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MOJEJIUPOBAHHUE MMPOIECCA CHHXPOHHOI'O BJIMSIHUSA CMEPYA U 3EMUIETPSICEHUSA
HA BOJOEM-OXJAJIUTEJb YEPHOBBLIbCKOM ADC B IMTPOIIECCE EIr'O OCYIIEHUS

Macmrabuas aBapus Ha ADC dykycuma-1 moguepkHyna akTyalbHOCTh MOJEIHPOBAHUS BO3ACHCTBHS OTHOCHUTEIBHO MaJIOBEPOSTHBIX MPHPOIHBIX
JKCTPEMAIbHBIX SBICHUH Ha paJHalliOHHO-3arPSI3HEHHbIE IPUPOLHO-TEXHOTEHHBIE BOJHBIC KOMIUICKCHI, KAKUM SIBJISICTCS U YaCTUYHO OCYIICHHBIH
Bogoem-oxnamurens YAIC. UepHOOITECKAs 30HA OTUYKICHHS SBIACTCS PETHOHOM C BEPOATHOCTHIO BOBHHKHOBCHHsS cMmepua 6-10° 1/rox. He
H3YYCHHOE SIBJICHHE CHHXPOHHOTO BO3JEHCTBHS cMepya U 3eMICTPSICEHHUS Ha BOXOEM-O0XJIAIUTEIb MOXET IIPUBECTH K 3aTOIUICHHIO OTpakIaloIel ero
naMObl. B Hacrosmielt paboTe BBINONHSETCS MOJEIUPOBAHHE BO3MOXKHOTO 3aTOIUICHUS OTPAIHTENBHONH NaMOBI BOZOEMA-OXJTAAUTENSl B CIIydae
CHHXPOHHOTO BIIHSIHHSI CMepYa U 3eMJICTPSICEHUsI Ha OCHOBe MeTozia npodeccopa B. U. Ckanosybosa.

KirodeBble ciioBa: BOLOEM-OXJIAZAUTEb, OCYIICHHE, MAaJOBEPOSATHBIC BHEIIHHE BO3ICHCTBHA, CMEpY, 3EMICTPSCCHHE, CHHXPOHHOE
BO3JeiicTBHE, MOJIEITPOBAHIE, BOJIHA 3aTOIICHHUSL.

Benuka aBapis Ha AEC ®ykycima-1 mimkpecinmia akTyalbHICTh MOICTIOBAHHS BIUIMBY MAaJOWMOBIPHHX MPUPOTHHUX EKCTPEMAalbHHX SBHUII Ha
pajianiitHo-3abpyaHeHi IPHPOIHO-TEXHOTCHHI BOJHI KOMIUICKCH, SIKHM € 1 9aCTKOBO OCYyIIeHa Bomolima-oxonomkysad YAEC. YopHoOunbcpka 30Ha
Bi[4Y)KEHHS € PerioHoM i3 fMOBIpHiCTIO BHHHMKHEHHS cMepuy 6-10° 1/pik. He mociimkeHe sBHIE CHHXPOHHOIO BIUIMBY CMepdy i 3eMIeTpycy Ha
BOZIOWMY-O0XOJIO/DKYBaU 3[aTHE MPH3BECTH A0 3aTOIUICHHS HOTO OTOpOKYBaIbHOI JaMOH. Y maHiil poOOTi BUKOHYETHCS MOIETIOBAHHS MOYKITHBOTO
3aTOIUICHHSI OrOPOUKYBAJIBHOI 1aMOM BOJOWMH-OXONOKYBada y pas3i CHHXPOHHOTO BILUIMBY CMEp4y i 3eMJIETPYCY Ha OCHOBI TipOAMHAMIYHOTO
Mmetony mpodecopa B. 1. Ckanosy6osa.

KirodoBi ciioBa:  BO/OMMa-0X0JI0/KyBay,
MO/ICIIFOBaHHS, XBUJISI 3aTOILICHHSL.

OCYIICHHS, MAaJOWMOBIPHI 30BHIIIHI BIUIMBH, CMepY, 3EMJICTPYC, CHHXPOHHHI BIUIHB,

One of the main lessons of radioecological disaster at Fukushima-Daiichi NPP is inexcusability to exclude modeling and analysis of relatively low-
frequency extreme natural phenomenon (such as tornadoes and earthquakes) impact at radioactive contaminated natural and industrial water bodies
from research programs. One of such water bodies is partially-dried Chernobyl NPP coolant pool. In paper [1] published in 1989 the Chernobyl
Alienation Zone was shown to be located in an increased tornado hazard area with tornado probability of 6107 per year. Therefore an underexplored
problem of possible radioecological risks caused by possible synchronous tornado and earthquake impact at partially dried Chernobyl coolant pool is
of high importance. Such impact can amplify formation process and scale of the flooding wave, which height can overflow barrier dam of the pool.

In the present paper the analysis of Chernobyl NPP coolant pool barrier dam flooding is made based on V.l.Skalozubov hydrodynamic method,
earlier successfully used to model possible Zaporizhska NPP industrial site flooding.

Keywords: coolant pool, drying, low probable external impacts, tornado, earthquake, synchronous impact, modeling, flood wave.

Beenenue. OnbIT NMEpBHIX JIET BBIBEACHHUS N3 IKC-
IUTyaTaluy BojgoeMa-oxyaautenss YepHoObuibeckoit ADC
MIPEAOTIPEEIII HEOOXOAUMOCTh DPELICHHs 331ad, CBs-
3aHHBIX C OINACHBIMH PAJAMO3KOIOTHYECKHMHU IIOCIHIEe]-
CTBUSIMHM, KOTOPbIE MOTYT BO3HHMKHYTH B pe3yJibTare
BHEIIHUX JKCTPEMAabHBIX MPHPOAHBIX BIMsAHUI Ha BO
YADC. Cpeaun Takux 3KCTPEMaJIbHBIX SBICHUA — CMEPUYN
u 3emietpscenus [1]. AxTyanbHOUW 3amauedd sBISETCS
obecrieueHre 3KOJIOTHIECKON 0e30macHOCTH Ha MpOTS-
KEHUM BCETO >KU3HEHHOTO [MKJIAa BOZAOEMa M MPEI0TBpa-
IIEHUsS HETaTHUBHBIX PaJHO’KOJIOTHYECKHX MOCIEICTBHN
IpU JIIOOBIX KOMOMHAIMSAX NPHPOAHBIX M TEXHOT€HHBIX
BHYTPEHHUX M BHEIIHMX BO3JCHCTBHH C y4ETOM YPOKOB
6ompmoit  dykycumckor KatacTpodpsr [2—4]. AHamu3
IJIaBHBIX ypokoB Oonbmioi aBapun Ha ADC Fukushima-
Daiichi takxxe ompenenans HEOOXOAUMOCTh MEPECMOTPa U
YCOBEPUICHCTBOBAHUS JETEPMHHUCTCKOTO aHAIN3a BIIHA-
Hus Ha BO YADC momoOHBIX MalOBEPOSTHBIX MPUPOJI-
HBIX SIBJICHUH [5].

MHoroneTHie ceiicMuieckne HaOIIOAeHNUS MOoKa3a-
mu, ato BO YADC pacnonokeH Ha TSPPUTOPUH IOBHI-
LIEHHON cMepue- u cedcmoakTuBHOCTH [6—11]. K Tomy
xe B paboTe [9] ObLI BBISBICH MEXaHU3M 3HAYUTEIHHOTO
YCHJIEHUsST CEHCMHMYECKMX HH3KOYaCTOTHBIX KOJIeOaHWM,
KOTOpBIE BO3HUKAIOT B PE3YJIbTATE BIMSHUS I'PYHTOBBIX U
THIPOT€0JIOTHUECKUX YCIOBUH B pailoHE MPOMBIIIIEHHON
mwromanku 1 BO YADC. CymiecTByeT Takxke BeposT-
HOCTh CHHXPOHHOTO BIIMSIHUSI CMEpYa U 3€MIIETPSCCHUS
Ha YacTHYHO ocymeHHyto damy BO YADC, cnocoGHOTrO
coneiicTBoBaTh 00pa30BaHUIO BOJHBI 3aTOIUICHHS €0
OTpaANTEIHLHON JaMOBI.

B pabote [1], onmyoimkoBaHHO# eme B 1989 rony,
ObUTO TIOKA3aHO, YTO BEPOSTHOCTHIO BO3HUKHOBEHUS

cMepua B mpezaenax UepHOOBUTLCKON 30HBI OTUYXKIACHUS
paBHa 6-10° 1/ron. AHAJIOTUYHEIC BBIBOIBI TAKXKe OBLIH
nosydeHsl u B padote [10] Ha OCHOBaHMH aHANIM3a MHO-
TOYHCIICHHBIX JaHHBIX, KOTOPhIC YaCTUYHO TPHUBEICHBI B
pabotax [12-16].

B HacTosmie#t paboTe B OCHOBY MOZAETHPOBAHUS
BO3MOKHOTO 3aTorureHus namo6sr BO YADC mpu cus-
XPOHHOM BO3ICWCTBUH HA Yally BOJOEMa cMepda W 3eM-
JIETPSICCHUS TIOJIOKEH THAPOANHAMIYECKUN METOM, Mpe-
noxennblit B. Y. Ckano3yooBemM [2, 17]. Paree sToT Me-
TOJ{ YCHEIIHO NPUMEHSJICS JUI MOJENHPOBAHHS PHCKOB
3aTOIUIeHUs NpoMIuiomaaky 3amnopoxckoit ADC B pe-
3y/lbTaTe BO3ACHCTBHA CMepUa Ha €€ BOJOCM-OXJIaJUTENb
u Ha KaxoBCckoe BOIOXpaHIIIHIIE.

MarepuaJbl, MeTOAbI U IKCIIEPUMEHTHI. B ctpare-
THH obecmieueHust a0CONIOTHOM paauaIroHHO-
9KoJIorudeckoil Geszomacroctn ocymenus BO YADC nHa
JUTMTETIbHBIX MaciiTabax BpeMeHN HE0OX0IMMO 00eCIeunThb
MOJICPIKAHUE ONITHMAIIBHOW BBICOTHI YPOBHSI ITOBEPXHOCTH
SKpaHUpYIOMIEH BOMHOM TOJNIIM B Yalle BOJOEMA-
oxmamurens. [Ipu 3ToM ocoboe BHUMaHHE CIETYeT YICIHUTh
M3YYEHHIO IIPOLIECCOB BO3MOKHOTO OBICTPOTO Iepepacmpe-
JIeTICHMsT KOHIICHTPAIMi paTiOaKTUBHBIX 3aTrPS3HCHUN B CH-
CTeMe «BOAA—JOHHBIE OTIOXKCHUS». Takue MpOoIecCH BO3-
HUKAIOT B pe3ynbTaTe MHTEHCUBHOIO MOAbEMA U Iepeme-
IIMBaHUS C BOJOH JOHHBIX OTJIOKCHHH B PE3yibTaTe BO3-
JIEVCTBHS Ha BOJOEM CMEpUEH U 3eMIIETPSICEHUI.

3apyOeKHBIN OTBIT MO 0OECTICYCHUIO JOITOBPEMEH-
HOW DKOJIOTMUECKOH 0€30MacHOCTH PaJMOAKTUBHBIX BO-
JIOEMOB TTOKAa3bIBAET, UTO 3Ta 3aj[ada PEeIaeTcs ImyTeM Co-
3IIaHMsI YCIIOBHI U CPEJICTB JJsl OBICTPOI CMEHBI YPOBHS
BOJIHOM MTOBEPXHOCTH B HaIlle BOJOEMA.
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O0beM, TITyOMHA W Ka4eCTBO BOJHOM TOJIIIH JTOJK-
HBI 00ECIEYNTH MOJIHOE SKPAHUPOBAHHUE PATHOAKTUBHBIX
3arpsi3HEHUI HAaKOIUIEHHBIX B yalle Bojxoema. Ilpu stom
KOPPEKTHPOBAaHHE COOTHOWICHUS BBICOT OTPaXKAAOMICH
BOJIOEM JaMOBI U YPOBHS BOJBI B BOJIOEME JTOJDKHO oOec-
MIEYUTh HEBO3MOKHOCTH 3aTOIUICHHSI JaMObI B pe3ysbTare
BO3JICHCTBUS HA BOJOEM CMEPUEH U 3€MIIETPSACEHUM.

Pe3yabraTsl ucciaenoBanuii. ['naBHble ocoOeHHO-
CTH HCIIOJIL3yEMOIo B HACTOsILEH padoTe MeTona CBsi3a-
HBl C YCOBEpPUICHCTBOBAHUEM MOJETUPOBAHUS IHCCUIIA-
MM TUAPOAWHAMUKHI BOJHBI 3aTOIUICHHUS M CHenudude-
CKUMH KpacBBIMH YCIOBHSAMH 3aTOIUICHUs aamObl BO
YADC.

OCHOBHBIE TOJOKEHHSI MOJEIH 3aTOIJICHUS 1aMOBI
BO YADC crenyrommue:

1) popmupoBaHHEe BONHBI 3aTOILICHUS B OOIIEM CITy-
Yyae MPOUCXOIUT B pe3ysbTaTe JeHCTBUS MOABEMHON CUIIBI
cMepya U CeHCMMYECKOro TONYKa, a TaKXKe CUJ BHYTPEH-
HeW IUCCHUIAlMK U TPABUTALUK BOASHOTO CTOJI0a;

2) ¢opMa BOJIHBI 3aTOIUICHHSI MOJCIUPYETCS B BUJC
WJIMHIpPA C TUTOMIA/BI0 TIepecedeHust S, U BbICOTOM h +
h,, (tae h,, — ypoBens Boasl B BO);

3) KOHCEpBAaTHBHO MOJAraeTcs, 9TO MAKCHMAJIbHOE
BIMSHHE cMepYa Haja IoBepxHOCcThi0 BO mpomcxoaut
MOOJIM30CTH OTpagUTEIbHON JaMOBbI;

4) ycrmoBHO JIOITYCKaeTcsl, 9To Iporecc GopMHupoBa-
HUSI BOJIHBI 3aTOIUICHHS IIPOTEKAET B JBA dTara:

Oran | — HavampHEIH 3Tan O0IIETo BIUSHUS CMEpY U
3eMJIETPSICEHUs Ha IMPOTSHXKEHMH BPEMEHHOTO MaciuTaba
t< At

Oran Il — 3axkm0uNTEeNbHBIN 3Tall BIMSHUSA cMepya
Ha CKBO3HSKE BpeMEHHOro MacimTaba t > At;.

5) OGOpa3oBaHue BOJHBI 3aTOIUICHHS TIOJAaraeTcs
N30TEPMHYECKHM, & CKOPOCTh 3ByKa B BOJE 3HAYUTEIHLHO
OonbIlle  CKOPOCTH  M3MEHEHHS  BBICOTBI  BOJHBI
3aTOTICHUSL.

I'mnponuHamudeckass MOJENb 3aTOIUICHUS J1aMOBl
BO npu oOmem BIMSHUM cMepya M 3eMIIETPSICEHHS C
YYETOM NPHUHATHIX JOMYLICHUH OyAeT HMeTh BHI:

d*H dH
H +1+&)|— | +H=K_, 1
o ( é)(de b D
Ipu CIACAYIOMINX HaYaJIbHbBIX YCJIOBUAX:
H(T=0)=0, (2
dH
—~(T=0)=0, 3
T (T=0) @)
d?H
7 (=0 =Ks, (4)
d?H d*H
= (0<t£At3):dT—2(T)+ K, ®)
rae
rot.
tM

B At (t<At),

t =
M yh;(o /g (t>At);

H=h/h,;

AP
K, = ;
P h
PIN,
2
K _ aSAt3
3 h '
(1)
rac t - TCKYIICEC BpeMA (bOle/IpOBaHI/ISI BOJIHbI
3aTOIIJICHUA, h“() — HadaJibHasd BbICOTaA I[aM6I)I Hazq
TIOBEPXHOCTBIO  YPOBHA BO, g — TpaBUTAIITHOHHOE

yckopeHue; At — IUTENFHOCTD TOTYKOB 3€MIIETPSICEHHS;
a3 — OTKJIMK YCKOPEHHMS 3€MJICTPSICEHUS Ha MTOBEPXHOCTH
mouBsl BO; & = 0,2 — mpuBeneHHbIA KOA(PPHUIUEHT
THJPOAMHAMUYECKON JUCCUNAaMKU 1P (OPMHUPOBAHUU
BOJIHBI 3aTorieHus B BO.

Vpapuenue (1) mpu HavanpHbIX ycnoBusx (2)—(5)
SIBJISIETCST HEJIMHEWHBIM An(depeHIaIbHbIM ypaBHEHH-
€M 2-To MOopsKa, KOTOpPOEe HE MMEeT aHAIUTHUECKUX pe-
mwenuil. [IoaToMy pelieHre BBINONHAJIOCh C HOMOIIBIO
Mmerona Pynre-Kyrra ¢ Tounoctsio + 10%.

Hcxons w3 TIaBHBIX PE3yNbTaTOB YHCIEHHOTO
MOJIETIMPOBAHUS NPEACTaBICHHBIX HA pUC. | 1 2, MOXHO
cZenaTh ClIeyIONe YTBEPKACHHS:

B cnydae BnusSHMS IHMIIb OXHOTO 3€MJIETPSICEHHS HA
nousy uvamu BO (K, 0) mnpenensHBIE YCIOBHS
HE3aTOIUICHHs 1aMObl UMEIOT CIIEAYIOLIHN B

2
K, = —aShAt3 <10°. (6)

10

IIpu 3TOM, B OTIMYHUE OT TPATUIIMOHHBIX TIOJIXOOB,
YCIIOBUSI 3aTOTUICHUSI 3aBUCAT HE TOJBKO OT OTKJIUKOB
YCKOPEHHMSI 3eMJIETPSICEHUSI Ha TIOBEPXHOCTH MOYBBI YaIlH
BO (K3 ~ a3), HO ele B Oonbliieii Mepe OT AMUTEIbHOCTH

v 2
ceHCMHYeCcKHX TOMIKOB (K3 ~ Aty ).

IIpy MUHMMAaIbHOM HMHTEHCHBHOCTH CMepYed u
(F1.0) 1 coBMeCTHOM BIMSHUH 3€MJIECTPSICEHUS YCIOBUS
He3arorieHus gamoel BO numeer Bua:

K3<0,3-10%. 7

H2,0
1.8 =

1,6 3o0Ha
3aTOIUICHHS
JaMOBI

1,4
1,2
1,0
0,8
0,6
0,4
0,2

0 0,2 0,4 0,6 0,8 1,0
T
Puc. 1 — Jlunamuika BeIcOThI BoJTHBI B BO o nerictBueM

3EMJIETPSICEHUS
(K,=0):1-Ksz=10%2 - Kz=0,3-10% 3 - K3 =3,0-10%
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H2,0
1,8 |
1,6 |
14 F
1,2
1,0
0,8 - 3
0,6 |-
04 L
0,2

3o0Ha
3aTOIICHHSA
J1aMOBI

1 | 1 | ] 1 ] 1 1
0 0,2 0.4 0,6 0,8 1,0

T

Puc. 2 — Jlunamuka BbICOTHI BOJIHBI B BO 1101 COBMECTHBIM

iusiHueM cmepda F 1.0 u 3emnerpsicenns:
1-K3=0;2-Kqg=0,3-10% 3 - Ky = 10°.

Amnanus HU3BECTHEIX HcCIeA0BaHUI u
9KCIIEPUMEHTAIBHBIX JAHHBIX, @ TAKXKE YPOKH aBapuu Ha
ADC O@ykycuma-Jlanym ompenensoT HeoOXOAUMOCTh
JTOTIOTHUTEIBHOTO HW3YYCHUS BOIPOCOB OTHOCHTEIBHO
BO3MOYKHOCTH 3aTOILIEHHMS IaMOBI BOZOEMAa-O0XJIaIUTENS
UYepHoObutbckolt ADC mpu o0meM BiIuSHUU (B oOmiem
cIydae) cMepuya W 3EMIICTPSCCHHS, KOTOPOE MOXKET

NPUBECTH K  KaracTpO(PUUECKUM  HKOJOTHIECKUM
MOCIIEICTBUSIM.

BriBoabI

1. AHanmu3 pe3ynbTaToOB M3BECTHBIX HCCIEI0BA

HUH M OSKCIEPUMEHTAIBHBIX JaHHBIX, a TaKXe YPOKH
asapun  Ha ADC O@ykycuma-Jlamun B Snonmnm
OIpEJeTHIN HEO0OXOIUMOCTh OIOJHUTENLHOIO H3y4Ye-
HUSI BOIIPOCa BO3MOXXHOCTH 3aTOIUICHUs 1TaMOBl BOJj0eMa-
oxmagurens YepHoObutbeckoit ADC mpu o0meM BIUSHHH
(B oOmem ciydae) cMepya W 3eMIIETPSICEHUS, KOTOpOe
MOXET IIPUBECTH K HEXEIaTeIbHbIM 3KOJIOTHYECKAM
TIOCJIC/ICTBHSM.

2. PesynpraThl pacueTHOrO0  MOJECTHPOBAHMS
MIOKa3bIBAIOT, YTO KOHCEPBATUBHOE 3aTOIICHHE NaMOBI
pu poeKTHOM ypoBHE Boabl B BO UADC, B pesynbrate
BUusiHA Ha Hero cmepya 1-ro (F 1.0) xmacca
MHTEHCUBHOCTH, HE BO3HHUKAET.

3. B pesynbrate Biustus cmepueit 2-ro (F 2.0)
u 3-ro (F 3.0) xmaccoB WMHTEHCHUBHOCTH (U OoIblie)
npoucxomut 3aromienue pamOel BO YADC yxe Ha
HayaJbHBIX dSTanax (OPMHUPOBAHUS BOJIHBI OT CMepya
(T <0,3).

4. B pesynprate cHATHS C dKcruryarampm BO
YADC myreM ero NOCTETIEHHOW OCYIIKH 3a CYeT
nHQUIBTpaM BOABI CKBO3b OTPAJUTEIBHYIO IaMOy,
oOecrednTh CHMXKEHHE MPOEKTHOTO YPOBHS  BOJBI
MPUOIM3UTENFHO Ha 6—7 M, TO €CTh J0 YPOBHS BOJBI B
peke punsrs.

IIpu Takux yCIOBHSIX KOHCEPBATHBHOE 3aTOIICHHE
naMObl oT cMmepued knmacca F 3.0 (M Hmke Kiaccom),
COTJIACHO MOJTY4YEHHBIM Pe3yJIbTaTaM, He BO3HHUKAET.

5. OmnpenesneHsl IIpeesIbHbIe yCIIOBUSA
He3aToruleHus: AaMObl BO mpu cOBMECTHOM BIUSIHUU
CMepUel U 3eMIJIETPSACEHUH IOKAa3bIBAIOT, YTO B CIIydae
BIMAHUA TONBKO 3emiueTpaceHus Ha BO (K, = 0)
NIPEACNbHBIC YCIOBUSI HE3aTOIUICHHS JaMObl HMEIOT
CIEeAYIOUIUI BUIL:

K, =a,At; /h, <10°

[Ipu 5TOM, B OTJINYHE OT TPAAULMOHHBIX TTOJIXO/IOB,
YCIIOBUS 3aTOIICHUS 3aBUCAT OT OTKJIMKOB YCKOPCHMS Ha
nosepxHoctu nouBsl BO (K3 ~ a3) u, B eme Oonbliei

Mepe, OT [UINTEIBHOCTH CEHCMHUYECKHX  TOJYKOB
2
(Kg -~ Ats )
6. IIpu MUHUMaNbHON MHTEHCUBHOCTH CMEpYEH
kracca F 1.0 u 1npu ycnoBuM  CHUHXPOHHOTO

BO3HHKHOBEHHS 3EMJICTPSICEHHS YCIIOBHE HE3aTOIUICHUS
namOsr BO umeer cnemyrommuit sun: Kz < 0,3 10%,

7. Beuny Ttoro, uto UepHOOBUIBCKAs 30HA
OTUYXJIACHUA OTHOCUTCA K 3-y KJIaCCy HWHTCHCHUBHOCTU
cMepuel, cieayeT caenaTh OJHO3HAYHBIM BBIBOA O
HEOOXOIMMOCTH MOJIAeP KaHUS YpPOBHS BoAbl B "amie BO
YADC ¢ yderoM YCIOBUII BO3MOXKHOTO 3aTOIUICHHUS €T0
orpaxkaaronieit 1aMmobl.
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