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O cem si dnes budeme povidat

* Co je zemétreseni

» Zakladame seismickou stanici

* Datova centra, jak ziskat data

» Stanice MFF v Recku

* Jaderné vybuchy

* Vyznamna zemetreseni (Ateny, Tohoku - Japonsko, Turecko)
* Predpovidani zemétreseni a ochrana pred nimi

* Hadanka na zaver



Jak popsat zemetreseni?

U; = (j mpqu) * Gip,q = Mpq



Clenéni zemétieseni
( prirodni x vyvolané clovekem )

* Tektonicke
pohyb dvou horninovych bloku
* Sopecne
otresy spojené se sopecnou ¢innosti
* Ritivé
dulni zavaly, sesuvy svahu, dopad meteoritl

* Exploze

dulni a primyslové odpaly, jaderné vybuchy

strike  strike-slip faulting
hanging wall block

normal faulting dip

reverse faulting
footwall block

© 2015 Encyclopaedia Britannica, Inc.

helicopter vibrations

tectonic fault



https://www.youtube.com/watch?v=92j-gUYJ184

Zdroj tektonickych zemetresenich

* Tektonicka zemeétreseni se zpravidla odehravaji na plochach -
zemskych zlomech, ty se ve velké mire nachazi pri okrajich

tektonickych desek.
* Rychlost nékolik cm/rok

North American 5

Plate

Antarctic Plate

Lnath American
Plste

Earthquakes
11798
Magnitude  Depthlkm
A 0
2o 100

7 . 200

300

‘@ 400
3 . 500

Eurasian Plate

North American
/& Plate
Juan de Fuca
) )

:ific Plate

Philippine

Caribbean

African Plate

Pacific Plate

South American
Plate

Australian Plate

ectonic p\ates[‘] Convergent: — Collision zone — Subduction zone Divergent: — Extension zone — Spreading centre Transform Dexitral transform — Sinistral transform E



Zemétreseni
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Princip zemetreseni = nahlé uvolneni mistniho
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Posunuti = skluz = trhlina

zaklesnuti desek na zlomu

Prace tazné sily se dlouho ,,uklada“ do
potencialni energie pruziny a ta se pak
rychle uvolni.

Cely process se mize opakovat.

Trhlina vyvola pruzné vlnéni, které se Siri vZemi



ické vilny
ické elastické
Seism

) here
ity (km/s mho‘P
€ Sh e e 7%

seism'c6 r 8 9
) 4 5
(km/s 3

elocity %4

Seismic 6 7 8

5

3 4

X / n

A

0

-
<1 ]S
2 '""“"'"""“"““"‘""""'""
‘qﬁd’*ﬁﬁ"’%ﬁﬁﬁ‘n—ﬁﬁ‘vﬁb‘%ﬁ.‘v
o -vayd\—.,.a-q‘u».-a,qa'o-:..-vc-n
4-"'"‘""""'"‘"'"'"""""‘""""““'""'
> e S T c-.q—-..-:.-w- 2]
s Fs v ¢—...l|

km
L

1000 1
100

E
LOWE R MANTL

;
]

h from surface (km
Dept

-mantle
gg:lendary

:
:

:
wn
v

km)
'.face (
from su

Depth

:"’%4—
<7 -".-vc-rq.q.-
2 ‘%’féz-
'.'ﬁ...

;

E
600
F'art.r'c.'e Motton

Vs =0.6 Vp



Phases: S, Sdiff
Depth: 500 km
T=15s '

Time (sec)
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http://web.utah.edu/thorne

https://ds.iris.edu/seismon/swaves/index.ph



https://ds.iris.edu/seismon/swaves/index.php

/akladame seismickou stanici

* Potrebujeme:
* Penize
* Seismograf
* Registracni aparaturu
* Operatora
* (Pristup na internet)




Historicky seismoskop
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Autor: Zhang Heng (r. 132 n.L.), vynalezce, historik a
astronom na cisarském dvore dynastie Han



Seismograf - princip

Weight stays
at same level
while the
ground moves

A Atrest B Ground moves up C Ground moves down

Vertikalni seismograf - video



https://www.youtube.com/watch?v=DX5VXGmdnAg

Seismograf — zakladni typy

* Kratkoperiodické
* rohovaperioda <10 sec
* levné
* vhodné pro lokaci zemétreseni

+ Sirokopasmové
* rohova perioda > 10 sec
* drahé
e problém s dynamikou pro silna blizka zemétreseni

* PrFistroje na silné pohyby pudy - akcelerograf
* registruje zrychleni pudy az do nékolika g

* nutny pro zdrojové studie blizkych zemétreseni

10! f; ,1‘,10 i /
10 10™ 10° 10
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Mezinarodni datova centra

. Primarni ukol:
= sbér a distribuce seismickych dat

. Sekundarni ukol: uré¢ovani zakladnich seismickych parametrt
zemeétreseni (velka mira automati¢nosti)
. poloha

. cas vzniku
= velikost a mechanismus jevu
European-Mediterranean Seismological Centre m

http.//www.emsc-csem.org

Observatories and Research Facilities for European Seismology
http://www.orfeus-eu.org/

U.S. Geological Survey

http://www.usgs.gov/ G F Z
Incorporated Research Institutions for Seismology
http://www.iris.edu/hq/

GEOFON GlobalSeisrﬁic Network Helmholtz Centre I IR I S
http://geofon.gfz-potsdam.de/ PorTspaAam

= USGS

science for a changing world
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Nase (MFF UK) stanice v zapadnim Recku
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Lat.: 36.8955; Long.: 21.7420
V provozu od 2003

Sirokopasmovy seismograf
Guralp CMG-3T

Online prenos do Patrasu
Akcelerograf

CMG-5TD




Prodromos

Lat.: 38.5986; Long.: 21.1833
V provozu od 2009

Sirokopasmovy seismograf
Guralp CMG-3T

Online prenos do Patrasu
Akcelerograf

CMG-5TD
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Jaderne vybuchy

The Nuclear Weapon Archive

A Guide to Nueclear Weapons

The Nuclear Weapon Archive

http://nuclearweaponarchive.org/

Nejvetsi test (vzdusny, SSSR)
Nova Zemeé 1961
50 Mt

Svétove testy jadernych zbrani, 1945 - 1998
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http://nuclearweaponarchive.org/

Nejvetsi test USA: ostrov AmcCitka,
Aleuty

Test Cannikin (podzemni)
Amcitka, 1971
5 Mt

Protesty verejnosti
Vznik organizace
Greenpeace

https://cs.wikipedia.org/wiki/Am%C4%8Ditka



https://cs.wikipedia.org/wiki/Am%C4%8Ditka

Zaznam jaderné exploze na atolu Mururoa ve stanici Praha
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Severni Korea - podzemni testy

I
/ "I Rok Mag. naloz (kt)

HUE el
" ;F?” w2z 2017 6.3 120

2016b 5.3 20
2016a 5.1 10
2013 5.1 10
Prikaz k provedeni testu 2009 4.7 5
3. zari 2017 2006 4.3 1

podepsan: Kim Jong-un

https://en.wikipedia.org/wiki/Punggye-ri_Nuclear_Test_Site



https://en.wikipedia.org/wiki/Punggye-ri_Nuclear_Test_Site
https://en.wikipedia.org/wiki/Punggye-ri_Nuclear_Test_Site
https://en.wikipedia.org/wiki/Punggye-ri_Nuclear_Test_Site
https://en.wikipedia.org/wiki/Kim_Jong-un
https://en.wikipedia.org/wiki/Kim_Jong-un
https://en.wikipedia.org/wiki/Kim_Jong-un

Dosud nejvetsi severokorejsky test

3.zari 2017
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Testovaci lokalita pod horou Mantap

2009 test
NORSAR Wen & epicenter
2016 test
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Distance along profile (km)

Mantapsan ] o oo L .
2205 m n.m. Seismické lokace a spionazni fotografie.

Spekulace o hloubce (< 1 km) podle topografie
a vchodu do tuneld.



Nas vyzkum

ve spolupraci s
J. Liu, China Earthquake Administration, Changchun, China

Exploze a dotres
za 8.5 min.



Unikatni data z blizkych Cinskych stanic
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Meéreni = hlavni otres ¢cervené, dotres cerné
(normovano na stejnou velikost)
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Meéreni = hlavni otres cervene, dotres cerne
(u dotresu otocené znameénko).
/Zrcadlova symetrie! Proc?
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Modelovani seismogramu = kli¢ k poznani
zdrojoveho procesu (0.03-0.06 Hz
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Sily ekvivalentni obéma jevum

Hlavni otres

Dotres

0.44 £0.56
AO-
.0.22 0.56
7«(—0 20 - > (0.56
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(d) (e)
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Vyznamna zemetreseni

e Atény, 1999, M5.9

e Sumatra—Andaman, 2004, M9.2

* Tohoku, 2011, Mw9.0

e Turecko, 2023, dvojité zemetreseni M7.8, M7.9



Atény 7.9.1999, M 5.9
140 obeti



NS distance from epicentre (km)
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Simulace vysveétluje mista nicivych udinku

Athens strong-motion simulation

PEXT method, 1 realization 234 23.6 238
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Snaha simulovat v Obdoba Dopplerova jevu - prevladajici frekvence a amplituda
realném case* signalu se ve sméru Sifeni zvySuje.
» .

Nejsilnéjsi ucinky tedy nemusi byt v epicentru.

Systemy rychlé pomoci, prip. i varovani



Sumatra—Andaman, 26. prosmce 2004 M9.2

07:58:53 mistniho Casu

Masivni tsunami az 30m

Ztraty na zivotech 227,898 lidiv 14 zemich
Velikost zlomové plochy byla 400-500 kilometr(
30 km pod oceanem

Rychlost trhlin ~ 2.8km/s

/Arabian /
Plate /

[

Uvolnéna energie: 1.1x10"7 J = 26MT, ~Somali
1500 x siln&j3i neZ Hiro8ima '&’

Vzdalenost
250 km SSE od Banda Aceh, Sumatr f
1260 km SSW od BANGKOK, Thailar.
1605 km NW od JAKARTA .

9100 km od Prahy

A aiAssN



Sumatra—Andaman, 26. prosince 2004, M9.2
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Tohoku, Mw9.0, 2011-03-11

* 16000 obeéti na zivotech

* Celkové ekonomicke ztraty
235 miliard dolart
(odhad svétové banky)

“ MIYAGI

prefecture g‘ NAGAWA

FUKUSHIMA | - Dallcht

FUKUSHIMA Il - Dalnl—

TbKYO Pacific Ocean

Legend

; Earthquake eplcenter

J A P AN &4 Damaged nuclear pom er plant

O Radloactive ContamInation




Tohoku, Mw9.0, 2011-03-11
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M 7.8 - 26 km E of Nurdagi, Turkey
2023-02-06 01:17:35 (UTC)
37.174°N 37.032°E
17.9 km depth

M 7.5 - 4 km SSE of Ekinozii, Turkey
2023-02-06 10:24:49 (UTC)
38.024°N 37.203°E
10.0 km depth
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Historical earthquakes since 1900:

* 7.0~7.7 * 6.0~6.9

* 26 December 1939 My, 7.8
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Felt reports received for M7.8 earthquake
in CENTRAL TURKEY Felt reports received for M7.5 earthquake
on 2023-02-06 01:17:36 UTC in CENTRAL TURKEY
- on 2023-02-06 10:24:49 UTC

Warsaiw

Astrakhan®

4698 felt reports on this map
¥ Epicental location

6388 felt reports on this map Updated on 08/02/2023 at 1824 UTC
Y% Epicental location




Strike = 2

Distance Along Dip (km)

Time (s)

Strike = 52
Olp:= 83- t Al Strike (k Bip =80 Distance Along Strike (km)
Distance piang stnke o). < 45 = -50 0 50 10 150 200
Y4
~ w -~
o . . 29 S ' —
- _ S 20 5 8’ e > \ o7 v -
B2 = o T
201 ° = < 20 : : e 3
40 Y ] e AT A !
S ° £ 4 =B
40 240 ; :
2
Rupture Front Contours Plotted Every 10 s
I _
0.0 0.5 1.0 1.5 2.0 2:5 3.0
Slip (m)
10 -
| Max Mr: 2.21E+19 Nm/sec
I M;: 5.47E+20 Nm
: M,: 7.76 o
0.8 I -
— ] (318, 89, -179) _~
& I
E I
= I
% 0s :
o I
= 1]
= I
£ I
[=]
= 04 L.
2 |
B =
] I
o " (228, 89, -1)
0.2 + ~
| P
0.0 L
0 20 40 60 80 100 120 140 160

N
o
Depth (km)

E
o




38°30" P 2 A4 Z’w
. 4 13/

.

37°30'

,.-,¢ﬂ;‘(”'f_-’ e

e

(277,78, 4)

Elevation (km) Slip (m)

(186, 87, 168)

Strike = 277

Dip = 78 Distance Along Strike (km)
-60 -40 -20 0 20 40
5
£o 10
L2 i R
[a) o =
210{" 20>
s ‘ =
< Q
25
9 a
§ 20 - 30
2]
= o
(@] ~N !
30 2 *
-40
Rupture Front Contours Plotted Every 10 s

Relative Moment Rate (Nmy/s)

Max Mr: 3.00E+19 Nm/sec
My: 2.84E+20 Nm
M,,: 7.57

32

a0
Time (s)

48 56 (-5 rl



VCasné varovani pred silnymi S vlnami po
zaznamenani P vln (sekundy)

Intenzivni testovani
v Kalifornii, Japonsku,
na Taiwanu, v Mexiku, Italii, atd.
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