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2. Structural criteria of strength and crack resistance of welded joints of high-strength steels.

Pedepar:

1. Incepraliist IpUCB4Y€HA BCTAHOBJIEHHIO 3aKOHOMIPHOCTE BIIJIMBY OCOOJIMBOCTEN CTPYKTYPHO-(A30BOT0 CKIaAy
MeTaJsy 3BapHUX 3'€JHaHb BUCOKOMILIHMX CTaJlel Pi3HOrO KJIacy MILIHOCTI Ha iX Me€XaHi4YHi XapaKTepUCTUKU 1
TPILMHOCTINKICTD IIJISIXOM BU3HAYEHHSI CTPYKTYPHUX KPUTEPIiB, 1110 3a6€31e4y0Th HeOOXiIHUI KOMILJIEKC [UX
BJIACTUBOCTEMN. JJOCIIiIKEHO CTPYKTYPY i BIACTUBOCTI 3BAPHMX 3'€JHAaHb BUCOKOMILIHUX CTaJIE! 3 MEXKEIO INIMHHOCTI
Biz 690 MIla no 1300 MIIa B 3ay1€XHOCTI Bifl MIBUIKOCTENI OXOJIOKEHHS T 3BAPIOBAHHS, JIETYBAHHS 1IBiB, yMOB
TEpMOOOPOOKU Ta CIIOCOOIB 3BApPIOBAaHHS (OyroBe MexaHi3oBaHe, Jla3epHe, TibpuaHe Ja3epHO-AyroBe 3BapIOBaHHS):
KOHCTPYKIiIHMX HU3bKOBYTJIEL|€BUX CTajlell 6efHITHO-PepruTHOro Ta 6eiHITHO- MapTeHCcUuTHOro Tuny (alform
620M; 17X2M; 14XTH2MIADB; N-A-XTRA-700); BUCOKOBYyreLleBUX (PEPUTHO-TIEPJIITHOTO TUITy (KOJIiCHA CTaJlb
Mapku 2; 65T); 1eroBaHUxX cepeHbOBYIJIEL,€BUX CTa/leil MAPTEHCUTHO-0€MHITHOTO TUIlY CIIeLiaIbHOTO
npusHadeHHs (6poHbOBi cTasi — tTuny 30X2H2ZM® ta Miilux Protection 500). BctaHOB/I€HO 3aKOHOMIPHOCTI



dbopmyBaHH# (HA30BOTO CKIAAY, 3ePEHHOi, Cy63epEHHOI, AMCIIOKALIHOI CTPYKTYp 3BapHUX 3'€HAHb BUCOKOMIITHMX
cTajieil Ta B3a€MO3B'SI30K CTPYKTYPHUX [1apaMeTPiB 3 KOMILJIEKCOM BJIACTUBOCTEN — MIIHICTIO, B'SI3KiCTIO
PYVHYBaHHS, piBHEM JIOKaJi30BaHOI fiedopmaliii Ta JIOKaJbHUX BHYTPIIIHIX HAIIPY)XKEHb B METaJli 3BAPHUX 3'€JHAHb.
BcTaHOBIIEHO, IO IPU JOTPUMAaHHI IEBHUX CIIiBBiJHOLIEHb CTPYKTYPHO-(a30BUX CKJIALOBUX XapaKTEPUCTUKU
IVCJIOKALIiHOI Ta Cy03€pEeHHOI CTPYKTYPH € BU3HAYaJIbHUMU 711 326e31eYeHHs MilIHOCTI Ta TPIiLMHOCTINKOCTI
MeTaJly 3BapHUX 3'€JHaHb BUCOKOMIIIHUX cTasel. [IpoBeieHo yI0CKOHaNIeHHSs eKCIIepUMEeHTaIbHO-aHaliTUYHO]
METOJIMKU OL[iHKY KOMILJIEKCY (i3KO-MEXaHiYHUX BJIACTUBOCTEN 3BAPHUX 3'€IHaHb [0 KOHKPETHUM CTPYKTYPHUM
rapaMeTpam, BIIPOBAIKEHO MAaTEMAaTUYHY OOPOOKY JaHMX Ta ITPOBEIEHO aHATITUYHI OL[iHKY MIiITHOCTI, B'SI3KOCTi
PYVHYBaHHS, JIOKQJIbHUX BHYTPIIIHIX Hanpy>XxeHb. OTPUMaHO [T0Ka3HUKY PiBHS JIOKali30BaHOi sedopmaliii B MeTati
3BapHUX 3'€JHaHb BUCOKOMIIJHUX CTajleil Ta BCTAHOBJIEHO, SIK CTPYKTYPHI CKJIal0Bi BIIJIMBAIOTh HA TPilIMHOCTINKICTh
MeTaily. 3 METOI0 3a06e3le4eHHs eKCIUyaTaliifHOi HaiIHOCTi KOHCTPYKLil IpU CTBOPEHHI HAYKOEMHUX Ta
[IEPCIIEKTMBHUX TEXHOJIOTIY 3BapIOBAHHS BUCOKOMILIHUX CTaJIell Ha OCHOBI MaTepialo3HaBYMX €KCIIEPUMEHTAIbHO-
TEOPETUYHUX JOCIIiIPKEHb BCTAHOBJIEHO CTPYKTYPHI KPUTEPIi, 1110 rapaHTyI0Th HEOOXiTHNI KOMIIJIEKC MEXaHIYHUX

BJIACTUBOCTEU Ta TPIlIMHOCTINKOCTI IUX 3'€JHAHbD.

2. The dissertation is devoted to the establishment of regularities of influence of features of structural-phase
composition of metal of welded joints of high-strength steels of different strength class on their mechanical
characteristics and crack resistance by definition of the structural criteria providing a necessary complex of these
properties. In this work it is investigated structure and properties of welded joints of highstrength steels with yield
strength from 690 MPa to 1300 MPa depending on technological parameters (cooling and welding speed, alloying
of seams, heat treatment conditions) and welding methods (mechanized arc, laser, hybrid laser-arc welding).
Researched structural steels of construction purpose of bainitic-ferritic and bainiticmartensitic type (alform 620M,;
17X2M; 14KhGN2MDAFB; N-AXTRA- 700); high-carbon ferritic-pearlitic steel (wheel steel grade 2; 65G); alloyed
medium carbon steels of special purpose martensitic-bainite type (armor - steel 71 and Miilux Protection 500). The
paper proposes an approach based on a set of methods of physical materials science, including light, analytical
scanning and transmission electron microscopy, methods of quantitative metallography to determine structure
parameters, quantitative methods for determining the scalar density of dislocations and estimating the size of
dispersed phases; quantitative methods for estimating the distribution of chemical elements in the welding zone,
methods of statistical processing of results. In order to improve the analysis of the results of fractographic studies,
a methodological approach to the classification of fractures by: type of force load; the nature of the destruction,
macroand microrelief of the destruction surface; micromechanisms of destruction; local destruction hubs.
Regularities have been established formation of phase composition, grain, subgrain, dislocation structures of
welded joints of high-strength steels and the relationship of structural parameters with a set of properties -
strength, toughness, level of localized deformation and local internal stresses in the metal welds of the studied
steels. Have been studied peculiarities of structural-phase components (ferrite, austenite, perlite, tempered and
hardening martensite, bainite upper and lower), their parameters - packet size, grains, the corresponding values of
microhardness, the nature of the destruction of the metal by fracture zones, the volume fraction type, the size of
trace elements fracture surface, dislocation density and substructure. Improvements have been made
experimental-analytical methods for evaluating the complex of physical and mechanical properties for specific
structural parameters, introduced mathematical data processing and analytical evaluations of strength, fracture
toughness, local internal stresses of welded joints of the studied steels. In order to ensure the operational
reliability of structures in the creation of scienceintensive and promising technologies for welding high-strength
steels on the basis of experimental and theoretical studies, structural criteria are established to ensure the
necessary set of mechanical properties and crack resistance of these joints. Ensuring the operational reliability of
welded joints of high-strength steels makes it possible to use them in structures of responsible purpose in
mechanical engineering, railways, heavy industry, shipbuilding, armaments, etc.
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