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BUIIAPOBYBAHHSM y BaKyyMi.
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Pedepar:

1. luceprauis npucBs4YeHa BUPILIEHHIO HAYKOBO-TIPUKJIAHOI 3a/1a4i OTPYMaHHS METAJIEBUX HAaHOMAaTepiasliB
Pi3HOrO CTPYKTYPHOTO THUITY: IOPUCTUX, HAHOIIOPOUIKiB, OJHOKOMIIOHEHTHUX, KOMIIO3UTHHUX, 6araTomapoBuX (OJIbr
Ta IOKPUTTIB, Pi3MYHMM OCAIPKEHHSIM NapoBOi a3y B BaKyyMi. 3aJ1ady BUPILIEHO MIJIIXOM BCTAHOBJIEHHS
KOpEJIALiHUX 3aJIe’KHOCTEN MK yMOBaMU €J1IeKTPOHHO-TIPOMEHEBOTr0 OCaIKeHHs 1apoBoi (a3, CTPYKTyPHUMU
XapaKTEepPUCTUKAMU Ta BJIACTUBOCTSAMU HaHOMAaTepiasis, 0 J03BOJIMJIO CTBOPUTU HAYKOBI 3acazyl TEXHOJIOTI
OTPUMAaHHS METaJIeBUX HaHOMaTepialiB (PyHKIiOHAJIbHOTO IPU3HAYEHHS €JIEKTPOHHO-TIPOMEHEBUM
BUIIaDOBYBAaHHSM Yy BaKyyMi. BcTaHOBJI€HO, 10 (POPMYBaHHIO HAHOPO3MipHUX CTPYKTYPHUX CKJIaIOBUX B

KOHJIEHCOBaHOMY MaTepiasli CIIpusie HU3bKa PYXJIMBICTh aTOMIB Ha IIOBEPXHi OcalyKeHH, 110 3a6€311e4yeThCs



[IEPEOXOJIOIKEHHIM NIapOBOi a3y, 3aTiHEHHSIM [IAPOBOTO MOTOKY Ta IPUCYTHICTIO HA IOBEPXHi OCAIKEHHS
HEPO34YMHHOI foMilKki. OTPUMaHO HaHOMOPUCTI KOHAEHCATH Ha OCHOBI Ni, Cu, Ti 3 NOPUCTICTIO BiAKPUTOrO TUITY
10 30%00. i nuTomoro nosepxHeio 1o 1000 M2 /1 y Burisi Gosbru Ta NOKPUTTSL 1J151 BAKOPUCTAHHS B SIKOCTI
IIPOMDKHOTrO NpOLapKy npu nudysiiiHoMy 3BaplOBaHHI TUCKOM MaTtepiasiB, TOKPUTTS MEJUYHOTO CTEHTY Ta
TpaHCAepMabHOI GOPMU MeINYHUX NTpernapaTiB. CTBOPEHA METOIMKA OTPMMAHHS iHKAICy/1bOBaHUX B MAaTPULIIO
OTpuMaHO KOHZ,EHCOBaHi HaHOMaTepiaay Ha OCHOBI Mifli 3 HAaHOJBITHMKOBOIO CYOCTPYKTYPOIO, SIKi
XapaKTepu3yloTbcs TBepaicTio 2ITla, TepMi4HOIO CTabiIbHICTIO CTPYKTYPU Ta (Pi3MKO-MEXaHIYHUX BJIACTUBOCTEN,
110 326e3I1e4YnsIo iXx BUKOPUCTAHHSI B SIKOCTI CKJIaZ0BOi AeMIlpipyiouoro nokputTs Ha jsonatkax ['TI. Ilnsxom
CYMiCHOT'O OCaJP)KEHHSI IapoBUX (a3 KOMIIOHEHTIB, 110 He 3MilllyI0TbCsl, OTpUMaHo HaHokomno3utu Cr-Y, Ti-Y, Fe-
Cu 3 BUCOKMM piBHEM MIKPOTBEPAOCTI Ta JUCUNIATUBHUX BIACTUBOCTEN NpY TeMIEpaTypi GpOpMyBaHHS
HAHOCTPYKTYpPOBaHOro crany Ha 200-2500C Bulie MOPiBHSHO 3 BiIIOBiTHMMU YMCTUMU MeTasaMu. [Toka3aHa
MO>XUJIMBICTb BUKOPUCTaHHS PUCAAHOTO MaTepiasny y BUrJsgi posibru Ha ocHOBi HaHOKOMNIO3UTy Ni-NbC nyis
MoaupiKyBaHHS CTPYKTYpU 1I1Ba [P 3BapIOBaHHI yepes pifKy ¢azy. JociipkeHo 3aKOHOMIpHOCTI GOpMYyBaHHS
METO/IOM €JIEKTPOHHO-TIPOMEHEBOTO OCAIP)KEHHS CTPYKTYPU Ta BJIACTUBOCTEH HAaHOLIAPYBATUX (OJIbI HA OCHOBI
CHCTEeM, 110 CKJIaAAI0ThCs 3 iIHTepMeTasinoyTBopioounx KoMrnoHeHTiB (Ti-Al, Ni-Al) Ta cucteMm eBTeKTUYHOTO TUITY
(Al-Cu, Al-Si). HepiBHOBaXkHUI1 CTaH HaHOLIAPyBaTUX (OJIBT, IKUI POPMYETHCS B YMOBAX [1€PEOXOJIOIPKEHHS
napoBoi (a3 Ha NOBEPxHi KOHIeH Callii, CTIpUsie HU3bKOTEMIIEpPAaTypHUM (Pa30BUM i CTPYKTYPHUM NEPETBOPEHHSIM
B (p0JIb3i Ta HAATJIACTUYHIN TVIMHHOCTI IPU TEPMOMEXAHIYHOMY HaBaHTa)XXEHHI, 110 3a6e31edye ii BUKOPUCTAHHS B
SIKOCTi ITPOMI>KHOTO NpoIapKy py AudysiiHOMY 3BaploBaHHI THCKOM MaTepiaJiB, 0 BaXKKO AedOpPMYIOThCS, Ta
Pi3HOPIIHUX.

2. The dissertation is devoted to the solving the scientific and technical problem of obtaining metallic
nanomaterials of different structural type, namely porous, powder, one-component, composite and multilayer foils
and coatings by physical vapor deposition in vacuum. The problem was solved by establishing correlation
dependencies between the conditions of electron-beam deposition of the vapour phase, structural characteristics
and properties of condensed nanomaterials, which allowed to create the scientific principles of the technology for
the production of metallic functional nanomaterials by electron-beam evaporation in a vacuum. It was established
that the formation of nanosized structural constituents in a condensed material is provided by the low mobility of
atoms on the surface of deposition, which is ensured by the supercooling of the vapor phase, the shadowing of the
vapor flow and the presence of the insoluble impurity precipitate on the surface. Nanoporous condensates based
on Ni, Cu, Ti with porosity of open type up to 30%vol. and a specific surface area of up to 1000 m2 /g in the form of
foil and coating for use as an interlayer in the diffusion welding of materials, medical stent and transdermal form of
medical preparations were obtained. A method for obtaining nanopowders encapsulated in an alkali metal halide
matrix with a particle size <10 nm resistant to agglomeration and oxidation has been developed. Condensed
nanomaterials based on copper with nanotwinned substructure, characterized by hardness of 2 GPa, thermal
stability of structure and physical and mechanical properties, have been obtained, which ensured their use as a
component of the damping coating on the blades of gas transport engines. By the co-deposition of vapor phase of
immiscible components Cr-Y, Ti-Y, Fe-Cu nanocomposites with high strength and dissipative properties are
obtained at a temperature of formation of the nanostructured state at 200-250°C higher compared to the
corresponding pure metals. It is shown the possibility of using an adding material based on the nanocomposite Ni-
NbC in the form of a foil to modify the structure of the weld joint when welding through a liquid phase. The
regularities of the formation by electron-beam deposition of the structure and properties of nanolayer foils on the
basis of systems Ti-Al, Ni-Al, Al-Cu, Al-Si were investigated. The non-equilibrium state of multilayer foil, which is
formed under conditions of overcooling of the vapor phase on the surface of deposition, provides phase and
structural transformations in foil when heated and superplastic deformation during thermomechanical loading,
which ensures its use as an interlayer during diffusion welding by pressure of materials that are difficult to deform

and dissimilar materials.
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