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1. OCHOBHOI0 METOI0 POOOTHU 6YyJI0 BUBHAUEHHS BIUIMBY KOH(irypatlii Ta CTpyKTypy (pepOMarHiTHUX HaHOEJIEMEHTIB
Ha IXHi Mar"iTHi BJIaCTHMBOCTI Ta BCTAHOBJIEHHS METOLIB KEPYBAaHHS TaKMMU XapaKTePHUCTUKAMHU, K YaCTOTa
(dhepoMarHiTHOro pe3oHaHCy, 3aKOH AUCIEPCii CIiHOBUX XBUJIb, LINPUHA PE30HAHCHOI JIiHil Ta MarHiTHa
aHi3oTpormis. 3a3HaueHi CTPYKTYPi € eJIeMEeHTHOIO 623010 /1J151 CTBOPEHHSI HOBOT'O IIOKOJIIHHS NPUJIaZiiB €J1eKTPOHIKY,
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NOPSAKIB 3MEHIIUTY TEIJIOBi BTPATHU i 3HAYHO MiABUIMTY IIBUIKICTh 3anucy iHpopmatii. BUKopucropyoun
KJIACUYHI METOAU MaTeMaTH4HOi (i3uku 6yJIo 1o6yLoBaHO TEOPETUYHI MO AJIs1 ONUCY HU3KU
€KCIIEPMMEHTaJIbHUX €(EeKTiB, BUSBJIEHUX 32 OIIOMOI0OI0 MeTo/ia (epOMarHiTHOro pe3oHaHcy. JucepTraniiina
poboTa CKIaAA€ThCS 3 I'SITU pPO34isiB. Y BCTyni BUK/IaleHO apryMeHTallil0 aKTyaJbHOCTi OOpaHOi TEMU, BUBHAYEHO
OCHOBHY METY Ta 3aBJjaHHS JIOCJIPKEHHS], @ TAKOXK OKPECJIEHO 00’eKT i mpeMeT BUBYeHHs. Kpim Toro,
IIpeJCTaBJIeHO KJII0UOBi HAyKOBIi [T0JIO’KEHHS, 1110 BiloOpakaloTh HOBU3HY OTPMMAaHUX pe3yJIbTaTiB, IiKpecaeHo
0CcO6KMCTHI1 BHECOK 3[,00yBaya y BUKOHAHi POOOTH, sIKi BUHECEH] Ha 3axUCT. TakoXX HajlaHo iHpopMaliito po
arpo6ballilo HayKOBUX pe3ysbTaTiB Ha KOHGEPEHIisIX Ta IIPO 3B$130K OUCEePTaLifHOTO JOCIIIPKEHHS 3 HAyKOBO-
IociainHuMu poboTtamu. [lepinii po3nin gucepratlii mpucBsideHU Teopii pepoMarHiTHOro pe3oHaHCy Ta CIIiIHOBUX
xBWIb. HaBeneHO piBHSIHHSI- OCHOBHE PiBHSIHHA (JlaHpay-Jligmuliis) MarHiTHOI AUHaMIKY, sKe, 30KpeMa,
BHMKOPHUCTOBYETbHCS 117151 3HAXO[KEHHSI IUCIIEPCITHOTO CHiBBiIHOIIEHHS 1715 CIIIHOBMX XBUJIb. PO3IJISIHYTO
3arajibHAI BUTJISZ, TYCTUHU eHeprii pepomarneTuka. HaBeneHi npukiaay po3s’si3Ky piBHsSHHS Jlangay-Jlipmuisg
L7151 PI3BHOMaHITHUX MarHiTHUX cCUCTeM. [Ipyruii po3zij IpUCBSIY€HO AOCIIPKEHHIO BIVIUBY TUITY OOMiHHOI B3aeMO[Iil
Ha IpaHuMLSX [BIMHUKOBUX KOMIIOHEHT B CIIJIaBax 3 e(peKToM nam’siTi GopMu Ha ixHi MarHiTHi BJ1aCTUBOCTI. Y
nigpo3mini 2.1 TEOPETUYHO MOSICHEHO EKCIIEPUMEHTAJIbHI PE3YJIbTaT MAarHiTHOTO PE30HAHCY B €MiTaKCiaJbHUX
TOHKUX MJ1iBKax Ni46.0Mn36.8Sn11.4C05.8 /MgO(001), 3rinHo 10 SIKMX O/iHA PE30HAHCHA JIiHis, [0 CIIOCTePiraeTbhCst
B ayCTEHITi, PO3ILEIJIIOEThCS HA TPU JIiHii B MapTeHCUTHIN (azi. [TokazaHo, 1110 10JATKOBI pe30HaHCHI JIiHii
3YMOBJIEHI C1a0KAM aHTU(PEPOMArHiTHUM 3B's13KOM (PepOMArHiTHUX JBiMHUKOBUX KOMIIOHEHTIB Yepe3 [BilHUKOBI
rpanudi. [IpoBegeHa aHaIorist Mixk CyOMiKPOHHUM [IBifHUKOBaHMM MApPTEHCUTOM i IITyYHUMU
a"TudepoOMarHiTHUMU HaArpaTkamMu. Y Mifipo3aisi 2.2 mosiCHeHa IM0sIBa riraHTChbKO1 MarHiTHOI aHi30TpOTTii
YETBEPTOTO NOPSIKY Y ABIMHMKOBaHIN eniTakcianpHil miiByi NiMnGa. [TokasaHo, 1110 BOHa 00yMOBJIeHa
(PepOMarHiTHUM 3B'SI3KOM MiX JIBIfHUKOBUMU BapiaHTaMM, B SIKUX OCi MarHiTOKpUCTaIiYHOI aHi30Tpomii
PO3TaIlOBaHi OPTOTOHAIBHO, 32 YMOBH, KOJIY T10J1€ MiXKBIITHUKOBOTO 0OMiHY [TOPiBHSIHHE 3 [10JIeM aHi3oTpormii. ¥
TPEThOMY PO37iJi NOOYA0BAHO TEOPETUYHY MOJeJib (PepPOMArHiTHOrO P€30HAHCY B IPOCTOPOBO HEOLHOPITHUX
€IliTaKCiaJIbHUX IJIiBKaxX 3 e(peKTOM IIaM’siTi GOPMH, B SIKUX BifIOyBa€TbCsl (PEPOETACTUUHUN (PA30BUIL ITepexis.
3anponoHoOBaHa TEOPETUYHA MOJIeJb 6a3yeThCsl Ha TeOPii MapTEHCUTHOTO NepeTBOPEeHHs! JIaHay Ta CTaTUCTUYHIN
Mogei. Y nigpo3anisni 3.1 mokasaHo, 0 aHOMaJIbHO CUJIBHA TEMIIEPATyPHA 3aJIEXKHICTh TapaMeTPiB KPUCTATIYHOI
I'PaTKA MapTEHCUTHOI IJIiBKM IPUBHOCUTb CYTTEBUI BHECOK Y TEMIIEPATYPHY 3aJI€5KHICTh PE30HAHCHOTO
MarHiTHoro nos. [IposicHeHO 3BY>KEHHSI P€30HAHCHOTO IIiKy ITPY OXOJIOAKEHHI IIJIiBKY HIbkK4ue Temiieparypu Kropi.
Y nigpospnisni 3.2 nokasaHo, 0 MPOCTOPOBA HEOIHOPINHICTL MaTepialy IPU3BOAUTD N0 OUCTIEPCii JTOKATbHUX
TEMIIEPATyp MapTEHCUTHOIO NIEPETBOPEHHS, L0 CIIPUYMHSE Bapiallilo JIOKaJIbHUX 3HAaY€Hb MAaTHITHOI aHi30TPOIIii i
IIOSICHUTY Pi3Ke po3LMMPEHHS JiHii (PepOMarHiTHOro pe3oHaHCy HIK4Ye TEMIIEPATyPU MapTEHCUTHOTO
IIEPETBOPEHHS. B 4yeTBepTOMY pO37iJi pO3IJIsIHYTO BIIJIMB KOHDIrypallii HAMarHiveHoCTi Ta pO3MarHidyr4uoro mnoJs
Ha CIEKTP CTOSIYMX CIIHOBUX XBUJIb B MAarHiTHUX HAHOEJIEMEHTAX. Y Mipo31iji 4.1 eKClIepUMEHTAJIbHO i
TEOPETUYHO JOCJi[I)KEHO CTOSIUi CIIIHOBI XBUJIi B MACUBI HiKeJIEBUX TPUKYTHUX HaHOEJIEMEHTIB. Po3pobiennit
TEOPETUYHUN MiAXiM JO3BOJISIE ONUCYBATU CTOSIYi CIIH-XBUJIbOBI MOJIY SIK y NEPIIEHINKYJISIPHO HAMArHiY€HUX
[IPaBUJIbHUX ITPU3MaX, TaK i B OJIM3bKUX 10 HUX 3pi3aHuX mipamifax. Y minposnisni 4.2 TeOpeTU4HO MOSICHIOETHCS
€KCIIEPUMEHTAJIbHE CIIOCTEPEKEHHS HETPAIULIIMHOIO OJJHOYACTOTHOIO PE30HAHCHOTO BiATYKY IIJIOCKUAX
LUWJIIHAPUYHYX IEePMaJIOEBUX JUCKIB, SIKIIO MarHiTHe 0Jl€ IPUKJIAIaHe Mif IEBHUM KPUTUYHUM KYyTOM BiTHOCHO
HOpMaJli 40 aucka. Lle sBuine MosiCHIOETbCS 3JIUTTSIM CIIIH-XBUJIbOBUX BJIACHUX MOJ, IIPY NT€PEXOi CIIiH-XBUIJIbOBOI
nucriepcii Big Tumny "npsmi o6’eMHi XBui" 1o TUIY "3BOPOTHI 06'eMHi XxBUJIi" i MOKe OyTH KOPUCHUM [1J151 CTBOPEHHS

CHCTEM 3i CIIEKTPAJIbHO BY3bKUM MarHiTHUM IIyMOM.

2. The main goal of the work was to determine the influence of the configuration and structure of ferromagnetic
nanoelement on their magnetic properties and to establish methods for controlling such characteristics as the
ferromagnetic resonance frequency, the law of spin wave dispersion, the resonance line width and magnetic
anisotropy. These structures are the elemental basis for creating a new generation of electronics devices that will
use spin waves to record and read information. This will reduce heat losses by several orders of magnitude and
significantly increase the speed of data recording. Using the classical methods of mathematical physics, theoretical



models were constructed to describe a number of experimental effects detected by the ferromagnetic resonance
method. The thesis consists of five chapters. The Introduction presents the arguments for the relevance of the
chosen topic, defines the main goal and objectives of the study, and outlines the object and subject of the study. In
addition, the key scientific provisions reflecting the novelty of the results obtained are presented, and the personal
contribution of the applicant to the work submitted for defence is emphasised. Information is also provided on the
approbation of scientific results at conferences and on the connection of the dissertation research with research
works. The first chapter of the thesis is devoted to the theory of ferromagnetic resonance and spin waves. The
basic equation (Landau-Lifshitz) of magnetic dynamics is given, which is used, in particular, to find the dispersion
relation for spin waves. The general form of the energy density of a ferromagnet is considered. Examples of the
solution of the Landau-Lifshitz equation for various magnetic systems are given. The second chapter is devoted to
the study of the influence of the type of exchange interaction at the boundaries of twin components in alloys with
the shape memory effect on their magnetic properties. In subsection 2.1, the experimental results of magnetic
resonance in epitaxial Ni46.0Mn36.85n11.4Co05.8 /MgO(001) thin films are theoretically explained, according to
which one resonance line observed in austenite splits into three lines in the martensitic phase. It is shown that the
additional resonance lines are due to the weak antiferromagnetic coupling of ferromagnetic twin components
across the twin boundaries. An analogy is drawn between submicron twin martensite and artificial
antiferromagnetic superlattices. In subsection 2.2, the appearance of a giant magnetic anisotropy of the fourth
order in a twinned NiMnGa epitaxial film is explained. It is shown that it is due to ferromagnetic coupling between
twin variants in which the magnetocrystalline anisotropy axes are orthogonal, provided that the inter-twin
exchange field is comparable to the anisotropy field. In the third section, a theoretical model of ferromagnetic
resonance in spatially inhomogeneous epitaxial films with the shape memory effect, in which a ferroelastic phase
transition occurs, is constructed. The proposed theoretical model is based on the Landau martensitic
transformation theory and a statistical model. Subsection 3.1 shows that the anomalously strong temperature
dependence of the lattice parameters of the martensitic film makes a significant contribution to the temperature
dependence of the resonant magnetic field. The narrowing of the resonant peak when the film is cooled below the
Curie temperature is explained. In subsection 3.2, it is shown that the spatial inhomogeneity of the material leads
to a dispersion of local martensitic transformation temperatures, which causes a variation in local magnetic
anisotropy values and explains the sharp broadening of the ferromagnetic resonance line below the martensitic
transformation temperature. Chapter 4 discusses the effect of the magnetisation configuration and demagnetising
field on the spectrum of standing spin waves in magnetic nanocells. In Subsection 4.1, we experimentally and
theoretically investigate standing spin waves in an array of nickel triangular nanocells. The developed theoretical
approach allows us to describe standing spin-wave modes both in perpendicularly magnetised regular prisms and
in close to them truncated pyramids. In subsection 4.2, we theoretically explain the experimental observation of an
unconventional single-frequency resonant response of flat cylindrical permalloy discs if the magnetic field is
applied at a certain critical angle relative to the normal to the disc. This phenomenon is explained by the merging
of spin-wave eigenmodes during the transition of the spin-wave dispersion from the ‘forward bulk waves’ to the
‘backward bulk waves’ type and can be useful for creating systems with spectrally narrow magnetic noise.
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