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Modelovani

\ \ 0% , _
@ Rovnice V7T Vet V-(pou)Vipg—=V(ppVpp-u) = P ——= pohybova rovnice
V- (Ve tdnGpou) = 0 " Poissonova rovnice
AV ol 40 [ Vu + (V)] = . o
voultp [vw(vu) } " reologicky vztah

u - posunuti
¢ - prirQstkovy gravitaCni potencial
T - prirQstkovy tenzor napéti

A and 1 - Laméovy parametry télesa

@ Sféricka harmonicka dekompozice u(r)=>_ @,nmsgmp Vo (1) S, + Wo () S10),|
nIm — ~——
sféroidalni cast toroidalni cast

7(r) = Y F(n)Ya(v. 9)

@ Diskretizace pomoci schémat s pseudospektralni presnosti v korfenech CebySevovych
polynomd.

@ Vlastni problém {é ﬁ] [;] . [ /\(;[] =) (A-BD 'C]Y=)\Y = Z--D'CY

- vektor Y obsahuje posunuti na vnitfnich bodech vrstvy
- vektor Z obsahuje potencial a posunuti na hranicich
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Hranicni podminky pro sféroidalni kmity

pevneé U, =0,
rozhrani Va5 =0
i.
[Trn) = [fﬂf; + %(2(;” VT ”)] — 0
[Tr‘r»'.n]j: = [,“ (1?: - h + L‘I”)] =0,
r r /]
[F.]T =0,
[F! 4 47GpoU, )" =0,
kapalné U] =0
rozhrani | A +
[TF‘F‘--’?]-*- = [-d("’r}fz + T (2[/‘23 - —\Tlrn)] = (),
V—n ("'rn -
[Tro.n]” = 1 (‘-"}f -t T) =0,
[F,]" =0,
[F! + 47GpoU, " =0,
volny
povrch Torn = BU, + :—\ (2U, — NV,,) = 0,
dv, V., U,
Tm’ n =/ - — — — | =0
g K ( dr r * r )
_ 1
Qn=F + 2 F, + 4nGpl, = 0.
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Vliv podminky na kapalném rozhrani

Potreba dodat jednu podminku z kapalné strany
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@ Ztotoznéni V na hranici se sousednim bodem
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Frekvencni zavislost vlastnich kmitd

Frekvencni zavislost seismickych rychlosti v PREMU

V(1) = %(1)-(1- 27 g, )
Ve(T) = Vp(l)-{l —-h}.;rz[(l —E) qx +Eqp]} E=%(V5/Vp)2

Oprava vlastni frekvence na frekvenci modelu zavisla na faktoru kvality
dwy = wQ ' In(w/wy)/m
Faktor kvality zavisly na vlastnich funkcich
Q7 =27 [ (koK) Q" + (o) Q5 dr

Vlastni funkce mohou silné zaviset na frekvenci modelu
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Periody PREMu: 1024s, 256s, 64s, 16s

Frekvencni zavislost vlastnich funkci
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Frekvencni zavislost faktort kvality
Periody PREMu: 1024s, 512s, 256s, ..., 8, 4s
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Identifikace a interpolace vlastnich funkci

Vypocet na nékolika periodach: 1024s, 512s, 256s, ..., 8s, 4s
Mddy mohou byt prohdzeny — malé Q => velké dwq = wQ " In(w/wy)/7
Porovnani rozdilového integralu — identifikace

/ C(AU? + AV?)pr2dr

JO

Interpolace 712 >1 > 11

log (T} + 74)/2 — log T o T — log 1

F=T+ logT2 —logT'1 (12 —1h) U=Ui+ log T2 — log1T'1 (U2 = U1)
kontrola
logT —logT'1
Q=0CQ1+— - (Qo2 — Q1)

! log T2 —logT'1
Q7 =27 [ (oK) Q1 + (oK) Q5]
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Frekvence a faktory kvality

srovnani do 250mHz
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° Zrychleni

@ realna odezva aparatury (pro rotacni, elipticky, anelasticky model)

a(x,t) = Z A i () cos {nm (1 +a+bm + ch) t} exp (—nYit)

nim

nw - neperturbovana frekvence multipletu

nYl - Utlum multipletu

Koeficienty A,,;;» (x) dané:
- obecnym momentovym tenzorem
- pozici zdroje a prijimace (epicentralni vzdalenost, azimut)
- vlastnimi funkcemi ve zdroji a na povrchu
- korekce na volny vzduch a naklon (nutné zahrnout diky pohybu pristroje
v grav. poli)
@ Stépeni v disledku rotace, elipticity a lateralnich nehomogenit
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Syntetické seismogramy
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Tri komponenty syntetického akcelerogramu

Z — vertikalni
T — transverzalni
R — radialni

Zdroj — GCMT resSeni pro 2010 Maule
Sféroidalni a toroidalni médy do 40mHz
-~ MINEOS

-+ Nase

T (Loveho viny) — toroidalni mody
Z, R (Rayleigho viny) — sféroidalni mody
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» Data

@ zaznamy ze supravodivych gravimetr( v ramci Global Geodynamics Project

http://www.eas.slu.edu/GGP/ggphome.html

@ sbér dat po vyznamnych jevech (Sumatra 2004, Maule 2010, Tohoku 2011)

- sekundova i minutova gravitacni data, atmosféricky tlak
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» Data

@ sekundovy zaznam gravitacniho zrychleni a atmosférického tlaku ve voltech
@ potreba odstranit vliv:
@ atmosférického tlaku

- faktor zavisly lokalné i frekvencné : (-0.27 — -0.43 pGal hPa™)

@ slapy (modelem nebo filtraci)

@ trend
Filename : PE110300.GGS
Station : Pecny, Czech Republic
Instrument : GWR 0OSG-050
Time Delay (sec) : 8.8600 0.0200 measured
N. Latitude (deg) : 49.9137 0.0001 measured
E. Longitude (deg) : 14.7856 0.0001 measured
Elevation MSL (m) - 534.5800 0.0500 measured
Gravity Cal (uGal/Vv): -73.3500 0.0200 measured
Pressure Cal (hPa/V): 1.0000 0.0060 measured
Author : vojtech.palinkas@pecny.cz
yyyymmdd hhmmss gravity(V) pressure(V)
C xxxxxxxxxxxxxxxxxxxxxxxx AAAEXXAXAAAXAAAAXAAAAXAXAAAAAAAAXddd*k
77777 0.0 0.0
20110301 000000 0.313755 962.6310
20110301 000001 0.303011 962.6290
20110301 000002 0.297373 962.6270
20110301 000003 0.303552 962.6220
20110301 000004 0.319019 962.6200
20110301 000005 0.333299 962.6180
20110301 000006 0.336057 962.6180
20110301 000007 0.325090 962.6200
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Primé urceni faktoru kvality z dat — radialni mody
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° Radialni kmity — Maule 2010, Tohoku 2011

0S0 — 450h zaznamu, 150 — 170h zaznamu
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(Zabranova et al., GRL, 2012)

Figure 1. The triangles represent the SG sites used in this study. Red ones were employed for both events, white only for
the 2010 Maule earthquake and yellow only for the 2011 Tohoku earthquake.
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Urcovani faktoru kvality ze syntetiky — sférodialni mody
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» Soucasné urcovani Q a CMT z dat

Zrychleni pristroje .
a(Xp, Xs, 1) = Y Ap(Xy, Xs) cos(wpt) exp ——A
) 2Qk
- momentovy tenzor, epicentralni vzdalenost, azimut
- vlastni funkce ve zdroji a na povrchu
- korekce na volny vzduch a naklon
A (xe, Xs) = M 1 ep(xs)sk(xy)

volba bazovych momentovych tenzorl

jl 1M _:ll A
M = M,, G, + 1”2 Lee Gy 4 MoGy + MGy + My, Gs

G1=(1,-1/2,-1/2,0,0,0) Mody do 1mHz izolované ve spektru
G2=(0,1,-1,0,0,0) G, Gy Gy Gy G
] S, 0.007 0.045 0.0015 0.0015 0.045
G3=(0,0,0,1,0,0) 0Ss 0.671 0.165 0.0000 0.0000 0.165
G4=(0,0,0,0,1,0) 0Sy 0580 0.204 0.0010 0.0010 0.205
S, 0.404 0.282 0.0159 0.0159 0.282

G5=(0,0,0,0,0,1) b - -

050 1.000 0.000 0.0000 0.0000 0.000
0S5 0.553 0.221 0.0024 0.0024 0.221

(Zabranova and Matyska, PEPI, 2014)
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Trade-off mezi Q a Mrr
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Data — syntetika: dlouhé zaznamy

Maule 2010 Tohoku 2011

—21) ;’f\ olss:;

E15 3
h —m "s 3

/o N\ i ,/, s

15 7 084520 0853
/ \ 45 N E

10 E3 3
/ =10 / 3

5 / W E
pi WoOES PES
RS - , — =

_.
o
@
!
A
o
~

F)
o
7
il

=]

S

-
Hoy

tn
=
4t

=

=
=

(=]

w

w L L
I|||||||||| [N B IR B SETET I A A
=

=

[=]

[ 7]

-

5
(=2 -
8
L
[=]
—
=]
R
L
o

Lo
W
Lo
3
|
T
(%3]
-l
[
——
—
L::::"-
|
T T
-
n o
i | |

amplitude (nGal)

“amplitude (nGal)

' ' 4 |
] . -
] sz} 0531
] | o )/ 3
S cal A | \«. AEE SN 5 /00 5 7 N cal
: SR "ﬂr Lo —+ = N S
0

s3f15 N 0S4FR0 /‘\ uss—:
r T _15 §
10 i

& '{:- x

Jp .\, \5

5 osa—;—
is -2
=10 3
E 5 3

(4]
1
T
[44]

=
o
(=]
w
("]

Il

T
=
=
>
=]
w
s

|-"'|-
] ;
L=
I
':\L‘ m
TS
<
A
£y
Il |

4
=
(=]
8] } - -
||I|'||||||||||||||||||||||||l||||||
t
[=]
o
7]
[
|
ot
=

[54]
1

I T _I.
(53] (=]
3
| - 1=
1 \ g_ __
PP ISP N (PP B | LT PRV, B WOURTOL. I AUPTRTUTL. & PR B AR TIUL. B APPOT
T T T T T T T
A L LA AR
@ g o1 S o Qm- ] 1
; _ | ! B
o =}
( 73 7t
j 1 | 9
HHHHHHHH T

L i M L L L 1 L E L1 E
0.46 0.48 0.64 066 083 0.84 0.85 0.48 0.64 066 083 0.84 0.85

frequency (mHz) | _ frequency (mHz)

19.11.2014 Seminai katedry geofyziky

20



> Sferoidalni mody — Tohoku 2011

@ spolecna analyza sféroidalnich médl do 1mHz o
pouzite ctyri sady Q

z ,kratkych zaznam("

T[s] Qo Qi Q2 Qs QoT/2 [h]
@ A A > A S 3234 510 496 + 16 525 477 + 177 230
z_byle d\{e slozky movmentoveho tenzoru e b mact s amiia Da
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0S5 1190 356 350 £ 16 350 364+ 5 59
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L ,PS2 I ps2 —409 €
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1.6 <+ *psl - ';:g @ modra Q2 — Tanimoto et al. (2012)
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» Sferoidalni mody — Maule 2010

@ spolecna analyza sféroidalnich modd do 1mHz

z ,kratkych zaznamd"

pouzité Ctyri sady Q

T [s] Qo Qi Q Q3 QoT/2 [h]
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oSs 1190 356  350+16 350 364+5 59
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=
_ - 1"'1?32 1 dos gz
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: — o P = :
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Et 10 r .
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Maule 2010

Data — syntetika: 60h zaznamy

Tohoku 2011
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Zaver
Metoda na vypocet vlastnich kmitQ

- otestovana proti softwaru MINEOS
- pouzita v submilihertzové oblasti pro inverzi gravimetrickych dat

Staticka deformace a zména grav. pole v epicentralnich oblastech
- sumace modtd do vysokych Ghlovych a modalnich cisel

- velké rozliseni u povrchu

- odpada problém s frekvencni zavislosti médd

- problém s 3D strukturou
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