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@opMyBaHHA KBa3l0JHOBUMIPDHUX CTPYKTyp ©0a3yeTbcsi HAa BHKOPHUCTAHHI
HAHOCTEPKHIB B SKOCTI 06a30BUX ejaeMeHTIB. JlaHa aucepTaliifHa poOoTa IPUCBIUYCHA
nepepi3 HAHOCTEP)KHS CTa€ MEPIOJUYHO MPOMOYJIOBAHUM B PE3yJIbTaTl CIIOHTAHHOI
TpaHchopMmallii MOBEPXHI B MPEAIUIABUIBHOMY peXUMI (TeMIiepaTtypa HaHOAPOTY
Habarato HWK4ya TeMIlepaTypH IJIaBJIEHHS MaTeplay 3 AKOro BiH OyB CHHTE30BaHUM).
Ha 3axmrouniit cTaaii Taki MOIYJSIIIT IPUBOJATH IO PO3MAy HAHOAPOTY Ha JAHITIOKOK
130MEpHUX HaHOKpamelb. 3a yMOBH 3a0e3MeueHHS HaJeKHOTO KOHTPOJIO Hal
KIHETUKOIO TMpOIECY €(PEeKT TEepMIYHOI HECTIMKOCTI HAHOCTEPXKHIB MOXKE
BUKOPHUCTOBYBATHCS ISl CTBOPEHHS XBHUJIBOBOJIB CyOXBWJIBOBOI ONTHUKH, B SKHUX
OMMKHBO-TIONFOBA B3a€MO/IiSI MK TMTOBEPXHEBUMH TJIA3MOH-TIOJSIPUTOHHIMH MOJaMH
CYCIIHIX HAHOYACTHHOK 3a0e3Medye TPaHCIOPT CBITIa HUXKYE TUPPAKIIAHOTO JIMITY.
B npyromy BapiaHTi 0a30BUMH HaHOJPIT BUKOPUCTOBYETHCA $IK KBa310JIHOBHMIipHA
MIJKIaAKa JJ1s TIOJAIbIIOTO CUHTE3Y Ha HiM BIOPSIIKOBAHOI CHCTEMH HAaHOKJIACTEPIB,
TOOTO CTBOPEHHS, B AU(DY31MHOMY PEKUMI OCAJKEHHS BUIBHIUX aTOMIB, HAHOCTEP)KHIB
TUIYy A7po-000y0HKa. OIHOPIAHI 32 J1aMEeTPOM HAHOJPOTH 3HAYHO MOCTYMAOTHCS
CUCTEMaM p0-000JIOHKA B CIIPOMOYKHOCTI «3aXOIUTIOBATH» CBITJIO PO3PaXxOBAaHOIO Ha
OJIMHUII0 Macu. ToMy BU3HAUEHHS METO/IIB KEpYBaHHs T€OMETPUYHUMU MTapaMeTpamMu
HaHOCTEP)KHIB TUIY SAPO-000JIOHKA JO3BOJHUTH Pi3KO 3MEHIIUTH Macy «I3epKaiay-
JETeKTOpa B ONTHYHOMY PE30HATOP1 3 MOJAIBLIMMH MOMKJIMBOCTSAMU JI€TEKTYBaTH

MEXaHI4YH1 pyXH JOCIIKYBAaHUX 00’ €KTIB BIPUTYJI O KBAHTOBUX €(EKTIB.



JlocmimKeHHsT JTaHWX TPOIECIB aHANITHYHUMH METOJaMH € HaJA3BUYAiHO
CKJIQJJHUM Ta HEMOXJIMBUM O€3 BBEICHHS TIEBHUX 0a30BUX MPUIYILIEHb, IO
CHPOIIYIOTh ONMUCAHHS CUCTEMH, alie TPU I[bOMY JIUIIAIOTh MOKIIMBOCTI «BIJTIOBUTH
Macy e(eKTiB, II0 CIIOCTEepIraloThCS Ha EKCIIEpUMEHTax. 30Kpema, B iHTepIpeTaii
pe3ynbTaTiB B 0araTbOX €KCIEPUMEHTAIbHUX poOO0Tax CHUPAIOThCd Ha MOJEIh
Hikonca-Matinza 3riiHO sIKOi iICHY€ HIDKHS TPAHULS IS JIOBXKHUH XBHWIIb 30ypeHb
MOTIEPEYHOT O Iepepi3zy HaHocTepkHA (A, = 271), @ MAKCUMAIIbHUH IHKPEMEHT POCTY
MaroTh 30ypeHHSI, 1110 BIAMOBIAI0Th JIOBXKUHI XBHIII MOPsIKA JIeB’SITH paaiyciB. OaHak,
HEJ/IaBHI eKCIIEPUMEHTAJIbHI Pe3yIbTaTH 3 po3naay HaHoctepkHiB CuU, AU Ta Si HisSK He
MO>KHA MOSICHUTH B PaMKax 3rajlaHoi Mojiesii.  MeToau MOJEKYJISIPHOI JUHAMIKH HE €
HabaraTto Kpamio ajdbTePHATHUBOIO TMPU BUBYCHHI BHINE3TaJaHUX 0araTOaTOMHHUX
CUCTEM, OCKUIbKA BUMararoTh BEJINYE3HUX OOUHUCITIOBAIILHUX PECYPCiB. Y 3B’SI3KY 3 LIUM
KIHETHKA TPOIECIB PO3MaJay HAHOAPOTIB Ta CHUHTE3Y BIOPSJIKOBAHUX JAHITIOKKIB
HAaHOKJIACTEPIB  JIOCTIKY€EThCS 32  JOIOMOI'OIO Merony  Mownte-Kapio,
BUKOPUCTOBYIOUH SIKMI OYyJI0 OTPUMAHO PE3yJbTAaTH, 10 3HAXOJATHCA B UyJIOBOMY
SAKICHOMY Y3TOJI)KEHHI 3 pe3yJbTaTaMu OTPUMaHUMU Ha €KCTIEpUMEHTAX.

OcHOBHa yacTHHA AMCEPTALIHOT POOOTH CKIAAAE€THCS 3 YOTUPHOX PO3ILIIB, SKI
npuCBsTYEHI: (1) BCTAHOBJICHHIO (DI3MYHUX MEXaH13MIB, IO BIJIMOBIATbHI 3@ CIIOHTAHHY
MEep10IUYHY MOIYJISILIIF0 MOBEPXHI 1 NOJANBIIMKI pO3al HAHOCTEPKHS; (11) BU3HAUEHHIO
3aKOHOMIpHOCTEH (hOpMyBaHHSI HAHOKJIACTEPIB Ha HAHOAPOTI B peKuMI cUHTE3Y; (iii)
PO3po0IIi METO/IIB KOHTPOJTIO MMApaMeTPIB SIK MPOIIECY PO3MaAY, TaK 1 IPOIIECIB CHHTE3Y
s GopMyBaHHST CHCTEM 3 Hamepel 3aJaHor Mopdosorieto Ta (I3UYHUMHU
BJIACTUBOCTSIMU.

[Tepmmii po3aut qaHoi AUCepTalifHOI pOOOTH MPUCBSYEHO JE€TATbHOMY aHAII3Y
IPOLIECIB PO3Maay UMIIHAPUYHUX HAHOCTEPXKHIB 3 TPAHELEHTPOBAHOIO KyOIYHOIO
KPUCTAJIIYHOIO TPATKOIO B 3aJICKHOCTI BiJl TEMIEPATYPH CUCTEMU. B 1iboMy K po3miii
npeacTaBieHo onuc Mozen MonTte-Kapio Ha 0a31 K01 IPOBOIUINCH TOCTKEHHS.

[Ipu posmami HaHOCTEPXKHIB MiHIMI3allis BUIbHOI eHeprii cucremu, F, Ha

MOYAaTKOBUX CTaAIsX «EBOJIOLI» B1AOYBA€ThCA HUIIXOM PECTPYKTypHU3allli MOBEpXHi



HAHOCTEPXKHA Ta 11 MOKPHUTTAM, B OCHOBHOMY, (pparMeHTaMH KpHCTaJorpadiaHux
MOBEPXOHb, SKI MalOTh MIHIMAJIbHY TYCTHHY IOBEPXHEBOi €HEprii 1 BHU3HAYAIOTh
piBHOBaXkHY KoH(irypaiito Bynsda i3omp0Banoi HaHouacTuHKU. [IpomeMoncTpoBaHo,
10 Takui ke eeKT BUHMUKAE 1 Ha OUIBII Mi3HIX CTaAisIX po3maay, KOJu (popMyroThCs
obmacti 3ByxeHHs/mepemuiiku. Ha OCHOBI NMPOBEACHUX YHCEIbHUX EKCIICPUMEHTIB
OyJ10 BCTaHOBJIEHO, 1110 MPOSB aH130TPOIIT I'yCTUHU TTOBEPXHEBOI €HEPTii MOXKE CYTTEBO
BIUIMBATH HAa KIHETUKY MPONECY pOo3Magy Ta B Pl BUNAAKIB CIPUUYUHATH 3HAYHI
BIIXWICHHS 3HAY€Hb [JIOBXKUHU XBWJl MOAYJSIIA TIOMEPEYHOro mepepizy 3
MaKCUMaJbHUM 1HKPEMEHTOM POCTY BIJ Mepen0ayeHb iCHYIOUMX Mojenel. 3o0Kkpema
MOKa3aHo, 1110 JJ1s HaHocTepxHiB 3 [110]-opieHTaliiero po3naa MOXe BiI0OyBaTHCS JTHIIIC
3a 3HAYEHb JIOBXMHU XBUJI1, 110 Mailke B TPU pa3u MEPEBUILYIOTh 3HAYCHHS OTPUMaHi
Ha OCHOBI TEOPETUYHHUX PO3PAXyHKIB. Y 3B'A3KY 3 UM OYyJI0 MOOYJOBAHO aHATITUYHY
MO/I€Jb, HA OCHOBI SIKO1 OTPUMaHO BUpa3 J€ BPAXOBYEThCS 3AJIEKHICTh TOBXKUHHU XBUIII
MOAYJISILINA paAlycy HAaHOAPOTY BIJI aHI30TPOMIi TYCTUHU MOBEPXHEBOI €HEprii, 110
JI03BOJIMB 3 BHCOKOIO TOYHICTIO MEpPeA0AUYUTH 3HAUYCHHS JTOBKUHU XBHJII MOMYJISIIN
MOBEPXHI JIJI1 HAHOCTEPKHIB PI3HUX OPI1EHTALIIM.

VY apyromy posaini kiHetuuHui Meton Moute-Kapio Oyno 3actocoBaHo st
BUBUYCHHS (DI3MYHUX MEXaH13MIB, 1110 BIAMOBIAAIOTH 32 PO3Ma HAHOAPOTIB 13 KyOIYHOIO
KPUCTAIIYHOIO CTPYKTYPOIO THIy ajMa3a Ha JIAHIIOKKH HaHOYACTUHOK, SKHM
CIIOCTEpIraBcs y MOMEPEIHIX eKCIEPUMEHTaX 3 KPEMHIEBUMH HAHOAPOTAMU. 3aJIEKHO
BiJl TeMIlepaTypd Ta Opi€HTAIli OCi HAHOJAPOTY BIJHOCHO WOr0 BHYTPINIHBOT
KPUCTAJIIYHOI CTPYKTYpH, JAOBXKHUHHM XBWJIb MOIYJISILINA MONEPEYHOro Inepepizy
NEPEeBUNIYIOTh HOro modatkoBuil pamiyc y 4-18 pasie. IlokazaHo, 1m0 NpUYUHOIO
(GopMyBaHHS MOJIYJISAIINA MOBEPXHI HAHOCTEP)KHIB 3 YJIBTPA-KOPOTKUMHU JTOBXKUHAMU
xBuIIb 4.5 < A < 21 € epexT roughening transition, 1o B 3a1€KHOCTI Bl TEMIIEpaTypu
CHUCTEMHU MOJXKE TPOSIBISITHCS HAa OKpeMUX a0 YCIX TpaHsx, ki (GOpMyIOTh OIYHY
MOBEPXHI0O HAaHOCTPYKTypu. [IposeMoHCTpOBaHO, IO BHACIIIOK MiHIMi3allii BUIbHOI
eHeprii cuctemu, F, 3 HWIIHAPUYHUX HAHOCTEP)KHIB TMEBHUX OPIEHTAIlId MOXYTh

(bopMyBaTHCs CTPYKTYpH 3MienoaioHoi/criipaibHoil hpopmu. Takox Oya0 BCTAaHOBICHO



PI3HOMAaHITHICTH CIIEHApliB pO3May HAHOJIPOTY Ha OKpEeMi HaHOKJIACTEpPH: a00 KOKHA
00JIaCTh YIIUPEHHS HAHOJIPOTY MEPETBOPIOETHCS B OKPEMY HaHOKpAIUIio, abo CyciaH1
00JacTi MOTIMHAIOTH OJHA OAHY, L0 MOXE CYMpPOBOIKYBATHCS YTBOPEHHSM CTIHKUX
710 pO3Majy CTPYKTYp TaHTeNenoAi0H01 (popmu, aHayI0iIiB.

Y TperboMy pO3ALTL JOCHIIKYIOTHCS OCOOJIMBOCTI KIHETHKM HAHOJPOTIB 3
KyOi4YHOIO 00’€MHOIICHTPOBAHOIO KPUCTATIYHOIO TPATKOI Ha PI3HUX CTamisfax ix
po3magy Ta MPOAHAII30BAHO 3aJICKHICTh JIOBXKMHU XBWUJII TOBEPXHEBUX 30ypeHb
HanoctepxkHiB 3 ['TIK ta OLIK kpucTaniyHuMu rpaTkaMu BiJi 30BHIIIHBOTO BIUIUBY, 1110
MPU3BOJIUTH JI0 IHTEeHCU(iKalli MOBEpXHEBOi AMPy3ii Ha HaHOCTepxkHsAX. Ha 0asi
KiHeTHYHOT Mojeni Monre-Kapiao Bu3HaueHo, 10 ISl TIEBHUX OplEHTAIlN
Ha"octepxHiB 3 OLIK rpaTtkoro edekr roughening transition rpae ocHOBHY pojb B
MpoIecl po3Majay Ta € MPUYMHOIO YTBOPEHHSI Tepac Ha iX OOKOBIM MOBEPXHI Ta
PO3BUTKY KOPOTKOXBUJIILOBUX 30ypeHb MONEPEYHOro nepepizy. s Takux HaHOJpOTIB
OyJ0 MOKa3aHO, L0 JOBXWHA XBWJII 30ypeHb MOBEPXHI HAHOAPOTY HAIpsIMy He
3aNeXUTh Bl Horo paaiycy. IHmmMmu cinoBamu, y 3B’SI3Ky 3 TUM, L0 OCHOBHUM
MEXaHI3MOM PEeCTPYKTypH3allii MOBEpXHi JUIsl WX cucTeM € roughening transition To
JTOBXUHH XBWJIb JJI1 HAHOCTEP KHIB PI3HUX PAJlyCiB € Maiike 0qHaKOBUMH. Takox Oyio
BUSIBJICHO IO B 3QJICKHOCTI BiJI OpIEHTAIll HAHOJAPOTIB CTUMYIISAIlIS ITOBEPXHEBOI
nudy3ii aTOMIB (HANpUKIIAJ, HUIIXOM OOMOapayBaHHS HAHOCTPYKTYPU €IEKTPOHHUM
ny4ykoMm) O€3 CHUJIBHOTO HarpiBy CHUCTEMH MOKe a00 MPU3BOAUTH 10 (HOpPMYBaHHS
METACTAOUTbHUX CTPYKTYP 3 KOPOTKOXBHIILOBUMH MOAYJISIISIMU PAALyCy, SIKI ChOTOIHI
IIMPOKO 3aCTOCOBYIOTHCSI B HAHOEGJIEKTPOHIIll, a00 HaBMaku, COPUATH (POPMyBaHHIO
JIOBTOXBUJILOBUX 30ypeHb MOBEPXHI, 10 MOTEHIIITHO MOXe OyTH 3aCTOCOBAHO JIJIst
dbopMyBaHHsI JIAHITIOXKKIB HAHOKJIACTEPIB 3 0a)KaHOO MEPI0AUYHICTIO.

B yerBepTOMy po3ail MpoaHadizoBaHO (Pi3MUHI MEXaHI3MHM, BIJIMOBIJAIbHI 32
dbopMyBaHHS BIOPSAKOBAHOI TMOCHIIOBHOCTI HAHOKJIACTEPiB, CHUHTE30BaHUX Ha
HAHOJPOTAaX 3 aJIMAa30MOJI0OHOI KPHUCTAIIYHOIO TPAaTKOW B AUGPY3IHHOMY pexUMI
OCa/UKeHHsSI BIUIbHMX aroMmiB. Pe3ynpraT Oyau oOTpuMaHi 3 BHUKOPHCTaHHSIM

cTaTUCTHYHOI Mozeni Monte-Kapio, sika BpaxoBye JHIIE B3aEMOJIII0 MIXK



HAWOMMKYMMU aTOMaMH KPUCTAJIIYHOI pelniTki. TuM He MeHIle, Il MOJAETb OMHCYE
CIIBBIAHOILIEHHS MK €JIEMEHTaMU CUCTEMH Ha BIJICTaHSX, 110 3HAYHO NIEPEBUILYIOTh iX
po3mipu. Y BCIX JOCHIDKYBAaHMX PEXKHUMax CHHTE3y pO3MIpH HAHOKIACTEPIB
3MIHIOIOTBCS TIOBUIBHO 1 JOCTIKYyBaHI KBa310JHOBHMIPHI CHCTEMH 3HAaXOIUTHCS B
CTaHl KBa3IpIBHOBard 3 IIIApOM BUIBHUX aTOMIB, III0 OTOYYE HAHOCTPYKTYDY.
BpaxoBytoun BigMiHHICTH AU(Y31HHOTO MOTOKY aTOMIB Ha MOBEPXHIO HaHOKJIAacTepa
Bil AuQY31HHOTO TOTOKY aTOMIB Ha 130JIbOBaHy HAHOYAaCTUHKY, Y 3B’S3Ky 31
CTBOPEHHSIM aHI30TPOMIi IMOTOKIB MOBEPXHEBOI JH(]Py31€l0 aTOMIB HAa HAHOIPOTI,
MPOaHaII30BaHO 3aJIEKHICTh (DOPMU BUPOCTAIOUMX HAHOKJIACTEPIB Bij Opi€HTAIlli OCi
0a30BOTO  HAHOCTEPXKHS  BIJIHOCHO  BHYTPIIMIHBOI  KPUCTATIYHOI  CTPYKTYpH.
BcranoBieno, mo OCHOBHHMH (pakTOpamu, M0 BH3HAYAIOTh CAMOBIOPSIKYBaHHS
CHUCTEMH HAHOKJIACTEPIB € MOBEPXHEBA AN Y314 aTOMIB Ta €(EKT TiH1, 38 paXyHOK SIKOTO
ryctuHa audy31iiHOTO MOTOKY aTOMIB B MIXKKIACTEPHY 00JacTh CYyTTEBO Maja€ Ha
KIHIEBUX CTaJiIX CHUHTE3Y UMM 3aBa)Ka€ YTBOPEHHIO HAHOKJIACTEPIB JAPYroro
nokoyiHHsA. Ha OCHOBI OTpMMaHMX pe3yNibTaTiB BH3HAYEHO, IO 3MiHA MIBUIKOCTI
MOCTaYaHHS aTOMIB B CHUCTEMY € J1€BUM METOJOM 3a0€3IMEUYEHHS] BHCOKOTO PiBHSA
MEepIOIMYHOCT] y PO3TAIIyBaHHI HAHOKJIACTEPIB B3JIOBXK 0a30BOr0 HAHOJPOTY Ta Ja€

MO>KJIMBICTh CHHTE3YBAaTH HAHOCTPYKTYPH 3 OaKaHUMH T€OMETPUIHUMU ITapaMeTpamHu.

KurouoBi ciioBa: nmapameTp posnanay, TepMiuyHa HECTaOUIBHICTh, HECTAOUIBHICTh
[Tnaro-Penes, meron Monte-Kapiio, edext roughening transition, anizoTporrist ryCTHHA
MOBEpPXHEBOi eHeprii, koHbirypaiis Bynbda, HaHOokiIacTep, HAHOAPIT THUIMY SAPO-
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ABSTRACT

Tereshchuk V.V. Dynamics of formation of ordered quasi-one-dimensional solid-

state nanosystems. - Qualifying scientific work on the rights of the manuscript.

The dissertation on obtaining a scientific degree of the Doctor of Philosophy on a
specialty 104 - Physics and astronomy (10 - Natural sciences). — National Technical

University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2021.

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 which the near-
field interaction between surface plasmon-polariton modes of neighboring nanoparticles
provides light transport below the diffraction limit. 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, in the diffusion mode of deposition of free atoms, 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 study of these processes by analytical methods is extremely difficult and
impossible without the introduction of certain basic assumptions that simplify the

description of the system, but prevent from "capture” a lot of effects observed in



experiments. In particular, the interpretation of the results in many experimental works
is based on the Nichols-Mullins model according to which there is a lower limit for
wavelengths of perturbations of the nanowire cross-section (4. = 2mr,), and the
maximum growth increment has perturbations corresponding to a wavelength of about
nine radii. However, recent experimental results on the break-up of Cu, Au, and Si
nanorods cannot be explained in the framework of this model. Molecular dynamics
methods are not a much better alternative in the study of the above-mentioned
polyatomic systems, as they require huge computing resources. In this regard, the
Kinetics of the processes of nanowire break-up and synthesis of ordered chains of
nanoclusters is studied using the Monte Carlo method, using which the results were
obtained that are in excellent qualitative agreement with the experimental results.

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.

During the break-up of nanowires, the free energy of the system, F, is minimized
at the initial stages of evolution by restructuring the nanorod surface and covering it
mainly with fragments of crystallographic surfaces that have a minimum surface energy
density and determine the equilibrium Wulff construction of the isolated nanoparticle.
It has been shown that the same effect occurs at later stages of disintegration when areas
of narrowing/necks are formed. Based on numerical experiments, it was found that the

manifestation of the anisotropy of surface energy density can significantly affect the
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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 particular, it is shown that for nanorods with [110]
orientation the break-up can occur only at values of the wavelength that are almost three
times higher than the values obtained on the basis of theoretical calculations. 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, which was observed in previous
experiments with silicon nanowires. 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 <
A< 2m 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. It has been shown that due to the minimization of free energy, F, of the
system cylindrical nanowires of certain orientations can form serpentine/spiral
structures. A variety of nanowire disintegration scenarios into separate nanoclusters
have also been established: either each nanowire expansion region turns into a separate
nanodrop, or adjacent regions absorb each other, which may be accompanied by the
formation of breakup-resistant dumbbell-shaped structures, unduloids.

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. Based on

the Monte Carlo kinetic model, it is determined that for certain orientations of nanowires
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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. For such nanowires, it was shown that
the wavelength of perturbations on the surface of the nanowire does not directly depend
on its radius. In other words, due to the fact that the main mechanism of surface
restructuring for these systems is the roughening transition, the wavelengths for
nanowires of different radii will be almost the same. It was also found that depending
on the orientation of the nanowires, stimulation of surface diffusion of atoms (for
example, by bombarding the nanostructure with an electron beam) without strong
heating of the system can either lead to the formation of metastable structures with
shortwave radius modulations, which are widely used in nanoelectronics, or long-wave
surface perturbations, which can potentially be used to form chains of nanoclusters with
the desired periodicity.

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 in the diffusion mode of deposition of free atoms. The results
were obtained using the statistical Monte Carlo model, which takes into account only
the interaction between the nearest atoms of the crystal lattice. However, this model
describes the relationship between the elements of the system at distances significantly
exceeding their size. In all studied modes of synthesis, the sizes of nanoclusters change
slowly and the studied quasi-one-dimensional systems are in a state of quasi-equilibrium
with the layer of free atoms surrounding the nanostructure. Given the difference between
the diffusion flux of atoms on the surface of the nanocluster and the diffusion flux of
atoms on the isolated nanoparticle, due to the creation of anisotropy of fluxes by surface
diffusion of atoms on the nanowire, the dependence of the shape of growing nanoclusters
on the orientation of the axis of the base nanowire is analyzed. Additionally, it is
established that the main factors determining the self-ordering of the nanocluster system
are the surface diffusion of atoms and the shadow effect, due to which the diffusion flux
density of atoms in the intercluster region decreases significantly at the final stages of
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synthesis. Based on the obtained results, it is 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.

Keywords: break-up parameter, thermal instability, Plateau-Rayleigh instability,

Monte Carlo method, roughening transition, anisotropy of surface energy density, Wulff

construction, nanocluster, core-shell nanowire, homogeneous nucleation, heterogeneous

nucleation.
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