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AHHOTAULMUA

BBepeHue. YnpasneHne xu3HeHHblM umknom (XKLL) aTtomHbix anektpocTaHumn (ASC) SBMAETCA CNOXHbIM NPOLIECCOM
No MHOMUM MPUYMHAM, OgHa 13 KOTopblX — BonbLuon 06bem uHdopmaumm, TpebyroLen OCMbICIIEHNS U aHanM3a Ha BCex
atanax XLl: HaunHas ¢ pa3melleHns 1 Bbibopa NoLaaki 1 4o 3aBepLuatoLLero arana BelBoAa U3 aKcnnyatauuy. Ynpasne-
Hue XL, ASC npeactaBnseT cob6on MHOroakTOPHbIN NPOLIECC, BKITHOYAOLWMNIA aHanm3 6onbLLIoro KonmyecTsa pasHonnaHo-
BOW MHMOpPMaLun 1 AeNCcTBUIA. [INA NPUHATUSA BO BHUMaHVE BCeX AeTarnel 3TOro CroXHOro npotecca no ynpasnenuto XKL|
Heobxoammo cosaaHue undposor Nnatdopmbl, a Ans obnerdyeHuns npouecca obpabotkv nHdopmaummn 1 ynpasnenns XL|
ASC — matemaTnyeckoe onucaHue.

MaTepuanbi n metoabl. Llenb nccneposaHns — obocHoBaHWe HeO6X0AMMOCTM co3aaHus nnatdopmel ynpaenernns XL
AJ3C oT cTagum pasmeLleHrsa 40 CTaavmn BbiBOAA U3 Kcrnyatauuv. AnemMeHTbl nnatdopMbl ynpasneHns criegyer Ucrnosb-
30BaTh A9 OCYLLECTBIIEHNS CTpaTErM4YecKoro nnaHMpoBaHns Npu NPUHATUM JONTOCPOYHBIX PELUEHWI, HanpaBneHHbIX Ha
obecneveHne 6e30MacHOCTH, y4UTbIBas, YTO BbIBOA CTAHLMM U3 SKCNIlyaTaLmmn SBRSETCA CaMblM BbICOKOPUCKOBBLIM 3Tanom
XKL ASC.

PesynbraTtbl. PaccmartprBaloTcsi OCHOBbI cosdanus nnatdopmel ynpaenernns XKLL ASC, Bknovas matemaTnyeckoe onu-
CaHvie 1 anropuTMbl METOAVKM ANS yNpaBneHns UM, NpeacTaBneHbl CTPYKTypa n obpas nnatdopmbl, NpUBEAEH NpuMmep
ynpasreHusi puckamu.

BbiBoabl. [peanoxeHsl CTPyKTypa 1 cogepxaHune nnatgopmbl ynpasnenns XKL ASC, kotopas o6beanHsieT Bce ctagmm XKL|
ASC, cuctematusmpyet nHopmaLmo 060 BCEX CODLITUSAX U anemMeHTax B UndpoBoM chopmare ¢ y4eToM hakTopoB: 6e30-
NacHOCTW, CTOMMOCTW, AOSITOBEYHOCTM, BpeMeHu. [natdopma no3sonseT NnpoBoanTb aHanua u oueHky cragun XL ASC.

KNIOYEBbLIE CITOBA: ynpaBneHue xu3HeHHbIM Lukrnom ASC, ynpaBrneHue pvckaMu, aHanma puckoB, PUCKU Ha CTaamsx
»m3HeHHoro uukna ASC, nnatcdopma XKL, ASC, metoguka ynpaenerus XL ASC, meTognka ynpaBneHusi puckamu, puckm
Ha XKLl ASC
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ABSTRACT

Introduction. Life cycle management of nuclear power plants is a complex process for many reasons, one of which is
a large amount of information that requires understanding and analysis at all stages of the life cycle (LC): from the stage
of “Site placement and selection” to the final stage of “Decommissioning”. NPP lifecycle management is a multifactorial
process that includes obtaining and analysing a large amount of diverse information and actions. To consider all the details
of this complex LC management process, it is necessary to create a digital platform, and to facilitate the process of informa-
tion processing and management of NPP LC, a mathematical description is needed.

Materials and methods. The purpose of this paper is to substantiate the need to create a management platform for NPP LC
from the stage of placement to the stage of decommissioning. The elements of the management platform should be used in
the implementation of strategic planning when making long-term decisions aimed at ensuring safety, given that the decom-
missioning of the plant is the most high-risk stage of the NPP housing and communal services.

Results. The paper discusses the basics of creating an NPP LC management platform, including a mathematical description
and algorithms of the methodology for managing it, presents the structure and image of the platform and provides an ex-
ample of risk management.
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Conclusions. The structure and content of the NPP LC management platform are proposed, which combines all stages
of the NPP life cycle, consolidates and systematizes information about all events and elements in digital format, considering
factors: safety, cost, durability, time, the platform allows for analysis and evaluation of NPP LC stages.

KEYWORDS: NPP life cycle management, risk management, risk analysis, risks at the stages of the NPP life cycle, NPP
LC platform, NPP life cycle management methodology, risk management methodology, risks at NPP LC
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BBEJAEHUE

Kuzuennsiid ki (XKLL) crokHbIX 00BEKTOB Ka-
MUTAJBHOTO CTPOMTENBCTBA, K KOTOPBIM OTHOCSTCS
9HEProOIOKH aTOMHEIX AmeKTpocTaHmmi (ADC), BKITO-
YaeT cleAyIoue OCHOBHbIE cTaauu [1, 2]:

1. Pa3MmerieHne u oleHKa MIO0MIA KK,

2. [IpoexTupoBaHue.

3. CoopyxeHue.

4. Dxcrutyarauusi.

5. BeIBoz U3 9KCIITyaTamu.

MexyHapoIHbIM areHTCTBOM I10 aTOMHOM 2HEp-
run (MATATD) TepMuHy «KU3HEHHBIA ITUKJI aTOMHOM
NMEKTPOCTAHIIUI» JAHO OIIPEACIICHHE: 3TO HHTETPAIHs
ynpaBieHust 0€3011aCHOCTBIO, YIPABICHUS CTApEHUEM
U PelIeHUH MO yNpaBIeHHIO OM3HECOM, a TAaKXKe DKO-
HOMHYECKHX COOOpaKCHUIl B TEUEHHE CPOKa CIIy»KObI
aTOMHOM 3ekTpocTanuuu. Ynpasnenue XKL npousso-
JATCS C menbio [3, 4]:

* [TO/JICP>)KUBATh MPUEMJIIEMBII YPOBEHb IIPOU3BO-
JUTEILHOCTU U O€30I1aCHOCTH,

* ONTUMU3HPOBATh 3KCIUTyaTallMio, TEXHUYECKOEe
00CITy’)KHUBaHHE U CPOK CITY:KOBI KOHCTPYKIIMH CHUCTEM
1 KOMIIOHEHTOB;

* MAKCHMH3HMPOBATh OTAa4y OT WHBECTHULIHH B Te-
YEHHE BCEro CpPOKa JKCILTyaTallUd aTOMHOM 3JIeKTpo-
CTaHIHH;

* YUUTHIBAaTh HALIMOHAJILHbBIE CTPATETUH (PUHAHCH-
posanus XKL (Bkiodast BEIBOJ M3 3KCIUTyaTalln), pa-
LIMOHAJILHOE HCIIOJIb30BAaHNE TOILUIMBA U OTXOJIOB;

* 0E30I1aCHOCTH MEPCOHAlla M HACEJIEHHs J0JKHA
MMETh MEePBOCTEIICHHOE 3HAYEHUE MPU IKCILTyaTaI[lH
aTOMHOI! AMEKTPOCTAHIINH U BBIBOJIE U3 SKCILTyaTaIlH;

* CyMMa U CpPOK JIEHCTBUS 0053aTeIbCTB, OCTAIO-
IIMXCSl TIOCJE MPEKPaleHus] TPON3BOACTBA JJIEKTPO-
SHEPruH, 3HAUYUTEIBHO OOJIbIIE, YeM /ISt OOJIBITMHCTBA
OM3HEC-aKTHBOB B APYTUX OTPACIIAX;

* Ha/UIeXKAIIas HKCIUTyaTalusl MOXKET HPUBECTH
K OTCPOYKE KalHMTAJIBHBIX 3aTpar, HEOOXOJUMBIX JUIs
BBIBOJIA U3 IKCIUTyaTallM U XpaHEHHs OTXOJIOB;

* Cpe/ICTBA sl BBITOJIHEHHS 00513aTeIbCTB 10 BbI-
BOJIY M3 3KCIUTyaTaIlH J0JKHBI OBITH COOpPAaHBI BO BpeE-
M1 SKCIUTyaTaIiu;

* akTHBH3aIMs d()(HEKTHBHON CHUCTEMBI yIpaBie-
HUsI prcKamu ¢ nieporo srarna XK1 1 MunuMuzanun
U YCTpaHEHHsI PUCKOB, KOTOPbIE MOTYT ITOBIIHSTh Ha BCE
srarsl XKL ADC.

MATEPHAJIBI U METO/JbI

Lenb uccienoBanuss — 00OCHOBaHUE HEOOXO.H-
MocTH co3nanus mardopmsl ympasienus KL ADC
OT CTaJUM pa3MEHICHHs /10 CTAIWM BHIBOJA M3 IKC-
Iutyatanuy. B Hacrosiiee BpeMsi B Hay4dHOH JHTepa-
Type CHUCTEMHBIH aHainu3 BonpocoB ympasieHus JKII
ADC HOCHT HEIOCTATOYHO TOIHBIA XapakTep, a CyIe-
CTBYIOIINE CHUCTEMBI MOJJEPKKH HPUHATHS PEIICHUH
o0ecIeunBaloT JHMIIb (parMeHTapHble BO3MOXXHOCTH
ynpasienus JKII[. B nanHo# myOmukammu npeioxkeHa
aropmMa KOMIUIEKCHOTO YITPaBICHHS W TMPHHSATHS
pemenmit Ha poTspkeHnn Beero JKI ADC.

PE3VYJIBTATBI

MATATD pa3paboTano TpPUHIHUIBI U PYKOBO-
oampe  ykazaHus 1o 3((eKTHBHOMY YIIPaBICHHIO
KL [3] anst nerkux peakTopoB HA BOJE U JUISL PEaKTO-
POB Ha TSDKEJIOH BOJE C LEJIbIO YAOBIECTBOPEHHUS Tpe-
0OBaHHI K 0€30MaCHOMY JUTMTEIHLHOMY OOECIEUECHHUIO
AIIEKTPOIHEPTHEH C COXpaHEHHEM KOHKYPEHTOCIIOCO0-
HOCTH. OCHOBHYIO IIEJTb SKCILTYaTHPYIOMICH KOMITAHIH
ADC MOXHO CchOpPMYTHPOBATh Kak: «paboTaTh Kak
MOYKHO JI0JIb1II€, HACKOJIBKO 3TO SKOHOMHYECKH IIeJIeCO-
00pa3HO ¥ BO3MOXKHO C TOYKH 3PCHUS OE30MTaCHOCTI.
Taxum 00pa3oM yrpaBiIeHHE KU3HECHHBIM ITUKIOM 3TO:

* CHCTEMa IIPOTPAMM H ITPOIICTYP [T BEITOITHCHHS
TpeboBaHUil 6e30MacHON IKCIUTyaTallii U BBIPAOOTKU
AIIEKTPOIHEPTUH KOHKYPEHTOCTIOCOOHBIM  CIOCOOOM
1 B TEUCHHE BPEMEHH, PAIIOHAIEHOTO C TEXHUYIECKOM
1 YKOHOMHUYECKOM ToUeK 3peHHus [5];

* HHCTPYMCHT YIIPABJICHUS VIS JAOCTIDKCHHS IIC-
JIel TPOM3BOANTEIBHOCTH, OE30MaCHOCTH, JIOJTOBeY-
HOCTH ¥ SKOHOMUYHOCTH [6].

JlaHHBIC PYKOBOZSIIUE MPUHIUITEI OBUTA pa3pa-
0OTaHBI C HCIOIB30BAHUEM CYIICCTBYIOIIETO MEXKIY-
HapOJHOIO OIbITAa MHPOBOHM aTOMHOWH HHEPrETUKHU
1 MaTepuasoB HKCIEPTOB, 3aHUMAIOIINXCS TPOICHH-
€M JIMLIEH3UH U MOJICpHU3AINCH, aCTICKTaMU PETYIHPO-
BaHUSI, TOBBIIICHUEM OC30MMaCHOCTH ¥ SKOHOMUYHOCTH
ADC [6].

ABTOpBI cunTaioT, 4to ynpasienue X1 ADC 3a-
KITIo4aeTcst B cOope W 0OBETUHEHNN BCEX DIIEMEHTOB
u coObIThi, Biustomux Ha JKII, B equHOM 0a3e qaHHBIX
Ha 1atopMme ¢ mocieayneld ux 00padboTKOM ¢ mpu-
MCHEHHUEM COBPEMCHHBIX METOAOB IJIsI OIEHKH COCTOs-
Hust ADC, KoTOpast TO3BONISET ONEHUTH TEKYIIHN ATl
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KLl v IpUHSTE pelIeHre o MepeBoje CTAHIMH Ha Clie-
nyroruit stan JXKII. [Ipemmaraemas atgopma ympas-
nenunst KL ADC, no cyru, sBisercs udpoBoit 6a3oii
JaHHBIX C TOCIEAyIomed uX 00paboTKOM, BBOANMBIX
Ha Bcex aranax JKI[ ADC nmo dakropam (puc. 1).

besonacHocTh

Bpems CroumocTh

JlonropeuHocts

Puc. 1. ®akropsl, Biustomue Ha XL ADC

[Tmarpopma ympasmenus XL ADC cmyxur oc-
HOBOH Tpu (POPMUPOBAHHUHU MPOTPAMMBI I KOHTPOJIS
JKIT ADC ¢ ee co3maHus 10 MOMEHTA BBIBOJIA U3 DKC-
IUTyaTaliM, MOITOMY KaXKAbIH SJIEMEHT ILIaT(OpMbl
MPSIMO WJIM KOCBEHHO OTBEUAeT 3a HAOOp UYMCIICHHBIX
3Ha‘IeHI/II‘/’I, KOTOpBIe IIOMOT'arOT MMCTH ITOJIHOC Hpe}l-
CTaBlIcHHE 000 BCEX COOBITUSX JJIS TIPUHSATHS pPerie-
HUH, B TOM YHCJE O NEPEXOJEe Ha CIEAYIOLIMM 3Tal.

Cremyer OTMETHTb, UTO yIpaBlIeHHE HEOOXOANMO B Te-
yenue Bcero XKL ADC, a He Ha OTJENIbLHOM dTare.

[Tnardopma npuzBana 00IErYUTH KOHTPOJIb M HAI-
30p 3a ympaBlieHueM TeKyiuen craaueit mpoekra ADC,
OLICHUTh TEKYIee COCTOSIHUE, & TAKKe KOHTPOJIUPO-
Bath nepeBoj ADC ¢ TeKyIlel cTaauu Ha CIEAYIONYO.

[Tnarpopma pasnernena Ha 17 37IEMEHTOB, KaK 10~
Ka3aHo Ha puc. 2.

Obecneuenre 0e30MacCHOM, YSKOHOMHUYHOW U J0JI-
TOCPOYHOW DKCILTyaTallid SKBHBAJCHTHO IPEIOCTaB-
JICHUIO JIOTIOJIHUTENBHON I'€HEPUPYIOUIEH MOLIHOCTH,
YTO TpeJIoiaraeT NpojJeHUe CPoKa JCHCTBHUS B MaK-
CHMaJIbHO BO3BMO)KHOM CTETIEHH MPU COXpaHEHHH 0e30-
MaCHOCTH U KOoHKypeHTocrnocoOHoct ADC. Cruemyer
MIOMHUTbB, YTO IENbI0 cTpouTenscTBa ADC sBsercs
9KOHOMHUYHAs BBIPAOOTKA M MTPOJIaka IEKTPOIHEPIUH,
JIOXOJIbI OT KOTOPOH JIOJDKHBI 00ecrieqyrBaTh (GUHAHCH-
posanue Bcero JKII [6—-10].

Kparkoe omnmcanue HanOosee BaKHBIX AIIEMEHTOB
(co6prTnit) ynpasnenus XK1 ADC npuseneHo B TabmuIe.

[Mpennaraemas margopma ynpasnenus KL ADC
(puc. 2) 00bEeUHSET BCE 3JIEMEHTBI (COOBITHS), BITUSIIO-
e Ha X1 ADC, B 0HO ypaBHEHHE, TJe CyMMa BCeX
2JIEeMEHTOB cuuTaeTcst paBHoi 1 wim 100 Gamtam [5].

HpI/ICBOGHI/Ie YUCJIOBOTO0 3HAYCHUA KaXIOMY
QJIEMEHTY JaeT BO3MO)XHOCTh IIPOM3BECTH OIICH-
Ky 3JEMEHTOB IO 3aJaHHBIM KPUTEPHUSIM METOAAMH
9KCIIEPTHON OIICHKH M MHOTOKPHUTEPHAIBHOTO MPH-
Hsitust pemennid (Multi-criteria decision analysis —
MCDA). JIpyrumu cioBam, riathopma yrpasieHus
KL ADC — 310 cymMMa >11eMEHTOB, KOTOpPBIE 00pa3sy-
0T HHTETPUPOBAHHYIO CHCTEMY, ITO3BOJIIONLYIO CIIe-

TIpodunakruueckoe
Vipasnenue
VYnpapieHue akTHBaMH VYnpasieHue crapeHueM TEXHHYIECKOe
6€301acHOCTHIO
00CITy)KHBaHUE
Vipasnenue
P Yupasnenue Vipasnenue
MeHeKMEHT KauecTBa HCTIONb30BaHHEM
N 3¢ PEeKTHBHOCTHIO MIePCOHAIOM
3HaHUH
Vipasnenue
VYnpasnenue [lepuonnyeckas oneHka
Hudposuzarms PaTHOaKTHBHBIMH
JTUICH3USAMEI 0e30macHOCTH
OTXO/IaMH1
OnTruMu3anus
Dkonoruyeckoe VYnpasieHue
C y4ETOM YKOHOMHUYECKHX VYnpasieHue pruckamMu
. yIIpaBJIeHHE MaTepHaIOeMKOCTEIO
nokasaresuei
VYnpasnenue
3aUHTEPECOBAHHBIMH
CTOpOHAMH

Puc. 2. DiemeHTH! TIaTOPMBI YIIPAaBICHUS KU3HEHHBIM HUKIOM ADC
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DneMeHTHI (COOBITHS) YIPaBIeHHs JKH3HEHHBIM KoM ADC

/1

DnemMeHT

Omnucanne

1

Vipasnenue
0e30MMacHOCTHIO

KoMmmoHeHT ympaBieHHs: BCcell OpraHu3aliell OnrucaH B CHCTEME MEHEIKMEHTA KauyecTBa.
[oBrImeHne mokazarenell 6e30IacHOCTH OpPraHU3aIiH MOCPEICTBOM ITAHUPOBAHUS, KOH-
TPOJIS M HAaA30pa 3a JAEATCIBHOCTHIO, CBI3aHHON ¢ 0€30MacCHOCThI0, BKITFOYast (JOPMHUpPOBa-
HUE CWIIBHOU KyIBTYPBI 0€30MIaCHOCTH TIOCPEACTBOM Pa3BUTHS M YKPEIUICHHS Ha IeKaIle-
TO OTHOIICHUS W IOBEICHHS B 00acT 6e3onacHoctH [3, 4, 10]

VYnpasineHue akTuBaMHu

busHec-1UCHMILIMHA, CBA3aHHAS C MOHMTOPMHIOM, M OTCIEKHUBAaHUE AKTHBOB OpraHM3a-
1uu. K1 akTHBa HaUMHACTCS € €ro IPUOOPETEHNUS U IIPOAOIDKACTCS YePe3 ero TeXHUUECKoe
00CTy)KUBaHHUE, PEMOHT M MOAEPHU3ALMIO BIUIOTh 0 OKOHYATENIbHOI yTHIN3ALMN aKTHBA.
B ciyuae ADC >xu3HeHHBIH LUK 00BEKTa — OT CTaJuM Pa3MELICHUs 1O BBIBOJA U3 DKC-
tyaranuu [3, 4, 10]

praB.HCHI/Ie CTapCHUEM

OHpCIIeJIHeTCS{ KaK JICHCTBUS IO IIPOCKTUPOBAHUIO, SKCIUTyaTallul U TEXHUYICCKOMY O6CHy-
JKUBAaHUIO, HAIIPABJICHHBIC HAa KOHTPOJIb B IOIIYCTUMBIX IIpeACIax Aerpagaliuu CUCTEM, KOH-
CprKHI/Iﬁ Y KOMIIOHEHTOB ITPpU CTapCHUU KOHCTPYKIUU, CUCTEMbI U KOMIIOHCHTOB

IMpodunaxruueckoe
TEXHUYECKOe
o0cry>)KuBaHue

AZIMUHHUCTPaTUBHAS M TEXHUYECKas JeATeTbHOCTh, KOTOPask MOIAEPKNUBAET KOHCTPYKIIMH,
CHCTEMBI U KOMIIOHEHTHI B paboueM coctosHuH. OHa BKJIIOYAaeT Kak MpoQHIakTHuecKkoe
o0ciTy)KnUBaHHE, TaK ¥ TIPOTHO3UPYEMOE TEXHUYECKOe 00CITy)KUBAHUE, & TAKKE KOPPEKTH-
pyoliee, NEPHOUIECKOE U MIAHOBOE TEXHUUECKOE 00CITY)KUBAHHUE C IETBIO MO/ IePKaHUs
WU TIPOATIEHHS CPOKa CITyXKOBI IMyTeM KOHTPOJIIS AETPafallii U OTKA30B 0 MPHUEMIIEMOro
YPOBHS

MGHCZ[)KMCHT KadyeCcTBa

CucreMaTH3HPOBAHHBIM MHCTPYMEHT IS BBITOJIHEHUS paOOTHI C KOHEYHON IIeTbI0 — BEI-
TIOJTHUTH €€ IPaBIIIFHO ¢ MepBoro pasza. DpdekruHoMy ynpasinenuto XKL cocoberyer
obecriedeHre TOro, YToObl CHCTeMa YIIPaBICHUs, HCHOIb3yeMast Ha paHHUX craausx JKI{
YCTAQHOBKH, aJeKBaTHO OTBeYaIa TPeOOBaHMUSIM Iocieayroniero srarma JKI{

VYnpasnenue
HUCTIOJb30BAaHUEM 3HAHUI

CucremaTnyeckoe ynpasjieHue HHHOPMALMOHHBIMI AKTHBAMU OPTaHU3aLMH C LEIIbI0 CO3-
JIaHUs IIEHHOCTH U yAOBIETBOPEHNUS TAKTUUECKHUX U CTPAaTerndecKux Tpedosanuii. OHO co-
CTOWT U3 MHUIIUATHB, IPOIIECCOB, CTPATETUH U CHCTEM, KOTOpPBIE TTOAAEPKUBAIOT U COBEP-
LIEHCTBYIOT XpaHEHHE, OL[EHKY, 0OMEH, yTOUHEHHE U CO3/IaHUE 3HAHUH

Vipasnenue
3P PEKTUBHOCTHIO

CTpaTeFI/I‘IeCKI/Iﬁ oAXoa K CO3AaHUIO U MOAACPIKAHUTO yJ'[y‘IHIeHHOﬁ MIPOU3BOAUTEIIbBHOCTH
COTPYAHUKOB, Beuymnﬁ K IMOBBIHICHUIO 3(1)(1)6KTI/IBHOCTI/I KOMIIaHHH. MeTO,I[ ITOCTOSIHHOI'O
I/IH(l)OpMI/IpoBaHI/IH COTPYAHHUKOB O JOJIKHOCTHBIX O6H3aHHOCT$[X, IPUOPUTETAX, OKHUIAAHUIX
OT pE3yJibTaToB pa60TLI U IUTAHUPOBAHUS Pa3sBUTHSA. HCJ'II) COCTOMUT B TOM, 4TOOBI TIOMOYb
TIOBBICUTDb UX 3(1)(1)6KTI/IBHOCTI> Y CUHXPOHU3UPOBATH €€ C LECJIAMU OpraHrU3aluu. 910 CcTpa-
TETUYECKHUI IoAXoa, IMpru KOTOPOM MEHE/KEPhI OpraHu3alvy MpeaoCTaBIAOT o6paTHon
CBsA3b CBOUM COTpyAHHKaAM JUIsI NOCTUIKEHUS CTPATCIHYCCKUX L[eneﬁ. D10 BCE TEKyHue
ﬂeﬁCTBHH, BSaHMOZ[efICTBPISI U KOMMYHUKaIUs MEXKIY COTPYAHUKAMU C LEJIbIO ITIOMOYb UM
JOCTHUYb UX COOCTBEHHBIX ueneﬁ ¥ BHECTH CBOU BKJIaJl B ycnex KOMaH/Abl U OpraHu3anuu

YipasneHue nepcoHajiom

CucreMa OTHOLICHHMIT, CBSI3aHHBIX C [IEJICHANPABICHHBIM BO3/ICHCTBUEM Ha TIEPCOHAI Opra-
HU3aIMuU 11 o0ecriedeHns ero 3GpdekTHBHOro (GyHKIIMOHUPOBAHMUS 3a CUET Hanbosee moi-
HOTO HCTIOJIB30BAaHUS TPYAOBOTO MOTeHIMA a. KOHIENIHs yIIpaBaeHHs EPCOHATIOM — 3TO
CHCTEMa TEOPETHKO-METOOJIOTHYECKHX B3IVIAI0B HA MOHUMAHUE M ONPEACICHHE CYIIHO-
CTHU, COIEPIKAHMUS, 1IeNeH, 3a/1a4, KPUTEPUEB, MPUHIMIIOB U METOJIOB YIIPABJICHHUS NEPCOHA-
JIOM, a TAK)Ke OPTraHU3aLMOHHO-TIPAKTHYECKHX MOIX0J0B K (POPMUPOBAHHIO MEXaHH3MA €€
peanu3anuy B KOHKPETHBIX yCIOBUAX (QYHKIIMOHUPOBAHUS opranu3anmi [13, 14]

Hudposuzanus

Ka)}c;{oe 30aHUE U Ka)KZ[BIf/i OJICMCHT 060py}:[OBaHI/I${ nuMeeT HI/I(prByIO KOITUHIO, ITO3BOJIsA-
IOIYK aHaJIM3UpPOBaTh €TI0 COCTOSIHUE B PEajibHOM BPEMEHU, IPEACKA3bIBATH HpO6J’IeMBI,
npeaoTBpamarb ux ¢ NOMOIIbIO Hpel[PIKTPIBHOfI AHAJIMTUKHU

10

VYnpasnenue
PaarOaKTHBHBIMH
0TXO0/laM1

VIIOpsA04EHHBIH MPOLece IS yaleHH s, IIOBTOPHOTO HCTIONB30BAHMS, COKPAILICHHS U Ipe-
JIOTBpalleHNs 00pa3oBaHus 0TX010B. TepMHH, TakKe H3BECTHBIH KaK YTHIH3ALMS OTXO/I0B.
370 MOAX0J], IPH KOTOPOM KOMITAHHU PEan3yIOT KOMIUICKCHBIE cTpartern 3G (eKTHBHOTO
YIpaBICHHS OTXOAMH OT MX 00pa30BaHHs 10 OKOHYATENBHOro ynaneHus. Llenbio obOpa-
IICHUS C PaJJMOAKTUBHBIMU OTXOJAMH SIBISIETCS CBEJCHME K MHHUMYMY UX BO3JCHCTBHS
Ha JKMBBIX CYLIECTB U OKpYXaollyto cpeay. OOpalleHHe ¢ paJHOaKTUBHBIMU OTXOAAMHU
BKJIIOYAeT B ce0si MPOLECC M30JALMH WM YMEHBIICHHS PAJHOAKTUBHBIX PHCKOB IyTEM
CHIDKEHHS KOJIMYECTBA WM KOHIEHTPAIUH JII000T0 PaJOakTHBHOIO MaTepHasa, KOTOPbIi
BCTyHaeT B KOHTAKT ¢ Ouocdepoii [15-17]

11

VYipasiieHue JTULEeH3UIMHI

[MpumenutensHo k ADC BKIIO4aeT B cedsl BCE NMPOLIECCHI JIMLICH3NPOBAHUS U/WIIN aBTOPU-
3alU SJCPHON YCTAHOBKH M ee JesiTesibHocTH. OpraHu3anus nporecca MmoixydeHus Beex
pa3pelnieHni 1 JIMIEH3HUH, KOTOpbIe BayKHBI JUTs cOopa taHHbIX 0 dazax XKL ADC
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Oxonuanue mabauyol

Omnucanne

OIeHKH COCTOSIHUSI 0€30IIACHOCTH C YIE€TOM CPOKa SKCILTYaTaIHH SIICPHOH yCTaHOBKY, ITyH-
KTa XpaHCHUs, a TAKKe CTapeHHs1 000pyHOBaHMs HA OCHOBE 3aKOHO/ATeNIbCTBA CTpaH [ 18]

CyIIHOCTh CTaTUYECKOTO MOAXO0Aa K SKOHOMHUYECKOH 3P HEKTUBHOCTH COCTOUT B MAKCUMHU-

D10 yperyanpoBaHHast AESTENEHOCTE CHEIUAILHBIX YIIOMTHOMOUYEHHBIX CyOBEKTOB, HalpaB-
JIeHA Ha CO3/IaHHe KOHKPETHBIX IIPABOOTHOIICHUH B cepe OXpaHBI OKPYKAromed Cpessl,
panMoHaIbHOE MPUPOIOIIOIL30BaHIE, COONIONCHNE HKOJIOTHUSCKHX MpaB M HCIIOTHEHHE

Iporueccsl, cBs3aHHbIE ¢ UICHTH(UKALMEH, aHATH30M PHCKOB M IPUHSATHEM PELISHUH, KO-
TOpbIE BKIIIOYAIOT MAaKCUMHU3AIUIO TOMOKUTENBHBIX U MUHUMH3AIHIO OTPUIATETbHBIX M0-

DKOHOMHYECKAs CyHIHOCTb MATCpHUaIOCMKOCTH NPOAYKIUHU 3aKIIO4YaCcTCsa B TOM, YTO OHa
BbIpaXXacT YACJIbHBIC MATCPUAJIBHBIC 3arTparbl Ha IMPOU3BOJACTBO CAWHUIIBI MPOAYKIIUHU

VipaBieHHe 3aMHTEPECOBAaHHBIMI CTOPOHAMH MPOEKTa PACCMATPUBACTCS KaK HEIPEPbIB-
HBII Tiporecc [22, 23], B 4aCTHOCTH, 3TO YETHIPEXITAITHBIN MPOIECC BBISBICHNUS 3aHHTEPECO-

n/m DeMeHT
12 | [lepuonnueckas oLeHKa
6e3omacHOCTH
13 | OnTuMHu3ays ¢ y4eTom
3SKOHOMHYECKHUX 3alUK pe3yabTara Ipyu MUHUMHU3aKu 3aTpart [19]
NoKasaresen
14 | Dkonoruueckoe
yIIpaBIIeHHE
IKOJIOTHUECKUX 00s3aHHOCTEH [20]
15 | YmpaBnenue puckamu
CJIEACTBUI HACTYIUIEHUS] PUCKOBBIX COOBITHIA [9]
16 | Yopasienue
MarepHaToeMKOCThIO
C ONpeIeIeHHON TOTPEeONTENBHOI CTOMMOCTBIO [21]
17 | Yopasienue
3aMHTEPECOBAHHBIMH
CTOpOHAMHU

BaHHBIX CTOPOH, OIIPE/ICNICHHUS] UX BIUSHNSA, pa3pabOTKY TJIaHa YIpaBIeHUs] KOMMYHHKaIIU-
SIMH M OKa3aHHMS BIMSHHS Ha 3aMHTEPECOBAHHBIE CTOPOHBI TOCPEACTBOM B3aHMMOACHCTBHSI.
B obmacTn MapkeTHHTa CUMTAETCS, YTO KIMEHTHI SABISIOTCS OJHON M3 HanOOIee BaXKHBIX
3aUHTEPECOBAHHBIX CTOPOH B YIIPABICHUH JOJITOCPOYHON CTOMMOCTBIO OM3HECA, IPH 3TOM

[IHAJINCTaM OILICHHUBATh OTAcHbHBIC cTaguu K1 ADC
C MOMOILBIO METOJOB MHOTOKPUTEPUAILHOTO MPUHSI-
THUS pELIEeHUI.

Jis gucnosoit onenku XKL ADC mpemaraercs
CIIEAYyIOIIEe BBIPAXKEHUE, KOTOPOE OIpEeaeseTcs: Kak
CyMMa Beca COOBITHI (Ta0J1.) Ha KKION CTaHU:

Chapanc=2.Cp+2.C,+>C +DC+>C,,,

e Cyi une — CYMMapHOE 3HaYCHHE BECa BCEX CTa/Uid
KL ADC, 6amsr; ZCp — CyMMapHbIi BeC CTaJuH pas-
MemieHus, 6asmibl; XC — cyMMapHbIii BeC CTajuu Ipo-
eKTHPOBaHusl, 6aibl; XC_ — CyMMAapHBIA BEC CTaIUH
CTPOUTENIbCTBA, OAJIIBI; ZC3 — CYMMapHbIi Bec CTauu
SKcIuTyaranus, 6amiel; XC, — CyMMapHbIi BEC CTauu
BBIBOZIA M3 DKCILTyaTalluy, Oasibl.

[Tocme ycraHoBIeHHs Beca KaKaoil craanu [24]
ompenensercs oomuit Bec mm onenka JKI ADC kak
cyMMa 0aJuToB Ha OCHOBE BCEi MH(pOpMAIUH, coOpaH-
no# Ha atane XKL ADC s KOTM4ecTBEeHHON OIICHKU
¥ TaIBHEHIINX pacyeToB U aHanmu3a. Hamiexamiee 1o-
KyMEHTHPOBAaHUE W KOHTPOJIb TMOTOKa HWH(OpMAaNuny,
monmy4yaemoit Ha Bcex atamnax JKI[ ADC, ee obpaborka
1 OLICHKA OCYIIECTBIISIFOTCS C CIIOIb30BaHUEM Habopa
METO/I0B, TaKUX Kak Merof IlapeTo, MaTpuma pHuCcKoB,
Metonsl MCDM mwin MHOTOKpPUTEpUANbHBIM aHaIN3
pemennit [11, 12, 25-28].

Crpykrypublit 0mok ynpasinenust XKL ADC sB-
JISITCSI BaXKHBIM MHCTPYMEHTOM, MO3BOJISIONIMM KOH-
TPONHUPOBATh MPOIECCHI, a TAKXKE COKPATHTH PECYPCHI
U JICHEeXKHBIC 3aTpaThl, HEOOXOoMuUMBIE a1 cOopa WH-
(dbopmanuu Ha Kaxaom srame KL,

Hemns coszmanmsa tuiatgopmer ympasneHus KL
ADC — obecrieuennie >(QQPEKTUBHOTO YIIPABICHHS

22

OCHOBHas 1IeTb (PUPMBI — YTPABIECHNE YAOBIECTBOPEHHOCTHIO KIUEHTOB

B paMKax CIIEIHAIM3UPOBAHHON TEXHUKO-OpTaHH3aIli-
OHHO-MeTOonn4eckoi cucremsl ympasierns JKI[ ADC,
CO3/1aBaCMOM C HCHONB30BAaHHEM OTEYECTBEHHOTO
1 3apy0eXHOTO ONbITa yNpaBJiIeHUs B cepe aTOMHOU
sHepreTuku. O0IacTh MPUMEHEHHUS TIaT(HOPMBI — BCE
craaun XK1 ADC [29].

HeoOxomnmocTs co3nanus maropMbl yrpasie-
Hus XKL ADC cpsizana ¢ peanuzanueil MHBECTHLIMOH-
HBIX TIPOEKTOB (METarpoeKTOB), COAEPKAIINX COBOKYTI-
HOCTb B3aWMOCBA3aHHBIX IIPOCKTOB, 06’])6[[I/IHCHHIJIX
00IIeH 1eTbI0, BBIACICHHBIMH PECYpCaMH U OIpeje-
JICHHBIM CPOKOM peanu3anui [ 10].

ITox MerampoeKkToM MPHHATO TTOHMMAaTh MacuITad-
HBI KOMIUIEKCHBIM MPOEKT, BKIFOYAIOIIUN MHOKECTBO
YAaCTHBIX MPOEKTOB W TIPOrPaMM, TECHO CBS3aHHBIX
MEXKITy cOo00H M OOBEAMHEHHBIX OOmIeH IMenpio [8].
MHuorue MCTAIIPOCKThI  ABJIAIOTCA  MEKOTPACJICBBIMH
/v MexayHapoaHsIMA. Cpenn OTIMYMTEIBHBIX TIpHU-
3HAKOB METAITPOECKTOB MOYKHO BBIICITUTE: BBICOKHIA 00heM
uHBecTUImii (6osee 50 Mitpa pyo.), ITUTEITBHOCTD PEeaIi-
3a1mu 5 1 GoJiee JIeT, a Takoke TPYI0eMKOCTb ropsiika 15—
20 MITH 9eTIOBEKO-4acoB, 3HAUNTEIIHHOE BIMSHUC HA pa3-
BUTHE PETHOHOB U CTPaH, B KOTOPBIX OHH PEaTH3YIOTCS.

[MpennoxxenHast aBropamu IuiaropMa yrpasie-
Hus KL ADC yBs3aHa ¢ HOPMATUBHOM CTPYKTYpOil
Poccutickoit denepannu, OHa TOMOTAET YIIIyOUTH I10-
HUMAaHHE TOTO, KaK JCUCTBOBAaTh, M CBsI3aTh MH(OpMa-
LU0, TIPEIOCTABISIEMYIO BCEMH CTPYKTYPHBIMH €/THHU-
LIaMH, C eJUHOI 0a30i1 TaHHBIX.

Hcnonp3oBanue rmiardopmel  yopasienus: KL
ADC unmocTpupyercss Ha MpUMepe yNpaBlIeHUs! pH-
CKaMH, KaK OJTHOM W3 BaKHEHIIINX 3JICMEHTOB YIIpaBie-
nust XKL ADC B 1ienom.



CTpyKTYpa M COAEPXKaHNE NAATPOPMbI YIIPABAEHMS CTAAMSMM XM3HEHHOTO Linkaa A9C

C. 18-31

AJITOPUTM METOAUKH YIPABJIEHUSI PHCKAMH
K A9C ¢ nomombI0 maaT¢hopmMsbl

Jnsa ynpasnenus puckamu Ha craguu JKI[ ADC
IIPUMEHSAETCA HabOp METOHOB, KOTOPbIE OObEIUHEHEI
B MeToauKy yrpasieHus puckamu ADC (puc. 3), ¢ me-
JBI0 TIONMYYeHUsI Hanbojee OOOCHOBAaHHBIX PEUICHUH,
COKpAIIEHUsSI TPYI03aTpaT U JEHEKHBIX 3aTpar.

WnenTnunnpoBaHHbIe PUCKH OIIEHUBAIOTCS IKC-
NepTamu, pU 3TOM ONPENENAIOTCs UX Beca. B nepBoit
rpymie MetogoB — mertox Ilapero m MeTon MaTpHIls!
PHCKOB, OHH MOTYT OBITh HCIIOJIB30BaHbI KaK B Kade-
CTBEHHOM (MaTpHIa), TaK M B KOJINYECTBEHHOM aHAaJIH-

3¢ (metox [Tapeto). Panee aBropamu B padote [5] ObL10
JIOKa3aHO, YTO OHH JIAI0T OJIMHAKOBBIN pe3yJIbTar.

ITocne momydeHHUs] pe3yiIbTaToB aHajIW3a PUCKU
OLICHMBAIOTCSl C ITOMOIIBIO METOIOB MHOTOKPUTEPH-
QIBHOTO aHajM3a pelleHuH, OObEJMHEHUS METOJI0B
aHaIM3a uepapXui U HeYeTKOH JToruku [26-29].

OmnpeneneHne Beca PHUCKOB SBISACTCS ONHUM
13 Hanboee BaYKHBIX ATAMIOB B aHAIIN3E PHCKOB, KOTO-
PBIN TOMOTAET YCTAaHOBUTH MPUOPUTETHI M TIPHHUMATH
CIIO)KHBIE PEIICHHUS.

Ob6mas 6:10k-cxema ympasieHus puckamu Ha JK1]
ADC npencrasnena Ha puc. 4.

Br16op coObITHSL.
Br16op HanpasieHus > Bri6op cragun >
aTOMHOM OTpaciau KL ADC [aargopma ynpasaetis
P KIT ADC
CocrasieHue peectpa Hcronb30oBaHne METO/Ia SKCIICPTHBIX OLIEHOK /
PHCKOB COCTaBJICHHE aHKETHI
[Ipumenunue meroga [Ipumenenue meTo 0B
Omnpenenenue
————| [lapero wiam MaTpuisl |———3| MHOIOKPHTEPHAIHHOIO
B3BEIIEHHOCTU PHCKa .
PHCKOB TIPUHATHS PeIICHUH
Pesynbrar oneHKH pucKoB
Ha ctaguu JKI]
Puc. 3. Metonuka ynpasnenus puckamu Ha XKL ADC
AtoMHas Ha reppuropuu PO Peectp puckos
JHEpreTHKa
3apyOexHbIe DKCIIepTHAsI OLIEHKA PHCKOB

¥

¥

Pasmernienue 1 oleHKa II0MIA KK

OHpeIIeJIeHI/Ie BECa pUCKa

[IpoektupoBanue

¥

CoopysxeHue

IIpumenenune merona Ilapero

WJIM MaTpulbl OLICHKU PHUCKOB

OKcIutyaTanus

[Ipumenenne o0beIMHEHHBIX

BriBox u3 skcrutyatanuu

MeTo10B MAMU 1 HedeTKoit JIOrMKu

¥

¥

[Inardopma ynpasnenus XKL ADC

Pe3yJ'ILTaT OLICHKHU CTaun

KI[ ADC

Puc. 4. bnok-cxema ynpasienus puckamu Ha XKL ADC
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3AKJIIOYEHHUE

[IpennoxeHbl CTPyKTypa W COJAEp)KaHWE IUIaT-
¢dopmer ympasinernus XKL ADC, koropas oO0beauHs-
eT BCE CTaguM >KM3HCHHOTO IUKJA, KOHCOIUIHPYET
U cUCTeMaTu3upyeT uHpopMaiuw 000 Bcex COOBITH-
SIX U dIIeMeHTax B nudpoBoM popmare ¢ yaeTom (ak-

TOpPOB: 0OE30MaCHOCTH, CTOMMOCTH, IOJITOBCUHOCTH,
BpEMEHU.

[Tnardopma 1mo3BOISIET IPOBOAMTE AHAIIU3 U OIICH-
ky ctanuit XXI{ ADC u npuHIMaTh 000CHOBAHHBIE pe-
wenus o nepeoae ADC Ha CleqyIoyIO CTaAMIO.

Onucana meronuka ynpaieHus puckamu KII
ADC ¢ moMoIpIo IaThOPMEIL.
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INTRODUCTION

The life cycle (LC) of complex capital construction
facilities, which include power units of nuclear power
plants (NPP), includes the following main stages [1, 2]:

1. Site Allocation and Site Assessment.

2. Design.

3. Construction.

4. Operation.

5. Decommissioning.

The International Atomic Energy Agency (IAEA)
defines the term "life cycle of a nuclear power plant"
as the integration of safety management, ageing man-
agement and business management decisions, and
economic considerations over the lifetime of a nuclear
power plant. Life cycle management is performed with
a purpose [3, 4]:

» maintain acceptable levels of performance and
safety;

* optimize the operation, maintenance and service
life of system structures and components;

» maximize the return on investment over the life-
time of the nuclear power plant;

» take into account national strategies for financing
the life cycle (including decommissioning), fuel and
waste management;

« the safety of personnel and the public should be
of paramount importance in the operation and decom-
missioning of a nuclear power plant;

* the amount and duration of liabilities remaining
after the cessation of power generation are significantly
greater than for most business assets in other industries;

e proper operation may result in the deferral of
capital expenditure required for decommissioning and
waste storage;

e funds to fulfil decommissioning obligations
should be collected during operation;

* activation of an effective risk management sys-
tem from the first stage of the life cycle to minimize
and eliminate risks that may affect all stages of the NPP
life cycle.

MATERIALS AND METHODS

The aim of the study is to substantiate the necessi-
ty of creating a platform for NPP life cycle management
from the stage of placement to the stage of decommis-
sioning. At present, in the scientific literature, the sys-
tem analysis of NPP life cycle management issues is
not comprehensive enough, and the existing decision
support systems provide only fragmentary possibilities
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of life cycle management. This publication proposes
a platform for integrated management and decision-
making throughout the entire NPP lifecycle.

RESULTS

The TAEA developed principles and guidelines
for effective life cycle management [3] for light water
reactors and for heavy water reactors in order to meet
the requirements for safe long-term electricity supply
while maintaining competitiveness. The main objec-
tive of a nuclear power plant operating company can be
summarized as: “to operate for as long as economically
and safely possible”. Thus life cycle management is:

*a system of programmes and procedures for
meeting the requirements for safe operation and power
generation in a competitive manner and within a time
frame that is technically and economically sound [5];

» management tool to achieve the goals of perfor-
mance, safety, durability and economy [6].

These guidelines were developed using existing
international experience in the global nuclear power
industry and input from experts involved in license
renewal and modernization, regulatory aspects, safety
and economic improvement of NPP [6].

The authors believe that NPP life cycle manage-
ment consists in collecting and combining all elements
and events affecting the life cycle in a single data-
base on the platform with their subsequent processing
using modern methods to assess the state of NPP,
which makes it possible to evaluate the current stage of
the life cycle and make a decision to transfer the plant
to the next stage of the life cycle. The proposed NPP
life cycle management platform is, in fact, a digital da-
tabase with their subsequent processing, entered at all
stages of NPP life cycle by factors (Fig. 1).

Safety

Time Cost

Durability

Fig. 1. Factors influencing the NPP life cycle

The NPP life cycle management platform serves
as a basis for the formation of a programme to control
the NPP life cycle from its creation to the moment of
decommissioning, so each element of the platform is
directly or indirectly responsible for a set of numeri-
cal values that help to have a complete picture of all
events for decision making, including the transition
to the next stage. It should be noted that management
is needed throughout the whole NPP life cycle, not at
a single stage.

The platform is designed to facilitate the control
and supervision of the management of the current stage
of the NPP project, to assess the current status, and to
control the transfer of the NPP from the current stage to
the next stage.

The platform is divided into 17 elements as shown
in Fig. 2.

. . Preventive
Security management Asset management Aging management .
maintenance
Management
. & Performance Personnel
Quality Management of knowledge
e management management
utilization
Radioactive . S
T License Periodic safety
Digitalization waste
management assessment
management
Optimization based . L .
P . Environmental . Material intensity
on economic Risk management
. management management
indicators

Stakeholder management

Fig. 2. Elements of the NPP life cycle management platform
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Ensuring safe, economic and long-term operation
is equivalent to providing additional generating capac-
ity, which implies extending the lifetime to the maxi-
mum extent possible while maintaining the safety and
competitiveness of the NPP. It should be remembered

that the purpose of NPP construction is the economi-
cal generation and sale of electricity, the revenues from
which should finance the entire life cycle [6—10].

A brief description of the most important elements
(events) of NPP LC control is given in the Table.

Elements (events) of NPP life cycle management

n/a

Element

Description

1

Security management

The management component of the whole organization is described in the quality management
system. Improving the safety performance of the organization through the planning, control
and supervision of safety related activities, including building a strong safety culture by
developing and reinforcing appropriate safety attitude and behaviour [3, 4, 10]

Asset management

The business discipline associated with monitoring and tracking an organization’s assets.
The life cycle of an asset starts with its acquisition and continues through its maintenance,
repair and modernization up to the final disposal of the asset. In the case of NPPs, the lifecycle
of an asset is from the stage of placement to decommissioning [3, 4, 10]

Aging management

Defined as design, operation, and maintenance actions to control, within acceptable limits,
the degradation of systems, structures, and components as the structure, system, and
components age

Preventive maintenance

Administrative and technical activities that keep structures, systems and components in
working order. It includes both preventive maintenance and predictive maintenance, as
well as corrective, periodic and planned maintenance to maintain or extend service life by
controlling degradation and failure to an acceptable level

Quality Management

A systematized tool for getting the job done with the ultimate goal of doing it right the first
time. Effective life cycle management is facilitated by ensuring that the control system used
in the early stages of the plant’s life cycle adequately meets the requirements of the later stage
of the life cycle

Management of
knowledge utilization

The systematic management of an organization’s information assets to create value and meet
tactical and strategic requirements. It consists of initiatives, processes, strategies and sys-
tems that support and improve the storage, evaluation, sharing, refinement and creation of
knowledge

Performance
management

A strategic approach to creating and sustaining improved employee performance leading to
improved company performance. A method of continually communicating job responsibili-
ties, priorities, performance expectations and development planning to employees. The aim
is to help improve their performance and synchronize it with the organization’s goals. It is
a strategic approach where managers of an organization provide feedback to their employ-
ees to achieve strategic goals. It is all the ongoing actions, interactions and communication
between employees to help them achieve their own goals and contribute to the success of
the team and the organization

Personnel management

A system of relations related to the purposeful influence on the personnel of an organization
to ensure its effective functioning through the fullest use of labour potential. The concept
of personnel management is a system of theoretical and methodological views on
understanding and defining the essence, content, goals, objectives, tasks, criteria, principles
and methods of personnel management, as well as organizational and practical approaches
to the formation of its implementation mechanism in specific conditions of functioning of
organizations [13, 14]

Digitalization

Every building and every piece of equipment has a digital copy, allowing you to analyze its
condition in real time, predict problems, prevent them with predictive analytics

10

Radioactive waste
management

An organized process for removing, reusing, reducing and preventing the generation of waste.
A term also known as waste management. It is an approach whereby companies implement
comprehensive strategies for the effective management of waste from generation to final
disposal. The objective of radioactive waste management is to minimize its impact on living
beings and the environment. Radioactive waste management involves the process of isolating
or reducing radioactive risks by reducing the amount or concentration of any radioactive
material that comes into contact with the biosphere [15-17]
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End of the Table

n/a Element Description
11 |Licence management For NPP, this includes all licensing and/or authorization processes for the nuclear installation
and its activities. Organization of the process of obtaining all approvals and licenses that are
important for collecting data on the phases of the NPP life cycle
12 | Periodic safety Safety assessments taking into account the lifetime of the nuclear facility, the storage site,
assessment and the ageing of the equipment based on national legislation [18]
13 | Optimization based on | The essence of the static approach to economic efficiency is to maximize the result while
economic indicators minimizing the costs [19]
14 | Environmental This is a regulated activity of special authorized subjects, aimed at creating specific legal
management relations in the field of environmental protection, rational nature management, observance of
environmental rights and performance of environmental duties [20]
15 |Risk management Processes related to risk identification, analysis and decision-making, which include
maximizing positive and minimizing negative consequences of risk events [9]
16 | Material intensity The economic essence of material intensity of products is that it expresses specific material
management costs for the production of a unit of products with a certain consumer value [21]
17 | Stakeholder Project stakeholder management is considered as a continuous process [22, 23], specifically,
management it is a four-step process of identifying stakeholders, determining their influence, developing
a communication management plan, and influencing stakeholders through engagement. In
the field of marketing, customers are considered to be one of the most important stakeholders
in managing the long-term value of a business, with customer satisfaction management being
the main goal of the firm

The proposed NPP LC management platform
(Fig. 2) combines all elements (events) affecting
the NPP LC into one equation, where the sum of all ele-
ments is considered to be equal to 1 or 100 points [5].

Assigning a numerical value to each element
makes it possible to evaluate elements according to
specified criteria using methods of expert evaluation
and multi-criteria decision analysis (MCDA). In oth-
er words, the NPP life cycle management platform is
a sum of elements that form an integrated system al-
lowing experts to evaluate individual stages of NPP life
cycle using multi-criteria decision-making methods.

The following expression is proposed for the nu-
merical assessment of the NPP life cycle, which is de-
fined as the sum of the weight of events (Tabl.) at each
stage:

CLC NPP = ZCI + ch + ZCC + ZCO + chs 4
where C

Lo npp — 18 the total weight of all stages of NPP
life cycle, points; 2C, — total weight of the location
stage, points; XC, — total weight of the design stage,
points; XC, — total weight of the construction stage,
points; XC — total weight of the operation stage,
points; XC, — total weight of the decommissioning
stage, points.

Once the weight of each stage has been established
[24], the overall weight or score of the NPP LC is deter-
mined as a sum of scores based on all the information
collected during the NPP LC stage for quantification
and further calculations and analyses. Proper documen-
tation and control of the flow of information received
at all stages of the NPP life cycle, its processing and
evaluation are performed using a set of methods such
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as the Pareto method, risk matrix, MCDM methods or
multi-criteria decision analysis [11, 12, 25-28].

The NPP life cycle management building block
is an important tool to control processes and to reduce
the resources and monetary costs required to collect in-
formation at each stage of the life cycle.

The purpose of the NPP life cycle management
platform is to ensure effective management within
the framework of a specialized technical, organizational
and methodological system of NPP life cycle manage-
ment, created using domestic and foreign management
experience in the nuclear power industry. The platform
application area is all stages of the NPP life cycle [29].

The need to create a platform for NPP life cycle
management is associated with the implementation of
investment projects (megaprojects) containing a set of
interrelated projects united by a common goal, allocated
resources and a certain period of implementation [10].

A megaproject is commonly understood as a large-
scale complex project that includes many private projects
and programmes closely related to each other and united
by a common goal [8]. Many megaprojects are cross-
sectoral and/or international. Among the distinguishing
features of megaprojects: high investment volume (more
than 50 billion rubles), duration of implementation of five
or more years, as well as labour intensity of about 15-20
million man-hours, significant impact on the development
of regions and countries in which they are implemented.

The NPP life cycle management platform pro-
posed by the authors is linked to the regulatory structure
of the Russian Federation; it helps to deepen the under-
standing of how to proceed and to link the information
provided by all structural units to a single database.
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The use of the NPP life cycle management plat-
form is illustrated by the example of risk management
as one of the most important elements of NPP life cycle
management as a whole.

Algorithm of NPP life cycle risk management meth-
odology using the platform

To manage risks at the NPP life cycle stage, a set
of methods is used, which are combined into the NPP
risk management methodology (Fig. 3) in order to ob-
tain the most reasonable decisions, reduce labour and
monetary costs.

The identified risks are evaluated by experts, and
their weights are determined. In the first group of meth-
ods — Pareto method and risk matrix method, they can
be used both in qualitative (matrix) and quantitative
analysis (Pareto method). Earlier authors in [5] proved
that they give the same result.

Once the results of the analysis are obtained,
the risks are evaluated using multi-criteria decision
analysis methods, combining hierarchy analysis and
fuzzy logic methods [26-29].

Determining risk weights is one of the most im-
portant steps in risk analysis, which helps prioritize and
make complex decisions.

Event Selection.
NPP Life Cycle
Management Platform

Application
of multi-criteria
decision-making methods

Fig. 3. Methodology of risk management in the NPP lifecycle

Choosing the direction > Selection of the NPP >
of the nuclear industry life cycle stage
Drawing up Use of expert judgement method /
a risk register questionnaire design
Determination Application
; S ————> ofthe Pareto method |——>
of risk weighting . .
or risk matrix
Result of risk assessment
at the life cycle stage

Nuclear

On the territory of the Russian Federation

Risk register

power

Foreign

Expert risk assessment

¥

¥

Site allocation and assessment

Determination of risk weights

Designing

¥

Construction

Application of the Pareto method
or risk assessment matrix

Operation

Application of combined MAI

Decommissioning

and fuzzy logic methods

¥

¥

NPP Life Cycle Management Platform

Result of NPP Life Cycle Stage

Assessment stage

Fig. 4. Block diagram of risk management in the NPP life cycle
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The general block diagram of risk management in
the NPP lifecycle is presented in Fig. 4.

CONCLUSION

The structure and content of the NPP life cycle
management platform is proposed, which integrates all
stages of the life cycle, consolidates and systematizes

information about all events and elements in a digital
format taking into account the factors: safety, cost, du-
rability, time.

The platform allows analyzing and evaluating
the stages of NPP lifecycle and making informed deci-
sions on NPP transfer to the next stage.

The methodology of NPP lifecycle risk manage-
ment using the platform is described.
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