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V. BimomocTi npo guceprauiio
Mosga guceprarii:

Koau TemaTHYHHUX PYOpPHK: 29.19.03
Tema gucepranii:

1. TepmonuHamika Ta 6araToMacITabHe MOZLEII0BAaHHS KOHTPOJIbOBAHUX AUQY3ielo NpoleciB y 6araTropasHux

HaHOCHCTEMAX

2. Thermodynamics and multiscale modeling of diffusion-controlled processes in multiphase nanosystems

Pedepar:

1. Inceprarist NpUCBsSY€Ha aHaJIi3y 3aCTOCOBHOCTI KiIacM4HOi AuQy3iiiHoi Teopii A5 onucy nudysiitHo-
KOHTPOJIbOBaHUX NPOLECiB y 6ararodazHux HAHOCUCTEMAX 3 KOHLIEHTPALiiHUMU IPaiieHTaMy, CIIPUYMHEHIMU
YMOBaMU IIPUTOTYBaHHS, KallISIPHUMU e(eKTaMU, eJIEKTPUYHUM T10JieM. Y TOCTIiIKeHHI BUKOPHCTaHO MeTOAU
TEOPETUYHOTO OIUCY | KOMII'IOTEPHOTO MOJEJIIOBAHHS Y ME30CKOIIIYHOMY Ta aTOMiCTUYHOMY MaclITabax i3
Y3rOIPKEHHSIM PEe3YJIbTaTiB 3 €KCIIEPUMEHTOM. XapaKT€PHOK OCOOJIUBICTIO JOCIIKYBAaHUX 00'€KTIB €
HEPiBHOBaXXHICTh BAaKaHCIMHOI MiiCUCTEMU. BCTAaHOBJIEHO, 1110 YTBOPEHHS i CTATYBAHHS MOPOXXHUCTUX
HAaHOOOOJIOHOK € CTafisIMU €JMHOTO NIPOLeCy €BOJIOLII cucTeMH "sApo|o60JIOHKA" y pe3ysbTaTi KOHKYPEeHLii Ta
CHHEepri3aMy NpsiMoro i obepHeHoro eektiB KipkeHpana, epexriB @penkess ta [166ca-ToMcoHa; icHye KDUTUYHUN
PO3Mip YaCTUHOK, HW)KUYE SIKOT'0 TIOPOYTBOPEHHS HEMOXKIIUBE. TPUBUMIDHMM aTOMICTUYHUM KOMIT'IOTEPHUM

MO[IEJIIOBAHHSIM MiATBEP/)KEHO HOBUI MEXaHi3M BillMOB MiTHUX 3'€[IHAHb €JIEKTPOHHUX MIKPOCXeM i3



3apPOPKEHHAM I10P JAJIEKO Bifl KaToHa Ta iX 3aTpUMILLi Ha MDK3epEHHUX MeKax. [JIs OLiHKY TeMIIEpPATYpU i
MIBUJIKOCTI GPOHTY CaMOIIOUIMPIOBAHOTO BUCOKOTEMIIEPATYPHOT'O CUHTE3Y Y MYJIbTUIIAPOBUX (OJIiSX 3
HaHOPO3MipHUM IEPiogOM: BPaxOBaHO iHEPLiMHICTh HEPIBHOBA)KHOI BaKaHCIMHOI CUCTEMU i BIJIMB [10YaTKOBOI
IedeKTHOCTI; 3aIIPOIIOHOBAHO i YaCTKOBO MEePEBIPEHO METOAUKY 0O€pHEHO] 3a/1a4i BUBHAUeHHSI € (PeKTUBHUX
koe@iuieHTiB gudysii i TennoBuiNneHHs.

2. The thesis contains analysis of the applicability of classical diffusion theory to description of the diffusion-
controlled processes in multiphase nanosystems with concentration gradients caused by the conditions of
preparation, capillary effects, electric field. The study used the methods of theoretical description and computer
simulation of mesoscopic and atomistic scales, its results agree with experiment. A characteristic feature of the
objects is the non-equilibrium vacancy subsystem. It was established that the formation and shrinkage of hollow
nano-shells represent just two stages of a single process of evolution of the "core | shell" structure as a result of
competition and synergy of direct and inverse Kirkendall effects, Frenkel and Gibbs-Thomson effects. It is proved
that there is a critical particle size below which pore formation inside the particle becomes impossible. Three-
dimensional atomistic computer simulations confirmed a new mechanism of copper interconnects failures in
electronic circuits: the formation of nanopores at the interface copper line and insulator, their movement along
the interface under electron wind, temporal trapping and growth at the grain boundaries and their joints in thin
films with bamboo structure, subsequent separation from the traps after exceeding the critical size. Concerning
SHS (self-sustained high temperature synthesis), the inertia (finite relaxation time) of non-equilibrium vacancy
subsystem in non-isothermic conditions and the effect of the preformed defect structure of the deposited
multilayered foils on the flame temperature and velocity are taken into account. The new method of solving the
inverse problem of SHS is suggested and partially checked - the estimation of effective diffusion and
thermodynamic parameters of nanoscale multilayered foils on the basis of some special reference experiments.
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