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1. CrBopeHHs (i3UKO-TEXHOJIOTIYHMX OCHOB BUTOTOBJIEHHSI BUCOKOLIJIbHUX IIOPOLIKOBUX MaTepiais

2. Development of physical and technological basics for production of high-density powder materials

Pedepar:

1. Inceprauis npucBg4YeHa BUPIIIEHHIO BaKJIMBOI HAYKOBO-TEXHIYHOI IPO6IEMU PO3POOKY Ta BUTOTOBJIEHHS
BHUCOKOIIIJTbBHUX€KOHOMHOJIETOBAaHUX ITOPOUIKOBUX MaTepiajiB Ha OCHOBI 3aj1iza 3 BUCOKUMU (Pi3NKO-MexaHIYHUMU
XapaKTEePUCTUKAMU [1J1s1 POOOTH B €KCTPEMAJIbHUX YMOBaX eKcIlyaratlii. [IpoBeieHO KOMIIJIEKCHi TOCTIiI>KeHH S
NIpoleCy NJIaKyBaHHS 3aJ1i3HOTO MOPOUIKY MifI0 Ta KOOAJBTOM Ta BCTAHOBJIEHO 3JIEXXHICTh Pi3UYHUX Ta
TEXHOJIOTIYHMX XapaKTEPUCTHUK MOPOIIKY BiJl TOBIIUHY IJIiBKY MOKPUTTSL. JJOCIIiIPKEHO BILJIUB YMOB HABAHTKEHHY,
npupoau Ta GisUYHUX BIACTUBOCTEN [IOPOLIKIB HA CTYIiHb YIIiIbHEHHS I1if] Yac IpecyBaHHs. [JoCliIykeHo BIJIUB
TepMogePopMaLiiiHOro 06pobJIeHHs Ha MPOLECH YIIiIbHEHHS], (Pa30BUI CKJIAJ, MiKpOCTPYKTYPY Ta BJIaCTUBOCTI
[IOPOIIKOBUX Marepialis. JIOCIiIKeHO BIUIUB XiMIYHOI Ta CTPYKTYPHOI JOCKOHAJIOCTI IPECOBOK Ha MEXaHIiYHi

BJIACTUBOCTi €EKOHOMHOJIETOBAHUX CTAJIEN Ta KOMIIO3UTIB. Briepiie BCTaHOBJIEHO BIUIUB TUIY OPUCTOi 3D



KapKaCHOi CTPYKTYpH, a CaMe OpieHTallilo eJJeMEHTapHUX KOMIpOK, Ha xapakTep nedopmariii Marepiais.
Po3pobieHo maTepianu [j1s BUCOKOCTPYMEHEBUX KOHTAKTIB HA OCHOBI BiIXOJiB METa1000pOOKM BasKKUX CIIJIABiB
IIPOCOYEHNUX MifI/II0, 1[0 MAIOTh €PO3iliHY CTIMKICTh Ha PiBHI IPOMUCIIOBUX IICEBIO CIIJIABIB. BianpanpoBaHo
TEXHOJIOTiI0 OTPUMAaHHSI TBEPOCIJIABHUX CEPAEYHUKIB, 1[0 MPONNIN 6aliCTUYHI BUIIPOOYBaHHS, sIKi MiATBepAMIN,
110 PO3PO0JIEHI CEPAEYHNKN MOXKYTb 3aCTOCOBYBATUCH 1J151 BUPOOHUITBA OPOHEGITHUX 60€punacis CTpiseLbKoi
30poi.

2. The dissertation is devoted to the solution of an important scientific and technical problem of development and
manufacturing of high-density economically alloyed powder materials on the basis of iron with high physical and
mechanical characteristics for application under extreme conditions of operation. Comprehensive studies of the
plating process of iron powdersby copper and cobalt are conducted, and the dependence of physical and
technological characteristics of the powders on the coating film thickness is found out. The main parameters
which affect the process of deposition of the coatings on iron powder particles are determined. The possibility
tocontrol the coating thickness (in the range of 12-20 um) by changing the deposition kinetics is found out.The
process of compaction of composite iron powders in the conditions of static pressing is analyzed by means of the
mathematical equations which describe the density dependences on the pressure of compaction. The possibility of
fabrication of materials for electrotechnical application on the base of composite powders of the Fe-Co system
with high density and high magnetic characteristics with low total losses upon magnetization reversal at a level of
19-21 W /kg is shown, that allows to use the materials for production of magnetic circuits designed for operation in
both constant and variable fields of industrial frequency. The influence of loading conditions, nature and physical
properties of the powders on the degree of compaction during pressing is studied. The process of second
compaction of the powder systems in the conditions of static pressing is investigated, and the main factors
affecting the efficiency of compact densification are revealed. It is found out that the second compaction of
iron-graphite mixes enhances the strength of the compacts by 5 times, that is caused both by higher density and
increase in the surface area of iron-iron contacts. The possibility of manufacturing long semi-products by static
pressing and second compaction of powder mixtures of brittle and ductile materials, including hard alloys WC-Co
and Cr3C2-Nj, is found out. The process of second compaction of iron powders under conditions of triaxial
compression in a high-pressure chamber is investigated; it is found out that the compact densification depends on
the internal friction of particles and the forces in the axial and radial directions. For the first time, the efficiency of
obtaining high-density and high-strength Fe-based powder materials by free deposition is shown, which is
explained by the contribution of shear deformations into the densification process. The expediency of additional
densification by free deposition of multilayer briquettes on the example of iron-graphite samples with different
content of graphite in layers is shown, which provides a gradient of properties. The effect of thermomechanical
treatment on the densification processes, phase composition, microstructure and properties of powder materials
is investigated. It is shown that hot free forging of powder systems can be used to expand the range of composites
from metal and cermet powders. The results of research showed the prospects of processing metal waste from
shavings of ‘IlIX-15’ steel using free hot forging with previous deposition of powder briquettes. Non-porous
composites based on ‘IIIX-15" shavings and various components added with high strength (1600-1700 MPa) and
ductility have been fabricated. The influence of chemical and structural perfection of compacts on the mechanical
properties of economically alloyed steels and composites is investigated. For the first time, the influence of the
type of porous 3D frame structure, namely the orientation of unit cells, on the nature of deformation of materials
is determined. The processes of infiltration of porous iron frames produced by powder metallurgy methods
(including 3D printing technologies) by Al-based melt under conditions with a pressure gradient are studied. The
minimum size of pores (400 pum),which provides full filling of a porous framework with Al-based melt, is
determined. As a part of the dissertation, powder materials have been developed and fabricated that can be widely
used as structural, tribotechnical, electrical and special purpose materials. Magnetic materials based on the
composite powders have been developed for operation in alternating fields of industrial frequency, which have low
losses upon magnetization reversal and at the same time retain high magnetic characteristics. The materials for
high-current contacts based on metalworking waste of heavy alloys infiltrated by copper with erosion resistance



at the level of industrial pseudo-alloys have been developed. A technology of producing carbide cores is worked
out; these cores passed ballistic tests which confirmed that they can be used for the production of armor-piercing
ammunition for small arms.
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