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Poct »sHepromoTpeOieHHss W HEOOXOJMMOCTh  IOBBINICHUS JHEProdh(HEeKTUBHOCTH U
paZMKaIbHOTO CHIKEHHUS YPOBHSI SHEPronoTpeOsIeHUs CTAHOBATCS PELIAOIIMM apaMeTpPOM,
CIEP>KUBAIOIINM Pa3BUTHE CYNIEPKOMITIbIOTEPOB. Hanbosee nepcrneKTUBHBIM PELIEHUEM SIBIISETCS
MIPOEKTHpPOBaHUE M pa3paboTka HEPOHHEWMAHOBCKUX KOMIIBIOTEPOB € MO3rONOA0OHOMN
apXUTEKTYpOH, B MEpBYyIO odepenb — UCKyccTBeHHbIX HeWpoHHbIX cetel (MHC) na ocHoBe
cBepxnpoBosamux eMenToB. Ceepxnposojsuias MHC tpebGyer pazpaboTku IBYX OCHOBHBIX
AJIEMEHTOB — (DYHKIMOHAJIBHBIX HAHOCTPYKTYP: HEIMHEMHOIo HepeKiovaress, M0oJA00HOro
HEHUPOHY, U JINHEWHBIX COETUHUTENBHBIX 3JIEMEHTOB, T0I00HBIX cHHAICy [1].

[IpencraBiensl pe3ynbTaThl MPOEKTUPOBAHMSI U UCCIIEOBAaHHUS HMCKYCCTBEHHBIX HEHpPOHOB Ha
OCHOBE CBEPXIIPOBOJSIIMX CIUHOBBIX KJIAlAaHOB W CBEPXIIPOBOJSIIMX CHHAIICOB HAa OCHOBE
CIIOUCTBIX THUOPUIHBIX HAHOCTPYKTYp CBEpXIPOBOIHUK-(eppomaruetuk. [IpencraBieHsl
pe3ynbTaThl TEOPETUYECKOTO W HAKCIEPHUMEHTAIBHOTO uccienaoBanus 3ddexra Ommuzoctu B
CTOMOYHBIX CBepxHpoBoAHUKax/dpeppomarnerukax (S/F) ¢ kodeppoMarHUTHBIMU CIIOSIMU
Pa3IMYHON TOJIIMHBI M KOAPLUUTUBHBIMU MOJISIMH, a Takke Nb-CBEpXIpPOBOISIIMMU CIOSMHU
MTOCTOSIHHOM TOJIIMHBI, PABHOM JJIMHE KOTEPEHTHOCTH HUOOUSL.

B cBepxpemerkax Nb/Co HabmrogaeTcsi M3MEHEHHE CBEPXITPOBOJAIIETO MapamMeTpa MopsiKa B
TOHKMX IIJIEHKaX HUOOMS 3a CueT NEepeKIIoueHMs € MapaulebHOTO Ha aHTUIAPAIIEIbHOE
pacIoyioKeHNe COCeAHNUX (EPPOMArHUTHBIX CIIOEB. MBI yTBEPkKAAaeM, YTO TAaKUE CBEPXPEIIETKU
MOTYT OBITh MCIIOJIb30BaHbl B KAYECTBE MOIXOIAMINX 0a30BbIX JIEMEHTOB CBEPXIIPOBOAHUKOBOM
cnuaTporuku 1s pazpadotku MHC [2]. Cozmpanne MHC ¢ nucnons30BaHreM 3THUX IBYX 0a30BBIX
3JIEMEHTOB — MCKYCCTBEHHBIX HEMPOHOB U MCKYCCTBEHHBIX CHHAICOB — IO3BOJIAET IOCTPOUTH
KOMIIBIOTEP C Ha HECKOJIbKO MOPAJKOB MEHBIINM 3HEPronoTpeOJeHUEM [0 CPaBHEHHIO C
TPaIULIMOHHBIM KOMIIBIOTEPOM, HOCTPOSHHBIM Ha MOIYIIPOBOJHUKOBBIX 0a30BbIX 3JI€MEHTAaX.

HccnemoBanue BBITIOIHEHO MPH MOIEPKKe MerarpanTa «llepcriekTuBHbIC ()yHKIIMOHAITBHBIE
MaTepHabl i HUGPOBOM U KBAaHTOBOM 3eKTpoHuKH» (Ne 075-15-2024-632).
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Increasing energy consumption and the necessity of the energy efficiency and the radically
reduction of the power consumption level becomes a crucial parameter constraining the advance
of supercomputers. The most promising solution is design and development of the non-von
Neumann computers with brain-like architecture, first of all — the Artificial Neural Networks
(ANN) based on superconducting elements. Superconducting ANN needs elaboration of two main
elements — functional nanostrtuctures: nonlinear switch similar to the neuron, and linear
connecting elements similar to synapse [1]. There are presented results of design and investigation
of artificial neurons, based on superconducting spin valves, and superconducting synapses, based
on layered hybrid nanostructures superconductor-ferromagnet. Are presented results of the
theoretical and experimental study of the proximity effect in a stack-like
superconductor/ferromagnet (S/F) superlattices with Co- ferromagnetic layers of different
thicknesses and coercive fields, and Nb-superconducting layers of constant thickness equal to
coherence length of niobium.

The superlattices Nb/Co demonstrate change of the superconducting order parameter in thin
niobium films due to switching from the parallel to the antiparallel alignment of neighboring
ferromagnetic layers. We argue that such superlattices can be used as suitable base elements for
superconducting spintronics for ANN engineering [2]. Design of the ANN using that two base
elements, artificial neurons and artificial synapses, allows construction of the computer with
several orders of magnitude lower energy consumption in comparison with the traditional
computer designed from semiconducting base elements.

The study was supported by the project - Megagrant “Adnanced functional materials for digital
and quantum electronics” (project 075-15-2024-632).
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