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Pedepar:

1. Inceprauifina po60Ta IpUCBSIY€HAa BUPIlIEHHIO BAXJIMBOI HAYKOBO-TEXHIYHOI 3a71ayi, 1110 [IOJISITA€ Y PO3BUTKY
Teopii i TPaKTUKU OLEP>KaHHS SIKICHUX 3JIMBKIB MiKPOJIETOBaHUX TUTAHOBUX CIJIABiB METOJIOM €JIEKTPOHHO-
IIPOMEHEBOI IVIABKU 3 IPOMDKHOIO €MHICTIO. MeTOZaMy MaTEMAaTUYHOIO MOJIEJIIOBAHHS LOCIIIIKEHO IIPOLeCH
BUIIAPOBYBaHHS XiMiYHUX esleMeHTiB mif yac EINI1 criziaBiB Ha 0CHOBI TUTaHy. Ha OCHOBI IPOBE€HUX PO3PAXYHKIB B
paMKax MaTeMaTUYHUX MOJeJiell, BUBHaYeHO TEXHOJIOTIYHi peskuMu Ta po3pobsieHo TexHosorito EINI1 31uBKiB
MiKPOJIETOBAaHOTO TUTAHY, L0 3a0€31e4ye BUCOKY SIKICTh OJlep>KyBaHOTro MeTany. [IpoBesieHO poboTu 3 Oflep>KaHHS
HaniB}abpuKaTiB Ta I0Ka3aHO BUCOKY SIKiCTh TUTAHOBUX CILJIABiB, OJepKaHUX 32 Po3p06eHoIo0 TexHoorieo EINIT.
[TpoBenieHO BUBYEHHS 0COOJIMBOCTE MTPOLIECiB PO3UNHEHHS OKCUIIB TUTAHY B PO3ILJIaBi TUTAHY B YMOBaX BaKyyMy
Ta Jii eJIEKTPOHHO-TIPOMEHEBOT0 HarpiBaHHs. [IpoBeieHO NOCIIiIKEHHS SKOCTI 3/IMBKiB, CTPYKTYPHY Ta MEXaHIYHUX
BJIACTMBOCTEN MiKPOJIETOBAaHOTO KUCHEM TUTAHY OJIEP>KaHUX METOLOM €JIEKTPOHHO-TIPOMEHEBOI I1JIaBKU.

P03po6s1eHO TEXHOJIOTiI0 Oflep>KaHHS 3/IMBKiB MiKpOJieroBaHUX KucHeM Metonom EINIT 3 mpomMixkHOIO eMHicTIO. Ha



NIpUKJIaAi ogepKaHHs TUTaHy Mapku Grade? ta Grade3, 6ysi0 po3po6JieHy TEXHOJIOTiI0 OTPUMAaHHS
BEJIMKOTabapUTHUX 3JIUBKiB MiKPOJIETOBAHUX KUCHEM METOJOM €JIEKTPOHHO-TIPOMEHEBOI IIJIaBKU 3 ITPOMKHOIO
eMHicTIo. [IpoBeieHO BUBUEHHS 0COOJINBOCTEN NPOLIECiB BUIIAPOBYBaHHSI JIETYIOUMX KOMIIOHEHTIB 3i 3/1UBKiB
MIKPOJIETOBaHMX CIUIABiB TUTAHY B yMOBaX BaKyyMy Ta iii €JIEKTPOHHO-TIPOMEHEBOTO HarpiBaHHs. PoO3po6eHo
TEXHOJIOTIIO OJlepP>KaHHS 3/IMBKiB MiKPOJIETOBAHMX KPEMHIEM CILJIaBiB TUTAHY METOLOM €JIEKTPOHHO-TIPOMEHEBOI
IIJIaBKU 3 IPOMDKHOIO €MHICTIO. [IpOBeeHO NOCiIPKEHHS SIKOCTI 3/IMBKiB, CTPYKTYpY Ta MEXaHIYHUX BJIACTUBOCTEN
ciuiaBy Tutany BT9, omepskanoro merogoM EINIT 3 IpOMIPKHOIO €MHICTIO Ta IIOKa3aHoO, IO 18 TEXHOJIOTIS J03BOJIIE
OTPMMATH SIKiCHI 3JIMBKU $IK 32 XiMiYHUM CKJIQZIOM, TaK i 32 CTPYKTypoIo. [TokazaHo, 10 rmMbrHa NPOIIaBIeHHS
[IOBEPXHEBOTO IIapy 3JIMBKiB KapOMiLIHOI'O TUTAHOBOTO CILJIaBy, OOpPO6JIEHNX 32 TEXHOJIOTIEI0 €JIeKTPOHHO-
IIPOMEHEBOTO OIJIaBJIEHH ciarae 10 10 MM, a IOBEPXHS 3JIMBKiB Ma€e BUCOKY SIKiCTb, J3€PKaJILHOTO BUTJIANY i3
XapaKTEePHUM BaKyyMHUM TPaBJIEHHSIM, PiBHOTO MiKpopesbe(dy 6€3 TPilllH, PO3PUBIB Ta HE3JIUTUH, [JOCiIKEHHS]
MEXaHiYHUX BJIAaCTUBOCTE HaniBpaObpUKaTiB, BUTOTOBJIEHUX i3 3JIMBKiB )KaPOMIILHOTO TUTAHOBOTO criyiaBy BT9
BUILIaBJaeHOro metonom EINIT nokasanu, o BOHU BiJIIIOBial0Th yCiM BUMOTaM HOPMAaTUBHUX CTaHIAPTIB, 110
BHCYBAIOThCS IIPOMUCIIOBICTIO [0 SIKOCTi METaJly >KapOMIIHUX TUTAHOBUX CILIaBiB. [IpakTUyHEe 3HaUYE€HHS
OTPUMAaHUX PEe3YJbTATIB AUCEPTALITHOIO NOCiIKEHHS NIOJISITa€ Y TOMY, IO PO3POOJIEHO HOBY NEPCIIEKTUBHY
TEXHOJIOTII0, 3aCTOCYBaHHS SIKOi /1J1s1 BUPOOHUIITBA BiTYM3HSIHUX HamiBdabpUKaTiB ’KapOMiLIHUX CIJIaBiB HA OCHOBI
TUTaHY JO3BOJIUTb BiIMOBUTHUCSH Bifl iIMIIOPTY BapTiCHUX iHO3eMHUX HaniB)abPUKaTiB, Ta 3a06€3[1€YNTh PO3LIMPEHHS
ix 3acTocyBaHHs nianpuemcreaMu YKpainu. Kpim Toro, BpoBagkeHHs po3po6seHoi TexHosorii EINIT nng
oJlep>KaHHSI BEJIMKOrabapUTHUX 3JIMBKIB 3 PErjlaMeHTOBAHUM BMiCTOM KUCHIO, BiIKDUBAa€ MOXKJIMBICTb CTBOPEHHS
BUPOOHULITBA HaMiB(pabpUKaTiB /1J151 BATOTOBJIEHHS JleTajlel IOTY)XKHUX €eHepreTUYHUX YCTAaHOBOK. TakoxX
PO3p0o0bJIeHa TEXHOJIOTIS €JIEKTPOHHO- IPOMEHEBOTO OIjIaBJIeHHs 6iuyHoi noBepxHi (EI10) BenmkorabapuTHUX

3]II/IBKiB, HO3BOJIUThH CYTTEBO Hi,I[BI/IH_H/ITI/I BI/IXi]_I IIpuaaTHOro.

2. Ph.D. Thesis is devoted to the solution of an important scientific and technical problem, lying in the
development of the theory and practice fort high-quality ingots of microalloyed titanium alloys production by the
method of electron beam melting with an intermediate capacity. By the method of mathematical modelling
application, the processes of chemical elements evaporation during Electron Beam Melting (EBM) of titanium-
based alloys have been researched. On the basis of calculations carried out within the framework of mathematical
models, technical regimes have been determined and Electron Beam Melting (EBM) technology for microalloyed
titanium ingots has been developed that ensures a high quality metal produced. Work has been carried out on the
production of semi-finished products and the high quality of titanium alloys produced by the developed electron
beam technology has been demonstrated. The peculiarities of titanium oxides dissolution processes in the
titanium melt under vacuum conditions and the effect of electron beam heating have been studied. Study of ingots
quality, structure and mechanical properties of titanium microalloyed with oxygen produced by the electron beam
melting method have been carried out. The technology for producing ingots micro-alloyed with oxygen by
application of Electron Beam Melting (EBM) method with an intermediate capacity has been developed.
Exemplified by production of Grade 2 and Grade 3 titanium, the technology for producing large-sized ingots
microalloyed with oxygen by the application of electron beam melting method with an intermediate capacity has
been developed. Study of alloying components evaporation process features from ingots of microalloyed titanium
alloys under vacuum conditions and the effect of electron beam heating has been carried out. Technology for
producing ingots of titanium alloys microalloyed with silicon by the application of electron beam melting method
with an intermediate capacity has been developed. The study of the ingots quality, structure and mechanical
properties of the BT9 titanium alloy produced by the application of Electron Beam Melting (EBM) method with an
intermediate capacity has been carried out and it has been demonstrated that this technology allows producing
high-quality ingots both in terms of chemical composition and structure. It has been demonstrated that the
penetration depth of the surface layer of heat-resistant titanium alloy ingots processed by electron beam melting
technology reaches up to 10 mm, and the surface of the ingots has a high quality, mirror-like appearance with
characteristic vacuum etching, smooth microrelief without cracks, breaks and interruptions. Research of
mechanical properties of semi-finished products made from ingots of heat-resistant BT 9 titanium alloy melted by



the application of Electron Beam Melting (EBM) method revealed that they meet all the requirements of the
regulatory standards made by the industry for the metal quality of heat-resistant titanium alloys. Practical
significance of the results obtained for Ph. D. Thesis research lies in the fact that a new promising technology has
been developed, application of which for producing domestic semi-finished heat-resistant alloys based on titanium
will allow to abandon the import of valuable foreign semi-finished products, and ensure the expansion of their use
by Ukrainian enterprises. Furthermore, implementation of the developed Electron Beam Melting (EBM) technology
for producing large-sized ingots with a regulated oxygen content opens up an opportunity for creating production
of semi-finished products to manufacture the parts of powerful power plants. The developed Electron Beam
Melting of the side surface technology of large-sized ingots will significantly increase the yield of usable material.
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