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O. B. MaxHeHko*, O. C. KocTteHeBu4

MATEMATWYHE MOOENIOBAHHA MIKPOCTPYKTYPHUX ®A30BUX
NEPETBOPEHD i YAC 3BAPIOBAJIbHOIO HAIPIBY HA NMPUKNALI
HAMMNABJIEHHA 3AXUCHOIO LUAPY KOPIMYCY PEAKTOPA BBEP-1000

3a 00MoM02010 PO3POOACHUX CKIHUEHHO-eAeMeHMHUL Modenetl HuceabHo 0ocaidice-
HO HECTNAYIOHAPHI mMmemMnepamypHt nNoail 1 KIHeMUKY MIKPOCMPYKMYPHUXL
asosuxr nepemeoperd 8 OCHOBHOMY mamepiari kopnycy peaxmopa BBEP-1000
(cmaav 15X2HMPA) 3a 0yz08020 Hanaasaenus ni0 Harocom 3axXucHozo arHmu-
KOPO3IUHO020 WaAPY 13 aycmerimnozo mamepiary. BuxoHarno nopieHAAbHUU aHAAL3
pe3yavmamie mo0eat08aHHA MIKPOCMPYKMYPHUX Pa308uxr nepemeopens 3a 0soma
memodamu MPozHO3Y8aHHA Po3nady aycmerimy nid uac oxoaoddxcernHns. Ilepwute
memo0 3aCHOBAHUILL HA 3ACMOCYBAHHI Pe2PeciliHUX PIBHAHD 1 XaPAKMePHO20 Uacy

oxonoOocenns Aty . Jpyeuldl — Ha dlazpamax i30mepminnozo po3nady aycmenimy

i pigHanuax Aspami ma Kolicminena—Mapbypeepa. B pe3yavmami mo0eato8aHHs
MIKPOCMPYKMYPHUL NePemeopend 3d HANAABAEHHSI OMPUMAHO OelUHIMmHO-MaP-
mencumHuull cxaad Yy 30HT MePMILHO20 6MAUBY OCHOB8HO20 Mameplaay Kopnycy
peaxmopa, w0 MiOMeepodHcyomsv pesyrvmamu OuraMmomMempuwHozo aHaidy ma
memanozpaii.

Karouoei caoea: peaxmop BBEP-1000, anmuxopositine Hanaasaenus, Oiazpama APA,
MIKPOCMPYKMYPHT (PA308i NepemeopeHHs, KiHemuKa mnepemeopens, pPIeHAHHI
Aspami.

MATEMATUYECKOE MOOENIMPOBAHME MUKPOCTPYKTYPHbIX
®A30BbIX NMPEBPALUEHUWX NMPU CBAPOYHOM HAIPEBE HA NMPUMEPE HAIJIABKU
3AWUTHOI O CNOA KOPIMYCA PEAKTOPA BB3P-1000

C nomowpio pazpabomanHrHvly KOHEUHO-INeMEHMHBLL mo0esetl YUCAEHHO UCCAe008AHBL
HECMAYUOHAPHDBLE MeMNnePAMmyPHble NOAL U KUHEMUKA MUKPOCMPYKMYPHLLL Ha308bLL
npespaweHull. 8 OCHO8HOM wmamepuase Kopnyca peaxmopa BBIP-1000 (cmaas
15X2HM®DA) npu 0yz080t Hanaaske nod HA0COM 3AUUMHOZ0 AHMUKOPPOZUOHHOZO CA05
u3 aycmernumuozo mamepuara. Ocywecmeren CPABHUMEALHBLU AHAAU3 Pe3YALMAMO8
MO0eAUPOBAHUSL MUKPOCTIPYKMYPHBLE Ha308blx npespawerull no 0sym memodam npo-
2Ho3uposarus pacnada aycmernuma npu oxaadxcoenuu. Ilepawviii memod ocHO8AH HA NPU-

MEHEHUU PEZPECCUOHHBLL YPABHEHUL U XAPAKMEPHOZO epemenu oxaadxcdenus Aty ;

8mopol — Ha Juazpammar usomepmuieckozo pacnada aycmeHuma u ypasHenusixr Aspa-
mu u Koucmunena—Map6ypeepa. B pesyavmame modeauposarus MuKpocmpyxmyprul
npespaweHutl NPuU HanaasKe NoAYyUeH O0eUHUMHO-MAPMEHCUMHDBLY COCMaA8 8 30He mep-
MUUECKO20 BAUAHUSL OCHOBHOZO MaAMepuald Kopnyca peaxmopa, umo nodmeepircdero
pe3yavmamamnmu OuramMomempuieckozo AHaAU3d U MemarrozpaPuu.

Karouesvie caosa: peaxkmop BBOP-1000, anmuxoppos3uoHHas Hanaaéka, ouazpamma
APA, muxpocmpyxmypHsle PHasosvie NpespauwjeHuUs, KuHemuka npespaujeHut,
ypasHeHnue Aspamu.

MATHEMATICAL SIMULATION OF MICROSTRUCTURAL PHASE
TRANSFORMATIONS AT WELDING HEATING BY EXAMPLE OF CLADDING OF
PROTECTION LAYER OF THE REACTOR VESSEL VVER-1000

Using the developed finite element models the numerical research of wunsteady
temperature fields and kinetics of microstructural phase transformations in the base
2.5Cr—Mo—V steel (15H2NMFA) of the reactor vessel VVER-1000 at arc cladding of the
protective anticorrosion layer made of austenite under flux were simulated. A
comparative analysis of the results of simulation of microstructural phase
transformations wusing two methods for predicting the decomposition of austenite
during cooling was done. The first method is based on the application of regression

equations and the characteristic cooling time Aty , and the second on diagrams of

isothermal decomposition of austenite and the Avrami and Koistinen—Marburger
equations. As a result of modeling of the microstructural transformations during
cladding, the bainite-martensitic composition of the base material of the reactor vessel
was obtained. These results were confirmed experimentally using dilatometric analysis
and metallography.

Key words: reactor pressure vessel VVER-1000, anticorrosion cladding, CCT diagram,
microstructural phase transformations, transformation kinetics, Avrami equation.
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