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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

TeopeTnyHuil aHaji3 Ta KOMII'IOTEPHE MOJEJIIOBAHHS MIKPOMEXaHI3MIiB pazialillHOro 3MILHEHHS KOPIIyCHOIO METally BOZLO-

BOJISIHUX €HEPreTUYHUX PEeaKTOpiB

Ha3sBa po6oTH (aHrJ1)

Theoretical assessment and computer modeling of micromechanisms of radiation strengthening of pressure vessel metal of the

water-water energetic reactors

Pedepar (ykp)

BCTaHOBJIEHO CHiBBIOHOIIEHHS MDK BKJIQIOM [OUCJIOKALMHUX I€TEsb i MPELMINTATIB y BEJUYMHY pafialilHOro 3MillHEHHS
KOpIIyCHOro metaisy peakropis turty BBEP-1000 ta BBEP-440. [Toka3aHo, 0 AJjis1 KOPIyCHOro meTtany peakropis BBEP-1000 B
inTepBani ¢utoeHciB 1o 160 1022 HENTPOH,/M2 OCHOBHUM € pafialifiHe 3MillHEHHS], sike OOYMOBJIEHO pafialiliHO-iHIyKOBaHUMU
netasiMu. [ly1g KopnycHoro metany peaktopiB BBEP-440 151 3akOHOMIpHICTB cIiocTepiraeTbcs B 06sacTi 6inpmux ¢ioeHcis [40
50] 1023 HeiitpoH/M2. Ilpu 1bOMY MOKa3aHO, WO papialiiiHe 3MilHEHHs, SKe OOYMOBJIEHO OUCJIOKALiMHUMU TMETJISMU,
XapaKTEPU3yETbCSI MOHOTOHHMM 3POCTaHHSAM MIlIHOCTI i3 POCTOM 1031 OIIPOMiHEeHHS. Ha nmpoTuBary 1pomy, 18 AUCI0KaLiiiHOTO
3MiLJHEHHS, $IK€ BUKJIMKAHE IIPEUMIIiTaTaMHi, XapaKTEePHUM € HasBHICTh MAaKCAMyMy Ha 3aJIeKHOCTI MPUPOCTY MiLIHOCTI Bif
¢duoenca. [lng xoprycHoi crani peakropiB BBEP-440 neii makcuMym croctepiraerbest rnpu ¢uuoenci 40 1023 neittpon/m2. 3
METOI0 NPOTHO3YBaHHS BEJIMYMHU pafiallilHOro 3MillHEHHS B HMIMPOKOMY iHTepBasli (PJIIOEHCIB Ta BCTAHOBJIEHHS 3B'S3KY MK
€BOJIIOLIi€I0 MIKPOCTPYKTYPU B IpOLlECi HEUTPOHHOTO ONMPOMIHEHHS Ta 3aKOHOMIPHOCTSMMU PafialliiiHOro 3MillHEHHS, B po6OTi
MIPOBOJMJIOCH KOMII'IOTEPHE MOJEIOBAaHHS YTBOPDEHHS Ta POCTYy BAaKaHCIMHUX 1 MDKBY3JIOBUX [OUCJIOKALMHUX IIE€TEJIb B
KOPITYCHOMY Me€TaJli, a TaKOX MOJEJIOBAJIMCh 3aPOKEHHS Ta PICT MPEUMIIITaTiB [Jjis1 YMOB HETPOHHOTO ONMPOMIHEHHS, fKi €
TUANOBAMM [J151 €eHePreTuYHuX peakropis tuny BBEP-1000 tTa BBEP-440. OTprMaHO AaHi 010 3a7€XKHOCTI CepeqHbOi BEJIMYNHA
JiameTpa [MCJIOKALiMHUX IIeTesJb Ta iX OO6'€eMHOI TyCTMHHU Bif /03U OIPOMIHEHHS, SKi J0Ope Y3romXYyIOTbhCS 3
€KCIIEPMMEHTAIbHUM JAaHUMH, SIK [JIS1 OCHOBHOTO METaily, TaK i MeTajy 3BapHUX WIBiB peakTropiB Tuny BBEP-440 ta BBEP-1000.
lle mo3BOJIMIIO OTPMMATH IIPOTHOCTUYHI JJaHi CTOCOBHO 3MiHM IIMX KJIIOYOBUX NapaMeTpiB pagiauiiHo-iHAyKOBaHUX NedeKTiB IIpu

3apeCcypCHUX (PIIOEHCaX.
Pedepar (aHra)

Interrelation between contributions of radiation-induced DL and precipitate to irradiation hardening of RPV metal for WWER-
1000 and WWER-440 is established. It is shown that for RPV metal of WWER-1000, irradiation hardening due to DL dominates
over the whole investigated range of fluences (till 16 1023 neutron/m2). For RPV metal of WWER-440, such domination is
observed at fluences greater than [40 50] 1023 neutron/m?2. It is exhibited that irradiation hardening due to DL is characterized
by monotonic increase in strength with fluence growth, whereas hardening due to precipitates has an explicit maximum on the
dependence of increase in strength on fluence, which is it specific feature. For investigated RPV steel of WWER-1000, above
maximum is observed at fluence 40 1023 neutron/m2. To predict the value of irradiation hardening over the wide fluence range,
and to ascertain relation between micro-structural evolution under irradiation and regularities of irradiation hardening,
computer simulation of formation and growth of vacancy and interstitial DL in RPV metal was executed in this work under
conditions of irradiation hardening typical for WWER-1000 and WWER-440; nucleation and growth of precipitate were
simulated as well. Data on fluence dependence of the average values of DL diameters and bulk density was got, which agrees
well with experimental evidence for both BM and WM of WWER-440 and WWER-1000. It enabled to obtain prognosis curves of
change in these key parameters of radiation-induced defects at over-service-life fluences.
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HTII 1

Hassa npoaykii (ykp): KomIr'iorepHe MoJieJII0BaHHSI MIKpOMEXaHi3MiB pafiialiiiHoro 3MillHEHHsI KOPIIyCHOT'O METaJly BOJI0-

BOJAHUX €EHEPTETUYHNX peaKTopiB

HasBa npoaykuii (arri): Computer modeling of micromechanisms of radiation strengthening of pressure vessel metal of the
water-water energetic reactors

OuikyBaHi pe3yJIbTaTH:
T'anyss 3acTocyBaHHs: fliepHa eHepreTruka

Onuc npoaykKuii (yKp): Pe3ysbTaT OTpMMaHi y IPOEKTi CIIPSIMOBAHO Ha pillleHHs! PyHAAMEHTAIbHUX IPOOJIEM SII€PHO]
€HEPreTUKY, IO NMOB's13aHa 3 3a0€3Me4EeHHIM 0€3MeYHOI eKCIUTyaTalii Ta IPOrHO3yBaHHSM 3aJIMIIKOBOTO PECYPCY KOPITyCHUX
peakTOpHUX cTaseil. OCHOBHUM (PAKTOPOM, IO OOMEXKYE PeCypC € pafialiliHe OKPUXYEHHS, SIKE MIOB'SI3aHE 3 YTBOPEHHIM
papianiiHux nedeKTiB. B 3B'13Ky 3 LMM, aKTyaJbHUMU € po3po6Ka Qi3N4HUX YsIBIEHD MOA0 MiKpPOMEXaHi3MiB pagiallifiHOro
3MillHEHHS Ta IPOTHO3YyBaHHS Ha 11il1 Pi3nyHMII OCHOBI 3aKOHOMIPHOCTEN BIJIMBY (JII0eCy Ha IPUPICT IPaHUlli TEKYIOCTi 3
HACTYIHUM IPOTHO30M CTYIIEHS OKPUXYEHHS CTaJli B KOPITyCi peakropa. [TokasaHo, 1110 71 KOPIIyCHOTO MeTaJly peakTopis BBEP-
1000 B inTepBani pmoeHciB 1o 160 1022 HEUTPOH /M2 OCHOBHUM € pafiialiiiHe 3MillHEHHS, sIKe 00YMOBJIEHO pajiialiiiHo-
iHAyKOBaHMMU NETAIMU. JI71s1 KOPIYyCHOTO MeTaly peakTopiB BBEP-440 111 3aKOHOMIipHICTb cllOCTepiraeTbCs B 0671aCTi 6i1bmnX
¢moencis [40 50] 1023 HeiiTpoH/M2. IIpu IbOMY [TOKa3aHo, 10 pafialiiiHe 3MilJHEHHS], IKe 06yMOBJIEHO AUCIIOKALiTHUMU
TIETJIAMU, XapaKTEPU3YETHCSI MOHOTOHHUM 3POCT

ConianpHO-eKOHOMIYHA cripsimoBaHicTh HTII:

Cragis 3aBepmenocti HTII: 3it mo HIJIKP
Bruposamskenns HTII: He BuposamkeHo
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