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AHHOMayus

PaccmoTpeHbl NoaxoAabl K yrnpaB/iEHUIO PUCKAMM ANA TAaKUX CNOMKHbIX CUCTEM
KPUTUYECKOM MHOPACTPYKTYPbI, KaK CUCTEMA SHEPTeTUKMU, N PaKTOPbI, BAUAIOLLME Ha
YSA3BMMOCTb KPUTUYECKOM 3HEpreTU4eckomn MHGPACTPYKTYpbl B CTpaHax EBponenckoro
Coto3a.

Knrouesvie cnosa: paKkTopbl YyA3BMMOCTH, YNpaBaeHNne PUCKamMu, OLEHKa puUC-
KOB, KacKagHble 3¢ PeKTbl, MECTHbIN, HALMOHANbHbIN U MEXPErMOHAIbHbIN YPOBHMU
ynpaBneHua, TMHUU Nepeaadun u pacnpeaeneHnsa 3NeKTPo3IHepPrumn, ToTasibHOe OTKO-

YeHNE aNEKTPNYECTBa
BBEJEHUE

TepMUH «KpUTMYEcKaa MHPPACTPYKTYypa» 4acTo MCNoNb3yeTca ANs onpeaene-
HMA MHPPACTPYKTYPbI, }KU3HEHHO Heobxoanmon ana GyHKUMOHUPOBAHMA obLiecTBa.
K Tako MHPPACTPYKTYpe OTHOCUTCA IHEpPreTMKa, BKAYaA BbIpabOTKY, TPAHCNOPTH-
POBKY U nepepaboTky aHeprun. TakkKe TEPMUH «KPUTUYECKana MHPPACTPYKTypa» UC-
NoAb3yeTca AN MACLITAOHbIX TEXHUYECKUX CUCTEM, TaKUX, KaK CUCTEMbI KOMMYHMKa-
LMW, TPAHCNOPTa UAM BoAoCHabeHuA [1]. OecTBUTENBHO, 06NACTb SHEPrEeTUKKN AB-
NAETCA U3HEeHHO Heobxoaumoin ans GyHKUMOHUPOBAHMA obulecTBa, n ntobblie cboun B
nepegaye sHePrMm MoryT HeraTUBHO NOBAUATb HA BCe chepbl YENOBEYECKOM AeAaTeNb-
HOCTW, 0COBEHHO B HacTosALLLEe BPEMSA, KOrAa pa3/IMyHble CUCTEMbI CTAHOBATCA Bce 60-
Jlee B3aMMO03aBUCMMbIMU U BCe BO/blLIEE KOMYECTBO TaKUX YCAYr, Kak OTOMNNEHME,
OCBeLlLeHMe, TPAHCNOPT, NPOU3BOACTBO, TEIEKOMMYHUKALUMK U T. 4., NPefoCcTaBNseTCs
Ha OCHOBE 3/IeKTPUYECTBA.

88



SnekmpoHHble 6ubnuomeku. 2017. T. 20. Ne 1

CobbITMA nocnegHUX NeT NoKasanu, 4To nepebon ¢ NOCTaBKaMM 3/IEKTPUYECTBA
B OHOM CTPaHe MOr/IM NoBJieyb 3a c060 KacKkagHble 3PpdeKTbl U TOTalbHOE OTKALOYE-
HUEe 3/1eKTPUYECTBa, Koraa noctpaganu 6bl MUANNOHDLI XKUTeNne B PasHbIX CTPaHax.
MoA, TOTaNbHbIM OTK/IIOYEHMEM 3INEKTPUYECcTBa NMOHUMAETCa CcUMTyauumsa, Korga bonee
OAHOr0 MUNNMOHA Nt0AEN OCTaNNCL Be3 31eKTPUYECTBA UM KOTAa OTK/IIOYEHUE I/1EK-
Tpu4yecTBa Npoao/iKanocb bonee mnunnnoHa muHyT. K npumepy, B asrycte 2003 roga
6onee 50 mnunnmoHos xutenen CLLUA n KaHaabl octanmch 6e3 anektpuyectsa. B atom
Xe roay 4 mmnnvoHa xutenen Lseumn n JaHnm octanucb 6e3 anekTpuyectsa, a To-
TaNlbHOE OTK/IOYEHME INEeKTPUYEecTBa, KOTopoe Havanochk B LLsenuapum B 2003 roay,
TaKXe 3aTPoHy0 55 munnnoHos xutenen Utanum [2].

MocneacTBuA TOTa/IbHOIO OTKKOYEHUA INEKTPUYECTBA B CTPAHAX C SKOHOMUKOM
nepexoaHoro nepuoaa bbinn ewe 6onee 3HaumMTeNnbHbIMU. B 2012 roay B MUHAMKM OCTa-
nncb 6e3 anektpuyectsa 670 munnnoHos aoaei, B 2005 roay 8 MHaoHe3nmn — 100 mun-
nnoHos, B 1999 roay B8 bpasmnnnm — 97 mmunnmoHos n 8 2009 rogy B8 bpasunauum mn Mapar-
Bae — 87 MUN/IMOHOB Kutenen [3].

OueHKa M ynpaBneHne PUCKaMM TaKOM CJIOXKHOM CUCTEMbI, KaK CUCTEMA d/1eK-
TPOCHabKeHus, TpebyoT KOMMN/IEKCHOM OLLEHKU U A0NXKHbI BKAKOYaTb BCEX Y4aCTHUKOB
npoLecca Kak Ha MeCTHOM YPOBHeE yrnpaBaeHUA, TaK N Ha HALLMOHA/IbHOM N MeXXperu-
OHa/ZIbHOM YPOBHAX. 3alWMTa NMHUMW 3/1eKTponepeaay npeanonaraer obecneyeHue
NPOAOMKNTENIbHOTO GYHKLLMOHUPOBAHMA U B3aMMO3aBMCUMOCTM BCEX CUCTEM, CBA3AH-
HbIX C 3/1eKTPOCHabXeHMeM, AnA onpeaeneHunsa, NPeoaoNeHNA U HENTPAAU3ALUN PUC-
KOB. YNpaB/ieHne puUCKaMu AO0/IKHO 3aTparMseaTtb BCe TPU NMOACUCTEMbI dHepreTuye-
CKOM CUCTEMbI — MOACUCTEM BblpabOTKM, TPAHCMOPTUPOBKM U NepepacnpeseneHms
3Heprun. Bce aTn noacucTemsbl, BKAKOYAOLWME TaKKe BbICOKOBO/IbTHbIE U HU3KOBO/IbT-
Hble IMHUW 3NeKTponepenay, B3aMMO3aBUCMMbI M B3aUMOCBA3aHbl Mexay coboii.

JIMHWKM sanekTponepeaay NOABEPXKEHBbI PA3/IMYHbIM PUCKAM, TAKUM, HaNpMUmep,
KaK NpUpoaHble KaTacTpodbl, TEPPOPUCTUUYECKNE PUCKU UAN KnDepaTaKn, a TakKe cu-
CTEMHbIE PUCKK, CBSAI3aHHbIE C BBEAEHWEM B 3KCMAyaTaLMio HOBbIX 06bEKTOB MHpa-

CTPYKTYPbl MW TaKUX BUAOB SHEPIUN, KaK BO30OHOBIAEMbIE UCTOYHUKU SHEPTUMN.
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®AKTOPbI YA3BUMOCTU CUCTEMbI SIEKTPOCETEN B EBPOINE

ApXUTEKTYpa NMHUIM 3neKTponepeaad B cTpaHax EBpocotosa bbina nocTpoeHa
6onee 50 net Hasag ANA yA0BNETBOPEHUA HYXKA NOTPebNeHUA SHEPTUN, KOrAa LEHTPbI
BbIpaboTKM 3HEPrUM N NOTPebIeHMA HaxoaMAUCh B reorpadunyeckon 6ams3octu apyr ot
Apyra. Ceityac TakMe LEeHTPbl HaXo4ATCA B Pa3HbIX cTpaHax. K npumepy, aHeprua BeTpa
BblpabaTbiBaeTca B lepmaHumn, a notpebnsaetca B ABCTpUM. IHeprma conHua Bbipaba-
TbiBaeTcA B MicnaHum, a notpebnsetca B FfepmaHun. ATOMHas sHeprua BblipabaTtbiBaeTca
B benbruun, a notpebnaeTca TakKe U 3a Npegenamm 3Toin CTpaHbl. TaKaa apxUTeKTypa
anekTpoceTen TpebyeT CTPOUTENBCTBA HOBbIX CETEN MPOTAXKEHHOCTbIO MHOIME KUNO0-
meTpbl [4].

Ha coctosiHMe nuHMi anekTponepegay B EBpone Takke CyLWeCTBEHHO BAMAET
npoLecc cTapeHns MHGPACTPYKTYPbI: CYLLECTBYIOLLME B HACTOALLEE BPEMA IMHUM I/EK-
Tponepepay boian nocTpoeHbl 6onee 30—40 net Haszaa, CyLWECTBEHHAA YacCTb 3TUX /K-
HUM yCcTapena u He COOTBETCTBYET COBPEMEHHbIX TEXHUYECKMM CTaHaapTam. PuHaHCO-
BblA M1 SKOHOMWYECKMN KPU3UC nocaegHero gecatunetna B EBpone npusen K oTcyT-
CTBMIO PUHAHCUPOBAHMA M PEMOHTA pacnpeaennTenbHbIX AMHUIM 3neKkTponepeaay. Ya-
CTO MMEHHO B 3TOM Y4YacTKe CUCTEMbI 3HEProcHabxeHma BO3HMKaAtOT nepebou ¢ noaa-
4yen 3/IeKTPO3HEPTNUM, KOTOPbIE NOTOM PACNPOCTPAHAKOTCA HA BCKO CUCTEMY INEKTpone-
peaau [5].

Mpouecc obbeanHEHUA pblHKA 31EKTPO3Heprun B EBpone npusen Kk ob6veanHe-
HUIO CUCTEM C PA3/IMYHBIMU CTAHAAPTAMM, @ TaKXKe CYLLECTBOBAHUIO BbICOKOBO/bTHbIX
N HU3KOBO/IbTHbIX IMHUIN 3NeKTponepeaay, «YMHbIX CETEM» U NOA3EMHbIX Kabeneu.
OcobeHHo 3aTpyaHUTENbHA CUTYaLUMA B NPUIrPaAHMYHbIX palioHax cTpaH EBpocotosa 13-
33 OTCYTCTBMA PEeryiMpoBaHma B 061aCTU fanbHENLWEro pa3BMUTMA TUHUIN SNEKTpone-
pegay mexay asTMMu ctpaHamu. B HacTosALLee Bpems BONPOCbl obecneyeHma NoCcTaBoK
SHEeprum BXo4AT B HALMOHa/bHble 3aKOHOAATENbCTBA CTPAH — Y1eHoB EBpocoto3a, HO
OCTaeTCA OTKPbITbIM BOMNPOC OTBETCTBEHHOCTU U GUHAHCMPOBAHUA NMHUIA SNEKTpone-
pegay, CoeANHAKLWMX CUCTEMbI Pa3HbIX CTPaH. TakoM NOAX04 OCTABNAET TaKKe OTKpPbI-
TbIM BOMPOC O KOOPAMHALMKN AENACTBUI NO 3aLUTE KPUTUYECKON MHDPACTPYKTYPbI, Bbl-

xoaauwen 3a npegennsl EBpocotosa [6].
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CrpaTterna EBpocoto3a no pa3smutuio aHepreTnkn Ha 2020 rog onpeaenaet ganb-
Helllee CTPOUTENbCTBO /IMHUN 31IeKTponepeaay U yBeanyeHne nx nNponycKkHom cno-
COOHOCTM KaK CTpaTerMyeckn Heobxogmmble. ITa cTpaTernsa yCTaHAB/AMBAET TaKKe
LEeNun pasBUTUA TaKUX a/IbTEPHATUBHbIX MCTOYHMKOB SHEPTUK, KAaK SIHEPTUA CONHLA NN
BeTpa. JHepreTnyeckaa ctpaterma go 2050 roga npegycmaTpuBaeT yBesiMyeHue gonm
BO306HOB/IAEMbIX UCTOYHMKOB A0 80% OT BCel BbipabaTbiBaeMOM 3INEKTPOIHEPTUN [7].
Takue uenn TpebytoT CyLEeCTBEHHbIX U3MEHEHUI B CTPYKTYPE IMHWUIA 3NeKTponepeaay,
OANbHENLWEro CTPOUTENbCTBA TAaKUX IMHUIN U yBEIMYEHUA UX MPONYCKHON CNOCOBHO-
CTW, a TaK}Ke BBEZIEHUA KYMHbIX 3/IEKTPOCETEN» AN1A YNPaB/eHUA NOCTaBKaMM 3/1IEKTPO-
SHEpPrum n3 pasINYHbIX MCTOYHUKOB.

CTtpaHbl EBpOCOt03a NnoaBepKeHbl MHOTOUYNCIEHHBIM Yrpo3am NPUPOLAHbIX KaTa-
CTpod, TaKMM, KaK 3eMNeTPACEHMA, HABOAHEHMA, 3aCyXM, NOXKAPbl U IKCTPEMANbHAA
*apa [8]. Bce 3T yrpo3bl 0Ka3biBalOT HEFATUBHOE BAUAHME HA IMHUM S/1EKTPONeEpeay.
JOMUHUPYIOWMMUM SABNAKOTCA TMAPOMETEOPOIOTMYECKNE YrPOo3bl, Cpeau KOTOpPbIX
wropmbl (35%) n HaBoaHeHus (31%) saBnaroTca Hanbonee yactbiMmu [9]. HactynneHue
Ha3BaHHbIX YrPO3 NPUBOANT K PU3MYECKOMY pa3pyLUEHUIO NTMHUIA INeKTponepeaay, a
TAKXe CHUMKEHUIO MX NPONYCKHOM cnocobHOCTU. PasnnyHble cTpaHbl EBpocotosa yAas-
BMMbI B Pa3/IN4HOM CTENEHW: B TO BPEMA KaK O4HM CTpaHbl bonee noaBepKeHbl pUcKam
HaBOAHEHUM UM UYHaMW, ApyrMe CTPaAatoT OT YACTbiX WTOPMOB U SKCTPEMANIbHOM
*apbl [10]. K npumepy, HOxkHas EBpona 6onee nogsepeHa CEMCMUYECKUM PUCKAM,
roe Takme CTpaHbl, Kak Mpeuns, PymbiHMA n bankaHbl, HAXOAATCA B 30HE CAMOM BbICO-
KOM cercmmnyeckom akTuBHoOCTU. CTpaHbl CpegmsemHomopba 6onee nogBepKeHbl puUc-
Kam uyHamu. CtpaHbl HOXXHOM EBponbl 6onee noaseprKeHbl MOXKapam, CaMan BbICOKaA
BEPOATHOCTb KOTOPbIX Habto4aeTCA B TAaKMX CTPaHax, KaK MopTyranua, UcnaHua, Uta-
nma un Mpeumsa. CylecTByeT TaK»Ke BbICOKAs BEPOATHOCTb YBE/IMYEHMA YACTOTbl U UHTEH-
CMBHOCTM Ha3BaHHbIX yrpo3 [11].

YBennueHune Aonm B0306HOBAAEMbIX MICTOYHUKOB 3HEPTrMK BaeYveT 3a coboli yBe-
NINYeHne ya3BUMOCTM JIMHWUIA 3NeKTponepesay OT KacKaAHbix AasneHuin. CerogHa Bo-
Npoc 0 TOM, CNOocobHa /I eBPONEencKan cMcTema IMHUIM anekTponepegay banaHcmpo-
BaTb MOCTABKM 3NEKTPOIHEPINM N3 PA3IUYHbIX BO30OHOBAAEMbIX MCTOYHUKOB IHEP-
MU, ABNAETCA OCHOBHbIM BOMPOCOM SHEPreTUYECKOro nepexoaa.
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Bo3obHoBASsEMbIE UCTOYHUKK GOPMUPYIOT TaKME HOBblE 3a4a4M, Kak Heobxoam-
MoCTb BanaHca mexay notpebneHnem u BblpabOTKOM 31eKTpPO3Heprun. OHU yCUNU-
BAlOT KOMIMJ/IEKCHOCTb €BPOMEMCKOM CUCTEMbI 3/71eKTponepenay, TakK Kak BeTpsAHble
MeNbHULbI MK CcUCTEMbl GOTOBOSIbTAMKM MOTYT BblpabaTbiBaTb 3/IEKTPUYECTBO,
TO/IbKO KOrAa AyeT BETep MM CBETUT COJIHLE. Y ONepaToOpoOB 3/1EKTPOCETEN HET KOH-
TPONIA TaKUX NPUPOAHbBIX GAKTOPOB, NO3TOMY UM HeobxoanMOo BbipabaTbiBaTb anbTeEp-
HAaTUBHbIE pPEeLIeHMNA B C/ly4ae Ype3MEepPHbIX UIN HeAOCTAaTOYHbIX MOCTABOK 3/IEKTPO-
Hepruun. Takue 3a43a4n ABNAIOTCA pellaembiMn 40 TeX Nop, NOKA A0NA SHEPrnM U3 BO3-
0bHOBNSAEMbIX UCTOYHMKOB HeBennKa. OAHAKO yBennyeHne AonM BO30OHOBASEMbIX
NMCTOYHUKOB A0 80% TpebyeT HOBbIX pelleHni. TakKe BHeAPEHNE KYMHbIX CETEN» NPU-
BOAUT K HeobxoanumocTn 6banaHca notpebaeHmnsa n NOCTaBOK INEKTPUYecTBa, Koraa no-
Tpebutenn CTaHOBATCA M NPOU3BOAUTENAMM, A Y YAaCTHbIX 4OMOXO3ANCTB NOABNAETCA
BO3MOHOCTb NPOU3BOANTb SNEKTPOIHEPIUIO U3 TAKUX a/IbTEPHATUBHbLIX MCTOYHUKOB,
KaK naHenu GoToBO/IbTaNUKKN, PACMONOXKEHHbIE Ha Kpblilwe aomos [12].

Mprvmepbl TOTAaZIbHOrO OTKAKOYEHUA INEKTPOIHeprn B Utanuu, FepmaHum nam
Typunm NOKa3bIBAOT B3aMMO3aBUCUMOCTb GAKTOPOB YA3BMMOCTU, CBA3AHHbIX TaKXe C
NPOTEKALWMMM B AaHHbIX CTPaHax npoLeccamn saHepreTMYecKoro nepexoaa, OCHo-
BAHHOrO Ha BHeApPeHUM BO30OHOBIAEMbIX NCTOYHMKOB SHEPTUM, A TAKKE COYETAaHNEM
$aKTOpPOB YA3BMMOCTU M KacKagHbIX 3 PeKTOB.

ToTanbHOe aBapuiHOE OTKAKOYEHME 3neKkTpuyecTBa B Utanum un Lseluapun B
2003 roay npuBENO K TOMY, YTO NOCTPaAanun 56 mmnanoHos Yyenosek (55 mnnnmoHos
— B UTanum n ognH munnmoH — B LLBenuapun). NMPUUYNHOM TOTaNbHOIO OTKAOYEHMA
ctana neperpyska 380kV-anHun mexay HaceneHHbIMM NyHKTamm MeTTaeH u JlaBopro
(Mettlen — Lavorgo), koTopan npuBena K NOBbILWEHMIO TeMNepaTypbl U BO3ropaHuio ae-
peBbeB, HAXOAALMXCA HEJANEKO OT IMHUKN INEeKTponepesay, B pe3ybTaTe Yero npo-
nsowen cbon B nogayde anektTpoaHeprmun. Coon Ha nnHnm Mettlen — Lavorgo nosnek 3a
coboit nosblweHme Harpyskn Ha 380kV-1nHuI0 mexay HaceneHHbIMKU NyHKTamu Cuabe
n Coca (Sils — Sosa). 9ddeKT 4OMUHO U BbIBOA BCEM CUCTEMBI dN1EKTponepenay B Uta-
NN N3 CMHXpoHm3aumm ¢ Coo3om Nno COTPYAHUYECTBY U nepesaye 3/IeKTPO3HEPrum
noBAaek 3a cobon ToTaNbHOE OTKAKOUYEHME INEKTPMYECTBA B MITanmm, KOTOpoe Npoaon-
¥Ka/10Cb pa3HOE KO/IMYECTBO YaCcoB B Pa3HbIX PErmoHax CTpaHbl. K npumepy, HaceneHue

Cuumnnm octaBanocb 6e3 aneKkTposHeprum B TeyeHme 16 yacos [13].
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B 2006 roay npoun30wWwno ToTa/ibHOE aBapUMHOE OTK/IIDYEHNE INEKTPUYECTBA B
FepmMmaHUM TaKKe N3-3a COYEeTaHMA Pa3INYHbIX PaKTOPOB YA3BMMOCTU. DNEKTPOKOMMaA-
HuA E.ON oTKAtOUMNa BbICOKOBOIbTHYHO IMHUIO Nepeaad aAns npoxoga Kopabaa. OaHo-
BPEMEHHO BeTpsHble MmesbHUUbl B CeBepHOM Mmope BbipaboTtanu 6onee 10,000 MW
3NeKTpo3Heprumn. HegoctaTouyHoe coobLeHME MeXKAY SHEPTreTUYECKMMM KOMMNAHUAMM
M HETOYHblE PacyeTbl BbIPabOTKM 3HEPTMM BETPA NPUBEIN K NEPEHArpPy3Ke IMHUI d/1eK-
Tponepegay. OTKAKOYEHNE BCEM 3aMagHOM CUCTEMDI 3/1IeKTponepeaay NpuBeno K To-
TaZIbHOMY aBapMMHOMY OTKOYEHUIO 3/1EKTPO3Heprum bonee yem Ha Aga 4vaca [14].

B 2015 roay npou30LW/I0 MAacCOBOE aBapMMHOE OTKAKOYEHUE INEeKTPUYECTBa B
Typunmn, onATb e No NPUYMHE COBNALEHUA PA3/IMYHbIX PUCKOB, TAKUX, KaK PEMOHT Of-
HOW U3 NINHWUI 3NEKTponepeaay, CoegNHAOLLEN BOCTOK M 3anaj CTpaHbl, U 0gHOBpe-
MEHHO MnoABaeHne M3ObITKA 3NEeKTPOIHEPIUN, BbIPAaBOTAHHOM TMAPOINEKTPOCTAHLMU-
Amun B BoctouHom YepHom mope, HFOxHOM n BocTouHoM AHATONIMK, KOTOPble paboTanm
Ha NOJIHYIO MOLLIHOCTb. B pe3ynbTaTte npousoLsia n3bbiToyHaa Harpyska Ha 400kV nu-
HUIO 31IeKTponepeaay, COeMHAIOLLYHO BOCTOK M 3anaj CTPaHbl, YTO NPUBENO K TOTab-
HOMY OTK/IIOYEHUIO 3/IEKTPOIHEPTUN BO BCEX MPOBUHLMAX Typunmn, KOraa MUAAUOHDI
noaen octanncb 6e3 anekTposHeprmum [15].

OLUEHKA PUCKOB U YINPABJIEHUE MU HA OCHOBAHUU
YYETA ®AKTOPOB YA3BMMOCTU

OCHOBHbI€ 3/IEMEHTbI OLEHKN PUCKOB BKKOYAIOT OLLEHKN CAMUX PUCKOB, a TaKKe
Yyrpo3 1 yA3BMMOCTel. PUCK ABnAeTcs B3aMMO3aBUCMMOCTbIO BEPOATHOCTU COOTBET-
CTBYIOLLEro COObITUA M ero HeraTUBHbIX NOCAeACTBUIA. YTpO3a XapaKTepmnsyeTca Bepo-
ATHOCTbIO TOrO, YTO ONpeAesieHHbIN PUCK HACTYNUT B ONpeaesieHHbI nepuos Bpe-
MEHM, a YA3BMMOCTb ABNIAETCA CO4eTaHNEM PU3MYECKUX, COLMANBHBIX, SKOHOMMUYECKMX
N KYNbTYPHbIX GAKTOPOB, KOTOPbIE YCUAMBAIOT NOCAEACTBMA Yyrpo3 ansa obuwecTtsa. Ta-
KMM o6pa3om, puck siBnsaeTca GpyHKUMEN Yrpo3 u ya3BumocTer u obblYHO onpeaens-
€TCA KaK BEPOATHOCTb NOTEPU KMU3HM UAKN Pa3pyLLUEHMA UHPPACTPYKTYPbI.

KomnnekcHoe ynpaBieHne puckamum Heobxoammo Ana npeaoTBpalLeHUs Kac-
KagHbIX 3pEKTOB U OTCYTCTBMA CUHXPOHM3ALUUM B pe3y/ibTaTe CUCTEMHbIX PUCKOB.

OHO TaKKe HeO6XO,ﬂ,MMO ANA BHEAPEHUA NPUHUUNNG pe3epBUNPOBaHNA, KOrda B CZ1y4aAaX
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HACTYNNeHMA KPUTUYECKOM CUTYyaLUMU CyLLecTByeT BO3MOXHOCTb BBeAEHMA pe3eps-
Horo obopyAoBaHMA. B Takom cayvyae aneKTponuMTaHue B C/ly4ae Bbixoda M3 CTPosA OT-
AEeNbHOro0 KOMMOHEHTA CUCTEMbI He npepbiBaeTca. B cucteme moryT 6bITb 04MH UK
HECKONbKO pe3epBHbIX MOAY/1e UM KOMMIOHEHTOB. YacTo NpMHUMN pe3epBMpOBaHMA
03HayaeT, YTO YMUCNO MOAYNEN STIEKTPONUTAHMA NPEBLIWAET HAa €ANHULY YMUC/IO MOAY-
el UM KOMMOHEHTOB, HEOBX0ANMMOE ANA INEeKTPONUTAHUA. B cnyyae aBapumn nnm ot-
KNHOYEHUA O4HOTO M3 MOAY/NEN HarpysKa nepepacnpeaensaerca Mexay oCTasibHbIMU
moaynamu. Kaxkaplit U3 moaynen BbINOAHAET 0A4HOBPEMEHHO QYHKLIMM M OCHOBHOrO,
N pe3epBHOro Moayns.

[nsa oueHKM pucKa GYHKLMOHMPOBAHMA IHEPrOCMCTEMbI NPUHUMAETCA onpese-
JIeHMe PUCKa KaK Npou3BeaeHMa KBePOATHOCTU CODbITUA U OXKMAAEMbIX NOTEPbY, KO-

TOpble MOTyT bbITb BblpaXKeHbl 1MH60 B PMHAHCOBOM 3KBMUBANEHTEe, "MDO B noTepe no-
TEHLMaNbHOM MOLHOCTU. KonMyecTBeHHan cBAsb pucka R, cBAsaHHOro ¢ cobbiTnem
I, onpepensercano popmyne R =P S, S, =G, D,, rne P. —sepoatHocTb cBeplieHus
cobbITMA i, BbIUMCIAEMasn 33 ONpeeNieHHbIA MPOMEXKYTOK BpeMeHU, S; — cTeneHb Ta-

YKeCTU NoCNeACcTBUIM 3TOro cobbiTMA, BblpaKeHHAs B HE3HEPreTUYecKUX TepmMMHax
(onpepensetca Kak npousseneHune rnybuHbl Taxkectn G, Ha Bpems BOCCTaHOBAEHUA
D).

[ns obecneyeHma peKMMHOM HaAEKHOCTU U peannsaunm NnpuHUnNa pesepsu-
poB8aHUA [ONKHA 6bITb 0becneyeHa 3aWmMTa OT KACKAZHOTO OTKAKOYEHMA, Kosnanca
HanpPAXeHMA M YacTOTbl, @ TaKKe NOoTepU CUHXPOHU3ALUMN. B COOTBETCTBMM C Aa@HHbIM
NPUHLMNOM NpPU OTKase O4HOro 31eMeHTa B cMcTeMe A0/1XKHO bbiTb obecneyeHo Tpe-
byemoe anekTponutaHme. OUEHKM PEeXUMHON HAZLEKHOCTU BKAOYAIOT BblYMCNEHME
AOCTYNMHOM MPOMNYCKHOM CNOCOBHOCTU CBA3EM 3/1EKTPOCUCTEMDI, BbIABMAEHME Y3KMUX
MECT CUCTEMbI [0 HACTyNAeHMA HenpeaBUAEHHbIX CUTYaLLMIM, @ TaKKe OLEeHKY Hanpsa-
YKEHWSA Ha WWMHAX U onpeaenieHne NpeaenoB A0NYCTUMbIX MEPETOKOB NO INHUAM 3N1€EK-
Tponepenay. OgHOM M3 OCHOBHbIX MPOOGAEM OLLEHKM CTAaTUCTUYECKOM PEXMMHOM
HaAEeXHOCTU ABNAETCA OLEHKA KaCKagHOro OTKAOYEHUA.

CyLL,ecTBYOT CMUCKM YIPO3 HeNnpeaBUAEHHbIX CUTYaL M, KOTOPbIE AOMXKHbI ObITb
NPUHATbI BO BHUMaHWE NpPU MOAENMPOBAHUU MO KPUTEPUIO pe3epBUPOBAHMUA. ITU

Yrpo3bl MOXHO pa3fesinTb Ha HOpMaJibHble YrpO3bl, TO €CTb NOTEPHO OAHOIO 3/1IEMEHTA,
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n ocobble yrposbl — COObITUA, KOTOPbIE MOTYT NPMUBECTU K KackagHbiM aBapuam. Bce
3TW YrpPO3bl MOTYT MNOB/INATb HA KPUTUYECKME KOMMOHEHTbI MM COBOKYMHOCTb KOMMO-
HEHT 3/IEKTPO3HEPreTUYEeCKoM cucTeMbl MO0 HenocpeacTBEHHO, MO0 KOCBEHHO, a
BO34EMCTBME MOXKET BblTb OKa3aHO MO0 Ha NIOKANbHbIMA Y4aCTOK cucTembl, MbO Ha
BCO cuCTeMy. TaKKe HeobxoAMMO OLLEHUTb BEPOATHOCTb KaXKaon u3 yrpos. Ana
OLLEHKM KacKagHbIX 3P PEeKTOB NPUMEHAOT METOAbl TEOPUM LLEMEN, MPU MOMOLLM KOTO-
pbIX ONpeaenaArT npeaBapuTeibHble YI3BMMOCTM NO TONOAOMMU M aHANN3Y AUHAMUKW.
Tononornyecknii aHanmn3, OCHOBAHHbIA Ha KNACCMYECKOW Teopuu rpados, AO0NKEH
BK/II0MATb aHa/IM3 COOTBETCTBYHOLIMX CBOMCTB CTPYKTYPbl CUCTEMDI, @ TaKKe OLEHKY
PONU TaKUX OTAENbHbIX 31EMEHTOB CUCTEMBI, KaK Y3/ibl U COeAUHUTENbHbIE Ayrn. To-
NONOrMYECKUI aHa/IN3 NOMOraeT B NPOBEeAEHUN NPeaBapUTE/IbHON OLLEHKN YA3BUMO-
CTeN Ha OCHOBE MOZE/IMPOBAHMA TaKMX OTKA30B, KaK yaaneHune y3ioB 1 ayr, ¢ nocne-
Aylolen nepeoUeHKOoM ceTeBbiX TOMNONOMMYECKUX CBOMCTB.

Opyrum nokasatenem 3pPeKTUBHOIO ynpaBaeHUA Pa3BUTUEM U IKCAyaTauumen
3/1EKTPOIHEPreTUYECKUX CUCTEM ABNAETCA NOKasaTes/lb HageXHocTU. HaperKHoCTb
3/1eKTPOCUCTEMbBI XapaKTepPU3yeTca Pa3/IMYHbIMM CBOMCTBAMM, TAaKUMU, HANPUMEP, KaK
6e3onacHOCTb, 6€30TKAa3HOCTb, YCTOMYMBOCTb, YNPABAAEMOCTb M BOCCTAHOBAAEMOCTb.
MoKa3aTenn HageKHOCTU onpeaenaArTca cneayowmm obpasom [16]: ana 3agaHHbIX
YPOBHEWN U CTPYKTYpPbl 3/1eKTponoTpebieHns No KOHUEHTPUPOBAHHbLIM y31am (noacu-
cTemam), KOHOUIypaLMmM MeXCUCTEMHbIX CBSI3EN, COCTaBa M NapameTpoB obopyaosa-
HUA (reHepupyloWMX arperatos n cuctemoobpasytowmx J19M), obecneyeHHOCTH nep-
BMYHbIMWN SHEPropecypcammn gna oTAENbHbIX Y3/10B U CUCTEMbI ONPEAENAIOT B LLE/IOM
NoKasaTeNn HafeXHOCTU 3a pacyeTHbI nepmog (06bIYHO rof), a TakkKe ANA 3ajasae-
MbIX NHTEPBAJIOB 3TOr0 NepmnoAaa.

B HacToAwwmin momeHT B EBpone pa3paboTaHbl ABe MOAeNN, MO3BOASIOLWME OLe-
HWUTb KaCKaZHble PUCKU KaK MyNbTUPUCKK. OgHa mogenb pa3pabotaHa MoantexHmye-
cKon wkonon Utopuxa, LBenuapua, Btopaa — NHcTtutytom TexHonornim B ropoge
Kapncpys, lepmaHua.

Mopaenb OUEHKN KaCKagHbIX PUCKOB pa3paboTaHa ApHo MuHuaH [17] n npea-
cTaBnAeT cobon anropmTm MoLenmMpoBaHUA KAaCKaZ4HbIX OTKAOYEHWNI, OCHOBAHHbIM Ha
meTtoae MoHTe-Kapno. [penmyLLectso 3Toro metoga COCTOUT B BO3MOXHOCTU €ro Uc-
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NoNb30BaHWUA NPU paboTe C KOMNAEKCHbIMK cucTemamun. MeTtoa no3BosAeT onpeae-
NnTb onpeaeneHHoe KonmyecTtBo (Nsim) BPEMEHHbIX PSA0B, KOTOPbIE 3aNUCbIBAOTCA HA
OCHOBaHWM pacnpeaenenua lNyaccoHa (4nA 04HOPOAHOrO AN HEOAHOPOAHOrO NpPo-
ueccos). Kaxkablii BpeMeHHOM pag, npeactaBnseT cobon cueHapuii pUCKOB U aHaNu3
Konn4yectBa cueHapues. MeToa No3BONATb AaTb BEPOATHOCTHYH OLEHKY NoTepb, a
TaKXe onpeaennTb BePOATHOCTU HACTYNNEHUS TOTO MW MHOTO puUcka (cm. [17]).

B3amopaenctema mexay yrpo3amu npeactaBnatoT cobon AMHaMMUYECKUMA NpPo-
Lecc, KoTopbin TpebyeT cneymanbHOM CTpaTerMm aHanmsa. KOMNoOHeHTbl TaKOro aHa-
TN3a BKAOYaloT:

o OLLEHKY Yrpo3 N UX B3aMMO0O3aBUCMMOCTU, @ TaK¥Ke BblYUC/IEHNE BEPOATHO-
cTeln NpoABAEHMA KackaaHbix 3pdeKTOB, KOTOpPble onpeaenstoTca NPy NOMOLWM moae-
NIMPOBAHUA HAaCTYNEeHWA Yyrpo3 3a BpeMeHHOM Nnepuoa t U npeanoiaratoT BbINOJIHEHME
cneayowmx WaroB: NOCTPOEHUE CAYYaNHbIX BPEMEHHbIX PAA0B: KOMYECTBO Yrpo3 3a
onpeaeneHHbln Nnepunoa BpemeHun At=[to;tmax] ONpeaenaeTca Npu NoOMoLmM pacnpeae-
nenua MNMyaccoHa ANS KaXKA0ro CToXacTUYecKoro cobbiTuA i, KOTOPOe XapaKTepusyeTca
AONTOBPEMEHHbBIM MapamMeTpoM L; ANA Karkaoro cobbiTms onpeaensieTcsa cBOW Bpe-
MeHHOM nepuoa t; 3anNnUcb BPEMEHHbIX PAAOB NyTeM MOAENNPOBaHMA onpedenser
Habop So, KOTOPbLIN NpeacTaBAAET HyNeByo rmnotesy Hy NO OTCYTCTBUIO YrPO3 B CU-
cTeme; No pe3y/ibTaTaM MOAENMPOBAHNA B COOTBETCTBYIOLWLEM PAAE NOA OnpeneseH-
HbIMM MNOPAAKOBbIMWU HOMEPAMM 3aMMUCHIBAOTCA XapaKTEPUCTUKM COObITUA j, KOTOpOE
MOXKET C/Ty4MTbCA 3a Nepunoa, tj; apyrne cobbiTna k cnydatotca nocne cobbiTmA j 3a onpe-
AeNeHHblI Nnepuos BpeMeHMU (tj;tmax] C ycNOBHOW BepoAaTHoCTbo P(k | j;

o OLLEHKY MHOeCTBEHHbIX PUCKOB Ha OCHOBAHMW aganTtaunm mMaTpul, Mo-
OEeNVUPOBaHMUA Yrpo3 C NOTEPSIMU OT HUX: AN1A KaXKA0ro psga MoAeNMpPoBaHMA pPaccuu-
TbIBAIOT CpeaHMe NoTepu B pe3ynbTaTe HACcTyn/ieHuA cobbITnA j; HacTynaeHue nocnea-
Hero 3aBUCUT OT NpeablAYyLWNX YIPOo3; AN KaXKAoro BPEMEHHOro pAaaa pPacCyMTbiBalOT
MHAEKC NOTepb B Clydae HacTynieHnsa cobbITus j; NOBTOPAIOT ONMCaHHbIEe Warn 4o tex
nop, nokKa tj<tmax.

A. MWHMaH co34aeT KoppenaumMoHHY0 MaTpuLy Yyrpos, KoTopasa BK/IOYaeT BO3-
MOXHbl€ B3aMMO3aBUCMMOCTU MEXKAY Pa3IMYHbIMKU yrpo3amu (Hanpumep, ob603Ha-
yum nx A, B, C,Dun E) [17].
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PucyHok 1. Mpumep maTpuubl PUCKOB, KOFAa YY4UTbIBAKOTCA KackaaHble 3¢ PeKTbl; yep-
Hble n 6enble TOYKM 0603HaAYAIOT Pa3IMYHbIE CLLEHAaPUM PUCKOB; YBENMYEHMNE PUCKA
MOKa3aHO KPaCHbIM LLBETOM, CHUXKEHME pUCKa — benbim LBeToM. MNpuHATbIe 0603Ha-

yeHuA: frequency —yacToTa, aggregated losses — arpernpoBaHHble noTepwy, risk
migration — usmeHeHMe puckKa

Puc. 1 nantoctpmpyet maTpuLy PUCKOB, CO34aHHYIO HA OCHOBaHUM MeToZa, ONu-
CaHHoro BbllWe. [JaHHas MaTpuLLa NOKA3bIBAET, YTO HACTyNaeHMe pucka A BneyeT 3a co-
6011 HacTynneHMe pUCKa C COCTBETCTBYHOLLEM BEPOATHOCTbIO. PUCK C MOXKeT NoB/eyb 3a
cobom puck D, a puck D Bneuet 3a cobon HacTynneHune pucka E. K npumepy, A n C npea-
CTaBNAIOT COOOMN PUCKM 3EMIETPACEHMI U LLYyHAMU, B TO Bpema Kak pucku D n E npea-
cTaBnAT coboi KackagHble 3pdeKTbl AN 3GPEeKTbl LOMUHO ANA KPUTUYECKON MHPa-
CTPYKTYpbl. Puc. 1 NoKa3biBaeT USMEHEHME BEPOATHOCTM NPOUCXOKAEHNA PUCKA B CNY-
Yyae yyeTa B3aMMO3aBUCUMOCTU MEXKAY PUCKAMM.

MpoLuecc NPUHATUA peLleHN NPU HacTyNaeHnM onpeaeneHHoro Bnaa yrpos mo-

YKeT 6bITb ONMCaH ¢ NMOMOLWbHO N3BECTHbBIX MHCTPYMEHTOB OLLEHKU NPUHATUA pel.ueHMﬁ.
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3HaYeHUs OUEHKM Yrpo3 ANS KarKAoro cueHapus y4uTbiBalOTCA Npu pa3paboTke mo-
OEenv n noacyete KOIMYECTBEHHbIX NapamMeTpoB MO0 Ha OCHOBAHWUKM OTAE/bHbIX BENN-
YMH, NTMOO Ha OCHOBAHMW pacnpeaeneHna BePOATHOCTEN, KOrga YMCNa ABNAKOTCA CBO-
ero poaa npeacraBneHNEM YPOBHEMN, KOTOPble MOTYT ObiTb BblpaXKeHbl B TAaKUX KaTero-
pUAX, Kak «KaTacTpoduyeckne» u T. 4. B 3aBUCMMOCTM OT KacKagHbIX NOCNenCTBUMN
Yyrpo3bl MoryT 6bITb KnaccMpuumpoBaHbl KaK «KaTacTpodUyeckne», «oblmpHbIey,
«CpefHue», «Manble» UNKU «He3HauynTesbHble». OnA pa3paboTKM UCXOAHbIX AAaHHbIX
MCNOb3YIOTCA MOAENMN OLLEHKM MoTepb, Takne, Hanpumep, Kak CAPRA® uan HAZUS?.

Ha ocHOBaHMM MOZEeNn OUEHKM PUCKOB TaKXKe PACCUYMTbIBAKOTCA BO3MOXHbIE
KacKagHble NOoCneacTBUA, TakMe, Hanpumep, Kak noautuyeckue. B gaHHOm cnyyae
PUCKM 3aK1a4blBAtOTCA HE HA OCHOBAHWM CTaTUCTUYECKMX AAHHbIX, @ HAQ OCHOBAHMM 3KC-
NepTHbIX OUEHOK. B Takom cnyyae aKcnepTHOe mMoAennpoBaHUeE UCMONb3yeTca ANA
onpeaeneHna HOMUHANIbHOTO PAHXMPOBAHUA PA3/IMYHbBIX YTPO3 B 3aBUCMMOCTU OT UX
nocneacTBuin. 3aTtem Ha OCHOBAHWUM PaHXXUPOBAHMA COCTABAAOTCA CLEHAPUKN Nocnes-
CTBMIN BO3MOXHbIX Yrpo3.

BpemeHHO ropu3oHT yrpo3 1 nx NocaeacTsmin (B HacTosLee Bpems, B cpegHe-
CPOYHOM M OONTOCPOYHOM NepCcrneKkTMBax) onpeaenseTca Ha OCHOBAHWM 3KCMEPTHbIX
OUEHOK. TaK Kak aKcnepTHOe MoAeNnpoBaHME MOXKET MPUBECTU K Pa3INYHbIM pe3y/ib-
TaTam, B 4EPEBO NPUHATUA PELUEHUI TaKKe 3aKNaablBatoTCA BEPOATHOCTM HACTynae-
HMA onpeaeneHHbIX PUCKOB. 3aTEM PUCKM KAaTEropupyroTca no GakTopy NocieacTsmi
Kak KaTacTpoduyeckune, obLIMpHbIE, CpeaHNE, Masble U HECYLLECTBEHHbIE (puc. 2).

Lhttp://www.iitk.ac.in/nicee/wcee/article/WCEE2012_0726.pdf

2 https://www.fema.gov/pdf/plan/prevent/hazus/fema433.pdf
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LIKELIHOOD
Yrposa BeposaTHOCTb BeposTt- Bausanue
(nepuoga) HOCTb
Jliogn 3KoHomuKa | Mpupoaa UHdpacTpyk- Mpouee
Typa
3emnerpsace- 18475 ner Bo3moOXHO B | 3Hauutenb- cpeaHee He3Hauu- 3HauYuTe/IbHOE 3HauuTeNb-
Hue 3aBUCMMO- Hoe TenbHoe Hoe
CTH OT ycno-
BUIA
3emnetpsce- 1810,000 ner Manas se- paspywmu- paspywu- cpepHee paspywuTens- 3HaYuTeNb-
Hue / uyHamu POATHOCTbL TenbHoe TenbHoe Hoe Hoe
Pepkoe 181000 net HeBo3- 3HauuTenb- | 3HauuTenb- | paspylu- 3HauuTenbHoe 3HaunTeNb-
HaBoAHEHUe MOKHO Hoe Hoe TenbHoe Hoe
PerynapHoe 18100 ner Bo3moxkHO Mmanoe He3Hauu- cpepHee cpepHee CpepHee
HaBoAHeHMue TenbHoe
YpesBbluaiiHO 1820 ner Bonbwan He3Hauu- He3Hauu- 3HauuTeNb- He3Hauutesnb- He3Hauu-
BbICOKasA Tem- BEpoAT- TenbHoe TenbHoe Hoe Hoe TenbHoe
nepartypa HOCTb

PucyHok 2. Metogonorua pa3paboTku cueHapues C NPUMEHEHMEM MATPULLbI PUCKOB.
NcTouHmK: BBK, 2010 [18]. MpuHaTble 0603HayeHua: impact — BansHue (insignificant —
He3HauynTeNbHOe, minor — manoe, moderate — cpegHee, significant — 3HauMTEeNbHOE,
disasterous — paspywwuTenbHoe), likelihood — BepoaTHocTb (very unlikely — oueHb ma-
NasA BepoATHOCTb, unlikely — manasa BepositHocTb, conditionally likely — BoamoxHo B 3a-
BMCUMOCTU OT obcTonaTenbcTs, likely — Bo3amoskHO, very likely — oueHb Bo3mMoXKHO), risk
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— puck (very high — oyeHb BbicokMI, high — BbicokMi, intermediate — cpegHuin, low —
HU3KKMI), earthquake — 3emnetpacexHus / tsunami — uyHamum, 1000yr flood — 1000-neT-
Hee HaBoAHeHue, large earthquake — obwunpHoe 3emnetpacenme, 100yr flood — 100-
neTHee HaBoAHeHue, toxic spill — Tokcuuecknin pasnms.

CornacHo gaHHOMY noAaxoAy, NOCNAeACTBMA HACTYMNAeHMA Yrpo3 OLEeHMBaTCA
COTNACHO MX KaCKagHbIM BANAHUAM, 3aTeM onpeaenseTca UHAMKATOP NOTePb AN1A KaXK-
poro cueHapua (puc. 3). OueHKa UHTEHCUBHOCTU NOCNEACTBMA U NOTEPb KOMBUHUPY-
eTcA B UHAMKATOP NOoKasaTea NoTepb ANS KaXKA0ro cLueHapus.

Scenarios Risk Score

Earthquake/Tsunami  4.451
1000-yr Flood 3.447

6.9 M Earthquake 2.807

Toxic Spill 2.010 HE B

100-yr Flood 1.899

I People [ Environment [l Economy

[] Infrastructure [ Intangibles

PucyHok 3. O6wmit puCcK 1 NocneacTBUA Kaxkaoro cueHapua. UCTOYHUK: BeHuenb,
2012, [19]. NpuHATbIe 0603Ha4YeHUA: Scenarios — cueHapuu, earthquake — 3emneTps-
ceHue / tsunami — uyHamu, 1000-yr flood — 1000-neTHee HaBoaHeHME, 6.9 M
earthquake — 3emnetpacenue, toxic spill =-Tokcnueckuni pasnus, 100-yr flood — 100-
NeTHee HaBogHeHMe, risk score — oueHKa pucka, people — ntoam, infrastructure — uH-
dpacTpyKTypa, environment — OKpyrKatowwan cpeaa, intangibles — HematepmnanbHbie
noTepu, economy — 3SKOHOMMKA

Puc. 4 noKa3blBaeT YyBCTBUTENbHOCTb KaXA0ro CLLeHapusa K B3BeLleHHbIM UHAK-
KaTopam, K Npumepy, BAUSHWUE Ha Ntogei. B 4acTHOCTK, 3TOT PUCYHOK NOKa3biBaeT, YTo
noABOAHOE 3eM/eTPACEHWE Bbi3blBaeT LyHaMM U onpeaensetca Kak 6onee cylie-
CTBEHHAaA Yrpo3a, YemM TOKCUYEeCKUi pas3nms. OBWMIN PUCK ANA KaXKAOro CueHapwus
onpeaenaeTca MeToA0M arperMpoBaHMA CyMMbl KaXKA0ro KOMNOHEHTA OT PasINYHbIX

cueHapunes U 3aBUCUT OT BeCa, KOTOprl;'I npunaaeTca otae/ibHbIM NMOKa3aTeNAM.
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PucyHoK 4. AHanu3 4yBCTBUTE/IbHOCTU cueHapua. UcTouHumk: BeHuyenb, 2012

[19]. NpuHaTblie 0603HauyeHuA: Percent of Weight on criteria “People” losses — npo-

LLeHT Beca CorniacHoO KpuTepuio «ntoau», earthquake — semnerpacexHme / tsunami —
wyHamu, 1000-yr flood — 1000-neTHee HaBogHeHMe, 6.9 M earthquake — 3emneTtpsce-

Hue, toxic spill —=Tokcnueckmin pasnms, 100-yr flood — 100-neTHee HaBogHEHUE

[anee pa3paboTaHHaA MeToAMKA MCNONb3yeTCcA NpPU NPOBeAEHMU TPYNMNOBbIX
OVCKYCCMI Mo pe3ynbTaTaM HaCTYN/IEHUA PUCKOB, a TaKXKe 411 PaHXNUPOBaHUSA PUCKOB.
K npumepy, aHanms 4yBCTBUTENBHOCTU MOXKET BbITb MCNONb30BaH, YTOObI NOKa3aTb 3¢-
bEeKTbl PaHXMPOBAHMA OTAE/NbHbLIX PUCKOB M UX B3aMMO3aBMCMMOCTU. Tak, puc. 4 no-
Ka3bIBaeT, 4To Yem 6o/blINI BEC NPUOAETCA 3HAYEHUIO TaKUX OTAENbHbIX MOKa3aTe-
Nen, Kak Noan AU 3KOHOMMUKA UAN BAUSHUE B CPeAHECPOYHOM UM OO0NTOCPOYHOM
nepcrnexkTUBax, TeEM MeHblle BEC OCTa/IbHbIX PUCKOB B MATPULE MPUHATUA PELLUEHUN.
3TO NpPOMCXOAMNT NOTOMY, UTO CLLEHAPWUIA TOKCMYECKOTO pa3/inea, K Npumepy, He NpMBO-
OWT K IOACKMM NoTepsim, MO3TOMY €ro 3HaYyeHune oA AaHHOro nokasartena byaert He-
3HaunTenbHbiM. C APYrol CTOPOHbI, BAXHO, YTO PaHXMPOBaHUE OTAE/IbHbIX PUCKOB
OCTaeTCA NPeXHUM.

Bonpocbl ynpasieHne puckamm u 3amTbl IMHUIM 31eKTponepeaay HaxoaAaTCA B
OTBETCTBEHHOCTW BNACTEM HA HAaUMOHaNbHOM YpoBHe. CornacHo peweHmnam CoseTa EB-

pOnNbl, 3aLWNTa KPUTUYECKOM MHDPACTPYKTYPbI ABASETCA 3aa4elt BnacTen Kaxaon ot-
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OENbHOWM CTPaHbl, @ TaKXKe OonepaTopoB MHPPACTPYKTYPbI, HAXOAALWENCA Ha TEPPUTO-
pUWN AaHHOM cTpaHbl. O4HAKO B C/y4ae OTKAOYEHMA IMHUIM 3/1eKTponepeaay Kackaa-
Hble 3 PEKTbl MOTYT TaKKe NOBAUATb Ha 3NEKTPOCUCTEMbI APYrUX CTPaH. YnpasaeHue
TAaKUMU MEXKAYHAPOAHbIMU PUCKaMUM TpebyeT cneymnanbHOro MexaHM3ma Ha MeXKpe-
rTMOHaNbHOM ypoBHe [20].

B 2009 roay EBpokomuccua pa3paboTana cneunanbHy0 PpaMOYHYO CTpaTernto
ANA NpeaoTBpaleHna U MMHMMU3ALUMN NOCAEACTBMN NPUPOAHbBIX KaTacTpod, BK/O-
Yyaa Takme GopMbl 3aLMTbl KPUTUYECKOM MHPPACTPYKTYPbI, Kak NpeaoTBpaLeHne, Noa-
roTOBKa, 3alLMTa M BOCCTAHOB/AEHME NINHUIM 3neKkTponepeaay. EBpokomuccua Takxke
0CO3HAeT He0HX0AMMOCTb 3aLWMTbI IMHWUIN SNEKTponepeaay oT My/IbTU-PUCKOB. B yacT-
HocTn, CoBeT EBpocoto3a noayvyepKMBaeT HeobxoAMMOCTb Pa3BUTMA MNOAXOA0B MO
YyNpaB/IEHNIO PUCKAMM, OCHOBAHHbIX HA MMHUMMU3ALUUKN KacKaaHbiX 3pdekToB. MynbTu-
PUCKAaMM Ha3blBAKOTCA PUCKU, BO3HMKHOBEHWE KOTOpPbIX Bae4vyeT 3a cobown apyrue
PUCKU, TaK Ha3blBaeMble KaCKaaHble ABNEHUA, NN YBENINUYNBAET YA3BUMOCTb TEPPUTO-
pUK K NOCNeAcTBMAM Apyrux puckos [11].

B HacToAuWee BpemMA aneKTpoceTb B CTpaHax EBponenckoro coto3a coctout ns 41
onepaTtopa Ha Tepputopun 34 ctpaH. OnepaTopbl OTBEYAIOT TO/IbKO 3@ CBOM y4aCTOK
ceTel, 04HAKO B NPOL,ECCE MHTErPALMN PUCKU, BOSHUKAIOLME B OAHOM YYACTKE Ha Tep-
PUTOPUM OAHOM CTPaHbI, TAKXKe 3aTPArMBatoT U APYrue y4acTkM Ha TeEPPUTOPUN APYTNX
cTpaH. OTCcyTCTBME PErMoHaibHOM MHTErpaLmnm B AENCTBUAX ONEPATOPOB, a TaKXKe Tpe-
6oBaHUA yBeIMYEHMSs 06 beMOB Nepeaayvm 3N1eKTPOIHEPTUN U NPOTAXKEHHOCTU IMHUN
aneKkTponepeaay TpebyoT cTpouTenbCcTBa HOBOM MHPPACTPYKTYPbI MPOTAMKEHHOCTbIO
MHOrMe TbICAYN KMOMeTPOoB. TaKkaa MHPPACTPYKTypa Heobxoauma ANA CrnaKMBaHUA
NMUKOB B CNPOCE U NPEANOKEHUN INEKTPOIHEPTUU. pyruMmu paKkTopamm yA3BUMOCTH
ceTun ABNAOTCA GaAKTOPbl SHEPTETUYECKOro Nepexoaa, CBA3aHHble C BBEAEHUEM U BO3-
pacTaHWem A0M BO30OHOBAAEMbIX NCTOYHUKOB SHEPTMK, @ TaKKe NPoLLEeccom, Koraa
BCe BO3pacTaloulee Yncno notpebutenei sHeprmm CTaHOBUTCA TaKXKe npousBoguTe-

NAMU SHEPTUMN.
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Abstract

On example of recent multi-risk disasters and their impacts on electricity trans-
mission grids this paper shows the need of multi-risk assessment and governance. It
discusses factors of vulnerability of electricity transmission infrastructure in Europe in
lights of changing for architecture of electricity grids requirements, growing volumes
of renewable energy sources and probabilities for cascading effects. The paper also
brings examples of multi-risk assessment and shows algorithm of calculation for multi-
risk disasters.

Key words: methods of multi-risk assessment, cascading impacts, electricity
transmission infrastructure, vulnerability of the European electricity transmission sys-
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CBEAEHUA Ob ABTOPE

KOMEHAAHTOBA HadexOa lNaenoeHa — AOKTOP 3KO-
HOMMYECKUX HAYK, CTapLUMMA HAYyYHbIN COTPYAHUK U PYKOBOAM-
TeNb pabouelt rpynnbl NO ynpaBAeHUO pUcCKamn B MexayHa-
- poaHom WHcTutyTe AHanusa lMpuknagHbix Cuctem, a TaKkxke
CTAapWMA HAy4YHbIA COTPYAHUK W PYKOBOAMTENIb NMPOEKTOB B
LBenuapckon MonmtexHmnyeckomn LLikone ropoaa Liropux.
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