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2. The effect of impact toughness decrease for WWER reactor pressure vessel steels under the long-term
operation

Pedepar:

1. Y puceprauii BUKOHAHO aHasi3 e(peKTy 3HIKEHHS yIapHOi B'SI3KOCTI cTaznei kopmycis peaktopis BBEP-1000 Ta
IIOBTOPHO olpoMiHeHux ctasneil KP BBEP-440 B ymoBax JOBrOCTPOKOBOI eKkcItyaTalii. JlocigkeHHs 6a3yBanocs
Ha pe3yJbTaTax, OTPMMAaHMX IIPY peasisalii nporpam 3pa3KiB-CBigKiB AJ1s1 kopiycis BBEP. 3pa3ku orpoMiHEHO B
€HEePreTMYHMX PeakTopax 10 (JII0EHCIB IBUIKUX HEMTPOHIB, IO BiANOBITAIOTh NI€PioAy €KCILTyaTallii KOpIyCiB
peakxTopiB y roHag, 60 pokiB. Y poboTi MpoaHani30BaHO 3HMKEHHS B'SI3KMX BJIACTUBOCTEN KOPIIYCHUX CTajle i,
BIIJIMBOM OINIpOMiHeHHs, 111 ctaneil KP BBEP-1000 emnipryHO 1OKa3aHO HasIBHICTb KOpeJisilii yaapHoi B'sI3KOCTi 3
iHIIMMY napaMeTpamy, TaKMMU SIK [IONIepEeYHe PO3MMPEHHS 3pa3Ka MicJisg pyHHYBaHHS Ta 'PaHULS TEKYYOCTi CTaJI.
s marepianis KP BBEP-440, mOBTOPHO OIIPOMIHEHUX ITiCJIS1 BiJHOBJIIOBAJIbHOIO Bifilasny, 32 3MiHOIO IIOJIOKEHHS

BEPXHbOTI'O 1IeJIb(]y TeMIIEPATYPHOI 3aJIEXKHOCTI yAAPHOI B'SI3KOCTi IIPOCJIiTKOBAHO 3HMUKEHHS B'I3KUX BJIACTUBOCTEN



Ta MI0Ka3aHo BIUIMB BMiCTy ¢ocdopy y meTasi 311 Ha eHeprilo BepXHbOro mesb@y. Takoxk NpOgEeMOHCTPOBAHO, 110
L7151 MaTepiasiB 3 HU3bKUM 3HAUE€HHSIM BEPXHbOTO 1Iesiby MOoKe CIIOCTepiraTycs WTyYHe 3aBULLEHHS TeMIIepaTypu
KPUXKOCTIi Ta HeBUIIpaBraHe ooMmexxeHHs pecypey KP. Kiouosi ciioBa: kopnyc peakropa BBEP, 3pa3ku-cBinxu,
yllapHa B’s13KiCTb, JOBrOTpHBaJjle HEUTPOHHE OIIPOMIHEHHS, OKPUXUyBaHHS MeTasy, Kpusa lllapmi, eHepris

BEPXHbOTO 1eJbQy, MONEpPeYHe PO3LMUPEHHS, 1011 B'I3KOi CKJIa0BOi.

2. The thesis describes the effect of impact toughness decrease for WWER-1000 reactor pressure vessel (RPV)
steels and re-irradiated WWER-440 RPV steels under the long-term operation. The study was based on
surveillance-specimens test results for WWER RPVs. The specimens were irradiated in power reactors to fast
neutron fluences, corresponding to the period of more than 60 years RPV operation. The paper analyses decrease
in ductile properties of RPV steels under the impact of neutron irradiation. Correlation of impact toughness with
other parameters, such as lateral expansion and yield strength, is empirically shown for WWER-1000 RPV steels.
For WWER-440 RPV materials, re-irradiated after recovery annealing, the change in upper shelf energy level of
impact toughness temperature dependence showed a decrease in metal ductile properties. It is also shown the
effect of phosphorus content in weld metal on the upper shelf energy. It is demonstrated that for materials with
low upper shelf energy value there may be an artificial overestimation of critical temperature of brittleness and
unjustified RPV life limitation.
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