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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

KosnexTuBHa guHamika (pepoMarHiTHUX HAaHOYACTUHOK 3i CKIHYEHHOIO aHi30TPOIIEI0 y B'SI3Kil pignHi

Ha3zBa po6oTu (aHrJ1)

Collective dynamics of ferromagnetic nanoparticles with a finite anisotropy in a viscous liquid

Pedepar (yxp)

O6'exT mocrimxeHHs -- 1) mpeleciiiHi pe>xuMy 3B's13aHOI MarHiTHOI Ta MeXaHiuyHOi JuHamiky ¢epoMarHiTHUX HaHOYACTHHOK y
B'SI3Kill PifiKHi; 2) CIPSIMOBAHUI TPAHCHOPT (Apeii() HAHOYACTUHOK y IPaJlieHTHUX MAarHiTHUX NOJsIX. [IpegmMeT JocaimKeHHs --
YMOBHU iCHYBaHHSI CIIPSIMOBAaHOTO TPAaHCIIOPTY HAHOYACTHUHOK Ta 3aJIEKHICTh MBUAKOCTI iX Ipeidy i MOTYKHOCTI BTpaT €Heprii Bif
napameTpiB CUCTEMU. MeTa [OCHiIPKEHHS -- BU3HAYEHHS ONTHMAJIbHUX MapaMeTpPiB BiATYKY NEPiOAUYHO 30YAKEHUX CHUCTEM
(pepoMarHiTHUX HaHOYACTUHOK. METOOM MOCTIIKEHHSI -- METOAY MiKDOMAarHeTusmy, METOAM MAaTeMAaTUYHOI (i3VKY, YUCETbHI
Metoan. [IpoOeKT cCHpsIMOBaHMII Ha TNOIMIMOJIEHE [OCTIIKEHHS BHUMYMIEHOI AWHAMiKM (EpOMAarHiTHUX OJHOJOMEHHHUX
HaHOYACTUHOK 3i CKiHYEHHOI0 OJHOOCBbOBOIO aHi30TPOIII€I0, 3BAKEHUX y B'SI3Kiil piiuHi Ta 30y KyBaHUX 30BHIIIHIM 06€PTOBUM
MAarHiTHUM nojeM. Ha OCHOBi po3po67eHUX aHaliTUYHMX Ta YMCEJIbHUX iHCTPYMEHTIB MM aHa/li3yeMO YMOBU TeHepallii pisHux
NpELEeCIiMHUX PEXUMIB Ta iX BIUIMB Ha MOINIMHAHHS eHeprii. [lokazaHo, 1O 3MiHM [OUHAMIYHUX PEXUMIB IIPU3BOIAMATH [0
CTPUOKOIOiOHNX 3MiH MOTYKHOCTi BTpat. Briepiie omnucaHo sIBUIIE iHIYKOBAHOT'O IOUCHIIAli€l0 06epTaHHS MarHiTo-i30TpOMNHOi
HaHOYaCTUHKM B 00epTOBOMYy moOJji. TakoXX BCTAaHOBJIEHO, IO TpaflicHTHE MAarHiTHeE IIOJie, sIKe 3MIiHIOETbCSI 3 4YacoM 3a
rapMOHIMHUM 3aKOHOM, MOXE IHillilOBaTM HEOYiKyBaHHUN €@QEKT -- TMOSIBY CIIPSMOBAHOTO TPAHCIOPTY HAHOYACTUHKU.
Cdopmy/bOBaHO YMOBU iCHYBAaHHSI LIbOTO €(EKTy Ta BU3HAYEHO 3aJIEKHICTh Bij 4acy cepeiHboOi IBUAKOCTI HaHOYACTUHKMU.
[TokasaHo, WO NPUYMHOIO TIOSBM TPAHCIIOPTY € IEPNEHJUKYJIspHA [0 TPAJi€eHTHOIO II0JI1 KOMIIOHEHTA 30BHIIIHBOTO
OJIHOPifHOro MarHiTHoro moss. Pesynprat HJIP MOXyTb OyTH BUKOPUCTaHI JJisl MiOOPY ONTUMAaJIbHUX NapaMeTpiB y MeTOomi
MarHiTHoi rineprepmii 151 Tepamii OHKO-3axBOpIOBaHb, [JISi aPECHOI [OCTaBKM JIKiB y OpraHismi Ta s BHUPOOHUIITBA

KOMITO3UTHUX IIOKPUTTIB, 110 €(PEeKTHUBHO MOIJINHAIOTh PAJiOXBUII
Pedepar (aHrI)

Objects of research: 1) precession regimes of the coupled magnetic and mechanical dynamics of ferromagnetic nanoparticles in



a viscous liquid; 2) directed transport (drift) of the nanoparticles in gradient magnetic fields. The subject of research is the
conditions for the existence of directed transport of these nanoparticles and the dependence of their drift speed and power loss
on the system parameters. The aim of the study is to determine the optimal response parameters of periodically excited systems
of ferromagnetic nanoparticles. Research methods: methods of micromagnetism, methods of mathematical physics, numerical
methods. The project is aimed at an in-depth study of the forced dynamics of ferromagnetic single-domain nanoparticles with
finite uniaxial anisotropy suspended in a viscous fluid and excited by an external rotating magnetic field. Based on the developed
analytical and numerical tools, we analyze the generation of different precession regimes and their impact on energy absorption.
It is shown that changes in dynamic modes lead to abrupt changes in power loss. The phenomenon of dissipation-induced
rotation of a magnetically isotropic nanoparticle in a rotating field is described for the first time. It is also established that a
gradient magnetic field, which varies in time according to the harmonic law, can initiate an unexpected effect - the appearance
of directed transport of the nanoparticle. The conditions for the existence of this effect are formulated and the time dependence
of the average velocity of the nanoparticle is determined. It is shown that the cause of the appearance of transport is the
component of the external uniform magnetic field perpendicular to the gradient field. The results of Project can be used to
select the optimal parameters in the method of magnetic hyperthermia for cancer treatment, targeted drug delivery in the body,
and obtaining composite coatings that effectively absorb radio waves
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