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1. Y po6oTi npoBeieHO pU3NK-OPi€HTOBAaHMI aHAaJli3 BIVIMBY €KCTPEMaJIbHUX YMOB €KCILTyaTallii eHeproyCTaHOBOK
Ha HaJiHICTb CUCTEMU PETYJIIOBAHHS TUCKY B 00'eMi naporeneparopis (CP I1I'). Hacnigkamu Bigmosu CPI IIT B
€KCTPEMaJIbHUX YMOBAxX MOe OyTH aBapiiiHi cuTyalii 3 KpUTUYHMMU NTOIIKOAKEHHSIMU 00JIaIHAHHS
€HEProyCTaHOBOK. Ha MificTaBi pU3MK-OpPi€HTOBAaHOTO aHajli3y BCTAHOBJIEHO: - y Pa3i IOCTYJIbOBAHOI BiIMOBH BCix
CHCTEM 3HWKEHHS TUCKY y NoBKiuis (BPY-A) cymapha 6a3zoBa iiMmoBipHicTs Bigmosu CPJI T1I" 3pocTtae y 740 pasis; -
Haiibinbil 3Ha4HUH BIIMB BinMoB BPY-A Ha IMOBipHiCHI TOKa3HMUKYU HATiHHOCTiI EHEPrOyCTaHOBOK BCTAHOBJIEHI 1151
IPyI aBapiil 3 MDKKOHTYPHUMHU T€YaMH y TIaPOT€HEPAToOpax; - B yMOBAX aBapiil 3 MDKKOHTYDHUMH T€YaMU Y
naporeHeparopax eHeproyctaHoBok (EY) Moxke 6yTu HekBasiikoBaHi eKCIlyaTalliilHUMY BUITPOOYBaHHSIMU
PeXMMU NapOBOMSIHOL /BOASAHOI Teui y BPY-A; - HeLoCTaTHbO OGI'PYHTOBAHO BPAxOBYETHCS BILIMB HAa HAIHICThb
€HEeproyCcTaHOBOK eKCTPEeMaJIbHUX YMOB eKCIUTyaTallii 3 mafgiHHsAM BelnKuX,/ BUOyXOHe6e3IeYHNX 00'eKTIiB Ta

Cy4YaCHUX pe3yJbTaTiB PeaJIbHOTO CTaHy CEeHCMiYHOi- Ta cMepueHebe3eKku paiioHiB po3TamyBaHHs EY Vkpainu.



[IpoBeneHuil NOPiBHANBLHUI aHasli3 pe3yJIbTaTiB IPOEKTHOI Ta YOCKOHANeHOi KBasidikauii HagiftHocTi BPY-A
CepifHOTrO eHepro6JIOKy B eKCTPeMaIbHIUX YMOBAX €KCIIyaTallii BCTAHOBUB: -~ FPAHUYHO JOIyCTUMUIN CeICMIUHM
BIIMB Ha BPY-A piBH# 7 6aniB 3a mKasnowo MSK; - rpaHUYHO [ONyCTUMUM TUHaMiuyHMi BriuB Ha BPY-A BHacigok
NaJiHHS BEJIMKUX /BUOYXOHE6Ee3NeYHNX 00'€KTiB €KBiBaJIEHTHE YMOBaM 3eMJIETPYCy piBH: 7 6asiB. Po3pobiaeHo
MeTOJ afianTallii pe3yJbTaTiB eKCllepUMeHTanbHOi KBatidikauii HagifiHocTi BPY-A y pexxumax nBo¢pa3HOro noToky
Ha MOJI€JIbHUX YCTAaHOBKAX [0 YMOB aBapill 3 MDKKOHTYPHMMM Te€4aMU y aporeHeparopax EY Ha 0CHOBI
imeHTUYHOCTI KpUTepiiB TepMoaHaMiYHOI moAibHoCTI. Ha mifcTaBi BCTaHOBIEHUX KPUTEPIiiB MPOBEAEHO aHasli3
Pe3yJIbTaTiB eKCIIEPMMEHTAIbHOI KBasti(ikalii HaNiMHOCTI 3aKPUTTS KJlanaHiB BPY-A y pexxumax go¢pasHux
IIOTOKIB, OTPMMaHUX y MOJesibHil ycTaHoBLi FRAMATOM, Ta BCTaHOBJIEHO HEOCTATHIO OOI'PYHTOBAHICTh LIUX
Pe3yJIbTaTiB 1010 IPAKTUYHOTO BIIPOBAIKEHHS. PO3PO6JIEHO I€TEPMIHICTUYHUI METO, PO3PaXyHKOBO-
€KCIIEPMMEHTAaIbHOI KBasidikauii HafilHoCTi 3akpUTTa BPY-A B pexXumMax NapoBOASIHOTO /BOJSIHOTO IOTOKY. Ha
nizcrasi po3po6JIeHOr0 METOY FOJIOBHI PE3yJIbTaTH PO3PAaXyHKOBO-EKCILIyaTaliliHoi KBamidikauii HagiltHoOCTi
3aKpUTTS 2-x Mopudikaniil KoHcTpyKuiil BPY-A EY nossiraloTs y HaCTyIIHOMY: - BCTaHOBJIeHI yMOBH KBastidikariii
BMKOHYIOTbCS Y BCbOMY Jlialla30Hi IapOyTpHUMaHb [1I0TOKY Ha BXO[li B IPOTOYHY 30HY KJIAallaHa Ta IPOMDKHOTO
MIOJIOKEHHS LITOKA B MPOLIECi 3aKPUTTS KJallaHa; - BCTAHOBJIEHUMM YMOBaM KBasliikallii He Bif[loBifae pesxum
01HO(A3HOTO NOTOKY BOAM HA BXO[li B IPOTOYHY 30HY KJlanaHa 3 Temrieparypoto meHue 373 K. [IposegeHo
KOHCEPBATUBHUM aHaJIi3 HalliMHOCTI 3aKpUTTS KiamnaHiB bPY-A B ymoBax MakCHMaJbHUX IiIpOIMHAMIYHUX
HABaHTaX€Hb Ha IITOK 04HO(pA3HOr0 BOGHOTO IIOTOKY 3 TEMIIepaTypolo meHue 373 K. B peaysbTaTi NpoBeneHoro
aHaJIi3y BCTaHOBJIEHO JOCTATHIO HAMIMHICTL 3aKPUTTS KJIAIlaHiB Ha BCiX eTalax pyxy WITOKA - BiJ MOMEHTY IIOBHOTO

BIIKpUTTS IPOXiAHOTrO NEepepidy KilarnaHa 10 MOMEHTY 3aKPUTTSL.

2. Arisk-based analysis has been carried out to assess the impact of extreme operating conditions at power plants
on the reliability of the steam generator pressure regulation system (SGPRS). Failure of the SGPRS under extreme
conditions could lead to accidents resulting in critical damage to power plant equipment. Based on the risk-
oriented analysis, the following has been established: - in the event of a postulated failure of all ambient pressure
relief systems (BRU-A), the total baseline probability of PGPRS failure increases by a factor of 740; - the most
significant impact of BRU-A failures on the reliability probability indices of power plants has been established for
accident groups involving inter-loop leaks in steam generators; - in the event of accidents involving out-of-
contour leaks in the steam generators of power plants, the steam-water /water leak modes in the BRU-A may not
be adequately assessed by operational tests; - the impact on the reliability of power plants of extreme operating
conditions involving the fall of large /explosive objects, and the latest findings regarding the actual seismic and
tornado hazard levels in the regions where Ukraine’s power units are located, are not sufficiently taken into
account. A comparative analysis of the results of the design and improved reliability qualification of the BRU-A of a
serial power unit under extreme operating conditions has established: - the maximum permissible seismic impact
on the BRU-A is 7 points on the MSK scale; - the maximum permissible dynamic impact on the BRU-A resulting
from the fall of large /explosive objects is equivalent to the conditions of a magnitude 7 earthquake. A method has
been developed for adapting the results of experimental reliability qualification of the BRU-A in two-phase flow
regimes on test benches to accident conditions involving out-of-loop leaks in steam generators of nuclear power
plants, based on the identity of thermodynamic similarity criteria. Based on the established criteria, an analysis
was carried out of the results of the experimental reliability qualification of BRU-A valve closure in two-phase flow
regimes, obtained on the FRAMATOM model facility, and it was established that these results lack sufficient
justification for practical implementation. A deterministic method for the computational and experimental
qualification of the reliability of BRU-A closure in steam-water /water flow regimes has been developed. Based on
the developed method, the main results of the computational and operational reliability qualification of the closure
of two modifications of the BRU-A EU designs are as follows: - the established qualification conditions are met
across the entire range of steam content in the flow at the valve inlet and the intermediate position of the stem
during valve closure; - the single-phase water flow regime at the valve flow zone inlet with a temperature below
373 K does not meet the established qualification conditions; A conservative reliability analysis of BRU-A valve
closure has been carried out under conditions of maximum hydrodynamic loads on the stem from a single-phase



water flow with a temperature below 373 K. The analysis carried out has established that the valves close reliably at
all stages of the stem’s movement - from the moment the valve’s flow passage is fully open until it closes
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