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Pedepar:

1. Incepranifina po60Ta IpUCBIYeHa JOCTIIKEHHIO OCOGIMBOCTEN Ta XapaKTePy PO3MNOBCIOIKEHHS CIIIHOBUX
XBWJIb B YIIOPSAKOBAHMX HAHOMACUITAOHUX eJleMeHTax 3i CTPyKTypOBaHUMU iHTepdelicaMmu sIK B pepomMarHeTrukax
(®M), Tak i B aHTUPepomardeTukax (AOM), Ta cipsiIMOBaHA HAa OTPMMAaHHS HOBUX 3HaHb B aKTyaJlbHOMY HaIIPSIMKY
Cy4YacCHUX JOOCHimKeHb. 715 mocaimkeHHs 6yn10 oopano ®M ta AOM TOHKI MIJIiBKY 3 YIIOPSAKOBAHUMU
HaHOMacUIITAOHMMU €JIeMEHTaM!U (AHTHUIOTH), 30KpeMa iXx KOMIIO3ULlii — MyJIbTUIIAPY, 3 BiIIOBIZTHUMU
CTPYKTYpOBaHMMMU iHTepdericamu, sIKi po3riisialoThCs K KOMIIO3UTHI MaTepiaiy K HECKiH4YeHHO TOHKI, TaK i
CKiHY€HHOI TOBIIMHU. CIIiHOBI XBUJIi BiIKPHUBAIOTh IEPCIEKTUBY 0€33aPsIHUX IPUCTPOIB, SIKi MOXKYTb OyTH
KOHKYPEHTOCITPOMOKHHAMU [1J151 TOTOYHUX NPUCTPOiB. OCHOBHMMM N€pEBaraMyu BUKOPUCTAHHS MarHiTHUX

MarepiaiB B €JIEKTPOHHUX Ta TEJIEKOMYHIKALIHUX [IPUCTPOSIX € iX KEPOBAHICTh 30BHIIIHIM MarHiTHUM MOJIEM,



€HEeProHEe3JIEXXHICTh Ta IPOrPaMOBYBaHICTh. LITy4yHe CTPYKTYpPYBaHHSI HAHOPO3MIPHUX CTPYKTYP [a€ 4yIOBY
MOXJIMBICTD 17151 Mopudikalii iX criekTpiB 36y KeHHS, a OTKe [J1s1 IPOEKTyBaHHS MaTepiaJiiB i3
HerependayyBaHMMU BJIACTUBOCTSIMH, SIKi TOTEHLITHO MOXYTb 33JJ0BOJILHUTH MOCTIMHY IOTPe6y B OibIl
IIBUAKOMY MaHIMyJ/l0BaHHI 6i/1bIIMM 06’eMOM iHpopMallii, 6i1bIIMMY €MHOCTSIMU 36€piraHHs 3i CKOPOYEHHSIM Yacy
3aMucy Ta YUTAHHS, a TAKOX MOCTIHUI ONUT HA MiHIaTIOpU3allilo Ta €eHepreTUYHy e(PeKTUBHICTb, OCKIJIbKI
nepepayva, 36epiraHHs Ta MaHiNysI0BaHHS iHQOpMalli€lo € BAXJINBOIO YaCTUHOIO BUCOKUX TexHOJIOri. OCHOBHA
YacTHHA AUCEPTaLiliHOI po60TU CKIANA€EThC 3 II'SITU PO3iiiB. [lepmuii po3ia NpUCBSYEHO JOKIaAHOMY aHali3y
PO3IIOBCIONIKEHHS CITIHOBUX XBWIb B ®M Ta AOM Ta mocaimKeHHIo, 10 MOB'13aHe 3 TPaHUYHUMU YMOBAaMU Ha
Pi3BHOMaHITHUX CTPYKTypOBaHUX iHTepdericax. Y Ipyromy posfisi aucepraniiiHoi poboTH po3pobyieHo MeTo],
€(PEeKTUBHOTrO KEPYBaHHS CIIIHOBUMU XBUJISIMU, SIKi KOTEDEHTHO PO3IIOBCIOKYIOThCS, B MEJKAX MarHiTHUX
HAHOCTPYKTYP (XBUJIEBOZIB). MeTO/, 3aCHOBAHO HAa aHOMAJIbHOMY 3aJI0MJIEHH] B TOHKOMY OM npomapky y BUTIsigi
IIJIACTMHU 3 rpagyrioBaHuM iHgekcom (I'PIH), B3moBK sSIKOro MOCTYIIOBa 3MiHa MarHiTHUX NapaMeTpiB MaTepiany
IIO3BOJISIE 3aTUHATU QPOHT MepefaHuX CIiHOBUX XBUJIb i KOHTPOJIIOBATH 3aJI0MJIeHHs. Ha 0CHOBI aHamiTUYHMX
PO3paxyHKiB (pa3oBOro 3cyBy, HAOYTOrO CIIiIHOBOIO XBUJIEIO BHACJIIOK 3MiHM MarHiTHMX IIapaMeTpiB Marepiany y
obMeXeHil 06J1aCTi, TOKa3aHo, 10 pedpakiiilo CIiHOBOI XBUJIi MO>KHA 3MIHUTU Ha 3aJlaHuil KyT. lle sBuIe Bumarae
JiHiAHOT 3MiHM Bas3u nepenaHnx XBUJb IOPAT i3 iHTepdeicoM, [ie BiibyBaeThCs 3aJI0MJIEHHS. Floro onuc Bumarae
y3arajJibHeHHs 3aKoHy CHeJliyca, 10 BUKOPUCTOBYETHCS [IJIsl HABEIEHHS CITIHOBUX XBUJIb Y XBUJIEBOJAX BIiepiue. [l
L[bOT'0 0yJ10 NOOYOBAHO AaHAJIITUYHY MOJIEJIb PO3CilOBaHHS OOMIHHUX CIIIHOBUX XBUJIb HA OJHOPiAHIA OM nacTuHi
KiHieBoi mupunu - I'PIH nnactuHi, BOygoBaniil y @M map - xBusesia. MiHiMisyroun 3arajibHy €Heprilo, BUBEIEHO
rpaHnyHi ymoBU Ha iHTepdeiicax mix ['PIH niactrHoIo Ta ii 0TOYEHHSIM 3 060X OOKIB Ta [OCIIiI’)KEHO [TOBHY
3aJIEXKHICTb MK 3cyBaMu (pa3 Ta aMIUIITYyJaMU CIIIHOBUX XBUJIb, IO N1aAI0Th Ta IPOXOISTh. Y TPETbOMY PO3TiJi
copmynboBaHO rpaHnyHi yMoBHU Mixk ®M Ta nBoxmigrpatkosum AQOM B 3aavax JUHAMiKM HAMArHi9YeHOCTi y
HabJIMKEHHI HellepepBHOro CepeloBULA Y BUMAIKy HECKIHYEHHO TOHKOro iHTepdeiicy, Ta iHTepdeiicy cKiHueHHO]
TOBIIMHU. 3 ypaxyBaHHSIM OZHOPIZHOTO Ta HEOQHOPIZHOTO OOMIiHIB, OCII>)KEHO PO3MOBCIOI)KEHHS II0OBEPXHEBOI
3racaioy4oi crinoBoi xBuiii B AQM, koinu crniinoBa xBuist 3 O®M nanae Ha iHTepdeiic OM /AOM. YV yeTBepTOMY pO31ii
IIPE/ICTABJIEHO HOBY KOHLEIIiIO, SIKa POOUTD BKJIMBUI KPOK HA IIISIXY BUPIIIEHHS] KPUTUYHOI Ipo6ieMu
VIPaBJIiHHS PO3IOBCIOMI)KEHHSIM CIIIHOBUX XBUJIb Yepe3 iHTepdericu ToHKkoi AOM niBKu 3 iHIIMMU MarHiTHUMU
CepeloBUIIaAMU LIJISIXOM BBEJ€HHS HOBOI (Pi3NYHOI XapaKTepUCTUKU [J1s1 iHTep(eCiB CKiHY€HHOI TOBIIUHU —
CTyIIEHs] HECKOMIIeHCOBaHOCTiI nifrpatok AOM (CHITA). 3nauenns CHITA MoxHa 3MiHUTH, CITIPOEKTYBaBLIN
inTepdericu 3 KiaroHasIbPHOIO Ta KPUBOJIiHIMHOIO reoMeTpieto. [IpeficTaBieHo Teopilo, SIKa ONUCYE MOMUPEHHS
CITIHOBHUX XBUJIb Yepe3 6yab-akuii AQM /OM inrepdeiic 3 ypaxyBaHHaM 3MiHHOI CHIIA Ta BUBe/IEHO y3arajbHeHi
rpaHnYHi yMOBU. [IpoieMOHCTPOBAHO, 110 IPOXOAKEHHS CIIIHOBUX XBUJIb Bi, AOM no O®M cTae MOXJIMBUM JIMLIE
32 KOHKPETHOI KOHCTPYKLi inTepdericy. ¥ m'aromy posfini no6ynoBaHO aHaliTU4YHY Mozesb OM pe3oHaHCy y
tToHKilt ®M mniBui Py 3 Kpyrosum antunortom. Jlineapusosase piBHaHHS Jlanpay-Jlidpuuis 6ys10 po3s’si3aHo sIK
BJIACHY 33[a4y y [IPSIMOMY IIPOCTOPI [1JIs1 CTBOPEHHS aHAJIITUYHOI MOJIEJIl MajIuX BiiXWUJIEHD Bill 3Ha4€Hb PiBHOBAaru
MarHiTHOrO MOMEHTY Ta MarHiTHOTO NoJsl. bysio BCTaHOBJIEHO, 1[0 OCHOBHOI IPUYMHOK BUHVMKHEHHS
HEOJIHOPiTHUX KOJIMBAaHb € MarHiTOCTaTUYHE I10JI€, CIIPUYMHEHE HASIBHICTIO aHTUIOTY. MoJiesb [T0Ka3asa, o iCHye
MaKCHMMyM aMIUIiTyY T10J1S1 pO3MarHiuyBaHHS, JIOKaJi30BaHOTO 6iJist Kpalo aHTMIOTA, i aMILIiITya 3MEHIIYEThCS 3i
30i/IbIIEHHAM BifICTaHi Bif Kpalo. Takox Oy BU3Ha4Y€Hi yMOBHU JI0KanbHUX OM pe30HaHCIB, fKi BiIpi3HAIOTLCS Ha

pi3Hil BifcTaHi Bif Kparo aHTULOTY Yepe3 HEOAHOPIIHICTL MATHITOCTATUYHOTO I10JIA.

2. The dissertation is devoted to the research of features and character of spin wave (SW) propagation in ordered
nanoscale elements with structured interfaces in both ferromagnets (FM) and antiferromagnets (AFM) and is aimed
at gaining new knowledge in the prospective direction of modern research. FM and AFM thin films with ordered
nanoscale elements (antidots), in particular their multilayer compositions, with appropriately structured
interfaces, which are considered as composite materials of both infinitely thin and finite thickness, were selected
for the study. SWs open the prospect of non-volatile devices that can be competitive with modern devices. The
main advantages of using magnetic materials in electronic and telecommunication devices are their controllability
by an external magnetic field, energy independence, and programmability. Artificial structuring of nanoscale



patterns provides an excellent opportunity to modify their excitation spectra, and therefore to design materials
with unpredictable properties that can potentially meet the constant need for faster manipulation of larger
amounts of information, larger storage capacities with reduced write and read time, and the constant demand for
miniaturization and energy efficiency, since the transmission, storage and manipulation of information is an
important part of high technology. The main part of the dissertation consists of five sections. The first section is
devoted to a detailed analysis of the propagation of SWs in FM and AFM and the study of boundary conditions at
various structured interfaces. In the second section of the dissertation, the method is developed for an effective
guiding of SWs, which coherently propagate, within magnetic nanostructures (waveguides). The method is based
on anomalous refraction in a thin FM layer in the form of a slab with a graded index (GRIN), along which a gradual
change in the magnetic parameters of the material allows to tilt the front of transmitted SWs and control the
bending. Based on analytical calculations of the phase shift acquired by the SW due to changes in the magnetic
parameters of the material in a limited region, it is shown that the refraction of the SW can be changed for desired
angle. This phenomenon requires a linear change in the phase of the transmitted waves near the interface where
the refraction occurs. Its description requires a generalization of Snell's law, which is used to guide SWs in
waveguides for the first time. For this purpose, an analytical model was developed for the exchange SW scattering
on a homogeneous FM slab of finite width — GRIN slab embedded in FM layer - waveguide. Minimizing the total
energy, the boundary conditions at the interfaces between the GRIN slab and its surrounding on both sides are
derived, and the complete dependence between the phase shifts and the amplitudes of the incident and
transmitted SWs is investigated. In the third section, the boundary conditions between FM and two-sublattice
AFM for the magnetization dynamics problems in the continuous medium approximation for both the finite
thickness interface and the infinitely thin interface are derived. Taking into account the homogeneous and
inhomogeneous exchange, the propagation of a surface evanescent SW into the AFM is investigated in a case when
this SW falls onto the interface from the FM. The fourth section presents a new concept that makes an essential
step towards solving a critical problem of controlling SWs propagation through interfaces of AFM thin film with
other magnetic media by introducing a new physical characteristic of the interfaces of finite thickness - a degree
of sublattice noncompensation of AFM (DSNA). The DSNA value can be changed by designing interfaces with
diagonal-like and curvilinear geometry. A theory that describes SWs propagation through any designed AFM /FM
interface considering a variable DSNA is presented and the generalized boundary conditions are proposed. It is
demonstrated that SWs transmission from AFM to FM is made possible with a specific design of the interface. In
the fifth section, an analytical model of FM resonance in a Py FM thin film with a circular antidot is constructed.
The linearized Landau-Lifshitz equation was solved as an eigenproblem in the direct space to create an analytical
model of small deviations from the equilibrium values of magnetic moment and magnetic field. It was found that
the main cause of inhomogeneous oscillations is the magnetostatic field caused by the presence of the antidot. The
model showed that there is a maximum of the amplitude of the demagnetization field localized near the edge of
the antidot, and the amplitude decreases with increasing distance from the edge. The conditions of local FM
resonances, which vary at different distances from the edge of the antidot due to the heterogeneity of the
magnetostatic field, were also determined.
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