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1. Inceprauiiiny po60Ty IIPUCBSIYEHO AOCIIiIPKEHHIO IIPOLIECiB 1a3€pHOTO 3BAPIOBAHHS TOHKOCTIHHMX KOHCTPYKLIH 3
JIIOMiHi€BUX CIJIAaBiB B YMOBAaX Pi3HUX THUIIIB i TUCKY 3aXMCHOI'O CEPENOBUIIA. 30KPEMA, BUSBJIEHO 3aKOHOMIPHOCTI
(popMyBaHHS TEMIIEPATYPHUX I10JIiB, TEOMETPIi IPOIJIaBJIEHHS Ta CTPYKTYPU METaJly IIPY BUKOPUCTAHHI
BOJIOKOHHOTO JIa3epa JJ1s1 3BaplOBaHHS allOMiHill-MarHieBux CIIaBiB y popBaKyyMHOMY Hiana3oHi (10-190 Ila) ta
IIPOBEJEHO iX MOPIBHSIHHSA 3 yMOBaMU 3BapPIOBAaHHS B aprOHOBOMY cepenoBuili npu Tucky 105 kI1a i y BigkpuTiit
atMocdepi 3 JIOKaJIbLHAUM aproHOBMM 3axuCTOM. Ha nepmomy eramni gocipkeHb IPOaHai3oBaHo (i3uKko-
METaJypriiHi npouecy Ta 3aKOHOMIPHOCTI CTPYKTYPOYTBOPEHHS B 30Hi JIa3€PHOTO MPOILJIaBJIEHHS allOMiHiNi-

MarHieBuX CIJIaBiB y 3aXMCHUX [a30BUX aTMOcdepax pi3HOro THUCKY. JJoCiIpKeHHsI OXOIIIOBAJIA TPU



B33a€MOIOB'SI3aHi HaNpsIMK: (POPMYBAHHS TEMIIEPATYPHUX TIOJIiB i reOMETpii IPOIJIaBIEHHS]; PO3MOiM JIeTyBaJIbHUX
€JIEMEHTIB y MeTaJli 30HU IeperyiaBieHHs]; POpMyBaHHS MIKpO- Ta CYyOCTPYKTYPH MeTay IPOIJIaBJIeHHS i
IPUJIETJINX 30H. lle J03BOJINIIO BCTAHOBUTH 3B'S1I30K MiXX IIapaMeTpaMu NPOLECY Ta CTPYKTYPHUM CTaHOM
marepiany. OTpMMaHi pe3yJIbTaTy CTaJIu OCHOBOIO 11711 PO3PO0JIEHHS HAYKOBO OOIPYHTOBAaHUX METOIAYHO-
TEXHOJIOTIYHUX MiAXOAiB 1,0 (OPMYBaHHS TEXHOJIOTI J1a3€PHOTr0O 3BapPIOBAHHS TOHKOCTIHHUX LMJIIHAPUYHUX
000JIOHOK 3 TOPLIEBUMH €JIeMEHTaMU 3 aJIIOMiHili-MarHieBUX CILJIaBiB B yMOBaX IIOHW>KEHOTO THCKY. BaxxinBoio
CKJIaJIOBOIO POOOTH € aHajli3 HallpyKeHO-A4e(OPMOBAHOIO CTaHy 3BapHUX 3'€IHAHb, 1J0 BKJIIOYaB
€KCIIEPMMEHTAJIbHE BU3HAYEHHS 3a/IMIIKOBUX HAMPY>XXEHb, JOCIIXEHHS iX JIOKaJbHOTO PO3MOALTY Ta BaJlifaliio
PO3paxyHKOBUX Moese. [TifcyMKOBUM €TaIrloM € OL[iHKa MIiIJHOCTi repMeTH3yBaJbHUX 3BapHUX 3'€IHAHb i3
3aCTOCYBaHHSIM BUIIPOOYBaHb Ha 3CYB, 110 BiAIIOBifjae peajbHUM YMOBaM ix eKkcIliyaratlii. ¥ po6oTi oTpumano
NOAA/IBIINI PO3BUTOK YSIBJIEHHS PO BIJIUB TUCKY HABKOJIMIIHBOTO CEPELOBUIIA HA INIMOMHY NPOILJIABJIEHHS IPU
JIa3€pHOMY 3BapIOBaHHI aJIlOMiHi€BUX CILJIaBiB. BCTaHOBIIEHO, 10 3HMKEHHS TUCKY 10 170-190 [1a npusBoauTs 10
3MEHIIEHHs PO3MIpY I1J1a3MOBOT0 (akesia Ta MiJiBUIEeHHS OIITUYHOI OJHOPiIHOCTI cepenosuila. Lle 3abesneuye
301/1bLIIEHHS [TIMOMHY NIPOIJIaBJIEHHS B CEPENHbOMY Yy 3-6 pasiB OPIBHSHO 3i 3BaplOBaHHSM Y BiIKpUTiil aTMocdepi
Ta B aproi npu Tucky 105 kI1a. Briepiue BCTaHOBJIEHO, 110 3MEHIIEHHS TUCKY HaBKOJIMIIHBOTO cepefoBuina Big 190
1o 10 Tla mpakTUYHO He BIJIMBAE Ha IIMOVHY [IPOIJIaBJIeHHS i reoMeTpUYHi TapaMeTpy 3BapHUX LIBiB aJlOMiHiEBUX
cIyIaBiB. BogHouac 3aCTOCYBaHHS KEPOBAHOT0O ra3ojHaMiYHOTO BILJIUBY (00[yB aprOHOM 4 J1/XB) LO3BOJISIE 10
IeCSITU pasiB NigBUIMNUTYA €(PEeKTUBHICTb [IOTJIMHAHHS BUIIPOMiHIOBAHHS TIOPIBHSHO 3 MPOL,E€CAMU [IPA HOPMAJIbHOMY
TucKy. Ha nmpuknazai ciapy 5083 Al-Mg-Mn BCTaHOBJIEHO, 110 IIPU 3BAPIOBAHHI B yMOBAX MOHKEHOTO TUCKY
(10-190 Ila), a TakoX Yy BiKpuUTiit aTMocdepi 3 TI0KaJIbHUM aprOHOBUM 3aXUCTOM i B aprOHOBOMY cepeposuii (~105
KIla), popmy0ThCs IEPEBAKHO 3€pHA PiBHOOCHOI popmu (10-50 MKM). BomHOYAC 17191 yMOB IOHM>KEHOTO TUCKY
xapakTepHe (OPMYBaHHS BUTATHYTUX 3€PEH Y3[I0BX JIiHil CIlyIaBieHHs po3MmipoMm 1o 100 MKM. BcTaHOBIEHO, 1O
I[IpU JIa3€pHOMY 3BapIOBaHHI B yMOBax MOHMKeHOTro TUCcky (10-190 I1a) y 3BapHUX IBax He yTBOPIOIOTHCS
BKJIIOYEHHSI OKCUJIHOI IJ1iBKK po3Mipom noHap 0,002 MM, 110 € XapakTepHUM edeKTOM IIpY 3BapIOBaHH] y
BiIKPUTIiN aTMOcdepi 3 JIOKJILBHUM aprOHOBUM 3aXUCTOM. Blieplie okasaHo, o NpY JIa3€PHOMY 3BapIOBaHHI
asnoMiHieBUX criaBiB cuctem Al-Mg-Mn i Al-Zn-Mg-Cu B yMmoBax noHmwkeHoro Tucky (10-190 Ila) 3a paxyHOK
MiIBUIIEHHS MIBUJKOCTI PO3JIbOTY MapiB 3 IapOra3oBOro KaHajly Ta HOro norjaubieHHs BiloyBae€TbCsl 3MEHIIEHHS
BTPAT JIeTyBaJbHUX eJleMeHTiB (Mg, Zn) moHaiiMeHIe Ha 25-45%. TTopasblie 3HMKEHHSI BTPAT JOCSTaeThCs
3aCTOCYBaHHSIM O0/1yBYy BaHHU aprOHOM (4 J1/XB) B yMOBax AMHaMiYHOro ¢GopBakyymy. Po3po6sieHO HayKOBO
OOIPYHTOBaHI METOAMYHO-TEXHOJIOTIUHI MiTX0¥ Ta BiAIIPalibOBAHO TEXHOJIOTIIO [€PMETHU3YI040ro Ja3epHOro
3BapIOBaHHS TOHKOCTIHHUX (2-2,5 MM) OCECUMETPUYHUX LUJIHAPUYHUX O00JIOHOK i3 TOPLIEBUMU €JIEMEHTaMU i3
aJIIOMiHi€EBHUX CIIJIaBiB B iHEPTHIN aTMOCcdepi MOHMKEHOro TUCKY (170-190 Tla). 3abesneuyeTbest pOpMyBaHHS
HEHACKPI3HMX 3BapHUX LIBiB PO03MipoMm He 6inbuie 0,5x0,5 MM i3 TepMETHUYHICTIO HA PiBHI BUTOKY TeJlilo MeHIe
1,5-5x10oo [Ta-M3 /c, 110 BifIOBiZae BUMOraM IpuIao0yayBaHHs. PO3p0o6ieHO METOMKY Ta TEXHOJIOTiYHe
OCHallleHHS, [IPOBEJIEHO BUITPOOYBAaHHS 3BAPHUX 3'€[IHAHb HA 3CYB, 32 PE3YJ/IbTaTaMU SIKUX BCTAHOBJIEHO, 10
CcepenHi 3Ha4eHHSs rpaHuLli MiljHOCTI cTaHOBIIATh 160-247 MIla 3a€KHO BiJl CUCTEMU JIETYBAaHHS. [JOBEEHO
BM3HAYaJIbHY POJIb 3aXMCHOTO CEPEIOBUILA: 3aCTOCYBAaHHS aproHy MifBUIye MilHICTh Ha 20-40%, a NOHIKEHUN
THCK — Ha 40-70% BiZHOCHO BiKpUTOI aTMOC(epH, 1110 3yMOBJIEHO MiABUILEHHSIM €(pEeKTUBHOCTI [IOTJIMHAHHS
€Heprii Ta 3MEeHILIEHHSM I1JIa3MOBOT'0 €KpaHyBaHH4. [1iATBEPA’KEHO IPaKTUYHY 3HAUYILiCTh OTPMMAHUX PE3YJIbTATIB,
sIKi BIIPOBAPKEHO B YKpaiHi [IpY CTBOPEHHI TEXHOJIOTIYHOTO MIPOLECy Ta O0JIaIHAHHS [1JIs JIA3€PHOTO 3BapIOBAHHS

TOHKOCTIHHMX KOHCTPYKLIi# 3 a/IIOMiHi€BUX CILJIABiB.

2. The dissertation is devoted to the investigation of laser welding processes of thin walled structures made of
aluminium alloys under different types and pressures of shielding environments, namely to the identification of the
regularities governing the formation of temperature fields, penetration geometry, and metal structure during fibre
laser welding of Al-Mg alloys under reduced pressure conditions within the forevacuum range (10-190 Pa), as well
as their comparison with welding in an argon atmosphere at a pressure of 105 kPa and in open air with local argon
shielding. At the first stage of the study, an analysis of physico-metallurgical processes and structural formation
regularities in the laser-melted zone of Al-Mg alloys under shielding gas atmospheres of different pressures was



carried out. The study covered three interrelated aspects: formation of temperature fields and penetration
geometry; redistribution of alloying elements in the fusion zone; and formation of micro- and substructure of the
weld metal and adjacent regions. This made it possible to establish relationships between process parameters and
the structural state of the material. The obtained results formed the basis for the development of scientifically
substantiated methodological and technological approaches to laser welding of thin-walled cylindrical shells with
end elements made of AlI-Mg alloys under reduced pressure conditions. An important component of the work is
the analysis of the stress-strain state of welded joints, which included experimental determination of residual
stresses, investigation of their local distribution, and validation of numerical models. The final stage involved the
evaluation of the strength of hermetic welded joints using shear testing, which corresponds to their actual service
conditions. The study further develops the understanding of the effect of ambient pressure on penetration depth
during laser welding of aluminium alloys. It has been established that reducing the pressure to 170-190 Pa leads to
a decrease in the size of the plasma plume and an increase in the optical homogeneity of the environment,
resulting in a 3-6-fold increase in penetration depth compared with welding in open air and in argon at 105 kPa. It
has been established for the first time that reducing the ambient pressure from 190 to 10 Pa has virtually no effect
on penetration depth and weld geometry, whereas the application of a controlled gas-dynamic technique (argon
blowing at 4 L/min) provides a significant (up to tenfold) increase in radiation absorption efficiency compared with
processes at normal pressure. Using the example of alloy 5083 (AlI-Mg-Mn), it has been shown that welding under
reduced pressure (10-190 Pa), as well as in open air with local argon shielding and in argon (~105 kPa), results in the
formation of predominantly equiaxed grains with sizes of 10-50 um. However, under reduced pressure conditions,
elongated grains up to 100 um are formed along the fusion line. It has been established that laser welding under
reduced pressure (10-190 Pa) prevents the formation of oxide film inclusions larger than 0.002 mm, which are
typical defects in welding performed in open air with local argon shielding. It has been shown for the first time
that, during laser welding of aluminium alloys of the AI-Mg-Mn and Al-Zn-Mg-Cu systems under reduced
pressure (10-190 Pa), an increase in the vapor ejection rate from the keyhole and its deepening leads to a reduction
in the loss of alloying elements (Mg, Zn) by at least 25-45%. Further reduction of these losses is achieved by
applying argon blowing (4 L/min) under dynamic forevacuum conditions. Scientifically substantiated
methodological and technological approaches have been developed, and a technology for hermetic laser welding of
thin-walled (2-2.5 mm) axisymmetric cylindrical shells with end elements made of aluminium alloys under
reduced-pressure inert atmosphere (170-190 Pa) has been implemented. This technology ensures the formation of
partial-penetration welds with dimensions not 7 exceeding 0.5x0.5 mm and helium leak rates below 1.5-5x1000
Pa-m?/s, which meets the requirements for hermetic thin-walled structures used in precision engineering. A
methodology and technological equipment have been developed, and shear tests of welded joints have been
carried out. The results show that the average shear strength ranges from 160 to 247 MPa depending on the
alloying system. The decisive role of the shielding environment has been demonstrated: the use of argon increases
strength by 20-40%, while reduced pressure increases it by 40-70% compared to open air conditions, due to
improved energy absorption and reduced plasma shielding. The practical significance of the obtained results has
been confirmed by their implementation in Ukraine in the development of technological processes and equipment
for laser welding of thin-walled aluminium alloy structures.
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