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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocigKeHHs poJli BOGHEBOTO YMHHMKA B €KCIUTyaTaliiHil gerpaganii KOHCTPYKLUIMHUX CTalen

Ha3sBa po6oTH aHIJIilICbKOIO:

Investigation of the role of the hydrogen factor in the operational degradation of structural steels

PedepaT ykpaiHCbKOIO:

BucyHyTO Ta €KCIIepUMEHTAJIbHO OOIPYHTOBAHO TiMOTE3y PO MOKJIMBICTD peasisauii qeopmMalifHoro cTapiHHs y
JIOKaJIbHUX MiKpoo6'eMax (pepuUTHO-NIEPIITHUX CTa/lel, O BiIOyBaeTbCS BHACIIOK iX MIaCTUYHOTO Ae(pOPMYyBaHHS
Iif, [i€l0 BHYTPIIIHIX HANPYy>KEHb, CIPUYMHEHNX aKyMyJIbOBaHMM HUMU BOJHEM. Bliepie 1okasaHo, 1o MexaHi3m
BOJHEBO-1e(OPMaLIIIHOTO CTapiHHS (PEPUTHO-TNIEPJITHUX CTAJIEH peai3yeTbCs B JOMIHAHTHUX MiCIISIX
TPAHCIOPTYBaHHS BOOHIO. PO3KpUTO MEXaHi3M eKCIUIyaTaliliHOI OMKOAKEHOCT] (PepUTHO-TIEPJIITHUX CTajel
dopmyBaHHAM JedeKTiB BogHeBo-IedopMaLiiiHOI IpUPOAY, peasisallis SIKOro MoJiermeHa B HU3bKOMILIHUX CTaJIsIX,
Ha BiZ]MiHY BiJl J€KOT€3MBHOI'0 MEXaHI3My, BJIACTUBOTO BUCOKOMILIHMM CTaJIsIM. 3aIIPOIIOHOBAHO MTOKA3HUK
BiHOIIEHHS PaHULli IIJIMHHOCTI IO TPaHuUILli MillHOCTi BUKOPUCTOBYBATH AJ1s AudepeHiialii cranei 3a
IOMiHAaHTHMM MEXaHi3MOM PO3BUTKY ITOUIKOIKEHOCTI 3a Jii BOJHIO. 3alIPOIIOHOBAHO CTALiMHICTb PO3BUTKY
eKCIUlyaTalliliHOi IOLIKO/I>)KEHOCTi HUBbKOMILIHUX (PepUTHO-TIEPJITHUX CTaJIel 3a yyacTi BOJHIO, a caMe,
(opMyBaHHS BOAHEBO-IedOpMaLIiiHUX MOPOKHUH. [ToKazaHo, 110 BOAEHb, a0COPOOBAHUN TPUBAJIO
€KCIIyaTOBAaHUMU BaJIbI[bOBAaHUMU (HPEPUTHO-TIEPIIITHUMU TPYOHUMU CTAJISIMU, 3HAYHO TIOCUJIIOE iX aHi30TpOIIiIO,
110 CIIPUYMHSIE 30iJIbIIEHHS BiIMiIHHOCTE! y MeXaHIYHUX BJIACTUBOCTSIX, BUBHAUYEHUX Y Pi3HUX HANPSIMax IOA0
HaIpsIMy BaJIbLIIOBaHHSI, 0COOJIMBO XapaKTEPUCTHK IIJIACTUYHOCTI, yIapHOI B'I3KOCTi, OIIOPY BOAHEBIN KPUXKOCTI Ta
TPIIXMHOCTINKOCTI, BHACJIiZOK MIKpOPO3IIapyBaHHA Mi’K BOJIOKHaMU Ta B OKOJIi HEMETAJIEBUX BKJIIOUEHD Y3I0BXK
HalpsMy BaJIbLIIOBAHHA Ta PYMHYBaHHS [IEPETUHOK MK HUMU KPi3b3€PEHHUM BiKOJIOM. BCTaHOBJIEHO, 1110 €HEepris
Ie(pOopMyBaHHS PO3TAroM HaBOJHEHOIO 3pa3Ka 3 TPIlMHOIO 10 ii CTapTy Y HalPSIMKY MiX BOJIOKHaMHU y 60 pasis
MEHIIIA, HDK nonepek. BusipsieHo, mo popmyBaHHs crietndivHoi rpyd0o3epHUCTOI MiIKpOCTPYKTYPH MOXKeE
CIIPUYMHUTHU IPOTUPIYYS MK, 3 OGHOTO 60Ky, MII[HICTIO METaJy, a 3 iHIIOTO — 10ro OIIOPOM KPUXKOMY PYHHYBaHHIO
Ta BOJHEBil KpUXKOCTi. PO3BMHYTO iHTi6ITOpHUI 3aXUCT Bif, KOPO3ii Ta KOPO3iHO-BTOMHOT'O PYyHHYBAHHS

eKCIUTyaTOBaHUX (EepUTHO-TIEePJIITHUX CTanen

Pedepar aHIJIiHCBKOIO:

The possibility of implementing strain ageing in local micro volumes of ferrite-pearlite steels due to their plastic
deformation under the influence of internal stresses caused by accumulated hydrogen has been experimentally
substantiated. It was shown for the first time that the mechanism of hydrogen-induced strain ageing in ferrite-
pearlite steels was realized in dominant paths for hydrogen. The mechanism of operational damaging of ferrite-
pearlite steels consists in the formation of defects of a hydrogen-deformation nature, facilitated in low-strength
steels, in contrast to the decohesion mechanism characteristic of high-strength steels. The ratio of yield strength
to ultimate strength is proposed as an indicator to differentiate steels according to the dominant mechanism of
damage development caused by hydrogen. It is proposed a staged development of operational damage in low-
strength ferrite-pearlite steels involving hydrogen is proposed by forming hydrogen-deformation voids. It is
shown that hydrogen, absorbed by long-term operated rolled ferrite-pearlite pipe steels, significantly enhances
their anisotropy and thus distinctions in mechanical properties in different directions relative to the rolling
direction, primarily plasticity, impact toughness, the resistance to hydrogen embrittlement and crack propagation,
due to the delamination between fibres and in the vicinity of non-metallic inclusions along the rolling direction,
and fracture of partitions between them by cleavage. It is established that the energy of tensile deformation of a
hydrogenated specimen with a crack before its start in the direction between the fibres is 60 times lower than
across them. It is found that the formation of a specific coarse-grained microstructure can cause a contradiction



between the metal strength and its brittle fracture resistance and hydrogen embrittlement. Inhibitor protection
against corrosion and corrosion-fatigue fracture has been developed for operated ferrite-pe
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