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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTuyHHUX PYOPHK: 53.49.13.05, 81.09

Tema gucepranii:
1. MeTOﬂO]IOI‘iSl OLLiHIOBaHHH KPUTUYHOI'O CTaHY TPUBAJIO €KCIIJIyaTOBaHUX KOHCTPYKU,iI/“IHI/IX cTajiei 3a 3MiHOIO iX

CTPYKTYpPH, MiKpPOMEXaHIi3MiB Ta OIOpPY PyMHYBAHHIO

2. Methodology of the critical state assessment of long-term operated structural steels based on the changes in
their structure, micromechamisms, and fracture resistance

Pedepar:

1. Y po6oTi BupilleHo BaXXJIMBY HAYKOBO-TEXHIUHY ITPO6JIEMY, CIIPSIMOBAHY HA PO3POOJIEHHS, apoballito Ta
[IPaKTU4YHY peasizaliilo METOLIB OLHIOBAHHS CTPYKTYPHO-MEXAHIYHOrO CTaHy KOHCTPYKLIMHUX CTajllell TPUBAJIOL
eKCIyaTalii 3a pisHUX TeMIIEPaTypPHO-CUJIIOBUX YMOB Y KOPO3UMBHO-HaBOJIHIOBAJILHUX CEPENOBUILAX HA OCHOBI
3aJIEXKHOCTEN MiX KiJIbKiICHUMU CTPYKTYPHUMHU, PpaKkTorpaiuHUMM Ta MexaHiYHUMU [1I0Ka3HUKaMU, YyTJIUBUMMU [10
ix gerpapanii. AHani3yBany ByrieLesi cTasni Bupo6HuLTBa KiHlg XIX - noyatky XX cropid (Bexi lllyxoBa, MOCTH
BpouaBa), Hu3bKOJIeroBaHi cTasi ra3o- i HaQTOrOHIB, TEIJIOTPUBKI HU3bKO- Ta BUCOKOJIETOBAHi cTaJi (eJ1eMeHTiB
naporoxis TEC Ta jionaTok poTopis napoBux Typ6iH). Ha 0CHOBi KOMIIJIEKCHOTO NOCIiIPKEHHST MeXaHIYHUX
XapaKTEPUCTUK CTajell O6IPYHTOBAHO BUOIDP [TOKA3HUKIB, YyTJIMBMX [0 iX gerpagauii. 3a ekclyarauii B
KJIIMaTUYHUX YMOBAxX BUKOPUCTaN yAapHY B'sa3KicTb KCV, a y BUCOKOTeMIIepaTypHUX — €(PEKTUBHUI MOPIr

LMKJiYHOI TpimuHocTiKocTi AKth eff. 3a cTpyKTypHMII TOKa3HUK CTaHY TEIJIOTPUBKUX CTajlell BUKOPUCTAIN



po3mipu KapbiziB i 3epeH, a 3a ¢pakrorpadivyHuii — YacTKy IJI0LIi 3/1aMy, IO Npurnanana Ha ¢ppakrorpadivHi
03HaKW, IIOB'sI3aHi 3 Aerpajaliieto crasti. I cTaneil, TpUBajo eKCIIyaTOBaHUX 32 KJIIMAaTUYHUX YMOB, TAaKUMU
O3HaKamu OyJiu po3lapyBaHHs Ta KPi3b3€PEHHI BiIKOJIM Ha 371aMax yJapHUX 3pa3KiB, a 32 BUCOKOTEMIIEPATyPHUX —
(pparMeHTH MXK3€pEHHOTr0 PyMHYBaHHS Ha (OHI KPi3b3epEHHOIO BTOMHOTIO pesibe(y 3/1amiB 3pa3KiB, BUIIPOOYBAHUX
Ha LMKJIYHY TPIlIMHOCTINKiCTh. HayKOBO OOIPYHTOBAHO METOIOJIOTIIO OL[iHIOBAHHS CTPYKTYPHO-MEXaHIYHOTO
CTaHy HU3KHU KOHCTPYKLINHUX cTajeil pisHUX 00'€KTIB eKcIllyaTallii, B OCHOBI SIKOro 100y j0BaHi yHiBepcabHi
3aJIEXKHOCTI MK BTPATOIO iX MEXaHIYHMX XapaKTEePUCTUK Ta 3MiHOK CTPYKTYPHUX Ta ppakTorpadpiuHmx

iH(OpMATUBHUX O3HAK iX Jerpafalii micss TpUBaJIOi eKCIITyaTallii B KJIIMAaTUYHUX i BUCOKOTEMIIEPATYPHUX YMOBAX.

2. An important scientific and technical problem has been solved in this work devoted to the development,
approbation and implementation of methodology for assessing the structural and mechanical state of structural
steels after their long-term operation under various temperature and stress conditions in corrosive and
hydrogenative environments. The methodology is based on the relationships between quantitative structural,
fractographic and mechanical indicators sensitive to their degradation. Carbon steels produced in the late 19th and
early 20th centuries (Shukhov towers, Wroclaw bridges) as well as low alloy steels of gas and oil pipelines and also
heat-resistant low- and high-alloy steels (elements of steam pipelines of TPPs and rotor blades of steam turbines)
have been analyzed. On the basis of a comprehensive study of the mechanical characteristics of steels, the choice
of indicators sensitive to their degradation has been substantiated. The impact toughness KCV was used for steels
operated under ambient conditions, and the effective threshold of fatigue crack growth resistance AKth eff for
ones operated at elevated temperatures. As the structural indicator of the state of heat-resistant steels, the sizes
of carbides and grains were used, and as the fractographic one the fraction of the fracture surface with
fractographic features of steel degradation. For the steels long term operated under ambient conditions, such
signs were the delaminations and transgranular cleavages on the fracture surfaces of impact specimens, and in the
case of high-temperature conditions the fragments of intergranular fracture against the background of
transgranular fatigue relief on the fracture surfaces of specimens after fatigue crack growth testing. The
methodology for assessing the structural and mechanical state of a number of structural steels after their
operation on various objects has been scientifically substantiated basing on the plotted unified correlations
betwieen the drops of their mechanical characteristics and the change in informative indicators of the structural
and fractographic changes in steels due to their degradation after long-term operation in both ambient and high-
temperature conditions
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