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Hucepralis mpucBsUeHa, JTOCIIZKEHHIO ITIOBEIIHKHM CIIIHOBUX Ta aKy-
CTUYHUX XBWJIb B CUCTEMaXxX 3 HEOJHOPLJIHOCTAMU, B SKUX IHOPYIIYETHCS
CUMeTPist IHBePCil IIPOCTOPOBOI OCi, Ta 3 MarHITONPYKHUME Jie(DeKTaMU.
30Kpema, po3NIgIa€ThCsd BILUIMB TOPYIIEHHs CUMETpil iHBepcil mpocTo-
POBOI OCi Ha MexKi IBOX (pepOMATrHETHKIB Ha, PO3IIOBCIOIYKEHHS CIIIHOBUX
XBWJIb, MOJIEb 30Y/I?KEHHsI 00’€MHUX CIIHOBUX XBUJIb aKyCTHIHOIO XBU-
qero KoceBnda Ta BIJIMB MarmiTHUX BKJIOYEHL B MPYXKHIN crucTeMi Ha
PO3IOBCIOJIZKEHHSI aKYCTUYHUX XBUJIb.

CyuacHnii cTa mpodJieM, IKi ICHYIOTh Ha TelepiniHiii MOMEHT CTOCOB-
HO BILJIUBY HEOTHOPITHUX J1e(DeKTIB Ha MArHiTHI BJIACTUBOCTI MaTEPIaJIiB,
BijloOpazkeHnii y nepiiiii qacTuni HaBeleHol poboTu. Bemmka KiabKicTb
poliT TpucBgYeHa onucy edeKTiB B MarHiTHUX MaTepiajgax 0e3 IeHTpa
iHBepcil, mpoTe JJjis BCiX MacUBHHX MaTepiasiiB edeKTu cjiaadki. Tomy
yBary MpuBEepPHYJIN MOPYIIEHHs CUMeTPIl iHBePCil B IKOCTI HEOIHOPITHUX
inTepdeiici, jlepeKTHNX MApiB Ha MoBepxHi. B 3a1aniit Temaruili dara-
TO BaykKJIMBHUX 3aJia4 Ire He BupimeHo. OjiHa 3 TaKux - 1€ ypaxyBaHHS
BILTUBY MEXKi PO3JILIY, B AKiil TOPYIIyeThcs cuMeTpid inBepcii. Kpim To-
ro, aHaJjiiz poOiT PO MEePCHEeKTUBHICTD MO HAHHS IIepeBar MarHOHIKH 3

dOHOHIKOIO B HAHOEJICKTPOHII JIa€ 3alUT Ha JOCIIIZKEHHS METOMIB 30Y-



JIZKEHHSI CIIIHOBUX XBUJIb B TOHKHUX ILIIBKaX MOBEPXHEBUMU aKyCTUYHU-
MU XBIJISAMU 1 BUPIIIEHHs TTPOOJIeME MIBUKOIO JIeMIIpyBaHHs CIIIHOBUX
XBWJIb 38 PAXyHOK MarHITOAKYCTUYHUX IIPUCTPOIB.

YacTuna apyra npucBsvueHa BUBUEHHIO TTOBETIHKN CIIIHOBUX XBUJIb B
cucTeMi JIBOX (pbepOMArHeTHKIiB Ha MeXKi sIKUX TOpYyIIeHa CUMEeTpis iH-
Bepcii mpocTopoBoi oci. Ha ocHOBI TeopeTwvynHol MoOJesi, 10 BPaXOBYE
BILJIUB TOPYIIEHHs CUMETPil THUIlY 1HBEPCIl MPOCTOPOBUX oOcell Ha MexKi
MiXK JIBOMa pepoMarHeTuKaMi CKIHYeHHO! TOBIIMHU Ha 30YIKeHHS CITi-
HOBUX XBUJIb, OTPUMAHO JIOJATKOBY YMOBY JI0 3aKOHY JUCIIEPCIT, 110 MO-
JiKye TUCKPETHUIT CIIEKTP JI03BOJIEHNX YacTOT. BeTtanosyieno, 1o 3ua-
YeHHs ITapaMeTpa OPYIIEeHHsT CUMETPIT MPOTOPIiTHO 3HAUYEHHIO OOMIHHOT
KOHCTaHTU B TOHKOMY HEOJIHOPIJHOMY Iapl I'PaHUIll MiK MaTepiajaMu
Ta 3BOPOTHO HPOIOPIIITHO TOBIIMHI MexK1 MizK (hbepoMarHeTukamu. 3’ sico-
BaHO YMOBU [OCUJIEHHS BILJIUBY IapaMeTpa MOPYIIeHHs CUMeTPil iHBepcil
Ha TPAHUI JIBOX (pepoMarHeTHKiB Ha 3MIHN 3HAUEHHS KOoedilieHTa Mpo-
XOJIZKEHHSI 1M BiAOUTTS CIIHOBOI XBIJI BiJI I'DAHMUIN Ta 3MIHM 3HAYCHHSI
1 3HaKa (a30BOro 3cyBy MixK pa3aMm CIIHOBOI XBUJI, 1110 ITPOWHIILIa Ta
mo majae. TaknM 9UHOM, TapaMeTp MOPYIIeHHS CUMETPIl € JT0/IaTKO-
BUM (DAKTOPOM YIpaB/JIiHHA (DA30BUM 3CyBOM. BCTaHOBJIEHO, MO edeKT
HEB3AEMHOCT] BUHUKAE MPU PO3IOBCIOJI?KEHHI CIIIHOBOI XBWJII B CUCTEMI
JIBOX OJTHAKOBUX (DEPOMArHETUKIB B pe3yJIbTaTi MOPYIIEHHS CUMETpIl iH-
Bepcil IpoCTOPOBOI OCI Ha I'PaHUIN MixK HIMU. Br3HadeHo, 110 BeJInImHa,
napamMeTpa IOpYIIeHHsI cuMeTpil iIHBepcil Ha Mexki MixK JBoMa (epoMa-
IHITHUMU MaTepiajaMu MOKe BUCTYIIaTH MeTOJIOM KepyBaHHs KyTOM He-
minifinol crinoBoi XBu (KyT BIXMJIEHHS HAMATHIMeHOCTi BiJ] OCHOBHOTO
CTaHy) B JIpyromy matepiaji npu 30y/zKeHH] JIHIAHOT CIIIHOBOT XBUJI B
[IEPIIOMY.

Y yacTuHi TpeTiit 3AificHEHO TeopeTHYHe MOJIE/TIOBAHHS 30Y/IyKEHHSI
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00’€MHUX CITIHOBUX XBWJIb Y (DEPOMArHITHIN CHCTEMI ITOBEPXHEBOIO aKy-
cTraHOIO XBuJeo KoceBuua B 1tanapaoMy jedexkTHomy mmapi. Ha ocao-
Bl TEOPETUIHOI MOJIeJII BUBHAUEHO YMOBHU JIjIsT 30y /IZKEHHST MaKCUMaTbHOT
AMILTITYIN MArHiTHIX 30y/12KeHb.

B geTBepTOMY PO3AiJ1i TEOPETHUIHO JTOC/IIIKEHO KJIaC MAIHITO-aKyCTUIHIX
IIPUCTPOIB, Y AKUX CUTHAJI IePEeJIA€ThCs aKYCTUUHUMU XBUISIMU, TOJI STK
MarHiTHe 110Jie Kepye HOoro MOoMupPEeHHIM Yepe3 MarHiTonpyKH1 B3aeMOIi1
B TOHKIX 130/IbOBAaHNX MArHiTHUX BKJIIOUeHHS. Busnadeno, 1Mo 3MiHIO0-
Yy NIPUKJIaJleHe MarHiTHe I10Jie, MOXKHa 3MIHUTH PEe30HAHCHY 4acToTy,
npu fKiil ma1aiodl aKyCTUIHI XBUJI T1IOpUAN3YIOTHCS 3 MArHiTHUMU Pe-
’KMaMi BKJIIo4eHb. [lokazano, 1m0 JacToTHa 3ajeKHICTh KoedillieHTa,
BIJIONTTS XBUJIb BiJI BKJIIOUYEHb Ma€ baHoomiony JiiHiitHY dopMmy, sKa
0COOJIMBO YyTJINBa JI0 MaruHiTHoro jaemmdysanns. [lokazano, mo mera-
MaTepiaJbHUil MIJIX1J1, SKUil [MoJisArae y po3rjisil aKkyCTUIHOI XBUJIL B Iie-
PIOIMYHOMY MaCUBl, YTBOPEHOMY TOHKUMU MArHITHUMU IIapaMU B HeEMa-
IHITHIT MaTpUIli, ClipaB/ii KOPUCHUI JIJIT MarHiTOaKyCTUKU. Bceranosiie-
HO, IO TiOpuJHI MeTamaTepiaju, yTBopeHi 1D macuBamMu pe3oHATOPIB,
30L/IBITYIOTH BILIMB MATrHITONPYKHOTO 3B’SI3KY Ta 3MEHINYIOTh MarHiTHI
BTpaTu npu 3aracanni ['bepra. Po3risgHyTi cTpyKTypH pery/ioThest
3aCTOCOBAHUM TIOJIEM 3MIIEHH 1 JIEMOHCTPYIOTh Oarary i CKJajHy I0-
BEJIIHKY, TaKy 9K iHJIyKOBaHa Iepejiada Ta acumeTpid boppmana. [Ipu-
[IyCKAEThCs, 110 XapaKTEePUCTUKNU, TIOKa3aH1 TYT, BUABJIATHCS KOPUCHUMUI
IIPU CTBOPEHHI JATUYUKIB, ITYCKadiB Ta PaJlodacTOTHUX MOJIYJISATOPIB.

Kiro4oBi cjioBa: criHOBI XBUJI, aKyCTUYHI XBUJi, (hbepOMArHeTHK,
IpaHUYHl YMOBU, CUMETPIsl 1HBEPCIT, MArHITOIPYZKHa B3a€MO/I14.
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ABSTRACT

Gusieva Y.I. Spin and acoustic waves in the system with flat inhomogeneous
defects. - Qualifying scientific paper accepted as monograph.

Dissertation for the degree of phd doctor on a specialty 104 - Physics
and astronomy. - National Technical University of Ukraine "Igor Sikorsky
Kyiv Polytechnic Institute"and the Ministry of Education and Science
of Ukraine, Kyiv, 2020.

The dissertation is devoted to the research of the behavior of spin
and acoustic waves in systems with inhomogeneities in which the broken
inversion spatial axis symmetry and with magnetoelastic defects. In parti-
cular, the influence of the broken inversion spatial axis symmetry at
the boundary of two ferromagnets on the propagation of spin waves,
the model of excitation of bulk spin waves by Kosevich’s acoustic wave
and the influence of magnetic inclusions in the elastic system on the
propagation of acoustic waves are considered.

The current state of the problems that currently exist regarding the
influence of inhomogeneous defects on the magnetic properties of materi-
als is reflected in the first part of this paper. A large number of works
are devoted to the description of effects in magnetic materials without
an inversion center, but for all massive materials the effects are weak.
Therefore, attention was drawn to the broken inversion symmetry in
inhomogeneous interfaces and in defect layers on the surface. In a given
topic, many important problems have not yet been solved, one of which
is to take into account the influence of the boundary interface in whi-
ch the symmetry of inversion is broken. In addition, the analysis of the
perspects of combining the advantages of magnonics with phononics in

nanoelectronics gives a request to study methods for excitation of spin
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waves in thin films by surface acoustic waves and to solve the problem
of rapid damping of spin waves due to magnetoacoustic devices.

Part two is devoted to the study of the behavior of spin waves in
a system of two ferromagnets on the boundary of which the symmetry
of the inversion of the spatial axis is broken. Based on the theoretical
model, which takes into account the effect of broken inversion spatial
axis symmetry at the boundary between two ferromagnets of finite thi-
ckness on the excitation of spin waves, an additional condition to the
dispersion law is obtained, which modifies a discrete spectrum of allowed
frequencies. It is established that the value of the symmetry breaking
parameter is proportional to the value of the exchange constant in the
boundary layer between materials and inversely proportional to the thi-
ckness of the boundary between ferromagnets. It is found conditions for
increasing the influence of the inversion symmetry breaking parameter at
the boundary of two ferromagnets on a change in the value of the coeffi-
cient of transmission or reflection of the spin wave from the boundary
and on the value and sign of the phase shift between the phases of the
transmitted and the incident spin wave. Thus, the symmetry breaking
parameter is an additional factor of phase shift control. It is established
that the nonreciprocity effect occurs when the spin wave propagates in a
system of two identical ferromagnets as a result of breaking the symmetry
of the inversion of the spatial axis at the boundary between them. It is
determined that the value of the inversion symmetry breaking parameter
at the boundary between two ferromagnetic materials can be a method
of controlling the angle of the nonlinear spin wave in the second material
when the linear spin wave is excited in the first.

In the third part, the theoretical modeling of the excitation of bulk

spin waves in a ferromagnetic system by a surface acoustic Kosevich wave
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in a planar defective layer was carried out. On the basis of the theoreti-
cal model the conditions for excitation of the maximum amplitude of
magnetic excitations were determined.

The fourth section theoretically investigated the class of energy-efficient
magneto-elastic devices in which signals are carried by transverse acoustic
waves while the bias magnetic field controls their scattering from a
magneto-elastic slab. It is determined that by tuning the bias field,
one can alter the resonant frequency at which the propagating acoustic
waves hybridize with the magnetic modes. It is shown that the frequency
dependence of the the waves’ reflection coefficient from the inclusions
has a Fano-like lineshape, which is particularly sensitive to magnetic
damping. It is shown that the metamaterial approach is to consider
an acoustic wave in a periodic array of thin magnetic layers embeded
in a nonmagnetic matrix is really useful for magnetoacoustics. Hybrid
metamaterials, formed by 1D arrays of resonators, magnify the effect of
magnetoelastic coupling upon the acoustic scattering, thereby mitigati-
ng the Gilbert damping to tolerable levels. The considered structures
are regulated by the applied displacement field and demonstrate ri-
ch and complex behavior, such as induced transmission and Bormann
asymmetry. It is assumed that the characteristics shown here will be
useful in the creation of sensors, starters, radio frequency modulators
and tunable magnetic devices.

Key words: spin waves, acoustic waves, ferromagnetic, boundary

conditions, inversion symmetry, magnetoelastic interaction.



