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Pedepar:

1. CyyacHuit eTar po3BUTKY TEXHOJIOTII IpUIafiB CIIIHTPOHIKM Ta CEHCOPHOI TEXHIKY CTUMYJIIOE NOCJIiIHUKIB [0
MOUIYKY HOBUX PillIeHb 715 IPOBENEHHS MTOJAJIbIIOI IHTerpaLii, peasnisanii HU3bKOro €eHeproCroXMBaHHS Ta
6araToPyHKLiOHAJIbHOCTI. I]e MO>KHA 3iICHUTHU SIK 332 PaXyHOK PO3pOOKM HOBUX MaTepiasiB, Tak i HJISIXOM
BHMKOPHMCTaHHSI KOHLIENITyaJlbHO HOBUX MiAXO/IiB IIPU po3po06Li NpUCTPoiB. [Ipy IbOMY 3HAUHM IPUKIIATHUN
IOTeHLIjaJ (B IepIly 4epry 3 TOYKU 30py 30epiraHHs iHpopMallii) MaloTb CTPYKTYPH, 10 OAHOYACHO NOEIHYIOTD Y
€00i MarHiTooI1ip, XapaKTepPHUH [1JI1 MarHiTHUX F€TEPOCTPYKTYP Ta PE3UCTUBHOIO IIEPEMUKAHHS, 110 Peasli3yeTbCs
y pi3HUX TUIax HaIiBIPOBiAHUX ab0 JiesleKTpUYHUX MaTepianax. [lj1s peanisalii Takux CTPYKTYp Ha NeplIui Ij1aH
BUXOJUTb BUOID METOIMKH iX (POPMYyBaHHS, OCKIJIbKA CAME METOJIMKA MOXKE CTaTH KJIIOUOBUM (PAKTOPOM, KUl 6ye
BU3HA4YaTU OCOOJIMBOCTI CTPYKTYPU HAHOPO3MipHUX KOMITIO3UTHUX MaTepiasiiB Ta BIJIMBATH HA ix (PisnyHi

BJIACTUBOCTI. [I711 ONTMMIi3allii )X eJIEeKTPUYHYX i MarHITHUX [TapaMeTpiB CJIi BpaXOBYBaTH JaHi Ipo



KOHLIEHTPALiliHi, PO3MipHi Ta TeMIIepPaTypHi e(peKTU B Pi3NYHUX BJIACTUBOCTSX JAHUX CTPYKTYP i 3aCTOCOBYBaTU
KOMILJIEKCHU MiAXin py ix BUBYEHHI. Y BUIIQIKy MarHiTo-HEOAHOPigHUX (PepOMarHiTHUX ITiBOK, iX
MAarHiTOPE3VCTUBHI BJIACTUBOCTI MOKYTb 3HAYHO Pi3HUTHUCS Ye€pe3 peasisaliio pisHMX MEXaHi3MiB MarHiToonopy.
JOCiIHYKY BCTaHOBWJIH, IO [JIs1 TAKUX CTPYKTYP XapaKTEPHUM € SIBUILE TYHEJIbHOI CNIiH-MOJISIPU30BaHOI
IIPOBIIHOCTI, SIKE IIPU3BOJUTD A0 TYHEJIbHOIO MarHitoonopy. [Ipore Ha CbOrOJHIIIHIN eHb MEXaHi3MU, SIKi
IIPU3BOJSATD [0 LbOT0 edeKTy, He IIOBHICTIO 3's1COBaHi, i IMOBIpHICTb BUHUKHEHHS 1IbOTO SIBUILIA 3HAYHO 3aJI€XKUTh
Bifl CNiBBiJHOIIEHHSI 00'€MHMX 4aCTOK KOMIIOHEHTIB, 1II0 YTBOPIOIOTh KOMIIO3UT. JI0JaTKOBO, BXKJINBUM € BUBUEHHS
€JIEKTPO(Pi3NYHMX BIACTUBOCTEN KOMIIO3UTHUX MaTepiaiB, fe (GepOMArHiTHUI MeTal IOE€HYETLCS 3
IlieJIEKTPUKOM, i 11i BIaCTUBOCTI CYTT€EBO BiJJPi3HAIOTLCS Bifl XapaKTEPUCTHMK MAaCUBHUX METAJI€BUX 3Pa3KiB Ta
OJIHOpPiAHUX IIiBOK. Hanpukiag, crocTepiraeTbCst 3HayHe 301bIIeHHS] IMTOMOTO €J1eKTPOOIIOPY B KOMIIO3UTHUX
Marepiasiax y IOPiBHSHHI 3 OQHOPITHMMU IIJIiIBKAMUY, a TEPMiYHUI KOeillieHT OIopy MOXKe OYTH Bill'eMHUM. Lle
CBiZIYMTD IIPO Te, 110 eJIEKTPOOTIip BimoOpaskae akTHBOBAaHUM MEXaHi3M eJIeKTPOIIPOBIAHOCTI i BUsBIIsiE
€KCIIOHEHIiaJIbHY 3aJI€KHICTD Bif] TeMIiepaTypu. KpiM TOro 3acToCyBaHHS METOAY MOIIAPOBOi KOHAEH ALl I1pU
(hopMyBaHHi KOMIIO3UTHUX MaTepiaiB (3a yMOBU Mif00OPY KOMIIOHEHT, IJIs1 SIKUX XapaKTE€PHUM € IIPAaKTUYHO
BiZICYTHE TI€pEMIilllyBaHHsI) MOXKE IO3BOJIMTY ONTAMIi3yBaTH PO3Mipu (PepOMarHiTHUX rpaHyJ, TOBUIMHU
DlieJIEKTPUYHUX [IPOUIAPKIB i OTPUMATU CTPYKTYPU 3 MiHIMaJIBHOIO KiJIBKICTIO OKPEMUX aTOMIB MarHiTHUX METAJIIB,
3aHYPEHUX B [i€JIEKTPUYHY MAaTPULIIO Ta MiHIMaJIbHUMU BKPAIJIEHHSIMH [i€JIEKTPUKA Y METAJIEBi [PaHyJIH, 1O
riMOTETUYHO MOXKE CIIPUYMHUATH [TOCUJIEHHS POJIi CIIiH-3aJIE5KHOTO TYHEJIIOBAHHS €JIEKTPOHIB. MeTa AucepTauiiiHol
po6OTH MOoJIsiraza y BCTAHOBJIEHHI 3arajlbHUX 3aKOHOMIPHOCTE! BILJIMBY TOBIMHU (PEPOMATHITHUX i Aie1eKTpUIHUX
IapiB Ta YMOB TEPMOOOGPOOKY IAapYBaTHX CTPYKTYpP, chopMoBaHuX Ha OcHOBI Fe Ta SiOx, Ha iX CTPyKTypHO-
(a30BuUIl CTaH, €JIEKTPOIIPOBiAHICTb, MAaTHITOPE3UCTUBHI Ta MarHiTHi BaacTuBoCTi. O6'eKT NOCiIKEeHHS — PO3MipHi
Ta TEMIIEPATYPHi €(PEKTU B €JIEKTPONPOBITHOCTI i MarHITOPE3UCTUBHUX BIIACTUBOCTSIX IIAPYBATUX CTPYKTYP.
[Tpenmet mocimkeHHs — Ha30BUl CTaH, KpUCTalidYHa CTPYKTYPa, eaeKTpodisuyHi (esekTponposinHicTs Ta TKO) Ta
MarHiTOpe3uCTUBHI BJAaCTUBOCTI apyBaTUX CTPYKTYP, cpOpMOBaHUX Ha OCHOBIi Fe Ta SiOx MeTogamMu nouapoBoi
KOHJeHcalii. Metonu pocnimkenHs. lllapysarti cTpyKTypu GOpMyBaincsi METOAOM MOIIAPOBOi KOHAEHC ALl y
BakyyMi. [l mocinskeHHs CTPyKTypH Ta $Ha3oBOro ckyamy 6yiy 3aCTOCOBaHI Taki METOAM: eJleKTpoHOoTrpadis,
IIPOCBiYyIOYa €JIEKTPOHHA MIKPOCKOIIiSl Ta €HEProAUCIIEPCINHNI PEHTTE€HIBCBKII MIKpOAHAJIi3.
EJIeKTpONPOBiAHICTE Ta MAaTHITOPE3VMCTUBHI BJIACTUBOCTI BUCOKOTOYHOI PE3MCTOMETPII i3 BUKOPHUCTaHHAM
aBTOMATM30BAHUX CUCTEM Ke€PYyBaHHS ekcriepuMeHToM Ta SQUID-MarHiToMeTpii 3a KiMHATHOI TEMIIEpPATYpU Ta IIpU
oxosiomxeHHi 110 10 K. OtpumaHi B po6OTi eKclieprMeHTaJIbHi pe3yJIbTaTy MaloTh CBOIO IIiHHICTD K i3
(yHIAMEHTaJIbHOI, TaK i IPUKJIAAHOI TOYKY 30py. Y NepIIOMY BUIIAJKy MOBA Iifie PO OJlep>KaHHS BEJIUKOI KiJIbKOCTI
€KCIIEPMMEHTAJIbHUX PE3YJIbTATiB CTOCOBHO €JIEKTPO- i MarHiTOPE3UCTUBHUX BIACTUBOCTEN 1J151 (PYHKLIOHAJIbHUX
€JIEMEHTIB CEHCOPIB Ha OCHOBI KOMIIO3ULIIMHMX MaTepiais, 110 MalOTh IaPyBaTy CTPYKTYPY, Y 3aJIEXKHOCTI Bif,
eeKTUBHOI TOBLUIMHY MarHiTHUX i HEMarHiTHUX mapiB. Pe3yabTaTu JOCTiI)KeHb MOXKYTb CTaTU METO0JI0OTYHO]
OCHOBOIO JIJ151 BAKOPMCTaHHS JAHOTO TUIly MaTepialiB sIK OJHOro 3 PyHKIiOHAJIbHUX LIAPiB €JIEeMEHTHOI 6a3u
HAHOEJIEKTPOHIKM YU CIIIHTPOHIKY, @ TAKOXX 06€3110CEePeIHbO [JIs1 CTBOPEHHS HAIYYT/IMBUX €JIEMEHTIB CEHCOPIB

MaTHITHOTO MOJIA 3i CTa6iIbHUM B 9aci pO60YNMU XapaKTEPUCTUKAMU.

2. The current state of the art in spintronic devices and sensors is stimulating researchers to find new solutions for
further integration, low power and multi-functionality. This can be achieved both through the development of new
materials and through the use of conceptually new approaches to device design. At the same time, structures that
simultaneously combine magnetoresistance, characteristic of magnetic heterostructures, and resistive switching,
implemented in different types of semiconductor or dielectric materials, have significant potential for applications
(mainly from the point of view of information storage). For the realisation of such structures, the choice of the
method of their formation comes to the fore, since the method itself can become a key factor determining the
structural features of nanoscale composite materials and influencing their physical properties. In order to optimise
the electrical and magnetic parameters, data on the effects of concentration, size and temperature on the physical
properties of these structures should be considered and a comprehensive approach should be taken to their study.
In the case of magnetically inhomogeneous ferromagnetic films, their magnetoresistive properties can vary



significantly due to the implementation of different magnetoresistance mechanisms. The researchers found that
such structures are characterised by the phenomenon of tunnel spin-polarised conduction, which leads to tunnel
magnetoresistance. However, the mechanisms leading to this effect are not fully understood, and the likelihood of
this phenomenon depends significantly on the ratio of the volume fractions of the components that make up the
composite. In addition, it is important to study the electrophysical properties of composites where a
ferromagnetic metal is combined with a dielectric, and these properties differ significantly from those of solid
metal samples and homogeneous films. For example, there is a significant increase in the specific electrical
resistance in composite materials compared to homogeneous films, and the thermal coefficient of resistance can
be negative. This indicates that the electrical resistance reflects the activated mechanism of electrical conductivity
and has an exponential dependence on temperature. In addition, the application of the method of layer-by-layer
condensation in the formation of composite materials (provided that the choice of components is characterised by
practically no mixing) can make it possible to optimise the sizes of ferromagnetic grains, the thickness of dielectric
layers and to obtain structures with a minimum number of individual atoms of magnetic metals immersed in the
dielectric matrix and with minimal inclusions of the dielectric in the metal grains, which can hypothetically cause
an increase in the role of spin-dependent tunnelling of electrons. The aim of the thesis was to establish the general
patterns of influence of the thickness of ferromagnetic and dielectric layers and the conditions of heat treatment
of layered structures formed on the basis of Fe and SiOx on their structural phase state, electrical conductivity,
magnetoresistive and magnetic properties. The subject of the research is the dimensional and temperature effects
on the electrical conductivity and the magneto-resistive properties of the layered structures. The subject of the
research is the phase state, crystal structure, electrophysical (electrical conductivity and TCR) and
magnetoresistive properties of layered structures based on Fe and SiOx formed by layer-by-layer condensation
methods. Research methods. The layered structures were formed by layer-by-layer condensation in vacuum. The
following methods were used to study the structure and phase composition: electronography, transmission
electron microscopy and energy dispersive X-ray microanalysis. Electrical conductivity and magnetoresistive
properties of high-precision resistometry using automated experimental control systems and SQUID
magnetometry at room temperature and when cooled to 10 K. The experimental results obtained in this work are
valuable from both a fundamental and an applied point of view. In the first case, we are talking about obtaining a
large number of experimental results on electro- and magnetoresistive properties for functional elements of
sensors based on composite materials with a layered structure, depending on the effective thickness of magnetic
and non-magnetic layers. The research results can become a methodological basis for the use of this type of
materials as one of the functional layers of the element base of nanoelectronics or spintronics, as well as directly
for the creation of ultra-sensitive elements of magnetic field sensors with stable operating characteristics over
time.
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