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2. Differential characteristics of excited particles emission under the ion bombardment of metals: methods,
experiment, theory.

Pedepar:

1. Incepraliio pUCBsIYEHO BUBYEHHIO €Micii 30y/I)KEHUX YaCTHHOK IIPU 60MOapAyBaHHi IOBEPXHi METAJIB Y
BaKyyMi iOHaMU KiJIO€JIEKTPOHOBOJIbTHUX eHeprii. OCHOBHa ifies poO0TH - peasisalis MOKJIMBOCTI BUMIPIOBaHHS
Han6inb iHpopMaTUBHUX, AudepeHLialbHIX XapaKTepUCTUK JAHOTo sBUIIA. B pobOTi pO3BUHYTO HOBUH MifXiz, 0
IOCJIiIKEeHHS NTOi6HUX sIBULL, SIKUH ]a€ MOXJIUBICTb OIE€P>KyBaTU BUYEPIIHY €KCIIEPMMEHTAJIbHY iHpopMaliiio po
MIOTIiK PO3MOPOIIEHUX, PO3CiISIHUX i 1€COPOOBAHMX aTOMIB i i0HIB MIJIIXOM PO3[iJIEHHS LJUX YACTUHOK 332 BEKTOPaMU
IIBUAKOCTEM i €JIEKTPOHHUMU CTAaHAMU, B TOMY YMCJI i HecTabinbHUMU. Ofep>KaHO KOMILIEKC JaHUX PO
PO3I0LiNy 3a MBUAKOCTIMU 30yI>)KEHUX YACTUHOK, PO3IOPOIIEHUX i pO3CisIHUX ITpY i0HHOMY 60MbapiyBaHHi
MeTaliB. 3'COBaHi OCHOBHI M€XaHi3MU i po3p06JI€HO KBAHTOBO-MEXaHIYHY MOI€JIb SIBUIIA. 3alIPOIIOHOBAHO
BUCOKOYYTJIUBUI ONTUYHUI METOJ, 6€3€TaJIOHHOTO KiJIbKiCHOTO €JIeMEHTHOTO aHaJli3y OBEPXHi Pi3HUX MaTtepiaiB

3a IOTIOMOTOI0 10HHUX ITy4KiB.



2. The dissertation is devoted to investigation of emission of excited particles under the ion bombardment of metal
surfaces in vacuum. The new approach (Doppler Tomography) to the investigation of this and related phenomena
is developed. Doppler Tomography allows to obtain the exhaustive experimental information on the flux of
sputtered, scattered and desorbed atoms and ions by means of separation of the particles by velocity vectors and
electron states, including nonstable ones. The theoretical foundations, software applications and apparatus basis
of Doppler Tomography were developed. This allowed to obtain the complex of data on the single and three
dimensional velocity distributions of excited particles sputtered and scattered under the ion bombardment of
metals. It is stated, that in the case of ion bombardment of metals emission of excited atoms essentially differs
from the emission of excited ions by their differential characteristics and the regularities of the behavior of the last
under the alte ration of experimental conditions. It is showed that this is conditioned by the following difference in
the mechanisms of excited neutral and ionized particles emission: the excited ions acquire the excitation in atomic
collisions on the surface, they are knocked out at the initial stage of the development of the collision cascades and
reflected from the surface as a result of single scattering acts on the surface atoms (when the last are heavier then
the bombarding ions), whereas the excited atoms acquire the excitation through the electron exchange
mechanisms and the significant part of them are knocked out in the base regime of sputtering of metal, moreover
this mechanism becomes the dominating one under the bombardment of the surface along the normal. It is
showed that in the case of ion bombardment of metals the mechanism of excitation of emitted atoms is realized
mainly through the following processes: resonant and non-resonant single electron transitions between the metal
levels and levels of particle, single electron transitions within the particle levels and also Coulomb interaction of
the electrons, captured by particle. Accounting of these processes in the quantum-mechanic simulation of the
evolution of the multielectron system "metal - emitted particle" allows to explain the experimentally observed
efficiency of excitation of secondary atoms and the shape of dependencies of excitation and ionization
probabilities of the secondary atoms on their velocities. Two new optical methods of surface diagnostics with ion
beams are proposed. One of them is based on the measurement of differential characteristics of the flux of
scattered excited particles. It is an optical analog of the known method of spectroscopy of scattered ions. It allows
to analyze the first monolayers of the surface. The another method is based on the measurement of both integral
and differential characteristics of the flux of secondary atoms, which undergo the excitation by laser radiation with
specially selected parameters. The method all ows to carry out the standardfree highsensitive quantitative element
analysis of materials.
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