,3nA

region for 110 ring structure

Rectification efficiency was measured in
fluctuation region of resistive transition. It
was non zero at T>TC. Thus, the structure
was calibrated as noise detector

Temperature dependence of rectified voltage
at 1,=0 (noise) consists of two peaks of
unknown origin at 0.15R_and 0.5 R_

For 0.5 R_peak, rectification efficiency is
0.3%, which corresponds to 0.003R =3 Q

rectification resistance. <1 2>"2 = 0.3 pV/3

Q=100 nA. Noise power for one ring W, =(R_
/110)<I,?> =8.7x10""* W. This equwalent to the
Nqust noise at T=1.36 K - W =k TAf with
Af=5x10° Hz, which is 6 times 'lower than the
quantum limit k T/h=3x10"° Hz

Rectified voltage measured at ;=0 and
small DC bias — rectification of noise



Little-Parks and I .(B) oscillations, and resistive transitions at
different bias currents for 667- ring structure (1 um)

Critical Current (LA)
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5 T=H2079K T [ _ sLittle-Parks effect was measured at I;=1 nA <<1,=200
4 +1=1,2829 K> T WA 1 : nA, which means that in one of the ring arms, |,
3 \, H i ‘ T N : direction is against the externally applied voltage
2f ':\i " s Ef‘lﬁ 'A'I HIl * Structure is homogeneous, AT.=0.008 K
n: _ﬁvﬁﬁ! VW WAL » Opposite direction critical current oscillations are
) Al vV m symmetric (I_,(B)=- I (B)) except for narrow regions
m,\ near (n+1/2)®  resulting in formation of sharp peaks
-1 E NAU of opposite sign rectified voltage near (n+1/2)®,
2 H which are the points of magnetic field with maximum
3 L rectification efficiency.
-4 T ’ Modulation amplitude riches 70% which confirms increase of the
N P P A persistent current amplitude

-100 -80 60 40 -20 0 20 40 60 80 100  Due to better filtering of measurement leads in helium cryostat,
; ; rectified voltage was not observed at 1,;=0 (was lower than 30 nV).
Magnetlc Field (Oe) To detect RV at 1,=0 larger number of rings is required



Typical rectified voltage and rectification efficiency for 667-
ring structure
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RV is easily measured even at
external white noise amplitude
(bandwidth 0-200 kHz) of

INoise,A=1 0 nA
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From calibration curves, we can
estimate that nonequilibrium noise
power in our system is lower than
2x101° W, i.e. lower than 0.4% of
equilibrium noise

Rectification Eff. (%)



UccnepoBaHMe BO3MOXHOCTU caMoOAeTeKTUPOBaHUA
KBAaHTOBbIX COCTOSIHUM B CBEPXMNPOBOAALLMUX KOSbLaX

The simplest ring structure without JJs as a self-detector of
quantum states

Outline

« Asymmetric ring with symmetric contacts
* Asymmetric ring with asymmetric contacts

« Symmetric double ring structure (without JJ)

* Asymmetric double ring structure I}C.
Fabrication defect !




Critical Current (uA)

The simplest detector of states based on critical
current measurements is asymmetric ring (?)
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14/ NN ‘ 1A -W_,=03um, W,=0.2um e | '
121/ NN\ /N/N A = WY =025 pm, W = 02 pm MU
103A/%/\ %A%& 1S _W =02 um " . /H
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Magnetic Field (Oe)
Calculation of critical current for symmetric

and asymmetric rings. All rings are 4 pm in
diameter

Maxima are at ®=n®

Minima are at ®=(n+1/2)®

Symmetric rings without current jumps at
®=(n+1/2)P

Asymmetric rings with current jumps at
®=(n+1/2)P

Is



Flux shift of opposite direction critical currents in
asymmetric SRs compared to symmetric SRs

Symmetric ring
s AD=(0.02-0.07)®,

Asymmetric ring W,, /W, =2

N
o

DD, Y,
*Flux shift (A®) is slightly temperature In symmetric rings, A<D=(0.02-0.07)<D0,

dependent (0.94-0.99T ) and current (3-50
HA), showing that currents flowing through
the ring and additional magnetic flux induced
by currents are not responsible for this shift

which could be explained by non ideal
form and inhomogeneous thickness
of the rings



ONITt as tunction of asymmetry degree.
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Flux shift dependence on asymmetry degree at T=0.95T Ic+(¢/¢0)=lc-(¢/¢0+0' 5)

cAmplitude changes of critical current has been expected instead of argument changes.
*There is nothing in the Bohr‘s quantization rule that can explain flux shift.

Little-Parks and rectified voltage measurements demonstrate existence of two degenerate
states at (n+1/2)® , whereas critical current measurements do not.

Measurements of critical current are in contradiction with Little-Parks and rectified voltage
measurements.



Asymmetric rings with asymmetric contacts
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Investigated Al ring structures without JJs

Symmetric double ring structure

EHT = 5.00 kV Signal A = SE1 Date :14 Nov 2008
WD =11.0mm Photo No. = 642 Time :9:40:05

Asymmetric double ring structure

fabrication defect —» ¥

o Structures were fabricated by e-beam lithography using NanoMaker
* Fabrication defect resulted in drastic difference of | (B) compared to symmetric structure



Critical current in symmetric double ring detector
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eCurrent jumps are observed

* Critical current behavior corresponds
to that of symmetric type structure

*All details of critical current are in
agreement with theory

*The only fitting parameter was the area
of the rings
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Critical current in asymmetric double ring detector
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Critical current behavior corresponds to
that of asymmetric type structure

eCurrent jumps are observed
*Multiple current states are revealed

* The width of current jump ~0.016 Oe=
0.016®,

*Double and triple current states are
detected
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“Possible” explanation of critical current in asymmetric
structures

*Direct explanation of asymmetric
structure critical current is not possible

Critical current of asymmetric structure
was “symmetrized”

Minimum energy states correspond to
N =0
on

(3

*Next energy level corresponds to
N =+1
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Geometry and Fabrication of Superconducting DDCI as
Detector of Quantum States

e Structure was fabricated by e-beam
lithography to form suspended resist mask
and two angle shadow evaporation of
aluminum (30 nm and 35 nm) with
intermediate first aluminum layer oxidation

e Square side — 4 and 20 pm, width — 0.3 ym

e R(4.2 K)=6 kQ

Second
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First
contour

Suspended Resist Mask

The DDCI structure consists of two
independent superconducting square
contours connected by two Josephson

Optical image of DDCI junctions




Phase relation for Josephson Junctions

Phase difference for 3 contours :

() 412 = nnl a half of 1-2-3-4-1 contour

() 678 = 7'Cll2 a half of 5-6-7-8-5 contour

For a contour 1-2-9-6-7-8-10-4-1

0, 2+A(p 9+(|) o 8+A(|)10=27tn3 or

mn, tAQ + tn, tAQ =27n,

Where Ill, n2, N, are integers and

3

Critical current of structure is A(|)9’ A(Plo phase difference on 9 and 10 JJs

determined by areas of JJs
S,and S, since We neglect phase difference on small segments
(S, S,) > (S,4S,,) 2-9, 9-6, 8-10, 10-4



Phase Dependence of Current through DDCI

I=I sinA@ +I  sin(-Ag, )

remembering that

nn, tAQ,+ tn, +A@ =27n, and
substituting A([)10 one can get

I=I sinA@ +1  sin(-2an, +7(n +n,)+AQ,)

Due to periodicity of sin(x), 27tn, could be
omitted. Finally

I=I ,sinA@, +1 _, sin(A@,+ 7t(n,+n,)) (1)

1, t1,,,> When (n +n,) is even

Ic9 -Ic10 , when (n +n,) is odd

In (1). current depends only on parity of quantum number sum and does not depend
on contour areas and magnetic field ! ! - Ideal detector of quantum states

In case of I ,=I , =I, there will be critical current jumps from zero to 21 and back
to zero for sequential changes of n and n,
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JKcrnepuMeHTarbHble CKayku HanpshkeHus (20 ym) ns-za UsMeHeHUn

KBaHTOBbIX Yucersn B marHutHom nore (T=1.1 K)

* Mepuop ocumnnauum paseH 0.052 Oe, yTO
cooTBeTCcTBYEeT 20 UM KOHTYpPY
 Habnopgaetca amnnutygHasa moaynauusa ¢
nepunoaom ~0.8 Oe, 4YTO 06 BLACHSAETCA

"To11K'
I.= 20 nA

NPOCTPaHCTBEHHbIM CABUIOM KOHTYPOB U3-3a
ABYXYrroBOro HanbIfeHns

* OTKINUK MO HanpsiXXeHuro cnegyet
TemnepaTypHoOM 3aBUCUMOCTHU
cBepxnpoBogalwen wenu, gpocturasa 200 uV npwm
\ 06K

AN * YyBCTBUTESNILHOCTb B 06/1aCTU CKa4yKoB
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Current-Voltage characteristics (20 uym) at different magnetic
fields corresponding to (n1+n2) changes by 1
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Voltage (1)

Voltage (uV)
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Voltage jumps (4 um) due to changes of quantum numbers in
magnetic field in near Tc resistive transition region
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* Incaseofl g =l_ =l any bias current | ,<<| <1

produces voltage jumps from 0 to IR ?3 ar({d i

back (R, — normal resistance of one o? JJs)

* For typical I;=1 nA and R =13 kQ, there will be

voltage jumps of 2 yv

* At1;=3.6 nA, periodic (¥ ) voltage jumps with

amplitude ~ 2 yV are observed. There is also
hysteretic behavior with changing direction of
B

(I At 1;=24 nA, instead of meander type

saw-toothed voltage is detected



Future experiments (Ideas)

° U3-3a NPoOCTpaHCTBEHHOro caoBura KOHTypoB HaGnwpaeTca amMmnnnuTyaHasa moaynsauus

otknuka AAKU. «MpeanbHbiny OOKU (6e3 caBura) MOXXHO U3roTOBUTb U3 TPEXCITOUHbIX
Nb-AIO,-Nb cTpykTyp

*  YyBTBUTENbLHOCTb NOOOro AeTeKTtopa MarHUTHoro nons 3aBucut ot dvV/do.
MakcumanbHas 4yBCTBUTENbHOCTb ckBMAa ~ 10 pV/® ;, HyBCTBUTENBHOCTb YNy4lleHHbIX
cTpykTyp (Superconducting Quantum Interference Proximity Transistor) ~ 60 pV/® . B
cny4ae AOKW, dV/d®d ~200 |.|VICD0. OOKU moxeT ncnonb3oBaTbCA AN pa3pabdboTku
OeTeKTOPpOB MarHUTHOro NMosnsi C BbICOKOW YyBCTBUTENbHOCTW.

BbiBoAabl

DoctonHcTBa OOKWU 3akno4yaoTcsa B TOM, YTO NPU U3MEHEHUN KBAHTOBOro 4ucna
Ha eAauHuuy, uHTepdepomMeTp AaeT MaKCUManbHO BO3MOXHbIW OTKMUK AnA
CBepXnNpoBOASALLEro YCTPOMCTBA — CKayku HanpsikeHUus,, paBHble BefiInYuHe
cBepxnpoBoaswen wenu. Beuay, He3aBUCUMMOCTM CKaA4YKOB HanpshkeHua OT
nsoLwanmn KOHTYpPOB npeasiaraeTcs Takke NCNofib30BaTb 3TOT MHTepdepoMeTp Kak
Nnpeun3noOHHbIN n3mepuTtenb MarHUTHOro nons (o YHUKanNbHOMN
YyBCTBUTESIbHOCTbIO. [loKasaHO, 4YTO ABYXKOHTYPHble cBepxnpoBoasLme

UHTepdepomeTpbl C 60NbLLIOK NMOWAALI MOrYT ObITb UCMONbL30BaHbI B Ka4ecTBe
uMdpoBbIX MarHeTOMETPOB.



BbiBOAbI

MNpoBeaeHbl U3MepeHNs KPUTUYECKOrO TOKa OAMHOYHbIX, ABOWHbIX, MHOXXeCTBEHHbIX CBEPXNPOBOAALLMX
aCUMMEeTPUYHbIX Kornew 1 ApyrMxX aCUMMeTPUYHbIX CTPYKTYp. OGHapyXeH cABUT 3KCTPEMYMOB TOKa U
MHOXeCTBEHHble TOKOBble COCTOSIHUSI B MarHUTHoM none. NoBeaeHue caBvra uccrneaoBaHoO Kak (OyHKLMA
cTeneHn acCUMMeTpUM Konew, U Temnepartypbl. CABUT 3KCTPEeMYyMOB KPUTUYECKOro TOKa NPOTUBOPEYUT
U3MepPeHUAM ocuunnaumMin conpotueneHus Jinuttna-NMapkca v BbINPAMIIEHHOTO HanNpsXXeHUs.

A hekT BbINPAMNEHUA aCUMMETPUYHBLIX CTPYKTYP YAANOCh 06 bACHUTL aHU3OTPONUEN KPUTUYECKUX TOKOB.

MpeanoxeHa CTPYKTYpa U3 MHOXXECTBEHHbIX NocreaoBaTesibHO COeAUHEHHbIX aCUMMETPUYHbIX Konew, Kak
AeTeKTop HepaBHOBECHbLIX WYMOB. BnepBbie npoBeaeHa kanubpoBKa AeTeKTopa WyMOB U U3MepeH
TeMnepaTypHbIN CMEKTP WyMOB B paboyemM ananasoHe TeMnepartyp € pasHbiM KONM4eCTBOM acCMMeTPU4HbIX
koney (go 1080), No3BONAOWNX N3MEPATL NOCTOSIHHbIE HanpsiXeHus okono 10" Boan C ogHoro
acMMMeTPUYHOro Konbua. MMHMManbHas nsMepeHHas MOLWHOCTL cocTaBuna 2x10'° Br.

Moka3aHo, 4TO aCUMMETPUYHOE KOSbLIO HE MOXET ObITb NPOCTEMLWMUM AETEKTOPOM KBAaHTOBbLIX COCTOSIHUN.
MpeanoxeHa AByXxKonbLeBasi CTPYKTypa ¢ ¢pa3oBOM CBA3bIO Konel, rae B CAMMETPUYHbIX CTPYKTypax
BrnepBble HAGNIAANUCh CKa4Y4KN KPUTUYECKOro TOKa, COOTBETCTBYHOLME N3MEHEHUIO KBAHTOBbIX YAcen B
CBepXnpoBOasLMNX KOHTYpaxX. KCNEPUMEHT ANA CUMMETPUYHbIX CTPYKTYP XOpPOLLO onucbiBaeTcsi Teopuen. B
clly4yae aCMMMETPUYHbIX CTPYKTYp HabngaeTcsa ogHOBPEMEHHO CABUI 3KCTPEMYMOB TOKa U
MHOXeCTBeHHble COCTOsIHUSA. loBeageHMe aCMMMETPUUYHbIX CTPYKTYP He ONUCbIBaeTCA Teopuen.

MpeanoxeH n peanu3oBaH HOBbIM KBaHTOBLIN Npubop — audcepeHunanbHbIN ABYXKOHTYPHbLIN
cBepxnpoBoaAawmn nHtepdepometp, NMpoBeaeH aHanus paboTbl MHTepdepomeTpa. OTKNUK MHTepdepomeTpa
3aBUCUT OT YETHOCTU CYMMbI KBAHTOBbIX YUCes1 KOHTYPOB. M3rotoBneHbl CTPYKTYpbl MHTEphepoMeTpoB C
pasmepamu 4 n 20 MKm, NnpoBeAeHbI U3MEPEHUA B LULMPOKOM Aunana3oHe Temnepatyp (0.4-1)Tc. K
[OCTOMHCTBaM Npubopa OTHOCUTCA TOT (pakT, YTO NPU NU3MEHEHUN KBAaHTOBOrO YMCIa Ha eauHULY,
UHTepdepomMeTp AaeT MaKCUMMaribHO BO3MOXHbIN OTKNUK AJ11 CBEPXNPOBOAALLEro YCTPOUCTBA — CKa4Ku
HanpsHkeHUsA, paBHble BefIMYMHE CBepXnpoBoasilien wenu. BBuay, He3aBMCMMOCTU CKaYKOB HamnpsXKeHUsi oT
nrowaau Konew npeararaeTca Takke UCMONMb30BaTb 3TOT UHTEepPepoMeTp KakK Npeun3snoHHbIN N3MepuTesnb
MarHMTHOrO NOJS C YHUKaribHOW YyBCTBUTENbHOCTbLIO. [loKa3aHo, 4TO ABYXKOHTYpPHbIe CBepxnpoBoaswme
MHTepdepomMeTpbl C 60NbLLUIOK NNoWwaabio MOryT ObiTb UCMONb30BaHbI B Ka4ecTBe LM poBbIX
MarHeTomMeTpoB.

Thank you
for
your attention



