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1. Incepralis npucBssYeHa OOCTIIKEHHIO Ta CTBOPEHHIO TeXHOJIOTil 3BapIOBaHHS BUPOOiB KOCMIYHOI
IIPOMUCJIOBOCTI 3 BUCOKOMILIHUX aJIIOMiHI€BUX CI1JIaBiB i3 BAKOPUCTAHHSIM JIa3€PHOT'O BUITPOMIHIOBAHHS LIJISIXOM
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3BapIOBaJIbHO'1' BaHHI/I) 3 MTOAAJIbIIOI0 €EKCIIEPUMEHTAJIBHOIO HepeBipKOIO, BU3HAYE€HHA BIIJIUBY pe)KI/IMiB Ta YMOB



BeJI€HHSI IIpolecy Ha (OPMYyBaHHS HAIPY>KEHO-1e(POPMOBAHOTO CTAHY Ta 3MiHy FreOMeTPUYHOI (GOPMU BUPOGIB,
PO3paxyHKOBOMY IIPOrHO3YBaHHIO IIapaMeTpiB 3BaplOBaHHs OepuilieBux CIjiaBiB. Y pobOTi BU3Ha4YeHi xapakTepHi
IedeKTy 3BapIoBaHHs Ta LJISIXY iX YCYHEHHS, CTBOPEHI METOIMKA Ta OOJIaiHAHHS /1J11 BU3HAYEHHSI KOMIIOHEHT
HaMpyXeHO-1e()OPMOBAHOIO CTaHy Ta HEPYUHIBHOIO KOHTPOJIIO BUPOOIB, 3BaPEHNUX i3 BUKOPUCTAaHHSIM
PO3pOOJIEHNX TEXHOJIOTIH, IPOBEleHe KOHCTPYIOBAHHS AOCTiTHO-TIPOMUCIIOBOTO KOMILJIEKCY [1JIs peaJtisarii
PO3po6JIeHUX TeXHOJIOriN. [lucepTraliiiHa poboTa CKIaa€eThCsl 3 II'SITY PO3iJiB, Y SIKUX BUKJIALEHO Ta OOIPYHTOBAHO
OCHOBHI p€3yJIbTaTy JUCEPTALiiHOI pOOOTH. Y BCTYII OGIPYHTOBAHO aKTyajIbHiCTh OOPAaHOI TEMU JOCTIiIKEHHS,
BM3HA4Y€Hi METa Ta 3a7ay4i JOCiIpKeHHs], IpUBEJeHI METOAM [OCiI)KeHHs, C(OpMYJIbOBaHiI HayKOBa HOBMU3HA Ta
[IpaKTHUYHA LiHHICTh OTPYMAHUX Pe3yJIbTaTiB. Y IepuIoMy po3ijii IprBeneHi pe3ysbTaTu aHai3y 0CobInBOCTeN
3BapIOBaHHS JIETKUX CIJIaBiB Ha OCHOBI ayIlOMIHIIO i 6epuJlilo i3 BUKOPUCTAHHSIM CyYaCHUX 3BapIOBaIbHUX
TEXHOJIOTi!. PO3IJISIHYTO 0COOJIMBOCTI BUKOPUCTAHHS JIa3€PHOIO BUITPOMIHIOBAHHS JJ151 3BAPIOBAHHS TOHKOCTIHHUX
KOHCTPYKIi# i3 JIerKUX CIJIaBiB, B TOMY YMCJIi aKTyaJslbHi IPO6JIEMY NIPY 3BapI0OBaHHI TOHKOCTIHHUX KOHCTPYKLi i3
JIETKUX CIIJIaBiB, 30KpPEMa 3 HEITOBHUM IIPOILIaBJIeHHSIM. Ha OCHOBI IpOBEAEHOrO aHAi3y BU3HAYEHI METa Ta
3aBaHHs AOCJiIKEHb. [Ipyryuil po3zil IpUCBSIYE€HUH ONNUCY 3aCTOCOBAHUX CTAaHIAPTU30BAHUX Ta PO3POOJIEHUX
METOJIVK [TPOBEJI€HHS TOCIiI)KEHHSI, HaBeJIEHi OIIMC Ta XapaKTEPUCTHMKYU OOPAaHMX MATePiajliB, TEXHOJIOTIYHOTrO
00J1aHaHHS 1J1s1 IPOBELIeHHS eKCIIEPUMEHTIB Ta MeTasiorpadiuHux NocyinkeHb. B TpeTbomy po3misi
IycepTalifHOi poOOTH IPUBEEHI Pe3yJIbTaT MOJEJIOBAHHS 3'€JHAHHSI JIETKUX CIJIaBiB JIa3€pHUM 3BapIOBaHHSIM
Ta JIa3€pHO-MIiKpPOIJIAa3MOBUM 3BapIOBAHHSIM, ONKCaHA METOAMKA BUOOPY NapaMETPiB PEKUMIB 3BapIOBaHHS
TOHKOCTiHHMX BUPOOIB 3 JIETKUX CIJIABiB i3 HEHACKPI3HMM MPOILJIABJIEHHSIM i3 3aCTOCYBAaHHSIM JIa3€PHOTO
BUIIPOMIHIOBaHHS, IPUBEJEHI pe3yJIbTaTy €KCIIePUMEHTaJILHOI ITIepeBipKU BUKOPUCTAaHOI METOIMKYU BUGOPY
PEKMMIB 3BapIOBaHHS Ta Pe3yJabTaTU METANOrpadiuHuX NOCIiIKEeHb OTPUMAaHUX 3BApHUX 3'€JHAHb, a TAKOXX aHaJIi3
XapaKTepHUX Ae(EeKTiB Ta IIIAXiB iX ycyHeHHs. CTBOPEHi METOAMKHU NONEPENHbOTO PO3PAXyHKOBOIO BU3HAYEHHS
IapaMeTpiB pe>XXUMiB 3BapIOBaHHS 3 BUKOPUCTAHHSIM JIa3€pPHOTr0 BUIIPOMIHIOBAHHS (J1a3€pHOTO i la3epHO-
MIKpOILJIa3MOBOI'0 IIPOLIECIB) Ta 3aJIMIIKOBOrO HANPYXKE€HO-Ae(POPMOBAHOI0 CTaHy BUPOOiB KOCMiIYHO]
IIPOMUCJIOBOCTI 3 BUCOKOMILIHUX aJIIOMiHi€BUX i 6€puUJlieBUX CIIJIaBiB. 3a JOIIOMOIOK €KCIIEPUMEHTAIBHOL
nepeBipKyu po3pobJIeHNX METOMK Ha 3pa3Kax i3 BUCOKOMIIIHUX aJIIOMiHiEBUX CIIJIaBiB BU3HAYEHA BEJINYMHA
NOXMOKU Ta OOI'PYHTOBAHA IPUIHSATHICTb METOIMK /1JIs1 PO3B'sI3yBaHUX 3aBllaHb. PO3paxyHKOBUM i OCIinHUM
crioco6amu BU3HaveHi e(peKTUBHI Clloco6M MiHiMi3allii BUHUKHEHHS XapaKTePHUX A€(EKTIB IPU JIa3€PHOMY
3BapIOBaHHI BUCOKOMILIHYMX aJIlOMiHi€BUX CIJIABiB i3 BUKOPUCTAaHHAM CYIYTHLOIO MiZirpiBy MeTany 3BaploBajbHOI
BaHHU MIKpOIIJIa3MOI0 IIpsiMoi fiii. IIpoBeneHe mareMaTH4yHe IPOrHO3YBAaHHS 3BapPIOBaHHS O€pUIio Ta MOTo CIIJIaBiB
3a IOTIOMOTOI0 JIA3€PHOTO BUITPOMIHIOBAHHS i3 IEPEBIPKOIO OTPUMAHUX PE3YJIbTATIB 3a JITEPATYPHUMU JAHUMU. Y
YETBEPTOMY PO3JiJi IPUBEAEHUI ONMC PO3POOKM METOAMKY €KCIIEPUMEHTAILHO-PO3PaXyHKOBOIO BU3HAUYEHHS
komroHeHT HJIC 3BapHUX [ieTasiell Ta CTBOPEHHS J1ab0paTOPHOro CTeHy AJisl peasnizanii Mmetonuku. HaBeneni
Pe3yJIbTaTu pO3PaxyHKOBOTO BU3HAYEHHS NTapaMeTpiB 3annmkoBoro HJ/IC oTprMaHuX J1a3€pHUM Ta JIa3€PHO-
MIKpOI1JIa3MOBHM 3BapIOBaHHSIM 3'€JHaHb i3 BUCOKOMIIIHOTO aioMiHieBoro crsaBy 7005. V r’sTomy po3zii
IIpeCcTaBJieHi pe3yIbTaTy POGIT i3 MpakTUYHOI peasizalii po3po6eHnx TEXHOJIOTIN, B TOMY YMCJli CTBOPEHHS
0071aHAHHS 1J1s1 OTPUMaHHS i HEPYHHIBHOTO KOHTPOJIIO BUCOKOTOYHUX TOHKOCTIHHUX 3BAPHUX BUPOOIB 3
aJIIOMIHiEBHUX CI1JIaBiB KOCMIYHOTO ITPM3HAUEHHS Ta PO3POOJIEHHS TEXHOJIOTYHOrO IIPOLlecy repMeTr3aallii
BHMCOKOTOYHUX TOHKOCTIHHMX BUPOO6IB KOCMIUHOI rajysi 3 JIETKUX CILJIaBiB JIa3epHUM 3BaploBaHHAM. Killo4oBi cioBa:
QJIIOMIHI€BI CIUIaBY, 3BAPIOBAHHS, JIA3€P, IOTYXHICTh BUIIPOMIHIOBAaHHS, MIKPOIL/Ia3Ma, IIOTOHHA €HEPris, 3'€IHaHHS,
PO3paxyHKOBa METOMIMKA, MOZEJIOBaHHS, [IapaMeTPU PEKUMiB, MIKDOCTPYKTYpa, MeTasiorpadiyHi nocuinkeHHs,
€JIEKTPOHHA MIKPOCKOIisl, XiMIYHUI CKJIaZ, IOpY, MiKPOTpPIlMHY, HAIPY>KEHHS, fledopmaliii, nepeMilieHHs,
MiKpOTBEPZICTb, AEPEKTH.

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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