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3aCTOCYBaHHSM Bibpallii
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Pedepar:

1. Incepranist npucBsYeHa AOCIiI)KEHHIO BIUIMBY Bi6pallii B npoleci 3BapioBaHHs TPyOHOI 3arOTOBKU HA PiBEHb
3QJIMIIKOBUX HANIPY>X€Hb, MIKDOCTPYKTYPY METaJly Ta MEXaHiyHi BJIACTUBOCTI 3BAPHOTO L1BA Ta0i/ISLIOBHOI30HU. Y
IycepTaliiiHill po60Ti OTPMMAHO HOBI HAYKOBO OOI'PYHTOBAHI TEOPETUYHI i eKCIIEpMMEHTAIbHI Pe3YyJIbTATH, SIKi B
CYKYIIHOCTi pOOJISITh CYyTTEBUI BHECOK y BUPIlIEHHS aKTyasbHOI3alavi3MeHIIeHHSI 3aIMIIKOBUX HAIIPYKeHb, 10
(opMyIOThCS B TPYOHIil 3aroTOBL B IIPOLECi 3BaplOBaHHS, 110 B IiZICYMKY [103BOJIAJIO 3aIIPOIIOHYBAaTH HOBUM METO],

3MEHIICHHS 3aJIMITKOBUX HAIIPDY>KEHD, 3aCHOBAHUN Ha BaCTOCYBaHHi B16paLl11 B npoueci 3BaplOBaHHA. 3 KOXHUM



POKOM IMiJIBUIIYIOTHCSI BUMOTH JJO BUPOOJIEHUX 3BAPEHUX TPYO i OCOGIMBY yBary TyT NPULINSIETbCS SIKOCTi 3BAPHOTO
IIBa, a caMe 3aJIMIIKOBMM HaIlpy>KeHHSM B 3BAPEHOMY IIBi Ta OiJISIIOBHIN 30Hi, [0 BUHMKAIOTh TIPU yCaAlli MeTajy B
npoteci kpucranizauii. Ha ganuil MOMEHT B IPOMHUCJIOBUX MacliTabax mpobsemMa HeraTUBHOTO BILJIMBY HA TPYOHUIN
BMPi6 3BapIOBaJILHOTO NPOLIECY BUPILIYETHCSI TEPMIYHOI0 06POOKOIO BChOTO MIEPETUHY TPYOU 2060 JIOKATIbHOIO
06pOOKOI0 3BAPHOTO LIBA Ta OiISAIOBHOI 30HM 32 IOIIOMOTOI0 Bifmnasny. OfHaK el IpoLec € OGHUM 3 HAHJOPOKYINX,
TPUBAJIMM I10 4Yacy i He 3aBX[Y eKoJIoTiYHUM. lle fae peasnbHi nepenymMoBU [J1s IOLIYKY aJIbT€PHATUBHOTO CIIOCO0Y
3HSITTSI 3aJIMIIKOBUX HAIIPY>KEHb y 3BAPHUX LIBaX Ta OiJIsILIOBHIN 30HI IPSIMOIIOBHUX TPY6. MeTolo nucepTalii €
BI,OCKOHAJIEHHS] TEXHOJIOT{YHOTO MIPOLieCy BUPOOHUIITBA 3BAPHUX NPSIMOLIOBHUX TPYO 3@ JOMOMOTOI0 3HSITTS
3aJIMIIKOBUX HAIlpY>XeHb B 3BAPHOMY LIBi Ta OiIsIOBHIN 30Hi 32 onomororo Bibpauii. Lis meta gocsiraeTbest
IIJISIXOM PO3POOKM MaTeMaTUYHUX MOJeJlel], 1[0 ONIMCYIOTh 3aKOHOMIPHICTh BIVIMBY YaCTOTH Bibpallii npu
3BapIOBaHHI HA PiBE€Hb 3aJIMIIKOBUX HAIPY>KEHb i MiITBEPIKYEThCS €KCIIEPUMEHTATIbBHUMU JOCIiIPKEHHSIMU PiBHS
3QJIMIIKOBUX HANPYKEHb i MIKDOCTPYKTYPHU 3pa3KiB, 3BAPEHUX i3 3aCTOCYBAaHHSIM Pi3HUX 4acCTOT BiOpallii.
TeopeTuyHi KOCiI)KeHHS] BUKOHAHI 3 BUKOPUCTAaHHAM QYyHIaMEHTaJIbHUX 3aKOHOMIDHOCTEH i aHaJIiTUYHUX
METO/IiB MaTEMAaTUYHOI'O MOJEJIIOBAHHS 3BAPHUX 3'€IHaHb i BibpalliiiHoi 06po6Ku maTepiany. JlJabopaTopHi Ta
IIPOMMUCJIOBI JOCII)KEHHS BUKOHAHi 3 BUKOPUCTAHHSM Cy4aCHOTO O0JIalHAaHHS i BUMIPIOBaJIbHUX IIPUJIAJIB,
niAnaHux METPOJIOTiuHii moBipui. O6poOKy eKclieprMeHTaIbHUX PEe3yJIbTaTiB i T00Y0BY MOzesIell BUKOHAHO 3
BHMKOPHCTaHHSIM METO/iB IJIaHYBaHHS eKCIIEPUMEHTY i Teopii craTncTryHOoi 06pobKy gaHux. O6'eKT NOCTiIKEeHHS:
poLec 06pOOKM 3BapHOTO 1IBA TPYOHOI 3arOTOBKU 3 METOIO 3HSITTS 3aJIMIIKOBUX HAIpyKeHb. [Ipegmer
IOCJIiIPKEHHS: pPiBE€Hb 3aJIMIIKOBUX HAIIPY>KE€Hb B 3BAPHOMY 1LIBi Ta GiJISIIIOBHI 30Hi, pO3Mip 3€peH CTPYKTYpH Ta
Pi3HO3E€PHUCTICTh 30HU TEPMIYHOTO BIUJIMBY, MEXaHiYHi BJIaCTUBOCTI 3BAPHOTro 1IBa. [IpakTUYHE 3Ha4E€HHA
OTPUMAaHUX PE3YJIbTATIB I10JIIra€ B TOMY, 110 BiAiTIOBIHO 10 IPOBEAEHUX AOCIIIPKEHb, METOJ, 3HATTS 3/INIIKOBUX
HaIpYy>KEeHb i3 3aCTOCYBaHHSM Bibpallii B mpolieci 3BapioBaHHs 103BoJIsie HA 90% 3aMiHUTU TEPMiYHY OOPOOKY 3a
piBHEM 3HSITTS 3aJIMIIKOBUX HAIIPY>KEeHb i OJHOYACHO 3 IUM YHUKHYTH BUCOKOBAPTICHOro 00JIaiHAHHS Ta
HETaTMBHUX HACJIJIKIB y BUTJIAi OKAJIMHY, BUCOKOI TPUBAJIOCTI i EHEPrO€MHOCTI npouecy. OTpuMara nojaabmni
PO3BUTOK TiMOTE3a MPO 3HIKEHHS 3A/IMIIKOBUX HAIIPY)KEHb B 3BAPHOMY LIBi IIPY BibpaLiliHOMY BIJIMBi HA HBOTO B
npoleci 3BaploBaHHA. EQeKT mocaraeTscs 3a paxyHOK 3MiH B IIPOTiKaHHI IPOLLeCy KpUCTasi3alii pifkoro MeTay Mmif,
BiOpOpPE30HAHCHUM BILJIMBOM 3 YaCTOTOIO, 110 TOPIBHIOE BJIACHIN YaCTOTi OCUMJISIIN HA MIiKpO- Ta
ME30CTPYKTYPHOMY PiBHi Oyi0BU po3maBy. Llle m03BoJIsie 3aMiHIOBATH IIPOLIEC 3HATTS 3a/IMIIKOBUX HAIIPY)XEHb IIPU
BUPOOHULITBI TPYO i3 3aCTOCYBaHHSIM TePMiuHOI 06PO6KM Ha NpoLec BibpaliiiHOoi 06po6KU 3BapHOTO 1IBa. Briepiie
€KCIIEpMMEHTaJIbHO BCTAHOBJIEHO BIUIMB YaCTOTH [ii BibpalLiii B po1eci 3BapioBaHHS TPYOHOI 3arOTOBKY 3
BYIJIELIEBUX CTaJleil Ha PiBeHb 3aJIMIIKOBUX HaIIPy’KeHb i CTPYKTYpy 3BapHOro 11Ba Ta 6isimoBHOi 30HU. Po3pobka
Bilpi3HsI€TbCS TUM, 10 ITPU BIIUBI Bibpalii yactoroo 25-200 'epiy B polieci 3BaploBaHHS! Bifj0yBa€ThCsl 3HUKEHHS
3QJIMIIKOBUX HANPYyKEHb B 3BAPHOMY LIBi Ta OiISIIIOBHIN 30Hi Ha 41-71% Ta 3MeHIIEeHHS Pi3HO3EpPHUCTOCTI
MIKpOCTPYKTYypH 10 16%. lle oBonUTh NO3UTHUBHUIL edeKT 3aCTOCYBaHHS Bibpallii Ipy 3HWDKEHH] PiBHS 3a/IMIIKOBUX
HaIpYyXXeHb Y 3BAPHUX TPybax. Briepie po3pobseHo MaTeMaTUUHY 3aJ1€XHICTh HEOOXiIHOI TPUBAJIOCTI
BiOpaLiliHOTO BIUIMBY Bifl IIBUAKOCTI OXOJIOJKE€HHS METaJly 3BAPHOTO LIBA [IPY 3BAPIOBAHHI TPYOHOI 3arOTOBKHU.
Briepie po3po6sieHO MeTo, pO3paxyHKy 3aJIMIIKOBUX HAIPY>KeHb 3BAPHOTO IBA [IPY 3BapIOBaHHI TPYOHOI

3arOTOBKM i3 3aCTOCYBaHHSIM Bibpariii.

2. The dissertation on competition of a scientific degree of the doctor of philosophy on a specialty 132 - "Materials
science". — National Metallurgical Academy of Ukraine, Dnipro, 2021. The dissertation is devoted to the research of
the influence of vibration in the process of welding the billet on the level of residual stresses, metal microstructure
and mechanical properties of the weld and seam zone. In the dissertation work new scientifically substantiated
theoretical and experimental results are obtained, which together make a significant contribution to solving the
urgent problem of reducing residual stresses formed in the pipe billet during welding, which ultimately allowed to
propose a new method of reducing residual stresses based on vibration. in the welding process. Every year the
requirements for the produced welded pipes increase and special attention is paid to the quality of the weld,
namely the residual stress in the weld and the seam zone, which occur during the shrinkage of the metal during 8
crystallization. At the moment, on an industrial scale, the problem of negative impact on the pipe product of the



welding process is solved by heat treatment of the entire cross section of the pipe or local treatment of the weld
and seam area by annealing. However, this process is one of the most expensive, time consuming and not always
environmentally friendly. This gives real prerequisites for finding an alternative way to relieve residual stresses in
welds and seamless area of straight pipes. The aim of the dissertation is to improve the technological process of
production of welded straight-seam pipes by removing residual stresses in the weld and seamless area by
vibration. This goal is achieved by developing mathematical models that describe the pattern of the effect of
vibration frequency during welding on the residual stress level and is confirmed by experimental studies of the
residual stress level and microstructure of samples welded using different vibration frequencies. Theoretical
researches are executed with use of fundamental laws and analytical methods of mathematical modeling of welded
connections and vibration processing of material. Laboratory and industrial studies are performed using modern
equipment and measuring instruments subjected to metrological verification. Processing of experimental results
and construction of models was performed using experimental planning methods and the theory of statistical data
processing. Object of research: the process of processing the weld of the pipe in order to remove residual stresses.
Subject of research: the level of residual stresses in the weld and seam zone, the grain size of the structure and the
variety of thermal impact zone, the mechanical properties of the weld. The practical significance of the results is
that according to research, the method of removing residual stresses using vibration during welding allows 90% to
replace heat treatment by the level of residual stress and at the same time avoid high-cost equipment and negative
consequences in the form of scale, high duration and energy consumption of the process. The hypothesis of
reduction of residual stresses in a weld at vibration influence on it in the course of welding received the further
development. The effect is achieved due to changes in the crystallization process of the liquid metal under the
vibration-resonant influence with a frequency equal to the natural frequency of oscillations at the micro and
microstructural level of the melt structure. This allows you to replace the process of removing residual stresses in
the manufacture of pipes using heat treatment with the process of vibration treatment of the weld. For the first
time, the influence of the frequency of vibration in the process of welding a billet of carbon steels on the level of
residual stresses and the structure of the weld and seam zone was experimentally established. The development
differs in that under the influence of vibration with a frequency of 25-200 Hertz in the welding process there is a
reduction of residual stresses in the weld and seam zone by 41-71% and a decrease in the grain size of the
microstructure to 16%. This proves the positive effect of vibration when reducing the level of residual stresses in
welded pipes. For the first time the mathematical dependence of the required duration of vibration influence on
the cooling rate of the weld metal during welding of the billet was developed. For the first time the method of
calculation of residual stresses of a weld at welding of pipe preparation with an application of vibration is
developed.
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