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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MarsitocTaTuyHi i JUHaMi4YHi BIaCTUBOCTY MarHiTHUX Ta €JIEKTPOIOJISIPU3aLliliHi BJACTUBOCTI (PepOeIEeKTPUYHUX

HAHOCTPYKTYP [JIS1 3aCTOCYBAHb Y CIIIHTPOHILlI Ta HAHOEJIEKTPOHILL.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Magnetostatic and Dynamic Properties of Magnetic Nanostructures and Electpolarization Properties of
Ferroelectric ones for Applications in Spintronics and Nanoelectronics.

Pedepar yKpaiHCBKOIO:

BignosigHo 1o nuany npoekry, etan 1(04.2020 - 12.2020) Bkyto4ae JOCHiIKEHHs 6e3l1epepBHUX Ta IPaHyIbOBAHUX
MarHiTHUX HaHOIUIIBKUA. 30KpeMa, TOCIiyKyBali MarHiTHI €J1aCTOMEPH, CIIOJIYKU 3 Iy>Ke MPY>KHOIO MATPULEIO,
3alI0BHEHOIO MArHiTHUMM YaCTUHKAMU. Y TAKUX CUCTEMAX CUJIM MATHITHOTO AUMOJb-OUIIOJIbHOT'O B3aEMOii MixX
YaCTHMHKaMHU € JOCTaTHIMU [1JIs1 BIJIMBY Ha IPY>KHI [IapaMeTpu Ta 30BHILIHIO (POPMY 3PasKiB, iX JIiHilHe MOJ0BXEeHHS
y HalpsiIMKy HaMarHiuysaHHs1. 1li cucteMu B)Ke IOUYMHAIOTh BIIPOBA/IKYBaTHCS B pOOOTOTEXHIKY. 3aIjlaHOBaHi
IOCTIiIKEeHHs Oy/y MPOBEMEHI, a iX OCHOBHI pe3yJIbTaTy OMUCAHi B pO3AiJi 2 1[bOT0 3BiTy pa3oM i3 JOCTiIKEHHIMHU
MarHiTHUX HAaHOITOPOILKIB Ta HAHOTPAHYJIAPHMX KOMIIO3UTIB Y BUTJIALI TOHKUX IUIIBOK. KOPOTKUI BCTYII 11O 3BiTY
Mae Homep "Pozgin 1". TInaH Takox nepenbdayaB gOCTiIKEHHSI HU3bKOBUMIPHUX CUJIBHUX MarHiTHUX MarepiaiB Ta
iX HeJiHINHUX BJAaCTUBOCTEN, 30KPEMA TUX, IO CTOCYIOTHCS JOMEHHOI CTPYKTYPH, Ta iX yIIPaBIiHHS LJISXOM 3MiHU
MAarHITHUX MOMEHTIB €JIEKTPUYHUM CTPYMOM J1JIs1 CTBOPEHHS IIPUCTPOIB IJ151 TPAKTUYHOTO BUKOPUCTAHHS.
Pe3ysnbTaTy IUX NOCIIIIKEHb ONKUCAHI B pO37isi 3 3BiTy. 3 TOUKM 30PY BJIACTUBOCTEN CETHETOEJIEKTPHUKIB IIPOBEAEHO
IOCJTiI)KeHHS] MEXaHi3My BIUIMBY Ha ix napameTpu moaudikallii ckiasy 3pasKiB MIJISIXOM [0 aBaHHS
PiKiCHO3€eMeJIbHUX AOMIMIOK. Lli MOCIiIKEHHS € NTepeBaKHO TEOPETUYHUMU. fx ocHOBHWMI1 3MicT omucaHuit y
po3zini 4. 17151 3py4HOCTI 3BiTy MaIlOHKHU Ta (OPMYJIU KOXKHOTO PO3Lily MalOTh «IIOJBIIIHY» HyMEPallilo, HalPUKJIA,
«N.M», ne N - Homep po3piny, a M - HoMmep BifIoBiIHOro 06'ekTa (pUCyHKa, GOPMYJIN) y IbOMY po37ii. PesysibraTu
IIPOEKTY MOXKYTb OyTH BUKOPUCTaHI [1J151 CTBOPEHHSI (PYHKIIOHAJIbHUX €JIEMEHTIB HA OCHOBI HAHOTPAHYJISIPHUX
IIJ1iBOK, 30KpE€Ma [JIs1 MarHiTHOI rineprepmii, MarHiToesIacCTOMEPIB Ta NMPUCTPOIB, 110 BUKOPUCTOBYIOTh
CErHeTOeJIEKTPUYHi CIIOJyKY, 1J1s NoAanbIuX fociigkens B IO HAHY Ta iHmux nocaigHULIbKUX LEeHTPIB 5K B

YKpaiHi, Tak i 32 KOpJJOHOM 3a MeKaMU YKpPaiHU i B [IpoLeci HaBYaHH4.

Pedepar aHIJIiHCBKOIO:

According to the project plan, stage 1(04.2020 - 12.2020) includes studies of continuous and granular magnetic
nanofilms. In particular, magnetic elastomers, compounds with a very elastic matrix filled with magnetic particles,
were studied. In such systems, the forces of the magnetic dipole-dipole interaction between the particles are
sufficient to affect the elastic parameters and the external shape of the samples, their linear elongation in the
direction of magnetization. These systems are already beginning to be implemented in robotics. The planned
studies have been performed and their main results are described in Section 2 of this report together with studies
of magnetic nanopowders and nanogranular composites in the form of thin films. The Brief Introduction to the
Report is numbered as "Section 1". The plan also provided for the study of low-dimensional strong magnetic
materials and their nonlinear properties, in particular those related to the domain structure, and their control by
changing the magnetic moments by electric current to create devices for practical use. The results of these studies
are described in section 3 of the report. In terms of the properties of ferroelectrics, a study of the mechanism of
influence on their parameters of modification of the composition of the samples by adding rare-earth impurities.
These studies are mostly theoretical. Their main content is described in Section 4. For the convenience of the
report, the figures and formulas of each section have a "double" numbering, such as "N.M" where N is the section
number and M is the number of the corresponding object (figure, formula) in this section. The results of the project
can be used to create functional elements based on nanogranular films, in particular for magnetic hyperthermia,



magnetoelastomers, and devices using ferroelectric compounds, in further research at the IF NASU and other
research centers, both in Ukraine and abroad outside Ukraine and in the learning process
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII ykpaiHCBKOIO: HoBa MeTO/1KA OLiHIOBAaHHS BEJIMYMHY MArHITOPEOJIOTIYHOTO eeKTy Y MATHITHUX
eslacToMepax. [10sSiCHEHHSI TO3UTUBHOIO HM3bKOIIOJILOBOTO MAarHiTOONOPY Y HAHOTPAHYJISIPHUX ILTiBKaxX 3
MepIEHINKYJIISIPHOIO aHi3oTpomnien. HoBa MeTouKa AOCTiIPKEHHS CIIiH-XBUJILOBUX MOJ, JIOKAJIi30BaHUX Ha
i3os1pOBaHUX AedeKTax y AUNOJIbHO-TIOB I3aHUX MacHBax MarHiTHCIIHOBUX XBUJIb 3aJI€XKHO Bifl TUIY AedeKTiB i Bif
0CO06JIMBOCTEN 06'€MHOrO CIIEKTPA CITIHOBUX XBUJIb ITOGIM3Y MOT0 MiHiIMyMy a60 Makcumymy. HoBi MexaHizsmu
BIUIMBY Ha apaMmeTpu Moau@ikalii ckiany 3pasKiB i IpOCTOPOBO-MOAYJ/IbOBaHi a3y aHTU(PEPOIUCTOPCIHIX

MYJIbTU(EPOIKIB MIJIIXOM JOABaHHS B HUX PifKiCHO3EMeJIbHUX JOMILIOK.

Hazpa HTII aHrsificbKoOI0: A new method for estimating the magnitude of the magnetorheological effect in
magnetic elastomers. Explanation of positive low-field magnetoresistance in nanogranular films with
perpendicular anisotropy. A new method for studying spin-wave modes localized on isolated defects in dipole-
bound arrays of magnetic spin waves depending on the type of defects and on the features of the volume spectrum
of spin waves near its minimum or maximum. New mechanisms of influence on the parameters of modification of
the sample composition and spatially modulated phases of antiferrodistory multiferroics by adding rare-earth
impurities to them.

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
Ipuyunu, yepes siki HTII we 0yJi0 cTBOpeHo:
OTpuMaHi pe3yJIbTaTH: MeTtony, Teopii

T'any3s 3acTocyBaHHs: 72.19

PeecTpaiifiHuii HOMep KapTKH Te€XHOJIOT1i:

Onuc HTII: 3uaiineni xapakrepucTryti napaMeTpu MarHiropeosioriyHoro e(pekTy y MarHiTHUX e1acTOMepax i
NOSICHEH] K HaCJliJOK BUHMKHEHHS B IUX 3pa3kax MarHiTHOI aHi3oTpomii B HAC/iIOK IepedyA0BYU PO3TallyBaHHS
OJIVKHBOTO OTOYEHHSI MarHiTHUX TPaHyJI IPY iX HaMarHivyBaHHi, BCTAHOBJIEHO, 110 HU3bKOTEMIIEPATYyPHA Pi3HUL
HU3bKO-TI0JIbOBOTO MArHiTOOIIOPY B TPaHyJISIPHUX ILTiBKAX 3 NE€PIEHAMUKYISIPHOIO aHI30TPOIIIEI0 MOB'S13aHa 3
0JI0KyBaHHSIM BHYTPUILJIOLIMHHOI, BUIIAJIKOBO OPi€HTOBaHOi aHi30TpoMii LIUX IJ1iBOK i BUHUKAE JIUIIE TIPU
pO3MarHidyyBaHHi He JiMlle CepeHbOI BEJIMYMHY JIOKAJIIbHOI HAMArHIi4eHOCTI, aje i ii HanpsAMKiB. 3HalAEHO IJIAXY 1
TUIY BUHUKHEHHS OJATKOBUX CIIH-XBUJIbOBUX MO/, JIOKAJi30BaHUX Ha i30JIbOBAHUX Ae(deKTax y AUMNOTIbHO-
[IOB'13aHUX MacHBaxX MarHiTHUX CIIIHOBUX XBUJIb 3aJI€XKHO Bif, TUIy AedeKTiB . [TokasaHo, 10 KiJIbKiCTb i
BJIACTMBOCTI JIOKaJi30BaHUX Je(PEeKTHUX CIiH-XBUJIbOBUX MOJ, 3aJI€KaTh BiJ] TOTO, BIJINBa€ KOHKPETHUI fedeKT Ha
MIXKTOYKOBY MarHiTOAMIIOJIbHY B3a€MOZII0 YU Hi. [JOBEEHO, 110 YMOBU IOSIBY JIOKJIi30BaHUX MOJI, 3aJI€KaTh BiJl
0CO06JIMBOCTEN 06'€MHOr0 CIIEKTPA CIIIHOBUX XBUJIb MOGIU3Y 10T0 MiHIMyMy a60 MakCUMyMy. 3HaliieHi HOBi
MexaHi3Mu mopuikanii ckiany i BlacTuBoCTel 3paskiB aHTUPEPOAUCTOPCIMHUX MYIbTU(PEPOIKIB MIISIKOM
IOJABaHHS B HUX PiJKiCHO3EMEJIbHUAX JOMIIIOK, 30KpeMa BIUIMBY Ha iX IOMEHHY CTPYKTYPY i HaZJaHO TeOpeTUYHE

MOSICHEHHS UMM e(EeKTaM.

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHuunoBo HOBOI mpoayKiii (Marepiasis,

TEXHOJIOTI} TOMIO) AJ1s1 3a0e3MeYeHHSs eKCIIOPTHOTO NIOTEeHIialy Ta 3aMillleHHIO iIMIIOpTY
Bnins HTII Ha moBKiJjs:
BnposaaskeHHst HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eTamy:

3aKiHYeHHs eTaly:
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IlepcneKTHBHI PUHKHU:
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