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1. Inceprauifina po60Ta IPUCBIAYYETHCS JOCTIIKEHHIO MarHiTOCTaTUYHUX Ta PE30HAHCHUX BJIACTUBOCTE
6araTomapoBUX CTPYKTYP 3 CHHTETUYHAMMU Ta IPUPOLHIMU aHTU(PEPOMArHiTHUMU KOMIIOHEHTaMU 332 YMOB, KOJIU ix
JiHiVHI po3Mipy Ha6yBalOTh MOPSIKIB HAHOMACIITA0y. [IpOBOAUTHCS CUCTEMATUYHUI aHAJli3 3aKOHOMiIpHOCTEN
3MiHM KJIIOYOBUX MAarHiTHUX BJIaCTUBOCTeM I11iBKOBUX reTepocTpykTyp Fe /[Cr/FeCr/Cr]n/Fe, Py /FeMn/[Cu/Py]
Ta TpUlIapoBux HaHoeseMeHTiB Py /NiCu /Py B 3ay1€XHOCT] Bifj TemniepaTypu, Oy10BU Ta iX FeOMETPUYHUX
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XapaKTEPUCTHUK €JIEKTPOHHUX MPUCTPOIB 3 TAKUMU KOMIIOHEHTaMU. Y BeTyIi (Mepmomy po3aisi) IpoBOAUTHCS
OOIpYHTYBaHHS aKTyaJIbHOCTI BUOPaHOi TeMHU AUCepPTaLifHOTO NOCIiI>)KeHHSI Ta HaJlae€ThCsl 3arajibHa
XapaKTepucTuKa poboTu. Jpyruil po3aisn pob0TH 03HAMOMIIIOE YUTaYa 3 IIPOOIEMATUKOK 00paHoi TeMU
IVCEePTaLiMHOrO AOCJIIPKEHHS, iICHYIOUMMY HayKOBUMU 3[J00yTKaMU B cpepi CUHTETUYHUX aHTU(EPOMArHETHKIB
(CA®) Ta nopanbmMX NEPCIEKTUBAX iX 3aCTOCYBaHHS Y IKOCTi KOMIIOHEHT MarHOHHUX MeTamaTepiaJis,
HellpoMOp(dHUX KOHTAKTIB Ta iHIIMX Cy4acHUX PO3POOOK HAHOEJIEKTPOHIKU. Y TPETbOMY PO3iJi IPeCTaBISIOThCS
(i3nyHi 3acaiu OCHOBHUX METOJIiB, 0 BUKOPUCTOBYBAJIMCh /1J1S1 BUTOTOBJICHHS! 3Pa3KiB, BUMIPIOBaHHS iX MarHiTHUX
IapaMeTpiB Ta aHaJi3y Pe3yJbTaTiB: METO[ MarHETPOHHOIO HAIIOPOLIEHHS 6araToMapoBUX CTPYKTYP,
cIieKTpockortis pepomarsiTHOro pesoHascy (PMP) ta niaxin MiKpoMarHiTHUX MOZeJIoBaHb. TakoK HaAI0ThCs
TexHiuHi cneyu@ikauii ycix gocaimpKkeHux y faniit poboTi 3pasKiB. Y yeTBepTOMy PO37ili AOCIIIKYIOTbCS 3MiHA
MarHiTOCTaTUYHUX BJIACTUBOCTEN Ta XapaKTEPY TEMIIEPATyPHO-PETYJIbOBAHOTO IEPEMUKAHHSI CTAHY
«(pepomarneTuk-antudepomarneTuk» CAQ marepiasiB y KOHTEKCTI Iepexofy Bif] IBOBUMIPHUX TOHKOILIiBKOBUX
CTPYKTYP [0 JIaTepajibHO OOMEXKEHUX HAaHOEJIEMEHTIB. [lepiia YacTrHa POo3/ily 30CepeIKy€eThCs Ha ITiBKOBUX
6araromaposux ctpykrypax CAQ Fe/[Cr/FeCr/Cr]n/Fe. JocnimKyeTbCst KOHKYPEHLisl MK IIPSIMOIO Ta HETIPSIMOIO
O0OMIHHOIO B3a€MO/II€I0, @ TAKOXK MDK HEIIPSIMOIO B3aemozieto aHTugepomarHiTHoro (AOM) ta ¢pepomarHiTHOro
(®M) tumnis, sixa BUHMKae y Takux CAQ 3aBAsgKu MarHiTHomy ¢a3oBoMy nepexofy «pepomarHeTuK-rapaMarHeTuK»
cinaBy FeCr. [TokasaHo, 110 BUKOpUCTaHHs KomnozutHoro creiicepa [Cr/FeCr/Cr]2 3By>Xye TeMmnepaTypHui
inTepBas nepemukanHs ctany CA® iz >100 K, TUNOBUX [71s1 CTPYKTYP 3 ofgHOpinHuM crieiicepom FeCr, no 15 K. Y
IpyTiil YacTHHI poO3[iny PO3IsAAA0ThCS MAaCMBY KPYIVIMX My1aHapHUX HaHoauckiB CA® Py /NiCu /Py, nns skux
I€MOHCTPYETHCS MONIIOHNI MeXaHi3M TeMIlepaTypHO-KEpPOBAHOTO [lepeMarHidyBaHHs, OJJHaK 6e3 HerpsMoi
00MiHHOI B3aeMogii. [TokazaHo, 10 KynosjsoBugHa GopmMa HaHOEJIEMEHTIB IPU3BOJUTD /10 IIOSIBU CYTTEBOTO
3QJIMIIKOBOTO MOMEHTY Ta NOJBiliHOI neTi nepemarnivyBanHs, konu CAD nepebyBae y AUNOIBbHO 3B'13aHOMY AOM
cTaHi. [locyimkeHHs, IpeCcTaBeHi y IT'SITOMY pOo34iji po60TH, 30CepeKyI0ThCsI HAa BUBUEHHI 0COBIMBOCTEN
MAarHiTHOro CTaHy ABOLIAPOBOi IJ1iBKOBOI cuctemu Py/FeMn. Y nepuiit yacTuHi po3iny LOCITiIKYIOTbCS
TEeMIIEPaTyPHO- Ta TOBIIMHHO-3aJI€XKHI TPOLIECH AMCHUNIALIil CTPYMY CIIIHOBOI HaKadKu y cTpyKTypax Py/FeMn(3-7
HM)/Cu/Py. Okpim TpaauLiiHOTO BHECKY MOTJIMHAHHS CIIIHOBOTO CTPyMy B 00’eMi AOM 1apy, BUSIBJIEHO
IOATKOBUM HEOIHOPIAHUI BHECOK, SIKMI NIOSICHIOEThCS1 POPMYBaHHIM OOMIHHOI IPYy>XUHU B 06J1acTi iHTepdeiicy
Py/FeMn, cnpuunHeHUM KOHKypeHlielo Mixk epextom OM 6sm3bkocTi Ta AODM o6miHoM y FeMn. Takox
IIpe/CTaBIIsIEThCS OKpeMe nocimkeHHs: OMP nBomapoBux M1iBKOBUX CTPYKTYp Py/FeMn(3-7 HMm).
[Tpo1eMOHCTPOBAHO MOSKJIUBICTh MalKe ECATUKPATHOTO i30TPOIHOTrO 36inbmeHHs YacTotu PMP 3a KiMmHaTHOI
TEeMIIEPaTypPH, SIKE 3yMOBJIIOETbCS 00€PTOBOIO aHi3oTpoIielo y Tonkomy AQM mapi FeMn(3 um). [Iposeneni 3a
IOTIOMOro0 Moau@ikoBaHoro piBHsIHHA KiTTesst po3paxyHKU 4O3BOJISIIOTh IOPIBHSITY albTE€PHATUBHI MEXaHI3MU
IIPUCKOPEHHS auHaMiku cycigapboro ®M mapy. llloctuit po3ain aucepratii IpUCBIIyETbCSI CUCTEMATUYHOMY
BUBUYEHHIO Crieludiky CriH-XBUIIbOBOI IMHAMIKU IIPOCTOPOBO 0OMeskeHuX HaHoeneMeHTiB CA®D, matepanbHi
PO3MipH SIKUX HabJIMDKAIOTLCS 10 MOPSIKY OOMiHHOI JOBXMHU. B paMKax MiKpOMarHiTHOi MojieJli BiATBOPEHO
€KCIIepUMEHTAJIbHI YMOBH, 32 SIKUX Y I0OJIMHOKOMY I1epPIIeHIUKYJISIPHO HaMarHiveHomy HaHO-CA® 36y IKyIOTbCS
KOJIMBAaHHS OJHOPIHOI MOIY Ta IBOX BUOPAHUX MOJ, BUILMX OPSAKIB. Y Ipyriil 4acTuHi gocmuinxyerscs PMP
MAacCHBiB IJIaHapHO HamarHiyeHnx HaHoauckiB CA® Py /NiCu/Py 3 HomiHanpHuM giameTpom 150 HM. [TokasaHo, o
aCMMETPis BHYTPILIHbOI AUITIOJIbHOI B3a€MOZI KyIIOJIOBULHUAX HAHOEJIEMEHTIB IIPU3BOIUTD [0 PO3ILEIIIEHHS
TPaHMYHOI MOJIM Ha KOJIMBAHHS aKyCTUYHOTO Ta ONTUYHOTO TUIIB — €PEKTY, SKUM MOXKJIMBO KEPYBaTHU 32 PaXyHOK
dazoBoro nepexony crneiicepa NiCu. TpeTs yacTuHa po3Ainy po3risae aHanoriuHi Mmacusu HaHO-CA®, ogHak
esincononi6Hoi GopMu Ta BABiIYI MEHIIOTO PO3Mipy. Y TaKMX HAHOEJIEMEHTAX BUSABJIEHO 30Y/I)KEHHS €UHOI
BUAPOIKEHOI MOAY. MiKPDOMAarHiTHI pO3paxyHKU BiATBOPIOIOTh aHI30TPOIHY MOBEAIHKY Liiei MOAY Ta BKa3yIOTh Ha Te,
110 ii MPOCTOPOBa CTPYKTYpPa € PE3yJIbTaTOM CYNEPIIO3ULil KOJUBaHb LIEHTPAIbHOI Ta TPAHUYHOI CTOSYMX CIIIHOBUX

XBUJIb.
2. The dissertation is devoted to the study of magnetostatic and resonant properties of multilayered structures

with synthetic and natural antiferromagnetic components when their linear sizes reach nanoscale. A systematic
analysis of temperature- and geometry-dependent changes in key magnetic parameters is carried out for the



continuous-film heterostructures Fe /[Cr/FeCr/Cr]n/Fe, Py /FeMn/[Cu/Py], as well as the three-layer
nanoelements Py/NiCu/Py. New reported physical effects can be utilized to adjust functional characteristics of
electronic devices involving such components. In the Introduction (the First chapter), the relevance of the chosen
topic of the doctoral research is substantiated and a general description of this work is provided. The Second
chapter of the work acquaints the reader with general problems of the chosen research topic, the existing
scientific achievements in the field of synthetic antiferromagnets (SAF) and further prospects for their use as
integral components in magnonic metamaterials, neuromorphic junctions and other modern nanoelectronic
devices. The Third chapter introduces the physical principles of the main methods used for the samples
fabrication, magnetic parameters measurements and analysis of the results, namely magnetron sputtering of
multilayered structures, ferromagnetic resonance spectroscopy (FMR) and micromagnetic modelling. Technical
specifications of all the samples studied in this work are also provided. The Fourth chapter presents the studies of
the changes in magnetostatic properties and the nature of the temperature-controlled SAF state switching in the
context of the transition from two-dimensional thin-film structures to laterally confined nanoelements. The first
part of the chapter focuses on the continuous multilayered SAF films Fe /[Cr/FeCr/Cr]n/Fe. The competition
between direct and indirect exchange interaction, as well as between the indirect interaction of antiferromagnetic
(AFM) and ferromagnetic (FM) types, which arise due to the ferromagnet-to-paramagnet phase transition of the
FeCr alloy, are investigated. It is shown that the use of the composite spacer [Cr/FeCr/Cr]2 narrows the
temperature range of the SAF state switching from =100 K, inherent to structures with a homogeneous FeCr
spacer, to 15 K. The second part of the chapter considers the arrays of round planar SAF nanodisks Py/NiCu/Py,
for which a similar mechanism of temperature-controlled magnetization reversal is demonstrated without the
indirect exchange interaction. It is shown that the dome-like shape of the nanoelements leads to a significant
remnant magnetic moment and a double hysteresis loop, when the SAF is in the dipole-coupled AFM state. The
study presented in the Fifth chapter of the work focuses on investigating the peculiar magnetic state of the bilayer
film system Py/FeMn. In the first part of the chapter the temperature- and thickness-dependent dissipation
processes of spin-pumping current in Py /FeMn(3-7 nm)/Cu/Py structures are examined. Apart from the
traditional contribution of spin current absorption in the volume of the AFM layer, an additional inhomogeneous
contribution is revealed, which is explained as due to the formation of an exchange spring in the Py /FeMn
interface region, caused by the competition between FM proximity effect and AFM exchange in FeMn. The
separate FMR study for the bilayer film structures Py /FeMn(3-7 nm) is also presented. The possibility of an almost
tenfold isotropic increase in the FMR frequency at room temperature has been demonstrated and prescribed to
the strong rotatable anisotropy acting in thin AFM layer FeMn(3 nm). The calculations, performed using the
modified Kittel equation, allow one to compare alternative mechanisms for the acceleration of the adjacent FM
layer magnetic dynamics. The Sixth chapter of the dissertation is devoted to the systematic study of the features of
spin-wave dynamics in spatially confined nanoscale SAF elements, the lateral sizes of which approach the order of
exchange length. Within the framework of the micromagnetic model we reproduce the experimental conditions
under which the oscillations of a homogeneous mode and two selected higher order modes are established in a
single perpendicularly magnetized nano-SAF. The second part of the chapter investigates resonant behavior of the
in-plane magnetized arrays of Py /NiCu/Py SAF nanodisks with the nominal diameter of 150 nm. It is shown that
the asymmetry of the intra-element dipolar interaction in the dome-shaped nanoelements causes the splitting of
the edge spin-wave mode into oscillations of acoustic and optical types - an effect that can be controlled via the
phase transition of the NiCu spacer. The third part of the chapter addresses the analogous arrays of SAF
nanoelements with, however, twice the smaller size. The spatial structure of a single degenerate mode, inherent to
such nanoelements, is discussed.
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HoparkoBa indpopmamnist:

TloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOM: IncTUTYyT MarHeTn3my HarjioHasnbHoi akaziemii Hayk Ykpainu Ta

MiHicTepcTBa OCBiTH i HayKU YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OysbB. Akazemika BepHagncbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1



VIII. 3akr04Hi BimoMocTi

Biacue IpizBume Im's Ilo-6aThKOBI Jlock Biktop Penoposuy
rOJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Jloce Bikrop denoposuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Mapaii IpuHa BikropiBHa

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




