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1. OCo6MBOCTI CTPYKTYpHY Ta MEXaHiYHi BJIACTUBOCTI 3BapHUX 1IBIB cTasi 14XI'HL, mogudikoBaHuX AUCTIEPCHUMEI

YacTUMHKaMU Kap6izliB, OKCU/IIB Ta CIIOJIyK Ha OCHOBi TUTaHY.

2. Features of structure and mechanical properties of 14KhGNDC welded joints modified with dispersed particles
of carbides, oxides and titanium-based compounds.

Pedepar:

1. Incepraliist npucBsYeHa BCTAHOBJIEHHIO 3aKOHOMIpHOCTE BIIJIMBY MOAM(DiKyBaHHS JUCIIEPCHUMHU YaCTUHKaMU
OKCHUJIiB, Kap0ifiB Ta crloayK Ha ocHoBi TUTaHy (SiC, VC, NbC, TiC, ZrO2, Al203, MgO, TiO2, FeTi, TiN) Ha
0COOGJIMBOCTI CTPYKTYPOYTBOPEHHSI Ta MEXAHIUHI BJIACTUBOCTI MeTaJly 3BAPHUX 1IBiB BUCOKOMIIIHOI
HU3bKOJIeroBaHoi crasi 14XT'HAL. locnimkeHo CTPYKTYpPy, PO3IO/iJ Ta CKIall HEMETaleBUX BKIII0YeHb Ta (a30BUX
BUJiZIeHb MeTany MoanQiKOBaHMX 3BapHUX LIBiB BUCOKOMIiLIHOI HU3bKoJleroBaHoi crani 14XI'HL. CtBopeHa
METOJIMKA OL[iHKY KiHETUYHUX IlapaMeTPiB CTPYKTYPHO-(a30BOro NepeTBOPEHH. Bu3HaueHi KiHeTHYHI NapaMeTpu:
BEJIMYMHA MaKCHMMAaJIbHOI iIHTEHCUBHOCTI Ta 00'eMHUI €(eKT CTPYKTYPHO-(a30BOro NEPETBOPEHHS, SIKi

XapaKTepu3yloTh CTYIIeHb 3MiHU 00’eMy MeTaJly [1py Iepedy[oBi KpUCTaNiYHOI PELIiTKY B X0 CTPYKTypHO-



(pa30BOro NepeTBOPEHHS. BU3HaueHo TemnepaTypy MaKCUMaslbHOI iIHTEHCMBHOCTI IEPETBOPEHHS IJ1s1 METAITY
mopudikoBanux wWBiB. [I[poBeeHO aHai3 B3a€EMO3B 513Ky KiIHETUYHUX ITapaMeTpiB CTPYKTypHO-(azoBoro
IIepeTBOPEHHS], XIM{UHOrO CKJIany, TEMIIEPATyp [1I€PETBOPEHHS ayCTEHITY, CTPYKTYPHO-(a30BOro cKjaaay Ta
MEXaHIYHUX XapaKTEPUCTUK MeTasy Moau@ikoBaHux msiB ctasi 14XT'H/L. Bu3HaueHo MexaHi3M BILIMBY Pi3HUX
TuniB MogudikaTopis (kap6ifHi, OKCUIHI Ta CIIOJIYKM Ha OCHOBI TUTaHY) HAa KIHETUKY CTPYKTYPOYTBOPEHHSI METAIy
3BapHUX IIBiB. BcTaHOBJIEHO, 1110 Kap6igHi MoaudikaTOpy BIJIMBAIOTh HA KiHETUKY II€PETBOPEHHS Ta GOPMYBaHHS
BTOPUHHOI KPUCTaJIiYHOI CTPYKTYPU Yepe3 PO3UMHEHH: i 3MiHy CKJIaly TBEPIOro pO3uMHY; OKCUAHI MogudikaTopu
Ta MogudikaTopy Ha OCHOBI CIIOJIYK TUTAHY PO3YMHSIOTHCS Ta BUAISIOTHCS HA IOBEPXHI HEMETAJIEBUX BKIIIOUYEHB, a
TaKOX Y BUIJISTi HOBUX HEMETAJIEBUX BKJIIOUEHB, SKi BIIJIMBAIOTh HA CTPYKTYPOYTBOPEHHS i MEXaHiYHi BJIaCTUBOCTI
MoaM}iKoBaHOrO MeTaJly 3BapHUX 3'€JHaHb. BCTaHOBJIEHO, 110 MOAN(IKATOPU Ha OCHOBI CIIOJIYK TUTAHY
IPU3BOJATD 40 (POPMYBAHHSI HEMETAJIEBUX BKJIIOUEHD, 110 YTBOPIOIOTHCS BCEPENMHI 3€pHA METAJTy 3 IiJIbHICTIO
puciokanin 1010-1011 cM-2 HaBKOJIO BKJIIOYEHHS, MMiABUINYIOTh 3HAYEHHS MILTHOCTI METAJIy i 3HUXYIOTh
TPIilIMHOCTINKICTD; OKCUIIHI HEMETaJIeBi BKJIIOYEHHS YTBOPIOIOTHCS NI06IM3Y IPaHULlb 3€PEH MeTasly 3 IibHICTIO
nucsokatiit 108-109 cM-2 HaBKOJIO BKJIIOYEHHS i MiJBUIIYIOTh 3HAU€HHS IVIACTUYHOCTI Ta YIAPHOI B'SI3KOCTi MeTaily.
JocnigHO-TTPOMHUCIIOBY IIEPEBIPKY MOXKIMBOCTI 3aCTOCYBaHHS T€XHOJOTi MOAU(iKyBaHHS 3BaPHOTO 11IBa
BHCOKOMIILIHUX HU3bKOJIETOBaHUX cTajsiel rpoBeneHo Ha [IpAT HKM3 (m. KpamaTopchk), AJ1s cTasnei Mapok A514 ta
16XTM@TP. ITpu nopiBHSAHHI ME€XaHIYHUX BJIACTMBOCTEN METaJly IBiB OTPUMAaHUX IIOPOIIKOBUMU IPOTaMU
3apy6ixxuux (BOHLER NiCrMo 2.5 - IG, BOHLER X 70 - IG) Mapok 3 MeTajioM OTPUMAHUM 3 3aCTOCYBaHHSIM
€KCIIepUMEHTAJIbHUX IOPOUIKOBUX APOTiB 3 gucnepcHuMu mogudikatopamu TiO2 Ta Al203 BCTaHOBJEHO, 110
BUKOPUCTAHHS OiJIbII JeleBUX BITYN3HSIHUX 3BaPIOBAJIbHUX MaTepiasiB 03BoJIsie 3a6e3rednTy HeoOxinHuN piBeHb

MeXaHiYHUX BJIaCTUBOCTEN M€ETaJly 3BapHOTO 37€ILHaHHH.

2. The dissertation is devoted to the establishment of regularities of influence of modification by dispersed
particles of oxides, carbides and compounds on the basis of titanium (SiC, VC, NbC, TiC, ZrO2, Al203, MgO, TiO2,
FeTi, TiN) on features of structure and mechanical properties of metal of welded joints of high strength low alloy
steel 14KhGNDC. The structure, distribution and composition of non-metallic inclusions and phase precipitates of
modified metal of welded joints of high strength low alloy steel 14KhGNDC were studied. A new method for
estimating the kinetic parameters of the structural-phase transformation has been developed. The kinetic
parameters are determined: the value of the maximum intensity and the volume effect of the structural-phase
transformation, which characterize the degree of change in the volume of the metal during the reconstruction of
the crystal lattice during the structural-phase transformation. The temperatures of the maximum intensity of
structural-phase transformation for the metal of modified welded joints are determined. An analysis of the
relationship between the kinetic parameters of the structural-phase transformation, chemical composition,
transformation temperatures of austenite, structural-phase composition and mechanical characteristics of the
metal of modified welded joints of steel 14KhGNDC. The mechanism of influence of different types of modifiers
(carbide, oxide and titanium-based compounds) on the kinetics of structure formation of weld metal is
determined. It is established that carbide modifiers affect the kinetics of transformation and formation of the
secondary crystal structure due to the dissolution and change of the composition of the solid solution; oxide
modifiers and modifiers based on titanium compounds are dissolved and released on the surface of non-metallic
inclusions, as well as in the form of new non-metallic inclusions, which affect the structure and mechanical
properties of the metal of modified welded joints. It is established that modifiers based on titanium compounds
lead to the formation of non-metallic inclusions formed inside the metal grain with a dislocation density of
1010-1011 cm-2 around the inclusion, increase the strength of the metal and reduce resistance to cracking; oxide
non-metallic inclusions are formed near the grain boundaries of the metal with a dislocation density of 108-109
cm-2 around the inclusions and increase the values of ductility and toughness of the metal. Experimental and
industrial verification of the possibility of applying the technology of modification of the welded joints of high
strength low alloy steels was carried out at PJSC NKMZ (Kramatorsk), for steels grades A514 and 16KhGMFTR.
When comparing the mechanical properties of the metal of the seams obtained by welding wires of foreign
(BOHLER NiCrMo 2.5 - IG, BOHLER X 70 - IG) brands with the metal obtained using experimental welding wires



with dispersed modifiers TiO2 and Al203 found that cheaper use of domestic materials allows the level of
mechanical properties of the welded joints of high strength low alloy steels.
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