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Pedepar:

1. Jlaroggincekuit .M. AIUTHBHE OyroBe HallJIaBJ€HHS IPOCTOPOBUX BUPOOGIB MPUCATHUMU IPOTAMU 3i CTajiel Ta
criiasiB. - KeasnidikauiiiHa HaykoBa Ipalisd Ha IIpaBax pyKonucy. Jluceprallist Ha 37,006yTTsS HayKOBOT'O CTYIIE€HS
Iokropa (pinocoii B ranysi 3HaHb 13 — MexaHiyHa iHXXeHepis 3a crenjanbHicTio 131 - [IpukiagHa MexaHika. —
HaujonanbHuil TeXHIYHUI YHIBEpCUTET YKpaiHu «KniBCbKUM NOJMITEXHIYHUI iHCTUTYT iMeHi Irops CiKOpCbKOro»,
Kuis, 2024. lucepraiiiina pob0oTa CKIAEThCS 3 MECTU PO3LiTiB, Y IKUX BUKJIAJleHi Ta OOIPyHTOBaHI OCHOBHI
Pe3yJbTaTU JUcePTaLifiHOi poOOTH. Y BCTYIIi OOI'PyHTOBAaHA aKTyasbHICTh TEMU JUCEPTALiHOI pOOOTH, HaBedeHi
MeTa Ta 33Jay4i JOCiIKEHHS, METOAU Ta METOAMKY iX IPOBEeHH:, CPOPMYIbOBaHi HAyKOBA HOBM3HA Ta
[IpaKTU4YHA LHHICTb PEe3yJbTaTIB JOCIIKEHDb. Y IIEPIIOMY PO3Ziji IPOBEAEHUI JIiTEpATyPHUIL aHai3 Cy4aCHOTO

CTaHy aguTUBHUX WAAM TexXHOJI0riil BUTOTOBJIEHHS IPOCTOPOBUX BUPOOiB. [TpoaHanizoBaHi icHy04i TeXHOJIOTI



reHepaTUBHOTO BUTOTOBJICHHS I€TajIell Ta KOHCTPYKLii, HasiBHi 32c00! BILJIMBY HAa T€OMETPUYHI XapaKTePUCTUKU
aJVUTHBHO HAIJIaBJIEeHUX BUPOOIB. Y Ipyromy po3niji HaBefeHi MEeTOINKY BUKOHAHHS €KCIIepUMEHTAIbHUX
IOCJIiI)KeHb 110 BU3HAUEHHIO TeOMETPUYHUX XaPaKTePUCTUK aIUTUBHO HAIJIaBJIEHUX LIApiB, CTPYKTYpU Ta Pi3uKo-
MEXaHIYHKX BJIACTUBOCTEN HAIIABJIEHOIO METAy, XIMIYHUI CKJIAJ] Ta BJACTUBOCTI MaTepiasis, 0 BUKOPUCTaHi
D715l TIPOBEIeHHS JOCIIiKeHb. 3alIpOTIOHOBaHI TEXHOJIOTIUHI peKoMeHjallii Ta o6paHe 06IafHAHHS 1J1s
BUTOTOBJIEHHS IIPYTKiB 3 MAJIOIJIACTUYHUX MaTepiajiB. Y TPETbOMY PO3JiJi €KCIIEPUMEHTAIbHO NOCIIiIKEHUN
IpoleC NOMAPOBOro HAIIABJIEHHS HU3bKOBYIJIELEBOI cTali i3 3actocyBaHHIM GMAW-CMT /Pulse meToziB y
KoMbiHanii i3 3axrcHUMH ra30BUMU cyMimamu Ta PAW-CW anuTtuBHOro HarsaBjlieHHs B cepefoBuli aprony. Ha
OCHOBI ITPOBEJIEHOTO aHAaJli3y OTPUMAaHUX €KCIIEPUMEHTAIBHUX JAHNX BCTAHOBJIEHI 3aKOHOMIPHOCTI BILIMBY 3MiHU
CKJIaJly Ta30BOT'0 CE€pelOBUIIIA Ta METOAY [10Ja4i 3BaplOBaJIbHOTO CTPyMy Ha (OPMYBaHHS Ta TeOMETPUYHI
XapaKTEPUCTUKU CTIHOK BUPOOiB. [IpoBeieHi eKCcliepUMEHTaIbHI JOCIiI)KEHHS Ta BCTAHOBJIEHUH BIINB GMAW-
CMT /Pulse meTo[iB HamnaBIeHHs HA TEOMETPUYHI XapaKT€PUCTUKY BUPOOIB 3 aJIIOMiHi€BUX CIIJIaBiB, ayCTEHITHUX
Hep>KaBilouuX CTajeil Ta KpeMHieBuxX 6poH3. Ha 0CHOBI MpoBefjeHnX eKCIiepUMeHTaIbHUX OCiIKeHb JoBeIeHa
MOXJIMBICTb OTPMMaHHS [IPOCTOPOBUX BUPOOIB II7Ia3MOBO-AyTOBUM CIIOCOOOM HaIlJIaBJIEHHS 3i 3aCTOCYBaHHSM B
SKOCTI IPMCaJHOTO MaTepiajy MPYTKiB )KapOMILIHOTO HIKEJIEBOTO CILJIABY, SIKi BATOTOBJIEHI 3a 3aIIPOIIOHOBAHOIO
aBTOPOM METOIMKOI0. YeTBepPTUl pO3ij MPUCBSYeHUN LOCTIIKeHHIO BITIUBY yMoB GMAW-CMT /Pulse meTo[iiB
HaIJIaBJIeHHs Ta 3MiHU 3aXMCHOT'0 Ta30BOr0 CepeloBUIa Ha GOPMYyBaHHS CTPYKTYPH i MeXaHiuHi BJIaCTUBOCTI
MeTajly OTPMMAHUX 3Pa3KiB i3 HU3bKOBYIJIELEBOI CTaJli, @ TAKOXK METOAY I10Ja4i 3BapioBajIbHOrO cTpyMy (GMAW-
CMT /Pulse) npu BUKOPUCTaHHI KpeMHieBUX OPOH3. Y I'ITOMY PO37iJi 100yJ0BaHi pO3paxyHKOBi CKIHY€HHO-
eJIeMeHTHi MoJieJli, 3ifiCHeHe KOMITIOTEpHE MOJEJII0OBaHHS Ta IPOBeleHUI aHasli3 pe3ysbTaTiB CKiIHUeHHO-
€JIEMEHTHOTO MOJI€JII0BaHHSI KOMIIOHEHT HaIPYy>KEHO-1e(pOPMOBAHOTr'0 CTaHy IPOCTOPOBUX BUPOOIB IIPU
aJUTHBHOMY NYTOBOMY HaIlJIaBJIeHHi KpEMHi€BOi 6pPOH3YM Ta KaPOMIITHOTO CILJIaBy HAa OCHOBI HIKeJIO Y BUTJISALI
KOMITaKTHOTO [IPHCaiHOr0 MaTepiany. BctaHOBIEHO, 0 MPUYMHOIO BUHMKHEHHS AedeKTiB — TPIllyH [Ipu
BHMKOPHUCTaHHI KpeMHieBoi 6poH3u Ta GMAW /GMAW-Pulse MeToiB HallylaB/leHHs € (OPMYBaHHS Hallpy>KeHb
PO3TAry, 110 EPEBUIIYIOTh 'PAHULIIO MILIHOCTI METaJy B 06J1aCTi BUCOKMX TEMIIEPATYp NPU 6araTopasoBUX LUKJIAX
HarpiBy Ta OXOJIO[IKEHHS METAJy B [IPOILeci aANTUBHOTO HariaByieHHs. JJociimkeHi Tepmonedopmaliiiti npouecu
IIpU IIOLIAPOBOMY I17Ia3MOBO-AyrOBOMY HaIlJIaBJIE€HHI >KapOMIIJHOr0 HiKesieBOro purio SBM-4 y kombiHanji 3
IIBOMa BapiaHTamMu OCHOB JJ1s1 HAIJIaBJIEHHS. 3 METOIO MiATBEPIKEHHS aJleKBaTHOCTI Pe3yJbTaTiB NoNepeHix
eJIeMEeHTHOI MoZieJIi Ta pe3yJ/IbTaTiB KOMII'IOTEPHOTO MOZEJIIOBAHHS MIJIIXOM MOPIiBHSIHHS iX 301KHOCTI 3
OTPUMaHUMU €KCIIEPUMEHTATIbBHUMU JAHUMU. Y IOCTOMY pO31iji cpOpMYIbOBaHi TEXHOJIOTIYHI peKOMeHallii
OO MPOLECY NOIAPOBOrO AUTUBHOTO BUTOTOBJIEHHS IIPOCTOPOBUX BUPOOiB 3 BUKOPUCTAHHSIM TEIIa
€JIEKTPUYHOI IyTU SK JKepeJsia HarpiBy Ta KOMIIAKTHOT'O (OPOTH Ta IPYTKU CYLJIbHOTO IIEPETUHY) IIPUCATTHOTO
Mmarepiasy. 3allporIOHOBaHa METOJIMKA BU3HAYEHHS TEXHOJIOTIYHUX BTPAT MeTajy B IIpoleci QiHilIHOI MeXaHi4HOi
00pOOKY BUTOTOBJIEHUX Pi3HUMU CIIOCOOaMU IyTOBOTO aJUTHBHOIO HaIlJIaBJI€HHS IPOCTOPOBUX BUPOOIB.
CrnpoekToBaHa Ta CTBOPEHA KOMITbIOTEPi30BaHA YCTAaHOBKA JJIs1 aANTUBHOTO OYrOBOTO HAILJIABJIEHHS BUPOOIB 3
YUCJIOBUM IIPOrPaMHUM KepyBaHHSIM Ha 0cHOBi G-KoziB. HaBeneHi npukianyu BUrOTOBIEHUX 32 CPOPMYIIbOBAHUMU
aBTOPOM TEXHIYHMMU peKOMEHIAliIMU aUTUBHO HaIJjaBJIeHUX BUPOOiB CKIaAHOI MpocTopoBoi dopmu. Kinovosi
CJIOBA: aAUTUBHI TEXHOJIOTI], II01IapOBe HAIJIaBJIEHHS, aIUTUBHUI cuHTe3, FDM TexHosorid, 3D-npyk, 3BapHi
3'€JHAaHHS, 30Ha TEPMiYHOTO BIIMBY, HU3bKOBYTJIELIeBA CTaJlb, aJIlOMiHi€BUII CI1JIaB, GPOH3a, MaTeMaTUYHE
MOJIeJIIOBaHHS, CKIHUEHHO-eJIeMEHTHE MOJIeJII0BaHHsI, HallpyKeHo-AedOpMOBaHUl cTaH, MeTasorpadiyHuil aHamis,

MEXaHiuHi XapaKTepUCTUKH, CTPYKTypHU, po3Mipu 3epeH

2. Lahodzinskyi .M. Additive arc surfacing of spatial products with filler wires of steels and alloys. Thesis for the
scientific degree of the doctor of philosophy, the field of stydy 13 - Mechanical engineering, program subject area
131 - Applied Mechanics. - National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2024. The thesis consists of six chapters in which the main results are presented and substantiated. In the
introduction, the relevance of topic is justified, the objectives and tasks of the research are outlined, the methods
and methodologies of their implementation are provided, and the scientific novelty and practical significance of



the research results are formulated. Chapter One provides a literature review of the current state of the art in
Wire Arc Additive Manufacturing (WAAM) technologies for the production of spatial products. Chapter two
outlines the methods for conducting experimental research to determine the geometric characteristics of
additively deposited layers, the structure and physico-mechanical properties of the deposited metal, the chemical
composition, and the properties of the materials used for research Technological recommendations and selected
equipment for the production of products from low plasticity materials are proposed. In Chapter Three, the
process of layer-by-layer deposition of low-carbon steels by GMAW-CMT /Pulse method in combination with
argon-based shielding gas mixtures, as well as deposition of PAW-CW additives is experimentally investigated.
Based on the analysis of the experimental data, regularities in the influence of changes in the composition of the
shielding gas environment and the welding current mode on the formation and geometric characteristics of the
product walls are established. Experimental studies are conducted to determine the influence of GMAW-

CMT /Pulse deposition methods on the geometric characteristics of products made of aluminum alloys, austenitic
stainless steels, and silicon bronzes. On the basis of the conducted experimental research, the possibility of
obtaining spatial products by plasma arc deposition using rods of heat-resistant nickel alloy as filler material,
manufactured according to the author's proposed methodology, is demonstrated. The Chapter Four is devoted to
the investigation of the influence of GMAW-CMT /Pulse deposition methods and changes in the shielding gas
environment on the formation of structure and mechanical properties of specimens made of low-carbon steel, as
well as the welding current mode (GMAW-CMT /Pulse) when using silicon bronzes. In Chapter Five, finite element
models are constructed, computer simulations are performed, and an analysis of the results of finite element
modeling of stress-strain components in three-dimensional products during additive arc deposition of silicon
bronze and heat-resistant nickel-based alloy as compact filler material is conducted. It is found that the cause of
cracks in silicon bronze and GMAW pulsed deposition processes is the formation of tensile stresses exceeding the
metal's strength limit in the high temperature range during multiple heating and cooling cycles in the additive
deposition process. The thermal deformation processes are investigated during the layer-by-layer plasma arc
deposition of the heat-resistant nickel-based filler SBM-4 in combination with two variants of deposition base
materials. In order to confirm the adequacy of the results of previous calculations and the possibility of their
further application, the verification of the developed finite element model and the results of computer simulation
is carried out by comparing their convergence with experimental data. In Chapter Six, technological
recommendations are formulated for the layer-by-layer additive manufacturing process of spatial products using
electric arc heat as a heat source and compact (solid cross-section wires and rods) filler material. A methodology is
proposed for determining metal losses during finishing mechanical processing of products manufactured by
various additive arc deposition methods. A computerized setup for additive arc deposition of products with
numerical program control based on G-codes is designed and constructed. Examples of products manufactured
according to the formulated technical recommendations for additive deposition of complex spatial shapes are
given. Keywords: additive technologies, layer-by-layer deposition, additive manufacturing, FDM technology, 3D
printing, welded joints, heat affected zone, low-carbon steel, aluminum alloy, bronze, mathematical modeling,
finite element modeling, stress-strain state, metallographic analysis, mechanical properties, structures, grain sizes.
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XapaKTEPUCTUKU NTOBEPXOHb i CTPYKTYpy MeTany BUpob6iB / KBacHuupkuii B.B., Jlaroggzincekuit LM. //
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e BruiuB ckjaly 3aXxMCHOTO razy Ha FeOMETPUYHI XapaKTepPUCTUKU TOBEPXOHb OTpUMaHuX aautuBHuM CMT Ta
Pulse GMAW nansnaBneHHSIM BUpo6iB / Jlaropzincekuit .M., Szymura Michal, KBacHuupskuii B.B. //
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scientists.com/pdf/105_Paton_Conf_2023.pdf

HaykoBa (HayKOBO-TE€XHiYHa) MPOIYKILis: TexHoOrii

ComiasibHO-€KOHOMIYHA CIPSIMOBAHICTh: CTBOPEHHS MPUHIMIIOBO HOBOI MPOJyKILii (MaTepiatis,

TEXHOJIOTI} TOlO) 1J151 3a06€3MeYeHHs eKCIIOPTHOTO IIOTEeHIialy Ta 3aMillleHHIO iIMIIOpTY; €KOHOMIs1 MaTepiasiB

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaZKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KBacHuupkuii Biktop BsuecnaBoBuu

2. Viktor Kvasnytskyi

KBasigikanis: n.1.1., npodecop, 05.03.06
InenTudikarop ORCID ID: 0000-0002-7756-5179
JoparkoBa iHdpopmamuist:

IloBHE HalIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HauionanbHuii TexHi4HMiA yHiBepcuTeT YKpainu "KuiBchkuit

MOJIiTeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro®

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHHX ONOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi oIOHEHTH
BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:

1. MaxneHnko Ozner BosogumupoBuy

2. Oleg Makhnenko

KBasigikanis: 1. 1. 1., c.u.c., 05.03.06

Imentudikarop ORCID ID: 0000-0002-8583-0163



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: [HCTUTYT estekTpo3BapoBaHHs im. €. O. [Tatona HAH Vkpainu
Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHHS: ByJ1. Kazumupa Manesuua, 6yz. 11, Kuis, 03150, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Imutpuk Bitaniin Bosogumuposuy

2. Vitalii Dmytryk

KBasigikamis: 1.1, npodpecop, 05.02.01
InenTudikarop ORCID ID: 0000-0002-1085-3811
HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTeT "XapKiBChKUii

MOJITEXHIYHNN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupninioga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpisBuie Im'sa I1o-6aThKOBI:
1. MiHiupkun AHarosnini BsueciaBoBuY

2. Anatolii V. Minitskyi

KBasigikamis: 1. 1. u., npodecop, 05.16.06
ImenTudikarop ORCID ID: 0000-0001-5767-4071
JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. Konmnios Bsiuecnas IBaHoBHY

2. Vyacheslav Kopylov

KBasigikamis: 1.1, npodpecop, 05.02.01
ImenTudikarop ORCID ID: 0000-0002-1789-3226
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Bnacue IIpizBume Im's [10-6aTbKOBI Canenko Onexcanzup denoposud
rOJIOBH pajgu

BaacHe IlpizBume Im'st ITo-6aTbKOBI Canenko Onekcanap Qenoposuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBiganibHUH 32 MiATOTOBKY JlaropsiHcbkuii IBaH MuKoaioB1Y

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PeeCTpalLio HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OisIJIBHOCTI




