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Pedepar:

1. OcHOBHOIO MeTOI0 PO6OTH OYyJI0 BUBHAUEHHS BIUIUBY KOHirypatlii Ta CTpyKTypy GepoMarHiTHUX HaHOeJIeMEHTIB
Ha ixHi MarHiTHi BJJaCTUBOCTi Ta BCTAHOBJIEHHS METO/iB KEPYBAHHS TAKUMU XapaKTE€PUCTUKAMH, K 4aCTOTa
(pepoMarHiTHOro pe3oHaHCy, 3aKOH AUCIIEPCii CIIiIHOBUX XBUJIb, MIMPUHA PE30HAHCHOI JIiHil Ta MarHiTHa
aHi3oTpomis. 3a3HaueHi CTPYKTYPi € eJIeMeHTHOIO0 623010 /111 CTBOPEHHS HOBOT'O TIOKOJIIHHS NPUJIaZiB €J1IeKTPOHIKY,
sKi Oy1yTh BUKOPUCTOBYBATHU CIIiIHOBI XBUJIi AJ1s1 3anMCy i 3uuTyBaHHs iHpopMallii. lle 703BosUTb Ha AeKinbKa
NOPSAKIB 3MEHIIUTH TEIJIOBi BTPATHU i 3HAYHO MiABUIMTY IIBUIKICTh 3anucy iHpopmatii. Bukopucrosyoun
KJIACWYHI METOJY MaTeMaTU4YHOi (i3nku 6yJ10 06yN0BaHO TEOPETUYHI MOJEI AJ151 OIIUCY HU3KU

eKCIIepMMEHTaJIbHUX e(EeKTiB, BUSBJIEHUX 32 JOIIOMOIOK0 MeTo/ia pepoOMarHiTHOro pe3oHaHcy. JucepTraniiina



poboTa CKIaAAETHCS 3 IITH po3aisiB. Y BCTymi BUK/IaieHO apryMeHTAlil0 aKTyaJbHOCTi 06paHOi TeMU, BUSHAYEHO
OCHOBHY MeTY Ta 3aBIaHHs JOCJiIKEHHS, a TAKOXX OKpecjIeHO 00€KT i npermeT BuBYeHHs. Kpim Toro,
IIpeJCTaBJIEHO KJII0UOBi HAyKOBi [10JIO’KEHHS, 1110 BiloOpaXkaloTh HOBU3HY OTPMMAaHUX PE3yJIbTaTiB, iIKpPECIeHO
0Cco6KMCTHUII BHECOK 3[0,00yBaya y BUKOHAHi POOOTH, sIKi BUHECEH] Ha 3axUCT. TakoXX HalaHo iHpopMallilo Ipo
anpo6allilo HAyKOBUX Pe3yJIbTaTiB Ha KOH(MEPEHLIisX Ta [P0 3B'I30K JUCEPTALiHOTO JOCJIiIPKEHHS 3 HAYKOBO-
JocainHuMM poboTamu. [lepiinii po3nin gucepratlii nprucBsiieHU Teopii pepoMarHiTHOro pe3oHaHCy Ta CIIiHOBUX
xBWIb. HaBeneHO piBHSIHHS- OCHOBHE PiBHSHHA (JlaHpay-Jligmuliis) MarHiTHOI AMHAMIKY, sKe, 30KpeMa,
BMKOPHCTOBYETbHCS 117151 3HAXOJKEHHSI IUCIIEPCITHOTO CHiBBiIHOIIEHHS 1715 CIIIHOBMX XBUJIb. PO3IJISIHYTO
3arajibHUM BUTJIS] T'YCTUHU eHeprii pepomarHeTuka. HaBeneHi npukiany po3s's3Ky piBHaHHS Jlanpay-Jlidumis
L7151 PI3HOMaHITHUX MarHiTHUX CUCTEM. [Ipyruil po3zij IpUCBSIY€HO AOCIIIPKEHHIO BIVIUBY TUIy OOMiHHOI B3aeMO[Iil
Ha I'PAHULSX ABITHUKOBAX KOMIIOHEHT B CILJIaBax 3 e(peKToM nam’aTi popmu Ha ixHi MarHiTHi B1aCTUBOCTI. ¥
nigpo3mnini 2.1 TEOPETUYHO MOSICHEHO EKCIIEPUMEHTAIbHI PE3YIbTaTU MAarHiTHOTO PE30HAHCY B €MiTaKCiaJbHUX
TOHKUX My1iBKax Ni46.0Mn36.8Sn11.4C05.8 /MgO(001), 3rifHo [0 SIKMX 0/iHA PE30HAHCHA JIiHis, 10 CIIOCTePiraeTbhCst
B QyCTEHITi, PO3ILEIJIIOETHCS HAa TPU JIiHii B MapTeHCUTHIN (azi. [lokazaHo, 10 N0JATKOBi pe30HAHCHI JIiHii
3YMOBJIEHI CJIa0KMM aHTU(PEPOMArHiTHUM 3B's13KOM (PEPOMArHiTHUX JIBiIMHUKOBUX KOMIIOHEHTIB 4Yepe3 [BilHUKOBI
rpaHuui. [IpoBeneHa aHanoris Mixk CyOMiKpOHHUM JBITHUKOBaHUM MApTEHCUTOM i IITYYHUMU
aHTudepoOMarHiTHUMU HaArpaTkamMu. Y Mifipo3aisi 2.2 mosiCHeHa IosBa riraHTChbKO1 MarHiTHOI aHi30TpoTIii
YETBEPTOTO NOPSIKY Y ABIMHMKOBaHIN eniTakcianpHil miiBLi NiMnGa. [TokasaHo, 1110 BOHa 00yMOBJIeHa
(pepoMarHiTHUM 3B'sI3KOM MiX [IBIlHUKOBMMU BapiaHTaMM, B IKMX OCi MarHiTOKpUCTasivyHoi aHizoTpomii
PO3TalloBaHi OPTOrOHAIbHO, 32 YMOBH, KOJIY T10J1€ MiXKBIITHUKOBOTO OOMiHY ITOPiBHSIHHE 3 [10JIeM aHi3oTpormii. ¥
TPETbOMY PO37iJi N0OYA0BAaHO TEOPETUYHY MOJ€Jib (PEPOMArHiTHOIO PE30HAHCY B IPOCTOPOBO HEOLHOPITHUX
emniTaKkciaJbHUX IJIiBKax 3 e(peKTOM Nam’saTi Gopmy, B SIKUX BiIoyBaeTbCsl pepoenacTuIHui pa3oBuil nepexi,.
3anpornoHoBaHa TeopeTUYHa MOJieJb 6a3yeThCs Ha T€OPii MAPTEHCUTHOIO IIepeTBOPEeHHsI JIaHjay Ta CTaTUCTUYHIN
Mogei. Y migpo3snisi 3.1 mokasaHo, o0 aHOMaJIbHO CUJIbHA TEMITEPATyPHA 3aJI€XKHICTh ITapaMeTpPiB KpUCTAIiIYHOI
I'PaTKA MapTEHCUTHOI IJIiBKY IPUBHOCUTb CYTTEBUI BHECOK Y TEMIIEPATYPHY 3QJIEXKHICTh PE30HAHCHOTO
MarHiTHOro 1noss. IIposcHeHo 3ByKeHHS PE30HAHCHOTO MiKY IIPY OXOJIOIKEHHI IIIBKY HIKYe TeMniepatypu Kiopi.
Y nigpospnisni 3.2 mokasaHo, 0 MPOCTOPOBA HEOIHOPILHICTh MaTepialy IPU3BOAUTD O OUCHEPCii JTIOKAIbHUX
TEMIIEPATyp MAapTEHCUTHOIO NIEPETBOPEHHS, L0 CIIPUYMHSE Bapiallilo JIOKaJIbHUX 3HaY€Hb MAaTHITHOI aHi30TpOIIii i
MOSICHUTY Pi3Ke pO3LMPEHHS JiHii PepOMAarHiTHOro pe3oHaHCy HIDKYE TEMIIEPATyPU MAaPTEHCUTHOTO
[IepeTBOPEHHS. B yeTBepTOMy pO37isi PO3IJIsSHYTO BIUIMB KOHQIrypauii HamarHiveHOCTi Ta pO3MarHidyo4uoro 1noJs
HA CIIEeKTP CTOSYMX CIIHOBUX XBUJIb B MAarHiTHUX HAHOEJIEMEHTAX. Y Mifpo31isi 4.1 eKClIepUMEHTAJIBHO i
TEOPETUYHO JOCJIIKEHO CTOSIUi CIIHOBI XBUJIi B MACUBI HiKeJIEBUX TPUKYTHMX HaHOEJIEMEHTIB. Po3pobseHnit
TEOPETUYHUN IiJXiZ JO3BOJISIE ONKUCYBATU CTOSY] CIIIH-XBUJIbOBI MOJM K Y MIEPIEHIUKYJIIPHO HAMarHiyeHnx
MPaBUJIbHUX MPU3MaX, TaK i B 6JIM3bKUX 10 HUX 3pi3aHuX mipamigax. Y minpo3snisi 4.2 TeOpeTUYHO MOSICHIOETHCS
€KCIIEPMMEHTAJIbHE CIIOCTEPEXXEHHS HETPAJULITHOTO OJJHOYaCTOTHOTO PE30HAHCHOIO BiATYKY MJIOCKUX
LUWJIIHAPUYHNX IEPMaJIOEBUX JIUCKIB, SIKIIO MarHiTHe MoJI€ IPUKJIAIaHe il IEBHUM KPUTUYHUM KyTOM BiTHOCHO
HOpMasli 0o nucka. Lle saBulie rnosiCHIOEThCS 3JIUTTSIM CIIiH-XBUJIBOBUX BIIACHUX MOJ, IPU NePexoi CIiH-XBUIbOBOI
nucriepcii Big Tumny "npsmi o6'eMHi XBUiIi" 10 TUIY "3BOPOTHI 06'eMHi XBUJIi" i MOKe OyTH KOPUCHUM [1J151 CTBOPEHHS

CHCTEM 3i CIIEKTPAJIbHO BY3bKMM 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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