NMPOAYKTUBHOCTb B PAMKAX
ETAS MOAE/IN
rrMOJIHAH

“3aKOH NPOAYKTUBHOCTM 3eMJIeTPACEHUIA onpoBepraeT
obwenpuHATbIE A0 CUX NOP MogeNn CEUCMUYHOCTH
B BUAe BETBALLMXCA CTOXaCTUYECKUX NPOLLEeCCOoB,
HO AaeT YeTKMI 1 NPOCTOi NyTb ANA UCNpPaBaeHUsA
Takux mogenen”

[ K 30-netuto UTN3 PAH, ctp. 11, 2019]



3AKOHDbI npoayKTnBHOCTU

NPOAYKTHBHOCTD COOBITHA 11, : YHCJI0 HHHIHHPOBAHHBIX HM COOBITHH
v, (my)— # {npavsie MOTOMKH m =m,—A{ -ARPOOYKIMUBHOCIND
V.im,)— # { 6ce NMOTOMKH m =m,—A} ROJHAA ANPOOYKIMUGHOCHIb

I. (Shebalin et al, Geophys. J. Int, 222, 2020)
P(v, =n)=p"(1-p) (Geometric distribution)

II. (Illedanun u op.JAH 481:3 2018)
P(V, =n|m, -T1.co0bITHE}) = p" (1 - p)



Haomoaenus: v, (m,-TJIaBHOe COOBITHE)

C.ConoBbe & O.CogoBbeBa (1962)-
G-pacapeneiienne
T=1954-1961 PacificBelt (m, ~ 7:A=2)

Kamuarka-Kypniasel (m,~ 6:A=2).
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Kagan (2010):

Frequency

PDE (1977-2007), m,=7.1-7.2-
OHMOJIAJIBHOE pacHpene/leHHe

O T nn

0 5 10 15 20 25 30 _35 40
Number of dependent events




Shebalin et al. (2018):

ANSS (1975-2018) m, >6.5.A =2
G-pacmpegeseHHe
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Haoawaennsn: v, (m,- Jrwdoe codbITHE)

Shebalin et al
Geophys. J. Int, 222,2020
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Figure 1. Earthquake productivity in the worldwide catalogue. Dots show
the distribution of the number of triggered events for M > 6.5 earthquakes
using a relative magnitude threshold AM = 2. The solid line is the expo-
nential law with parameter A», the mean number of triggered events derived
from the data. The histogram shows the Poisson distribution with parameter
A>s. Inset shows the cumulative productivity distributions for primary and
secondary triggering events.



Hao/moaernn: v, (m,-modoe coObITIIE)

Zaliapin, BenZion,2016

(b) A-analysis, A=2
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(c) Regular analysis, mainshock m< 5
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Figure 8: Distribution of cluster size N in regions with high (H > 0.2, red solid line) and
low (H < 0.2, blue dashed line) values of heat flow. For families, the heat flow value is
estimated at the mainshock epicenter. The y-axis shows the survival function S(N) =
Prob.[cluster size > N]. The lines that correspond to power laws S(N) «« N ™ with indices ¢
=1 and ¢ = 2 are shown for visual convenience. (a) Regular analysis, all clusters. (b) Delta
analysis with A = 2. (¢) Regular analysis, clusters with mainshock magnitude m < 5.



3AJAYA

Mamno:

1) v (m,) - G pacnpedenernue (Ilyacconeé ETAS ymooenu)

2) CIL-TI}HHE}]HEJIHIfHE}J'HCIIEJ'EC}EJTEHHH VJ(FHI}] —aﬂ'ﬂ HpﬂIH{FﬂJbHM’X 1
QOMUHUPYIOW{UX COOBIMIU

IHeab:
-pactiupums Kiace ETAS nooenein
-noHANs (2) Hamooenax ETAS



ETAS mopenb

Ilone cayuannsix coovimuil x = (t,g.m)

TpaduyuorHoe onpedeneHue wepes yciosHyo UHIMEHCUEHOCHTb

Ao, 1 1(x,) < 1(x) = u(g(x) fi(m(x) + 2 A(m(x,))p(x
p(xfxo) = film) f2(t — 1) £3l(g — go)lm,]

x,)

A(m) =2e“" . mz=0 -KonuA 3aR0HA YTCY 1A Aa(PpTePIIOKOB
film)= Bexp( —pm) y m=03 3> -3aKk0H I'vrendepra-Puxrepa
[y =(p-D(t/c+D)F /e - KonuA 3akoHa OMopH 174 aPpTepIIoKoB

NB. PllCHllE,E[EHEHHE F IHPAMBIX NOTOMKOE CKPBLITO B OoIIpeIJe/JI€eHHH 1
IO3TOMY BOIIPOC 0 €10 BH/I€ He CTABHJICH



ETAS (F):

HAUATLHOE COOBIMILE x, =(t,.g,.m,)

U
1-0e noxo.iexue ft.gm)y  (t.g.m)y .. (€.&M),pyt (A)
nocaedyoue NOKoIeHUA AHAJOTHYHBI i1t [aw W He3ABHCHMBI

Pv(im)=n)=F(n) Ev(m)=A(m)

Ipu puxcupopansHom V(7;) codbITHs (A) He3ABHCHMBI H
pacnpexeieHbI COIIACHO:
P(l'|-'fc] = film) f(t —ty) f3l(g — g.;).|m]

EA(m) <1 - yc/10BHE KOHEYHOCTHI KJIacTepa



Ceolicmea ETAS (F)

1. ETAS (F =P)=ETAS (P-IIvaccon)
2. F=P niaun G — 1o pacnpegeaeHdi v(m,) 0 v, (m,) 0JHHAKOB +
Ay (my) = A(my)F,(m, —A)/F,(A) F(x)= _f;ﬁ(u)du (1)

A (m,) = Ae*Pre™P=ame| = Je'™ He 3aBHCHT OT m, < a =

a=p

— ETAS (G) coxpaHsier 3akoH YTcy n G-pacnpegeienne aiasa V. (")

3. ETAS (G, A(m) =A)=ETAS*:
- HeT 3aK0HA YTCY

_ Ay(my) = AF,(my —A)/ F,(A) 3aggenTrorm 75



OCHOBHOMU PE3YNbTAT

ETAS: F=P wm G;_/i(m), /; (1), f;(g|m) -mo0p1e
0 < A(m) < o HeyOBIBaIOINAA (PpYHKINIA, EA(m) <1

a) A PUKRCHPOBAHHOI/ CIIYHAIHON HAYAJILHON MATHHTY,IbHI
V, 1 A(m)NMEKT O0JIHAKOBOE YIIC/ 10 KOHCUYHBIX MOMEHTOB

N () =N(2)
b) mast ocrosrnozo monuka N (V) ==

-ecJI "y (PIIRCHPOBAHO

- eCJIH 7 CITyUAiiHO + /’L(fﬂ)fﬁ (m—-x)dx<C

¢) m, ocHOBHOI To.TU0K B ETAS (G) kimacrepen f,(m).> 0 =
V,(m,) He MOKeT IMeTh T'eoMeTpPHUeCKoe paciipe/ie/ieHile 1151 JT000ro A €

(0.my) VA,



CNEACTBMA

1.B moagenax ETAS (P/G) cs3aronamu Utsu u GR (a <.3)

o om - A
NAD<al/pn ,.-t(m)ju film—x)dx <C
= V, HM€ET JIeCKUIl X60CHL OJIA AMEPUIOK06 1 MAXMCEbII B 00IIEM CIVIAe

(KaR B peaJIbHBIX JAHHBIX!)

2.ETAS(G,2=0)=ETAS*= V, HMeeT TOJbKO JIe2KIUE X60CHIb]
3. G-3akonbl 1A Vs B Vi HecoBMecTnMBbI B oqHoil ETAS Moxe/n

Iouemy xeocmol ecKue 014 apmepuiokos?

OCHOBHOI TOJTIOK PUKCUPOSAHHOI MATHUTYABI 11 CYARAET JTHANA30H
MATHHTYV/ 10 KOHEeTHBIX PA3MePOB, I/1€ /() HMeeT BCce MOMEHTBL.
Ecan m ciiyuaiiHo, YTBepRIeHHe HeTPHBHAJIBHO.



Master equation

1) IlpomsBoJibHOE HAMAJIbHOE COOBITHE

vimg)
N, (my) =, Zl {N,(m)+[m, = M]}
N,,(m,)="HCJI0 COOBITHH m > M B KJIACTepe ¢ HAYAIOM
{m.,i=1,.,v(m,)} COOBITHS MEePBOI reHePANHH

N, (m,)He3aBHCHMBI IPH PHKCHPOBAHHOM v (1)
V.im)y=N__(m).mz=A.

2) ETAS(P/G) kimacTep 171l 0CHOBHOIO TOTMKA

= ETAS(P/G) kiacTep ¢ HOBBIMI XapaKTepHCTHKAMM

f,(m) = f,(m)/F,(m,).0 <m<m,

1 JF =P

A(m) = ﬁ(m)Fl(mo){(lJr;L(m)Fl(mo N L.F=G

3) £~ G2 ES(E-DIES) =2
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ObcyxKaeHune

T]}}-’,]HI}CTH 000CHOBAHHA 3AK0HOB HPOAYRTHBEHOCTH:

-Aexknacmepusanun
40% coOBITHI ACCONHHPYIOTCA € IYRKHMH POJHTEISAMH
(Zaliapin &Ben-Zion ,2013)

-ppexmocpedneniin
VepeaneHne YRCIOHEeHIHAIBHBIX pacpe/ie1eHHI
COXpaHsAAeT MOHOTOHHOCTD, HO He COXpPaHAeT THII

- OUMOOATLHOCHL B IpHMEpe Karana njs V,

-Hecoeémecmrocny G-3aK0HOB A Va H Vi oauoini ETAS Mogean

Cradwiit 6apuanHm 3aK0Ha nPoOYKMUSHOCMU YV,

Jlerkme XBocThI A1 ahTepIIOKOB U TsKeJIble s IPOI3BOJILHBIX
k1actepoB. (TN pacnpleeseHun v He BaskeH)

BOHPOC: Va pacapeaesjicHe 1Jid KIacTepoB ¢ MaJIbIM TCILTOBBIM IIOTOKOM
Mo JAaHHLIM Zaliﬂpin, BE’ﬂZi(?H, 2016



