AHOTALIIS

O. Bepinos Metou 1 cTpaterii IulaHyBaHHs BUIIPOOYBaHb CUCTEM, BaXKIIUBUX
Tt O€3MeKH SIEPHUX EHEProyCTAaHOBOK, Y MICISIPOEKTHI CTPOKU €KCIUTyaTallii. —
KBamidikamiitHa HayKoBa mpalis Ha IpaBax pyKOIUCY.

Hucepraitis Ha 3700yTTS HAyKOBOTO CTyIleHs JokTtopa ¢utocodii 3a
cnemianpHicTiO 143 AToMHa enepreTuka. — Hamionaneuuit yHiBepcutet «Omechka
noJiiTexHika» MiHicTepcTBa OCBITU 1 Hayku YKkpainu, Oneca, Ykpaina, 2025.

bararopiunuii 10CBi €KCILTyaTallii CUCTEM, BAXJIMBUX IS OC3MEKH S/IEPHUX
eneproycranoBok 3 BBEP-1000, Bu3Hauae He0OX1IHICTh NEPETIISAAY PErJIAMEHTHUX
(MpOEKTHUX) CTpaTerii IIaHOBUX BHUIIPOOYBaHb Ta PEMOHTY Yy IMICISMPOEKTHI
CTPOKH €KCIUTyaTallii 3 TAKHX OCHOBHHX MPUYHH.

1. PernameHTOBaHa HOPMATHMBHOIO Ta EKCIUTYaTalifHOIO JOKYMEHTAIl1€l0
NEePIOJIMYHICTh TUTAHOBHX BHUIIPOOYBaHb Ta PEMOHTY CHUCTEM, BaXJIUBUX JJIS
Oe3neKr, Yy TMPOEKTHI CTPOKM EKCIUTyaTallli BCTAHOBJIEHA HEJOCTaTHHO
OOTpYHTOBaHO, 0€3 ypaxyBaHHs pe3yJIbTaTiB MPOBEJACHHS IJIAHOBUX BUMPOOYBaHb
Ta PEMOHTY Ta MOTOYHUX MOKA3HUKIB HAIIMHOCTI.

2. YV TNICAANpPOEKTHI CTPOKM eKCIUTyaTallii SACpPHUX EHEproycTaHOBOK
CTparerii MJIaHOBUX BHUMPOOYBaHb Ta PEMOHTY CHUCTEM, BAKJIMBUX MJIs OE3IEKH,
NOBUMHHI BPAaXOBYBaTHM E€KCIUTyaTallWHUW JOCBI MPOBEAEHHS IJIAHOBUX
BUNPOOYBAaHb Ta PEMOHTY Y MPOEKTHI CTPOKU €KCILTyaTallii, a TAaKOX 3aJIUIITKOBUN
pecypc  IMOA0  HAMIMHOCTI  BUKOHAHHA  (PYHKIIM  Oe3meku  BHACIIIOK
0e3mocepeIHbOTO BIUIMBY ITUTAHOBUX BHIIPOOYyBaHb Ta PEMOHTY Ha TIPOIECH
CTapiHHs/aerpaaanii o0ma HaHHI/KOHCTPYKIINA CUCTEM, BaXKIIMBUX IS Oe3rneku (y
TOMY YHCJIi 1 HEHABMHUCHI IOMUJIKOBI JIiT TIEPCOHATY).

Henoniku TpaaumiiHux miaxo/iB 1 METO/IIB 3MIHU MPOEKTHOI MEP10IUYHOCTI
MJIAHOBUX BUTIPOOYBaHb Ta PEMOHTY CHUCTEM, BOKIIUBUX JUIsl OE3MEKH, 3aCHOBAHUX
Ha pe3yJjbTaTax IMOBIPHICHOTO aHai3y O€3MEeKH, MOJATaloTh y NPHUITYIIEHHSIX

MO>KJIMBOCTI 3HIDKCHHS 3arajJibHOTO pIBHS O€3MEKH, a TaKOXK HEONTHUMAaTbHOCTI



TEXHIYHUX PIIIeHb II0JI0 3MIHM IUIAHOBUX BUIPOOYBaHb Ta PEMOHTY Yy (dopmarti
«be3meka — epeKTUBHICTh €KCIUTyaTallii).

AKTyalnbHICTh TEMH IUCEPTALlii MOJIATAE y PO3POOIIl aTbTePHATUBHUX PU3HK-
OpPIEHTOBaHUX METOJIB ONTHUMI3allii CTPATETiil IUIAHOBUX BUIIPOOYBaHb Ta PEMOHTY
CHCTEM, BAKJIUBUX Js1 O€3MEKH SACPHUX CEHEProyCTAHOBOK, y MICISIMPOEKTHI
CTPOKHM €KCIUTyaTallii, 3aCHOBaHMX Ha MiHIMI3alii WMOBIPHOCTI KPUTHYHUX MIJIs
O€3IeKr BIAMOB/TIOPYIIIEHB 3 YpaXyBaHHSAM JIOCBIAY €KCILTyaTallli Ta 3aJUIITKOBOTO
pecypcy 3a HaJIHHICTIO HA MOMEHT 3aKiHYEHHS IMPOEKTHOTO CTPOKY EKCILTyaTallii.
AKTyalbHICTh IUX MUTaHb BU3HAYAE I[1J11 Ta 3aBJaHHS POOOTH.

Meta paHoi poOOTHM — pO3pOOUTH Ta 3aCTOCYBAaTH Ha MPAKTULI PHU3UK-
OpIEHTOBaHI METOJM ONTUMI3alli CTpaTeriil IJIAaHOBUX BHUIPOOYBAHb T4 PEMOHTY
CUCTEM, BAXKJIUBUX JJIs1 O€3MEKH SACPHUX EHEPrOyCTAHOBOK, y MICISIMPOEKTHI
CTPOKH EKCIUTyaTarlii.

JIoCSITHEHHsI 3a3HAYeHOI METH 3a0e3NeuyeThCsl BUPIMICHHSIM HACTyITHUX
3ajad.

1. IlpoBect aHai3 ONTUMAIBHOCTI BIIOMHUX CTpPATETid MiJBUILICHHS
0e3mnekn/ epeKTUBHOCTI eKCIUTyaTallli IepHUX €HeProyCTaHOBOK.

2. Po3poOuTtu pu3MK-OpiEHTOBAHI METOJIM ONTUMI3ALl CTpATET1H MIAHOBUX
BUMIPOOYBaHh Ta PEMOHTY CHUCTEM, BXKJIMBUX s O€3MeKu  SIepHHUX
€HEProyCTaHOBOK, Y MICISTIPOEKTHI CTPOKHU €KCIUTyaTallii, 3aCHOBaH1 Ha MiHIM13aIlil
AMOBIPDHOCTI ~KPUTHYHMX [JIsi O€3MEeKH BIAMOB/TIOPYLIEHb Ta 3arajJbHHUX
IMOBIPHICHUX TTOKa3HHUKaX 0€3MeKU aTOMHUX €HEProOJIOKiB.

3. Ha ocHOBI po3po0iieHUX PpPU3UK-OPIEHTOBAHMUX METOIIB BU3HAYHUTH
ONITUMAaJIbHI CTpATETii MIIAHOBUX BUIIPOOYBAaHb Ta PEMOHTY CHUCTEM, BAXKIMBUX JIJISI
oesneku simepHUX eHeproyctanoBok 3 BBEP-1000, y micasmpoeKkTHI CTpPOKHU
eKCIUTyaTallii.

HaykxoBa HOBH3HA pOOOTH MOJISITae y HACTYITHOMY.

1. PusuK-Opi€eHTOBaHWN METOJ ONTHUMI3allli TEPIOJUYHOCTI TIJIAHOBUX

BUNPOOYBAHb AKTUBHUX CUCTEM O€3MEKHU 3 YpaxyBaHHSIM CTOXAaCTUYHHMX MPOLECIB



HAKOIMWYEHHS KPUTUYHUX ISl O€3MEeKH B1IMOB/MIOPYILIEHD Ta 3aJUIIIKOBOTO PECYpPCY
3a HaJIIHHICTIO HA MOMEHT MPOJIOBXKEHHS €KCIUTyaTaIlli.

2. Pusuk-opi€eHTOBaHI METOAM ONTHUMI3AIlll CTpaTerii  IJIaHOBHX
BUMPOOYBaHb Ta PEMOHTY CHUCTEM, BaXKIMBUX Ui O€3MeKu  SACpPHHUX
CHeproyCTaHOBOK, 3 YpaxyBaHHSM CTOXaCTUYHHUX IMPOLECIB HAKOMWYCHHS
KPUTHUYHUX 711 O€3MeKd BIIMOB/MOPYILIECHb, HEHAaBMHUCHUX TMOMUJIKOBUX i
PEMOHTHOrO MEPCOHANy Ta 3aJMIIKOBOTO PECypcy 3a HaJIWHICTIO HA MOMEHT
MPOJOBKEHHS €KCIUTyaTallii.

3. PusuK-opieHTOBAaHUN METO] ONTUMI3AIIIl MEePIOAUYHOCTI BUMPOOYBaHb HA
TepPMETHYHICTh CUCTEM IepMO00'eMy SIIEPHUX E€HEProyCTaHOBOK 3 YpaxXyBaHHSIM
EKCIUTyaTallliHUX JaHUX 3a BEJIMYMHOI0 BHUTOKIB Ta 3aJUIIKOBOIO PECYpCy 3a
HAJIUHICTIO KPUTUYHUX JJIs1 OE3IMEKH E€JEMEHTIB CUCTEMH TepMOoo0'eMy SIEpPHOI
C€HEPrOyCTaHOBKH.

IIpakTHyHa HiHHiCTB. PO3p00IIeHI pU3UK-OPIEHTOBAHI METO/IM Ta MPAKTHUYHI
pe3ynbTatd  poOOTH MOXKYTh OyTH BHKOPUCTaHI EKCIUTyaTYIOuOIO SIJEpHI
CHEPrOyCTAaHOBKM Ta pETYyJIOIUOI0 SIEpHY O€3MeKy Opra”izamisiMu Jjis
OOTpyHTYBaHHS TEXHIYHUX PIIIEHb MO0 ONTHMI3aIlli CTpaTerii IUIaHOBUX
BUMNPOOYBaHb Ta PEMOHTY CUCTEM, BAXKIMBUX JJISI O€3MEKH Y MICISAIPOEKTHI CTPOKU
eKCIUTyaTallii.

Pesynbratn pobotu Bukopuctani y kepiBHux mokymentax J[II HAEK
«Eneproatom» 3a HOpMaTHBaMH TPUBAJOCTI IUIAHOBO-MOTEPEHKYyBaIbHIX
PEMOHTIB Ta MEPIOJUYHOCTI BUNMPOOYBaHb SEPHUX eHeproycraHoBok 3 BBEP-
1000.

HaitnpioputetHime 3HaYyeHHs JJi1 MiABUIIEHHA €(QEKTUBHOCTI  Ta
ONTUMAIBHOCTI EKCIUTyaTallii SJIepHUX EHEProyCTaHOBOK Ma€ CTpaTeris 00
CKOPOYEHHSI TPUBAJIOCTI IJIAHOBO-MONEPEIHKYBAIBHUX PEMOHTIB €HEProOJIOKiB
HUIIXOM 3MIHM MEpPIOJUYHOCTI IJAHOBUX BHUIPOOYBaHb 1 PEMOHTIB CHUCTEM,
BaXUIMBHUX JUIsI O€3MeKH, 3a yMOB 3a0e3MeueHHs/NIABUILIECHHS 3arajbHOrO PIBHS
Oe3MeKu SJIEpHUX EHEepProycTaHOBOK. Meroau OOIpYHTYBaHHS ONTHMI3allii

CTpaTeriii MJIaHOBUX BUMPOOYBaHb 1 PEMOHTIB CHUCTEM, BAXKJIMBUX I OE3IMEKH,



NOBMHHO 3aCHOBYBaTM Ha (yHIaMEHTAIbHUX TMPUHLHUIAX O€3MeKH SACpHOT
EHEPreTUKH 3 YpaxXyBaHHAM JIOCBIJly €KCILTyaTallll Ta 3aJIMIIKOBOIO PECypCy 1010
HAJAIMHOCTI BUKOHAHHS (PYyHKIIIH Oe3MeKu.

Po3pobiieHo opuTiHAJIBHUI METOJ| MPOTHO3YBAHHS CTPOKIB MPOJOBKEHHS
eKCIUTyaTarii TeIIOMEeXaHIYHOTO OOJaHAHHS CUCTEeM OE3MEeKHW Ha OCHOBI OITIHKH
3QJIUIITIKOBOTO PECypCy IO KUIBKOCTI TETUIOTIAPOJAMHAMIYHMX 1 MEXaHIYHHUX
MUKITIYHUX HaBaHTaXeHb 1 4YacTOTH BHNpPoOyBaHb. Ha oCHOBI po3poOieHoro
METOJIa, a TaKOX pe3yibTaTiB TEXHIYHOTO JIOCHIKEHHS KOPITyCiB HACOCIB 1
apMaTypd CHUCTEM aBapiiHOTO OXOJIOMKEHHS AaKTHUBHOI 30HM peakTopa Ta
aBapiiHOrO Mi)KUBJICHHS MapOTE€HEpaTOpiB YCTAHOBJIEHO, L0 IMpPH 30€epekKeHHI
IPOEKTHOI TEPIOANYHOCTI BHUMPOOYBAHb NPHUITYCTUMHIA CTPOK MPOJIOBKEHHS
eKCIUTyaTallll cKianae 4 pokH; Mpu CKOPOUEHHI YaCTOTH BUIPOOYBaHb y 2 pa3u — §
pOKiB, y 6 pa3iB — 16 pokiB, y 10 paziB — 20 poxiB.

[IpeacraBieHo MeTos onTUMi3alli cTpaTerii BUpoOyBaHb CUCTEM OE3MEKH
y HICISIIPOEKTHI CTPOKU €KCIUTyaTallii SAepHUX €HEProyCcTaHOBOK, 3aCHOBAHUN Ha
MIHIMi3alli KIMOBIPHOCTEH BIAMOBH Ha CIPAllbOBYBaHHS, MOUIKOI)KEHHS aKTUBHO1
30HM peakTopa Ta TPaHUYHO JOMYyCTUMMX aBapiMHUX BHUKUAIB. OnTUMalbHa
NepIOANYHICTh BUMIPOOYBaHb, 10 BIAMOBIAa€ MaKCUMAJIbHIN HaIIMHOCTI 1 Oe3melr,
3QJICKUTHh BIJ CTATUCTUKW BUSBJICHUX KPUTHUUYHMX JJIs HAIIAHOCTI BIAMOB Ta
3QJIMIIKOBOTO PECYpCy 3 MIIHOCTI Ha MOMEHT IPOJOBKEHHS eKcruryararii. Ha
OCHOBI1 pO3p00JIEHOT0 METO1y C(hOPMYJIbOBAHO ONITUMAJIbHI CTpaTerii BUIIPOOyBaHb
cucteM Oesrieku. Bulip cTparterii 3aleXuTh BiJ CHIBBIIHOIICHHS MPOEKTHOI 1
ONTUMAJIHOI TIEPIOIMYHOCTI, a TAKOXK BiJl 3aJIUIIKOBOTO PECypCy OOJaJHAHHS 1
TpyOOIPOBOIB CUCTEMHU OE3MEKH.

Po3po6ieHo  pHU3UK-OPIEHTOBAHW METOJM ONTHMI3allii MEepioJUIHOCTI
BUNPOOYBAaHb HAJJIUIIKOBUM THUCKOM CHUCTEMHU T'€pPMOOOOJIOHKH Yy MICIAMNPOEKTHI
CTPOKM €KCIulyaTallli, 3aCHOBaHM Ha YMOBI BIANOBIAHOCTI HWMOBIPHOCTEH
BUHUKHEHHSI KPUTHUYHUX TIOPYIICHh Y TPOEKTHI 1 MICIANPOEKTHI CTPOKHU
eKCIUTyaTalii. YCTaHOBJEHO, M0 ONTHMajbHA MEPIOJUYHICTE BUIPOOYBAHD

HaJINIIKOBUM THCKOM CHCTCMU FepMOO6OJ'IOHKI/I 3aJICKUTD BiI[ 3aJINIIIKOBOI'O



pecypcy 3 HaalHOCTI Ha MOMEHT TMPOJOBKEHHS eKCIUTyarallii, TpUBaJOCTI
MPOEKTHUX 1 MICISIIPOEKTHUX CTPOKIB €KCIUTyartaiii, a TaKoX KUIbKOCTI
BCTAHOBJICHUX VY TPOEKTHI CTPOKH EKCIUTyaTallli KPUTHYHHUX TIOPYIICHb II0
MEPEBUIIECHHIO JOITYCTUMUX 3HaY€Hb BUTOKIB.

3anmponoHOBAaHO METOA OOIPYHTYBaHHS ONTHUMAIBHOI IMEPIOAMIHOCTI
BUIIPOOYBaHb CUCTEM O€3MEKH B HAPOEKTHI CTPOKH EKCILTyaTallii A MiHiMi3aIii
BIPOTIHOCTI BIAMOB 1 MOIIKO)KCHHSI aKTUBHOI 30HM peakTopa, 3aCHOBAaHMM Ha
CYMICHOMY MOJICTIOBaHHI CTOXaCTHYHHMX IPOIECIiB HAKOMHYCHHS «IIPUXOBAHIX)
KPUTUYHUX BIJIMOB Yy PEXKHUMaX OYIKYBaHHA 1 JCTEPMIHICTCHKUX IIPOLIECIB
HAKOMWYEHHSI KPUTUYHUX BIIMOB B pEXUMax BUIPOOYBaHb, TEXHIYHOTO
o0cITyroByBaHHs 1 peMOHTy. OnTUMajabHa MEPIOAUYHICTh BUMPOOYBaHb CHUCTEM
Oe3MeKky B HAAMPOEKTHI CTPOKH €KCIUTyaTallii 3aJeKUTh BiJl: CTATUCTUYHUX JTAHUX
110 BUSIBJICHUX KPUTHYHHX BIIMOBaxX a00 ne(eKTax; MPOEKTHOrO 1 MPOrHO30BAaHOTO
CTPOKIB €KCIUTyaTalli; MPOEKTHOI MEPIOJUYHOCTI BUIPOOYBaHb 1 3AJMILKOBOIO
pecypcy 1o TMapaMerpax MIIIHOCTI Ha MOMEHT MPOJOBKEHHS TPUBAIOCTI
eKCIUTyaTallii.

Ha ocHOBI po3po0ieHUX pUBHK-OPIEHTOBAHMX METOIB OOIPYHTOBAHO
ONTUMAJIbHY CTPATEri0 NEPIOJUYHOCTI TUIAHOBUX BUIPOOYBaHb AKTUBHUX CHCTEM
Oe3nekn y poboYMX peXHMax peakTopa Ha TOTYKHOCTI, M0 3a0e3nedye
IIBUIIICHHS O€3MeKH Ta €(PEKTUBHOCTI eKCIUTyaTarlii 1010 MPOEKTHUX CTPATETIH.

Pu3uk-opieHTOBAaHMM MIAXOAOM OOIPYHTOBAHO ONTUMAJbHY CTpPATETIIO
BUBEJICHHS B IUJIAHOBUW PEMOHT OJHOTO KaHAy aKTUBHUX CHCTEM O€3NeKH y
pobouoMy pEKHMI peakTopa Ha TOTYXKHOCTI, IO 3a0e3rnedye IMiIBUIICHHS
e(heKTUBHOCTI eKCIUTyaTallli mpu 30epekeHH1 HeOOX1THOTO PiBHS O€3IEKH.

Po3pobieno onTuManbHy CTpaTerito MEepiOJUYHOCTI BUMPOOYBaHb Ha
TEePMETUYHICTh CUCTEMHU repMOo00'eMy SIIEPHOI €HEProyCTaHOBKH, 1110 3a0e3neuye
CKOPOYEHHSI TPUBAJIOCTI IMJIAHOBO-TIONEPEIKYBAILHUX PEMOHTIB €HEProOJIOKiB 1
MIIBUIIEHHS KOE(IIIEHTy BUKOPUCTAHHS BCTAHOBJICHOI TMOTYXHOCTI TpH

30epekeHH1 HeOOX1AHOTO PiBHSI OE3MEKH.



Y nepumomy po3aisli MpoBEIEHO aHaji3 Cy4aCHUX MiAXOJIB IiIBUIICHHS
Oesrmekn Ta  e(pEeKTUBHOCTI  eKCIUTyaTallli sACpHOI  €HEpPreTHKH, aHalli3
ONITUMAJIBHOCTI MOJIEpPHI3aIi SAePHUX €HEPrOyCTaHOBOK y (hopmaTi «Oe3rmeka —
e()eKTUBHICTh CKCILTyaTaIlli», a TaKoX aHaji3 BIJIOMUX METOJIIB OOTPYHTYBaHHS
CTpaTerii MIaHOBUX BUIPOOYBaHb 1 PEMOHTY CHUCTEM, Ba)UIMBHX HJisi O€3MeKH
SJIEPHUX €HEPrOyCTaHOBOK, Y IPOEKTHI Ta MICISAMPOEKTHI CTPOKHU €KCILTyaTaIlii.

Ha ocHOBI npoBeieHOr0 aHai3y BCTAHOBJIEHO HACTYIIHE.

1. OgauMm 3 TPIOPUTETHUX HANPSMKIB 3a0e3neueHHs Oe3MeKku Ta
e(eKTHUBHOCTI eKCIUTyaTallli sACpHOI EHEPreTUKU € ONTUMI3allisl CTpaTerii
IUIAHOBUX BUIPOOYBaHb 1 PEMOHTY CHUCTEM, BaXJIMBUX Jid O€3MEKH SIACPHUX
€HEProyCTaHOBOK, Y MICJISIIPOEKTHI CTPOKU €KCILTyaTarli.

2. TpamumiiHi MiIXOAM  BCTAHOBJICHHS  MEPIOAUYHOCTI  IJIAHOBUX
BUNPOOYBaHb 1 PEMOHTY CHUCTEM, BAXJIMBUX JUIsl O€3leKu  SAEPHHX
€HEpProyCTaHOBOK, Yy IIPOEKTHI Ta MICISMNPOEKTHI CTPOKH €KCIUTyaTalli, IIo
0a3yloThCsl Ha pe3yjbTaTax IMOBIPHICHOTO aHaji3zy O€3NeKH, € HEeJO0CTaTHHO
OOTpYHTOBaHUMHU.

Y apyromy po3aiii po3po0ieHO PHU3HK-OPIEHTOBAHI METOJM ONTHUMI3aIli
CTpAaTerii MIaHOBUX BUIIPOOYBaHb 1 pEMOHTY y MICISIPOEKTHI CTPOKH €KCILTyaTallii
aKTUBHUX CHCTeM Oe3rneku (3 HacocaMM), CUCTEM, BaXKJIUBHUX MJig OE3MEKH, Y
poOouMx  peXMMax eKCIUTyaTallii Ta CHCTeM TIepMoo0’eMy  SIEPHOI
€HEeprOyCTaHOBKH.

Kpurepii ontumizaiiii — MiHIMaJIbHI MMOBIPHOCTI KPUTHYHUX JJisi O€3MeKu
BiJIMOB/TIOPYIIIEHb T4 YMOB BUHUKHEHHSI BAXKKUX/palialliiHIX aBapiu.

[TapameTpn onTuMizamii CTpaTerii IJIAHOBUX BHUMNPOOYBaHb 1 PEMOHTY
CUCTEM, BAXJIMBUX [UJIsi O€3MEeKH, y MICIANPOEKTHI CTPOKH eKCIUTyartamii —
NEePIOJINYHICTh MJIAHOBUX BUIPOOYBaHb 1 PEMOHTY Yy MPOEKTHI Ta MICIASAMPOEKTHI
CTPOKH E€KCIUTyaTallii; KUIbKICTh YCTAaHOBJICHUX Yy MPOEKTHI CTPOKHU EKCILTyaTarlii
KPUTUYHUX JUIsI O€3MEeKH BIMOB/MOPYIICHB; 3aJHINKOBUN pecypc 3 HaIIHHOCTI
BUKOHAHHS (YHKI[IH Oe3Mekr Ha MOMEHT 3aKiHYEHHS MPOEKTHOTO CTPOKY

eKCILUTyaTaIlii; TPUBATICTh MPOEKTHUX Ta MICIAMPOEKTHUX CTPOKIB €KCIUTyaTallii.



Y TperboMy po3aiji Ha OCHOB1 PO3pOOJEHUX PU3UK-OPIEHTOBAHUX METO/IIB
OOTpyHTOBAHO ONTHMAaJbHI CTpaTerii IUIAaHOBUX BHUIIPOOYBaHbL 1 PEMOHTY Yy
MICISIMPOEKTHI CTPOKM EKCIUTyaTallii aKTUBHUX CHUCTeM O€3MEeKH Ta CHCTEM
repMoo0’eMy siepHUX eHeproycTtaHoBok 3 BBEP, mo 3a0e3nedytoTh miaBHIIEHHS
e(peKTUBHOCTI eKCILTyaTallli npu 30epeKeHH1/iIBULIICHH] PIBHS O€3MeKH SACpHUX

CHEPTrOyCTaHOBOK.

Kuiro4oBi ci1oBa: cucrema, BaxinBa Juisl O€3MEKH S AEPHOI EHEProyCTaHOBKH,
sanepHa Oe3mneka, pajiaimiiiHa Oe3neka, eKoJioriyHa Oesleka, BUIPOOYBaHHS,

HaJIIHHICTh 00JIaIHAHHS, TIPOJIOBKCHHS CKCILTyaTallii.
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ABSTRACT

O. Vierinov Methods and strategies for scheduling tests of safety-related
systems of nuclear power plants during the post-design operation life. — Manuscript
copyright.

Thesis for a Doctor of Philosophy degree in Specialty 143 «Nuclear Energy».
— National University «Odesa Polytechnicy» of the Ministry of Education and Science
of Ukraine, Odesa, 2025.

Many years of experience in the operation of safety-related systems at the
nuclear power plants with VVER-1000 determines the need to revise the regulatory
(design) strategies for scheduled tests and repairs in the post-design operation life
for the following main reasons.

1. Regulatory and operational documentation establishes the periodicity of
scheduled tests and repairs of safety-related systems during the design operation life
not sufficiently substantiated, without taking into account the results of scheduled
tests and repairs and current reliability indicators.

2. During the post-design operation life of nuclear power plants, strategies for
scheduled tests and repairs of safety-related systems must take into account the
operational experience in scheduled tests and repairs during the design operation
life, as well as the residual resource regarding the reliability of the safety functions
due to the direct impact of scheduled tests and repairs on processes of
aging/degradation of equipment/structures of safety-related systems (including
unintentional staff errors).

Disadvantages of traditional approaches and methods for changing the design
periodicity of scheduled tests and repairs of safety-related systems, based on the
results of probabilistic safety analysis, consist in assumptions about the possibility
of reducing the overall level of safety, as well as suboptimality of technical solutions
for changing scheduled tests and repairs in the format “safety - operational

efficiency”).



The relevance of the dissertation is the development of alternative risk-
informed methods for optimization of strategies for scheduled tests and repairs of
safety-related systems of nuclear power plants during the post-design operation life,
based on minimizing the probability of safety-critical failures/violations, taking into
account operational experience and residual reliability resource at the end of the
design operation life. The relevance of these issues determines the purposes and
tasks of the dissertation work.

The purpose of this work is to develop and apply in practice risk-informed
methods for optimizing the strategies of scheduled tests and repairs of safety-related
systems of nuclear power plants during the post-design operation life.

To achieve this purpose, the following tasks must be solved.

1. To analyze the optimality of the known strategies for increasing the
safety/efficiency of the operation of nuclear power plants.

2. To develop risk-informed methods for optimizing strategies for scheduled
tests and repairs of safety-related systems of nuclear power plants during the post-
design operation life, based on minimizing the probability of safety-critical
failures/violations and general probabilistic indicators of the safety of nuclear power
units.

3. Based on the developed risk-informted methods, determine the optimal
strategies for scheduled tests and repairs of safety-related systems of nuclear power
plants with VVER-1000 during the post-design operation life.

The scientific novelty of the work is as follows.

1. A risk-informed method for optimizing the periodicity of scheduled tests of
active safety systems, taking into account the stochastic processes of accumulation
of safety-critical failures/violations and the residual reliability resource at the time
of extended operation.

2. Risk-informed methods for optimizing the strategies for scheduled tests
and repairs of safety-related systems of nuclear power plants, taking into account the

stochastic processes of accumulation of safety-critical failures/violations,



unintentional errors of repair staff, and the residual reliability resource at the time of
extended operation.

3. A risk-informed method for optimizing the periodicity of tightness tests of
the containment systems of nuclear power plants, taking into account the operational
data on leaks and the residual reliability resource for the elements critical to the
safety of the containment of the nuclear power plant.

The organizations operating nuclear power plants and regulating nuclear
safety can used the developed risk-informed methods and practical results to
substantiate technical decisions regarding the optimization of strategies for
scheduled tests and repairs of safety-related systems during the post-design
operation life.

The results of the work are used in the guiding documents of the SE «NNEGC
«Energoatom» regarding the standards for time of scheduled and preventive repairs
and the test frequency for nuclear power plants with VVER-1000.

The strategy for reducing the preventive maintenance overhauls of power
units with changing the periodicity of scheduled tests and repairs of safety-related
systems, subject to ensuring/increasing the general safety of nuclear power plants,
has the highest priority for increasing the efficiency and optimal operation of nuclear
power plants. The methods for substantiating the optimization of the strategies of
scheduled tests and repairs of safety-related systems should be based on the
fundamental safety principles in nuclear energy, taking into account the operation
experience and the residual resource regarding the reliability of safety functions.

An original method for predicting the extension of operation life of
thermomechanical equipment of safety systems based on the assessment of the
residual resource regarding the number of thermohydrodynamic and mechanical
cyclic loads and the test frequency has been developed. Based on the developed
method, as well as the results of a technical study of pump and fitting bodies of
emergency core cooling and emergency steam generator makeup systems, it was

recognized that the permissible extension of operation life is 4 years at the design



test periodicity; if the test frequency is reduced by 2 times — 8 years, by 6 times — 16
years, by 10 times — 20 years.

The method for optimizing strategies for safety system tests during the post-
design operation life of nuclear power plants is presented. The method is based on
the minimization of the probabilities of failure, damage to the reactor core, and
maximum permissible accidental releases. The optimal test periodicity, which
corresponds to maximum reliability and safety, depends on the statistics of detected
failures critical for reliability and the residual strength resource at the time of
continued operation. Based on the developed method, optimal strategies for testing
safety systems are formulated. The choice of strategy depends on the ratio of design
and optimal periodicity, as well as on the residual resource of equipment and
pipelines of the safety system.

A risk-informed method for optimizing the periodicity of high-pressure proof
tests of the containment system during the post-design operation life has been
developed. The method is based on the match condition for the probabilities of
critical violations during the design and post-design operation life. It was recognized
that the optimal periodicity of high-pressure proof tests of the containment system
depends on the residual reliability resource at the time of continued operation, the
design and post-design operation life, as well as the number of critical violations due
to exceeding the permissible leaks during the design operation life.

A method for substantiating the optimal periodicity of safety system tests
during the above-design operation life to minimize the probability of failures and
damage to the reactor core is proposed. The method is based on the joint modelling
of stochastic processes of accumulation of "hidden" critical failures in standby
modes and deterministic processes of accumulation of critical failures in modes of
testing, maintenance and repair. The optimal frequency of safety system tests during
the above-design operation life depends on: statistical data on detected critical
failures or defects; design and predicted operation life; design test periodicity and
residual resource regarding to strength parameters at the moment of extending the

operation life.



Based on developed risk-informed methods, an optimal strategy has been
substantiated for the periodicity of scheduled tests of active safety systems when
reactor operation at power. It will ensure increased operational safety and efficiency
compared to design strategies.

The risk-informed approach substantiated an optimal strategy for the
scheduled repairs of one channel of the active safety systems when reactor operation
at power. It will ensure increased operational safety and efficiency while maintaining
the necessary safety level.

An optimal strategy has been developed for the periodicity of leak tightness
tests of a containment system at the nuclear power plant. It will ensure the reduction
in scheduled repair time of power units and improve the unit capacity factor while
maintaining the necessary safety level.

The First Chapter analyses the modern approaches to increase the safety and
efficiency of nuclear power operation, the optimality of modernization of nuclear
power plants in the "operation safety — efficiency" format, as well as known methods
to substantiate strategies for scheduled tests and repairs of safety-related systems of
nuclear power plants in design and post- design operating periods.

Based on the analysis, the following was found.

1. The optimization of strategies for scheduled tests and repairs of safety-
related systems of nuclear power plants in the post-design operation period is one of
the priority directions for ensuring the safety and efficiency of nuclear energy
operation.

2. Traditional approaches to the periodicity of scheduled tests and repairs of
safety-related systems of nuclear power plants in the design and post-design
operation periods, based on the results of a probabilistic safety analysis, are not
substantiated enough.

The Second Chapter develops risk-informed methods for optimizing
strategies for scheduled tests and repairs of active safety systems (with pumps) in
the post-design operation period, safety-related systems in operating modes, and

containment systems of a nuclear power plant.



Optimization criteria are minimum probabilities of safety-critical failures/
violations and conditions for severe/radiation accidents.

Parameters for optimizing strategies for scheduled tests and repairs of safety-
related systems in the post-design operation period are the periodicity of scheduled
tests and repairs in the design and post-design operation periods; the number of
safety-critical failures/violations found during the design operation period; residual
resource for the reliability of safety functions at the end of the design operation life;
design and post-design operation life.

The Third Chapter substantiates the optimal strategies for scheduled tests
and repairs of active safety systems and containment systems of nuclear power plants
with VVER in the post-design operation period, based on the developed risk-
informed methods. It ensures increased operational efficiency while

maintaining/increasing the safety level of nuclear power plants.

Keywords: safety-related system of a nuclear power plant, nuclear safety,

radiation safety, ecological safety, tests, equipment reliability, extended operation
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