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Pedepar:

1. IlpoBeneHO cUCTEMAaTUYHE KOMIIJIEKCHE JOCIIIP)KEHHS CTPYKTYPU ¥ MiIKPOMEXaHIYHOI TOBEIiHKY XPOMY,
OCaJIKEHOTO €JIEKTPOLYTOBUM i MAarHETPOHHMM PO3IUJIEHHSIM Ta ra3olojlyMeHEBUM HanueHHAM. [IpoBeneHo
[IOPiBHAJIbHUY aHAJIi3 CTPYKTYPU, MIKDOMEXaHIYHOI IIOBEiHKM Ta HAHOTBEPLOCTI HAHOKPUCTAJIIYHUX I1J1iBOK
MeTaJsiB-aHasIoriB XpoMy i Mosti6eHy. Ha oCHOBI oiepKaHUX pe3yJbTaTiB 3alIpOIIOHOBAHO MEXaHi3M, 10 TIOSICHIOE
HaJBMCOKi 3HaY€HHSI TBEPLLOCTi HAHOKPUCTAIIYHOTO XpoMy. CPOPMYIbOBAHO KOHLETIIIiI0 "KOPUCHUX" LOMILIOK JJ1s1
ofleprKaHHS HAHOCTPYKTYPOBAaHUX MaTepiasiB 3 MiIBUIEHUMU 3HAYEHHSIMU TBEPLOCTI LUISIXOM iHKEHEpil MexX
3epeH. JloCigpKeHO BIUIUB IIPYKHO-TIJIACTUYHYUX BJIACTUBOCTEN MiIKIAINHKY HA MIKDOMEXAHIYHY [TOBEJiHKY
CHCTEM XpOMOBa (MOJIi64eHOBA) IIiBKA-TTiTKJIAMHKa [TPY HAHOIHIEHTYBaHHI Ta IPOAHaTi30BaHO MOXJIMBOCTI
BUJIIJIEHHS 3HAY€Hb TBEPIOCTI i MOZYJISl IPYKHOCTI IUIBOK 3 JAHUX, OAEP>KaHUX [IPU HAHOIHAEHTYBAaHHI CUCTEMU

TUTiBKA-TIiAK/IaMHKA.

2. The thesis presents results of complex analysis of structure and mechanical behavior of chromium produced by
electric arc and magnetron sputtering, gas-flame spraying. The correlation has been revealed between structural



transformations and microhardness.The chromium coatings produced by gas-flame spraying have composite
structure which consists of crystallized drops and chromium oxycarbonitrides. The crystallized drops have fine-
grained structure (the grain sizes ranged from 200 to 400 nm), and disperse chromium oxides are present inside in
grains. The microhardness of gas-flame sprayed chromium coatings reaches the value of 8.7 GPa. High hardness of
coatings retains up to 1273 K in contrast to electrolytic chromium coatings for which hardness decreases at
temperature 873 K. Nonequilibrium crystallization conditions of electric arc sputtered in vacuum materials is real
reason for the specific structure formation, which is characterized by high concentration of vacancies. The
vacancies form dislocation prismatic loops at condensation temperature higher than 473 K. The dislocation
prismatic loops have Burgers vector b=<100> and lie in {100} plane of chromium lattice. Maximum density of
dislocation loops is at condensation temperature 573 K . The microhardness of electric arc sputtered chromium
coatings reaches the value of 4.1 GPa. The density and size of dislocation loops are define the type of variation of
hardness with condensation or annealing temperature variation. New mode of magnetron sputtering for
nanocrystalline chromium layers preparation was proposed. The grain size of these coatings ranged from 40 to 60
nm. In this case, the volume concentration value of chromium oxides phase in the coating has been estimated at
less than 3%. The microhardness of the 40-nm thick chromium coatings produced by magnetron cyclic sputtering
reaches the value of 18.7 GPa, that is 10 times as high as that of cast chromium. To clarify the nature of the
extremely high hardness of fine-grained chromium coatings, thestructure, mechanical behavior and nanohardness
of nanocrystalline films of chromium and molybdenum, which are metals-analogues, have been studied.
Comparative analysis has shown that chromium films are of lower plasticity and higher hardness than
molybdenum films, which have been produced under the same conditions and are characterized by even more
fine-grained structure. The hardening of chromium coatings is a result of oxygen atoms embedding in
nanocrystalline boundaries, i.e. "healing” of defects at "weak" points on grain boundaries. It is possible due to
strong chemical bond in the Cr-O system. The polycrystalline chromium is characterized by a stronger Me-O bond
as compared with Me-Me bond, in contrast to polycrystalline molybdenum. The conception of "useful" impurities
is suggested on the assumption of this mechanism. It permits to employ grain boundary engineering for hardness
increasing in nanocrystalline materials. "Healing" of "weak" places in "bad" material is possible due to enrichment of
material by "useful" impurities. The influence of elastic-plastic substrate characteristics on nanocrystal chromium
film-substrate system was investigated. Analysis of loading-unloading diagrams of the substrate and chromium
film-substrate samples and of ACP versus indenter displacement for chromium film-substrate samples shows that
the substrate elastic-plastic properties affect the micromechanical behavior of system even at the early stage of
the nanoindentation. In this case, the effect of soft substrates and substrates having a low elastic modulus is
observed at lower indenter displacement. The closest to the reference data are the Young modulus values
calculated by the Hertz formula for the early stages of the nanoindentation on the assumption that the blunting
radius of the Berkovich indenter equals the effective radius of the sphere.
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