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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BriyiuB noBepxHeBUX peakiiii Ha (pa30yTBOPEHHS i CTPYKTYPHY €BOJIIOLI0 HAHOCUCTEM

Ha3sBa po6oTH aHIJIilICbKOIO:

Influence of surface reactions on phase transformaions and morfology evolution in the nanosystems

PedepaT ykpaiHCbKOIO:

1. 3anpoNOHOBAaHO MAaTEMATUYHI MOJIEJIi, SIKi JO3BOJISIIOTh OLEP>KaTU TEOPETUYHI ySIBJIE€HHS [IPO MEXaHIi3M Ta
KiHETUKY POCTY OKCH[ly Ha TIOBEPXHi TOHKHUX IIJIIBOK B yMOBAaX [Iil "KUCHEBOTO Hacocy". Gpy HU3bKUX TEMIIEPATYPAX
Biilasly peaslisyeTbCsl PEXXUM HACOCY, SKUI BUBHAYAEThCS NUPY3ielo B3LOBXK NOTPIHMX CTHKIB TPaHULb 3€PeEH, a
IIPU BUCOKUX - TUQYy3ielo B 06'eMi okcupy. 2. Po3pobsieHa MoJiesib TOYKOBOI peaklii Mi>k HAHOAPOTUHKaMU KPEMHIIO
i HAHOJIPOTMHKAaMM 200 HAHOYACTUHKAaMU Hikeo ONyMcaHa KiHeTUKa pOCTY MOHOCWIILIAIY 3 MepiofaMu O4iKyBaHHS
3apOCTaHHS aTOMHUX IJIOLIVH; IEPIOAM O4YiKyBaHHS KOPEIbOBAHI B Yaci, 1[0 IOBUHHO JABaTH BilXUJIEHHS Bif
CTaHJIAPTHOTO IyaCOHIBCBKOIO PO3IOIiNy UUX 4YaciB. 3. CTBOPEHO HOBY TEOPIIO Ta MOJEJIi 3aPOJKOYTBOPEHHS Y
BiIKPUTHUX CUCTE€MaX, Y TOMYy YMCJIi y IPY IOBEPXHEBUX LIAPax Ta Ha iHTepdeiicax 3 ypaXyBaHHIM IMBEPreHLii
30BHIIIIHIX MOTOKIB. . 4. [I06y0BaHa Teopis i KOMI'IOTEPHI MOJEJIi YTBOPEHHS], POCTY i KOJIAINCy OPO>KHUCTUX
HaHOTPYOOK, [TokazaHo, 110 B 3a71€XKHOCTI Bifj, CNiBBiTHOIIEHHS pajiyca i aapa i 000710HKY, BcepeayHi HaHOLMITiHpa
MOXXE YTBOPUTHCS SIK JIAHIIIOKOK i30J1bOBAHUX I1OP 13 MOJAJIBIIMM iX KOJIAIICOM, @ MOXKE 1 epKOJIILiMNHUNI KJIaCTED
0P, KU NEePeXOAUTh Y LAIHAPUYHY MOPY, TE€X i3 MOJAIbIIMM KoJlaricoM. 5. CTBOPEHHI HOBi MOJieIi peaKLiil
CHHTe3Y, 110 CAMOIIOIIMPIOETHCS, Y TOHKIN MYJIbTUIIAPOBiN (oJIb3i, 3 ypaxyBaHHSIM [IOBEPXHEBUX €(EKTIB i

HEPIBHOBaKHUX BaKaHCIN.

Pedepar aHIJ1iHCBKOIO:

1. Mathematical models enabling to understand the mechanism and kinetics of oxide growth at the thin films
surfaces under "oxygen pump", are suggested. For various ratio of grin-boundary, bulk and interface "metal-oxide"
diffusivities, one can determine the time of reaching the maximal oxide size (thickness) and then, taking into
account the grain sizes, predict the time of continuous oxide layer formation at the surface. It is established that
the diffusion mechanism influences substantially the shape and size of an oxide layer (in particular, on its effective
thickness). Influence of the Mass-transfer parameters on the effective growth exponent has been analyzed.
Regularities of the oxide growth for 4 diffusion regimes are found. They demonstrate that at low temperatures an
oxygen pump regime is realized by diffusion along triple junctions of the grain boundaries, and at high
temperatures - by the bulk diffusion in the oxide. 2. The following model of point contact reaction between silicon
nanowires and nickel nanowires or nanoparticles has been elaborated: a) surface diffusion along external surface
of silicon nanowire wit distributed sink due to penetration of metal atoms into wire bulk through the nanometric
oxide layer; b) formation of the first monosilicide nucleus outside the mechanical contact region; c) "stop-and-go"
epitaxial growth of monosilicide along nanowire by fast lateral filling of each new atomic layer leading to depletion
of nickel interstitial atoms solution in silicon and respectively, to long waiting time necessary for reanimation of
concentration super-saturation via the point contact; d) waiting periods are correlated in time, and this should
lead to deviation of waiting time distribution from Poissonian one. 3. New theory FDN (Flux Drive Nucleation) is
suggested, as well as models of nucleation in open systems (including surface layers and interfaces) are suggested:
Solid state reactions start with formation of nuclei of the product phases. Divergence of external fluxes appears to
be essential for nucleation. This influence is expressed in terms of the 5-th or 4-th power of size term in the
effective Gibbs potential of nucleation. Characteristic size of diffusion spot around mechanical contact point could
be even larger the wire diameter. It explains why a) silicide nucleate outside the contact point, b) why the phase
NiSi grows instead of common Ni2Si c) why the average growth velocity is not decreasing with time. 4. Surface
reaction of the nanoparticles and nanowires leading to formation and collapse of hollow nanoshells, have been



modeled as one "life cycle", taking into account Kirkendall, Frenkel, Gibbs-Thomson effects. Percolation transition
of voids in nanowirews is predicted 5. Surface influence on the SHS reaction in multilayers is modeled for Ni-Al
system. The threshold of reaction initiation by side thermal flux is found for first time. Slowing down and
acceleration of SHS reaction by non-equilibrium defects is described for the first time.
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