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Poamip opranisarii:
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocigKeHHsT MexaHi3My IIOTJIMHAHHS €JIEKTPOMArHiTHUX XBUJIb B KOMIIO3UTHUX MaTepiasiax Ha OCHOBI HiKeJIb-

LIMHKOBUX (PEPUTIB 3i CTPYKTYPOIO IIIiHEi

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Investigation of the mechanism of electromagnetic wave absorption in composite materials based on nickel-zinc
ferrites with spinel structure

Pedepat yKpaiHCBKOIO:

MeTonom ocalpKeHHs 3 BOOHUX PO34MHIB CUHTE30BaHO ¢epuTH 3i CTpyKTypolo mminesi Ni0.5Zn0.5Fe204.
BcraHOBIIEHO, IO CEpPefHIN PO3MIP OfE€p>)KaHUX YACTUHOK CTaHOBUTH 34 HM. Ha OCHOBI OTpMMaHMX YaCTMHOK
OTPMMAaHO 00'€MHi MOJIIKpUCTAiYHi 3pa3Ky KepaMiky OJHOPiZHOI KepamiKi 3 BUCOKOIO IIiIbHICTIO Ta CEPEeAHIM
po3mMipoM 3epeH 6;113bKo 10 MKM. Y X0Zi IOoCiI)KeHHSI MarHiTHUX BJIaCTUBOCTEN KepaMiku Qpepury
Ni0.5Zn0.5Fe204 3i CTpyKTypoIO IIMiHei y MUPOKOMY 4YaCTOTHOMY AianasoHi Bif 1 MI'n go 50 I'T1y 6ys10 BUSIBIEHO
YOTUPU TUIIM MArHiTHUX 30y[eHb. BucokovyactoTHa (BY) marHitHa npoHUKHICTb Kepamiku Ni0.5Zn0.5Fe204,
BuMipsHOI B gianasoHi 1 MI'y — 2 I'Ty npu Temneparypax Bif 100 K 7o 400 K, xapakTepu3yeTbCsa BUCOKUMU
3HaueHHsMU ~280 nipu 1 MI'ly i KiMHATHIN TemnepaTypi Ta BUPa)KEHOI0 Pe30HaHCONOiOHOI0 AUCIIePCielo Ha BCixX
TeMIIepaTypax i3 MHUPOKUM, YiTKO BUPaKEHMM MaKCUMYMOM MAarHiTHUX BTpaT y Aiana3oHi 10-100 MI'L. [TokasaHo,
11O NPOLECU BUCOKOYACTOTHOTO MOIJIMHAHHS, €KPAHYBaHHS Ta 3aracaHHs €JIEKTPOMAarHiTHUX XBUJIb Y HiKeJIb-
uHKoBoMy Ni0.5Zn0.5Fe204 3ymoBJIeHi came MHaMiKOI0 CTIHOK MarHiTHUX AOMeHiB. Llg nuHamMika BUSIBIIsiE
BUCOKY YyTJIMBIiCTb HaBIiTh JJO CJIaOKOT0 30BHIIIHLOIO MArHiTHOTrO I10JI4, 0 3a6e3evyye 3HauHy BUCOKOYACTOTHY
HEJIiHINHICTh MarHiTHOI IPOHMKHOCTI Ta BTPAT (Ha piBHi +50 %, a Ha OKPEMUX YaCTOTax — lie Oisbiie). Y
HaaBUCOKo4yacToTHOMY (HBY) mianazoni 2-50 I'T1 3a 10NOMOro0 MiKpOCMY>KKOBOI JIiHii BUSIBJIEHO TpU 06J1ACTi 3
MiHIMaJIbHUMU 3HAYEHHSIMU KoediljieHTiB iepefaBaHHs Ta BinouTTs (0o —30 1b), 4yTanBUX 10 Aii 30BHIIIHBOTO
MarHiTHoro nosst. i 06s1acTi BiANIOBifAl0Th TPhOM MarHiTHUM 30YIPKEHHSIM (MarHoHam), 110 BiloOpaXkaloTb
KOJIEKTUBHY CIIiIHOBY JMHAMIKy y 06'eMi JOMEHHOI CTPYKTYpH, BKJIIOUHO 3 IPUPOJHUM (PEePOMATrHiTHUM PE30HAHCOM
(amxye 10 I'T) Ta IBOMa BUCOKOYACTOTHUMM MarHOHHMMU MOJiaMU B Aiana3oni 28-44 I'Tu. Otpumani pesyabratu
PO3KPMBAIOTh KJII0YOBi MEXaHI3MU MOTJIMHAHHS Ta €KPAHYBaHHS €JIEKTPOMAarHiTHMX XBUJIb Y KEpPaMilli
Ni0.5Zn0.5Fe204.

Pedepar aHIJIiHCBKOIO:

Ferrites with the spinel structure Ni0.5Zn0.5Fe204 was synthesized by the precipitation method from aqueous
solutions. It was found that the average size of the obtained particles is 34 nm. Based on the obtained particles,
bulk polycrystalline samples of homogeneous ceramics with high density and an average grain size of about 10 pm
were obtained. During the study of the magnetic properties of ferrite ceramics Ni0.5Zn0.5Fe204 with the spinel
structure in a wide frequency range from 1 MHz to 50 GHz, four types of magnetic excitations were detected. The
high-frequency (HF) magnetic permeability of Ni0.5Zn0.5Fe204 ceramics, measured in the range of 1 MHz - 2 GHz
at temperatures from 100 K to 400 K, is characterized by high values of ~280 at 1 MHz and room temperature and a
pronounced resonance-like dispersion at all temperatures with a wide, clearly pronounced maximum of magnetic
losses in the range of 10-100 MHz. It is shown that the processes of high-frequency absorption, shielding, and
attenuation of electromagnetic waves in nickel-zinc Ni0.5Zn0.5Fe204 are due precisely to the dynamics of
magnetic domain walls. This dynamics exhibits high sensitivity even to a weak external magnetic field, which
provides significant high-frequency nonlinearity of magnetic permeability and losses (at the level of +50%, and at
certain frequencies even more). In the ultrahigh-frequency (UHF) range of 2-50 GHz, three regions with minimum
values of transmission and reflection coefficients (up to -30 dB) sensitive to the action of an external magnetic
field were identified using a microstrip line. These regions correspond to three magnetic excitations (magnons)



reflecting collective spin dynamics in the volume of the domain structure, including the natural ferromagnetic
resonance (below 10 GHz) and two high-frequency magnon modes in the range of 28-44 GHz. The obtained results
reveal the key mechanisms of absorption and shielding of electromagnetic waves in Ni0.5Zn0.5Fe204.
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