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Strong disorder exerts two opposing effects on a superconducting material [1]. On one hand, it
leads to localization of electrons and Cooper pairs, resulting in spatial fragmentation of the
condensate state. It enhances the local density of single-particle states, increasing the binding
energy of Cooper pairs and the critical temperature at which the condensate state appears. On the
other hand, it destroys the long-range coherence, suppressing superconductivity and reducing the
corresponding critical temperature. This work [2] demonstrates that if such a disordered
superconductor is coupled to a clean or weakly disordered conducting material, the long-range
coherence is restored via the proximity effect. As a result, the coexistence of the two subsystems
combines the advantages of the high critical temperature of the disordered superconductor and the
global supercurrent of the clean one. This synergy effect is robust and can occur in
superconducting multi-band and heterostructures, whether they are disordered or have artificial
superstructures.
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Figure: (a) Temperature dependence of the sample-averaged gap function for the strong band (red) and
the weak band, showing results for the cases when strong band is disordered (filled circles) and in its clean
limit (empty circles). Low temperature T., is the critical temperature of the second band in the absence
of inter-band coupling. (b)--(c) Colour density plot with the spatial distribution of the band gap function.
(d) Profile of the gap function for strong band (red) and weak band (blue), calculated along the dashed
lines shown in panels (b) and (c). (e) Histograms of the absolute value of the gap function for the strong
band (red) and the weak band (blue).
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CunbHBIA OecTiopsIOK OKa3bIBaeT JBa IMPOTHUBOIOJOKHBIX 3(dekra Ha CBEPXIPOBOIAIINN
matepuai [1]. C ogHON CTOPOHBI, OH MPUBOJIUT K JOKAJIN3ALUN AIEKTPOHOB U KYIIEPOBCKUX Map,
YTO MPHUBOAMUT K MPOCTPAHCTBEHHOW (pparMEeHTAIlMH COCTOSHUS KOoHAeHcaTa. OH yBelIMYMBAeT
JIOKAJIbHYIO TUIOTHOCTh OAHOYACTHYHBIX COCTOSHHUM, YBEIMUMBAs YHEPTHIO CBSI3H KYNEPOBCKUX
nap ¥ KPpUTHYECKYIO TeMIIepaTypy, IpyU KOTOPOH BO3HMKAET COCTOsIHUE KoHAeHcaTa. C npyroi
CTOPOHBI, OH pa3pyllaeT JalbHOACHCTBYIONIYI0 KOTEPEHTHOCTb, TIOAABIISAS CBEPXIIPOBOAUMOCTD
Y CHIDKAsI COOTBETCTBYIOIIYIO KPUTUIECKYIO TEMIIEpaTypy. DTa paboTa moka3siBaet [2], 4To eciiu
TaKOW  HEYMOPSJOYCHHBI  CBEPXNPOBOJAHUK COENMHSETCS C UYUCTBIM WJIH  €1abo
HEYMOPSAAOYCHHBIM  TPOBOSIIUM  MaTepHalioM,  JaJbHOJEHCTBYIOMIAs  KOTEPEHTHOCTH
BOCCTaHaBJIMBaeTcs depe3 3pdext Onm3octu. B pe3ynbraTe coCymeCTBOBAHHE ABYX MOJACHCTEM
O0BEIUHIET TMPEUMYIIECTBA BBICOKOM KPUTHYECKOW TeMmIepaTypbl HEYHOpPsI0OUYE€HHOTO
CBEPXMPOBOJAHUKA M TJIOOAJBHOTO CBEPXTOKA YHUCTOTO. OTOT APQPEKT CHHEPTUU SBISAECTCS
YCTOHYMBBIM M MOXXET BO3HHMKATh B CBEPXIPOBOASAIINX MHOTO30HHBIX M T'€TEPOCTPYKTYpax,
HE3aBUCHUMO OT TOTO, SIBIISIIOTCS JTM OHM HEYNOPSIOYEHHBIMH WIM HMEIOT HCKYCCTBEHHBIC

CBEPXCTPYKTYPBL.
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Pucynok: (a) Temnepamypuas 3a8ucumocme YCpeOHEHHOU NoO 06pa3L;y dyukyuu wenu 0as CUTLHOU
nonocel (Kpacuas) u ciabotli noaocel, NOKA3LLIEAIOWAs pe3yibmamyl O CIYYaes, K020d CULbHAS NOL0CA
Heynopsioo4ena (3anoiHeHHble KPYICKU) U 8 ee Yucmom npeoeie (nycmoie Kpysicku). Huzkas memnepamypa
T > aenaemcs kpumuueckoti memnepamypoii 6mopoii noioOCs 6 OMCYMcmeue medxnc3onnoii céssu. (b)--
(c) I'paghux yeemosoi nIOMHOCMU C NPOCMPAHCMEEHHBIM pacnpedenienuem Qyukyuu weau. (d) Ilpoguns
GyHKYyUU wenu 01 CUABHOU NOAOCHl (KPACHAs) u clabou NOAOCbl (CUMAS), paACCUUMAHHbIL 600.]b
NYHKMUPHBIX JUHUL, NOKaszanuvlx Ha nauensx (b) u (c). (e) 'ucmozpammovl abcomomno2o 3HayeHus
yHKYUU Wenu 0N CUTLHOU NOJIOCHL (KPACHAS) U CIAOO0U RONOCHL (CUHs).
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