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Pedepar:

1. Inceprais npucBs4YeHa JOCTiIPKEHHIO BIUIMBY Bibpallii B mpolieci 3BaploBaHHs TPYOHOI 3arOTOBKY Ha PiBEHb
3aJIMIIKOBUX HaIlpYXeHb, MIKDOCTPYKTYPY MeTaJly Ta MeXaHiyHi BJIaCTUBOCTI 3BApPHOT0 L1Ba TabilILIIOBHOI30HU. Y
IycepTaliiiHiil pob0Ti OTPUMaHO HOBi HAYKOBO OOI'PYHTOBaHI TEOPETUYHI i €EKCIIEPUMEHTAJIbHI PE3YJbTaTH, SIKi B
CYKYIIHOCTi POOJISITb CYyTTEBUI BHECOK Y BUPIIIEHHS aKTyalbHOI3a1a4i3MEHIIEHHS 3aJIMIIKOBYX HAMPYXXEHb, 10
dhopmMyI0ThCS B TPYOHIii 3aroTOBL B IIPOLECi 3BapIOBaHHS, 110 B ITiZICYMKY [I03BOJINJIO 3AIIPOIIOHYBATH HOBUM METO],
3MEHIIEHHS 3aJIMIIKOBUX HAlPy>KeHb, 3aCHOBAHUI Ha 3aCTOCYBaHHI Bibpaliii B ipolieci 3BapioBaHHs. 3 KOXKHUM
POKOM MiJIBALIYIOTHCSI BAMOTY O BUPOOJIEHUX 3BAPEHUX TPYO i 0COOIMBY yBary TyT NPULISIETbCS SIKOCTi 3BAPHOTO
1IBa, @ CaMe 3aJIMIIKOBMM HaNPyKEHHSIM B 3BaPEHOMY IIBi Ta OisIIOBHI 30Hi, 1[0 BUHUKAIOTH [IPU yCalli METANy B

npoueci kpucranizauii. Ha manuii MOMEHT B IIPOMHUCJIOBUX MacuTabax IpobseMa HeraTuBHOTO BILJIMBY HA TPYOHUIN



BMPi6 3BapIOBAJILHOTO NPOLECY BUPILIYETHCSI TEPMIYHOI0 O6POOKOIO BChOTO MEPETUHY TPYOU 260 JIOKATIbHOIO
00pOOKOI0 3BApHOTO LIBA Ta OiISIIIOBHOI 30HU 32 IOIIOMOT010 Bifnany. OfHak el IpoLec € OOHUM 3 HAaHJOPOKYINX,
TPUBAJIMM IO 4Yacy i He 3aBX[1 eKoJIoTiYHUM. lle fnae peasnbHi nepenymMoBU 115l IOLIYKY albTEPHATUBHOTO CIIOCO0Y
3HSTTS 3AJIMUIKOBUX HANIPY>KEHb y 3BAPHUX LIBAaX Ta OiJISIMIOBHIN 30Hi NIPSIMOIIOBHUX TPY6. MeTolo nucepTalii €
BI,OCKOHAJIEHHS] TEXHOJIOTIYHOTO MIPOLieCy BUPOOHUIITBA 3BAPHUX NPSIMOLIOBHUX TPY0 3a JOMOMOTOIO 3HSITTS
3aJIMIIKOBUX HAIIpY>XeHb B 3BAPHOMY ILIBi Ta OijIsIOBHIN 30Hi 3a fonomororo Bibpatii. lis meta gocsiraeTbest
IIJIIXOM PO3POOKM MaTeMaTUYHUX MOJeJlel, 1[0 ONIMCYIOTh 3aKOHOMIPHICTb BIVIMBY YaCTOTH BibpaLlii npu
3BapIOBaHHI Ha PiBEHb 3aJIMIIKOBUX HAIIPYKEHD i MiZTBEPIKYETLCS €KCIIEPUMEHTATILHUMU JOCIIIKEHHAMU PiBHA
3aJIMIIKOBUX HAIPYXeHb i MIKpDOCTPYKTYpH 3pa3KiB, 3BapeHUX i3 3aCTOCYBaHHSIM Pi3HUX 4acTOT Bibpariii.
TeopeTuyHi KOCiI)KeHHS] BUKOHAHI 3 BUKOPUCTAaHHAM QYyHIAMEHTaJIbHUX 3aKOHOMIDHOCTEH i aHaJIITUMHUX
METO/IiB MaTEMAaTUYHOI'O MOJEJIIOBAHHS 3BAPHUX 3'€IHAHb i BiOpaliiiHOi 06po6Ku maTepiany. JlJabopaTopHi Ta
IIPOMUCJIOBI AOCIiIKEHHS] BUKOHAHI 3 BUKOPUCTAHHSIM Cy4aCHOTO 00JIajHaHHS i BUMipIOBaJIbHUX [IPUIA/IB,
nifnaHuxX MeTPOJIOTiuHii noBipui. O6poOKy eKclieprMeHTaIbHUX Pe3yJIbTaTiB i I00Y0BY MOesIell BUKOHAHO 3
BHMKOPHCTaHHSIM METO/IB IIJIaHYBaHHSI €KCIIEPUMEHTY i Teopii craTucTryHOi 06po6bKy gaHux. O6'eKT NOCTiIKEeHHS:
mpoLec 06pOOKM 3BapHOTrO 1IBA TPYOHOI 3arOTOBKY 3 METOIO 3HSITTS 3aJIMIIKOBUX HAIpyXeHb. [Ipegmer
IOCJIiI)KeHHSI: PiBeHb 3aJIMIIKOBUX HaIlpyKeHb B 3BADHOMY IIBi Ta OiJIAIIOBHIN 30Hi, pO3Mip 3€peH CTPYKTypH Ta
Pi3HO3E€PHUCTICTh 30HU TEPMIYHOTIO BIUJIMBY, MEXaHi4YHi BJIACTUBOCTI 3BApHOro 1Ba. [IpakTuYHe 3Ha4€HH
OTPUMAaHUX PE3YJIbTATIB I10JIIra€e B TOMY, 10 BiAIIOBIIHO [0 NPOBEAEHUX AOCIiIPKEHb, METOJ, 3HSITTS 3/INIIKOBUX
HaIpY’KEHb i3 3aCTOCYBaHHAM Bibpallii B mpolieci 3BapoBaHHs 03BoJIsie HA 90% 3aMiHUTU TEPMiYHY OOPOOKY 3a
piBHEM 3HSITTS 3aJIMIIKOBUX HAIPY>KEHb i OJHOYACHO 3 IUM YHUKHYTH BUCOKOBAPTICHOrO 00JIaflHAHHS Ta
HETaTMBHUX HACJIIKIB y BUTJIAi OKaJIMHU, BUCOKOI TPUBAJIOCTI i EHEPrOEMHOCTI npouecy. OTpuMara rnogaabmni
PO3BUTOK TiMOTE3a MPO 3HIKEHHS 3/IMIIKOBUX HAIIPY>)KEHb B 3BAPHOMY LIBi [IPY Bi6paLiliHOMY BIJIMBi HA HBOTO B
npoueci 3BapioBaHHs. EQeKT nocsaraeTocs 3a paXyHOK 3MiH B IIPOTiKaHHI ITpolecy KpucTasizalii pifkoro MeTamy mif,
BiOpOpPE30HAHCHUM BILJIMBOM 3 YaCTOTOIO, 110 MOPIBHIOE BJIACHIN YaCTOTi OCUMJISALIN HA MiKpO- Ta
ME30CTPYKTYPHOMY PiBHi Oy0BU po3MyaBy. Lle m03BoJIsIe 3aMiHIOBATH IIPOLIEC 3HATTS 3/IMIIKOBUX HAIIPY)XEHb IPU
BUPOOHULITBI TPYO i3 3aCTOCYBaHHSM TePMiuHOI 06POOKM Ha NpoLec BibpaliliHOoi 06po6KM 3BapHOTO 1Ba. Briepiuie
€KCIIEpMMEHTaJIbHO BCTAHOBJIEHO BIJIUB YaCTOTH [ii BiOpallii B polieci 3BaploBaHHs TPYOHOI 3arOTOBKY 3
BYIJIELIEBUX CTaJell HA PiBEHb 3aIMIIKOBUX HAIIPyKEHb i CTPYKTYpPy 3BapHOrO 11Ba Ta 6isimoBHOI 30HU. Po3pobka
Bilpi3HsI€TbCS TUM, 10 ITPU BIIUBI Bibpalii yactoroo 25-200 I'eply B mpolieci 3BaploBaHHS Bifj0YBAa€TbCsl 3HUKEHHS
3aJIMIIKOBUX HAIIPYXKeHb B 3BAPHOMY LIBi Ta OisIOBHIN 30HI Ha 41-71% Ta 3MeHIIeHHs Pi3HO3epHUCTOCTI
MIKpOCTPYKTypH 10 16%. Lle 1oBOoAUTh NO3UTHMBHUM edeKT 3aCTOCYBAHHS Bibpallii Ipy 3HM>KEHH] piBHS 3a/IMIIKOBUX
HaIpYyXXeHb Y 3BAPHUX TPybax. Brepue po3pobseHo MaTeMaTUYHY 3aJ1€KHICTh HEOOXiIHOI TPUBAJIOCTI
Bi6paLiiHOTO BILJIMBY BiJ] MIBUKOCTi OXOJIOJKEHHSI METaJly 3BapHOTO 1IBA IPY 3BapIOBaHHI TPyOHOI 3arOTOBKU.
Briepie po3po6ieHO MeTo, pO3paxyHKy 3aJIMIIKOBUX HAIPY>KeHb 3BAPHOTO 11BA [IPY 3BaplOBaHHI TPyOHOI

3aroTOBKH i3 3aCTOCYBaHHSM Bibpaliii.

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.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TEXHIKHU:
CrpareriyHuii NpiopUTEeTHHH HaNIPSIM iIHHOBALLiHHOI Ais1JIbHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasibHO-€KOHOMIYHA CIIPSIMOBAaHICTh:

OxoponHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHs pe3yJIbTaTiB AHcCepTalii:

3B'A130K 3 HAYKOBHMH TEMaMH:

VI. BizoMmocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Banakin Banepiit Penoposud
2. Balakin Valerii F.

KBasidikanis: n.1.1., 05.03.05
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiiiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEeHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Iparo6enpkuii Bonogumup B'sueciaBoBud

2. Dragobetskii Volodymyr V.

KBasigikanis: 1.1, 05.03.05
InenTudikarop ORCID ID: He 3acrocosyerbcs
JopaTrkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHs:

dopma ByracHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's I1o-6aTbKOBI:

1. Ilpuxoppko Irop IOpiitoBuy

2. Prykhodko Thor Yu.

KBasigikanis: n.1.1., 05.03.05
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdpopmamist:

IloBHe HaHMEHYBaHHS IOPHIHYHOI 0COOH:



Kopg 3a €IPIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:
Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. lludpin €srex IcatioBuy

2. Shyfrin Yevgen L.

KBasigikanis: n.r.1., 05.03.05
InenTudikarop ORCID ID: He 3acrocosyetscs
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocosyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MenBeneB Muxaiio IBaHOBUY

2. Medvediev Mikhailo I.

KBasigikanis: n.r.1., 05.03.05
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoAKeHHSI:

dopma ByracHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi



Bnacue IlpisBume Im'a [T0-6aTbKOBI Kamxina Jliopmuna BosiogumupisHa
TOJIOBH pajgu

Biacue IlpisBuie Im's I1o-6aThKOBI Kamkina Jlioamuna BosiogumupisHa
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOIi IOpuenko T.A.

OisIIBHOCTI




