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Pedepar:

1. Inceprarist npucBsiyeHa po3po6lii Ta BUTOTOBJIEHHIO MeTajleBOi KOHCTPYKIii nepeTsopioBaHoro o6’emy (KI1O)
CTBOPEHHS 3 ypaxyBaHHSIM BIIMBY (PAKTOPIiB arpECUBHOTO CEPEOBUILA B yMOBaX €KCILIyaralii. BUKoHaHO
BM3HAYEHHS KOHCTPYKTHUBHOI CX€MHU, SIKA BiATIOBiae HAaWKpaloMy ITI0€JHAHHIO MaCOBO-TabapUTHUX
XapaKTEPUCTHUK, BUCOKOI KOMIIAKTHOCTI Ta CTIKOCTI Mif, i€l0 eKCIulyaTalliliHuX HaBaHTaXXeHb Ta (PaKTOpiB
KOCMIYHOI'0 NPOCTOPY. BU3HaY€HO ONTHMMAaJIbHi CIiBBiZHOIIEHHS FEOMETPUYHUX IapaMeTpiB KOHIYHUX cekuiit KIIO,
BKJIIOYAIOUY iX TOBIIMHY i IapaMEeTPH KUIbLIEBUX CKJIAZOK, IO YTBOPIOIOTHCS TPY KOMIIAKTHOMY II€PETBOPEHHI, [IpU

SIKMX 000JIOHKA KOHCTPYKLii 06paHOro Marepiany Mae Hal6ibIly CTIMKICTh HiJ] i€l0 XapaKTepHUX



(persnamMmeHTOBaHMX) 30BHILIIHIX HAaBaHTaXXeHb. [IpoBeieHO MOPIiBHANBHUM aHAasli3 CKIHUEHO-€JIEMEHTHUX MO eel
PO3KPUTTS CyLinbHO3BapHUX cekuii KI1O 3 piBHOI BUXiAHOIO F€OMETPi€I0 Ta TOBUIMHOIO MIPYU Pi3HiN KiJIbKOCTI
CKJIaJIOK Ta Pi3Hill KOMIIAKTHOCTI, 110 B CYKYITHOCTI 3 BepuQiKallielo OTPUMaHUX Pe3yJbTaTiB IIJISIXOM HATypPHOTO
€KCIIepUMEHTY J03BOJINJIO OTPMMATH 00’ €KTUBHI JjaHi 010 JIOKAIbHOI BTPATH CTIIKOCTiI TOHKUX II€PETBOPIOBAHUX
000JIOHOK B HECTallioHapHOMY cTaHi. [Ioka3aHo, 110 3a6e3Ie4eHHs CTaJI0ro NPoLeCy PO3KPUTTS 3i 36€peKeHHIM
PEryJsIPHOCT] pyXOMOi I10BEpxHi 000JIOHKM MOSKJIMBO 32 YMOB JIOTPMMAaHHS BiJllIOBiIHOCTI KPOKY ii KisiblieBOi
3rOPTKU JI0 Jliana3ony y 26...29 TOBIMH MeTaly 060JI0HKU. JJOCTiI)KEHO BIJIUB aJITOPATMIB MiKPOIJIa3MOBOTO
3BapIOBaHHA Ta IX IIapaMeTpiB Ha KiHLeBi MexaHiyHi BaacTuBoCTi KI1O, a TakoX BifpanbOBaHO Ta
CHCTEMATU30BaHO PEXXUMMU 3BAPIOBAHHS €KCTPEMAJIbHO Ae(OPMOBAHNUX 3'€JHAHb IEPETBOPIOBaHUX cekiil KI1O 3
BHICOKOJIETOBAHOI ayCTeHITHOI cTajli osIbroBOro Kjacy TOBIMH. 3allpOIIOHOBAHO METOJUKY KiJIbKiCHOI OL[iHKU
IIpeLr3iiiH1X apaMeTpiB 3BapI0BaHHS y IOBTOPIOBAHUX LIMKJIAX CKIaJaHHs cylinbHO3BapHOi KITO nepioguyHoro
npodimo. [IpogeMOHCTPOBAHO MOKIIMBICTD Ta €(PEKTUBHICTb IOTOYHOIO KOPUTYBAHHS IIAPAMETPIB 3BapIOBAJIbHOTO
IpolLeCy 3a Pe3yJIbTaTaMU €KCIIPeC-OL[iHKU CTPYKTYPHO-(a30BOro CTaHy 3BAPHOTO 3'€JHAaHHS METOJaMU1
HepyMHIBHOIO KOHTPOJIO. PeanizoBaHO METOIMKY IPOTHO3YyBaHHSI >KOPCTKICHUX ITapaMeTpiB 6araTocekuiiiHoi KI1O
IOBXUHOIO 3 METPH IIJISIXOM PO3PaXyHKOBO-€KCIIEPMMEHTAIBHOIO MOAAJIBHOTO aHAJIi3y JOBrOMIpPHOI O00JIOHKY B
CTaHi PO3KPUTTA i3 BUXiITHUMU JaHMMU, TIOTIEPEIHBO OTPUMAHUMU METOJIOM YMCEJIbHOTO aHasi3y. BukonaHo
MOJIEJIIOBaHHS TOYHUX F€OMETPUYHUX NTapameTpiB po3kpuToi KI1O miciis 3HATTS BHYTPIIHBOTO TUCKY
(popMOIEepEeTBOPEHHS /1711 YCYHEHHS BipOTiIHOCTI BUHUKHEHHS PE30HAHCHMX 4aCTOT KOJIMBAHb B €KCILTyaTaliiHUX
ymoBax. O6'eKTOM JOCJIiIPKEHb € CAMOHECHI KOHCTPYKLii [1epeTBOPI0OBAHOT0O 06'€éMy KOCMIYHOTO IPU3HAYEHHS
[IpegMeT JocCigKeHb — TEXHOJIOTIYHI IIPOLLECU BUTOTOBJIEHHS i TOCIIKEHHS €KCIITyaTalliiHUX BIaCTUBOCTEN
IOBrOMipHOi 3BapHOi KOHCTPYKIIii IepeTBOPIOBAHOro 06’eMy. MeTa po60TU: CTBOPEHHSI JOBIOMIPHOI KOHCTPYKIIii
IIEPETBOPIOBAHOTrO 00'eMy i3 3a6€3MeYeHHsIM 3aJaHUX FeOMETPUYHUX [TapaMeTPiB, BAKYYMHOI IiJIbHOCTI MiCIst
IIPOXOIKeHHs NepopMaliiHUX LIUKJIIB Ta HECY4Oi 3LATHOCTI Mif Aieio paKkTopiB KOCMIYHOTO IIpoCTOpYy. Ines
IOCJTiIKeHb I0JISITa€ Y BUBHAYEHHI B3a€MO3B 513Ky MK FeOMETPUYHUMU NTapaMeTpamu i KoedilieHTom
Tpancdopmaliii ropromipHoi KITO 3 HECHOIO 30aTHICTIO i HEOOXiIHOIO YAaCTOTOIO ii BIaCHUX KOJMBaHb. OTpUMaHHS
CaMOHECHUX BJIACTUBOCTEN PO3KPUBHUX KOHCTPYKLIiN € METOIO [1ePEBAXKHOI OL/IBIIOCTI BilOMUX IIPOEKTIB, 32
BHHSTKOM BUIIQJIKIB iX TEXHOJIOT{YHOTO 3aCTOCYBaHHS y SIKOCTi IOBEPXOHD BilOUTTS i T.iH. Y JOCiI)KyBaHOMY KJlaci
KOHCTPYKIIi#l )KOPCTKICTb y POOOYOMY CTaHi He BUMarae 3aCTOCYBaHHS JOJaTKOBUX TEXHOJIOTIN A4 ii ofep>kaHHs Ta
NiATPUMAaHHS, ajie 3aJIEKATD Bifl CTYIIEHIO PO3KPUTTS Ta 301/IbIIYETHCS i3 IOrO 3pOCTAaHHAM. 3 iHIIOTrO OOKY,
aKTyaJIbHOIO Ta OCTATOYHO He BUPILIEHOIO ITPOO6JIEMOI0 B CY4aCHIl aepOKOCMIYHIl TEXHUIIi € TOYHICTb BiATBOPEHHS
reOMETPUYHHUX [TapaMeTPiB PO3KPHUBHUX KOHCTPYKIIill 060710HKOBOrO TUIy. OTXe, B pOOOTi OCIiAXKY€EThCSI SIK
CIIOJIy4€HHSI JOCTaTHIX CTYIIEHIO TpaHCcopMmallii Ta Bij[TOBiAHOI TOMY )KOPCTKOCTI, TaK i BILJIUB IPY>KHO-
IJIACTUYHMX BJIACTUBOCTEN MaTepiasliB 060JI0HKY Ha NPeLU3iiHiCTh ii IepeTBOPEHHS Ha MeXi 3aCTOCYBaHHS
30BHILIHBOTO JpKepeJia eHeprii 1714 iHilliloBaHHS po3KpUTTs. HaykoBa HOBU3HA POOOTH MOJISITAE Y CYKYITHOCTI
KOHCTPYKTUBHO-TEXHOJIOTIYHUX PillleHb, HAIIPABJIEHMX Ha CTBOPEHHS OBrOMIPHOI 3BapHOi KOHCTPYKIIii
nepeTBopioBaHoro 06’'emy (KITO) KoCMiYHOTO NpU3HAYEHHS, Y PO3PO6IEHMX TEXHOJIOTISIX 3BapIOBAHHH,
dbopmoTBOpeHHS Ta Bepudikaliii eknepumMeHTaJTbHIMU OL[iHKaMU Pe3yJIbTaTiB MaTeMaTUYHOTO MOZIEII0OBAaHHS
HanpyeHo-1e(dOpPMOBaHUX CTaHiB i yacToT BjacHux KosuaHb KIIO, mo 3a6e3neuytoTs ii HeoOXigHy Hecyuy

3MATHICTD i MACOBO-TabaAPUTHI ITapaMeTpPHU, BUCOKY MilIHICTh i BaKyyMH IJIbHICTD 3BapHUX 3'€IHAHbD.
b

2. The dissertation is devoted to the development and fabrication of a metallic transformable-volume structure
(TVS) for space applications, consisting of conical sections, with mechanical characteristics that can be predicted
at the stage of its creation, taking into account the aggressive operating environment. The determination of the
structural scheme, which corresponds to the best combination of dimensional characteristics, high compactness,
and stability under the influence of operational loads and space factors, has been carried out. Optimal ratios of
geometric parameters of the conical sections of the TVS, including their thickness and parameters of circular folds
formed during compact transformation, have been determined, ensuring the highest stability of the selected
material shell under external loads. A comparison of finite element models of welded section unfolding with the
same initial geometry and thickness but with different numbers of folds and compactness has been conducted.



The influence of microplasma welding and its characteristics on the final mechanical properties of the TVS, as well
as the developed welding regimes for sections of the TVS made of stainless steel with a thickness of 0.3 mm, has
been investigated. The TVS requires precise assembly conditions before welding, and only under these conditions
is it possible to approximate the necessary mechanical characteristics of the weld to those of the base metal. The
optimal parameter of the natural frequency of the 3-meter-long TVS, determined by modal analysis, has been
confirmed to ensure the physical and mechanical characteristics that prevent resonance frequency vibrations
during operation, thereby maintaining the useful load. The object of research - is self-supporting structures of a
transformable space destination The subject of research - is the technological processes of manufacturing and the
study of the operational properties of a long-dimensional welded structure of a transformed volume. The purpose
of the work: creation of a long-term design of the transformed volume with provision of the specified geometric
parameters, vacuum density after passing through deformation cycles and load-bearing capacity under the
influence of space factors. The scientific novelty of the work consists in a set of constructive and technological
solutions aimed at creating a long-dimensional welded structure of a transformable volume (TVS) for space
purposes, in the developed technologies of welding, forming and verification by experimental evaluations of the
results of mathematical modeling of stress-strain states and frequencies of natural oscillations of the TVS, which
provide its necessary bearing capacity and mass-dimensional parameters, high strength and vacuum density of
welded joints.
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