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1151 [TOJIQJIBIIOTO CMHTE3Y Ha Hill BIIOPSKOBAHOI CUCTEMU HAHOKJIACTEPIB, TOGTO CTBOPEHHS HAHOCTEPIKHIB TUILY
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CIIPOMO>KHOCTI «3axOIIJIIOBATH» CBITJIO PO3Pax0OBaHOIO Ha OOUHNULIO Macy. TOMy BUBHAaY€HHS METO[IiB KEPYBaHHS
reOMEeTPUYHMMU NTapaMeTPpaMy HaHOCTEP KHIB TUITY SpO-000JI0HKA J03BOJMUTD Pi3KO 3MEHIIUTU MaCy «A3€pKajia»-
IleTEKTOPA B ONTUYHOMY PE30HATOPI 3 MOAAIBIIMMI MOKJIMBOCTSIMU J€TEKTYBATH MEXaHIYHI PyXU JOCIIIKYBaHAX
00’e€KTiB BIPUTYJI 10 KBAHTOBUX €deKTiB. OCHOBHA YaCTHHA JUCePTaLiiiHOi pOOOTU CKIIAAAETHCS 3 YOTUPbOX
po3xiniB, siKi IpucBsYeHi: (i) BCTAHOBIEHHIO (Pi3MYHMX MEXaHi3MiB, IO BiflIOBifa/bHi 3a CIIOHTaHHY ME€PiOJNYHY
MOZYJISILIO [TIOBEPXHI i Mojanbpnii po3naj, HAHOCTEP KHS; (ii) BUBHAUEHHIO 3aKOHOMIpHOCTE! POpMYBaHHS
HAHOKJIACTEPiB HAa HAHOLPOTI B pe>XXUMi cUHTe3y; (iii) po3po0Lii MeTOiB KOHTPOJIIO NAaPaMETPIB SIK IIPOLIECY Po3namy,
TaK i IpoLeciB CUHTEe3Y AJ1s1 POPMYBAaHHS CUCTEM 3 Halepe[ 3a1aH00 MOPGOIIoriero Ta PisMIHNMUI
BJIACTMBOCTsAMU. [lepmuii po3nin faHoi fucepTaliiiHoi po60TH IIPUCBSYEHO AEeTalbHOMY aHasli3y IIPOLECiB po3nany
LMJIIHAPUYHNX HAHOCTEPIKHIB 3 rPaHELeHTPOBAHOI0 KyOiYHOI0 KPHCTaiYHOIO IPAaTKOIO B 3aJIE5KHOCTI Bif]
TeMIIEpaTypu CUCTEMU. B IbOMy X po3[iji mpefcTaBieHo onuc Mmoaesli MoHnre-Kapsio Ha 6asi Koi TpoBOgUIMCh
IocJligkeHHs. Ha 0CHOBI IPOBeIEHNX YACENIbHUAX €KCIIEPUMEHTIB 6YyJI0 BCTAHOBJIEHO, 110 IIPOSIB aHi30Tpomii
T'YCTUHU [I0OBEPXHEBOI €HEpPrii MOKe CYTTEBO BILJIMBATU HA KIHETUKY IIPOLIECY PO3MaLy Ta B PALi BUNIAJKiB
CIIPUYMHSITY 3HAYHi BiIXWJIEHHS 3HaY€Hb JJOBKMHU XBUJIi MOJYJISILIi{ TONIEPEYHOrO [ePePi3y 3 MaKCUMaIbHUM
iHKpEMEHTOM POCTY Bifi epe6ayeHb iCHyIounx mojesneit. ¥ 3B'13Ky 3 LUM 0yJ10 IOGYA0BAHO aHATIITUYHY MOZEIb,
Ha OCHOBI SIKOi OTPMMAaHO BUPA3 Ji€ BPaxOBYETHCS 3aJIEXKHICTD NOBXUHU XBUJII MOLYJIALIN pafiyCy HAHOIPOTY Bif,
aHi30Tpomii I'yCTUHM NOBEPXHEBOI €HEPTii, 11J0 J03BOJIMB 3 BUCOKOIO TOYHICTIO NTepe6aunTy 3HaU€HHS IOBXUHU
XBUJIi MOZYJISALIM ITOBEPXHI [IJIs1 HAHOCTEPIKHIB Pi3HUX OpieHTalii. Y Ipyromy po3nini KiHeTUYHUI MeTog MoHTe-
Kapso 6ys10 3acTocoBaHo 17151 BUBYEHHs (Pi3NIHMX MeXaHi3MiB, IO Bifl[TOBiAAI0TH 32 pO3Iaj, HAHOAPOTIB i3
Ky6i4YHOIO KPUCTAJIIYHOIO CTPYKTYPOIO TUITy ajiMa3a Ha JIaHI}IOKKM HAHOYACTUHOK. 3aJIeXKHO Bifl TEMIIEpATypH Ta
opieHTaljii 0Ci HAHOAPOTY BiTHOCHO ¥OTO BHYTPIIIHbOI KPUCTAJIYHOI CTPYKTYPH, LOBXKUHU XBUJIb MOLYJIALIIN
IIOIIEPEYHOrO IIePepisy NEPEBUILYIOTh KOT0 IT0YaTKOBUY paaiyc y 4-18 pasis. [TokazaHo, 0 IPUYMHOIO
(opMyBaHHS MOIYJIALiH TOBEPXHI HAHOCTEPIKHIB 3 Y/IbTPA-KOPOTKUMU JOBXXUHAMU XBUJIb 4.5<0<27 € ePeKT
roughening transition, 110 B 3aJIEXKHOCTI BiJi TEMIIEPATypU CUCTEMU MOXKE IIPOSIBJIATUACS Ha OKpeMUX abo ycix
IPaHAX, sIKi GOPMYIOTh 6i4HY [TOBEPXHIO HAHOCTPYKTYPHU. Y TPETbOMY PO3JiJli JOCIiAXKYIOTbCS 0COOJIMBOCTI
KiHETHKY HAHOJPOTIB 3 Ky6iYHOI0 06’'€MHOLIEHTPOBAHOIO KPMCTAJIYHOIO IPATKOI0 HA Pi3HUX CTafisX ix po3namy Ta
[IPOaHAaJIi30BaHO 3aJIEXKHICTb JOBKXUHU XBUJIi IOBEPXHEBUX 30ypeHb HaHOCTepskHIB 3 I'LIK Ta OLIK KkpucTraniyHumu
rpaTKaMM BiJ] 30BHIIIHBOTO BIJIMBY, 110 [IPU3BOAUTD 10 iHTeHcUdiKallii moBepxHeBOi qudy3ii Ha HAaHOCTEeP>KHAX. Ha
6asi KineTuyHOi Mozeni MoHTe-Kapsio BuU3Ha4€eHo, 110 1715 IeBHUX OpieHTalliil HaHocTepskHiB 3 OLIK rpaTkoio
edekr roughening transition rpae 0CHOBHY poJib B IIPOLECi PO3Many Ta € IPUINHOI0 YTBOPEHHS Tepac Ha ix 60KOBIi
IIOBEPXHI Ta PO3BUTKY KOPOTKOXBUJIbOBUX 30ypeHb I10IIEPEYHOro nepepisy. B ueTsepromMy po3zisi npoaHanizoBaHo
(disnyHi MexaHi3Mu, Bi[INIOBiAaNbHI 32 POPMYBaHHS BIIOPSAKOBAHO]I OCIiIOBHOCTI HAHOKJIACTEPIB, CHHTE30BaHUX
Ha HaHOJPOTAaX 3 aJIMA30I01i0HOI0 KPUCTAIIYHOI IPATKOIO B AU(Y3iIHOMY PEKMMi OCAIPKEHHS BiJIbHUX aTOMIB.
BcTaHOBIIEHO, 1[0 OCHOBHUMHU (PAKTOPaMH, 1[0 BU3HAYAIOTh CAMOBIIOPSIIKYBAaHHSI CUCTEMU HAHOKJIACTEPIB €
noBepxHeBa Audys3is aToMiB Ta €PEKT TiHi, 32 PaXyHOK SIKOT0 I'yCTAHA AUQY3ifiHOTO ITOTOKY aTOMIB B MXKKJIACTEPHY
00671aCTh CYTTEBO aJla€ Ha KiHIEBUX CTAJlisIX CUHTE3y YMM 3aBakKa€ YTBOPEHHIO HAHOKJIACTEPIB IPYroro MOKOJIiHHSL.
Ha ocHOBi 0OTprMaHuX pe3ysbTaTiB BUBHAYEHO, 110 3MiHA IBUAKOCTI IOCTA4aHHS aTOMIB B CCTEMY € Jli€BUM
METOJIOM 3a0e3IeyeHHs BUCOKOTO PiBHS MepioAUYHOCTI y po3TalllyBaHHI HAHOKJIACTEPiB B310BXK 6230BOT0O

HAHOAPOTY Ta Oa€ MO>KJIMBICTb CHUHTE3YyBAaTU HAHOCTPYKTYPHU 3 Oa’kaHMMU reOMETpNIYHNMU MMApaMETPAMMU.

2. The formation of quasi-one-dimensional structures is based on the use of nanowires as basic elements. This
dissertation is devoted to the study of two variants of the evolution of their morphology. In the first one, the cross-
section of the nanowire becomes periodically modulated as a result of spontaneous transformation of the surface
in the pre-melting mode (the temperature of the nanowire is much lower than the melting point of the material
from which it was synthesized). In the final stage, such modulations lead to the break-up of the nanowire into a
chain of isomeric nanodroplets. Provided proper control over the kinetics of the process, the effect of thermal
instability of nanorods can be used to create waveguides of subwavelength optics. In the second case, the base
nanowire is used as a quasi-one-dimensional substrate for further synthesis of an ordered system of nanoclusters

- i.e. the creation of the core-shell nanowires. Homogeneous in diameter nanowires are significantly inferior to



core-shell systems in the ability to "capture" light per unit mass. Therefore, the establishment of methods for
controlling the geometric parameters of core-shell nanowires will dramatically reduce the mass of the "mirror" -
detector in the optical resonator with the subsequent ability to detect mechanical motions of the studied objects
up to quantum effects. The main part of the dissertation consists of four sections, which are devoted to: (i) the
establishment of physical mechanisms responsible for spontaneous periodic modulation of the surface and the
subsequent break-up of the nanorod; (ii) determining the patterns of formation of nanoclusters on the nanowire in
the synthesis mode; (iii) development of methods for controlling the parameters of both the disintegration and the
synthesis processes for the formation of systems with predetermined morphology and physical properties. The
first section of this dissertation is devoted to a detailed analysis of the break-up processes of cylindrical nanowires
with a face-centered cubic crystal lattice depending on the system temperature. The same section presents a
description of the Monte Carlo model on the basis of which the research was conducted. Based on numerical
experiments, it was found that the manifestation of the anisotropy of surface energy density can significantly
affect the kinetics of the break-up process and in some cases cause large deviations of the cross-sectional
modulation wavelengths with maximum growth increment from the predictions of existing models. In this regard,
an analytical model was built, based on which an expression was obtained which takes into account the
dependence of the wavelength of modulations of the nanowire radius on the anisotropy of surface energy density,
which allowed to predict with high accuracy the wavelength of surface modulations for nanowires of different
orientations. In the second section, the Monte Carlo kinetic method was used to study the physical mechanisms
responsible for the disintegration of nanowires with a diamond-like cubic crystal structure into chains of
nanoparticles. Depending on the temperature and orientation of the nanowire relative to its internal crystal
structure, the wavelengths of modulations of the cross-section exceed its initial radius by 4-18 times. It is shown
that the reason for the formation of surface modulations of nanowires with ultra-short wavelengths 4.5<o<2n is the
effect of roughening transition, which depending on the system temperature may appear on some or all faces that
form the lateral surface of the nanostructure. The third section investigates the kinetics of nanowires with a cubic
body-centered crystal lattice at different stages of their break-up and analyzes the dependence of the wavelength
of surface perturbations of nanorods with FCC and BCC crystal lattices on external influences, which lead to
surface diffusion intensification. It was determined that for certain orientations of nanowires with BCC lattice the
roughening transition effect plays a major role in the disintegration process and causes the formation of terraces
on their lateral surface and the development of short-wave perturbations of the cross-section. The fourth section
analyzes the physical mechanisms responsible for the formation of an ordered sequence of nanoclusters
synthesized on nanowires with a diamond-like crystal lattice. It was established that the main factors determining
the self-ordering of the nanocluster system are the surface diffusion of atoms and the shadow effect. Based on the
obtained results, it was determined that changing the rate of supply of atoms to the system is an effective method
of ensuring a high level of periodicity in the location of the nanoclusters along the base nanowire and allows to
synthesize nanostructures with desired geometric parameters.
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