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Pedepar:

1. lucepTaliis mpucBsyeHa po3pooili MeTO0I0Ti], Ika Ha OCHOBI IeTEPMiHICTUYHOI OI[iHKU JJ03BOJIsIE BU3HAYUTHU
3anacu 6e3rneKy, piBeHb 6e3neKu sk eHeprodsoka AEC B oMy, Tak i Ko>)XHOro ¢isu4Horo 6ap'epy 6esneku, Ta
371aTHA BUPIIIyBaTU NUTaHHS QyHIAMEHTAIbHOIO IPUHIUITY 6€3M1eKU 3 ONTUMi3allii 3aXMCTY SIK CAMOCTIIHO, TaK i1 y
CKJIaJi MigXo4y iHTerpajbHOro pU3UK-iHPOPMOBAHOTO IIPUMHSTTS pillleHb. B SIKOCTi iHCTPYMEHTY JleTepMiHiCTUYHO]
OIIiHKM 3araciB 6€3MeKU 3aIIPOIIOHOBAHO BUKOPUCTOBYBATH AHai3 NpOeKTHUX aBapiil (AT1A), sskuil e
3arajibHOBU3HAHMM MiIXOJOM IIPU IPOEKTYBAHHI 1 OOTPYHTYBaHHI 6€3[1€KM PEaKTOPHUX YCTaHOBOK, MA€ CTaly
OJJHO3HA4YHY METOJ0JIOTII0, IPOLENypy i IPAKTUKY BXXMUBaHHS. [I71s1 NPOBEIEHHS PO3PaxyHKiB B pamkax AlTA
po3pobieHi Bepu@ikaliliHi Ta BasifoBaHi po3paxyHKOBI TeIJIOripaBiliuHi, HEUTPOHHO-(i3NYHI Ta MiLlHICHI
IIpOrpaMHi KOMIUIEKCH 3 BEJIMKUM JOCBiIOM ix 3acTocyBaHHS. lII1SIXOM pO3paxyHKiB Ha OCHOBi KOHCEPBAaTUBHOIO
mizxody B paMKax aHajli3y IPOEKTHUX aBapiil BU3HAYA€eThCs (PAKT MOPYIIEHHS 260 HENOPYIIEHHS TaK 3BaHUX

KpUTEPiiB NPUIHATHOCTI, sIKi BcTaHOBJeHi B [IpoekTi AEC Ta HOpMax, IpaBuJax i CTaHAAPTax 3 SIIEPHOI Ta



pagiauiiiHoi 6e3nexu. Y gucepTauiiiHiil po6oTi 3aIIPOIIOHOBAHO HE 0OMEKYBATUCh SK B ATTA (hakTOM MOpPYyLIEHHS
abo HeropylleHHs! KpUTEPIiB MPUIHITHOCTI, a HTHU [ajli — YUCEJIbHO OLiHUTH Pi3HULII0 MiXK KpUTEpieM
IIPUMHSATHOCTI i pO3paXxyHKOBUM 3HAY€HHSM BiJ[IOBiIHOrO IapaMeTpa, TOOTO OLiHUTH 3aIlac, sIKUil Ha3UBAETHCS
3anac 6e3neky. OCKiNIbKY KpUTEPii NPUIHSATHOCTI MalOTh Pi3Hy (Pisn4Hy IpUPOAY, OAUHULI BUMIpY i YMCebHi
3HAYEHHS, TO JIJIs1 TOTO, 06 6yJIa MOKJIMBICTh IPOBOAUTH ITOPIBHAJIBHUN aHAaJIi3 3araciB 6e31eKu, 3alpoIIOHOBaHO
IepeBecTH ix B 6e3po3MipHYy GOpPMY IIJISIXOM BiJHECEHHS] BCTAHOBJIEHOTO PO3PaxXyHKOBUM IIJISIXOM 3HAYEHHS
3aracy [0 KpUTepilo NPUMHATHOCTI 0 CaMOro KpUTEPilo NPUIHATHOCTI. OTpuMaHe TaKMM YMHOM 4YMCeJIbHE
3HA4YEHHS € 6e3p03MipHUM JediluToM 6e3MeKH, a Pi3HULSI MK KpUTEPieM MPUIHSATHOCTI, IEPEBEIEHNUM B
6e3po3mipHy hopmy, i gediuutom 6esnexu 6yze 6€3po3MipHUM 3artacom 6esneku. Takuil migxin 3abesneyrs
MO>SKJIMBICTb OLIHUTHU [1J151 KOSKHOI BUXinHOi moAii nedinutu 6e3neku AJisi KOKHOTO KPUTEPilo MPUMHATHOCTI.
BBenleHHS IOHSTh CEPENHBOTO Ta IHTETPaIbHOrO 3HAUYEHHS AeDillUTy 6€3MeKU T03BOJINIIO PO3MUPUTU MOKIMBOCTI
NIOPIiBHSJIHOTO aHasli3y MDK Pi3HMMU BUXiTHUMU MOLISIMU, KPUTEPiIMU NPUMHATHOCTI, Qi3nYHMMU 6ap'epamu
6esneku Ta eHepro6aokamu AEC. TakoK, [1J1s1 KOKHOTO KPUTEPIlo MPUIHSATHOCTI 3aITPONIOHOBAaHO BCTaHOBUTHU 10%
30HY B SIKOCTi A€TEPMIiHICTMYHOrO KpUTEPilo 6€31e€KU i BBECTH M10r0 B HOPMHU, IIPaBuUJa i CTaHAAPTHU 3 SIAE€PHOi Ta
pagianiiiHoi 6e3nexu. SIKIo po3paxyHKOBe 3Ha4eHHs IediuuTy 6e3eKu NoTpaIise B 1aHy 30HY, 3a[IPOIIOHOBAHO
BBECTU YaCOBe OOMEKEHHS eKCIlTyaTallil siiepHoi YCTaHOBKY i BU3HATH HEOOXiHICTh peasisaliii opraHizanifiHo-
TEXHIYHUX 3aXO[liB, HAIIpaBJIEHUX Ha 3HWKEHHS BUsBJIEHOro nedinuTy 6e3neku. Jediuutu 6e3nexy, 1o
BioOpakeHi rpapiuHo, 10 BiHOLEHHIO 40 BUXiJHUX MOAi, KPUTEPiiB MPUIHATHOCTI Ta Pi3nyHUX 6ap'epiB
6esnexy GOpMyIOTb HAOYHUI TPOPinb 6e3MeKH, BKa3yloTh Ha OPYLIEHHS JeTePMiHICTUYHOrO KPUTEPito 6e3MeKu
Ta I10Ka3yloTh Ha BEJIMYMHY BilXUJIEHHS KO>KHOTO fedinuTy 6e3eKU Bif cepeJHbOro 3HaueHHs. Lle no3BoJise
BUSBUTH SK AeiluTy 6e31eKy, Tak i HaJJIMIIKOBI 3anacu 6e3neku. [lepue popmye Nopsigok 3aXoAiB Mo10
nipBumenHs 6e3neku AEC, Toni K apyre — 3aBOaHHS 3 OIITUMI3allii 3aXKCTy, TOOTO PO3POOUTH 3aX04H, SIKi
IO3BOJISIIOTh CKOPOTUTH BUTPATH Ha 3abe3neyeHHs HaniiiHoi i 6e3nevHoi ekcrutyarauii AEC, a Takoxk 3a6e3MneynTu
HiATPUMKY BUCOKOTO JIOCSATHYTOT'O PiBHS 06€3I1€KU NPU JesIKOMY JOMyCTUMOMY i KOHTPOJIbOBAHOMY 30i/blIeHH]
oedinuTy 6e3neku. BupimeHHs NepIoro i Apyroro 3aBAaHb CKIala€ OCHOBY KepyBaHHSI 3allacamMu 6e3IeKU.
Mertoposiorisa Mae 3aCTOCYBaHHS Ha MPAKTULLi, BUKOPUCTOBYIOUM PE3yJIbTaTU AHAJII3y IPOEKTHUX aBapii
eHepro6soka N25 3anopizbkoi AEC. Po3paxoBaHi nedinuty 6e3neku 115 KO>KHOI BUXiIHOI Nofii Ta no6yoBaHi
BiANoOBigHI npo@ii nedinuTty 6e3nexku 1151 KOKHOIO KpUTEPilo NPUMHATHOCTI. B pe3ysbTaTi BUSBIEHO MOPYILIEHHS
IeTePMiHICTUYHOrO KpUTEPil0 6e3MeKN /1J11 KpUTEPiiB IPUNHATHOCTI 32 TUCKOM 11 2 KOHTYPIB Ta TepMOOGOJIOHKMU.
3pobieHa oLiHKa 0OMEXKEeHHs 32 TPUBAJICTIO eKCITyaTalii 6J10Ky IJ1s1 KOSKHOTO 3 1edilrTiB 6e3neKu.
3anpornoHOBaHO 3axif, 1010 MifBUIIEHHS 0e3l1eKU B YaCTUHI TUCKY 11 2 KOHTYpiB Ipu aBapisix i NOpylIeHHsIX
HOPMAJIbHOI €KCIlIyaTaljii Ta MIIIXOM PO3PaxyHKIB 3a JOIIOMOIOIO TEIJIOTiLPaBIiYHOIO KOMIT'IOTEPHOIO KOLY
Relap5 Mod3.2 3po6sieHa ouiHKa epeKTUBHOCTI 3aX0/ly i I0Ka3aHo 3HMWXKeHHs gedinuTis 6e3nexu. Takox, Ha
IIpaKkTHLi [I0Ka3aHi HaIJIMIIKOBI 3aracu 6e3neKy i 3alIpoIIOHOBaHI IIJISIXY X YCYHEHHS 171 ONTuMizalii BUTparT Ha
niAXoy iHTErpajJibHOrO pU3MK-iH(POPMOBAHOTIO IPUIMHSATTS pillleHb. MeTO0JI0Tisl pEKOMEHA0BaHa ISl
3aCTOCYBaHHS y PETYJIOI0UIN HisbHOCTI, Ipu npoekTyBaHHi AEC Ta ekcruyartauii AEC, Hanpukan, npu
onTHUMi3allii TeXHIYHNUX 0OCIyrOBYBaHb i PEMOHTIB CUCTEM 0€3IeKU Ta iX BUKOHAHHI Ha eHepro6JIoli, o IIpaloe Ha

MIOTY>KHOCTI.

2. Thesis provides methodology that on a basis of deterministic approach allows evaluate safety margins and safety
level as for Nuclear Power Plant, so for each physical safety barrier as well as is capable to satisfy provisions of the
fundamental safety principle - “Optimization of Protection”. These could be performed by independent
implementation of the methodology or in the framework of Integrated Risk-Informed Decision Making approach.
As a tool for deterministic approach and safety margins calculation the Design Basis Accident Analysis was applied
since, it is world widely used during NPP designing and safety justification. It has widely recognized and
sustainable methodology, procedure and experience of application. Verified and validated computer codes for
thermohydraulic, neutron physics and strength analysis are developed and applied for a long time. The main
objective of DBA analysis is to demonstrate based on conservative approach exceeding or non-exceeding of so



called acceptance criteria that are established in the NPP design or in the norms, rules and standards on nuclear
and radiation safety. In the theses it is proposed do not limit the research by the fact of exceeding or non-
exceeding of acceptance criteria. It is proposed to develop the research further - to calculate differences between
the acceptance criteria and calculated value that is to evaluate the margin or other words - safety margin. Since,
acceptance criteria have different physical background, units and numerical values it is proposed to transform
them into dimensionless form by dividing value of corresponded calculated parameter on value of acceptance
criterion in order to establish the basis for the possibility of comparative analysis. The result of ratio is the
dimensionless safety deficit while difference between the dimensionless acceptance criterion (that is always equal
to 1) and safety deficit is the dimensionless safety margin. Such an approach allows evaluate for each initiating
event (transient or anticipated accident) the safety deficits for each acceptance criterion. Introduction of the
average and integrated safety deficit makes possible to perform comparative analysis between different initiating
events, acceptance criteria, physical protection barriers and types of nuclear reactors. Also, it is proposed to
establish for each acceptance criterion a 10% zone (corresponds to 0.9 value limiting safety deficit) as a
deterministic safety criterion and apply it in the norms, rules and standards on nuclear and radiation safety. If
calculated value of safety deficit is within this zone than it is propose to use time limitation and recognize
necessity to develop and apply safety measures of decrease of a safety deficit. Graphical representation of safety
deficits evaluated for the initiating events, acceptance criteria, physical protection barriers reflects the safety
profile and demonstrate violation of the deterministic safety criterion and deviation from the average value of
safety deficit. This allows reveal as safety deficiencies so excessive safety margins. If the first one requires
development of the corresponded safety measures then the second one - establishes the basis on implementation
of “Optimization of protection” fundamental safety principle and develop measures aimed on decrease of expenses
on reliable and safe NPP operation along with keeping established high level of safety. Process of the achievement
of the both purposes establishes basis of the safety margin management. The proposed methodology was applied
for Design Basis Accident Analysis of Zaporizhzhya NPP unit 5. Safety deficits were evaluated for each initiating
event and corresponded safety profiles were draw for each acceptance criterion. As a result, the violation of
acceptance criteria on primary, secondary and containment pressure were revealed. Limitations on term of plant
operation were evaluated for each of the safety deficit. Safety measure on decrease of safety deficit for primary
and secondary side pressure in case of the transients and postulated accidents was proposed. RELAP5 Mod3.2 was
used to perform calculation analysis to evaluate safety measure effectiveness and to demonstrate decrease of
safety deficit. Also, excessive safety margins were revealed and ways on optimization of operational expenses were
proposed. Methods for independent application and application as part of the IRIDM approach were developed.
Methodology is recommended for usage in regulatory activity, during the NPP designing and operation, and, for
optimization of the safety systems maintenance and repair activity and its fulfillment on operating at power
reactor.
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