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AHHOTALMA

BnarofiapA yHUKanbHoM CnocobHOCTM MMUTUPOBATL BaxKHble (YHKLMM CUHAMCOB U HEMPOHOB, MEMPUCTUBHBIE YCTPOMCTBA
1 MaccuBbl NO3BOJIAIOT HE TOJBKO annapaTHO peanv3oBaTb HEMPOHHbIE CETU, HO U COBEPLUMTH Ka4yeCTBEHHDBIV NPOPbIB B UHTE-
rPaLMM UCKYCCTBEHHBIX 3MIEKTPOHHBIX 1 BUOMOrMYECKMX CUCTEM [NIA PELUEHNA aKTyambHbIX 3a[ja4 UCKYCCTBEHHOMO UHTESIIEK-
Ta (MW), poboToTEXHMKM U MeaMLMHBIL. 3Ta 0651acTb UCCNELO0BaHUIA HAXOAWUTCA Ha PpaHHEeW CTauM CBOEro pasBUTUA U UMeeT
NpAMOE OTHOLLIEHWE K bonee 06LLen 06nacT HEMPO3NEKTPOHUKK. [locnesHIO MOXKHO ONPeAenUTb Kak CUHTE3 aHanoroBbIX
U UMPOBLIX PELUEHWA 1A WMPOKOr0 Kpyra BbIMUCIUTENBHBIX 3afjaY, MOTUBMPOBAHHBIX 6uonorueit. AHanoroeble Hempo-
MOpP®HbIE CUCTEMbI HAa OCHOBE MEMPUCTUBHBIX KOMMOHEHTOB 3aHUMaKT 0coboe MecTo B 3ToM 06/1aCTU U MOTYT 3HAUMTENBHO
YNYYLIMTb NPOU3BOAUTENBHOCTb U 3HEPro3PdEKTUBHOCTL MO CPABHEHMIO C CYLLECTBYIOLWMMM YckopuTenamu . Peanusauma
HeMpoMOpGHbLIX CUCTEM Ha OCHOBE HOBOM 3NEMEHTHOM 6a3bl TpebyeT CKOOPAMHMPOBAHHBIX M MEMAUCLMMIMHAPHBIX UCCTe-
[0BaHWA. B ocHOBe COOTBETCTBYIOLLEr0 Hay4HO-TEXHWYECKOMO HaMpaBeHUA NIEMMT CKBO3HAA TEXHONOrMA MeMPUCTUBHBIX
YCTPOMCTB U CXeM, 0becneuuBalolLan co3faHWe 3MEMEHTHOM 6a3bl HOBbIX MO3ronofo6HbIX MH(GOPMALMOHHO-BbIYMCIN-
TEeMbHBIX CUCTEM C LUMPOKMM CMEKTPOM MPUMEHeHWH. [poieMOHCTPUPOBaHHbIE HA aHHbIA MOMEHT NEPCMEKTUBLI CBA3aHbI
C MOHOJIMTHOM WMHTErpaumert MeMpUCTUBHBIX YCTPOMCTB co cxeMamMn KMOIT (KoMnneMeHTapHasA CTPYKTYpa MeTani—oKcua—
Mo/TyNPOBOAHMK), @ TaKKe COBMECTHOW OMTUMM3aLMeN MaTepuarnos, YCTPOMCTB U apXUTEKTYP, HE0bX0aUMBIX AA CO3[4aHMA
[EMOHCTPALMOHHBIX NPOTOTUMOB MHGOPMALMOHHO-BBIYMCIIUTENBHBIX CUCTEM. Takue CUCTEMbl UMUTUPYIOT BbIMMCIIUTESbHbIE
YHKUMM 6MONOrMYECKUX HEMPOHHBIX CETEW, CMOCOBHBIX PeLLaTh KOTHUTMBHbIE 3a[a4u, KOTOpPbIE, KaK U3BECTHO, MO0 He Noa-
[Al0TCA PeLLEeHnio ¢ nomoLLbio TpaauumorHoro U, nubo TpebytoT oueHb MHOMO BpeMeHHbIX pecypcoB. KpoMe Toro, Helipo-
3/IEKTPOHHbIE PELLEHWA MOrYT BbITb MHTEMPUPOBaHLI C MO3MOM WITM MMBBIMU KyNIbTYpaMu HEMPOHOB A1t POpPMUPOBaHUA HeM-
pornbpumaHbix cucTeM. B HacTosALeM fokname obeypalTcA [Ba pasfMYHbIX NOLAX0MA K B3aUMOLEMCTBUI MEMPUCTUBHBIX
CUCTEM U BMONOrMYECKUX HEMPOHHBIX CETEN in Vitro v in vivo, OCHOBaHHbIX Ha NEPCENTPOHE C MaTpULIel NporpamMMmUpyembix
MEMPUCTMBHbIX BECOB, KOTOPblE NpeLCTaBfeHbl YCTPOMCTBAMM C PE3UCTUBHBLIM NEpeKioYeHMEM Ha OCHOBE OKCM0B MeTassioB
UMK Ha OCHOBE MEMPUCTUBHOM CTOXaCTUYECKOM NAACcTUYHOCTM M HEMPOHHOWM CMHXPOHUM B COCTaBE MO3ronofo6bHoM cnaviko-
BOW apXxuTeKTypbl. HakoHeLl, npeficTaBneHa KoHLEeNLMA MEMPUCTUBHOIO HEMPOrMBPUAHOro YMna AnA CO3AaHUA KOMMAKTHOMO
MHOroYHKLMOHABHOM0 ABYHaNPaBNEHHOr0 MHTepdeica HUONOrNYECKNX HEMPOHHBIX CETEN U MEMPUCTUBHOW NTEKTPOHMKM
B COYETAHWUM C MUKPOINEKTPOOHBIMU U MUKPOPAIOMAHBIMA PELLEHUAMM Ha OHOM uune. TeXHOM0rnyeckoe 0CBOEHKE HOBOM
3/IEMeHTHO 6a3bl U Co3[aHNe MEMPUCTOPHBIX HEMPO3INIEKTPOHHBIX CUCTEM He TOMbKO 06ECneUnT CBOEBPEMEHHYI0 AMBEPCU-
¢uKaumio annapatHoro obecreyeHnA A HEMPEPLIBHOMO PasBUTUSA M MaccoBOrO BHELPEHWA TEXHOMOTUI UCKYCCTBEHHOMO
WHTEJIIEKTA, HO M NO3BOSIAT NOCTaBUTb 33[a4M COBEPLUEHHO HOBOIO YPOBHA MO CO3AaHMI0 FTMOPUOHOM0 MHTENNEKTA HA OCHOBE
CMMBM03a UCKYCCTBEHHBIX 1 BUOMOrMYECKUX HEMPOHHBIX CETEMN.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

WUcTounuk ¢puHaHcupoBaHua. /iccrenoBaHye BbIMONHEHO B paMKax Hay4HOM nporpaMMel HaumoHanbHOro LeHTpa GU3nKM
1 MaTeMaTvKK, HanpaeneHue N2 9 «CKycCTBEHHBIN MHTENNEKT 1 60MbLUME aHHbIE B TEXHUYECKMX, MPOMBILLEHHBIX, MPMUPO-
HbIX 1 COLMAmbHbBIX CUCTEMAX».

KoHnuKT uHTepecoB. ABTOP JeKNapupytT OTCYTCTBME ABHBIX 1 MOTEHLMANBHBIX KOHOIMKTOB MHTEPECOB, CBA3aHHbIX C NyHnn-
KaLMel HaCToALLe CTaTby.
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ABSTRACT

Due to its distinctive capability to replicate vital functions of synapses and neurons, memristive devices and arrays enable
both the hardware implementation of neural networks and a significant advancement towards integrating artificial electronic
and biological systems to address pressing issues in artificial intelligence (Al), robotics, and medicine. This research area
is still nascent and can be viewed as part of the broader field of neuroelectronics. The aforementioned is a fusion of analog
and digital solutions used for diverse computational tasks inspired by biology. Notably, analog neuromorphic systems
that employ memristive components are distinctive features of this arena and they can significantly enhance throughput
and energy efficiency in contrast to existing Al accelerators. Designing neuromorphic systems grounded on this fresh
component base mandates coordinated and interdisciplinary research and development. The foundation of this scientific
and technological field lies in the cross-cutting technology of memristive devices and circuits. This technology enables
the development of a novel brain-like information and computing system infrastructure that can be applied in a diverse
range of fields. Current perspectives include the seamless integration of memristive devices and arrays with CMOS circuits,
and the co-optimization of materials, devices, and architectures to create prototypes for computing and information systems.
These systems replicate computational features present in biological neural networks capable of solving cognitive tasks
that are typically either intractable by traditional Al or highly time-consuming. Neuroelectronic solutions can integrate with
the brain or living neuronal cultures to form neurohybrid systems. In this presentation, we discuss two distinct strategies for
connecting memristive systems with biological neural networks both in vitro and in vivo. These include a perceptron using
an array of programmable memristive weights represented by metal-oxide resistive-switching devices and a methodology
leveraging memristive stochastic plasticity and neural synchrony, which is part of the brain’s spiking architecture. Finally,
the concept of a memristive neurohybrid chip is presented to create a compact, multifunctional, bidirectional interface
between biological neural networks and memristive electronics, combined with microelectrode and microfluidic systems on
a single chip. The technological advancements in component base and the development of memristor-based neuroelectronic
systems will diversify hardware for the continuous evolution and mass application of artificial intelligence technologies. This
will enable the creation of hybrid intelligence based on the symbiosis of artificial and biological neural networks and allow
for the establishment of novel tasks at an unprecedented level.
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