O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHIH HOMeP: 0824U003598
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 17-12-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ko3euko BanenTuH IBaHOBUY

2. Valentin I. Kozechko

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs
Bupg, pucepranii: nokrop dinocodii

IIIudp HayKOBOi CHENiaIbHOCTI: 132

HasBa HayKOBOi cHeniaJbHOCTI: Marepiano3HaBcTBO
T'any3b / rany3si 3HaHB: MexaHiuHa iHKeHeDis
OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: MaTepiaso3HaBCTBO
Jdara 3axHCTy: 17-12-2024

CrneniaJbHICTh 32 OCBITOIO: arpapHUii MEHEKMEHT
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KEeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS




I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BY€HOI pagH (pa30Boi creniaai3oBaHOl BYEHOI pagu). 10 08.080.067

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TeXHIYHMI yHiBepCUTeT "JIHIMPOBCHKA

MOJITEXHIKa"

Kopg 3a €IPIIOY: 02070743

Micqesﬂaxo,lpKeHHﬂ: npocnekt JImutpa SIBopHUIpKOTO, 6y1. 19, IHinpo, [JHinposcbkuil p-H., 49005, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TexHi4HMIl yHiBepCUTeT "JIHIMPOBCHKA

MOJIiTEXHIKa"

Kopg 3a €IPIIOY: 02070743

Micqesﬂaxon)KeHHﬂ: npocnekt JImutpa SIBopHUIBKOTO, 6y1. 19, Hinpo, JHinposcbkuii p-H., 49005, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemMaTHYHHX PyOPHK: 53.31.23.27, 53.01.81.05

Tema gucepranii:
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Pedepar:

1. ToBCTi 1MCTH MAIOTh INMPOKUI CIIEKTP 3aCTOCYBaHHS. BOHM MOXXYTb YTBOPIOBATH SIK IIEPEPi3U HECYUYUX €JIEMEHTIB
KOHCTPYKLi# TaK i MiIbHO-MillHi 060JIOHKY, 1110 3aCTOCOBYIOTHCS IJ1s1 30€piraHHs, IepeBaHTaKEeHHS,
TPaHCIIOPTYBaHHS Ta IIEpepPOOKU PiiKMX, ra30M0AiOHUX i culyyuxX pe4oBrH. CTOCOBHO OYZiBHUIITBA,
TOBCTOJIMCTOBUI METAJIONPOKAT, B OCHOBHOMY, 3aCTOCOBYETbCS ITPX BUPOOHUIITBI 3BAPHMX KOHCTPYKLiN KapKacis

6yaiBenb i ciopya. Ilpy LbOMy CJTif 3a3HAUUTH, 110 Ail0Ya Ha TENEPIlHiNA yac HOpMaTUBHA JOKYMEHTALlis



nepen6adae Npu NPOEKTYBAaHHI 3BAPHUX METAJIEBUX KOHCTPYKLiSIX 3aCTOCYBAaHHS METAJIONPOKATY OJJHAKOBOI
TOBIIVHY IO TIEPEPi3y eIeMEHTIB KOHCTPYKLii. OfHaK, aHajli3 PO3MNO/ily 30BHIIIHLOIO HABAHTAKEHHS IO IEPEPi3y
KOHCTPYKIIii1 [T0Ka3ye, 110 Yy [esIKAX BUMAIKaX CJIif, 32CTOCYBaTH NIPY BUPOOHUIITBI KOHCTPYKLiH IUCTU Pi3HOI
TOBLIVHMU. Y SIKOCTi MaTepiay aJis gociiKeHHs 0ys10 06paHO HU3bKO ByIJlelleBy MikpoJieroany crtaib 10I20Bb B
ToBIuHax: 16, 20, 30, 40, 50, 70, 100 MM. 3rifHO HIOCTaBIEHOI MeTH, B POOOTI JOCiIKyBaJIMCS BIACTUBOCTI, 5IKi 6
XapaKTepu3yBaJll KiHeTUKY PyHHYBaHHS B 00'eMi MaTepiay, TOGTO CIIPOMO>KHICTb MaTepialy YNHUTHU OIIip
3apOJKEHHIO Ta PO3IOBCIOMKEHHIO TPILIUH. Y SIKOCTi €KCIIEPUMEHTAIbHUX METOAMK OYJI0 3aCTOCOBAHO: CTaTUYHI
MexaHiYHi BUIIPOOYBaHHS (BUITPOOYBAHHSI HA PO3TSr) i IMHAMIUHI MeXaHiuHi BUITpOOYyBaHHS (BUIIPOOYBAHHS Ha
ynapHaui Burin). JocnimkeHHs: MOpdOJIorii CTPYKTYPHUX CKJIaJIOBUX Ta IIOBEPXOHD 3J1aMiB 3[1iICHIOBAJIN
IIOCJIiIOBHO: 1-11 eTarl: [oCii>)KeHHs 3pa3KiB [IpY MajuX 30i/blIeHHSIX (MeTasorpadiuHuii aHasnis); 2-i1 erart:
IOCJIiIKEHHS 3pa3KiB IIPU CEPEJHIX Ta MOPIBHSIHO BUCOKUX 301/IbIIEHHSIX (PACTPOBA €JIEKTPOHA MIKPOCKOMIs); 3-1
eTarl: J0CiIKeHHs [I0BePXOHb PYHHYBaHHS (PACTPOBa €J1IEKTPOHA MIKPOCKOIIisl). MiKpOCTPYKTYpHUIi aHai3
[10Ka3aB, 1[0 MiKPOCTPYKTYPHUMMU CKJIQJOBUMHU YCiX NOCIiIKyBaHUX CUCTeM € PepuT Ta nepsit. CTajb TOBIIUHOW
16 MM Mae pepuTONEPIITHY CTPYKTYPY Yy cHiBBigHOmEHHi 70% - 30% BinnosinHo. 3i 36i7IbII€HHSIM TOBUIMHU
301/1bLIYETHCS Bi,COTKOBUM BMIiCT (PEPUTHOI CKJIAIOBOI 3 OHOYACHUM 3MEHILIEHHSM BifICOTKY NepJiTy. s crasi
TOBIIMHOIO 100 MM MIKpOCTPYKTypa ckiagaetscs 3 80 % depury Ta 20 % nepity. @eput popmyeTses y BuZi 3epeH
noslieipryHOi popmu, a NepJliTHI KOJIOHII po3TalloBaHO y JIiKBALIMHMX [1010caxX. JJoCaiIyKeHHs TOHKOI CTPYKTypH
IoKasaJy, 1o I BCiX TOBIIVH METAJIONPOKATy 3epHa (PepUTHOI a3y MaloTh IIPaBUJIbHY MOJliepu4Hy GOpMY.
3aponxu HOBUX (a3 3'IBJISIOThCS HAl4aCTillle Ha MOBEPXHIi 3epeH ayCTeHITy i1 BKItoyeHb. Hanani BinoyBaeTbcs
IIOCTYIIOBUY PIiCT LEeMEHTUTY U QpepuTy y BUTJIALi IPpUOIN3HO PiBHOOCHUX YTBOPEHbD. Y IEesSKUI MOMEHT Ha
IPaHULISIX 3€PEH BUHUKAIOTh 3aPOJIKU LIEMEHTHUTY, SIKi POCTYTh Yy BUIJISZ [IJIACTUH Y CEPeMHY 3epHa. TakuM YMHOM,
NO3MiHHA NEePEeKPUCTAi3alis EMEHTUTY 1 (PEPUTY NOMMPIOETHCS Y3I0BX IPaHULb. 3'SIBJISIIOTbCS KOJIOHII IepIIiTy,

PICT SIKUX TPUBAE IO IXHBOTO B3A€EMHOTO 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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