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KITKBK: 2201030

Hampsam ¢inancyBanHs: 2.1 - pyHIaMeHTasbHI JOCTIIKEHHS

J>kepesia piHaHCYBaHHS
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5. HaykoBo-TexHi4Ha podoTa

HasBa po6oTH (YKp)

EnlemeHT HaABUIKUX HEHPOHHUX CUCTEM Ha OCHOBI aHTHU()PEPOMATrHITHUX CIIIHTPOHHUX HAHOCTPYKTYP.

HasBa po6oTH (aHrJ1)

Elements of ultrafast neuron systems on the basis of antiferromagnetic spintronic nanostructures.

Pedepar (yxp)

Po3po6sieH0 HANIMIBUIKI JIOTiYHI €JIeMeHTTH 71 O0YMCIIIOBAJIbHUX HEHPOHHUX CUCTEM Ha OCHOBi aHTU(QEPOMAarHiTHUX CIIHOBUX
ocuuITOpiB XoJia, 1o MPaloioTh Y TEpareploBOMy Jiala3oHi YacTOT; BUBYEHO (i3nyHi edeKTH, IO BiOyBaIOTbCS B TaKUX
crucTeMax, Ta MOCIIIKeHOo iX eJIeKTpOoANHAMIYHI XapaKTeprUCTUKU. BCTaHOBJIEHO, 0 aHTH(EPOMArHiTHUN CIIIHOBUN OCIIUJIITOD
Xomna NiO/Pt, sikuii nepebyBae y JOKPUTUYHOMY pEXHUMi pobOTH, MOKE BUKOHYBAaTU POJIb WITYYHOTO «HEHPOHA», T€HEPYIYn
JlesbTa-Toi0HI BUXiIHI iMITysibCcu TpuBasicTioO ~ 4 IIC mif, [i€l0 BXifZHUX iMIysJbCHUX curHasiB. [TokasaHo, mO iCHYIOTh Pi3Hi
peXrMU POOOTH TAaKOrO HEHPOHA, KO TiJ, [i€l0 BXiHOTO iMITy/IbCy HE F€HEePYETbCS BUXIAHMIA IMITyJIbC, TEHEPYETHCSI OOUH abo
JeKiJIbKa BUXIIHMX IMITyJIbCiB. 3allpOMIOHOBAHO KOHCTPYKLIi JioriyHMX esniemeHTiB ABO Ta | Ha OCHOBiI WITyYHUX «HEHPOHIB» 3
JIBOMa BXOJAaMH Ta eJeMeHTiB M-gate Ta Q-gate Ha OCHOBI IITYYHUX «HEMPOHIB» 3 TPbOMA BXOJAMH, OAVH 3 SIKUX MOXe OyTu
iHBEpPTOBaHMM, i 32 JOTIOMOTOI0 METO/IiB YMCJIOBOTO MOJIEJIIOBAHHS IOCIIIPKEHO AMHAMIYHI IIPOLECH, sIKi B HUX BilOyBaloThCH, a
TaKOX PO3PaxOBaHO iX TexHiuHi xapakrepucTuKu.. [lokazaHo, Mo 06'enHyIOuM eeMeHTH M-gate Ta Q-gate MOXKHa MOOYIyBaTH
MOBHUI ABIMKOBUI CyMarop Ha OCHOBI JiMII€ TPLOX WITYYHUX «HEUPOHIB». TEOPETUYHO OOCIIIKEHO PYX JOMEHHMUX CTiHOK Yy
(pepuMar"eTuKax nobyaM3y TOYKM KOMIEHCAllii CIiHiB MigrpaTokK, KOJIM MalTh Micle epeKkTh 0OMIHHOTO MiflCUJIeHHS TPAaHUYHOI
MIBUJKOCTI CTiHKU. 3HAWJEHO HEJiHiMHI PeXUMMU HECTAl[iOHAPDHOTO PYXY CTiHKM 3 YMMaJIOK0 WBUJKICTIO, aX A0 TPaHWYHOL
BusiBsieHa 0671aCTh NapaMeTpPiB MAarHETUKa, B SIKill MOKJIMBE MOPYMIEHHS 3aCTOCOBHOCTI MiXOIy KOJIEKTUBHMX 3MiHHUX. Y Wil
00J1aCTi PyX CTiHKM CYIPOBOJKYETHCS MEPIOAUYHOIO MOSIBOI0 HECTAbIIbHOCTI OA0 HAPOCTAaHHS CIIHOBUX KOJIMBaHb BCEpEAMHI

IIOMEHHOi CTiHKU.
Pedepar (aHrI)

Ultrafast logic elements for computational neural systems based on antiferromagnetic Hall spin oscillators operating in the
terahertz frequency range have been developed; the physical effects occurring in such systems have been studied, and their
electrodynamic characteristics have been studied. It was found that the antiferromagnetic Hall Hall oscillator NiO/ Pt, which is
in the subcritical mode, can act as an artificial "neuron”, generating delta-like output pulses lasting ~ 4 ps under the action of
input pulse signals. It is shown that there are different modes of operation of such a neuron, when under the action of the input
pulse no output pulse is generated, one or more output pulses are generated. The constructions of logic elements OR and I on
the basis of artificial "neurons" with two inputs and elements M-gate and Q-gate on the basis of artificial "neurons" with three
inputs, one of which can be inverted are offered, and by means of methods of numerical modeling dynamic The processes that
take place in them, as well as their technical characteristics are calculated. It is shown that by combining the elements of M-gate
and Q-gate you can build a complete binary adder based on only three artificial "neurons". The motion of domain walls in
ferromagnets near the point of compensation of sublattice spins, when the effects of exchange gain of the wall velocity limit take
place, is theoretically investigated. Nonlinear modes of nonstationary wall motion with considerable velocity up to the limit are
found. The range of parameters of the magnet in which violation of applicability of the approach of collective variables is
possible is revealed. In this area, the movement of the wall is accompanied by the periodic appearance of instability with respect
to the growth of spin oscillations within the domain wall.



Inpexc YIK: 548:537.611.45;548:537.611.44, 537.6; 538.9

Kopgu Temarnunux pyopuk HTI: 29.19.43
6. HaykoBo-TexHiyHa npoayKkuis (HTII)

HTII 1

HasBa npoaykiiii (yKp): Pe3ysibTaTi 41CI0BOTO MO/IEIIOBAaHHS NPOIIECY reHeparii iMITyJIbCHUX CUTHAJIIB y CIIIHOBOMY
ocHMISITOPi X0J1s1a Ha OCHOBI 6iaHI30TPONHOTrO aHTU(PEPOMArHeTrKa, 0 KEPYETbCS CIA0KMUM BXiJTHUM 3MiHHUM CTPYMOM i
CTaJIMM CTPYMOM 3MilleHHs. TeopeTnyHa Mofesb JUHAMIKA HAMarHiveHOCTi y (pepUMarHiTHUX Marepianax 3 aHTUIApaJIeIbHO

HaIpaBJIeHNMHU CITIHOBUMHU TiJIpaTKaMH Iifi Ai€lo CIiH-06epPTOBOTO e(eKTy.

Haspa npoaykii (anrJi): Results of numerical modeling of the process of pulse signal generation in a spin Hall oscillator based
on a bianisotropic antiferromagnet controlled by weak input AC and DC bias. A theory of magnetization dynamics in
ferromagnetic materials with antiparallel aligned spin sublattices under the action of spin-transfer torques (STTs).

OuikyBaHi pe3yjbTaTi: MeTou, Teopii
T'amysp 3acTocyBaHHS: EJIEKTDOHHO-KEPOBaHi €JIEMEHTH Ta IIPUCTPOI B MIKPOEJIEKTPOHILi Ta CIIHTPOHIL

Onuc npozykuii (ykp): Po3po6sieH0 HagBU/AKI JIOTiYHI €7IeMEHTTH /1711 OOYMCIIIOBAIbHUX HEPOHHUX CUCTEM Ha OCHOBI
aHTU(dEpOMarHIiTHUX CIIHOBUX OCLUJISTOPIB X014, 110 MPALIoI0Th Y TEpareploBOMy Jialla3oHi 4acToT, BUBYEHO (i3uyHi epeKTH,
IO BiZIOYBAIOTLCS B TAKUX CUCTEMAX, Ta JOCJIIPKEHO iX eJIeKTPOANHAMIYHI XapaKTepUCTUKU. TeOopeTUYHO AOCiIKEHO PyX
JIOMEHHUX CTiHOK y (PepruMarHeTrKax rMo6n3y TOYKM KOMIIEHCallil CITiHiB MirpaToK, KOJIM MaloTh Miclie epeKTr 06MiHHOTO
MiZCUIEHHS TPAHUYHOI WIBUJKOCTI CTiHKM. 3HANI€HO HEJiHIHI peXXMMU HECTalliOHAPHOTO PYXy CTiHKU 3 YAMAJIOIO IBUIKICTIO,
aX [0 TPaHUYHOI. BusiByieHa 061aCcTh NapaMeTpiB MarHeTHKa, B SIKiil MOJKJIMBE MOPYLIEHHS 3aCTOCOBHOCTI MiIX0Yy KOJIEKTUBHUX
3MiHHUX. ¥ 11ifl 06J1aCTi PyX CTIHKU CYIIPOBOJIXYETHCS MEPIOJMYHOIO MOSIBOIO HECTAOIIBHOCTI 10JJ0 HAPOCTAHHSI CITIHOBUX

KOJIUBaHb BCEPEJVHI JOMEHHOI CTiHKHU.
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3a6€e3Me4eHHs] eKCIIOPTHOTO NMOTEHLiaTy Ta 3aMillleHHIO iMIIOPTY
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Crpoxku BrnpoBagykeHHs: 01.202012.2024

Bupo6HuK npoaykuii: lep>kaBHa oprasisauis Binginenss 1inpoBo migrorosku KniBCbkoro HaljioHaJabHOTO YHIBEPCUTETY iMEHI

Tapaca llleBuyeHKa Nnpu HalliOHabHI aKajeMii HayK YKpaiHu

CnoskuBavi npoaykuii: HarjionaspHa akagemist Hayk Ykpainu
IlepcnexkTuBHI puHKHU: YKpaiHa, KpaiHU GJIM>KHBOTO Ta JATIbHBOTO 3aPYOiicKs
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KinpkicTs ¢aiisiB y 3BiTi: 1
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