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Pedepar:

1. Y nuceprauiiiziil poboTi BOCHiIKEeHO IIpoLecyu GOpMyBaHHS iHi€BUX HAHOCTPYKTYP Ha [10BEPXHSIX CKOJIIOBAHHS
IapyBaTHX XaJbKOT€HIAHNX HaMiBIPOBiAHMKIB In4Se3 Ta InTe. PO3rigaHyTO MOKIIMBICTE BAKOPUCTAHHS IOBEPXOHD
(100) In4Se3 Ta (001) InTe sk NpUPOAHUX HAHOCTPYKTYPOBAHUX MATPULb 1151 CTBOPEHHS HaHOcucTeM Ino/ In4Se3 Ta
Ino/InTe. Y mexax JocmiipkeHHs 3acTocoBaHo yabTpadionetopy (YOEC) Ta X-npomeneBy (XOEC) ¢poToenekTpoHHy
CIIEKTPOCKOIIiIO, CKaHYI04y TyHeJIbHY Mikpockomnilo /criekrpockomnito (CTM /CTC), a TakoX MOJIe/II0OBaHHS B paMKax
teopii pyHkUioHana enexkTpoHHOi ryctuy (DFT-GGA). [IpoBeieHO pO3paxyHOK €JIEKTPOHHO-€HEePreTU4HOI
cTpyKTypu aJ1s1 In4Se3. OniHeHO eJleKTPOHHO-€HePreTUYHYy CTPYKTYPY Ta eJleMeHTHO-(a30BUi CKJlaf, [I0OBEPXOHb
CKOJIIOBAHHS JIO i iCJIs1 OYMILEHHS], B Pe3yJIbTaTi BIJIUBY iOHHOrO 60MbapAyBaHHs Ta TEPMOOOPOOKM Ha TOBEPXHIO.

BcTaHOBIIEHO, O i0OHHE PO3NUJIEHHS 3MiHIOE€ CTEXIOMETPIIO Ta €JIEKTPOHHY I'YCTHUHY CTaHiB [IOBEPXHi, a HANOiIbII



IOCTOBiIpHY iH(POPMALil0 IIPO €JIEKTPOHHO-E€HEPreTUYHY CTPYKTYPY IIOBEPXHI MOXXHA OTPUMATH [J1s1 aTOMapHO
YUCTUX [IOBEPXOHB, SIKi HE MiJA0ThCS TPUBAJIiN €KCIIO3ULil y HaIBUCOKOMY BakyyMi. JlocizkeHo noBepxHio InTe
ITics1sl CKOJIIOBAHHS eX Situ, Ha sIKifl BUsIBJIEHO OKCU[IHI (a3u ! opraHiuHi 3a6pyaHeHHs. EQekTuBHUM METOI0M
OYUILEHHA € iOHHE PO3NUJIEHHS, 110, BTiM, CYIIPOBOIKYETHCS 3MiHAMU CTEXiOMETpii IOBEPXHI. YIieplie peasyizoBaHO
crBopeHHs 0D Hanocucrem Ino Ha nosepxHi (001) InTe 3a 10OMOro0 TepMi4HO AKTUBOBAHOTO BTOPMHHOTO
TBEPOTIILHOTO 3MOYyBaHHSA. BCTaHOBJIEHO, 1110 I'YCTHHA €JIEKTPOHHUX CTaHiB y 3a60poHeHil 30Hi InTe 3pocTae 3i
30i7IbIIEHHSIM KiJIbKOCTI iH/{10, 1110 KOPEeIOEThCS i3 30iIbII€HHSIM KiZTbKOCTi METaliYHOTO iH/il0 Ha MoBepXHi. s
nosepxHi (100) In4Se3 3anponoHOBaHO HOBUM MifXif 10 cTBOpeHH: 1D HaHOcucTeM Ino Yepes KOHTPOJIbOBAHE I0HHE
posnuieHHs. BusiBieHo opieHTalio JiHIMHUX HAHOCTPYKTYP Y3[0BX O0PO3€H Ha [TOBEPXHIi Ta MOXJIUBICTD
(hOpMyBaHHS CTPYKTYP i3 YiTKUMU reOMETPUYHUMMU NTapaMmeTpamu. JJoCiKeHo KIHETUKY POCTY iHJi€eBUX
HAHOCTPYKTYp Ha 060x minkianxax. [TokaszaHo, o picT BinbyBaeTbcst 3a MexaHismom Posibmepa-Bebepa, a
MIOCJIiIOBHICTb MTPOLIElyp HAHECEHHSI Ta HArpiBy BIIJIMBA€e HA MOPQOJIOTiio MOKPUTTS. [IpakTUYHA LiHHICTE pO6OTU
II0JISITa€ B 3alIPOIIOHOBAHUX TEXHOJIOTisIX GOPMYBaHHS CTabiIbHUX HAHOCTPYKTYP 6€3 HeOOXiIHOCTI IonepeaHboi
00p0o06KH NifKIaAKKU. Pe3ynbTraTy € NepCcreKTUBHUMU 151 33CTOCYBaHHS B HAHOEJIEKTPOHIlli, 30Kpema Ipu
CTBOPEHHI TPAH3UCTOPiB, CEHCOPIB, GOTOHHUX IIPUCTPOIB Ta KOHTAKTIB Ha 6ap’epi LIIOTTKi. TaKuM YMHOM,
IIpoBeJieHe JOCJiIKeHHS CIIpUsiE IIMOIOMYy PO3yMiHHIO IIPOLECiB caMoopraHisaliii Ha aTOMHOMY PiBHi Ta

BiIKpMBa€ HOBi MOXJIMBOCTI B iHKeHepii QyHKIiOHaIbHUX HAHOCUCTEM.

2. The thesis examines the formation processes of indium nanostructures on the cleavage surfaces of layered
chalcogenide semiconductors In4Se3 and InTe. The study examines the potential use of the (100) In4Se3 and (001)
InTe surfaces as naturally nanostructured matrices for creating Ino/ In4Se3 and Ino/InTe nanosystems. Ultraviolet
(UPS) and X-ray photoelectron spectroscopy (XPS), scanning tunneling microscopy/spectroscopy (STM/STS), and
density functional theory within the generalized gradient approximation (DFT-GGA) were employed. The
electronic structure of In4Se3 was calculated, and the band structure and elemental-phase composition of the
cleavage surfaces were evaluated before and after cleaning, including the effects of ion bombardment and thermal
treatment. It was found that ion sputtering alters the stoichiometry and electron density of surface states, and the
most reliable information on the electronic structure can be obtained from atomically clean surfaces not exposed
to prolonged ultra-high vacuum (UHV). The surface of InTe cleaved ex situ was found to contain oxide phases and
organic contaminants. Although ion sputtering effectively cleans the surface, it also alters stoichiometry. For the
first time, the formation of OD Ino nanosystems on the (001) InTe surface via thermally activated solid-state
dewetting was achieved. An increase in the density of electronic states within the bandgap of InTe correlated with
a higher amount of metallic indium. A new approach was proposed for creating 1D Ino nanosystems on the (100)
In4Se3 surface via controlled ion sputtering. Linear nanostructures were found to align along the grooves of the
substrate, forming structures with well-defined geometric parameters. The growth kinetics of indium
nanostructures on both substrates was investigated. It was shown that the growth follows the Volmer-Weber
mechanism, with the sequence of deposition and heating procedures influencing the coating morphology. The
practical value of the work lies in the proposed technologies for forming stable nanostructures without the need
for substrate pre-treatment. The results are promising for nanoelectronics applications, particularly in transistors,
sensors, photonic devices, and Schottky barrier contacts. Thus, the conducted research contributes to a deeper
understanding of atomic-level self-organization processes and opens new prospects in functional nanosystem

engineering.
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VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

Myppui Crenas IBaHoBUY

Myppuii Crenas IBaHoBUY

JKax Onpra BonogyumupiBHa

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



