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Pedepar:

1. B po6oTi JocinKeHo BUNIagKy, Mo MiATBEPAXYIOTh IOTEHIiHY 30aTHICTh HAHOKJIACTEPiB (PYHKIiOHATIBHO

MoauGiKyBaTH BIACTUBOCTI 6a30BOro MaTepiany. BUB4eHHS, TAKUX BUINAJKIB JO3BOJISIE PO3POOUTH KPUTEPIi MOIIYKY

TaKUX CUCTEM, SIK IPUHLMIIOBO HOBUX THUIIIB reTepO HaliBIIPOBIIHUKIB — KJIACTEPU30BAHUX F€TEPOCTPYKTYP. Y
Iycepralii po3KpUTO 3MiCT KaTeropii «kjacTepHO-MoAu(iKoBaHi MaTepiann», 3a3Ha4eHi ix CyTHiCHI

XapaKTepUCTUKU. PO3p0O6E€HO TEOPETUYHI METOIU MOJIETIbHOTO AOCiI>KEHHS aTOMHO], €JIEKTPOHHOI Ta (POHOHHOI
CTPYKTYp HaHOKJIACTEPiB, 0 6a3yI0ThCs TA METOi PYHKIIOHAJY €JIEKTPOHHOI I'YCTHHH, 3 ypaxyBaHHSAM
rpajlieHTHOTO PO3KJIaly B PaMKax HaOJIMKEHHS JIOKaJIbHOI €JIeKTPOHHOI 1[iJIbHOCTI. 3aCTOCOBAHO IapaMeTpU3allilo
3 BUKOPUCTaHHSIM €MIIIpUYHUX NIapamMeTpiB. Po3pobseHnii niaxin MiHiMizye TOCTiIHUIBKI 3yCUILIIsl Y BUBHAYEHHI
KOHKPETHUX (Pi3MKO-XiMiYHUX XapaKTEPUCTUK 3 TOCTATHLOIO TOYHICTIO Pe3yJIbTaTiB. JlaHMII MiXi] yMOXKIUBIIIOE

IIPOBEJEHHS NOCTiIKeHb AMHAMIYHUX IIPOLECiB, BAKOPUCTOBYIOUY CTAHJIAPTHY MOJIEKYJIIPHO-IMHAMIYHY



IPOLEAYPY. 3BAKAIOUU HA TIEPEBATH MPOLIEAYPU POBEIEHHS KOMIT IOTEPHOTO MOJIEJIIOBAHHS IMHAMIKM aTOMIB y
HaHOKJIaCTepax, BpaXOBaHO XapaKTep Meperiopuausallii aToMHUX opbiTajieil y mpoleci aToMHUX repebyoB
(30xpema, penakcarii). JJoBegeHo, 110 BinoyBaeTbCs 6e3liepepBHE «OHOBJIEHHS» NTOTEHIialy B3aeMOJii BiTHOCHO
JIOKaJIbHOTO €HEPreTUYHOr0 MiHiMyMy (MUTTEBOTO PO3TAllyBaHHS aTOMiB). OTpUMaHO pe3yJIbTaTH IS
CTPYKTYPYBaHHS KBAHTOBUX PiBHiB, pO3MO/Iiy €JIeKTPOHHOI I'YCTUHU Ta iHMHNX (i3UKO-XiMiYHMX XapaKTepUCTUK
HaHOKJIACTePiB KPEMHIS B i30JIbOBaHOMY CTaHi. HaHOKIIacTEpHA NifcCUCTEMA PO3TJIALAETHCA Y JOCIIIPKEHHI SIK
CHCTeMa TIOB I3aHUX MK COG0I0 HAHOKJIACTEPHUX dparMeHTiB. JOBEIEHO, 0 MeXaHi3M (HOPMYBaHHS XiMIYHUX
3B'3KiB MK HAHOKJIACTEPHUMU (PparMeHTaMu PeastisyeThCsl Y4ePe3 MOJIEKYIIIPHI Op6iTasi KJIaCTePHOTO LEHTPY.
HoBeneHo, 10 HAHOKJIACTEPHA MiACUCTEeMA: BiTBOPIOE BJIACTUBOCTI aTOMapHUX HAHOKJIACTEPIB, LO3BOJISIE BUBYUTU
iX 03HaKY Ha MepeTHHi peasibHoi i MOJIeIbHOI cucTemMu; epenbdadae cpopMOBaHiCTb METOHOJIOTIYHOI 6a3u JaHUX
JLJIS1 BUPILIEHHS NPAaKTUYHUX 3371a4 TBEPLOTINIbHOI €JIEKTPOHIKY; BUSIBJISIE 1 BU3HAYA€E CIIiBBiTHOLIEHHS Pi3HUX
MEXaHi3MiB yTBOPEHHS aTOMAapHUX HAHOKJIACTEPIB, AK B i30JIbOBAHOMY CTaHi TaK i y MATPUYHOMY OTOYEHHI. B
Me>Kax Takoro Mifxo4y BUCYHYTO ifie1o, 3rifHO 3 SIKOI0 KJIaCTEPHUI LIEHTP SBJIsie COO0I0 KJIacTEPHE SAPO, a aTOMH,
110 KJIaCUDIKyIOThCS SIK 30BHIIIHI 10 BiTHOLIEHHIO 0 L[bOTO /1pa, BU3HAYAIOThCSI SIK IOBEPXHEBI aTOMU
KJIACTEPHOTO LIEeHTPY.Jl0BEEHO, 110 CXeMU iHTEerpyBaHHS PiBHSAHb PyXYy IIPU IPOBELIEHHI MOJIEKYISIPHO-
IAHAMIYHUX PO3PaxXyHKIB BiIKpMBAIOTbh MOKJIMBOCTI 3aCTOCYBaHH4 MOTEHIiasliB B3aeMOZii Mi’K aTOMaMH i
HAHOKJIACTePaMM. 3aBISKY [NOPiBHSHHIO PEAJIbHUX i MOJIEJIbHUX HAHOKJIACTEPHUX LIEHTPIB CXapaKTEPU30BaHO HOBI
MO>KJIMBOCTI B IPOL€Ci BUPILIEHHSI KOHKPETHUX TEXHOJIOTIYHUX 3aBlIaHb TBEPAOTI/IbHOI HAIliBIIPOBiIIHUKOBOI
€JIEKTPOHIKY, MiABUIEHHS HaAIMHOCTI Ta CTIMKOCTI MiKpOEJIEKTPOHHUX NPUJIaZiB i arapaTtypu. 3arporoHOBaHO
TEOpPeTUYHi MeTONY BUBYEHHS MeXaHi3MiB GopMyBaHHS i Pi3MKO-XiMIYHUX BIaCTUBOCTEN HAHOKJIACTEPIB KPEMHIIO.
Po3rysHyTO BinXnyI€HHS Bifl [IJIAHAPHOCTI 11711 HAHOKJIACTEPHUX CIIOJIYK KpEeMHil0. ONKUCaHO BiTHOCHO BUCOKY
CTabiNbHICTD MipamifanbHUX KJIAaCTEPHUX LEHTPIB, 10 MOSICHIOETHCS HASIBHICTIO €JIEKTPOHHUX €(EKTIB, 110 €
XapaKTepHOIO JIuille IJ1s1 KPEMHII0. BUsIBlIeHO HaCcTyIIHI 0COBJIMBOCTI: iCTOTHMI BILJIUB CTYIIE€HS I10JIMBaJIEHTHOCTI
MI>KaTOMHUX 3B I3KiB y Tpoleci crabinisanii HaHOKIacTepiB. 3abikCoBaHO, MO CTAaGLIBHICTh CTPYKTYPHU 3POCTAE
00epHEeHO MPOMOPLINHO A0 3aJI€3KHOCTI KiJIbKOCTI MOABIMHUX 3B'13KiB. ONITUMIi3allis reoMeTpii KJIacTepiB 103BOIUIA
[IPOJEMOHCTPYBATU BIUIMB 3aMiCHUKIB Ha IIEPEPO3IIOLLJ €JIEKTPOHHOI WiJIbHOCTI B PI3HUX i30MEPHUX
HaHOKJIacTepax. JloBeneHo, 1o noBefinKa eHeprii gedopmauii nosiegpuunux ctpykryp (I1C) 3anexxuts Bifg yucia
IIJIaHApHUX KiJlelp: Hallpyra clajae, KoJu OCTaHHiX cTtae 6inbue. EHepria negopmaii smeHmyeTtses ang [1C, skimo
KUJIbKICTh YOTUPHOX aTOMHUX Kisielp (4-AK) B Hux 3poctae. Kpim toro, B uux I1C meski Ky Mix 38'si3kamu B n-AK €
OJIM3BKUMU J0 «ifeanbHux» BesnmuuH - 109,50 (xapakrepHa BesnunHa 1715 c-Si). EHeprist MexaHiYHOI HAanpyry pisko
3pocCTae MpyY NoAabIIOMY 36ibl1eHH] yncia aTomMis B I1C. He3Bakalouu Ha 306inbiieHHs yncia 4-AK. [IpuyuHoio
TaKoi MOBEIIHKY € BiIXUJIEHHS KyTiB MiX 3B I3KaMU B IMKJIYHUX CTPyKTypax (120,00 mysa 6-AK; 135,00 miis 8-AK ) B
n-AK Bif TeTpaepuyHUX 3Ha4eHb («ifeanbHux» KyTiB - 109,50). HaiimeH1oto eHeprieto gedopmariii
xapakrepusyeTbes [1C, 1o Mae B repepisi M aTuatoMHe Kisibiie. Lleil BACHOBOK MiZITBEPIKYE MOKJIMBICTh CUHTESY
necstuatomHoi I1C. [IpencraBiaeHo MeToau JocaimkeHHs reteponepexony (I'T1) pCu2S-nSi, sikuii 3acayrosye Ha
yBary Ha IUISIXY BUPIlIEHHS 3aBAaHb CYy4aCHOI ONTOEJIEKTPOHIKY, TPy po3po6biii POTOBEHTUIbHMUX ejeMeHTiB (DE).
[TporioHOBaHUY TEXHOJIOTIYHUI METOJ, OTPUMAaHHS reTepoIepexoy I'PYHTYETbCS Ha (POPMyBaHHI TEKCTYPOBaHUX
mapiB cipuucroi Mifi Mo3aiuHoro tumny. Mogudikanis BnactuBocteit pCu2S-nSi-I'T] peanisyeTbcs 32 JOIOMOTOI0

KBa3iMeTaseBUX HAHOKJIACTEPHUX LeHTPiB y Burisani HKIIL

2. The dissertation examines cases confirming the potential ability of nanoclusters to functionally modify the
properties of a base material. The study of such cases makes it possible to develop criteria for identifying such
systems as fundamentally new types of heterosemiconductors - clustered heterostructures. The work reveals the
content of the category «cluster-modified materials» and defines their essential characteristics. Theoretical
methods for modeling the atomic, electronic, and phonon structures of nanoclusters have been developed based
on the electron density functional method, taking into account gradient expansion within the framework of the
local electron density approximation. Parameterization using empirical parameters has been applied. The
proposed approach minimizes research efforts in determining specific physicochemical characteristics while
ensuring sufficient accuracy of results. This approach enables the study of dynamic processes using standard



molecular dynamics procedures. Given the advantages of computer modeling of atomic dynamics in nanoclusters,
the rehybridization of atomic orbitals during atomic rearrangements (in particular, relaxation) has been taken into
account. It has been proven that there is a continuous «updating» of the interaction potential relative to the local
energy minimum (instantaneous atomic configuration). Results have been obtained for the structuring of quantum
levels, the distribution of electron density, and other physicochemical characteristics of silicon nanoclusters in an
isolated state. The nanocluster subsystem is considered as a system of interconnected nanocluster fragments. It is
shown that the mechanism of chemical bond formation between nanocluster fragments is realized through the
molecular orbitals of the cluster center. It has been demonstrated that the nanocluster subsystem reproduces the
properties of atomic nanoclusters, enables the study of their features at the intersection of real and model
systems, provides a methodological database for solving practical problems of solid-state electronics, and reveals
the relationship between different mechanisms of atomic nanocluster formation both in isolated states and in a
matrix environment. Within this approach, the idea is proposed that the cluster center represents a cluster core,
while atoms external to this core are defined as surface atoms of the cluster center. It is shown that integration
schemes of the equations of motion in molecular dynamics calculations allow the application of interaction
potentials between atoms and nanoclusters. Through comparison of real and model nanocluster centers, new
possibilities for solving technological problems in solid-state semiconductor electronics, as well as improving the
reliability and stability of microelectronic devices, have been identified. Theoretical methods for studying the
formation mechanisms and physicochemical properties of silicon nanoclusters are proposed. Deviations from
planarity in silicon nanocluster compounds are analyzed.A relatively high stability of pyramidal cluster centers is
described, explained by specific electronic effects characteristic of silicon. The following features have been
identified: a significant influence of the degree of polyvalency of interatomic bonds on nanocluster stabilization. It
has been established that structural stability increases inversely with the number of double bonds. Optimization of
cluster geometry has demonstrated the influence of substituents on the redistribution of electron density in
various isomeric nanoclusters. It has been shown that the deformation energy of polyhedral structures (PS)
depends on the number of planar rings: mechanical stress decreases as their number increases. The deformation
energy decreases for polyhedral structures (PS) with an increasing number of four-atom rings. In such PS, certain
bond angles n-AC approach the «ideal» value of 109.5° (typical for c-Si). However, further increase in the number
of atoms leads to a sharp rise in mechanical stress due to deviations of bond angles in cyclic structures (120° for 6-
AC and 135° for 8-AC) in n-AK from tetrahedral values. The lowest deformation energy is characteristic of
structures containing five-membered rings in cross-section, confirming the possibility of synthesizing ten-atom
PS. Methods for studying the heterojunction pCunS-nSi are presented, which are promising for solving problems in
modern optoelectronics, particularly in the development of photovoltaic elements (PhE). The proposed
technological method is based on the formation of mosaic-type textured copper sulfide layers. Modification of the
properties of the pCunS-nSi heterojunction is achieved using quasi-metallic nanocluster centers (NCC).
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VIII. 3akr04Hi BimoMocTi
Biacue IpizBume Im's I1o-6aTbKOBI Kis ApHosibz FOXMMOBHY

TOJIOBH paju

BaacHe Ilpi3Bume Im'st ITo-6aTbKOBI KiB ApHobz FOXMMOBHY

rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY Kusokesa I. A.
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




