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Pedepar:

1. Incepratis NpUCBsY€HA BCTAHOBJIEHHIO B3a€MO3B'S13Ky MI’K TEXHOJIOTITYHMMU YMOBAaMM OCAIP)KEHHS Ta
CTPYKTYPHHMMMU XapaKTEPUCTHKAMMU i BIJACTUBOCTSIMU BYIJIEL|€BUX IIJIIBOK OTPMMYBaHMX METOAAMU XiMIYHOTO Ta
(disn4YHOrO OCaIPKeHHs! i3 ra3oBoi gas3u. BuzHaueHo poboui napameTpu 06J1aCcTel 0CayKeHHS MOJiMEPOIOiOHNUX,
aJIMa30M0i0HUX i rpadiTONONIOHUX IJIIBOK Ta (PAKTOPH, 1O JEeTEPMIHYIOTb iX (i3UKO-XiMiYHi XapaKTEPUCTHUKU.
[IpoBegneHi crucTeMaTU30BaHi TOCIIIKEHHS MTOKA3aJIu, 1[0 ONTUMATbHUMU 10 (i3UKO-XiMiYHUM BIIACTUBOCTSIX Ta
BHACOKMX €KCIUIyaTalilHUX [IOKa3HMKaxX BYIJIELEB] MIJIIBKU OCAIKYIOThCS IIPU CEPENIHIX eHeprisax ioHiB Bix 80 mo 120
eB. Llei1 mianaszoH 06yMOBIEHUI IOPOroM AedeKTOyTBOPEeHHS B anmasi (~90 eB). PozpaxoBaHo Ta
€KCIIEpUMEHTAJIbHO MiITBEPIPKEHO 0COOIMBOCTI HAHOCTPYKTYPHUX TpaHC(hOpMalliilt aMOpPHUX TeTpaeqpUIHIX

BYIJIELIEBUX IIJIIBOK [IPY IMIUIAHTALLil iX ByIJIelleBUMU i0HaMU. BCTaHOBJIEHO, 110 KPUTUYHUM [IOPOTOBUM PiBHEM



IIPU SIKOMY IIOYMHAIOTLCSI CTPYKTYPHI TpaHcdopmalii € BenmdnHa 0,24 3MillleHHS Ha aTOM iMIIJIAaHTOBAHOI ILJIiBKU.
[TpakTUYHUM pe3yJIbTaTOM MIPOBEIEHUX NOCiIKeHDb [T0Ka3aHO PO3p06JIeHi KOHCTPYKIil 6araToumapoBux OKPUTTIB
i3 MOKpallleHMMU eKCIIyaTallilHUMU XapaKTeprUCTUKaMU /1J1s iHppauepBOHOI0 CIIEKTPAJIbHOTO [lialla3oHy i3
TPaAULiHUX IJIIBKOYTBOPIOIOYMX MaTePiasliB Ta 3aXUCHUX i 0HOYACHO (PYHKIIIOHAJIBHO NIPOCBITII0BAIbHUX

ONTUYHUX LIapiB a7IMa30I0AI6HOTO BYTJIELio, IIPH LIbOMY KOMILJIEKCHA HAHOTBEPAiCcTh 3pocTae Bix 0,3 mo 8,0 I'Tla.

2. The thesis is devoted to the relationship between process conditions and parameters for carbon condensates of
different origins, their structural characteristics and properties. The carbon film condensates obtained by
chemical vapor deposition method and physical vapor deposition have been investigated. It was defined areas of
the operating parameters for deposition of polimer-like, diamond-like and graphite-like carbon condensates, as
well as the factors which determine their physical properties by the basis of the obtained results. The systematic
studies have shown that the optimal physical properties and high operating performance have carbon films
deposited at an average ion energies from 80 to 120 eV. This range is due to the threshold of defect in diamond
(~90 eV). The formation of nanostructures in the matrix of tetrahedral carbon (ta-C) films induced by ion beam
implantation at high doses has been studied by high-resolution transmission electron microscopy (HRTEM),
transmission electron diffraction (TED) and Raman spectroscopy. The ta-C films were deposited by a filtered
cathodic vacuum arc (FCVA) and subsequently implanted by carbon ion beams extracted from a metal vapor
vacuum arc (MEVVA) ion source. The carbon ions were implanted to doses ranging from 3 1016 to 3 1017 ions /cm-
2. In accord with the thickness of ta-C films and ion ranges required the ion energy was determined to be within a
range of 25 to 50 keV. The analysis of Raman spectra indicates that originally abundant sp3 carbon atomic bonding
of ta-C is gradually converted to a graphitic phase during the course of ion bombardment. The local order, growth
and clustering the sp2 bonded carbon atoms in the ta-C films by ion implantation is also indicated by Raman
spectroscopy. However, the analysis of implanted amorphous carbon films on an atomic scale shows the formation
of structure with the higher degree of order. The graphitic basal planes are formed preferably along the ion tracks.
The results are discussed in the context of previously reported studies of implanted ta-C films and glassy carbon.
It has been shown a critical damage level of 0.24 displacements per atom when the onset of the transformation
occurs and demonstrated that the initially amorphous phase with short ordered sp3 bonding configuration can be
nanostructured to the higher degree of an ordered structure using proper ion energies and doses. The sessile-
drop experiment was conducted to analyze the wetting characteristics of the different amorphous carbon films
before and after the plasma treatment. Initially in the carbon film-distilled water system the average contact
angles have been measured within the values range from 50° to 70°. The plasma treatment of different allotropic
carbon forms by low energetic ions increases very strongly the solid /liquid surface energy and reduces the
contact angle down to 0°. Kinetics of water spreading on the surface of solid phases of various carbon materials
has been first studied with the use of high-speed video filming (up to 1200 frames per second). It has been found
that rates of low-temperature liquid and metal melts spreading and wetting the surface of solid phases are close in
time (the process length is 10 2-10 3s) and in both the cases the spreading occurs in an inert mode. It has been
shown that at the final stages the spreading of low-temperature liquids occurs at a viscous mode (10-30 min)
caused by the presence of an adsorbed layer (coat) on the solid phase surface due to the environment. The
measurements of capillary forces on different diamond-like materials and carbon allotropic modifications taken
using a scanning force microscope have been discussed. The amplitude-frequency characteristics of the nanorelief
surfaces studied have been widely varied by plasma chemical treatments. The measurements of capillary forces
have been compared with the macroscopic values of a wetting angle. It has been shown that a macroscopic
wetting angle depends on the averaged surface energy only and is slightly dependent on the nanorelief
characteristics, and nanocapillary forces correlate with both surface relief parameters and the local angle of
wetting. Criteria for multimeniscus mode of capillary forces measurement in the surface force spectroscopy and
the prospects of this procedure application for mapping the real surface energy have been considered in detail.
Impedance spectra in a 2.5 M H2SO4 solution and kinetic characteristics of reactions in the Fe(CN)6 3-/4- redox
system are measured for thin-film electrodes of tetrahedral amorphous carbon (ta-C). After an anneal in a vacuum
at 700 to 900 °C or implantation of C+ions (10 15 to 10 17 ion/cm 2), ta-C films acquire electrochemical activity,



which can be explained by an increased content of sp2 oriented carbon bonds. In the majority of modern infrared
spectral (IR) interference multilayer coatings (MLC), conventional film-forming materials (FFM) of fluoride and
chalcogenide types are used. Such coatings are characterized by relatively low mechanical strength and stability
against enhanced humidity and, therefore, require surface protection. Our present results support the view that
mechanical strength of these MLCs can be improved by applying a diamond-like carbon (DLC) film as an external
layer. Nanoindentation measurements show that the addition of a DLC film to ZnSe /BaF2 /Y203 IR antireflection
MLC increases the combined hardness of the coatings from 0.5 to 5.0 GPa. The formation of an indent on the
upper and subsequent layers of MLC has been studied by SEM and X-ray spectrum microanalysis. The resistance
of DLC films applied onto MLC against light irradiation, organic solvents as well as against environmental factors
was also studied. Atomic force microscopy (AFM) was used to study variations of the surface morphology of the
initial MLC components before and after DLC film deposition. The practical result of studies have been made by
the design of multilayer coatings with improved performance for the IR range from traditional FFM and both
protective, as well as optical by functional antireflective layers of diamond-like carbon, wherein the complex
nanohardness increases from 0.3 to 8.0 GPa.
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