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Pedepar:

1. ToBCTI IMCTU MAIOTh MUPOKUI CIIEKTP 3aCTOCYBAaHHS. BOHM MOXKYTb YTBOPIOBATH $IK [IEPEPi3U HECYYUX €JIEMEHTIB
KOHCTPYKIIi# TaK i mislbHO-MillHi 060JI0HKH, 10 3aCTOCOBYIOTHCS IJ1s1 30€piraHHsl, IepeBaHTaXKEHHS,
TPaHCIOPTYBaHHS Ta EPePOOKU PiIKUX, Fa30MOAiOHUX i CUIyYuX pe4oBUH. CTOCOBHO OYZiBHUIITBA,
TOBCTOJINCTOBUI METAJIONPOKAT, B OCHOBHOMY, 3aCTOCOBYETHCS ITPY BUPOOHUIITBI 3BAPHUX KOHCTPYKLiN KapKacis
Oynisesb i criopyy,. [1py 1poMy CJIifi 3a3HAYUTH, 1O Jif0Ua Ha TeNepillHill yac HopMaTUBHA JOKyMEHTALlis
nependaydae Npyu NPOEKTYBAaHHI 3BApPHUX METAJIEBUX KOHCTPYKLiSIX 3aCTOCYBAaHHS METAJIONPOKATY OJJHAKOBOI
TOBIIVHU I10 TIEPEPI3y €IEMEHTIB KOHCTPYKLiN. OfHaK, aHasli3 pO3NoiNy 30BHIIIHLOIO HABAHTAKEHHS I10 IIEPEPI3y

KOHCTPYKIIii1 [T0Ka3ye, 110 Y IesIKUX BUIAIKaxX CJIif], 32CTOCYBaTH IIPY BUPOOHUIITBI KOHCTPYKIiH INCTU Pi3HOI



TOBLIVHMU. Y SIKOCTi MaTepiay A1 goCiiKeHHs 0ys10 06paHO HU3bKO ByTJleLleBy MikpoJieroBany ctaib 10[205 B
ToBIMHax: 16, 20, 30, 40, 50, 70, 100 MM. 3rifHO NOCTaBIEHOI MeTH, B POOOTI JOCiKyBaJIUCS BIACTUBOCTI, 5IKi 6
XapaKTepU3yBaJlu KiHEeTUKY PyHHYBaHHS B 00'eMi MaTepiay, TO6TO CIIPOMO>KHICTh MaTepialy YMHUTHU OIIip
3apOJXEHHIO Ta PO3NOBCIOIKEHHIO TPILUH. Y SIKOCTi €KCIIEPUMEHTAIbHUX METOAMK OYJIO 3aCTOCOBAHO: CTaTUYHI
MeXxaHiYHi BUIIPOOYBaHHS (BUITPOOYBAHHS HA PO3TSr) i IMHAMI4HI MeXaHiuHi BUITpOOYyBaHHS (BUIIPOOYBAaHHS Ha
ynapHuii Burin). JlocuigkeHHs MOpQOIorii CTPYKTYPHUX CKJIaJIOBUX Ta IOBEPXOHD 3J1aMiB 311iICHIOBAJIN
IIOCJIiIOBHO: 1-11 eTarl: IOoCiI>KeHHs! 3pa3KiB [IpY Majux 30i/blIeHHSIX (MeTanorpadiuHuii aHasuis); 2-1 erar:
IOCJIiIKEHHS 3Pa3KiB IIPU CEPEHIX Ta MOPiBHSIHO BUCOKUX 301/IbIIEHHSX (PACTPOBA €JIEKTPOHA MIKPOCKOMIs); 3-1
eTall: OCJiIKeHHs [I0BepPXOHb PYHHYBaHHS (PacTpoBa eJIeKTPOHa MIKpOCKOIIis). MIKpOCTpYKTYpHUY aHAai3
I10Ka3aB, 110 MiKPOCTPYKTYPHUMMU CKJIQJOBUMHU YCiX NOCIiIKyBaHUX CUCTEM € PepuT Ta nepsit. CTasb TOBIIUHOWO
16 MM Mae pepuTONEPIITHY CTPYKTYPY Yy cHiBBigHOmMEHHi 70% - 30% BinnosinHO. 3i 36i/IbII€HHSIM TOBIIMHU
361/IbIIY€EThCS BiICOTKOBUIA BMICT (PEPUTHOI CKJIA[OBOI 3 OHOYACHUM 3MEHIIEHHSM BiICOTKY NepJiiTy. s cTasti
TOBIIMHOK 100 MM MIKpOCTPYKTYypa ckiagaetbcs 3 80 % depury ta 20 % nepaity. @eput popmyeTsbes y BuLi 3epeH
noslieipryHOi popmy, a MepJliTHI KOJIOHII po3TalloBaHO y JIiKBALIMHUX [T0J10CaxX. JJOCHiIpKeHHs TOHKOI CTPYKTypHU
IOKa3aJy, 1o 17151 BCiX TOBLIVH METAJIONPOKATy 3€pHa PepUTHOI Pa3y MaIOTh IIPAaBUJIbHY MOJlieIpuYHy HOpMY.
3aponku HOBUX (a3 3'sIBJISIOThCS HallyacTillle Ha IIOBEPXHi 3epeH ayCTeHiTy i BKJtoueHb. Hanasi BinoyBaeTbcs
IIOCTYIIOBUY PiCT LEMEHTUTY ! pepuTy y BUIJISAi NPUOIU3HO PiBHOOCHUX YTBOPEHbD. Y AE€SKUI MOMEHT Ha
IPaHULISIX 3€PEH BUHUKAIOTb 3aPOJIKU LIEMEHTHUTY, SIKi POCTYTh Y BUIJIAAZ [IJIACTUH Y CEPEMHY 3€pHa. TakKuM UMHOM,
MIO3MiHHA NEPEKPUCTAi3alis HEMEHTUTY 1 (PEPUTY NOMMPIOETHCS Y3I0BXK IPAHULb. 3'SIBJISIIOTbCS KOJIOHII IIEepIIiTy,

PICT SIKUX TPUBAE [0 IXHBOTO B3AEMHOTO 3iTKHEHHS.

2. Thick plates have a wide range of applications. They can form both crosssections of load-bearing structural
elements and dense, strong shells used for the storage, handling, transportation, and processing of liquids, gases,
and bulk materials. In construction, thick plate rolled metal is primarily used in the production of welded
structural frames for buildings and structures. It is worth noting that the current regulatory documentation
requires the use of rolled metal of uniform thickness across the cross-section of structural elements in the design
of welded metal structures. However, an analysis of the distribution of external loads across the cross-section of
structures shows that in some cases, plates of varying thickness should be used in the production of structures.
Low-carbon microalloyed steel 10G2FB was selected as the material for the study, with thicknesses of 16, 20, 30,
40, 50, 70, and 100 mm. In accordance with the set objective, the study investigated properties that characterize
the kinetics of material failure, specifically the material's ability to resist crack initiation and propagation. The
experimental methods included static mechanical testing (tensile testing) and dynamic mechanical testing (impact
bending testing). The study of the morphology of structural components and fracture surfaces was conducted in
stages: 1. First Stage: Examination of samples at low magnification (metallographic analysis). 2. Second Stage:
Examination of samples at medium and relatively high magnification (scanning electron microscopy). 3. Third
Stage: Examination of fracture surfaces (scanning electron microscopy). Microstructural analysis revealed that the
microstructural components of all studied systems are ferrite and pearlite. The 16 mm thick steel exhibits a ferrite-
pearlite structure in a 70%-30% ratio, respectively. As the thickness increases, the percentage of ferrite increases
while the percentage of pearlite decreases. For the 100 mm thick steel, the microstructure consists of 80% ferrite
and 20% pearlite. Ferrite forms as grains with a polyhedral shape, while pearlite colonies are located in segregation
bands. Analysis of the fine structure showed that for all thicknesses of rolled metal, the grains of the ferritic phase
have a regular polyhedral shape. Nucleation of new phases most frequently occurs on the surface of austenite
grains and inclusions. Subsequently, cementite and ferrite grow gradually as roughly equiaxed formations. At a
certain point, cementite nuclei form along grain boundaries and grow as plates into the grain interior. This process
results in alternating recrystallization of cementite and ferrite, which propagates along the boundaries. Pearlite
colonies appear and continue to grow until they come into contact with each other. The dissertation demonstrates
that as the thickness of the rolled metal increases, there is a change in the shape of the cementite framework
within pearlite colonies from spherical to fan-like. This phenomenon is explained by corresponding changes in
cooling conditions with increasing thickness. Based on the quantitative data obtained on the dependence of the



percentage of structural components on the thickness of the rolled metal, regression models were developed.
Analysis of these models shows that the observed dependencies are nonlinear and can be described by logarithmic
equations of the form Y = b0 + blxlogl0(x). Fractographic analysis of fracture surfaces revealed that for the 16 mm
thickness, fracture occurs due to shear failure, characterized by smooth surfaces and steps—signs indicative of a
quasi-cleavage mechanism. According to metallographic analysis, the structure of the rolled metal of this thickness
contains ferrite and pearlite. Therefore, it can be assumed that the brittle fracture characteristics are associated
with pearlite colonies. At the initial stage of facet formation, quasi-cleavage shows signs of predominantly
crystalline separation, while in areas of microcrack coalescence, signs of ductile fracture are observed.
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