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1. Po3po6s1eHHS MEeTO0JI0Tii 1iarHOCTyBaHHS KOPO3iliHO-BOJHEBOI Aerpaalii KOHCTPYKUIMHUX CTajlell TPUBAJIO]
eKcITyararii

2. Development of methodology for diagnostics of corrosion-hydrogen degradation of long-term operated
structural steels

Pedepar:

1. O6’eKT mOCiI>)XKEHHs — AiarHOCTYBaHHS Mipy Aerpafauii KOHCTPYKLIMHYX CTajlell TPMBAJIO] eKCILTyaTallii
PYIHIBHMMU Ta HEPYIHIBHIMU METOAMU OLIiHIOBAaHHS iX cTaHy. MeTa JoCliI>KeHHS — pO3POOUTH METOL0JIOTiI0
PYWHIBHUX Ta HEPYHMHIBHUX METO/IB [[iarHOCTYBAHHS CTaHy METajly Ha OCHOBI JOCJIiIPKEHb 3aKOHOMIPHOCTEN
KOPO3ilHO-BOJHEBO] Jerpajallii KOHCTPYKIiMHUX CTajlell 3 ypaxyBaHHSIM OCOOJIMBOCTEN BIVIMBY €KCILTyaTalilHAX
YMOB Ta HaBOJHIOBAJIbHUX CEPEOBUIL Ha NIOMKOIKEHICTh MaTepialiB, Ta pO3pOOMTH METOAUYHI PEKOMEHIallii
010 AiarHOCTYBAHHS CTaHy CTajlel HU3KU Bif[TOBiJaIbHUX KOHCTPYKUiN. MeTonu NOCHiIKEeHHS: MEXaHiuHi
BUIIPOOYBAHHS 3 BUBHAUEHHSIM TBEPAOCTI, XapaKTE€PUCTHK MIIJHOCTI i JIACTUYHOCTI, yIapHOi B's13KOCTi, CTAaTUYHOI
TPIIMHOCTINKOCTI, OIIOPY KOPO3iTHOMY PO3TPiCKYBaHHIO; €JIEKTPOXIMIYHUI Ta rPaBIMETPUYHUIN METOIU
BU3HA4YEHHS KOPO3iliHOI TPUBKOCTI; MeTanorpadidHmii aHai3 CTPyKTypH; MikpodpakrorpadiuHe gOCiIKEHHS

MEXaHi3MiB PyIHyBaHHS; METOJIM MATEMATUYHOI CTATUCTUKU. BCTAaHOBJIEHO HETaTUBHY POJIb HU3KU



eKCIIJIyaTaliiHUX YMHHUKIB Y Aerpajganii ByrjaeneBrux Ta HU3bKOJIETOBAHUX KOHCTPYKUIMHUX CTajiel. Briepie
CTaZil0 PO3BUTKY PO3CisIHOI MOIIKOKEHOCTI eKCIIyaTaliiiHoi gerpaganii po3ginunuy st Geputo-nepsiTHUX
TPYOHMX CTaJIell Ha JBa IEPiofik: yTBOPEHHS XaOTUYHO OPi€HTOBAaHUX Ae(EKTIB Ta YTBOPEHHS TPilliuH
po3LIapyBaHHsl, OPi€EHTOBAHUX Y HANIPSIMi Ba/IbLIIOBaHHS. PO3KPUTO MEXaHi3M €KCIIyaTallilHOTO OKPUXYEHHS
dbepuTo-TiepiTHUX TPYOHUX CTajeil, IOB'I3aHUH 3 BUAIJIEHHSIM CIIOJIYK BYTJIELI0 Ha MeXax nedeKTiB BcepeayHi
3epeH, a He TiJIbKYA Ha MeXXaX 3epeH. Po3po6ieHo HOBUI METO[T KOHCEPBAaTUBHOTO OIiHIOBAHHS Aerpajariii
KOHCTPYKUIMHUX CTajlel, eKCIIJIyaTOBaHUX Y KOPO3UBHO-HABOJHIOBAJILHUX CEPEIOBUILAX, SIKMUI BPaXOBYe
YYTJIMBICTh €KCIUIYaTOBAHOTO METAJy O KOPO3iiTHO-MEXaHI{YHOrO pyIHYBaHHA. PO3BUHYTO MeXaHi4Hi Migxonu
IIOJI0 [AiarHOCTYBAHHA €KCIIyaTallifHOil Aerpaganii craneil pyHHiBHUMUA METOLAMU BPAXyBaHHSM BILJIMBY
IHTEHCHBHOI PO3CisIHOI ITOMKOIKEHOCTI Ha iX MEXaHIYHi XapaKTePUCTUKU Ta BCTAHOBJIEHHSIM KPUTEPIiB
KOPEKTHOCTI iX oLjiHI0BaHHS. OOGI'PYHTOBAaHO HOBUI HAayKOBO-METOOUYHUI MifXif, 00 BUKOPUCTAHHS
€JIEKTPOXiMiYHOTO aHaJIi3y IOBEPXOHb 3/1aMiB [1JIs1 IiarHOCTYBaHHS Aerpajalii peputo-nepsiTHUX TPyOHUX CTaIEN.
BcTraHOBI€HO KOPEJIALiNHY 3a71€KHICTh MK 3MiHAMU BHACJIIIOK €KCILTyaTallii OIopy KPUXKOMY PYHHYBaHHIO
METaJly Ta €JIEKTPOAHOTO MOTEHIialy 0oro NOBepPXHi pyliHyBaHHs. KOMILJIEKC AiarHOCTUYHUX 03HAK CIIPUYMHEHOTO
BOJIHEM MAKpOPO3LIAPYBAaHHS B CTiHIi TPyOU MariCTpaabHOro TPyGOIPOBOAY JOIOBHEHO HOBOIO [iarHOCTUYHOIO
03HaKoOI0, a caMe, MOJISIPU3aLiiHUM OTIOPOM, 32 3HIDKEHHSIM SIKOTO 3alIPOIIOHOBAHO OLIiHIOBATU HEOE3MEKY BUXOAY
MakponedeKTy Ha MOBEPXHIO. YJOCKOHAJIEHO HEPYHMHIBHUI €J1IeKTPOXiMiYHUI METOZ, IiaTHOCTYBaHHSI
XapaKTEPUCTHUK ONOPY KPUXKOMY PYMHYBAHHIO CTajell Ta pO3MMPEHO MOro 3aCTOCYBaHHS Ha KJlac HEP>KaBHUX
MapTEHCUTHUX CTajlel. BCTaHOBJIEHO YHIBEPCAIbHICTh KOPEJIALINHOI 3a/1€KHOCTI MK 3MiHAMU BHACIILOK
eKCIulyaTalii onopy KpUXKOMY PYVHYBaHHIO Ta [IOJISIPU3aL[iIHOTO OIIOPY [JIs1 BYTJIELIEBUX i HU3bKOJIETOBAHUX
(epuTO-TIEPJIITHMX CTajlel HU3KY BiJOBigaIbHUX METAJIOKOHCTPYKLi. OTpuMaHi pe3ysbTaTu Ta po3poobJeHi
MEeTOJIMKM BUKOPMCTAHO Ha HU3LIi MiANpueMCTB YKpaiHu, 30KkpeMa, Ha ¢inisx YMI “JIpBiBTpancras” ra YMI'

“Ilpukapnartpancraz” [1AT “Ykptpancras”, Ha [Jo6potsipcekiit TEC ITAT “ITEK 3axinenepro”.

2. The object of the study is diagnostics of degradation degree of long-term operated structural steels by
destructive and non-destructive methods for assessment of their condition. The purpose of the research was to
develop methodology of destructive and non-destructive methods of diagnostics of metal condition on the basis of
investigation of corrosion and hydrogen degradation regularities of structural steels, taking into account
peculiarities of influence of operating conditions and hydrogenating media on materials damaging, and to develop
methodological recommendations for diagnostics of technical condition of steels of a number of critical
structures. Research methods: mechanical tests with determination of hardness, strength and plasticity
characteristics, impact toughness, static crack resistance, resistance to stress corrosion cracking; electrochemical
and gravimetric methods for determining corrosion resistance; metallographic analysis of structure;
microfractographic studies of fracture mechanisms; methods of mathematical statistics. A negative role of several
operational factors in degradation of carbon and low-alloyed structural steels is established. For the first time, a
stage of development of dissipated damaging for ferrite-pearlite pipeline steels is divided into two periods:
formation of chaotically oriented defects and formation of lamination cracks oriented in rolling direction.
Mechanism of ferrite-pearlite pipeline steels embrittlement under operation consisted in carbon compounds
enrichment not only grain boundaries, but also intragranular defects boundaries, is revealed. A new method of
conservative estimation of degradation of structural steels operated in corrosion-hydrogenating environments
that considers sensitivity of operated metal to stress corrosion cracking is developed. Mechanical approaches to
diagnostics of in-service degradation of steels by destructive methods taking into account the effect of intensive
dissipated damaging on their mechanical characteristics and establishing criteria of consistency of their estimation
are developed. A new scientific and methodical approach concerning usage of electrochemical analysis of fracture
surfaces for diagnostics of degradation of ferrite-perlite pipeline steels is substantiated. The correlation
dependence between operational changes in brittle fracture resistance of metal and in electrode potential of its
fracture surface is determined. A complex of diagnostic features of hydrogen induced macrodelamination in pipe
wall of main pipelines is supplemented with a new diagnostic electrochemical feature, namely, polarization
resistance; it is proposed to predict risk assessment of opening macrodefect at pipe outside by its decrease. The



non-destructive electrochemical method of diagnostics of brittle fracture resistance characteristics of steels is
improved and its application is extended to use for class of stainless martensitic steels. Universality of correlation
dependence between the operational changes in brittle fracture resistance and in polarization resistance for
carbon and low-alloyed ferrite-pearlite steels of a number of critical metal structures is determined. The obtained
results and developed methodologies were used on a number of enterprises of Ukraine, namely on branches
Affiliate “Lvivtransgaz” and Affiliate “Prykarpattransgas” of PJSC “Ukrtransgas”, and Dobrotvirska TPP of PJSC
“DTEK Zakhidenergo”.
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