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Pedepar:

1. OCHOBHOI0 METOIO LOCJIIIPKEHb, IPOBEIEHUX Y AUCePTaLiliHill po6OTi, 6yJI0 BUSHaYEHHS BIJIUBY MIKpPO Ta
ME30CKOITIYHOI KpUCTAJIIYHOI CTPYKTYPH €lliTaKciaJlbHUX IIIBOK CILIABIiB ['eficiepa Ha ix MarHiTHi Ta
MarHiTOTMHaMIi4YHi XapaKTE€PUCTUKH, a TAKOK BCTAHOBJIEHHS TEXHOJIOTTYHUX METOIB iX KOHTPOJI0. CTBOPEHHS
MAarHiTHOi HAaHO€JIEKTPOHIKY NOTPebye PO3BSI3aHHS HU3KU K (PYHIAMEHTAJIbHUX, TaK i TEXHOJIOTIYHUX IIPOOIIEM.
Cepeq, QpyHIaMEHTAIbHUX CJIiM 3a3HAYUTU [IPOOIeMU KEPYBAHHS MAarHiTHOIO AMHAMIKOIO Ta MarHiTHUMKU
rapaMeTpaMy HaHOCUCTEM (MarHiTHOIO aHi30Tpoielo, KoediljieHTaMU 3aTyxaHHs, 0OMiHHOIO0 KOHCTaHTOIO, TOIIO). 3
[IPUKJIAJHOI TOUKM 30PY € HarajbHa HEOOXiIHICTh MOUYKY MaTepialiB, sIKi MalOTh apaMeTpH, 1O BiAIOBIIAOTh

BMMOI'aM KOHKPETHUX CUCTEM Ta IIPUJIafiB, a, 3 iHIIOro 60Ky, € BUCOKOTEXHOJIOTTYHUMH | MOXKYTb OYTH JIETKO



iHTerpoBaHi B cy4acHi IPOMHUCIIOBI LUKiIM. Hait6inbi npuBabauBuM 6ys10 6 BUKOPUCTAHHS CYLiIbBHOMETaIeBUX
MArHITHUX €JIEMEHTIB, TEXHOJIOTiS BUTOTOBJIEHHS SIKMX € JOCTAaTHLO BiAIIPalibOBAHOIO i JO3BOJISIE BUKOPUCTOBYBATU
CTaHJAPTHI TEXHOJIOTiYHI NOTY>XHOCTI. KpiM TOTr0, Taki e1eMeHTH MOXKYTb OyTU JIeTKO iHKOPIIOPOBaHi B Cy4acHi
Mikpocxemu. OGHUM 3 HalOiIbII IEPCIIEKTUBHUX MaTepiaJiiB [JIs1 bOTO BBAXKAIOThCS CIlIaBu ['eficiepa.
Po3paxyHKu NOKa3yIoTh, 0 IesKi CIiylaBy ['eficiepa MOXYTb MaTU CTOBiIICOTKOBY CITIHOBY IOJIgApu3alio. Jlane
TBEPIKEHHS JOCi 3a/IMIIAEThCS TEOPETUYHUM Iepe0aueHHsIM, ajle CTYIIiHb CIiHOBOI N0JIsIpr3allii B IUX CIJIaBaX €
3HAYHMMMU B 00J1aCTi KIMHATHUX TEMIIEPATYP, i BOHU B>K€ BUKOPUCTOBYIOTHCS B CIIHTPOHML]. KpiM TOro, cryiaBu
l'eficiepa Ha OCHOBI 3aj1i3a Ta KOOAIbTY XapaKTEPU3YIOThCSI HAWHIDKUMM CepeJ METaNIiYHUX (EPOMarHeTUKiB
Koedil[ieHTOM MarHiTHOrO 3aTyXaHH4, 1O BifKpUBae MJISAX IJ1s1 X 3aCTOCYBAaHHS B €JIeMEHTaX MarHOHIKU.
OCHOBHOI0 IIPO6JIEMOIO Ha LIISIXY BUKOPUCTAHHS CIIaBiB ['eliciepa B CIHTPOHIli Ta MarHoHili € To# Qaxr, mo ixHi
MAarHiTHi BJIACTUBOCTI CYTTE€BO 3aJI€XKaTh Bifl KPUCTaIIYHOI CTPYKTYPH (CTYII€HS BIIOPSIIKOBAHOCTI, OAHOPIGHOCTI,
PO3MipiB KPUCTAIITIB, IBITHMKOBOI CTPYKTYPH, TOIIO), 5IKQ, B CBOIO Y€PTry, BU3HAYAETHCS TEXHOJIOTiI0 BUTOTOBJIEHHS
Ta 06po6KKU. TOMy BCTaHOBJIEHHS B3a€MO3B'513Ky MiXK KPUCTa/IiYHOK CTPYKTYPOIO Ta MAarHiTHUMU IapaMeTpaMu LIUX
Marepiais, a TAKOX PO3POOKa MarHiTHUX CTPYKTYP 3 KOHTPOJIbOBAHUMMU [1apaMETPaMU € aKTyasbHOIO 3a/a4eto. B
IaHiil gucepTauiiHiil poboTi JOCiIKyBanuch (isuyHi 3aKOHOMIPHOCTI (POPMYBAHHSI MarHiTHUX XapaKT€PUCTUK
eliTakciaJbHUX IJ1iBOK cIIaBiB ['eliciepa. [JuceprauifiHa po6oTa CKIaaeThCsl 3 YOTUPHOX PO3LiniB. Y Berymi
BUKJIa/ICHO OCHOBHi apryMEHTH 1010 aKTyaJIbHOCTi OOpaHOi TEMH, BU3BHAYEHO OCHOBHY METY Ta 3aBJaHHS
IOCJIiIKEHHS, @ TAKOXK OKPECJIEHO 00'eKT i NpeiMeT BUBYEHH:. KpiM Toro, mpecraBiieHi KII040Bi HAyKOBi
TI0JIO>KEHHS, SIKi BUHECEH] Ha 3aXUCT i Bij0OpakaloTh HOBU3HY OTPUMMAHUX PE3yJbTaTiB, [I0Ka3aHO OCOOUCTHUI
BHECOK 37100yBaya y BUKOHaHi po6oTu. Takoxx HaBesieHa iHpopmallis [1po anpoballio HAyKOBUX Pe3yJIbTaTiB Ha
(axoBUX HAYKOBUX KOH(EPEHLSIX Ta PO 3B'430K AUCEPTALITHOrO NOCiI)KEHHS 3 HAYKOBO- AOCJiJHULILKUMU
pob6oTtamu. [lepmuii po3zin MicTUTh iHPOpMalLLito PO Cyd4acCHUI CTaH JOCIiKEHHS TOHKUX IJ1iBOK CILJIaBiB
l'eticiepa Ta OOrpyHTYBaHHS aKTyaJIbHOCTI Ta HOBU3HU Pe3YJIbTAaTiB, SKi ONKCaHi B Iojanbpnx po3sfinax. HaBeneHi
OCHOBHi JJaHHI IPO CTPYKTYPY Ta MarHiTHi BJIaCTUBOCTI cIiaBiB ['eiicyiepa 3 akLieHTOM Ha OCOOJIMBOCTI, SIKi MalOTh
MicClle B TOHKUX elliTaKCiaJIbHUX IJIiBKaxX UX MaTepianiB. B gpyromy po3zini HaBeJieHa KOPOTKa iHpopmalis mono
€KCIIepUMEHTAJIbHUX METOJB, sIKi BAKOPMCTOBYBAJIMCh B JJaHiil pOOOTi 1151 HOCiIPKEHHS CTPYKTYPHUX Ta
MAarHiTHUX BJIaCTUBOCTEH 3pa3KiB (eHepro-gucrepcilina peHTreHiBCbKa CIIEKTPOCKOIIis, peHTreHiBchbKa Audpakiiis,
aTOMHO-CHUJIOBA MiKpOCKOIIig, BibpalliliHa MarHiTOMeTpisi, pepoMarHiTHUI pe3oHaHC Ta bpinoeHiBCbKke
PO3CilOBaHHsI), Ta OCHOBHI (i3W4Hi IPUHLUIIY, SKi JIeXKaTh B iX OCHOBI. TpeTiil po31is NPUCBSIYEHUH TOCIiI>)KEHHS
CTPYKTYPH Ta MarHiTHUX BJIACTUBOCTEN €MiTaKCialbHUX IJIiBOK cIiaBy 'ericiepa Co2FeGe, ocamkeHnx Ha
MOHOKpHcTasiyHi niaxnaguaku MgO (100). Lle mocifskeHHs IoKa3ye 3HauHy poJib TEPMIYHOI 0OpPOOKY B
ONTMMi3alii MarHiTHUX BjacTUBOCTEN ILTIBOK Co2FeGe 114 3aCTOCYyBaHb B CUCTEMAX CIIIHTPOHIKY Ta MAarHOHIKY.
ByJ10 noka3aHo, SIK Ha MarHiTHITOCTaTUYHI Ta MarHiTOAMHAMIYHI BJIACTUBOCTI BIUIMBAE MIKPOCTPYKTYpa ILIiBOK, Ha
5Ky, Y CBOIO Yepry, BIUIUBAa€ TEPMiuHA 06po6Ka. 30Kpema, 6ysI0 NPOAEMOHCTPOBAHO, 110 BILJIMB TEMIIEPATypU
00pOOKM Mae HEMOHOTOHHUI XapaKTep i I0Ka3aHi IJISIXU ONTHUMi3allil TEXHOJIOTIYHUX [TapaMEeTPiB IJ1s1 LOCSITHEHHS
MOTPiOHMX MArHITHUX BJIACTUBOCTEN IIJIIBOK. B yeTBepTOMY PO37iJi HaBe[eHi Pe3yJIbTaTy 0 NOCJiIXEHHIO BILJIUBY
ME30CKOIIIYHOI IIPOCTOPOBO MEPIOANYHOI IBIHHNKOBOI CTPYKTYPH, sIKa POPMYETHCS B eIiTaKciabHUX IITiBKaxX
CIIaBiB 3 MarHiTHUM edeKkToM nam’saTi popmu, Ha ix MaTHITHI BJJACTUBOCTi Ta MarHiTOAWHAMIYHI XapaKTE€PUCTUKHU.
O6roBoprOETHCS MEXaHi3MU (POPMyBaHHS TPOCTOPOBO NE€PIOIUYHOI ABITHUKOBOI CTPYKTYPHY B TOHKUX ILJIiBKax
CILJIaBiB 3 €(PeKTOM NOM'Ti OpMH Ta BILJIMB TOBLIMHM IIJIIBOK Ha Nepioj] Takoi CTPyKTypu. [TokazaHa aHanoris Mix

HaHOJBITHUKOBUMMU CTPYKTypaMU Ta IapyBaTUMU CUCTEMaMU Ha OCHOBI (pepOMarHeTHKiB.

2. The main goal of the research carried out in the dissertation was to determine the influence of the micro and
mesoscopic crystal structure of epitaxial films of Heusler alloys on their magnetic and magnetodynamic
characteristics, as well as to establish technological methods for their control. The creation of magnetic
nanoelectronics requires solution of a number of fundamental and technological problems. Among the
fundamental ones, it should be noted the problem of controlling magnetic dynamics and magnetic parameters of
nanosystems (magnetic anisotropy, damping coefficients, exchange constant, etc.). From an applied point of view,
there is an urgent need to find materials having parameters that meet the requirements of specific systems and



devices, and, on the other hand, to be highly technological and easily integrated into modern industrial cycles. The
most attractive would be to use all-metal magnetic elements, which manufacture is well developed and allows
using standard technologies. In addition, such elements can be easily incorporated into modern microchips. One
of the most promising materials for this is considered to be Heusler alloys. Calculations show that some Heusler
alloys can have one hundred percent spin polarization. This statement still remains a theoretical prediction, but
the degree of spin polarization in these alloys at room temperatures is high enough, and they are already used in
spintronic devices. In addition, Heusler alloys based on iron and cobalt are characterized by the lowest magnetic
damping parameter among metallic ferromagnets, which opens the way for their application in magnonics
elements. The main problem with Heusler alloys in spintronics and magnonics is the fact that their magnetic
properties strongly depend on the crystal structure (degree of ordering, uniformity, crystallite size, twin structure,
etc.), which, in turn, are determined by the manufacturing and processing technology. Therefore, establishing the
relationship between the crystal structure and magnetic parameters of these materials, as well as the development
of magnetic structures with controlled parameters is a relevant task. This dissertation study investigated the
physical principles of a control of magnetic characteristics of epitaxial films of Heusler alloys. The dissertation
consists of four sections. The Introduction sets out the main arguments regarding the relevance of the chosen
topic, defines the main goal and objectives of the research, and outlines the object and subject of study. In
addition, the key scientific results that are presented for defense and reflect the novelty of the results obtained are
formulated, and the personal contribution of the applicant to the work performed is shown. The information on
the approval of scientific results at professional scientific conferences and on the connection of the dissertation
research with scientific research works is also provided. The First section contains information on the current
state of research on thin films of Heusler alloys and justification of the relevance and novelty of the results
described in the following sections. Some main data on the structure and magnetic properties of Heusler alloys are
presented with an emphasis on the features that occur in thin epitaxial films of these materials. The Second
section provides a brief information on the experimental methods used in this work to study the structural and
magnetic properties of the samples (energy- dispersive X-ray spectroscopy, X-ray diffraction, atomic force
microscopy, vibrational magnetometry, ferromagnetic resonance and Brillouin scattering), as well as the basic
physical principles that underlie them. The Third section is devoted to the study of the structure and magnetic
properties of epitaxial films of Co2FeGe Heusler alloy deposited on single-crystal MgO(100) substrates. This study
shows the significant role of heat treatment in optimizing the magnetic properties of these films for applications in
spintronics and magnonics systems. It was shown how the magnetostatic and magnetodynamic properties are
affected by the microstructure of the films, which, in turn, is affected by heat treatment. In particular, it was
demonstrated that the effect of the thermal treatment is non-monotonic in nature and ways to optimize
technological parameters to achieve the desired magnetic properties of the films are shown. The Fourth section
presents the results of the investigation of the influence of the mesoscopic spatially periodic twin structure, which
is formed in epitaxial films of alloys with a magnetic shape memory effect, on their magnetic properties and
magnetodynamic characteristics. The mechanisms of formation of a spatially periodic twin structure in thin films
of alloys with a shape memory effect and the influence of the film thickness on the period of such a structure are
discussed. The analogy between nanotwin structures and layered systems based on ferromagnets.
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