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Pedepar:

1. Y po6oTi HaBeieHi pe3ysIbTaTh €KCIIEPUMEHTAIbHUAX Ta TEOPETUYHUX JOCTIKEeHb €JIeKTPOHHOI, aTOMHOI 6y10BU
Ta MOP(HOJIOYiYHUX 0COBIMBOCTEN MOHO- i 6araToOMAPOBUX HAHOCTPYKTYP 071arOPOAHUX METAJIB, HIKeJo Ta iAo
Ha MOHOKpUCTaniyHuX nosepxHsx Si (111) 7x7 i (110), InSe (0001) Ta GaSe (0001) npu ix TepMiYHOMY HaHECEHHI B
YMOBaxX BUCOKOT'O BaKyyMy. JloCliIxKeHO MeXaHi3Mu (POpMyBaHHSI HAHOCTPYKTYp 671arOpOAHUX METaJIiB, HiKeJIo Ta
iHZiI0 Ha MOHOKpHCTaNiYHUX noBepxHsx Si (111)7x7 i (110), InSe (0001) Ta GaSe(0001) mpu 6aratocTagiitHOMy
TepMiYHOMY HaHeCeHHi. Po3po6yieHa TeXHOJIOrisI OTUMaHHS CAaMOBIIOPSIKOBAHUX reKCaroHaJIbHO-TIipaMiZiaIbHIX
(I'TI) HaHOCTPYKTYP Mifii Ta 30J10Ta HA MOHOKpHUCTasIiuHiN noBepxHi Si (111) 7x7. Mexanizmu ¢popmysanhs I'T1
CTPYKTYP 30JI0Ta Ta Mifli BUBHAYAIOTHCSI OCOOIMBOCTSIMU [TOBEiHKY €JIEKTPOHHOI I'YCTUHU Ha KPasiX MOHOATOMHO]
wabauHu pocty. CamoBnopsakoBaHi [T HAHOCTPYKTypH 30710Ta Ta Mifli IPM BAKYYMHOMY T€PMiUHOMY HaHECEHHI

dopmyroTbes nuuie Ha Si (111) 7x7 nomuHi, Toai K AJ1s riomuyHY Si (110) criocTepiraroThes Juille MOHOIAPOBI



reKCaroHasbHi yTBOpeHHs. CUMEeTpisl MNOBEPXHI MOHOKPUCTANiYHOI mtomuHn Si (111) 7x7 € neTepmiHy040I0 B
MexaHi3mi pocty I'TI cTpyKTyp Mizi Ta 30710Ta. MeXaHi3M €JIEKTPOHHOTO BUPOIIYBaHHS 3aJI0BiJIbHO OIIMCY€E
dopmysanHs I'T] HAaHOCTPYKTYp Mizi Ta 30710Ta. Brieplie oTprMaHi JIyCOYKOBI MOHOLIAPOBi CTPYKTYPH 30J10Ta.
HasBHicTh TOUKOBUX €(EKTIB B JTaMEJISIX 30JI0Ta BU3HAYAETHCSl HEOOXiIHICTIO MiHiMi3allii eHeprii TyCOuKu. ATOMHE
BIIOPSJIKYBAHHS, 110 CIIOCTEPIraeThCsl B JIyCOUKAX 61M3bKe 40 KpUucTanorpadivynoi niaomunu Au (111). AromapHo
njacka niiska Ag He Moke OyTH OTPUMMaHa Ha HaliBIPOBiTHUKOBIN oBepxHi MOHOKpucTaiy Si (111) 7x7 3a
IOTIOMOTOI0 TEPMIYHOTO HAHECEHHS B YMOBAaxX HaJJBUCOKOIO BaKyyMy IIpU KiMHATHIil TeMmIiepartypi. BinoyBaeTbcst
YTBOPEHHSI [IeKilbKalapoBux 2D KJlaCTePHUX YTBOPEHb, HE3HBYHMUI IIPOTPiB SIKUX NIPU3BOAUTD IO iX PO3TATyBaHHS
B aTOMHO piBHE IOKPUTTSL. YTBOPEHHS e(DeKTy "KOBIPU~ OIUCYETHCSI MEXaHiI3MOM €JIeKTPOHHOT'O BUPOILYBAHHSI.
BcraHoBJIE€HO c1abKy B3a€MO/I {10 MOHOIIAPOBUX IIOKPUTTIB Ag i3 MiIK/IaIKOlO, 1110 IIPY HE3HAYHOMY IIPOTPiBi
II03BOJISIE OUUILYBATU MOHOKPHUCTAJIIYHY [IOBEPXHIO Bil METAJIY i3 BIITBOPEHHSM PEKOHCTPYMOBAHOI TOBEPXHI Si
(111). 3arrponoHOBaHMI METO, JOBrOCTPOKOBOIO 36€peXeHHs! peKOHCTPYIoBaHOi noBepxHi Si (111) 7x7 moxe 6yTu
BVMKOPVCTaHVM [IJIsl 3aXUCTY BiJl pyl#HYBaHHs. BCTaHOBJIEHO MeXaHi3M BIOPsAKyBaHHS 0D-HaHOCTPYKTYD HiKeJIo Ha
MOHOKPHUCTAIIYHUX [IOBEPXHAX Si IPY BaKYyMHOMY TEPMiYHOMY HaHeCeHHI. CUMETpis po3TallyBaHHS KJIaCTEPHUX
yTBOpeHb 3d-MeTaniB Ha noBepxHi Si (111) 7x7 OBTOPIOE CUMETPII0 MigKIaAUHKU. BCTaHOBIEHI HAHOTPUOOJIOTIYHI
napameTpy CyOLIOPCTKOCTI [71s1 TOBEPXHEBO HAHECEHMX HAHOCTPYKTYP MeTasiB. BCTaHOBIEHO Masnii BIIJIUB
noBepxHi iHTepdeiicy InSe (0001) Ta GaSe (0001) Ha reomeTpil0 HAHOCTPYKTYP METaJliB IPU iX TEpMiUHOMY
HaHECEHHi. MexaHi3MU YTBOPEHHSI HAHOCTPYKTYP Mifii i 30J10Ta Ha BaH-[iep-BaajlbCOBUX OBEPXHIX MOHOKPUCTAJIIB
He MOXYTb OyTH OJJHO3HAYHO ONMCAHi BilOMMMU MeXaHi3MaMu poCTy. BakyymHe TepmiuHe HaHeceHHs Cu i Au Ha
NoBepxHI0 MoHOKpHcTasa InSe (0001) npu ogHaKOBHX YMOBax HAaHECEHHSI IEMOHCTPYE pi3Hi MexaHi3MU 0CaIpKeHHS
3 aTOMapHOI MeTasleBoi ra3oBoi ¢pasu. I Mifi xapakTepHUI MOHOMOZAIbHUI PO3KUT, pO3MipiB KJlacTepiB, B TO
4ac §IK J1714 30J10Ta POPMYIOThCS MOHOLIAPOBI lamesti. MeToilamu BUCOKOBAaYyMHOI 30HI,0BOI MiKPOCKOTIii Ta
TYHEeJIbHOI CIIEKTPOCKOIIil JocinkeHa AuHaMika TpaHcdopmanii Mopdosorii moBepxHi Ta I'yCTUHY €JIeKTPOHHUX
ctaniB AMC B ym0OBax CTPYKTYPHOI pesakcauii. CriocTepiraroTbCs iCTOTHI HEOJHOPIZHOCTI TYCTUH €JIEKTPOHHUX
CTaHiB Ha MIXKKJIACTEPHUX MEXKaX, 1[0 CBIIYMTb PO iX CKJIAJHYy OpraHizauito. B mpoueci TepmivyHoi 06pobKu
amop(HOTro CI11aBy, IO CYIPOBOIKYETHCS CTPYKTYPHOIO peJlakcalii€elo, Bif0yBaeTbCs 6ibnii 1epepo3noin
aToMiB 60py y OPiBHSIHHI 3 aTOMaMU 3aJ1i3a Ta KpEMHil0, 110 [IPU3BOAUTD JO POCTY CTabisbHOCTI aMOpHOI
cTpykTypu. PiBeHp OepMi JOCTIIKyBaHUX CIIJIaBiB 3HAXOJUTHCS B JIOKAJIbLHOMY MiHIMYMi I'YCTUHM €JIEKTPOHHUX
CTaHiB, O Bianosigae kputepito Harens-Tayka npo yrBopeHHs amop@HOro ctany. [Ipu nepexogi Bif KiMHaTHOI
Temrepatypu o remrneparypu 500 °C rycTuHa 3aifHSITHUX €JIeKTPOHHUX CTaHIB XapaKTepU3yeThCS 3MIleHHIM
OCHOBHOTO I1iKy d-30HU 3aiza y 6ik piBHs ®epmi. [lns BuxingHux noBepxoHb AMC Ha OCHOBI 3aJi3a xapakTepHa
IIPUCYTHICTh OKCUAY Ta KapOilly KpeMHilo, 60p Ha OBEPXHi 3HaX0AUThCs Y cnioayLi BN. KoHleHTpallis KpeMHito
MaJio 3MIHIOETBCS ITpY IIepexO/ii Bifl TOBEPXHi 10 06 eMy 3pa3Ka. B 06’emi 3pa3ka BCTaHOBJIEHA HASIBHICTh HE3HAYHO]
KiJIbKOCTi BYTJIELIO Ta KUCHIO, 1[0 3 OIJISIY Ha BCE, BUBHAYAETHCS TEXHOJIONTYHMMY YMOBaMU OTPUMAaHHS CIIJIABiB.
Brniepiie oTpuMaHoO ri6puaHi HAHOCTPYKTYpU Ha OCHOBI HAHOAMCIIEPCHOTO TiipOKCOANaTUTY KaJbLIilo i
HaHogucnepcHoro rpadiry. JocmigkeHo MOp@OJIOTiuHi 0COOINBOCTI Ta €JIEKTPOHHY OYL,0BY KOMILJIEKCIB.
BcranoBieHo, o0 Moaudikallisi KOMIO3UTY Ha OCHOBI HAHOAMCIIEPCHOTO allaTUTY, rpadiTy Ta LesI0103HNX

BOJIOKOH €IIOKCU/IHUM OJIiIrOMEpPOM 3 3aTBEP>KyBaueM MPU3BOLUTD 4O BUHUKHEHHS €JIeKTPOIIPOBiAHOCTI 3pasKa.

2. The work represents the results of experimental and theoretical studies of the electronic, atomic structure and
morphological features of mono- and multilayer nanostructures of noble metals, nickel and indium on the Si (111)
7x7, Si (110), InSe (0001) and GaSe (0001) single-crystal surfaces under their thermal deposition in high vacuum. The
mechanisms of the formation of nanostructures of noble metals, nickel, and indium on the Si (111) 7x7, Si (110), InSe
(0001) and GaSe (0001) single-crystal surfaces under multistage thermal deposition are studied. Technology for the
production of self-ordered hexagonal-pyramidal nanostructures of copper and gold on the Si (111) 7x7 single-
crystal surface has been developed. The formation mechanisms of the hexagonal-pyramidal structures of gold and
copper are determined by the behavior of the electron density at the edges of the monoatomic growth steps. Self-
ordered hexagonal-pyramidal gold and copper nanostructures under vacuum thermal deposition are formed only
on the Si (111) 7x7 plane, while for the Si (110) plane only monolayer hexagonal formations are observed. The surface



symmetry of the single-crystal Si (111) 7x7 plane is determining in the growth mechanism of the hexagonal-
pyramidal structures of copper and gold. The electronic growth mechanism satisfactorily describes the formation
of hexagonal-pyramidal nanostructures of copper and gold. An atomically flat Ag film cannot be obtained on the
semiconductor surface of Si (111) 7x7 single crystal by thermal deposition under ultrahigh vacuum at the room
temperature. The formation of several-layer 2D cluster formations occurs, the heating of which at several Celsius
degrees leads to their stretching into an atomically even surface coating. The formation of the “carpet” effect is
described by the electronic growth mechanism. A weak interaction of monolayer coatings of Ag with a substrate is
established, which, with slight heating, allows the single-crystal surface to be cleaned of metal with restoration of
the Si (111) 7x7 surface. The proposed method for the long-term storage of the reconstructed Si (111) 7x7 surface can
be used to protect such single-crystal surfaces from destruction. The mechanism for ordering 0D nickel
nanostructures on single-crystal silicon surfaces during vacuum thermal deposition has been established. The
symmetry of the arrangement of cluster formations of 3d metals on the Si (111) 7x7 surface repeats the symmetry of
the substrate. The nanotribological parameters of subsurface roughness Ra, Rq, Rzjis, Rz, Sratio for surface
deposited metal nanostructures are established. The dynamics of the transformation of the surface morphology
and density of electronic states of iron-based AMA under structural relaxation conditions are studied using
highvacuum probe microscopy and tunnel spectroscopy. Substantial inhomogeneities of the densities of electronic
states are observed at the intercluster limits, which indicates their complex organization. In the process of heat
treatment of an amorphous alloy, a greater redistribution of boron atoms occurs compared with iron and silicon
atoms, which leads to an increase in the stability of the amorphous structure. The Fermi level of the studied alloys
is at the local minimum of the density of electronic states, which corresponds to the Nagel-Tauke criterion on the
formation of an amorphous state. Upon transition from the room temperature to 500 °C, the density of occupied
electronic states is characterized by a shift of the main peak of the iron d-band toward the Fermi level. The initial
surfaces of iron-based AMAs are characterized by the presence of silicon oxide and silicon carbide; boron on the
surface is in the BN compound. The concentration of silicon changes little when moving from the surface to the
volume of the sample. The presence of an insignificant amount of carbon and oxygen was established in the sample
volume; apparently, this fact is determined by the technological conditions for the production of alloys. For the
first time, hybrid nanostructures based on nanodispersed calcium hydroxoapatite and nanodispersed graphite
were obtained. The morphological features and electronic structure of the complexes are investigated. It has been
established that the modification of a composite based on nanodispersed apatite, graphite and cellulose fibers with
an epoxy oligomer with a hardener has a significant effect on the set of properties of the obtained material, in
particular, the conductivity of the sample appears.
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