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1. Bortitenko O.M. MikporiasMoBe aAUTUBHE HaIJIaBJIE€HHS [IPOCTOPOBUX BUPOOIB 3 METAJIEBUX MaTepialiB. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3a cnenianpHicTio 132 Martepiasio3HaBCTBO. — IHCTUTYT eslekTpo3BapioBanHs iM. €.0. [Tatona HAH
Yxpainu, Kuis - 2022. [luceprauiiiHa po60oTa MpUCBSIYeHa BUBYEHHIO OCOOIMBOCTEN TEXHOJIOTIYHUX MPOLIECiB
aIVUTHMBHOrO MiKpPOIIAa3MOBOTO HAILJIABJIEHHS 3 BUKOPMUCTAHHSM IOPOIIKOBUX i IPOTOBUX NPUCAMIKYBAJIBHAX
marepiasiB Ta iX BIUIMBY Ha CTPYKTYPOYTBOPEHHS i 3aJIMIIKOBUI HANPy>KeHO-Ie(OPMOBAHUI CTaH BUTOTOBJIEHUX
TPUBUMIpHUX MeTajleBuX 06'eKTiB. CydyacHOMY BUPOOHUIITBY IPUTaMaHHi IOTpedU MBUIKOI 3MiHA TUIIOPO3MIpiB
IeTasieil Ta BAKOPUCTAHHS 0€3BiIXOJHUX TEXHOJIOTi. AKTyaIbHUM IiIXOJIOM 10 BUPIlIEHHS TaKUX IIPOOJIEM €
BUKOPUCTAHHS aJUTUBHUX TE€XHOJIOTIN CTBOpeHHS1 3D-06'eKTiB. [1pn 11bOMy 6aKaHO [OCSTTU TEXHIYHOTO

CIIOJIy4€HHS] TOYHOCTi BUTOTOBJIEHHSI JleTajlell, MO>KJIMBOCTI IIOBHOT'O YCYHEHHSI MexaHiYHOI 00p0o0KHY, a TaKOXK



BHCOKOI IPOAYKTUBHOCTI BUPOOHUIITBA. Y BUIIAAKY IIOTPEOH Y BEJIMKUX CEPisX TAaKUX JleTajeil akTyaJlbHUM
MigXO0JOM € 3aCTOCYBAaHHS TPAIULIIHUX TEXHOJIOTIN HaIJIaBJIEHH [ [IOIIAPOBOr0 HAPOILEHHS METay i3
IOJIyYEHHSIM, Y IEeBHUX BUIIAAKaX, CYIyTHbOI a060 ¢iHilHOI MexaHiuHOi 06p0oOKku. OJHUM 3 IEPCIIEKTUBHUX
IIPOLIECIB, 10 IIEBHOIO MipOIO 337J0BOJIbHSE BKa3aHUM BUMOTaM, € MIiKPOIIJIa3MOBE HAIJIABJIEHHS, SKE, 3 OTHOTO
00Ky, MO>k€ BUKOPHCTOBYBATHU OiJIbIll IIMPOKUI CIIEKTP BUTPATHUX (IPUCAIKyBAIbHUX) METAJIEBUX MaTepiaiB y
BUIJISIZIi TIOPOIIKIB Ta IPOTIB, @ 3 iHIIOr0 60Ky — ONTUMAJIbHO ITOE€IHYBATU [10Ka3HUKY MTPOAYKTUBHOCTI, TOYHOCT]
(OpMOYTBOPEHHS, 33JJaHOT0 PiBHS Pi3MKO-MEXaHIYHUX BJIACTUBOCTEH Ta 3a/IMLMIKOBUX HANPYy>KeHb. O6’'€KTOM
IOCJIiIPKEHHS € CTBOPEHI I10IIapOBUM MiKPOIJIa3MOBUM HAIJIABJIEHHSIM MeTajleBi TPUBUMIpHi 06'€KTH 3
HU3bKOBYIJIELIEBOI i HEP>KaBio4yoi cTasnei. [IpeamMeToM TOCiIKEHHS € aAUTUBHE MIKPOIIJIa3MOBE HAIJIaBJIEHHS 3
BHUKOPHCTaHHSM IPOTOBUX i NOPOUIKOBUX NPUCAIKYBAILHUX MaTepiasiB. MeTa pob0TU — [OCIiIKeHHS
3aKOHOMIPHOCTEH BIIMBY TEXHOJIOTIYHMX IapaMeTPiB aIUTUBHOIO MiKPOIJIa3MOBOT0 HAIJIABJIEHHS IPOCTOPOBUX
00’eKTiB i3 BUKOPUCTaHHSIM CTaJIEBUX APOTOBUX i IOPOLIKOBUX NPUCAIKYBaJIbHUX MaTepiasiB Ha GOpPMyBaHHS
MIKpOCTPYKTYpH i HaripykeHo-zaedopmoaHoro crany (HIC) maTepiany 06’eMHUX BUPOOIB i CTBOPEHHS HA OCHOBI
1IbOTO iHTEJIEKTyaJIbHUX allapaTHO-MIPOrPaMHHUX 3aCO06iB 11711 aBTOMATU4YHOro 3D IpyKy NPOCTOPOBUX METAJIEBUX
BMPOOIB i3 337JaHOI0 CTPYKTYPOIO i IPOTHO30BAaHMM HANPY>KEHUM CTaHOM. J10 HAyKOBOI HOBU3HU AOCJIiIPKEHHS
BiJHOCATBCS HACTYIIHI OJIOKEHHS: 1. BCTaHOB/IEHO, 10 B IPOLECi HENEPEPBHOTO NOMAPOBOr0 MiKpOILIa3MOBOTO
HaIJIaBJIeHHs 00'eMHUX BUPOOIB i3 METajIeBUX MaTepiajiB TUIly «apajesenineny, «UUIiHAp», «TPUKYTHA [IPU3Ma»,
«KBaJJpaTHA NPU3Ma», «PO3IIMPEHNI KOHYC», «3BY>KEHUI KOHYC» 3 MaKCMMAaJIbHUMU rabaputaMmu A0 65 MM i
TOBLIVHOIO CTiHKH Bif 2,5 MM B iHTepBasi cTpyMiB 20-30 A 3a/IMIIKOBI HAIPY>KEHHSI KOXKHOMY HaCTYITHOMY
HaIlJIaBJIEHOMY BaJIMKy 3MEHIIYIOTbCS ¥ Ha 7-20%, a MakCUMaJIbHi 3Ha4eHHs pafiaibHUX nedopmaliii
(mepemileHs) He IepeBULLYIOTH Hianas3oH 0,22-0,28 mM. 2. BusiBiieHo, 10 IPU HENIEPEPBHOMY MIOIIAPOBOMY
MIKpOIUIa3MOBOMY HAIIABJIEHH] IPOTY HU3bKOBYIJIELIEBOI CTaJI, B HANIPSIMi Bifl IEPLIOTO APy CIIOCTEPIraeThCs
TeHJIeHLlis 30i7bIIeHHS pO3Mipy 3epeH HallaBjeHoro MeTainy (Bif 15-20 Mxm 1o 150-200 MKM) 10 BUCOTI
HAaIJIaBJI€HOI CTiHKU, 67113bKoi 10 10 po3mipiB ii mMpuHY, a IpyU NOJAJbIIOMY HallJIaBJIEHHI lapiB po3Mip 3epeH
[IPAKTUYHO HE 3pOCTae. 3. 3alpONOHOBAHO ONTUMAJIbHI [ialla30HM 3Ha4€Hb IIOTOHHOI €HEPTil B IKOCTi KPUTEPIIO
onTUMizalii pe>xrMiB MiKpOILJIa3MOBOT0 aAUTUBHOTO HariasyieHHs (80-90 I /mm ta 160-200 )k /MM, BinnosigHo,
IIPY BUKOPUCTAHHI B IKOCTIi ITPUCAKyBaJIbHOIO MaTepiay OPOLIKY po3MipoM 4acTUHOK 1o 150 MKM i gpoTy 0,8~
1,2 MM), B MEXKax SKUX JOCSITA€ThCSl BMEHIIEHHS PO3Mipy 30HU cIjiaBeHHs mapis (1o 0,1-0,3 Mm), po3mipy 3epeH
(1a 15-30%), po3mipy cTiHku (0 2,5 MM), 36isbIIeHHS TBepAocCTi mapis (4o 500-600 MIIa) Ta mocsrHeHHs 6ibIoi
OJHOPiAHOCTI MIKPOCTPYKTYPH. 4. [linTBEpIKeHO, 1110 aAUTHUBHE MIKPOIJIa3MOBE HAIJIaBJI€HHS [IPUCAIKyBaJbHUM
IpOTOM i3 HU3BKOBYIJIELIEBOi CTali B IOPiBHAHI i3 mpouecom WAAM (Wire Arc Additive Manufacturing - myrozo 3
IIJIaBKAM €JIEKTPOJIOM) 3a0€e3I1euye 3MEHIIEHHS] PO3MiPY 3€p€eH I10 BUCOTI CTiHKU B 00’eéMi HaIlJIaBJIEHOTO METaly, B
cepeIHbOMY B 2-3 pasu, NOKpallleHHs PiIBHOBICHOCTI CTPYKTYpH (HabiKeHHs KoedilieHTy popmu 3epHa 10 1),
VHUKHEHHS 1edeKTiB y BUIJISAI TPAHCIIAPOBOi IOPUCTOCTI, OCATHEHHS TOHMXEHHS 3a/IMIIKOBUX HAIIPY>KEeHb 110
BUCOTi IIPOCTOPOBOrO BUPOOY B cepeaHboMy Ha 50-150 MITa. 5. 3arponoHOBaHO HOBUIA MifXif, 10 pO3POOKU
arapaTHO-IIPOrPaMHOTO 3a6€3Me4YeHHs TeXHOJIOTII aIUTUBHOIO MiKPOILJIa3MOBOTO HAIJIaBJIEHHS] METAJIEBUX
marepiaJiB, IKUI BKIIOYA€ TOENHAHHS CAaMOHAaBYaJIbHUX HEMPOHHUX MEpPeX, CUCcTeMHU 360py i GopmMyBaHHS 6a3u
IAQHUX, CUCTEMU aBTOMaTUYHOT'O KEPYBAaHHS I)KEPEJIOM KUBJIEHHS, 1110 3a0e3I1euye MOXJIUBICTb FeHepYBaTU
KEPYIoUi IPOrpamu [jis1 KOPUTYBaHHS PEXKMMIB HAIlJIaBJIEHHSI METAJIEBOT0O BUPOOY i3 3aJaHMMU T€OMETPUYHUMU

rnapameTpamu, po3mipaMu 3epeH Ta IPOrHO30BaHUM PiBHEM 3aJIMIIKOBUX HANIPYKEHb.

2. Voytenko O.M. Microplasma additive surfacing of spatial products from metal materials - Qualification scientific
work on the rights of the manuscript. Dissertation for the degree of Doctor of Philosophy in the specialty 132
Materials Science - E.O. Paton Institute of Electric Welding of the National Academy of Sciences of Ukraine, Kyiv -
2022. The dissertation work is devoted to studying the features of technological processes of additive microplasma
surfacing with powder and wire filler materials and their influence on the structure formation and residual stress-
strain state of the manufactured three-dimensional metal objects. Modern production is characterized by the need
to quickly change the size of parts and the use of waste-free technologies. An actual approach to solving such
problems is using additive technologies to create 3D objects. At the same time, it is desirable to achieve a technical



combination of the accuracy of manufacturing parts, the possibility of complete elimination of machining, as well
as high production efficiency. In the case of the need for large series of such parts, the actual approach is the use
of traditional surfacing technologies for layer-by-layer metal build-up with the addition, in certain cases, of
accompanying or finishing machining. One of the promising processes, which to some extent satisfies these
requirements, is microplasma surfacing, which, on the one hand, can use a wider range of consumable (filler) metal
materials in the form of powders and wires, and on the other hand, optimally combine the performance, forming
accuracy, a given level of physical and mechanical properties and residual stresses. The object of research is
created by layer microplasma surfacing metal three-dimensional objects of low-carbon and stainless steel. The
subject of research is additive microplasma surfacing using wire and powder filler materials. The aim of the work is
to study the regularities of the influence of technological parameters of additive microplasma surfacing of spatial
objects using steel wire and powder filler materials on the formation of microstructure and stress-strain state
(SSS) of the material of volumetric products and the creation of intelligent hardware and software for automatic
3D printing of spatial metal products with a given structure and predicted stress state. The scientific novelty of the
research includes the following provisions: 1. It has been established that in the process of continuous layer-by-

layer microplasma surfacing of bulk products from metal materials such as "parallelepiped"”, "cylinder", "triangular
prism", "square prism", "expanded cone", "narrowed cone" with maximum dimensions up to 65 mm and wall
thickness from 2.5 mm in the range of currents of 20-30 A residual stresses of each subsequently welded roller is
reduced by 7-20%, and the maximum values of radial deformations (displacements) do not exceed the range of
0.22-0.28 mm. 2. It is revealed that at continuous layer-by-layer microplasma surfacing of low-carbon steel wire,
in the direction from the first layer, there is a tendency to increase the grain size of the deposited metal (from 15-
20 microns to 150-200 microns) along the height of the deposited wall, close to 10 sizes of its width, and with the
further surfacing of layers, the grain size practically does not increase. 3. It is proposed optimal ranges of values of
running energy as a criterion for optimizing the modes of microplasma additive surfacing (80-90 J/mm and 160-
200 J/mm, respectively, when using as a filler material powder granulation up to 150 microns and wire ¥0,8-1.2
mm), within which a decrease in the size of the fusion zone of layers (up to 0.1-0.3 mm), grain size (by 15-30%), wall
size (up to 2.5 mm), an increase in the hardness of layers (up to 500-600 MPa) and the achievement of greater
uniformity of the microstructure is achieved. 4. It is confirmed that additive microplasma surfacing with filler wire
from low carbon steel in comparison with the process of WAAM (Wire Arc Additive Manufacturing - arc with a
fusible electrode) provides a reduction in the grain size along the wall height in the volume of the deposited metal,
on average by 2-3 times, improving the equilibrium of the structure (approximation of the grain shape coefficient
to 1), avoiding defects in the form of trans layer porosity, achieving a decrease in residual stresses along the height
of the spatial product by an average of 50-150 MPa. 5. A new approach to the development of hardware and
software for the technology of additive microplasma surfacing of metal materials, which includes a combination of
self-learning neural networks, a system for collecting and forming a database, a system for automatic control of
the power supply.
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llliashenko Ye., Voitenko O., Konoreva O. // The 6th International scientific and practical conference
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scientific and practical conference “Modern scientific research: achievements, innovations and development
prospects” (August 29-31, 2021) MDPC Publishing, Berlin, Germany. - 2021. - 403p. - P. 77-79.
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BrnpoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: 0118U100524 01170001186 0122U001952 0122U00895 0115U006699
0118U005289 0120U103885

VI. BizoMocCTi Ipo HAayKOBOr0 KEPiBHUKa /KePiBHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aThKOBI:
1. Kopxuk Bonogumup Mukonanosuy

2. Volodymyr M. Korzhyk

KBasigikanis: n.1.1., npod., wi-kop.HAH Vkpaiuu, 05.03.06
Inentudikarop ORCID ID: 0000-0001-9106-8593
JoparkoBa indopmamuist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT estekTpo3BapioBanHs iM. €. O. [Tarona HaujoHanbHOI

axkazeMii Hayku YKpaiHu

Kopg 3a €IPIIOY: 05416923

MicueSHaxo,q)KeHHﬂ: ByJ1. Kazaumupa Manesuua, Kuis, 03150, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. [amenko Banepiit Mukosaniosuy

2. Valery M. Pashchenko

KBasigikanis: 1.1.1., rou., 05.03.06
InenTudikarop ORCID ID: 0000-0003-3742-6913
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

Inentudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. ®ianko Hartanis MuxaiiniBHa

2. Nataliia M. Fialko

KBasigikanis: n. 1. u., npodecop, wi-kop.HAH Ykpainu, 01.04.14

InenTudgikarop ORCID ID: 0000-0003-0116-7673

HoparkoBa iHpopmamwist: https://www.scopus.com /authid /detail.uri?authorld=6701523299

IloBHe HaﬁMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0Co0M: IHcTuTyT TEexHiYHOI Tennodizuku HanionanbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417118

Micue3Haxoa KeHHS: By Mapii Kannict, Kuis, 03057, Vkpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Pa6ues Irop OnexkcanapoBuy

2. Igor A. Riabtsev

KBasigikamis: n.1.1., npodecop, 05.03.06
Imentudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT estekTpo3BapioBaHHs iM. €. O. [Tarona HaujoHanbHOI

akazeMii Hayku YKpaiHu



Kopg 3a €IPIIOY: 05416923

Micueanaxo,zm(eﬂna: ByJ1. Kaaumupa ManeBuua, Kuis, 03150, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akazeMist Hayk YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im'st [10-6aThKOBI:

1. Tynik Anna IOpiiBHa

2. AllaY. Tunik

KBaJIi(l)iKauiH: K. T. H., CTapLIMI HAayKOBUH CHiBpo6iTHUK, 05.02.01
InenTudikarop ORCID ID: He 3acrocosyerbes

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT entekTpo3BapoBanHs iM. €. O. [Tatona HaujoHanbHOi

aKkageMii HayKu YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micueanaxo,r.pKeHHa: ByJ1. Kaaumupa Manesuua, Kuis, 03150, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

ImentTudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIr04Hi BiZoMOCTi

Biacue IpizBume Im's [10-6aTbKOBI [amus Mukosta Onexcanposud
TOJIOBH paju

Biacue IIpizBume Im's [10-6aTbKOBI Tamux Mukosna OnekcaHnpoBrd
rOJIOBYIOYOro0 Ha 3acigaHHi

BignoBizansHMiA 32 NiATOTOBKY Borutenko Osekcangp Mukonanosud
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToliiBHA

OisiIBHOCTI




