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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHYHHUX PYOpPHK: 29.19

Tema gucepranii:

1. EBosmIoNIisl BiIbHUX MeTaJIeBUX KJIACTEPiB py 60MOapIyBaHHI HU3bKOEHEPreTUIHUMU KJIaCTepaMU aproHy

2. Evolution of free metal clusters under low-energy argon clusters bombardment

Pedepar:

1. PosriisiHyTO €BosOLii MOHO- Ta 6iMeTaseBUx MeTacTabiIbHUX SIHYCOIOAi6HMX KJlacTepiB Ha iHTepBasax MPOTIrOM
5,100 i 500 mic micg B3aemoqii 3 aToMmamu Ar Ta Kiactepamu Ar2 ta Arl3 3 eneprisimu 1o 1.4 keB. Knacrepu Cu, Cu-
Au, Ni-Al Ta Cu-Bi manu pi3Hi eHeprii Koresii, TEIJIOTy NepeMillyBaHHSI KOMIIOHEHTIB Ta po3Mipu Bin 26 1o 390
aToMiB. MOZI€JII0BaHHS BUKOHYBAJIOCSI METOJIOM KJIACMYHOI MOJIEKYJISIPHOI IMHAMIKY 3 BUKOPUCTAHHSIM TE€XHOJIOTIHN
[apajieJibHOrO IIPOrpaMyBaHH Ta NOTEHLaJiB MiXkaTOMHOI B3aeMogii EAM ta AknaHpa. [lokazaHo 3HauHe
3POCTaHHS BUXOJiB PO3MNUJIEHHS KOMIIOHEHTIB, Y J€SIKMUX BUNATKaX 3i 3MiHOI0O KOMIIOHEHTH, 1110 IIEPEBAXKHO
POBIIMIIIOETHCS, Ta IHTEHCUBHOCTI IlepeMileHb aTOMIB 3i 30ibLIIEHHIM pO3Mipy YaCTMHKY aproHy Ta €Heprii, o
TaKOX CYIPOBOJIKYETbCS CUJIbHMM 3POCTaHHSIM MTOTEHIia/IbHOI €Heprii Ta TeEMIIEPATYpPHU PO3irpiBy Kiacrepa.
[IpocTeskeHo nepexiz, Bif KACKaAHO-PEKOMIIOBOTO MEXaHiI3My aTOMHUX IT€PEMIIIEHD 40 TEPMIYHOrO 3 BilIIOBiIHUM
BILJINBOM TEIJIOTY NepeMilllyBaHHS Ha IIPOLIECH eBOJIIOLii 6iMeTaneBux KiacTepis, a came, TeMIIEPATypPy, B3aEMHeE

NepeMillyBaHHS Ta KiHIEBi 3HAYEHHS BUXOZiB PO3MUJIEHHS KOMIIOHEHTIB. OTPMMaHO 3HAaYHUI CUHEPreTUYHUN



edeKT 3pOCTaHHs PO3NUJIEHHS KJIaCTePiB Npu 60MOapAyBaHHi kyiactepamu Ar2 ta Arl3 nopiBHSIHO 3 aTOMaMu Ar.
BcraHoBsieHo GpopMyBaHHSI 000JIOHKOBUX HAHOCTPYKTYP 3 IMiABUILEHOIO KijbKicTio aToMiB Cu y sapax i aTomis Biy
3aMKHEHi} 000JI0H11i, @ TAKOXX B MEHIIIH Mipi, 3i 301/IbI1I€HOIO0 KiJIbKICTIO aTOMIB AU y 30BHIlIHBOMY LIapi, BiZITIOBiIHO,
B kyactepax Cu-Bi ra Cu-Au mig miero knacrepis Arl3. ¥V Bunanaky Arl npu BifTHOCHO HU3BKIN TeMIIepaTypi i
HE3HAYHOMY PO3IUJIEHH] CIIOCTePiraeThcs He3aBepLIeHICTh aTOMHOI 060J10HKM y KacTepi Cu-Bi Ta 3HauHa

HEOJIHOPIiJHICTh NepPEMIllyBaHHS KOMIIOHEHTIB Y Kiactepi Cu-Au.

2. The evolution of mono- and bimetallic metastable Janus-like clusters at 5, 100 and 500 ps time intervals after the
impacts with Arl, Ar2 and Arl3 particles with energies up to 1.4 keV is considered. Cu, Cu-Au, Ni-Al and Cu-Bi
clusters which consisted of 26 to 390 atoms and had different mixing heat of their components were investigated.
The bombardment was carried out with Arl, Ar2 and Arl3 particles with energies from 1 to 1400 eV. The simulation
was performed in the framework of classical molecular dynamics using the potentials of EAM and Akland to
describe the interactions between metal atoms with MPI and OpenMP technologies implementation. A significant
increase of the sputtering yields, with a change of the mainly sputtered component in some cases, and atoms’
displacement intensities with an increase in the size and energy of the bombarding particle along with strong
growth of the potential energy and heating temperature of the clusters was shown. A gradual transition from the
cascade-recoil to thermal mixing and sputtering mechanism in the process of the evolution of the bimetal cluster
with increased temperature and intermixing of the components supported by the negative mixing heat was traced.
Notable synergistic effect for clusters’ sputtering yields growth was found in the case of Ar2 and Ar13
bombardment compared to Ar bombardment. The formation of shell nanostructures with increased number of Cu
atoms in the cores and Bi atoms in the closed shell or to a lesser extent increased number of Au atoms in the outer
layer under the Arl3 particles bombardment of Cu-Bi and Cu-Au clusters correspondently was investigated. For
the case of Arl at relatively low temperatures and insignificant sputtering, an incompleteness of the atomic shell in
the Cu-Bi cluster and a significant heterogeneity of the components’ mixing in the Cu-Au cluster were observed.
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