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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

CrnpsiMOBaHMI! TPAHCIIOPT Ta AUCHUIIALLiSI €eHeprii B cucTeMax pepoOMarHiTHUX HAaHOYACTUHOK i MarHiTHUX CKipMiOHIB

Ha3sBa po6oTH aHIJIilICbKOIO:

Directed transport and energy dissipation in systems of ferromagnetic nanoparticles and magnetic skimmions

PedepaT ykpaiHCbKOIO:

[IpenMeT mOCIiIKEHHS: YMOBHU iCHYBaHHSI CIIPSIMOBAHOTO TPAHCIIOPTY (epOMArHiTHMX HAHOYACTHUHOK Ta
3aJIeXKHICTb IBUAKOCTI iX Apeidy i NOTY>KHOCTI BTpaT €Heprii Bifl BeIMYMHU 4nces PeliHoIbICca, XapaKTEPUCTUK
30BHIIIHBOIO MATHITHOTO I0JI, CTYIIEHIO CIIIHOBOI NOJISIpU3alii CTPyMy, IUIOJIbHOI B3a€MOii, BEJIMYNHY 1014
MAarHiTHOI aHi3oTporlii, edEeKTHOI CTPYKTypU ILJIiBKY, TEMIIEPATYPH Ta iHIINX NapaMeTpiB. OO'eKT QOCIiIKEHHS:
CIIPSIMOBAHMI TPaHCHOPT (Opeiid) pepoMarHiTHUX HAHOYACTHMHOK i MarHiTHUX CKipMiOHIB, IPUYMHOIO SIKOTO €
peaKlisl cepenoBula, i eHepreTUdHi Npouecy B HUX. MeTa IOoCHiIKeHHS: pO3BUTOK TEOPii CIPSIMOBaHOTO
TPaHCIIOPTY (pepOMarHiTHUX HAaHOYACTUHOK Y B'SI3Kill PiflMHI Ta MarHiTHUX CKipMiOHiB y (pepOMarHiTHUX IJIiBKax, a
TaKOXX BU3HAYE€HHS MOTY>KHOCTI BTPAT €HEPrii B TAKMX cUcTeMax. MeToau IOCIiI>)KeHHS: MeTOOU MiKpOMarHeTru3my,
MaremMaTu4Hoi Qi3uKy, dncespHi MeTony. TeopeTHYHO BUBYAETHCS AeTePMIHICTUYHA IHAMIKA OTHOLOMEHHUX
(depoMarHiTHUX HaHOYAaCTUHOK y po36aByieHuX pepopifuHax, 10 3HaX0AThCs 11if] BIUIMBOM CTallioHapHOro abo
[IepioAUYHOrO y Yaci rpaflieHTHOrO MarHiTHOro noJs. KiaacugikoBaHo npeueciiiHi pesxumMu cymicHOI MarHiTHoi Ta
MEXaHiYHOI [MHAMIKU Ta TI0Ka3aHO BIUIUB PEXUMIB Ha MOTY>KHICTb MOIIMHAHHSL. [106yZ0BaHO TE€OPil0 AUHAMIKA
HEB3aEMOJI{I0UMX YACTUHOK 3i CKiHU€HOI0 aHi30Tporieo. BU3HaueHO MOTYKHICTh €HePreTUYHUX BTPAT K QYHKIIiI0
napaMeTpiB cucteMu. Y HabJIVDKEHHi, KOJIM MarHiTHI MOME@HTU HAHOYACTUMHOK “BMOPOXKEHI” B HUX, [100YI0BAaHO
IeTePMiHICTUYHY TEOPilo Apei(y TaKUX YaCTUHOK. [10Ka3aHo, 0 OCKiNIbKY IrPaflieHTHE MArHIiTHE 110JI€ TeHEPYE SIK
TPaHCJIALIMHNM, TaK i 06epTaIbHUIN PYXU YaCTUHOK, IIi PyXH IIOB'sI3aHi MDK c00010. BcTaHOBJIEHO, 1110 B 327I€KHOCTI
Bil [10YaTKOBOI'O NI0JIOXKEHHS 3BKEHUX (PEepOMarHiTHUX HAHOYACTUHOK iCHY€ YOTHPH PEXUMHU X CIIPSIMOBAHOTO
TPaAHCIIOPTY B CTalliOHAPHOMY I'PalieHTHOMY MarHiTHomy noJi. Pesynbsratu HIP MOXyTb 6yTU BUKOPUCTAaHI B

6ioMmeuIMHI Ta mpolecax cenapartiii HAHOYaCTUHOK

Pedepar aHIJIiHCBKOIO:

Objects of research: conditions for the existence of directed transport of ferromagnetic nanoparticles and the
dependence of their drift speed and power loss on the Reynolds numbers, external magnetic field characteristics,
degree of spin current polarization, dipole interaction, magnetic anisotropy field, film defect structure,
temperature, and other parameters. The subject of research is the directed transport (drift) of ferromagnetic
nanoparticles and magnetic skyrmions, which is caused by the reaction of the medium, and energy processes in
them. The aim of the research is to develop the theory of directed transport of ferromagnetic nanoparticles in a
viscous liquid and magnetic skyrmions in ferromagnetic films, as well as to determine the power loss in these
systems. Research methods: methods of micromagnetism, mathematical physics, numerical methods. The
deterministic dynamics of single-domain ferromagnetic nanoparticles in dilute ferrofluids under the influence of a
stationary or time-periodic gradient magnetic field is studied theoretically. The precession modes of compatible
magnetic and mechanical dynamics are classified and the influence of the modes on the absorption power is
established. A theory of the dynamics of noninteracting particles with finite anisotropy is constructed. The power
loss is determined as a function of the system parameters. In the approximation when the magnetic moments of
the nanoparticles are "frozen" in them, a deterministic theory of the drift of such particles is built. It is shown that
since the gradient magnetic field generates both translational and rotational motions of the particles, these
motions are interconnected. It is established that, depending on the initial position of the suspended
ferromagnetic nanoparticles, there are four modes of their directed transport in a stationary gradient magnetic
field. The results of the Project can be used in biomedicine and nanoparticle separation processes
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: MeTo/; ONUCy NOIJIMHAHHS €HEPTii 3MIHHOrO MarHiTHOTO II0JIs, IO BPAXOBYeE
CKiHYEHHY aHi30TpoIi0. MeTo | KEPYBaHHS TPAHCIISILIHUM PYXOM HAaHOYACTUHOK 1[0 BUKOPUCTOBYE TPajlieHTHE

oJjie 3MiHHE y 4aci

Hassa HTII aHI/1ificbKOI0: A method for describing the energy absorption of an alternating magnetic field
that takes into account finite anisotropy. A method for controlling the translational motion of nanoparticles using a
time-varying gradient field

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpuMmaHi pe3yJIbTaTH: Mertoay, Teopii

l'asmy3b 3aCTOCYBaHHS: ¢isuka, GiomenuiyHa, IPOMUCIOBICTD
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Onuc HTII: Meron onucy norivHaHHs eHeprii 3MiHHOTO MarHiTHOTO M0JIs HAHOYACTUHKOIO Ma€ iCTOTHO 6isblie
IIpUKJIaJHE 3HAaYEHHS [IJI1 MEeTOZYy rineprepMii (MeToq, Teparii pakoBUX IyXJIMH Ha OCHOBI JIOKaJIbHOT'O HarpiBaHHS),
HDK IonepeHi pe3ysibTaTh, OTPUMaHi padilue, y 6is1b11 rpyoux moaesisix. KOHTpoboBaHICTh MPoOLeCy HarpiBaHHS €
KJIIOYOBUM NUTAHHSM JJ11 METOAY TrinepTepMii, TOMy OLIIHKM ONTHMAaJIbHUX NTapaMeTpiB, siki 3po6ieHi B pamkax
IIPOEKTY, € Ay>Xe 3aTpebyBaHMMU. 3arpONIOHOBAHMH MiIXiT 10 KepyBaHHs TpaHcaaniiHum pyxom OHY nepesakae
aHAJIOTU 3aBJSKU PO3IJIsAAY OiibIll 3arajbHOTO BUMAJIKY: KOJIM IPAJliEHTHE I10JIE€ € HE CTAlliOHADHUM, @ 3MiHHUM Y
yaci. 3okpemMa Takuil MiaxiJ Hafae MOKJIMBICTb KOMOiHYBaTH npouecu KoHueHTtpauii @HY 3 npoyecamu ix
HarpiBaHH4. TakoX MepioguyHU XxapakTep rpafi€eHTHOrO I0J1sl TeHepye KepOoBaHi J04ATKOBUMY CTalliOHADHUMU
IIOJISIMU HOBI peKMMH TPAHCIOPTY. BinnosigHo, oTpuMyeMo 6isblie MOKIMBOCTEN CTOCOBHO IIpeLU3iliHOro

KE€pyBaHHA TPAHCIIOPTOM HaHO4YdCTUHOK

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npunuunoBo HOBOI MpoyKIiii (Marepiasis,
TEXHOJIOTI} TOIIO) 17151 3a6€e3M1eYeHHs €eKCIIOPTHOTO MOTEeHIialy Ta 3aMillleHHIO iMNIOpTY, [loinmeHHs SKOCTi XKUTTS

Ta 3[J0POB'sl HaceJIeHHs], e(pEeKTUBHOCTI AialrHOCTUKU Ta JIiKyBaHHS XBOPUX
Bnyins HTII Ha moBKiJjs:
BrnpoBags>keHnHs HTII: He snposamxero
ITpakTuyHa peasnizanis HTTI
IToyaToK eTamy:
3aKkiHYeHHs eTamy:
Crno>kuBavi NPOAYKILii:
IlepcneKTHBHI PHHKHU:
XapakTep criBpoGiTHHIITBA 3 iHBECTOPOM
IToTpiGHMI 0GCAT iIHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJAI0ThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HagaBHicTb 6i3Hec-IJIaHY:
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHS:

IloTeH1iaIbHUE O0OCST IIPOJAIKY, THC. TPH..
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