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HaIUIABJIEHHS i3 32CTOCYBaHHAM IIOPOLIKOBUX MaTepiasiB

2. Additive electron-beam technologies for the production of metal products by the method of layer-by-layer
melting using powder materials

Pedepar:

1. lucepranifina po60oTa MprUcBssYeHa CTBOPEHHIO 00JIafHAHHS Ta MPOLIECiB BUTOTOBJIEHHS MeTajleBUX BUPOOIB i3
IIOPOLIKOBUX MaTepiasiB 32 aJUTUBHOIO €JIEKTPOHHO-IIPOMEHEBOIO T€X- HOJIOTi€l0. B po6oTi HajaHo npuHLUN
poOOTH Ta CKJIAJ, aAUTUBHOTO YCTATKyBaHHS, IPUHLIMI YIIPAB- JIiHHS 00/JIaIHAHHIM, METOJIU Bi€OCIIOCTEPEKEHHS
3a [IpoLeCaMU HAIJIABJIEHHS B PEXXMMI pea- JIbHOTO 4acy. BUBYE€HO BIUIMB MAarHIiTHOTO I10JIsE 3€MJII Ha IIPOCTOPOBE
ITOJIOKEHHS €JIEKTPOH- HOTO ITPOMEHS, CTBOPEHI METOIU I0CTYBAaHHS [TOJIOKEHHS €JIEKTPOHHO-TIPOMEHEBOI
rapMary, BU3HaY€Hi METOAM KaliOpyBaHHSI PO3rOPTOK €JIEKTPOHHOrO MpomeHs. CTBOPEHO A0CifHe aiu- TUBHE
YCTaTKyBaHHS — IPOMUCIIOBUI 3Pa30K €JIEKTPOHHO-TIPOMEHEBOro 3D npuHTepa. BusHayeHo 3arajbHi miaxonu 1o

VIPaBJIiHHS Ta CTBOPEHO [IPOrpaMHO-anapaTHy 11aTdo- pMy yIIPaBJsSHHS aAUTUBHUMU BUPOOHUYMMU IIPOLIECAMU.



JocnigxeHo 3acTocyBaHHs HOBiTHIX HDH MeTasieBuX NOPOIIKOBUX MaTepiajliB BITYM3HSI- HOTO BUPDOOHMIITBA i3
tuTaHoBuX crnagiB BT1-0 ta BT20, 3 9KuX afJUTUBHUM METOJIOM BUTO- TOBJIEHO Ta IOCHII)KEHO €KCIIePUMEHTAJIbHI
3pa3ku. B po6oTi BU3Ha4€HO TEXHOJIOTIYHI IIpo1iecH, OCiOBHICTh Onepalliii, 31ilicCHeHO aHasli3 napaMeTpiB 3D
IPYKY Ta ix B3a€MO3B'SI30K, 3a3HAY€HO €TaNy aIUTUBHOTO Mpoliecy. BU3HaUY€HO BIJIUB TEXHOJIOTIYHUX IapaMeTpiB
IPYKY Ha SIKiCHi TIOKa3HUKU BUPOOIB 3 TU- TaHOBHUX cIIaBiB cuctemu Ti-6Al-4V (crinas BT6) ta Ti-6,5A1-2Zr-1Mo-1V
(crinaBu BT20, TA15), BuHalAeHO pallioHaIbHi IapaMeTpu IpyKy. Po3pobyeno nudposi Mogesi, OlITUMi30BaHO ixX
(OpMOYTBOPEHHS, 3 TUTAHOBOTO cIy1aBy TA1S HagpykoBaHo jonaTky ['T]] Ta KOHTPOJIbHI 3pa3Ku, BIaCTUBOCTI SIKUX
6yJ10 pocinigxkeHo. CTBOpeHO 1M(pPOBi MOl iHIMBiNyaTbHOTO MEOUYHOTO IMIJIAHTATy KyJIbLIOBOTO CYIJIO0Y Ta

iHIKX iIMIIJIaHTATIB, SIKi OyJIM HAAPYKOBaHi 3 TUTAHOBOTrO ciiaBy TAI1S.

2. The dissertation is devoted to the development of equipment and methods for the produc- tion of metal
products from powder materials using additive electron beam technology. The technological processes of additive
electron beam production have been defined in the study. The sequence of technological operations has been
specified, the technological parame- ters of surfacing and their interrelationship have been analyzed, and the
stages of additive man- ufacturing have been determined. The principle of operation and the composition of the
additive equipment have been estab- lished, the equipment control principle has been devised, and methods for
real-time video sur- veillance of surfacing processes have been developed. The influence of the Earth's magnetic
field on the spatial position of the electron beam has been studied, methods for adjusting the position of the
electron beam gun have been proposed, and techniques for calibrating electron beam sweeps have been
determined. Experimental additive equipment was developed, includ- ing an industrial prototype of an electron-
beam 3D printer. The general principles of additive process control have been defined, and a hardware and
software platform for additive manufacturing has been created. Advanced HDH metal powder materials of
domestic production, based on titanium alloys VT1-0 and VT20, were studied. Experimental samples were
produced and tested using the ad- ditive method. A study of the additive electron beam process was conducted.
The influence of technolog- ical process parameters of electron beam surfacing on the quality characteristics of
products made from titanium alloys of the Ti-6Al-4V and Ti-6.5Al-2Zr-1Mo-1V systems (VT20, TA15 alloys) with
enhanced mechanical properties was determined. Methods for developing product models and optimizing their
geometry were defined. Digital models were created, and the formation of gas turbine blades was studied. Gas
turbine engine (GTE) blades were printed using the TA15 titanium alloy. Additionally, methods for designing
custom medical implants were developed, a digital model of a hip joint implant was created, and its shaping was
optimized. Medical implants were printed using the TAI15 titanium alloy.
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