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1. MaTemaTryHe MOAEIIOBAaHHS 3aJIMIIKOBUX HAIIPY>KEHb B 30HI aHTUKOPO3iliHMX HaIlJIaBJIeHb KOPILyCy PeakTopa
BBEP-1000.

2. Mathematical modeling of the residual stresses in the anticorrosive cladding zones of the RPY WWER-1000.

Pedepar:

1. Incepraliist IpucBSYeHa BUPIIIEHHIO aKTyabHOI IPO6IeMU BU3HAYEHHS 3a/IMIIKOBUX HAaNpy>keHb (3H) B 30Hi
aHTHMKOPO3iMHUX HaIlyaBjieHb Kopiycy peakTopa (KP) BBEP-1000 Bin myroBoro HariaBjleHHs Ta iX IIepepo3Iofis
micssl TEpMOOOPOOKY 3 ypaxyBaHHSIM MiKPOCTPYKTYPHUX (Pa30BUX IIEPETBOPEHD Ta Bapiallil TEXHOJIOTIYHUX
napametpiB. Ha OCHOBI MaTeéMaTUYHOIO MOZEIIOBAHHA BUZHAYEHO MIKPOCTPYKTYPHUI CKJIaJ, Ta KIHETUKY IIPU
($az3oBuX nepeTBopeHHIX KoprnycHoi ctasi 15X2HM®A nipy xapakTepHUX TePMIYHUX [IUKJIAaX HAIJIABJIeHHS [IJIs1
pi3HuX ninsHOK KP - uuniHgpUYHOI, e 3aCTOCOBYBaloCh aBTOMATUYHE HaIlJIaBjleHHs! Mifl (JII0COM CTPiUKOBUMU
€JIEKTPOJaMH, Ta 30HU NATPYOKiB, sIKa HAIJIABJIs/Iach PyYHUM IyTOBUM HAIlJIaBJIEHHSIM TIOKPUTUMU €JIEKTPOJAMHU.
PesysibTaTy po3paxyHKiB OKa3aju, 0 B 30Hi TepMivHOro BInBY (3TB) ocHoBHOrO Martepiany KP npu

HaIlJIaBJIeHHI YTBOPIOETHCS GEMHITHO-MapTEHCUTHA CTPYKTypa. Bysio mpoBeseHo Basifaliio pe3ysbTaTis



PO3PaxyHKy MiKPOCTPYKTYPH 3 €KCIIEPUMEHTAIIbHUMU JAHUMU JWJIATOMETPUYHOTO aHAJIi3y PO3Majly ayCTEHITy IIpU
oxoJiofpkeHHi Ta metasiorpadii 3paskis crani 15X2HM®A. Briepiie, 3a pe3yabTaTaMy eKClIepUMEHTaJIbHUX
IOoCiIKeHb 06y 0BaHO TEPMOKIHETUYHI JliarpamMu posnany aycteHity ctasni 15X2HM®A nis xapakTepHUAX
3BapIOBAJIbHUX IIBUIKOCTEN OXOJIOIPKEHHS, HA OCHOBI SIKMX €KCIIEPUMEHTAJIBHO MiATBEPAKEHO (POPMYBaHHS
6eiiHiTHO-MapTeHCUTHOI CTpyKTypu B 3TB crani 15X2HM®A nipu n1yroBomy HamsasjieHHi. Briepiie oTpumaHni
pe3yJIbTaTU MaTeMaTUYHOTO MOZEIOBAHHS 3A/IMIIKOBUX HANIPYKEHb 3 yPaXyBaHHSAM MiKPOCTPYKTYPHUX (pa30BUX
IIepeTBOPEHD Ta Bapiallii pe>KMMiB HallJIaBJIeHHs! i TapaMeTpiB TepMooOpoOKM Kopiycy peakropa BBEP-1000. B
MOPiBHSIHHI 3 iCHYIOUMMHU JAHUMU OCHOBHMMM BiIMiHHOCTSIMM, OTPUMAHUMU B PE€3YJIbTATi PO3PAXYHKY 3/INIIKOBUX
HaIpYyyKeHb I1iCJIs HallJIaBJIeHHS 1 TepMOOOPOOKY, SIBJISIOTHCS HEPIBHOMIPHICTS iX PO3IIOAiNY B IIOIIEPEYHOMY
HaNPSIMKY HallJIaBJIEHHS, [TOB'S3aHa 3 [1ePi0INYHICTIO HAKJIaJJaHHS BaJIMKiB, [JIMOIIA 30Ha HAIIPY>)KEHb PO3TATY,
0COO6JIMBO 17151 CTPIYKOBOTO HAIJIABJIEHHS, @ TAKOXK HASIBHICTh 30H 3JIMIIKOBUX HANPY>KeHb CTUCKY B 3TB
OCHOBHOTO Marepiay BHACJiIOK yTBOPEHHS 6E€MIHITHO-MapPTE€HCUTHOI MiKpOCTPYKTYpH. [1J151 IBOX Pi3HUX AiSTHOK
KP - nuningpuynoi yactunu KP ta BHYTpilIHbOI NoBepxHi naTpyokiB 1y850 3 rastessiMuy 3allpOIIOHOBAHO CIIPOILEHI
xapakTepHi posnoginu 3H micis onepaliii aHTUKOPO3iIHOTO HaIlJIaBJIEHHS Ta TEPMOOOPOOKHU 32 PEXKMMOM
BUCOKOTO BiZIITyCKy TPUBaJiCTIO BUTpUMKU 20 rog rnpu remneparypi 650°C. BCTaHOBJIEHO, 1110 BUKOPUCTAHHS
YTOYHEHHUX JAaHMX 10 PO3MO/iy 3aJMIIKOBUAX HAIIPY>KEHb 3 YPAXyBaHHIM MiKPOCTPYKTYPHUX (a30BUX
[IEPETBOPEHD [IPU aHTUKOPO3iTHOMY HaIIaBJIEHH] KopIlycy peakropa BBEP-1000 1o03BoJise 3HU3UTU KOHCEPBATHU3M
OLIiHKM OIIOPY KPMXKOMY PYWMHYBAHHIO IIPY aBAPilHUX CUTYALiSIX «TEPMOLIOK» [1JIs MiAHAIJIaBOYHUX TPIllUH,

0CO06JIMBO MaJIOi IMIMOUHY (H0 7 MM).

2. The thesis is devoted to the solving of the actual problem of determining residual stresses in the anticorrosive
cladding zones of reactor pressure vessel (RPV) WWER-1000, taking into account microstructural phase
transformations, as well as variations of technological parameters of the arc cladding and heat treatment. Based on
mathematical modeling, the microstructural composition and kinetics were determined during phase
transformations of steel ISH2NMFA (2.5Cr-Mo-V) at characteristic thermal cladding cycles for different parts of
the RPV - cylindrical, where automatic arc cladding under flux by strip electrodes is used, and the nozzle zone,
which is cladded by a manual arc method with coated electrodes. The calculation results showed that a bainite-
martensitic structure is formed in the heat affected zone (HAZ) of the base material of RPV during cladding. The
results of calculating of the microstructure with the experimental data of dilatometric analysis of austenite
decomposition during cooling and metallography of templates of ISH2NMFA (2.5Cr-Mo-V) steel were validated.
For the first time, by the results of experimental studies, thermokinetic diagrams (CCT diagrams) of the austenite
decomposition of 15 H2NMFA (2.5Cr-Mo-V) steel for characteristic welding cooling rates were constructed, on the
basis of which the formation of a bainite-martensitic structure in the HAZ of 15H2NMFA (2.5Cr-Mo-V) steel during
cladding was experimentally confirmed. For the first time, the results of mathematical modeling of residual
stresses taking into account microstructural phase transformations and variations of the cladding conditions and
heat treatment parameters of the RPV WWER-1000 were obtained. In comparison with the existing data, the main
differences of the calculated residual stresses after cladding and heat treatment are uneven distribution in the
transverse direction of the cladding due to the applying beads periodicity, a deeper zone of tensile residual
stresses, specially for the strip cladding, and the compressive residual stresses in the HAZ of the base material due
to the formation of a bainite-martensitic microstructure. For two different parts of the RPV - the cylindrical part of
the RPV and the inner surface of the DN850 nozzles simplified characteristic distributions of residual stresses after
operations of anticorrosive cladding and heat treatment according to the high tempering with a duration 20 hours
at a temperature of 650°C were proposed. It is established that the use of updated data on the distribution of
residual stresses taking into account microstructural phase transformations during anticorrosive cladding of the
RPV WWER-1000 allows to reduce the conservatism in evaluating of the resistance to brittle fracture in emergency
situations “pressurized thermal shock” for subclad cracks, specially with small depth (up to 7 mm).
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