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ITpennoxena Gopmann30BaHHAsT METOANKA BEPOSTHOCTHOTO NMPOTHO3a HA OCHOBE CTATHCTHIECKOU
OLIEHKH YPOBHSI CEHCMHYHOCTH M PAJa BCIOMOTaTENbHBIX (YHKIWH, XapaKTEpU3YIOUIUX Ipel-
BECTHUKOBYIO CUTYaIl0. BO3MOXHOCTH METOAMKH MPOUJUIFOCTPUPOBAHBI HA IPUMEPE cecMUUe-
CKHX aKTHBM3aLUi mepen n3BepskeHMsIMH BynkaHa bespivstaaeiil (Kamuarka, KimroueBckas rpymnna
BYJIKAHOB).

B kadecTBe MCXOJHBIX HCIIOIB30BAHbI JJaHHBIE M3 Karajiora 3emierpscennii KioueBckoi
rpymmsl ByJikaHoB 3a 1999-2014 rr., cozganHoro Kamuarckum ¢unmanom ['eoduszndeckoit ciryx-
051 PAH; B yka3aHHEIH niepro mpon3onuio 21 u3BepkeHue Byikana bespivsiaabni. [IpeaBecTHHK
M3BEPXKEHUs OIpEeZeleH KaK NPEBBIIICHHE IMOPOTOBOTO 3HAUYEHHS (YHKIMH, CBSI3aHHOW C TEKy-
M YPOBHEM CEHCMHUYHOCTH U €0 XapaKTEPHBIM BHIOM Iepe]l H3BEP)KEHHEM.

ITpuBeneHsl 3HaUCHUS pAja MapaMeTPOB, XapaKTEPU3YIOIINX NMPEIBECTHUK, BKIIOUYAs JI0-
CTOBEPHOCTb, HA/IE)KHOCTb U 3PPEKTUBHOCTD, PACCUNTAHHYIO ABYMs criocobamu. [lokazaHo, 4ToO C
YBEJIMUYCHUEM MOPOTOBBIX 3HAUEHHH HaJEKHOCTH IPEIBECTHUKA YMEHBIIAETCS, 4 JIOCTOBEPHOCTD
pacrer. [Ipu mporHo3upoBaHuK U3BEePKeHUI Haae)kHOCTh cocTaristeT 0.38—0.95, T.e. B 3aBuCUMO-
CTH OT 3a/1aBaeMOr0 MOPOroBOro 3HaueHus oT 38 % 10 95 % u3BepKeHUH UMENH MpPEeIBECTHHK.
HocroBeprocth mipu 3ToM cocrtariser 0.3-0.6, T.e. Takke B 3aBUCHMOCTH OT HCIIOJIL3yEMOTO I10-
pora pealn3oBaHHBIMH OKa3bIBatOTCs OT 30 % 110 60 % BBISBICHHBIX MPEABECTHUKOB. 3HAUCHUS
3G PEKTUBHOCTH MOATBEPIKAAIOT HECTYyYalHBII XapaKTep MOsMBIICHHS PEIBECTHHKA.

MeTtonrka BKIIIOUAET OMpeeleHne mapaMerpa “BepOsITHOCTh peanu3aluu nporHosa’”. Co-
31aHa HOMOTpaMMa BEPOSITHOCTH B 3aBHCHMOCTH OT JUIMTEIBHOCTH NPOTHO3a W 3HAYCHUS Tpell-
BECTHHKA.

KiioueBble c10Ba: mpeaBECTHHUK, MPOTHO3, 3eMIIETpsicEHHE, M3Bep)keHue, KamuaTka, ByJKaH
Be3bIMIHHEBIN.

BBenenue

OnnuMm w3 HauOoJsiee OMACHBIX BYJIKAHMYECKUX O0BEKTOB Poccuu siBiseTcst ByJKaH
be3pimsiHHBIHN, oTHOCsIMIACS K KiroueBcko# rpymnme kaM4aTcKuxX ByJKaHoB (puc. 1, a). OtoT
BYJIKaH 3HAMEHHUT KaTacTpopuueckuM u3BeprkeHueM 1955-1956 rr., kynbMuHaus KOTOPOTO
CBsi3aHa ¢ HamnpaBieHHBIM B3pbIBOM 30.03.1956 r., yHUUTOXHUBIIMM YacTh MOCTPONUKH BYJIKa-
Ha, IPU ATOM TUTAaHTCKOE 3PYNTHUBHOE O0JIaka MOJHAIOCh Ha BbICOTy 35—40 kM (CM., HapH-
mep, [Pozosenenckas, Kupcanos, 1981; Bocossnenckas u op., 1991; Manviues, 1997; Bel-
ousov, Voight, Belousova, 2007] u ap.).

C 1977 no 2012 rr. Ha ByJKkaHe be3bIMSHHBIN €XKETr0HO MPOUCXOAUI0 1—2 KpaTKoBpe-
MEHHBIX, HO CHJIBHBIX 3KCIUI03MBHO-3((y3uBHbIX m3Bepxkenus [Manviues, 2000; Thelen,
West, Senyukov, 2010; Girina, 2013; West, 2013]. ITomo0HbIc HU3BEPKEHUS MPEACTABISIOT
CYILLIECTBEHHYIO ONACHOCTh JJI aBUAllMM, TaK KaK BHICOTA MEIJIOBBIX BBIOPOCOB JOCTHIaET
10-15 kM, a ATUHA METUIOBBIX HUIEH(OB MOXKET COCTABIATH HECKOJIBKO COTE€H KHIIOMETPOB.
C cents6ps 2012 1. mo ¢eBpanb 2016 1. Bynkan be3pIMSHHBIN HAXOUICS B COCTOSIHUU MApO-
ra3oBoii U (pyMapoiIpbHON aKTUBHOCTH. B KpaTepe BylikaHa MPOUCXOINIIO BBKHMAHHUE KYIIOJa
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Tpynna
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Puc. 1. TTonoxxenne Byakana be3piMsiHHBIA Ha m-oBe Kamuarka (a) u dotorpadus ero karactpopu-
yeckoro u3BepkeHus 30.03.1956 r., compoBokaaBIierocs 00pa3oBaHUEM IPYNTHUBHON Tydd BBICOTOM
35-40 kM (6). ABTOp doTorpaduu 1.B. Epos

BSI3KOH JIaBbl, HauaBIieecs mnocie B3pbiBa 1956 r. Ilo ananoruu ¢ npeaslayuuMy NepruogaMu
AKTUBHU3AIMH C YYETOM OIICHOK MX JUTUTEIFHOCTH MPEIOIaraeTcs, YT0 COBPEMEHHBIH dpyT-
TUBHBIN LIMKJI ByJkaHa be3piMsaHHbIN pountes eme He meHee 100-200 net [boeossaenckas,
Tupuna, 2006].

Haubonee HaaeXHBIM HMCTOYHHUKOM HWH(POPMAIMU I BBISIBICHUS TMOTCHIIMATBHOM
NPEIBECTHUKOBOW CUTYAIlMH JUIS BYJIKaHA SBISIETCS CeHCMHYHOCTh. CeCMUYHOCTB, PETH-
CTpupyeMasi Ha ByJIKaHe Be3bIMSHHBIN, HOCUT XapakTep CIOPaJWYECKHX BCIBIIICK, CBSI3aH-
HBIX C U3BEP)KCHUSIMU U MX TTOATOTOBKOM. B 0cHOBHOM 3T0 octaTouHo cinadbie (4.0<Ks<8.8)
menkodokycHbie (H<10 kM) ceficmuueckue coObITHs. HenpepbiBHBIE TaHHBIE O CEHCMUYHO-
CTH BYJIKaHa 00€CIeUnBaIOTCs CEThIO ceiicMoornyecknx Habmoaenuit Kamuarckoro dumnma-
na I'eodusuueckoii cinyx0b1 PAH [Yebpos u dp., 2013], koTopble TOCTYIHBI JUIs aHAIH3a B
pearbHOM BpEMEHH M HE 3aBHCAT OT BO3MOXKHOCTH BU3YAJIbHBIX HAOJIOACHUH, METEOyCIo-
BUH, TPO3pavyHOCTH aTMOC(Ephl, HAJTMYUS CITyTHUKOB H T.JI.

Y4uThIBass ONACHOCTH BYJIKAHA JJISl aBUAIMH M OLEHKY JIUTEIBHOCTH TEKYIIETO KA
€ro JPYNTHBHON aKTHBHOCTH, pa3pabOTKa METOIHMK MPOTHO3a W3BEP)KEHHH ByJKaHa be3bl-
MSIHHBIM TPEICTaBISETCS aKTyalbHOU 3amadeil. OTMETHM, YTO B HACTOSIIEE BpEeMs UMEETCS
3HAYUTEIBHBIN OTBIT BBISIBJICHUS Pa3JIMYHBIX MPEIBECTHUKOB M3BEPKCHUH 3TOTO BYJIKaHA, a
TaKKe P YCHEITHBIX MPOTHO30B €ro dPYNTUBHOMN NESITENbHOCTH (CM., Hanpumep, [/ upuua,
2012; Usanos, 2013; Cenioxos, 2013; West, 2013] u ap.). OnHako, B COOTBETCTBHU C COBpPE-
MEHHBIMU TPEOOBAHHUSIMH K TIPOTHO3Y, METOJIMKA OOHAPYKEHHsI MPEIBECTHUKA JOJKHA OBITh
dbopma3oBaHa, a Cpeld MPOTHOCTUYCCKUX MapaMeTPOB 0053aTeNIbHO MPHUCYTCTBHE Y hek-
TUBHOCTH IPE/IBECTHHUKA, TO3BOJISIOIIEH OLIEHUTh BEPOSITHOCTD PEeaTH3aluy IPOTrHO3a.

B nanno# pabore aBTOpOM Tpemiaraercsi GopMaTM30BaHHBINA MOAXOA BEPOSTHOCTHOTO
IPOTHO3a Ha OCHOBE CTAaTUCTUYECKOH omeHKH ypoBHs cericMuanoctn COYC'09 [Carmuixos
2011] u psima BcmoMoraTenbHbIX (QYHKITUH, XapaKTEPU3YIOMUX MPEABECTHUKOBYIO CHTYAITHIO.
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Bo3MOXHOCTH METOAMKHM NMPOWLIIOCTPUPOBAHBI HA IIPUMEPE CEMCMUUYECKUX aKTUBU3ALMM I1e-
pen w3BepxkeHWs MU BynkaHa bessiMsuubiil (KimoueBckas rpymma ByiakaHoB, KamuaTka) B
1999-2014 rr.

Hcxoanblie JaHHbIE

TpagumoHHOE MPEeACTaBICHUE CEHCMUYHOCTH — 3TO KaTaJIoTu 3emieTpscenuid. OnHa-
KO JUTS BBISIBJICHHSI KaKUX-THOO BapuaIMii B €€ X0/1e HeOOXOAMMO OTPEACIUTHCS C BRIOOPOM
napaMmeTpa, KOTOPBIid, C OJHON CTOPOHBI, XapaKTEepHU30Bal Obl CEHCMUYHOCTH, a, C IPYTOH,
ObLT ObI YyBCTBUTEJIEH K €€ M3MEHEHHUSIM B MHTEPECYIOIIEM HCCIIeI0BATENs AUana3oHe dHep-
TUM U BPEMEHHBIX MHTepBaioB. B mocnennue roast B Kamuarckom dunuane I'C PAH nns
ATUX TeNie mpumeHsieTcs: mkana ypoBHs ceiicMuaHoctd COYC'09, ucnomnb3yromas B Kaue-
cTBe 0a30BOr0 Mapamerpa CTaTUCTHUYECKYIO (DYHKIIMIO paclpeiesieHus] BBIISIUBILICHCS Ceii-
CMHYECKOW PHEPTruM B 33JIaHHOM IPOCTPAHCTBEHHO-BPEMEHHOM HHTEpBalsie, 0003HAYaeMYIO
Kak F.

Jnist ommcaHus COCTOSIHUSI CEMCMUYHOCTH BBENICHBI MOHATHSI, ONPEACIIONINE MATh OC-
HOBHBIX KaQUeCTBEHHBIX YPOBHEH — IKCTPEMAIbHO BHICOKUH, BBICOKHM, )OHOBBIN, HU3KUIL, JKC-
TpeManbHO HU3KHU. [Ipu Takom pazomenun 95 % BpeMeHU CeHCMUYHOCTH MpeObiBaeT Ha (o-
HoBoM ypoBHe (F=0.025-0.975), mo 2 % Bpemenu npuxoautcs Ha Boicokuii (F=0.975-0.995) u
amskuii (F=0.005-0.025) yposuu u 1o 0.5 % — Ha skctpemanbio Bbicokuii (F=0.995-1.0) u
skctpemanibHo Hu3kuil (F=0.0-0.005). /Iys moBsIeHNsT 1ETATLHOCTH OLICHKU (DOHOBBIN ypO-
BEHb paseiseTcs Ha TpU MoaypoBHs — (GoHoBBIM moBbimeHHbI (F=0.85-0.975), dhoHOBBII
cpennuii (F=0.15-0.85), dponossiii nonmwxkennsiii (F=0.025-0.15). B HacTosimiee Bpemst MeTo-
nuka COYC'09 Baenpena u ucnons3yercs B Kamuarckom ¢unmmane I'C PAH nns monuto-
punra Kamyatckoii ceficMOAKTHBHON 30HBI M €€ TOJ30H, a TaKKe I €KETOJHON OIEHKU
YPOBHSI CEICMUYHOCTH PErMOHOB Poccny u BynKaHWYECKHX 00JIacTe, B YaCTHOCTH, BYJIKAHOB
KiroueBckoii rpymmel. IIporpaMMHuas peanusaiuiss METOAMKH [Boponaes, Carmvixos, 2013]
CYIIECTBEHHO TMOBBIIIACT ONMEPATUBHOCTH €€ MPUMEHECHHSI IPU Ha3BAHHBIX MCCIICOBAHUSIX.

B paGorte ucnonp3oBaH karajor 3emuieTpsiceHuii KirodeBCKoil rpynmbl BYJIKaHOB 3a
1999-2014 rr., NOXy4YEeHHBIA N0 JAaHHBIM PAJAUOTEIEMETPUUYECKUX CEHCMUYECKHX CTaHIHH
KamuaTckoil pernoHaqbHON CETH, PACIONIOKEHHBIX B paiiOHE ATON BYJIKAHUYECKOU CTPYKTY-
pol. Karamor comepxuT mAaHHbIe 00 OCHOBHBIX MapaMeTpax JIOKAJIBHBIX TEKTOHHYECKUX H
BYJIKAHO-TEKTOHUYECKUX 3eMJICTPSICEHUH ¢ TITyOrHOU ovara 70 40 kM.

JlJis1 TOCTpOEHUS OIIEHOK YPOBHSI CEMCMUYHOCTH M3 KaTajora ObLIM BHIOpPAaHBI 3eMile-
TpsiceHHUs], 3aUKCUPOBAHHBIE B paguyce 6 KM OT BepIIMHBI BylkaHa be3piMsiHHbIN. OT™METHM,
yTo ouard noutu 98 % celicMUYecKHX COOBITHII COCPEIOTOYCHBI B TUANa30HE TIIYyOWH JI0
5 KM. AHanu3upyeMblii MacCHB JaHHBIX BKJIIOUYaeT 1226 3eMIICTPSACEHHH ¢ MaKCHMaIbHBIM
kiaccoM Ks=8.8; ypoBenb HagexHO# peructpanuu Ks=4.0 mo sHepreTnyeckon Kiaccuduka-
uuu C.A. @enorona [1972].

AKTHBHM3a1UU CeliCMUYHOCTH Tlepe] u3Bep:xkeHusimu B napamerpax COYC'09

JU1s OLEHKU COCTOSIHUSA CEMCMUYHOCTU MCCIIETYEMOro CEeHCMOAKTHBHOIO o0beMa Io-
CTPOEHBI AMIHPHUYECKUE (PYHKIUHU paclpeleleHns] BhIJCTUBIICHCS CEHCMUYECKON YHEeprun
BO BpeMeHHbIX OKHax 5, 7, 15, 30 u 90 cyt (puc. 2). Ilpu moctpoernu GyHKIUIA pactpeaesne-
Hus F 13 aHanm3a UCKIIIOYaIuCh BPEMEHHbIE HHTEPBAJIbl, B KOTOPbIE CECMUYECKUI MOHUTO-
pPUHT ByJIKaHa be3bIMsSHHBINA ObII HEBO3MOXEH M3-3a CHJIBHOTO BYJKAHHUYECKOTO APOXKaHMS
npu akTuBM3anuAX KiroueBCKOro ByJKaHa, a TaKKe MEPHOJbI MPOIMYCKa JaHHBIX 110 TEXHU-
YECKUM MPUYMHAM.
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F Puc. 2. ®DyHKuuMu pacnpeeneHus
1.0 CEeHCMUYECKON APHEPTUU BO BPEMEH-
HBbIX OKHax 5, 7, 15, 30 u 90 cyt nnsa
5 / ByJkaHa bespiMsHHBIA. [lnurens-
081 HOCTh OKHa YyKa3zaHa B KpYyXKKax
15 30 BO3JIE TPah)uKOB
0.6 /
0.4
0.2
O T T T T

4 5 6 7 8 9 IgE

Huzkuii, sxcTpeManbHO HU3KHI ¥ (POHOBBINM MOHUKEHHBIM YPOBHU CEHCMUYHOCTH JIS
paccMaTpruBaeMoOro MacCuBa JAHHBIX CTATUCTUUYECKU HE ONPE/ICICHBI.

@DOHOBBIN CpeHUI YPOBEHb UMEET CMBICI pacCMaTpUBaTh BO BpPEMEHHBIX OKHaX Ooiee
5 cyT. DTH OrpaHUYEHHs] CTATUCTUYECKUX OIICHOK CBSA3aHBI C TEM, YTO UMEIOTCS MPOJI0HKU-
TEJbHbIE BPEMEHHbIE WHTEpPBajbl, B KOTOPbIX HE ObUIM 3aperuCTPUPOBAHBI 3EMIIETPSICEHUS
MPEJCTaBUTEIILHOTO Kilacca. Takoi moaxos hopMaan3yer MoHsATUE “ceiicMUuYecKuit GoH” s
ByiakaHa bespiMsHHBIA (Tabn. 1). Cremyer OTMETHTh, YTO OTCYTCTBHE 3E€MIICTPSCCHUMN
(E=0 Ix) Ha ypoBHE MpPEICTAaBUTEIBHOIO Kiacca TaKKe sBISCTCS (OHOBBIM YPOBHEM Ceii-
CMUYHOCTH ByJIKaHa be3bIMSHHBIH.

Ta6auna 1. [Tapamerpsl celicMuyeckoro GoHa Jis ByJKaHa be3bIMsHHbIIH
JUTSL Pa3HBIX BPEMEHHBIX OKOH

LgE
YpoBeHb CECMUYHOCTH
OKHO 5 CyT okHo 30 cyT
(hOHOBBII <59 <7.0
(OHOBEII cpenHUi <45 <57

C onHOI CTOPOHBI, AJIs1 MPOTHO3a 0o0Jiee MPEANOUYTUTENIBHO HCTIOJIb30BaHIE HEOOIIBINIO-
IO PacyeTHOr0 BPEMEHHOI0 OKHA, 00ECHEeUnBaIONIETO JTyUIIyI0 BPEMEHHYIO NMPUBSI3KY Mapa-
metpa. C npyroi, kak y»ke 0TMeuajoch, BpEMEHHbIE OKHA JUIMTEIbHOCTBIO MEHEEe S CyT IS
paccMaTpUBaEMOro OObEKTa HENpHeMJIEeMbl NMpPU HCIOoNb3yeMol Meromauke. ITostomy Bpe-
MEHHOHM XOJl YPOBHSI CEICMUYHOCTH PAaCCUUTHIBAICS Jajle€ BO BPEMEHHOM OKHE IIMPUHOMN
5S¢yt ¢ marom | cyT — Takum 00pa3oM UMUTHPOBAJICS €XKETHEBHBIII MOHUTOPHHI COCTOSIHUS
CEHCMHUYHOCTH.

B 1999-2014 rr. nmpouzonuio 21 u3BepxeHue ByjikaHa be3pMsaHHbIN (Taba. 2). B aByx
ciayvasx (11.05.2007 r. u 31.05.2010 r.) ceiicMrUYeCKUii MOHUTOPUHT OBLIT 3aTPyJHEH H3-3a
BBICOKOI'O YPOBHS BYJIKAHUYECKOT'O JAPOKAHUS, CBA3AHHOI'O C AKTUBHOCTBIO PACIIOJIOKEHHOTO
npumepHo B 10 km KitoueBckoro Byinkana. [loaToMy kartasnor, IpUroAHbli 1Jis cTaTUCTHYE-
CKOT'0 aHaJln3a, UMEETCsI TOJIBKO Ui 19 n3BepxeHuil.
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Ta6auna 2. 3a6maroBpeMeHHOCTh TIPOSIBIICHUS TIPEIBECTHUKA TIEpe]l N3BEPKEHUSAMH
ByJkaHa be3piMsauHbIN B 1999-2014 .

Jlata 3abnaroBpeMeHHOCTD At Boixoa (yHkuuu-unaukaropa U
Ne H3BCpIKCHIS Ha 33JIaHHBII YPOBEHB U, CYT
u=1.0 u=1.2 u=1.4 u=1.6 u=1.8 u=2.0

1 24.02.1999 1. 7 5 3

2 13.03.2000 r. 28 25 24 22 21 19

3 30.10.2000 r. 12 10 8 5 1

4 06.08.2001 r. 18 15 12 9 6 3

5 15.12.2001 r. 23 18 13 5 2 0

6 25.12.2002 1. 15 9 7 0

7 26.07.2003 . 12 3 2 0 0

8 13.01.2004 r. 4 3 2 1 0

9 18.06.2004 r. 8 6 4 2 1 1

10 11.01.2005 . 17 14 12 10 9 7

11 30.11.2005 r. 12 8 6 3 1

12 09.05.2006 r. 31 28 26 21 8 6

13 24.12.2006 . 29 28 26 4 1

14 11.05.2007 . 17

15 14.10.2007 . 9 0

16 19.08.2008 T. 41 38 35 11

17 16.12.2009 r. 14 8 6 5 4 2

18 31.05.2010 . OTCyTCTBHE IPEABECTHUKA B YCIOBHUAX CHIBHOTO JPOXKAHUS

19 13.04.2011 r. 16 4

20 08.03.2012 . 10 3

21 01.09.2012 . 18 15 8 5 3 2
Cpennee apudmeTniaeckoe 17 13 12 7 5 5
CraHgapTHOE OTKJIIOHEHUE 19 +11 +10 7 16 16
Mennana 16 9 8 5 3 2

VYkazannoe B Tabimie At=0 o3nauaet, yTo BeIx0] U Ha MOPOTOBBIN YPOBEHb MIPOHM30IIEIT
HETMOCPEJICTBEHHO B JICHb U3BEPKEHHUS, T.€. (OPMAILHO HE SIBIISETCS MPEABECTHUKOM U HE MO-
KET MCIOJIB30BaThCs MPH MPOTHO3MPOBAHMH. BhieneHHoe B Tabinile cepoil 3aJIMBKOM M3BEp-
kerue 31.05.2010 r. mpousonuio Ha poHE CHITBLHOTO BYJKAHUYECKOTO APOKAHUS PACIIONOKEH-
HOT'O Ha OJIM3KOM pacCTOSHUM ByJKaHa KiltoueBCKOM, UTO c/ie1ano HEBO3MOKHBIM IPOBEAECHUE
CTaHIApTHOW 00paOOTKH JOKAIBHBIX 3emieTpsiceHuil. C TOYKM 3peHHs] MPOTHO3MPOBAHUS,
HeoOHapy’KeHHE TMPEBECTHHKA 10 TAaKOW NMPHYMHE JTOJDKHO PAacCMATPUBATHCS KakK ~TIPOIYCK
nenn’”.

[Mepen GonbIMHCTBOM HM3BepkeHHH Byikana bespiMsinublil B 2000—2014 rr. B [Kyeaen-
Ko, Boponaes, 2015] BBISBICHBI CTATUCTUYECKH 3HAYUMBIE TIEPEXOAbI CCHCMUYHOCTH ¢ (POHO-
BOTO CPEJHEr0 YPOBHS Ha ()OHOBBIN TOBBIIICHHBIH, a 3aT€M Ha BBHICOKHH (IKCTPEMaTbHO BBI-
cokmif); w3 19 paccmaTpuBaeMbIX u3BepikeHuil numbe nepex tpems (14.10.2007 r.,
13.04.2011 r., 08.03.2012 r.) He HAOMIOAIOCH YBEPEHHBIX BapUaIlUil YPOBHS CEHCMUIHOCTH.
[To naHHBIM 00 ypOBHE CEHCMHYHOCTH MPH BceX 19 m3Bep)KeHUsX, mpousomeamux B 1999—
2014 rr. (n=19), ocpenHEeHHBI ypOBEHb CEHCMHMYHOCTH SS BO BpPEMEHHON OKpPECTHOCTHU

n

Havaja M3BEepXKeHUs ObLT paccuuta mo dopmyne SS(At) = ZS(t(') +At)/n, rae At — Bpems
i=1

OTHOCHTENBHO Hayana i-ro u3sepskeHus t, . [loBefieHre ypoBHS CEHCMUYHOCTH HILTIOCTPUPY-

eT puc. 3.
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SS, yen. eq.
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1
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1
1
|
0

dOHOBbIN
cpenHui

50 —40 -30 -20 -10 10 20 At cyT

Puc. 3. TloBenenue ypoBHs ceiicMuunoct SS(t) BO BpeMeHHO# OKpecTHOCTH u3BepkeHus (At=0 —
BpeMst u3BepikeHus). [10siCHEeH s CM. B TEKCTe

Vcnonb3yemas B IpuUBEICHHOM Bbllle popmynie ¢pyHKIMS S(...) COOTBETCTBYET (PyHK-
K pacnpeaeneHus F, mepecuntaHHON B NUHEWHBIA 1Mo oTHomeHHo K mkaire COYC'09
macTao:
F=05, S=0
F=0.85S=1-rpanuua Mexay CpeJHUM U MOBBILICHHBIM YPOBHIMU;
F =0.975, S =2 —rpanuna Mexay NMOBBIIICHHBIM U BEICOKUM YPOBHSIMH;
F=0.995 S=3 —rpanuua Mex1y BBICOKUM U SKCTPEMAIbHO BHICOKUM YPOBHSIMH;
F=1, S=4.
B koHTekcTe pemaemMoit 3a1auu, onpeessseMoil Kak IpOorHo3 U3BEP>KEHUI U onpeaere-
HHUE TMPEIBECTHUKA, /ISl HAC MHTEPEC NPEACTaBISIET Y4acTOK (YHKIUU SS, OrpaHWYEeHHBIN
cieBa 3HaueHueM At = —16 cyT (Bpems nepexona SS ¢ (POHOBOTO CpeHEr0 YpOBHS Ha (OHO-
BBl TIOBBIIIEHHBIHN) U cipaBa At = -2 cyT (oueBuaHOE TpeboBaHue At <—1 cyT, cBsi3aHHOE ¢
MUHHUMAJIbHOW 3a0J1arOBPEeMEHHOCTHIO MPOTHO3a, YCYTYyOIseTcst 3a1epkkoil B 1 cyT B oOpa-
00TKe TeKYIIHUX 3eMJIETPSICEHUI U COCTABJICHUU ONEPATUBHOTO KAaTaJIora).
Anmpokcumanuioo ydactka ¢yHkuuu SS B amamaszone At=-16...-2 cyTt runep0oioi
Shyp TIpe[uIaraeTcs paccMaTpuBaTh KaK ATAJOH MOBEACHUS YPOBHS CEHCMUYHOCTH TEPEr M3-
BepkeHueM (puc. 4), C KOTOPBIM CIIEyEeT COMOCTABIATh TEKYIIUE 3HAYCHUS S IS BBISIBIICHUS
BPEMEHHBIX YYaCTKOB ITOTOTOBKU M3BEPIKEHHS.

SS, yen. eq.

2

- " @

® ®
i [ ]
@

l Q T T T T T T T T T T T T T T T

17 -15 -13 -11 -9 -7 -5 -3 -1 At cyT

Puc. 4. YyacTok npuBeCHHOTO Ha puUC. 3 rpaduka, IPUHATHIA B KAUECTBE OCPEAHEHHOTO MPEIBECT-
HUKa M3BepKeHHs BylkaHa be3piMsaHHBIA. CrutomrHas TUHKS — TuriepOoia, anmpoKCUMHUPYIONIas pac-
CMAaTpUBAEMBbIN y4aCTOK
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Jlyis conocTaBieHus UCTIONB3yeTCs (QyHKIUS-UHAUKATOP

—2
UM =1 3st+k+2)s5(K),
15
HpeICTaBIsIoNAs cOO0M CrilaXMBaHKE YPOBHS ceiicMU4HOCTH S(t) B CKOJIB3SIIIEM BPEMEHHOM
OKHE IMHUPUHON 15 cyT ¢ ucmonp3oBanueM BecoBoi (yHkimu SS(At). Dta mporeaypa cria-
KHUBAHUS MOX0Xa HA pacyeT KOppesslMU, HO B OTJIMYME OT Hee MPOBOJIUTCS Oe3 mpeaBapu-
TEJILHOTO TEHTpHpoBaHus psanoB S u SS. Takoe mpeoOpa3zoBaHUE MO3BOIISET MOTYUUTH PSIIBI
U, xapakTepu3yoliye B ONPeAEICHHOM CMBICIIE CXOJICTBO MOBEIEHUS YPOBHS CEICMUYHOCTH
S u mpeanonaraemoro npensecTHUka SS. OTMETHM, YTO B TAKOM TIPEICTABICHUN MOYKHO TO-
BOPUTH O MPEIBECTHUKOBOM YyBeIWUeHUM (yHKIMU-UHAUKaTopa U mepen M3BEpKEHUSIMHU
20002014 rr., Brimouas npousormreamme 14.10.2007, 13.04.2011 u 08.03.2012 rr. (puc. 5),
nepes KOTOPHIMU YBEIMYEHHE HENOCPEACTBEHHO YPOBHSA CEHCMHUYHOCTH HE OBLIO OUYeBHUJI-
HbIM [Kyeaenxo, Boponaes, 2015].

U
4

—e— 13.03.2000
- -3 - 30.10.2000
| | ——06.08.2001
3 /] —0—15.12.2001
- - - 25.12.2002

- -B - 26.07.2003
. - & - 13.01.2004
< —o—18.06.2004
—aA—11.01.2005
- - 30.11.2005
—6—09.05.2006
> g.“ —=—24.12.2006

. —0—14.10.2007
—0—19.08.2008
14 : : 000 - < - 16.12.2009
—o—13.04.2011
—A—08.03.2012
—0—01.09.2012

0 T T T T T T T T

-40 =35 -30 -25 -20 -15 -10 -5 0 At, cyT

Puc. 5. IIpumepsr BpeMeHHOTO X01a (hyHKIMA-UHAUKaTopa U mepen m3BepKeHUSIMHU ByJikaHa besnl-
MSIHHBIH, Tpon3omeammmu B 2000-2014 rr.

JUis IpaKTHYECKOTO MCIIOB30BaHMS MPEATIAraeMoro rmoaxoa K MporHo3upoBaHHIO U3-
BEP)KEHUH ByJIKaHa HEOOXOJIMMO OTBETUTH HA CJIEAYIOUINE BaKHEUIIIHE BOIIPOCHI.

1. YUro siBrsieTCst KpUTEpUEM JUIS TTOJIA4X TPEBOTH (ITPOrHO3HOTO 3aKITIOYECHNUs)?

2. Yto sBII€TCA KpUTEPUEM IS CHATHUS TPEBOTU?

3. KakoBa BepOSITHOCTh peain3aliuy mporuo3a’?

4. KakoBa BepOsITHOCTh IPOIyCKa U3BEP>KEHUS?

5. KakoBBl 10CTOBEPHOCTH, HAJIE)KHOCTb M 3(PPEKTUBHOCTH MPEATAraeMoro MpeiBecT-
HUKa?

[Ipemuiaraercst MCIONB30BaTh MOPOTOBBIA KPUTEPHI: CUTYyallUsi pacCMaTpUBAETCs Kak
MPEBECTHUKOBAs, KOT/Ia 3HaUeHHe QyHKIMHU-UuHANKaTopa U mpeBsilaeT HEKOTOPOE MOPOro-
BO€ 3HaucHHE U (ayee Unop). C yueTom noBeaeHus Gynkiuu U (cMm. puc. 5) Huxe OyaeT pac-
cMOTpeH Habop moporoBbix 3HadeHWi Ui oT 1 mo 2 c¢ marom 0.1. IlepBuynas oOpaboTka
BKJIIOYAJia ONpeZesicHHe BPEMEHHBIX HMHTEpBajoB B TedeHHe 1999-2014 rr., Ha KOTOPBIX
U > ui. UmeHHO 3TH MHTEpBAJIBI 00pa3yIOT BpeMsi TPEBOTH alarm. BO3MOXXHBI TpU BapuaHTa
B3aMMHOTO PACIIOJIOKEHHS U3BEPIKEHUS U TPEBOKHOTO WHTEPBAJIA.
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1. Ecnu u3Bep)keHHe MOMagaeT B HHTEpBal, B KoTopoM U > Ui, TO cuuTaeTcs, 4TO OHO
UMEET TPEABECTHUK. BakHBIM HIOAHCOM 3/1€Ch SBISIETCS OTMEHA TPEBOTH IMPOM3OMICIIIAM
U3BEpKEHHEM, T.€. BpEMEHHON MHTepBaj HEMOCPEICTBEHHO MOCJe M3BEP)KEHUS HE BKIIOYA-
eTcsl BO BpeMs TpeBory, gaxe ecau U > Ui

2. Ecnu nepen npousomenmum usBepxenueM U < Ui, TO Takas cUTyalusi KBaluuuu-
pyercs Kak “mporycK Ienu”’, T.€. H3BEPIKEHNE HE UMEET UICHTU(UIIMPOBAHHOTO TI0 paccMarT-
pUBAEMOii METO/IMKE MPEIBECTHUKA U HE MOXKET OBbITh MPeICcKa3aHo.

3. TpeBOXHBII HHTEPBAT paccMaTpUBAETCA KakK “J0OKHAs TpeBOra’”, €ClIM B €ro Ipeje-
JaxX U3BEpPKEHHE HE MPOU3OIILIO.

OTH BapHaHTHl PACCMATPUBAIOTCA Ha MpPHUMEpPE JBYX H3BEp)KEHHI ByJkaHa be3bIMsH-
HBIH (pHC. 6).

a
Unop :I 11.01.2005
1.9 4 1
1.7 1
1.5
1.3 4
1.14 1
oo+ 1 : : : : — : :
01 11 21 01 11 21 31 10 20 30 09 19
| HoSA0pb, 2004 | nekabpb, 2004 | siHBapb, 2005 | cespanb, 2005
6
unop
1.9 1
31.05.2010
1.7
1.5
1.3 4
1.1
0.9 : : : : ' . in

13 23 02 12 22 02 12 22 oL 11 21 01 1
mapt, 2010 | anpenb, 2010 | mait, 2010 | WtoHb, 2010 | wionb, 2010

Puc. 6. Cxemarnueckoe Ipe/CTaBIeHE NOBeNeHNS GyHKIMH-UHANKaTopa U B OKpecTHOCTH H3BEp-
JKEHUs Ha mpuMepe u3BeprkeHuit Byikana bespmmsausnii 11.01.2005 r. 1 31.05.2010 1. IIpencrasnenst
ciyvau peanu3oBaHHoro mporrosa (11.01.2005 r.), noxuot tpesoru (3—17.11.2004 r.), npomycka ie-
mu (31.05.2010 1.). ITosicHeHHSI CM. B TEKCTE

benple npsAMOYroJbHUKH Ha pUC. 6 COOTBETCTBYIOT BPEMEHHBIM y4acTKaM, Ha KOTOPBIX
(GyHKkuug-uHIUKaTOp U IpeBbIIaeT 3aaHHble 3HAUYCHUS Unop; BBICOTA KAXKA0TO MPAMOYIOJIb-
HHMKa 0TOOpakaeT 3HAU€HHE HCIOIb3YeMOro Unop. Cepblif MPSIMOYTOIBHUK OTMEYAET OTMEHY
TPEBOTHU TOCIIE U3BEPIKEHMSL.

Jlannbie 0 3a6maroBpeMeHHOCTH (At) MOSIBJICHUS MPEABECTHUKA MEPE/l BCEMU U3BEpIKe-
HUsIMH ByJKaHa bessiMsHHBIN B 1999-2014 rT. B 3aBUCUMOCTH OT BEJIMYMHBI HCIIOJIE30BaH-
HOTO Unop COZEPIKATCsl B BBILICNPUBENCHHOM Tabn. 2. B Tabn. 3 mpencraBieHbl JaHHBIE O
CYMMAapHOM JJIUTEIBHOCTH TPEBOTH, YHCIIE PEAIN30BAHHBIX MPOTHO30B U JPYTUX PACUYETHBIX
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Ta6umua 3. [TapameTpsl IPOrHOCTHYECKON METOTUKH

Topor Bpewms ycI;:LCuJL?JIX HanexHoctsb H}(l)gizor?;;_ 3(1)}(3)301;11’13' D¢ddexkruBHOCTH
TPEBOTH HPOrHO30B MPEIBECTHUKA BeCTHIKA 110 Tyceny o Mouany

Unop Tatarm, CYT N+ R \Y Jeto Im

1.0 1764 20 0.95 0.32 3.1+£0.7 0.65
11 992 18 0.86 0.30 5.0£1.2 0.68
1.2 778 18 0.86 0.33 6.3+1.5 0.72
13 548 16 0.76 0.34 8+2 0.67
14 405 16 0.76 0.44 1143 0.69
15 304 16 0.76 0.59 14+4 0.71
1.6 228 13 0.62 0.48 1614 0.58
1.7 169 11 0.52 0.42 18+5 0.49
1.8 112 11 0.52 0.55 2748 0.50
19 79 9 0.43 0.60 31+10 0.41
2.0 58 8 0.38 0.58 38+12 0.37

Ipumeuanue. IlpuBenennsie ans >3¢pdexruBHOCTH MO ['yceBy 3HaUeHHs] +G COOTBETCTBYIOT CpeIHeE-
KBaZpaTHYHOMY OTKJIOHEHHUIO.

napameTpax MporHO3HOW Metoaukn. CyMMapHOEe BpeMs MOHHTOPWHTA, OXBATBHIBAOIIEE Tie-
puox 1.01.1999-4.10.2014 rr., — T=5755 cyt; obuiee yuCIO M3BEPIKEHUI 3a 3TO BpeMs —
N=21. Bpems tpeBoru Talarm VI KaXA0i aHOMaiiuu (TipeBbiiieHe 3HaueHrneM U mopora Unop)
pPacCYUTHIBAIOCHh KAaK BPEMEHHOM MHTEpBaJl MEX/1y CUTHAJIOM TPEBOTHU (HA4ajao aHOMAJUH) U
MOMEHTOM H3BEP)KEHHsI (JJIs1 peaM30BaBIIETOCS MPEIBECTHUKA) MM CHATHEM TPEBOTH (KO-
HEIl aHOMAJIHH ).

Ouemca IMPOTrHOCTHYECCKHUX CBOMCTB NnpeaBeCTHUKA

HaznexxHOCTh mpeaBECTHUKA ONPeIeseTCs KaK OTHOIIIEHUE YMCiia H3BEPIKEHUH, IS KO-
TOPBIX OBLT BBIZACICH MPEABECTHHUK (YMCIO YCIENIHBIX MPOorHO30B N+), K YHCIy BCeX M3BEp-
xeHuit N:

R= N. .
N

Mensisi 3Ha4eHHE Unop, UCTIONIB3yEMOE TIPU BBISIBJICHUH MPEIBECTHUKA, U TIOCYUTAB JIJIs
HEero cooTBeTcTBYyIomMe 3HaueHust N+ (Tabn. 3, puc. 7, @), Oblia moyiyueHa 3aBHCUMOCTD
HaJieXHOCTH R oT mopora U. CoriacHo pacyeraM, HaJeKHOCTh NMPEIBECTHHKA Ui HU3KUX
3HaYeHUH Unop CYHIECTBEHHO OouIble, 4eM Jjsi 0ojiee BBICOKMX. JTO O3HAYAeT, UYTO Iepen
6onpmmHCTBOM (95 %) M3BeprkeHui HaOmoAaeTcs npesbieHue psgom U moporosoro 3Ha-
yeHwusi, pagHOro 1.0, HO MpeBbIIeHNE OOJIBITNX TTOPOTOB C UX YBEIIMYCHHEM CTAHOBHUTCS BCE
Oosiee peIKUM, YTO C HEM30EKHOCTBIO BEJET K YBEIMYCHUIO YHCIIA MPOMYCKOB IIETH; TaK, B
CpeIHEeM TOJBKO Iepea OJHUM M3 TpeX u3BepxkeHuil U mocTuraer aHOMajabHOTO 3HAYCHUS
2.0.

JlocToBepHOCTH mpeaBecTHrka V (puc. 7, 6) onpeaesieHa Kak OTHOIICHUE YHCIIa MPeI-
BecTHUKOBBIX anoManuii N(Ag) (B HamieMm ciyvae — yncia npesbimennit U 3HaueHust Unop, CO-
MPOBOXKIABIIIMXCS U3BEPIKCHUEM) K 00IIIEMY YHCITy BblieneHHbIX aHoMauid N(A):
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N
y_NGA)
N(A)
R a \Vi 6
1.0 0.8
0.8 )
0.6
J O
0.4 1
0.2 T T T T T T T T T T T 0.0 T T T T T T T T T T T
09 11 1.3 15 17 1.9 21 u 09 11 1.3 1.5 1.7 1.9 21 u

nop nop

Puc. 7. 3aBHCUMOCTb HAJIGKHOCTH (@) ¥ TOCTOBEPHOCTH (6) MpPEeBECTHUKA OT 3HAUCHHUS Upop. CILIONI-
HBIC JIMHUU OTOOPAXaloT OOLIYI0 TEHJCHIMIO B MOBEJCHHU INapaMeTpa ¢ MU3MEHEHHEM HOPOrOBOTO
3HAYCHHS

CornacHo Tabi. 3 u puc. 7, 6, ABe TpeTH HaubOJee BHIPAKEHHBIX aHOMAIHH (C TPEBBI-
menueM U nopora B 2.0) 3aBepiuaroTcsi U3BEPKEHUEM U MOTYT pacCMaTpUBATHCA KaK peau-
30BaBIIMICS npeaBecTHUK. [Ipy cHMKEHHH opora J0CTOBEPHOCTh CHIKAETCS, U B CPETHEM
JIMIIB KaXKJast TPEThsl aHOMAIIKs 3aBepIIaeTcs u3BepkeHreM npu nopore Uu=1.0.

Jnst oueHkn 3¢ (HEeKTUBHOCTH paccMaTpUBAEMOTI0 NMPEABECTHUKA OBLIM HCIOJIb30BAaHbI
nBa noaxona — noaxon A.A. I'ycesa [1974] u noaxox I'.M. Momnuana [1990], ucnons3ytoiue
OJIMHAKOBbIE BXOJHbIE JJaHHBIE, HO B pa3HbIX KoMOMHausX (puc. §). IlockonbKky BbIOOp KOM-
OMHAIMI ompeeNsieTcsl aBTOPCKUMU B3TJISIAMH Ha pelIaeMylo mpoOieMy, uxX cleayeT pac-
CMaTpuBaTh HE3aBUCUMO, 0€3 COTIOCTABIICHUSI MEXK]Ty COOOM.

Jo a Ju 6
1003 0.8
. @) \
. 0.7
] e [ ] o °
| 0.6
103
3 0.5 )
] 0.4
1 T T T T T T T T T T T 0.3 T T T T T T T T T T T
09 11 13 15 17 19 21u 09 11 13 15 17 19 21u

nop nop

Puc. 8. 3aBucumocth 3 (HDEKTUBHOCTH MPEABECTHUKA, PACCUUTAHHOM 10 MeToukaMm A.A. T'ycesa (a)
u I'M. Monuana (6), OT BETUYUHBI Unep. CIUIOITHON JTMHHEH MMOKa3aHa TEHACHIUS B OBEACHUH d(-
(heKTUBHOCTH MIPEIBECTHUKA C UBMEHEHUEM Unqp

Onpeoenenue 3¢pghexmusnocmu npedgecmuuxa no memoouxe A.A. I'ycesa. IddexTus-

HOCTb paccMaTpUBaEMON METOJIMKHU OOHapyKEHUs MpEeABECTHUKA U3BEPKeHUS JG omperens-
€TCs I7Is1 KaXKI0T0 KOHKPETHOTO TOPOTOBOTO 3HAUEHUS U 1o Gopmyie
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=z

Jo=—5—,
N-T

alarm
T
rae T — obiee BpeMsi MOHUTOPUHTA CEMCMUYECKO 00CTaHOBKH IO paccMaTpUBaeMOil METO-
nvke; N+ — KOJTHMYeCTBO M3BEPKEHUH, COOTBETCTBYIOIIMX YCIIEITHOMY IPOTHO3Y 3a Bpems 7
N — of1Iee KOTMYeCTBO U3BEPIKEHMIA, Tpon3oiIeanmnx 3a Bpemst 7; Talarm — o0111ee Bpems Tpe-
BOTH (CyMMapHas JUTUTCIILHOCTh BCEX MPOMEKYTKOB BPEMEHH, B KOTOPHIX JIEHCTBOBAI IIPO-
THO3 MO OIICHMBAa€MOMY METO/AY B TE€YEHHE OOIIero BpEMEHU MOHUTOPUHTA). 3HAMEHATEelb
JIpOOW OTpaKaeT CpeIHEe YHCIO BOSHHUKHOBCHHS M3BEP)KECHUH 32 BpeMs lalarm B ClIydae OT-
CYTCTBHS CBSI3U MPOTHO30B C U3BepKeHUSIMU. COOTBETCTBEHHO, Y3PPEKTUBHOCTh JG MOKA3bI-
BAET, BO CKOJIBKO pa3 KOJIMYECTBO CIIPOrHO3MPOBAHHBIX U3BEPIKEHUH MPEBBIIIAET YUCIIO T10-
MaBIIMX B “TPEBOXKHOE” BpeMs CiaydaliHbIM oOpazom. [Ipu cimydaitHoM yraapiBanuu 3¢ ¢ek-
THUBHOCTb JG paBHa 1.

Jnst paccmaTpuBaeMbIX JaHHBIX 3PGEKTUBHOCTh JG MEHSETCSl B 3HAYUTENIbHOM CTere-
HU — Ha TIOPSIOK TIPU U3MEHEHUH Unop OT 1.0 10 2.0 (puc. 8, a, tabd. 3).

Onpeodenenue s¢hghexmuenocmu npedgecmuuka no memoouxe I'.M. Moruana. Ha puc. 9
IIPEACTABJICHBI aUarpaMmbl ModaHa Ui pasHbIX 3Ha4yeHUM Unop. Ha nuarpamme Momgana

alarm

a6cu1/1cca TOYKH ONPEACIIICTCI KaK ME€pa TPEBOIU T. T = , 4 OpJAMHAaTa — KaK AO0JIA IIPO-

+

IIYCKOB LCIIH V. V= 1- . I[I/IaI‘OHaJ'IL AnarpaMMbl Moayana t+Vv =1, cocauHAromas To4-

ki (0; 1) (Touka “ontumucta’”) u (1;0) (Touka “neccumMmucTa’) COOTBETCTBYET ‘‘CiyyaiiHOMY
nporHo3y. Jlns 3Tol nmuaroHanym MOKHO IOCTPOHMTH JTOBEPHUTEIBHBIN MHTEPBAI C 3aJaHHON
3HaYMMOCTHIO O.. B HamieM ciyuyae mHTEepec MPEACTaBISET TOJIBKO HWKHAS TPaHMIA 3TOTO
WHTEpBala, OTMEYCHHas Ha puc. 9 mrpuxosoii muaue (a=0.01).

1.0

Puc. 9. Iuarpamma MoiyaHa 17sl pa3HbIX 3Ha-
YEHHUH Unop. [TOSICHEHUS CM. B TEKCTE

Kaxk cienyer u3 puc. 9, 1ist BCex CllyyaeB SKCIIEPUMEHTAIbHBIC TOYKH (T,V) JICKAT HHU-
e rpanuiibl ¢ a=0.01, yTo MHTEpIpEeTUPYETCs KaK BHICOKAs CTETICHb HA/ICKHOCTU BBISIBIICH-
HOM cBsi3u aHOMayui (mpeBbliieHue U moporoBoro 3Ha4eHus U) ¢ MPOUCXOISIINMHI U3BEpKe-
HUSIMH.

D¢ dexTHBHOCTS NpeBecTHUKA Jm omperensercs kak J,, =1-v—1. Jlna “cimydaiino-
ro” mporrosa Ju=0, a s uneanbHoro (0e3 MpoIycka IeNy U C HYJIEBbIM BPEMEHEM TPEBO-
ru) — Jv=1. [ paccMaTpuBaeMbIX BapUaHTOB 3HAYEHUH Unop 3HAYCHHS A(PPEKTHBHOCTH
npuBeaeHbl B Ta0n. 3 u Ha puc. 8, 6. OTMedaercs, 4YTo sl 3HAYCHUH Unop B Iuama3one 1.0—
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1.5 »ddekTuBHOCTh CylIecTBEHHO He MeHsieTcs. Ho mpu nanpHemeM yBeTHueHUN Unop 10
2.0, oHa yMEHBIIIaeTCs BABOE, OCTaBasICh IPU ITOM CTATUCTHUYECKH BBICOKO3HAYMMOI.

Oyenka eeposmnocmu peanuzayuu npedsecmuuxa. J1Jis OleHKA BEPOSITHOCTH MPOTHO3a
npeiaraeTcs Cleay MU alroOpuTM.

1. C y4yeTroM ImyacCOHOBCKOIO XapaKTepa pacupeeeHus U3BEPKEHUIN OLICHUBAETCS Be-
POSTHOCTH XOTsI ObI OIHOTO U3BEPIKEHUS B TEUCHHE 3a/IaHHOTO BpeMeHH t:

p(n>0)=1-e™,

I/Ie A — MHTEHCUBHOCTH ITyaCCOHOBCKOTO MOTOKa. [IpeaBapuTenpbHO MPOBEPSETCS COOTBET-
CTBUE pacmpe/eneHus u3Bepxkenuii pacrpenenenuto [lyaccona. C aToil nenbro 1ist paccMar-
pUBaEeMbIX BBINIE JAHHBIX ObLIA CJENIaHa TMPOBEPKA KCIIOHEHIIMATBHOCTH PACIPEICICHUS
BPEMEHHBIX MHTEPBAJIOB MEX]y 3eMJIETPSCEHUSIMU, KOTOpasi HE Jjajla OCHOBAHMM JIJISl UCKITIO-
YEHUS TUTIOTE3BI O MyaCCOHOBCKOM PACIPEICTICHUH N3BEPKEHUIA.

2. Ucxons u3 cMmeicia napamerpa 3QpQPeKTuBHOCTH JG, ONPENEIsieMOro Mo METOANKE
I'yceBa (cMm. BBIIIE), OKHJaeMasi BEPOSTHOCTh TOSIBIICHUS XOTS Obl OJHOTO W3BEPIKCHUS 32
BpeMms t mociie uaeHTH(UKAIUY TPEBECTHIKA OyAeT paBHA

p,(n>0)=1-e ",
HOMOFpaMMa BepOﬂTHOCTeﬁ pcajm3aliui NpoTrHo3a 3CMJICTPACCHUEM U IPCABECCTHUKA

“IIpesbrmenune BenumunHod U 3a1laHHOTO MTOPOTOBOTO 3HAYCHUS U JJIS Pa3IMYHBIX BPEMEHHU
TPEBOTH M MOPOTOBBIX 3HAYCHUI U TipeacTarieHa Ha puc. 10.

Puc. 10. HomorpamMmma BepOSITHOCTH
peanu3aiuyd OporHo3a Pe B 3aBUCH-
MOCTH OT JUIUTEIBHOCTH TPEBOTH
IPH Pa3INYHBIX 3HAYEHHSX Unop (1 —
10;2-12;3-14;4—- 16;5-1.8;
6 — 2.0). [l cpaBHEHHsI TpUBECHA
CpeIHsIsl MHOTOJICTHSISI BEPOSTHOCTh
usBepkenus (7), a Takke BEPOST-
HOCTh H3BEPKEHHS B OTCYTCTBHUE
npeaBecTHrka (8)

-0-1 -m2 -3 —-4
05 @6 =—-7 —38

3. YuuThIBas, 4TO IPH PETPOCIEKTHBHOM aHaM3e OOHAPY)KEHO N3BEP)KEHUE, HE NMEB-
Iee paccMaTPUBAEMOT0 MPEIBECTHHKA (B TaKUX CIydasX HCIIOJNB3YyeTCS TEPMHUH “TIPOIYCK
1enn”), NpeAcTaBIIsAeTCsS BO3MOKHOMN OLIEHKAa BEPOSATHOCTH U3BEPKEHUS B OTCYTCTBHMHM IPEJ-
BecTHUKA. [Ipeuiaraercs ucnonb3oBaTh pacnpenaeienue Ilyaccona, OCHOBBIBasCh Ha TOM, YTO
3a M3BECTHOE BPEMSI MOHHUTOPHHTA CEHCMUYHOCTH B OTCYTCTBHE INPEIBECTHHKA IPOH3OIILIO
W3BECTHOE YHCIIO U3BEPKCHUIT (B HAILIEM Cllydae OJHO M3BepikeHHe mpumepHo 3a 4 000 cyT).
EcTecTBEHHO, BEpOSATHOCTb M3BEPKEHUS B OTCYTCTBUE IpeaBecTHHKA (cM. puc. 10) cyme-
CTBEHHO MEHBIIIE, YeM CPEIHSSI MHOTOJICTHSS BEPOSTHOCTh BO3HHUKHOBEHUS M3BEP)KCHHUS, HE
TOBOPSI YK€ O COTTIOCTABIICHUH C BEPOSITHOCTHIO H3BEP)KEHHS IPY HAJIMYHH TIPEIBECTHHUKA.

TFEO®U3NYECKHUE NCCIIEJJOBAHMUSL. 2016. Tom 17. Ne 3



Dopmanuz08anHas MeMoOUKa npocrHo3a uzeepoicenuil gynxkana bezvimsanuoil (Kamuamka) . . . 57

XapakTepuCcTHKA MPOrHOCTHYECKONH MEeTOANKH

B sToM paszzpene xapakTepucTuka pa3pabOTaHHON METOAMKHU MPOTHO3UPOBAHUS IPUBO-
IUTCS B TepMUHax oomeit npornoctuku [[Ipornocruka..., 1978]. Meroauka sBuseTcs mouc-
KOBOW M HaIlpaBJieHa Ha OIpEeJIeJIEHUEe BO3ZMOXKHOTO IOJIOKEHHSI SIBJICHUS (M3BEPIKEHUS BYJI-
kaHa be3piMsiHHBIN) B Oyaymiem. PazpabaTeiBaeMblii TPOrHO3 paccMaTpUBAETCsl KaK BEPOAT-
HOCTHBIM. OOBEKTOM NPOTHO3UPOBAHUS SIBISIETCS M3BEp)KEHUE ByJIKaHa besbimsaHHbIN. [Ipu
IIPOrHO3MPOBAHUM MPUMEHSIETCS METOJ IKCTPANOJIALIMA — PAcHpOCTPAHEHHUE BbIABICHHBIX
3aKOHOMEPHOCTEH pa3BUTHs 00BEKTa MPOTHO3UPOBAHUS HA Oy/ylee B MPEANOI0KEHUH, YTO
BbISIBJICHHAs 3aKOHOMEPHOCTbh, BBICTYIAIONIAsl B KaUeCTBE 0a3bl MPOTrHO3ZUPOBAHUS, COXPaHs-
€TCs U B JaJIbHEHUILIEM.

1. Ilpeosecmnuxk: npeBblllIeHHE 3HAaUeHHEM psga U, paccCunuTaHHOTO Ha OCHOBE JIaHHBIX
00 ypoBHE CEHCMHYHOCTH ByJKaHa be3bIMAHHBIN (B paguyce 6 KM OT BEPLIMHBI) IO ILIKAJE
COVYC'09, onpeneneHHOro MOPOroBOro ypoBHs U B OTCYTCTBHE W3BepkeHHs. [Ipomormkaro-
1ieecs BO BpeMsl U3BepkeHus npesbliieHre U Haa U He ABIIIETCS IPEJBECTHUKOM.

2. Momenm nooayu mpegozu (IPOTHOZHOTO 3aKJIIOYEHHS): MOMEHT BBISBIICHUS MpeE-
BECTHUKA.

3. Ilapamempwi odrcudaemozo codvimus: MPOrHOZUPYIOTCS U3BEPKEHUS ByJKaHa be3bl-
MSIHHBIM.

4. Ilepuoo ynpescoenusi npoenosa (IPOMEKYTOK BPEMEHHU, Ha KOTOPBIM pa3pabaThiBa-
€TCsl POTHO3): IPOTHO3 JAaeTcs IEPBOHAYAIBHO Ha 2 HEJIETIU C BOZMOXKHON IIPOJIOHTalIUEH.

5. CHamue mpesocu npu omcymcmeuu oxcuoaemozo usgepxceruss (J0xKHasi TPEBOra):
IIPU CHUKEHUM TeKyllero 3HaueHus U Hibke MoporoBoil BeIM4YHUHbI U.

6. Venewmnwiii (onpasoaswiutics) npoenos: U3BEepKeHUE ByJKaHa be3bIMSHHBIN BO Bpe-
MEHHOM HHTEpBaJie, OObSIBICHHOM TPEBOTOM.

7. CHamue mpegoeu nocie onpagoaguie20css NpocHO3a: TPOU3OUIEAIIEe U3BEPKEHHE
OTMEHSET COCTOSIHHE TPEBOTM (CHUMAeT MPOTHO3 JOCPOYHO) HE3aBUCUMO OT ypOBHS Cei-
CMUYHOCTH.

8. Beposamnocms uzeepawcenus: IPOrHO3 HOCUT BEPOATHOCTHBIN XapakTep, onpezense-
MBI HOMOTPaMMOH B YCJIOBHSIX HAIMYUS/OTCYTCTBHS MPEABECTHHUKA.

BriBoaBI

B pamkax pa3paboTKu TEXHOJOTHH KPAaTKOCPOYHOTO MPOTHO3a MPUPOAHBIX KaTacTpod
Ha 0a3e peTpOCIEKTUBHOIO aHAIM3a pe3ybTaToB peructpaunu B 1999-2014 rr. 3emnetpsce-
HUI B OKPECTHOCTH BYJIKaHa be3bIMsSHHBIN MpoBeaeHa pa3paboTKa MPOTHOCTHYECKON METO-
MKW, OCHOBAaHHOM Ha MOHUTOPHHIE pacueTHoro napamerpa U, CBA3aHHOIO cO 3Ha4YE€HUSMU
ypoBHs ceiicmuuHocTH 110 Tkaize COYC'09.

[Tpemtosken GpopMamTn30BaHHBIA NPEABECTHUK M3BEPKEHUS; (popMann3oBaHa MpoLeay-
pa CHATHUSA COCTOSHUS TPEBOTH.

MeTtoauka BKIIOYAET OLEHKY IapamMeTpa BEpOSITHOCTH peanu3anuu nporHos3a. Co3nana
HOMOTpaMMa BEPOSATHOCTH B 3aBHCHMOCTH OT BPEMEHHM MPOTHO3a U 3HAUEHUS MPOTHOCTHYE-
CKOT'0 IlapaMerpa.

Ha ocHoBe maHHBIX 0 ceiicMuyHOCTH ByJikaHa bespiMsaHBIN B 1999-2014 rr. onenena
HaJIe)KHOCTh M JOCTOBEPHOCTH NpeaBecTHHKA. [lokazaHo, 4TO C yBEIMYEHHUEM HOPOTOBBIX
3HaYEHUH HAJECKHOCTh MPEIBECTHIUKA YMEHBIIIACTCS, a TOCTOBEPHOCTh pacTeT. [Ipu mporHo-
3UpPOBAaHUU M3BEp)KeHUI HanexHocTh coctaBisieT 0.38-0.95, T.e. o1 38 % 1o 95 % u3Bepxe-
HUH B 3aBHCHUMOCTH OT 3a/1aBa€MOI'0 TOPOTOBOT0 3HAYECHUS UMEJU IPEIBECTHUK, a JOCTOBEP-
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HocTh — 0.3-0.6, T.e. peanuzoBansl oT 30 % 10 60 % BBIIBIEHHBIX MPEIBECTHUKOB TaKXKe B
3aBUCUMOCTH OT UCIOJIb3yEMOI0 MOpOra.

[TpoBenena oneHka 3¢(HEeKTUBHOCTH MPEIBECTHUKA ABYMSs criocobamu. [lokazano, 4To
pe3ybTaThl IPUMEHEHUs MPOrHOCTUYECKONH METOAMKU CTAaTUCTUYECKH 3HAYUMO OTJINYa-
I0TCSI OT CIy4allHOTO yraJbIBaHUs U JAIOT 10 CPaBHEHUIO ¢ HUM BbIMrpbII B 3-30 pas.
[IpencraBneHHble OLIGHKM HOJIYYEHbI 110 JaHHBIM Kartajora 3emierpsceHuit KamuaTtckoro
¢unmana 'eopusmueckoii ciyx061 PAH 3a 1999-2014 1T., B TeueHHE KOTOPBIX MPOU3O0ILIO
21 u3BepkeHue ByJKkaHa be3bIMSHHBII.
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FORMALIZED TECHNIQUE OF BEZYMIANNY VOLCANO
(KAMCHATKA) ERUPTION FORECASTING BASED
ON THE STATISTICAL ESTIMATION
OF SEISMICITY LEVEL

V.A. Saltykov

Kamchatka Branch of Geophysical Survey of RAS, Petropavlovsk-Kamchatsky, Russia

Abstract. The paper proposes a formalized technique of probabilistic forecast by applying statistical estimation
of seismicity level and a number of additional functions that characterize the predictive situation. The possibili-
ties of this method are illustrated by the example of seismic activation before the eruptions of the Bezymianny
Volcano (Klyuchevskaya group, Kamchatka).

The initial data is the catalog of earthquakes of the Klyuchevskaya group of volcanoes during 1999-2014,
compiled by the Kamchatka Branch of the Geophysical Survey, RAS. During this time there were 21 eruptions
of the Bezymianny Volcano. The precursor is defined as a threshold function associated with the current seismic-
ity level and its characteristic form before the eruption.

The values of parameters characterizing the precursor are given including validity, reliability and effi-
ciency, calculated by two methods. It is shown that the reliability of the precursor decreases with the increase in
threshold values, and its validity increases.

The reliability of the method is 0.38-0.95, i.e., from 38 % to 95 % of eruptions had the precursor depend-
ing on the threshold level; and the validity is 0.3-0.6, i.e., from 30 % to 60 % of the identified precursors are re-
alized also depending on the threshold level. Values of efficiency confirm the non-random nature of the precur-
Sor appearance.

The method includes determination of the probability of the forecast realization. The nomogram for prob-
abilities depending on the duration of the forecast and the values of the prognostic parameter is designed.

Keywords: precursor, forecasting, earthquake, eruption, Kamchatka, Bezymianny Volcano.
References

Belousov A., Voight B., and Belousova M. Directed blasts and blast-currents: a comparison
of the Bezymianny 1956, Mount St Helens 1980, and Soufriere Hills, Montserrat 1997
eruptions and deposits, Bulletin of Volcanology, 2007, vol. 69, no. 7, pp.701-740.

Bogoyavlenskaya G.E. and Girina O.A. Bezymianny volcano: 50 years of activity, in Prob-
lemy explosivnogo vulkanizma. (Problems of explosive volcanism) / Ed. Ye. Gordeev. Pet-
ropavlovsk-Kamchatsky: VS FEB RAS, 2006, pp.11-17. (in Russian)

TEO®PN3NYECKUE NCCIIEJJOBAHMSL. 2016. Tom 17. Ne 3



B.A. Canmuvixos

Bogoyavlenskaya G.E. and Kirsanov I.T. Twenty five years of Bezymianny Volcano volcanic
activity, Volcanology and seismology (Vulkanologia I Seismologia), 1981, no. 2, pp.3-13.
(in Russian)

Bogoyavlenskaya G.Ye., Braitseva O.A., Melekestsev 1.V., Maksimov A.P., and lvanov B.V.
Bezymianny Volcano, in Active volcanoes of Kamchatka, vol. 1, Moscow: Nauka, 1991,
pp.195-199.

Chebrov V.N., Droznin D.V., Kugaenko Y.A., Levina V.l., Senyukov S.L., Sergeev V.A.,
Shevchenko Y.V., Yashchuk V.V. The system of detailed seismological observations in
Kamchatka in 2011, Journal of Volcanology and Seismology, 2013, vol. 7, no. 1. pp. 16-
36.

Fedotov S.A. Energeticheskaya klassifikatsiya Kurilo-Kmchatskih zemletryasenii | problema
magnitude (Energy classification of Kuril-Kamchatka earthquakes and the problem of
magnitudes), Moscow, Nauka, 1972. 116 pp. (in Russian)

Girina O.A. Chronology of Bezymianny volcano activity, 1956-2010, Journal of Volcanology
and Geothermal Research, 2013, vol. 263, pp.22-41.

Girina O.A. On precursor of Kamchatkan volcanoes eruptions based on data from satellite
monitoring, Journal of Volcanology and Seismology, 2012, vol. 6, no. 3, pp.142-149.
Gusev A.A. Earthquake prediction by seismicity statistics, in Seismichnost’ I seismicheskii
prognoz, svoistva verhnei mantii | ih svyaz s vulkanizmom na Kamchatke (Seismicity and
seismic prediction, upper mantle properties and their connection with volcanism in Kam-

chatka). Novosibirsk: Nauka, 1974, pp.109-119. (in Russian)

Ivanov V.V. Mid- and short term forecasts of volcanic eruptions in Kamchatka (1956-2012).
Vestnik KRAUNTS. Nauki o Zemle (Bulletin of Kamchatka Regional Association «Educa-
tional-Scientific Center». Earth Sciences), 2013, is. 22, no. 2, pp.98-119. (in Russian)

Kugaenko Yu.A. and Voropaev P.V. Seismicity level variations estimated statistically using
SESL’09 technique: application for Bezymianny Volcano (Kamchatka). Vestnik
KRAUNTS. Nauki o Zemle (Bulletin of Kamchatka Regional Association «Educational-
Scientific Centery. Earth Sciences), 2015, is. 25, no. 1, pp.31-40. (in Russian)

Malyshev A.l. Directed explosion of Bezymianny Volcano on March 30, 1956 (the questions
of interpretation). Volcanology and seismology (Vulkanologia I Seismologia), 1997, no. 3,
pp.46-53. (in Russian)

Malyshev A.l. Zhizn’ vulkana (Life of Volcano), Ekaterinburg: UrB RAS, 2000, 262 p.

Molchan G.M. Strategies in strong earthquake prediction. Physics of the Earth and Planetary
Interiors, 1990, v. 61, pp.84-98.

Prognostika. Terminologiya (Prognostics. Terminology), Moscow: Nauka, 1978, is. 92, 32 p.
(in Russian)

Saltykov V.A. A statistical estimate of seismicity level: the method and results of application
to Kamchatka, Journal of Volcanology and Seismology, 2011, vol. 5, no. 2, pp.123-128.

Senyukov S.L. Prognoz izverzhenii vulkanov Klyuchevskoi i Bezymianny na Kamchatke (Pre-
diction of eruptions of Klyuchevskoy and Bezymianny Volcanoes in Kamchatka), Saar-
brucken: Lambert Academic Publishing, 2013. 152 p. (in Russian)

Thelen W., West M., and Senyukov S. Seismic characterization of the fall 2007 eruptive se-
guence at Bezymianny Volcano, Russia, Journal of Volcanology and Geothermal Re-
search, 2010, vol. 194, no. 4, pp. 201-213. doi: 10.1016/j. jvolgeores.2010.05.010.

Voropaev P.V. and Saltykov V.A. The level of seismicity assessment computer system, Geo-
logia | Geofizika Yuga Rossii (Geology and Geophysics of the South of Russia), 2013, no.
2, pp.18-25. (in Russian)

West M.E. Recent eruptions at Bezymianny volcano — a seismological comparison, Journal of
Volcanology and Geothermal Research, 2013, vol. 263, pp.42-57.

TFEO®U3NYECKHUE NCCIIEJJOBAHMUSL. 2016. Tom 17. Ne 3



