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Di3uKa MBUIAKICHOTO €JIeKTPOHHO-TIPOMEHEBOI0 CIIKAHHA IOMOTeHHHMX TA reTeporeHHUuX
BHCOKOTEMIIEPATYPHHUX MaTepiaJiiB

Physics of high-speed electron-beam sintering of homogeneous and heterogeneous high-
temperature materials

1. Homep nep:xaBHoi peectpaunii - Ne 0119U100816, HOMEep peecTpalii B YHIBEPCHUTETI -
Ne2208-d.
2. HaykoBumii kepiBHMK: boromon IOpiii IBanoBuu, npodecop, a.T.H., lurii Bogomol,
Professor, Dr.Sci.
3. CyTb po3podKku, OCHOBHi pe3yJbTaTH.
(Yxp.)
Po3poOka mpucBsiueHa MIBHAKICHOMY €JIEKTPOHHO-IIPOMEHEBOMY CITIKAHHIO IPECOBOK 3
METAJICBUX Ta MeTaJ'IOKepaMi‘IHI/IX MaTepianiB Ha OCHOBI TYT'OIIJIABKUX CIIOJIYK. BcranoBieno
OCHOBHI 3aKOHOMIPHOCTI CTPYKTYpOYTBOPECHHSI B YMOBaX E€JICKTPOHHO-IIPOMEHEBOTO CIiKaHHS
METAJICBUX Ta MeTaJIOKepaMi‘{HI/IX MaTepiaJ'IiB. MeTOI[aMI/I KOMH’IOTepHOFO MOACIIOBAHHA
IPOBEICHO JOCITIKEHHSI BIUIMBY TOPHCTOCTI Ta MOPUCTOI CTPYKTYPHU IPECOBOK, CIICYCHHX B
YMOBax CJICKTPOHHO-IIPOMCHEBOI'O CHiKaHH}I, Ha Ix TCMIICPATYPHEC IIOJIC Ta TCHJ'IOHpOBi)IHiCTB.
JlocmipkeHO  BIUIMB — MapaMeTpiB  €JIEKTPOHHO-TIPOMEHEBOTO HArpiBaHHS HA  BEIHYUHY
3aJUIIKOBUX MAaKpOHAINpPYXKEHb Ta MIKpOHANpykeHb B Marepiani. I[IpoBegeHo aHami3
HaIPYKCHO-1e(OPMOBAHOTO CTaHy MPECOBOK, OJCPKAHUX €ICKTPOHHO-IIPOMEHEBHM CITIKAHHSIM
Ta MOro BIUIMBY Ha MIpoHeCHU yI_I_IiJ'IBHeHH}I. HOKaBaHO, 10 HasBHICTh 3aJIMIIKOBUX HAIIPY>KCHb
Mae Oe3rmocepeiHid BIUIMB HAa TPOXO/DKCHHS CTPYKTYpHOI Ta MOMNAIBLIOI IUIACTUYHOL
nedopmariii  MOPOIIKOBUX TPECOBOK pi3HOI mpupoaud. BcTaHOBIEHO, IO MEXaHi3MHU
NIBUIKICHOTO YIIUTBHEHHS i/ 4ac JIOKAJTHHOTO €JICKTPOHHO-IIPOMEHEBOTO HarpiBaHHS MIPECOBOK
3 METalleBUX Ta METaIOKepaMiuHUX MaTepialiB MOB’s3aHi 3 BUHUKHEHHSM BHYTPIIIHIX
3QJIMIIKOBUX HAINpPY’KE€Hb B pe3yjbTaTi TEPMIYHOIO po3lMpeHHs Matepiany. [lokasaHo, mio
36epe>KeHH$1 I.[lJ'IlCHOCTl 3arOTOBKM 1 11 1HTEHCHBHE YH_IIJ'ILHCHH}I B YMOBax JIOKaJIBHOI'O
HarpiBaHHS CTa€ MOXJIMBUM Yy BUIIAJKy, KOJIM TEpPMIYHE PO3IIMPEHHS B 00’ €Ml HMIIHAPUYHOT
IPECOBKM BUKJIHMKAIOTh HANpYXKEHHs, L0 HE TMEPEeBHIIYIOTh MEXY MIIHOCTI Marepiaiy.
Onepxani  pe3yibTaTH JIO3BOJWIM PO3POOUTH OCHOBH TPHUHIIMIIOBO HOBOI TEXHOJOTI]
HIBUJIKICHOTO €JIEKTPOHHO-IIPOMEHEBOI0 CIiKaHHA 0araTo(yHKIIOHAIBHUX KOMIO3ULIHHUX
MaTepiajiB Ha OCHOBI LIMPOKOIO CHEKTPY TYTIOIUIABKUX METaliB Ta CHOJYK, L0 JO3BOJIUTH B
NEPCHEeKTHBl BUBECTU JaHy TEXHOJIOTII0 Ha NMPOMHUCIOBHM piBEeHb, Ha BIAMIHY B ICHYIOUHX
TEXHOJOTIH IMIBUJAKICHOIO CIIIKaHHS, SIKI BHUKOPHCTOBYIOTHCS, 3[1€0UIbLIOrO, TIIBKA Ha
71a00paTOPHOMY PIBHI.
(eng.)
The development is devoted to high-speed electron-beam sintering of samples from metal and
metal-ceramic materials based on refractory compounds. The basic laws of structure formation in
the conditions of electron-beam sintering of metal and metal-ceramic materials are established.
Computer simulation methods have been used to study the effect of porosity and porous structure
of samples sintered under electron-beam sintering conditions on their temperature field and
thermal conductivity. The influence of electron-beam heating parameters on the value of residual
macrostresses and microstresses in the material is investigated. The analysis of the stress-strain
state of the presses obtained by electron-beam sintering and its influence on the densification
processes is carried out. It is shown that the presence of residual stresses has a direct effect on
the passage of structural and subsequent plastic deformation of samples of different nature. It is
established that the mechanisms of high-speed densification during local electron-beam heating
of presses made of metal and metal-ceramic materials are associated with the occurrence of
internal residual stresses as a result of thermal expansion of the material. It is shown that
maintaining the integrity of the workpiece and its intensive compaction under local heating




becomes possible in the case when thermal expansion in the volume of cylindrical sample causes
stresses that do not exceed the strength of the material. The obtained results allowed to develop
the foundations of a fundamentally new technology of high-speed electron-beam sintering of
multifunctional composite materials based on a wide range of refractory metals and compounds,
which will bring this technology to the industrial level in the future.
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