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OT cocTaBuTesen

HNBan HuxosnaeBuy TUX0HOB B HAYKe M "KU3HU

Wean Hukomnaesuu pomuiics 20 centsopst 1945 rona B nepesne Kpacueie Jloxxku Koctpom-
ckoil obmacTu. OKOHYUB CPENHIOI HIKONY C 30JI0TOM Melnajbio, OH MOCTYMUI Ha (PU3NYECKUI
¢dakynbreT JICHUHTPaJCKOTO TOCYJapCTBEHHOI'O0 YHUBEPCHTETA, YTO OBLIO HEMPOCTO B TE TOJBI
Ype3BbIYAHON NONMyNIpHOCTH (U3HMKH, C KOHKYpcoM 4—5 uenoBek Ha Mecto. B mapre 1969 r.
10 OKOHYaHHWH By3a y MOJIOJIOTO BBIITYCKHHKA Kadeaps!l Gu3nKu 3eMin ObUTH pa3iudHbIe TPe-
TokeHus paboTel. OMHAKO, TaK COBITAJIO, UYTO UMEHHO B 3TH Toabl Cepreit Jleonnmosud ColoBbEB,
TOTAAIIHUHN 3aMECTUTENb AupeKkTopa CaxaJIMHCKOro KOMIUIEKCHOI'O Hay YHO-HCCIIEI0BATEIBCKOIO
nnctutyta CO AH CCCP!, BiocnencTBUU JUPEKTOP 3TOr0 MHCTUTYTA U akageMuk PAH, co3na-
BaJI AKTUBHBIM MOJIOAEKHBIN HCCIEOBATENBCKUN KOJJIEKTUB B €AMHCTBEHHOM aKaJIEeMHUUYECKOM
YUPEXICHUH Ha OCTPOBE U Ipejiaraj HHTEPECHYIO UCCIEA0BATENbCKYI0 padOTy MOJIOABIM Mep-
CIEKTUBHBIM BBIITYCKHUKaM BEYIINX By30B CTPAHBI.

JHeiictButensHo, Jansauii BocTok nmpuBiekan OyIymux ClEqUaInCTOB B HAyKax O 3emiie
(reosIoroB, OKEaHOIJIOTOB, CEMCMOJIOTOB, BYJIKAHOJIOTOB H AP.) BO3MOXXHOCTBIO HETIOCPEACTBEHHOTO
W3YYEHHUsI KU3HU Hallel TUIaHeThl. DTOMY CIIOCOOCTBOBajla KOMIUIEKCHAs! CTPYKTypa aKTHBHO
Pa3BUBAIOIIETOCS HHCTUTYTA.

Moutonoro BelmyckHUKa VBaHa THXOHOBA yBJIEKJIa BO3MOXXHOCTb 3aHUMATHCS U3YUYEHHUEM
3eMJIETPSACEHUN B OJTHOM U3 CaMBIX CEMICMOAKTHBHBIX PErHOHOB CTpaHBL. 37€Ch OH IMPOIIEN MO
BCEM CTYTEHSM KapbepHOW JIECTHULBI: OT MJIQJIIEr0 HayYHOr'O0 COTPYIHHMKA O JOKTOpa HayK,
3aBEIYIONIECTO JabopaToOpHe, IKCIepTa U pykoBoautens. Jlo KOHITa cBOoMX JHEH OH paboTai B
OJTHOM MHCTHUTYTE.

VBana HuxonaeBnuya Kak CEpPbE3HOT0 YUEHOI'O C NEPBBIX JIET pabOThl YBJIEKAJIU HMEHHO
3HaUYMMBbIE, YaCTO TPYAHBIE 3a/layd, BOZHUKAIOLIKUE Ha nepeaHeM Kpae Hayku. K Hauamy 1970-x
CTaJI0 TIOHSITHO, YTO BO3pOCHIasi MOIMHOCTB 3JIEKTPOHHO-BBIYUCIUTEIBHBIX MAIIMH TOTO MOKOJIE-
HUSA TI03BOJISIET IPUCTYIUTh K aBTOMATHU3alMK NEPBUYHON 00paboTKH celicMorpaMM, CyLIeCTBEH-
HO yckopHuB ee. Oco0eHHO OCTPO 3a7aya yCKOPEHUs ONepaTuBHONW 00paboTku crosuia B Ciyx0e
NpeaynpeKaeHHs O IlyHaMH, 0a3upyIoLeiics Ha JaHHBIX O 3eMileTpsiceHusiX. LleHTpanbHO#i po-
OneMoil okazanock co3aHue (OpPMAaJIbHBIX aJITOPUTMOB MHTEPIPETALNH 3alUcei 3emierpsce-
HUH, ¥ OHH U3 TIEPBBIX HAJACKHO PabOTAIOIINX alrOPUTMOB TAKOTO POJia B MUPE ObUIH CO3AaHbBI
N.H. TUXOHOBBIM.

Ceituac Bcst mepBUYHast 00pabOTKa OIPOMHOTO MOTOKA CeiicMUYeCcKOl HH(DOpPMAIIK B MUPE
MIPUBBIYHO MPOBOJUTCS IPOrpaMMHBIMU MeTofamu, a B 1970-e rons! pesynsrarsl M.H. Tuxono-
Ba 1 Koyuer-coaBTopoB — M.B. Hukudoposa u T.I. MuxaiinoBoii — ObutH MpOpBIBHBIMU. Baxk-
HBIM TPHUKJIAJHBIM UTOTOM 3THUX HCCIEIOBAHHI CTal MPOTPaMMHBIM KOMILJIEKC, 3aMyIIICHHBIN B
AKCIUTYaTaIuio Ha ceiicMuueckux crannusax /lampaero BocToka, a HaydHBEIM — 3ammuTa B 1978 T.
JIICCepTAIlMY Ha COMCKaHWE YUYEHOW CTENeH! KaHAuAaTa PU3NKo-MaTeMaTHIeCKUX HayK 110 TeMe
«AJITOPUTMBI JJIs aHAJIN3a 3aIIMCU CUJIBHOT'O 3€MJIETPACEHUS C LETIbI0 MIPEAYNPEXACHUS O LyHa-
MW». JlaHHBIC aITOPUTMBI aBTOMAaTU3HUPOBAHHOM CHCTEMBI H B HACTOSIIEE BPEMS UCTIONB3YIOTCS B
Criy>x0e npeaynpexaeHus o IlyHaMH.

B nocnennue necsaTuiieTHs NEHTpaIbHBIM HalpaBieHHEM HccienoBannil liBana Hukonae-
BHYA CTAJIO U3YUYEHUE TUHAMHKN CEHCMHUYECKOTo Iporecca B JlanbHEBOCTOYHOM PErHoOHE U pas-
paboTKa METOIUK U aJITOPUTMOB IIPOrHO3a CHIIBHBIX 3eMJIETPACEHHU . 1I3BeCTHO, YTO NMEHHO 3eM-

! C okTs6ps 1984 rona — HCTHTYT MOpCKO# reonorun u reopusuxu JJBO PAH

8 Hean Hukonaesuu Tuxonos. Bonpocwi ceticmonoeuu. M30pantvie mpyosl



JIETPACEHUS ABJISIIOTCS HanOoJiee TPO3HBIM 7151 YeJIOBEUECTBA MPUPOAHBIM SIBIICHUEM, U TPOTHO3
3eMJIETPACEHUH Yype3BbIuaiiHO BocTpeboBaH. OHAKO, HECMOTPS Ha BIOXKEHUSI OTPOMHBIX CPEICTB
B Pa3BUTHE CEHCMUYECKHUX CETEH U YCHIIHS CIICIIUAIHCTOB BCETO MUPa, IPOrpecc B 3TOH 00JIacTH
UJIET OYEHBb MEIIICHHO.

[Ipobnema 3axiarodaeTcsi B Ype3BbIYAHON CIOMKHOCTH CEHCMUYECKOTr0 ITpoLecca MoAroTOB-
KU 3€MJIETPSICEHHs] — MBI IIOKa HE BIIOJIHE MOHMMAEM, 110 KaKUM 3aKOHaM JKMBET Hallla TUIaHeTa.
B Hacrosee BpeMs THIIb OTACIbHBIE METOJUKH B MUPE TIO3BOJIUIN 0OOCHOBAHHO OCYIIECTBUTH
TOJIBKO «IITYYHBIN» IIPOrHO3 PsiJia CHIIBHBIX 3€MIIETPSICEHUIA.

06 >¢dpdexruBrOCTH paspaborannoit M.H. TuxonoBeiM, yacTuuHo ¢ A.M. ManbleBsiM,
OpPUTHMHAJIBHON METOOJIOTUH CPEIHE- U KPATKOCPOUHOTO MPOTHO30B CBUIETEIBCTBYET YCIEITHBIN
MPOTHO3 YETHIPEX pa3pyIUTENbHBIX 3emieTpsacenuil: [llukoranckoro 1994 r., Takoiickoro 2001 r.,
Toxaun-oku 2003 r. u HeBenbckoro 2007 1.

[Iporno3 Hepenbckoro 3eMieTpsiceHUs: BOLIEN B OTUYET O AesTenabHocTH Poccuiickoi akaze-
MU HayK KaK OIMH M3 OCHOBHBIX PE3yIbTaToB B 00nacTu reodusuku. Kak onpeneneHHbI nTor
atux uccuenoBanuii — B 2009 r. iBan HukonaeBu4 ycrenrHo 3aliuTHI TUCCEPTAIUI0 Ha COUCKa-
HUE yYEHOW CTENEeHH JIOKTOpa GU3NKO-MaTEMATHUECKUX HAyK MO TeMe «MeToJ0I0T s TPOrHo3a
CIJIBHBIX 3€MJICTPSICEHUI MO MOTOKY CEHCMHYHOCTH Ha IIpUMEpPE CeBEpO-3amnaaHoi yacTu Tuxo-
OKEaHCKOT0 10siCa.

OudeHb sIpKOe U HEOOBIYHOE JOCTHKEHHE, odydeHHoe M.H. THXOHOBBIM B pe3ynbTare MHO-
roJieTHEH KPOMOTINBOIl pabOTHl U KOTOPOE CTOUT YIOMSIHYTh — BBISIBIIEHHE CBOEOOPa3HON Mepu-
OJIMYHOCTH CEMCMUYECKOro Ipolecca B U3yyaeMoM peruoHe. HecMoTpst Ha To, 4TO ciiy4yailHbIe
(akTOphl B pacrpeneieHud MOMEHTOB 3E€MJICTPSCCHHH SBIISIIOTCS ITOMHHHMPYIOIIKMMH, YOAl0Ch
BBISICHUTD, YTO CYILIECTBYIOT MEPUOANYECKH MOBTOPSIONINECS «3alIPETHBIE» UHTEPBAJIbl BpEMEHH,
KOTJIa CHJIBHBIX 3e€MJIETPSICEHHI B pErHOHE HET, a TaKXe «pa3pelleHHbIe» HHTEePBaJIbl BPEMEHH,
KOTJla CHUJIBHBIE 3EMIIETPSICEHHS MIPOUCXOAAT. YIUBHUTEIBHBIM OKa3aJloCh COBIAJCHUE BBISBIICH-
HBIX IIEPHOZIOB C IEpUOAAMHU BpaleHus Onu3kux K 3emuie ianet CoiaHeuHoH cucteMsl. [Toka HeT
0O0BSICHEHU S, SIBIISICTCS JIM JAHHBIH (paKT COBIAAECHUS IEPHOIOB CIIyYaHBIM, UITH 3TO MPOSIBIICHUE
HEKOTOPBIX TTTyOOKUX U CETONIHS HETIOHSTHBIX TPUPOJHBIX 3aKOHOMEPHOCTEH.

Kak gacto ObIBacT, HAy9IHBIH POCT JUAEPa, KAKUM JOCTaTOYHO ObICTpo ctan MBan Huko-
JIaeBHY, BBI3BAJ MOSBJICHUE BOKPYT HETO TPYIIIBI SHTY3HACTOB, HALIEJIEHHBIX HA peleHne o0men
npobisiemsl. ['pynma ecrecTBeHHBIM 00pa3oM odopMuiacek B 1a00paTOPUI0 METOJUKH CEHCMOIIO-
TUYEeCKUX HAOIIOJICHUH, pyKOBOIUTEIIEM KOTOPOIl OH OBLI B TEUEHHE IECATH JeT, ¢ 1981 mo 1991 r.
[ToTom, ¢ 2005 o 2015 r. TuXOHOB OBLIT 3aBEAYIONIUM JIA00PATOPHUEH CEHCMOIOTHH.

HccnenoBanus 3eMIIETPSCEHUN HE MOTYT OTPaHUYMBATHCS TOIBKO aKaJeMHUYECKUM HHTE-
pecoM, TO OMACHBIE SIBJICHUS, PAJOM C KOTOPBIMHU YEJIOBEYECTBO BBIHYKJEHO COCYIECTBOBATH.
He nonacnsimke 3To 3HatoT xxutenu JlanbHero BocToka CTpaHBbl, I'le CHIIbHBIE 3€MIIETPSICEHUS
yKe MPOUCXOIUIN M, OY€BHIHO, OYIyT MPOUCXOAUTH B OyIyIIEeM, U K TAKUM SIBICHUSM HY>KHO
ObITb TOTOBBIM. B perumone Opuia mpuHsTa mporpamma «lloBblmieHHE ceHCMOYyCTOWYHMBOCTH
JKUJIBIX JIOMOB, OCHOBHBIX OOBEKTOB M CHUCTEM XHM3HeoOecnedeHus B CaxalnHCKoW o0iacTu Ha
2009-2013 rr. u Ha nepuoa o 2017 rogay, HayYHOE PYKOBOJICTBO KOTOPOH B TEUEHHE HECKOJIBKUX
net ocymiecTBisan MBan HukonaeBuy.

Kak aBTOpHUTETHBIN yUEeHBIN B TEUEHNE HECKOIBKHX JIET OH SABJISIJICS 3aMECTUTENEM MIpENce-
natens CaxaiaumHckoro ¢unana Poccuiickoro skCepTHOro coBeTa Mo MPOrHO3y 3eMJICTPSICCHUH,
OILICHKE CEeHCMMYECKOM OMAacHOCTH U pUCKa. PerynsipHble CBOAKH, 3aKIIOUYEHHUs, pa3bsCHEHUS, KO-
Topeie roToBusl M.H. TuxoHOB, JOXKUIUCH B OCHOBY Iporpamm, paspadarsiBaeMbix ['Y MUC no
CaxaauHCKOH 00J1acTH.

Takast OTBETCTBEHHAs] U IPUKJIaJHAs 10 CBOEMY XapakTepy paboTa OTHMMaJla MHOTO Bpe-
MEHU U cui, Ho MBaH HukomnaeBud «TssHYI» 3Ty JAMKY OCO3HaHHO, IOHMUMAs, YTO «ECIIM HE OH,
TO KTO?».
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C umenem M.H. TuxoHoBa cBsi3aH psil BaKHBIX JOCTHMKEHHUM B HayKe O 3€MJIETPSCECHU-
X W I[YHAMH, CAENABIIUX €r0 UMs U3BECTHHIM HE TOJBKO B Hay4yHOM cooOmiecTBe Poccuiickoit
Denepannu, HO U Cpeld MEXIYHAPOAHBIX SKCIIEPTOB. VIM JIMUHO U B COAaBTOPCTBE Oy OIMKOBAaHbI
2 moHorpaduu u 60iee cTa HAyYHBIX cTaTe. TeKCTHI BceX ero padoT OTIMYaeT O4YeHb XOpollee
YyBCTBO sI3bIKa M YeTKHE (POPMYIUPOBKH TIOCTAHOBKH 3a]1a4 ¥ BEIBOJIOB. TaKMMU ke OBLIIH €T0 BhI-
CTYIUIEHUS Ha CEMUHapax U KOH(EpeHIHIX, K KOTOPBIM OH Bcerjia cepbe3Ho rotoBuiics. OH Mor
HEOXM/IaHHO BBIPA3UTh CBOE OTHOIICHHE K YEIOBEKY MU COOBITHIO ONECTSIINMU, HHTEPECHBIMHU
Y 3alIOMUHAIOIIUMUCSA CTUXAMU.

Hecmotps Ha To, uTO rmaBHBIe WHTEpech MBana HukonaeBuya ObUTH CBSI3aHBI C HAYKOM,
KOJUIETH | JIPY3bsl IO CHX MOP TEIIO BCHOMHUHAIOT MHTEPECHOE U MIAMSITHOE OOIIIEHUE C HAM.

OH OBLI «JTFOOUMIIEM» BCEX 0€3 UCKITFOUEHU S )KYPHAIIMCTOB PErMOHATBHBIX U IEHTPaIbHBIX
CMU, u 51a 110608 6€3 B3aUMHOCTHU CHIIBHO TAroTHIIa MIBana Hukonaesnua. Bece onn nmpocuiwy,
TpeOOBaH, HAJESIIUCH ITOYYUTh OT HETO JIAHHBIC O BO3MOXKHOM OYAYIIEM 3eMIIETPSICEHUH HITU O
Pa3BUTHHU CEMCMHUYECKOTO COOBITHSI, KOTOPOE TONBKO 3apeructpuponanu! Tyt Bo3HMKaIa Hepas-
pemnmas auiaemMa. [IpupoaHast 1eTMKaTHOCTh HE MO3BOJISIA EMY OTMaXHUBaThCA OT HA30UJIMBBIX
penopTepoB. A MO3ULHMS YUEHOT0 He Mo3BoJjIsia obemars HeBo3MokHoe! TeM He MeHee, TOHUMas,
YTO PYKOBOACTBO U JKUTENH OOJIACTH XKAYT OT CEHCMOJIOTOB JIOCTOBEPHON HMH(POpPMAIINH, a TAaKKe
3Hasi MOBBIIIEHHYIO TPEBOKHOCTH HEKOTOPBIX CIIOEB HACEJIEHHU I, OH BCEr/la HaXOUJI CJI0Ba U apry-
MEHTBI, KOTOpPbIE IIOMOTaJIi IPUHATH CUTYAIHIO.

14 mas 2016 rona Bana Hukonaesuua He ctano. Ho uccnenoBanusi mpoaosiKarTCs, U HO-
Bas Mmetonuka LURR, B pazsutuu kotopoit UBan Hukonaesny npuHuMan akTUBHOE y4acTHE, IIO-
3BOJIMJIA IaTh IPOTHO3 ABYX OIIYTUMBIX 3emiieTpsicenuid Ha Caxanune (OHop, 14 aBrycra 2016 1.,
u Kpunson, 23 anpens 2017 r.).

B pamkax HeOONBIIOTO paccKasa TPYAHO OTPA3HTh Bce cephl )KM3HEHHBIX U HAYYHBIX MH-
TEpPECOB 3TOI'0 HE3ayPATHOTO YeJoBeKa. Eciii orpaHUYUTHCS OAHUM JIUIIH HAYYHBIM HACJIEINEM,
MOXXHO 3aBepIIUTh NaMATHBIN ouepk 0 M.H. TuxoHoBe ciioBaMH, YTO OH, CO3/IaBasi METOIUKH IPO-
THO30B, ONIEPEIUII CBOE BPEMSI.

Bce, koMy 10BENIOCH C HUM COTPYAHHYATH U IPYKUTD, ¢ 6JaroapHOCThIO BCHOMUHAIOT 3TH
MT'HOBEHUSI, CKJIaIbIBAIOIINECS B TOJbI, IOAAPEHHBIE CYABOOM.

N3nanne o0benquueHHBIX TpynoB M.H. TuxoHoBa mpencTaBUT HECOMHEHHBIH UHTEPEC IS
CEWCMOIIOTOB, TEO(PU3UKOB MMHUPOKOTO MPOQPHIIS, CIEIUATICTOB IO CEHCMOCTONKOMY CTPOUTEIh-
CTBY W BCEX UHWTaTelell, WHTepecyommxcs mpobieMamMu COBpeMeHHOH ceiicMonoruu. Kaura
Oyser UMeTh HauOOJBIIYIO IIEHHOCTh IS MOJIOBIX YYEHBIX M aCIHPAHTOB I10 CIEIHAIBHOCTH
«l'eodpusuka, reopuznuecKkrue METOABI TOUCKOB MOJIE3HBIX HCKOMAEMBIX», JKEIAIOIUX BHECTH CBOI
BKJIa/l B OTBET Ha BBI30BHI, CBI3aHHBIE C CEHICMHYECKOI OMacHOCTBIO.

C OnaromapHOCTBIO CJIEAYET OTMETHTH OOJBIIYIO Pa0OTy IO MOATOTOBKE KHHTU K
mpanuto, mpoaemanuayo O.A. XKepnesoit, A.C. 3akynuaeiMm, U.I1. Kpemuesoit, XK.I. Cenadnnoi,
A.B. JIecOHEHKOBOI.

JIM. bozomonos
B.M. Katicmpenxo
A.C. Ilpvimkos
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ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

AKAIJEMHSA HAVYK CCCP
CHBHWPCKOE OTAEJIEHHE
FrEONOIrHS HTEO® H3HKA

Ne 5 " 1975

VK 550.341.4 : 63).14(371 6)
H. H. THXOHOR

ABTOMATHYECKOE ONIPEJEJEHUE A3HMYTA
HA 3MTHUEHTP SEMJNETPACEHHS
C NOMOILUBIO 23BM MO 3ANTHCH O HOHN CTAHUHH

IlokazaHa npaKTHUECKAs NPHMEHUMOCTb IJf OIEPATUBHOIO NPOrHO3a LYHAMH Me-
TOOoa onpeaesieHMsa asmuyra na STIH!.IGHTP 3eM.neTpﬂce}mﬂ 110 mnepaany 3Aa11HECH SHF
¢ nomombpl 3BM Ha npumepe ceiicvMHueckol. cranuru «IOxkuo-Caxamuuex». JaHusd
METOJ NOABOJHE BLIIBHTL 83HMYTANLHYIO AHOMAJMHI0 A48 cTannuH <IOxHo-CaxanrnHeks
ne sauncam 60 aemierpsicennfl. Jlano o0bLACHCHHC HAOMOJEHHOH aHOMANHH 34 CULT
SoKoBoOIl pedpaxnmi PL BOAH HaA TPpaccaX ¥X PACNPOCTPaHEHHA.

Kax u3BCCTHO, OlCPATHBULIA NPOFHO3 UYHAMM Ha CeHCMUYECKUX CTaH-
umusax Jdanbrero Bocroxa BegeTcs Ha OCHOBE pPe3yJbTaTOB pyunoil obpa-
QOTKHM 3alIMCH PETHCTPHpYeMOro jeMuaeTpgcenyda. OAHHM H3 11apaMCTPOSs,,
ONPeACATEMBIX 110 ZaMlHCH, SIBJASICTCSl a3WMyT HA SMHBLUCHTP 3CMICTPSCCHUS,
KOTOPBIK HAXOAMTCH MO HEPBBIM BCTYVIJICHHAM NPONLOALHBIX BOJIH.

B naHuoit pabdoTe OMUCBIBAETCH MeTOX AaBTOMATHUECKOrO ONpeleNeHuns
a3HMYTOB HA 3IMIEHTPHLl 3€MJETPICeHHU 1 YIVIOB TaAcHHs CeHCMHYCCKOH
panuauun Az *, i ¥ 10 3-KOMIOHCHTHOH 3allHCH H PC3YJAbTATLl PACUCTOB MG
PTOMY METOAY, BBIIIOJAHCHHBIC AJA ccHcMuucckoi cranuun «XOxuno-Caxa-
AHUHCK». [laf aHa’au3a HCIIOAL3OBAJCA YYaCTOK 3amHCH OT BCTYIUIEHHA
NPOROABHON BOJHM P 10 Mavaja BCTYIJICHHS TONepevliod BoaMul S, ofoz-
HAYSCMDLIA B TasblCHiney Kak Hurepsa S—F.

AnropuTm onpenenenna Az %, ¥

Hdannmit  aaropurm  apeanoxken A Al Tlounsamexuv (CaxKHHMHM
ABHLL AH CCCP) u peanuzorpan HaMH B BUIC uporpamvul aas DBM
<MHHCK-22».

[TycTs mMeeTcss 3-KOMTIOHCHTIIAA 3a0HCL  3EMJIETPSCEHHS, IIpeNCTan-
Jeinast B onu@POBaHIIOM REAS TpemMda MaccuBamu  x;(j-Af), xi(j-Af),
x3(j-Af) B xoopauuarax X;(EW), Xp(NS), X3(Z), rue Af— war nud-
poBauud, j=1, 2, ..., N. Bcsg aauna ouudppoBagHOre yyacrxa celcmo-
rpamMbl - paBHa N-Af. B mpedenax aToro yuacrka BHIOHDACTCA «BPEeMEHHOE-
OKHO» #i-Af, rac =N { BHIYHCASIOTCS 3HAUEHHS KOBAPHAUKWE BHIa

43
O = —— 3 % (jAD xe (j-AL); i, k=1,2,8.

=

Jasce onpejaedsieTcs yroda ¢ IOBOPOTAa KOOpHHHATHEIX ocelt X, "X,
npH KOTOPOM B HOBOH CHCTGMe KOOPAHHAT NHUCHEPCHSI (Og2)’ MHUHHMAJbLHA..
IMpu 3ToM aas 1g ¢ moay4acres CACAYICHIEC BLIpaKeHHe;

—_ — 2
tgp = o & l/(‘%) +1. (1)
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ABTOMATUYECKAA OBPABOTKA CENCMUYECKUX CUTHA/IOB

Toraa © Az= (50/2—¢) +5n, n=0,1.

Om103ﬂa‘ll’i0€ olipeaefenne aau-My’ra HpOHSIBO}J,'H'TCFI u3 inJ'IOBPIﬂ
3 %1 (- Af 5 (- AD < 0. (2)
’=

IMpu sBoimoinednsd (2) salpaBnense Ha 3MHLEHTP COBilazaeT ¢ HampabJje-
HUeM ocH X; ecJH B fipeaciaax BHIGPAaHHOTO <«BPEMEIHOr0 OKHa» npeol-
JalapT NPONONbHBIE KOoaebaHus, B caywae npeobaazaHua SV xogedaunii
SHaK B BHipaxeHUH (2) HYXKHO WU3MEHATb HA NPOTHBONOJOXHBIA. [[Bura-
sICb ¢ AAHUBIM «BPEeMEHHBIM OKHOM» TIOC/JAeAOBATeNbHO WIATaMu OT j==1 n0
j=N-—n-+1, spuncaiuM HaOOp 3HAUCHHN A3MUMYTA Ha IMMULEHTD 3eMJIeTps-
cenun {Az *(I-Af)}, me I=1,2,..., N—n-1,

Ons seigucaenus yria § *([-Af) Heo6xomMMo onmesaTs IIGBOPOT KOOP-
puHat X, X», X3 Bokpyr Xz 1o coBmamedus X, (qaubo Xz) ¢ HanpasieHU-
€M Ha BUHLeHTP semierpsccHus. Torda wocrpocune MPsMol B MIOCKOCTH
X1 X, (mu6o XoX,) wu oupemencume i*([-At) ananornduo panec CHenaH-
HOMY AJsL asuMyTa B IWIocKOCTH X3 Xo. Betuncienns gas i*(/-Af) BeayTes ¢
TEM K¢ BPeMeHHLIM OKHOM #2-Af. -

B xaucctee AZ¥i* pas panuoi
3anucu Gepyres cpeauuve  spupme-
THYECKHE 3Ha4YCHHA GyHKLRK
A*{l-At), *{l-Af), nonyueHHBIE
Ha HlITepBase S—P.

llear padoThl M XaAPaAKTEPHCTHKE
HCXOAHOFO MATEpHANA

Has ucnoJb30BAHHA aJlrOPHT-
Ma, OMHCAHHOrO BHIIUE, OLIJH pac-
CMOTpeHbl CAelyiOlIHe BONIPOCHI:
1) BoiGop ONTHMAABHOIO «Bpe-
MCIIHOrO OKHa»; 2} yCcTOHUHBOCTL
nopeaenuss Az*({-At), i*(I-Af) B
HuTepBade S—PF M 10 QurcHpoBau-
HBIM Tpaccam  pacHpOCTpaHeHHA
BOJH; 3) OLleHKA MAKCHMAaJbHOH a6-
.COJIIOTHON OIMUOKH  OnpenelieH s
Az*, 4) asuMmyTaJdbHOC pacnpefe-
aenue Az*, i*; 5) cpaBueHHe NOJY-
YeHHBIX pPe3yaAbTATOB ¢ NaHHLIMH
pyuioit o6paboTKu.
3TH BONPOCHT ONPEHLesIMJIH Bhl~
60p uCXOAHOro Martepuasa. Bulam
oHQPOBaHB  3aNHCH  ceHcMHUe-
ckoii cranumun «IOkHO-CaxaJHHCK»
(mpuGopmr CK ofmero TtHRa H
CKA) 3a 1963-—1971 rr. SnOHCKHUX,"
KYPUIO-KaMUATCKUX H  aJIeyTCKHUX
zeMaeTpsicednin. Boibopka coaep-
KaJgaa okxogao 60 aanucel, U3 KOTO-
puix 809% . oTHocuaoce k  1967—
e T T o abi- 1971 rr. PaclosoxKeHue STANEHT-
< B BHOOpKe, H penbg(l) noBepxHocTa Moxo. POB 3€MJETDSICEHUH MO OTHOMIEHHIO
poOsHurYa no RaHHbBM [2]. - K CTaHu¥H MOKa3aHo Ha pHC. 1. du-
J — STHNGHTDH  BeMAeTPACEHRH; . 2 — cedcmHuecKue  AMMA30HbBI SMUNEHTPANBHBIX pPaccTO-

CTAHNHH; 3 — H3ONBXMTHI; + ~— CAHA H3 Tpace pac- o i
" OpocTpaleHHs CeRCMEUECKUX BOMH. AHUH A, MarHHUTVI M, I‘JIYGHH oua-
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ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

fOB h IS H3ydaeMBIX 3eM- 140 o ¢ 4 .
JIeTPICEHHHI clAeAYIOILHE:! gmo i
450 << A =< 2900 xmMm, . b~
52=<M=<6,7, £.700- . .
0<<h=<250 Kwm. 80
w &0 1~
PeayabTaThl pacyeTos 3 i" )
U UX 00CYXKIeHHe €S 20 R
' - ) A T T - T
Jas  soibopa  onTH- 39,5 78,0 39,5 .zsés

MaJibHOI'o «BPEeMEeHHOro OK- P P Az (0. ()
» HgrepBaJjie S—P uc. 2. YHKUHH AZ , L A 3eMJEeTPACeHHRA
o B °p [4 okrabpsa 1970 r. B 16 v 00. M N0 3anHCH CTaHUHH

6bl.ﬂ HpOBeﬂeH pacqu «HOxno-Caxanuuck», BBIYHCIEHHBIE  C «BpeMEHHBIM OK-
HKumin Az* (I-Af), i*(L- HoM»: a) 20 c; 6) 40 ¢; B) 60 c.

(-pgt) NpH pas3JHYHBIX 3HA- ) 206 0) )6

yenusix n-Af. Ilpumep ra- > a & P

Koro pacuetra MJaA 3eM-  § ™91 — "’ — ‘

Jerpacenus 14  oKTabps *§120 : -

1970 r. B 16 uac. 00 mun n 700 4

IokKasaH -Ha pwuc. 2. Juas 80 T > T

yaob6¢TBa H300paxKeHua IG5, 39,5 795 4e

BMECTO MAHCKPETHBIX 3HAYC- Pue. 3, ynruuu Az*(f), paccuuTaHHbe AJSA 3eMJETpA-
uuit  Az*(l-At), i* ({-At) cenmit: a) 04.02. 1970 r. 8 13 u. 07 m; 6) 14.10. 1970 r.
Ha puc. 2 u 3 npuBomsTcs B 16 u. 0013; B) I(‘:’xl(} 1970 r. B 18 u. 06 M 10 aan;;)ca;t
HCI'I.p(.’JPbI'BHbIe CDYH'KH,H-PI %TEIIIILHH « H.{IIIO- AdXaJIHHCH» (&BpeMCHHO& OKHO» C -.
* .k OPH30OHTAJABHBIE CTPEJKH OTMedawT d3HMYT Ha MNIH
Az*(t), i*(t). Oxasanocn, LEeHTp, ONpefe/eHHBI 10 Ipynne CTAHUHKIL.
4TO YyeM OoJabwe n-Af B -
npeneniax yuacrka S—P, tem ycrofiuusee nopemeHue Az*(I-Af), i*(I-Af).
IlpaxkTnyeckn H3MEHEHHS B MOBEJCHHH KPHUBBIX CTAHOBSITCS HE3HAUHTEJIbHbI-
MH, HaudHag ¢ n-Af=40 ¢ npu S—P=1-+1,5 mun. ITostromy nanapHefmue
PacueTsl caenaHbl NpH n-Af=40 c.

Pacuetnl mo QukCHPOBaHHBIM TpaccaM MOKA3aJM, YTO pasbpoc 3Haue-
HHsT A2 * oxosio cpenaHero Jwisi JaHHOH TpacChl, KaK MNpPaBHJO, He IpeBOC-
xozusa 5° a JOBepHTeJbHBII HHTepBal Az * mpu ypoBHe 3HawumoctH 0,05
AJI KYPHJIBCKHX 3eMJIeTPsiCeHHH cocTaBua 2—3°. DTOT pe3yjbTar MOXKHO
CYHTATh YHNOBJAETBOPHTEJbHBIM, €CJHH VUYeCThb, YTO JJIA PacCMaTPHBAEMBIX
3HaUYeHHH A H M BO3MOXKHa OlIHOKa B ONPEACJECHUH a3HMyTa Ha SIMHUEHTP
3a cyeT HETOYEYHOCTH HCTOYHHKA, 4 TaK¥Xe NOrPelIHOCTeH B ONpeleJieHHH
3MNHLEHTPAa MW Apyrux npuuyua go 2° Jas omHo# m3 Tpacc, 0603HAaUYEHHOM
Ha puc. 1 nudpoi I, rpadpuku Az *(f) npencraBieHsr Ha puc. 3.

Omnbku B BLIYUCHeHHH A2* ([-Af) onpengensiorcsl TMPHCYTCTBHEM KO-
Jebanuit Ha SH-koMnoneHre. Pacuer morpewmrHocreil BBIYMCJIEHHSA 10 (op-
myqae (1) aua BelOpaHHBIX 3anHceil oKasaJ, YTO OHH He IipeBbialoT 2°,

ITonoxenne ceficMHueckoit craHuuu <«HOxuo-CaxalHHCK®» OTHOCHTENb-
HO BBIGODKH 3eMJEeTPSCeHHI MO3BOJUJIO H3yYaTh a3HMYTaJbHOE pacupeie-
JeHHe Az*¥, i* B numanasone 49°=CAz=214° rae Az — HUCTHHHBIH a3HMYT
Ha SMHUEHTP 3eMJerTpsceHHi. PaccMOTpHM CHadaJa pe3yabTaThl pPY4YHOM
06paboTKN AJsE TOH e BBIGOPKH 3eMJeTpsceHuil (puc. 4). TeoperHueckoe
3HaUEHMe KaXkKyHlerocs yrjia [aieHHs { MOMKHO OlIpeNeJHTb, y3HAB HUCTHH-
HBIH YroJ najgeHHs [ H3 BbIpaKeHHA

c0s (90°—i) = U,[v 5,

T Up — Kaxyllasics CKOPOCTb MPOAOJBHBIX BOJIH, pacCYUThiBaeMasi H3 IO-
norpaca npn, A==const, a vp==const npuHATa B HalleM <cJjydYae paBHOH
6,0 kM/c (Ha -ceficMuyeckHX crauuuax anbHero Bocroka mpu o6paboTke
HCHOJIb3yeTcst B OcHOBHOM roporpad dxedpdpuca — Byanena). Kpusas
‘Ha pucC. 4 ABJSIETCA PE3YyJAbTaTOM OCPeJHEeHHUS SMMIUPHYECKHX TOUEeK CKOJb-
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Puc. 4,0. PasHOCTh MCHKAY UCTHHHBIMH K onpeacALUNbIMH U3
cellcMOrpaMM asyMyTamM Ha SAHUCHTPH SeMJETPSICChuil B 3a-
BHCHMOCTH OT HCTHHHOTO a3HMyTa; . Pa3iocTh MeXay Teope-
THYECKH OMHMABEMEIMH ¥ H3MEPCHHLIMH KaXYULEMHCSH yraaM
Tageitdd B 3ABHCHMOCTH OT HCTHHHOrO asumyrta. OnpeneneHus
“Az,, I cACAANB [0 MEPBBIM CMEUIEHASM APOOALITEIX BOJH.

FAMM cpeadny 110 unrepsany Az 3 20° co casurom ua 10° JluHehkHoe oc-
pelHcuHMe TIO MeTOAY HAaUMEeHhUIHX KBaledI‘OB pasHocTelt i—i, JaeT caedy-
IOLYIO 3aBRCHMOCTD:

i-—i.=—11,940,04 Az

Panec aaa HOmuo-CaxaJHIICKOR CCHCMHYCCKON CTAHUHMM, HAaXOIUB-
weiicst Torga npHMepHo B 9 KM ceBepHee OT €€ HACTOAINCer0 MECTON.O-
Kenug, ©. M. Monaxoseim [4] OGbliy NOAYYEHBI COMNIACYIOIIMCCH ¢ HAIUH-
MW HAAaHWLIE OTHOCHTEADLHO YIJIOB BbIXOJAa H A3UMYTOB TNPOAOJLHBIX BOJIH
I BRIOOPKH H3 79 3eMaeTpsaceHn#r 3a 1951—1955 rr. n0 3anucsaMm npu-
6opor CK ofuero rina. QUEeHKH MAaKCHMAJbHBIX OMHOGOK HaMepeHWus azu-
MYTOB W YIVIOB BBRIXOJa, clenannble B [4], Jawor Beawyudy nopsaxka 5°
npu BeJHUMHE CMeweluui pa cedcMorpamme, Gonswix 6 mMm, B [4] 6wla
caedal BLIBCJ O HAJHYUH aHOMAJHMH B yrjax BBIXOAa OIS a3HMYTAJbHBIX
HanpapiacHui 30—90° ® oTCyTCTBMH 3aMernelX aHOMANMH B azMMyTax
NPUXOAa NPOAORBHBIX BOMr B 1 u IV wBampanrax.

Wntepnperaunsn asuMyTaXbHOU AHOMAJHK

Crcaang HECKOABKO NONBLITOK  OOLACHUTL npupoay snabliojgacmbix
(puc. 5) awomanui Az—Az ¥,

1. Hadmonaevible pazuocTH Az *, nmocrurawmwue B MAakKCHMyMe
-+10° Heab3st 0OBACHUTL HCHACHTUYHOCTLIO AMIIHTYIHO-PA30BHIX Xxapak-

Pyge, 5, Tpadp¥k 3aBUCHMOCTE alOMaJHH B ag¥MyTax H Yrjax na-
LeRHA, NOJYUeHHOH HpH MamnaHoh o6paboTKe 3anuceit, 0T MCTHH-
Horo asumyta. Ocpennen#c TOUEK BEHTOAHEHO AHANOTH4HO PHC. 4.4.
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TEPHCTHK TOPH3OHTANBHBIX A'S{jﬁ”‘ ea . Ayyen.eo,
ceticmorpados. Ha ocHoBe nau- 600 2200
HBIX, U3NOXKEHHBIX B [5], OBI- “

JX PpacCyHTaubl OTHOCHTEIbL- N

HEle OTKJIOHEHHSI AMIJAHTYAHBIX
AU/U n dasoBex Ay xapak- 400 1400
TEPHCTHK OXHOrO H3 CeHCMO-
rpagos s nepHoga CeHCMH- _
yecknx sBoad 7,=—=20 c or xa-
PaKTepHCTHK Jpyroro npuéo- 2004 800-
pa, fIPHHATBIX B KAYE€CTBE HO- y 3
MUHAJAbHBIX 3a 1967-—1969 rr,

3nayenue T,=20 ¢, co-

OTBETCTBYIOIee TIepHOJLY MaK- ¢ Armen, o N
CHMyMa CHCKTPa, OBJIO BHG- ¢, G4 06 02 04 06
pano Ha OCHOBC pacyeTa aMIl- T fhey

JAUTYAUBIX CHGKTPOB P-KOMIIO-  p.. ¢ Ay ]
HCHTEL JULAL HECKOJBKHX AL~  cof Boxommoncnrn - craminn <IO% o Conatmen
cell Ha yUacTKe AJHUTERbHOCTLI)  CAeAYIOWHX 3eMAerpacennii: / — 18.04.1970 r. & 23 «
B ¢ oT moMeHTa BCTYNJICHUA 25 M; 2—04.02.1970 r. 8 13 4 07 m; 3 —= 10.06.1370 .
P poausr Vicnoapsopanack B 16w 17 a; 4 —04.024968 r. B 11 4. 00 ».
nporpaMMma pacuera aMmiu-

TYAHBIX W (PAa30BLIX ClIEKTPOB, cocTaBaeHHas A, M. Msamenko (CaxKHIWU
ABHII AH CCCP) na ocHose aaroputMma, onucanHore B [3]. AMoautya-
Hble CICKTPBI YeTBIPEX 340MCEH MpeAcTaBieHbl Ha pHe, 6, Dpijin noaAydeHb!
MakcuManbHnie suaycHua AU/U=2%; Ay=-—0,04¢ ¢. OueBUAHO, YTO IPH
TAKHX OTKJOHEHUSX XapaKTEePHCTHKH T'OPH30HTaNBHHIX celcMorpados ansa
T,==20 c 32 yxasawHoe BHllle BpeMS MOXKHO CYHTATL MOYTH HACHTHUHLIMH,
TaxuM ofpazoM, nafiogaeMas aHOMAJHsA B a3HMYTax He fBJAETCH annapa-
TYPHBIM 3¢ dextom. JLONOIHUTENBHEM MOATBEPKACHHEM 3TOr0 ABJAAETCA TOT
$axT, uyTo B BEISOPKe COHEPKATCA CeHCMOrPAMMBl 34 HECKOJBKO JIeT K4K Mo
npubopam CK, takx n CKI. '

2. Kax ymomMuHaa0ch pance, MakCHMaJbHEBle OUIMOKH B a3uMyTax 8a
CUE€T HOTOYEMHOCTH HCTOYHUKA NS HalleH BHIGOPKH COCTABJSIOT He GoJee
2° W He MOIYT, CASAOBATEJbHO, ObITE TIPHUYHHOA PACXOXACHHA HCTHHHBEIX U
PAKTHYESCKH MMOJYUAEMbIX a3uMyToB. TIOCKOMBKY CYUIECTBYET MOJAOKHTE b-
Hasi KOPpeJasiliug MexXdy OpOTAMKEHHOCTBIO pa3phiBa B.oYare H MarHHTyNOH
semaeTpsicenus  [1], caepoBano Ob1 OXHAATH TAaKyio Xe CBASb MEXIY
Az—Az* u marnuryao#t M. Bmecto sroro 6bw1a mnonyudcHa cJdeAyiommas
3aBHCUMOCTD: '

Az—Az *=38—528 M; (Az—Az *, rpan).

Koadpdunuest xoppensuun pasen —0,3.

3. He ymaercs Taxxe OOBACHUTL NMOJyyeHHble aHoMmaand Az—Az* za
CUET TPEJIOMJAEHHS CeHCMHYCCKHX BOJIH HA rpaHuile (oKaJbHOH , 30HBIL.
Baaumuoe pacnosaocmxcune ceficMHueckol craHumn «lOxpo-CaxanmHcK» H
hokaJbHOH 30NB TAKOBO, UTO ANAA agduMyroB Az=120-140°, xapakrepu-
3VIOIUXCS MaKCUMAJbHBIMM PasHOCTIMH Az—Az ¥, ropu3oHTAAbHBIE IIPO-
eKUHH CeACMUYECKHX Jyueif M HalipaBJcHHe NPOCTHPAHHA (POKATbHON 30HBL
obpaayior yrabl, 6auskue ® 90°, T, e. Kax pag AJAs STHX HaNpaBieHUN
MOJIZKHEl OXKHAATLCH HAUMEHbIIHE PACXOXKASHHA B a3UMYyTax.

4. Ocof8eHHOCTBIO YUaCTKa S—P cedcMorpaMMbl g8  GOJBIIHHCTBA
BRIGPAHHEIX 3anucelr (okoso 85%) ssiascercd OPUCYTCTBHE RVIHHHONEPHOR-
HBIX BOJH, CJASAYIOIMX 3a TePBLIMH BCTYIUIEHHSMHU IIPOJOJLHON BOJHBL.
[Tpupoaa 3THX BOJH A0 CUX NOP HEH3BECTHA, B JalbHeluueM OyaeM Caeno-
B4Tb DPEACTABJIEHUAM, TPAKTYIOINHM JlaHHbIE BOAHBI Kak Boanel PL [7].
Kak 6yzer TOKazaHO HHKe, HabjlofaeMass a3uMyTaibHasi aHOMAJduA XO-
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pomo ofbaAcHAeTca OGOKOBOH pedppaxumedt PL BOAH Ha paccMaTpHBAEMEIX
TPACCax PAacCHpPoOCTPaHeHust CeHCMHIECKUX BOJH.

HMenonbayst mapgnnie I'C3 u rpaBumMerpun [2] o peabede noBepxHOCTH

Moxopopnunua B H3yHacMoM perusoHe {cM. puc, 1), MBI paccMOTpedd TPH
MOAENH cTpoenua seMuoil Kopwl — MI, M1L, MIII. Bce mapamerpnl BHIO-
PaHHBIX MOJZeJeH CBeleHbl B TalJHLY, TIe &, b; p; — COOTRETCTBEHHO CKO-
POCTb PACIIPOCTPAHEHHS NPOJOAbHBIX BOJH, HOIEPEYHLIX BOMH H TJIOTHGCTD
B CAOSIX 3CMHOH KOPH W B MauTHH (CKOpocTb B KM/c; p B rfcm3),f;— toa-
LIHHA cnoeB (B KM).
_ Ha puc. 7 npuBcieHsl AHUCHEPCHOHHBIE KPUBBIE (Ha308B0H CKOPOCTH €
PL Boam (OCHOBHOH TOH}, pacCcyHTaHNble A5 BROpanbx MoAesei ua oc-
nope nporpamMmer CBOTI-3 [6]. Buwoaucno takxke nocrpoenne xaptht 6o-
KOBOH pedpaxuni, IIpy 3TOM MECTONONOXKCHHE HCTOYHUKA KOoACOaHHN cun-
TAJOCh COBNaJAOIIHM ¢ nonoxeHueM crtauuu <«IOQxuo-Caxaauscky., Mbel
paccMoTpesan mpeAoMJEeHHe JyueHd B TOYKAaX, rjie Tpacch mepecekanan 25- u
15-kunoMeTpoBble H30MaxuTLl, B KauccTBe moKasaTeNeil NpeJOMIeHHS 12, U
fla OBLIM B35ITbl OTHOWIEDHA (as30BblXx CcKopocred PL BOJH, Noaydellunie B
Momesnax M1, MII u MIII, daa T7==20 ¢ n;,=1,18; ny=1,1. Vicxong usa
NPHHNMNOA B3aHMHOCTH IO MOJIyYeHHOH pedpPaKUMOHHCH KapTe MOXKHO Olle-
1UTH KauceTBelnsli sgdekr pauguns 60koBoH pedpakiHy HA a3UMYT IpH-
xona PL poan zansa BbIOpallHO# CTAHLUUH,

Ha pucyuke 8 npencrasnes rpaduk OTKJIOHEHHH -a3UMyTa IPHXOAA pe-
PparMpoORaHHOrO Jyua Ha CTAHUHK «lOKHO-CaxaJHHCK» OT HCTHHHOIO asH-
MYTa Ha 3MHOEHTP A2— A2 xak QYHKUHS UCTHHHOrO a3UMyTa B JHATA30HE
60°=CAz=C146° Tlpu 146°<<A2<C180° pedpakunouiias XapruHa HMeEeT
CJAOXKHBIHI BHA H II03TOMY HC LPHBOJHMTCA, JTOT KAauyeCTBEHHBIN pe3yabTatT
XOPOUWIO COIVIACYCTCS KAaK MO 31i2aKy AHOMAJHH, TAK H [0 BEIHYHHC VKO-
nennit Az—Az ¢ Tem, 4TO NpeAcTaBieHO Ha puc. 5. Takum obpasom, cra-
HOBMTCHA sICILIM H (PAKT OTCYTCTBUS YKA3AHHOHA aHOMAJHHM no JasHblm [4].

PesyapTaTel auajJOrH4HOr0 HCCAeAOBaHHd, TNPOBeJeHHOTO Ha MaTepHa-
Je CelCMHYECKON CTaHMHH «YTIJIeropck» 10 3anuciM (6 KypHIALCKHX 3eMJe-
TPSACEHUN, MOATBEPKAAIOT H3JOKEeHHOC Bouime. [lo-BHAHMOMY, Ka4ecTBCHHO

Takas Ke aHoMan#sd OAS 3THX CTAQHUMI JOJdA:KHA HabmioaaTbCs IS BOJIH
Panegq.

s

S 20
M

N % 10
6 Sy
-~ -~ o Y T T T T
® % Mi M ‘g _40 120 Az,2pad
T N
0,01 0,05 0,09 ;2% N-20
 Pue. 7. JlucnoepcHOMHLIC KPHBLIE  (Qa3Osok Pue, 8, I'padbur OTKICHEHRHS A3UMyTa
CKOpOCTH ¢ P L-BOMH, paccyfTalunle JIIR tpHxoxa pedparHpoBaHHOrO Jyya HA
monpemen MI, MII, MIII cranuin «Kmuno-Caxanyuaex» o1 HCTHU-

HOTO a3UMyTa Ha SUHUCHTP 3CMJICTDSH-
CeHHSI B 3ABHCHMOCTH OT HCTHHHOIQ
a3UMyTA,
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BoiBo bl

[. OnpegenicHuC a3uMyTa 1O MHTCpBaay S — £ yCTOHYHBO.

2. VlanoxeHHBIil aJTOPHTM MO3BOJAET BBIMUCASTL A3MMYTEl Ha 3MHILEHT-
pPbl KYPHJLCKHX 3€MNCTPSACEHHI 1O JaHHBIM OJHON CTAHIHH H C YYETOM pac-
xoxaeaph Az—Az * ¢ omubxofi e Gonee 5°

3. HaGnonaeMan asuMyTasabHasd aHOManaud OO6DLACHAETCS GOKOBOM ped-
pakuueir 2L BOJIH.

B aaxkmaoueHue aBTOD BhipawkaeT Onaropapsocts A. JI. JleBmuuy,
A. A. ITonnascxomy, A. K. Mpamenko 3a novMollb [IpH BHITOJAHEHHH 3TOH
paboThl, a Takxe rnoJesgple OOCYXKACHHSA U 3aMeUYaHUuA,
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I.N. Tikhonov

AUTOMATIC DETERMINATION OF AZIMUTH
FOR EPICENTER OF EARTHQUAKES BY MEANS
OF EC USING ONE STATION RECORDING

Practical applicability of the technique to determine the azimuth of the epicenter of
the earthquake by S-P recording interval on EC for prediction of tsunami was performed
as exemplified by the seismic station “South-Sakhalinsk”. The explanation for the obser-
ved anomaly is given as caused by the side refraction PL waves at lhe routes of their
propagation.
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BYIHKAHONMOINMSA U CEHCMONOINMA

1987

%

KPATKHE COOBLUIEHHM

VIK 550.3:314519.248
MHUXARJIOBA 7. I., THXOHOB H. H.

PE3YJbTATbBl HAEHTH®HKALLHU NMAPAMETPUYECKUX MOJAEJIEN
H OLEHHBAHHA MOMEHTA BCTYNIJIEHHS P-BOJIHBI IO 3ANNUCAM
INIPHBEOPOB CKM-3

Bsenenne

Daxuofi sagatell aBTOMATH3AUHA OO6paGOTKE JIAHHLIX ceHCMOJOrRUecCKRX HaOMICAeNHUT
ABAAETCH O0NAapyXeHRe H OCLCHKA MOMeHTa RCTYMJIEHHMS NPOJOALHHIX BOJH (f») 1O TpeX-
KoMirouenTnol sanuck. Ma onuita mepeuunoit o06paboTxH ceficMOTPAMM HIRECTHO, UTO HaH-
GoJice TOUNLIE OUCHKM MOXKHO NOAYYHTR IO AAHHLIM KOPOTKONEPMOAHOH annapatypwel (Ka-
wax A), BepoATHO, 3a cyeT OoJee HH3KOIO YpOBHS lUYMa B HOJOCE ee TPONYCKAHHR Ha
CPABHEHHIO CO cpenuexlep’{aoﬂnbxm xanaaom C. HOQTOMY HUTEPCCHO CONQOCTABHTb TOUYHOCTL
ABTOMATHYECKHX OIEHCK #{p N0 napamnensusim sanueam CKJ, (kadaa C) u1 CKM-3 (ka-
nan A). llepsaf 4acTL TAaKHX HCCJACXGBAHWE NPOBOAMIACH panee 1la upumepe 0OpaGoOTHKu
ganueel upHBopos CKII cfct IOxu0-Caxamuncek [4, 6].

Hacrosmas pafoTa NocsAUleHR BTOPOM MdCTH HCCAELOBaHHH, BLIMOJHEHHEIX H2 APYroM
MaTepHasne HaOMIOAEHHR TO# IKe CTANUMH, TIOAYUYCHIIOM ¢ [oMolbily pHSopoe CKM-3,
KpoMe Toro, cuacnano coiccTaBJeHHC HOBLIX DE3yJbTATOB C ONHCAaHHBIMHM panee B [4].

Brifopka CHMTH4JMOBR M NOMEX cOCTOsIA M3 16 3anmcedf OGbEMHEIX HONH AANBHCBOCTOY-
HbiX 3eMAeTPACEHHH W 7 ceHCMOrpaMM THOHYHLIX MHKPOCEHCMHYECKHX™ NOMEX, HCIOJb30-
RAHHLIX B [2] 145 DOCTPOEHMS ONTMMZJABHON YaCTOTHOH XApAKTEPHCTHKH NpHGopa CKM-3.
Lfar ungpobannd ceitcMorpamMMm Af coctanader 0,1 ¢. DNHUENTPH paccMaTPHBAEMBIX 3eM-
JeTpsiceHul pacuoaaraancs B npeaenax Kyprnno-Kamuarckoir u SInMOHCKOH CefCMOUKTHBRHX
30H, 4 MArsHTYALl H TJAYOHHLI OUATOB H3MEHANIHCL B AO0BOJBHO IWHMPOKHMX Hpejeasx: M=
=4,5—7,5; h==10—290 kM.

Peanuzanuy, ofpabaTsiBaeMble Ha IBM, noayyanuck 8 peayanTaTe CYMMHUPOBAHWA
CHTHAROB H IOMeX, uUpnueM TpelyeMoe COOTHOINEHHC HX YPOBHEH JOCTHIANOCh BEefeHHeM
Macwitabioro MHOxHTend. Ha sToM MaTepranc NPoBOARIOCH XETAJABHOE H3YUEHHE BO3MOIK-
HOCTel HAH0OoJce TOYHQFO OLEHHBAHHA napamerpa tp ¢ NOMOUIBK) SNoCTCPHOPHLIX aJaro-
PRTMOB, CGA3UPYIOWIHXCA HA ONWCAHAW peaausanuii oOGOMX THnos (NOMEX M anAHTHRHOH
cMecH IIOMeX ¢ CHTHAA0M) ORHOMEPHHM H TPEXMEPHBLIMH MOJCASIMH NPOHNTErPHPOBAHHOR
asroperpeccuH (ITAP) ¢ napamerpamu (p, d) [1, 3, 4, 5]. CyTh anocTepHOPHBIX AJITODHT-
MOB, RBCIHONB3YEMBIX B Aa}i}l()ﬁ pa()O’I‘e, 3aKJMIYAeTCH B HAXOXIACHHH B Hnpepeasax 3apaHee
BHGI)SHH()I‘O OTpe3Ka BpeMelnnaro psaaa MakKCHMAJLIO npannonoaoﬁnoﬁ OUeHKY MOMeNTa
CKayKODOPA3HOrO M3MCHECHHA CBOMCTB STOT0 pANa MpPH YCAOBUH, UTC R4 AAHHOM OTpe3kKe
CYLICCTBYCT TONABKG OLHO pPe3KOoe KM3MeHEHMEe CBOWCTE DPEerHcTPHPYEeMOro TpoLecca, a 3ajo-
JKeHHa% B aaropHTM Mozedar I1AP (p, d) anexpaTno onHepnacT HabuwoaacMelit pat. Hs-sa
OTCYTCTBHA KakKHX-JNU o l[p(—l;lBHpHTe.)Ile:IX CBe,’LeHHﬁ 8] BEPDHTHHX THUIAX MO)IEJ’IBF‘[ ansa
chopMHPOBAHTbIX PCAAH3aUHA BONUpOC 2AEKBATHOIQ HX ONHCAHHA pemuaics {CM. CHEAYIO-
mui paszaen) B G0nce HIHPOKOM KJjacce Moedell — ABTOPETPECCHH H UPOHHTErPHPOBAHHOTH
ckoAb3smero c¢peasero (APIICC).

Noaronka n wieHTudukauua mopexaei APIICC

[Tpouenypa BLISABJCHHS THOA HanboJlee SKOHOMMHUMEIX (TIQ MCAY NapaMerpos) MOLe-
nell, YNOBACTBOPDUTCALHO ONMCHLIBAKINKX HAONIOLAEMblE PEAJAM3AUMHA 1PULECCa, M3BeCTHZ B
aHanuse BPEMEHHHX pAALOB KAK Npolenypa MHAeHTHOHKZUHHM NDLKJacca MOjcacH ofimere
tuna — APIICC {p. d, ¢). Llens uuentadHKaumn cOCTOBT B TOM, UTOOBI BLISICIUTE, KaKune
anaueHus p, ¢, g Reolx0;HMO 6paThb JANAsI YCICLIHOrO MOJASAHPOBAHHS AHAJHIHPYEMbIX NpO-
ueccop. Kax uspceetno [1], ana atoro uccaeayeTcs NoBeleHHe BBIGOPOMHBEIX ABTOKOpPpPE/A-
IHEHHBX rx H YaCTHBIX ABTOKODPPEdsILHOHHBIX (D x D yRKUUN.

OTCYTCTBHEe Y aBTOKOPPENALMOHHBIX (YHKUMM TEHUIEHIIHH K 3aTYXAHHKY MOXET pac-
CManHBaTbCH KaK CBHAEeTeNbLCTBO TOrD, WTC- Npolece BeUeT cefs HeCTADMOHAPHG H, CJaegd-
BaTeJIbHO, B MoOuedb lpouecca HEDSXOH.HM() BBGJIHTD Pa3slnoCTek XOTSA Hbr IepBOTO nNOopAAKa.
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ABTOKOPpensAUHOHKHAA (QYHKLUHMA NpPolecca aBTOPErpeccHH MOpsAAa £ CnajaeT IWABHO, a
4acTilas aBTOKODPEeJSIHMOHHAR (MyHKRUA HMceT olpoiB Nocne p-A 3agepRkd. B To Bpems
KaK aRTOKODPeJsiUHOHHAA (PYHKUMS ITPOLECCA CKOJBIAMETO CPeJHEro MOpaAka ¢ oGpHsa-
eTCH TIoCje 3aNICPIKKH 4, YACTHAA ABTOKOPPENSLHOHHAN QYHKUMS NAABHO CH2I4eT C POCTOM
3afepKKY., ABTOKOppeAAndcHHAA (GYHKUUA CMElIaHHOTO nponecca, COAEPKAIMEra KOMIO-
HEHTY 2BTODErpeccHM MOpsAAka § H KOMIIOHEHTY CKQUB3SILEr0 CpPeaHero Nopanka g, mocnae
HEPBRIX §-— p 3ajeDXKeK NPeACTaBiAAeTCH B BHLE CYMMLl SKCNOHEHT M SaTYXAIOLHX CHHY-
COHJ; TAK Xe NPeACTABAAECTCH H YACTHAs anRTOKOppeJsiuusd, HC nocde p—g 3ajepiKek.

YTo0n ONEHHTh 3HAUMMOCTE OTAMYHA OT HYJAA STHX QYHKUMH NPH 3aZepxKKax, GOJb-
WHX HEKOTOporo K, MOXKHO BOCNORL30OBATHCA CACLYIOIIHMEK dopMyaamu [1):
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tne ¢o[rx]—cranpaprian olumbKa sLiGopouHoll aBTokoppensuuu, O[P g x ] — craupapruan
©IHOKA YECTHOH ARTOKOPPENSUMH Npolecca ABTOPErPeCCHH NOpAAKa p, # —- YHCAO GJIEHOB
pAza.

Bynem monaraTh, uTO OTKJIOHEHHA KOppeNAUMOHHbIX (YHKUMHA, MeHbluue =20, MOKHO
NPAKTHYECKH CIUHTATR HYJIEBRMH,
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Puc. |. ABTOKOppENANMOHHBIC M YACTHbHlE ABTOKOPRJSIPUHOHHEIE (QYHKUMHM HJH Z-KOMIOHEHT
3anHcel semJeTpACeNMA M MHKpOceilcM. g — pesyArTaTr oO0paGOTKH 3aIHCH 3eMJASTPACEHH,
aaperucrpuposamitoro 15.XIL1971 r., ¢ napamerpaMu: =35591° A=152,6° M=738;

=30 KM., 66 — pe3yJbTaT aHaJQrHYHOH o6pafioTKH 3anHcH Soxee rAYBOKODOKYCHOro 3eM-
aetpsicenuss 20.VII.1979 r. ¢ nmapamerpamu: ¢=47,3% A=—152,6° mpyv==56,1; h=110 xM:
€ — GYHKI UM, PACCUMTAHHBIE AN 3aMHcer MHKpoOcelicM, zaperucTpupoBanunx 10.XI11.1979 r.
IIyHxTHpHBHE JMHHH OTBEYAIOT OTKIOHEHHAM KOPPEAAUMOHHBIX (yHKUuH, paBHBIM =20

TIpn BIeHTHORHKAUMA MOJENIH BCeTacT BOIUPOC BLOOPA ONTHMANLHOH AMHTEILHOCTH nAf
peanusanud. Mz daxkTHuecKHX c008parKelNH pasyMHO NPHIATh €€ PAaBHON AAMTEJBHOCTH pe-
THCTPAIMH «uHCTOH» P-BoAHH. OAHEKO AN KOPOTKONEPHOMHHX 3afHcel HHTepgaa HalJlo-
HeHHsl P-BOJNBI, HE OC/JAO0XKHEHHOW BTOPHUHLEIMH BOJHAMM, NO-BHAHMOMY, He OpepuinizeT 1 ¢
{7]. llpn A{=0,1 c 3TOT HHTEPBAJ ABHO HCAOCTATOUEH AJA NPOBCALHNMSA CTATHCTHYECKOH
Oﬁl)aﬁﬂTKH, NO3TOMY NDHXOQIHTCS PA&CCMATPHBATEH Hapiaay ¢ P-ponnoii ee KONy Ha yvJyacTKe,
ofecrmeunBaouleM Ao 20 anavelHd GynXUHH rx. C yueToM 3THX coOOGpaKeHHH B JajbHeil-
ureM HACHTHOHXAUHSA MOJesjell OCYWECTBAS/IACL FO pPEaJH3ANMAM, cojepaamuM 100 or-
CYeTOB.

Ha puc. | manbl THOHUHBIE NpHMEPH PYHKUME rx B Pgx, PACCURTIAHHHIX ANT Z-KOM-
noHenT zanuceff Mano- K rayGoKOQOKYCHBX semueTpscenHfl B muxpoceficM. Ha pre. 1 pua-
HO, YTO BasajbHHC YYACTKH 3andcedl MeAKO(MOKYCHHIX TOJYKOB MOTYT OHITH XOPOIUO OMHCAHEL
«YHCTBIMKH» MOJIENSTMH aBTOoperpeccHr (2, 0, 0}, B TO BpeMs KaK 3anucH INiyOOKOPOKYCHEIX
leMJeTpsICeHHE Jyulile OTBeUdlOT CMELUIAHHBIM MOJIENSM aBTOPErpeccHH H CKOAB3SAIIETO
fpennero (2, 0, 2}, XapaxkTep cnuaia ¢yHxKunit 7x H Qg g AN NOMEX YKasLIBAeT Ha TO, YTO
OHH MOTYT ObiTh ONHCAHBI MUARMSAMH asToperpeccin (2, 0, 0) au6o (4, ¢, 0).

ITocne nACHTHM(HKAENUH TPOBOAHJIACL AHATHOCTHUYCCKASI NPOBCPKA MoAenell, 0CHOBHBAIO-
Wascsy #Ha alanp3e OCTATOUHLIX OLIHGOK Nocjde AOATOHKH Mozeaeit. HMccilenoBancch NoBe-
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ABTOMATUYECKAA OBPABOTKA CENCMUYECKUX CUTHA/IOB

Tabauya 1

HaGoput mopeaeit APNCC, ynoraersopsaiomme kputepuio £<70,9, nis JeCATHCEKYHAHBIX
OTPESKOB Z-KOMIOHEHT 3amucell aemMaeTpaceHnd ¢ pasmuunod rayduxoh ouara

aeﬂ’ﬁ%‘;‘xﬁeﬁfﬁ‘m Mo,ixsf:‘.A;ﬂCG £ &% ok, eA. 8%/
2,0, 0 0,176 0,192 0,352

2,0, 2 0,048 0,187 0,343

10 4, 0,0 0,06 0,187 0,343
4, 0,2 0,118 0,191 0,350

2.1, 0 0,879 0,282 0,684

4,1, 0 0,643 0,217 0,487

%, 0, 0 0,152 0,105 0,251

10,2 0,178 0,107 0,251

30 4, 0, 0 0,172 0,107 0,251
4, 0, 2 0,527 0,118 0,251

2.1, 0 0.835 0.139 0.79%

4.1, 0 0,55 0,129 0.737

2,0, 0 0,515 5,96 0,231

2, 0, 2 0,305 5.76 0,228

40 4, 0,0 0.32 5.74 0,223
3,0, 0 0,264 5,75 0,223

4 1.0 0,863 7,66 0,593

2, 0,2 0,74 0,794 0,168

70 4, 0, 0 0,704 0,819 0,173
4, 0, 2 0.606 0,795 0,168

2,0, 0 0,338 1,153 0,117

110 2,0, 2 0,323 1,156 0,118
4, 0, 0 0,349 1,155 0,118

4.1, 0 0,52 1,51 0,299

200 2,0, 4 0,806 1,734 0,217
3,0, 1 0,81 1,746 0,217

250 2, 0,1 0,895 0,862 0,559
4. 0, 1 0,892 0,853 0,553

2,0,0 0,8 - 1,37 0,30

290 2, 0, 2 0,349 1,155 0,254
4, 0, 0 0.86 1,336 0,294

4,0, 2 0,323 1,163 0,253

Acn#e BHIOOPOYHON aBTOKODPENALHORHOK OYHKIMH OCTATKOB ri(d}, a HeaZeKBATHOCTL MO-
Aens ounenubanach no nepsmM 20 aBToxkoppeasuusM. Kax HaBecthno [l], ecnm moxronse-
‘Mafg MOJAeNb YAOBJIETBOPHTEALHA, TC CTATHCTHKA

K
Q=1 1} (a)
=1

pacripefenena NPHOAHKEHHO 1O 33KoHy %2 ¢ K-—p—g creneusmn csofons, Trie
N=N —d —uyucao 3HaueHHN npolecca, HCNOABIYEMBIX IPH NoAroHke. Kpome Toro, yuH-
THBAJOCh dHAYeHHe KBAJAPATa GCTATOMHAEIX OINGOK.

B Tabn. 1 npeacrasieHB MOIENH RECATHCEKYHAHBIX Y4ACTKOB Z-KOMIOHEHT 3aNHCeR
3eMICTPHCCHHE, COOTBCTCTRBYIOIUHE KM BEPORTHOCTH (P) TOro, uTo CTATHCTHKA Q TPeBHICHT
‘BeJIMYWHEY %2, KBAApATI! OCTATOMHEIX OmHOOK (&%) H oTHOIelUHe &% X OUEHKe JZHCIEPCHH

nponecca ¢2. B Tabj. 2 CONEPKATCS aNajOFHYHHe JARHLIC AJf JEeCATHCEKYHAHRX YYacTKOR
Z-KkoMOOHEHT 3anuceil mukpoceiicM. Ilanmnme Ta6a. 1 aHaAH3HPORANHCE HAa ApesMeT BHGOpPA
HauNyqdwsx MoAenell, HMEeIORHX MHEHHMAJNBHYIO BEpPOSATHOCTL X MHHHMAJABHOE 3HauekHe &2,
[Ipr 3TOM BHIACHHNACHL HEOOXOAHMMOCTh YCJOXKHEHHA ABTOPETrPECCHOHHOM MOAENH 34 CHeT
SBejeHHS DCPBOTO NOPHAKA PA3HOCTH d==1 H 4YiIeHOB CKOAL3ALLEr0o CPEAHEro OTAEALHCG ANA
MeJk® H ray60KODOKYCHBIX 3€eMJSTPACCHUH.

Kax Buano H3 Tadn. 1, maa MedkodoKycHBIX 3eMJeTpsacenHii (AsC40 kM) nanSonee
AJeKBATHO OIMCHBAIOT Nponecc Mojelu asroperpeccHu (AP) (2, 0, 0; 4, 0, 0), BeezeHue
pasuoctH d==1 yxyzmaer MOJASNb, @ CKOJAb3AUlee CPelHée NpPaKTHYECKH HE VJAYYINAET €e.
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ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

Tabauya 2

Nannsle o mo)xemx_' APIICC, amanoruunbie npuBefeHHbM B TaGh. 1, HO oTBeyalomHe
3anucAM MMKpOCeicM

Homep mukpoceficm Mo;(;ga.:sd:az)ncc P &2, OTH. ef,. 82/G2
2, 0,0 0,643 0,01 0,065

2,0, 2 0,77 0,01 0,065

1 4, 0, 0 0,69 0,01 0,065
2,1, 0 0,49 0,012 0,63

4,1, 0 0,57 0,012 0,63

4, 0, 0 0,44 0,01 0,08

2 2,1, 0 0,798 0,012 0,566
4,1, 0 0,493 0,012 0,566

2, 0, 0 0,814 0,019 0,06

3 2, 0,1 0,86 0,019 0,06
2,1, 0 0,88 0,022 0,556

4 4, 0, 0 0,52 0,079 0,086
4,1, 0 0,417 0,088 0,916

2,0, 2 0,88 0,012 0,177

) 4, 0, 0 0,715 0,012 0,177
2,1, 0 0,78 0,0136 0,735

4,1, 0 0,83 0,0136 0,735

6 2, 0, 2 0,32 0,0775 0,06
3,0,0 0,33 0,0778 0,06

4, 0,0 0,326 0,0784 0,062

4, 0, 2 0,426 0,0788 0,062

2,1, 0 0,79 0,095 0,698

4,1, 0 0,437 0,0885 0,65

Jna ray6oxodokycHeix 3emaerpsceHuii (110 kM<Ch=<C290 kM) K yHCJAY JAYUYIIHX OTHO-
CATCS MOJEJIA aBTOPErpeccHH M CKoabssiniero cpeanero (APCC) (2, 0, 2; 4, 0, 2). Heo6-
XOJHMOCTbL BBEJ€HHS NEPBOH PA3HOCTH He OueBHAHA.

ITonTeepikaenHeM BHIIIEH3NOMXKEHHbIX BHIBOLOB CAYIKAT pe3VJbTaThl NOAIOHKH Mojenw
(2, 0, 2) K naHHEIM Z-KOMIMOHEHTHl 3anucefi Ha HHTepeaje 10 ¢ OT MOMEHTa BCTYNJeHHS
P-ponunl. I[Tocne ocpejaHeHHst KO3((MHIHEHTOB MOJENH JAJS MeNKO(pOKYCHBIX seMJeTpAcenHuit
6HIJIO TOAYUEHO 3HAYMMOe OTJIHYHe OT HYJS NMepBOro 4icHa CKoJb3fllero cpeiaHero (0;) mas
BTOPOIi rpynnel coGbITHA M He3HauHMoe AJ1A NepBoi:

®,==1,26; 0®,=0,28;

®2:_0,72; l’.’mz:-‘,o, 12; I rpyn“a.
6120‘“; 06‘1:0,27; (MesIKOOKYCHBIE COGLITHS)
0,=0,11; 00,=0,29;
d,=1,40; od,=0,10;
D;=—0,74; 0D,=0,14; 1I rpynna
0,=0,51; 00,=0,24; | (ray6okodoKyCHble cOGbITHS)
6,=0,20; 06,=0,19;

OT1or ¢aKT, NO-BHAMMOMY, MOXKHO GYAET HCUOJL30BATH B 3ajade OMEPaTHBHOH Kiac-
cHHKanHKH ouaros IO HHTepBajaaM riyOuH. Yro Kacaerca samuced MHKpoceiicM, To co-
ryaacHo TabJi. 2, OHM aJleKBaTHO ONHCHIBAIOTCS MOJE/NSAMH YHCTOH aBTOPerpeccHH.

Hekotopsie PEIYALTATHI ANOCTEPHOPHOIO ONpEefCNEHHA

MOMEHTa BCTYIIJICHHA

P -BONHBI

Ha ocHoBe H3/102KeHHOTO B SKCIEPHMEHTaX M0 MOXEJHDOBaHHIO PaGOTH anoCTePHOPHHIX
4JITOPHTMOB HAa OJ/IHOMEpPHBIX (HOKOMHOHEHTHHX) H TpexMepHBIX MOIeJsiX B aJIrOpPHTMLE

3aKaaigpBaNHCh MOJeJsIH THIIAa
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ABTOMATUYECKAA OBPABOTKA CENCMUYECKUX CUTHA/IOB

£3 € TOUHOCTBIO —+5 ¢. Taxum o6pasoM, anOCTEpHOPHOE YTOYHEHHEe MOMEHTA BCTYIJICHHS
P-BOAHB BeNOCh N0 AECATHCERYHANBIM DEaU3alNiM.

Ucenenoeanys, NPOBeACHKEE paHee IO CPeLHENEePHORHON . ammaparype CKJ (xanan C)
f4], He BHSBMAM TPEHMYLIECTEA MHOrOMEPHHIX aJrQPUTMOB B TOYHOCTH MONYHAEMBLIX OLe-
HOK, XOTS W3 (hHAUUECKHX COOGPAXKEHHH CJeNyeT, 4TO yYeT NONAPH3AUMH CHrHana B MHOTo-
MEpHO MOJENM MOKCT MPURECTH K MOBHIICHHIO TOUMHOCTH OUeHOK. B panno# paore aTOT
BONPOC BOZHMK CHOBA, NMO3TOMY BCe AaNpHeflINe PacueTLi BLIHOJNHANHCH NAPATACTBLEO NIF
oGOHX THILOB AJTOPHTMOB.

B npotlecce cueTa 0GHAPYXHAach OlpefeneHHAas 3aBUCHMOCTb NOTPEUIHOCTH CUEHOK fp-
OT xapakTepa navagbHolf uacTH sanues semaeTpsicelus, nd GOJBIIMHCTBA MeJKOdOKyc-
HEIX 3eMJIETPACEHHI BCTYNJenHe P-BOJHH BAMOE H CONPOBONKUACTCH 3HAHTEALHOH packay-
Kol KoAeBaguilt B TeueHne 5 ¢ ¥ Gosec. [1o3ToMy B pesyabTaTe CHHTC3A peasiM3alllH 3alrym-
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Puc, 2. O6o6lensre rpaduxH 3aBHCHMMOCTH ¢ (CPeAHEKBAJAPATHTHOTO OTKJIOHEHHA fp OT
CpeAncro snayeNHsi, OApeAeNeHNOIe 0 MHOXKECTBY HCEX peanuzanui) oT p (&) B 3aBHCH-
MOCTBL cpejliiero anawenust ot p {6). I — pacueTsl ¢ NOMOUILK ORHOMEPHOTO aArOPHTMA,
2 — ¢ noMoulLIic MIIOMOMCPHOTO

Puc. 3. OBolmenHnie rpadUKH 3aBHCHMOCTH ¢ OT HOMepPa peajaHsalkH MHKpoceiicM (a)
M 3ARMCMMOCTH CpEOHEro 3HAaueHMs OT HOMepa peanHsauMu MukpoceficM (6). YcnoBHbe
oOosHaueny#s ¢M. B MOAMHCH K pHC. 2

JeHHOTO CHTIIANa (B CHAY HHTErpAJhHOCTH ONEHKH ¢ OTHOUCHHA CHTHAN/TOMeXH) npn
HeGOJIBbLINX o NPOHCXONHT HOMIOJHUTEIhHOS TIOJaBJAeHHWe OTCUeTOB CUrHauna, u3 KOTOprX
pepeuie 10—15 u 6e3 Toro Obmi Maubivy. Ilo Takok. peaausauus ajirCpATM BbipabathiBaet

OLEHKY lp, CMEWENNYIO B 00NACTh CUTHAA 112 HEKOTOPOR MHC/I0 OTCUCTOB.

Hasg may6okoGOKyCHLIX S3EMIAETPHCEBHI DCTYMJeUHsT P-BOJILl, KaK TPaBHJIO, YETKHC,
fea CYIECTBeNHOH PACKAYKH W NPH DBREJEHAH MacmTaCHOrC MBOXKHTCAA NCPBLEIE NCPHOI
P-posHB He MOAaBNAETCHA, 4 CJIEJOBATENBHO, TOHUHOCTb OICHOK BHICOKA M IPH MAJRIX
p{~20).

Ha pHC.(? upejcTansdelsl 0006IICHEbE IPAQHKH 3aBHCHMOCTY O {CPeAIeKRATPaTHUIOre
OTKAOHEHHA ¢p OT CpeaHers SHAUCHHS, ONPEIeJEHHOTa 0 MIOXKECTBY BCCX DCAAHIANRA) OT
p (mepxnmu® rpadyk) H 38BUCHMOCTBL CpeHEro sHauventns oT p (HMXHHA rpadrk). Cono-
CTaBJeHME PE3VIBTATOB OJTHOMEPHOTO M MHOIOMEPHOTD OUEHHBABHS BPEMEH NpHXOAZ P-BOnH,
OTpameHHOe Ha pHUC, 2, YKA3BIBACT HA TDPUMEPHO DAakRHY:O 5PQeKTUBHOCTE OGOMX THIOE
aNTOPUTMOR Ha JlaHHOM MaTepHajie Habmoaenni. JTOT BHIBOA BazKeH € BBIUHCIHTENHHON
TOYKH 3PenHs, NOCKOARKY <«OAIOMEplbie» OUNeHKH TpeOyIoT APOBEAECHHS MEHLUIero olnheMma.
BRIUMCREHHII 1O CPABHeHHIO ¢ «MHoroMepunimu» [3]. K npumepy, oGpalorka ofiHOH Tpex-
KOMIIOHeHTHOH peasuzaurn na DBM EC-1022 TpexmepHniM anropurTmoMm TpefoBana npH-
OAH3HTEeNARHO B 3,5 pasza §0Jblle IPOIECCOPHOrO BPEMEHH, YeM OJHOMEPHBIM,

Ha nyxuux rpapuxax puc, 2 3aMeTeH POCT CHCTEMATHYECKOTO CMEMICHHS DPH YMeHb-
wenhy p. Heckoarko HeoXHpaHHo# OKasanace caafasd 3aBHCHMOCTbh O OT (. PaKTHuUECKK
npy fcHuKeHdH O B GoJbliefl cTCnCHM 1a(UIONAETCH WAPACTRHHE CMellelMsl OLEHKH B 0f5-
JIaCTh CHTHANA, HeKeJdd YBCRH4eHHe pa3fipoca OTAedbHLIX OLCHOK OTHOCHTCJIBHO CMCLICHHSI,.
yTO OBDBIACHASTCHA, MO-BHAUMOMY, PACKAUKOH KoJeGaluud B HAYANGHOH HaCTH 3aNHCH 3€M-
NeTPACEHS,
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ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

o cux mop (xax cmeayeT W3 BBeleHHR) TPeOYeMOe COOTHOWIeHMe CHrHAJ/MOMexa Ha
HAMKAON peayusauuy oOecneunBanioch BBeZEHHEM MACIUTAGHEBIX MHOMCHMTeAeA NAX 3anncedl
MHKPOCEHCM H NPOAOJBHLIX BOJNH. BoanHKaeT BOMpoc, 2 Kakosa iKe peadpHasd TOYHOCTE
‘OUCHOK, IapaRTHpyeMasl B NEpPHOLH PerHcTpauiH HanGojee HHTCHCHBHLIX MHKpoceficM mpH
(pakTHyeCKH CKAIJIHRBAJOUINXCH SHAYEHHSX p° OTBET HA 3TOT BONPOC Xaer pHE. 3, HA KOTO-
poM Ge30THOCHTENBLHO K {0 TOKAa3aHH Te JKe, YTO HA PHC. 2, OIIHGKH OLEHOK fp B 3aBHCH-
‘MOCTH OT HOMepa ofpafareiBaeMoit peanusanuum MukpoceiicM. OTMETHM, UTO KaXIOMY HO-
Mepy NOMeXM Ha PHC., 3 OTBEYAKT CpelHee M O, PAcCUHTAHEHE 10 16 DeaiH3anHAM, KOTO-
PpHe ofpasopannl NOCHYepelHbM CYMMHpOBanueM sanucefi P-BoJaH ¢ JanNOH noMexoll 6es
H3MellellHsT HX Macuralos.

3HuavelHa ¢ 11a pHc..3 IHAUUTCIBHO RAPEUPYIOT NPH NMepexose OT ORHON peannsanmw
K IPYroW, T4K KaK ORH NOJYUeHH A0 PEaNH3alHsM ¢ Pa3HHMH OTHOLISHHSIMH CHTHaJ/NoMe-
Ka, HO B HEJIOM O HO-IPEeXHEMY HAaxOUUTCH B HHrepsaie 0,7—1,0 c.
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Puc. 4. 3aBucumocts ¢ (2} H cpelHero sHayeHHs NOJOHCH X

pue. 2 () or nomepa ofpafaTeiBaeMON PeasH3aUHH MHKDOCERCM.

I — MenkodokycHsle 3eMAETPSICeHHs, 2 — TAYG0KODOKYCHHE 3eM-
JeTpACeRNH

Kax BuJ0 ykazaro BLIIE, rayGOKO(OKYCHHE 3eMJETPSIcellHs B cHAY ocoleHHocTeli xa-

PaKTepa BCTYIUICHHH JOAXHE NaBATh Oojice BRICOKYKO TOYHOCTb OLUEHOK fp. JINS NpOBEpKH
3TOrO 10JOXKEHHsT BHOOPKA 3eMACTPACeHMi ObJa pasjeseHa Ha ABe IPYNNH: MeJKo(OKyc-
uble coOHTHS — 1-A rpyuna u ray6oxo@okycHule — 2-1 rpynna. Jas xaxpzoi ms rpynn 6nimm
‘MOCTPOLIIE 38BHCHMOCTH CPEAHEKBAJPATHUIIOTO OTKJIOHEHHS H CPEAHEro 3HAYEHHX OT HO-
‘Mepa ofpabaruiBacMoft peanuzanmu MmuxpoceiicM (puc. 4). Yerkoe pasienenue rpagrxoB
Ang 1-B u 2-% TPYNN MOATBEP:KA4eT CIeJAHHOE paHee TNPeANOJOXeHHe H NOKA3WBAET, 9T0

cayualiHasy KOMIOHEHTA OUIMOKM OLEHKH fp nexMT B mpegenax 0,1—0,3 ¢ gng ray6okopo-
Kycilhx 3eMaeTpscesuit M B upeaenax 0,6—I1,1 ¢ — nas MeaxodoKycHnx, OTMeTHM cyule-
CTBEHHYIO pasnuily B ownbke 8fp Aas asyx rpynm, cocraeaswomyro 0,5 ¢ Ias yroaHeHms
pesynbTarTos Mo ONH3KHM CcOOBITHAM H3 1-B rpynnu OBAM H3BATH ABd YAAJCHHHIX 3eMJe-
Tpacerusi (A>>1000 xM), Ha 3aMHCAX KOTOPWIX ORUIH MOJIYYEHE! caMue O0AblIME CMelllesus

-OUeHOK {7 B obmacTs curiana (25--30 orcueror). [HecMorps Ha »TO, cayuaiinmas XoMmmo-
HeHTa CLIHOKH OCTanachk JAexaTh B upegenax 0,5—0,9 c.

HuTepeciio OTMETHTb, 4YTO B rpyully MeJKO{OKYCHEIX COOLITHA NONAAH 3€MAETPFACEHHs
¢ OONBUIMMA MATHATYZAMHK (B OCHOBHOM M>>6), ueM B rpynny riyGokodoKycHRX (nmpe-
uMyLecTBeHHOo M<(6), Crneposarensno, Ha TOYHOCTh ONPCAENEHHS MOMEHTOB BCTYIJIEHHH
P-BOAH CYWECTBEHHOE BJAHAHHE OXa3blBaeT raybnHa 3eMJeTPsCeNHil, 2 He MarHHTyIa.

CopocTaBiifisl pesyabTaThl, NPHEEACHREE HA PHUC. 2, C Pe3yNbTATaMH, NOJYICHHHIMH TO
‘WIHPOKOTONOCHOMY XKaHany €, MOXKHO ¢Ael1aTs BHIBOA O COMOCTABMMOM TOYHOCTH OUECHOK fp
Mo NONHBIM BHIOOPKAM 0O00OWX KaHaMoB a7 ©==2,0 H ONPeAeJeRHOM IIOBBILUEHHH TOUYHOCTH
10 HaOMIONEHHSM KOPOTKOTMEPHOAHOM ANTAPATYDPH AJAS MCHBIUIHX p € YYeTOM CHCTEMaTHye-
cKkux cMemennii, Tax, Ha ypoBHe p=2,0 3HaueHHe ¢ JAJNA KOPOTKONCPHOMIEIX 3anHcel
~1,1 ¢, B TO BpeMs KaK JAJA cpejHeNepHOIHHIX 0= 1,8 ¢, T. &, TOYHOCTL ONpelesieHHil no
xkanany A pBozpacraer npuMepHo Ha 40% no cpaeBHeHHio ¢ XaHanoMm C.

B saxaiouense OTMeTHM, 4TQ nOLo0HOEe cpaBHeHHe ciefoBaao 6wl B malbHellueM MOBTO-
DUTB Ha 3aNHCAX OJHHX M TeX JKe CHIHAJOB H YioOMeX AJd oOGOHX KaHauaor., B naHnoll paGote
TAKOll MarepHas, K COiKaJleHMIO, HoA06paTh He yRAaJoch. .
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ABTOMATUYECKAA OBPABOTKA CENCMUYECKUX CUTHA/IOB

BoiroaH

1. Curnansl OT 3eMJeTPACEHHH XOPOIIO ONHCHIRAKTCH MOLEAAMH aBTOPErpeccHH M
CKONL3ALIEro CpeaHero, nNpHYeM MEJ!KOQ’)OK)’CHHM 3eMAETPACEHHAM OTBEYIHT MOIEAH YHCTOH
ABTOPErpeccHH, a rAYBoROPOKYCHHM — anTOPErpeccHH H CKOMBBSLIEro cpelrero.

2 3anucy MUKPOCERCM XOPOLIO ONHCHBAITCH MOAENIAMH UHCTOH ABTOpPErpecCHH.

.3. MuoroMepHre H OAHOMEPHEE ANrOPUTMH ANOCTEPHODHOTO OUEHHBAHHSA BPEMeH IIpH-
xofa P-sosn o0aananT NDPYMEPHO paBHOH 3¢(eXTHBHOCTBIO HAa HCNONb3GBAHHONA BHGOpKe
3anHCcei, . ~
. 4, Cnyuafinas B CHCTEMATHUECKAN KOMIOHEHTH . OIIMOKH OLEHKH fp MeHBIEe AAA TaAYy-
GoropoxycHalz semaerpscenuit {0,103 ¢), uem gas Meaxodorycusix (=06 c). .

5. Ilpr Maablx COOTHOWEHHAX CHrHaN/myM paszbpoc cAygaiHON KOMIOHEHTH! OLSHKHM [p
no BaGopkaM Kanaaa A HeckoJbKO MeHblie N0 CPaBHEHMIO ¢ KaHaaoMm C.
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ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

Kanoudam dmayx:o-meammwecxux Hayx H. H. THXOHOB
T. I MHXAHJIOBA

( Mncmumym mopckoi zeonoeuu u ceogpusuxu [JBO AH CCCP,
HOxcno-Caxaunck),

xandudam mexnuueckux nayx H. B. HHKHDOPOB |
(Hucmumym npofinem ynpaanenus AH CCCP, Mockea)

HTOrM 3KCIIepUMEHTAIBHOMN
IKCILTyaTalii aBTOMaTU3NPOBAHHOMN
CEeiICMMYECKOM CTaHLIUA

EXXeromHo B Hanreit CTpaHe HAKATUIMBAIOTCS, OCTABASCh NMPAKTHYECKH HEBOC-
‘TPeDORAHHHIMM JUISI HAYUHBLIX MCCAENOBAHMIA, COTHH THICSTY cedicMorpamm ¢ Bosiee ueM
400 ceicMuaecKHX CTaHUM. [1aBHas npyuuuHa takon manoadxbexTnHOK paboT Kpo-
£1cd B HEPa3BHTOCTH pemcrpaih«m CEMCMMUECKHUX SBJICHWI HA MATHUTHLIX HOCHTENSX
mannnx B Emusolt cucreme cedicvonormuecknx HaGmonerwmit (ECCH) CCCP. Ona no-
NPEXHEMY - ODHEHTHPOBAHA HA AHAJIOTOBYIO 3aMMCh HA OYMaXXHBIC HOCHTE/M, YTO Jie-
JIAET HEBO3MOXHBLIM BBOJ 310U m{cbopuamm 8 DBM. B cBow ouepens, cnabas asro-
MATH3AIWs npouecca cfopa  JAHHHX 3aTPYNHSET COBEPLICHCTBOBAHME OMNEPATUBHBIX
CEATMOIONTHECKIX cryx6.

MCTOKM TAKOro TEXHWIOTMYECKONO OTCTABAHMS yxonm B 60-err., xorna 3a pybe-
XOM HAYANOCH CO3faHMe, OOMbIIMX CHUCTEM  IPYNIIMPOBAHMS CEHCMHYECKMX NATYH-
k0B [3]. JlokanbHbie ceACMOMETPHUECKHE TPYIIN COOPYXAJMCh B OCHOBHOM JUISl e~
Jzeﬁ KOHTPONSA 32 SZEPHHMM  MCTBITAHMAMM M OKa3aIHuch - MAJIONPHIOMHBIMA - JUIs
petlieRns: psifia IPYTVIX AKTYATHHEX 3amau ceitcmonorvn. B pesynsrare  cremyronini
3Tan. COBEPHIEHCTBOBAHMA. Ha6MIOAATENBHON CEACMONIOrMM O03HAMEHOBACS
opranuzaime# Tenremerpuueckux [12,14] u umbpossx [11] cereir ‘Habmoneryit  mo-
6aMbHONO XAPAKTEPa, OT/IMUAICHMXCH AOCTATOMHOM IUIOTHOCTHIO, BHICOKOH CTENEHBIO
ABTOMATH3AIMH onepaumit cGopa u 00palOTKH [AHHEX C - HCTIO/Tb3OBAHHMEM BBICO-
KOCKOPOCTHEIX KAHAJIOB - CBSI3H, BIUTIOUAS! CITY THHKOBHIE.

B CCCP nepsue MIOTIHITKY  CO3NAHMNS m«nbposm CEMCMIUECKHX crammﬁ H He-
Gonbmmc TE/IEMETPHUECKMX, CeTel  GhUty . IPENPHHSTH HECKOILKO NO3AHEE — K KOH-
ay 60-x . [1-4]. K coxanenmo, nepsbie ‘uHdpoBHIE  CTAHIMH, paapaGOTa}mue OKB,
Hmmyra duamu 3emmn AH CCCP sa Gase CIIBM «Ilnavera» - (1]}, ve Hamum
ImpoKoro npumeHerys B npaktuke ECCH - n3-3a. HEPA3BUTOCTM  MATEMATHYECKOIO
ofecrievuerms camoli CLIBM. Xarst B 1988 r. crpana m BCTymwia B-MesxayHaponyio
chenepanmio ceﬁmecmm wmbpoBHIX | CeTel, OTEeuecTEEHHAs  -cefigMoNiorus  no-
TPEXHEMY xaTachmbnqecxn OTCTaeT B OTOM |HANpDAaBRJICHMH OT npyﬁcxnm‘&
Hanpumep, 8 SInoumm 3a niepuon ¢ 60-X IT. CMEHWIOCh HECKOUTBKO TOKONEHHIA - Iachpo-
mce.ﬁamqeumx na'nmxoa,anCCCP 3aCTyXUBaeT BHMMAHMS IMIIB OTHA paspaborka
“TOrO X€ KOHCTPVKTOPCKOro 610po — aBTOMATM3MPOBAaHHAS CEHCMMYECKAs CTaHuMs
mrdporas (ACCILD), cosnannas Ha ‘6ase MEKTPOHHLIX ceiicmonpuermmkos Tvma CCM
9} Oma paccuwrana Ha pcmmro HEGONBIIX TNepeNEIeHMH NOYBH, W YIOTOMY
‘Ecnomssopanue ee 6e3 cymcmemmﬁ MONCPHM3ALIMA. IS HYXKJ - JATBHEBOCTOYHBIX
ONEpaTUBHbIX cnyxﬁ (mmam H- CPOUHBIX HOHECCHWH), MMCIONIMX AE0. C CIBHBIMY,
BEMNCTPRCCHUSIMM, HA, HANL B3I, MPOWIEMATHHHO.
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Ha npo'rsmcemm MOYTH TPEX NECATKOB JIET HE PEIIAKITCS HA Lamuem Bocroke Bor-
POCH  OPTAHM3AIMHE BHCOKOCKOPQCTHRIX KAHAJIOB (B3 MEXIXY OTNEMLHRIMY MYHKTAMA
Habmonerdt u nemrpamu ofopa ymgopmawns loaToMy TPYyOHO pacCUMTHIBATE HAa
coapaime B Eowoxatimiem Cyaymem B 3TOM pervione TesleMerpwueckolt cerm, nonoG-
Hoit - aapyGexamim. Bonee peamsno, Ha Ham B3V, ChOPMHPOBATY: 326CH AEGOMBITYIO
(o 10 nyukros) cers amuafmanponammx ceficmruecxux  cramuwit (ACO),
ONTHEMATHHO PAZMEINSHHHX HA GQMLIION TEPpUTOpME perMoHa M . O0ECTICUMBAIONINK.
MAKGEMAIBHO myﬁoryro onepamaylo 0BpaboTky 1MppOBHIX ceﬁuuorpanm Ha caMMx
CTaHIMSEX., )

IMpakTimuecks mrmea H pea:mayercu B HACTOSILIGE BPEMS HA Ilanweu Bo-
cmxe B paMKXaxX TPOEKT3 EAMHON ABTOMATHIMpOBAHHON OTyXObl HpeRynpexXneHss
o mynamm (EACLD [7] Ilpoexmpopamme CelCMIMECKOH NOACHCTEMH EACI] nHa-
XOPMTCH CEAUAC B CTafVMM . HATYPHBX MCTIBITAHMI ONMWTHHX 06pasnos ‘ACC. Hixe
ONMCHRAIOTCH PE3Y/ISTATH IKCTIEPMMEHTA C OFHMN M3 HMX B I IOxwmo-Caxammicke,

merocs ¢ anpesst 1o aexabpb 1989 r. I16 asym  apyruM  cTanmasM, HAXO-
msmpamca B Tlerponannoscke-Kamuatekom u BraamusocToke, aHams Ré mepmw n3-
33 HETIOMHOTH JAHHKIX.

Lems JKCHepUMERTANEHON SKGUTYaTalMyM 3AKTOYANach B NPOBEpKE paborocno-
COGHOCTH NPHIUIAKHOTO MATEMATHYECKOID 00ECTICUCHHMS ¥ KOMILICKCA BHIMMCTHTENBHRIX
~cpenct ACC, BREIOVEHSIOMIEA 334N CEACMITUECKON YacTH CITyXOn OTICPaTHBHOIO NApe-
AynpexacHus o ysaMu. [ra naunol chyx6u Tpebyercd, B NEpyO OYEPEan, CBOCBpe-
MCHHAS M KQUCCTBCHHAS OLICHKA NAPAMETPOB CHUIBHEIX - PETMOHAIBHBIX 3€MICTPSCEHIH
(KOOPAMHAT MMNIOLCHTPA, MATHHTYAL M BpeMEHn B ouare). Pemnenne suipabaTHBACTCS HA
OCHOBE OIPAHWYEHHOM MHMOPMAIMM — NO TPEXKOMNOHEHTHOH  CeHCMOrpaMme, B
CIPOTO PEISIAMEHTHPYEMBIE CPOKH.

Hammt Guinv peasmscBAHL HA ACC TOPUTMBE  PETICHNS TAKHMX 3724, KAK OOHa-
pyxeme daxTa pervicTpalMM 3EMIIETPSCEHIS norpexxommemonsamamnpmm-
HOM MACIOTale BpPEMEHM, ONEPAaTMBHAS OUCHKA KMHEMATWYECKUX (BpeMeH BCTYM-
NeHwA) B AMHAMHMYECKAX (ammm'ynu, HEPHON) xapax'repm:'mx OCHOBHHIX
CEHCMHUECVUX  BOAH — TNPOAQMBHHX, NOMEPEYHHX ¥ JIOBEPXHOCTHHIX, HX
MICHTADUMKALIS M PACUET MAPAMETPOB OUArd, 33 HCKIIQUEHHEM DIyOHHDI, OUEHKA KO-
Topoik oKa He opmasimaosana, »

I'Iponpawﬁ xoMIutekc 61 BRmOUeH * B COCTAR - MATEMATHMECKOTO ofecnieueHus
ACC OCHOBHWMHM ICMCHTAMH KOTODOH CTasm ceﬁcuocrammx ‘«BanmHar» (8 pexu-
Mé - oeihcmorpatbon CKID [6], wahpyromee ycrpoﬁcmo (TBCO-1) n MyHH~-OBM
CM 50/60.1634. ﬂ.mpacrmlpemm JMHAMGTHECKOTO XMATAZ0H2 pema-pupyer«m nepe-
MEIICHHIT MOMBH N0 KAKNON KOMIIoHeHTe . Guum cd)opmqnnarm -HBA KAHANA — TIPY-'
Euik. M ttymmmm HporpavMemiit  xoMruiexc cocrosn U3 35 m;wzpmpam Ha
_sizvke QOPTPAH-IV ofmmmd ofeemom okono 64 K6r., Wexons - npymsTl Noc-
IEROBATENLHOCTH oﬁpa&mcn 3amcy {pmc.l) KOMIUIEKC Owut - paane;ieuua psm cer-
Mm,mmpuennpouwcc o6paﬁaum HAHHEIX - nocnwoaa-mﬂo 3ATPYXATKCH B

. OIIEP3THBHYIO ITAMSITDL mnm«GBM . dnsa. ynpomem sabmonaeMoit  BOTHOBOH
- KAPTHHH Ha osﬁmorpamax B oﬁmcu AMTOPHTME IKPOKO. nmwmomnua YacToT-
HEIE W x}onspmauuomme q:wwrpu (prc.2). TIpn Hapymenn MEXHONOMWMECKHX | yC-
nopii obpaborsn- “TIPERYCMATPHBA/KCR JaROroBLIL  pexuM, HO C y4eroM KecTKOoro

. BDEMEHHOIO pérniaMenTa s MinhivaeHoM ofmeme, Oxono. 30 K6r ovsomwiocs non
mupopuaunomme MACCHBAL - " coﬁcmemm :m:bpoayw ceficMorpamMmy .

: '.Bmmpamrmmmmmwmﬁmmr.mwmmwmmm
gmapmn}&ummﬁ £5.8),.1100m0My amece Mbr NEPEUMCAREM /DITb TEXHIHIECKHE XAPAKTEPHCTHIH TPOr
. PAMMHOTD © ROMITIGKS»
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HAYANO

OBHAPYXXEHHE P-, S- BOJIH B
PEANTBHOM BPEMEHM HA OCHOBE

MONENER ABTOPEIPECCHUY

DATANBHBIE Aa

' BBOJ] HACTPOEYHBIX CERCMONPMEMHUKU
TIAPAMETPOB EW, NS, Z
1 T I =T
OMPOC KAHAJIOB
CEMCMOTIPUEMHYKOR

OLIINBKUN

{ ner
B { KOHELl )

OLEHKA t, Aa

HET

GLIEHKA MOMEHTA ®

po-— OIIéHHTb ABUMYT 'ﬂ YTOUHUTh MOMEHT 4, ]

Aa 'YTOYHEHHE 1, 110

METOOY
SAITYCK AJITOPHTMA MAKCUMANILHOTO

OLEHKM ABUMYTA | | mpApnonofiosus

ONnPOC FrOTOBHOCTH
‘PEIIIEHUS
| ' HET

o AKCHNEPCHUH
i

PACYET t« M
NOBEPUTEJBHOTO
MHTEPBAJIA JUIS t TIO
BATIA3BJIBIBAHUIO BOJIH

BLIGOP PAHHEMH
ONEHKU B
ROBEPUTEINILBHOM
WHTEPBAJE

I

ECTE PEUIEHHE
I aa

YTOUHENME 11O
_ METORY
MAKCHMANBHOIO

NPABAONOAOBUY
|

BBIGOT
OKOHYATENBHON

OLIEHKHK ¢t

OLEHKA KOOFAWHAT
BIMLIEHTPA

i

PACYHET BPEMEHHU

B OYATE

!

{ KOHELL

Puc. 1.Bnox-cxeMa obuwero aaropurma 06pa601"xu sanucef pernonansanix (A= 300-200 xm

IEMICTPACEHU T

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

PACYET MATHHUTY O

27



ABTOMATUYECKAA OBPABOTKA CENCMUYECKUX CUTHA/IOB

Puc.2. [Ipumep o6paGorxu 3anicy semnerpsceunu METOR2MM HECTOTHOW M DNORAPH3AUM-

OHHOM (PHUABTPALMK NAAS NOBLIWEHUN OTHOWCHHS CHIHAJN/OMEXa NpPHM OHECHKE MOMEHTA

BCTYDACHKA S-BOAHW. A — MNCXOXHAS TPEXKOMNOHEHTHAX celicmorpamMma; B — peaynbrar

GuabTPpa kit BEICOKOUACTOTHRE SH-, SV- xomnonenTer (ABe HUXHAX XPHESIX) M HHIKO-

uyactToTHag® SH-xomMnounenTta (Bepxuun KkpHBas). BepTHUKANLHBIMM CTPENXAMM ODTMEUEHBE MO~
MeHTHl BCTynaeuus P- u S-poad

Haubonee eMKuMH 10 NaMaTH ¥ BPEMEHW (DYHKIHOHMPDOBAHUST OKA3a/MCh CEr-
MEHTH, PeAMBYIOumE - OfHapyXxense, WICHTH(HKAIMIO M alOCTEPUOPHOS YTOUHEHAE
MOMEHTA BCTYILICHMSI nomepeuHod soyHEl Ha mux npuxomures okono S0% ofbema
NAMSATH, 3ARMMAEMOID KOMIUGEKCOM, ¥ DOYTH OOIOBHHA ODIIEro BpEMEHM, 3aTpayvsac-
MOTO H3 aHATH3 3AIMCK  3EMJIETPACEHKS. 10 Bpems, BoolIIe roBopst, 33BUCUT OT yaa-
JIEHHOCTH CEiCMMIEecKoro COORTHS, ¥ npu  namAocTa He Ganee 1700 kM OHO He npe-
semaer 10 meod. Tlpasaa, JOCTHYE TAKMX TIOKA3ATENSH YIANOCH TOIBKO IOC/IE OCHA-
wesns Muau-23BM  muaramm  pacumpesHoit  apndmeTixku, ycxopnm;mmn oBpaborky
YIpumMCcpHO B 4 pasa.

Omerr sxcrnyarampm ACC viHTEpeced B TICPBYIO OMEPCHb TEM, YTO OHA NONHOCTHIO
PEATMIOBAHA HA OTEUECTBEHHBIX CEPUIHEIX TEXHITUECKMX CPCACTBAX, KOTOpHIE, K CO-
XAJNIEHMIO, HE MOTYT FAPAHTUPOBATH BEICOKYIO HALEXHOCTh KPYyIJIOCYTOYHOIO
dysexuponnposanna: cranmm. K xoHiy 1989 r. ynanoch moSuTeCs’ AOCTATOWHO BBICO-
KOro Koxb@MUMERTa TEXHMYECKOH TIOTOBHOCTH ceiicMocTanumnu (npumepno 0,92).
Oppaxo yeHHO M3-33 c00a CPEenCTE BHUNMC/IITETHHOH TEXHMKM HE YNa/IoCh ITPOBECTH
noftiyro  o6paboTKy JAHHEIX O IYHAMUICHHOM 3CMJIETPACCHHMH, CryuusmiemMcs 1 Ho-
96psa 1989 r. B pattore o-Ba XoHco (SInoeudg). Beero mo 310/ nmpuuMHE POy EHo
Q semnerpacesMit M3 30HH OTBETCTBENHOCTH CTAHUMM C MATHMTYAOM Oonibmei W
pasuon  §,5.

B uauane :;Kcnep;mema Haburonamics Ganee vacTHe JOXHEE o69apyxem npo-
JQIBHBIX BOTH (B CpenHeM 3-4 paza B CyTKM), ueM 3ITOr0 CNReNOBANO OXHMAATH HCXQAS
U3 NAPAMETPOB HACTPOHKM amropurMa. B SomblumHCTRE Cryuack OHM BO3HMKAIA M3~
33 CHTHANONONOOHEIX TIOMEX B M3MCPHUTEIBHEIX KaHanax ceicmoctaminm  «BoHa»,
ANMAPATYPHBIX <KJICBKOB», PE3KMX KWieOaHMil HANpsSXeHNst B CeTH NTEKTPOMATANMS
u T, 1. YacTh JOXMEX OGHAapyxeHmt Ghna o6yC/IoBJIEHA PErHCTPAuMER NOBEPXHOCT-
HBIX BiH Pates or ormabbix  3emnerpsicenmii. BrisBunock Takxe DaccOrIACOBAHME
¢ha3OBBIX HACTOTHHX XAPAKTEPHCTMK Tpy0oro M uyBCTBATE/BHONO KaHaAOB. [locse A~
TCILHOM HAMANKY M3MEPUTENIBHEIX KAHANOR, OTcTpoikn anekrpormrams ACC » nmox-
KMOUCHUT ~ AJTOPUTMOB MIEHTHPUKALMN  «KJIEBKOB» H TIOBEPXHOCTHBIX BOIH Panes
KOJIMYECTBO NIOXHBIX TPEBOT YAA/IOCh CYHIECTBEHHO COKDAaTHTS.

28 Hean Hukonaesuu Tuxoros. Bonpocul ceticmonozuu. M36pantvle mpyobvl



ABTOMATUYECKAA OBPABOTKA CEMCMUYECKUX CUTHANIOB

TMoMzMo AOXHEX OGHAPYXEHM CephesHylo npofiieMy NPEACTARISUIM TAK HA3M-
BacMuie <«OOpHEBDL » CeficMOTpaMMEl, T.e. ¢Gou B .oOmene wmndopManyF=ii  MexNy
TBCO-1 n mem-3BM. Hroma %a cyrxm omMewanocs B cpemmeMm 1o 10 Taxmx.
obprIBOB

BDxconyatamud ACC  nokasana  HeOOXOMMMOCTD., NOMOVIHEHUS MATEMATHUECKOrD
ofecnieyeHMsl ANTOPUTMOM  KAUYECTBEHHOM wiaocmbuxamm ISMJIETPACEHMI IO yna-
JICHHOCTH OT CTAHIMH. JTO CBASAHC € TEM, YTO, BO-IIEPBHX, METOAMIOrHS BRIEICHHS
BONEPEYHON BATHE Ga3npyeTcs HA NPequoIOREeHHH ¢ HATMYMM “HA 1pachpoBoir cefic-
MOFpAMME MAKCHMMANEHON a3, MOBEPXHOCTHBIX BOMH. IS yAANCHHBIX 3eMAeTps-
CeHMI NAaHHOE NPENNONOXEHHe HAPYMAAOCh M3-3a OrPAHHUEHHOCTH OfbeMa omne-
paTuHOi namstra  MuHE-DBM, oreomemoit non wadposyro samvce: 30 K61 rmxak me
OBECIIE MBA  HAKOWICHNS TpeOyeMoit [IMHEL CeficMOTPAMMB  OT  CEMCMITUECKHX
Tamuxos, yaanenuwx Sanee uem Ha 1500 kM, ¥ 3auacrylo mx obpaGorxa - compo-
BOXIANACH rpyDO#t ommbKO# B OUSHKE SNUUEHTPABHOTG  PACCTOSHUSL Bo-B1ophix,
‘caM KOMIUVIEKC HE TPETHASHAMANCS VI8 AHAMHIA YRANERHBIX coOnrmuii ITocne: pas- -
patorkm  TpeSyemoro asropwrMa knaccudHKAIMm 3EMIETPSCEHUA TIO  YAA/ICHHOCTH,
KOTODHIl ZOCTATOMHO ((PEXTHBHO BHIEASA wuETHpEe Tunad . coburwit: Gimskue,
PETHOHANBHHEE, NMPOMEXYTOUHBIE M  TENECENCMMHECKME, CXEMA ABTOMATHUECKOTO
ANAMM33 JaIHICH NITyuMAIa JIoTMueckoe 3asepuienwe. B cayvae -GnvsKMX COBErTIAd
(2(1}-3(!) KM TIPSAYCMATPUBANICA OTXa3 OT WX ACTAMBHON | oﬁpa&mm Ang TpoMe-
XYTOUHHX H  TENeCelCMITYerkKux oﬁpaﬁcrxa wnopMaMB  OIPAHNUMBAIACH OLIEHKOH
XAPAKTEPHCTHK INEPBOIO BCTYIUIEHWS. HAZ 3aNHCH, T. €. MOMEHTA BCTYILTEHMS,
AMIVIMTYAN - ¥ NEPHOIA B MAKCUMAIBHONA (Pase BO/IHKW, a3MMYTA HA OUMIEHTP M
KX yierocst yria nageHus cei&mmqecxmn Jiy4a,

B xane sKCNepAMEHTAMLHOM 3xc1mya-ramm ACC ypanock 3aperuCTpHpOBATE M 2B-
TOMATHHUECKH - 00pafoTaTh ¢ NPREMJIEMOI  TOHHOCTBIO OLEHKM mapamertpos Gomee 20 :
‘pernonanbusix (300-2000 kM) coburiit ¢ MarmuTyZmamu- He MeHee 5,5 u Gomee 30
yoanerusx. s ueKMoyer ™9 U3 06pa6011m CnabRX TOMKOB Gt . nonoGpas coor-
_ne-:my:onmﬁ ypqnem. HO MUCTIEPCHU CMEmSHMIT  Ha RAYATBHOM YYACTKE 3AMNCh.
Ecrm “370T ypoBEHE HE * MDEBRINANCS, OGHAPYAEHHOEC BCTYIUIEHME HE  WHTEpnpe-
THPOBAOCH,

‘Ha. xame—cxeme pemoua (puc. 3), me’ npeucramlemi pmy.rmmm OLICHKH HEXo-
TOPBEIX NAPAMETPOB. 3AIMCH’ M OMArA 3EMJIETPACCHMS. JiNH, PETVIOHANBHBX COGLITHI,
BUIHO, mnanoxermewcsmmempon u:mepgercacmtmocmmno =2, Cpasmmmf
- pesysisrar ¢ veM, wro Geiro rmoyweno apyruvm astopams 14,131, sa&muamm';mca
oﬁpaéomoﬁ celicMoTpaMM - KopoTkonepHomrsx npuGopus. K coxanemmo, He yaaioch
. OTHICKATE paborsl, Grskue B METOIMMECKOM ; IIAHE, HA 6a3e CPEmHENnepuoRHON arma- |
'_pa'xypu tvima CKI. O. K.Keapossm ¢ ‘coasropamu [4 }anamisuposanucs pesy.rmmu"
ABTOMATHUECKON ouemcu TIAPAMETOB mueoeﬂcumeuanc cobuwTvit, a H. Mamrpoﬁ c
3.cnanmpmm [t31-- pemnﬂa;lmmx cynamumcmm . no- 1000104 'I‘Otmocrb JIOKALMN

MIMIEHTPOB  TE/ICCCHCMIETK X coltermd - OKAZANICH AOBOIBHO HU3KOA (+ 9° nb
-mupm\?. ¥ JOMOTE); YTo o&yc.nomeﬂa, HA HIII BSI‘.MI‘.II OPVMHESTON IpoueRypoR
. OLEHKH snm.z,exi'rpanmom PAcCTOSHMS FIO. BE/IMHMHE. KAKYILErocH YU DRICHUS JTyYa.
Tarau nponmpa npmmuammmxaqmemm ONEHOK. YRACHROCTH coBbrTis.
-_D'Jm PETHOHANLHEIX 3mne1pawmﬁ yna:m . AoCTIND ropaszo Gonee BHICOKOR TOU-
“oca (£ 0,7). Ona conocrakymma € TEM}MTO Gruto mxxyqeno HAMM . B Npomecce
_mm'pnﬁmxmexcana APXUBHAEIX | 3ATACHX AHANOTMMHEX TIO JANBHOCTH CENCMI-
ECKAX cobarTIt,
: Omarr mccncptme TABHOR - SKkcrutyatame: ACC B pearibHOM  BPEMEHM - HMEeT -
-Gmmmyxo HAYUHYIQ 9 BPAXTHUECKYIO  ISHBOCTS: 34 PAMKAMM HACTOSIUEIO " C006- .
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=t
<2

Puc.3. Hepasky MAWMHHRIX U PYYHBIX OLEHOK HADAMETPOS 3anucH { 1, — MOMEHTR BCTYN-

neuva P-poausi, AZ - a3vMYTA #H2 INMUEHTD 3EMJCTPYCEHKMNY) M  XOOPAHHAT ISNMHUUECHT-

POB  NANLHEBOCTOMHEX 3EMAETPACEHMM ¢ Marautyaamu = 5,5. 1-3 nosoxenune ACC.
. «¥0xuo-Caxanuucks, «Ilerponasnonck-Kamuarckuits, «Baaaupocroxs

IICHHS OCTA/ICH.  PAf MHTEpECHHX (haKToB, 'rpeﬁylonmx nmuom ocMuicaeHust. Ha-
KOIVICHHBIR OMRT OyAeT B NOAHOH MEPE YWTEH B NOCACXYIOUMX paspaﬁo'rxax
ODHCHTHPOBAHHLIX HA NEPCOHAMBHBIE KOMIBIOTEPH. B ranHoM - XKe . Ciydae BaXKHO 1O,
~HTO, FECHEPHUMEHT MOATRCPIT NPEIIONIOXEHNE O BOZMOAHOCTH aa‘muamumsamoi&
OlEHKM NAPAMETPOR CelOMIUECKMX BOIH M O4Ara 3CMUIETPSCCHUA ¢ APHEMIIEMON
At CITYXGBI IYHAMM TOUHOCTBIO.
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BYAKAHONOINA M CEMCMONOTHA
1990 Ne 5

YHAK 550.344.42:519.27
© 1990 r.

T.T. MUXAHRJOBA, H.H. THXQHOB, B. A. MAHFYUIEB,
H. B. HHKH$OPOB '

ABTOMATUHYECKAS UNAEHTUHOPUKALHSA HAJTOOKEHUS
CUTHAJIOB HA CEHCMOTPAMME OT ABYX
NOCJHENOBATEJAbHBIX TOMYKOB

MeronoM MopaaupoBaHus na 3BM uccrenopaHa BOZMOXHOCTL ABTOMATHUECKOro O0HA-
py3xeuust na tpexxoMmnoncntioil sanucu CKJ-mpubopa uaJjoXenu#t cUrHajios OT LBYX Io-
ciegoBaTeabdbIX seMaetrpacenitit. Ilpeanomen opoGiwslit BAPHANT aNTOPHTMA AJA pelleHHst
AaHHON 3aga4yd Y [POBEAeHa ero Hacrpoiika lla 3aNMHCH AAJLIEBOCTOHHHIR 3eMJeTpACeHH.
IMoxazaHo, YTO yBepeHHOe obHapyXenue P-BOJHE HOBOrO 3eMNeTpsaccHHA Ha doue roseba-
HUH OT DREePBUHUOIG TOJUKA BO3MOKIO, KOTAA MAarduTyaa NocJeaHero NPEBHIIAET COOTRET-
CTBYIOILYIO MarHuTyAy NepBoro cOGHITHsi e Menee ueM Ha 0,7,

AUTOMATIC IDENTIFICATION OF OVERLAPPING OF SIGNALS PRODUCED
BY TWO SUBSEQUENT SHOCKS ON A SEISMOGRAM, by Mikhailova T. G,
Tikhonov I. N, and Nikiforov I. V. With the help of computer modelling we
studied the possibility of automatic identificalion of overlapping of signals from two
subsequent carthquakes on a threc-component seismograph record, To solve this problem
we suggest an experimental algorithm which has been adjusled o record earthquakes in
the Far East. It has been shown that confident identification of P-wave of a new earth-
quake on thie backgrouud of oscillations from the first shock is possible when magnitude
of the latter excecds the magnitude of the iirst event by not less than 0,7,

(Received November 27, 1989)

Institute of Marine Geology and Geophysics, Far Fast Division, USSR Academy of
Sciences, Yuzhno-Sakhalinsk, 693002, USSR

BBenenue

B nacrosiiuee spems Ha JlansneM Boctoke cospaerca Eaunnas aBToMartu-
3¥MpOBaHHAA CHCTeMa HabMIOAEHHST 3a BOSIHKIOBENHEM H PaclpOCTPaHeHH-
eM nyHamu H npeaynpexiaenns o aux (EACLL). Cocrasro#t 4acTeio cucre-
MBI SBASETCS OTAEJbHAA 2aBTOMATH3HPOBAaHHas CcHCMBuUCCKas CTaHUuHf
(ACQC), ocHameHHan MPUKJAANAHBIM NPOTPAMMHBEIM KOMHAJEKCOM 06paboTKH
RaHHBIX HabmiogacHHui [5, 7]. DTOT KOMIJEKC B HACTOSIIEE BPEMSA TIOCTABAEH,
aganTdpoBaH H ycuciugo ¢ynknuodupyer na ACC «lOxno-CaxanrHcek».
AgBanorngHnle paloThl HAYATHL H Ha Apyrux crtanuusx EACLL [6].

Kommneke oBecneunBaeT MOCAeA0BATE/bROE OOHapyXKeHHe H HACHTHOH-
KauHIo 11a TPexKOMIIOHENTHOH 3anucH BCTYIJEHHS NPOAONBHOH BOJHEE 3eM-
JIeTpsACeliHsl B peaJsibHOM MacluTtale BpeMend, YyTOUHeHHe MOMEHTa €€ BCTyN-
JieHHs U AaJbHEHUIYI aBTOMaTHYeCcKYyK o6paloTKy HeoOXoAuMoOro parmes-
Ta 3allHCH ¢ NeJblO ONpeleseHHs] reorpadUuyecKyx KOOpAHHAT H MarHUTYAL
3eMJIeTPACCHUS.

B xone obpabotku nudpoBof 3anUcH BROJINE BO3MOXKIILI CHTYAIIHH Ha-
JOMKEIHA 1a MCePBHUIIYIO 3ailHCh BOJIOBOIO (1AKETd OT IOCAeAYIOHIero ToJd-
Ka. Torna Bo3HUKAKOT ABa OTPHUATEJNbHBEIX MOMeHTa. OAHH W3 HHX CBSI3aH
¢ oMHOKAMH B ONpPEACJICHHM NMapaMeTpPOB NepBOr0 3eMJIeTpACeNnHs, a Apy-
rofi — ¢ akToM NpPONycKa BCTYNJIEIIHS BTOPOro cOOKITHS, 3allHCh KOTOPOTO
Boobuic He Byaer obpaborana.

B cay:0e onepaTHBHOro NpeAynpexJAeHUs O LYHAMH 3TO MOIKET IIpHBE-
¢T# J460 X Noaave JOXHOW TPEBOrH, JHOO K NPONYCKY IYHAMHIEHHOTO 3€M-
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qaetpsicenusi. EeTecTBenio, v T0 W APYroe B BpakTHKE cAy»KOh! BecbMa HEXKC-
JgareNpbHo. Takum of6pasgom, JOCTATOUHO 4AKTYAJbHA 3aJZauya OTCJAEKHBAHUS
HAJIOXKEHHBIX CHIHAJI0B ¢ TeM, 4TOOh H3BECTHTh 06 3TOM ceftcMoxora-uHTEp-
npetaTona ¥ H3MEeHHTbh cxeMy o6paborku. |

B uwactoameit paGore NpeIpUHATA [ONBLITKA HCCIEHOBAHMS BO3MOMKHO-
€T aBTOMATHYECKOTO OOHapyXCHHsS NOCHEAYIOWEro ToAYKa Ha (oHe 3anu-
CH IIePBOrO CCHCMHYECKOro COOLITHS, 3aPErHCTPHPOBAHHOIC B MHKPOCEHCMH-
geckux wryMax. JlarHas pafoTa He NMpeTeuayeT JaTh HCUEPIBIBAKIILHE OTBET
Ha NOCTaBJEIHBIH BOMPOC, TAK KaK fABJSETCS EPBLIM LIATOM, CAEJAIHLIM
B 3TOM uvanpasaciun. [Iposoausacs oHa nyTeM MOHETHPOBAHHA IOIOOHBIX
cutyannit na EC 2BM ¢ npuBicyedueM apxXHBUBIX CefICMOrpamMu 1ia Mar-
HUTIIOH JenTe.

Hom-anonxa 3aa44, METOAHKA N aJIrOpHTM
06paborKu JanHbIX, HACTPOHKA aAJIrOPUTMAa

Ilycts BCTymn/ieHMe HOBOH P-BOJHBI OTAEJIEHO OT Mpeabiayiieii P-BoJHBL
HEKOTODBIM HWHTEPBAJOM BpeMeRM Afy  Afnin<SAl,<IAfpa, TAE Alnw OIpe-
AeJIsteT 3011y, B KOTOPOH pPa3jielCHHEe BOJH HC MOXeT OBITh BHITIOJHEHO,
a Afmax ONpCAENsieTeHd NJAHHOH 00pafaTbhiBaeMOTO YUHACTKA cCeiicMOrpaMmel.
Ecnu Aty > Alyax, TO HMeeM O6BIUHBIN coryual o6HapyKeudst P-posaubl Ha PoHe
MHKPOCCHCMHYCCKOrO mymMma uJaH na goue koabl semaerpacenus [4]. [Tocra-
LHOBKA paccMaTPpHBAEMOH 3/1eCh 3a4aul PacCUHTAHA HA §oJee CJAOXKUBIN Cay-
yaft ¥ GopMyaUpyeTCs CaeayioluHM obpasoM. TpebGyeress ¢ 3a/aHHBLIM cpej-
HHM Bpemernem 7' j10 JIOKHOH TPEBOTH, T. €. CO CPEJHUM BpCMeHeM OT MOMeENTA
OlCHKH BCTYIICHHA P-BOJNHLI 10 MOMEHTZ OIUHOOUYHOTO DPHHSATHA OAHON H3
YacTed BOJINOBOrO IAKCTA 3a HOBYIO FP-BOJHY, OOHADYXKHUBATE MPHUXO] HOBOH

P-BOMHEI ¢ MUHUMAJLHBIM CPEAHHM 3amazibiBanveM {(T).

IMpennaraerca 1ocae10BaTENLHOCTE OGPAaBOTKH TPEXKOMIIOHEHTHOR Lud-
POBOH ceficMorpaMsul: ) yacroriias H NOAAPH3AUNOHHAA PHABTPALUS Celi-
CMOTpaMMBI ¢ UEJILK YJYYLIGHHS OTHOLUGHHS CHTHAJA/ILYM; 2) ofHapyXKeHHe
$hakTa BCTyNJeHHA HOBOH P-BOJMHBI HAa (OHe paHee 3aPErHCTPUPOBAHHOH C
TNOMOIILLK) AATOPHTMA KyMyssiTHBlLX cyMmm (AKC).

Paccvorpum ka>Xablii M3 3THX stanos. O6palaTniBaTh CHTHAJL Heo8XOo-
AHMO B pCaJibHOM MacliTale BPCMEHH, TIO3TOMY BCe npouenypsl o0patGoTku
OBIIH BBITIOMHEHB! B peKyppeHTHOH dopme. [lyern {x,, ..., x,} — TpexkoMno-
HeIITHasi ceiicMorpaMMa, H3MepeHHasl ¢ 33JaUHON JHCKPCTIIOCTRLIO IO BpeMe-
nH Af. Ec obpafoTka naudHasiach ¢ BbICOKOUACTOTHOH uudpoBOit pHALTpA-
nuu (BY) namepenwuii {x,, ..., x;}. Peayaptat puaprpaunn {I,} noaseprascsa
Pa3BOpPOTY CHCTEMBl KOOPAMIIAT MO CEHCMHYCCKOMY JIYUY H MOAAPH3ATHONHONR
¢uaprpanun daunna [8]. AZUMYT U yroJs BbIXOjA CEHCMHUCCKOFO Jiyda ole-
HHBAJIHCh [0 34JAaHHOMY VYacTKy CeACMOrpaMMbl OT MOMEHTa BCTYNJICHHS
P-BOJHEBI ¢ TOMOLILID AATOPHTMA uz paGoThl [5]. BricokouacToTHass undpo-
Bad (PpHAbTpanus obecledHBaJja NOAABJEHHE A0 NPHEMJEeMOro ypOBHA MHO-
BEPXHOCTHBIX BOJIH MEPBOTO TOJYKA, a $uabTpauusa PanHHA IOBLILIAJLA YyPO-
BE€HBL CHTHaJa AJA MOBTOPHOTO COOLITHA.

Jdns anropeTmMa OOHAPYIKEHHA HCIOJb30BAJach P-KOMNOHEHTa {Y., ...

., Y1} OTPHNBTPOBAHHON M PE3BEPHYTOH CeHCMOrpaMMbl KAaK HAHMEHee 3a-
wyMaeHHasa. IIpu3HarKoM MOSABJACHHS NOCJAEAYIOUIEr0o TONYKa Ha P-KOMIIOHEH-
Te SBJSINIOCH PE3KOEe YBeJMUEHHE JHCIEePCHHM ¢, mocjaeroBatesbHocTH {y.}
¥3-3a CJIOKEHHsT cHrHanon. s onucauus {y,, ..., Y.} HCNOJIB30BAJach MO-
ILCJIb aBTOPErpeccHH p-ro NopaaKa:

?
Yo = Dlouyri -+ &,

=1

rfie e, — MOCJeXOBATENBHOCTL FAYCCOBCKHX HE3aBHCHMBIX CAYYAHHBIX BEJIH-
unn E(e,) =0, E(&,®) =0 I[Mpumem, uto moxent AP {Q) osHauaer nocnemo-
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BATEJBHOCTL HE3ABHCHMBIX CJyYaiHbIX BeJHUHMH. DTOT chayuai Oyner MrpaTs
B JAaJbHEHLIEM BAXHYIO POJIb.

IlycTh B HEH3BECTHBIH MOMEHT BpeMeHu I,:f,=1{,+ Afp, TAE {, — MOMEHT
BCTYNJIENHS P-BOJIHEI TIEPBOTO TOJYKA, BCTyNaeT HoBas P-ponna. Jlas Hauled
CTATHCTHYCCKON MOZeJNH 3TO O3HA4aeT, YTo

P

Doy e mpun 1< [(f,- 7,)/Ad]
y‘ —_ f:l -
Sautie—c + Ve npu ¢ 2 (f — 1,)/A1),

1

rae Y — Ko3pdHIUHeHnT yBeJHYeHHs1 AUCTEpPCHH, [ ] —uenas uacts uucaa.
Kak BHAHO M3 IpHBeAelHBIX COOTHOIIENHH, cTaTHCTHYECKass MOAeNb COAep-
KHT caelyioluue napaMerpsl: (mpa p=1) oy, ..., &y, 0.5 %; (npa p=0} a.%, 1.

ITapaMeTpbl MOACAH @y, ..., Gp, O:° HJAH TOJBKO o,.° (IpH p=0) cyuwecT-
BEHHBLIM O0PA30M 3aBHCIT 0T KOHKPETHOTO CEHCMHURCKOTO COGLITHA H NOITO-
My B KaXKAOM CJy4ac OLEUHBAJMCEH IO yuacTKy P-KOMNOHEHTH 0T MOMEHTa

tp 10 Aty n. KoadhdHuneHT yBCAMYEHHA JHCIEPCHYE CHTHANG p OLLEHHTh He-
BO3MOXKIO, TAK KaK O ONPeAeAseTcst PANOM (aKTOpoB (NpPCKAE BCEro OTHO-
LICHEEM MATHHTY/ ABYX TIOCJA€/0RAaTeNbHBLIX TOMUKOB). ITOTOMY NPHXOLHTCS
3a/1aBATh HCKOTOpPOe INpPCAEJBHOC 3HAUCIHE ¥, M CUHTATH ero mapaMeTpoMm
HAaCTPOHKH.

Byok-cxeMa anropuTMa COCTOHT H3 MOCJELOBATENbHO BRIIOIHSICMLIX 6.10-
KOB, KOTOpbIC H306paXKeHn Ha puc. 1.

Pemawwas pyuxuus AKC soiuncascres cneayomum obpasom {3]:

gr= (g1 +Ag.)", (x)*=max (0, x), g,.=0,

o

. ”
Agt = (éﬁ" — 1 y B = yt — zal'yt-‘l‘)

N O i

TAC 0o°=0.Y,. Ha kaxjoM ware ¢ pelawpoiias QyHKuNA g, CPABHHBACTCA C
noporoM A U cclu g, =>h, To nopacres cirnas o6 o6Hapy>KeHHH HOBOH P-Boa-
HLI, T. €. TPABHJO OCTAHOBKH uMeer BujA f,=inf{f: g, =h}) Ecau p=0, to n
AJNTOPHTME IPOHCXOAHT €CTECTBEHHAS 3aMeHa: €, = Y,.

KpaTko OCTaHOBHMCH Ha BOUPOCE HACTPOHKH aJaroOpHTMAa OGHAPYXKEHHSA
cllefyIoulero ToNuka. IlapaMeTrpaMi HacTPOHKH SBJISIIOTCA YacTOTa cpesa f,,
mudposoro BY-puarTpa, npenespHOe 3HAYEHHE ¥, YBCJHYEHHN AHCIEPCHH
CHrHaJa, HOPSJIOK MOJEJH p, mopor pemmawiued ¢hpyHknun k. Yacrora cpesa
fep, @ TaKKe XPYTHe nmapaMeTpol nHGposoro BU-duastpa (nopsmox Hau no-
JAYUIHPHNA OKHA, BHA BecOBOH (YHKUHH H T. I.) NOAGHPAJHCh 3KCHEPHMEHTAJb-
HO [1]. TpegennHOe 3HAUEHHE §, H MOPSAAOK MOAEJH P TAKKE OBIJIH BLIGPAHK
HA OCHOBe aHaJIH33a 3KCNePUMCHTAJLHOro matepHana. Clenyer oTMETUTh, UTO
BBIGOD Y, OmnpejessieT YVBCTBUTCJBHOCTL aJropHtMa ofuapyxenus. [lopor
peralomel GyHKIUH /i BRIYHCIASTCA NIYTEM DelIeHHs HHTETPaJILHHX YpaBHe-

Hult PpearoanMa, HCXOAA H3 TMPUEMIEMOrO CPEAHero 3amasAniBalHHAs T M
CpeAHero BpeMeHU Mexay Tpesoramu 7 {3]:

P(Z) = fzf(x)dx—l— fP(x)f(x—Z)dX, 0<L{Z<h,

—00 A': 1
N(Z) = YN(x)f(x—-—Z)dx+ 1, 0 Z<Ch,

N (0)
T 1—P@©)’
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_ e
{ 2z

—————= - —0pH X > -, a >0

Var(/a vVx+ o p_ ' =

0 npu X <. —¢, o >0,

fx) =

b sy W——

rae I () =V=, f(x) — njoTHOCTE y*-pacnpenesNenns, CMELICHHOTO N0 X HA «
€AHHHIl BAEBO, & =0,"/0.>, i=Hha, 0.°— UCTHHHAA nUcnepcHsn &,, L — cpennee
BpeMsl OT Hauagaa uabuamogeHHsn {(npH g,={0) A0 €ro oCTAHOBKH B, MOMEHT {,
(npu g,>h), 3aBUHCHMOCTb CPCAHETO BpeMeHH L OT OTHOILUEHHHA CpeAHeKBa-
PATHYHBIX OTKJIOHEHHH 0./, MpPH Da3JHuHBIX A mo3BoJser nacTpouts AKC.
Tak v=L (0uf0,) NpH gufco>1, T=L(0./6,) nDH 0./6,< 1.

HuTrerpannHbie ypaBHeHHsT ®peironbpMa PelaTes YHCAEHHBM METOAOM
KBaaparyp ¢ aapoM [f(x). OaHaKo cTaHZapTHbie YHCJEHHbIE METOAEI peHle-
HHSI HHTErPaJbHbIX YDABHEHHI 3[€Ch NMPHMEHHTL HeAb3sl, TaK KAaK siIpO HMe-
T 0cOoBEeHHOCTL IPH X=—a, T. €. [ (xX)—-o0 npu x——a-10. MeToa, IpuUMeHeH-
HBIH 3/eCck Aaa peuwleHHd ypasneunid PpexrosibMa, COCTOHT B JINHEHHOHA HH-
Tepnondudd QYHKUHKH P{x) (cooTBeTCTBeHHO N (X)) MeXAy TeMH V3JaMH,
roe aapo HMeeT OCOBElIHOCTh.

PesysabTaTnl MHCAEHHLIX PACYETOB CBCACHLI B BRAe rpadAKOB 3aBUCHMO-
¢t L(o./o,) npu pasaHuHBIX A (puc. 2). C noMoLbI 3THX 3aBHCHMOCTeH
OCYLIEeCTRARETCA BHIGOpP nopora A.

Due. 1. Baok-cxema aarcpurMa

Puec. 2. 3aBHCHMOCTb CPEAHEro BPeMeHH HabJI0-
/=3 A€HHS OT OTHOLIECHUH TeKywiedl ZUCIEpCHH Npo-

uecca K HacTpoOeuHoMY 3HA'ICHHIO AUCOEDPCHH, Iia-
Luppolan : L
Bq_wuﬂ,mpauag paMerp KPHBLIX — NOPOT pelraromex C}JyHKIIHH
COULIMOEPAMMES!

]

FaslBaporm cucmess
roopdumarm
rne naz?a&xeﬁm_o
npuzxrasa nepboa
P-Daarst

L] L (Uu / e Q }
Nonggusayuonnas Ommrcuemss

pussmpanyug o
CeaCMaLpanmer 10° |-

flpobormums 2

1%

Hacmpoara AKL

T — 1921

Oonapyrenue
wolBod P-Borrs:

4

e earn 5

05 10 5
6. /%

Pue. 1 Puc. 2
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XapaKkTepHCTHKA 3KCMIEePHMEeHTAJBHOTO MATEpHAAA
H Pe3yJbTAThl PACYETOR

HMexoannim MaTepHanoM TIOCAYZKHJIA BHIOOPKA 3allUceil QaLIeBOCTOYHBIX
semJaerpaccuuii (npufopw CKJ), moayueHHBIX B Teuenue 1982-—1986 rr.
¢ noMoubio nuppoBol ceiicmuueckoi craniud «CILIP — CI1BM TlnaHera-3»,
yeranoBsiennod B 1. lOHo-Caxanunck [2]. Llar guckpeTH3alnuu 3anucei
cocrapasy 0,374 ¢. JauTeaAbHOCTh KAXXKAOH 3aIHCH ONPeAEsJach O0GBLeEMOM

oncpatuBHol namsith CIIBM w paBasagaach npuMepHo 6,5—7 Mun. 3eMaeTpsa-

cendsi BHIGOPKH BBIJIH CTPYINIHPOBAHLI YCJOBIO 110 YeThipeM pafionam: Kaum-
yarka, Cpesnue Kypunsckue ocrpoBa, HOxkune Kypuasckue ocrposa u fno-
una {(ra6n. 1).

HAna popMEPOBANHS CHHTE3UPOBAHILIX 3alHCcedl nOACHpAaJUCh naphbl Cek-
cMorpamm SGMJIeTpﬂCCI-lHﬁ, HMernIHX OJIH3KHC KOOPMUHATHL SHHLIGH’I‘pa

TaGauya 1

QcHoBRLIE napamerpbt 3emne‘rpﬂccsmﬁ, 3AMHCH KOTOPHX HCNOAL3O0BAJAUCH ANA
HHCTDOF[KH anroputMad H MOAEJNUPOBAHHE HAJOMEHHBIX CUriaaos

"

Homep Hara Bpem» s ouare, lg?-,n"r:ﬁ::.‘r?;am Cray6una  |Maruai-
3eMe- ACMIETPH- 4aC., MHH,, CEK. ogara, TY A, Pafion
TpRAcesu & CeHusa - o WM MLH
o, N | A%, E
1 04.X1.1980 | 20 uac, 36 muu. 02 cex. | 53,7 |160,9 20 5,8 | KaMmuaTka
2 31.V.10982 10 21 13 55,1 [ 165,5 40 6,8
3 21.X1.1982 | 23 27 10 55,4 [163,4 39 6,8
4 05,1.1983 02 " o1 54,7 [163,0 20 6.1
o 08.11.1983 (833 a8 4() 51,6 |16V,0 30 6,1
6 24 1101984 | 02 44 28 49,0 [455,8 67 5,8
7 01.X1.1984 | 18 43 329 55,1 1163,8 14 6,6
8 06.001.1985 | <2 31 52 55,1 [162,5 46 5,7
¢ 48.1V.1985 | U0 06 32 52,0 |159,8 26 6,0
10 29.VIL[.1985 | 06 32 17 56,1 | 184,7 44 9,9
11 18.1X . 1085 01 27 18 49,5 1156,0 59 9.1
12 01.1V,1986 13 40 45 55,4 1162,0 50 5,5
13 02,V . 1986 10 30 03 95,1 [ 163,9 20 6,3
14 41.X1.1982 | 02 52 08 44,1 1149,6 28 5,5 Cpensue
15 01.V.1983 18 10 40 46,2 1153,7 33 6,6 Kypuis-
16 01.V.1983 20 11 56 46,2 1 153,7 33 5,8 CKHE
17 02.V.1983 21 22 43 46,2 | 153,7 38 5,6 | ocTposa
18 01.VIN.1983 | 02 23 08 44,2 [149,6 37 9,3
19 09.1.1985 15 56 13 44,3 1149,4 43 4,9
20 06.11.1985 13 29 50 44,0 1 149,4 28 5,5
21 06.11.1985 15 27 16 44,0 [ 149,3 28 5,3
22 08.11.1985 | 19 32 20 43,9 1149,4 40 5,2
23 04.VIIL1986 | 22 34 a8 46,4 |1 1563,2 36 5,7*
24 24_11.1982 | 10 22 34 42,1 [142,6 40) 5,9%
25 03,1X,1982 | 01 32 00 43,8 | 148,6 40 6,2 O Hble
26 13.1X.1983 | 03 32 08 43,0 [147,9 24 5,3 Kypuns-
27 20).X1.1983 | 00 44 43 43,68 |148,5 30 6,5 cKHe
28 30.X1.4983 | 02 56 47 41,8 1142,9 56 6,0 | ocTpoBa
29 06,111.1984 | 14 355 18 42,5 (142,9 107 6,4*
30 02.11.1985 11 06 47 43,7 [ 147,7 39 5,3
M 29.1V.1985 | 02 10 59 41,5 [142,1 09 5,9
32 08.VI.1686 04 12 3 43,8 1447,8 33 5,4*
33 26.V.1983 14 12 23 40,2 1139,1 42 5,1 Anouns
34 31.V.1983 23 19 10 40,8 [139,3 27 5,1
35 09.VIE. 1683 | 10 23 31 40,2 (1391 27 5,3
36 09.VvI1.1983 | 12 49 01 40,2 1128,9 23 6,1
37 18.VI.1983 | 22 13 3N 40,1 11439,0 29 8,4
38 12.VII1.1985 | 03 49 17 37,7 | 141,9 52 6,4
39 02.IIT.1986 07 09 26 38,0 [142,3 33 6,0

* Maraurtyaa no amwage MSH
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Pre. 3. Tpu npumepa cHHTE3HPOBAHHBIX ceficMorpamMm @, 6, 8 IO 5Tapma 4acTOTHON M mojs-
pusaunounofl dunanrpauaft (sepxune Tpofixn komnorewt Z, NS, EW) n nocae nero (P-kom-
noneHTa). Ina cuHTE3a HCHIOMB30BaNH 3anHCH 3eMiaerTpscennfi 43 pa paffona KamuyaTku
(a), 19—14 —- Cpeguux Kypuanckux octpopos (6) 1 24—29 — IOmunix KYDHAJBCKHX OCT-
posoR (8). CrpeakaMu OTMeucHB MOMEHTHl HauaJa HAJOMEHHA 3andcelt. BpeMmeHRas oChb
HanpaBdeHa BAeSO. P-romnonenra Bropoﬁlgaqm 3eMaerpsIcCeduir NpHBesaeHa B Macurale
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Puc. 4. Tlpumepst HCXOOHbIX OT(PHILTPORANHBIX 3aanuceir (P-koMmnouenta). Crnesa — 3anu-
CH ¢ JOXHHBMH OOHaDYXEHHSIMH BOJIH, CrpaBa — 6e3 TakoBeIX. CTpPeJKAMH YKa3aHbi MO-
MEHTBI JUMHHX BCTYNNeHufi. BpeMeunas ock HanpaR/ieHA BJEBO

(B npegenax 1—2°) p orauwawImuXcd no Marduryne Ha 0,2—1,0. Tem camuu
fIpeANOIaranaoch, YTO BEePOATHOCTh PerHCTpPalHH caeayiomero toauxa (dop-
t1oKa HAH ATepiIoka) B TeueHHe 7 MHH (T. . NJAMTEeNBHOCTH o6pabaTniBae-
MOT'0 OTPC3Ka CelicMOrpaMMbl) 3HAYHTENLHO BBILIE BEPOUTHOCTH PErHCTPALHH
COOBITHA H3 APYroro paiona, KOTOpOH MoxHO npeHebSpeus. B xauectee nep-
BHYHOW BEIGWpANAach 34NHCh 3eMJeTPSICEHHA ¢ MEHbUIEH MATHHTYAOR, a Ha
Hee ¢ onpefeJICHHON TOUKH HakJaabBaJach ceficMorpaMma 6oJee CHABHOTO
TOAUKA. JJA MOJIHOTH KAPTHHLI H3 KaXAOH mapbl HCXOAHLIX 3aMHUCel obpa-
30BBIBAJIHCH TPH CHHTE3HUPOBAHHBIX IATUCH AJS TOrO, UTOOH HAYANBLHAR TOY-
Ka HaJOXXEeHHSI OTBEYasa PAa3HBIM VYACTKAM IePBHYHON CeHCMOTrpaMMEI: HH-
Tepeany S—P, S — NOBepXHOCTHEIM BOJNHAM. JIPpHMEpH CHHTE3HPOBAHHBIX
3anHcedl M pe3yabTaTel ux (HHALTPANHH NPHUBEIEHE HA pHc. 3.
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Ha nepsom srane pacyeToB HeOOXO0AHMO OGbLIO ONpeReSHTh 3HAUEHHS Iiad-
paMeTpoB HACTPoiikH, cHecrneuMBaKIIHe HeNpeBHIeHHS TPefyeMoro nNpoueH-
Ta JAOMKHBIX OOHapyxenui (f) 1o kKax»xjaoMy M3 BBIAEJNEHHHX PaHOHOB, €CJH
TAKHC MCCTHBie pasjkuusg ofHapyyxatcsi. G 3TOH LeNbl IO BbIIIEH3JIOXEH-
HOH Mceroanke OplId 00paboTaHbl BCC HCXOANBIE 34llHCH 3eMJETDACeHHH M3
tabua. 1. Beaencreue MasocTl nogBblOOPOK napaMeTp B Obll NPHHAT PABHBIM
7,7% (oxHO J0KHOC 00lapyxenHe Ha 13 HCXOMHBIX CEHCMOTpAaMM ).

Hdna KamuaTtckoro pafioHa yAoOBJeTBODHTeJIbHAs IacTpoitka Obljaa J0-
cruriyra upH fo,=0,1 Tu, yv,=2, T=748 ¢, p=0. Onno noxuoe cpabaTuBa-
HHE AJTOPUTMA TPOH30ILI0 HA «padoueii» P-KOMIOHCHTC 3alHCH 3eMJAeTPA-
cenus Ne 2, B pesy.ibTaTe TOIO, YTO B KOUIE €€ OTHOHABTPOBAJIOCL HOCTATOUHO
HIrFCHEHBIIDE BCTyNAeHHe a3 £.P (puc. 4). ChenyeT OTMETHTb TaKiKe 3a-
nuch zemaerpsicennss Ne 7, RJasg XOTOpPOH peuiapmas QyHKUHA aJropuTma
HJU3KO TOAXOANAA K NOporoBomy 3HAUeHHIO (A=7.,4; (€:)max=6.7). ¥YBenu-
yeHBe yacToThl ¢peza a0 0,2 I'l npUBeJso K YXY/ILEHHIO HACTPOHKH, Bmpasns-

leMycsi B NOABJEHHH JIBYX JOXHBIX c¢palaTbiBaiHii anropHTMa (Ne 2, 7) &
GJH30CTH K 061apYXKCHHIO 11a 3artucd Ne 3.

PacueThl ans 3emJjeTpaccHédil U3 APYTHX PaHOHOB NMOKAa3aJil HeoOXOJIH-
MOCTD, 3arpyfOJieHHs HAacTPOHKH A0 3HAUYCHHH ¥,=8 H T7=3740 c. OcTanpuue
gapamerpbl OCTABAJHCh TTPEXKHUMH, 3arpy6jcEre aJropuiTMa ObJIo, Mo-BHAH-
MOMY, CBA3AaHO C Nepexo4oM OT OAHOrO AHANA30HA 3NHUEHTPAJbHBIX PACcCTOs -
aui {(1000— 1900 KM), CBOHCTBENIIOr0O KAMYATCKHM 3€MJIETPSICEHHAM, K APY-
romy (500 -—1000 xM), B KOTOPOM YDPOBEeHb BTOPHYHBLIX [1POJOJILHBIX BOJIH OKa-
szaJjcs Bbilie. Ha puac. 4 nmpencraBaeHbl «paGouyne» P-KOMOOHEHTBl CEeHCMO-
rpaMM ¢ JOXHbIMH oOHapyxenHamH (Ne 18, 34) u Tpu npumepa (Ne 4, 16,
36), He nawlHe TakKoBbIX. Kakux-i1nGo 3aMeTHBIX Pa3JH4YHA NOABBISOPOK
ceicMorpamMM no AAHHBIM TpeM padoHaM B 1Jaue noadopa HacTpoOCUYHBIX Xa-
PAKTEPUCTUK BLIABHTL He YyJAAaJ0Ch, HOTOMY JaJee 3TH JailHble 0ObeanHs-
J¥ch B OAHY NOABLIOOPKY.

B Tta6a. 2 npuBeAeHLI aput ceiicMorpaMM, otofpadHble nas GopMHpOBa-
HHUS HAJOMKeNHLIX 3anHceH W NMPOBEeACHHA IO HHM PACYCTOB C IENbI0 HIAEHTH-
duxrauun Hanokenui. Kak oTMeuaiocs Buillle, CYMMHDOBaHHe CeHCMOrpaMm
APOBOAKHJOCHE B TPCX BAP#aHTAX, HAYMHAA C 3aMa3AbiBAHHH OTHOCHTEALHO
MOMeHnTa BCTYINJeHHA P-Bouibt Ha 130, 200 w1 270 ¢ cOoTBETCTBERHO. Pesyab-
TaTH (QUALTPAIIHM CHHTE3HPOBAHHBLIX 3aNHcell, YAaCTHYHO OTpPAXKEHHEIE HA
pHC. 3, HAIOT NpeacTaBgenne o0 YJAyYIIeHHH OTHOLIEHHS CHriaJ/nomexa.
1 ecaivt HA COOPMHPOBAHHBLIX 3aNHCAX BH3YAJbHO ONPeAEAHTb MOMCHT HAJIO-
JKCHHS CHTHAJIA TPYAHO, TO moOCJic puibTPanui DOJNOXKEHHE TOr0 MOMeHTa
Ha celicmMorpaMmme Oonee OUERHIAHO.

DKCNepUMCHTLI DO OOHAPYXEHHIO pasAaJKH Npollecca, T. €. NOSBJeHHI
HoBO# P-BOJsIHBI, IPOBOAHJHCL KAaK C HCIoJdb30BaHWeM AP-MogesH, Tak u 6¢3
uee. Jlna cpaBHeHHA pe3yJeTaToB paGoTbl 060HX BAPDHAHTOB aJjrOpHTMA CO-
OTBETCTBYIOLIHE JAHHBIE CBeNeHHl B Tafj. 3, rae moj TePMUHOM <ITOJHOE 06-
HApYXKCHHE» TIOHHMAaCTCs cpafaTeiBaAHHE A/ITOPHTMA JJA BCeX TPCX 3anas3ibl-
BAHHUHA HOBOTO CHTHAJA, @ «KIPOIIYCK» QR3HAUYaeT COOTBETCTBEHHO [CBLIAEJICHHE
sosini. Ha ocHoBe 3To# TabJ/HLbl MOXHO CAEJNATEH BRIBOL O TOM, YTO NPHBJE-
yenue ADP-mozens He NMPUBOAKT K CYIIECTBEIIHOMY WIYUINEHHIO pe3yJibTaTOB
UINEeHTH(PHKAUUHE HAJOMXCHHH CHIHaJO0B TI0 CPaBHEHHIO € HCNOJb30BaHHEM
«IUCIIEPCHOHHOMOY BApHaliTa aJropHTMa,

Jans yRepeHHOro OOHapYIKCHUSA pazsiaikH HEeoOGXOOUMO, 4TOOBl MarHHTY-
Aa TocJeayollero TOJYKA NPEBOCXOAHJa aHAJOTHUHYIK MAarHHTyLy NEpBHU-
HOTO He MeHee ueM Ha 0,7. Ulpa 3TOM MOMEHTHl BCTYHJIEHHH NOBTOPHBIX CO~
OLITHI] ONPENENSAIOTCH ¢ IPHEeMJCMOH TOUHOCTBIO NJs BCeX paHOHOB He3aBH-
CUMO OT TOTO, B KAKO{ YaCTH NCPBHUNON 2aNHCH NPOHCXOAHNO HAJOXKEHHE -~
Ha yuacTke S—P uny B 06/71aCTH TONIEPEYHDBIX U NOBEPXHOCTHBIX BOJH.

Cieayer TOJNLKO OTMETHTh, YTO NI FIYOOKOQPOKYCHBIX 3eMJETPACEHUHA B
OTJHUME OT MENKO(MOKYCHLIX CPABHEHHC MATHHUTYH HeOOXOAHMO AeNiaTeh He
no NOBEPXHOCTHRIM, a o o0beMILIM BoanaM (Jayudiue O6paTh MaruHTyay
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Tabauya 2
HepeueHn map SEMAETPACEHUH, OTOBPAHHEIX AN PUPMUPOBAHNA CHHTEIHPOBAHHLIX
3anucen

Paiton Homep JeM.‘]c‘l‘pﬂceIlH.ﬁ B napax PAasHoCTh MarduTy X
Kay4aTka 4 3 0,7
10 8 0,2
10 13 0,8
11 6 0,7
Cpepune Kypianckue ocTpoba 16 15 0,8
17 15 1,0
23 16 0,4
19 14 0,6
19 18 0,4
19 20 0,6
19 24 0,4
I0xuie Kypuanckue octposa 25 27 4,3
26 25 0,9
30 25 0,9
32 26 0,6
32 30 0,6
29 28 0,8
24 29 0,5
29 31 0,7
Hoounn 33 36 1.0
35 38 0.8
37 36 0,7
39 38 0,4

Tabruya 3

PesyabTaTel pafoTil AJrOpHTMA HAEHTHEHKALHH HAJOKEHHS CEHCMUUECKAX CHTHAJIOB

Bapnaut saropusa R oniersn ) Commmeersoroam | MPeedas dam
Bes moucan 15 3 2
C Mmoneniuio 15 4 4

MSH). To xC MOMXKHO PEeKOMEH/IOBATH H B CJaydyae CMellalHOf napol, Koraa
-OXHO cOOBITHE ¢ HOPMAALHOH IayGHHON, a apyroe — rayGokodorycHoe. TTpu-
HATOE CPABHEHHC CEHCMHUYECKHX CHTHAJIOB MO MAarHUTYIe COOBITHR AOCTATOU-
HO HAMVBILAHO XaPaKTeph3yeT 2P CKTHRHOCTL paboTbl OGIAPYMKHTEAA, XOTHA
1 HMeeT CBOM HeRXOCTATKH. Tak, B YACTHOCTH, OHO He aJ€KBaTHO OTPaXKaer oT-
HOIIIeHHKE cnrnan/nomexa (p) JJI Pa3AHYHLIX I14ap, Ba H CaMa MarEHTyAa olle-
HHBAaeTCH C OIHH()KOﬁ, UYTO TAKIKC BJAHAET HA AQCCTOBEPHOCTL BEAHUHIIBI D.

B ucs0M TOYHOCTE MOJAYYEHRBIX OICHOK TakoBa. PacXoXiaeHuHs ¢ UCTHH-
HEIMH BPCMCHAMH BCTYILJIEHHA H0BOH P-ponuw B 76% cayuaeB HC MpeBBIIIAAT
Bcecus91% cayuaes — 11 c.

Onucannsii aaroput™™ 06paGoTKH TPEXKOMNOHEHTHOH 3aNHCH MOMXKeET OBITh
peasan30Bay B peasbHOM Macliitae BPpeMeHH 11a MHIH-2 BM.

BouiBoabI

I. Tipeanoxena MeTOAHKA H allOPHTM ABTOMATHYECKOro oOHapykKeHHs
10 TPEXKOMIIOHEHTHOH 3alHCH B Pea’ibHOM MAacllTadc BPCMEHH HAJOMKEHHSA
CHTHAJIOB OT JBYX CJeAYIOIIHX OAHO 3a JPYyrdM 3emieTpsiceHuii {(Hopuiokos,
An60 adpTepmoxKos).

2% Ha puGopxe u3 39 sanlcefi AaAbHEBOCTOUHHIX 3€MACTPSICEHWIl MOKa-
saHa 3(p$EeKTHBHOCTL NPHMEHCHHS NPEAJOKEHHOIO ajrOpuTMa B cayvyaax,
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KOoraa noCAeAyIOLHHE TOJYOK IPCBOCXOANT NCPBHUHLIH IO MATHUTYAE HE Me-
iee ueM Ha 0,7. lIpH 3TOM NPOHCXOAHT yBepeliHoe O0HAPYIKENHC HAJIOXKEHH
H OUOKE B OLlEHKe MOMEHTAa TIpUXona HOBOK FP-Boanbl B 76% cayuaes ne
npesbiiaer 5 ¢, a B 91% caywaen — 11 c.

3. Ofuapy>cua 3aBHCHMOCTDL 3l1aUelKi napaMeTpoOB HACTPOHKH aJTOpHT-
Ma OT NMPHHALJECKHOCTH CEHCMHUYECKOro coOLITHA K ONPeACIeHHOMY paioHy.
B wactrRoCTH, Ha UMEBIIEMCs MaTepraJe yiaJgock nonobpath 6GoJiee TOHKYIO
HACTPOHKY HAa KAMYATCKHE 3E€MJETPSCEHHS MO CPABHEHHIO C KYPHJO-ANOH-
ckaMH. JlaHHAs 3aBHCHMOCTD, NO-BHAHMOMY, 00YCJORICHA YPOBIEM BTOPHY-
HbIX TPOACNBHLIX BOJIH B COOTBCTCTBYIOLIHX HHTepBajJax 3SMHLEHTPANbLHbIX

pacCTOAHHA.
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Hoxnans AxageMuun Hayk CCCP
1991. Tom 319, N° 1

VIK 350.348.433 (571.6) : FEOQ®U3UKA

©  AM.MAJTIBIWEB, H.H. THXOHOB

3AKOHOMEPHOCTH JJHHAMHUKH OOPIOK-A®TEPLIOKOBBIX
NOCHAEJOBATEIIRHOCTEA 3EMJIETPACEHUA
B PAHOHE HXHbIX KYPUIILCKUX OCTPOBOB

' (lipedcragaenc axademuxom M.A. Cadoecxum 3 IV 1991)

[IpOCTPaHCTBEHHO-BpeMEHHBIE  OCOGCHHOCTH CeHCMHMYHOCTH wra Kypuiisckoi
OCTPOBHOM JIyT'M M XapakTep IOJIBMXEK B OUYATAX CHIIBHEWIINX 3eMIIETPSCEeHHH XOpOLIo
M3YUCHBI K HacTosmeMy BpeMcHu [1-3]. B [3] oTmeuacTcs cyinecTBeHHAA HACTAUKOHAP-
HOCTb CEHCMHUECKOTQ pPeXHMa AAHHOTO YYacTKa CelCMOLEHHOM 30HBI, 4TQ, B CBOI0 Oue-
pefs, CHEPKHBaeT paspaBoTKy 3(Q(peKTHBHOW METO[MKH [POrHO3MPOBAIMA BpeMeHH
BO3HMKHOBEHMS CHIBHBIX CCHCMMUYeCKMX COOBITHH. K npHMepy, NONrocpouHsli Nporyos,
OCHOB3HHBLIH Ha ~CpefHeH NOBITOPHAEMOCTH’ COOBITKH, CTAHOBUTCS MAIONPHUIOMHBIM Ha
[paKTHKe, HAYHHASL ¢ MarHUTYH M ~ 7 (onpaBasiBaeMocTb ~ 509%) , M 4eM Cilibliee 3emiie-
TPACEHHE, TEM XYKe ONpaBbIBAEMOCTh MPpOrHo3a [3].

B 310% cBA3W wamMu Npepriaraerca HHOHR, Bonee NepcleKTUBHBIR MOAXO K pelIeHH
3TOR TpofneMbl (X0TH 6bl B 4ACTH KPATKO- M CPEIHECPOYHOro HporHo3a). Jhis Hero xa-
PAKTEPHBI OBA MOMEHTa. BO-lepBRIX, aHAIM3MPYIOTCA HE TONMBKO CUIBHBIE COBBITHSA, HO
M BeCh NMOTOK 3eMIIETPACEHMHA, PEECTABUTENBHO PETUCTPUPYEMBIX PETHOHATIbHOR CeThio
cTaHuMit. BO-BTOPBIX, AMHAMKKA PAa3BHTHA 3TOr0 IOTOKA ONUCHIBAETCS C [IOMOLIBI Aub-
¢repeHuHanbHOre ypaBHenna A. 1. Manpinesa [4]

d*N ‘(dN)z ¥
1 = k|l — .. vk
) dt*® dt 0

roe N — napamerp npoliecca (B JAHHOM CTydae KYMYJIATHBHAA CyMMa YHCNA 3eMITETpA-
ceHu#t sHepreTHyecKoro kaacca K 2 9 [5] Ha 3agaHHO¥M mIomanKe ¢ MOMEHTA HAYaNa Ha-
oniomenmn), a k, ¥, vy — IMIKPUYECKHE KOHCIAHTDI.

YpaBuerue (1) cuyxur oGobuicHueM Apyrore audggepeluuanbioro ypashelns

(2) Q%0 -4 =0,

npegnoxenioro B. BoiitoM [6] 1N OMUCAHMA HPOLECCOB PA3PYIUEHHA PABNKMUHBIX Ma-
TePHATIOB B YCJIOBHAX NPUMEPHOrC MOCTOAHCTBA [aBJIEHMsA M TeMIEPATyphl. B ypakHe-
umn (2} A 1 o — OMITUPHYECKME KOHCTaHTsl. HeTpyAHO NOHATH, YTO B UACTHOM Cllyuade
(npu k = A, v = 2, vy = 0) yparuenue (1) comnapaer ¢ (2). Takum 0Bpazom, ypagHe-
nue (2) ONKCBIBAeT MPOLECChl CAMOPA3BHTUA MPUPOOHBIX CHCTEM TOMBKO B OKPECTHOCTAX
cocrosima paBHoaecHs (vy = 0). TIpUromIocTs e ero K K3y4eHuio CeHCMHUYECKOrO peXxH-
Ma, comepxkamero “¢QOHOBYH” AKTHBHOCTb, OTBEYAIOLUYK CT4LHOHApROMY pa3BHTHIO
ceficMHUecKOTO mpouecca (Vg # 0), Ha Halk BIJIAJ, MPoGIeMaTUYHA.

PaccMOTpHM NPMMEHHMOCTh ypaBHeHHst (1), cBODOAHOr® OT 3TOro OrpaHMuYEHHMs,
K aHanu3y ¢GOpIUOK-adTCPLIOKOBBIX NOCIIE/IOBATENIBHOCTEH, PerHCTPUPYCMbIX B Tpefienax
ABYX KOHKPeTHbIX WIowanok iora Kypunbcko#t ceicMOAKTMBHOH 30HBE ($M. BpesKy
Ha puc. 1). Merojuka BeISOpa pasMepd H rpaHuii IWIOWAAOK TpebyeT OTAeIbHOIO HCCNENo-
BaHMA. 3MECH K¢ BO BHUMAHKE NPURMMAJIUCH ClIeyIOILHe HONOXeHRA. BO-uepBbIX, JIMIEH-
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N(K>9,0)

60 4 __J

304

. 980 1981
. e " v Y Vi {00 Wil X X

+—t T - . * >

3600 3700 3800 t
Puc. 1. 3aBHCHMOCTE OT BpeMeHH KyMYJIATHBHOIO 4ucna semierpsceiuit ¢ K = 9 nns ¢opinoropoi
BBIGOPKH 3emnerpacenus 03 IX 1981 ¢ M = 6,7 (Ha Bpe3Ke — cXema pacnojIoKeHHs ABYX IJIOLIAA0K
CefiCMOAKTHBHOH 30HBI, BBHIODaHHBIX AJIA MCC/eJOBaHHM# NHHaMUKM (OpPINOK-a(TepllIOKOBLIX TOCIe-
popatenbHocTed). TOUKH — OTOensHBIe celicMMMecKHe cOBBITHA, a4 BeNbIf KPYXOK — OCHOBHOH TOJI-
yoxk 03 I1X 1981 8 05 u 35 muH. HenpephlBHbIe KPHBEIE, NepexofdAluHe B IITPHXOBbIE, — BETBH NpO-
mecca ¢ aCHMMIOTOTAMH, COBIAJAILIMMH C BepTHKambHO# npaMoHl. FOpH3OHTaNBHBIE CIPE/IKH OTMeE-
YaloT COOTBETCTBYIOLIME APYT ApyTY KpHBBIe M ACHMNTOTEL. Bpems Mo ocu abciuce — B KajleHAapHOM
U abGcosnoTHOM (OT MOMeHTa Hayana HaG/moJeH i) HCUMCIIEHHH

1]

HbI€ pasMepsl IUIOIUAA0K JIOJDKHBI OBITh COMOCTABMMDI C JIMHEHHBIMH pa3MEpaMM OYaroB
KaTacTpopuuecKux 3emrerpaceHud ¢ M ~ 8. BO-BTOpbIX, HEOGXOAMMO Y4ecTh 3pPeKT
”KOJBUEBON” CEHCMMYHOCTH, T.e. (GOPLIOKOBYK NEATENBHOCTh 110 KpasAm IOTeHLHalib-
HBIX KPYTHBIX OYaroB, OTMeYaemMyl psom aBtopoB [3, 7]. OpHako IIOLIAJKK He Clle-
[yeT 3HAUMTEJIBHO PACIUMPATH, TAK K4K 3TO MOXET NPUBECTH K CMa3bIBaHUI0 W BbIABIIAC-
MBIX 3aKOHOMEPHOCTeH (QOPLIOKOBLIX MNocienoBatensHocTed. O6paruM BHHMaHHe Ha
HECTPOrYI0 TPAKTOBKY NOHATHHA “Gopiuok™, adrepwiok™, Yro CYMECTBEHHO B JajIbHEeH-
1IeM IPH peaiu3alldi METOLHKH B peaIbHOM BPEMCHH.

Takum 00pa3om, B KavecTBe 00beKTa M3yueHHs OpajiMcCh IUIOMIAAKH, OKOHTYPH-
BacMble aTEePLIOKAMM KATacTpOPUUECKMX COBBITHI C YYETOM JIONYCKOB Ha “’KOJibleBYy10”
ceiicMuyHOCTh. Tak, myomanxa ]/ Ha Bpe3ke K pHUC. 1 CONEPXHUT OBNacTh adreplioKoB
(nepBoro mecsaua) XokkaipoBckoro semmerpsicedus 17 VI 1973 8 03 u 55 mun ¢ M =
= 8,0, a wiomaaka 2 — HUrypynckoro 3emnerpsicenus 24 111 1978 B 19 y 47 mun ¢ M =
= 8,0. I'paHMisl IUIOWAAOK BBIGHPAHCh paBHbIMU: ¢ = 42°.0-44°,0 cur., A = 144° 5~
148°,0 B.I. B nepBoM ciyuae K ¢ = 43°2-45°0 cr., A = 148°,0-150°,2 B.1. BO BTO-
pom. Ha nepBoii 1iowaaKe UCCIEHOBAICA IIOTOK CEHCMMYECKHMX CODLITHH, 3aperuCTpHpo-
BaHHBIX B TeueHWe sHBapsa 1971-—-ceHrsbpsa 1986 r., a Ha BTopo# — ¢ miona 1975 no cex-
T86pb 1986 r. B x0/1¢ 06pabOTKH JaHHBIX [OJIOXKEHHE IIOILAJIOK HE MEHSJIOCh.

JInA annpOKCHMALMH MpPOLIECCOB HAapacTaHMA M 3aTYXaHHA CEHCMHYECKOM aKTHB-
HOCTH BO BpeMEHH KPHBBIMM, COOTBETCTBYWINMMM ypaBHeHHI0 (1), 6wun1 pa3spaboraH
AIrOpyT™M M nporpamma mis IBM. [Iprmeppr HeKOTOpHIX pe3yJibTaTOB pacueToB Ha JBM
npejaciaBiieHsl Ha puc. 1-3. CrenaeM NOsICHEHMsA K pHC. 1, HA KOTOpOM Mpe/CTaBiieHa
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A(K>40) |
f
sl H
/
i 4
/ NIk >48)
ok /-
i / 500}
F748
259}
et N B A A i P A AU
T 7 T T
1200 7250 707 JIAT £ oy 1750 LS IS f

Puc. 2. To xe, 4Te # H2 puc, 1, HO gna opHOdA30BOH POPHICKOBOH NOCIEIOBATEABHOCTH 1CMIICTPS-
cetina 271X 1974 B 0Sud47 M c M =17,2

Puc. 3. llpuMep adTepioKoBOH nocnenvsaresbiocTy semnerpacedds 24 [I1 1978 3 19 4 47 muy ¢
M=80

¢opuIoKOBas NOCIeAoBaTeNbHoCTy 3emmieTpacerna 03 IX 1981 ¢ M = 6,7 B npemenax
nnouiaaki 1. OHa cOcTOMT M3 ABYX a3 (seTve#t). IlepBad BeTBb NpeAcTaBsieda 34 cen-
CMHYeCKUMH cobbiTnAMU B mepuona ¢ 3 XI 1980 no 10 1V 1981 u annpoxkcumupyerca
KpMBOH, COOTBETCIBYIOIIEH ypaBHeHdio (1} ¢ mapamerpamu: & = 0,021; ¥y=0954; vy =
= (. OnpepeneHsnii N0 2TOH $a3e MOMEHT BpeMenu T, cOOTBETCTBY IOINUA BEPTUKATILHON
acuMIToTe 3aBucMMocTH N = N(7), 6mu3ox Kk PaxtHyeckomy Bpemenu (7)) BO3IHHK-
HOBeHHs emneTpAceHHA ¢ M =67 (T, - Ty =2.34).

C 10 IV no 25 VII 1981 nposapunacs Bropan dasa GopLUIOKOBOR NOCICKOBATEIH
KROCTH, NpepcraBieHnas 20 semnerpaceHwiMy. OHG aNNpOKCHMHMPYCICA PeLUEHMEM ypaB-
HeHHs (1) ¢ CyuleCTBEHHO LAPYTHMHE NapaMeTpami K, v, vy. OpHaKo acuMiTo1a 3T0R BEl-
B OTCEKAeT MOMEHT BPeMEHH, IPaKTHUECKH CHOBA COBNAJUIOIUAA ¢ GAKTHYECKHM Bpe-
MeHEM B Quare OCHOBHOIO TOJIUKaA.

Ha puc. 2, 3 nokasadp! ApuMepE 06paGoTKH 0HO¢a30BbIX GOPUIOKOBOH H adTep-
ILOKOBOH NMOCHENOBATEIIBHOCTER COOTBETCTBEHHO. [Ipy aHanmM3e 3KCMNEPUMEHTAIbHOI'O Ma-
Tepuana ObUTH CI€N1aKbl CJIEAYOLIHE BEIBO/Ib;

1. PacemoTpeHnpe $HOpILOK-A(pTEPUIOKOBLIE (IOCIENOBATE/IBHOCTH XOPOIIO COOT-
BETCTBYKT PELICHUSM ypaBHeHus (1), UTO CBUOETENLCTBYET O NEPCHEKTHBHOCTH MCIIOND-
0B4HHA METOIHKH 1A LeJIeR MPOrHo3a CecMUYeCKHX COOBITHH.

2. QGOpIIOKOBbIe 1IOCIICAOBATCIBHOCTH OTANYATCA OT aTepliOKOBBIX KOJIMYECT-
BOM BXO[AWHX B HMX 3emieIpaceHuid, 2HakKoM koadduumenta & B (1) u pazbpocom
3HayeHRH y. B adireplIOKOBBIX pAIAX 3HAaueHWsi Napamerpa 7y OMu3KH K 1, m B Ciyuae,
KOTHa pAaBHOBECHON CKOPOCTBI0O MOXHO mNpeHeGpeub, ypansHenue (1) aBTOMAaTHUCCKY
npuUBOIUT K hopMyie Omopy [8], onyueHHO# ellie B Havajle STOrO BOKA.

3. dopiioxoBble NOCHEROBATCIIBHOCTH 3dYACTYI0 COASPAKAT HCCKONLKO a3 aKTU-
BH3aUMM CecMHuuecKkoro npouecca. Iipn cMmeHe a3 HPOUCXOOMT CKAYKOODBPasHoe M3Me-
HeHMe TMapamerpoB ypapsHeHua (1). Ojniaxo, HeCMOTpA HA MX pasiyuue, HabnwmacTcs
XOpolilee COBNAICHAE MOMEHTd BPEMEHH, COOTBETCTBYWIUETO BEPTHKWIBHOH &CHMITIO-
Te NpOUeccd, ¢ MOMEHTOM BO3HMKHOBEHWS CHIBHOTO 3emnerpacenns. HINTENbHOCTS
[IEPHO/IA AKTHBH3AIMA MOXKET OBITh PA3NMMHOH (OT HECKOMBKUX YACOB 1O ruaa) .

4. U3 6 semnerpacenun ¢ M = 7,0, NpeBapABLIAXCA CHOKORHON CEHUMMUCCKOH
obcradoBKol, auup y ogHoro (23 11 1980, M = 7,1} OTCYyTCTBOBAI BhIpawCHUbLA 11C-
pUOJ AKTHBM3ALMM IO gaHHOMY Rapamerpy. M3 10 ceidcmuucckux cobeitui ¢ M > 7.0,
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NPOHIOIISOLIKX Ha QOHE TIOBBILUCHHON CEHCMHMYECKON AKTHBHOCTH, AHAITOLHYHAA AHOMANS-

Has KapTulla Habnlogaetca y neTbIpex.
B Hacrodilee BPeMA HaN@KeH ONEPATMBULIA dHAMU3 COBPOMEHHOH CCHCMHYECKOR

AK IMBHOCTH HA TEX ke JIBYX IUIDIIAANAX 110 JaHHBIM exchexauntoro OleparuBHOro ce-
eMmostoruyeckoro karanora UMI'ull BBO AH CCCP. O6paGotka OAHHBIX 3a NOCTeIHME
3 roaa PUBOJMT K 3AKMI0YSHHMI0, YTO HabniopmaeTcss B OCHOBHOM CTdUMOHAPHOE pa3Bu-
THE CeACMUUECKOFO 1IpoLecea.

HHCTHTYT MOPCKOH T@UJIOTMH M TeOPUBUKHK Moctynuno
AaALHCBOCTOYHOL O OTAL eSS 24 1V 199]
AKuaeMun Hayk CCCP

Hixno-Caxanunek

ety s reodninkn YpansCKoro OT/1eaeitHa

Axanemuy Hayr CCCP
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BYJIKAHOJIOI'YS U CEACMOJIOrAs

VIK 550.343.6( 520)

© 1996 r. MAABINIER A. 1., TAXOHOB K. H.

HEKOTOPBIE 3AKOHOMEPHOCTH CEHCMHUYHOCTH PEM'MOHBA SAMNOHUH
TEPEJ CHJIbHbIMY SEMJIETPHCEHHUSIMH 3 A 1985—1988 rr.

IIo pasiHEM BPOTHO3ZHOIC KAaTanora 3emieTpaceHHd JANoHHMW YCTAHOBJAEHB HEKOTOpHE
HBMIMPHUECKHE 3AKOHOMEPHOCTH JMHAMHKH CEUCMUIHOCTH Nepe cuabHuME (M ~ 6,0 n Sonee)
3JEMJIETPICEHNHAMH PErHolia. YKA3aHHHE 33KUOHOMepHOCTH BRIABASHH MYTEM UHCAEHHOMO MO-
ACNTMPOBAHNS NOCAELOBATENBHOCTEN CEHCMMYECKUX COORTHIT HA oclioBe AndpepeHUHANTBEROMO
YPaBHCHHAS CAMOPAsBHBAIOIAXCE npouecco. Mccaenosana yCromuanBOCTh NPOTHO3HBIX OUEHOK
BpeMeNH RO3ZHMKHOBENHR OCHOBHHIX TONUKOB, MOAYYAEMhIX B NIPOLECCE PEMICHHS yPABHEHHS.
TMoxazano, 970 0614CTE HOATOTOBKU MENKMPOKYCHBIX 3emaeTpacednit ¢ M ~ 7,5 saxpaTHRaeT
Becb perHoH. B xome ofpabGorkm |4 nocnegoBaTesibHOCTEN CeHCMHYECKHX TOAYKOB nepen
3eMneTpiceHAIMN ¢ M ~ 6,0 nonyueHa yIOBIETBOPHTERbHAS TOYHOCT NPOTHO3KbIX OUEHOK (B
BOCBMM CAYUANX MOMEHT ROSHMKHOBEHHMS CWIbHBIX CEACMHUECKHX COOWTHN CNPOrHO3MPOBAH C
omnrbkoA Menee | cyT M B wecry - ¢ owulKol MeHnee 2,4 cyT) npm cpenneli saGna-
FOBPEMEHHOCTH TPHHATUS pelieHUd 21,1 cyT.

SOME PATTERNS IN JAPAN SEISMICITY PRIOR TO LARGE EARTHQUAKES FOR
THE PERIOD 1985 —1988, by Malyshev A L[ * and Tikhonov I N ** A catalog of
Japanese earthquakes is used to find certain empirical seismicity patterns preceding large (M 6.0
or greater) earthquakes in the region. These patterns were idenlified by numerical modeling of
sequences of seismic events using the differeatial equation of self-developing processes. The
estimates of the expected times of main shocks emerging from the equation are investigated for
stability. Ii is shown thal the preparation area of a shallow M 7.5 earthquake involves the entire
region. Fourteen sequences of seismic evenis preceding M 6.0 earthquakes were studied to obtain
satisfactory accuracy of predictions { the time of a large seismic event was predicted to an accuracy
of less than a day eight cases and less than 2.4 days in six cases), when the decision was taken
21.1 days before the event on the average.

( Received June 17, 1994)

* Institute of Geophysics, Ural Division, Russian Academy of Sciences, Ekaterinburg,
620219, Russia :
** institute of Marine Geology and Geophysics, Far East Division, Russian Academy of
Sciences, Yuzhno-Sakhalinsk, 6930402, Russia . :

Hacrosmas pafora BuNioONHEHa B pasBUTHE paHee NpejIoXeHHoro cnocoba | 1—4,
6] BhigBACHHY 3aKOHOMEPHOIO H3MECHEHHS HHTEHCUBHOCTH TIOTOKA 3EMJIETPSACEHMI Ha
HEKOTOPOK CEHCMOAKTHBHOM IJIOLIAAKE 10 U NIOC/IE MOMEHTa BO3HUKHOBEHHS CHJILHOTO
cercMuueckoro coburud. CyTh cnocofa — B yCTHHUBIEHMH YCTOHUMBOR 3 BUCHMOCTI
ONPEBE/ICHHEOTO BHAA MEXAY NEePBOH ¥ BTOPO#H NPOM3IBOAHBIMM BPEMEHHOMO paa HeKo-
TOPON0 TapaMeTpa CeHCMUYECKOrs mpouecca Ha BuOpaHHON IUomagke ¥ NOCaeayo-
mem pewenun anddepenunanbioro ypastienus | 1, 2, 4)

&N/ d = kI(dN/dt}? — VY, ' - (1)

rae N — napameTp upouecca; K, V, vy — sMuupudeckue koncranro. [anee B xa-
gecTse napaMeTpa /N HCNONb30BAHA KYMYAJTHRHAY CYMMA UYMCJIA 3eMJIETPICEHHUH
TUIOIEAKK € BHOPDaHHOMO MOMEHTa BpEMEHH.

TleproHauambHOo 06paboTKy METORWKM I1OCTPOEHHS MATEeMATHUECKHX Mozese
BPEMEHHHX PSAOB 3eMAETPICEHRN (poBOAMAM Ha karaaore Kypwio-Oxorckoro
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PETHOHa, COmEepXauleMcH B €XEKBApTaibHBIX Bhinyckax CeiicMosiormyeckoro Grose-
Tend Janbnero Bocroka. IIpu 3TOM yCTaHOBJIEHO, YTO NOCAEZOBATENBHOCTH N = f({)
Kak Ha (OpIIOKOBOM, TaK M a@TEpHIOKOBOH CTAaAMAX pPa3BUTHHS CEHCMUYECKOTO
NpoIeCcCca XOPOINO OMACHBAIOTCA peleHnsIMU ypaBHekud ( 1), a nosoxeHne BepTHKAb-
HOM aCUMIITOTH 3aBHCHMOCTH, ANAPOKCHMHPYIOLCH pPeajyibHyiO MOCAENOBATEIbHOCTD,
XOPpOLIO COBNAJAET C MOMEHTOM OCHOBHOINO TOJ/IYKA.

OHAKO HEJOCTATOYHAN ACTAJbHOCTD YAOMSHYTOrO Karajora B CMbICJAE
NpPEeACTABUTE/IbHBIX MArHUTYN (~M == 4,0) cyXaerT BO3MOXHOCTH MOJCAYPOBAHHUI,
ofecrieunBas TPOrHO3UPOBAHME BPEMEHW TOJBKO JOCTATOYHO CHIbHBIX 3€M-
aerpscennii ¢ M ~ 7,0 u Goaee. B paGore [6] npeanpunsita nonmTka obpaborkm
ropaspgo Oosiee AeTaybHOTO KaTalora MporHosza isemuerpdcesnin Snowuwm (Japan
University Network Earthquake), ato6esro npegocrasaedsoro LeHTpoM 110 NporLosy
seMmaerpscennt MHcTuTyTa  mccneacBadus  semaerTpsaceddit  nmpu Tokuickom
yHUBEpCUTETE. BMECTE ¢ TeM OCHOBHOH akueHT B pabore 6] caenanm Ha mouckax
3aKOHOMEPHOCTEN APYTOre NAdHa — AHOMAJIUNA B NOBEASHWU YTAd HAKNOHA KPUBOH
NOBTOPSEMOCTH 3emnerpaceruit rno I'yrenbepry — Puxrepy [5], nosromy akryans-
HOCTH COBEPLUCHCTBOBAHUS METOAMKM MOAEAUpOBAHMS Ha Oase ypasuenus (1)
COXpaHrIach ¥ noTpedyeT elme 3HaUUTENbHBIX Yerawit. Hacroswas pabora -—— ognH us
mAaroB B 3TOM HalpaBJjeHUH. _

Karasor ana uccaegoBauuii 8 00N4acTH NPOrHO3a 3eMJIeTPACEHUM ( HE30BEM ero
JUNEC), OTKpbIBaeT WIHPOKUE BO3MOXHOCTH AJd HACTPOHKHM NporpaMmeoro ofecne-
yenusa Dynamics (aBropsi — Mannumen A. W. u Oyrapusipenos K. 11.), peanusyiomero
OTACJBHEIC CTAAMM MOCTPOCHUS MaTemMaTnueckux moaesnei [4]. Jaaum xpaTkyw
xapakrepucTky karanora JUNEC, umeBmerocs B pacnopsxeHuM aBTopoB. Ilepuox
Habntopenwt cocrasun 3,5 ropa HaumHag ¢ moag 1985 r. Karasor coxepxan
napamMerpsl cepiuie 36 000 seMAeTpACEHN] B CIEIYIOUIHX JMAIIa30HAX COOTBETCTBEHHO
MaTHHUTYA, TAYOHH OYaroB, KOOPAKMHAT 3MUUCHTPoB: M = 2,0.. 75, A=0...574 kM;
w = 28,82 ...47,93° N; A = 128,21 ... 147,99°E. _

TOYHOCTh OUCHKNM NApaMETPOB, COIJIACHO NOJPOOHBIM HAHHBIM, BapbUpPOBaJa B
OCHOBHOM B CHeJyOWIMX Npeiesax: I/ BpeMEHH B ouyare — OT JECATHIX J0JieH A0
MIEPBHX CEKYHA, A5 KOODAHHAT JMHUEHTPAa — OT AECATHIX A0/1e# 1O NEePBHX rPafgycos,
ang raybwnn owarda — 1...10 kM. TIpr pacueTe TMOOUEHTPOR 3EMJIETPACEHUMN
rIyOGHHA OuUaroBs TPAKTOBAJACh KaK CBOGOAHEIN mapaMeTp. OueHky MarHuTyj BeJd no
¢opmyne Baranabe| 8]

0,85M — 2,5 =1logA, + 1,73 log R,

rie A, — MAKCHMA/bH4g AMNANTYAd HA 34NUCH BEPTUKAILHOA KOMNOHEHTH BE-
aocurpada, cMm/c; R — runoneHTpansbROE paccTOIHUE, KM.

OTMETHM, UTO OTIpEAENEHAS MATHUTY ANOHCKOr0 METEOPOJIOIHUYECKOTO areHTCTBA
(JMA), BolnoJIHSIEMbIE APYTHM CIIOCOO0M, AAIOT PACXOXIEHHS C OLEHKAMH B KaTaJore
JUNEC. [Insg cobmituii ¢ M = 5,0 pacxoXaeHud 3avacTyio He npesocxondar 0.5, xors
OTMEUAKYTCE M PESKHE 3HAUMTE/bHbIE PACXOXKJCHWs, [PEeBblAlalolne CAWHWILY
MArHATYAHOHM IUKaakl. B uyacTHocTH, cunpHeiimee B kartasore JUNEC szem-
gerpacenue 9 ausaps 1987 r. B 15 4 14 Mun 44 ¢ (o gnoHckomy BpeMeHn) ¢ M = 7,5,
cornacho arenTcTBy JMA, nmeer M = 6,6. Janee GyneM NpHAepXHUBAThCH OLEHOK,
YKa3aHHBLIX B o0pabaTeiBaeMOM KaTalore.

Mone/iMpOBaHue CedcMUIecKoro npoLecca nepej semMaerpacensiem 9 sueapsa 1987 r.
{M = 7,5). [lannoe cuabHeAIEE COOBITHE KATAN0ra NPOM3OLUNIO HA CEBEPO-BOCTOUHOM
nobepexpe o-pa XOHCK. OHO MMENO KOOPAMHATH JHOALEHTpa ¢ = 39,827° N;
A= 141,892° E u rnyGuny odara 2 = 78,2 kM. IIpeapapureibHbieé pe3yjbTATH MO-
aenuposanus | 6] roxasasnu, 4To NOATOTOBKA 3EMJICTPACEHMI TAKOro Maciuraba Bpi3bl-
BAET TNIEPECTPORKY CEHCMHMUYECKOTO pexuma Bcero pernona Anonwnn (puc. 1 » 2). 3a
neproa HabMOgeHWHd ¢ miosis 1985 r. A0 MOMEHTa YKa3aHHOTO 3€MJICTDSICEHUS XOJ
napamerpa N npu M 2= 3,9 xapakrepudyercs TpeMs yuacrkamm (puc. 1), Asa u3
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¥
l Ins
22\
- l o83
2958
238
-
] 1 ] | | L ]
227 445 % cym 2493 JE86 N
Prc. 1 Puc. 2

Puc. [. XapakTep n3MeHEeRHS BO BPEMEHH KYMYJSTHBHON CyMMB uncaa 3emneTpacersit N (M 2> 3,9) pernoua
Anosun 3a neprog c 1.07.1985 0o 9.01.1987 r. [ 6] . I'parmnm pernona: @ = 30...48° N, A— 128 ... [48°E.
CTpesnkaMn OTMEUYEHN MOMERTH PCAKOrD U3MEHEHNE CKOPOCTH npouecca v = dN/dt

Puc. 2. 3aBUCHMOCTD JIOTapbMa YACTOTH 3EMIETPICEHHA In v OT 1IOPAAKOBOTO HOMEpPA 3ICMJICTPICCHUS s
Toi Xe BHOOpKH ( puc. 1) npu craaxuBannu JatHbX no 160 cofoirrsam | 6] . CTpenxod ykaszan MOMEHT nepexona
CEMCMIUECKOTO PEXHMA DEMMOHA B CTAJHK) AKTHBUIAUHH

KOTOPbIX CTANMOHAPHK, a TpeTHH — HCCTAUMOHAPEH, MPHUYEM B €ro npeaenax
neprOHayaibHOe 3aTyXaHUe CCHCMHUHOCTA CMEHAETCA aKTMBH3AUMEIL.

OTyeT/IHBOE pasAciaeHue kpuBoi N = f{f} Ha TpU yuyacTKa no3BOARET CAENATH
peskas cmena (manenme) ckopocTH npouecca v — dN/dt Ha rpaHMBAxX BTOpPOro
nnrepsana ( puc. 2}. JIHTEIBHOCTS MOCAEIHENH CTAAMM B JAHHUOM KOHKPETHOM CJIyuae
cocTaBuia OKoJIO nonyroga. O6pafioTka noc/enoBaTetbHOCTH COOBITHIT BCETO PETUOHA
cM>40...4,2 3aperucTPUpPOBAHHBIX B 1epuo (hOPIIOKOBOI AXTUBUSALMA, AAa
Heloxne pesyabratel | 6]. [Jdnd Ayumieidl MoaesM pacxoXAeHue pacuetrHoro (no
acuMnToTe) ¥ (PaKTWUECKOTO BPEMEHM OCHOBHONG TOJNYKA cocTapwio 1,4 CcyT TIpH
3absaroBpeMeHHOCTH BbipaloTKN pewenus ~40 cyr ( puc. 3, a).

Hanoxenabie pe3yibTaThl INpPeABapuTe/bHbie. CBH3aHO 3TO ¢ TEM, 4YTO yC-
TOMYMBOCTD PCIUERMS YpaBHEHRA { 1) CYECTBEHHO 3aBUCUT OT ONTHMAJIbHOCTH BRIGOpA
pacueTHOM NJIoWankn ( TouHee, CeACMOAKTHRHOrO 06keMa V) U HUXKHEr0 MAaTHATYJHOTO
nopora m, o0padaTbhiBacMblX 3CMNETPACEHMA. Peanbubie BpeMeHnbie DAkl JaHHbiX 13
KATajoroB HyXJAIOTCS B MPEABAPUTEIBHOM CraXuBaHWN. MeTojMka criiaXuBaBus
paccmoTpeHa B paborte | 4], rae BBeaeH COOTBETCTBYIOWMIA lTapaMeTp j, Tako#, 4TO
JUTMHA OKHA criaxuBaHus paBHa 2j | 1. [Ipu HeonTuMaasHOM Bbiope 3uaueHMii V u
m, pasHas CTENEHb CTVIZXEHHOCTH BPEMEHHOIO paAa NPUBOAMT K 3HAUMMO PA3HBIM
oueHKaM Ko3dprumeHToB ypasiieHud ( 1) M COOTBETCTBEHHO K pa36pocy B MOJIOXEHMH
acmMnTorbl. IIpm 3TOoM HeBoabiMM BapuaumMsaMm nNapamMeTpa j MOTYT OTBEYaTH
3HAYMTENBHWE M3MCHCHHS TIOJOXEHUA ACHMIITOTHI, YTO, ECTECTBEHHO, 3aTPYAHMUT Ha
NMpPakTHKE BHOOP NMPEAHOUTHTEIBHONO PELICHAS.

PaHee BHINIOJIHCHHBIE MCCAENOBAHKUS AT HEKOTOPHE NPEICTABACHUS O TIPUMEPHOM
COOTBETCTBMM Pa3Mepor now@anoKk (00beMOB) H MAarHATYA FIPOrHO3HPYEMBbIX COOHLITHIL
OaHaKO 3TH COOTHOLIEHMS MOIYT 32BHCETh TaKXKe OT psjaa crneumduueckux (PaxKTopos,
MPUCY IUUX A3YYACMOMY DEFMOHY WIH JAaXKE OTAENBLHOMY €r0 PailOHy, HAPUMEDP 0T YPOBHS
CERCMMUECKOH AKTMBHOCTH, NEOMETPHM CEMCMOAKTHBHOMN 30HK], B3aMMOAECHCTBMSA MEXAY
ouaraMu 3EMIETPACEHHN, NPEACTABUTCABHOTO YPOBHS MATHUTY)] PErMCTHPYEMBIX 3eM-
AETPSCEeHMI M T. H. B 2T0# cBu3K 00ye peKOMEHAALMY MOTYT CJIY>XXHMThb TOJbKO B KAYECTBE
OPHCHTHPA IIPH [TONCKE ONITHMAThHMX HACTPOCK MOIC/THPOBAHYAS JaHHDBIX KaTa/10Trd, OTHO-
CSIOHXCH K KOHKPETHOMY palioHy.

CrpykTypa cEACMOAKTHBHON 30HB B OKPECTHOCTH SMOHCKHX OCTPOBOR JOCTATOUHO
CIOXHA M HEONHOPOAHA, TaK KaK B HTON YACTH CQWICHEHHMS KOHTHMHEHTA EBpasuiu ¢
THaxuM OKECAHOM, COT/IACHC KOHUENUHH (1IMTOBON TEKTOHHKH | 7], 0OTMEHAIOTCA rpaHvIH
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Tabruya !
3aBKCHMOCTD MapaMeTpa s ( CYT), XapaKTEPHUIYIHIETO YCTOHNUBOCTD PerIeHHI
ypasHeHuu ( 1), 0T Benuantipl CeficMOAKTHBHOTO 00bEeMa N OPOroBoH
MarHuTYaB 713 OOpabaThiBaEMBIX 3eMAETPACEHNT
Ba CeicMOaKTHBHUI 00beM . ] mo
PHRHT

oA gb KM 3.7 3,8 39 4,0 4,1 42 4,3
I Bece pernon | Bce miySunnl 23,1 22,0 18,4 14,9 12,4 10,0 16,3
2 To xe 0---120 10,0 77 | 1.3 14,8 21,2 18,8 36,5
3 » =120 15,5 23,0 — — — _
4 Ilnomagka Bce rayOunm 9,0 8,9 12,8 50,7 - — —
5 » 0—120 12,0 52 28,0 24,0 —_ — —

KOHTAKTA HecKoabkux maat: Espoasuarckoil, Tuxookeanckon, Owrunnuuckoin u Ce-
BepoaMepukarcko#t. Kpome toro, paxe ceficMookanpias 30Ha HEOTHOPOAHA Y IMEET
MECTAMH JYHAETHY cTpykTypy. TeM He MecHee, kaK NOKa3aHO jJasiee, CYyUECTBYeT
BO3MOXHOCTBE NMOJYUYCHHMSE XOPOMIHNX PE3yAbTAaTOB MONACTHDOBaAHAS pes HPHWBJICUYECHHS
NOJOOHbLIX HAHHBX O CTPYKTYpE KOHKPETHHX YUACTKOB 30Hbl, [UIS KOTOPBIX
AHANM3MPYETCH AMHAMMKA CEHCMHMHOCTH.

Janee paccMOTpeHA 3aBUCHMOCTh YCTONUYMBOCTH MOJNIYUAEMBIX PEUICHHA AR JaH-
HOFO 3eMJETPACEHNS OT BHGUPH napaMmerpos Vn n,, a4 TAKXe OT BEJAHUUMHBL CMELIECHHUSA
IIOWIAAKY OTHOCUTENLHO JNUUEHTPA TIABHOTO TOAYKA. BBEaeM XOAWYECTBEHHYK
OUEHKY YCTOHUMBOCTH PELUCHHS NPH PassiiMdHbiX CrAaXusaHugx o0padaTbiBaeMOro
BpEMEHHOro psaa, GIM3KUX K ONTHMaNbHOMY. [IyCTh BTOH Mepoit 6yaeT s — Bbi-
60pouHOe CTAaHAAPTHOE OTKAOHEHHWE TNOJIOKEHUS AaCHMOTOTHL OT PaKTHUECKOTO
BPEMEHH B Ouare OCHOBHOIC COOBLITHH, PACCUHTAHHOE NPH TPEX MOCAEA0BATENbHBIX
criaxnBaHuax (7, j + I, j + 2), ogHo 3 KoTOpBIX HAWAYYLUEE.

" JaabHeHIYIO HACTPOMKY NnapaMeTpoB V' W m, BHINOMHUM NO CAEAYIOLIEN CXEMe.
Buifupas nonoxesne cefiCMOaKTMBHON NNOHIAAKA W (PUKCHPYS €ro, Bapbupyem my,
YTOOB ONEHHTE €I'C IIPEANIOUTHTENbHOE 3HaUeHHe, Bansune rayGuHHOM CelCMUYHOCTH
BHISBHM IIyTCM OTPAHMUEHNd BbIOOPKH cOOLITHI kaTanora no rnyGune. I1pu nepexone
K ApYTOo¥H [JIOIIA/IKe WIOXEHHAS NpoLeAypa MOBTOPAET S 3aHOBO. 119 HAragaAlOCTH
PACCMOTPHUM TOJBKO ABE IUIOANKH M Pa3Hble CEHCMOAKTHBHbIE 00beMB 10 KAXAOH U3
HHX — MMOJIHEE, DPHIOBEPXHOCTHHE, rayOunabie. [IycTk OAHA U3 NNIOLAA0K BKAKNAET
Bech pernon Anouun (¢ = 30...48° N; A = (28...148° E), a apyras — HeKQTOpPYIO
OKPECTHOCTL  IINUEHTPA  DACCMATDMBACMOro  3emaerpsicenus  9.01.1987 nrn
(p=36,8...41,3° N; X1 —=138,9...144,9°E). Iannas obaacts BHanboabmck
AKTHBHOCTY BBIB/IEHA NPH JETANEHOM KapTUPOBAHUH H3MEHEHUS BO BPEMEHB UMCIA
cefcMuueckux cobbiThit ¢ M > 2,5 Ha HEKOTOPBIX DJEMEHTAPHHIX MAOIIAAKAX Nepen
IaBHHIM TOAUKOM | 6]. 11 pUNOBEPXHOCTHHIA H MIYSUHHEI C/10M pa3fenuM Ha ryOHHe
A= 120 kM. '

[Ipoaka u3upyeM YCTOHYABOCTh PEIYNBTATOB MORE/IHPOBAHHYA, NMPUBEACHHBIX B
Tabn. 1. [A¥anasos NOporoBLIX MarHnMTYR M, yKasanHbi#k B Ta0n. 1, ofycnosnen aByms

3
obicrogrenscreamu.  Ana m, << 3,7 coorpeTcrByomme BHOOPKM COGHITHI Jaubo

Puc. 3. WaMeHeHWe 80 BpcMeHw mapametpa N {rayGuum — Bce, M = 4,1) ana perwosa Snouwn nepefg
aemnerpacetivem 9.01.1987 r. ¢ M =— 7.5 (/); 2 — peayabTaTi AIIPOKCHMALUK KPHBOH [ pemIeHHeM
ypaBieuns ( 1). 3uaverna M: ¢ — 24,1, 6 — 23,8, 6 — >>3,7. Buavenna s (km): @ —8ce, 6 — 0 ... 120, 6 —
>>120. 3raueuns 1APAMETPOB HACTPOSK ¢M. B Tala. 2 (pacuerw N 2, §, 7 png ¢ — 8 COOTBETCTBEHHO).
BeprukanpbHag npaMag  dCHMNTOTA YPaBlICHNAR, TAIOMAS OMEHKY BEPOSTHOrO BREMEKH BOSHHKHOBEUHRE T4 g-
HOrU TOAYKA, BEPTHKAABHAN CTPCAKA — (PAKTUIECK NIt MOMEHT STOTO TOTUKA
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» ¥C. 4. M3aMedenHe BO BPeMEHH NapaMeTpa N s wiowanknr Hanfonpiuei $hopuiokosoi
AKTWBHOCTH Liepey cobuTieM 9.01.1987 r. ¢ M = 7,5( /), peayabrar ee moneanpopawns ( 2)
Ha OCHOBE ypasuenus ( 1} ans neex y6ns ouaros ( @) W ¢ raybnuaMu 04daros 0—120 xu { 6).
3uayenns M: @ — 23,8, § — >23,7. KoopaHHATH MIOILAAKHA CM. B TEKCTE. 3HAUSHHY
MI3PAMETPOR TIACTPOEK AaHbi B Ta0A. 2 (pacueTsl Ne 9 u 11 ptq ¢ # 6 cOOTBOTCTBEHHO)

CTABMOHADHB, JAH00 MMEKT OTAEeNbHBIE YYacTkd cAalodl HECTALMOHAPHOCTH, T. €.
HEIIPUIOAHBI 419 MOJeIMPOBaHnd. BepxuMmii HOpoT m, OrpaHnIeH MUHUMaJbHHM o0be-
MOM BBIOOPKH, KOTOpas MopaaeTcs XoTs Obl TPEM — STU BADHMAHTAM CIVIAXUBAHUS.
Koniis MHTepBaioB Hab/II0ACHHA ¢ 3aKOHOMEDADBIM POCTOM CEHCMHYECKOH aKTHBHOCTH
OTCACKMBANVCH BU3YAJHLHO TI0 COOTBETCTBYIOWMM KpuBbiM N = (¢}, T. €. TilaTeabHO-
TO [IOMCKA KOHUOB Kaxaoh ¢haspl aKTHBNRALNY, COMIACHO MeToauke paborwm [ 4], He
IIPOBOANIOCH. ITO CBA3AHO ¢ 60nbuiMM 0OBEMOM PacHeTOB, TAK YTO HE HCKAKUEHA
BO3MOXHOCTb NOTyueHus 0/1ee TOUHBX OUEHOK. MnTepBanbl Habaonenwit B Buiboprax
OKa3anauce NPHMEPHC OAWHAKOBHMH (B npenenax 140-—167 cyTr) mauymuag ¢
26.06.1986 r. B 13 v 10 muu. B GonbmiuncTBe cayvaes onu paensl 158 cyt. B rabn. 1
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Tabruya 3
3emaerpacenus ¢ M ~ 6,0 u3s xatanora IUNEC, 114 ROTOpRIX
UIYIANACH (POPLHIOKOBLIE N10CAETORATCABHOCTH
KoopaauaT Maruuryna
Homep Hara Bpema, 4 —Mua— ANMLBHTPA, TPaA b K
cOBRTHS c - »
C. m. B. A. JUNEC JMA
MenkodokycHbie cOGnTHR
1 12.08.1985 §2--49 -13,59 37,690 142,104 38,0 5,8 6,4
2 2.03.1986 16—09—22,93 38,420 142,533 22,7 5.8 6,0
3 24.06.1986 11—53—05,72 34,748 141,075 68,2 6,3 6,5
4 14.01.1987 20-03—48,77 42,492 142,974 128,2 5.7 7,0
5 6.02.1987 22—16—13,50 36,973 142,033 51,8 6,1 6,7
6 24.03.1987 21—49—4716 37,481 137,901 28,6 5,8 59
7 24.09.1987 13—55—19,10 36,595 141,495 56,2 5.9 58
8 17.12.1987 11—08—14,98 35,338 140,597 68,5 6,2 6,7
I'nyGokodokycume cobbirna

1’ 4.02.1986 5—47—45,96 28 877 139,575 502,8 5,8 6,9
2’ 12.02.1987 2—42--51,64 43,076 132,950 552,9 59 6,4
3 2.01.1988 21—42—02,33 43,200 142,581 198,5 5,7 6,4
4 7.09.1988 20—53—22,28 30,133 137,845 516,6 6,8 - 6,8

OTCYTCTBYCT FAYOMHHBIA CEHCMHUYECKMA 00BEM [UIS TUIOWIAAKH, LIOCKONBKY B 3TOM
cnyuae Ha rnybunax >-120 KM OTMEueHO Jinib TPYU 3eMieTpacenus ¢ M 2= 3,7.

Cornacuo tabn. [, nyumme HACTPOWKHM Ans Beero pernoHa (6e3 orpauducHud 1o
r1y0rue) oTMeuaTea npu nty = 4,0 . .. 4,2, 2 B OCTAJIbHBIX CAY4a9X — - IPY MEHBIIUX
IHAUMECHNIX m,. OTYACTH YKAa3aHHOC CMCIUCHME ONTHMAJbHBIX TOPOrOBbBIX MarHHUTYI,
NO-BAIMMOMY, CBS3aHO C YMeHbieHHeM 00beMOB BHOOPOK NPU POCTE MMy, XOTH BO3-
MOXHH #1 ApyTrHe NpPHUHAHLL

Bapuaur 3 pacuetos B Taba. 1 €we pas nogreepxaacT BHBOA M3 paborsl [ 6] o
TEePECTPOiiKe CEHCMHUECKOTO PEXHMMa PErvoHa nepel CWIbHEHIMM TOMYKOM HA BCHO
rayOuny. 3emaerpacenue 9.01.1987 r. (M = 7,5) umeno caybuny dokyca, pasuyo 78 km.
Pasmep €ro ouara B BepTHKAABHOH IUIOCKOCTH, HAHAECHHBIU MO pacnpeaencuvio ad-
TEPUIOKOB [IEPBOIO MecdNa, COCTaBWI ~ 23 KM B guamasode rayoun 67--90 km. Caeno-
BATEJbHO, OYAT JAHHOIO 3eMJIETPSCEHMS PACTIONATAICH B BepxHed 4acTH ceicmodo-
Ka/AbHO# 30Hbl. Y TeM He meuee MojiennpoBauke id rayOuuHoro odbeMa ( BapuauT 3)
AaeT COofloCTasuMbBIC 10 yCTOlE"Il{HBOCTH pPE3YALTATH € ADPVFUMH BApUAHTaZMH CUYECTA.
CncaoBaTenblio, NOArOTOBKA IM1aBHOTO COOBITHS OJHOBPCMEHHO 3aTPOHYIA K HIDKHIOIO
4yacTh CeNcMOMOKaNbHOW 30HbI. PasaencHue ce Ha BEPXHIOK M HUXHIOW 9aCTd He
NPUBEAO X  HCUEIHOBEHWK)  3aKOHOMEDHOCTM B JHHAMUKE  CEHCMMYHOCTH,
COXpaHUBUIEHCS B KaXJIOH U3 YacTen. v

CaeayeT OTMETHTb, YTO YCTOHUYMBOCTE IIQNOXKEHWH ACHMIITOT MN9 ONTUMAJIBHBIX
m, TOYTH HE 3aBUCMT OT TOTO, Oepercs nu BrOOpKa NaRHBIX U3 Bee# cehcMOOKaIbHOM
304K WAH TOJbBKO U3 ee NEeHTPANbHOW 4acTh, T. €, ¢ IJIoUadkv B OKPECTHOCTH
snuienTpa. C yueToM YKa3aHHONW Bellne yCTOWMHBOCTH OLEHOK K Buifopy MHTepBana
ryOouH MOXHO IIPEARNOJIOXHTb, YTO PEasipbHOE NMPOrHO3MPOBAHHE BPEMEHW BOZIHUKHO-
Beunst 3eMACTPICEHNIT NoA06HOrO MaciTada, 1Ho-BUANMOMY, HE OOTpebyer TIaTe/b-
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HOTO MOWCKA NONOXEHMS TUIOWAnKK (POPHIOKOBOH akRTHBHOCTH. HyxHo npocto Spats
AaHHHE CO BCENO peruoHa.

¥xazaHHOC He O3HaYaer, 4TO MOAC/JMPOBAHAE GyACT YCTOAYMBBIM IIpH JIO0BIX
CABHIaX MUIOWAAKY. IKCOCPHMEHTH CO CABHram#t Inowaznku (4,5 X 6 rpaz) =
OKPECTHOCTH SMHUECHTPA MJIABHOTG TOAMKA [10 CTPAHAM CBETA I0Ka3bIBAIOT CAEAYIOHIee.
Bo-nepBHX, HANpaBAcHUS HEPABHO3HRYHB, PAa3pylIcHHe 3aKOHOMEPHOTO HapacTauus
mapamerpa N Ha ¢hoOpINOKOBON CTAAHH MOXET HACTYINTD fpH OOHOBAEHHUH ~25—T70%,
IUEOUIAAH B 3aBUCHMOCTH OT HAanpapieHud. [ aHHAu HEPABRHO3HAUHOCTH 0DyCNOBNEHA
KOHMDHTYpauMed CEHCMOAKTURHON 30HE!, MECTONO/IGKCHUEM CHIbHBIX (DOPIIOKOB H T. I
TakuMm o00pasom, fJaxe npu HeGOABIUMX COBHIaX MOXHO MOJYYMTh CyHIECTBEHHO
pasppe GOpIIOKOBHE T0CAeA0BATENbHOCTH. Tak, CMellleHHs Iomanky Ha 1 rpag Bo
BCEX HANpPABJIECHMNX, KpOMe OXHOIO, JaBand JU60 HEYCTOWUYHBHE Pe3yabTaTni, AHO0
MOAHOE OTCYTCTEHE 3aKOHOMEPHOCTH. B IOXHOM HanpaB/IcHUK PE3YIbTATH OHJIN YIOB-
NETBOPHTENbHHIMY ¥ MPH CMEUICHWY YIOMAAKM HAa 2 rpaj 10 miUpoTe. JT0 MOXHO
OOBSICHUTD TEM, 4TO CHJIbHBIE TOJYKYK A0 M 110CJI€ MABHOTO TOJIUKA TIPOHSOIITIN I0XHEE
ero ( BoceMb U3 gecaTv cobuiTuii c M 2> 5,6).

BO3MOXHO, UYTO TakKMM NYTEM YAACTCH YCTaHaBAMBATL NPUMEPHYH0 00acTh
PacnoJOXeHus NOTOBSHIENOCS ovara semJeTpaceHud. B paGore [6] mokaszau takxke
APYro# cnocol KapTHPOBAHME MECTONOJIOXEHHS OYara IPOrHO3HPYEMOro coOHTHS —
N0 MaKCHMaJIbHOHM BHIPAXEHHOCTH NPENBECTHHKOBOH AHOMANVR Yrjia HAK/IOHA KPHBOH
MOBTOPSIEMOCTH B BHJE CRMMeTpiyHOH OyxTH. ECTE Hajaexaa, uTo xoMOunanus aTux
HOAXOAOB CMOXET XaTb YAOBJCTBOPHTENBHOS peHICHME JaHHOW npobieMm.

TIpuBeaeMm pesyabTATH NOCTPOCHAS MOAeneH (QOPITOKOBHX [10CAEA0BATEIbHOCTEH
TAIABHOTO TOJIYKA /19 OTITMMANbHLHX 3HAYCHMH NapaMeTpa m, N0 KaXAoMy BaphaHTY
tabn. 1 {rabn. 2). Caenyer noguepxHyTh HECTPOTHE CMBICA ynoTpefageMoro 3aecs
TEPMAHA «(pOPUIOKOBAA TIOCACAOBATEABHOCTb. JITO BECh MOTOK 3EMJAETPACEHUH B
npegenax BHOPAHHOTO CEHCMHUECKOTo obbema 3a Kakod-nHGO MHTEPBAN BPEMEHH,
NMPEeAMECTBYIOIMA CHIbHOMY 3eMJieTpsacennio. U3 Taba. 2 suxHo, uro Koaddunumenr
Y BO BCEX pacyeraX, KpoMe pacueroB Ne 1, 6 u 12, 6amsox x eaunuue. Bup
SMITMPHUYECKEX KYMYJIATHBHDBIX KPVBBIX ¥ PE3yJIbTATH MX ANINPOKCHMALIMN ANS OTREb-
HBIX BAPHAHTOB B Tabn. | npomiaCcTpupoBaHbl Ha puc. 3,6 u s u 4.

Mojeanposanye CEHCMUTECKOT0 Mpolecca nepen semuerpaceHnamu ¢ M ~ 6,0,
Yrobel OHTL VBEPEHHBIMM B TOM, 4TO COOBITMS OTBEYAIOT JAHHOMY MATHHTHOMY
YPOBHIO, HCKJIIOUAM W3 PAacCMOTPEHHS T€ 3eMJETPYCEHHH, AN KOTOPBIX MArHHTHBE
ouenkyn arenurcTBa JMA 3HauumTenvHo Mewblie 6,0. He ciaepyer Opars TONUKH,
pacnoyioXeHHbEe Ha NepudepHH PErHoHa, Tak KAk B OKPECTHOCTH WX ABHHWLEHTPOB
DOBHINACTCS YPOBEHD NPEACTABUTCALHO PETHCTPHPYEMEIX MarHutyxd. OaHako cammie
CHRbHNE U3 MyBOKHX TOMUKOB 3aPErMCTPHPOBAHB MMEHHO Ha nepudepuM, MO3ITOMY
VIS HAX COEJIAHO MCKIIOYEeHHWEe, HO OJHOBPEMEHHO NOAHATA M HOPOTOBAds MATHUTYAA
mg. B pesyaprare pag anaawsa a3 karajora JUNEC ncnosnb3oBaHb 3em/eTpaCceHuUs,
apeacraBieHHbie B Tabn. 3.

PaccMOTpUM HACTPOUKY MporpaMMsl Dynamics #a (GopmUKOBHIE Moc/Ie0BATENb-
HOCTH TaKHX 3EMJIETPACEHHA YMEpPEHHOWN CWlbl, pasfiefleHHHX B Tabs. 3 #a menxodo-
kycHue (2 2= 150 xm) n rny6okodokychbie (# < 150 km). O6paTumed K MenkodoKyc-
HaiM cOObTMAM. OaHO U3 HUX — 24.03.1987 r. ¢ M = 5,8 (rabn. 3, Ne 6) npousouLno B
dioHckoM Mope BOJM3H o-Ba Cajo M 4BNYeTCd KOPOBHM BHYTPHIUIMTOBLIM, T. €.
pacnoyioxero BHe poKanbHON 30HM. I10-BUAMMOMY, CYIIECTBYIOT ONPpeRc/eHHbIE
pasaMund B NOATOTOBKE MOAQOHBIX TOMYKOE 10 CPABHEHHIO ¢ AOATOTOBKOH (GOKANBHBIX
3EMJIETPSICEHHH, HO NOKa, C COXANEHHK), YBEDEeHHO rOBOpATh 06 3TOM Heab3s. B
HACTOIWH MOMEHT €CTh OfINT HACTPOMKHM TOADLKC Ha ABE NMOC/AEACBATENLHOCTH nepes
BHYTPHIUTMTOBHMH 3EMJISTPICCHAIMHM, OHA U3 KOTOPHIX B34Ta M3 KATAJIOra PErMoOHa
Caxanun. B o6oux cnyuadX OTMEUEHH JJMTEABHBE NEpHoan (OPMUPOBAHUS
(POpUTOKOBRIX TOCHEAOBATEALHOCTEH { ~500—1000 cyr) M 3nauurensHo Ooabpinue
eAMHUIN OLICHKH NapaMeTpa yBypasHedun (1) (Taba. 4).

MoaenupoBanne CO CABUPGMM NJOWAAKK pasMepa 2 X 2 rpaa B OKPecTHOCTH
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Puc. 5. INlepras (a} u Bropad ( 6) dopwokosne nocnegosaTenvyocTt {M 2> 2,2 u 2,8
COOTBETCTBEHHU) aemsierpacenna 24.09.1987 r. B 13 u 55 mun (M = 5,9)( /) # peayrn-
TaTH MOZEJARPOBARAA (2) pelreHnem ypasuennd (1). [lapaMeTput raBHOrO COGHTHS CM.
B Ta{J. 3, 8 AACTpoeYHbIe napaMeTpul — B Tals, 4 (colmrue 7). ¢ -— Dopiuoropas nocne-
gosareabtocts (M 2> 3,7) rayGoxodokycHoro semaerpacerma 12.02.1987 r.¢c M = 5,9
(1a6n.314)

]

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

55



WUCCNELOBAHUE OBLMX 3AKOHOMEPHOCTEN CEMCMUYHOCTU A AJIbHEBOCTOYHOIO PETMOHA

SNMIOEHTPa 3eMineTpsicenus 24.03.1987 r. (M = §5,8) nokasano, 4YTO HAKMEHBLOHH
paz0poc B NOJOXKEHAIX ACHMITOT ypaBHeHHMd { 1) CBA3aH He ¢ UEHTPAJIBHON ITOIIA-
XO#M, a ¢ BOCTOYHOM, cABRHYTOH Ha 0,5 rpajg no JOJITOTE K BOCTOKY OTHOCHTENIbHO
HEHTPaAbHOW. 3HAUEHHA MapaMeTpa s B 3TUX CJy4Yasx OKa3ajuch COOTBETCTBEHHO
pasutiMu 2,1 u 1,4 cy1. B ocTaJIbHOM NOATBEDAMINCH BEIBOJLI € HEPABHOZHAYHOCTH
HanpaBAeHHH CABHId, APUMEDHHIX BEJUYMHAX CMEILIEeRMM MJIOIMAaNKH, pa3pylUarinux
3aKOHOMEPHOCTDb AKTHBH3AIMM CeliCMMUYHOCTY.

PaccMOTpUM pe3ynbTaThl MOJEJHPOBAHUL A9 MeAKOPOKYCHHWX (HOKABHBIX 3E€M-
JneTpacenui { Tabs. 4). D1 COOHMTHE DOCTATOYHO JACTHL, FOITOMY BOSMOXHO B3aUMHOE
HAIOXeHUe TIPOCTPAHCTBEHHO-BPEMEHHHIX OKOH NpH (POPMUPOBAHMM (HOPIIOKOBHIX
OC/AEAOBATEIbHOCTENH, OTBEUAWILMX PA3HHIM COOLITHAM. JaHHOE OOCTOSITENBLCTBO YC~
NOXHSET YCIOBYA HACTPOWKH, BBIHYXAas MHOIIA CYXATh pasMeps OKOH. B 4acTHOCTH,
unrepsanst HabawoaeHm#t (AIUTENbHOCTL BHOOPOK) nepeg 3emAeTPACEHHIMH
YMEpPEHHOM CH/Ibl COCTABILIOT OT HEJEAN 10 4 Mec, a pa3MepH TUIoWAaAokK oT 2 X 2 go
4 X 4 rpag. B ocHosHOM 31eck Opanam IUIOIMAAKM C Aonyckamu —1—2 rpajg BOKpyr
SMMLIEHTPa OCHOBHOTO 3eMJIESTPICEHMS, MO3TOMY B HEKOTODBIX C/AYYasX KOOPAMHATHL
TIOMIAIOK JAHBI C TOUHOCTDBIO A0 TPETHLETO 3HAKA MOCIE 3aNATOH. DTO HE O3HAUAET, UTO
TaKkas TOUHOCTh HeoOxommma. Kak yKasaHO Bhillle, MHOTAA ACUYCTHMBL CMEIIEHUs Ha
0,5 rpag. T. e. B IpUHLIANE ROCTATOUYHO OJHOTO 3HAXa MOC/E 3anaToH.

VeTofiudBOCTh pelmeHmi ypaBHenus (1) 3aBMCHT TakXe OT GAM30CTH KOHNA
MHTEPBA/IAa HACTPORKM K MOMEHTY IVIABHOTO TOJMYKA H AJIMTEALHOCTH udaTepsana. Kak
IPABH/IO, OCHOBHOMY CODBITHMIO NPEAIIECTBYET HECKOIBKO Pa3 aKTHBHZAUMY, NOC/ISA-
HAY W3 KOTOPHIX XOCTATOUHO KpaTKOBpEMEHHa — nopsgka ORHOH-IBYX HEIEJb.
HacTpoiiku no TakuM da3aM HauOONEE TOUHB, ¥ MAapaMeTp § cocTasnger ~1 cyr. [Ing
semaeTpaceHuit Ne 5 u 7 (raba. 3) npusegeHo Mo jBa BAPHAHTA HACTPOMKH, UTOOB!
NOKa3aTb BO3MOXHOCTE HCIIONb30BAHWS Napamerpa m, B IUMPOKOM AMANA30HE 3HA-
yeHuit. XapakTep H3MCHEHHS KYMYJASTURHBIX CYMM BO BpPEMEHH W pPe3yJAbTaTH
amImpOKCUMALIHA KPUBBIX Ui 000MX BADHAHTOB ceitcMuueckoro cobbnTus Ne 7 nawel Ha
puc. S,an 6.

PaccMoTpuM 00pafoTky (POPIIOKOBHX MOCAEAOBATEIBHOCTEN MYyBOKOPOKYCHBIX
semaerpscennit nz 1aba. 3. YC/JI0BHS HaCTPOUKY /IS HUX JOCTATOWHO TIPOCTH: TUIOIIAN -
KO MOXKET CNyXMTh COOTBETCTBEHHO nubo cesepHas, Mu0C KOXHAd YaCTb PErHOHE, B
3ABHCHMOCTH OT MECTONOOKECHAS OCHGBHONG TOAUKA Ha nepyugepun pervona. YHoraa
YAAETCY HACTPOUTBCH W TI0 BCEMY peTHOHY ( Tabn. 3, cobuitie Ne 2: puc. 5,8). Yunrsipas
PA3HYIO TIPEICTABMTENBHOCTL MATHATY B TIPeAe/laX PErHOHa, B XaUeCTBE MMHUMAaILHO-
ro nopora seiSpano suauenue 3,7. g oueHs riyOoKMX semserpaceHud (A ~ 500 KM)
BJIMYHHE TPHINOBEPXAOCTHON AKTHUBHOCTH WCKIIOUEHO TYTEM BHOODKHM coOnTHE C
raybme >>120 kM. UTo xacaercd napaMeTPoB MOAEJEN, TO B AAHHOM Ciaydae ciaeayeT
OTMETHUTh BHICOKHME. 3HAUEHAY Y B TPEX BAPUAHTAX M3 YeThIpeX M HOJIBINYIO, B CPETHEM,
RAMTENBHOCTh (a3 2KTUBWIALHAA NO CPABHEHUIO C Pe3yAbTATAMHE HACTPOWKM MO MeJ-
KO(OKYCHBIM COOBITHSM,

Boisogel. 1. Ucciegoranne AUHAMHEKA NapaMeTpa N ( KyMyJSTHBHONR CYMMBI 9HC/1a
3eMJACTPICEHHH) B [IPEeAeNax BCEro perdoHa SmoHHH H Ha OTIEAbHBIX ero ILToIagKax
10 JAHHBIM TPOTHOZHOTO KATAJOra MOKa3aji0 HAJINYHEe 3aKOHOMEDPHOCTH B €r0 H3Me-
HEHHH nepea CHIBHBIMH CEHCMHMUYECKMMHM cofnTHamMu. 3Ta 3aKOHOMEPHOCTH
AKTHBH3ALUM CEHCMMYHOCTA XOPOIIO ONUCHBAETCH PEHIeHWIMH ypaBHenusd (1),
BEPTHUKANBHBIE ACHIITOTH KOTOPHIX JalOT IPOFHO3HblEe OUEHKW BPEMEeHH BO3HHKHO-
BEHWUSI CUJIBHEIX 38MJISTPICEHHMH.

2. B upouecce amanTanuy aArOPUTMHYECKOrc M nporpaMMHom obecrnieuenns,
peasiMayiollersc UYuC/eHHOE MoaeaupusaHue na Oasde ypaBHeHus (1), K [JaHHBIM
NPOrHO3HOTO KATAJAOra BHISBJIEHBI XapakTepHbie 3HauyeHud NapaMeTpos HacTpoeK —
pasMepoB M3yYaeMbIX MJIOINANOK (CeHCMOAKTHBHBIX 00BEMOB) W NOPOTOBHIX YPOBHEN
MHUHHMATbHBIX MATHUTY D 00pabaTHBaeMbIX 3€MJICTPACEHNI — B 3aBHCHMOCTH OT Mac-
wraba ocroBHoro cobpiTud. BefeHa Mepa yCTOHYMBOCTH pEIIEHHH NPA CIVIaXHBAHWK
pean»HBIX BPEMEHHEIX PSAOB M OUEHEHB MPEJeNbHBE CMEUICHUd IUICIANOK
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OTHOCHTEABLHO OMYLEHTPA FOTOBAIUETOCH 3EMAETPACEHHS, MPH KOTOPHX nponcxozm'r
pa3pylieHNe 3aKOHOMEPDHOCTH AMHAMUKW napaMmerpa N.

3. Pacuersl MOKa3blBaIOT, 4YTO S33KJOUHTEIbHAY CTaAUS UOATOTOBKM 3eM-
nerpgcernii ¢ M A~ 7,5 (no MarHuryaHoW xnaaccubukanmu BaranaGe [8))
COMPOBOXRAAETCA 34KOHOMEPHBIM HU3MEHEHUEM CeHcMUMHOCTE ¢ M = 3,7 B npepenax
BCETrV CeNCMOAKTHBHOro obbema pernmoHa Sooumm. Ilpn stom Hanﬁo.ﬂee ycToituneble
pEeHEeHUS COOTBECTCTBYIOT MOPOTOBRM Marauryaam 4,0—4,2.

4. Tloproroeka mMeakodOKYCHHX cOObITHIT dokanbHOi 30HE ¢ M ~ 6,0 Xopoio
MOACAHMPYETCH HA IIOHIANKAX C XapakTeprbiMy pasmepamn oT 2 X 2 no 4 X 4 rpaj v
NOporoRpiMd MarHaryaamm ~ 3,7 — 3,9. 3aganune maomaZiok He TpeOyeT peTanbHuX
SHAHMN CTPYKTYDPH 30HH. MOMEHTH FTYy60KO(POKYCHHX 3eMASTPACEHWH TAKOro Xe
MacwTaba MOryT OniTh CHPOTHO3UPOBAHbL 110 CERCMUMYHOCTH HUXHEN yacTH ceficModo-
KaJbHOM 30HW (A > 120 KM) npu JOCTATOUHO HECTPOroM Bbl60p6 NapaMeTpoB
HACTPONKHU.

5. TOYHOCTP NPOrHO3a MOMEHTOB BO3HUKHOBEHMS OCHOBHBIX TOJYKOB TIPU
abpaborke 14 HopmIOKORHIX [IOCIIEZOBATENBHOCTEH 3EMIIETPACEHMI IPOIHO3HONO KaTano-
ra (M ~ 6,0) B BOCBMH CNy4aqx cOCFaBuAa <1 CYT ¥ B WecTH — <24 CyT npu cpenHei
3a0NnaroBpeMEHHOCTH NpuHATHS peitedus 21,1 cyT.
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Abstract

The long-term patterns in the earthquake strain release mode (the deformation
parameter of seismic regime) in and near the Southern Sakhalin Island and in the vicinity
of the Aprelovsky fault stretched near Yuzhno-Sakhalinsk city have been investigated.

During the last 25 years since the Moneron earthquake of 1971 (M=7.2) regular
attenuation of seismic activity have been revealed. This attenuation can be approximated by
the equation which is presented in the paper. Two seismic quiescence zones with probable
occurrence of earthquakes with M ~ 5.0 or more are detected. For the Aprelovsky fault a
high probability of an earthquake with M > 4.0 in 1997-1999 is cobtained.

This paper conteins the description of practical realization of some parts of the
short-term diagnostic technique for seismic dangerous periods in real time.

Catalogues of Earthquakes

The studied region includes the territories in and around the Southern Sakhalin
Island within coordinate intervals: ¢ = 45° 48° N, r = 140° - 144°E. The seismic
dynamics of this region were investigated for three different observation periods: 1906-1996,
1961- 1992 and 1992-1997. For each of these periods we have used the sepsarate catelogues.
For the first period we have a catalogue of earthquakes with magnitudes M > 4.0 , for
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the second one - a catalogue of seismic events with M > 2.8 from The Seismological
Bulletin of the Far East publised by Institute of Marine Geology and Geophysics (IMGQ),
Yuzhno-Sakhalinsk, Russia. At present this Bulletin is issued with a large lag (about five
years).

A broad-band digital seismic station with the large dynamic range - IRIS-2 - began to
operate on June, 1992, at Yuzhno-Sakhalinsk city (Peterson, Hutt, 1989). It has ensured a
high-quality registration of the local seismic events and enabled determination of their
epicentre coordinates by evaluation of azimuth and epicentral distance ‘. The data of the
IRIS-2 station filled a gap in information on weak seismicity in the Southern Sakhalin
region for the last 5 years. This work was performed by N.V. Kraeva (IMGG). She has
prepared the detailed catalogue of shallow earthquakes for the period from June 1992 to
February 1997.

N.V. Kraeva has also explored the microseismic noise level for the seismic station
Yuzhno-Sakhalinsk. Finally, the values of magnitudes of seismic shocks, registered without
the gap, is treated in dependence of epicentral distances. It has been shown that at
distances up to 100 km all events with M > 2.6 , up to 200 km - with M > 3.2 , up to
300 km - with M > 3.5 are fixed.

Accuracy of determination of the epicentre coordinates with the IRIS-2 data basically
depends on accuracy in measuring of the parameter., because errors in estimation of
azimuth are sufficiently small, being less than approzimately =+ 2° . For epicentral
distances up to 100 km the accuracy of coordinate location is less than approximately 15
km, but for the interval 100 -200 km it raises to 20-25 km.

On the Regularities of the Long-Term Patterns of Seismic Regime

The most clear representation of the current state of seismic regime gives the plots of
the mode parameter versus time. As a parameter of mode any characteristic of seismicity
flow can be used, for instance, cumulative sum of number of shocks (N) over the chosen
level of magnitude or similar sums for the energy of earthquakes (E) and square root from
the energy (D). A close to linear time dependence characterizes the stationary (calm)
development of seismic process. In contrast, the nonlinear character of cumulative graph
indicates the nonstationary regime (lessening of a regime parameter velocity changing
shows the damping of seismicity, while the increasing of it means seismic activization).

Earlier it was suggested that the following equation of self-developing processes for the
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modelling of a nonstationary earthquake sequences (Malyshev at al., 1992):

FERVR (- R

where x is a parameter of process, and A, v,, @, A are empirical constants.

Solutions of this equation describe dynamics of seismic process in selected area well
and allow us to predict origin time of a strong event (fo) based on precedent seismicity.
Estimation of the parameter to coi.ﬁcides well with the time defined by vertical asymptote
of correspondent dependence x = f(t). This had been demonstrated in experiments on data
processing for number of earthquake sequences for three regions - Sakhalin, Kuriles and
Japan (Malyshev, Tikhonov, 1991; Malyshev at al, 1992; Tikhonov, 1993; Malyshev,
Tikhonov, 1996).

Example of data processing is given in Fig. 1 which shows the result of modelling of
the D parameter time variation for the foreshock stage of development of the Moneron
earthquake in September 5, 1971 (M = 7.2), the most strong in the Southern Sakhalin for
the last 100 years. Below we shall consider also the aftershock stage of this event.

In this paper we use this approach for interpretaton of long-term features of seismicity as
for a whole investigation region, specifically for the area of Aprelovsky fault, located at 3 -
5 km to the west of the district capital Yuzhno-Sakhalinsk.

The Southern Sakhalin region

In Fig. 2 the time variation of the D parameter during the whole observation period

since 1910 is presented. The Fig. 2 shows extremely nonuniform (step-like) release of the
cumulative elastic strain. The largest step on the graph for 1971 is due to the Moneron
earthquake of September 5, 1971 (M = 7.2), and its main foreshocks and aftershocks. About
80% of the total amount of elastic strain for the studied period had been released during
the month that followed the moment of this earthquake.
Let's consider now dynamics of seismic mode for the 1961 - 1993 period in more detail
using the catalogue of earthquakes with M > 2.8, We shall perform calculations for
seismic event (N) parameter, and for elastic strain (D) parameter hand then shall compare
them.

60 Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi



Fig.

WUCCNEAOBAHUE OBLLUMX 3AKOHOMEPHOCTEN CENCMUYHOCTU JA/IbBHEBOCTOYHOIO PETMOHA

Some Patterns in Seismic Regime Dynamics

Dy |
181.4
145.1 2
Q
£
)
108.8 2
72.5 /
36.3 —
250 640 1020 1410 1790 DAYS

Temporal variation (stepped curve) of the normalized cumulative elastic

strain (D,) within the Southern Sakhalin region ( ¢ = 45° - 48° N, A = 140° -

144°

E), released in shallow earthquakes with M2 2.8 before the Moneron
earthquake of September 5, 1971 with M=7.2 .

The D, parameter is D, normalized by the value of elastic strain, released
in the earthquake with K. = 9.0. K. 1is the energy class of earthquakes
(Soloviev and Solovieva, 1967). For transition to magnitudes the correlation
relationship K. = 1.8 M + 2.3 is used.

The observation period is from June 2 (9:59:00), 1966 to May 6
(10:47:00),1971.

Even curve is the result of modelling of the stepped curve by means of
equation (1) with the following parameters: A = 0.0113; v, = 0.0085; @ =
1.614; A = 2.0. Vertical line is the asymptote of the solution of this
equation. Vertical arrow gives the actual origin timel of the Moneron
earthquake. A deviation of the estimation from the actual origin time is

13.7 days.

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi 61



WUCCNELOBAHUE OBLMX 3AKOHOMEPHOCTEN CEMCMUYHOCTU A AJIbHEBOCTOYHOIO PETMOHA

I. N. Tikhonov
D, lu? Jlﬂ
13,71 4o s ?i.....‘...‘........._.._..:'.___
]
[ ]
10.96 1 i 1
: [ ]
8.22 ¢ ; ; faacee i
5.48 - R S ,
: . :
274 1+ Eureeoee
i i L “‘.".- i H :
: 4 » P ' ¥ $ :
gen @ ® [ r % % _} E
1910 1928 1945 1962 1979 1996 YEARS

Fig. 2. Temporal variation of the cumulative elastic strain for the Southern Sakhalin

region ( ¢ = 45° - 28° N, A = 140" - 144" E), released in shallow earthquakes
with M = 4.0 for the period from 1910 tol996.

Elastic strain is calculated using the energy class K, of earthquakes. For
transition from K; to magnitudes the correlation relationship K = 1.8 M + 2.3
is used. The main step on the plot is formed by foreshocks, main shock and
aftershocks of the 1971 Moneron earthquake.

Marks on the time axis indicate the beginnings of the years, specified under
them.

A plot for the event parameter versus time is shown in Fig. 3. This graph can be

divided into 4 intervals with the different patterns of seismic mode. The first interval
corresponds to a final stage of accumulation of elastic strain for the period between 1961
and March 1971, i.e. before Moneron earthquake; the second - to a stage of elastic strain
release in series of strong earthquakes (March 1971 - January 1975); the third - to a
stationary phase of seismic mode development (January 1975 - October 1980) and the

fourth - to a period of elastic strain accumulation before the future main shock. A similar

graph for the strain parameter is shown in Fig. 4. It relates to the period from a moment

of the strongest foreshock occurrence for Moneron earthquake (since May 6, 1971) to the
early of February 1994, It allows to specify the interpretation, based on the Fig. 3, because
the parameter D describes the physical process better than parameter N. Visual
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Fig. 3. Temporal variation of the cumulative number of the shallow earthquakes (M =
2.8) in the Southern Sakhalin for the period from January 1961 to June 1994 .
Vertical arrows separate the stages of development of seismic process,
differed significantly from each other.

examination of Fig. 4 shows that this curve displays a typical process of aftershock
attenuation after a strong earthquake. The tail of the attenuation curve is presented with
the enlarged scale for the best visualization in the inset in Fig. 4. Hence, according to
variations of parameter Dn, the seismic regime in the Southern Sakhalin had passed the
stage of permanent attenuation during more than 20 years (1971-1994). Then, it is clear
(Fig. 4) that the third and the fourth intervals do not require a special separation, as they
are parts of a single aftershock sequence curve.

Results of modelling by means of equation (1) of the part of data presented in the
inset in Fig. 4 confirm this conclusion. As mentioned above, this approach gives estimation
of the parameter t0 for main shock. Note that for the aftershock sequences, unlike for the
fereshock ones, the prediction of the main shock origin time is made in inverse time. A
vertical asymptote calculated for the curve in the inset in Fig. 4 gives a time moment close
to the origin time of the Moneron earthquake, i.e. the September 5, 1971.

Processing of the whole aftershock sequence of this earthquake from the moment of its
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Fig. 4. Temporal variation of normalized cumulative elastic strain (D.) for the
Southern Sakhalin, released in shallow earthquakes with M = 2.8 for the
period from May 6, 1971 to February 2, 1994 .

The fragment of main graph in the enlarged scale, from the moment marked by
the vertical arrow, which corresponds to the June 22, 1977 is presented in the
inset.

origin to the beginning of February, 1994, by the technique of (Malyshev at al., 1992) gives
the following model of & seismicity attenuation in the southern part of Sakhalin Island:

- o |

dD,, )1.&!5- @

dt

Processing practice for the aftershock sequences shows the possibility of different
variants of seismic mode evolution on the final stage of aftershock decreasing. The regime
may change gradually to the stationary phase of its development so that there is tilted
asymptote for a decreasing curve (i.e. the velocity of process approaches to the constant
value), or the velocity of a regime parameter change is close to zero in the phase of a deep
seismic quiescence, or the foreshock activity grows before the next strong earthquake.

In the Southern Sakhalin region the second type of an aftershock process terminating
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is observed for the period 1980-1993. In particular, since May 1981 earthquakes with M =
5.0 are not recorded here, though a recurrence of such events for this region is one event
in 4.4 years (evaluation of recurrence is made basing on data for the period 1961-1994).

The long period of gradual reducing of seismisity level has born the seismic
quiescence area (Fig. 5, second map for the period from 1981 to May 1992). The first map
in Fig. 5 (on the left), which corresponds to the earlier period, from 1961 to 1980, shows
the uniform distribution of the epicentres within the whole territory, except for a small
part, situated to the north from the latitude 47.5°. The area of the Aniva Gulf looks like a
white spot because the majority of epicenters of deep earthquakes located here are not
represented on the map. The interpretation of the third map in Fig. 5 will be given in the
following section. |

The Aprelovsky fault

Let's consider now the long-term features of seismic mode in the vicinity of a concrete
fault (Aprelovsky), located at 3 - 5 km to the west of the Yuzhno-Sakhalinsk city. It is
expected that displacements along this fault present the most danger for this city because
the fault is found in the state of compression. Another, larger fault (Tym-Poronaysky),
located at 6 - 10 km to the west of the Aprelovsky fault, includes the segment in the state
of extension in the southern part of island (Rozhdestvensky, 1976). Thus its seismic loads
for Yuzhno-Sakhalinsk city are lower than that of the Aprelovsky fault. These
considerations have made the Aprelovsky fault one of the important objects for detailed
study. The attempt to describe the monitoring of a period of seismic activity is realized
below.

Let's consider variations of the D parameter in the vicinity of the Aprelovsky fault for
the entire period of instrumental observations (Fig. 6). As for the whole region (Fig. 2),
step-like release of the cumulative elastic strain is also observed here, but the main step
was originated by the series of feeling earthquakes in 1949-1951. During this time interval
approximately 52% of the entire amount of elastic strain for the studied period had been
released.

Since 1910, 6 groups of earthquakes with M > 4,0 , containing from 1 to 10 seismic
events in the zone of the Aprelovsky fault have been observed (Fig. 7). The maximum
duration of a group does not exceed 1.5 years. Intervals between gﬁoups are (in years):
11.62; 11.34; 14.47; 12.23; 19.50; 13.23. The last period (13.23 years) relates to the
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Fig. 6. Similar to Fig. 2, for the wvicinity (up to distances * 20 km) of the
Aprelovsky fault.
Elastic strain is calculated in the same manner as for Fig. 2. The main step
on the graph is formed by 10 events with M = 4.2 - 5.5 during the period from
1949 to 1951.

date of February 1, 1997, and has not yet ended.

The estimation of an average period of the weak seismic activity ( z) in the vicinity of
this fault is 13.73 * 3.05 years. An anomalous large period (19.5 years) - from, May 1964
to November 1983 - is caused, probably, by the stress drop in series of Monerons
earthquakes in 1971 and the redistribution of stresses in the studied region. Obviously, this
series had broken a regularity of appearance of earthquake groups with M > 4.0 near the
Aprelovsky fault, though it is possible that there are other causes.

The anomalous period brings a main contribution to data dispersion. Excluding it
from consideration, finally we obtain the average interval between seismic groups 7 =
1268 * 1.28 years. Taking into account a rare recurrence of anomalous periods, we
conclude that a high probability of occurrence an earthquake with M > 4.0 in the area of
the Aprelovsky fault exists at present time. Thus the seismically dangerous period near the
Yuzhno-Sakhalinsk city has already began from viewpoints of long-term prediction.

Basing on the estimation of r it is possible to expect that the start of the next
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group of strong earthquakes will be registered in the first three years after February 1997.
In spite of the presence of deep seismic quiescence phase within the entire region, the
formation of sequence of weak seismic activity in the Aprelovsky fault area has already
began, as will be seen from the further interpretation.

The observed clustering of the strong earthquakes resembles the similar phenomenon,
noted in northwest part of the Kii Peninsula, Central Japan (Mizone et al., 1978), where
shallow earthquakes with M = 4.7 - 52 with periodicity 8-15 years also had registered.
Using the data (Mizone et al., 1978) Sidorin A. Ya. (1992) evaluates the value of the
parameter r = 11.6 * 25 years. Taking into account a similarity of seismic regime
dynamics in these regions, it is apparently reasonable to join efforts of Russian and
Japanese seismologists to elaborate a united investigation strategy for both regions (near
Wakayama city and Yuzhno-Sakhalinsk city).

Let's now come back to consideration of three shallow earthquake epicentre
distributions in the Southern Sakhalin (Fig. 5). On the second map in this figure one can
notice the beginning of forming of the second seismic quiescence area in the region of the
Tonino-Anivsky Peninsula. This area had become comparable in sizes with the first,
situated on the west shelf of island with the small land-part to the south of Kholmsk city
during the last 5 years (Fig. 5, the third map). Note that the first two maps in Fig. 5 are
corresponding to the data of regional station network, whereas the third - to the
earthquake catalogue gained with the help of the IRIS-2 system. However, it is important
that different data types give a similar distributions of seismic and aseismic areas in the
investigated territory. The seismic quiescence zones on the last map are localized
sufficiently distinctly.

If one represents event epicentres with M > 2.3 at the distance A < 60 km from
the seismic station in the more detailed map of central part of the Southern Sakhalin, a
very important fact can be revealed, namely, that the west border of the east seismic
quiescence area passes along the line of the Aprelovsky fault (Fig. 8, lower map). It is the
evidence that this fault is locked and displacements along it do not occur in the last time.
Above this, the map illustrates a situation when the fault is free. Similar locking, i.e. the
one-sided location of epicentres of seismic events to a fault position has been observed for
the Verhne-Piltunsky fault, which rupture generated the Neftegorsk earthquake of 1995
with M=7.2. (Federal system seismological..., 1995).
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Fig. 8. Two maps showing the location of the epicentres of shallow earthquakes in the
area with radius 60 km around the seismic station Yuzhno-Sakhalinsk for two
sorts of the data: for the regional network observations during the period
from January 1, 1961 to January 1, 1981 with M = 2.8 - 5.0 (upper drawing) and
similar map for events with M = 2.3 - 4.0 registered by the IRIS-2 system
during the period from June 1, 1992 to August 31, 1996 (lower drawing).

The simplified projecton of the Aprelovsky fault according to investigation
of V.K. Kuchay is shown on maps by the fat line. Black triangle shows the
position of the seismic station Yuzhno-Sakhalinsk.
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Short-term Evaluation of Seismic Mode State

Volume of the IRIS-2 station data is not sufficient for estimation of the middle-term
regime features. Well quality data records of the regional station network that fit for the
middle-term conclusions are also absent. So, we are forced to make transition to short-term
features of seismic mode, avoiding middle-term ones.

A weak seismic activity in the manner of an increasing number of earthquakes in
time precedes , as a rule, to a moment of a strong earthquake. As a result nonstationary
temporary behaviour of regime parameter is observed, i.e. the increasing in its change
velocity.

Exactly such activity of weak earthquakes had been formed near the middle of
November 1996 in the area with A < 60 km (upper graph in Fig. 9). The series of five
earthquakes with M < 3.0 at the distance A =~ 22 km from the station with the azimuths
Az ~ 320° had been registered during 15 days (since October 31, 1996)

The fact of nonstationaﬁty def)icted by cumulative plot is the first necessary
diagnostic criterion of the seismically dangerous starting period. Besides, a velocity of
changing of mode parameter is important. Experience of retrospective cumulative curve data
processing on the base of equation (1) allows to reveal the existance of critical values for
process velocity, showing that the appearance of strong earthquakes is possible. Reaching of
critical velocity values is the second necessary diagnostic criterion of alarm period start.
Moment of origin of the main shock well complies with the position of vertical asymptote
for cumulative curve, definied by the equation (1) as mentioned above. However accuracy of
evaluations greatly depends on the detail of catalogue used. So, for retrospective processing
of data from the Japanese catalogue with M > 2.0 the error appeared to be one - two
weeks (Malyshev, Tikhonov, 1996), for the Sakhalin catalogue it rises to several months.

The unsolved problem of a diagnostics is the rejection of false sequences, since not
each of them precedes the strong seismic event. Up to date this problem is solved only
partly by means of special statistical criterion (its description is not published). It is
achieved in course of a procedure of the best estimation of the parameter in equation (1).
This procedure is offered by A.[. Malyshev (Institute of Geophysics and Geochemistry,
Buasian Academy of Sciences, Ekaterinburg, Russia). Optimal evaluation corresponds to a
;naximum level of ordered set of data (lower plot in Fig. 9). The level of ordered sets of
data is the 1/RMS, where RMS is the root mean square, characterized by deviation of
actual points from modelled ones by equation (1) in normalized coordinates.
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Fig. 9. Temporal variation of the elastic strain, released in shallow earthquakes (M

72

2 2.7) in the area with the radius 60 km around the seismic station
Yuzhno-Sakhalinsk for the period from June 15991 to November 1996 (upper
drawing) and dependence of level of ordered sample of data given on the upper
drawing from arctg( a) (lower drawing), where @ is the parameter in equation

of self-developing processes.
Elastic strain is calculated in the same manner as for Fig. 2. The optimal

value of parameter arctg( g) is 66° .
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This criterion is approved on real aftershock sequences of Sakhalin, Kurile and
Japanese earthquakes. As a result, the confidential interval for the @ parameter has been
calculated, within which seismic mode achieves the seismic danger stage with probability
0.95. This is the third necessary diagnostic criterion of the beginning of the seismically
dangerous period. We assume that simultaneous fullfilment of these three criterions means
the start of alarm period.

A similar situation for the data in Fig. 9 arose near the middle of November, 1996,
when a high probability of generation of strong (M > 4.0) earthquakes in the nearest
following months developed. Therefore we have been forced to declare (but not for the
press) the beginning of the seismically dangerous period.
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Fig. 10. Similar to upper drawing in Fig. 9, for the period from October 26, 1995 to
February 13, 1997 in the area with the radius 70 km around the seismic station
Yuzhno-Sakhalinsk for the shallow earthquakes with M 2 2.3.

Elastic strain is calculated in the same manner as for Fig. 2. Pause of
quiescence corresponds to the time interval between the last event (spot) of
the sample and completion of observatoins of February 13, 1997.

Events herein after were developed as follows. The increasing of seismic a?:tivity
lasted to December 21, 1996. On December 18, 1996 an earthquake with M=3.8 had
occurred. This earthquake was felt in three inhabited points with intencities 2-3. No
seismic events with M = 2.3 within the investigated area since December 21, 1996 up to
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February 1997 (Fig. 10) have been observed. Then a pause of a quiescence began. The
larger pause in the left part of this figure is a pause of beginning of activity cycle.

Similar pauses of a quiescence with duration about 1.6 - 2 months have been noted
before many strong earthquakes of Kurile, Sakhalin and Japan regions. For example, in
Fig. 11 (upper part) a bimonthly pause of a quiescence before the series of strong
foreshocks of the Moneron earthquake 1971 with M = 7.2 is shown. The series consists of
four events with M = 6.3 - 6.1, registered on May 6, 1971. On the other hand, there are
opposite examples, when a pause of quiescence before the strong event is absent (lower
part in Fig. 11).

In view of the above consideration, the seismic regime in the Southern Sakhalin after
December 21, 1996 could develope along one of two scenarios: either with ending by strong
(M > 4.0) earthquake, or move farther to the stage of forming a new nonstationary
sequence. The following observations have shown that the second scenario is being realized
at present.

The reason for the last is a very long pause of a quiescence (more then three
months). Consequently, this pause isn’t a pause of quiescence, but a pause of beginning of
the next activity cycle. As a rule, such pauses have a duration a year or more (upper part
in Fig. 11). Then a calm development of mode takes place until the next cycle of seismic
activity is formed and above mentioned criterions are fullfiled.

Consequently, in the practice of monitoring of dangerous periods one ought to pursue
the following strategy. It is necessary to detect the possibility of dangerous period
occurrence. Then one needs to predict the origin time of main shock and to declare the
alarm period. If the main shock does not occur then one needs to trace a quiescence

pause. And finally after that one may cancel a dangerous period.

Conclusions

In the study of seismic regime dynamics in and near the Southern Sakhalin Island
and in the vicinity of the Aprelovsky fault since 1906 the following regularities have been
revealed.

The pattern of release of the elastic strain events in the interior of the Southern
Sakhalin region during 1906-1996 is extremely nonstationary: near.80% of their sum was
registered within a month from the moment of the Moneron earthquakes occurrence in

1971 (M=7.2). After this, seismic mode entered a stage of gradual attenuation in
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Fig. 11. Similar to Fig. 10 showing two sorts of the data: with pause of quiescence
(upper drawing) and without it (lower drawing).

Elastic strain is calculated in the same manner as for Fig. 2.

Upper drawing relates to shallow earthquakes with M 2 2.8 occurred within
the region of the Southern Sakhalin for the period from July 28, 1969 to May
5, 1971, Vertical arrow indicates the beginning moment of series of the most
strong foreshocks of 1971 Moneron earthquake with M=7.2. Pause of quiescence
corresponds to the time interval between the last event (spot) of the sample
and the time marked by vertical arrow.

Lower drawing relates to similar earthquakes occurred on the foreshock stage
of the Smirnih earthquake of July 28, 1979 with magnitude M= 5.6. Vertical

arrow indicates the origin time of this earthquake.

accordance with the approximate dependence, denominated by formula (2). Declination of
activity has brought about the forming of two seismic quiescence areas: on the west shelf
of island and to the east of the Aprelovsky fault stretched near Yuzhno-Sakhalinsk city.
Within this fault the quasi-regularity in starting of the phases of seismic activity is
observed for the instrumental period of observation (since 1906). Average duration of calm
intervals between nearby phases was r = 13.73 £ 3.05 years. The amount of elastic
strain, released in active periods, is extremely nonuniform. Near 52% of the total sum is
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realized during the most active period (1949-1951). A next activity phase is possible to
come in the nearest three years, because the present calm interval has lasted already more
than 13 years.

This is reinforced also by the fact of fullfilment of three criterions for possible
occurrence of dangerous period in November 1996 within the area with the radius of 60
km around the seismic station Yuzhno-Sakhalinsk. Though the most strong event in
observed sequence has magnitude M = 3.8 , whereas an event with M 2 4.0 was expected,
the presented approach allows to narrow greatly the uncertainty in diagnostics of high
probability period for a strong earthquake arising. Of course, the approach needs
improvement.

The total sum of elastic strain, released within the region of Aprelovsky fault during
1906-1996, forms only 3.6% of the cumulative amount for the whole Southern Sakhalin
region. In spite of that this fault requires an intensive monitoring of its current state.

The [R[S.'2 system can not replace a local seismic network, but in the absence of the

last it must be considered as a main instrument for seismic monitoring.
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B MPakTUKE CEHCMIYCCKOT0 paﬁouﬂpt)uzumx oT-
NENRbLHBIX TEPPUTOPUIA OCODEHHO BAXHKLI ONTOBpPE-
MCHHBIC XapaKTCPHCTHKH CCHCMUYECKOI0 pexuma
{13. Ounoit u3 Hix asisieres 33KoH yrenbepra—-Pux-
Tepa |2}, cBsi3biBarOHMi IS MapaMeTPa — MATHUTYAY
(HJIH QHEPTHIO) 3EMNCTPACEHUH i HX k0. B MOHO-
rpacun {1] 70 nmosopy 9Toro 3aKOHA CK43aHO, WTO
FIARHCHINUMA XapaKTePUCTHKAMH CeHCMUYECCKOro
PeXBMA ABIAIOTCS *38KOH” 1, COOTBETCTBEHHO, Tpa-
UK HOBTOPAECMOCTH 3eMreTpsccHul. JpPyrHe XKc
HapaMeTPbl CeREMUIECKOrO pexumMa, B 4dCTHOCTH
NPOMEKYTKH BPEMER# D); MEXY HOCIENOBATENbHbI-
MH CCHCMMYECKHMH COOBITHAMA, TIOKA HE HAILTH Ta-
KOro UIMPOKOTO NMpHMEHCHNUA. B HacTofteM coof-
WEHRHE pelb MolReT o napameTpe ;. MCTopHIO €10
HCCRENOBaHKUI MOXHO HalTa B paboTe [3].

Hamit feeTcst 3kCnepuMeRTaIbHOC COOCHOBAHUC
33KOHa HOBTOPACMOCTH 31 fapamerpa D; Ha iipume-
pe 00paBOTKH AaHHBIX ABYX KaTalOroB 3CMACTPACE-
Hal. UCHoshI0BaHHE TAKOPO 33KOH2 OTKPLIBAET, Hi
HALl B3TASf, HOBOE RANPABMEHHC PadoT B ceiicMuye-
CKOM PaliOHMPOBAHKA Hapsiay ¢ OGILenpaHaTOf Me-
TONMKOH HCCIEAOBAHME Ha OCHOBE 33XK0HA [yred-
Bepra-Puxtepa.

ITycth uMeeTcst PAN pa3HOCTENR BPEMER R O0¥arax
NOCICROBATENbHBIX 3eMneTpsceHuit (D, rae i = 1,
2, ..., m). PaccMOTPHM uKCiIO Cliysacs N, KOTHa 3Ha-
YeHus D; J0CTHTAIOT W IPEBbIIAIOT 33JaHHbIE 1O-
POroBbie YPORHH:

U{n) = € + 1o,

Flie £ B G — OLUSHKH CPERHETO ¥ CPERHCKBAfPaTHIHOTC
OTKIOHEHHS AN gaunoro psana D, n=00;0.5; ..., 9.0.
Beero ssoputes 19 yposnedt (rpapauuii): {0, ¢},
(e, £+ 0.50), (£ +0.50, £ + 1.00), ..., (2¢ + 9.00). 3o
YHCIO TPARalMi ROADRP2NOCH SMAKPUYECKH, U3 Y-
NOBHA TEPEKPHITHA QUHANA30IQ MIMCHCIHS ClTywal-
HON BenuuuHbl D;. BulGop noporos s TepMUHAX Ia-

Hucmuniym mopckoit 2602021U 1 200GUUK
Cuxaalincrk oo HEY4HOZO HeHMPd
Hanoresucmotnozo omoesenun

Poccuticrott Axadesuu nayx. f0xcno-Caxanunck

pamerpa ¢ [4] nomoraer. Ha Ham B3rAA1, J0CTHYL
GoanIet HaraHOCTH IpH CONOCTABAEHHH Pe3yNh-
TaToB 06paloTKH N0 PA3HBLIM CCHCMOAKTHRH bIM Paki-
OHaM.

HcxonaslM MatepranoM gas obpaboTiu nocTy-
XKHTH BHIGOPKH AAHHBIX U3 JBYX KaTaJOFOB 3eMIe-
Tpacerui ¢ M 2 4.0: IMA 5] 1oy paitons BocTOURCC
0-80B XOKKaHIo, XOHCH0 33 1961 . —wions 2001 r. 1
NEIC [6} 18 paiiona I0xHbIX Kypuinckix 0-BoB 3a
1962 r. — urous 2001 r. (puc. 1). Tiepras BriSopxa co-
Aepkana 9485 semucTpsceHNR C THYOHBAMY 0%4AT0B
k < 100 kM, a sropas — 578G Toykos Oe3 orpaduc-
Hui no royéune. Karanor JMA gocraroiso Hage-
KEH B TUIAHE PEACTABATCABHOCTH 3EMICTPACCHUH €
M 2 4.0 32 40-netruik neprog Habmogenlk, Karanor
NEIC. x0T ¥ OIROPOIECH, HO HEFOCTATOUHO NONOH,
YTO BHAHO U3 CPABHCHUS €70 C PCIHOHAITLHBIM KaTa-
dorom semreTpscesni Caxaanuexoit OMCII Feo-
usnteckoit cnvxOel PAH. Koropmif, k coxae-
#HK0, HEOHHOPOAEH H TIOTOMY HE HCNONb3YETes.
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Pae. 1. Ofopiasg KapTa CCHCMOAK THBRBIX PAHOHOB BOC-
TOYHEE 0-BOB XokKalifn 31 XORCK) (CATOIMNAL MHHEHS) #
HOxuBIX Kyprulbekisx 0-80B (UITPUXOBAX THHHA),
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3AKOH IMOBTOPAEMOCTH OTPE3KOB BPEMEHHU

Ha puc. 2 mokasasbl pe3synbTaThl IOCTPOCHHA KY-
MYJATHBHBIX TPathMKOB NMOBTOPSEMOCTH HHTCpBa-
noB D; qnd fnonun u Kxuwix Kypuia. B xauecrse
PErPECCHOHHOTO COOTHOIICHHS HCIONb3YCTCA JH-
HeliHas 3aBHCHMOCTD

IlgN = A+ Bn,

rae N(n) = YUCITIO MHTEPBANOB BPEMEHH, IHTCIb-
HOCTBH KOTOPBIX LOCTUIACT MK MPEBBIIACT MOPOro-
Bbli yposelb U(n) = € + nd B cyrkax, A u B - xoacp-
(puMEHTHI TMHEHHON ANNPOKCHMAT[HH.

OTMeTHM HeoOBIMHO TEecHY sl reodpusnuec-
KHX JaHHBIX CBS3b MCXJY napametpamu N(n) u n
(unn U(n)). Koauime T Koppensuuy ans perpec-
cau mo karanory JMA r; = 0.9995, a no xaranory
NEIC r, = 0.9937. 3naucHus Koahduuuentos an-
MPOKCHMalNK OKa3ajiuCh paBHBIME: A| = 3.452; B, =
= —().380 nnst Anowuu u A, = 2,977, B, = -0.265 uns
I0xup1x Kypn.

Bonbmne OTKIOHEHHS (OTCKOKH) OTCUETOB (hak-
THYCCKUX JMaHHbIX OT PErPECCHOHHON KpHBOM Ha
KoHuax rpacpuxa no karanory NEIC cusieTenbCTBY-
0T O HEMOTHOTE 3TOI'0 KAaT4J10ra PH HUXKHEM YPOB-
ne maruutyn M = 4.0. Takum o0pasom, 11OIYTHO Mb
NOMY4aEM HOBbIH ClIOCO0 NPOBEPKH TIPEACTABHTE I b-
HOCTM COOBITHI B KaTajnore Hapsjly ¢ H3BCCTHBIM
cmoco6oM Ha OCHOBE 3aKOHA MOBTOPSAEMOCTH MarHu-
TY/L 3eMICTPACEHHUIH.

H3BecTHO, YTO pacnpene/leHHC IKCICPHMEHTAllb-
HBIX JIAHHBIX THIIA OTPE3KOB BPEMEHU MEXAY IIOCNC-
NOBATCNLHLIMH HACTYIUICHHSAMH PEIKAX HE3aBHCH-
MbIX cOOLITHH OOBIYHO COTTacyeTcs ¢ 9KCIOHEHLH-
aNbHBIM (MOKa3aTesIbHbIM) 3aKOHOM pacrpefie/ieHus
C IINMTOTHOCTBLE) BEPOATHOCTH

p(x) = hexp(=A1) .

TTosToMy BO3HHKAET E€CTECTBEHHBLI BONpOC: HE
OOyCIOBNCHA 1M TecHas KOPPCNAUMOHHAS CRs3b
Mexay napamerpamu N(n) u n (uimu U(n)) TeM. 4TO
OHa OMpENEsIeTCs 3THM 3aKOHOM?

JInst oTBeTA HA ITOT BONPOC CPABHMM KyMYJISITHB-
HbI€ BCPOSTHOCTH, OTBEYAOLIME [OKA3ATEILHOMY

3aKOHY 114 napameTpa A = é (A, = 0.6415 cyr! ans

karanora JMA u Ay = 0.4014 cyr™' pust karanora
NEIC), ¢ cooTBeTCTBYKOIUMH KYMYJISTHBHLIMHA Be-
POSTHOCTAMH [Nl IMOUPHYCCKUX pacTpefeneHHtil.
TTp# 3TOM BOCHO/IB3YEMCS CTATUCTHYECKHM KPHTE-
puem x* Ilupcosa. PacyeT ONEHOK KyMYJsTHBHBIX
BEPOATHOCTEN cenaemM no (opMyne Ans CpefHero
3HAYEHHUs! YACTOThI j-rO 3HAYEHUS IMIMPHYECKOTO
pacnpegcienns [7, c. 66]

| | -
0 2 4 6 8 10

Puc. 2. Kymyastuibie rpachHKH TOBTOPSEMOCTH HHTEP-
BanoB D; B npefie1ax AnoHckoro (karanor IMA) u roxuo-

Kypunesckoro (katanor NEIC) pailoHOB B 3aBHCHMOCTH
or napamerpa 1. [IpAMbIe Tuaux Ha rpadukax oTBEYAIOT
THHCTHOH Perpeccuu.
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Puc. 3. 3aBHCHMOCTb OT BPEMEHH OLEHOK KyMyNATHB-
HBIX BEPOATHOCTEH IMIHUPHYCCKOTO (Pyypyp) M 3KCTIO-

HEHLHANBHOTO (P o,) pacnpenencHnit naTepeanos D;
OCHOBHBIX TOIUKOB 110 Katanory IMA. P, ..., paccuura-

HbI s napaMetpa A = 0.2703 cyr™.

10 1IapaMeTpy 1, Iae f — BpeMs (B CyTKax) MeXpy Ha:
CTYTIIEHUSIMH NOCTIEIOBATEIIBHBIX CEHCMHUYECKHX CO-
OBITHIA,

B pesynbrate Takoit 06paboTKi OblNK NONYYEHb
3HAYCHHUS CTATUCTHKM )%, 3HAYUTENILHO NPEBBIINALO-
11{He KPHTHYECKHKE 1719 ypoBHSA 3Hauumoctr 0.01. Ta-
KHM 00pa3oM, Ha0IlOfaeTci HecornacoBAHHOCTE
KaXIO0T0 U3 3IMIUPHYECKUX pachpefiesienuii ¢ cooT-
BETCTBYIOLUHM 3KCIOHEHIIHANBHBIM 10 060HM KaTa-
Joram. 3TOT BbIBOJ MOATBEPMACS U TEM, UTO pac-
npefieNeAde YHCHa 3eMIIETPACEHHH B BbIGOpKE H:
Katanora JMA po cyTO4YHBIM HHTEpBaNaM He cOOT-
BETCTBOBANO pacnpefieneHuto IlyaccoHa IpH TOM Xe
VPOBHE 3HAYHMOCTH.

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi 79



WUCCNELOBAHUE OBLMX 3AKOHOMEPHOCTEN CEMCMUYHOCTU A AJIbHEBOCTOYHOIO PETMOHA

TUXOHOB

Ta6aumna 1. TToBTOpsieMOCTs MHTEPBANOB D, 11151 paOHa BOCTOYHEE 0-BOB XOKKaiio 1 XoHco (katanor JIMA)

M240 h<100 kM

M 25.0,h=100 km

o oty
- 3 o 37.0 cnyyacs B m,q' 10 1 15.4 cnyuacs B rog
6 10.8 cnyyacs B rop, 20 6.9 ciyyacs B rof
9 3.2 cyyacs B roj 30 3.1 cy4acs B rop
12 | cmyuait 3a 1.1 roga 40 1.4 ciiyyaes B ron
15 1 cnyuait 3a 3.7 roma 50 | cyyvait 3a 1.6 ropa

Tenepb OCTAacTCs NPOBEPHTL NPEHIONOKEHUE O
TOM, He OOYC/IOBIIEH NN TMONYYEeHHBIA pe3ynbTaT He-
T0JIb30BAHHEM BCEX JIaHHLIX KaTanoros, Oes yjane-
Hust adrrepuuokos. ITosToMy Hamu ObLiia OCyIIIECTBIIE-
Ha Ipouejlypa “UHCTKM  KaTajoroB OT adTepuiokos.
Ynanenue aTepmwokoB M3 KaTajloroB OCYLIECTBIs-
JOCH € TIOMOLIBI0 IPOCTPAHCTBEHHO-BPEMEHHBIX
OKOH, BBIOpaHHbIX cornacHo [8]. Ilanee BLIGOPKH H3
KaTaJIOrOB OCHOBHBIX TOMYKOB OBUIH IMOJBEPIHYTHI
TOM K¢ 00paboTKe M MPOBEPKC HA COrNACOBAHHOCTD
pacnipepenenuii. B urore pis katanora JIMA snauenne
cratuctiki [IMpcoHa He TIPEBHICHIO KPHUTHYECKUI
YpOBCHb, oTBeMatonuil yposHio suauyumocTh 0.01. Xo-
poliiasi COTNACOBAHHOCTh PACTIPE/IC/ICHHI BUHA TaK-
K€ Ha puc. 3. AHANOrMYHOE COrJIache ¢ NMyacCOHOB-
CKHM 3aKOHOM Ha TOM e YPOBHE 3Ha4HMOCTH ObIIO
TMONYYECHO W Jisi PacTpeieNlenns YMcia OCHOBHBIX
TONYKOB B Kartanore JMA 1o 5-cyTouBLIM HHTEPBa-
naM. [Ing karanora ke NEIC cratuctuka [Tupcona
TMPeBbICHIA KPUTHYECKHI YPOBeHb 3HaunmocTH 0.01,
4TO, BO3MOXKHO, TTPON30LIIO H3-3a €70 HEMOMHOTDL.

To, 9T MpejIaraeMblil HAMH 3aKOH “paboTact”
Oe3 npuMeHeHus CyGbeKTUBHON NPOIIEAyPh] OUMLIE-
HHSl KaTafiora OT aQyrepiioKoB, ABASETCS AONOIHM-
TENBHBIM ero AOCTOMHCTBOM. B Tabn. 1 B kauecrne
npuMepa MPUBEIEHbI HEKOTOPhIC OLEHKH MOBTOPSIE-
MOCTH MHTEPBANoOB BpeMeHU D); B paiioHe fAnounu
nnd TonukoB c M2 4.0u M 2 5.0. [Ina katanora NEIC

BBH/Y HENOJHOTLI IO NOJO0HbIE OUEHKH HE IIPHBO-
psresi. 3aKOH TIOBTOPSEMOCTH OTPE3KOB BpeMeHH D;
HAMJET, M0 HAlIeMY MHEHUIO, LIUPOKOE NMPUMEHEHNE
B 00J14CTH CEACMHYECKOr0 PallOHMPOBAHNS B APYTUX
3ajja4ax celicMonoruy.
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HEJIElHEﬁHLIE 3AKOHOMEPHOCTH PA3BUTHUS
CEMCMHUYECKOI'O IMTPOLECCA BO BPEMEHU

© 2007 r. A.H. Maasiues', U, H, Tuxonos?
THnemumym 2e0n02uu u 2e0xumun YpQ PAH, 2. Examepunoypz
2Hncmumym sopcroti 2e0a02uu u zeodpusuxu JJBO PAH, 2. I0xcno-Caxaaunck
IMocrynuia B pegakuuio 17.02.2004 r.

Naunas padora npecTaBasceT coGoi ONPCICICHHBIN 3TAM B HCCIACAOBAHUAX MO BBISBICHHIO H H3YUYCHHIO
IHHAMHAKH Pa3BUTHA CCHCMHYUCCKOTO NMPOICCCa ¢ ICbI) OLICHKH NICPCICKTHE H pa3paloTKH pCKOMCH/AIMIT
[ MPOTHO3a CHABHEHIIMX 3emicTpaccHuil. PaGora ocHOBbIBACTCA HAa MCMONb30BAHHH B KauecTBE an-
MPOKCHMALHOHHOMH MOJICIH HeHHeHHOro AuddepeHIHaNbHOrO YpaBHCHIS BTOPOTO MOPSA/KA, TaK Ha3bl-
BACMOTO YPABHCHHUS HHAMHKH CAMOPa3BHBAIOLIMXCA mpoleccoB. B xofie neeneqosanuii ObUTH MpOaHaIu3H-
pOBaHbI IaHHEBIE 9 celiCMMYECKHUX KaTaJIOrOR, BKIIOUAIOIINX CBeficHHA Donee ueM o 1.5 MITH 3eMIeTpACeHHIL.
B xofie annpoKcMMalOHHOTO MOJETHPOBAHNS H3Y1aI0Ch TOBEJICHHE BO BPEMEHH TPEX NapaMeTpoOB, Xapak-
TEPH3YIOLHUX PA3BHTHE CEHCMUYECKOro Mpoliecca: KOAHYECTBA CeHCMUYECKHX COOBITHI, BETHYMHbI Ha-
KOMJICHHBIX YCIOBHBIX iechopMaliiii M cyMMapHOil sHepriu semaeTpscenuit. [To aTuM napaMeTpam BbIAB-
NeHO B 00LIeH CIOXKHOCTH CBBILLIE 17 THICAY XOPOIIO BLIPAKCHHBIX CEHCMHYECKHX MOCNEN0BATENBHOCTEH
aKTHBH3AUMH M 3aTyXaHus. JlaHHbIE MOCNEI0BATEIBHOCTH BKIIOYAIOT B ce0s 0komo 38.5% ot obujero uncna
3eMIETPACEHNH B MCCNE0BaHHbIX KaTanorax. OcraBlunecs 3eMAeTpsiceHns BXOAAT B COCTAB MOC/IEf0Ba-
TEIBHOCTEH CTAMOHAPHOTO Pa3BuTHs (B BUE (POHOBOIH CCHCMHYHOCTH H POSB 3EMICTPACCHHI ), a TAKXKE CO-
CTABJSIIOT IJTOXO BEIPAXKCHHBIE MOCIEAOBATEILHOCTH aKTHBH3AIMH U 3aTyXaHus. Hamiuaue ycToiinBeIxX 3a-
KOHOMEPHOCTEI HENTMHEIMHOrO pa3BHTHA CEHCMUYECKOTO MPOLECCa BO BPEMEHH ie/acT IIPUHIMIHAIBHO BO3-
MOXHBIM TPOrHO3 ceicMideckoro npouecca. OpHAKO JUIsl NMPAMOro HPAKTHYECKOro HMCHOJNbL30BaHHS

BBIABJICHHBIX SHKUHU.\‘ICPHOC'I'CI:’I HEOOXOIUMbI JIONOJIHHTENbHBIE MCCIIEIOBAHM.

PACS: 91.30.Bi

BBEJEHME

C konna XIX B. npeinpuHAMAalOTCs NOMBITKH BbI-
ABJICHHS 3IMIHPHYCCKUX 3aKOHOMCPHOCTCH, KOTO-
PBIM IONYHHACTCA Pa3BUTHE (POPILOKOBLIX H adhTep-
IIOKOBBIX TIOCTEOBATENLHOCTEH Pa3pyHIHTENLHBIX
zemneTpsicenui [Benioff, 1951; Huang, 1998; Kagan,
1994; Kisslinger, 1991; Mogi, 1990; Omori, 1984; Sor-
nette, 1999; Utsu, 1957]. B panuoii padote npepnpu-
HAMAETCS MOTBITKA BBIABHTH HanOoee o01IHe 3aK0-
HOMEPHOCTH Pa3BHTHS CEACMHYECKOTO IPOLECCa BO
BpeMend. IIpn 3ToM caM ceficMHYecKHil mpoliece
paccMaTpHBAETCH KaK €HHOE LEN0e, H [IO3TOMY OT-
nagaeT HeoOXONUMOCTh B KECTKOM pasrpaHHYECHHA
3eMIIETPSICEHUH Ha II1aBHbIE TOMYKH, (POPILOKH, adh-
TEPLIOKH, POEBbIE NOCNENOBATENLHOCTH H (POHOBYIO
CeHCMUYHOCTE. B TO XKe BpeMd BO3HUKAET HEOOXO0NH-
MOCTb BbIJIeJIEHHs TPeX CTajlil pa3BUTHA Mpolecca,
KOTOPbIE BBIPAXKAKOTCS B COOTBETCTBYFOIIMX ceil-
CMHYECKHX TIOCNEIOBATENLHOCTSX aKTHBH3AIlHH, 3a-
TYXaHUS W CTAlHOHAPHOTO Pa3BUTHA. AHalNHTHYC-
CKH 3TO pasfe/eHHe MOXHO OIHCATh CIACHYIOLIHM
obpasoM. I1ycTb uMeeTcd HEKHH IapaMeTp X, Xapak-
TEPH3YIOILMI Pa3BHTHE CEHCMIYIECKOTO MPOLIECCa BO
BpeMeHH. B KkauecTBe 3TOro napamMeTpa MOXKET pac-
CMaTpHBAThLCA KOJHYECTBO TONYKOB, HX CyMMapHas
9HEeprHs H T.0. B KauecTBe ypOBHS aKTUBHOCTH ceil-
CMHYECKOTO MpOLEcca MO JaHHOMY ITapaMeTpy pac-

CMATPHBAETCA €ro NepBask MPOU3BOIHAS BO BPEMCHH
dx/dt. B cBSI3H ¢ 9THM TOJ TOCTe0BATENLHOCTAMH
aKTHBM3AI[MH TMOHHMAIOTCS TaKHE MOCICAOBATEIb-
HOCTH, 1151 KOTOPBIX BTOpPasi IIPOH3BOJHAN paccMar-
PHBaEMOTO Mpollecca MONOXHUTENBHA, T.e. BHITONHS-
eTest cooTHoleHne dEx/de > 0. 3T0o, B CBOIO ouepefpb,
COOTBETCTBYET TPEOOBAHHIO OCTOSHHOTO Hapacra-
HHS BO BpEMEHH CKOPOCTH H3MEHEHHs paccMaTpHBa-
€MOro 1apaMeTpd, YTo cOOCTBEHHO M COOTBETCTBYET
NPOIlecCy aKTHBH3ALMH. TeM caMbIM BbIIEPHBEEH-
HOEe HepaBeHCTBO MOXKHO paccMaTpuBaTh Kak MaTeMa-
THYUCCKHI1 3KBHBAMCHT TCPMHUHa “akTHBH3auys . Coot-
BETCTBEHHO, MATEMATHUECKHM IKBHUBANICHTOM TEPMH-
Ha “3aTyxaHue” SIBNSETCS HepaBeHCTBO Px/df < 0,
NpelyCMaTpPHBAOIIEe MOCTOSHCTBO CHHXKCHHUS AaK-
THBHOCTH CEHCMUYECKOr0 IIpolecca o JaHHOMY I1a-
paMcTpy. M, HaKOHCII, MATCMATHYCCKAM 3KBHBAJICH-
TOM TEPMHHA “‘CTALMOHAPHOE Pa3BHTHE” SABISACTCA
cooTHomenne ¢*x/df = 0, onpeensioiiee HEKOTO-
poe MOCTOSHCTBO BO BPEMEHH VPOBHS aKTHBHOCTH
10 paccMaTPHBAEMOMY NIAPaMETPY.

YKasaHHblll KpHTepHil pasfieleHHs MocliejoBa-
TETLHOCTEH NPECTABNACTCS BIIOJHE ECTECTBEHHBIM,
O[IHAKO TIPSIMOE €ro MCIONB30BAHHE NPAKTHYESCKH
HEBO3MOXKHO. [le1o B TOM, UTO MPOJIOMKUTENLHOCTh
€THHHYHOTO 3eMIIETPACCHHS BO BPEMEHH, Kak Ipa-
BHJIO, YPE3BBIYAIHO Maja [0 CPAaBHEHHIO C HHTEPBA-
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MAJIBIIIEB, THXOHOB

JIaMH BpEMEHH MEXKY 3EMIIETPACCHHAMMH. HOBTOM}"
H3MeHenHe J1060T0 mapaMeTpa, XapaKTepu3ylolle-
ro pasBUTHE CEHCMHYECKOrO Mpoliecca, ec/ii UCIob-
30BaTb pPaBHOMCPHYI) BpPCMCHHYH) LIKaJy, 5)’1101"
NMPOUCXOJIUTDH JHCKPETHO BO BPEMCHH. Touno Takxke
30HbI THTOC(EPBI, OTBETCTBEHHBIE 32 3aPOXK/ICHHE H
pasBUTHE PANOBLIX TOJYKOB B IOCICOBATC/IBHO-
CTAX, MOTYT paspaeasaThCa MEXTY co0oil 3HAYUTEb-
HBIMH PACCTOAHHAMMN. bonee TOro, 111 KPYIHLIX pe-
I'MOHOB BIIOJHE O0bIYHA CHTYaLUs, Korja ceficMuue-
CKHI TIpOLiecC B Pa3HbIX YacTIX perHoHa NpoTeKaeT
ACHHXPOHHO.

Takum o0pa3oM, TPH OMHCAHMH CellCMHYECKHX
MocneIoRATENLHOCTEN MBI HIMEEM JIETIO C BPEMEHHBI-
MU PSIaMH COOBITHI, IUCKPETHBIX B IPOCTPAHCTRE U
BO BpEeMeHH. DTO MPHBOJHUT K HEOOXOIHMOCTH Bbl-
UHCIIEHHS MPOH3BOJHBIX MO PsiaM HaOMIONEHHBIX
JaHHbIX. Bo3HuKarouue npu aToM npodiemsl 4acTo
MBITAIOTCS] 00OMTH 33 CUET UCIOIL30BAHHS Pa3IHy-
HBIX HHTCPBAJIOB OCPEHCHHUS, YTO, B CBOIO OUYEPEb,
NPHBOAHT K MOSIBACHHUIO CYIICCTBEHHBIX MOrPCUIHO-
creil 3a CYET NPOH3BOIbHOCTH B BbIOOPE 3THX HHTEP-
BaJIOB.

Bnonue ecrecTBeHHO, 4TO NOTPELIHOCTH ARG Pe-
PCHIMPOBAHHS ¢ HCIIOJIBL30BAaHUCM OCPCIHCHHSA CTa-
HOBSATCS TCM CYLLIECTBEHHEE, YCM XY2KE HCCIEyeMblil
Y4acTOK BPEMEHHOTO psijla anmpOKCHMHPYETCs JIi-
HEHHO¥ 3aBHCHMOCTBIO. B KOHTEKCTE Hatlero pasjie-
JICHUs CEAICMHYECKHX TOCIIE/LOBATENLHOCTEN Ha TPHU
3Tana pa3BUTHs CeficMUYecKoro npolecca MeTO/IMKa
mucepeHIpoBaHNsT IMCKPETHBIX BPEMEHHBIX Psi-
JIOB ¢ MCTIOTTL30BAHHEM OCPEIHEHHs Hanbomee pHMe-
HHIMA K [IOCE/JOBATEIbHOCTSM CTallHOHAPHOIO Pa3BH-
THS, KOTOPBIE XapaKTePU3YIOTCS OIM3KHM K JIMHEHHO-
MY XapakTepoM H3MEHEHHs HCCIIElyeMOro napaMeTpa
BO BPEMEHH.

W3gectHO [CreukuH, 1976], uTo yMeHbLIEHHE OLIH-
OOK BbIYHCIICHHS YHCTIEHHBIMH METOJIAMH Pa3HOCTHBIX
AHAIIOTOB TIPOM3BOJIHLIX OCTHIAETCS HA aNNpPOKCH-
MALHOHHBIX KOHCTPYKIHAX, OTPaXKalolHX paccmar-
puBaembiil husiaeckuii npouece. [Ipenoxkennas Ha-
MH omucaTelbHasd ((PeHOMEHONOTHYECcKas) MOJlelb
npolecca H3J10KeHa HIXKeE,

AIIMMPOKCUMALIMOHHAS MOJEIb

B pazeutun MHOrHX (pOpLIOKOBBIX H a(pTepIIOKO-
BBIX ITOCTIEIOBATENLHOCTEN MPOCTEKHBAIOTC ITPH3HA-
KH caMopasBHBaroliuxcs nmpoueccos. ITog camopas-
BUBAIOLUMHCS aBTOPbI NOHUMAIOT TaKHE TPOLECCHI,
NpH NPOTEKAHHH KOTOPBIX M3MEHEHHE COCTOSHHs
COOTBETCTBYIOIIMX CHCTEM ONPEACHACTCS TCKYLIMM

HX COCTOHHHEM] . B yacrnocru, noj aTo onpeacncHue

!B oramume 0T TepMOIMHAMIECKOIt TPAKTOBKH NPOLECCOB Ca-
moopraumsanyn o I'. Huxonmey n W. Tlpuroxumy [1979], ato
ONpPE/ICICHHE  SABIACTCA NPUMHTHBHO OIHCATENIbHBIM H HE
npelycMaTPHBAET KaKuX-THOO NPenonoKenHii o (pusnueckoi
CYTH NMPOTEKAKIHX TTPOHECCOR.

MOMAJJAl0T MPOLECChl, /s KOTOPBIX H3MeHeHHe
YPOBHS AKTHBHOCTH 3aBHCHT OT €€ TEKYILEro YpoB-
Hsl, T.€. BbIMONMHSIETCs 3aBucuMocth dx/df = Fdx/de).
Panee 6bL10 nokazano [Manbiues, 1991], uro atomy
ONPEJIENIEHHI) CAMOPA3BUTHS COOTBETCTBYET, B 4acT-
HOCTH, XOpOIIO M3BECTHAs 3MIUpHYECKas 3aBHCH-
MocTh OMOpH st uKcria aTepPIIOKOBBIX TOMUYKOR.
Toryia e 3Ta u psiji IOTOOHBIX il IMITHPHUECKUX 3a-
KOHOMEPHOCTEH pa3BUTHs (POPIIOKOBOTO H adrep-
LIOKOBOT'O MPOLieccoB ObLITH 0000IEHb B BH/IE HETH-
HelHoro g depeHHanTbLHOr0 ypaBHeHHsT BTOPOro
nopsfKa.

BriocneicTBHE 3TO ypaBHeHHe GbLTO MOAH(HIIH-
posano [Mainsimes, 2000] u cefiuac UCTIONBL3YETCS B
BHUJIE!

I

3pech mapameTp X — nobast HeyObIBarOLIas KOJIH-
YECTBEHHAs XapaKTEPHCTHKA, OTpaXaiouas pasBu-
THE TIporecca; k — Koa(h(HUIMEHT TPONOPIHOHAT -
HOCTH, a TIOKa3aTeNll CTeNeH! A U 0L ONIPEJIelISIOT He-
JIUHEHHOCTH pa3BUTHA npolecca. Kak MOXHO BHAETD,
9TO YpaBHEHHUE TOMHOCTLIO COOTBETCTBYET chopMy-
JIMPOBAHHOMY BbI1lIe KPHTEPHIO CAMOPA3BUTHS.

OMuupuyeckoe 000CHOBAHUE BbILIEIPUBEECHHO-
ro ypaBHEHHS MOXKET ObITh IETKO Mony4yeHo [Manbi-
ien, 1992] B pesynwrare IByKpaTHOTO fudhhepeHtu-
POBaHNS BPEMEHHBIX PSIOB 3eMIETPSICEHHI 1 TIOCTIefY-
FOIIEro MOCTPOEHUS 3MITMPHYECKON 3aBHCHMOCTH
dx/df = Fldx/df). Ha puc. 1 moka3aH THIHYHbII BH]|
9TON 3aBHCUMOCTH, [IJ11 Hee XapaKTepHO HaJHuHe
JIBYX acHMINITOT — HAKJIOHHOMN 1 BepTHKaIbLHOH. Bep-
THKaJIbHAst aCHMIITOTA COOTBETCTBYET CKOPOCTH pas3-
BHTHSI IPOIICCCa B CTAMOHAPHOM COCTOSIHMH, TOT/Ia
KaK HaK/JIOHHas — B3aHMO3aBHCHMOCTH MEXIY CKO-
POCTBIO U YCKOPEHHEM Pa3BHTHUS IpoLiecca IpH 3Ha-
UMTEJIbHBIX OTKIIOHEHHSIX OT CTALHOHAPHOIO COCTO-
sund. Koapduuuent k onpegenser cMelieHue Ha-
KITOHHO# acHMITOTHI, MOKa3aTelb CTENeHH o — ee
TAHTEeHC YI/Ia HAKJIOHa, TOTJa Kak MoKa3arelb cre-
TIEHH A OTpefieisieT KpUBH3HY 3aBUCHMOCTH B PaiioHe
CONPsKEHUs acHMNOTOT. HpyruMu cloBaMu, Koad-
(puumenT k1 nokazaTelnb CTENEHHU OL ONPEJEIOT He-
JIMHEHHOCTH Pa3sBUTHS CEIICMHUECKOTO Tpoliecca Ha
3HAaYMTEILHOM YaNeHHH OT COCTOsANMs cTalMoHap-
HOTO Pa3BHTHA B CTOPOHY YBEJIHUYCHUA aKTHBHOCTH
((dx/dt) > (dx/df),), a noka3aTelb A — B €r0 OKpecT-
HocTax ((dx/dl) = (dx/di)y).

B oTimume ot mMpoKo pacnpocTpaHeHHOTo Mojl-
XOf1a, COTJIACHO KOTOPOMY ITOBEJICHHE CHCTEM paccMar-
PHBAETCA NIPH MAJIBIX OTKJIOHEHUAX OT CTALOHAPHOTO
COCTOSTHUS (CM., Harpumep, [AHgponoB, 1959; [epiy-
HH, 1972]), u3yueHne 3aKOHOMEPHOCTEH CeHCMHYe-
CKOTO peKHMa MPEeAMOYTHTEIbHO HaYaTh C HCCIENO-
BaHUI JMHAMHMKH 3HAYHTENBHBIX OTKIOHEHHMH Tpo-
lecca OT CTalMOHAPHOTo cocTosinust, Kak u3secrHo,
BCIIJIECKH CEHCMUYECKON aKTHBHOCTH NPEJICTABJISIOT
co0O0if 3HAUUTeIbHbIE OTKIIOHEHUS CEHCMHYHOCTH OT

Fx/df = K(dx/de) —(dwdey"".
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HENMHEUHBIE 3AKOHOMEPHOCTH PA3BUTUS

(hOHOBOTO YPOBHS, A CIEIOBATETLHO COOTBETCTBYIOT
cnyuvato (dx/dt) > (dx/df),. Ilpn aToM ypaBHenue (1)
ynpolaeTcs 1o Bujia

d x/df = k(dx/do)”. )

Ypasuenue (2) B pannoit pabore paccMaTpuBa-
eTcsl B KauyecTBE aNnmnpoKCHMAlMOHHOH MaTeMaTi-
4ecKoil Mofienu. BoisiBicHHE HeCTalHOHAPHBIX CCil-
CMHYECKHX MOCIIE[OBATEILHOCTEH H UX aNpPOKCH-
Mal[HOHHOE MOJIE/INPOBaHAE YpaBHEHHEM (2) bl
BBITNIOJIHEHBI B [IBA 3Tara, KOTOPBIE COOTBETCTBYIOT
ABYM NPHOMIZKEHHSIM B PELICHUH NOCTABICHHON 3a/1a-
yn. Ha mepBoM 3Tane ObLT BBINOJHEH aHANH3 psjia
CEHICMHYECKHX KaTanoros (CM. HHKE) Ha IPEJIMET Ha-
JUYHS  HECTALMOHAPHBIX  MOCIEA0BATENBHOCTEH,
NIPOSBJIAOIIUXCSA B CYMMAapPHOM KOJIMYECTBE CEHCMA-
yecKuX TOmukoB N, ycnoHbiX fAecopmaumsx D u
cyMMapHoit sHepruu semnetpscenuit E. Habop cra-
THCTHKH MO3BOJIAI ONPEIENNTD IHana3od Hanbonee
BEPOSTHBIX 3HAYEHUIl 1IOKa3aTe/s HEJIMHEAHOCTH O,
KOTOPBIl HAWTY4LIHM O0pa3oM COOTBETCTBYET Bbl-
SIBJICHHBIM 1OC/EoBaTellbHocTsIM. Ha Bropom ara-
1e HeeefloBaHnil aHaius Obl IIOBTOPEH € yBEJIHYe-
HUEM NPeJIeNIbHOrO pasMepa NnocnefloBaTe1bHOCTei.
ITpi 3TOM 3a OCHOBY ObLIH NIPHHSTBHI MOCIENOBA-
TEJILHOCTH, BbIABJICHHbIE HA IEPBOM 3Tane. JTo 103-
BOJIMJIO JIONOJHUTEILHO BbISBHTL Haubosee Kpym-
HbIE CECMUYECKHE MOCIeJOBATENLHOCTH H BHIBECTH
W3 pPacCMOTPEHNS PSJl PaHee BISBIEHHBIX TIOCITENO-
BaTelbHOCTEH, OKasaBlIMxcs (hparmeHtamu Oolee
KPYNHBIX mocnefiopaTenbHocTell. B KoHeyHOM cye-
Te, Ha BTOPOM 3Tane HCCIeIoBaHHi GBUIO BBINOJHE-
HO yTOUHEHHe 3HAueHuli MoKa3aTens HeJIMHeHOCTH
. B cBOI0 04epe/ib 3TO 1710 BO3MOXHOCTh B IIEPBOM
TIPHOJIIKEHHH  ONPEJIENINTh Haubonee BeposITHBIE
3HaUeHHs KO3(GUIUEHTa HEJIMHEHHOCTH k M olle-
HUTL BO3MOXKHBIf [JHana3oH BapHalUWil ero 3Have-
HUi.

MCXO/JJHBIM MATEPUAII

B xone paboTbl ObLIH UCIIONB30BaHbI JAHHBIE CllE-
AYIOLIHX CECMHYECKHMX KaTaI0T0B: SIOHCKOTO Perto-

.
HaspHOro Katanora (JMA)®, BeemupHoro xaranora

I'eonornueckoii cnyxos1 CLIA (PDE)3, peruoHanb-
HOI'O KaTajiora BOCTOUHBIX, IEHTPAIbHBIX H TOPHBIX

wraros CIIA (SRA)?, Kamuarckoro (Kam)‘*, Ty-
pelkoro (ISK)’, Kanapckoro (EPB)’, Kanucpophuii-
ckoro (CDMG)’, I0xxnoamepukarckoro (SISRA) u
Unjmitckoro pernonanbabix Karajioros (India)’. Te-

2 .

“ IMpepocrasnen M.H. Tuxonorsim B pamkax coemecTHoilt paGo-
o1 ¢ UMI'ul’ [IBO PAH.

3
CpoDOIHO IOCTYNEH H HEMPEPLIBHO 00HOBNsAETCS B MnTepHeTe

4 IMpenocrasnen Kamuarckoii OMCIT B pamkax jorosopa o
HTC mexny UI'T ¥pO PAH n KOMCIT ot 2000 r.

5 CroGopuo gocrynes B Murepuere.

2

o+

In|2f

a‘r2

BCpTIIKaJ‘]bHZ‘Iﬂ ACHMIOTOTA

Puc. 1. Tunnuneni pesyasraT 00pabOTKH JaHHBIX (crmna-
KHBaHNE W nocnefylomee nudppepennnposanine) yncna
TOMYKOB B apTepILOKOBOIl nocnefaoBare/bHoCTH [Ma-
neiies, 1992]. N — cymMMapHOC KOMHYCCTBO CCHCMMYC-
CKHX TOJTYKOB.

peuHciieHHble KaTajoru (tabi. 1) BKIOYarT faH-
Hble 0 Oojee ueM 1.5 MIIH celicMHYEeCKHMX COOBITHIL.

METOIMKA UCCIEJOBAHUI

B oTnudme ot ypaBHeHus (1), peuicHust KOTOPoro
B 00LIeM cliyyae He Mpe/ICTaBUMbI B SBHOM BHJIE H
TpeOYIOT YHCIEHHOTO HHTErPHPOBAHMS, YPaBHECHHE
(2) nerko peiaercs ananutadecki. [pn ov# 1w o # 2

x = X, + [k(o—1)(T,- 01" [k - )], 3)

e 3HaucHuA X, H I, COOTBETCTBYIOT TOPH3OHTAIb-
HOIl 1 BEPTHKAILHOH aCHMITOTAM 3aBHCHMOCTH 3Ha-
YEHHIl MapameTpa X OT BPEMEHH . DTH aCHMITOTbI
CBSI3aHbI C HAYAIbHBIMA YCIIOBHSAMH (3HAYCHUSMM Ta-
paMeTpa X; U CKOPOCTH €r0 M3MEHeHns V| B MOMEHT

BpeMeHH [,) cooTHOweHusiMu T, = ¢, + V{_“f[k(cc— D]

2
uX,=x + V, “/[k(c.—2)]. TIpn —o0 < 0. < | petnennst
3TOrO BHjJa COOTBCTCTBYIOT KJaccy napaboinyccKux
ynkumit, npu 1 < o < 2 — knaccy runepOoNNUECKAX
ynkuuit. Kpome atoro cymectByeT Knace hyHKIMI
CO 3HAYCHHAMH 2 < 0. < oo,

ITpu 0. = 1 pemtenus ypasuenus (2) IMEIOT 3KCMO-
HEHLHAJbHLIH BUJ

kif=1t)

X— Xa - (XI_XQ)E s (4}
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Ta6muna 1. Hekoropele XapakTepuCTHKH CeHCMHYECKHMX KaTaloroB

Karanor Hauano Konern Yneno coObITHit
CDMG 09.02.1900 | 31.12.1974 25635
EPB 09.10.1900 | 31.12.1992 30906
ISK 18.03.1900 31.12.1997 55845
IMA 01.02.1900 | 31.03.2003 859326
Kam 01.01.1962 | 31.12.1997 60685
PDE 01.01.1973 | 28.02.2003 422035
SISRA 07.06.1900 | 31.12.1981 20216
SRA 01.01.1900 | 31.12.1986 53279
India 16.01.1900 | 27.06.1984 831

Maax Min Mo Maver
8.3 1.0 3.0 3.03
8.4 0.1 3.0 248
79 0.1 27 3.15
8.3 0.1 20 2.19
1.5 0.6 2.7 3.20
8.8 0.1 2.7 391
9.5 0.5 2.7 4.45
8.0 1.0 2.7 3.63
8.5 2.1 3.0 5.54

Mpuseyanne: Mg, Muin: Minod 1 Myyer — COOTBETCTBEHHO 3HAYSHUS MAKCHMALHOMN, MHHHMAJILHOI, MOJJAILHOI M cpe/iHeil MarHu-

Ty 114 COOBITHIT TAHHOTO KaTanora.

UTO COOTBETCTBYET HATHIHIO I‘OpHSOHTaJIbHOI‘:‘I aCHMII-
TOTBI 3aBHCHMOCTH 3HAYEHHI napameTpa x0T BpEMEHH
t, CBSI3aHHON C HAYAJILHBIMH YCIOBHAMH COOTHOLLIE-
nueM X, = x; — Vi/k.

[Ipu o = 2 pelueHnst ypaBHeHus (2) HMEIOT BHJL
norapupMu4ecKoil 3aBHCHMOCTH

T,— t,)I(T,— 0)/k. (5)

B aToM ciyyae 3aBHCHMOCTb TapaMeTpa OT BpeMe-
HH HUMEET BEPTHKAILHYIO aCHMIITOTY, CBSlBa]IIIVIO C Ha-
YaJILHBIMA YCITOBHSIME cooTHouenneM 7, = & — 1/kV,.

Inst Beex peluenuii XxapakTepHa ](Bd.iHJ'lH[-lﬁl{H{)CTb,
TO €CTh KPUBBIE, OTPAXKAIOIIME HEMHEHHOE Pa3BUTHE
mpoliecca B 00IYHBIX KOOPJIMHATAX “TlapaMeTp—Bpe-
Msi”, TpaHCOPMHPYIOTCS B THHEIHBIE 3aBHCHMOCTH
MIpH Iepexoje K ﬂorapﬂc])muqecxum KOoopaHHaTaM
10 OJIHOI WK 1o 00enM ocsiM. B yacTHocTH, pelle-
HHe (3) nmociie HeclOXHBIX Ipeobpa3oBaHuil IPHBO-
JUTCS K TUHEHHOMY BUJY B TorapuMHUIecKUX Koop-
JMHATax BHAY

Injx— X, = Aln|¢- T, + B, (6)
rae A= (0.—2)/(o.— 1) u B=[(o.—2)/(o.— 1)]In|k{o— 1)| -
— In|k(o - 2)|.

B cBoio ouepefb, peuwenus (4) u (5) coorset-

CTBEHHO MPHBOJATCS K JIMHEHHOMY BHY B JTOTapuc-
MHYECKOM MaciiTabe 110 OJIHOH H3 KOOPAHHAT:

In|x- X, = At+ B,

x—x, = In|(

(7N

e A=k wn B=In|lx,—X)-kt;
x=Al|T,-{+ B, )
rme A=-1/ku B=x;+In|T,-t]|/k @

Takum o0pasoM, i npeoOpa3soBaHUs PELLIEHH
ypaBHeHHs (2) K TMHEHHOMY BHAY HEOOXOUMO JIHIIb
ONPENENUTL COOTBETCTBYIONHE ACHMIITOTBI, KOTO-
PhIE UHCTIONB3YIOTCA 1T Hpeoﬁpamnannﬂ KOOpIHHAT.
Jpyrumu clioBaMH, NOMCK pelleHHst ypaBHeHus (2)
CBOJIUTCS K ONMpeIeeHIIO OJHOI HIH IBYX SMIHpHYe-

CKHX BEJIMUHH, KOTOPbIE MO3BOJAIOT TPaHC(OPMH-
pPOBaTh KPHBYIO, XapaKTEpPH3YIOUIYI0 HEJHHEHHBIH
npouecc B 00BIYHBIX KOOPJHHATAX, B JIHHEHHYIO 3a-
BHCHMOCTB IS IBOHHBIX JJOrapH(MHYECKHX HIIH MO~
nynorapu(pMIUECKHX KOOp/HHAT.

Tem He MeHee, Iaxe B cyyae HCNONb30BaHUs pe-
IICHUH ypaBHCHUA (2) MOMCK ONTHMAJLHOTO COOT-
BETCTBHA MCXKJY 3THMH PCLICHUAMH H BPCMCHHBIM
PSIIOM, OTpakarolUM KOJUYECTBEHHYIO CTOPOHY
pa3BHTHS MpolLlecca, OKa3blBaeTcsl HE TAKOH MIPOCTOM
jaflavyed, Kak 3TO MOXKET NOKa3aTbCs Ha MepBbIi
B3r71511. OCHOBHBIE TPY/IHOCTH 3aKIIHOHAIOTCA B OlIpe-
JIEJIEHHH KPUTEPHEB COOTBETCTBHS MEXY (paKTHYE-
CKHMH M pacY€THBIMH IAHHBIMH M, KaK CIECICTBHE, B
OIpefleJICeHHH Y4acTKa BPEMEHHOTO psja, HauiIyd-
MM 00Pa30M COOTBETCTBYHOIIETO PEIIEHHSM YpaB-
HeHud (2).

B nanHoit paboTe ObLI HCHONB30BaH HeCTaHAapT-
HBIi OAXOJI, MO3BOJIMBLINN pa3paboTaTh ObICTPOfEi-
CTBYIOILMIT aNrOpHTM OlpeeeHls y4acTKOB Bpe-
MEHHOTO PSia, HAUIyYLIUM 00pa3oM COOTBETCTBYIO-
X ypaeHeHnto (2). [lpu aTom 6110 MAaKCHMATLHO
HCTIOJIb30BAHO CBOHCTBO KBA3WIMHENHOCTH €ro pe-
mieHuit (6-8), a B KauecTBe KpHTEPUSI COOTBETCTBHS
MEXKy PacueTHLIMH W (haKTHUECKHMH JJAHHLIMH HC-
MONL30BANAch BeMUYMHA, HA3BaHHAA HAMH ILIOLIAJ-
HbIM K0ath(puuuenToM Boinpsimietus K. 3tor koad-
(puneHT NpepcTaBngeT coGoi OTHOIICHHE ITOLIAJICH
OTKJIOHCHHS! aHAJIM3UPYEMOMl KPHUBOH OT NMpAMOIi, co-
eIMHAIOLIEH HAYalbHYIO H KOHEUHYIO TOYKY KPHBOI,
PacCYMTaHHbIX B OOBIYHBIX AS, ., ¥ B noraqu)Mqu-
ckux AS,, {onTH\msHpOBaHan\) Koopuunarax: K=
= A_S;{OP_.,;‘A_‘fm, ap- B O0OHX CllydasiX iHana3oHbl U3Me-
HEHUS. KOOpHHAT ObUIM HOPMHPOBAHbI HA IMANa30H
usmenenui ot 0 1o 1. Janubli KoaphHLUMEHT NO3BO-
JISIET BBISBUTH YYACTKH MAaKCHMANBHON HETMHEHHO-
CTH TIpoliecca (A.S;mp“ B YHCITHTENE), KOTOPhIE B TO XKe
caMoe BpeMs HAITYYIIIHM 00Pa30M TpaHe(OpMUpYIOT-
¢Sl B OIH3TIHHEIHbIE 3aBUCHMOCTH TIPH UCTIONB30BAHNH
ONTHMH3MPOBAHHBIX JIOrapuMUIECKHX KOOPAMHAT

84 Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi



WUCCNEAOBAHUE OBLLUMX 3AKOHOMEPHOCTEN CENCMUYHOCTU AA/IbBHEBOCTOYHOIO PETMOHA

HEJTMHEMHBIE 3AKOHOMEPHOCTHU PA3BUTHUS

(AS, o1 B 3HAMeHaTENE). Kak OKa3am0 onpoGosae
Ha MHOTOYHCJIEHHBIX NMPAKTHYECKHX JaHHLIX, KO-
(bHUMEHT BBINPAMICHAS sBIseTCs Haubonee YHo0-
HbIM KPHTCPHCM JU/151 BBIABICHHSA B PA3BHTHH CCHCMH-
YeCcKOTO Tpoliecca YYacTKOB, Hanbosee 3HaYHMBIX
1715 ONPEJIENIEHHs. OCHOBHBIX TlapaMETPOB HEJIMHEH-
HOCTH Pa3sBHTHs1 CEACMUYECKOI0 [IpoLecca — oKasa-
Tenst o M KoappuimenTa k B petenusx (3-5) ypas-
HeHus (2).

Ha sTane nepBoro npuoIMKeHns ¢ Ueabio ornpe-
HeeHns MmoKasares O, OblUI BBIMOJHEH aHAJIH3 HC-
ClEeIyeMBIX CEHCMHYECKHX KaTaloroB Ha INpejMeT
BBISBJICHHS] HAWTYULIHX MTOCTEIOBaTeILHOCTE 3aTy-
XaHHd W aKTHBH3ALHH CEHCMHYECKOH aKTHBHOCTH,
NPOCIECKABAEMBIX B KONMYECTBE CCHCMHYCCKUX
Tom4koB N, ycroBHbIX fedopmanmsax D u cymmap-
HOIT 2HEPrUH celicMUuecKuX Tonukos E. AHanus no-
CIIEI0BATENBHO MPOBOANTCS B THIIOLEHTPAIBLHBIX pa-
naycax 3,4, 6,9, 12, 18, 25, 36, 50, 75, 100, 150, 200,
300 u 400 kM. Hannure npeasapsrolieit nocnenosa-
TeTLHOCTH aKTHBH3AIMK WK TIOCTENYIONEro 3aTy-
XaHWS onpefieseTcs A Kak/A0ro ToNUKa B KaTano-
re. 'nnoueHTp BEIOOPKH BBOJIUTCS 1O KOOPAHHATAM
TeKYIIero ToJYKa, a B caMy BBIOOPKY BKIIOYAKOTCS
JHIIb COOBITUS, PACCTOSHHE 1O KOTOPBIX OT TEKYyIlle-
O TOJIUKA He NPEBbLIIIAET 3HAYEHHE TEKYILEro pajiu-
yca. M3-3a Gonpluux o60beMOB BLIYHCIEHHI Ha 3TOM
JTane pasMmep NocCiefoBaTeIbHOCTH OrpaHHYUBACT-
cs1 750 coObITHAMU. DTO OrpaHHYeHHE HE TIO3BOJISIET
BBISIBUTH NMOCAEOBATEILHOCTH aKTHBH3ALHH M 3aTy-
XaHHs B MX [IOJJHOM Pa3BUTUM, OJIHAKO JIEJIaeT BO3-
MOXKHbBIM BBISBUTh YaCTH 3THX IOCIEI0BATEILHO-
CTeil, B KOTOPBIX B HANOOJIBIIEH CTENEHH NPOABIISET-
csl HeTHHEHHOCTE npolecea.

ITpu QopmupoBanu 00padaTLIBAEMBIX MACCH-
BOB KaXK[JOMY COOBITHIO, HAXOAIIEMYCs K aHAIN3H-
pyeMoMy TOMUKY OJHKe paccMaTpHBAEMOTO THIIO-
LEHTPaILHOrO pajuyca, CTaBHIHCL B COOTBETCTBHE
IBE TOYKH B 00pabaThbiBAEMOM MaccHBEe — CyMMap-
HOC 3HAUCHHC HCCIIEYECMOTO TapaMeTpa 10 cOObITHS
H cpa3y Iociie ero 3asepllueHus. [Ipyrumu cnoBamu,
HCCIENOBANNCE CTYIIEHYAThIE KPHBBIE H3MEHEHHs
napamMeTpa B TNpefenax JaHHOH THIOUEHTpPaIbHOM
obnactd. [JUCKPETHOCTb BPEMEHHOrO psifia 3eMile-
TpsiCeHHI onpefienseT CTYINeHYaThIi XapakTep 3TOH
3aBUCHMOCTH, a BEeJIMUMHA KaX0i “cTyneHn” omnpe-
JlensieTcs pApalleHneM 1eclelyeMoro napamMerpa B
MOMEHT COOTBETCTBYIOLIETO TOMYKA. ITO HECKOIb-
KO YBEJIHUHBANO 00'bEM BBIYHCIEHHIA, HO MTO3BONNIIO
OGOHTH PAJl CIIOKHOCTEH, CBA3AHHBIX C ONPe/IeIeHH-
eM JIMHEHHOCTH B ONTHMHU3HPOBAHHBIX JOrapH(pMH-
YeCKHX KOOPJIHHATAX.

Habop cTaTHCTHKH 110 yYacTKaM MOCTeoBaTe/lb-
HOCTEH ¢ MAKCHMAaJILHON HETMHEMHOCTLIO MO3BOJISAET
OINpeIciINTh HanOonee yacTto BCTpEYaroluecs 3Ha-
YEHMS [TOKAa3aTeIsl CTENEHH HEJIMHERHOCTH O, B YpaB-
HEHUH (2) W OLIEHUTH CTENeHb €ro BO3IMOXKHON H3-
MeHUYHBOCTH. [I7151 XapakTepUCTUKH pacnpefieseHuii

MCIIONIB3YETCS 3MIHPUUECKAsl MIOTHOCTb BEpPOSAT-
HOCTH P,,,,- AJIs1 onpefieNienns] 3TOH BeNHYHHBI 3a
CTaTHCTHYECKHUI BEC KaXoOil BbIABICHHON Nocie-
JOBATEIbHOCTH MPHHAMAETCH COOTBETCTBYIOIHIT €il
koa(ppuuuent oinpsimiachust Kg B cBoto ouepefb
SMIHPHYECKast IUIOTHOCTh BEPOSITHOCTH IONajiaHus
3HaYeHHs OKa3aTellsl HeIMHEHHOCTH O B HEKOTOPAI
uHTEpBaN OT (0 — Ay/2) 10 (o + A0y/2) onpenensieTcst

+Ao/2

BBIPAKCHHEM Pl (04) = [ACCY (0 0K )] /(O —

+Aa/2
- cr.,m}zz::(za‘ *~ o x K9)). B aToM ciyuae BbI-

o — A2
',
[OJIHSIETC COOTHOLLEHHE L" “pla)do = 1, uto u
min

NO3BOJIET PaCCMaTPUBATD JAHHYHO XapaKTEPUCTHKY
B KA4eCTBE IMIUPHUECKON TNIOTHOCTH BEPOSTHOCTH.
JInst BceX BAPHAHTOB BBLISBIEHHS TOCTIEA0BATENBHO-
cTeli (aKTHBU3ALMS U 3aTyXaHHe [IIsl pa3iyHBIX T1a-
PaMeTPOB) HCMONB30BAJCA OIHH H TOT XK€ HHTEPBaJ,
B NIpefieiaX KOTOPOro ONpefielianack aMIHpHIecKas
IIOTHOCTD BEPOSITHOCTH: Oy, = 0.0, Oty = 3.0. DTOT
MHTEPBA/ HCYCPIBIBAKOIIC BKIHOUYACT 3HAYCHHA O
JUIl BCEX BBIABJIEHHBIX NOCTEAOBaTENbHOCTEH. B TO
XK€ BPEMs €I'0 HCM3MEHHOCTh 00ESCEHBAET €IMHO-
o0pasue U COIOCTABUMOCTD PE3YJILTATOB ONpefele-
HUA IMITHPHYECKOH TUTOTHOCTH BEPOSTHOCTH.

Ha sTane Broporo npubamxeHns aHaIn3 KaTajo-
roB Obl1 MOBTOPEH C YBENHUEHHEM IpPefe/bHOro
pasmepa nociaegoBarensiocreit o 25 000 cobbrTuil.
[Ipu 5TOM 3a OCHOBY ObLIH NPHHATHI OCNCIOBATCIb-
HOCTH, BbISIBJICHHBIC HAa MIEPBOM 3Tame. TH NOCIE0-
BaTeNbHOCTH ObLIH NIPOAHANH3HPOBAHbI HA MPEAMET
BO3MOXHOCTH TIOBBIIIEHHS KOI(D(DHIIEHTA BITIPSIM-
JIEHUs 34 CYET PaCCMOTPEHHS OOJBLIETO YMCia TONY-
KOB. 3TO MO3BOIMUNO [IONOTHUTEILHO BBISIBUTL HAW-
Gonee KpynHble ceficMHUecKue Toce0BaTENLHOCTH
(MakcHManbHas MO KOJNHYECTBY COOBITHH U3 BBLISIB-
JIEHHBIX MNocnefiopaTebHOCTel BKItoyaeT 8642 co-
ObITIA), BLIBECTH U3 PACCMOTPEHHS PsIjl paHee BbIsIB-
JICHHBIX MOCTIE/IOBATENLHOCTEN, OKa3aBLINXCs ppar-
MeHTaMd Goliee KPYMHBIX MOCHeoBaTeNbHOCTE.
Kpome yBeHYeHHOr0 NpefeIbHOro pasmepa mnocie-
AOBaTEIbHOCTCIH, POLiE/Iypa BbIICICHUS OCIE/[OBa-
TENBHOCTEH HUUEM HE OTIINYANACh OT BbIIIEONUCAH-
HO¥ 1151 IEPBOTO NPUONHKEHHS.

B KOHEYHOM cueTe, Ha BTOPOM 3Tarie ucclejioBa-
HHI OBLIO BBINONHEHO YTOUHEHHE 3HaUeHHIl NoKa3a-
Tensl HeJMHEHHOCTH O. B cBoio ouepenb 310 fano
BO3MOKHOCTb B MEePBOM NPHOMIKEHHH ONpeJieHTh
Hanbonee BEPOSTHbIE 3HAUCHHS KO3 PHUIHEHTA He-
JIMHEHHOCTH K M OLIEHUTH BO3MOXKHBII JJHAIA30H BapH-
auit ero 3navyeHuil. [Ins atoro aHamu3 Gbil TOBTOPCH
TIPH E[IMHbIX 3HAYEHUAX NOKA3aTeNIsA HEIMHEMHOCTH O,
(puKcHpOBaHHBIX IS OCTIE/IOBATEIbHOCTEH aKTUBH-
3allMH M 3aTYXaHHs 10 KaXKI0MY HCCIIelyeMOMY Mapa-
merpy. [opoGnas hukcanus HeoOX0AUMa, OCKOJIBKY
KOa(h(pHIMEHT HENMHENHOCTH K MO CYTH sIBIsieTCs
MaciuTabHbIM  KO3hhHIMEHTOM M ero 3HauyeHus!
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Ta6mma 2. O6mee uncro nocnefoarenshoctei ¢ Kg2 10,
BLIABICHHLIX HA 3TANE BTOPOTrO HPHGHH)KCIIHSI

Kata- AK’[‘HBH'SE{U,HSI 3aTyxaHHe
for N D E N D E

CDMG | 29| 47| 52| 118| 89| 85
EPB 37 41 40 8| 75| 93
ISK 170 | 177 | 153 | 226 | 210 | 216
IMA 1332 | 1288 | 1168 | 1561 | 1695 | 1969
Kam 8 | 120 97| 196 | 151 | 188
PDE 605 | 483 | 483 | 1394 | 1059 | 993
SISRA 18 29| 24| 68| 35| 39
SRA 750 36| 32| 162 | 102| 100
India 2 2 1

Wroro | 2356 | 2221 | 2049 | 3812 | 3418 | 3684

OYeHb 3aBHCAT OT COOTBETCTBYIOIIMX 3HAUEHHMIT TO-
Kaszarelns HeJMHeHHocTH . TIpi aHanu3e 3a OCHOBY
ObIIN B3AThI MOCIEOBATEILHOCTH, NIOJYYEHHbIE Ha
HayalbHOIl CTaj{ 3TOrO 3Tana, T.e. NPH YBEIHYeH-
HOM J10 25 ThIcSY COOBITHIT PENIETLHOM pa3Mepe TIo-
crefoBaTebHOCTel. [l XapaKTepUCTHKH pacnpe-
nenenuit KoagpuuneHTa HeTHHENHOCTH K TaKXKe He-
MOJL3YETCS IMIMPHIECKas INIOTHOCTh BEPOSITHOCTH
Psuns TOCTPOCHHAS AHATTOTHYHBIM BbILICONHCAHHOMY
IS IOKa3aTels HellHeinHocT o cnocodom. OpHa-
KO B CBS3U C BBICOKOI W3MEHYHBOCTBLIO KO3(huIu-
€HTA HeJIMHEHHOCTH & SMIMpPHYECKas! INIOTHOCTD Be-
POSITHOCTH CTPOMTCA HE [ cCaMOro Koaq puiuenTa,
a i1 ero aecsaTHYHOro norapugma. s BeeX Bapu-
AHTOB BBISIBIICHHUS IIOCJICOBATCILHOCTCH (AKTHBH3A-
sl M 3aTyXaHue JiIs Pa3sfHYHbIX NapaMeTpoOB) HMC-
10JIb30BAJICS OIMH M TOT K€ MHTEPBaJ, B Ipefiesiax
KOTOPOro onpejiensiach 3MIMpHyeckas MIoTHOCTh
BeposTHoCcTH: Ig|kl,;, =—11.4, Ig|k . =0.6.

PE3YIIbTATbBI UCCIIE[JOBAHUN

B 00wieil cnoKHocTH Ha aTane nepsoro npudim-
KEHHS 10 BCEM aHaTM3upyeMbiM napamerpam (N, D
i E) 6bina BeigsiaeHa 19901 nociegoBaTelbHOCTD
000X THNOB (AKTHBU3ALMH U 3aTyXaHus) ¢ Koatdu-
upentoM BeinpsiMienns K = 10. Ha atane BToporo
NPUOIHAKCHUS OOILCC YHMCIO BBISBICHHBIX MOCICIO-
BaTelbHOCTEN cokpaTuiock o 17540 (tabn. 2) 3a
cueT 00'beJMHEHUs] (PPAarMeHTOB KPYIHBIX IOCIEN0-
BaTelIBHOCTEH. TIpUMephI NyUIMX BhISIBJIEHHBIX MO-
clefloBaTe/IbHOCTE aKTHBU3ALMU W 3aTyXaHUs NOKa-
3aHbl HA pUC. 2-pHC. 3, a COOTBETCTBYIOLIHE XapaKTe-
PHCTHKH 9THX MOCIEOBATENLHOCTE! TPHBE/IeHbLI B
Taba. 3. O61ice KOMHYCCTBO 3¢MIICTPICCHHIN, BXOJIA-
IIMX B BBIABJIEHHBIC MIOCIENOBATENILHOCTH aKTHBU3A-
LMK U 3aTyXaHus, cocrasiseT 38.5% ot o0uero yuc-

Ja 3eMJICTPACCHHI B HCCICOBAHHBIX KaTanorax
(tabm. 4). [ToaToMy MOXKHO NPEANONOKNTD, YTO OCTaB-
LLMECH 3EMIIETPACEHHA BXOJAT B COCTAB 10C/IEN0BA-
TelbHOCTEN CTAalMOHAPHOTO pa3BATH (B BHJIE (DOHO-
BOII CEliCMHYHOCTH H POEB 3eMIIETPACEHMIT), a TaKXKe
COCTABIISIIOT IJIOXO BBIPa’KEHHBIE IOCIIENIOBATENb-
HOCTH akTHBH3auuu ¥ 3atyxauns ¢ Ks < 10. Ocnos-
HbIC PE3YNBTAThl HCCICHOBAHMIT — BO3MOXKHBIC 3Ha-
4eHHd NMoKasartens O u Koadpuiuenrta k B ypasHe-
HUH (2) ¥ MX JHANA30H BapHaUMil U pasiH4HbIX
XapakTepUCTIUECKNX TapaMeTpoB pa3BHTHS ceil-
CMHYECKOro Ipolecca — XapakTepusyior Tadm. 5-
Tabm. 6 u puc. 4-puc. 5.

BEPUPUKALIUSA PE3YIIBTATOB

Inst KOHTpONSt OOBEKTUBHOCTH NOJYUEHHBIX pe-
3YNLTATOR OBUIN CJIeJIaHLI IBE BLIOOPKH IIOCIIE0BA-
TeabHocTel (M3 JMA KaTajora M U3 BceX OCTallbHbIX
nocnejioparenbHocreit). B oboux cnyuasx Obly no-
Ty4eHbI OHOTHIHBIE pacnpefiesleHHs MoKa3aTensd
HEJIMHEHHOCTH Ol

B xopie uceneloBaHmii aHaIH3MPOBATTMCh BCe 110-
CNIEeIoBAaTEILHOCTH ¢ DoNee UeM JeCATHKPATHBIM
koapcpunmenToM BhinpamicHua (Kg = 10), Toraa
KaK BCE OCTAbHbIC IOCIENOBATEIbHOCTH HCKIIO-
qauch U3 paccMoTtpenus. JlaHHblil ypoBeHb oTOpa-
KOBKH MocnejioBaTeNbHOCTel Mo Koa(hHimeHTy
BBLINPSMIICHUS NPEICTABIAETCS ONTHMANBHBIM JUISI
TOro, 4T00bI 00ECIEUHTh BHISBIEHHE MAKCHMATIEHO
GONBIIOro KOJIMYECTBA HECTALIHOHAPHBIX MOCIE10-
BATC/ILHOCTEH, W B TO K€ BPEMs rapaHTHPOBATh,
4TO BbIABJIEHHbBIE NTOCIEA0BATENLHOCTH NPENCTABIS-
10T cO0ON 3HAYMTENbHBIE OTKIOHECHHS CEHCMUYHO-
CTH OT (POHOBOTO YPOBHS, a CIEJlOBATENLHO COOTBET-
CTBYIOT cnyuato (dx/df) = (dx/dt),. B npotisHOM ciy-
yae MCIONBL30BaHHE peLIeHHil ypaBHeHHS (2) B
KauecTse anfpoKCHMALMOHHOH MOJIe/TH CTaHOBHTCH
HCNIPaBOMCPHbIM.

PacnipejieieHns SMIHPHUECKOIi INIOTHOCTH BEPO-
STHOCTH TIOKa3aTeNs L U ero MOJIaNbHble 3HAUSHHS
OKa3bIBaIOTCs JJOBOJIBLHO YCTOHYHMBLI IIPH YKecToue-
HiuH TpeOoBaHU K KO3((UUHCHTY BbINPAMICHHUS
K. Tak, kak 1moKa3bIBalOT laHHbIe TaOMl. 7, BbIlIe-
YIOMSHYThIE XapaKTEPHUCTHKH M0KasaTess Ol ocTa-
HOTCS TIPAKTHYECKH HEM3MEHHBIMHU MPH TIORBINIEHHH
HIDKHETO npefiesia Ko3(¢rpuIKHeHTa BLIIPSMIIEHUS ¢
COOTBETCTBYIOIIHM YMEHbIIEHHEM YHcIa 00pabaThl-
BaeMbIX nociefoparensiocrei B 10 pas u 6onee s
MOC/IC/IOBATCABHOCTCH aKTHBH3ALHH 110 MTAPaMCTPy
N, a 151 nocneoBaTe/IbHOCTEN 3aTyXaHUs 110 3TOMY
napaMeTpy OHH OCTAIOTCS IPAKTHYECKH HEU3MEHHbI-
MH JTake JUIS CAMBIX MHHUMATLHBIX CTATHCTHYECKHX
BBI0OpOK. [11g napametpos D u E cutyanus ananoruy-
Ha. VIcKIIroueHHe NpefICTaBIIsIoT JIHILD Paclpe/ieeHHs
O N TIOCNeioBaTeNLIOCTEH aKTHBH3ALMH MO Tapa-
meTpy E, rjie Ha ManbIx BbIOOpKaxX HayHHacT Nposis-
IAThC OMMOJANBHOCTL pacnpefieicHuit. [Ipu 3ToM
OJIMH 13 MAaKCUMYMOB IMIIMPHYECKOI INIOTHOCTH BEPO-
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OG6BIYHbBIE KOOPAHHATHI JlorapuMrUecKHe KOOPIHHATLI
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Puc. 2. JIyuiine 13 BhISBICHHBIX TOCNE10BATENLHOCTEN AKTHBH3ALMH 110 KaX0MY U3 napameTpos (katanor JMA).

SITHOCTH YCTOWYMBO COOTBETCTBYET TOMY Ke 3Haue-
HHI0 MOKAa3aTensi O, KOTopoe ObLIO MONyYeHo JIs
K210 (cM. Tabn. 5). Torga Kak mosaBIsSONIMICS HA
MalbIX BIOOPKax BTOPOil MAaKCHMYM COOTBETCTBYET

3HAueHHusIM o, Onu3kuM K 2. TTosieleHne aToro Mak-
CUMyMa OﬁyCJ'IDB.TIEHO nocnegoBaTeIbLHOCTAMH, CO-
CTOSILLIAMHU M3 TOJIUKOB OJIM3KUX IHEPreTHYECKUX
KITaccoB. H03TOM)’ NUHAMHKY pPa3sBHTHA MOAOOHBIX
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OObIYHBIE KOOPJAHHATEI

Jlorapudgmuueckue KOOPAHHATEI
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Puc. 3. JTyuinne n3 BoISBICHHBIX MOCAEN0BATENBHOCTEN 3aTYXaHHA 110 KAXKIOMY U3 napaMeTpos (karanor JMA).

MOCNEA0BATENLHOCTEN M0 CYMMapPHOI celicMHUeCKOi
3Heprun 3emuerpscennii (mapamerp E) onpepensiior
3aKOHOMEPHOCTH W3MEHEeHHsSI CYMMapHOTO KOJIHYe-
cTBa TOJNYKOB (napameTtp N).
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HEJIMHEWHBIE 3AKOHOMEPHOCTHU PA3BUTUS

Taéanua 3. Jlyuiune HecTauMOHAPHBIE CEHCMUYECKUE MOCTEA0BATEILHOCTH (SIMOHCKMIE perHoHanbHLIA KaTanor — IMA)

Bpewms n MecTo NOKaNM3aLMH TTOCTEL0BATENLHOCTH
IMapa- [Monoxenue runonenTpa Konuue-
veTp BpeMsi nepBoro Bpems nocneanero NOCE0BATETLHOCTH Pamuyc, CTBO
CcOOBITHS CcOOBITHA KM .
Iupora ‘ Honrora | InyGuna coObrTai
HOC.']('.‘,}IOBEITGJ’I[»IIOCTH AKTHBH3aLIHH
N 17.12.1992 14:43:22 | 25.04.1993 02:49:40 | 35.777 137.562 12.0 50 239
D 26.03.2000 06:34:55 | 30.03.2000 10:32:20 | 42.519 140.828 7.8 400 624
E 31.03.1988 15:23:12 | 27.09.1995 11:22:30 | 36.628 139.490 11.0 6 396
[MocnepoBaTenLHOCTH 3aTYXaHHUS
N 17.01.1995 09:29:43 | 26.05.1996 12:35:31 | 34.779 135.211 10.3 18 1984
D 19.10.1995 13:42:39 | 03.06.1997 19:20:16 | 28.141 130.220 439 50 6153
E 14.07.1993 07:42:11 | 07.04.1994 14:30:04 | 42.073 139.487 0.0 18 240
Pe3ynbTaThl MOIENIHPOBAHHSA
T;ﬁ;’ C onpeperncHueM o ITpn (PMKCHPOBAaHHOM 3HAMCHHUN 0L
Lg|K o Lg|A Le| Kl o Lelk|
[TocaepoBaTeNbHOCTH AKTHBH3ALMK
N 1.5711 1.6310 —-1.5108 1.0296 1.9250 —-1.6553
D 1.5086 1.1148 -0.3821 0.6724 1.7500 —4.4941
E 1.4531 1.2954 —-4.4668 1.3994 1.2500 -4.1708
HOC.I']CJIOBHTC.HIJHOCTH 3aTyxaHuA
N 2.0616 1.9501 -2.3950 1.8218 1.9750 -2.4195
D 1.9865 1.9329 -6.7652 1.4929 1.8750 -6.4416
E 1.6721 1.5288 -5.8240 1.0721 1.7000 -7.3352

Ta6anua 4. CyMMapHOE YHCIO 3eMITETPACEHHUIT, BXOJSLINX B BhISIBICHHbIE TIOceoBaTenbHocTH ¢ K2 10, B npoueHTax
OT 0BIIET0 YHENa 3eMICTPSCEHNH B HCCITEIOBAHHBIX KATANOTAX

Obmee N (konutecTBo coOOBITHIT) D (mecpopmariun) E (aneprus)

Karanor | 1O 3eM- ) .

feTpsicenyit | AKTHBH- | 3aTyXa- | o o | AKTHBH- | 3aTyXa- | .. o | GKTHBH- | 3aTyXa- | . o

B kaTanore |3auud, % | nue, % * U zauna, % | uwme, % * | zauna, % | uwme, % ’
CDMG 25635 391 25.07 28.98 15.36 26.59 41.95 20.64 24,08 44.72
EPB 30906 4.68 14.21 18.89 10.97 16.50 2747 16.04 26.80 42.84
ISK 55845 14.51 23.08 37.59 24.05 26.22 50.27 20.75 27.31 48.00
IMA 859326 7.48 16.00 23.48 14.27 22.87 37.14 17.41 25.83 43.24
Kam 60685 5.53 19.98 25.50 14.46 21.33 35.79 23.04 33.89 56.93
PDE 422035 6.02 17.45 23.47 811 14.21 2232 13.46 14.55 28.01
SISRA 20216 3.01 16.57 19.57 18.56 8.66 27.23 8.09 13.07 21.16
SRA 53279 6.54 19.38 25.92 6.66 11.95 18.62 5.09 10.84 15.94
India 831 0.00 24.07 24.07 0.00 12.15 12.15 0.00 15.76 15.76
Hroro 1528758 7.04 17.06 24.10 12.67 19.90 32.57 16.13 22.38 38.51

Cro MHHHMaJIBHO JTONMYCTHMOIO mpeacia, npeacras-

JsI€T OINpefieNleHHblil UHTepec I MPaKTHYECKOro

HCIIOJNL30BaHuA YCTAHOBICHHLIX 33K0]IOM€p]IOCTCf{.

Kak YKe 0OTMEUAIOCH, ITOT BONPOC B3aUMOCBA3aH €

npoGreMoit KOPPEKTHOCTH PHMCHCHHS HCTIONb3Ye-
MOJ anmnpoKCHMAIHOHHON Mofienu (ypaBHeHue 2) B
YCIIOBHSIX MaJILIX OTKJIOHEHHH OT COCTOSHNH CTaIHO-
HApHOro pa3BUTHA, Ille Oonee KOPPEKTHOH sSBAsSEeTCA

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi
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Taﬁmma 5. 3HaucHus H BapHalMH IMOKa3aTC/lA HET HHEHHOCTH L MO pe3ynbTaTam CTATHCTHYECKOH UﬁpaﬁOTK}‘] nocic-

foBaTenbHOCTEN ¢ KoapduunenToM Benpamnenns Kg> 10

[MapameTp Konuuectso MojpanbHoe Juanason OMnupHYccKas
(THN mOCITEI0oBa- |MOC/EI0BaATENBHO- 3HAUCHHUE Igl?rge(g::?lc:ﬂb MOBBILICHHOI MJIOTHOCTH
TEJIBHOCTH) crei napaMeTpa o pen BEPOSITHOCTH BCPOSTHOCTH
N (akTHBH3aIMA) 2356 1.925 0.025 1.449-2.245 5.903
D (akTuBuzamys) 2221 1.750 0.025 1.105-2.134 3.795
E (akTnBuszamus) 2049 1.250 0.025 0.751-1.815 3.604
N (3aryxaHue) 3812 1.975 0.025 1.570-2.209 8.009
D (3aryxanue) 3418 1.875 0.025 1.383-2.164 5.952
E (satyxannc) 3684 1.700 0.025 1.033-2.033 4.453

Tabanua 6. 3HaueHns 0 BAPHALMA ICCITHYHOTO NOPSKA KO3(p(UIHEHTa HEJIMHEHOCTH k 1O pe3yabLTaTaM CTaTHCTH-
yeckoit 00padoTKH nocieoBaTenbHocTel ¢ KoadhuuneHToM Buinpamiehust Kg= 10

(Tuﬁliﬂiﬁggaa- nuclﬁg;g::gﬁsuo- Monankroe Morpemmocts ﬂiﬂii?l?liil?-ll:)ﬁ 3&:{2&:}2::2?;213
TEJIBHOCTH) creit snavetine Lg|K] ONPEACICHIS BEPOATHOCTH BCPOSATHOCTH
N (akTuBH3aUMA) 2356 -1.00 +0.20 -2.00...-0.07 11.162
D (akTHBH3a1MA) 2221 -4.40 +0.20 -6.14...-2.78 5.243
E (akTnBH3anus) 2049 -4.20 +0.20 -5.79...-2.13 4.865
N (3aTyxauuc) 3812 -0.80 +0.20 -2.22...-0.04 8.979
D (3aryxanue) 3418 -5.20 +0.20 -6.53...-3.13 4.677
E (3aTyxaune) 3684 -7.00 +0.20 -9.62...-5.26 3.403

Mojienn Ha Gaze yparHeHus (1). IMmupHuecky olle-
HUTh YCTOHYHBOCTL paclpefle]ieHHi 3MIMPHYECKON
MJIOTHOCTH BEPOATHOCTH TOKa3aTess (L M OLEHUTh
MHHHMAaJIBHO ONYCTHMBI YPOBEHb KO3(hhHIHEHTA
BBINPAMIICHHS I0Ka He PEJICTaBIAETCA BO3MOXKHBIM
M0 TEXHHUECKHM IPHIHHAM, CBA3aHHBIM C Pe3KHM BO3-
pacTaHieM TpeOGOBaHMUIl K BEIYHCITHTENBHBIM Pecypcam
npu aHamuse katanoros. OfHaKo [71s1 HoclefjoBaTeNlb-
HOCTEH, HMEIOLIUX 3HAYHTENbHbIE OTKIOHEHHS OT CO-
CTOsIHuS crauuoHapHoro passurus (Kg=> 10), nonyues-
HbI€ PE3yJIbTaThl MPEACTABAIOTCA IOCTATOYHO Ha-
JCKHDBIMH.

OBCYXIEHHWE PE3YIILTATOB

Ilpu ananuse BbISBIEHHBIX MOCHEOBATEILHO-
creli, npexfe Bcero obpaiaeT Ha cedsl BHUMaHKe
TOT (PaKT, 4TO 3aKOHOMEPHOCTH B IIpoliecce 3aTyxa-
HHS CEHCMHYECKOl aKTHBHOCTH BbIPAXKEHB! Jy4llle,
YEM B IIPOLECCE AKTHBH3AUMH. DTOT (DaKT UMEET Me-
CTO JIIsl BCEX MCCelOBaBIIMXcs MapameTpos. Yto
KacaeTcsl caMHX NapaMeTpoB, TO 3aKOHOMEPHOCTH
CaMOPa3BHTHA CEHICMHIECKOro Mpolecca B COOTBET-
CTBHHU C ypaBHeHHEM (2) Myullie BCETO BbIPaXKEHbI B
HW3MEHEHHH CYyMMapHOTO KONMYecTBa TONYKOB (N),
3aTeM cIe/lyroT yeioBHble fiepopmatui (D) u, nanee,
CyMMapHas aHeprus ceiicMuueckux coObithil (E).
BeposiTHO, 4TO yXyjilIIEHHE YPOBHS 3aKOHOMEPHOCTH
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TNpH TIepexojie OT KONHYECTBa COOBITHI K NX CyMMap-
HOIt SHEPIHH ONpPEJIeNSeTCs TEM, YTO Pe3yIbTHPYIO-
11ast 3HEPTHst KaK10r0 TOIYKA 3aBHCHT OT 0OJIBLIETO
KOJIMYECTBA CITyyaitHbIX (hakTOpOB.

Il Kax ol M3 MocieaoBaTeJLHOCTEN BLISBIEH
pasmep o071acTH, B pefieliax KOTOPOro OHa Jyuile
Bcero BhipaxkeHa. OHaKo Kakoii-mudo 3aKOHOMeEp-
HOCTH B paclpejiesieHH MOCIeN0BATENLHOCTEH 110
pajiycaM HX NpeHMYILIECTBEHHOTO Pa3BHTHSA Ha JlaH-
HOM 3Talle HcclneoBaHuil He oGHapyxeHo. B xopue
HCCIIElOBaHN BBISBICHBI KaK MOCIEJOBATE/ILHOCTH,
Jyullle Bcero BbIpaxkeHHbIe Ha MallbIX pajuycax (3—4
KM), TaK | MOCIeI0BaTeNLHOCTH, TIPOSIBIISIBIIAECS HA
orpoMubIX TeppuTopusax (300400 xkm). TlomoOHbIH
pa30poc NOCIEN0BATENLHOCTEN 110 PajiHycaM NPeuMy-
I[ECTBEHHOTO Pa3BUTHA UMEET MECTO [JIs BCEX Mccie-
AyEeMBIX [apaMeTpoOB Kak [Jis MOCIC0BaTEIbHOCTEH
aKTHBH3ALMK, TaK W 3aryxanust. OfHaKo JieTaIbHLIN
aHaJIi3 B3aUMOCBA3H HECTALIMOHAPHBIX CellCMMUECKHX
nocnefoBaTeabHOCTEN ¢ THIOLEHTPANbHBIMU PajiHy-
caMi HX JIOKaJIU3alHHl Ha JaHHOM 3Tarle HCCleloBa-
HHUIl HE BbIOJIHSUICS.

['nasHoi 3anaueit vcenerosanuii ObIO onpepee-
Hue Hanbolee BEpOSATHBLIX 3HAYEHHUIT IIOKa3aTens cTe-
TIeHH ¢, B ypaBHeHusIX (1) u (2), onpenensioniero He-
JMUHEHHOCTH pa3BUTHs CeilcCMIYECKOro npouecca pH
€r0 3HAYUTEIbHbIX OTKJIOHEHHSAX OT COCTOSIHMS CTa-
HUOHAPHOTO pa3euTHs. Kak MOXKHO BUIeTh Ha puc. 4,
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U

3MIIHpH‘]L‘oCKilH IIOTHOCT L BEPOATHOCTH

1.50 2.03

045 098

2049 nocaenoBaTenbHOCTER

255 o

[=2 N I ]
T

W s

— 2

Bn.mupw-lccxas MIOTHOCTE BEPOATHOCTH

0.45

0.98

3684 nocnenoBaTenLHOCTH

1.50 203 255 «

Puc. 4. Pacnpe,qe:[emm SMHHPH‘[ECKDﬁ MMOTHOCTH BEPOATHOCTH 3HAYMEHHI MOKA3aTENd HETHHEHHOCTH CL 17151 TTOCTICJ0BATE 1L

Hocreil ¢ KoadipuuenToM Benpamaenns Kg=> 10.

pacnpeesicHusl 3HaYECHUA MOKa3aTesl HeJIHHEHHO-
CTH O 110 HX C'l"cl’FHC’I'H'—leCKUl\‘l)’ Becy HMCHT YCTKO
BbIpakeHHbIE MakcuMyMbl. Hanbonee yeTKuil Mak-
CHMYM NIPHCYTCTBYET B pacripeflelleHl noka3arens
o nng nocnenoaa’renmomeﬁ 33TyxaHH§[, BLIABIICH-
HBIX [7IS M3MEHEeHMs KONMYecTBa TOJYKOB (mapa-

meTp N). EMy coorsercrByer HanOoliee BbICOKHIl
YPOBEHb IMIIMPHYECKOI INIOTHOCTH BEPOSTHOCTH Ha
MakcHMym™e (cMm. Tabu. 5), a TakxkKe MHHHMAIbHBIH
NMana3oH HM3MEeHEeHHWil BO3MOXKHBIX 3HAUEHWil (L.
MoxkHo nmokasaTe [Maneiies, 1991], uro xoporuio
u3BectHas Gopmyna Omopu ans adTepiloKOBbIX
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MAJIBIIIEB, TUXOHOB

Tun nocnepoBareIbHOCTEH

[TocnenoBaTeNLHOCTH AKTHBH3ALMH

[TocnenoraTenLHOCTH 3aTYXaHHs

E-
g 12}
l: -
= £ 10t
= -9
g2 T
] & -
e g 8
31 Eﬁ_
5 -
o | § 4L
Z | 8 L
5| 2 gL
< =
Z| £
S
Z §0r1||111|i
A -10 -8 -6 -4 -2

2356 nocnegosaTenLHOCTER

Ig[K|

T T T T T

6 -4 -2 0
lglK|

DMIHPHUIECKaAd INIOTHOCTE BEPOATHOCTH

T T T
-10 -8

3812 nocaepopaTennuocTei

12+
101

[TapameTp

D (ycnoBusbie fedpopmalium)
BI\IHHPII‘[CCKEUI MIOTHOCTE BEPOATHOCTH

10 -8 -6 -4 -2

2221 nocneoBaTeALHOCTL

DMIMPHUECKAA IOTHOCTE BEPOATHOCTH

10 8 6 -4 -2 0
Ig|K]|

3418 nocaenoparenLHOCTE

E (aneprus)
BMI'JH[)“WCCKSIFI MIOTHOCTEL BCPOTI'IIOCTH

-10 -8 -2

2049 nocacaoBaTeALHOCTCH

IgK]

MU pPHYUECKadA IOTHOCTE BEPOATHOCTH

10 8 6 -4 =2 0
IglK]|

3684 nocacaoBaTeALHOCTH

Puc. 5. Pacnipejienicns aMmupH4ecKoil IIOTHOCTH BEPOATHOCTH 3HAYCHHMIT [IeCATHYHOTO NopaAjika KoapuunenTa nennueii-

HOCTH K.

TOMYKOB COOTBETCTBYCT PELICHHIO ypaBHcHHS (2)
npu o= 2. Haw pesynstar ¢ = 1.975 (eMm. Tabn. 5) xo-
POLLO COOTBETCTBYET 3TOMY.

IIpiMepHO TaKoe Ke pacnpejieieHne UMeeT I10-
KasaTelb 0, s 0C/eI0BaATeILHOCTEl aK THBH3ALNH

no napamerpy N. DTO pacnpeficiieHHE OTIHYACTCA
OT MPCbIAYIICTO JHIIbL YYTh MCHBIIMM YPOBHCM
IVIOTHOCTH BEPOATHOCTH Ha MaKCHMYME M, COOTBET-
CTBEHHO, YyTb OOJbLIIMM [HANA30HOM H3MEeHEeHHH
BO3MOKHBIX 3HaueHuit 0. YeTkas BbIpasKeHHOCTD U
O1M30CTh MOJIAJILHBIX 3HAUCHHH B pacnpefeenusx
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HEJIMHEWUHLIE 3AKOHOMEPHOCTHU PA3BUTHS

Tadnuua 7. YcTOHUHBOCTH onpefieNieHHi MoKa3aTenst CTeNneHH O JINIf HECTAIIHOHAPHBIX TIOCAEI0OBATENLHOCTEN, BLISIB-

JEHHBIX 110 napameTpy N (KoJauuecTBO cOObITHIT)

Mopanshbie | [Torpemnocts | Smnupuueckast Huanaauo HTOBBI™ | g s iaecTso CymmapHoe
Lg|Kd| 3HAYCHUS OTpefieNieHnst |  MIOTHOCTh L:SSTHHD:H];?E:IE{ nocnesiopa- | KOMHYECTRO

TOKA3aTeNd ¢ | MOKA3aTeNs ¢. | BEPOATHOCTH | = © - o' " | TelbHOCTel TONYKOB

TTocneoBaTeNLHOCTH AKTHBH3ALHHA
>1.00 1.925 0.025 5.903 1.449-2.245 2356 107632
21.05 1.925 0.025 5877 1.441-2.239 1440 79827
=1.10 1.925 0.025 5.869 1.445-2.221 823 55229
=1.15 1.900 0.025 5.850 1.444-2.204 463 37763
>1.20 1.900 0.025 5.290 1.433-1.408 235 24158
=>1.20 1.900 0.050 5.058 1.370-2.198 235 24158
z1.25 1.800 0.100 4452 1.324-2.228 106 14003
>1.30 1.700 0.100 4.741 1.309-2.189 53 8881
=1.35 1.700 0.100 5.784 1.221-2.052 25 6197
[MocnegoBaTe ILHOCTH 3aTyXaHHs

>1.00 1.975 0.025 8.009 1.570-2.209 3812 260859
21.05 1.975 0.025 8.157 1.572-2.206 3269 248225
=1.10 1.950 0.025 8.280 1.574-2.202 2731 234050
=1.15 1.950 0.025 8.249 1.575-2.201 2181 217929
=1.20 1.950 0.025 8.225 1.572-2.201 1725 202467
=21.25 1.950 0.025 8.348 1.573-2.198 1354 185536
21.30 1.950 0.025 8.330 1.571-2.195 1025 167249
=1.35 1.925 0.025 8.381 1.565-2.194 792 151380
=140 1.925 0.025 8.541 1.564-2.189 603 132282
=145 1.975 0.025 8.471 1.566-2.182 449 115027
21.50 1.975 0.025 8.414 1.566-2.174 332 100199
=1.55 1.975 0.025 8.860 1.563-2.166 227 81213
>1.60 1.975 0.025 8.811 1.560-2.153 163 68259
21.65 1.975 0.025 8.727 1.547-2.145 109 54587
=1.70 1.975 0.025 9.289 1.560-2.126 69 40643
21.75 1.925 0.025 9.510 1.558-2.123 46 32500
21.80 1.950 0.050 9.327 1.551-1.135 26 24269

3HA4YeHHH O B OCIE{OBATENBLHOCTSIX AKTHBH3AINH 1
3aTyXaHus no napaMeTpy N, COOTBETCTBHE MONYUeH-
HBIX Pe3ylbTaToOB JUIs Tocne/loBaTeNbHOCTel 3aTy-
XaHust n3BecTHOM hopmyne OMOpPH MO3BONSIOT CUH-
TaTh, YTO BhISIBIIEHHAS 3aKOHOMEPHOCTh O6HEKTHR-
HO CYIIECTBYET JI7Isl U3MEHEHHs KOJTHYEeCTBa TONYKOB
BO BPEMEHHM KakK MpH aKTHBH3AIMH, TaK W TIPH 3aTy-
XaHWH CEHCMHYECKOTO TPOIECca.

Bonee Toro, monyueHHble pe3ynbTaThl IOKa3kIBa-
10T, 4TO (hopmyna OMOpPH NPUMEHUMA TIPH OTIHCAHUH

3aKOHOMEPHOCTEI H3MEHEHHS! KONMYECTBA TOMUYKOB B
HECTAIMOHAPHBIX CEHCMUYECKNX TOCNEI0BaTENbHO-
CTSIX KaK B Clyyae ak THBH3AI[HM, TaK U B CITyyae 3aTy-
XaHHs ceifcMuueckoro nporecca. Hanomuum, uro ca-
Ma chopmyna Omopn uMeeT udepeHnmanbHbIM Xa-

pakrep®:
n(1+ Bt) = A, 9

6 IMpusopures no [Puxrep, 1963], ¢ HEKOTOPLIMH H3MEHEHUAMH
0003HAUCHHIL.
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MAJIBILIEB,

rJie 11— 4acTora a)TeplIOKOB B TEYEHHE BbIOPAHHO-
ro HHTEpBana BPEMeHH (T.e. O CYTH TepBasi IPom3-
BOjIHast mapameTpa N 1o Bpemenu t— dN/df), cepenuna
KOTOPOrO NPUXOMTCS HA MOMEHT BPEMEHH [ 1OCHE
BO3HMKHOBEHUS [NIABHOIO TOJ4KA, a A u B—nocrosiu-
Hble, BbIOMpAeMble TaK, YTOObl YOBIETBOPHTb HME-
rommMcst naHHbIM. Tlonydennbie HaMu Hanbonee Be-
POSITHBIC 3HAYCHUS MOKa3aTens 0. B YypaBHCHHHU (2)
JUIS1 HECTALMOHAPHBIX TIOCIEOBATEILHOCTEN MO Ma-
pamerpy N GIH3KH K 0, = 2, IpH KOTOPOM YpaBHEHHE
(2) uMeeT peuicHUe B BUjIC orapuMHUCCKOl 3aBH-
cumoctH (5). Judppepentupys nocneHIow0 10 Bpe-
MEHH, NoNyyaeM 3aBHCHMOCTB BHa (9), B KoTopoil

kT l . B=
a( Ta - {] )
BPEMEHH OCYILECTBISACTCA OTHOCHTEIBHO COOBITHA,
Haubomnee O6AU3KOrO K MOMEHTY BpPeMEHHOI acuMII-
TOTHI (KOHEUHBIH TOMUOK MOCIEN0BATENLHOCTH aKTH-
BU3AIMH MJIH HaaJIbHBIA TOJIMOK IOCIEN0BaTeNbHO-
cTH 3aTyxanus). Pazmuung Mex1y nocneoBarelbHO-
CTSMH aK THBH3ALMH U 3aTyXaHHs B 3TOH 3aBHCHMOCTH
ONpeflesIgroTes JIUIIL 3HaKoM KoapduuuenTa k (mo-
JIOKUTENBHBIM B ClIy4ae aKTHBU3alMHA, OTPHLATEb-
HBIM B CIIyJae 3aTyXaHus).

Taknum 06pa3oM, HMECTCS BO3MOXKHOCTD MCIIOMb-
3oBanns popmysbl OMOpH IS TIOCICAOBATEIBHO-
cTell Kak 3aTyxaHus, Tak W aktuBH3aumn. OpHako
nesisHo Anpdepennuannuniii Xapakrep (opMynbl
OMopH H NPUBHOCHMAS IOTPELIIHOCTE 34 CUET NPOH3-
BOJILHOCTH BbIOOpa MHTEpBaNa OCPefHEHUs Cylie-
CTBEHHO CHHXKAET ee TOYHOCTb, [ToaToMy, 1o Hale-
MY MHEHHIO, (popmyty OMOpH Jiyyllle IPUMEHSTH B
HHTErpaabHOM BHJIE, HCTIONbB3YS VISl 3TOrO pelleHne
(5) ypaenenus (2). Ho emie Gonee TOYHBIM 17151 OIH-
CaHHsl HapacTaHUs KOJIMYECTBA TOIYKOB B ceficMuye-
CKMX TMOCIEJOBATENBHOCTSIX OYJIeT HenoCPeJiCTBEH-
HOE HCIONB30BaHNE TOMYUEHHBIX HA PAacCMOTpPEH-
HOM MaTepuasie 3Ha4YeHWH ToKas3artens CTeneHu
HETMHEHHOCTH (L B PAMKaX COOTBETCTBYIOIIETO 3TO-
My caIyydaro petuesns (2). B yacTHocTH, ans napamer-
pa Nnpu o = 1.950 310 pelieHue IPUHUMAET BHJ|
19.94608

0.052632
k1.052632 (T{., -1 :

T

d

dx
n=—. A= , @ IPUBS3KA MO

N=N,+

rje acumnroruyeckune sHauenns N, n T, csizanbl ¢

Ha4yalbHBIMH YCIOBHMSMH (3HAYECHHAMH TNapameTpa

N, u ckopoctu ero uamenenus n, = (dN/df), B MOMeHT
-0.95

BpeMeHH f;) cooTHoweHusiMu T, = £ + OIQT( u N, =
0.05
=N - ZOL
Yk

JIns “sHepreTHUYecKMX mapaMeTpoB” — YCIOBHBIX
necopMaliuil i cyMMapHOIt SHCPrHH 3CMICTPSCCHHI —
MaKCHMYMBbI B paclpefie/IieHHH 3Ha4YeHHil IoKa3aTe-
71 O BLIPaXKeHb! TOXKE JIOCTATOYHO YETKO, HO XyKe,
yeM 15 apametpa N. YpoBHH aMIHPHYECKOH MIOT-

94

THNXOHOB

HOCTH BEPOSITHOCTH [T HHX HIKeE, a /Inana3oH pa3opo-
ca BO3MOXKHBIX 3HAYEHHH O CPABHHTEILHO BEIHK.
MakcumMyMbl B pacnpefie/ieHHsIX o s 1ocieloBa-
TENBLHOCTEN aKTHBU3ALMH H 3aTYXaHUS 110 OJJHOMY U
TOMY K€ [IapAMETPY HE COBHAJAOT JPYI € APYIOM, H
3TOT pa3pblB B CTOPOHY Gollee HU3KUX 3HAYECHHI O
A MOCNIEIOBATEIbHOCTEH aKTHBM3aUMH YBEJIHYH-
BACTCs TIPH MEPEXOJIC OT YCIOBHBIX fehopmanuit K
IHEPTHH.

CnepyeT OTMETHTb, YTO NPH MOJETHPOBAHHH C
C])HKCHpOBaHH]:IM o MOJaNBLHOMY 3HAYCHHMIO O HE-
penko HaOJIONAeTCsl CYIECTBEHHOE CHHXKEHHE KO-
3¢ ULUEHTA BbIIPAMIEHHUS, T.e. YXYJIIEHHE pe-
3yALTATOB MOJETHPOBAHHA. C4\s) YXYAILIEHHE TEM
BBLILLIE, YeM Jydlle BhIpakeHa 3Ta TOCTefloBaTeNb-
HOCTh 1 YeM OOJIbILe peanbHOe 3HauYeHHe MoKas3are-
1151 HENMMHENHOCTH O OTIIHYAETCH OT €ro MOJaJIBHOIO
3HaveHus. JIaHHYIO CHTYalHI0 MOXHO MNPOMJIIIO-
CTPHPOBaTh, B TOM YHCJIE, H Ha NIPUMEpE JYYIIHX U3
BBISIBJIEHHBIX TIOCTEOBaTeIbHOCTEN (cM, Tadm, 3).
B vacrHocTH, IpUBE/ieHHas B 3Tof TaGnuie  Ha puc. 2
NnoCIe1oBATC/IbHOCTD dKTHBU3ALUH 110 [dpaMETpy N
ONTUMAJILHO MOJETUpYeETest NpH 3HaueHuy o = 1.6310.
[Tpu ee mMofenupoBanuy ¢ PUKCHPOBAHHBIM 3HaYe-
HueM 0. = 1.9250 nabmropaercs yxyauienne va 71.3%

(lg| K¢ ymenpmaercs ¢ 1.5711 o 1.0296). 1ns npu-

BejIeHHOIT B Ta0M. 3 1 Ha puc. 2 Jyuiieli nmocieioBa-
TeNLHOCTH aKTHBH3ALMK 1o napaMetpy D ananornu-
Hoe yxyauienue cocrasiseT 835.4%. [lojobHas cutya-
ISl BIIONHE OObIYHA. YXyJlIeHHe, HaOmIofatoleecs
TP OCPElHEHUH IO BCEM BbISBIEHHBIM TOCTIE/I0BA-
TEMHHOCTIM MaKCHMATBHO [/l MOCHEf|OBATENBHO-
cTeil 3aTyXaHus, BBISIBIEHHBIX TO mapamerpy E, —
44.2%. [Ing nocneoBaTenbHOCTENl aKTHBU3AIIUH, BbI-
SIBEHHBIX 10 napameTpy N, 0HO MUHUMANBLHO — 20.2%.
Cpennne BeTHYHHBI YXYALIECHHI 71 OCTaNbHBIX Ba-
PHAHTOB NOCNEN0BATENbHOCTEH NeXaT MeXy 3TU-
MH JIBYMSI BeJIMUMHAMH (akTHBU3auus no D — 31.6%,
aktupusaums 1o E —33.2%, saryxanue no N — 35.8%,
3atyxanue no D—39.5%). CnegyeT 0Xujath, 4TO HO-
TBITKH MOJIENNpPOBanus ¢ (hukcaipei Koaguinen-
Ta HEJIUHCHHOCTH k Mo ero Hambojee BEPOATHBIM
3HAYEHUSAM NIPHBEH Obl K ellle GONBbLINM yXY/ILLICeHHU-
SIM Pe3YyNbTaTOB MOJICTHPOBAHHUS N3-3a CYIL[ECTBEHHO
GOIbILICH N3MCHYMBOCTH 3HAUCHHUIT 3TOrO KO3hhu-
IHCHTA,

BbIBO/IbI

1. ¥parHenue (2) BNONHE aIEKBATHO OTpaXkaeT Jiu-
HAMHKY pa3BHTHSI HECTAIHOHAPHBIX CEHCMUYECKHX TTO-
CJIEOBATENILHOCTEN M MOKET YCIELIHO HCTIONb30BaTh-
¢4 B KauecTBe annpoKCHMAIHOHHOM MOJIENH JIsl BbI-
SIBJICHMS 110I0OHBIX 110CIE10BATEBHOCTEH.,

2. Hannyne 9eTKO BBIPaKCHHBIX MAKCHMYMOB B
pacrpefieleHusIX NoKa3aTens HeMHHEHHOCTH ¢ T103-
BOJIAET TFOBOPHTL O BO3MOXKHOM CYIIECTBOBAHHH
cynnaMenTanbHbIX 3aKOHOMEPHOCTEH, onpefensio-
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HEJTMHEWHBIE 3AKOHOMEPHOCTH PA3BUTHS

LIHMX HEJHHEHHOe pa3BHTHE CEHCMHYECKOTO npouec-
€a BO BPEMEHH B ClTy4dac 3HAYHTEIbHBIX €r0 OTKIO-
HEHHIT OT CTalHOHAPHOI'O COCTOAHHUA.

3. XapakTepHCTHYECKHE NTapaMeTpbl HEIHHEHHO-
CTH O M k INs KaXkK0H MOCeoBaTeNLHOCTH SBISIIOT-
csl KOHcTaHTaMu. [1pH 3TOM Ans pa3HBIX MOC/E0Ba-
TEMHHOCTEN OHW MOTYT TPHHUMATL PA3HYHbIE, HO
Pa3HOBCPOATHBIC 3HAUCHHA C YECTKO BbIPaXKCHHBIMH
MaKCHMyMaMH B PaCIpe/ie]IEHUH 3MIHPUYECKUX IJIOT-
HOCTEll BEPOATHOCTH, T.€. 3aKOHOMEPHOCTH HEJH-
HEHHOTO Pa3BUTHA CEHCMHYECKOro mpoluecca HOCAT
CTaTHCTHUECKHI XapakKTep.

4, Haunbonee 4eTKO 3TH 3aKOHOMCPHOCTH BbIpa-
JKeHbl 115 mapamerpa N (KoHUecTBO COOBITHI), 3a-
TeM ciefylor napamerpsl D (ycnosuble jecdopma-
unn) u E (sHeprus).

5. Ilnst Bcex mapameTpoB MOCNEOBATENLHOCTH 3a-
TYXaHHA BbIPAXKCHBI JIyUlICc H UMEIOT OOJIbIINI ypo-
BEHb 3aKOHOMEPHOCTH IO CPaBHEHHUIO € MOCIEI0BA-
TENbHOCTAMH AKTUBH3ALMH.

6. Hanuune ycToMUMBBLIX 3aKOHOMepHOCTell He-
JMHEHHOrO Pa3BHTHSI CEMCMHYECKOrO TIpolecca BO
BPCMCHH JIc/IacT NPHHIHIHAIBHO BO3MOXKHBIM TIPO-
THO3 ceiicMmuueckoro npotiecca. OHAKO IS NPSIMO-
o IPAKTHYECKOTO MCNOb30BAHUS BbISBIEHHbIX 34-
KOHOMEPHOCTEl HEOOXOMMBI JIONONHUTENBHBIE UC-
CIIEIOBAHHS.

Pabora BBINONHEHA NPH NOJCPKKE MO TeMaM
Ne 13 (2003-2005 rr.) 1 Ne 16 (¢ 2006 1.) “H3MeHeHne
OKpY>Kalolen cpefibl i KIMMaTa: IPUPOJHble KaTa-
crpocher” [TporpaMmsl (hyH1aMeHTaNBHBIX HCCIIENO-
panuii [Ipesuauyma PAH.
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OcylecTraeH MOMCK CTATHCTHYECKH 3HAYMMBIX (Ha ypoBHe 3Hauumoctn <0.05) nepmognuHocTeil, CHH-
XPOHU3MPYIOLIUX BOZHUKHOBEHHE CHILHBIX MeNKO(OKYCHBIX (A < 100 KM) 3eMIeTpsiceHUIT B BOCBMU HaH-
Bonee celicMOaKTHBHBIX paiioHax 3emnn. B kauecTBe U3yyaeMBbIX TEPHOIHYHOCTEN pACCMOTPEHBI CHHOIH-
yeckue nepronabl mianeT ConHeuHoi cucteMsl (Mepkypus, Benepol, Mapca u KOnuTepa), a Takke nepu-
Ol TIpeLEecCHu JYHHOM opbuThl. B MsTM M3 BOCBMH PErMOHOB YCTAHOBICHO HATMYMME CTATUCTHYECKH
IHAUMMBIX PE3YILTaTOR st nepuoaa 7 = 780 cyTok, OTBeUalolero CMHOANYECKOMY MEPHOY TUIAHETh
Mapc. B nByx peroHax 3HaYMMBIMH OKa3aaMCh NYHHBINH LMK W neproa MepKypus. DTH pe3ynsTaThl He
HAXOIAT CBOEro 0ObACHEHHS 3a CYET BOIMYILIAIONIETO BAUSHUS Ha 3eMJII0 TPAaBHTALIMOHHBIX U TTPUIIMBHBIX
CHJ1, IEMCTBYIOLLMX CO CTOPOHbI APYIUX TUTAHET. 3HAYMMbIE NIEPUOIMYHOCTH MCIObL30BAHBI [TPU COCTAB-
nerdnu Ha 20042009 rr. nportosa Handosiee BEPOsITHLIX HHTEPBA/IOB BPEMEHW BO3HUKHOBEHMS CHJIBHBIX
3eMJICTPSICEHMI B YeThlpex paiioHax: Kamuatku, HOxupix Kypuna, ceBepo-Boctoka fAnonuu u xenoba

Hanxkaii.

BBEAEHHE

Kak n3BecTHO, B COTHEYHOIT CHCTEMe CHJIBI TPaBH-
TalMOHHOIO B3aMMOIEHCTBMSL 3eMIM C IUIaHETaMK
Hanbonee Benuku s ConHna w JIyHbl. 3HauyeHus
MPUIMBHBIX CUIT, AEHCTBYIOIIMX HA 3eMIII0, TakKxe
makcumanbHel st JIyael W Connua [22]. [Tostomy
YUEHBIMH PA3HBIX CTPaH M3/IaBHA BEJCTCS TIOMCK BITHUSI-
HUST KMEHHO THX HeOECHBIX TeJ Ha CeHCMUYeCcKHii pe-
«uM 3emmu [1, 3, 15, 17, 31]. B pesynsrare yaanochk 06-
HAPYXKHUTb PsAJL TIEPUOANYHOCTEH, KOPPENUPYIOIIHX C
npoueccam Ha CoJIHUE, B YACTHOCTH, C COJIHEYHOIA
AKTHBHOCTHIO, HA niepuonax T = 11, 22, 80-90 ner |7,
12, 18, 26, 27, 34]) u ¢ nepuonoM oDpalleHus y310B
nmyHHOM opouTsl T, = 18.613 net, ero nonsamMu u Kpar-
HbIMH, a Takke azamu Jlynsi 5, 6, 10, 23-25, 31].

B [3] nmoka3zaHo, 4TO PAcCMOTPEHUE COBMECTHOIO
rpaBUTALIMOHHOTO Bo3/eiicTBU ConHuA U JIyHbI TpH-
BOIMT K (popMyJie, colepxalleil He 1Ba, a TPH cliarae-
MBIX. M3 HUX MepBbie Ba OTBEUAIOT YITPYTHM SHEPTHAM
MYHHOIO M COJHEYHOrO NMPHUIHBOB B OTIACJIBHOCTH, a
TPETLE ClaracMoc 06YCJ'[(}BJ18HO COBMCCTHBIM BJIHUAHH-
€M JTaHHBIX aCTPOHOMMYECKMX 0ObEKTOB. BhipaxkeHue
I YIIPYTOi SHEPIMM NMPUIMBOB Ha 3eMIIe € Y4eTOM
TPETHEro cllaraeMoro umeet Bui [3]:

2 2
E = e 720+ 054 2T05p (cosSy) |.

Fa Fg er:g

3nech ry M g — PacCTOSTHMSI MEXIY LIEHTPaMH Macc
3eman u Jlynel u ConHua, COOTBETCTBEHHO. My, U

! [Mybaukyeres B AMKYCCHOHHOM MOPSIKE

mg— Macchl JIynel 1 ConHua. e; — KoadhuumreHT
vipyroctd. P, — nosnvHom Jlexannpa, a Sy — yron
MEXIY TeOLIEHTPUUECKUMU panuyc-Bektopamu Jly-
Hbl 1 ConHna.

Oxaszanock, 4TO HMEHHO TPETHE CJ/IAraeMoe WUrpaet
OCHOBHYIO POJIb B KOPPEJIALIMNA BPEMEHH BO3HHKHOBE-
HUSI CUJIbHBIX 3eMJIETPSICEHHIT € JaTaMU 3KCTPeMallb-
HBIX 3HAUEHHI{ YNpYyroii SHepruM, 3anmaceHHoi B cy-
Nepro3vLKUU NPUIHBOB.

B nanHoii nyOiMKkaumM, sIBISIOILEHCS MPOIoTKe-
HueM paboTsl [20], MpeanpUHATA TONBITKA BbISBIEHHS
BIIMSIHMS TONEPEMEHHOTO COMKEHUS ¢ 3eMIeH Hau-
bosnee ONM3KMX K Hel ruiaHeT: Mepkypusi, BeHepbl,
Mapca u FOnurtepa. Ckerrruyeckn HaCTPOSHHbIN YMTa-
TeJb 3aPaHee CKaXKeT, UTo MoI00Has MOMbITKAa 00peveHa
Ha Heyzauy, COCJIaBIIMCh Ha COOTHOLLIEHHE MPUIMBOOO-
pasyloLLMX CKJI TiaHeT. JeicTBUuTeIbHO, cortacHo [22],
NYHHOE MpUJIMBHOE Bo3neiicTBHe B 2.17 pa3 npeBocxo-
IUT COTHEYHOE, a MAKCUMAIbHbIE TMPUIHBHBIE CHIIbI
tpex maaHer: Benepsl, FOnurepa u Mapca Ha 4—35 ro-
PSIKOB YCTYNAIOT BEIMYHMHE COJHEYHOTO MPHUIUBHOIC
Bozzeiicreus. Ui Mepkypusi npwivBHasi cHia elie
meHbile. OJTHAKO MBI HE 3HAeM MeXaHH3MOB B3aHMO-
neicTBUs KOCMUYECKUX (hakTopoB ¢ iuTocdepoii 3eM-
JIM, 4 TAKXKE HE 3HaeM, HOCIT JIM OHM JTMHEHH B WK He-
JIMHEHHBIN XapaxkTep, MOATOMY NPeIaraeMoe HCCIe10-
BaHHE, Ha Halll B3[VIAL, BIOJIHE ONPaBIaHo.,

B nonoiHeHHe K BBILLECKA3AHHOMY TMPOBOIM/IACE
TAKXKE TPOBEPKA RIMSHHS HA CEHCMMYHOCTb JIYHHOIQ
umkia 7= 18.613 siet, TO €CTh, NEpHOA NMPELECCHH JTYH-
HOM OpOUTBI. DTOT BOIPOC VXKe MCCIICI0BAICA paHee B [6,
10, 2325, 31]. HeobxonMMocCTb 10IONHUTEIBHOIO W3-
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yeHus Obl1a OOYC/IOBIEHA TEM, YTO HAMM paccMaTpuBa-
JIMCh MO0 IpYrue CeiiCMOAKTHBHBIE PETHOHBI, MO0 Te
K€ PErMOHBI, YTO W Y IPYTHX ABTOPOB, HO C IPYTMMU I'pa-
HHLIAMU W IPYTHUMHM BEIDOPKAMU JAHHBIX KATAIOTOB.

B Xone npoBeacHHOro HaMM MCC/IENOBaHMs BIIEp-
Bbl€ BbISIB/IEHbl HOBbIE CTATUCTMYECKM 3HAYMMBbIE ME-
PHOIMYHOCTH, CHHXPOHU3UPYIOLIME BO3HUKHOBEHHE
CHJIBHBIX CeiiCMHUYECKHX COOBITHI B OT/IEJIBHBIX paiio-
Hax 3eMJii, COOTBETCTBYIOILME MeproaaM oOpallleHust
ABYX I1aHeT: Mapca u Mepkypusi. Ha ocHoBe LMKiIny-
HOCTEH JUId NepBOi IJIAHEThI COCTABJIEH JI0TOCpOY-
Hblii (Ha 2004—2009 rr.) nporHo3 MHTEPBAIOB BPEMEHH,
B TeUeHHE KOTOPBIX HaHOoIee BepOATHO BOSHUKHOBE-
HUE CHJILHBLIX 3eMJIETPSICEHHH B YeThIpeX celcMoak-
THBHBIX palOHax.

ConmmkeHure Kaxi1oii u3 niaader ColHevHoil cuete-
Mbl ¢ 3emieil MOBTOpSIETCS B CPEIHEM 4Yepe3 CBOii
onpeaeneHHbIl Mepuoa, Has3bIBaeMbld CHMHOAWYE-
CKHM. DTO MPOMEXYTOK BPEMEHH, B TeUeHHe KOTOPOro
Teno ConHeyHOol CHCTEeMbI, IBHTasCh MO CBOEi opOu-
Te, BO3BpalLaeTcs Npyu HaGII0IeHUH ¢ 3eMIH B MPEX-
Hee nonoxeHue orHocuTensHo Contua, Crporo roso-
ps, CHHOOMYECKHIi MMepHOI MJIAHEThl €CTh MPOMEXKY-
TOK BPEMEHHM MEXIY [ABYMS MOC/IEN0BaTeIbHBIMU
OJHOMMEHHBIMHM KOH(MIypauusMu ee opoutel. Ilia-
HETa C BHYTPEHHEIA 110 OTHOLLEHHIO K 3eMJie OpOUTOid
HaxonuTest OMKe BCero K 3eMi1e B MOMEHT HHKHEro co-
€MUHEHUS U JaNbIlIe BCETO — B MOMEHT BEPXHETO COEIH-
HeHus. B ot MoMeHTB! 3emis, ruiaHera u CoTHLE Haxo-
ISITCS HA OIHOH MPsIMO¥A ee opOuTHI. [11aHeTa ¢ BHeLLHe
IO OTHOLLEHHIO K 3eMJte opOuTOIi comimkaercs ¢ 3emuei
B MOMEHT TIPOTHBOCTOSIHMS ¥ MAKCHMAJIBHO YIANISIETCS
OT Hee B MOMeHT coeinHeHus1. B obenx kongurypaum-
SIX TPH HeOEeCHBIX TeJIa TAKKe HAXOAATCS HA OTHOM Mps-
moil. [lepeyncaum cpeaHre CHHOAMYECKUE NEepPHOIbI
riaHeT B eyrkax: 115.88 (Mepkypuii), 583.92 (Benepa),
779.9 (Mapc), 398.85 (FOnutep) [21].

METOOMKA UCCIEJOBAHHUA

Jng BuIABNEHUA TEPHOIUYHOCTEH OyaeM cliero-
BaThb METOIHMKE, MPELTIOKEHHON B [6], CYyTh KOTOPOI
3aKJTI0YAETCs B OTOOpaKeHMH BpeMeH BO3HHKHOBEHHS
3eMJIETPACEHUH, B3ATHIX U3 KaTalora, Ha KOJbIIO, TO
ecTb, Ha nmoayuHTtepsai [0, 1) ¢ OTOXIECTBACHHBIMH
KoHUamMH. C 3Toii 1eabi0 1151 1106010 3a1aHHOTO LMK~
JN1a PacCYHTHIBAaeTCs 3HAUYSHHE YCJIOBHO# (ha3bl IMKIa O
(0<0 < 1) Ha 1aTy BO3HMKHOBEHHSI CHJIbHOIO TOJIUKA.
B Haieil 3amaue 310 CBOIWTCS K BBIYMCJICHHSIM 110
caenyommuM GopmMynam:

0=@—1)/T,
O=(T+(t—1))/T,ecnut—t,<0,

ecinu r— 1,2 0;

e f — aMaHCKast 1ata 3eMICTPACCHUS; £y — 10JIMaH-
cKasl jata cOMMKeHMsl TUiaHeTbl ¢ 3emieid (HUXKHEro
COEAMHEeHUS! WK TPOTHBOCTOSIHKSA ), OvsKai1Ias K 1a-
Te 3emueTpsaceHns; T — Tekylllee 3HaueHHe CHHOIMYe-
CKOro nepuoza.

B ciiyuae iyHHOTO LMKJi1a 3a HyJ1b ha3bl IPUHUMAET-
cH1, TAKXKe KaK M B [6], onMaHcKast 1ara (f;) HeKOTOporo
OMNpeeIeHHOTO NMPOXOXKIEHKS BOCXOISLIIMM Y3JIOM Op-
OuThl JIVHBI TOUKM BECEHHEIo PAaBHOIEHCTBUS. 3ame-
THM, YTO B KQUeCcTBe HaYa/IbHOIA 1aThl f; B cTaThe [6] 1c-
nosnb3oBatack garta 10 anpens 1727 .

B pesy/ibrare Takoro otobpaxKeHusi 10.1y4dem pac-
NpeaeaeHUe TOUEK (CeHCMHMUYECKHUX COOBITHI) 1O KOJIb-
1y, KOTOPOE UCMOMB3YETCH JANee B 3a1a4e MPOBEPKH
runotessl H; 0 paBHOMEPHOCTH JAHHOTO pacripeiese-
Hus F = F, nporus ansrepHatusbl H, : F# F,. B [6]
NPeUIOKEHO UCTIONB30BaTh WIS ITOH LIEJH KPUTEPUI
Kyunepa |13, 32|, sapasionmiicss aHIOroM KpUTEpHs]
Konmoroposa—CmupHoBa [4].

Kpurepuii Kyunepa He10CTaToOuHO MOILHBII, MO-
3TOMY B TEX CITY4asIxX, KOT1a OLIeHKH BEPOSTHOCTH HAXO-
ISITCS BOJIM3U YPOBHS 3HAYMMOCTH, JUTs KOHTPOJIS MC-
MO/MBL30BaH OMHOMMWANIBHBIM KPUTEPUi, 0DIanalolImi
OospLueii MOIHOCTEIO. [1py 3TOM BOZHMKAET He00XO0-
JIUMOCTB pa3dHeHHsl paccMaTpHBaeMOro MoJIyMHTEpBa-
na [0, 1) Ha obmacTu cryleHust U pa3pexeHHs ToUYeK
(3eMIeTpsACceHuil) ¢ MOoCIeayIOIIUM OTpeeieHHeM Be-
posTHOCTH P* HabmonaTh NoNy4eHHOE pacrpeneicHue
QIBYX THIIOB OD/acTeit:

P = Cp"(1-p)"",

I1e 7 — KOMMYECTBO CODbITHIT B BHIDOPKE, M1 — YHUCIO
CcOOBITHIi, MONMABLIUX B OOJIACTH CIYIIEHMS, p — CYyM-
MapHasi OTHOCHUTE/IbHASL JUTMHA 0bJ1acTeil CrylueHHsl.

B pabore [6] oTMeueHO, YTO 3TV OLEHKY BEPOATHO-
CTH HAMPSIMYIO MCTIOIb30BaTh HeMb3sA. [ToCKOMbKY OHa
MOJIyYeHa B pe3y/ibrare NMpoM3BoabHOIO BbiOOpa 0ba-
CTeii CIyIIEHMUsI, MOCTONILKY TpeDyeTcsl KOppeKuus ee

“ /
IYTEM YMHOXKEHUA Ha ITOINPaBOYHbIM MHOXHTE!Ib Ck,

rne k — auciio pa3bueHmit, a / — uncio obnacreii crylie-
Husi, O003HAYMM CKOPPEKTHPOBAHHYIO BepOATHOCTD
yepes P.

Jns uckmoueHus 3pEeKToB rpynnupoBaHUs CHIlb-
HBIX 3eMIeTpsiceHHit 06paboTKa JaHHBIX BEJIACh HE 110
MCXOIHBIM KATAJIOTaM, a 110 BbIOOPKAM KI1acTepOB 3eM-
nerpsiceHuid. B paGote [6] B kKi1acTepbl 00bEAMHSINCH
ceificMMYeCKHe TOMYKH, BO3HMKILWE BO BPEMEHHOM
OKHe He GoJee roJa, Ha B3aMMHOM YIAlleHHH, COTIOCTa-
BMMOM C pa3MepamMu ouara. [[ns maHHbIX, UCTOb3ye-
MBIX HAMH, BPEMEHHOE OKHO OKa3aloch ropasjio bonee
V3KHMM: 1aThl COOBITHII B KJTaCTEPax pazMyaiuch, KaK
MpaBuiIo, JIM1LIb HA HECKOBKO IHEH U B PEAKUX Ciyya-
s1X — Ha 1 —2 mecsiua. MomeHTOM 00pa3oBaHmsl KJlacTe-
pa CUMTAIIOCh BPEMS B OYare CHIIbHEHIIEro COOBITHS.

[Tpu oTOOpaKCHUU TOUCK HA KOMbLIO CACLYCT YUH-
ThIBaTh BapHallMH CHHOAMYECKOTO TEPUOIA OTHOCH-
TE/TbHO €r0 CPEIHETO 3HaYeHUs T, YTOObI UCKITIOUNTD
MOrpeliHOCTH B onpeaeneHru dasbl 3a CUET ITOro (ak-
Topa. [To HalMM OLIEHKAM OTHOCHMTEJIbHBIE MOTPeLl-
HOCTH 32 CYET BapMalMii CHHOAMYECKOTO MepUoia He
JIOJCKHBI ipeBbiath 11.4% — nns Mepkypus, 0.7% —
st Benepsl, 8% — st Mapea, u 1.8% — st FOnurepa.
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CUHOAWYECKHWE MEPHUOABI TNIAHET COTHEYHOW CUCTEMBI

s MCKITIOUeHNsT JaHHBIX MOTPELIHOCTEH oToOpaxke-
HUE KaXIOTr0 CEeCMHYECKOro COOBITHS MPOM3BOAM-
NIOCh HA JUTHHY COOTBETCTBYIOLIETO eMy TEKYIEro re-
prona 7.

Hanuble o gatax npotuBocTossHus Mapca 3a 1901—
1980 rr. 6b11H B3ATHL M3 MOHOTpaduH [ 14], a 0 nocnemy-
roinx garax ¢ 1982 r. 1o 2000 r. — u3 ACTPOHOMHYECKHX
KaneHnapei [2] u Unrtepuera. [Lnst Apyrux niaHer aathl
HIDKHETO COCIMHCHMS WIH MPOTHBOCTOAHUSA GPaTHCh
1100 U3 ACTPOHOMMYCCKHX KaieHaapeii [2], ambo pac-
CUMTBIBATTMCh MO CMELMATBHON MPOTrpamMMe.

CEMCMOAKTUBHBIE PAMOHbI
U KATAJIOIM 3EMJIETPSICEHU M

B Hacrosiueit pabote paccMoTpeHo 8 Haubosiee ceii-
CMOAKTHBHBIX 06nacTeii 3emHoro apa: Kamuartka,
HOxuble Kypwisckue o-Ba, ne obnacti B SlnoHuwm,
Aneyrckue o-Ba, [Nepy u Dkeanop, Cpennee Yunu, Ce-
Bepo-AHaronuiicknii paziom (Typuus). Tepputopun
JAHHBIX PAIOHOB OTPEIE/SUTUCE CIIEAYIOLIAM 00pa3oM.
KamuaTckuii paiioH BKiouan 3emieTpsiceHust Kypuio-
KamuaTckoii 30Hb1, pacronoxkeHHbIe cepepHee 50° ¢. 111
Paiion KOxHbIX KypHILCKHX 0-BOB COCTaBW/IA TEppPH-
Topusi BOsm3u o-BoB Ypyn, Mtypyn u Kynammp. OG-
nacTb BOCTOYHee 0-BOB XOKKaiiao 1 XoHclo Obl1a orpa-
HUYeHa ¢ cepepa 44° ¢.111., a ¢ 10ra — CTHIKOM 0. XOHCIO ¢
bonunckoit ayroii. Paiion Hankaiickoro xenoba
BKITIOUAT Takxke obiacTb xkenoda Cypyra, TO eCTh, 3a-
XBaTbIBAT THXOOKeaHcKoe nodepexne 0-BoB CHKOKY U
XoHcto 10 1. TokHo.

PervoH AsieyTcKUX 0-BOB IPOCTHPANICA 110 IHMPOTE
or 170° B.a. — no 165° 3.1. Obnactb nodepexwba llepy 1
Dkeanopa Ob1a BeIOpaHa no gonrore ot 1.5° c.ur. g0
21.0° 10. 11., a paitoH nodepexba CpenHero Yunm — B
nuanaszoHe 30.5°—38.5° 10.11. 3emeTpsiceHUs B rpejie-
nax Cesepo-AHaronuiickoro paznoma (Typumst) pac-
NoJIaraIiek Mo HIMpoTe Mexay 26.5°—40.5° ..

J1ns Kax1oro paiioHa COCTARMSUTMCH BHIOOPKH CHJTh-
HBIX 3eMIIETPSICeHUH ¢ ITyDMHAMK 04aroB MPUMEPHO J10
100 kM (Tabn. 1). [epuonsl HabmOnEHUIT B BBIGOPKAX
OMpeesUTUCh C YYeTOM HAIeXKHOCTH JaHHBIX B KATATIO-
rax 3emseTpsiceHuii. [ pernonoB Kamuarku u FOx-
HbiX Kypuibsckux 0-BOB Mcnonbs3oBaicss HoBelit kata-
nor [16] ¢ nobasneHreM 3a MOCIEIHHE TOIBI JAHHBIX
Kamuarckoro ¥ CaxanmuHckoro dmnuanos leopusmye-
cKoii cyx0b1 PAH, cooTtBeTcTBeHHO. [11s1 paiioHoB Sno-
HWH MCXOIHBIMH JJAHHBIMH TOCTYKITH Katanord JMA 1
T. Usami [30, 35], a 14 ocTaibHbIX — HH(OpMALIUS U3
CBOJIOK, TpPUBEIEHHBIX B MOHOrpacduu [29, ctp. 671—
686 1 cp. 756—757]. 3a noceHKE rOab! NPURIEKATUCH
Takke ceiicmonornueckre ceoaku NEIC/USGS [28].
Hna paiiona HOxueix Kypun semnerpacenusm 1900,
1904, 1915 u 1916 rr u3 Hoporo Karasnora He HalUIOCh
aHanoros B karaiorax NEIC/USGS u JMA. B karanore
T Ycamu [35] Takke HET TAKUX 3eMJICTPACEHMIA, 3a MC-
KimoueHreM codbitust 18.03.1904 1., KoTOpoMy NpHIHca-
Ha MarHuTyaa M = 6.8. C yueToM ckazaHHOro, B paii-

oHe KOxubIX Kypun paccMaTpuBanuch UL COOBITHS

c1918

Jlns noucka HIMKITHYHOCTEH B OoJee 1HPOKOM JIHa-
Na30He MarHUTYJL, B TeX perHoHax, rje Mno3poJs/iy JaH-
Hble, 0DpabaTbIBAIMChL MO JIBE BBIOOPKHM KIACTEPOB
semsieTpsceHuii c M > 7.5u M > 7.7, cooTBeTCTBEHHO
(tadn. 1). B octanbHbiX pernoHax obpaboTka Besach 1o
O/IHO#T BBIGOPKE. 3HAYCHMST MATHUTY/L 3eMICTPSICCHHI
BbIOOpOK B Tabi. | mpHBeeHbl B eIMHULAX LUKATbI
KaXI0r0 MCIMONb3YeMOro Karasiora. Tam ke yKasaHo
KOJIMYECCTBO COOBITHIT M KacTepoB B 00pabaTbiBaCMBIX
BbIOOpKaX.

PE3VJIBTATbl ObPABOTKHA
M OBCYXIEHUE

B npotiecce oToGpaxkeHus KIacTepoB CEHCMUUECKHUX
COOBITHI BBIDOPOK Ha KOJIBLIO ISt CHHOIHYECKOTO T1e-
puoga T KaxIoi IJlaHeThl M OLIGHKH BEpOSITHOCTH
UMeTh HabITIoneHHbIe 3HauUeHus1 cTaTucTukU Kyunepa
NpY PaBHOMEPHOM pacnpeIe/IeHUH 3eMIETPSICEHHI Ha
KOJIbLIE ObUTH MOJYUEHBI CEAYIOIHE PE3Y/IBTaThl, MPH-
BefieHHbIe B Taos. 1. B Heit nomellieHs Takke aHAIOrMy -
HBIC OLEHKHW JUTSI MepHoa OOpalleHusT Y3/I0B JIYHHOM
opbutsl. B Tex ciyyasix, Korma OUEHKH BepOATHOCTH
Omu3kH K ypoBHIO 3HauuMocTH o = (.05, anst koHTpona
B CKOOKAX JaHbl BEPOATHOCTH 10 GHHOMHAILHOMY 3a-
KOHY C Y4ETOM YITOMSTHYTOTO BbI11I€ MOMPaBOuHOTO MHO-
JKHTESIA.

bynem cuurarsb, yto runore3a H0 o paBHOMepHO-
CTH pacnpeneeHnsa celcMUUeCKUX COBBITHI MO KOJTb-
LIy OTBepraeTcs, ec/ii BepPOSATHOCTb, NMPUBEIEHHAs B
Tabn. 1, He npeBbIlLAeT ypoBeHb 3HAYMMOCTH o, = .05,
LIMKTHYHOCTH ¢ TAKMMH BEPOSTHOCTSIMH Oy/ieM Cuu-
TaTh CTATMCTMYECKM 3HAUMMBIMH. LISl HArISIHOCTH
OHH BblieNeHbl B Ta0. | xkupHbIM wipudTom. M3 st0ii
Tab/MIIBl BUIHO, YTO B MATH U3 BOCbMH PETHOHOB CY-
IIECTBYIOT CTATHCTHYECKH 3HAYUMBIE EPUOIUYHOCTH
¢ nepuoaoM T = 780 cyTok, oTBeyalOLLHe CUHOIUYE-
ckoMy nepuony miaHetsl Mape. Mo aBe nepuonnuHo-
CTH TTOJTYYEHBI JUTS IYHHOTO LIMKAA U ieproaa Mepky-
pusi. Ha nepuonax Benepsl u KOnurtepa cratuctuue-
CKH 3HAYMMBIX IHKJIMUHOCTEH He 00HApY:KEHO.

[MpuMepbl HAOMIONEHHBIX pacrpeneleHlil 3eme-
TPSACEHWH BIOJB CYMMapHOI pa3BepTKU KOJbLIA, 3HA-
YKMO OTKJIOHSTIOILIMXCS OT PABHOMEPHOCTH, JUTS CHHO-
aMYeckoro nepuoga Mapea npeacrasieHbl Ha puc. |.
Ha rpacdukax 310ro pucyHka npociaexnBaeTcsl MHTe-
pecHasi 3aKOHOMEPHOCTb, 3aK/TIOYAIOLIASICS B TOM, YTO
IUIA KaXIOro CEeHCMOAKTUBHOIO paifoHa B Ipezesax
KOJIbLIA CYLLECTBYET CBOE, JOCTATOYHO IIMPOKOE, Bpe-
MEHHOE OKHO, B MPEAEIax KOTOPOro CHJIBHBIE 3eMITe-
TPACEHUS OTCYTCTBYIOT. Tak, MepHOIbI “3aTHILIbA ™ LI
Kamuarku 1 CeBepo-AHaTONMICKOrO pazioma Ha-
0/110aI0TCS BO BTOPOH MOJIOBMHE LIMKJ1Aa ITPU 3HAYEHU -
ax a3l 0>0.59 1 68> 0.47, coorBeTcTBEHHO; /1A HOX-
HbIX Kypun — B cepeanne ero (0 = 0.33—0.82); a nns
paiioHa X0KKaiii0, XOHCIO — B Hayasie LKA rpu 6 =
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CUHOIWYECKHUE MEPHO/BI MJIAHET COTHEYHOW CUCTEMBbI

=(.08—0.51. OcobeHHO NMpUMeYaTebHO pacrpenene-
HUE KI1acTepoB COOBITHI s xenoba Haukaii 3a no-
cneanue 300 net [35]. IsTh K1acTepoB 3eMIETPSICEH Ui
¢ M = 7.9 Bosn3u kestoba MpoOM30LLIN NPAKTHUECKH
cuH(a3Ho (TPeBOXKHDIIH MEepHOJ 3aKTI0UeH B IMATa30-

He 0 = 0.37-0.56).

Ha puc. 2, juist cpaBHeHUsl, TIPUBEIEHbI IBA CTATH-
CTHYECKH 3HAYMMBIX pacrpefeneHus g CUHOaHYe-
ckoro nepuona Mepkypusi. [lepsoe xapakTepusyercs
CrylieHHeM KiactepoB B uHTepBaie O = 0.51-0.79, a
Bropoe — B ananasote 0 = 0.35—0.75. PasneneHue 00-
JnacTeii paspexeHust v CTyIIeH!sl ToueK B 060X ClTyya-
sIX HE COBCEM OTYET/IMBO.,

Bonee oryernnBoe pasneneHue obiacteit Hadoma-
€TCsl HA BePXHeil yacTH puc. 3, rae u300paxeHa JJyHHAas
LMKJIMYHOCTh KJIACTEPOB 3eMIeTpsaceHrit KamuaTtku ¢
M >7.6. [TpakTH4ecKH BCs BTOpas YacThk LMK, a TOU-
Hee 45% mnuHbl nonyuHTepsana [0, 1), oTHocuTes K
o0nactu nokosi. HepaBHOMepHOCTL IpYroro pacrpe-
NeNeHMsl Ha 9TOM JKe PHUCYHKe — JUls paitoHa robepe-
Kb Tlepy m Oksagopa, 0OYCIOBICHA CryLLIEHHEM
OonblunHCTBa codbiTHii (60%) B y3KOM IManasoHe
a3 (0.39-0.61).

AHATU3 CTATHCTHYECKH 3HAYMMBIX NEPHOTHYHO-
creit Ob1 ObI HEMoIoH 6e3 NMPOBEPKH MX Ha MPEAMET
(.‘.le‘laﬁHLK.‘.’l‘M HOJIYY4EHHBIX OUCHOK 3HAYHMMOCTH, YUH-
ThIBAs TOT (HAKT, 4TO 371ECh PACCMATPUBAIOTCS BBIOOPKH
C MaIBIM YMCIOM KiacTtepoB. i pOBEpKU HeCIy-
YaiflHOCTH XapakTepa TOJYYeHHBIX pacrpeneieHuit
PacCMOTPHUM J1Ba TMOJIX0O/A.

[MepBblii criocod NMPOBEPKU COCTOUT B CJIENYIO-
uieM. B xone o6paboTKM JaHHBIX UCTIONB3YEM CXEMY
[loiis, npu KOTOPO# 0OBEM CTATUCTHKM 3apaHee He
(uxcupyerca. byneMm ocylwecTBAAThL [OC/IEN0Ba-
TeJIbHOE MOMOJIHEHUE BIOOPKH BO BPEMEHH OT/IC/b-
HBIMHM KJIaCTEpPaMH JI0 TeX TMOp, MOoKa HE MOIYYHUM
3HAYMMYI0 HEPABHOMEPHOCTb pacrpeie/ieHus codbl-
THii Ha Kofblie. [Tocne aToro 3aduKcHpyeM rpaHuLLbl
obBnacT (MM obacTeil) CryiieHus CoBbITHI U IpOo-
NOMKUM TIOTIOIHEHHE BBIOOPKM OCTABLUIMMUCS CO-
OBITHAMH, OJHAKO THIIOTE3y O PABHOMEPHOCTH pac-
npeaenerus ¢as Oynem npoBepsTh yxe st GUKCH-
pOBaHHBIX rpaHul, obnacreii crymeHus. Ecnu ata
TUIIOTe3a OYIET OTBEPraThecs Ha YPOBHE 3HAYMMOCTH
0.05 1 MeHee npu GUKCHPOBAHHOM TMOJOXKEHUH Tpa-
HUL “aKkTHBHBIX” (pa3, TO [0JYYEHHbIE paclipeaesie-
HUS IEUCTBUTENBHO MOTYT CHHTATLCS HepaBHOMEP-
HBIMH.

Pesynbrarel peaimzaumu cxembl [oitst npeacrasie-
HbI BTa01. 2. I3 naHHOIi TaOGMUIIbI BUIHO, YTO LTS BCEX
PACCMOTPEHHBIX TIEPUOAUYHOCTEd OIHAXKIBI BbISB-
JIEHHAs CTATUCTUYECKAS 3HAUMMOCTb COXPAHAETCH J1a-
Jiee Mpu (DUKCHPOBAHHBIX MHTEPBANIAX CTYLIEHMS 10
KOHLA BbIOOpKH. HecMoTps Ha MONOXMUTENbHBIH pe-
3yJIBTAT MPOBEPKHM, OHA OCTABISIET BCE XK€ HEKOTOPOE
YYBCTBO HEYAOBAETBOPEHHOCTH. YMC/I0 K1acTepos B
BbIOOPKAX MaJIO, MOITOMY M YKC/IO ITPOBEPOK 110 CXEME
[Toiist TaKxKe HEBEJIMKO — OT OJHOIO JI0 YeThIpeX, Mo-

100

co—tp—o0—0 o

KamuaTka

0.2 04 0.6 0.8
[OxHbie Kypuibckue o-Ba

0.2 0.4 0.6 0.8
Snonus (Boctounee 0-BoB XOKKaii10, XOHCIO)

00
0.2 0.4 0.6 0.8
SAnonus (paiton xenoba Haukaii)

0.2 0.4 0.6 0.8
Typuust (CeBepo-AHATONHICKHIA pa3ioM)

o8 d

0

0.2 0.4 0.6 0.8

Pue. 1. OroGpakeHne KIacTepoB CHIbHBIX MeJIKODOKYyC-
HBIX 3eMJICTPSCEHMIT OTACABbHBIX PErMOHOB Ha cyMMap-
Hy10 pa3sepTky Koibla (0 u | — onHa 1 Ta e TouKa), co-
OTBETCTBYIOILYIO MEPHOAAM MEHIIY NOCTeN10BATENBHBIMH
NPOTHBOCTOAHMAMH Mapca. Maruuryibl coObitnit M n
KOJIHYECTBO KJIACTEPOB N B BEIDOPKAX CHCAYIOLME: JUst
nepseIX Tpex pervoHoB M = 7.7, n = 9; nna paitona Hau-
Kaiickoro xefnoba — M = 7.9, n = 5; wa Cesepo-AHato-
nuitckoro pasioma — M = 7.4, n =9. Mepuons HaGoae-
HHUH 3emaeTpsiceHnit BLIGOPOK cM. B Tabm. 1.

Snonus (BoctouHee 0-Bor X0OKKaiino, XOHCK)

Lo |

0

ol ol odoood

0.2 0.4 0.6 0.8 1.0
Cpennee Ynnu

ol o oo ! .

0.4 0.6 0.8 1.0

0.2

Puc. 2. AHanoruuen puc. 1, cyMMapHas pa3BepTka Kojlb-
L@ COOTBETCTBYET NEPHOLY MEXKLY MOC/Ie10BaTe/IbHBIMH
HIKHUMH coeaHHeHUAMH Mepkypus. Maruutyasl co-
ORITHH M KonUYecTRO KNACTEPOR N B BRIDOPKAX Clenyio-
Line: B paioHe BOcTOuHee 0-BOB XOKKaii1o W XoHco
M = 7.6, n = 10; B paitoHe nobepexbs CpeaHero Uunm —
M = 7.5, n = 11. [lepuons HabTIOACHUIT 3eMIETPACEHMIH
BEIOOPOK CM. B TaDI. |.

Kamuarka

sl Lol 1
0 0.2 0.4 0.6 0.8 1.0
[epy, DkBanop

0 0.2 0.4 0.6 0.8 1.0

Puc. 3. AnanornyeH puc. 1, cyMMapHas pa3BepTKa Kojb-
11a COOTBETCTBYET MepHoay obpalleHHs YIOB JYHHOI
opouTel Ty = 18.613 neT. Maruutyis codbiTHii M Konn-
HECTBO KJIIACTEPOB N B BHGUDKHK CHCAYHOUHE! B PEIHOHE
Kamuarka M 2 7.6, n = 10; B paitore nobepe:kesa [Nepy n
Okeanopa — M 2 7.5, n = 20. INeprons HabmoneHHi
3eMeTpsceHnit BeIGOPOK cM. B Tab. 1.
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TUXOHOB

Tadmmua 2. BepostHoctd P nofyyenusi paBHOMEPHOro pacnpeneieHus npu peainsaunu cxemol [Toiis, naunnas ¢ Ho-
Mepa ki1acTepa N, Ipu KOTOPOM BriepBhbie HAOMIOAAeTCS 3HAUMMAS e PHOIUYHOCTh

Mar- Yucno uH-|  Duxcupo-
F— Yucso| Teppaion | BaHHbBIE HHTEP- BepostHoctu P st GHHOMM-
I'Iepuonwmocn Perioun Hh;i: KJ1acTe pﬂSﬁ[/]EHHﬂ BaJlbl CTYLUEHHS N AJILHOI'O 3aKOHA U KPUTEPKHA
nopor| POB thazoBoro | Touek B (hazoBoM Kyurnepa (B ckobkax)
P OKHa OKHC
T, =7799 cytox | Kamuarka | 7.5 14 2 nepBblii 13 10.07 (0.05) 0.044
7.7 9 2 NepBbIi 8§ [0.063(0.037) | 0.035
f_"‘“"'e 75 | 12 5 1,2,5 10 [0.060 (0.026) | 0.036 | 0.022
YPHJIbI
Xokkaipo, | 7.5 13 12 1,7,9,12 11 ]0.017 0.020 | 0.006
Xoricio 7.7 12 1,7,9, 12 7 10.033 0.008 | 0.002
Kenobd 7.9 5 3 BTOPO# 4 10.037 0.012
Hankaii
Typuus 7.4 9 2 NepBbli 9 10.035
T,=18.613 [lepy, 7.5 20 3 BTOPO# 18 10.032 0.017 | 0.028
DKBagop
T, = 11588 cyrok [Cp. Yuau | 7.5 11 1,5,8,9 1T ]0.041

ITOMY JAHHOE TOKa3aTENLCTBO HE KAMETCH OOCTATOU-
HO YOEIUTETHHBIM.,

VoenuTenbHOCTh JOCTUTAETCsA, Ha HAlll B3MISI, MPH
BTOpPOM MOIXOOE, MCMNONL3YIOLEM METOMIHUKY, MPENlo-

JKEHHYIO0 B [19]2. JaHHblil noaxon He MPUBSI3aH K KOH-
KPETHBIM CHHOIMUECKMM TIepHOIaM W TO3BOJAET pe-
1IaTh OOLLYIO 3a/1a4y BbISIBJIEHHsI CTATHCTHYECKH 3HAYM-
MBbIX, UH(DOPMATUBHBIX M YCTONYMBBIX HIUKIMUHOCTEH,
CHUHXPOHH3UPYIOLIMX BO3HHKHOBEHHE CWIBHBIX 3eMJTe-
TPSCEHHI B KOHKPETHBIX PETMOHAX [T HHTEPECYIOIIEro
JTMANa3oHa NepruosIoB.

CorniacHo 2Toi MeTOIMKe, I KaXI0TO UCCenye-
MOTO Neprosa 7; BBIMOTHSIOTCS CISAYIOLINE ONePaLiH.
Bech nHTepBan HaOmoneHHa B Karajnore pa30uBaeTcs
Ha OT/Ie/IbHBIE OTPe3KH (pa3BepTKH) THTEILHOCTEIO T
W MOMEHTBI BO3HMKHOBEHUS CUJIBHBIX CEHCMUUYECKUX
CODBITMIA perMoHa OTODpPaXaloTCs Ha COOTBETCTBYIO-
11lMe pa3BepTKH B BUIE OT/ENbHBIX TOYEK. 3aTeM pas-
BEPTKH HAK/TANBIBAIOTCA APYT Ha Apyra M MojydyeHHas
CcyMMapHas pa3BepTKa HopMHpyeTcs K uHtepsany [0, 1).
DMIIMPHUYECKOE PACIIPEIE/IEHUE TOYEK IPOBEPSETCS Ha
MpPeAMET OTIMYHSI OT PABHOMEPHOIO PACIpeie/eHHs! C
3a1aHHbIM YPOBHEM 3HAYMMOCTH.

Mcrnonbaysd JaHHBI NMOAXOM ISl CTATMCTHYECKU
3HAYMMBIX IMKJIMYHOCTEI, PACCMOTPHUM 3aBUCUMOCTh
cTaTMCTMKM Kyunepa oT BeIMYMHBI mepuona 7; B
OKPECTHOCTH KaK CMHOIMYECKHMX MEepHOIOB, TaK W
JIVHHOTO UMK, Pe3yibrarel pacyeToB /1l Pa3HbIX
pPErMoHoB M300paxeHbl B BUiae rpadMKoB Ha puc. 4.

B paMKax JaHHOTO MOJAX0AAa He OLUEHHBASTCS BEPOATHOCTH
MOABIEHHS HEPAaBHOMEPHBIX pacrpefefeHui, XapakTepHbIX
U151 MAJTbIX 00BEMOB BbIDOPOK.

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

KpuBble Ha BepxHeM TpadMke XapakTepHU3ylOT XO.
cratuctikn Kyunepa Boausm nepuona Mepkypusi
(T, = 115.88 cyrok), Ha cpenHem rpadvike — B
okpecTHocTH mieprona Mapcea (7, = 779.9 cyTok), a
Ha HWXKHeM rpacduke — B MHTepBaje MepuonoB, Co-
IEepXalux TyHHbIA MK (T, = 18.613 net).

s Bcex ILEeCTH KPUBBIX XOJI CTATUCTUKU BIOJIHE
3aKOHOMEpEH: CHayasa HabJolaeTcs HapacTaHUe 3Ha-
YeHHit pU MPUOIIXKEHUN K M3YJaeMOMY TepHOLy, a
3aTeM Crajl — Npu yraneHuu ot Hero. Ipu 3ToM B pas-
HBIX PErMOHAX TIOJIOKEHUS TIABHBIX MAKCHMYMOR He-
MHOTO CMellleHbl OTHOCHTEJTHHO JIPYT JIPYTa, 4TO BIOJ-
HE eCTECTBEHHO LTSl MAJIbIX BHIOOPOK NaHHbIX, YeTkoe
(hopMHUpOBaHME MAKCHMYMOB, MPEBBIILAIOIINX YPO-
BEHb 3HAYMMOCTH B NIATH CJIy4asix, TOBOPHUT O HECHY-
YaiiHOM XapaKTepe MOJIY4eHHbIX HEPABHOMEPHOCTEI B
pacnpeneieHusix. OTMETUM, YTO OCHOBHOM MUK Ha
pUC. 46 pa3BOEH, YTO CBA3aHO, MO-BHANMOMY, C MOLLY-
JISIIME IYHHOTO LIMKJIa APYruM, GoJsiee HU3KOYacToT-
HBIM TieproaoM. OHAKO YCTAHOBHUTD €10 3HAYEHUE He
MPECTAB/ISETCH BO3MOKHBIM M3-32 OTHOCHTENBHO KO-
POTKOI1 JUTMTCJILHOCTH M3Y4aeMbIX KATAIOTOB.

Haubonee oT4eT/IMBLIE 3aKOHOMEPHOCTH B pac-
npezeneHuy (a3 BOBHUKHOBEHUS CEHCMMYECKHX CO-
OBITHIT B OTAE/IBHBIX PErMOHAX MOXHO HCIIOJIb30BaTh
IUISL IPOTHO3HOM OLIEHKM CITOKOMHBIX M ONACHbIX I1€-
PHOIOB, TIPENoaras COXpaHeHHe HaOMOAEHHOI Be-
KOBOH (mnu Oojee JAIMTENbHOI) 3aKOHOMEPHOCTH B
TEYEHHE MOC/EAYIOIMX HECKOIBKMX JIET. B KavyecTse
npuMepa caenaeM TaKOH MPOTrHO3 JUTsl YETbIPEX Ceii-
CMOAKTHBHBIX PAHOHOB Ha OiKaiire 6 JeT, Hauu-
Has ¢ 2004 . (TaGn. 3).
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CUHOIWYECKHME NEPUOADI TNIAHET COJIHEYHOW CUCTEMBI
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Puc. 4. 3apucuMocT 3Ha4eHHa cTaTHCTHKM Kyunepa oT BeJMYMHBL NepHosa B okpecTHoCTH nepuomon 1159 cyr (a),
780 cyrox (4) n 18.613 ner (), paccunTanHble o MeTonuke [ 19] nas karanoros knacTepos zeMIeTpaceHHi. 3HaUeHIIA MaT-
HHTYA coOBITHI U paiioHk: @ — M > 7.6, BocTouHee 0-BoB X0KKaiiao, XoHclo (Toneraa Kpupasi), M > 7.5 moGepexbe Cpen-
Hero Yuau (toHkas kpusad). § — M 2 7.7, Kamuarka (Tosncras kpusas)), M 2 7.7, KOxHble KypuibCcKue 0-Ba (TOHKas KpH-
paf). 6 — M = 7.6, KamuaTka (Tosctas kpusan), M 2 7.5, no6epexne [Tepy 1 Dxpajopa (ToHKad Kpusas ). [opH30HTAIBHBIE
JAHHIHH — 31AYelHA CTATHCTHKH KyHIepa, COOTBETCTBYIOMHE YPOBHIO 3HaYUMocTH o, = (.05, BepTHKaIbIIbEe CTPEAKH ¢ YHC-
JIAMM OTMEYAIOT MAKCUMYMBL KPUBBIX € COOTBETCTBYIOWUM 3HaYeHueM nepuoaa. Hlar nuckpernsaunu nepuosos — 0.01 eyt

(a), | cyTku (6) u 3 cyTok (B).

OnacHble NepHOABI B JaHHOI Tabaule nomyye-
HBbI TIyTEM BBIYHTAHHUS U3 b-IETHETO HHTEPBAA Bpe-
MEHH “OKOH MOKOA™ (OTCYTCTBUS CUNLHBIX 3eMJie-
TpsiceHUI) B amanazoHax ¢as, MpUBEIEHHBIX B

Tabn. 4. JIns nmOBBILEHUS HAJEXKHOCTH MPOTHO34,
TPaHMIBI KAXIOTO OKHA TTOKOS B3ATHI C JOMYCKOM,
paBHBEIM (.06, TO €CTh, OKHO CYXWBANOCH CMPaBa W
¢JleBa Ha JAHHYIO BETUUNHY. 3HaUeHHe T0MyCcKa Obi-

Tabmmaua 3. JoarocpouHblii MPOrHO3 NEPUOAOB BO3MOXKHOTO BO3HMKHOBEHHS CHIbHBIX MeAKOohoKycHEIX (f < 100 Kum)
3eMAETPACEHHIT B OTIENBHBIX paiioHax Ha 2004—2009 rr.

Peruon Ne onacHoro OawurensHocTb
M MAaTHUTYALL COOBITHIT nepuoaa Mlata Hawana nepriona | Jlata KoHlia niepronia nepuona, CyTk1
Kamuatka, M >7.6 1 27.11.2005 24.03.2007 483
2 20.12.2007 03.05.2009 501
H0xnpie Kypuibckue 1 01.01.2004 05.07.2004 187
o-sa, M 27.6 2 21.04.2005 05.09.2006 503
3 10.06.2007 15.10.2008 494
4 19.07.2009 31.12.2009 166
Anoxus (paiioH o-BoB 1 22.08.2004 24.02.2006 552
Xokkaiino, Xoncio), M 27.6 2 21.10.2006 05.04.2008 533
3 30.11.2008 31.12.2009 397
Anonus (paitoH xenobda 1 10.05.2004 06.01.2005 242
Hauxait), M27.9 2 13.07.2006 01.03.2007 232
3 22.08.2008 10.04.2009 232
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Tabimua 4. Bbibop aunana3oHoB ycioBHbIX (a3 yerbipex
LUMK/IOB, OTBEUYAIOLIMX MEPHOLAM OTCYTCTBUA CHJIbHbBIX
MENKO(OKYCHBIX 3eMJICTPSCEHHI B OTACABHBIX PErHOHAX
(MpUHAa OKOH TOKOSl YMEHbIEHA cjeBa M clpaBa Ha
0.06 OTHOCHT. eIUHHIIBI)

Jlnana3zoHsl YCI0BHBIX (ha3
PeruoH, LMKIOB
MACHUTYIbI
Jlyna Mapc

Kamuarka, M = 7.6 0.60-0.97 0.65-1.00
HOxHble Kypuibckue o- - 0.39-0.75
Ba, M > 7.6
SInonus (paiioH o-BoB - 0.14-0.45
Xokkaiino, XoHclo),
M=z=7.6
SAnouus (paiton xenoba - 0.0-0.32;
Hankaii), M= 7.9 0.62-1.00

10 BIOPAHO HAa OCHOBE aHAMKM3a MOABMKHOCTH rpa-
HH1l OKOH MOKOSI.

CreneHb HECTAOMIBHOCTH TPAHHMIL OLIEHWBAIACh
MyTeM MMUTALIMK TIOTMOMHEHUS 00beMa KAXI0U Bbi-
Bopku 3emuerpsicenuii ¢ 50 1o 100%. CyTb UMHTALIIU
cocTosia B cliefyilouieM. BHauane mnpeanonaraioch,
YTO HAM M3BECTHA TOJILKO MOJIOBUHA BEIOOPKH. [To Heii
¥ OLIEHUBAJIMCh TPAHHIIBI OKHA TTOKOs1. 3aTeM B 3TY Bbi-
DOpKy 100aBISIOCH OUePETHOE 3EMIIETPSICEHHE, U Tpa-
HUI1IbI OKHA MOKOA PACCYMTBIBAIMCE 3aHOBO. Bapuatu
TPaHMLL MPU TAKOM MOTOMIHEHUH 00beMa BEIDOPKH /10
100% MO3BOIHIIN TIONYYHUTD MPEACTABICHHE O CTENEHH
WX MOIBUAKHOCTH.

C y4eToM OKOH TOKOSI Ha CyMMAapHOii pa3BepTke
nonyyaem cnenymoiive OTHOCHTENbBHBIE TOMHW Oonac-
HBIX MIepHO/I0B B peruoHax Ha 2004—2009 rr., HauyMHast
¢ Kamuarku: 0.4489; 0.6159; 0.6761; 0.3221.

Hnst KaMyaTKu CyLIeCTBYeT APYroi 10r0CpOYHbIH
NporHo3 3emuerpsiceHuit ¢ M = 7.6 na 19932062 rr,,
caenaHHbIi B pabote [6] Ha OCHOBE IYHHBIX LIMKITHYHO-
creii ¢ mepuonamu Ty/3, Ty u 3T, toe T, = 18.613 net.
CornacHo [6], B 6mikaiiliiee BpeMsi OMacHbIi epHoz
noJKeH umerb Mecto B Tederue 2008.6—-2011.7 . C
3TOH OLUEHKOM XOpOLIO COIIACYEeTCs BTOPOM TPEBOX-
HBIIt IEPUOJT, MPUBEIEHHBII B Ta0. 3.

B 3akuTioueHHe KOCHEMCSA BO3MOXHBIX TPUUMH, T10-
POXIAIOLIMX BbISIBICHHbIE LMKIHMYHOCTH. OBCYyKIeHHe
9TOi1 TeMbl OBLTO HauaTo Boillie BO “Beenenun”. [Tpo-
JIOJDKMM €ro ¢ Y4eToM MOJNydeHHBIX pesyiasraros. C
TOUKH 3PCHHS MPHIMBHBIX CUJT TIAHET, ACHCTBYIOIMX
Ha 3emtto, KapTuHa Takosa [22]. JlyHHOe npuiKrBHOE
BO3/IEICTBUE MAKCHMAIBHO W JIaXe MPEBOCXOAUT (B
2.17 pa3) conHeuHoe. [anee, 1o cTeneHu npujanBHOIO
Bo3/ieiicTBusl, pacnonaraiorcsi Benepa, HOnurep u
Mapc. Mx MakCHMalbHblE NMPHJIMBHBIE CHJIbI HA 5—
6 TIOPSAIKOB YCTYNAIOT BETMUWHE MUHUMATLHOTO JTYH-
HOTrO MPUIXWBHOrO Bo3aeiicTus. st Mepkypust Mak-

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

CHMAJIbHAA TPUJIMBHAA CHJTd Ha ? NOpAAKOB MCHBLLIE
MHHUMATBHOM MPUITUBHOM CHITBI JIVHBI

MOXKHO TaKKe YIOMSAHYTh OLEHKH MaKCHMATbHBIX
AMIUTMTY FApMOHUYECKUX COCTABJIAIOIMX TPHIMB-
HBIX TIOTEHLMAJIOB TUIAHET, puBeacHHbIC B [§]. OHu
TAKXKE MOATBEPXKIAIOT BblllleCKasaHHOe. Pacuer criek-
TPOB TIPHIMBHBIX MOTEHUWANIOB TUIAHET TIOKa3al, 4To
MAKCUMAJIbHBIE AMIUIATY/IbI TADMOHUYECKHUX COCTAB-
JSTIOUIMX MPUIMBHBIX MoTeHuanoB Mapca u FOnurepa
npumepHo B 10 pa3 cs1abee aHAIOTMUHBIX MAaKCUMATb-
HBIX aMIUTHTY Uist BeHepsi [8].

Taxum 0bpa3om, 10 CTerneHH MPUIUBHOTO BO3/Eii-
CTBHMS HEOECHBIE TeNa PAHXKHUPYIOTCS CIEIYIOIIMM 0D-
paszom: Jlyna, Benepa, HOnurep, Mapc u Mepkypuii.
Orclona, Ka3anock Obl, YTO 3HAYMMBbIE TTEPHOAUYHOCTH
B PErMOHax JO/IKHBI MPOSIBAATECS, B OCHOBHOM, [T
JIYHHOTO LIMKJ1a, U, BO3MOXHO, 11 BeHepol. [1pu aTOM
OHM JIOJDKHBI ObUTH ObI MPaKTHYECKH OTCYTCTBOBATE
1 CHHOIMYecKHX nepuodoB Mepkypusi, Mapea u
FOnurepa. Onnako HadonaeMas KapTHHA IBHO HE CO-
OTBETCTBYCT TakMM oxumaHusiM. CormacHo Tabn. |
UMKITHYHOCTD € IEPHOOM IMPELIECCHH TYHHOI OpOUTBI
oOHapysKeHa TOJIBKO B IBYX perHoHax — Ha Kamuarke n
B paitoHe nobepexbs [lepy, DKBazopa, npuyem st no-
CJAEIHEID OHA HE BIIOJMHE oTyeTimBa (puc. 3). st Be-
HEPBI NMPOSABIEHHS LIMKITMYHOCTEH He HabIi01aeTcs BO-
Bce. B 1o Bpems Kak ais Mapca nepuoiH4HOCTH BhISIB-
JIeHBI B [TTH PErHOHAX, ¥ 111 MepKypusi — B JIBYX.

Panee onybiukoBaHa GiM3Kas 1o TeMaTHKe Uccie-
nosanuii crarbst P, Kunanze u np. [9], kacawmasics
MOMCKA BO3MOXKHBIX CBA3€H MEXIY CHUJIbHBIMM 3eMJIe-
TpsICEHHSIMHU perMoHa KaBkasa M acTpPOHOMHYECKHMH
sirneHusiMu, OHa TIOSIBUMIACK TOJ CMYCTSI Mocie oT-
MPaBKH B 3TOT KYPHAI NEPBOI BEPCUU HALLEIH CTATHH.
Terniepb MbI HMeeM BO3MOXHOCTh KPaTKO COMOCTABUTE
MO/IXO0/1bl ABTOPOB M PE3Y/ILTAThl 3THX JABYX cTaTeid. [lis
KPAaTKOCTH M3JI0XKEeHHsl HA30BEM CTaThio |9] mepBoii
nydnuKauMeit, a Haly — BTOPOA.

B nepBoii ny0iMKalmny SKJIMNTHKA ObL1a pa3aeseHa
Ha IMOJIOCHI PABHOM LUMPHHBI U TTONIOXKEHHE KAKOM -1~
00 IUIAaHeTHl WK Napskl MiaHeT (PUKCUpPOBAIOCH B Ipe-
Jenax TOH MM MHOM TONOCH! B M3BECTHBIE MOMEHTHI
BO3HUKHOBEHMsI 3eMiieTpsiceHHi pernoHa Kaexas. B
pe3yibTaTe BBISIBISUIMChL TMOMOCHI C MAKCHMAILHBIM
KOJIMUECTBOM 3emierpsiceHuil. [lanee no dopmyne
[TyaccoHa noacyMThiBanach OxxuaacMas “MakCHUMaib-
Hast BEPOSITHOCTL CJIy4aiiHOTo XapakTepa nonagaHus
COOBITHI B TIpeNie/ibl IAHHBIX mosoc. B ciydae, ecnn
peasibHasl BEPOSATHOCTb OKa3biBalach Ha TPH TOpPsiaKa
HMXKE “MakCMMalbHON BepOSTHOCTW”, pacripelnesie-
HUE CYMTANIOCH 3HAYMMO OTJIHUHBIM OT CIy4aiiHoro.

XoTsl BO BTOPOIi CTaTbe MOJI0KCHHE TUIAHETHI HE
(hMKCHPOBATOCH B TeYEHHE CHHOAMYECKOTO TePHO/a,
T€M HE MeHee, 00OHapyKeHHbIH 3(DhEKT CryleHus To-
4yeK (3eMIJIETPSICEHUI OTAE/NBLHOIO PErMoHa) B Y3KOM
nuanasoHe (a3, Mo-BUAMMOMY, aHAJTOTHYEH MoMnana-
HUIO CODBITHIT B OMIPEIEEHHYIO TIOJIOCY SKJIMITUKM.
OkHa 1oKosl (OTCYTCTBUS CHIIBHBIX 3eMJIeTPSICeHMIl),
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CUHOAWYECKME MEPUOIbI TVIAHET COJIHEYHOW CUCTEMBI

YCTAHORJIEHHBIE HAMM, TAKKE BEPOSITHO AHAIOTMYHbI
“30HaM 3amnpera”, HalfleHHBIM B NIepBOii padoTe.

B nepsoii pabore cie/iaHo [PENIIOIOKEHUE O TOM,
yTo cuna, aercTryiomas ot Te1 ColHeYHOl CHCTEMBbI
Ha KaBkasckuii perdoH W MrpaoLuasi, o-BuauMomy,
pOJib TPUTTEPHOTO (haKTOpa, He 00A3aTeIbHO J0/KHA
SIBNISITHCS TAKOBOH [U151 COCEIHMX PErHOHOB. 3TO MPerno-
JIOKEHHE O PETHOHATIBHOM XapaKTepe BO3MOXKHOI CBA3M
TMOJIOKEHKS TUIAHET C YHUCIIOM BO3HHUKILMX 3eMIIETpsICE-
HUIi MOATBEpKIaeTcsi BO BTOpoii pabore. Jlokasaresib-
CTBOM TOTO CIYXAT, B YaCTHOCTH, Pe3y/IbTaThl HAIIMX
pacyeToB JUIsl CHHOIMYECKOro repuoia Mapea (puc. 1).
Okna nokos B Tpex cocenHux pernoHax (Kamuarka,
[OxHble Kypuiibl 1 ceBepo-BOCTOK SAMOHMK) CMELLIEHDBI
OTHOCHTENBHO APYT Apyra. ClienoBaTe/IbHO, 30HbI 3arpe-
Ta (no TepmuHonornd PH. Kunanze ¢ coasropamu) /st
KaXI0ro peruoHa cBou. Eciu ke OObEIMHUTL JaHHbIE
TPEX PETHOHOB B OIHY BBIOOPKY, TO 00OHAPYKEHHAsI 3aKO0-
HOMEPHOCTB IPOCTO MPONAJIeT.

OtMmeTuM elle OIMH UHTepecHbl ¢akt. B neproii
padoTe UCMOMBb30BAICS KATAJIOT YMEPEHHBIX 3eMIIETPSI-
ceHuii (M ~ 5—6), x0T OHM M HAa3BaHBI CHIIBHBIMU, Bo
BTOPOIit cTarbe 00pabaTelBATUCh ACHCTBUTEIBHO CHIlb-
Hble cobbiTusl (M ~ 7.5 u Gonee). Takum obpaszom, B
CTATbsIX PACCMATPUBAIMCD HE TOJIBKO PA3HBIE PETMOHBI,
HO M pa3Hble IMANA30HBI MATHUTYI 3eMIETPSCEHMIA.
HecMOTpsl Ha CYLLECTBEHHO pa3Hble NMPOCTPaHCTBEH-
HO-BpEMEHHBIE MacIUTA0bl MOATOTOBKU YMEPEHHBIX U
CHJIBHBIX 3EMJICTPSICCHMIE, XapaKTep BbISIBICHHBIX 3a-
KOHOMEPHOCTE, KaK CKa3aHO BbIILE, B 3HAYUTEIbHOM
MEPE OKA3AJICS CXOKMM.

XOTsI BONPOC CBA3M CEHCMUYHOCTH C CHHOIHYECKH-
MM MEPHOJAMM TUIAHET CTABMTCA MO COMHEHME, HO
(hakT cyL1ECTBOBAHMS IEPMOIMYHOCTH BOZHUKHOBEHUS
CHJTLHBIX 3emieTpsiceHuii ¢ mepyonoM T'= 780 cyToK co-
MHEHHIT He BbI3bIBaeT. BO3MOXHO, UTO OOHApYXeHHbIE
LIMKJIMYHOCTH OOYC/TORIEHBI HE CHHOMMYECKUMH TTEPH-
ONaMH TUIAHET, a KAKHMH-TO APYTUMH NIpHYMHaMH, X0-
T$1 C IPYTO#i CTOPOHBI, HENB3S1 TBEPIO YTBEPXKAATD U 3TO,
TaK KaK MEXaHM3Mbl B3aMMOIESHCTBUS HEOECHDBIX TEJ C
nutocchepoii 3eMu HaM HEM3BECTHHEI.

ObHapyXeHHbIE 3aKOHOMEPHOCTH BO3HHKHOBEHHS
CHJIbHBIX 3CMJICTDHCCHHﬁ CHJIBHEE BCETO MPOABIAIOTCA
Ha nepuone, COOTBETCTBYIONIEM CHHOMUYECKOMY Me-
puoay Mapca, 1 B MeHbILeH cTerneHu — nepuony Mep-
KypHus. DTH TUIAHETHI BLIAEAAIOTCS CPEIH JPYTHX He-
OecHbIX Tesl GOMBILOH BEMIUUHHONW SKCLUEHTPUCHTETA
cBoux opout (¢ = 0.093 1 0.206, coorBeTcTBeHHO) [21].
Op6ura BeHephbl MMeeT HAMMEHBIIHIT 3KCLIEHTPUCHTET
(£ =0.007). Ecim npeanonoxuThb, YTO ONPEAEISIFOLLYIO
poib B OPMUPOBAHUM LMKJIMYHOCTEH UTPAIOT He ca-
MM CHJIBI, @ CKOPOCTb M3MEHEHMSI TPABUTALIMOHHOTO U
NPHJIHBHOTO BO&H&ﬁC’TBHﬂ, TO TOraa IUiaHeTkl © Oonb-
LIHM 3KCUHCHTPUCHTETOM, BO3MQXHO, MOIYT HIPATH
0osnee 3aMeTHYIO poiib. OHAKO JaHHBIH BOITpOC Tpeby-
€T OTACJIbBHOI'O HCCIIEI0BAHMA.
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The Synodic Periods of Planets in the Solar System and Synchronization
of the Timing of Large Earthquakes

I. N. Tikhonov

Institute of Marine Geology and Geophysics, Far East Division, Russian Academy of Sciences,
Yuzhno-Sakhalinsk, 693022, Russia

We report results from a search for statistical significant (a significance level of <0.05) periodicities that syn-
chronize the occurrence of large shallow (4 < 100 km) earthquakes in the eight world regions with the highest
level of seismicity. The periodicities in question include the synodic periods of planets of the solar system
(Mercury, Venus, Mars, and Jupiter), as well as the precession period of the lunar orbit. In five of the eight
regions we have found statistically significant results for the period T~ 780 days, corresponding to the synodic
period of Mars. The lunar cycle and the period of Mercury were significant in two regions. These results can-
not be accounted for by invoking the disturbing influence of gravitational and tidal forces due to planets other
than the Earth. The significant periodicities were used to develop a forecast (for the period 2004—2009) of the
most probable time intervals for the occurrence of large earthquakes in four regions: Kamchatka, the South

Kurils, northeastern Japan, and the Nankai trough.
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AHAIM3HUPYIOTCA OCHOBHBIE Pe3yJbTaThl ceiicMoNoruyeckux uccnenosanuii, nonydennsie UMIul™ JIBO PAH 3a
60 ner (19512011 rr.) mo YeThipeM HampapJeHHAM: celicMuunocTk Kypuno-Oxorckoro  CaxaqHHCKOTO PErHOHOR,
BHYTPEHHEC CTPOCHHE 30HBI NEPEX01a OT KOHTHHCHTA K OKCaHy, celicMHYecKoe paﬁouuponaﬂﬂe H NMPOrHo3 CHIBHBIX
3eMJISTPACEHHH.

Kmoueswie ciosa: celicMUUHOCTL, NTYOHHHOE CKOPOCTHOE CTpOeHHE, celicMHYecKas ONacHOCTh, ceifcMHueckoe
paiioHHpOBaHHE, MPOTHO3 CHILHBIX 3EMIETPACEHHI.

Sakhalin seismology: development and some results. R.Z TARAKANOV, LN.TIKHONOV (Institute of Marine
Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk).

The major results of the seismologic researches by the IMGG, FEB RAS in four areas for the 60 years ' period (1951—
2011) are analyzed. These areas are the following: seismicity of Kuril-Okhotsk and Sakhalin regions, Earth’s interior in
the transition zone continent — ocean, seismic zonation and prediction of destructive earthquakes.

Key words: seismicity, deep velocity structure, seismic hazard, seismic zonation, prediction of strong earthquakes.

HUccnenosanus ceiicMuuHocTH Kypni1o-OxoTckoro perunona

3anor ycrexa ceHCMHYECKMX HCCICAOBaHMH 3aBMCHT OT KauecTBa ceiicMOIIOrH-
YeCcKUX HaOMIOeHHIl, SBISIOIIMXCS OCHOBHBIM HCTOUYHHKOM HH(OPMALMH O 3eMIICTPICEHH-
ax. Hauano naOmronenuit Ha CaxannHe ObUIO NMOJIOKEHO B 1947 I ¢ MOMEHTa BOCCTaHOBIICHHSA
M. J.®epueBbimM cranimu «HOxuo-Caxanunck». C navana 50-x rogos Ha Jlansnem Bocroke
dyukuuonuposano 6 cranuuii («lOxkHo-Caxanunck», «Yrieropek», «Kypunsck», «Maragan»,
«BnaguBocTok» U «IleTponaBnoBcK»).

CyLIECTBYIOIMX CTAHIUH OBUIO ABHO HEAOCTATOUHO U1 NIPOBEIACHHUS JIETANBHLIX CCHCMU-
yeckux uccieaoBanuii. B 1970-1980-x rogax ceTh CTaHIMH, MOJABESIAOMCTBEHHBIX HHCTHTYTY,
3HauuTensHO pacmmpunack. Ha Kypuneckux ocrporax, Caxanune, B [Ipumopre u Ilpnamypee
nelicreoBaio g0 20 u 6onee crannuii. B 1979 1. ceTh CTaHLHIL BBIACIAECTCS B CAMOCTOATEIILHOE
yupexaeHue — CaXalHHCKYIO OIBITHO-METOJAHUYECKYIO CCHCMOMIOTHUECKYO MapTHIO (Havyallb-
HukH — JI.C.Ockopoun, M.J1 . Ky3uenos), npeobpazosannyio B 2005 r. B CaxanuHckuil ¢punuan
I'eouznueckoii cyx6s1 PAH (nupextop HO.H.JIeBun).

ITapajuiensHO ¢ pa3BUTHEM CETH pa3padaThIBalOTCs W COBEPIICHCTBYIOTCS METO/IbI CBOIHOM
00paboOTKM NaHHBIX, OTBEYAIOLIHE cnelHpHUKe CeHCMOIOrHYECKHX HAOMIONCHHH B OTACABHBIX
pernonax (P.3.Tapakanos, JI.H.ITonnasckas). Cozgaetcst cucTeMa perHoHalbHBIX KalTHuOPOBOU-
HBIX (DYHKIMIH U1 OICHKH MarHMTYJ JaJlbHEBOCTOUHBIX 3EMIICTPSICCHMH, KOTOpasi UCIIOJb3Y-
ercs B MpakTHKe ceiicMonoruueckux o6o0menuit go Hacrosuero spemenn (CJL. u O.H. Co-
noBeeRbl). B pesynerare 0600IIeHHSA JaHHBIX O BpeMeHax mpobera P- u S-sonH B 19671
MOCTPOCH M BHEAPEH B NMPaKkTHKY 00pabOTKH NepBbIH peruoHanbHbId rogorpad celcMHYeCKHX

TAPAKAHOB Poman 3axapoBuy — 10KTOp (DH3HKO-MaTEMaTHYECKHX HAaYK, BeAYLIHI HayuHblii corpyanuk, THXOHOB
Hean Hukonaernu — nokTop u3MKo-MaTEMaTHUECKHX HAYK, 3aBeayronmii nadbopartopueii (MHECTHTYT MOpckoil reono-
ruu 1 reouszuxn IBO PAH, Bnagueoctok). E-mail: seismol@imgg.ru
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BonH (P.3.Tapaxanog). ITosnHee on 6b11 yTouHeH [13] Ha OCHOBE HOBBIX MOJENEH CKOPOCTHOTO
CTPOEHHS TEKTOHOC(EPHI 110 TPeM reHepanbHBIM reorpaBepcam (roxkHbie Kypunsr — ITpubaiika-
nbe, tokHas Kamuarka — Akytus, roxHas Kamuarka — SInonus).

C 1961 r. BeImycKaeTcsi exEKBAPTaJIbHBII celicMonornueckuii Oromterens Jlansnero Boc-
TOKA U €XKETOJHO COCTaBIATCA 0030phl ceiicMuuHocTH JansHero Bocroka (JI.H.ITonasckas
u j1p.). Opranusyercs peryiaspHbiii cOop MakpoceHCMHUECKHX JaHHBIX 00 OIIYTHUMBIX 3eMIle-
TPSICCHHAX.

BeIcTpo Bo3pacTarommi 00beM JaHHBIX MO3BOJIHII BBISIBUTE OCHOBHBIC OCOOEHHOCTH Celc-
mugHocTu Caxanuna u Kypuabckux ocTpoBoB. B uacTHOCTH, OBIIO yCTAHOBIICHO, YTO B paoHe
Kypunbsckux ocTpoBoB 1 OXOTCKOTO MOPS 36MJICTPSICEHHS! COCPEIOTOYCHB! B OCHOBHOM B Ha-
KIIOHHOH celicmodokansHoi 30He (CP3) MomHocThI0O 0KOo 70 KM, mpocTHpalomieics
NoJ MaTepHUK 10 rMyOHH okono 650 kM. 31ech celicMUUYecKas aKTUBHOCTD JOCTUTAET MO4-
TH MakCHUMaJIbHOTO Ha 3emiie ypoBHs. Tonbko 3a nocneanue 100 net Ha Kypunbckux ocTpoBax
MPOU30LILIIO OKOJIO JiecsaTKa 3eMueTpsicenuii ¢ M ~ 8 u Gonee.

Bepxusas kpomka C®3 BBIXOAMT Ha JHEBHYIO MOBEPXHOCTh Ha KOHTHHEHTAJLHOM CKJIOHE
BONMM3M riydokoBoaHoro *kenobda, B 60—70 kM BocTouHee octporoB. [lIupuHa snuneHTpansHoOM
obnactu B paiione Beixoga Cd3 — okomno 100 km. ITopapndroiiee OONBIIMHCTBO 3eMJICTPICCHUH,
BBI3BIBAIOIINX 7—9-0albHbIe COTPACECHUS HAa OCTPORAX, pacloyiokKeHb! Ha TimyduHax 10 200 kM.
Oxono 55% 3emnerpsiceHuil 30HBI BO3HHMKaeT B MHTepBaie rmyoun 30-50 kM. I'unoneHTpbI
CHJIBHEHIIUX 3emiieTpaceHuil ynaneHnsl oT KypUIbCKHX OCTpPOBOB Ha paccrosgHue 60—160 kM,
410 ocnabnser 3dpdexT corpsacenuit ot HuX 10 §—9 Gamnor (BMecto 10—11 GanyioB B anuLEeHTpE).
I'nybokodokycHbIe 3eMIIETpICCHHS COCTaBIsIOT Beero okono 10% ot obuiero yucna U BbiACIs-
10T MeHbLIe 1% OT PHEPruM B o4arax BCEX 3¢MIICTPSICCHHH 30HBI.

Ha Caxanune ceiicMHYecKas akTHBHOCTh HOCHT YMEPCHHBIH XapakTep, OHA COCPEIoToYEe-
Ha maBHBIM 0Opa3oM B 3emHOM kope (10-30 xm). Haubonee cunbHble 3eMIeTpsCeHUs IPHU-
ypouensl K 3ananHo-Caxanunckomy, llentpansno-Caxanunckomy U Boctouno-CaxanmHcko-
MY pa3foMaM HIH UX onepeHusM. Ha Caxanune HaGmonanuck coTpscenus 10 8—9 dannos o
mkane MSK-64.

Ba)xHbIM HHCTPYMEHTOM NPH NMPOBEAECHHH CEHCMONIOrMuecKHX HCCIIeI0BaHHIl SBIISIOTCS Ka-
TaJoru 3emieTpsceHuit. B pesynbrare MHoOronerneil pabotsl 6bI710 CO3/1aHO HECKOJIBKO BapuaH-
TOB Karajoros. OTMETHM 3/1€Ch JIMILb HEKOTOPBIC U3 HUX:

- CIUHBIH yHH(QUUHPOBaHHBLIA KaTajor 3emierpaceHHi Kypuno-OxoTckoro peruosa,
o-Ba CaxanuH, IIpumopss u Ilpuamypss ¢ marautynoit M > 5,0 3a nepuog ¢ 1900 r. (P.3.Tapa-
kxanoB, JI.H.ITornasckas, Y. Y.Kum). DToT Kartanor cran yacTeio (pyHIaMEHTAIBHOM ceiicMolto-
rHYCCKOM CBOMKH 1Mo/ Ha3BaHUeM «HoBbli karamor...» [8];

- pervoHabHBINA Karajor 3emyerpsacenuii o-sa Caxanun ¢ M > 3,0 3a 1905-2005 rr. [10].
Karanor yHupuuupoBa 1no JByM Hauboee NIMPOKO MCHOIL3YEMbIM MAarHHTYJHBIM LIKajgaM —
MLH u M,

- CBOAHBIH Kartayor 3emiieTpsaceHuii Kypuno-Kamuarckoro permona ¢ M = 5,0, Bkiawouas
rmyboxogoxycHbie coObITHS OXOTCKOTrO MOps, 0-Ba X0Kkaiiao u [Ipumopckoro kpasi 3a nepHos
1737-2005 rr. [3]. Karanor copmupoBaH Ha OCHOBE €IMHOM MarHUTYJHOMN KiIaccH(UKAIUH U
BKJTIOUAET JaHHbie 0 Gonee yem 4300 celicMHUECKHX COOBITHX.

B cBa3u ¢ ycuieHueM ceiicmudeckoif aktuBHocTH Ha Caxanuse ¢ 1995 r. 6onbilioe BHUMaHHe
CTaJI0 YeNSITHCA HCCIIE0BAHMIO OUaroBbIX 00acTei CHIIbHBIX 3emieTpsiceruii. OTMeTUM JIUIIb
JBa KPYMHBIX TIPOCKTA — CBA3AHHBIX C M3YYCHUEM pa3pyLIMTEIbHBIX nocieacteuii Hedrerop-
ckoro 1995 r. u Hesenbckoro 2007 r. 3emneTtpsceHuii. [JInsa netansHOT0 N3ydeHHs 04aroBoi 30HbI
TIePBOrO COOBITHA ObLIA OPraHH30BaHa MEXKAYHApOAHAsd KOMIUICKCHAs DKCICIHLHA, B KOTOPOH
NPUHUMAIIH y4yacTHe yueHble O0beuHeHHoro nuetuTyTa pusuxu 3emutn PAH, I'eonorunueckoro
uacturtyta PAH, UMI'ul” IBO PAH u ynusepcutetos fAnonuun. Pesynsrarsl ee onybnukosa-
HBI B cepuM ctateit 1 monorpaduu [11]. TTo BropoMy COOBITHIO BBINOJIHEHO KOMIUIEKCHOE Mac-
IITabHOE TeO(U3UYCCKOE HCCICAOBAHHE ¢ HCIOIB30BAHUEM 11 pasIHYHBIX CEHCMOIOrHYECKUX,
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reoIOTHYECKUX, re0(pH3HYECKHX, NeOAE3HYECKHX, MHIPOaKyCTHUECKHX, a’po- H CIYTHHKOBBIX
METO0B. BriepBrie B HCTOPHH CaXaJHMHCKOH CEHCMOIOTHH 3TO COOBITHE OBLIO H3Y4E€HO HAYH-
Hasg CcO CTaJHH OONTOCPOYHOI0 MPOrHo3a, MpOABJICHHA IMPEIBECTHHUKOB, MPOLECCOB B O4Aro-
BOM 00nmacTH, nmocneAcTBUi ceficMHU4ecKoit karacTpodbl U COMPOBOKIABIIETO €ro IyHamu [7].

CkopocTHbIe 0c00eHHOCTH OCHOBHBIX GJIOKOB 30HBI Nepexoaa
0T A3MaTCKOro KOHTHHeHTa K THXoMy oKkeany

B 30He nepexoja oT KOHTHHEHTA K THXOMY OKeaHy BBIACISAIOTCS TPH OCHOBHBIX OJ10-
Ka: KOHTHHEHTAJIbHbIN, OKCaHHYECKH I U pa3aesIoni uX ceiicMo(oKaIbHBIH, KOTOPBII UTpaeT
Ba)KHYIO POJib B (JOPMHPOBAHHH M Pa3BHTHH CTPYKTYP OCTPOBHOM AyrH. Bynem cuutatk UX Me-
rabyiokamu, HiIH OJIOKaMH MEPBOTO MOPAAKa.

Haubonee obuieil 3aKOHOMEPHOCTBIO Ul CEHMCMO(OKAILHOH 30HBI SABISAETCS IOJIHACTE-
HocdepHOE CTPOSHHE, 10KA3aTeIbCTBA KOTOPOro TOMYyYEHbl HA OCHOBE H3MEHEHHSA ¢ ITyOHHON
MaKCHMAaJIbHBIX MArHHTY/ 3eMJIETPACEHHH. DTO CTPOCHHE BBIPAXKEHO B YEPEIOBAHHH CIIOCB C
MOHUKEHHOH M MOBBILIEHHOH CKOPOCTHIO. AcTeHOC(epHBIE CIIOU MOHHUKEHHOI CKOPOCTH Bhjie-
nsorest Ha rmyounax 60-90, 120150, 220-300 u 370430 kM [14], a Mexay HUMH pacrionara-
I0TC# CJIOH MOBBIIIEHHOH CKOPOCTH.

CKxopocTHBIE OCOOCHHOCTH KOHTHHEHTAJILHOIO O/10Ka ObUIM YTOYHEHBI NPH HCCIICI0BaHHH
aHomanuii BpemeH mnpoOera P-BonH ot cepum adrepmiokoB MOHEPOHCKOro 3eMIIETPACEHHS
05.09.1971 r. K KypHJIBCKHM H SATTOHCKHM CTaHIUAM. OTHOCHTEIBHO TTOHHKEHHBIMH CKOPOCTS-
MM XapaKTepH30BaJIUCh TPACChl, IPOXOASILNE M0 IyOOKOBOAHBIMH KOTIOBHHAMH OXOTCKOTO
U SlnoHckoro Mopeii.

OnHUM M3 271EMEHTOB KOHTHHEHTalbHOro Oyoka sBisercs bonbias Kypunbckas rpsna.
B cBo10 ouepens oHa noapasaenAaeTcs Ha TPH O70Ka BTOPOTO MOpsAKa: I0KHBIE, CPETHHE U Ce-
BepHble KypuiibcKHe ocTpoBa. DTOT BaKHBIH BBIBOJL C/IEAYET H3 JaHHBIX O CKOpoCTAX P-Boin,
3Ha4eHHAX Koa(¢uimenta [lyaccoHa M IIOTHOCTH 04aroB 3eMieTpsaceHui. Ha Tpasepse ocr-
POBOB CKOPOCTEL P-BONIH B BepXHeil MaHTHHM MMeET MOBLIIIEHHEIE 3HaYeHus (10 8,3—8,4 km/c).
3neck ke HabmoaaloTes yeenuueHue koagppuuuenta [Tyaccona (10 0,253—0,265) 1 noBBILLIEH-
Hasi KOHUEHTpauus odaro 3emuerpsicenuii. [TyTu celficMuueckux BoIH OT M1yOoKO(pOKYCHBIX
3eMJICTPSCCHHH CBUICTEIBCTBYIOT O TIOBBIIICHHH ckopocTH P-BonH B npeaenax celicModokans-
HOM 30HBI Ha 3—4%.

OnHoll M3 BaXKHBIX 0COOCHHOCTEH CKOPOCTHOIO pa3pes3a MEepexoJHOH 30HBI OT a3HaTCKOTO
KOHTHHEHTa K THXOMY OKeaHY SBISFOTCS aHOMAJbHO ITOHI)KCHHBIE CKOPOCTH TOJ paifoHaMH
AKTHBHOTO BYJIKAHH3Ma. 37eCh CKOPOCTH MPOJONBHBIX BOJIH B BEpPXHEH MaHTHH MOHMKEHA Ha
0,3-0,6 xm/c [12] no cpaBHeHUIO co ckopocThio P-BonH no moaenu xeddpuca. ITpennonara-
€TCsl, YTO 30HBI MAarMooOpa3oBaHMs PACIIONAraloTCs B 00aCTAX MepecedeHns acTeHOoC(hEpHbIX
cioeB ¢ celecMoOKanbHOM 30HOM.

H3-3a OTCYTCTBHA CTALlMOHAPHBIX CEHCMHYECKHX CTAHIMH HA JHE OKEaHa BEPXHAS MaHTHA
OKeaHOoB, MpHiIeramwias K ceiicModokanpHOH 30He, T.e. OKkeaHHYeCKHH OIIOK, H3ydyeHa 3HAYH-
TENBHO XYXKeE, YEM B MpeAciiaX KOHTHHEHTAIBHOH 9acTH MepexoJHOH 30HBI.

JlononHATENbHBIE CBEACHHUS BBICOKOTO KAYECTBA O CKOPOCTHBIX OCOOEHHOCTAX OKeaHHYe-
CKOro 0710Ka BepXHei MaHTHH IOJIYYEeHbI B PE3y/IbTaTe 3KCIEPHMEHTOB, BBITOJHEHHBIX C JI0H-
HBIMU CTaHIMAMH.

O6paboTka nanueix 3xcnepumenTa «Longshot-2», npoduias KOTOPOro pacnoyioKeH BAOIb
MOABOAHBIX BO3BBIICHHOCTEH BocTOuHee fnoHckoro m Masy-BonmHckoro xkenoGoB, BBIABH-
J1a BBICOKHE 3HaueHHsl ckopocTH P-ponH (8,6 kM/c) Ha dNHUILEHTpalbHBIX paccTosHuAX oT 800
1o 1240 kM, 4TO COOTBETCTBYET MIYOMHAM MaKCHMAaJIbHOTO IIPOHMKHOBeHMs jyueil ot 70 no
120 kM.

ITocTpoens! rogorpadsel P- 1 S-Bo/IH HA OCHOBE JAaHHBIX, MOJYYEHHBIX ¢ MOMOILBIO CKBa-
JKUHHOTO celicmorpada, ycrtanopiaeHHoro B 700 kM ot Kypuibckux oCTPOBOB U MOTPYKEHHOTO
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noa Boay Ha rnybune oxono 400 m [18]. OTMeTHM, 4YTO MYTH CEHCMHYECKHX BOJH OT CKBa-
KHMHHOTO ceiicMorpada nmpoxoaunu moa OKCaHHYESCKHMH CTPYKTypaMu. IIpH 5TOM MOMy4eHEBI
IPEBBIILCHUSA B CKOPOCTAX P-BOJIH MO CpaBHEHHIO CO CKOPOCTHBIM paspesom Ixeddpuca, o1-
BCUAOIIMM B OCHOBHOM KOHTHHCHTAJIBHBIM CTPYKTypaM, npumepto 0,4-0,6 kM/c B MHTEpBae
myoun 60—150 km.

ITo naHHBIM TOHHOH CTaHIIHH, YCTAaHOBIICHHOH B paiioHe rimyboKkoBOAHOTO kenoba [2], HaMu
OBbLIN MONy4YeHb! OOJNBIIHE TOJOKHUTEIbHbIE AHOMAIHH CKOPOCTH P-BOJIH /ISl BEPXOB MaHTHH
(0,3-0,6 xm/c) no rmydunsl 120 kM. Takue aHOMaJIMH CKOPOCTH MPOJOIBLHBIX BOJTH MOTYT OBITh
OOBSCHCHBI 3KJIIOTMTH3aLUCH BELIECTBA BEPXHEH MaHTHH.

O01ee 1 1eTAIBHOE CEHCMHUYECKOE PAIOHHPOBAHHE
Tepputopuu CaxajanHckoii 0b6/1acTH

AHanu3 celcMMYECKON OMacHOCTH BKIIOYAET KOMHUYECTBEHHYIO OLIGHKY COTps-
CEHHS IPYHTA B KaKOM OTACJIBHOM IyHKTe. JlanHas MH(poOpMauus MOkeT ObITh IOJNyYeHa B
pesy/bTare MpoBeJeHUs TpexX BHA0B pabor: obuero ceiicmuueckoro paiionuposanus (OCP),
JetansHOro ceiicMuueckoro paiionuposanus (JICP) u ceiicMuueckoro MUKpopaioOHHPOBAHMUS
(CMP). IlepBslii BU MCCACAOBAHMIA CITYXKUT Jisi ODOCHOBAHHS KapT MCXOJHOI ceiicMHUYeCcKOM
omacHOCTH OonbLIMX TeppuTopuit B Macitadax 1 : 5 000 000-1 : 2 500 000. Bropoii npenna-
3HA4YEH 1A YTOUHEHHA MCXOMHOH CeHCMHYHOCTH TEPPHUTOPHUH OTACIBHBIX PaiiOHOB, TOPOIOB,
nocenko B Macmradax 1 : 500 000-1 : 100 000). Ilpu aToM pacyeTsl NPOBOAATCS AJIS CPEAHHX
rpyHTOB 2-ii kKareropuu. MukpocelicMopalioHHpOBaHHE NMpUMEHsETCs Ui HeOoNnbIHX 00beK-
TOB (SKWJIBIX JIOMOB, ILIKOJ, OOJILHHUI] H T.JI.) C YYETOM pPealbHBIX 'PYHTOBBIX YCIOBHIT H3yUacMBbIX
IUIOLIAI0K, OHO OBLIIO BBITOJHEHO OOJIEE YeM /IS CTa MEIKHX 00bEKTOB. I10CKONBKY pe3yIbTaThl
9TOrO BHJIa PAilOHMPOBAHUA UMEIOT JIOKAJILHBIH HHTEPEC, OCTAHOBHMCS Ha NEPBBIX JBYX.

Patotsl no OCP nposoauiuck moi obimum pykoBojicTBoM MuctuTyTa huzuxu 3emaun PAH
(r. Mocksa). CaxaJIMHCKHE CEHCMOIOTH TPHHMUMAINH aKTHBHOE Y4aCcTHE B IIOJATOTOBKE MATepH-
ajioB JuIs coctaBieHus Beex detbipex kapt OCP (1957, 1965, 1978 u 1997 rr.). B pa3susie ne-
puoasl 31y paboty Beinonssuin C.JI.Conosees, ®@.1.Monaxos, M.J].®epues, JI.C.OckopOuH,
P.3.Tapakanos, U.Y.Kum, A.M.Usamenxko, JI.H.ITonnaeckas. [Ipu 3TOM OlicHKH ceiicMHUECKOMH
onacHocTH (B Oamnax mkainel MSK-64) Ha aHaIOrHYHBIX KapTax 3a pa3Hble rojibl, KaK IpaBuIIo,
H3MEHAIMCh B CTOPOHY YBEJIMYEHHA. B 5TOM muiaHe ciielyeT yHOMAHYTh SABHBIH «IepexyiecT»,
JIONYLICHHBINH NpH cocTaBileHUM BpemeHHOI cxeMsl celicMu4eckoro paiioHupoBaHus o-Ba Ca-
xanun u CHull (1995) nocne Hedreropckoro 3eMneTpsceHus, 4To MOCTABUIIO (PaKTHYECKH MO
3arpeT CTPOMTENIBLCTBO B HEKOTOPBIX paidonax Caxanuua.

IMTocnenuuii komruiext kapt (OCP-97 A, B u C) sipnsaerca pe3ynbsTaToM BEPOATHOCTHOIO aHa-
JM3a CEHCMHYECKOH ONIACHOCTH H 33JaeT HCXOAHYIO CCHCMHMYHOCTE U1 TPEX 3HAYCHUH CpeiHe-
ro rnepuoja nosropeHus ceiicmuueckux Bozaeicteuit: T = 500, 1000 u 5000 net [9]. dparment
kaptbl OCP-97 nns Caxanusckoit obrnacTu npeacTaBiceH Ha puc. 1.

B coorBerctBuu ¢ kapramu OCP-97 Ha 0-Be CaxanuH BO3MOKHBI coTpsiceHus g0 8—9 OGan-
nos 1o mkane MSK-64, na Kypunsckux octposax — 10 9-10 6amnos. @opManbHO 1O KapTam
OCP-97-B u OCP-97-C Bce Kypunbckue octpoBa oTHeceHbl K 10-0anneHoi 30He ceiicMuu-
HOCTH, HECMOTPS Ha Pa3inyMs B BEPOATHOCTH MOBTOPSIEMOCTH TaKHUX COTpsAceHUH. A Ha KapTe
OCP-97-A x 10-0annkHoi 30HEe OTHECEHBI 0-B YPYII U MEJIKHE OCTpoBa Ha cpeaHux Kypuiax
(no o-ea Marya). CrneayeT OTMETUTh, YTO 3a UCTOPHUYECKHI M coBpemMeHHBbIH nepuon Ha Ky-
PHIIBCKHX OCTPOBax He HAOMIONANOCh 3eMIIETPSACEHUH ¢ MakpoceHeMuYecKuM ddexTom Gonee
9 6annos.

Panee B MHKEHEpHOH CEHCMOJIOIMH MCIIONB30BAJICS ICTEPMMHHCTCKHIL CrOCOO OLECHKH
celicMHUeCcKOM OIIacCHOCTH, KDTOpI:Iﬁ OTBCUHACT OABHIKCHUIAM I'DYHTA B «HAUXYOLIICM BO3MOXKHOM
cinydae». OH He MMO3BOMSACT YYHTBIBATH HEONPEACICHHOCTH B pa3Mepax, MOJOKEHHUAX WU MOBTO-
pAEMOCTH ceiicMHUYECKHX TOMYKOB. He ydHTBIBaIOTCA TAaKiKe M BapHAllUM B JBHXKCHHH TPYHTA
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Puc. 1. Kapra obuiero ceficMuieckoro paifonnpopanns Tepputopun Caxanunckoii odnactu ((pparment kaptet OCP-97A
s TeppuTopHH Poccnn)

B 3aBHCHMOCTH OT pa3Mepa M THIa 3eMiIeTpsAceHHui. B HacTosmee BpeMs caxaIMHCKHMH celc-
Momnoramu (A.U.Meamenko, Y. V.Kum, JI.C.Ockopoun, B.H.ConosseB) pazpaboTana HoBas Me-
TOJIMKA JICTAJIbHOTO CEHCMHYECKOro palOHUPOBAHHA HAa OCHOBE BEPOATHOCTHOTO aHAJIN3a Ceiic-
MHYECKOH ONAaCHOCTH M0 TUITY JIornueckoro jaepera [4]. I1pu Takom noaxoze ynoMsHyThIe BBILIE
HEOMPpEACNCHHOCTH SABIIAKOTCA BETBAMH JIOTHYCCKOTO AcpeEBa, OIMPEACHATCH KOJIUICCTBECHHO H
00BEIUHAIOTCS TaKUM 00pa3oM, YTOOB! MONYUYUTE MOMHYI0 OOBEKTHBHYIO KapTHHY ceiicMuye-
ckoi onacHocTH. [To100Has METON0JIOTHS aKTHBHO Pa3BHBACTCSA TAKXKE 3a PyOeHKOM.

B xone ocBoenust HeTera3oBeIX NMPOEKTOB Ha wieab(e o-Ba CaxajauH MOSBHIACH BO3ZMOK-
HOCTh COMOCTaBUTH JaHHyto Metoauky UMIul” ¢ apyrumu paspaborkamu. Tak, olieHKH celic-
MHYCCKOH OMacHOCTH TUIOIIAZ0K CTPOUTENbCTBA OeperoBbix 00bekToB npoekTa «CaxanuH-1»
MOKa3aly Haunyuyo s ekruBHocTh pacuetoB UMIul, ocHoBaHHBIX HAa 0OHOBICHHBIX MOJIC-
JIAX CCHCMHYHOCTH. JIpyrHe ke METOAMKH JIaBaJIM MO0 CHIILHO 3aBBIIICHHBIC, IHOO 3aHHKCH-
HBIC OLICHKH OIIAaCHOCTH.

Yto KacaeTcs ACTaIbHOTO CEHCMHYECKOTO palOHUPOBAHHUA HACEIICHHBIX ITYHKTOB 00/1acTH,
TO J10 TOCJIEIHETO BPEMEHH TaKMX KapT He cymecTsoano. [Toaromy naboparopus ceiicmMonorum

110 Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi



WUCCNEAOBAHUE OBLLUMX 3AKOHOMEPHOCTEN CENCMUYHOCTU AA/IbBHEBOCTOYHOIO PETMOHA

HOMHMMO Y4YacTHsi B 1IeTb(OBBIX MPOEKTaX BBIMONHUIA OOIbIIOH 00BEM HMCCIENOBAHHE IO
coznanuto kapt JICP mo 3aka3y nmemaprameHTa CTPOMTENLCTBA agMHUHHCTpanuu CaXanHHCKOH
obmacti. ITH pa3paboTKH MONYYHIN JanbHelee MpUMEHEeHHe Ha MPaKTHKE YKe B paMKax 00-
NIacTHOM 11eNIeBo# nporpammel «[1oBbIIEHHE CEHCMOYCTOHYHBOCTH OCHOBHBIX OOBEKTOB U CHC-
TeM ku3HeoOecnedeHus B CaxannHckoil obmactu Ha 2009-2017 roasl». B pe3ynerare K HacTOsA-
1LIEMY BPEMEHH BBITNIOJIHEHO JeTallbHOE celicMUUecKoe palHoHUpoBaHHe TeppuTopuii 20 ropoaos
CaxanuHckoit obnacTu.

PazpaGoTka nepcneKTHBHBIX METOA0B H AJITOPHTMOB
cpefHe- H KPaTKOCPOYHOI0 NPOrHO3a CHIIBHBIX 3eMJIETPSICEH il

PaGotel B 5TOM HampaBieHHH OBIIM Ha4yaThl B MHCTHTyTe B 70-X romax mpouioro
CTOJICTHs 1O MHULMATHBE U 1oj] pykosoacTBoM ®.M.Monaxosa. Bejics nouck KparkocpoyHbIX
NpPeABECTHUKOB 3EMJICTPSCCHHI Ha OCHOBE Pa3IMYHBIX BUOB HaOmoneHni. B yactnocTH, 6bu1H
onpoboBaHbl FreOXMMHYECKHE HaOIIONCHHS Ha TEPMAaJIbHBIX UCTOYHHMKAX BylkaHa MeHaeneesa,
H3MEPEHHs DICKTPHYECKOr0 COMPOTHBICHHS MAaCCHBOB TOPHBIX MOPOA, U3MEPEHHA YPOBHA H
ra3oBOH COCTaBIAIONICH NMOA3EMHBIX BOJ Ha psje NIyOOKHX CKBa)KHMH, HAaOmoneHusa 3a nedop-
MaIMsMH TTOBEPXHOCTH 3eMJIH 110 JaHHBIM KBapleBbIX aedopmorpados.

I'eOXMMHYECKHE M DJIEKTPHYECKHE HAOMIONCHHUSA HE JIaJIH MOJOKHTEIBHBIX Pe3yJbTaToB U
ObIIIM MO3/1HEE IPEeKpalleHbl. [TepcneKTHBHBIMU IPH3HAHBI THAPOIre0IMHAMHYECKHUH, ra30reo-
JUHAMHUYECKHH M 1e(OpMalMOHHBIH NPEIBECTHUKH, U3 KOTOPBIX IIPEANOYTEHHE OTAABal0Ch
nepBomy [6]. DTOT npeABEeCTHHUK XapakTepHu3oBalcsa OyXTooOpa3HBEIM XOJ0M BO BPEMEHH Ha
3aBepLIAIONIEH CTaJNH IOATOTOBKH CHIIBHOTO 3€MJICTPACEHHS, T.€. CHadaJla NPOMCXOAHIIO
najJcHUE YPOBHs NMOJ3EMHBIX BOJ B NIYOOKHX CKBa)KMHaX HAa HECKOJIbKO CAaHTHMETPOB, a 3a-
TEM, 10CJIe HENPOJOJKUTENIbHOH cTadMIN3alii, YpOBeHb HaulHaI NoBbIaThes. CelicMuye-
CKHe COOBITHSI MPOUCXOAWIH OOBIMHO MO0 B KOHIIE NepHoja cradbminsauuu, 1100 B Havase
noabeMa ypoBHs. 3a0/1aroBpeMEeHHOCTh THAPOre0JMHAMHYECKOT0 MPeBeCTHHKA COCTaBJIsAIa
4-10 cyT.

BbUIM BBIABICHBI Clly4aH, KOIJla HaOIIONAIUCh CHIIbHBIE KPaTKOCPOUYHBIE INPEABECTHHKH
Ha OOJILLIOI TEPPUTOPHH, HO OLIYTHMBIE 3€MJIETPACEHUA HE BO3HHUKaNU. HalmroneHnus nposo-
JUITHCh 3TH30AHYECKH ¢ OONbIIHMH niepepbiBaMu. 1o JaHHBIM KOPOTKHX PAAOB HaOIIOIeHUH
OBLIIO c/1eTaHO ONTHMHCTHYECKOE 3aKII0UEHHE O BOBMOKHOCTH Mpe/cKa3aHHs BpEMEeHH BO3HUK-
HOBEHUS 3eMJIETPSICEHHI ¢ OIpe/IeIeHHOH MarHUTyI0H Ha OJM3KOM PacCTOSHHU C TOYHOCTBIO
JI0 2—3 CYTOK M C BepOSATHOCTHIO 0KOsI0 85%.

K 1985 . Ha Tepputopun CaxanuHckoii obnacTu (Ha rore o-ga Caxanus u octposax Urtypym,
Kynamup u llluxoraH) cymectBoBana ceTh U3 36 CKBaKMH, Ha KOTOPBIX BEJIUCh PEryispHbIC
nporuocTHueckue Hadmonenus. Mx pesynsrarsl mybnukoBanuck B ctaThsax [1] n exxekBapranb-
HBIX Oromnerensx Kypuino-CaxanMHCKOro nojauroHa rno nporuosy semiuerpscenuii. [lo-npexue-
My OONBIIOE BHUMAaHHE YACISIOCH MOMCKY Ia30rHAPOreOXMMHYECKHX MPEABECTHHKOB 3eMIIe-
TPACCHUH.

AHanu3 JIHTENbHBIX PAJOB HAOMIONEHHH ¢ yKa3aHHEM MOBEPHTEIbHBIX HHTEPBANOB Ba-
pHALIMH H3Y4aeMBIX MapamMeTpoB MOKa3aj, 4To npodieMa KpaTKOCPOYHOIO MPOTrHO3a ropasio
CIOKHEE, YEM NPECTABIAIOCE paHee, IlepBonadanbHBIH ONTHMH3M HE OonpaBaaicsa. MeToaukn
KPaTKOCPOYHOTO MPOrHO3a CHIBHBIX 3€MJICTPACEHUH, NPUTOAHOH IS MPAKTHYECKONO HCIOMb-
30BaHMs, CO3aTh HE YIaI0Ch.

W13-3a punancosrix npodiem B Hayane 90-X rojoB Bce perysspHbIe HCClIe0BaHMs 10 TPo-
rHO3Y 3eMJIETPSICEHUII B MHCTUTYTE ObUIM NPEKpalleHBbl, 32 UCKIIOYEHUEM CEeHCMOIOrHYeCKHX
meTon0B. B Teuenue 1990-2009 rr. 3T MeTO/IbI HHTEHCUBHO pa3BHUBAJIMCh, YTO MPHBEIIO K CO-
3IaHUI0 HOBOWH METOJOJIOTMH CPEJIHECPOYHOro MpOrHo3a CHIIbHBIX 3emiieTpsacenuil [15]. Ona
BKJIIOUaeT B cebs psaa crmocobOB MPOrHo3a, alanTHPOBAHHBIX K YCIOBHAM CEHCMOIOTHYECKUX
HaOmonenuit Ha JlaneHem Boctoke Poccuu. [lepeuncinum HEKOTOpBIE U3 HUX:

Hean Hukxonaesuu Tuxonos. Bonpocwi ceticmonocuu. U30pannvie mpyosi 111



WUCCNELOBAHUE OBLMX 3AKOHOMEPHOCTEN CEMCMUYHOCTU A AJIbHEBOCTOYHOIO PETMOHA

1) MeTonMKa CPETHECPOUHOTO MPOrHO3a BPEMEHH BO3HUKHOBEHHS CHIIBHBIX 3EMIICTPACEHUH
HAa OCHOBE KPAaTKOCPOYHBIX CEHCMHYECKHX 3aTHILIHIA;

2) crmoco6 mporHo3a BpeMeHH BO3HUKHOBEHHS CHIILHBIX 3€MJIETPSICEHUH TIPH HATTUYHH CPE/i-
HECPOYHOTO MPEJIBECTHUKA THIA «CEHCMHYECKOH may3bl»;

3) crnoco0 OLICHKH BEPOATHOCTH BO3HHKHOBEHHS 3€MJIETPACEHHs YMEPEHHON CHIIbl HA OCHO-
Be MOBTOPSAEMOCTH HHTEPBAIOB BpEMEHH MeKAY MOC/IeI0BaTeIbHBIMU COOBITUAMH;

4) MeTo/ BBISIBIICHUS CKPBITBIX NEPUOAUYHOCTEH, CHHXPOHHU3HUPYIONIUX MOSIBICHHE CHITb-
HBIX 3E€MIIETPACEHHI, U MPOTHO3a CEHCMOONACHBIX HHTEPBAJIOB BPEMEHH B OTIEJIBHBIX pe-
rHOHaX;

5) KapTHpOBaHHUE MECTOIOJIOKEHHS OUaroB MPOrHO3UPYEMBIX 3€MJIETPACEHHUH ¢ TIOMOIIBLIO
moguduiuporannoro ZMAP-metona [16, 20];

6) MeTo/ caMOpa3BUBAIOIIIMXCS NTpOLieccosB [5].

Pa3HooOpa3ue MeToq0B 00YCIOBICHO KaK CIOXKHOCTBIO peliaeMoi mpoOieMbl, Tak U pas-
JIMYUSIMH B XPOHOJIOTHUECKUX pPaMKaX, TOYHOCTH, JeTalbHOCTH OMHUCAHUs COOBITHIH B CylllecT-
BYIOIIMX KaTajlorax 3eMJIETPSICEHHIl M0 OTAEHBLHEIM PETMOHAM, YTO HE TIO3BOIISICT Peallu30BaTh
YHUQHIHPOBAHHBIM NMOAXOA B BBIpAOOTKE MPOTHO3HBIX 3aKiIoueHHN. B 1enoM mMerononorus
6a3upyeTcs Ha YCTOHYHMBBIX CpEIHE- M KPATKOCPOYHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHO-
MEPHOCTAX JHHAMHMKH MOTOKA CEHICMHYHOCTH B OTAEIBHBIX perHoHax JlaneHero Boctoka no
M Moclie CHIBHBIX 3emieTrpscerHnii. KirloueBbIMU NPOrHO3HBIMH (haKTOPaMH SIBJISIOTCS CIIELY-
IOLME: HAIMYME 30H CEHCMUYECKOTO 3aTHIIbs M/MIIM CeHcMUYecKoi Opelin; BO3HUKHOBEHHE
KpaTKOCPOYHBIX 3aTHILNH I 3eMJIETPsAACEHUH cpe/lHel 1 Oonbllel CHIIbl; OTKIIOHEHHE BpeMeH-
HOIO X0/la MapaMeTpoB celicMHYecKOro pexxuma paiioHa OoT JONrOBpeMEHHOro TpeHAa, IUIOT-
HOCTB CEI{CMOTEHHBIX pa3phIBOB, aHOMAJILHO DOMBIIOE YHCIIO aTEPIIOKOR MOCIIE 3eMIETpsCe-
HHI YMEpPEeHHOH CHIIBL.

B cenTsadpe 2005 r. npu UMI'ul’ IBO PAH 6b11 co3nan Caxanuuckuii ¢gpunuan Poccuii-
CKOT'O DKCIIEPTHOIO COBETA I10 MPOTrHO3Y 3eMIIETPACEHUH, OLIEHKE CeliCMHUECKOH OMacHOCTH H
pHucKa. YIOMSHYTBIE BbIIIE METO/IbI CTalli OCHOBHBIM HHCTPYMEHTOM IpPH BbIPabOTKE MPOrHO3-
HBIX 3aKJIIOUEHHI 0 ceiicmuueckor obcranoBke B Kypunbckom 1 CaxalMHCKOM perHoHax. Yike
B nekabpe 2005 r. caxanuHCKHMH ceiicMonoraMu (M.H.TuxoHOB 1 Ap.) cliellad JIOArOCPOYHBIH
TIPOTHO3 CHUJILHOT'O 3eMIIETPSICEHHSI Ha H0ro-3anajHoM lrenbge o-a CaxanuH. OcHOBHBIME (hak-
TaMH, TIOJIOKEHHBIMH B OCHOBY IPOTHO03a, MOCITY>KHJIH JIBa NIPE/IBECTHHKA — ceHcMHUuecKkue ope-
1K TIEPBOro M BTOpOro poaa. OmpeneneHus MOHATHI Opelelf nqaHel B MOAMHMCH K pUC. 2, Ha
KOTOPOM OHH M300paKeHbI.

B aBrycre 2006 r. nanHblIi NPOrHo3 ObUT pACCMOTPEH U YTBEPKACH POCCHIICKUM DKCIIEPTHRIM
COBETOM I10 TIPOTHO3Y 3eMIIETPICEHMI, OLIEHKE ceiicMuuecKoi omacHOCTH 1 pucka. CrycTst rof
MPOrHO3 pPeaanu30Balics — MPOU30LLI0 pa3pyliuTenbHoe HeBenbckoe 3emiieTpsceHne 2 aBrycra
2007 r. (M =6,2) (puc. 2, 06) [7, 17, 19]. Emy npeamiecTBoBaio [ OpHO3aBOJCKOE 3eMIIETPACEHHE
17(18) aBrycra 2006 . (M = 5,6).

IlepcieKTHBHOCTE pa3paboOTOK ObLIA IMOATBEPXICHA U APYTHMMH YCIICIIHBIMH CPEJIHECPOU-
HBEIMH TIPOTHO3aMH B PeallbHOM BPEMEHH, B YaCTHOCTH CIICAYIOIIMX Pa3pyLIUTENBHBIX 3eMIe-
Tpacenuii: lllukoranckoro 1994 r. (M = 8,3), Tokaun-oxu 2003 r. (M = 8,3), Taxoiickoro 2001 r.
M=35,7).

Cretyer 3aMeTHTh, YTO BCE CYIIECTBYIOIIME B MHUpPE CIOCOOBI MPOrHO3a 3eMIeTpsICeHHi
MOKa He JIal0T BO3MOMKHOCTH HAJEKHO Pellarh 3Ty npobiemy naxe Ha CPEeHECPOUHOM cTauH,
He roBOpS YKe 0 KpaTKOCPOUHOM NPOoTHOo3e. B cuny HepeleHHOCTH ATOH npobiaeMbl Ha HayYHOM
YPOBHE, YCIEXH B IPOIHO3HPOBAHHH HEKOTOPBIX CHIILHBLIX CEHCMHUYECKHX COOBITHIT CMEHSIOTCH
HeynayamH (JIOKHBIMH TPEBOTaMM MJIH MPOITYCKOM COOBITHH).

B kadecTBe npuMepa JOKHOH TPEBOTH MPUBEJIEM HE ONpPaBAaBIIHHCS CPeaHECPOUHBIN MpPo-
rHO3 3eMIIETPACEHUs ¢ MaruuTyaoil M = 7.4 B paitone 10:kHBIX KypHIBCKHX OCTPOBOB, cle-
JAHHBIH ceiicMoioraMu HHCTHTYTA B Aekabpe 2007 r. B oTBeieHHbII 111 TPEBOTH MEPHOA 110
2010 r. oxxuaeMoro cobbITHA B 3TOM paiioHe He NMpou3onuio. Iloce 3Toro TpeBOXKHEIN pexKHM
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L

Oxomckoe mope

Puc. 2. npﬂ,ILBCCTHHKCIBbIE AHOMAIHKM CEHCMHYMHOCTH Ha Hro-sanaiHoM LI.IBJ'IbC]Je O-Ba Cﬂ.XZIJ'[HH, MONOMKCHHBIC B OCHOBY
JONTOCPOYHOIO MPOrHO3a CHIILHOTO 3emieTpscenus [17, 19].

a — sallTpUXoBaHHaA 00nacTh — HEHAPYIICHHDIH Yy4acTOK ceHCMOAaKTHBHOI 30Hbl, e B Teuenune 100 ner u Oonee ne
MPOMCXOANUIH 3EMIICTPACEHH ¢ MarHuTY10i M > 6 (ceiicmMuueckas Opeius neproro poaa); 6 — 0bnacTs, orpaHHYeHHASA
MYHKTHPOM, — YYaCTOK 30HbI, HAXOMALIHIHCSA B Te4eHHe HECKOJbKHX JIET B COCTOSHHH MOHHKEHHOH ceiicMuyeckoit ak-
TUBHOCTH, II¢ OTCYTCTBYIOT 3eMJETpACCHHs ¢ MaruuTynoit M =3,0 (ceiicMuyeckas Opelib BTOporo poja). nauncsl
Ha pHC. a — O4Yar” HiBeCTHRIX CHIIBHLIX EEMDBTPECEIIHF], KPYHKKH Ha pHC. (= AMHUEHTPEI KOPOBLIX BEMJ'IETpﬂCBI-IHr{
¢ M = 3,0 3a 1993-2005 rr. BepoaTHOEe MOMOKEHHE MPOTHOZHPYEMOTO 3EMIIETPACEHHS Ha pHC. O OrpaHHYEHO MHO-
rOYTroJALHUKOM (CIUIOIIHBIe JTUMHHHM). 3Be3noukd Ha puc. O — peanusaims nporuosa (anuueHTpel [opHo3aBonckoro
17(18) asrycra 2006 . (M = 5,6) u Heerensckoro 2 aerycra 2007 r. (M = 6,2) semnerpsicennii). YacTuuno 3auepHeHHbIe
KPYKKH — CTEPEOTpaMMbl MEXaHH3MOB OYaroB 3THX 3eMIIETPACEHHH

HEOTHOKPATHO MPOJIJICBAJICSA U HE OTMEHEH J10 HacTosiero Bpemenu (asryct 2011 r), nockomnb-
Ky YNPYyTrue HanpspKeHUs B 001acTH CCHCMUYECKOTO 3aTULIbs COXPAHSIOTCA.

OcHOBHBIE TOCTHKEHUS B 00/1aCTH NPOrHO3UPOBAHUS MOTYYEHBI B pe3yJIbTaTe pa3paboTKH U
COBEPILCHCTBOBAHMSA CEHCMOIOTHYECKHX METO/I0B IPOrHO3a. D(HHEKTHBHOCTH JAPYTHX METOJIOB,
YIIOMAHYTBIX BBILIE, OCTAETCA ITOKa HejokasaHHOoU. [To-BUIMMOMY, NMPOPEIB B PEIICHUH 3a1a491
NIPOTHO3MPOBAHMS CEHCMHYECKUX COOBITHI BO3MOMKEH TOJBLKO NMPH MCHOIB30BaHHH KOMIUIEKCA
pa3HOOOpPa3HBIX METOOB.

B 3akiioueHue OTMETHM, 4TO OrpaHHUYCHHbIH 00beM MyOIHKallHHd HE MO3BOJIMI OCBETHTD
BCC HANPABJICHUS CEHCMONIOTHYECKHX UCCIICIOBAHUH. 3a paMKaMH CTaThbH OCTaJHCh pe3ylbTa-
Thbl, KacalolHecs: U3y4CHHs MpolieccoB B odarax semierpsceHuii (AWM. Meamenko, P.H.bBypbim-
ckas, H.B.Kpaecpa, A.B.Konosanos), apromaruzauuu 06pabOTKH CCHCMOIOTHYECKHX JAaHHBIX
(U.H.Tuxonos, T.I'Muxaitnosa, JI.H.ITonnasckas, A.O.BoGkoB), Mopckoil ceilcMOIOruu
(AW .MBamenko, A.M.Crniupun) u Ipyriax HanpapieHH.
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Tuxookeanckuil okeanono2udeckuit uncmumym um. B.H Hivuueea J{BO PAH
690041, Baaousocmok, yn. barmuiickas, 43
Fax: (4232) 31-25-73. E-mail: secret@poi.dvo.ru

B moHorpagun npeacTaBieHbl pe3yabTaThl H3yUeHHA KailHO30HCKUX crinkoduarennar (Mop-
CKOM KPEMHHCTBII MHUKPOIUTAHKTOH) OKpauHHBIX MopeH CeBepo-BocToka A3uu U nipuierarone
yacTH Tuxoro okeana. B kaitHozoiickux ornoxeHuax obHapyxeHo 147 BUJOBEIX M BHYTPHBH-
JIOBBIX TaKCOHOB cHiMKo(arennar. JlaHo obocHoBaHMe KailHO30MCKOH 30HAJIBHON MIKANBI 110
cunukognareuaram i Cesepo-3anaauoii [Nanuduky, ocHOBaHHOI Ha NPAMOH KOppENsSLHH ¢
30HANBHBIMHA JIMATOMOBBIMH KOMILIekcaMu. Ona Biimoyaet 14 30H, 9 noason u ciou ¢ diaopoi
B MHTEpBajle cpejaHMil soueH—TonoleH. [IpoBeaena pekoHeTpyKuMs naneoycnoBuil. IlpueeaeHsl
TAKCOHOMHYECKHE CCBUIKH M MOJIHBIA BUAOBON cOCTaB cHIMKOQUIare/uiar H3yueHHbIX 00pa3ios.
124 Buaa MILTIOCTPUPOBAHO,

Kuura npeacrasnser uutepec M OyAeT monesHa Uisi MHKPOTAJICOHTONOIOB, cTpaTturpados,
najseoreorpagoB, reojoroB, aJbIOJIOIOB, KOIOT0OB, a TAKIKE MperoaBareseii 1 CTy/1eHTOB. /
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BECTHHMK OH3 PAH, TOM 3, NZ3001, doi:10.2205,2011NZ000102, 2011

O BeposiTHOM clieHapuu pa3BuTHsl adTepPIIOKOBOrO
npoiecca nocJjie 3emjierpsacenns 11 mapra 2011 roga B
Anonun

U. H. Tuxonos'

[onyu4eno 25 mapra 2011;  onybaukosato 31 mapra 2011.

O6eyxaaores 3HAMATEIBHBIC AHATOTHE B auHaMuke adrepmoros Bemnkoro fnoncko-
ro semserpscernsa 11 mapra 2011 roga ¢ adrepmoKoBBIME OC/IEI0BATEILHOCTIMH
Cymarpa-Angamanckoro (2004 r., M, = 9,3) u Cumymupckoro (2006 r., M,, = 8,3)
30.\'1J10’l‘[)§lCCIil'lﬁ. O"l‘l\rl(’,‘-la('}'l‘c}l 110,3,061/10 BO BpeMeHH /1 [epBoro 0061:['1'}‘1}] 0 B HPOCTPaHCTEES
(mosie sumMuenTpoB adrepmokos) — i BToporo. BeIcKasbBacTes IPeIoIoKeHne 0 Bo3-
MOZKHOCTH PEATH3AINH HOBTOPHOTO CHIIBHOIO TOJNYKA MAUHHTYIO0H 0KOI0 8, CMemeHHoro
OTHOCHTEJIBHO OCHOBHOTO TOJIMKA B CTOPOHY [IIYOGOKOBOIHOIO Kenoba. KIIOYEBBIE CJ10-
BA: semaerpsacenne; riasibiii To40K; agTepIIOKOBLIE NOCIEA0BATENLHOCTH; CHIbHER I achrepuiok; note

SMHLEHTPOB abTeplIOKoB; BEPOATHLI cueHapHii.

Cepinka: Tuxonos, M. H. (2011), O seposTHOM cligHapHi pa3snTis adyTepIIoKOBOro npolecca nocjie seserpacenns 11 mapra 2011

roga B Snonnn,

11 mapra 2011 r. 3 05:46 no I'punenuy (MecTHOE Bpems
14:46) Boctounee o-sa Xoncio (fnonus) npowusonuio Kata-
crpochuueckoe semierpacenne. [lo oneparnBHBIM JaHHBIM
cayx6e1 NEIC/USGS (Haunonansupiii nentp nudopmariins
o zemserpsacennsax leonornueckoit cayx6ut CIIA) ero rumo-
HEHTP HAXOMIICS B TOUKE ¢ Koopaunatamu: ¢ = 38, 32° c.u.,
A = 142,37° B.a. na roaybune h = 24.4 kv (Puc. 1). Mac-
wtab pazpasueiieiics ceficMuieckoil katacTpodsl Bpsa JIu
KTO U3 Ceﬁcll().‘iOI'OB Mor IIpeJLIIO.-'IO)KH'l‘h = MOMEHTHaH Mar-
HITY/Ia 3eMIeTpsceHns okasaaack pasnoit M, =9, 0.

Cryers 10 eyToK TeMm e cellcMONOrHYecKHM ATEeHTCTBOM
Oouto zaperncrpuposano oxono 630 adrepmoros ¢ M =
4,6 — 7,1. Ilpeobnagaloniee 9nc/I0 THIOLEHTPOB HAXOJH-
sock B uaTepsase rayonH 20 — 40 kM. SUHIEHTP TOBTOP-
HBIX TOJYKOB IOKPBLTH 0[‘])0)‘1Hy}0 06JIaCTb NpPOTAAEHHO-
crpio okojo 650 KM € TOmepevHbIM pPasMepoM NPHMEPHO
350 kM ot nobepexkba 0-ea XOHCHO 10 INIYDOKOBOJHOTO He-
n0Ga i jgaxke 3a xenobom (Puc. 1).

Maruutyaa cunbHeiinero ayrepioka, BOHHKIIETO CITy-
crs 39 MHHYT TOC]e IVIABHOTO ToM4Ka, coctaemia 7,1, Ha
MOMEHT TOJITOTOBKH JaHHbIX MaTepuanos (13 cyTox cnycrs
nocie MIABHONO COBBITHA) 9TO 3HAYEHHE MATHHTYIBI TaK U
He ObLI0 TpeBbimeHo. Pasinune mo cuie Mexay TIaBHBIM
cobbiTHeM M cuibHedinmn 3a 13 cyTok adrepiiokoM coctas-
JseT OKOMo JABYX eauuul MaranTyas (uan 1000-kpartHoe
o sHepruu). ECTeCTBEHHO, BO3HUKALT BONPOC O TOM, Ka-

YWupescaenne PAH MucturyT MopeKoit reosornn 1 reodmsi-
ku JABO PAH, 10:xno-Caxammnck, Poceus

(© 2011 Teodmzmuecknii uentp PAH.
http://onznews.wdch.ru,/doi/2011NZ000102.html

Beemnux OH3 PAH, 3, NZ3001, doi:10.2205,/2011NZ000102.

KnM Oy/eT JaibHeiiinii cienapiil passuTis aTepokoBoit
nocieoBaTenbHocTH. Ha Haun B3raisiz, nveolnecs: JaHHbie
NEIC/USGS yse nossonsawoT 060cHOBATE OJIMH H3 BO3MOK-
HBIX CLEHADHEB, NPE/IaraeMbiX HIKe.

Ccpopmynupyen nepeoe TOJIOXKEHNE JAHHOTO CHEHAPHs:
arepiiok ¢ MAKCHMAIBHON MAIHHTYIOM €lle He pPeajnzo-
BAJICA, HECMOTPA HAa OFPOMHOE YHCJIO 3aPericTPHPOBARHBIX
I[UBTUI_)HIJ]X TOJUYKOB. Em BepOﬂTHﬂﬂ Ma.l"HHTy,I[a MOMET CO-
crauth Benundy M = 8,0 £0,5.

9T0 yTBEIKJAEHHE OCHOBAHO Ha JIBYX IIOCBLIKAX.
Bo-nepebix, Ha 3akonoMepHocTH, yeranosaennoit M. Borom
[Bath, 1965] a1 pasHocTH MAarHATY[ IVIABHONO TOMYKA H
cunbHeilimero adrepuioka, Koropas 00BIYHO COCTABISET
1,2 exununsr MarsnTyapl. Bo-BTOpBIX, Ha aHaJIoOrHM Xoia
aTepIIoKOBOro  HpoLecca, MPOTEKAIONIET0 B HACTOSLLEe
BpeMsi BOcTOYHee o-Ba XoHCIO, ¢ adrepmokosoil cepueil
Cymarpa-Angamanckoro semerpscenus 26 gexabps 2004 r.
(-}Mw = 9, 3)

ILJ']H OIMHCAHHA ﬁ.(l}T('!p]ll()KOB ATOrD IEMAETPACEHHA BOC-
nojb3yemest Takzke ceeennsmu eyt NEIC/USGS. B re-
genne 10 cyTOK mocie MIaBHOTO TOMYKA BBLIO 3apericTph-
poeano okoja0 H40 nosropreix semaerpacennii ¢ M > 4,6,
TO €CTH YHCJI0, BIOJIHE COTOCTABHMOE ¢ SANOHCKOI cepHeil.
Cusbneiimmii adrepiiok 3a nepsbie 13 eyTok umen Maruu-
ryay M = T7,5. On Bosnuk cnyers 3 yaca 22 MHHYTHL HOC/Ie
riapHoro yiaapa. Takum o0pasoM, ©HCJIO NOBTOPHBIX TOJY-
KOB, MATHHTY/Ia CHJIbHEIIIEro TOIUKA 1 BPEMs ero IosBJie-
HHH B DGO}‘IX CJay4asx Ha HAYAJIBHOI CTAIHH OKa3a.1HCh CO-
MOCTABHMBIMH.

UrobBl CHPOrHO3HPOBATL BPEMs BO3HHKHOBEHHS CHIIb-
weitiero adyrepmoxa, HeoOXOIUMO OTCAEXKHUBATD TPOLECC
BO Bpemenn, Ommskom K peanabHomy. s semuerpsi-
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Puc. 1. ITonoxkeHue SNUIEATPa MIABHOTO TOMUKA 3emierpsicenns: 11 mapra 2011 r. (Gonbinast 3e3104-

Ka),

ero dopmoka (ManenbKas 3pe3iouka) u adTepiokos (Kpy»KKi), 3aperucTpHpoBaHHBIX B Tedenue 10

cyToK 110 JaHHBIM onepaTHsHoro kKartanora NEIC/USGS. Viakaa nosoca — ock riaybokosoaHoro xesnoba.
Ha epeske: pernoHajibHas cxeMa HanTosbix rpanui & mogenn |Wei and Seno, 1998]). NA — Cesepoane-
pukanckas, EU — Eppasuiickas, AM — Amypekasn, PA - Tuxookeanckasi, OKH — Oxorckas miauThl.
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NZ3001 THXOHOB: O BEPOSITHOM CLEHAPMH PA3BUTHS A®TEFPIIOKOBOIO NMPOLECCA NZ3001
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Puc. 2. 3aBHCHMOCTb MHTEPBAIOB BpemMern Mex<ay adrepiiokamn Cymarpa-AHIAMAHCKOTO 3eMJeTps-
cennst 2004 r. oT HOMEpPOB TOBTOPHBIX To4KoB. Ha Bpeske: anamormunbii rpaduk 1us sSIOHCKOTO 3eM-
aerpacenns 11 mapra 2011 r. O6nacts rpadmka no ropusonTtansnoil ocn pazéura na 5 yacreii, coorset-
CTBYIOUNX OT/IEBHBIM CTa MM adTePIIOKOBOrO NPOLEcea.

CeHUi IIaHeTAPHOIO MacuITaba MOMKHO BOCIOJIL30BATH-
¢l MOCTOAHHO TonoaHAeMbIM  OnepaTHBHBIM  KATAJOTOM
cayx6e1 NEIC/USGS Ha caitre http://earthquake.usgs.
gov/regional/neic. Ilpogemoncrpupyem nponeaypy cie-
JKeHus Ha npuMepe adrepiiokoBoil nocieoBaTeNLHOCTH
Cymarpa-Angamanckoro semierpsicerns 2004 r. Ha Puc. 2
MOKAZAHA 3ABHCHMOCTh HHTEPBATIOB BPeMeHH Mex 1y adrep-
mokamu Cymarpa-Annamanckoro semaerpsacenans 2004 . ot
HOMEPOB IOBTOPHBIX TOJIYKOB M AHAJIOMHYHBI rpaduk s
ANOHCKOro 3emserpscenus 11 mapra 2011 r. (speska). Tlep-
Bl rpaduK pasduT HA 5 MHTEPBAJIOB, COOTBETCTBYIOUIHX
passpiM cTajgusyM adrepumokosoro npouecca. [lepsriit nu-
TepBAJl JLIUTEILHOCTEIO JABOE CYTOK — obnacTs nanbomee nH-
TeHCHBHOIT adTepiiokoBoil AeaTesbHocTH. Toq49KH caeiyioT
JIPYT 34 APYroM ¢ uacToroii Gosee ABYX coObITHIT B Uac. D10
“cnenan’ 30HA I KAKHX-JMOO TPOrHO3HBIX 3aKIIOYEHMIL.
Ona Taxyke ocobenHo TpyiHa npu obpadoTKe JaHHBIX cefi-
CMHMECKHX CTAHIMIL.

Bropoit unrepran — obsacth, B KOTOPOIT 3amaz/hisanne
OJIHOTO CODBITHSI OTHOCHTEBHO [IPYTOr0 MOMKET COCTABJIATD
HECKOJILKO 4acoB. B 9ol 061acTH n0ABASeTCH BO3MOXKHOCT
[POTHO38 YCHIIEHHs! CeHCMIMECKO aAKTHBHOCTH B Pe3Y/IbTa-
T€ BO3HHKHOBEHHS OBTOPHBIX 3eMJIETPSICEHHIT ¢ MATHHTY/ 18~
MH oKoJI0 67, Onn BO3HUKAIOT, KAK MPaBHJIo, TOrIa, KOrIa
OT/IeTLHBIE HHTEPRATE Mex1y adrepmokaMu (BHIOPOCH Ha
rpacbuke) aocruraior 6-10 vacos.

Tomuku ¢ M = 6 — T Bo3Dy a0 BropuyHbie adrepuio-
KH, 9TO NPHBOJNT K PE3KOMY CHIZKEHHIO HHTEPBAIA MEHKIY
tomiakamu (3-uli nurepsan). JLis Cymarpa- AHJaMaHCKOrO
JCMIICTPSACCHHMA TAKAA CHTVALMS HMEA MCCTO B NepHoS ¢ 28
no 30 ausapa 2005 r.

Yerpeprolit HHTEPBAT ~ HAHDO/IEE BAYKHDBIH JUIs TIPOTHO-
3a cuiabHeiimero adrepiioka. 3aeck OTAeNbHbIE BHIODOCH! HA

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

rpacuke gocTHraioT cyToK K donee. Havamo gannoii cragnn
npuxoautes na 30 ausaps 2005 1., a oOKOHYAHHE COOTBETCTBY-
er 28 mapra 2005 r. B 13:37. Cnyers 2,5 gaca nocie 3roro
BO3HHK cuibHeiimmii adprepmok ¢ M = 8,6. Bpems 06b-
ABJICHHS TPEBOTH B NpeJienax JaHHOro NHTepBala ABISeTCH
npejaMeToM OTASNBHOIO HCCIeA0BEaHnA 1 31eCh He 06(3“\")*(,[[&-
eTcsl.

Ormerum psjt ocobeHHOCTEN, TPHCYIHX 4-My HHTEpBAIY,
KOTOPBIE MOTYT HMETh 3HAHEHHE B IUIaHe MPOrHOGa CHIbHE -
mero a(]J'repumKa, Korja I]OCTpOeHHH H aHaJau3 3aBHCHMO-
cTH, noA00HoiT 0DCy A TaeMoil, BeIyTes B PEATLHOM BPEMEHH.
HCpBﬂﬁ OCOE’CIIHOCTI) — PESKOEC TOPMOMEHHE CROPOCTH MOTO-
Ka cobriTuii npu nepexoge or 3-ro uurepsana k 4-uy. Bro-
pas — pe3Koe Bo3pacTaHne H3MEeHYHBOCTH XapakTepa adrep-
MOKOBOTO 1IPOHECCA, BRIDAKAIIISECH B ()O.'Ib]l.l()l\l pa:iﬁpo(:e
OTCHETOB Ha PHC. 2, B TOM YHCIE, B HAJTHYHH aHOMAJBHBIX
BEIOpocoB. CTOMNL pazHooOpasHoe NoBejiente adTepiioKoBo-
ro npolecca MOKeT YEASBIBATE Ha €70 He}"CTOﬁ'L]HBOCTb. 9"[’0
KAYSCTREEHHOS OIMUCAHWE MOMHHO I[P.[‘lﬂJlﬂ}Kl[’l'h HA H{A3LIK KO-
JHYECTEEHHBIX KPHTEPHEE H HCTIOJIB30BATE MPH YTOYHEHHH
NPOrHO3a 110 Mepe JAJbHeiilero passnTus adrepIiioKoBoii
NOCIeI0BATEIBHOCTH ATIOHCKOrD 3@MJI€TpHC9H]‘IH ].l MapTa
2011 r

HﬂTblﬁ HOTCPBAJT OTBCHACT  HaJioxCcIiiio LIC]JTC])LIIOKUB
TITABHOTD Cl’]ﬁhl"l"llﬂ Ha MOBTOPHBIE TOJTYKA CHIBHERTero ﬁ(']')-
TePIIoKA, 9T0 CHOBA NPHBOJHT K PE3KOMY BO3DACTAHHIO YHC-
Ja Ii(-}l\:].l'[ETI)H(ZEHHﬁ BO BpEMEHH.

AdyrepmokoBslii mponece ANOHCKOro 3emierpsicenns 11
Mapra 2011 1. Ha MOMEHT HOArOTOBKH JaHHOl 3aMeTKu (ciy-
crs 13 cyToK) npoXoANT BTOPYIO CTAMIO, HA KOTOPOIl noss-
JISETCs BO3MOMKHOCTD NPOrHo3a (1ocie peskux Bh6pocos Ha
rpadike) yCHIEHHs AKTHBHOCTH 3a CUET 3eMJIETpSCeHHil ¢
MarauTyI0i okoso 6-7.
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Teneps nonpobyem JaTh OTBET Ha JAPYrofl BazKHbBIH BO-
[poc: ecii pasBHTHE A(TEpPIIOKOBOIO Hpouecca ToiieT no
CymaTpa-AHIAMAHCKOMY CIHEHADHIO, TO T1e HAHDOJIEe Repo-
ATHO pacnooxkenne ovara ¢ M okono 8,0 u Gonee? Cdpop-
MYJIHPYEM BTOPOE TIOJIOMEHHe BEPOSITHONO CLieHapHst: Hanbo-
J1ee BEePOSATHRIM MECTOMOMOMKEHHENM DYVIIEro CHILAEHIero
abrepiIoka cieyer CuHTaTE 0DJACTB CIYLIEeHns (KiacTepa)
acprepuiokos 3a rybOKOBOJHBIM KeoboM. JlanHoe nosnoke-
HHE OCHOBAHO HA AHAJIOIMH € JMHAMMKON 3al0JIHeHHs 00J1a-
cri adprepiokos, nabmogasmeiics npu cunbneiinmx Cray-
IHPCKHX 3eMaerpscernsx 15 noadps 2006 . (M, = 8, 3) n
13 simsaps 2007 r. (M., = 8,1) |Tuzonos u dp., 2008].

Ha Puc. 1 mosxno yeuaers, uro obmacts adrepmoxos so-
crounee o-Ba XOHCIO 3anoiHgeTcs HepasnoMepHo. B npejge-
JlaX ee MOAKHO BBIIEJIUTH OCHOBHYIO 00/1acTh, KOTOPadA MpH-
MBIKAET K OCTPOBY M JONOMHHTEILHYIO, BTOPHIHYIO 0014CTE,
pacnonioxennyio cerepree 37,0%c.n1. 3a ryGOKOBOHEIM ¥Ke-
1000M, KOTOPBIH CAVKHT B KadecTBe pas/essiomen rpanu-
upt. Ipn Camyumpekom semuerpsicernn 15 wosbps 2006 r.
(M., = 8,3) naGmonanachk Takas e cutyanus. Ofpasosa-
Juch Apa Kaactepa adrepmokos: ogun Boamsn o-a CHmy-
mnp, BTOpoit — B pafione xenoba. M sropoe semserpsicenne
¢ MaranTyaoii 8,1 npousomuio umerno B 31oii obaacru. pu
ATOM a(l)']‘(}pIIIOKH IICI)BOI'O 3CMJICTPHCCIIHH HYETKO HAMOCTHITH
0BIACTE, TIe CIYCTS JABA MECSALA CIIVIIIOCE BTOPOE CODBITHE,

118

THXOHOB: O BEPOATHOM CUEHAPHH PA3BHTHS ADTEPUIOKOBOTO NPOLUECCA

NZ3001

Takum obpasom, He HCKIIOMAETCA BO3MOAKHOCTD NOBTOPEHN
B paiioHe BOCTOUHee 0-Ba XOHCIO TAKOTO Ke CIIeHApPHs, KaK
na Cpejnnx Kypuisekux ocrponrax.

B zakmouenne orMeTHM, YTO NpeII0MKEeHHBIT clieHapuit
HE HCKJIIOUAET JIPYTHe BePCHH MPOIoIkeHns ahTepIioKoBo-
ro mporecca W JI0NKEH PACCMATPHBATHCA KAK OJIHH W3 BO3-
MOMKHBIX BApHAHTOB.

Jlureparypa

Tuxonos M. H., H. ®. Bacunenxo, . E. Boaoryxun, T. H.
Heensckasn, A. A. [Monmascknit, A. C. Ipsrrkos, A. M. Cun-
put (2008), CuMylIMpeKHe semeTpsicernst W uyHamu 15 HosG-
pa 2006 rona v 13 aneaps 2007 rona, Ticseoreanckoa 2e0i02us,
27, Nel, 3-17.

Bath M. (1965), Lateral inhomogeneities of the upper mantle,
Tectonophysics, 2, Ne6, 483-514.

Wei D., T. Seno (1998), Determination of the Amuruan plate
motion, in Mantle Dynamics and Plate Interactions in BEast
Asia, Geodyn. Ser., 27, AGU, Washington, 419.

H. H. Tuxonos, Yupesgenne PAH Hucruryr Mmopekoii reoso-
ruu 1 reochusuku JIBO PAH, ya. Hayku 16, r. FOmuo-CaxaiuHek,
Pocensa. (tikhonov@imgg.ru)

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi



WUCCNEAOBAHUE OBLLUMX 3AKOHOMEPHOCTEN CENCMUYHOCTU AA/IbBHEBOCTOYHOIO PETMOHA

Hindawi Publishing Corporation
International Journal of Geophysics
Volume 2012, Article 1D 364318, 12 pages
doi:10.1155/2012/364318

Research Article

The New Avalanche-Like Stochastic Model for
Parameterization of Seismicity and Its Application to
the South Sakhalin Island Seismicity

M. V. Rodkin"? and I. N. Tikhonov?

! Institute of Earthquake Prediction Theory and Mathematical Geophysics, Russian Academy of Sciences (RAS), Moscow 117997, Russia
2 Institute of Marine Geology & Geophysics, Russian Academy of Sciences Far Eastern Branch (FEB RAS),

Yuzhno-Sakhalinsk 693022, Russia

Correspondence should be addressed to I. N. Tikhonov, tikhonov@imgg.ru

Received 9 August 2011; Revised 25 December 2011; Accepted 18 January 2012

Academic Editor: Yamaoka Koshun

Copyright @ 2012 M. V. Rodkin and L. N. Tikhonov. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Seismic process is usually considered as an example of occurrence of the regime of self-organizing criticality (SOC). A model of
seismic regime as an assemblage of randomly developing episodes of avalanche-like relaxation, occurring at a set of metastable
subsystems, can be the alternative of such consideration. The model is defined by two parameters characterizing the scaling
hierarchical structure of the geophysical medium and the degree of metastability of subsystems of this medium. In the assemblage,
these two parameters define a model b-value. An advantage of such approach consists in a clear physical sense of parameters of the
model. The application of the model for parameterization of the seismic regime of the south part of Sakhalin Island is considered.
The models of space changeability of the scaling parameter and of temporal changeability of the parameter of metastability are
constructed. The anomalous increase of the parameter of metastability was found in connection with the Gornozavodsk and
Nevelsk earthquakes. At the present time, high values of this parameter occur in the area of the Poyasok Isthmus. This finding is
examined in comparison with other indications of an increase in probability of occurrence of a strong carthquake in the South

Sakhalin region.

1. Introduction

Seismic process is usually considered as an example of reali-
zation of the self-organized criticality—the SOC-model
[1-3]. However, as it was argued in [4] the SOC model has a
rather limited possibility in interpretation of real seismotec-
tonic processes. Besides, there is no clear interpretation in
terms of this model of a difference between regions of high
and low seismic activity. Moreover, the analogue between cri-
tical phenomena and seismic process is not satisfying
enough. The critical phenomena (the second-order phase
transitions, for example) proceed without discharge or ab-
sorption of energy; and this is their fundamental peculiarity,
in many respects determining other features of the critical
behavior. But earthquakes are accompanied by release of
huge amounts of energy, and this is their fundamental pro-

perty. Thus it can be concluded, that consideration of a seis-
mic process in terms of the SOC-model is not quite satisfac-
tory. Therefore, alternative approaches are of interest.

For quantitative statistic modeling of seismicity regime,
the Generalized Omori law and the Epidemic-Type After-
shock-Sequence (ETAS) model are used at the present time
[5-7]. However, these models have a formal statistical chara-
cter; the determination of parameters of the models and even
the findings of statistical relations between the parameter
values do not result in an essential progress in understanding
of the physics of the seismic process.

The fundamental properties determining the process of
seismicity are the scaling hierarchical properties of the struc-
ture of the Earth’s crust and the irreversibility of the process-
es ongoing in the Earth’s interior. A natural model for under-
standing of the process of seismicity would be a statistical
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model treating seismicity in terms of these fundamental
characteristics. The model of seismic process as an assem-
blage of avalanche-like episodes of relaxation, occurring oc-
casionally at a set of uniform metastable subsystems [8, 9],
meets such demands. As it was shown in [8], this model
appears to be the most simple, providing the realization of
power law distributions typical of dynamical dissipative sys-
tems [10]. In case of seismicity, metastability is connected
with elastic energy stored in the geophysical media and abru-
ptly released during earthquakes. In application to the earth-
quake process, we will name this model the statistical earth-
quake model (SEM). The main parameters of the SEM model
are two parameters, characterizing the scaling properties of
the geophysical media and the level of irreversibility (metas-
tability) of processes taking place in this media. The SEM
model, which was discussed in detail in [9], is presented and
used below in the examination of the seismic regime of the
south part of Sakhalin Island.

2. Model

We will model seismic regime as an assemblage of episodes of
avalanche-like relaxation, occurring occasionally at a set of
statistically identical metastable subsystems. Let us describe
this statistical earthquake model (SEM) in terms of recurrent
scheme (or equivalently in terms of multiplicative process) as
it was presented in [8, 9]. A longer description of a continuo-
us case is presented in [11].

Let us imagine that an ongoing stochastic process (here
earthquake), that had released energy X; by time moment ;,
continues its development with probability p or cancels with
probability (1 — p). In a case when the process interrupts
on this ith step, the quantity of event (the amount of energy
released in the event) will be equal to X;. In a case when the
process of relaxation of metastable subsystem continues, we
suggest that the energy released in this event will grow up by
the next moment of time #;.; to the value

Xy =1 X X, (1)

where r can be a random parameter with mean value exceed-
ing one. In a continuous case [11], the avalanche-like differ-
ential equation instead of recurrent relation (1) is used. This
approach models an avalanche-like process of release of
metastable systems.

For simplicity of the mathematical manipulations pre-
sented below, we will suggest that the constant X, value at the
first step being equal to X, = 1 and r = const. In this case, in
scheme (1) the probability of interrupting of the process on
nth stage and correspondingly obtaining of the value X, = "
is equal to (1 — p) x p". From this, we observe that the tail of
the function of distribution F(X,, > X) is equal to

(1-FX)=(1-p)xp"x(L+p+p*+---p%)
=P"_

(2)
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We have also 1g(X) = n x Ig(r), and thus n = 1g(X)/lg(r) and
lg(1 — F(X)) = nxlg(p) = lg(X)/1g(r) x Ig(p). From here,
we have

(1= F(X)) = X&), (3)

thus we receive a power law dependence for the tail of the dis-
tribution function (1 — F(X)) from X, as it takes place in the
distribution law of the seismic moment and seismic energy
values and in many other cases [12]. It can be shown that
this result is valid for the case of stochastic r values (for mean
r value >1) and in case of random normal distribution of
Xy values that has a minor influence on the final type of
distribution (3).

The scheme thus described treats a development of an
earthquake as a process of sequential transition to higher
hierarchical levels. At constant parameter r value, we have
a discrete and log-periodical distribution of the energy
values of earthquakes. With a growth of random spread in
r values, the step-by-step character of model distributions
becomes smoother, and at the limit we receive a monotonic
distribution with quasirectilinear relation in coordinates
{lg(X),1g(1 — F(X))} with a slope of recurrence relation
equal to

Ig(p)

b=-2L 4
lg(r) @

where b characterizes the power distribution of quantities X
and has a meaning similar to the b-value in the Gutenberg-
Richter law (for the energy or seismic moment earthquake
values). The sign minus is added in (4) to get a positive b-
value used in seismology.

Thus, in terms of the SEM model, the b-value is defined
by two parameters, one of them (r) characterizes scaling pro-
perties of the medium, whereas the second (p) answers a
probability of a continuation of avalanche-like relaxation of
metastable sub-systems. Thus it characterizes the degree of
metastability of the medium. We will name these two param-
eters further as a scaling parameter r and a metastability
parameter p.

It is not difficult to pick up the values of r and p para-
meters of the SEM model and initial X value so that the
received b parameter from (4) will agree with b-value of a
typical seismic regime, and Ig(X) will have values typical of
earthquake magnitudes. If we take some average number N
of avalanche-like processes occurring in a time unit, and the
suitable r(f) and p(t) values, the model will give the sequence
of magnitudes of main (independent) events lg(X;) similar
with a sequence of magnitudes of carthquakes (without
aftershocks) occurring in a real seismic process.

As an example, we take a case with weak (with amplitude
0.2) and periodic (T = 1000 time units) change of parameter
p producing the similar periodicity in a model b-values. The
mean intensity of seismic flow N = 500 events per unit time
is suggested, and variations in N number are assumed to
follow the Poisson law. In Figure 1, an example of such model
process of duration of 5000 time units is presented. For the
every one time unit, the model maximal magnitude M,
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Ficure 1: An example of realization of the SEM model of a seismic
regime; (a) maximal magnitude values M. (b) the b-values. On
an abscissa axis, the arbitrary time units are given (500 events in
average in each).
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Figure 2: Model relationship between the b-value and maximal
magnitude M.« value occurred in the next time interval.

value and the b-value are calculated. The b-values are calcu-
lated for the every one time unit from the maximum likeli-
hood approach [13] and the model magnitude values lg(X;).
The received My and the b-values appear to be similar
visually with typical behavior of a real seismic process (bes-
ides of an artificially taken periodical character of change in
b-values with time).

It is easy to see that even such a very simple model is not
trivial. It produces the well-known “prognostic” feature—
the decrease in b-values precedes the intervals of time of
occurrence of strong earthquakes. To see such dependence
(distinct also in Figure 1) more clearly, in Figure 2 the graph
of relationship of maximal magnitudes My, = Ig(X;) values
versus b-values in preceding time interval was shown.

An appearance of model correlation given in Figure 2 is
clear. Actually, the values of p and r parameters that cor-

respond statistically to occurrence of larger My, values cor-
respond also to lesser b-values. This relation has a stochastic
character. It is worth mentioning that the decrease of b-
values in the SEM model is not an indicator of developing of
process of a “preparation” of a strong event (it is not correct
to speak about the preparation of a “strong earthquake” in
the case of a sequence of independent events), but it is a para-
meter correlated with an increase of probability of occur-
rence of a strong event.

Thus the increase of the values of parameters p and r
is an indicator of increase of probability of occurrence of a
strong earthquake, and so the evaluation of these parameters
and their changeability can be used for monitoring of a pro-
bability of a strong earthquake occurrence. In the SEM mo-
del, it appears naturally (but not obligatory) to consider the
scaling parameter r as depending on the Earth’s crust seg-
mentation (so parameter r is spatially dependent and cons-
tant or slow changeable through time), whereas the parame-
ter metastability p is suggested to be time dependent.

The SEM model is used below for examination of the sei-
smic regime of the south of Sakhalin Island. However, before
discussing the results of such examination, we should briefly
characterize the seismicity of the Sakhalin Island and the
used database.

3. Patterns of Seismicity of the Sakhalin
Island and the Available Earthquake Catalogs

Sakhalin Island (Russia) is located in the Pacific-Eurasia
transition zone. In the island, on average 1 earthquake with
magnitude M = 6 and about 10 events with M = 5 takes
place every 10 years. The events with M = 7 occurred nearly
once per century. The strongest known Moneron earthquake
M 7.5 took place here in 1971.

The seismicity of Sakhalin can be divided into shallow
(h = 0-30km) and deep (mainly in depth interval of 280-
350 km) seismicity. Deep earthquakes are connected with the
Kurile Islands subduction zone. In Sakhalin Island, deep-
focus earthquakes do not represent a substantial seismic dan-
ger, and shallow seismicity appears to be not dependent on
deep seismicity. Below, only shallow earthquakes with the
depth h < 30 km are considered.

Within Sakhalin Island and the adjacent shelf, four major
deep fault systems were identified that generate almost all
crustal earthquakes with M = 5.5: the Rebun-Moneron, the
Western Sakhalin, the Central Sakhalin, and the Eastern-Sak-
halin fault systems (Figure 3).

The Rebun-Moneron fault system, situated near the Mo-
neron and Rebun Islands, was revealed to be active when the
century’s strongest shallow-focus Sakhalin earthquake (Mg
7.5, September 5, 1971) took place here.

The Western Sakhalin fault system extends below the floor
of the Tatar Straight along the western shore of the island and
then merges with the Central Sakhalin faults. In this zone
strong earthquakes in 1907 (Alexandrovsk-Sakhalinsk, Mg
6.5), 1924 (Lesogorsk-Uglegorsk, Ms 6.9), and in 2000 (Ugle-
gorsk, My 7.2) took place. No strong earthquakes (M > 5.0)
were registered in the southern part of this fault zone until
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FiGure 3: Active faults of the Sakhalin region. Insert—regional scheme of plate boundaries in the model NUVEL-1A and its modifications
[14]. NA—North American, EU—Eurasian, PA—Pacific, OKH—Okhaotsk plates.
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the 17 August 2006, My 5.6 Gornozavodsk earthquake and
the 2 August 2007, My 6.2 Nevelsk earthquake have occurred
here [15, 16].

The Central Sakhalin fault system, and more specifically,
its southern segment, is traceable from south to north along
the western coast of Aniva Bay (Krilion Peninsula), farther
on westward from Yuzhno-Sakhalinsk, and along the eastern
shore of the island to Poronaisk, and then merges with
the Western Sakhalin faults. Two strongest earthquakes that
occured in this fault zone since 1905 (February 2, 1951 Aniva
earthquake (M 5.5) and the September 1, 2001 Takoe earth-
quake (Mg 5.6)) took place within the southern segment of
the fault.

The Eastern Sakhalin fault system extends along the
north-eastern shore of the island. Prior to the May 28, 1995
Neftegorsk carthquake (Ms 7.2), there was no evidence of
a significant earthquake occurrence here. Investigation of
active faults of the North Sakhalin began after the Nefte-
gorsk earthquake [17-19]. Paleoseismological reconstruc-
tions showed that recurrence time of the strong (M 7.0-7.5)
earthquake here appears to be from some hundreds to thou-
sand years.

The most complete data about the Sakhalin Island earth-
quakes during the historical and instrumental periods of ob-
servations are collected in the regional catalogue [20] (see
Figure 4). The catalogue is unified, and all earthquakes are
characterized in My magnitude scale. 3566 cvents with
magnitudes M;y = 3.0 occurring in 1905-2005 are given
in the catalog. The representativeness of the catalog changes
considerably with time. The catalog is believed to be repre-
sentative (the Gutenberg-Richter frequency-magnitude rela-
tion is fulfilled) for the events with My = 5.5 since 1930,
and for the events with Myy = 3.5 since 1970. This catalog
named below as catalog 1 is used for the examination of spa-
tial change of the scaling parameter r of the SEM model.

Let us consider the main features of the spatial distribu-
tion of epicenters with My = 3.5 (Figure 4). As it is seen
in the figure, three areas with higher seismicity are observed
in the Sakhalin Island and the adjoining shelf: (1) western
part of the Southern Sakhalin with adjacent shelf southward
47.0°N; (2) western and Central parts of the Central Sakhalin
with adjacent shelf between 48.5° and 51.5°N; (3) eastern
part of the Northern Sakhalin with adjacent north-eastern
shelf northward 51.5°N. All the earthquakes with My = 5.5
occurred within these three areas; in these regions the most
part of the shocks with My = 4.5 have also occurred.

It can be noticed that localization of the strong earth-
quakes appears to agree with a suggested location of the
boundary of Okhotsk Sea plate in this region. It is suggested
[21] that this boundary in the south goes along the western
shore of the island up to the latitude 51°N, then it turns to
the east and crosses the island along the valley of Tym River
and extends further northward along the eastern shore of the
island. There are, however, a number of gaps in localization
of strong seismicity along this tentative plate boundary zone.
Below, the most southern gap in strong seismicity taking
place along the western shore of the Sakhalin Island between
47.0°N and 49°N neighboring to the location of the My, 6.2
Nevelsk and Mg 7.5 Moneron earthquakes (Figure 5) will be

examined. This site was argued earlier [22] as a seismic gap—
a potential area of the origin of a next strong earthquake [23].
More detailed information about the seismicity of the
South Sakhalin area is available since 2003 because of the
installation of the seismic networks “Datamark” and “DAT”
The catalog obtained from these networks is presented in
unified M; magnitude scale. In the latest version of this
catalog published last year [24], which was used, it is argued
that the network provides the registration of M > 2.5
earthquakes throughout the South Sakhalin and adjacent
shelf area and M = 2.0 earthquakes in the central part of
the South Sakhalin area. The Gutenberg-Richter frequency-
magnitude relation of the catalog data is found to be valid
for the earthquakes with M = 2.0. This catalog named below
as catalog 2 is used below for the examination of the spatial
change of the parameter of metastability p of the SEM model.
The Gutenberg-Richter relations for both catalogs 1 and 2
are presented in Figure 6. This Figure shows the suitable
representativeness of earthquakes with magnitude M = 3.5
and M = 2.0 for catalog 1 and catalog 2 correspondingly.

4. Parameterization of Seismicity of
the South of Sakhalin in the Framework of
the SEM Model

We have used the catalogue 1 [20] and its continuation to
examine the spatial model of change of the scaling parameter
r. Firstly, the b-values were estimated in the surroundings of
every event of the used catalogue. Estimation of the b-value
was performed for the groups including 50 events closest
to the given earthquake. For the b-values estimation the
maximum likelihood method was used [13]:

lg(e)

b= M, - M.’

(5)
where e = 2.7183- -+, M, is the average magnitude for
the given subset of data and M, is the lower magnitude
limit. Estimates from (5) are known to be suitably stable
for number of events exceeding 50. Then by formula (4)
the value of parameter r; for spatial surrounding of the
ith earthquake was estimated. At this step, the value of
probability p was taken to be fixed p = 0.5. For the further
use, the scaling parameter r; values were spatially averaged
in cells 1/3° of latitude x1/3° of longitude to obtain R(¢, 1)
values. This way we have got R(p,A) values as spatially
averaged scaling parameter r values.

Having in mind the change in representativeness of the
catalog 1 through time the different variants of time interval
and magnitude limitation were used for r; and R(g, A) calcu-
lation. One of the received R(g,1) models obtained for the
case of My > 3.5 earthquakes occurring since 1970 (there
are 1224 such events in the catalog 1) is shown in Figure 7. In
all examined cases of different time intervals and limitation
of magnitude range, the main features of the R(@,1) map are
similar. We have considerable increase in R(¢, 1) values in the
area adjacent to the location of occurrence of the strongest
Moneron and Nevelsk earthquakes, and a slight tendency of
a decrease in scaling parameter value from south to north
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in the South Sakhalin region. Note also that the range of
change of R(¢, A) values is slightly larger than it was expected.
This can occur due to changeability of other factors factually
included at this step in change of R(¢, 1) value (remember,
that parameter p was suggested to be constant, p = 0.5).

For earthquake prediction, however, the time changes
of probability p are of the main interest. In estimation of
temporary changeability of parameter of metastability p, the
errors in determination of R(¢,A) values do not play an
essential role, because the values R(p, 1) are suggested to be
constant in time and so the errors of their determination have
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a minor importance in examination of change in parameter
metastability p values with time.

The estimation of time changeability of parameter of
metastability p was carried out using the detailed catalogue
2 obtained from the networks “Datamark” and “DAT” and
the obtained before model of spatial changeability of scaling
parameter, that is, from R(g,1) values. As above, in the
case of the R(g,A) values determination different variants
of time and magnitude intervals were examined. In the ver-
sion presented below, we have examined earthquakes with
M = 2.5, 1789 events altogether. Firstly, we calculated local
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FiGURE 7: Scheme of changes of the values R(g, 1), spatial compo-
nent of the SEM model.

b-values for the spatial-temporal surrounding of every of
these earthquakes. As above, 50 events spatially closest to
every given ith earthquake were chosen to estimate the cor-
responding b-value from relation (5); however, the selection
was done not from all the assemblage of the epicenters, but
only from a temporal subsequence of events from (i— 500) to
(i + 500); the length of the sequence decreases for the events
adjacent to the ends of the temporary area. The quantity of
parameter p; was estimated then from (4) with due account
of the value of the scaling parameter R(¢,1) corresponding
to given coordinates and the obtained time-local b-value.

In Figure 8, the values p(t); for every ith event of cata-
logue 2, obtained by the described method are shown. In Fig-
ure two temporary areas of high concentration of the earth-
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Ficure 8: Temporary component of the SEM model—sequence
of values of parameter of metastability p in spatial-temporary
surrounding of earthquakes of the catalogue 2. The groups of the
events with higher p values (p > 0.55), occurred before and after
the Nevelsk earthquake, are marked out by the rectangles.

quakes, corresponding to the Gornozavodsk (17 August
2006, 46.51°N and 141.92°E, My 5.6) and Nevelsk (2 Aug-
ust, 2007, 46.83°N and 141.76°E, My 6.2) earthquakes, are
well seen. Some tendency of an increase in parameter p
values before the Nevelsk earthquake, and a clear tendency of
decrease after the Nevelsk earthquake occurrence can be seen,
This tendency is fairly valid. In terms of the SEM model, this
feature points out the growth of probability of occurrence of
a strong earthquake that has realized in the Nevelsk earth-
quake occurrence. On this background the groups of events
with anomalously high (>0.55) parameter p values are high-
lighted. The first such group takes place before the Nevelsk
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Ficure 9: Location of earthquakes with typical (p < 0.55, black
points) and with increased values of parameter of metastability (p >
0.55, red points). (a) events occurred before the Nevelsk carthquake;
(b) events occurred after the Nevelsk earthquake.

earthquake, and the second group begins in one year after the
Nevelsk earthquake occurrence and prolongs till now. These
two groups are highlighted in Figure 8 by the rectangles. In
Figures 9(a) and 9(b), spatial location of epicenters of the
examined events of the catalogue 2 occurring before and
after the Nevelsk earthquake are given. In both cases, the
events with metastability parameter p values exceeding 0.55
are given as red points. We cannot explain some regularity in
location of events with parameter p values exceeding 0.55,
probably it can be connected with some quantization of
latitude and longitude values in the catalog.

The groups of the epicenters with p > 0.55, occurring
before the Nevelsk earthquake took place in a number of
locations connected with epicenters of strong earthquakes
and earthquake swarms occurring in this time interval. Besi-
des, during the same time interval events with higher values
of parameter of metastability p were found to be typical of
the more distant area located in the Poyasok Isthmus region
with latitude values in interval 48-49°N.

The higher level of parameter of metastability revealed in
the area of the Poyasok Isthmus can be connected probably
with the Southern Sakhalin fault [25, 26], which represents a
large transversal nonconformity across the Sakhalin Island.
The greater activity of this structure before the Nevelsk
earthquake could be explained probably by an analogy with
the effect of activity of transverse structures in the straits of
the Kuril Islands in connection with the strong earthquakes
occurring at the adjacent segments of the subduction zone.
Such analogy is substantiated by close correlation of the areas
of strong earthquakes occurrence in the Sakhalin Island with
the tentative location of the Okhotsk Sea plate boundary.

After the Nevelsk earthquake of August 2, 2007, the
earthquakes with higher parameter p value timely disap-
peared (Figure 8). However, such earthquakes arose again
one year later. The events with p > 0.55 took place in a
few areas connected with the Nevelsk earthquake occurrence
and in the Poyasok Isthmus area. Besides, a few events with
high parameter metastability value are dispersed irregularly
around the studied area; those can be caused by stochastic
errors.

According to the catalog 1 [20], the Poyasok Isthmus
area corresponds to the seismic gap between two segments
of high seismic activity taking place in the last century, so
it can be suggested that a considerable seismic activity could
occur in this gap also. Having this possibility in mind we have
examined the seismicity in the Poyasok Isthmus area in more
detail. The growth of seismic danger is associated rather
frequently with a nonlinear growth of a number of events
and released seismic energy with time. To check this effect,
the graphs of a number of events and released seismic energy
in the zone (rectangle area 47.8°-49°N and 141.5°-144°E)
were calculated from the catalog 2 data. In Figure 10(a),
the cumulative graph of a number of events occurring here
since 2005 is given, and all earthquakes with magnitude
exceeding 2 were taken into account to increase a statistics. In
Figure 10(b), the graph of cumulated seismic energy released
here since 2009 is shown (if we could show data for an earlier
period of time, the changes in flow of seismic energy after
2009 would become badly visible).

In Figure 10(a), several intervals of nonlinear growth of
a number of events are seen. These time intervals appear to
be associated with the strongest earthquakes which occurred
during this time interval in the south of Sakhalin Island.
The moments of these earthquakes occurrence are marked
by vertical lines and figures: 1—Nevelsk, 2—Gornozavodsk,
and 3—the event of February 24, 2007 with Ms 4.6 and
coordinates 48.95°N, 142.06°E. The first two events are the
strongest earthquakes occurring in the studied time interval
in the south of Sakhalin. The third event is the strongest
earthquake, which occurred in the Poyasok Isthmus region
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Figure 10: Cumulative graphs of a number of the events (a) and
of released seismic energy (b) inside the area 48°-49°N and 141.5°~
143°E. Vertical lines and figures show the moments of the Nevelsk
(1), Gornozavodsk (2) earthquakes, and the strongest earthquake of
February 24, 2007, M = 4.6 (3) occurred in the pointed area.

in this time interval. A prominent nonlinear growth of a
number of earthquakes preceded the first two events and
coincides with the moment of the third event occurring in
the Poyasok Isthmus area. The last case is an example of a
typical fore- and aftershock behavior. The first two cases of
nonlinear increases in seismic activity with the subsequent
seismic silence agree with the seismic behavior found in
the distant vicinity of the strong earthquakes in [27]. In
this work, an increase in seismic activity replaced by the
seismic silence was found in a distant vicinity of generalized
strong earthquake with approaching the strong earthquake
occurrence moment.

A nonlinear growth of a number of earthquakes takes
place in the Poyasok Isthmus area also since 2010. Besides,
the nonlinear growth of released seismic energy takes place
here since the middle of 2010 (Figure 10(b)).

It should be noted also that the intervals of time of non-
linear growth of a number of events and of released seismic

International Journal of Geophysics

energy (occurring in 2007-2008 and since the middle of
2010) correspond to the intervals of time of occurrence of
events with higher (>0.55) values of parameter of metastabi-
lity p in the Poyasok Isthmus area. Thus one can conclude
that the seismic regime behavior taking place now in the Poy-
asok Isthmus area repeats the one that took place here before
the strong Nevelsk earthquake and testifies for the increase of
probability of a strong earthquake occurrence.

5. Discussion

Seismic regime is usually considered in terms of the SOC-
model. This model suggests the spontaneous evolution of
dynamic system to a critical state. However, the physical
mechanism of such evolution in the case of seismicity has
not been suggested. It is also not clear how to explain the dif-
ference of seismically active and aseismic areas in terms of
the SOC-model. The analogy between seismic regime and
the second-order phase transitions also seems disputable.
The principal feature of the second-order phase transitions is
that the transformation goes without absorption (emission)
of energy. In contrast to it, a huge explosion-like release of
energy takes place during strong earthquakes.

The alternative model of the seismic regime as a set of
episodes of avalanche-like relaxation of metastable sub-sys-
tems (SEM model) is suggested. In the case of seismicity the
origin of metastable sub-systems is connected with storage
of elastic energy. The discharge of accumulated elastic energy
can be initiated by the excess of stress level [2] and/or by
local temporal decrease of strength of geomaterial occurring
in connection with processes of (fluid) metamorphic trans-
formations [28-30].

In the simple variant of the SEM model (without mem-
ory of the medium), the geophysical medium is described by
two parameters [9]. The first parameter characterizes a spa-
tial hierarchy (scaling) of the medium; this parameter r is
easily identified with the coefficient of hierarchy according to
Sadovsky [31]. The second parameter characterizes a degree
of metastability of the medium; it is parameter p, a proba-
bility of continuation of the process of on-going avalanche-
like relaxation of the stored energy. In assemblage, these two
parameters define spatial-time change of the b-value.

The presence of two latent parameters specifying one
empirically determining characteristic b-value gives place for
choice. It seems natural to describe the spatial changeability
by scaling parameter r and a temporal changeability by para-
meter of metastability p. The spatial model of change of
scaling parameter for Sakhalin R(¢, 1) was obtained using the
catalogue for 1905-2005; at this step parameler p was sug-
gested to be constant p = 0.5. The model of time changea-
bility of parameter of metastability p(g,A,t) was obtained
with the use of values R(g,1) on the basis of the detailed
(M = 2) catalogue of seismicity of the south of Sakhalin for
the time interval 06/07/2003-02/27/2011, when strong Gor-
nozavodsk and Nevelsk earthquakes (M 5.6 and My 6.2)
had occurred.

As a result of the estimate of the parameter of metastabil-
ity p(,A,1), a few spatial-time groups of earthquakes with
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higher p parameter values were revealed. In terms of the SEM
model such increase corresponds to the growth of probability
of the strong earthquake occurrence. One of the groups, ob-
served before the Nevelsk earthquake, corresponds to the
causative fault of this earthquake. After the Nevelsk earth-
quake, occurrence of the higher values of parameter p was
not observed for a year. Then such earthquakes appeared
again in the area of the Poyasok Isthmus, as it was before the
Nevelsk earthquake. Since March 2010 in this area, the shocks
with still higher (>0.6) values of the parameter p have ap-
peared. It can be suggested that such behavior testifies for an
increase of the probability of a strong earthquake origin in
the south of Sakhalin.

The results of parameterization of the seismic regime in
the framework of the SEM model complement the results
received previously from the examination of the seismic gaps.
According to these results, the gap along the western coast of
the South Sakhalin was only partly (in its southern part up
to the latitude 47°N) closed as a result of the Nevelsk carth-
quake (Figure 5). At present, it is not clear whether the find-
ing of increase in seismic activity in the Poyasok Isthmus area
shows a higher probability of the origin of a stronger earth-
quake in this area or a stronger earthquake can occur in the
larger area corresponding to the seismic gap along the west-
ern coast of the Sakhalin Island. If the period of accelerat-
ed growth of seismic activity changes by the period of seismic
silence (as it was just before the Nevelsk and Gornozavodsk
carthquakes), it can be an indicator of a stronger and more
remote earthquake.

Note that the revealed features in the behavior of para-
meters of the SEM model could be explained in terms of
change of b-value. In this case, the discussed anomaly in
parameter p increase in the vicinity of strong Nevelsk earth-
quake corresponds to the well-known tendency of decrease
in b-value in vicinity of strong earthquakes. But the used ap-
proach of the SEM model has some advantage for the inter-
pretation because of the more clearly physical sense of the
parameters of the SEM model.

6. Conclusion

Seismic regime is usually considered as an example of the
regime of self-organizing criticality (SOC-conception). The
alternative SEM model treats the seismic regime as an assem-
blage of random episodes of avalanche-like relaxation, tak-
ing place at a set of uniform metastable sub-systems. The
SEM model in its simple form without memory of the sys-
tem is defined by two parameters, characterizing scaling in
spatial structure of the Earth’s crust and the degree of meta-
stability of the geophysical medium. This model is used for
the description of seismic regime of the south of Sakhalin
Island. The models of spatial changeability of the scaling
parameter and temporal changeability of the parameter of
metastability are constructed. The anomalous growth of the
parameter of metastability preceded the occurrence of the
Gornozavodsk and Nevelsk earthquakes. At the present time,
the anomalously high (and growing over time) values of this
parameter are observed in the area of the Poyasok Isthmus

(in the vicinity of latitude 48°N). Clear nonlinear growth
of the flow of a number of seismic events and of seismic
energy is noticeable in this area before the Gornozavodsk and
Nevelsk earthquakes and after 2009.
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The Global Centroid Moment Tensor catalog (GCMT) was used to construct the spatio-temporal gener-
alized vicinity of a large earthquake (GVLE) and to investigate the behavior of seismicity in GVLE. The
vicinity is made of earthquakes falling into the zone of influence of a large number (100, 300, or 1000) of
largest earthquakes. The GVLE construction aims at enlarging the available statistics, diminishing a
strong random component, and revealing typical features of pre- and post-shock seismic activity in more
detail, As a result of the GVLE construction, the character of fore- and aftershock cascades was examined
in more detail than was possible without of the use of the GVLE approach. As well, several anomalies in

Keywords: ; e . faamss :
ufg‘:o ea:rhquake the behavior exhibited by a variety of earthquake parameters were identified. The amplitudes of all these
Set of precursors anomalies increase with the approaching time of the generalized large earthquake (GLE) as the logarithm

of the time interval from the GLE occurrence. Most of the discussed anomalies agree with common
features well expected in the evolution of instability. In addition to these common type precursors, one
earthquake-specific precursor was found. The decrease in mean earthquake depth presumably occurring
in a smaller GVLE probably provides evidence of a deep fluid being involved in the process. The typical
features in the evolution of shear instability as revealed in GVLE agree with results obtained in laboratory
studies of acoustic emission (AE). The majority of the anomalies in earthquake parameters appear to have
a secondary character, largely connected with an increase in mean magnitude and decreasing fraction of
moderate size events (mw5.0—6.0) in the immediate GLE vicinity. This deficit of moderate size events
could hardly be caused entirely by their incomplete reporting and can presumably reflect some features
in the evolution of seismic instability.

Instability features

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction (energy) release, and an abnormal clustering of earthquakes, are
expected to occur on analogy with the critical processes (Cabrielov

Patterns in the evolution of an instability occurring in different et al,, 2000; Zoller and Hainzl, 2002; Keilis-Borok and Soloviev,

systems are believed to have common features and to obey general
patterns that govern the evolution of instability (Haken, 1978;
Bowman et al. 1998: Gabrielov et al., 2000; Sornette, 2000:
Turcotte and Malamud, 2004, and references therein). The pre-
cursory process and the occurrence of a large earthquake are
commonly treated as an example of instability similar to critical
phenomena (Bowman et al., 1998; Shebalin et al., 2000; Sornette,
2000; Keilis-Borok and Soloviev, 2003; Malamud et al., 2005).
Many of the currently used earthquake precursors, such as
increased correlation length, the accelerated foreshock moment
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2003; Shebalin, 2006). Moreover, some of these precursors came
into use because of the idea that the occurrence of large earth-
quakes should be treated as a critical phenomenon.

This approach has encountered, however, certain objections.
Indeed, the analogy between critical phenomena and the seismic
process is not so obvious. The critical phenomena, including second
order phase transitions, are known to be accompanied by neither
energy release nor absorption that is a fundamental feature of these
phenomena and actually determines many patterns of critical
behavior. On the contrary, in the earthquakes, especially the large
ones, huge amounts of energy are released.

Besides, the occurrence of individual large earthquakes can
differ significantly from the common patterns of a critical-like
behavior. Romashkova and Kosobokov (2001) considered the evo-
lution of foreshock and aftershock activity of 11 major earthquakes
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occurring from 1985 to 2000, and their analysis does not support
the universality of a power-law growth in foreshock activity during
the approach of a large earthquake. Furthermore, it turned out that
aftershock sequences of some major earthquakes substantially
depart from the Omori law.

In this situation, it seems natural to ask whether the observed
deviations of a seismic process from the theoretically expected
pattern have a stochastic character or different patterns of the
evolution of instability take place, as it was hypothesized by
Romashkova and Kosobokov (2001). The answer to that question
can be obtained by examining common (mean) features of fore-
and aftershock sequences in a large number of individual large
earthquakes. Earlier versions of this approach were presented in
(Rodkin, 2008, 2012). A similar approach was also used in (Bouchon
et al., 2013). As a result, it was shown that the common general
features of the evolution of instability do exist in fore- and after-
shock sequences of large earthquakes. And because we have com-
bined data from a large number of different large earthquakes, the
common patterns of fore- and aftershock behavior were identified
this way in more detail. Moreover, this method can help in
revealing some previously unknown indicators of the evolution of a
seismic instability. One such phenomenon will be discussed below.

In this paper we use an updated version of the global Centroid
Moment Tensor catalog (GCMT) based on data from 1977 until
2012. The use of a longer catalog with essentially larger number of
events makes it possible to lend additional support to the results
obtained earlier using now only events with presumably complete
reporting (those with mw > 5.4). Besides, new anomalies, a change
in the mean depth of earthquakes and a distortion of the Guten-
berg—Richter relation, have been apparently identified. Note that
whereas the majority of precursors mentioned above indicate a
general pattern in the loss of stability, a change in mean earthquake
depth appears to be an earthquake-specific precursor character-
izing the physical mechanism that operates in the evolution of
instability. The reliability of the patterns in fore- and aftershock
behavior as identified here was corroborated by comparison with
results from experimental studies in acoustic emission (AE), and
they were found to be in good agreement.

2. The data and the method

The GCMT catalog for 1977—-2012 contains 30,268 earthquakes
with focal depths H < 70 km (compared with the 17,424 events for
1976--2005 used in our previous studies (Rodkin, 2008, 2012)). The
present study does not use data for 1976, because the data for that
year are very incomplete compared with later years. Two sets of
data from each catalog can be examined. The first one includes all
earthquakes from the catalog and the second includes only the
completely reported events with magnitudes above a given
threshold value. In Rodkin (2008, 2012 all available events were
used because of shortage of data. As a result, findings obtained in
Rodkin (2008, 2012) can be suspected to be inaccurate because of
predominance of incompletely reported events of lower magni-
tudes. In this work we have used only larger events with magni-
tudes above mw = 5.0 and mw = 5.4. There are 26,983 mw > 5.0
and 16,288 mw > 5.4 events in the version of the GCMT catalog that
we are using. The character of the Gutenberg—Richter relation
shows an acceptable level of completeness of the GCMT catalog for
mw5.0 + events and an almost complete reporting for the catalog
of mw5.4 + events (Fig. 1a,b).

We wish to emphasize at the outset that the results obtained for
cases with all earthquakes and with mw > 5.0 and mw > 5.4 events
only are very similar. Naturally, when a lower threshold is used, the
statistics increases, and some features of the seismic regime can be
examined in more detail. Besides of confirmation of earlier results

we had found now some new results that were not revealed in
Rodkin (2008, 2012).

The GCMT catalog was searched for events falling into the space-
time domains surrounding the larger earthquakes, with due ac-
count for the moment magnitude (mw). The generalized vicinity of
large earthquakes (GVLE) was defined in (Rodkin, 2008, 2012) as
the aggregate of events falling into the zone of influence of any of
individual large earthquakes from a given set of large earthquakes.
In the construction of GVLE here we have summed data from 100,
300, and 1000 largest earthquakes. The mw7.5 + earthquakes are
treated as the largest when vicinities of 100 largest earthquakes are
summed (to be more specific, the vicinities of earthquakes with
mw > 7.56 were examined in this case). In the second case (300
events) the largest earthquakes are the mw7.0 + events, and in the
third case we actually had the mw6.5 + events. The reason for using
GVLE is to increase the available statistics, but this method also
increases the role of superposition of zones of influence due to
different large earthquakes. Indeed, some of the mwG.5 + events
are fore- and aftershocks of larger earthquakes; because of this the
GVLE will be contaminated by irregular bursts of seismic activity
from major earthquakes. This deficiency is the price that we have to
pay for the use of this method to increase the available statistics.

It would be desirable to examine separately and to compare the
vicinities of great, major, and strong earthquakes, as well as to
examine separately the vicinities of interplate and intraplate
earthquakes, but the GCMT catalog we are using does not provide
sufficient numbers of earthquakes to construct these GVLEs with
sufficient statistical validity. In this paper we do not discriminate
between earthquakes of different types.

The zone of influence of a large earthquake was defined as fol-
lows. According to the first method, a few fixed radii around the
epicenters of all chosen large earthquakes were used (actually, we
are using 10, 25, 50, 100, 150, and 200 km below). The shortest one
(10 km) is chosen to be close to the rupture half-length of the
mw6.5 earthquake (as a lower boundary in the set of large
earthquakes).

According to the second approach, the radius of the zone of
influence is measured in units of a typical size for an earthquake of
a given magnitude M. There are several relationships between
magnitude and earthquake size. We used here the relation pre-
sented in (Kasahara, 1981; Sobolev and Ponomarev, 2003) and
those suggested by Wells and Coppersmith (1994).

The relationship between magnitude and mean earthquake
source size S from (Kasahara, 1981; Sobolev and Ponomarev, 2003)
has the form

S.km= 100-5M-1.9 (1;1}

The magnitude type is not specified in (1a).

More accurate relations characterizing the connection between
moment magnitude and earthquake rupture length and rupture
area were suggested in (Wells and Coppersmith, 1994), where it
was taken into account that the length of rupture zone of a large
earthquake is typically longer than the width. This consideration
suggests two relations between magnitude mw and rupture length
RL, and mw and mean rupture area diameter RAD:

RL, km = 100-59mw-2.44 (1)
and
RAD.km = IOO.ASmW—I.?‘_ {ll:}

All three variants are presented in Table 1. In our examination
we cannot incorporate the orientation of earthquake rupture zones.
In this case the mean rupture length RL as estimated from (1b) will
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Fig. 1. Cumulative plot of shallow (H < 70) GCMT events (a) and an enlarged portion of this graph (b); the straight line that plots the Gutenberg—Richter relation is shown (b).

Table 1

Different variants of estimation of characteristic earthquake source size, km.
mw 6.0 6.5 70 75 8.0 8.5 9.0
S, km(1a) 13 22 40 71 130 220 400
RL, km (1b) 13 25 48 97 180 380 740
RAD, km (1c) 10 17 28 47 80 130 220

give too great a size for the zone of influence of a large earthquake,
while a RAD value from (1c) will strongly underestimate the size of
zone of influence. Variant S (1a) appears to be a reasonable
compromise between (1b) and (1c). Having this in mind we will
discuss below results from the use of variants (1a) and (1b).

Variant § from relation (1a) appears to be more suitable for
examination of distant parts of the zone of influence. We will use in
this case earthquakes with mw > 5.0. The earthquakes located at
distances of less than 1, 3, 5 and 75 from the epicenter of a corre-
sponding large earthquake will be taken into account. The events
located at distances not more than 1RL from the epicenter of a large
earthquake (mw > 5.4) were taken into account in the case where
relation (1b) was used. It was found hardly reasonable to examine
events located in more distant parts of the zone of influence in this
case, because the size of the zone of influence will be strongly
overestimated when relation (1b) is used. The case of mw > 5.4
earthquakes is the main variant used below to show that the
anomalies identified here are not due to a predominance of
incompletely reported lower magnitude earthquakes.

The construction of the time vicinity of a large earthquake was
based on the result (Smirnov and Ponomarev, 2004) that the
duration of a cycle of seismic failure only slightly depends on
earthquake magnitude. Hence, in constructing the time vicinities of
large earthquakes of different magnitudes, one can use the method
of epoch superposition without normalization in the time domain.
This method was used below. An adverse consequence of such an
approach is a spurious tendency in earthquake rate growth toward
the center of the time interval under examination, i.e., to the time
when the generalized large earthquake (GLE) occurred. However,
below we use a rather short time interval of +2000 days around the
time of GLE occurrence; in this case this spurious trend is
negligible.

Some parameters of earthquakes in the GCMT catalog have a
trend of change with time, but these changes are also negligible if a
sufficiently short time interval (4000 days) is examined.

The events used as main shocks have been removed from the

GVLE to avoid artifacts.

The GVLE zones constructed in this way contain large and
different numbers of events depending on the number of the
largest earthquakes (100, 300, or 1000 events) and on the chosen
maodel for the size of the zone of influence. For example, the 55 size
vicinity in the case of one thousand largest events is composed of
more than 66,000 events (mw > 5.0); in the case where 300 largest
events are used, the vicinity will be composed of 30,000, and if 100
largest events are examined, the 55 size vicinity is composed of
17,000 events. When relation (1b) is used for the data set of 1000
largest events, the 1RL size vicinity includes about 25,000 events
(mw > 5.4). Below, the case of 1000 largest events with the largest
data volume is presented in the figures, unless stated otherwise.

The contribution of an individual large earthquake into the GVLE
depends on the number of earthquakes falling into the corre-
sponding space-time domain; that is, it depends on the magnitude
of the large earthquake in question (which determines the spatial
dimension of its zone of influence) and on the density of earth-
quakes occurring in the vicinity of this large earthquake.

The space-time location of each earthquake falling into the GVLE
is characterized by the time shift from the time of occurrence of the
relevant main shock and by the distance from the epicenter of this
main shock measured as follows: (1) in km or (2) in distances as
normalized to the corresponding main shock source size (S or RL).

The GCMT catalog affords an opportunity to examine a few
rarely used parameters available from the combination of seismic
moment data and PDE data. These are the mb/mw ratio, apparent
stress a,, and differences in the depth and time of occurrence based
on first arrivals and on the seismic moment determination. These
parameters were used in Rodkin (2006, 2008, 2012), some of them
will be examined and discussed below.

The mb/mw ratio characterizes the relative predominance of
high and low frequency domains at the seismic source, which are
used to determine the magnitudes mb and mw, respectively. Be-
sides, the mb/mw ratio depends on earthquake size because mb
saturates in the larger earthquake domain. Apparent stress ¢, has a
similar tendency of change with the mb/mw ratio. Both the mb/mw
ratio and apparent stress 6, were shown to decrease considerably
in GVLE (Rodkin, 2008, 2012).

The hypocenter parameters (depth and time) derived from the
first arrivals characterize the initiation point of the seismic rupture;
the same quantities when derived from the seismic moment data
characterize the “center of mass” of a seismic rupture. Hence, the
time difference between the two time determinations 4r
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characterizes the semi-duration of seismic wave radiation, while
the difference between two focal depths 4H characterizes half
vertical size of the rupture zone and the direction of rupturing
(upward or downward). These characteristics will be examined
below.

The mb/mw ratio, apparent stress ,, and 47 and 4H are highly
irregular for individual earthquakes, and even (logically impos-
sible) negative 47 values occur for some earthquakes. However, the
mean values for a sufficient number (one hundred and more) of
events appear to be satisfactorily robust (Rodkin, 2006, 2008, 2012;
Rodkin and Mandal, 2012). The use of these parameters was found
in these papers to be useful because the tendencies of their change
were found to have frequently a reasonable and useful physical
interpretation.

3. Change of earthquake rate in the generalized vicinity of a
large earthquake

The best known patterns of seismic behavior in the vicinity of a
large earthquake are the fore- and aftershock sequences. The GVLE
approach permits one to examine the typical behavior of these
sequences in more detail. Fig. 2 shows the foreshock and aftershock
sequences in the GVLE for the case where (1b) is used and the
spatial (<1 RL) and magnitude (mw > 5.4) limitations are applied.

The earthquake rate n was calculated for clusters consisting of 50
subsequent events and is presented as n/day. The clusters are taken
at a step of 25 events; thus, in the figure, the data points are in-
dependent of those next to the adjacent ones.

As can be seen from Fig. 2b, c, the evolution of foreshock and
aftershock sequences in the GVLE can be described by a power law.
The Omori-Utsu law (Utsu, 1965; Utsu et al., 1995) is known to be a
good fit to the aftershock rate. According to this law,

n~(c+t)7?, (2)

where n is the rate of events,  is the time interval after the main
shock occurrence, ¢ is the parameter fitting the deficiency of earlier
aftershocks, and p is the parameter of the Omori law. The inverse
(foreshock) power-law cascade can be described in a similar
manner; in this case, t is the time remaining before the main shock
occurrence, the p-value is denoted p/, and c is assumed to be zero.
The lines corresponding to the typical (for GVLE) values p = 1 and
p' = 0.8 are given in Fig. 2b, ¢ as solid lines, The value p = 1 provides
a good fit to the GVLE aftershock decay for the time interval be-
tween 0.5 and 100 days. Both p’ and p decrease slightly for the
earliest foreshocks and the later aftershocks. All these regularities
were found earlier in Rodkin (2008, 2012) where all earthquakes
without threshold limitation were examined. These findings also
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Fig. 2. Change in the rate of earthquakes (a), foreshock (b) and aftershock (c) sequences in the generalized vicinity of a large earthquake (GVLE). Zero time corresponds to the
moment of occurrence of the generalized main shock, the typical p = 1 Omori law and the p = 0.8 typical of the GVLE foreshock sequence relations are shown by lines. Parameters
of the GVLE: one thousand largest events, spatial (R < 1 RL) and magnitude (mw > 5.4) limitations are applied.
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agree with results presented in (Ogata et al., 1995; Helmstetter
et al., 2003; Faenza et al., 2009). These authors discussed the ten-
dency of the p value decreasing for later aftershocks and the rela-
tion p’ < p.

The rate of earlier aftershocks is of special interest. The deficit of
earlier aftershocks described by the c¢ parameter in Eq. (2) is
sometimes explained by difficulties in recording numerous small
aftershocks that occur immediately after a large earthquake, but
this factor is hardly capable of providing a full explanation of this
phenomenon (Ogata, 1998; Shebalin, 2006; Lennartz et al., 2008).
The deficit in the number of earlier aftershocks is clearly seen in
Fig. 2c, where the aftershock rate begins to fit well the Omori law
with c = 0 only half a day after the generalized large earthquake. At
the same time, the mean rate of the mw5.4 + aftershocks used here
in the vicinity of a single large earthquake is much less than one
event per hour. Such a rate can hardly cause difficulty in recording
because of superposition of different earthquakes. It seems also
unlikely that an appreciable fraction of mw5.4 + earthquakes could
go unreported. Thus, we have more evidence that the deficit of
earlier aftershocks is due to a physical cause. This result is not novel
(Shebalin, 2006; Lennartz et al., 2008; Lindman et al, 2010).
Lindman et al. (2010) hypothesize that the shortage in the rate of
earlier aftershocks is connected with stress adjustment in fluid-
containing porous-elastic media. We present below additional ev-
idence that the deep fluid is involved in the occurrence of large
earthquakes.

Fig. 3 shows the distance—time diagram of the density of events
in the vicinity of the generalized large earthquake, GLE. The hori-
zontal axis shows the time (in days) from the time of GLE occur-
rence; an analog of the log—time scale is used for the time intervals
adjacent to the GLE moment. The vertical axis shows the distance
from the GLE epicenter in units of earthquake source size S (Fig. 2a)
and in kilometers (Fiz. 3b), where the cell boundaries 10, 25, 50,
100, 150, and 200 km are applied. For the rate of events, we used a
logarithmic scale, log(n), where n in this instance is the mean
density of events in the cells of the distance—time diagram.

As can be seen from Fig. 3, a weak increase in the mean rate of
events begins a few years before the occurrence of the main event.
The increase is visible at distances of 15 to 35 from the GLE (Fig. 3a).
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Increasing earthquake rate acceleration began about one hundred
days before the GLE occurrence (see also Fig. 2b). This accelerating
increase in seismic activity is fairly visible in 1-5 S GLE vicinity
(Fig. 3a) and up to 200 km distance (Fig. 3b).

The variations in the earthquake rate in Fig. 3a and b are very
similar, but the change in the level of seismic activity seems to be
more pronounced in Fig. 3a. This is why we prefer the normalized
scale of distance below. The results obtained by Lippiello et al.
[2012) also confirm the advantage of using the normalized spatial
scale,

4. Change of mean earthquake magnitude in the generalized
vicinity of a large earthquake

Above, we have examined the change in the rate of earthquakes
in the GLE vicinity. Here, the change in mean earthquake magni-
tude will be examined. It is well known that the b-value tends to
decrease in the vicinity of a large earthquake, The decrease in the b-
value is widely used as an indicator of increased probability of a
large earthquake (e.g. Shebalin, 2006 and Zav'yalov, 2006). Rodkin
(2012) used the USGS/NEIC catalog to find that the decrease in the
b-value is typical of the GLE vicinity. Fig. 4a-c demonstrates this
anomaly for the GCMT mw5.4 + data in terms of change of mean
magnitude, the reason for this approach will be seen below.

A close similarity in change of the b-value and mean magnitude
can be seen from the following. It is well known that in the
maximum likelihood (MLE) approach the b-value is estimated
(Utsu, 1965; Marzocchi and Sandri, 2003) as

b =log e/(Ma, — Mc), (3)

where My, is the average magnitude for the data set, and M, is the
lower magnitude cutoff applied in the analysis. Discreteness of
magnitude values in 0.1 bins does not affect the b-values noticeably
(a noticeable bias appears in the case of rough binning exceeding
0.2). Eq.(3) gives quite stable estimation of the b-value for data sets
of 50 events and more (Marzocchi and Sandri, 2003; Rodkin and
Mandal, 2012). From Eq. (3) it is clear that an increase in average
magnitude corresponds to a decrease in the b-value and,
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Fig. 3. The distance—time diagram of earthquake rate in a vicinity of GLE. The distances from the GLE are given in main shock size S units (a) and in km (b), the x-axis shows the
numbers of days before and after the GLE. Parameters of the GVLE: one thousand largest events, spatial R < 7 S (a) and R < 200 km (b), and magnitude (mw > 5.0) limitations are

applied.
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Fig. 4. Change in mean mw values (a), foreshock (b) and aftershock (¢) power-law sequences are given in logarithmic time scale, Solid and dotted lines (a) show the tendency of
varying mean mw values and the scatter of mean mw values obtained by the numerical boot-strap method. Parameters of the GVLE: one thousand largest events, spatial (R < 1RL)

and magnitude (mw > 5.4) limitations are applied.

conversely, a decrease of mean magnitude corresponds to an in-
crease in the b-value.

The data points in Fig. 4 display mean mw values obtained for
groups of 50 consecutive earthquakes at a step of 25 events.
Earthquakes (mw > 5.4) located at distances within 1RL from the
GLE epicenter are taken into account here. The solid line and dotted
lines in Fig. 4a show the tendency of change of the mean mw value
and its errors as estimated by boot-strap numerical modeling.

The increase in mean mw up to the GLE time begins about one
hundred days before the main shock (Fig. 4b). This increase can be
described for the time interval from one hundred to 0.01 days
before the GLE occurrence as
MW = —(0.19+0.04)log (7) + (6.2+0.2), (4a)
where MW is the mean mw value and © the time interval in days
remaining before the GLE occurrence.

A similar type of behavior was found for the mean mb values. In
this case the regression equation is
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MB = —(0.11+0.03)log (1) + (5.6+0.2), (4b)
where MB is the mean mb, (mb > 5.0).

The character of variation in mean mw and mb agrees well with
that of b-values in GVLE examined in Rodkin (2006, 2012) using the
USGS/NEIC catalog. Both mean magnitude and the b-value vary as
the logarithm of the time interval remaining before the GLE
occurrence. An interpretation of the decrease in the b-value before
large earthquakes in terms of loss of stability was suggested
recently by Varotsos et al. (2012),

In the aftershock area the mean mw and mb values decrease
rapidly during the first ten-twelve hours after the GLE occurrence
(Fig. 4a,c). After this strong decrease there is no prominent change
in mean mw and mb values (at least for GVLE statistics in the case of
the following restrictive requirement: R < 1 RL, and mw > 5.4). All
these findings agree with the variations in b-values in GVLE pre-
sented in Rodkin (2012) and with the tendencies of lowest b-values
to occur in the very beginning of the aftershock sequences and a
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weak increase of the b-value in the subsequent aftershock sequence
presented in (Smirnov and Ponomarev, 2004; Mandal and Rastogi,
2005; Rodkin, 2012). A similar tendency was found in the AE study
(Smirnov et al., 2010).

It seems noteworthy that the time interval of rapid decrease in
mean magnitude (respectively, rapid b-value increase) appears to
coincide with the time interval of the deficit of earlier aftershocks
(see Fig. Zc). This feature will be discussed below.

We also compared the tendency exhibited by the variation in
mean mw with 100, 300, and 1000 largest events used to construct
the generalized vicinity of a large earthquake. Naturally, there are
less data when 300 and 100 largest earthquakes are examined
instead of 1000. Therefore, a larger 55 size GLE vicinity was
examined composed of mw > 5.0 earthquakes. It was found (Fig. 5)
that the tendency of mean mw increasing with the approach of the
GLE becomes somewhat more pronounced when the vicinities of
300 (mw7.0+) and 100 (mw7.5+) largest events are examined.

Rodkin (2008, 2012) showed that the mean half-duration At of
the earthquake process (evaluated as the difference between the
occurrence time of an event as determined from first arrivals and
from the seismic moment) increases as the GLE gets nearer. But the
value of At depends on the magnitude. Thus, the effect of At in-
crease found here could be linked to the increase in mean magni-
tude as the GLE approaches. This effect can be removed if we
normalize At to the cubic root of the seismic moment (Kasahara,
1981). The change in mean At as normalized to (Mg) "™ is pre-
sented in Fig. 6. [t appears that the mean normalized Aty values
have a weak tendency to decrease with decreasing logarithm of the
time interval remaining before or elapsed from the GLE occurrence.
In our opinion, this tendency can be a consequence of a decrease in
an effective friction that could be connected to an increase in ac-
tivity of the deep fluid regime.

It seems important to emphasize that most of the precursors
discussed above display a development of instability, but they can
hardly tell us anything significant concerning the physical mecha-
nism of this instability. A mechanism-dependent precursor is dis-
cussed in the next section,
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5. Variation in mean earthquake depth in the generalized
vicinity of a large earthquake

As can be seen in Fig. 7, earthquakes appear to have a tendency
to “float up” within the crust in the GVLE. The solid and dotted lines
in Fig. 7a show the tendency of variation in the mean depth and its
uncertainty as estimated by boot-strap numerical modeling. Hav-
ing in mind the mean error in the GCMT depth estimates, the
typical error of mean depth for clusters of subsequent 50 events can
be estimated as a few kilometers only (or less). Thus, the change
(decrease) of nearly 10 km in the mean earthquake depth in GVLE
appears to be reliable enough. A very similar change takes place for
the PDE depth data. The effect of mean depth decrease appears to
begin about one hundred days before the main event (Fig. 7b). No
distinct change in mean depth occurs in the first day after the GLE
(Fig. 7c); the slow compensating increase of mean depth occurs
during a few hundred days after the GLE occurrence.

The decrease in mean depth in the foreshock sequence during
the time interval from 80 days to 0.01 day prior to the GLE can be
described as follows:

H = (2.9:0.5)log (7) + (21x2), (5)

where H is mean GCMT earthquake depth in km.

The coefficient of correlation between log(t) and mean depth for
the foreshock area after one hundred days before the GLE is 0.52,
and the statistical significance of this relation is well above 99%. For
the aftershock domain the correlation coefficient between log(t)
and mean depth is 0.60, and the statistical significance exceeds
99.5%.

It seems worth noting that similar effects of change in mean
depth were found in fore- and aftershock sequences of a few recent
major earthquakes. Thus, prior to the 2011 Tohoku earthquake, the
mean depth of smaller earthquakes decreased in the Tohoku
earthquake vicinity (Rodkin, Tikhonov, 2014). The depth decrease
tended to concentrate in about twenty days prior the Tohoku
earthquake. Statistical relations between earthquake rate and
average depth of earthquakes were also observed in the Tohoku
aftershock sequence. A few bursts in aftershock rate occurring here
correspond to episodes of decreased b-values and mean depth of
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Fig. 5. Change in mean mw values for foreshock (a) and aftershock (b) cascades. Asterisks, points, and circles correspond to vicinities of 100, 300, and 1000 largest events, R < 55

vicinity size, and mw > 5.0 limitations are applied.
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Fig. 6. Change in mean A, values (a), foreshock (b) and aftershock (c) sequences are given in logarithmic time scale. Parameters of the GVLE: one thousand largest events, spatial
(R < 1 RL) and magnitude (mw > 5.4) limitations are applied. The At, arbitrary units are as follows: [seconds/(seismic moment, dyne cm)'"].

earthquakes. Similar features were found in the aftershock
sequence of the 2004, mw = 9.3 Sumatra—Andaman earthquake by
Rodkin and Tikhonov (2011) and in the aftershock sequence of the
2001, mw 7.7 Bhuj, India earthquake by Rodkin and Mandal (2012),
These features were interpreted in Rodkin and Tikhonov (2011,
2014) and Rodkin and Mandal (2012) as evidence of the deep
fluid involvement in the process.

The decrease in mean earthquake depth in the GVLE appears to
be related to the growth of activity of the deep fluid and to an
upward breakthrough of low density fluids through the fractured
crust. This hypothesis is supported by the increase in AH
(AH = “mean hypocenter depth” — “mean seismic moment depth™)
from the mean AH = 2 km for the whole catalog to the mean
AH = 4 km for the GVLE (<55, < 1 day, mw5.0-+). This change was
found to be statistically significant because the hoot-strap estimate
of the scatter in AH is less than 0.5 km. An increase in AH corre-
sponds to an increase of the vertical extent of the earthquake
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source. This means an accelerating vertical propagation of earth-
quake rupture, which also can be related to an increase in the ac-
tivity of an uprising deep fluid flow.

The suggested approach is not novel. One has previously sug-
gested possible effects of increasing reaction-enhanced perme-
ability in middle and lower crust (e.g., Rodkin, 1996; Ingebritsen
and Manning, 2010). Connolly (2010) argued that pulse-like
wave-like regime of fluid propagation is rather typical in the case
of the fluid release in metamorphic reactions occurring in the
deeper crust. Miller et al. (2004) and Rodkin and Mandal (2012)
interpreted examples of wave-like regime of aftershock propaga-
tion as related to episodes of the deep fluid wave-like propagation
through the crust.

The possible alternative explanation of the effect can be related
to the tendency of an increase in rock strength with depth. From
there, the failure could tend to propagate predominantly into an
area of lower strength, i.e., to shallower depths. But this effect
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Fig. 7. Change in mean earthquake depth (a); foreshock (b) and aftershock (c) sequences are given in logarithmic time scale, Parameters of the GVLE: one thousand largest events,
spatial (R < 1 RL) and magnitude (mw > 5.4) limitations are applied. The tendency of a change in mean depth and of depth scatter obtained by numerical boot-strap method is

shown (a).

seems to be weaker than that due to the movement of deep fluids,
50 this hypothesis appears to be less plausible. Besides, it is unclear
why this effect should mostly be confined to a close vicinity of the
GLE.

6. Discussion

The results of GVLE examination testify to the existence of two
maodes of seismic activity connected with the occurrence of a large
earthquake. The first one is a moderate increase in the background
earthquake rate. The increase in mean rate level occurs typically a
few years before a large earthquake and can continue several years
after it.

The second mode of increase in seismic activity in GVLE is
intimately related to the time and location of a corresponding large
earthquake. This mode is represented mainly by power-law fore-
and aftershock cascades. The foreshock rate increase is noticeable
in GVLE since about one hundred days before a large earthquake.

It can be hypothesized that the first mode of earthquake rate
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increase is connected with a background growth in seismotectonic
activity, generated by, say, increasing activity in the deep fluid
regime or a stress increase. This leads to a background increase in
seismic hazard. The second mode is connected to the development
of an instability that culminates in a large earthquake. The second
mode displays a behavior similar to critical phenomena.

Besides the change in earthquake rate, we found a set of
different anomalies of earthquake parameters in GVLE. These
include an increase in mean magnitude, and a decrease in the b-
value and in mean earthquake depth. Prominent anomalies were
also found for half-duration of the seismic process At, mbfmw ratio,
and apparent stress a,. All these anomalies display a linear increase
in amplitude with decreasing logarithm of the time interval
remaining before the GLE. These anomalies, as well as the foreshock
cascade, become noticeable in the GVLE since about one hundred
days before the GLE occurrence.

The character of the anomaly in the b-value is similar to that
found in laboratory studies of acoustic emission (AE) (see the re-
view by Xinglin Lei and Shengli Ma (2014) and Smirnov et al.

139



WUCCNELOBAHUE OBLMX 3AKOHOMEPHOCTEN CEMCMUYHOCTU A AJIbHEBOCTOYHOIO PETMOHA

M.V, Rodkin, LN. Tikhonov / Physics and Chemistry of the Earth 95 (2016) 73—84

2010]). The b-values in AE experiments were also found to
decrease with an approaching large event as the logarithm of the
time remaining before the main event. The decrease in the AE b-
values was found to be typically rather large, from ~1.0-1.5 to ~0.5.

It seerns important that the different anomalies discussed above
are quite similar in character. All anomalies began to increase about
one hundred days before the GLE and continued increasing up to
the GLE. A compensatory change occurred during the aftershock
sequence, and besides, the character of variation for the parameters
during the first half-day after the GLE (when shortage in aftershock
rate occurred) differs substantially from their behavior in the
remaining part of the aftershock sequence. The common time in-
tervals and a similar character of change of different parameters
suggest a common mechanism that produces the anomalies.

We now discuss a possible interrelation between the observed
anomalies and their common mechanism. The anomalies revealed
in GVLE and presented above appear to be surprisingly strong.
What could be the cause of such strong anomalies, apart from the
known, relatively weak, precursory effects and the superposition of
zones of influence due to different large earthquakes, which stems
from the use of the GVLE method? It seems plausible that the
anomalies of decreasing b-value, the change in At, mb/mw ratio,
and in apparent stress o, could have a common origin and be
caused by a prominent increase in mean earthquake magnitude.
We have found a strong deficit of moderate size earthquakes in the
closest GVLE. In Fig. 8 the tendency of change in the fraction of
5.0-5.5 mw earthquakes in the subsequent groups of earthquakes
with mw > 5.0 is shown. The fraction of moderate size earthquakes
substantially decreased since about ten days before the GLE until
one day after its occurrence. We believe that this decrease can
hardly be caused by incomplete reporting only. Really, even in the
1-day aftershock sequence the mw5.0 + events have a mean rate
less than one event per hour, while the earthquake rate is even
much lower for the later foreshocks where a deficit of moderate
size earthquakes is fairly evident as well (Fig. 8). Pretty rare fore-
and aftershocks mw5.0 -+ could hardly be reported incompletely, so
as to be able to explain the very strong deficit of moderate size
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Fig. 8. Change in the fraction (p) of moderate size earthquakes in a smaller vicinity of
the GLE. Solid and dotted lines show the tendency of change in the fraction of 5.0-5.5
mw earthquakes in subsequent groups of mw > 5.0 events (points); scatter of mean
values is obtained by numerical boot-strap method.

5.0-5.5 mw events.

A deficit of moderate size earthquakes can also be seen in a
strong distortion of the Gutenberg—Richter relation in a close GVLE.
Fig. 9 displays Gutenberg—Richter plots for 100 (mw5.4-+) events in
clusters of subsequent earthquakes with a step of 50 events just
before and after the GLE. It can be seen that the clusters closest to
the GLE both in fore- and aftershock domains have a very specific
form of the plot. The anomaly disappeared at about five hundred
events before and after the GLE. Thus, this anomaly took place in
the GVLE about twenty days before the GLE and about a half day
after it. We cannot think of any hypothesis to explain the effect.

The decrease in mean earthquake depth while approaching the
time of occurrence of a large earthquake is apparently the only
anomaly that characterizes the physical mechanism that generates
the earthquake instability. Such tendency could be thought to be
related to the existence of a low density fluid in areas of active
seismicity. Rapid discharges of deep fluids into the lower pressure
zones (to shallower depths) can explain this behavior in the context
of micro-fracturing developing in the rupture zone of a large
earthquake. A similar tendency of decrease in mean earthquake
depth during bursts of aftershocks occurring simultaneously with
the decrease in current b-values was found in the examination of
aftershock sequences of a few recent major earthquakes (Rodkin,
Tikhonov, 2011; 2014; Rodkin, Mandal, 2012).

The anomalies identified in the GVLE could be used in earth-
quake prediction, especially in the case of a drastic increase in the
amount of seismic data available. The short-term forecast of large
earthquakes in the GVLE appears to be a trivial task. It seems
plausible that real short-term forecasting could become possible
when the volume of data available for forecasting approaches the
volume of data used in the GVLE construction. The first step in the
direction of the use of the GVLE approach could be a retrospective
“forecast” of large earthquakes based on the use of the GVLE
anomalies.

7. Conclusions

The GCMT catalog for 1977-2012 was used to construct the
generalized vicinity of a large earthquake (GVLE) based on the
combined data for the vicinities of the 100, 300, or 1000 individual
largest earthquakes from the GCMT catalog. The behavior of seis-
micity in the GVLE was studied and two modes of increase in
seismic activity in pre- and aftershock periods were found. The one
mode involved a weak background increase in earthquake rate that,
on an average, lasted a few years before and after the main shock.

The second mode of growth in seismic activity occurred in a
smaller vicinity of a large earthquake. Power-law foreshock and
aftershock cascades are the main features of this mode. Besides
these cascades, a few earthquake parameters were found to have
anomalies that linearly increase in amplitude with decreasing
logarithm of the time interval remaining until the generalized large
earthquake. The detection of the first mode of growth in seismic
activity can be used in long-term earthquake prediction, while the
second mode would be useful for short-term forecasting.

The majority of anomalies identified here are those expected in
the general scenario for the evolution of instability. Besides these
unspecific precursors, one earthquake-specific precursor was pre-
sumably found. This precursor is the tendency of decreasing mean
earthquake depth in GVLE, and it probably provides new evidence
for the deep fluid involvement in the precursory process of large
earthquakes.

A substantial part of the anomalies as here identified could
come from an unexpected finding of a prominent decrease in the
fraction of moderate size earthquakes among all mw5.0 + and
mw5.4 + events in the latest foreshock and the earliest aftershock
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Fig. 9. Change in character of Gutenberg—Richter plots for 100 events clusters at a step of 50 events in foreshock (a) and in aftershock (b) domain. The three plots for the time
intervals nearest to the GLE are given by thick lines, the following 3-8 plots are given as dotted lines, clusters 920 that are farther from the GLE are given as thin lines.

GVLE sequences. It seems hardly possible to explain this deficit by
incomplete reporting of moderate size events only.

The set of precursors found in the GVLE can be used to develop
earthquake prediction algorithms. The evident possibility of the
“prediction” of a generalized large earthquake in the GVLE inspires
some hope that the short-term (days to hours) prediction of large
earthquakes is also possible in principle. It could be supposed that
such prediction will have become possible when the volume of
seismic information available for predictive purposes will increase
by a factor of one hundred, approaching the volume of data avail-
able in the GVLE examination.
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OBHAPYXEHUE 1 KAPTUPOBAHUE CEMCMUYECKUX 3ATHUIINH
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IMocrynuna s penaxumio 06.08.2003 r.

Brimonuena mopugukanus ZMAP MeTona kaprupoBanms ceficMuueckux 3atniumii Buemepa u Bucca c ne-
JILIO NPUMEHeHHs ero Ha OOJLIION TePPHTOPHH B MacluTabe BpeMeHH, OTH3KOM K peansHoMy. [lannas 3a-
Jlaya peraeTcs HaMu 3a [iBa mara: (1) obHapyKeHue 3aTHIINH 10 TPAMOYTONLHON CETKE ¢ YMEPEHHBIM
YUCIIOM Y3J10B; (2) OleHKa KOH(Urypauuy o0acTeii 3aTHILbS Ha ICTAIBHOM CETKE B Npefiesax MI0WAagokK,
Ha KOTOPBIX OHH 0OHapyxeHbl. Ha ocHoBe KaTanora semnetpacennii IMA 3a 28.5-netuuit nepuon (1974-
2002 rr.) nonyueHsl Kaptbl 3atuimit. [Tokazano, 4ro BO3HHKHOBEHHE Hanboee APKHX aHOMATbLHBIX 00-
nacreit npegpapact cunbhbic (M = 6.8) 3emnerpsaceuns. 3a nepuop 1989-2002 rr. BOCeMb CHIBHBIX TOTY-
KOB NPE/IBapsUIHCh 3aTHIILAMA, IBa — HC TIPC/ABAPAINCE, H B OJHOM ClIyyac 3aTHIIbE OBIJIO CBA3AHO C pOCM
yMmepeHubix (M = 6.2-6.6) 3emnerpscennii. [To cocrosinnio na 1 uions 2002 r. Ha neeneyeMoil TeppuTOpHH
BLISIBJICHBI [IBE 30HbI 3aTHIILA: B pafioHe Mbica SpuMo (0-B X0OKKaiifo) 1 B paiione n-ea M3y (o-e Xoucro).
O6e 30ub! Bo3HHKIH B 1998 1. 1t xapakTepn3oBanuch 100%-HbIM CHIDKEHHEM HHTCHCHBHOCTH ceficMHuec-
KHX CoOLITHII ¢ M 2 3.8 B 06 beMax pasmepoM npumepHo 21 x 21 100 km 1 50 x 70 x 100 kM, cooTBeTCT-

BCHHO.

BBEJNEHUE

3a nocaepuue 20 JeT NOABUIOCH MHOXECTBO
METO[IOB BbISIBJIEHUS 00NacTel celcMUYeCcKoro 3a-
THIILS B IPOCTPaHCTBe U BpemenH [3-7, 14, 17, 18].
B uacraoctn, ang peruona Anonunn K. Moru [14],
BH3YalbHO aHANM3MPYA KapThl 3NMHULCHTPOB 3CMJIC-
TPACEHHH 3a pasivYHble CPOKH HaONIONECHHI, BbI-
JEHIT TPH THOA NOATOTOBKH CHJIBLHBIX H YMEpEH-
HbIX 3emnerpsicennii: A, B u C. [1epsble [1Ba THna
OTHOCSITCA K CHIIBHBIM 3eMyIeTpsiceHusIM ¢ M 2 7.5,
a TpeTHil — K yMepeHHbIM (M < 7.0). Tun A coot-
BETCTBYET CHTYallHH, KOTla B 04aroBoil obiacTu
OyIyLIEro CHILHOTO 3eMIETPACEHUS Ha0mogaeTcs
OuYEHb HU3Kas aKTUBHOCTD (3aTHuibe). Tun B - ciy-
4aio, Korja nepej TakuM coObITHEM aKTHBHOCTH
nocreneHHo noseimaetcd. Tun C oTBeyaeT poeBoi
CEICMHYHOCTH, KOT[la YacTOTa YMEPEHHBIX TONY-
KOB IOCTENEHHO HapacTaeT [0 ONpejelIeHHOTO
YPOBH: U 3aTeM cnafiaeT 6e3 NOABIEHHsA CHIIBLHOTO
coObiTus. Cornacio K. Moru, u3z 16-tu paccMor-
PEHHBIX IO BCel STOHMM CIyyaeB MOArOTOBKH 3eM-
nerpscernii ¢ M 2 7.5 B 12-Tn cnyvasx Hadmoja-
nach MOATrOTOBKA MO THNY A M TONLKO B YeThIpeX
cayvasix — no Tuny B. CreyjoBatenbho, no npejse-
CTHHKOBOI HH(POPMATHBHOCTH YYacTKH ceficMHuYe-
CKHX 3aTHILHH CTOAT Ha IEPBOM MECTE, a palioHbI C
BLICOKHM YPOBHEM CelCMHYECKOH aKTHBHOCTH — Ha
BTOPOM MecTe.

*CTaThs NEYATACTCA B JHCKYCCHOHHOM MOPSAJIKE.
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YunroiBasg 3TH KadyecTBEHHbIE PE3yJLTATLI, B
llaHHOi paboTe MpEANpPUHATA MOMNBITKA KOJHYECT-
BEHHOTO M3YUCHMS CEMCMMYCCKUX 3aTHILHA Mepen
cunbHBIMA (M ~ 7.0 un Gonee) Menko(OKYCHBIMH
3eMIIeTpACeHUsIMH Ha Oase MeTofukH [17] mo paH-
HbIM KAaTallora 3eMmiIeTpsiceHHii SmoHcKoro mereo-
ponoruueckoro arentcrsa [8]. OOpaTuThes K JaHHO-
My peruoHy noOy:kKJaaeT Hac Takxke cieayroliee 00-
CTOSITENIBCTBO.

Kak wuzpectno, ¢ 1991 r. B.I'. KocoboxoBbiM
NPOOIIKACTCA TECTHPOBAHUE O THXOOKEAHCKOMY
CEHCMOaKTUBHOMY I0SICY B pEajibHOM BPEMEHH IBYX
AJITOPUTMOB  CPEIHECPOYHOTO MPOTHO3a CHILHBIX
semierpsicenuii — M8 [10, 11] 1 “Cuenapus Menjio-
cuHo” (MSc) [12]. TIpa 3TOM HCTIONB3YIOTCS JJTAaHHbIE
amepHKaHckoro Karanora semiaerpsicernit NEIC [4]
B KPYIOBbIX NEpPCKpbIBaIOIUXCS 00NacTAX B ABYX
BapHaHTax: ¢ paguycamu 427 KM s IPOTHO3a CO-
Obituit ¢ M= 7.5-7.9 u ¢ paguycamu 667 km s
3emierpsicenuit ¢ M = 8.0 u 6onee. Uepes xax/bie
NOJIrofla NPOrHO3 0OHOBIAETCS C OOABIEHHEM HO-
BBIX JJAHHBIX.

C yueToM 3Toro, MpoBejieHHe HaMH He3aBHCHMO-
IO HCCIIEIOBaHHs CHTYalMH ¢ CeHCMHYECKHMH 3aTH-
IIbLSIMH B perHoHe SNOHMH C TOMOILBIO IPYrOro Me-
TOfla M MO JIPYTHM [aHHBIM NMpHOOpETaeT BayKHOE
3HauecHue. [lepBblil MONOOHBIH ONBIT BbISABICHHA
CEMCMOJIOTHYECKHX 1IPEIBECTHUKOB CUJIBHOIO 3eM-
NeTPSACEHUs 10 TOMY Xe pailoHy, rjle NPUMEHSIIHCh
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metopuki M8 u MSc [13], Obln npeinpHHAT HAMH B
pabotax [2, 16]. Ognako Torga mcciaegoBaHue Mpo-
BOJIHJIOCH PETPOCIIEKTHBHO M JIHILL 115 HEOOIBIIOrO
paitoHa BOnm3u r. Kobe, a ceituac — npakTHYECKH 1S
Bcero peruona SnoHun u B Macuirabe BpeMeHM,
GIU3KOM K PeaTbHOMY.

Uenoassyempni Merog. Cpefu nepeymcicHHbIX
BbILLIE METOJOB HCCICOBAHHA CCHCMHYECKHX 3aTH-
ILIMIT BOCTIOJIb3YEMCS TEM, KOTOPBII IIPEJIOXKEH B pa-
6ore Buemepa u Bucca [17]. [lanubli cniocod, usse-
cTHbIN Kak ZMAP-MeTOj1, SBAsS€TCS, Ha Halll B3I,
JIOCTATOYHO OO'BEKTHBHBIM H CKPYIJIe3HBIM MO/IXO-
JIOM K pelIeHHI0 JaHHoM 3ajjaun. OH UCToTb30Bacs
Takxke B pailone IOkHBIX KypHabckux ocTpoBOB Ipi
KapTHPOBAHHH OOJACTH CEHCMHYECKOro 3aTHILbS
nepen WukoranckuM semnetpsiceHneM 4 oxTabps
1994 r (M, =8.3) [9].

Kpatko onumieM cyth ZMAP-MeTof1a M BhIGOD
napaMeTpoB paccyeTa, C/leNlaHHblii ero aBTopamu
NpH PETPOCNEKTHBHOM MCCTEJOBAHHU 3aTHILHI Tie-
pen TpeMs KadH(POPHMICKUMH 3EMIETPSCCHUSMHU:
28 mons 1992 r. ¢ Mg = 7.5 u Mg = 6.5, a Takxke
23 anpens 1992 r. ¢ M = 6.1, Jaunblii cnocod peain-
3yercd 3a 5 waros. [TepBblii 11ar cocTOXT B nIpoBep-
KC OJHOPOJHOCTH 00padaThIBACMOro KaTanora 3eM-
NETPSACCHHI U ypancHun adrepiiokos. Bropoit — B
HICHTH(HKALMA 3HAYUMBIX M3MCHEHHI WHTECHCHUB-
HOCTH CENCMHYECKUX COOBITHI ONPEJCICHHON CUIIBL.
ITojl HHTEHCHBHOCTBIO CEHCMUYECKHX COOBITHI OI-
peeNleHHON CHITbI 3J1ECh NMOHHMAETCH KOJHYECTBO
3eMJICTPSCEHNIT B BHIOPAHHOM HHTEPBAJIE BPEMEHH.
Ha TpeTheM miare OCyILECTBISIETCS ONpeieeHne
AHOMAINLHBIX 110 CKOPOCTH 00'LEMOB B POCTPAHCTBRE
M BPeMEHH [11s BLIOPAHHOTO jiMana3oHa MarHUTY/.
YeTBepThlil LAl COAEPAKUT HCCIEIOBAHHE IPUPOJbI
H3MEHEHHs CKOPOCTH (MCKYCCTBEHHAs! WM €CTecT-
BCHHAs1), & MATBIN CITYXKHT IS OLICHKH CTATHCTHYEC-
KOH 3HaYMMOCTH aHOMAJHH.

Ilpu npoBefeHHH PacueToOB KapTa HCCIeAyeMoil
celicMOaKTHBHOH 00J1aCTH NOKPLIBAJIACE PElIETKOMH,
y3JIbI KOTOPOIl OTCTOSUIN IPYT OT JIpyra Ha paccTos-
Hie 2 kM. [Is KaxkjIoro ysna paccuuThbIBalNCh 3Ha-
qcHHS z-pyHKumH [5, 6]

2, 5 112
Z(t) = (Ry = Ry)/(0a/ny + o/ny,)

rae R, u Ry, — cpefHue 3HaYeHUs] HHTEHCHBHOCTH
ceiilcMHUECKHX COOLITHI ONpe/IeeHHON CHIIBI 3a BECh
nepuop HabmroeHns (OT 7, 10 {,) K B CKOJIB3AIIEM OK-
He wl, HaunHast ¢ MoMcHTa f (f, <t <, —wl+ 1), cooT-
BETCTBEHHO. /i, H /) — 00BEMbI COOTBETCTBYIOIHX

BbIGOPOK, Oy M Oy, — JUCIEPCHH MHTEHCHBHOCTH
ceficMHYeCKHX COOBITHIL.
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PacueTbl mpOBOJHIKHCE MO KaTalOry OCHOBHBIX
ToN4KOB ¢ M 2> 1.6 (6e3 adTeplnoKoB) B KpPYroBbIX
obacTsiX, coiepKalMx IMOCTOSHHOE YHCIO 3MMH-
ueHTpoB (130 cobbiTHil 3a Bech nepuo Habmwoe-
Husl). Benejersue HEOJHOPOJHOCTH CelCMHUHOCTH
Ha HccneayeMoit muomangke pasmepa 1° 25" x 1° 26’
MO NIKPOTE U JIOITOTE PajinyChl KPYTOB B y3J1aX Ba-
pbupoBanu ot 4 go 32 kM. Bech nepuopi Hadnofe-
HHS COCTABISAN 0KOMIO 11 JeT, a IHHA CKOMTB3SIIEr0o
OKHa — 14 nHeil.

Hanee cTpoWIHCh KapThl HAGJIO[EHHBIX 3Haue-
HHIl Z-(PYHKUHUH B OTfleNIbHBIE MOMEHTHI BPEMEHH,
oTpakalollye 3apojieHne odnacteil celicMHYECKO-
rO 3aTHIIbS M X 3BONIOLHIO BO BpeMeHH. Pacemart-
pHBas [1Ba NepHoa HaOIIOfIeH!s — 10 BO3HAKHOBE-
HHM$ 3aTHILIBS U OCJIE, aBTOPbI CTPOMIIN KapThl y4acT-
KOB 3aTHILIb € 3aJaHHbIM CHHZKEHHEM HHTEHCHBHOCTH
ceiicMMYECKHX COOBITHI B IPOLEHTAX BO BTOPOH Ie-
PHOJL IO OTHOILIEHHIO K TIepBOMY. M, HaKOHell, ¢ ToMOo-
610 AS-cpyHk1un [7] onieHnBancs Hanbonee BeposT-
HbIIl MOMEHT BO3HHKHOBEHHS 3aTHILLS HA HHTEpBase
HaOIofieHHs OT f, JI0 1,

12

AS(6) = (R - R)/()/m +63/my)

rie R,, R, — cpeiHue 3HAYeHHUS HHTEHCUBHOCTH
CelCMHYECKHX COOBITUHN 3a MepHObl HAOMIOeHUs
OT f, 10 t U OT { JIO [, COOTBETCTBEHHO. i}, 1, — 00'b-
€Mbl COOTBETCTBYIOIIHX BBHIOOPOK 3a 3TH MEpHO-

] )
Abl, G}, G5 — JAHCNEPCHH UHTEHCHBHOCTH CelCMH-
YECKHX COOBITHH.

Bonbiioe BHEMaHHE yACHANOCh 0OOCHOBAHHIO
CTATHCTHYECKOH 3HAYHMOCTH BbISIBIEHHBIX 3aTH-
LA,

3asepiuas onucaHue JaHHOH METOJMKH, OTMeE-
THUM Psifl €€ NOJOXEHUA, YA3BUMbIX UL KPHTHKH.
Bo-nepBbiX, 04eBUJHO NPUBHECEHUE ONpEJENeH-
HOW CYO'beKTHBHOCTH MPH pas3fie/ieHHH ceficMuyec-
KUX COOBITHI Ha OCHOBHbIE TOMYKH H apTEPIIOKH,
IpH BbIOOpE MarHUTY[HLIX OPOTOB U INYOHH HC-
ClIelyeMBIX TOIYKOB, a TAaKXe IIPH OLEHKE YKClIa
COOBITHH B KaxKJIOM Kpyre 3a Bech iepHoji Hablko-
TeHHH.

Pacuer 3Havuenmit z-pyHKUHN B Kpyrax ¢ nepe-
MEHHBIM paJiiyCcOM MOXKET NPHBECTH K CMEIUHBa-
HHIO NPOCTPaHCTBCHHBIX MaCI.[ITaﬁOB, COOTBCTCT-
BYHOLIHX 30HaM NOJATOTOBKH cnabbIX W CHIBHBIX
TonuKoB. OfHAKO LeNb AaHHON MyONHKaUHH CO-
CTOUT HE B KPUTHYECKOM aHAJIM3C METO/1a Bueme-
pa, Bucca, a B ajanrauu ero ¢ MHHAMaJlbHbIMH
OTCTYIIEHHAMHA OT OPHTHHANTBHOTO NMOJAXO0Ma Jid
MOCNENYIOIIEro NPpUMEHeHHsl Ha GOJBIION TeppH-
topuu. ITosToMy B laHHOi paboTte nejecoobpas-
HO, Ha Halll B3IIsi]l, COXPAHHTB TOJIXOJl ABTOPOB C

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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Pue. 1. Kapra pernona Anonun ¢ y3naMu penetkn (KPYKKu) 118 oOHAPYKEHUS CEACMIYECKHX 3aTHIINIL

pacueToM z-(pYHKIMH B KPYrax ¢ nepeMeHHbIMH
pajuycamu,

Oonapyxenne odnacreii celicMHICCKOro 3aTHIILA
B peaibHOM BpemenH. C y49eTOM BBILLCCKA3aHHOTO, B
JIaHHOH paboTe CTaBHTCA 3ajlaya CO3[aHis METOJNKH
O0HapYXKEHHA H KapTHPOBaHHs B Pea/lbHOM BPEMEHH
o0nacTeil CeficMAYECKOT0 3aTHILbA B NIPEJiesaX peru-
oHa fAnoxnu nepeft cunbHbIMI (M ~ 7.0 1 Gonee) 3eM-
neTpsiceHHsIMU. M3-3a GONBIINX pa3MepoB TEppHUTO-
PHH, KOTOPYIO HEOOXOJIUMO KOHTPONHUPOBATh, IaH-
Hasl 3aj1ava peraeTcs Ha 6ase MOJIH(HIHPOBAHHOIO
Bapuanta ZMAP — metopa. Cytbs Mopuduxanun co-
CTOMT B cliefiytoieM. Bo-TiepBbIxX, pacueThl MPOBO-
aATcs B ABa atana. Ha nepsoM atane BefieTcst TOIBKO
OOHAPYXXEHHUE 3aTHILMH B IIPOCTPAHCTBE U BPEMEHH,
a Ha BTOPOM — JIETANILHOE YTOYHEHHE MECTOTIONOXKE-
HHS K BpEMEHH HX BO3HUKHOBeHUsI. Takum obpasoM,
TpeOOBaHHA K IeTalbHOCTH CKAHUPOBAHUS CeHCMO-

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

aKTHBHBIX O0bEMOB Ha MEPBOM 3Tane CHELHANLHO
0c1abnAI0Tes, YTOObI NEePEHECTH 3Ty JAETANLHOCTh
Ha BTOPOIi 9TaMn U TONBKO Ha YYAaCTKH, cojlepKalliie
MOTEHIHANIbHBIC 3aTHIIbS.

OKcnepuMeHTAlbHBIN MaTepHan paboThl cocTa-
BHJIM laHHbIE KaTajora 3emaerpscenuit IMA c sauBa-
ps 1974 1. no nrons 2002 r. (M = 3.8, /1 < 100 km). Ha
puc. 1 mokasaHa Kapra perMoHa SImoHuu ¢ pemier-
KOIi, BLIOPAaHHON Ha MEPBOM 3Tale HCCIEfOBaHMI
NpH OOHAPYXKEHUH 3aTHIIHI. Y 3IIbI pEeleTKH OTCTO-
ST ApYT OT Apyra Ha paccrosinne 0.25°. Obuee uucno
Y3JI0B pELIETKH Ha 3Tane oOHapY:KeHHs 3aTHILHI CO-
craBuno 1354 mrykn. PenteTka MOKpPBIBaeT TONLKO
TY 4acTh CEICMOAKTHBHOM 30HbI ANOHUH, 1A KOTO-
poil peanusyroTces /1Ba YCIOBHUs: KaTalor COJAEPKUT,
MO-BHINMOMY, G€3 POIYCKOB Bce coObITHA ¢ M 2 3.8
H B KaXJIOM KPYre coflepxuTcs TpedyeMas CTaTHCTH-
Ka COOBITHIL.

145



PA3PABOTKA METOZOB CPEAHECPOYHOIO NPOTHO3A 3EMJIETPACEHUM U NMPOTHO3 PEAJIbHBIX 3EMJIETPACEHUN

THUXOHOB

Ta6mmua 1. Karanor cunbHbix 3emaerpscennii (M = 6.8 u i < 100 kM) B npefenax n3yuaeMoli TeppHTOPHH PerHoHa

Snonnu 2a 01.01.1979-30.06.2002 r. no ganusiM JMA (8]

Hata Bpif‘fq:ﬂ?léare KOOP?;I’{;‘JTH ?LE?E“TP a TnyGuHa, KM M
23.02.1980 14-51-05.3 43.450 146.550 30.0 0.8
19.01.1981 03-17-23.8 38.600 142967 0.0 7.0
21.03.1982 11-32-05.6 42,067 142.600 40.0 7.1
23.07.1982 23-23-50.8 36.183 141.950 30.0 7.0
26.05.1983 11-59-57.5 40.355 139.077 14.0 7.7
21.06.1983 15-25-25.0 41.260 139.002 6.0 7.1
07.08.1984 04-06-38.8 32380 132.155 33.0 7.1
14.09.1984 08—48-49.3 35.822 137.560 2.0 6.8
02.11.1989 03-25-33.5 39.855 143.057 0.0 7.1
18.07.1992 17-36-56.6 39380 143.655 0.0 6.9
18.07.1992 17-39-02.3 39.403 143437 0.0 6.9
15.01.1993 20-06-06.9 42.892 144373 103.0 7.8
12.07.1993 22-17-11.7 42,780 139.183 35.0 7.8
04.10.1994 22-22-56.3 43.372  147.708 23.0 8.1
09.10.1994 16-55-39.0 43.555 147.807 0.0 7.0
28.12.199%4 21-19-20.9 40.427 143.748 0.0 7.5
07.01.1995 07-37-37.1 40.221 142309 478 7.2
17.01.1995 05-46-51.8 34.595 135.036 17.9 7.2
28.01.2000 23-21-08.8 42981 146.715 55.6 6.8
06.10.2000 13-30-18.0 35.275 133350 11.3 73

[Tocne feknacTepH3auuH KaTanora seMierpsce-
nuit JIMA ¢ nomolisio mporpammsl [ 1] 6b11 nposefien
pacueT z-(pyHKOHH BO BceX 1354 ysmax pemeTkn
3a nepuof ¢ auBaps 1975 r. no urons 2002 r. Hc-
0JIb30BAJIOCh CKOJIb3silllee BpEMEHHOE OKHO -
TenbHOCThIO L 4 ronma co cuBuroM Ha 6 mec. Ha-
YyanLHOE MONOXKEHHE OKHA COOTBETCTBOBANO Tie-
puony 01.01.1975 — 31.12.1978 r., a KoHeuHoe —
01.07.1998 — 01.07.2002 r. Yncno 3emaeTpscenuii B
KaXJIOM Kpyre 3a Bech epHof Opanock paBHbIM 55,
HCXOJIl W3 pacyeTa, YToObl CPEJHErOOBOE YHCIIO
UX paBHsoch AByM. IIpu 3TOM pajuycbl Kpyros
BapbHpOBaNN B AuanasoHe oT 7 mo 188 kM. Mg
92.6% Kpyroe oT oOLIero MX YUcna pajuycbl He
npesbimanu 120 kM. B pesynbrate mociefosa-
TEJIbHBIX CIBUFOB CKOJb3SIIEro OKHA OT Havualb-
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Horo po Koueunoro nonoxennsa (01.01.1975-
31.12.1978 r., 01.07.1975-01.07.1979 r., ...,
1.07.1998- 1.07.2002 r.) Gbl1 nonyveH AByMEpPHBIRA
MaccuB 3HaueHHH z-QyHKuuH pasmepoM (48 x

X 1354).

3ToT MaccHB OB NPOAHANH3UPORAH HA Mpef-
MeT aHOMAJbHO OONBIINX 3HAYEHHIT (PVHKIMHA Z C
HEeJbK 00OHAPYXKEHHS! BO3MOXKHBIX CEHCMHUYECKHX
3aTUINMA  Nepefl CHIbHLIMH MElKO(OKYCHbIMU
3eMieTpsaceHHIMHi. B kadyecTBe Takux ceficMuyec-
KHX COOBITHH OblIH B3ATBI TOMUKH ¢ M 2 6.8,
h <100 kM 3a nepuop 01.01.1979 — 30.06.2002 r.
(tadn. 1). B Tabn. 1 BKIIOUEHO TakXe CHILHOE
semnerpsicenne 15.01.1993 r. ¢ M = 7.8, rnyGuna
KOTOPOr0 HEMHOTO NpEeBbIAeT BLIOPAHHBIH 10O-
por (h = 103 kmM). OHO NPOU3OLLIO B IOrO-BOCTOU-

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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AR 1§92,M=:6.9; 69 ______ :

{1981, M =7.0

______________________________________________________________

38
'35
345
33 5
32

31H

304
120 130 131 132 133 134 135 136 137 138 130 140 141 142 143 144

Puc. 2. Dnnyentpet semuetpscernil nonnn ¢ M 2 6.8, i < 100 kv 3a nepuoy 01.01.1979-30.06.2002 r.: A — cepephas SInouns;
B — uenTpantwuas u 10xHasg SAnoHus.

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi 147
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Puc. 3. Kapra npocTpaHCTBEHHOTO pacnpeieieHns Y3108 PeIeTKH ceBepHoil ANOHHH, B KOTOPLIX 3HAYeHHS (YHKIMH A(f)
oKaszamick aHomaneHbIMH: A — Ha 01.01.1999 r., unrepsan 01.01.1986-31.12.1989 r.; b - na 01.01.1991 r., unreppan
01.01.1987-31.12.1990 r.; B — na 01.01.1992 r., wnrepran 01.01.1988-31.12.1991 r; I' — wa 01.01.1993 r., unreppan
01.01.1989-31.12.1992 r.; [1 — na 01.01.1994 r., unrepsan 01.01.1990-31.12.1993 r.: / — y31bl pelieTkn; 2 — 3MHUEHTPLL 3 —
00MacTH NOATOTOBKH CHILHBIX 3eMICTPACCHHUI rayOunoit <55 kM; 4 — To *ke na semnaerpacenus 15.01.1993 r. rnydunoit

103 kM.

HOIl yacTH 0-Ba XOKKaiijgo. BKitoueHue B paccMo-
TPEHHE JAHHOI'O 3eMJIETPSCEHHMs, Ha HAll B3I,
OINpaB/JaHHO, eCc/H YYeCTh IPOCTPAHCTBEHHbIE Pa3-
Mephbl ero ovara.

Kapra snuIeHTpPOB CHIBLHBIX 3eMIIETPSICEHHI B
npefieniax H3yyaeMoi TeppUTOPHH CEBEPHOM YacTH
SInonun nokazana Ha puc. 2A, a Ans IeHTPaILHOI !
103KHOI yacTeit —Ha puc. 2B. M3 20 cunbnbix ceiicmu-
4ecKHX coOBITHI |5 MpoH30ULTH B CCBEPHOIT YacTH H
5 — B ueHTpanbHO# K 1OXKHOH. OTMETHM, YTO [71s
BCEX PAcCMaTpHBAEMbIX 3EMIIETPACEHHI, KPOME CO-
Obrtust 15.01.1993 r., hakruyeckue riyOuHbl HE npe-
BBIIIAIOT 33 KM.

Bri6op noporosoro yposust U (coef) nnst ueHTH-
(hHKaMKH aHOMAaJBHBIX 3HaUeHUA (DYHKIHHA Z B i-TOM
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y3l€ PELICTKH ONPEJENsANcd, HCXOQd H3 OLEHOK
CpejIHero (W) ¥ Cpe/IHEKBA/IPATHYHOIO (G,) 3HAYCHUH
3TON (PYHKIMKH B 3TOM y37e (Kpyre) Ha WHTepBane
Hacrpoiiku: Ufcoef) = |1; + coefs,. 3HaueHne napa-
MeTpa coef (ofiHHAKOBOE ISt BCEX Y3J10B) ModHpa-
JIOCh B IpOLiEcCce HACTPOHKH TAKUM 00pa30oM, YTOOLI
MHHHMH3HPOBATL BEPOATHOCTDL MPOIYCKa peabHbIX
3aTHILNI Nepefi MeNKO(OKYCHbIMH 3eMIETPACEHH-
M cM>6.8.

HacTtpofika moporossix YpoBHel MPON3BONIACH
MO 3HAYCHHUAM 2z-(PYHKUHH, PacCYHTaHHBIM B OKHE
(L =4 r), HaYano KOTOPOro COOTBETCTBOBANO Clle-
nyiomuM  Momentam  Bpemenn:  01.01.1981 r.,
01.07.1981, ..., 01.07.1985 r. ConocraBneHue 3aTu-
LM ¢ CUIBHBIMH 3eMJIETPSICEHHSIMI BEOCH, HAUN-

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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Puc. 3. ITpojlonkenne.

Has ¢ 01.01.1989 r. Takum oGpazoM, yjanock npo-
CIIe/IUTh TUHAMHKY Pa3sBUTHS 00/1aCTel aHOMATBLHbIX
3HAYEHHH z (PYHKUMH H HX KOPPENSALHUIO ¢ CepHei
cunbHbIX 3emnetpscernit 1992-2000 rr. OGHapyxe-
HUE 3aTHIINI mepel CHILHBIMK Tomvkamu 1979-
1984 rr. He NPOBOMIOCH H3-32 OTCYTCTBUS HEOOXO-
JMMOTO HHTCPBAJa HACTPOIKH.

HekoTopble pe3yibTaThl IPOBEJICHHbIX PacyeToR
¢ nnoporosbiMu yposHaME Uj(coef = 4) g ceBepHO#
H I0KHOH yacTeil SINOHMH MOKa3aHbl B BHJIE KapT Ha
puc. 3—4. Ha atux kapTax jaHO NpOCTPaHCTBEHHOE
pacnpefiefieHie y3noB peHieTKH ¢ aHOMAlbHbIMH
3HAUEHHSIMHU Z-(DYHKIHH B OTAENbHBIE MOMEHTDI Bpe-
MeHH. Pa3mep Kpy:KKOB BBIOpaH NPOU3BOIHBIM, HO
OJINHAKOBBIM JI7ISL BCEX Y3JIOB.

PaCCMOTpHM IBOMIOLHIO OTACILHBLIX KITACTEPOB
AHOMAaJIbHOTO CHHKEHHSA HHTEHCHBHOCTH CEHCMUYE-
CKHX COOBLITHH B MNpOCTPAaHCTBE H BPEMEHH, CBA3bI-

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

Bas MX C MOArOTOBKOH TOrO WIH HHOTO CHILHOTO
TOJIYUKA, BONMU3H IMUIEHTPAa KOTOPOT0 OHH HAXOAT-
cs. K coxkancnuio, cicnarh 3T0 OJHO3HAYHO MOKHO
HC BCCIa. B clydac OIM30CTH CHIIBHBIX TOJIYKOB 110
MECTY BO3HHKHOBEHHA MW BPEMECHH, BO3HHKAIOT
TPYAHOCTH B HHTEPHNPETAIHH MOJYUYEHHBIX KapT,
TaK KaK HeJb3sl OIpPEJIENIEHHO TPAKTOBATh MOsBIC-
HHE “aHOMAaJbHBIX" Y3/0B, KaK NPEIBECTHUK TOrO
HITH ApPYroro CulibLHOrO cobpiTusi. B Takux ciydasx
anoManuda ¢ pamloﬁ BEPOATHOCTLID MOZKET OBITL
OTHECEHA K NMOJTOTOBKE HECKOJIBKUX CHIIbHBIX 3EM-
NETPSICEHUI.

JInst HArMAHOCTH Pa3srPaHUIHM KHPHBIMH KPH-
BbIMH Ha KapTax o0JacTH MOJrOTOBKH 4YeThbIpex
TPYNIN CHILHBIX TOMYKOB (puc. 3A). 3T0 pa3rpanu-
YeHHEe CJIeJIaHO YHCTO YCIOBHO H TaKHM 0OpasoM,
4T00bl BOKPYI KaXK[OT0O 3MHLEHTPA CYLIeCTBOBala
Kpyropas o0nacthb ¢ paguycom 2°. YKa3aHHe YeThl-
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1994,

Pue. 3. [Tponomxkenue.

pex obnacreii Ha Kaprax MO3BONSET, Ha Hall
B3IJIS]], JIErYe COOTHOCHThL “aHOMAalbHble” Y3Ibl C
COOTBETCTBYIOLIMMH 3MALEHTPAMH CHIIBHBIX 3€M-
JCTPACCHHIL.

B kauecrtBe nepBoii 06nacTi 0003HAYNM KPYTO-
BYI0 00J1acThb, cojepxallyio anuueHtp ukoran-
ckoro 3emnerpsacenus 04.10.1994 r. (M = 8.1) u
ero cuibHefuero aprepuoka 09.10.1994 r. (M =
=7.0). Bropasa obnactb cojepxur OKycupckoe
semnerpacenne 12.07.1993 r. (M = 7.8), npouso-
wepiee B AN0HCKOM Mope BOJIM3H HOro-3anajHo-
ro nodepexnbs 0-sa XokKaiio. B TpeThio o0nacThb
MonajaeT rpynmna U3 4eThlpeX CeHCMHYECKHX CO-
ObITHII BocTO4uHee o-Ba XoHcw (18.07.1992 r. ¢
M=69uM=069, 28.121994 r. c M =75 n
07.01.1995r. ¢ M =17.2). U, HakoHell, B YeTBEPTON
oBnacTi, OKOHTYPEHHOI MYHKTHPHON KPUROI, Ha-
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XOJUTCA IMUUEHTP TAYOOKOro 3eMIeTpsceHus
15.01.1993r.c M =728.

PaccMOTpHM cHavana IHHAMHKY Pa3BHTHS KJacTe-
POB “aHOMANBHBLIX Y3JI0B B CEBEPHOH 4YacTH SImoHHI
niepej| ceprei CHbHBIX 3emneTpsicenuit 1992-1995 rr.,
MCIIONb3YS NOCIIEl0BATENBHBIE CIABUIH BPEMEHHOIO
okHa Ha | rop Bnepej1. Ha puc. 3A nokasana nepsas 13
IATH KapT A1 JaHHol TeppHTopuu. OHa cofiepXXuT
Y3JIbl PEILETKH ¢ AHOMAJIbHBIMH 3HAYCHHAMH Z-(DYHK-
LIMH J7151 TIOJIOXKEHHST CKOMB3SILIETO BPEMEHHOTO OKHa,
OTBEYAIOLLEr0 IEPBOMY MOJOXEHHI) BPEMEHHOIO
OKHa, TO ecTh, nepuoy 01.01.1986 — 31.12.1989 rr.
Ha xapre BujiHO nosiBleHNHE “aHOMANLHBIX Y37I0B B
1-, 3-, 4-0it o6nacTAX U OTCYTCTBHE HX BO BTOPOii 00-
nacti. Yncno Takux y3I0B MOKa HEBEINKO, TaK KAk
celficMHYecKast CUTYalust COOTBETCTBYET 3Tary uX 3a-
POK/IEHHS.

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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Puc. 3. ITpojlomkenne.

Cnyera rop (puc. 3B) knacrepnl “aHoMalbHBIX”

=7.2[13], To ecTh cBd3aH, CKOpee, ¢ TpeThel rpyn-

Y3I10B B paiioHe TPEThEI 1 YETBEPTON IPYII 3MHICH-
TPOB CTaHOBATCS OOJCE KPYIMHBIMH, H HAUHHACT 3a-
POXJIaThCs KJacTep B paifoHe BTOpoit rpynmnbl. OT-
METHM, YTO KJIacTep B YETBEPTOIl 001acTH BEJIET ce-
051 HeycroiuuBo. [lanee YBHIMM, YTO Yepe3 rof OH
TNIPOMIAJIeT, a Uepe3 iBa — MOSIBHTCA BHOBb, Bo3Mox-
HO, 3TO0 OOYCIOBJICHO OCOOCHHOCTAMH INMOArOTOBKH
semnetpsicenns 15.01.1993 r. (M = 7.8, h = 103 xm),
KOTOpOE 110 CBOEH INIyOMHE BbIIENAETCS H3 psjla
ApYrHX ceflcMuuecKuX coObITHil. Kak Obllo cKasa-
HO BblIIE, (DAaKTHYECKUE ITyOHHbI APYTUX TOTYKOB
HE NPEBBINIANN 55 KM. 3aMeTHM TaKxke, UTO MOILl-
HBIH KacTep, pacnoloXKeHHbIH B CeBEPHON YacTH
0-Ba XOHCIO, TO-BHIMMOMY, B O0JIbILICH Mepe o0yc-
JIOBJICH MOATOTOBKON 00mupHoi (~250 kM) cy0-
IWMPOTHON 04arosoit o061acTH 3eMieTpsiceHusl
28.12.1994 r. ¢ M = 7.5 u ero apTepioKoR, BKIIO-
yast cunbHenmuit agprepmwok 07.01.1995 r. ¢ M =

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

MOJi 3MHLCHTPOB, HEXKEIH CO BTOPOIL.

PaccmoTpum flanbHefimiuii Xoji pasBUTHS 30H
MOTEHIHANBLHBIX cefcMUYecKHX 3aTHiMi (puc. 3B).
JluHaMHKa UX TaKoBa. B niepBoit o0macTi nosiBiuseT-
sl rpynmna “aHoManbHBIX” Y3I0B, TECHO CBSI3aHHAas ¢
SMUUEHTpaMH OYAYIMX HIHKOTAHCKUX 3eMIeTpsice-
Huil. Bo BTOpOil 00/1acTH TaKXe MOSABISACTCA Psf
“aHOMaJIbHBIX” Y3/10B, a TPETbd XapaKTepH3yeTcs
JalbHeluM pocTom Kinacrepos. Heycroituusblit
KNacTep B mpejenax 4yeTBepToi oGiaacTH mpona-
faer.

Cnepyromas kaprta Ha puc. 3" nnmoctpupyeT
KYJIbMHHALHOHHBIA MOMEHT B NPOABJICHHM MOTEH-
IHATBHBIX 3aTHIINIA BO BCEX YeThIpeX 00aacTsX.
ITO CECTBUE TOTO, YTO JlaHHAsk KAPTA XapaKTepH-
3YIOT CHTYalIo, Haubonee OJIM3KYIO 10 BpEMEHH K
MOMEHTaM BO3HMKHOBEHHS CHJIBHBIX 3eMieTpsce-
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Puc. 3. Okonuanue.

HHil, 0COOEHHO BO BTOPOU U B UETBEPTOI 0DIACTSX.
B gpyrux obnacTax KapTHHA ¢ aHOMAJIbHBIMH KJIa-
CTEpPaMH OCTaeTCA YCTOMUMBOH H COYCTA TOf

(puc. 31).

[epeitneM Tenepb OT KauyeCTBEHHOTO OINHMCAHMS
KapTHHbI K KOJMMYECTBEHHBIM olecHKaM. s Tex xe
IATH KapT PaccMOTPHMM, KaK MEHSIeTCsd BO BpeMEHH
paccTosiHie OT 3MHIEHTPA KAXI0TO 3eMJIeTPACeHNUS
1o GnuKaiiero “aHoManbHOro™ y3ia, To ecTh, olle-
HUM JIHHAMHKY OJIH30CTH “aHOMAJILHBIX Y3710B K 3111~
HEHTPaM CHIBLHBIX 3emierpsiceHuil. COOTBETCTBYIO-
e pacyeTnl npusefenst B Tadn. 2. M3 panmnoi tab-
JHLBI CICAYCT HHTCPECHAs 3aKOHOMCPHOCTD: 110 Mepe
NpUOTHKEHHA K MOMEHTY BOSHHKHOBEHHS CHIIBHO-
ro 3eMJIeTpsAceHHs: OIH30CTh “aHOMAaJIbHBIX" Y3II0B
K COOTBETCTBYIOLMM 3IULEHTPAM CTAHOBHTCS TEC-
Hee, TPONCXOUT Kak Obl “crTaArmBaHme” OMMXKail-
IIMX Y3710B K anuueHTpaM. IIpu 3TOM paccrosHue
yMeHblIaeTes nmpuMmepHo B 2-3 pasza. Tam xe, rje
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OMH30CTh CYLIECTBOBANA C MEPBOMl KapThl, Kak B
cnyuae 3emnerpscenus 28.12.1994 r., ona coxpans-
eTcs U B JJaNbHEIIeM 10 MOMEHTa CeliCMHeCKOro
cobpiTHA. EcTecTBEHHO, UTO NOCNe BO3HHKHOBEHHS
CHJIBHOTO TOJYKA JIaHHAA 3aKOHOMEPHOCTb MOXKET
HapYIIMTbCHA, TO €CTh PACCTOSHHE MOXKET YBETH-
YUThCS, KaK 3TO BH[IHO MO JaHHBIM B MOCHENHEH
CTPOKE TabJULbL.

Takum o6pa3zom, u3 puc. 3A-3][1 u tabn. 2 cnegy-
€T, YTO AN CeBEPHOIl yacTH SnmoHuu HaOmrofaeTcs
XOpomIas KOppemsiys B MPOCTPAHCTBE M BPEMEHH
o01acTed CHHXXEHNS HHTEHCHBHOCTH CECMHYECKHX
COOBITHIT TIEPeJ] CHITLHBIMH COOBITHAMH C UX 3MHIIEH-
TpaMH.

Yro Kacaercs UEHTpaJbHOW U KOXHON ANoHMH,
TO 3]1eCh CHTYaIH4 C 3aTHIILIMHA HE TaK OJIHO3HAY-
Ha. CHIIbHBIE 3eMJIeTPACEeHHs B Npejienax ocTpoB-
HOIl cylIH Ha ore 0-Ba XOHCIO, N0-BUUMOMY, MO-

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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Puc. 4. Kapra pacnipejieieHnsi y3I0B Peiie TKH HeHTPATBLHOIN H 03KHOI SINOHNN, B KOTOPBIX 3HAYeHHs! (DYHKILHH 2(/) OKA3aIuch
aHoMabHBIMK: A — Ha 01.01.2000 r., unrepsan 01.01.1996-31.12.1999 r.; B — 10 ke pns paitona 0. Kiocio, Ycnos. 00034, CM.

Ha puc. 3.

IYT He NpeBapATLCS 3aMETHLIMH  3aTHIIbLAMH
(puc. 4A). U3 nannoro pucyHka BHJIHO, YTO CHIIb-
Hbli Tomuok 06.10.2000 r. (M = 7.3) He npepBapsan-
cd “aHOMalIbHBIMU™ Y3J1aMH, 110 KpaiiHell mepe, B
nepuop ¢ 01.01.1996 r. mo 31.12.1999 r. Takxke
He HaONMoANoCh YETKOrO 3aTHIILS U TEpejl 3eM-
netpacedneM B Kobe 17.01.1995 r. (M = 7.2).
AHOMalbHBIN KJIacTep B pailoHe ero 3MHIEHTpa
(puc. 4A) nosBuics nocie BO3HAKHOBEHHS 3TOTO
coOBITHS.

M3 naHHOrO pHCYHKA BHJIHO TaKKe HAHYHE Be-
pOATHOrO 3aTHIIL B pafioHe noayocrposa boco.
OHO Havasock 3a J1Ba rojla 10 BO3HHKHOBEHHS MOIL[-
HOTO pOsl 3eMJIETPSICEHHMIT, OTMEUEHHOT'O KPECTHKOM
Ha Kapte. [laHHblil poii HaOmoancs ¢ 27 HIOHS M0
asryct 2000 r. B ipefienax miolaaki pazmepom oKo-
no 110 x 25 kM. 3a jiBa Mecsilia 3fiech TPOU30ILI0
okono 8000 tonukoB ¢ M = 3.0, Tpu U3 KOTOpBIX
umenn MarauTyy M = 6.3-6.4. Huxe noiier peds o

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

CYLIECTBOBAHHH COBpPEMEHHON OOLIMPHOI 30HBI 3a-
THIIbA B paitoHe nonyocrposos boco, Un3y u Gyjer
C/IEJIaH BbIBOJ O TOM, YTO IaHHOE 3aTHILbE, NI0-BH/IH-
MOMY, He CBSI3aHO C IPOILE/IIINM POEM, a 00YCIIOBIe-
HO CKOpee NOAroTOBKOM OYAYLIEro CUILHOIO 3eMile-
TPSICEHHSA B JAHHOM pailoHe.

JIBa Knactepa BO3MOXKHBIX 3aTHINMi, OOHapy-
JKeHHbIE B HOXKHOH M 3anmajHoil yacth o-Ba Kiocio,
HENB34 paCCManHBaTb KaK JTOXKHLIE OﬁHEl]J}’)KEHHSI,
XOTSl OHH H HE ITpeJIBapsl0T CHILHOE 3EMIETpsCE-
Hue. ITpHunHa UX NOSABJICHHA CBA3aHA, MO-BHANMO-
MY, C YMEPEHHbIMH 3emieTpsacenusiMu (M = 6.2
6.6), cepusi KOTOpBIX Hadmoflanack B OKHe o0pa-
6otku B nepuop 1996-1999 rr. (puc. 4B). Beiue
YIOMHHAJIOCh, YUTO 3TOT THII CeﬁCMHqHOCTIi, cO-
rnacio K. Moru [14], orHocurcs K kiaaccy C, 1O
€CTh, K poennmy TUITY MOJITOTOBKH )’MBPEHHLIX 3E€M-
NeTpsaceHnil.
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Puc. 4. OkoHuanme.

B pesynbrare HaCTPOIKN alropuT™Ma nojyyeHa
clefiyiomas cTaTHCTHKA 0OHAPYKeHHs 3aTHIIN ¢
1989 r. no utons 2002 r.: B 8 ciyuadx CHIbHbLIE

TOMYKH NpENBAPANNUCL 3daTHILLAMH, a B JIBYX Clly-
Yasgx He MpeABapsunch (MPONyCK LemH), H, KpoMe
TOr0, B OIHOM cClydac 3aTHLIbE ObIIIO CBA3aHO,

Ta6anua 2. OucHru G1H30CTH AHOMANBHBIX Y3J10B K 3MHLUCHTPAM CHIbHBIX 3eMueTpsaccHuii ¢ M 2 6.8 u i £ 103 kv pas
ceBepHoit YacTi TeppuTtopun Snonnn 3a 1990-1994 rr.

, PaccrosiHnie (B KM) OT 3NULEHTPA 3eMIETPICEHUS 10 DamxKaiiiero
]_;g'g?ﬁﬁgg;?' ﬂa;?l;e;::;e'l" M a}low[):{bncaro y;mal; OTgcanblc ?OMCHTI;]HBPCMCHH
CR=2° 01.01.1990 r, | 01.01.1991 r. | 01.01.1992 r. | 01.01.1993 r. | 01.01.1994 r.
1 04.10.1994 8.1 155 155 72 72 72
09.10.1994 7.0 171 171 55 55 55
2 12.07.1993 7.8 - 167 102 67 71
3 18.07.1992 6.9 103 125 38 38 38
18.07.1992 6.9 96 109 23 23 23
28.12.1994 7.5 8 8 8 8 8
07.01.1995 7.2 80 31 31 17 6
4 15.01.1993 7.8 100 67 101 35 101

[Mpumeyanne. ZKUPHLIM IPH(TOM BHIIETEHBI PACCTOSHHA HAa MOMEHT BPeMeHH, HanGomee GIH3KMI K OyyIeMy 3¢MIeTPACEHNIO,
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140 141

Puc. 5. Pacnpepesicnne “aHoMalbHBIX y3710B peieTky B Anonnn Ha 01.06.2000 r.; A - cesepnas fAnouns; B — nenrpanbhas

u oxHadA Anonns.

BO3MOXKHO, C YMEPEHHBIMH
(M =6.2-6.6).

3EMIICTPACCHHAMEA

IMpensapurensHas HacTpoHKa Ha paszfNuyHbIe
3Havenns napaMerpa coef nmokasana, 4TO MONOXKeE-
HHUE KIACTEpPOB “aHOMAaNbHBIX Y3JIOB PELIETKH CO-
XpaHsgeTcs ¥ s NoporoBeix yposHei U coef = 5),
XoTH 3ap0n{nelme HX Dﬁllilpy}i(HBﬂETCH HECKOJILKO
nos:xe, ueM npu U,(coef = 4).

CaejyeT uMeTb B BUY, UTO caMa [poueypa je-
KJacTepH3alii KaTauora, TO €CcTh ylaJeHHe nocie-
noBaTenbLHOCTEH OoJjiee cnadbIX TONUKOB IMOCHE OC-
HOBHOI'O 3eMeTpsiceHus, nopoxuaer sdgdekr uc-
KYCCTBEHHOTO 3aTHIILS, KOTOPOE HE CleyeT NyTaTh
¢ peanbHbIM 3aTHIbeM. ITo aToil npuunHe Mbl He
paccMaTpUBAIH BO3MOXKHOE 3aTHLILE IEpe)| TOJNY-
koM 28.01.2000 r. (M = 6.8), Ha KOTOpPOE MOIJIO Ha-
JOXKHTBLCS] HCKYCCTBEHHOE 3aTHILLE NOCIe MpefbITy-

BYJIKAHOJIOTHUSA U CEUCMOJIOTHSA N5 2005

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

miero lllukoranckoro semaerpscenus 04.10.1994 r.
(M =8.1) B aTom paiioHe.

Ha puc. 5A, 5b nokasana curyauusi ¢ oOHapy»xe-
HUEM 3aTHLIMI B M3y4acMOM PCIMOHEC Ha MOMCHT
OKOHYaHMs paccMaTpuBacMoro karanora (1 uions
2002 r.). Hamu BeIfic/ieHb] Be Hauboliee 3aMeTHBIE
30HEI HOTCHI.lI—{ﬁJ'[bHOﬁ MOANOTOBKH CHIBHBIX 3€MJIC-
TPSCEHUI: MepBas — Ha 1ore 0-Ba XOKKaiijlo, a BTO-
pas — B pailoHe nonyoctpook boco m Mpsy (o-B
XoHcro). B mepBoil 30He ecTh KpyroBkle o0nacTH,
rjie He OTMEYEHO OCHOBHBIX TomuKoB ¢ M = 3.8, h <
< 100 kM B Teyenue 4.5 nocnenux JET, a BO BTOPOIi —
HETRIPEX JIET. TTomumo YHOMAHYTLIX 30H, OTMCHYACTCH
TAKXKE BO3MOXKHOE 3aTHIILE B IOXKHOH 4YacTH O-Ba
Krocto.

JlerannHoe KapTHpOBaHIE odacTel celicMute-
ckoro 3aTtmmbs. IlepeiiieM Temepk KO BTOpPOMY
9TaNy HCCIeJOBaHMI — e TaTbHOMY YTOUHEHHIO Me-
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Puc. 5. OKoHuaHue.

CTONOJIOKCHUA H BpEMCHH BO3HUKHOBCHHA COBpE-
MEHHBIX ceilcMuueckux 3aTniimit. Ha nanHom arane
30HbI AHOMAJLHBIX 3HAYEHHI Z-C])yHK].[HH., BLIJCIICH-
HbIE PAHEE, MOKPLIBA/THCH donee ﬂETaﬂbHOﬂ CETKOM
ckanuposanud ¢ marom 0.1°. B cnyuae nepeoii 06-
JACTH MPENONaraeMoro CeHCMHYECKOro 3aTHIIbS
Ha [ore o-pa XOKKa#o MCNONb30BaHO 459 y3nos
pelieTkH Ha muomanke (¢ = 40.7°-42.3° N, A =
=141.2°-143.8° E). lns Bropoi obaactu BeposT-
HOTO CeHCMHUYECKOT0 3aTHIlbi MCIONb30BaHO 928
Y3J10B pelieTKH Ha nuomake (¢ = 34.2°-36.5° N,
A= 138.0°-142.4° E), koTOopasi, Kak H Ha NEepPBOM
3Tane, Nnmpoctupanack B BOCTOUHOM HaIlpaBJIICHHH
10 ry0OKOBOIHOTO Xenoda.

QOuenka KoHgurypauun o6nacreil ¢ 3aaHHBIM
3HaueHneM (AR) CHHXEeHHS HHTEeHCHBHOCTH ceiicMH-
YeCKHX COOBITHII B 30He 00pa3ylouierocs 3aTHILIbS
npousBoauiack coriacio ZMAP-merony [17] mo
dopmyne:

AR = (R, - R,)100%/R,,

156

rge R, u R, — cpellHMe 3HAYEeHHMS HHTEHCHBHOCTH
ceiicMHYeCKHX COOBITHII B EPHOJ IO U HOC/e BO3-
HUKHOBEHHS 3aTHIIbS, COOTBETCTBEHHO. B pacue-
Tax UCTIONB30BATUCHL KPYTH ¢ paguycamu R < R, =
=75 KM.

Pe3ynbTaThl pacyeToB NpefICTaBleHb! B BUJE KapT,
TMOKA3bIBAIOLINX MECTOIOJOXKEHHE 30H C 3aaHHBIM
TIPOLIEHTOM CHIXKEHHSI HHTEHCHBHOCTH CEHICMAYECKUX
cobwITHil 15 o6oux 3aTHILMIL, Ha puc, 6A nzo0paxe-
bl o6nacti 70%-noro u 100%-Horo cHUXKEHHS HH-
TCHCHBHOCTH B paiiOHe Mbica DpPHMO Ha ore o-
Ba XOKKaiijl0, HaunHas ¢ sHBaps 1998 r. OnHa u3 1Byx
70%-ubIX obacTeil MMEET MaKCHMAJIbHBIH JIMHEH-
HbIil pa3Mep 0Kono 1° BAOML M0 WHPOTE, a Apyras —
pajguyc R = 26 kM. 100%-1ag kpyrosag obnacTh HMme-
eT paguyc R =21 km.

Ha puc. 6b kapruposasibl oonacrti 75%-Horo u
100%-HOro CHUXKEHHS HHTEHCHBHOCTH celicMuuec-
KUX coOBITHIA B paiioHe nonyoctporor boco u M3y,
HauuHas ¢ urons 1998 r. 75%-Has 30Ha 3aHUMaeT 00-

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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CHIKCHHIC
HHTEHCHBHOCTH
COOBLITHI

: [ 75%
| [ 100%

142

143 144

Puc. 6. [Ieranshbie kaprel 30H ceiicMuueckux satnmmi Ha 01.07.2002 r.: A — paiion Meica DpumMo; b — paiion nonyocTpoeoe

boco n Unay.

LIMPHYIO NPUOPEXKHYIO TeppuTopHio (okomo 3°
BAONE 1o mmpote). Kpome Toro, ecTh e fBa He-
OOJNBIINX YYacTKa: C IEHTPOM B TOYKE C KOOPJHUHA-
Tamu @ = 36.0° N, A = 140.0° E i ceBepHee TOUKH ¢
koopjuHaTamMu ¢ = 36.0° N, A = 142.0° E. 100%-nas
30Ha 3aHHMaeT KOMIAKTHBIIl 00'beM pa3MepoM IpH-
mepHo 50 x 70 x 100 kM, pacnonoXeHHbIH B BOCTOY-
HOH yacTh n-oBa U3y U npuieraromien K HeMy 4actu
samuBa Caramu, BKitovas 0-8 Ocuma.

K nannoit 100%-Hoi 30He 3aTHIILS NPUMBIKAET
M0JI0CA FOr0-BOCTOYHOTO MPOCTHPAHHS pasMepoM
okono 110 x 25 kM, B ipefienax KoTopoi ¢ 27 HIOHS
o asryct 2000 r. Habnrogancs poi 3eMICTPACCHHH,
0 KOTOPOM YNMOMHHaNocCh Bbiuie. [Toatomy BcTaer
BOMPOC: NMPOU3ONINA JH pa3psijika HANpsKeHUi B
XOJle POEeBO aKTHBHOCTH Ha Ooblleil Mmiuoliajke,

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

BKJIIOMAOLIEH BhIjIeNIeHHYIO 30HY 3aTHiIbg? [1o Ha-
IIAM OLICHKAaM, CyMMapHasi cclicMHYccKasi HCPrus
netopmalin, BBICBOGOAMBILAACS TONBKO B PE3YJlb-
Tare pos 3emierpsaceduit ¢ M = 3.0, cocrasuser
=2 X X 10°° HptoTOH Ha MeTp. OHa Ha TPH NOPSAKA
MeHbLIe IHEPrHH, COOTBETCTBYIOLIEH 3eMieTpsce-
Huto ¢ MaruuTyoit M = 8.0. IToatomy oTeeT Ha no-
CTABJICHHBIH BbIIIE BOINPOC OTPHLATEILHBIH, 10O
COOBITHSL POl TONBKO B HE3HAYMTEJILHON CTENEHH
CHSLIH 3amac ynpyrux fecopmaiuii. [Tocne karacr-
podiueckoro 3emaerpsacernss Kanto 01.09.1923 r s
obnacTn 3aTHIIbA, coriiacHo Kartanory JMA, ¢ KoH-
ua susaps 1924 no 2002 r. nponsonuio Bcero Tpu
semnetpsicedus ¢ M = 7.0-7.3. Takum oGpa3som, B
OuMKalKue rojibl B JaHHOM pailoHe, O-BHIHMOMY,
CIeflyeT OXHJATE KaTacTpodhuueckoe 3eMueTpsce-
Hue ¢ M 2 8.0.
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THUXOHOB

b

CHiIKeHHe
HHTEHCHBHOCTH
COOBITHI

1 75%
EE  100%

142 143

Puc. 6. Okonuanmue.

BbIBO[IbI

Boimonuena mopudukauus ZMAP-meTona kap-
THpOBaHus ceilcMuueckux satuimi (Wiemer, Wyss,
1994) ¢ nenbio MPUMEHEHHS €70 Ha TEPPUTOPHH pe-
ruoHa SIMOHUM JNsl BBISBIEHHS HauOollee BEpOST-
HBLIX MeCT OYZIYIIHX CHILHBLIX 3eMneTpsicennii. Ha oc-
HOBE KaTaJyiora semueTpsicednit JMA 3a 28.5-neTHuit
nepuop (1974-2002 rr.) uccneoBana IMHAMHKA BO3-
HUKHOBEHHsS] M Pa3BUTHS 3aTHIUMIL, NpeBapsIOIHX
cunbHble (M 2 6.8) 3emneTpsiceHHs. Y CTaHOBJICHO,
4yTo Hamboiee ApKHE 00JacTH aHOMAIbHO HH3KHX
3HAYCHHIT MHTEHCHBHOCTH CEHCMHYECKHX COOBLITHII,
MnpefBapsis CHIbHbIE 3eMIETPACEHHS, XOPOILIo KOp-
PEJIUPYIOT B IPOCTPAHCTBE H BPEMEHH C MONOKEHH-
eM ux anHueHTpoB. [Ipu aToM nonydena cienyrouias
cTaTHCTHKA oOHapyxeHus 3artuumii ¢ 1989 r. mo
uioHb 2002 r.: B § cayvasix cuiibHblE TOMYKH IpejiBa-
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PAIHCE 3aTUILBLAMM, @ B IBYX CIyuasX He NpejiBaps-
Juch (POIYCK LENH), U, KPOME TOrO, B OJIHOM Clly-
yae 3aTHUILE OBLIIO CBA3AHO C CepHell yMEpPEeHHBIX
semieTpscenuii (M = 6.2-6.6).

ITo cocrostumio Ha 01.07. 2002 r. Ha uccneryeMon
TEPPUTOPHH BbISIBJIEHDI IBE 30HbI 3aTULILI: B paHo-
He Mbica Ipumo (0-B XOKKaiijio) 1 B paitone n-sa M-
3y (0-B XoHcr0). O6e 30HbI BO3HUKIN B 1998 T. 1 Xa-
paktepusytorcss 100%-HbIM CHHXKEGHHEM CKOPOCTH
ceficMuyeckoro npouecca (M 2 3.8) B o0 beMax pazme-
pom npumepro 21 x 21 x 100 km 1 50 x 70 x 100 km,
COOTBETCTBEHHO. PailOHBI 3aTHIILS JTOJMKHLI CTATh
00 beKTaMH NPUCTATLHOIO BHUMAHHS CEHICMOTIOTOB C
LIeJIbEO PEFUCTPALMH [IPYTHX IPefiBECTHHKOB BO3MOXK-
HbIX CHJIBHBIX 3EMIICTPSICEHHUIL.

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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to Large Japanese Earthquakes

I. N. Tikhonov
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The Wuemer-Wyss ZMAP technique for mapping seismicity quiescences has been modified with a view 1o us-
ing it in a larger area in near time. That problem is solved in two steps: (1) detecting quiescences on a rectan-
gular grid with a moderate number of grid points: (2) estimating the configuration of quiescent areas on a more
detailed grid within the locations where they were detected. The IMA earthquake catalog for a 28.5-year period
(1974-2002) was used to derive a map of quiescences. It is shown that the appearance of the best-expressed
anomalous areas precedes large (M = 6.8) earthquakes. Eight such events recorded during the period 1989—
2002 were preceded by quiescences, two were not, and one quiescence was related to a swarm of moderate (M
= 6.2-6.6) carthquakes. Up to July 1, 2002, two quiescent zones had been identified in the area of study: Cape
Erimo, Hokkaido and Izu Peninsula, Honshu. Both of these appeared in 1998 and had a 100% decrease in the
rate of M = 3.8 events in volumes of about 21 x 21 x 100 km and 50 x 70 x 100 km, respectively.

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi
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B cooluienun omucan 9KCnepuMenT, B KOTOPOM
Brepsble Obla oTpaboTaHa cxeMa KOMOHHHPOBaH-
HOTO IIPOTHO3a 3eMJIETPSCEHHIT, OCHOBAaHHAs Ha JI0J1-
rOCPOUYHOM [IPOrHO3e, € OonpefeneHHeM o0macT
MOJATOTOBKH 3CMICTPACCHUA, €0 MarHuTy/[bl, I'1y-
OHHbBI 1 ONEPATHBHOM TPOTHO3€ Ha OCHOBE THIpPO-
AKYCTHYECKHX JIaHHBIX, MONYUYCHHLIX IMPH MOJEBLIX
HaOJIOICHHSAX B PailOHE TIPEANONaracMoro coobITHS.
Hcnoab3oBaiach NEPEBHIKHAA TOJIEBad CTAHLUA,
KOTOpas NapaliellbHO (PUKCHPYET MHAPOAKyCTHYE-
CKHE U CeHCMHYECKHE CHIHAMbI B 00MacTH MNoAroToB-
KH CHIILHOI'O 3€MJICTPACCHHA.

18 aBrycra 2006 r. B 2 4 20 MHH 0 CaxaJIHHCKOMY
BPEMCHH 1LIPOMU30LLIO 3CMJICTPACCHHE C MHI'HH'I‘YJ.lUﬁ
5.6 Bonu3u noc. lledynnno Xonmckoro paitona Ca-
XanHHCKOH oOnactH (puc. 1). 3emierpscenue npo-
H30LLTO Ha PAHHIIC 30HbI CEICMHYECKOTO 3aTHIIIBSI.
[MapameTpsl 3TOTO 3eMIeTpACEeHHS 110 LU POBOIL ce-
TH ceficMHUecKUX cTanuuil CaxaJuHcKoro (puiHana
I'C PAH cnepyromue: Bpems B ouare ) =2 4 20 MuH
37.8 ¢, reorpadpuyeckne KOOPIMHATEI AMULEHTPA (=
=46.45° c.ur, A =142.11° B.ji., ryOuna ouara =8 KM,
martutyia M, = 5.6 (mo passbiM [eonornueckoit
cyxGul CHIA maruuryna M, = 5.6, h=32.6 km).

B 2005 r. B xofile aHaNM3a MPOCTPAHCTBEHHO-BPE-
MEHHOTO pacripe/ieNieHns 3emneTpscennii tora Caxanu-
Ha [3] Ob1710 YCTAHOBJIEHO HATIMUHE B XOJIMCKOM pafio-
HE celcMMYecKoll Opelii nepBoro poja (1Mo KpymnHbIM
3eMJIETPSICEHHSIM) M AHAJIOTHYHOI Gpern BTOPOro po-
71a (1o cnabbIM coOBITHAM) (pHc. 2). [IaHHbIE TIPE/IBECT-
HHKH TIOCTYKHJTH OCHOBOH JUIA NPeJIcTaBeHus 22 fie-
kabps 2005 r. B Poccuiickuil aKcliepTHBIH COBET 110
IPOTHO3Y 3eMJIETPACEHHIl, OlLeHKe ceHCMHYecKOoN

Hucemumym mopcekoti 2eonoeuu u 2eousuxu
Haavresocmoynozo omoeaenus

Poceudickoii Akademuu Hayx, 0xucro-Caxaaunex
Hucmumym oxeanoaoeuu um. ILI1. Mupwosa
Poccuiickoti Akademuu vayk, Mockea
Creyuanbhoe KoHcmpyKmopcekoe 01opo cpedcms
ABMOMAMUIALUL MOPCKIX UCCAC00BAHIL
Haaviesocmounozo omoeaenusn

Poceuiickoit Axademuu nayrc, 0xcrio-Caxaauncr
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onacnocTH 1 pucka (P3C) ponrocpounoro npornosa
CHITBHOTO 3eMIIeTpsiceHHs B paiione r. Xonmck. Bei-
JTH 3asIBNIEHbBI CIEAYIOIIE OLEHKH NPOTHO3HbIX Napa-
MCTPOB: JIaTa Havyajla i KOHIa TpeBoru (sueapb 2006 —
utonb 2013 r.), marnuryjia 6.0-7.2, rnyouna 0-30 km,
Taknm 00pa3zom, IPOrHO3 JIaBal BO3MOKHbIH HHTEP-
BaJl BO3HHKHOBEHHA COOBITHS B TeueHHe 7.5 neT. [lo

142.2°

141.9°

142.5°  142.6°

47.2°F

47.0°

46.8°

46.6°

46.4°

46.2°F

46.0°

* ONHLEHTD 3eMIETPACEHHS
A Mecto pacnonoxeHns craHuuu

Puc. 1. Kapra wro-3anagsoit wactn Caxanusa, oTMmeve-
HbI IMALCHTP 3CMICTPACCHHA 1 MCCTO NMOCTAHOBKH CCi-
CMOTH[IPOAKYCTHYECKOH CTalIHH.

Hsan Hukonaesuu Tuxonos. Bonpocwl ceticmonozuu. M36pantvie mpyobsi
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Puc. 2. Monoxenne ceilcMuyeckoi GpeLin Nepsoro poaa (3amwTpuxosansas o61acTs) 1 OpeLn BTOPOro pojia (OrpaHnieHo
NYHKTHPHON JHHKEN CnpaBa), 3Be3/04Ka — MHUeHTp 3emaeTpacenns 18 asrycra 2006 r. ¢ marauTynoi M = 5.6. TTokasaubl
O4ars H3BECTHBIX CHIbHBIX 3eMICTPACCHHIT (3JIHIICHI), CHPaBa — JMHUEHTPbI KOPOBbIX 3eMueTpsacenuii ¢ M= 3.0 3a 1993—
2005 rr. no aanabiM ciuctembl “IRIS-27 1 cetu ceiteMnueckux cranumit “Datamark”.

BhIlIIeYKa3aHHOMY TiporHo3y POC pan monoxurens-
HOE 3aKJTIOYCHHE,

OpHako Ji7id pealbHOTO Mpeynpesk/IeHns Hace-
JeHus u s p3aumogeiicteust ¢ MUC PP neobxoau-
MO UMETDb ONlepaTHBHBII NPOTHO3 3a HECKONBKO Ya-
COB JI0 COOBITHS, T.€¢ HEOOXO[MMO BBIJIEIUTH HAUAIO
KPUTHUYECKOM CTaJUi TOATOTOBKH 3€MJIETPSCEHHS.
B paGore [1] mokaszaHo, 4To B IpoLecce MOATOTOBKH
3eMIIeTpsICEHUIT 0Opa3yeTcs MPHIOBEPXHOCTHAS [IH-
JaTaHTHas 00J1acTh, PacloOKeHHas Hajl 04aroBon
0071acThI0 M NPHUMBIKAKOIIAS HENMOCPEACTBEHHO K
BEPXHeil rpaHulie TBEPOH Cpefibl, B KOTOPOH TaKkXke
IPOMCXOUT Npolece 00pa3oBaHHs MEJKHX TPELHH,
NpEe/ILIECTBYIOLINX OCHOBHOMY pa3pbiBy. B pabGorax
[4, 6] moKa3aHO, UTO BLICOKOUACTOTHBIE AKYCTHUECKHE
CHTHaJlbl, BO3HHMKalOIMe B mpolecce 0oOpa3oBaHHs
MEJIKHX TPEIIHH B MPHIIOBEPXHOCTHON IUNATAHTHON
30He, OBICTPO 3aTYXaloT B TBEPAOH cpefie B He (PUKCH-
PYIOTCS Ha3eMHBIMH CTAHUHAMH, HO MOTYT PErHCTPH-
POBATLCA THAPOAKYCTHUECKHMH NIPHEMHHKAMH B BOJI-
HOM CJIO€ 33 HEeCKOJILKO YacoB JIO TJIaBHOTO TOJYKA.
AHanornuHble pe3ynbTaThl (B APYrHX YacTOTHBIX [Ha-
na3oHax) ObUIN nony4eHsl B padotrax (2, 3].

l'ujipoakycTHYECKHE NPHEMHHKH, PaclONIOXEH-
HbIE B BOJJOEMaX Ha cyuue (o3epo, Gacceiin), BOCIpH-
HUMAKT CUTHAI HE M3 04aroBoit 30HbI OYIylLIEro
3€MIIETPSICEHNS], @ HEMOCPEICTBEHHO OT OKPYXaio-
el BOJOEM IOPOJibI, B KOTOPOIl MAET HPOLECC aK-
THBHOTO TpeluuHooOpasoBanus. Pasmep Takoi o0-
JIACTH NOATOTOBKM COOBITHS COTNIACHO PSY OLEHOK
MOXKET J0XOAHTD 10 400 KM.

B cB3M ¢ HanMuneM JIONArOCPOYHOrO NMPOrHO3a
Jis XOJMMCKOTO paiioHa, a TakKe MPOsIBICHHS KpaT-

Usan Hukonaesuu Tuxonos. Bonpocul ceticmonozuu. M36pannvie mpyosi

KOCPOUHBIX NPE/IBECTHHKOB (BBIIETICHHE Ta30B, aK-
THBH3ALMs FPA3EBOro ByJNKaHa Ha tore Caxanmuua) ¢
cepenunbl aprycra 2000 r. B 3aMKHYTOM BOJOEME
BOnu3K r. Xonmcka (paiton p. Manka) Obl1a ycra-
HOBJIEHA IEPE/IBHKHAS CTAHLMS MapanienbHol 3a-
IIHCH CECMHYECKOT0 U THIPOAKyCTHYECKOTO CUIHA-
JOB JUI BBIIETECHHS HMIYJIbCOB, TEHEPHPYEMBIX B
KPHTHYECKOI CTa/{Hi NOArOTOBKH 3EMJIETPACEHHS 3a
HECKOJIBKO JIECATKOB 4acOB JI0 OCHOBHOI'O TOIIYKA.
['ujipoakycTHyecKne IPUEMHUKH ObLIH pa3sMELLEHbI
B BOJIOEME H COEJIHHAIMCH KaOeneM ¢ cucTeMoil cOo-
pa JlaHHbIX, KOTOpasl TaK e, KdK W CelcMUYecKas
IOJICHCTEMA, pacioaraiachk Ha cyue. KoopauHarsl
cranuun: 47.117° cau. w 142.096° B.a. Mecro ycra-
HOBKH CTAHLIMH SBJIAECTCS 3aKPbITON OXPaHAeMOil 30-
HOW M BEPOSTHOCTh PErHCTPALMH AHTPOIOIEHHBIX
CHTHAJIOB HE3HAYMTE/bHA. PaccrosHue 10 CTaHUuK
OT 3MUUEHTPA 3eMIeTpAceHHs 61 KM.

Ceiticmorupipoakyctiyeckas craHuys Oblia pa3pa-
6orana UMI'ul' IBO PAH, CKb CAMHU [IBO PAH
(I0:kno-Caxanunck), MO PAH u OO0 “Teollpu-
6op” (Mocksa). CraHuus BKIto4acT B ceds cericMuye-
CKYIO, THPOAKYCTHYCCKYIO TMOJICHCTCMY M CHCTCMY
cBopa faHHbIX, 06Uy 1 06cux nogeucrem. Ceit-
CMHYECKas MOJICHCTEMa Pealn30BaHa Ha OCHOBE MO-
JeKyIsapHo-3neKTponHoro ceitcMomerpa CME 4011
(paspaboTka u usrorosicuuc M®TH, Mockga).

I'mpoakycTuyeckasl NOJICHCTEMA pealli30BaHa
CKBb CAMMU JIBO PAH u BkntouaeT B ce0s1 iBa pas-
HECEeHHBIX Ha 25 M JIPYT OT Apyra rufipo)oHa Kpyro-
BOro 0030pa M YCHIHTENbHbIH MOnyib. CucTeMma
cOopa JIaHHBIX pealn30BaHa ¢ UCTONB30BAHHEM MO-
nvas E440 npouseopcrea 3A0 “JI-Kapn” (Mockga).
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Puc. 3. Cepust LYTOB ¢ CHTHAIAMH, 3aPETHCTPHPOBAHHAS NEPBLIM THIPOAKYCTHUECKHM KaHAOM CTAHIMH (a); G — OIUH LYT H3
NPEICTABIEHHOM CEPHIT; B — OJHH CHIHAM 03 HAYANbHOI yacTh uyra. Ha Bcex ¢parMeHTax 1o ropu3oHTanbHOI OCH — KOTHYe-
cTBO 0TcueToB (AmuTenpnocTs orcuera 0.005 ¢), no BepTHKaNLHOIN ocH aMIIHTYAA cirHana B MB, Tlpumep B3aT n3 anucn 3a
17.08.2006, nauano 3amicu 1:30:00 (Bpemst no ['punenuy), Hauano pparmenra a g 01:30:30, ero gnurensHocts 2 v 53 MuH n

20c.

OTa craHuus paspalaTbiBalach Kak lepejBUxKHas
nojeBas CHCTeMa, KOTOPasi MOXKeT YCTaHABIHBATHLCS
B MecTax, rje npenoiaraeTca MOAroTOBKa 3eMJe-
TPsICCHHIT, U C MOMOIIBI0 KOTOPOIH BO3MOKHO OCY-
IECTBICHAE ONEPAaTHBHOIO MPOTHO3A.

CejicMHUeC