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Pedepar:

1. Inceprauiiina po60Ta NpUCBSYE€HA KOMIJIEKCHOMY JOCJIiIKEHHIO CTPYKTYPH, €JI€EKTPO(i3NYHUX,
MAarHiTOONTUYHUX Ta MarHiTOPE3UCTUBHYUX BJIACTMBOCTEN HAHOPO3MIiPHUX ILIIBKOBUX IIAPYBaTUX HECUMETPUYHUX
CTPYKTYp Ha ocHOBi ¢pepomarHiTHux meTanis Fe, Ni, Co i cninasi FeNi i (Co-Cr) ta HemarHiTHuX MeTanis Cu, Cri Pt.
Kpim Toro, okpemo nocigkeHo BIIUB Temneparypu Bignany (600-1100K) Ha cTpyKTypHO - ¢pa30Buil ckuaf,
HaHO4YacTUHOK (epurtiB Fe304, NiFe204 ta CoFe204, sKi MOXYTb BUCTYINATH 6a30BOI0 MArHiTHOIO KOMIIOHEHTOIO B
CTPYKTypax TUITy MarHiTHi HAHOYAaCTUHKM / IIPOBifHAa MaTPUL, B SIKMX, 32 aHaJIOTI€I0 3 TPaHyJIbOBAHUMU
CTPYKTypaMU, MOXKE peasli3oByBaTUCh €(EKT riraHTCbKOro mardiroonopy ('MO). Bararomaposi M1iBKOBi CTPyKTypH
OTPUMYBAJI METOIOM IOIIAPOi KOHAEHCALlil He3a/Ie>)KHUX [IKePeJl, 3 OJa/bIIUM Bifnanaom o remneparypu 400 —

800 K. HanovyacTrHKY QepuUTiB OTPUMYBAJIMCh METOIOM XIMIYHOI'O CHHTE3Y 3a JOIIOMOIOI0 PeaKLii Mix



anetunaueroHaramu Fe, Nita Co 3 1,2 - rekcaieKaH1ioJIOM Ta OJIEITHOBOIO KMCJIOTOMO 1 0J1eisIaMiHOM Yy poJti
IoTiepeHUKA [I0BEPXHEBO aKTUBHOI pe4oBUHU y (peHinoBomy edipi. [Ipy HaHeceHH] YaCTMHOK Ha MigKIIagKy
BHUKOPHCTOBYBAJIACDH JI€KiJIbKa METOiB, a came KallaHHs pO3YMHY 3 HAHOYACTMHKAMU Ha MifKIanKy, MoaudikoBaHa
MeToauKa Jlenrmiopa — biiomKeT i MeTOZ, CIIiH — KOaTUHTY. KpiM IIPOCBivyI040i MiIKPOCKOIIii [J1s1 DOCIiIKEHHS
CTPYKTYPY HAHOYaCTUHOK J0JaTKOBO BUKOPUCTOBYBAJIUCh METOIM PACTPOBOI €JIEKTPOHHOI MiKPOCKOIIii i aTOMHO -
CHJIOBOI MIKPOCKOIIii, 17151 KOHTPOJIIO JOCKOHAIOCTi C(pOPMOBAHUX LIapiB. AKIIEHT B poOO0Ti OyJ10 3p0obJieHo Ha
IOCJiIKeHHI Ta aHasli3i 3MiHY MarHiTHUX XxapakTE€PUCTHUX IIJIIBKOBUX CUCTeM (KoepuUTUBHA cuia Be, 3anuikosa
HamMarHiueHicTs BR, HamarHiueHicts HacuueHHs Bs Ta kyT Keppa), sIKi MOXKyTb 6yTU iHAMKATOPOM II€PEXOAY Bif,
opHiei dasu no iHmoi. TeopeTHyHO 0Ka3aHo, 1o AJ1s1 HECUMETPUYHUX CTPYKTYP MOXKJIMBA iHBEpCis (3MiHa 3HAKY)
edexry 'MO 3a ym0BH, SIKIIO CIIIHOBA aCUMETPIisl B PO3Cil0BaHHI €JIeKTPOHIB IIPOTUJIEKHA B CYMDKHUX
(epomarHiTHuX mwapax. JJo HECCUMETPUYHUX CUCTEM TAKOXK BiIHOCATHCSI CTPYKTYPH, B SIKUX, B IKOCTi OZHOTO 3
MAarHiTHUX LI1apiB, MOKe BUCTYIATH CIJIaB. B HamoMy BUMAZKy Lie OyB CIJIaB Ha OCHOBI nnepmasoro Fe0,5Ni0,5 ta Cu.
JocninkeHHs (pa3oBOro ckiany IJ1iBOK METOIOM IUQPakiiii eJeKTPOHiB I10Ka3alo, 10 B yCix
CBDKOCKOH/IEHCOBAHUX Ta BifnasneHux 3a remneparypu 700 K miiBkax FeNi romunoio d = 20 - 100 HM, 5K i B
MACHMBHUX 3pa3Kax BiANOBiIHOro ckiany, ¢pikcyerbes I'LIK - ¢asa NiFe i3 napamerpom pemitku a = 0,360 - 0,361
HM. OCTaHHIM eTarom 0yJI0 OCIiIKEeHHS CTPYKTYPHO — (a30BUX 3MiH IpU TepMOOOPOOL HAHOYACTUHOK (DEPUTIB
Fe304, NiFe204 ta CoFe204. Tepmoob6po6Ka HeobXifjHa 110 IPUYKHI TOTO, 1110 BUXiHi HAHOYACTUHKU MAIOTh JyXKe
Mauti po3mipu (3 - 10 HM) i 3HaXOASTCS Y CynlepriapaMarHiTHoMy craHi. Came TOMy IIOTPIOHO AOCSITH €(PEKTY
361sIbIIE€HHS PO3MipiB YaCTUHOK, NPy 30epesKeHHi ix ¢pa3oBoro ckyagy. byso nokasaHo, mo B Aiana3oHi TeMreparyp
300 - 600 K 36epiraerbcs pa3oBuil CTaH YACTMHOK 3 HE3HAYHUM iX 36ibIIeHHsAM po3mipiB. [lopanibiie 36inbmeHHs
Temreparypu Bignany 1o 800 K npusBoguTs 10 3Ha4HOrO 3MEHIIEHHS iHTEHCUBHOCTI JESKHUX JIiHIi, O CBiAYNTD
npo novartok ¢aszosoro nepexony. Ilicas 800 K nounHaeTbCs po3mnaj, OKCUIB i YTBOPIOETbCS BEJIMKA KiJIbKiCTb
monoMixkHuX (as. 3a Temreparypu 1100 K okcuay ocTaToOuyHO po3nafaoTses i cTabinisyorecs ¢asu Fe ta Ni.
(DakTUYHO, HAHOYACTHUHKU 3aJIMIIAIOTHCS B BUXiTHOMY (pazoBomy cTaHi suie 1o 800 K, micsist 4oro nouymHaeTbes ix
posnaz,. 36i/bIEeHHS PO3MiPiB YaCTUHOK BiJI0yBa€TLCA 32 PAXYHOK iX KoaryJisuii 3 cycigHiMmu yacTuHKamu. OgHak
Take 30iIbIIEHHS He [IPU3BEJIO 30i/bLIeHHS] CyMAPHOTO MAarHiTHOTO MOMEHTY. 3 aHaJi3y JaHUX CTAa€ 3PO3yMININM,
110 HANOGibII ePEeKTUBHOI0 METOIMKOI0 OTPUMAHHS OJHOPIIHUX IapiB € MeTonuka JleHrmiopa - Brnomxket. OnHak
BOHA € HalICKJIQ[HIllIO0 Y BUKOPUCTaHHI, HU3bKOIIPOAYKTUBHOIO Ta HEMOXKJIMBOIO 17151 BAPOOHUIITBA Y
IIPOMUCJIOBUX MaclITabax. Y TOM >Ke 4ac TeXHiKa IIPOCTOro KalnaHHS PO3YMHY HAHOYACTUHOK HA IOBEPXHIO
MiAKIaAKY € HaUMPOCTiIoIo Ta HalepeKTUBHIIIO0, 10 [03BOJISE OTPUMYBATH BIOPSAKOBAHI MOHO - Ta
HEeBIIOPSIKOBaHi MyJsibTuinapy HY, 3 npaBuibHUM NiJ00POM ix KOHLIeHTpalii B po3unHi. OKpeMo NoTpibHO
BUIIJINTA METOJ, CIIiH - KOATUHTY. 3aBI4KU CBOIM BiHOCHI IIPOCTOTI, 3aJI€KHO Bifl BUKOPMCTOBYBAaHUX I1apaMeTPiB
(xoHueHTpauis HY ta mBuAKiCTb 06€pTaHHS), MOXKHA OTPMMATH CTPYKTYPH a6COJIIOTHO Pi3HUX TUIIIB, 3 Pi3HUM
posnoginoM Ha nigxnaani. OgHaK HaMm He BAAJ0CS OTPUMATH OOHOPITHUY Map HAHOYACTHUHOK, OCKIiJIbBKY, HaBiTh 33

HU3bKUX KOHLeHTpauiil HIT y po3uyuHi, ciocTepirasoch yTBOPEHHsI CKYIT4€Hb Pi3HOTO PO3Mipy (KJIacTepiB).

2. The thesis is devoted to the complex research of the structure, electrophysical, magneto - optical and
magnetoresistive properties of nanosized film layered asymmetric structures, in which the effect of giant
magnetoresistance is observed. The basis for the formation of such structures are ferromagnetic metals Fe, Ni, Co,
as well as their alloys: FexNix and CoCr. Thin layers of Cu, Cr and Pt were used as a non-magnetic component. In
addition, the effect of temperature influence on the structural - phase composition of Fe304, NiFe204 and
CoFe204 ferrite nanoparticles, which can act as a basic magnetic component in structures such as magnetic
nanoparticles / conductive matrix, in which, like in granular structures, giant magnetoresistance effect can be
realized Usual sampling techniques were used the for film systems, such as layer-by-layer and simultaneous
deposition from two independent sources, followed by annealing to a temperature of 500 - 800 K. Transmission
electron microscopy was used as a method to control the structure and change of the phase composition after
annealing. Multilayer film structures were obtained by layer-by-layer deposition from independent sources,
followed by annealing to a temperature of 400 - 800 K. Nanoparticles of ferrites were obtained by chemical
synthesis by reaction between acetylacetonate Fe, Ni and Co with 1,2 - hexadecanediol and oleic acid and



oleilamino surfactant in phenyl ether. Several methods were used to apply the particles to the substrate, namely
the dripping of a solution with nanoparticles on the substrate, the modified Langmuir-Blodget technique, and the
spin-coating method. In addition to transmission microscopy for nanoparticles, raster electron microscopy and
atomic force microscopy methods were additionally used to control the perfection of the formed layers. Emphasis
was placed on the analysis of changes in the magnetic characteristics of film systems, such as coercive force Bc,
residual magnetization HR, saturation magnetization Hs and Kerr angle, which in this case are indicators of the
transition from one phase to another. It is theoretically shown that for asymmetric structures the inversion
(change of sign) of the GMR effect is possible provided that the spin asymmetry in electron scattering is opposite
in adjacent ferromagnetic layers. Asymmetric systems also include structures in which, as one of the magnetic
layers, an alloy can act. In our case it was an alloy based on permalloy FeNi and Cu. The study of the phase
composition of films by electron diffraction showed that in all as-deposited and annealed at 700 K FeNi films with
a thickness d = 20 - 100 nm, as well as in massive samples of the corresponding composition, fixed FCC - NiFe
phase with lattice parameter a = 0.360 - 0.361 nm. The last stage was the study of structural - phase changes
during heat treatment of Fe304, NiFe204 and CoFe204 nanoparticles. Heat treatment is necessary due to the fact
that the original nanoparticles are very small (3 - 10 nm) and are in a superparamagnetic state. That is why we need
to achieve the effect of increasing the particle size, while maintaining their phase composition. It was shown that
in the temperature range 300 - 600 K the phase state of the particles with a slight increase in their size is
preserved. A further increase in the annealing temperature to 800 K leads to a significant decrease in the intensity
of some lines, which indicates the beginning of the phase transition. After 800 K, the decomposition of oxides
begins and a large number of auxiliary phases are formed. At a temperature of 1100 K, the oxides finally decompose
and the Fe and Ni phases stabilize. In fact, nanoparticles remain in the initial phase state only up to 800 K, after
which their decay begins. The increase in particle size occurs due to their coagulation with sedimentary particles.
However, this increase did not lead to the desired effect, and their total magnetic moment was insufficient to
obtain a response in the study of magnetoresistive properties. From the data analysis it becomes clear that the
most effective method of obtaining homogeneous layers is the Langmuir-Blodget technique.. The disadvantage is
the incomplete filling of the surface. Separately, we highlight the method of spin - coating. Due to its relative
simplicity, depending on the parameters used (NP concentration and rotation speed), it is possible to obtain
structures of completely different types, with different distribution on the substrate. However, we were not able to
obtain a homogeneous layer of nanoparticles, because, even at low concentrations of NP in solution, the formation
of clusters of different sizes (clusters) was observed.
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