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1. B YkpaiHi 6inbuicts enepro6sokis AEC tuny BBEP-1000 npauooTh y IOHA-TIPOEKTHOMY PEXKUMI.
OO6rpyHTYBaHHS [I0JIOBKEHHS PECYPCY KOHCTPYKLIMHUX eseMeHTiB peakropa BBEP-1000, Takux sSIK BHyTPilIHbO-
KopnycHi npuctpoi (BKIT), mpoBoAUTHCS 32 LOIIOMOI0I0 PO3PaxyHKOBUX METO/IiB, @ TOYHICTb PO3PaxyHKiB, 3a11J1s1
KOPEKTHOI OLiIHKU TepMiHy 0e3I1e4HOi eKCIIyaTallii eHepro6soKiB, IOBUHHA IIOCTIMHO MigBulyBaTucs. I1pu
IIOJIOBKEHHI pecypcy ekcrnyaTauii BKIT Hai6ibI CKIALHOIO i aKTyaJIbHOIO € MpobsieMa pafialliiHOro PO3MyxXaHHs
KOHCTPYKLiNHOI cTani 08X18H10T, 3 K0l BUTOTOBJIEHI KOHCTPYKLiMHI enemeHTH BKII. 30kpema yepes gerpaganito
MEXaHIYHUX BJIaCTUBOCTEN MaTepiasly Ta Iporpecydy popMo3MiHy, sKa 37e06i/bIIOr0 BUKIMKaHA padialliiHuM
PO3IIyXaHHSIM Ta IOB3Yy4iCTION. 3rilHO HOPMATUBHUX JOKYMEHTIB i Cy4yaCHHUX ySIBJIEHb MEXaHIKU PyMHYBaHHS NP1
PO3PaxyHKOBOMY OOI'PDYHTYBaHHI IIPOLOBKEHHSI PECYPCY BiflIOBiaJIbHUX KOHCTPYKUIAHUX eseMeHTiB AEC

HeOOXiJIHO BpaXxOBYBaTH 3aJIMIIKOBI HAIIPY>KEHHSI, I10B'sI3aHi 3 TEXHOJIOTi€0 BUTOTOBJIEHHS. 3a3BUyail, Ipu



PO3paxyHKOBOMY OOI'PyHTYBaHHi of10BXeHHs pecypcy BKIT BBEP-1000 3ainmKoBi HanpyKeHHS Micis
3BapIOBaHHS i HacTynHOi Tepmoo6po6ku (3TH) He BpaxoByIOTh, TaK SIK BBRKAETHCS, 110 iX piBEHb JOCUTb HU3BKUI Ta
He BImBae Ha HIC KOHCTPyKUi B LiiloMy. AKTyasIbHICTb [IpO6IeMU: BUTOPO/IKA i BHYTPILIHbO-KOPITyCHA LIaxTa
(LIIBK) € enemeHTaMy BHYTPIlIHbO-KOPHYyCHUX NpucTpois (BKII), 0 BU3HAYaI0Th Ta OOMEXYIOTh 3a/IMILIKOBUI
pecypc peakropis BBEP-1000 nipu nomoBXeHHi TEpMiHy eKcIuryaraliil. BIjinB 3a/1MIMKOBUX TEXHOJIOTIYHUX
Halpy>XeHb Ha pecypc enemeHTiB BKII panime He nociizkyBascs. METOIO NOCIIIKEHHS € TPOBEICHHS
PO3PaxyHKOBOI OLiHKM KiHETMKHU 3MiHU 3a30piB MixX BUropojkoro, IIIBK i TB3, a Tako>X MilJHOCTi (0IIOpPYy KPUXKOMY
PYVHYBaHHIO) BUTOPOJKU peakTopa BBEP-1000 3 ypaxyBaHHSIM 3aJIMIIKOBUX 3BapIOBAJIbHUX HAIIPY>KEHb 17151
OOIpYHTYBaHHS IIPOJIOBXXEHHS TePMiHy 6e3reyHoi ekcruyaTalii (o 60 pokiB) B yMOBax iHTEHCUBHOTO pafiialiliHOro
onpomiHeHHs. OG'€KTOM TOCTiIKeHHs € TepMoaedopMalliliHi TEXHOJIOTIYHi Ipoliecu BUTOTOBJIEHHS Ta
eKCIIIyaTanii B yMOBaxX iHTEHCMBHOIO pafialliiHOTO ONPOMiHEHHS €JIEMEHTIB KOHCTPYKLiM, 110 BUTOTOBJIEH] 3
aycreniTHoi crasni 08X18HIOT. [IpegMmeToM QOCIiIKEHHS BU3HaYe€HO pecypc Buropoaku Tta IIIBK peakropa BBEP-
1000 B npo1eci JOBrOCTPOKOBOI eKcIlyaTallii 10 60 pokiB B yMOBax pafialillHOro OIIPOMIHEHH 3 ypaXyBaHHIM
3aJIMIIKOBUX TEXHOJIOTIYHMX HAIIPYKEHb ITiCJIsl IPOLIECiB 3BaPIOBAHHS Ta TEPMOOOPOOKH, MTOB'SI3aHUX 3 TEXHOJIOTI€I0
3BapIOBAHHS i MiCJIA3BapPIOBAJIbHOI TEPMOOOPOOKHU. B mepmomMy po3zini pod0Ta MiCTUTh Pe3yJIbTaTH IIPOBEAEHOTO
QHAJITUYHOTO OIJIsIy CTaHy IPO6JIEMU MAaTEMAaTUYHOTO MOZEIOBAHHS HAIIPY>KEHO-1e(POPMOBAHOTO CTaHY
KOHCTPYKIiHUX eseMeHTiB obanHaHHs AEC i3 aycteHiTHoi crani tuny 08X18H10T iz yac TpuBasoi ekcIryaralii
3 ypaxyBaHHAM IIPOLECIB pafialiiHOro pO3MNyXaHH4 i paialiiiHOI I0B3y4YOCTi, BU3HAYEHHS 3aJIMIIKOBUX 3BAPHUX
HaIpY>XeHb B 30Hi 3BapHUX 3'€[IHAaHb BHYTPIlTHbOKOPIYCHUX NPUCTPOiB peakTopa BBEP-1000, penakcariii
3aJIMIIKOBUX HAINIPYXeHb IIPU TEPMOOOPOOLI, a TAKOK OIJISIAY PO3PaxyHKOBUX aJITOPUTMIB I10 OLIiHIIi OIIOPY
Kpuxkomy pyinysaHHI0 (OKP) i icHytouux pesysabraris 3 oniinku OKP y Buropopui maxtu peakropa BBEP-1000.
HaBeneHO OOGI'PYHTYBaHHS aKTyaJbHOCTI yTOUHEHOTO BU3HAYEHHS 3JIMIIKOBUX HAINIPY)KeHb B 30HI 3BapHUX 3'€JHAHD
BHYTPIITHbOKOPITyCHUX NPUCTPOIB peaktopa BBEP-1000. Y npyromy po3miji BUKJIaieHa METOIMKA OLiHKU PeCcypcy
6e3nevyHoi excrnyartauii enemenTis BKIT peakropa BBEP-1000 Ha ocHOBi BU3HaU€HHS HallpYy>XKeHO-1€(POPMOBAHOTO
CTaHy BHYTPIIHbOKOPIIYCHUX IIPUCTPOiB peakTopa BBEP-1000 mif yac BUTOTOBJIEHHS Ta [IOJAJIBLIOL €KCIITyaTanii i
PO3PaxyHKOBOI OLIIHKM iX KPMXKOI MILIHOCTI, Ta 3aIIpOIIOHOBAHO HOBI MiAgxoau A1 ouinky pecypcy BKIT BBEP-1000.
3aIporoHOBaHO HOBY METOJVKY BBEIE€HHS BXiIHUX JAHUX [1JI4 raMa-po3irpiBy Ta HAKOMMYEHOI MOMKOIKYI0YO0i
II031 3 BUKOPUCTaHHSIM IapaMeTPUYHUX PiBHsIHb. [IpoBesieHo anpobaliilo CyyaCHUX MOJieslell po3NyXaHHs. Y
TPETbOMY PO31iJi NpencrasieHi pesyiabrat gociuigxkenHs HIC BKII BBEP-1000 B mpoueci BUTOTOBJIEHHS Ta
MOJAJIbIIOI €KCILTyaTallii. 3a pe3ysbTaTaMy MaTEMaTUYHOTO MOJIE/IIOBAHHS 3aJINIIKOBUAX TEXHOJIOTIYHUX
HanpyeHb oTpumMati nosst HC nicisg 3BapioBaHHs Ta NOCIiAYy040i TepMO0OpOoOKU. BusHaueHo, 1o nif yac
nicss3BapoBabHOI TEPMOOOPOOKH 3a pexkuMoM aycTeHizauii (1100°C) 3BaproBajibHi 3a/IMIIKOBI HANPY>KEHHSI
PEJIaKCYIOTh, aJI€ 32 PAXyHOK BUCOKOI HEOLHOPIIHOCTI TEMIIEPATYPU 10 TOBIIVHI BUTOPOAKHU MiJl YaC OXOJIOIKEHHS
Ha TOBITPi YTBOPIOIOTLCS JOCUTh BUCOKI 3aJIMIIKOBI HANPY>KEHHsI. PO3IJIIHyTE IMTaHHS BUSHAYEHHS BILUIUBY
3aKPUTT 3a30py MK BUTOPOJKOIO Ta IIAXTOIO HA CTallioHapHE TEMIIEPYPHE I10J1€ BUTOPOJAKU. Y YeTBEPTOMY PO3Lii
IIpeJCTaBJIeHi Pe3yJIbTAaTH AOCIIIPKEHHS BIJIMBY 3JIMLIIKOBUX HAIPY>KeHb HA (popmyBaHHs HJIC BUTOpOAKM Mif, Yac
IOBrOCTPOKOBOI ekcrutyarauii enepro6soky BBEP-1000 o 60 pokiB 3 pi3HUM piBHEM HAKONMYEHOI [TOUIKOIKYYO0]
Io3u i Ha pecypc enemeHTiB BKII. BusHayeHo CyTTeBUii BIVIUB 3aJIMIIKOBUX TEXHOJIOTIYHMX HAIIPY>KEHb HA
pe3yJIbTaTU BU3HAYEHHS KoedillieHTa iIHTeHCMBHOCTI HanpyXeHb B BUropoui BKII, sik mpyu HOpMaJbHUX yMOBax
eKCIIyaTanii Tak i Ipu aBapiliHii CUTyallii, 1110 MOXKe BILJINH

2. In Ukraine, most power units of nuclear power plants of the WWER-1000 type operate in an above-design mode.
The substantiation of the extension of the resource of the structural elements of the WWER-1000 reactor, such as
the Internal Components (IC), is carried out using calculation methods, and the accuracy of the calculations, in
order to correctly estimate the period of safe operation of the power units, must be constantly increased. When
extending the service life of the IC, the most difficult and urgent problem is the radiation swelling of structural
steel 08H18N10T (AISI 316), from which the structural elements of the IC are made. In particular, due to the
degradation of the mechanical properties of the material and progressive deformation, which is mostly caused by
radiation swelling and creep. According to regulatory documents and modern concepts of fracture mechanics,



when calculating the substantiation of the extension of the resource of the responsible structural elements of the
nuclear power plant, it is necessary to take into account the residual stresses associated with the manufacturing
technology. Usually, when calculating the substantiation of the life extension of IC, the residual stresses after
welding and subsequent heat treatment are not taken into account, as it is considered that their level is quite low
and does not affect the stress-strain state (SSS) of the structure as a whole. The relevance of the problem: the
baffle and the barrel are elements of the IC that determine and limit the residual resource of the WWER-1000
reactors when the service life is extended. The influence of residual technological stresses on the life of the
elements of the IC has not been investigated before. The purpose of the investigate is to carry out a calculated
assessment of the kinetics of changes in the clearances between the baffle, barrel and fuel cells, as well as the
strength (resistance to brittle failure) of the baffle of the WWER-1000 reactor, taking into account the residual
welding stresses to substantiate the extension of the period of safe operation (up to 60 years) under conditions of
intense radiation exposure . The object of the investigation is the thermo-deformation technological processes of
manufacturing and operation in conditions of intense radiation exposure of structural elements made of austenitic
steel 08H18N10T (AISI 316). The subject of the study is the determination of the resource of the baffle and the
barrel of the WWER-1000 reactor during long-term operation of up to 60 years under conditions of radiation
exposure, taking into account the residual technological stresses after the welding and heat treatment processes
associated with the technology of welding and post-weld heat treatment.
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