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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA JOCIIKEHHIO BJIACTUBOCTEN 3'€IHaHb, OTPUMAHNUX METOJIOM 3BapIOBAHHS
TEPTSM 3 [lepeMillyBaHHIM i3 3annoBHeHHIM (T3T3I1) y MigHUX J1MCTaX TOBIMHOK 10MM, 3 METOIO YCYHEHHS
HasIBHOT'O HAyKOBOT'O IIPOGiy B rajysi 3BaploBaHHS Mifli IUM METOLOM Ta HaJlaHHS TEOPETUYHOI i TeXHIYHO]
IiATPUMKHU [171 JOCSITHEHHS BUCOKOI SIKOCTi 3'€lHaHb y TOHKMX MiJHUX JIUCTaxX. MeTo0 fucepTaliiiHoi po6oTu - €
BM3HAYEHHS BIUIMBY NapameTpis npouecy T3T3I1-I1 (rinbuHa 3aHypeHHS iHCTPYMEHTA, MIBUAKICTb 0O€PTaHHS, 4ac
BUTPUMKHM) Ha MiKPOCTPYKTYPY Ta MEXaHi4Hi BJJACTUBOCTI 3'€lHaHb Y TOHKUX MiJJHUX JINCTAX, @ TAKOK BUBHAYEHHS
MeXaHi3MiB ix nepopMyBaHHS Ta pyHHYBaHHS. 3aBlaHHs fociifkeHHs: 1. CTBOPUTH MOZE€/Ib MaTEMaTUYHOIO
mogesnoBaHHs T3T3I1 A5 TOHKUX MiJHUX JIMCTIB, sIKa JJO3BOJIMTb OTPUMATH KPUTHUYHY iHPOPMalLilo, TaKy SIK IOTIK
Marepiainy, po3Nofia HallpyXeHb i Jedopmali, sIKi BaXXKO BU3HAYUTH €KCIIEpUMEHTAbHO; 2. [IpoaHasnizyBatu

BILJIMB [IapaMeTPiB Ipolecy Ha MakKpoMOp@oJIorito 3'efHAHb Ta JeTaJIbHO NOCIAUTY MIKPOCTPYKTYPHI OCOGIUBOCTI,



3abe3rnevyour TeOpeTUIHY OCHOBY IJIs1 aHaIi3y MexaHiqyHoi noBexinky; 3. IIpoBectu aHani3 BrmmBy T3T3I1 Ha
MeXaHi4Hi BJIaCTUBOCTI, €JIeKTPOIIPOBiIHICTh, PiBEHb 3aJIMIIKOBUX HANIPY>KeHb; 4. PO3pobuTty JuHaMOMETP,
IpUIATHUH 1711 pOOOTU B yMOBax BUCOKUX TEMIIEPATYP i TUCKIB, [IJI1 BUMIPIOBAHHS 3BapIOBaJIbHUX 3yCUJIb i
KPYTHOTO MOMEHTY nifi yac npouecy T3T3II ToHKux MinHux nucTiB 5. [IpoananisyBaT TUNY Ta IPUYMHU
PYVIHYBaHHS 3BapHUX 3'€HAHb, BUSIBUTH MEXaHi3MU PyMHYBaHHS Ta OOYAyBaTU MaTeMaTUYHy MOZEJb, 1[0
IIOB'sI3y€ IapaMeTpHU NIpoLiecy 3 HaBaHTa)KeHHSIM Ha 3pi3 1z yac postsrysanss (C3P). Ontumizaliito napameTpis
IIPOLIECY BUKOHATHU 3 METOI Makcumizauii C3P, 110 103BOINTh BUBHAUYNTH ONITUMAJIbHY KOMOiHAI{I0 TapaMeTpiB.
O6’eKT BOCTIIPKEHHS: IPOoLeC 3BapIOBaHHS TEPTIM 3 epemMimyBaHHaM T3T3II a1 MifHUX JIMCTIB TOBIIMHOWO 10MM.
[IlpegMeT JOCIiIKEHHS: €BOJIIOLiS MIKpOCTPYKTYPHU, MEXaHi4Hi BIACTUBOCTI Ta MOBEJiHKA [P PyUHYBaHHI
3'€IHaHb, BUTOTOBJIEHUX 32 Pi3HUX [TapaMeTpPiB 3BaplOBaJILHOTO NpolLiecy. 3a pe3ysibTaTaMU JOCHiIKEHHS OTPUMAHO
HACTYIIHI HAyKOBi pe3yJsbTaTu: Briepuie: 1. Y po6oTi npoBeneHo cucteMarnyHe gociaimkenHs T3T3I1 y minHux
JIMCTaX TOBIMHOWO 10MM, 10 103BOJIsIE YCYHYTU HayKOBUI NPOO6iJ y 3BapIOBAHHI Milli HIUM MeTOAOM. JloCiiKeHHs
CYTTEBO PO3IINPIOE MOXKIUBOCTI 3acTocyBaHHs T3T3I1 gy marepiasis 3 BUCOKOIO TEIJIONPOBIAHICTIO Ta
€JIEKTPOIIPOBIAHICTIO i 3aKJIaiae OCHO-BY [JI1s1 TOT0 BUKOPUCTAHHS; 2. Ha OCHOBI MaTeMaTUYHOIO MOJEJIIOBAHHS B
POOOTi PO3KPUTO TeMIIEPATyPHi UMKJIM, PO3NOAINN HAIPYXEHB i AedopMalliil, a TaKOXX MIBUAKICTb Tedii maTepiany
nig 9ac npouecy T3T3II. BcTaHoBiIeHO 0COBIMBOCTI [Tepepo3noainy MaTepianay Ta Me-XaHi3MU IJIACTUYHOI Teuil,
110 nornub6I0€e po3yMiHHS GOPMYyBaHHS 3'€JHAHb Y TOHKUX MiTHUX JucTax; 3. JocimkeHHs [10sICHIOE POpMU
PYWHYBaHHS, MiCLIsl 32POJIKEHHS TPIlllMH, IJISIXY {X MOIIMPEHHS Ta IPUYVHY PYVHYBaHHS Mif 4aC HAaBaHTAXXEHHS Ha
postar 3'egnanb T3T3II, mo 3abe3nedye TEOPETUYHY OCHOBY [J1s1 BUOOPY ONTMMAIbHUX [TapaMeTPiB IpoLecy
3BapIOBaHHS TOHKUX MiJHUX JIACTIB. [[pakTU4YHE 3HAYEHHS OTPUMAaHUX pe3ybTaTiB: 1. [IpoBeieHHS CUCTEMHUX
nociigkeHbs Mmetony T3T3II - mocigykeHHs 3BaplOBaHHS TOHKUX MiIHUX JMCTiB MeTomoM T3T3II nosBosse
YCYHYTH HeCTauy JaHUX PO BIJIMB IapaMeTPiB npolecy Ha GPOPMyBaHHS MiKPOCTPYKTYPH Ta BIACTUBOCTEN
3'€lHaHb, 1[0 CTBOPIOE NIEPEyMOBU 151 iH)KEHEPHOTO 3aCTOCYBaHHS LIbOTO METOAY; 2. PO3MKpPEeHHS MOXKINBOCTEN
IIpOMHUCIOBOro BUKopucTtaHHs T3T3II - oTpumaHi pe3ysbTaTi CIIPUSIOTH BIIPOBAIKEHHIO METOLY 1J151 3BaPIOBAHHS
MarepiaiB 3 BUCOKOIO TEIJIONPOBIAHICTIO Ta €JIEKTPOIPOBIIHICTIO, 30KPEMA Mifli, ¥ TAKUX Tayy3dx, K
€JIEKTPOTEXHIYHA, aBiallilHa Ta eHepreTuYHa IPOMUCIIOBICTD; 3. BUKOpUCTaHHA MATEMATUYHOTO MOJEJIIOBAHHSA 115
onTuMizallii npolecy — cTBopeHa Ta BepudikoBaHa MOAeb J03BOJIsI€ IPOTHO3YBATU TEMIIEPATypPHi 1o,
HalnpyXeHo-e(OpPMOBaHMII CTaH Ta OCOOJIMBOCTI Tedii MaTepiasy, 0 3MEHIIYE KiJIbKiCTh HEOOXiTHNX
€KCIIEPUMEHTIB i CKOPOUYYy€e BUTPATU Ha pPO3POOKY ONTUMAJILHUX PEXMMIB 3BaploBaHHS; 4. [lornubieHe po3yMiHHS
MexaHi3MiB (popMyBaHHS 3'€[lHaHb — BCTAHOB-JIEHi 3aKOHOMiPHOCTI Mirpauii maTepiany Ta IJ1aCTU4HOI Tedil 1aloTh
3MOTY IliJlecII-psIMOBaHO KEPYBATH IIPOLIECOM YTBOPEHHSI 3BAPHOTO 1IBa Ta 3a1100iraTu Mossi AedeKTis; 5.
[IpakTuyHi peKoMeHaLil 1715 MiABULIEHHS MilIHOCTI 3'€JHaHb — OOCJIi-IPKEHHS] MEXaHi3MiB pyIIHYBaHHSI, MiCllb
3apOMI’KE€HHS TPIlIMH Ta iX OIMPEHHS M1iJ, HABAHTAXKEHHSIM Ha PO3TAT 3abe3nedye BUGip ONTUMAa/IbHUX IIapaMeTpiB
IIpoLeCy, 11O MifBUIIYE 3[ATHICTD i HANIMHICTh 3BapHUX IIBIiB; 6. MOKJIMBICTb CTBOPEHHS IH)KEHEPHUX PillIeHb —
Pe3yJbTaTU JOCIiIKEH-HS MOXYTb OYTH BUKOPUCTAHi [J1s1 PO3POOKY TEXHOJIOTIUHUX KapT, yIOCKOHAJIIEHHS
obnanHanHg 071 T3T3I1 Ta BipoBamkeHHS e(PEKTUBHUX PEKUMIB 3BapIOBaHHS Y IPOMUCIIOBE BUPDOOHUIITBO

BUPOOIB 3 TOHKWX MiJTHUX JIVICTIB.

2. The dissertation investigates the joint properties of refill friction stir spot welding (RFSSW) in Iomm-thick copper
sheets, in order to address the current research gap in copper welding using this technique and to provide
theoretical and technical support for achieving high-quality joints in thin copper sheets. The aim of this work is to
systematically explore the influence of various welding process parameters - including plunge depth, rotational
speed, and dwell time - on the joint properties of RESSW in thin copper sheets. The research objectives include: 1.
To establish a numerical simulation model of RFSSW for thin copper sheets, enabling the acquisition of critical
information such as material flow, stress, and strain distributions, which are difficult to obtain experimentally; 2.
To analyze the effects of process parameters on the macro morphology of the joints, and to investigate the
microstructural features in depth, providing a theoretical foundation for the analysis of mechanical behavior; 3. To
assess joint performance from multiple perspectives by analyzing mechanical properties, electrical conductivity,
and residual stresses; 4. To develop a dynamometer suitable for high-temperature and high-pressure conditions to



measure welding forces and torque during the RESSW process of thin copper sheets; 5. To analyze the failure types
and causes of the welded joints, uncover the failure mechanisms, and establish a mathematical model relating
process parameters to the tensile shear failure load (TSFL). Optimization of process parameters is conducted with
the aim of maximizing the TSFL, resulting in the identification of an optimal parameter combination.Object of
research: research is the RESSW process for lomm-thick copper sheets. Subject of research: to explore the
microstructural evolution, mechanical properties, and failure behavior of joints fabricated under varying welding
process parameters. Scientific results obtained for the first time: 1. This work provides a systematic study of
RFSSW in lomm-thick copper sheets, addressing the research gap in copper welding using this technique. The
study significantly expands the application potential of RESSW in materials with high thermal and electrical
conductivity and lays the foundation for its engineering application; 2. Based on numerical simulation, the study
reveals the temperature cycles, stress and strain distributions, and material flow velocity during the RFSSW
process, and clarifies the material migration and plastic flow mechanisms, enhancing the understanding of joint
formation in thin copper sheets; 3. The study elucidates the failure forms, locations, crack propagation paths, and
causes of failure during tensile loading of RFSSW joints, providing theoretical support for selecting suitable process
parameters for thin copper sheet welding. Practical significance of the obtained results: 1. Elimination of the
scientific and technological gap - the systematic study of thin copper sheet welding using RFSSW eliminates the
lack of data on the influence of process parameters on the formation of microstructure and joint properties,
creating a foundation for the engineering application of this technology; 2. Expansion of industrial application
potential of RFSSW - the obtained results promote the implementation of this method for welding materials with
high thermal and electrical conductivity, particularly copper, in industries such as electrical engineering, aviation,
and energy; 3. Use of numerical simulation for process optimization - the developed and validated model enables
the prediction of temperature fields, stress-strain states, and material flow characteristics, reducing the number of
required experiments and lowering the cost of developing optimal welding regimes; 4. Enhanced understanding of
joint formation mechanisms - the identified patterns of material migration and plastic flow allow targeted control
of the weld formation process and the prevention of defect occurrence; 5. Practical recommendations for
improving joint strength - the investigation of failure mechanisms, crack initiation sites, and their propagation
under tensile loading provides the basis for selecting optimal process parameters that increase the load-bearing
capacity and reliability of welded joints; 6. Potential for engineering solutions - the research results can be applied
in the development of technological guidelines, improvement of RFSSW equipment, and implementation of
efficient welding regimes in industrial production of thin copper sheet components.
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