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1. ®izuko-MeTanypriiiHi Ta TepMmoedopmaliiiHi npouecu Npy 3BaploBaHH]I TOHKOCTIHHUX KOHCTPYKILH i3
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Pedepar:

1. lucepTaliis npucBsYeHa NOCiIKeHHIO Ta CTBOPEHHIO TEXHOJIOTIN 3BapiOBaHHS BUPOHiB KOCMIUHOi
IIPOMUCJIOBOCTI 3 BUCOKOMILIHVX QJIIOMiHI€BUX CILJIABIB i3 BAKOPUCTAHHSIM JIA3€PHOIO BUIIPOMIHIOBAHHS LIJISIXOM
PO3pPaxyHKOBOr'O BUGOPY MapaMeTpiB PEXXUMIB (LIiIbHOCTI TOTYKHOCTI, LIBUAKOCTI, po3Mipy i yacy icHyBaHHS
3BapIOBaJIbHOI BAaHHM) 3 [IO/IAJIBIIOI0 €KCIIEPUMEHTAJILHOIO IIEPEBIPKOI0, BU3HAUYEHHS BILJIMBY PEXXUMIB Ta YMOB
B€JIEHH: IIPoLiecy Ha POPMYBaHHS HaINlPyK€HO-I,e(pOPMOBAHOIO CTaHy Ta 3MiHy reOMeTpUYHOi (pOpMU BUPOOIB,
PO3paxyHKOBOMY IIPOrHO3YBaHHIO IIapaMeTpiB 3BaplOBaHHS 6epulieBux CIjiaBiB. ¥ poboTi BU3HaYeHi xapakTepHi

IedeKTy 3BapI0BaHHS Ta LJISIXY iX YCYHEHHS, CTBOPEHI MeTOIMKA Ta OOJIaiHAHHS /11 BU3HAUEHHS] KOMIIOHEHT



HarnpyeHo-71e(dhOPMOBAaHOI0 CTaHy Ta HEPYUHIBHOIO KOHTPOJIIO BUPOGiB, 3BapEHUX i3 BUKOPUCTAaHHSIM
PO3pOOJIEHNX TEXHOJIOTIH, IPOBeleHe KOHCTPYIOBAHHS AOCIiTHO-TIPOMUCIIOBOTO KOMILJIEKCY [JIs1 peaJtisariii
PO3p0o6JIeHUX TEXHOJIOTIN. [lucepTaliiiHa poboTa CKIaA€ThCs 3 II'SITY PO3iJiB, Y SIKUX BUKJIALEHO Ta OOIPYHTOBAHO
OCHOBHI P€3yJIbTaTy JUCEPTALiHOI POOOTH. Y BCTYII OGIPYHTOBAaHO aKTyajIbHICTh OOPAaHOI TEMU JOCTIiIKEHHS,
BM3HAYEHi MeTa Ta 3a7ayi JOCIiIpKeHHs, IpUBeAeHi MEeTOIU NOCTiKeHHs, c(OPMYJIbOBaHi HAYKOBa HOBU3HA Ta
[IpakTHU4HAa LiHHICTh OTPUMAHUX Pe3yJIbTaTiB. Y NepLUIoMy po3ijli IprBeieH] pe3ysbTaTu aHali3y 0CobIUBOCTEN
3BapIOBAHHS JIETKUX CIJIaBiB HA OCHOBI ayIlOMIHIIO i 6epuJlilo i3 BUKOPUCTAHHSIM Cy4aCHUX 3BapIOBaJIbHUX
TEXHOJIOTIi!. PO3IJISIHYTO 0COOJIMBOCTI BUKOPUCTAHHS JIa3€PHOTO BUITPOMIHIOBAHHS JJ1s1 3BAPIOBAHHS TOHKOCTIHHUX
KOHCTPYKIi# i3 JIETKUX CIJIaBiB, B TOMY YMCJIi aKTyaJbHi IPO6JIeMU IIPU 3BapIOBaHHI TOHKOCTIHHUX KOHCTPYKLIH i3
JIETKUX CILJIABiB, 30KpPEMA 3 HEIIOBHUM IIPOILIaBJIE€HHSIM. Ha OCHOBI IpOBEAEHOrO aHAi3y BU3HAYEHI METa Ta
3aBaHHS AOCJIIpKEHb. [Ipyruil po3zi MpUCBSIYEHUH ONUCY 3aCTOCOBAHUX CTAHIAPTU30BAHUX Ta PO3POOJIEHUX
METOJIMK [TPOBEeJIeHHS IOCTIIKeHHS], HaBe/leHi OIMC Ta XapaKTEePUCTHKYU 00paHMX MaTepiasiB, TEXHOJIOTIYHOTO
0071aJHaHHS 1J1s1 IPOBEJleHHS eKCIIEPUMEHTIB Ta MeTaslorpadiuHux NocinKeHb. B TpeTbomy po3aisni
IYcepTalifHOi po6OTH IPUBEEHI PE3YJIbTATH MOJEJIOBAHHS 3'€JHAHHSI JIETKUX CIJIAaBiB JIa3€pHUM 3BapIOBaHHSIM
Ta JIa3€PHO-MIiKPOIJIA3MOBUM 3BapIOBAHHSIM, ONKCaHA METOAMKA BUOOPY NAPAMETPIiB PEKUMIB 3BapIOBAHHS
TOHKOCTiHHUX BUPOOIB 3 JIETKUX CI1JIaBiB i3 HEHACKPiI3HMM IIPOILJIaBJIEHHSIM i3 3aCTOCYBaHHSIM JIa3€pPHOTO
BUIIPOMIHIOBaHHS, [IPUBEJEHI Pe3yJIbTaTH €KCIIEPUMEHTAJILHOI I1IePEBIPKU BUKOPUCTAaHOI METOIMKYU BUOOPY
PEXKMMIB 3BapIOBaHHS Ta PE3yJAbTaTU METANOrPAQiuHMX NOCIiIKEeHb OTPUMaHUX 3BAPHUX 3'€JHAHb, a TAKOXX aHaJi3
XapaKTepHUX Ae(EKTIB Ta IIIAXiB iX ycyHeHHs. CTBOPEHi METOAMKH NONEPENHbOTO PO3PAXYHKOBOIO BU3HAYEHHS
napaMeTpiB pe>KUMiB 3BapIOBaHHS 3 BUKOPUCTAHHSIM JIa3€pPHOTr0 BUIIPOMIHIOBAHHS (J1a3€pHOTO i 1a3epHO-
MIKpOILJIa3MOBOT'0 IIPOLIECIB) Ta 3aJIMLMIKOBOrO HANPYXEHO-A€()OPMOBAHOI0 CTaHy BUPOOiB KOCMIYHO]
IIPOMHUCJIOBOCTI 3 BUCOKOMIIIHUX aJIIOMiHieBUX i 6epuilieBUX CIIaBiB. 3a JOIIOMOI0I0 €KCIIEPUMEHTAIBHO]
repeBipKu po3po6IEeHNX METOMK Ha 3pa3Kax i3 BUCOKOMIIIHUX aJTIOMiHi€EBUX CILJIaBiB BU3HAUYE€HA BEJIMYMHA
NOXMOKU Ta OOI'PYHTOBAHA IPUIHATHICTb METOAMK /1J1S1 PO3B'sI3yBaHUX 3aBllaHb. PO3paxyHKOBUM i OCTinHUM
CIoco6amy BU3Ha4YeHi e(PeKTUBHI ClIOCOOM MiHiMi3allii BUHUKHEHHS XapaKTePHUX Ae(EKTIB IPU JIa3€PHOMY
3BapIOBaHHI BUCOKOMILIHYMX aJIlOMiHi€BUX CIJIABiB i3 BUKOPUCTAaHHAM CYIYTHLOIO MiZirpiBy MeTany 3BaproBajbHOI
BaHHU MIKpOIJ1a3Moto IIpsiMoi [iii. IIpoBeseHe maTreMaTH4He IPOrHO3YBaHHSI 3BapIOBaHHs O€pUIIilo Ta Oro CIIJIaBiB
3a JOIIOMOTOI0 JIA3€PHOT'0 BUNIPOMIHIOBAHHS i3 [1IEPEBIPKOI0 OTPUMAHUX PE3YJIbTATIiB 32 JITEPaTyPHUMU JaHUMU. Y
4YETBEPTOMY PO3JiJi NPUBELEHU ONMC PO3POOKM METOAMKY €KCIIEPUMEHTAILHO-PO3PaXyHKOBOIO BU3HAUYEHHS
komroHeHT HJIC 3BapHUX [eTasiell Ta CTBOPEHHS J1ab0paTOPHOro CTeHy AJisl peasnizanii metongukuy. HaBeneni
PEe3yJIbTaTU PO3PaXyHKOBOTrO BU3HAYEHHS NTapaMeTpiB 3annmkoBoro HJ/IC oTprMaHuX JIa3epHUM Ta JIa3€PHO-
MIKpOIJIa3MOBHM 3BapIOBaHHSIM 3'€JHaHb i3 BUCOKOMIIIHOTO ajoMiHieBoro crsasy 7005. V ’sTomy po3zini
IIpe/ICTaBJIeH] pe3ybTaTh POOiIT i3 MPaKTUYHOI peasnizalii po3po6IeHNX TEXHOJIOTIN, B TOMY YMCJIIi CTBOPEHHS
0071aJHAHHS 1J1s1 OTPMMaHHS i HEPYHHIBHOTO KOHTPOJIIO BUCOKOTOYHUX TOHKOCTIHHUX 3BAPHUX BUPOOIB 3
aJIIOMiHi€EBUX CI1JIaBiB KOCMIYHOTO ITPM3HAUEHHS Ta PO3POOJIEHHS TEXHOJIOTIYHOrO IIPOLIECY FepMeTH3allii
BUCOKOTOYHHUX TOHKOCTIHHUX BUPOG6iB KOCMIUHO] rasysi 3 JIerkux CILJIaBiB Jla3epHUM 3BaploBaHHSIM. Killo4oBi cyioBa:
aJIIOMiHi€Bi CIyIaBY, 3BapIOBaHHS, Jla3ep, NOTY>KHICTb BUITPOMiHIOBAaHHS, MIKpOILJIa3Ma, IOTOHHA €HEePrif, 3'€JHaHHS,
PO3paxyHKOBa METOMIMKA, MOZEJIOBAaHHS, [IapaMeTPU PEXKUMIB, MIKDOCTPYKTYpa, MeTasiorpadiyHi focuifkeHHs,
€JIEKTPOHHA MIKPOCKOIisl, XiMIYHUI CKJIaZ, IOPY, MiKPOTPIlIMHY, HAIPY>KEHHS, fedopmaliii, nepeMilieHHs,
MIKPOTBEPIiCTh, NEPEKTU.

2. The dissertation is devoted to the development and creation of technologies for welding of space industry
products from high-strength aluminum alloys using laser radiation through the calculated selection of mode
parameters (power density, speed, size and time of existence of the welding bath) with subsequent experimental
verification, determination of the effect of modes and conditions of the process on the formation of the stress-
strain state (SSS) and the change of geometric shape of the products as well as calculated forecasting of the
welding parameters of beryllium alloys. The typical welding defects and ways to eliminate them are identified, and
methodology and equipment for determination of the components of the stress-strain state and non-destructive
testing of products which are welded using the developed technologies are created, as well as research and



industrial complex for the implementation of the developed technologies is constructed. The thesis consists of five
chapters, in which main results of the dissertation work are presented and substantiated. In first chapter, the
results of analysis of features of welding light alloys from aluminum and beryllium using modern welding
technologies are presented. The peculiarities of use of laser radiation for welding of thin-walled structures from
light alloys are considered, including current problems in the field of welding of thin-walled structures from light
alloys, in particular with incomplete penetration. Based on the analysis, the purpose and objectives of the research
are defined. Second chapter is devoted to the description of the applied standardized and developed research
methods, the description and characteristics of the selected materials, technological equipment for conducting
experiments and metallographic studies are presented. Third chapter of dissertation presents the results of
modeling of joints of light alloys using laser welding and laser-microplasma welding, describes the method of
selecting welding mode parameters for thin-walled products made of light alloys with non-through penetration
using laser radiation, demonstrates the results of experimental verification of the used method of selecting
welding modes and the results of metallographic studies of the obtained welded joints, as well as the analysis of
characteristic defects and ways to eliminate them. The methods of preliminary calculated determination of
parameters of welding modes using laser radiation (laser and laser-microplasma processes) and residual stress-
strain state of space industry products from high-strength aluminum and beryllium alloys are created. With the
help of experimental verification of the developed methods on samples of high-strength aluminum alloys, the error
value was determined and the acceptability of these methods for the solved problems was substantiated. Effective
ways of minimization of appearance of typical defects during laser welding of high-strength aluminum alloys by
using simultaneous heating of metal of welding pool by microplasma arc of direct artion are determined by
calculation and experimental methods. Mathematical forecasting of welding of beryllium and its alloys using laser
radiation was carried out with verification of the obtained results according to literature data. Fourth chapter
describes the development of the methodology for the experimental and computational determination of the
components of the SSS of welded parts and the creation of a laboratory stand for the implementation of the
methodology. The results of the calculated determination of the residual SSS parameters obtained by laser and
laser-microplasma welding of joints made of high-strength aluminum alloy 7005 are presented. Fifth chapter
presents the results of work on the practical implementation of the developed technologies, including creation of
equipment for obtaining and non-destructive control of high-precision thin-walled welded products from
aluminum alloys which are used for space purposes and development of technological process of sealing of high-
precision thin-walled products of space industry from light alloys by laser welding. Keywords: aluminum alloys,
welding, laser, radiation power, microplasma, heat input, joints, calculation method, modeling, mode parameters,
microstructure, metallographic studies, electron microscopy, chemical composition, porosity, microcracks,
stresses, deformations, displacement, microhardness, defects.
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