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Slunecni vitr

Pomaly slunecni vitr
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60

S
o

w
o

S
(8]

1250

900

550

Radial Velocity (km/s)

200

© Crown copyright. Met Office

2018-10-28 08:00:00

Plasma Density (/cm’)

16 | EARTH -

5 -

L B L L L B L L L L

15 |F STEREO A o

e | I Lo vwnn vy | | I | | I -

16 |F STEREO B .

5/ —

29 30 31 01 02 03 04

Radial Velocity (km/s)

L L L O L L L

600 |- EARTH n

400 | &

600 F STEREOA =

400 N

L L L L L L L

600 [ STEREOB o

400 | &

29 30 31 01 02 03 04

Run Time: 2018-10-30 08:00 UT Mode: CME Image Created: 2018-10-30 11:55 UT




V;'lrony koronalni hmoty

~ « Rychlost: 250 - 3000 km/s
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Vyrony koronalni hmoty

Kredit: Sunspot region 11944m NASA/SDO
' « Rychlost: 250 - 3000 km/s
* Proces vzniku:
 Aktivni region - magnet.
rekonekce
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Vyrony koronalni hmoty

* Rychlost: 250 - 3000 km/s
* Proces vzniku:
« Aktivni region - magnet.
rekonekce
« Kolaps protuberance/filamentu

Approx. size of Earth = &

o 5 Kredit: NASA/SDO
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Kredit: Bazilevskaya (2017)

Slunecni erupce

Magneticka rekonekce -
uvolnéni energie - elmag
zareni
Frekvence:

« M1: 2000 za cyklus

« XI10: 8 za cyklus
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Carrington udalost

From the New York Sun. Kdy: 28. srpna - 2. zari 1859

A gplendid exhibition of the Aurora Borealjs,

* Northern: Lights,” took place on Sunday Co se stalo:
: cvening. They were 8o brilliaut that they gave .

S | rise to the rumor of a_large fire. The air be-

came affected by them, being made very cool,

and singularly enough the telegraph wires were

also acted upen so niuch as to be almost useless.

sV

Pozorovani polarnich zari

Singular as it may appear, a gentleman

The Cahaba Gazette, 09 Sep 1859 actually killed three birds with a gun

' °4 yesterday morning about 1 o’clock, a
circumstance which perhaps never had its

like before. The birds were killed while the

beautiful aurora borealis was at its height,

Bostox, Se pt. 2
The aunroral display of last night was so
brilliant after midnight that nrdumn rint .
could be read by its light. Tt considerably dramatic effects. Named the
|mrkmg of telegraph lines, and Carrington Event, after the
| its effects were continued up to noon to-day. astronomer who documented

it fully, the solar storm caused
Californian Gold Rush min-

were, no doubt, deceived by the bright

|

1
| The auroral current from East and West was '% 1
appearance of everything, and came forth £/ .

so regular, that operators on the KEastern
lines uml i send messages to this city without
the usual batteries being applied. The same |
extraordinary effect was \psmrvnl ou the tel

[
v

innocently, supposing it was day.

y the bright northern lights.
Aurorae were seen as far north
as Queensland in the southern
hemisphere and as far south as

| Washington in the northern.
Kredit: Frederic Edwin Church's 1865 0 The Vancouver Sun, 17 Aug 2013

-

' egraph wire between Phila Iphia and Pitts-

: The Weekly West, 10 Sep 1859 New Orleans Daily Picayune, September 9, 1859

. e




“This morning one of the vost startline
Iil:* \‘,'\'” HE .‘<ill"_!lll.ll‘ t-lu‘tl'i«"tl l-lu'lh Heni 3 Vs
occeurred on the tel grap v lines throuchiont Ca rrlngton Udalost
| the United States that has ever taken |lln.
.m this country. It has been wmanifisted
\ on the various te l"f'j""'l'i' hoes throuoh 1t
the country during a1l this forenoon,

Kdy: 28. srpna - 2. zari 1859

l'\' (':x\h.lll"‘. l:.ll('ll annovance to the ODei-
tors, A sevies of enrrents of cloctrienty,
entively independent of the battevies, s o1
to have taken ]nn«--.\i«m of the wires, m
to such an extent that the National I'el
j."l':ll.-h \VHE :N.'lll:x”‘\' enubled to send wiesen
ees from New Yok to Pittshure, (Penn.)
correctly, without the use of ap mrticle
anleanic batte ry ueing  this m dopent
¢leetric ity of the air in the place ‘.
supplied by the ordinary ]u.l ies |

ingular Effect of the Aurora Boreahs on the
Telegmph Wires. New York. August 29, The
Superlntendent of the Canadlan Telegraph 4 C O se Sta I.O:

Company’s line teleoraphs as follows in relation

to the effect of the Aurora Borealis last night: ‘so y PO Zorovani p 0 la rnic h Zar
completely were the wires under the influence o/ 88 Prob lé my s tele g rafn I’

the Aurora Borealis, that it was found utterly ’ ,
mpossible to communicate between the ' ko mun | k acl
teeorap stations, and the line had to be closed .’/

b
The same dliflcult) pre alled as far South as ;

Happenlng to lean towards the sounder,
which is against the wall, my forehead
grazed a ground-wire which runs down
the wall near the sounder. Immediately,
I received a very severe electric shock,

which stunned me Tor an instant. An

old man who was sitting facing me, and
but a few feet distant, said that he saw a
spark of fire jump from my forehead to

the sounder.

L, iw"m'Q
¢ HER S

The French telegraph communications
at Paris were greatly affected, and on

| interrupting the circuit of the
conducting wire strong sparks were
observed. The same ting occurred at
the same time at all the telegraphic
station in France.

__The lllustrated London News, September 24, 1859 _
' : e New York Times, Sept. 5, 1859
~Kredit: Frederic Edwin Church's 1865
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Carrington udalost
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Kdy: 28. srpna - 2. zari 1859

Co se stalo:

Pozorovani polarnich zari

Problemy s telegrafni
komunikaci




Polarni zare

Kredit: Forskning.no UiO: Department of Physics, University of Oslo, Per Buhring



£ Polarni zare

Denni polarni zare

KHb 2016-12-08 11:32:42

' vKredit:‘:Kjell Henriksen Observatory/UNIS/F. Sigernes

Kredit: T. Abrahamsen
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Carrington udalost
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Kdy: 28. srpna - 2. zari 1859

Co se stalo:

Pozorovani polarnich zari

Probléemy s telegrafni
komunikaci
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Geomagneticka boure

 Interakce CME s magnetosférou
Zemé > geomagnetické boure
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~ .. vlriterplanetary Mag‘netic Eié{

e Geomagneticka boure

1.CMEis * Vznik GIC - Geomagnetically

ejected from Induced Currents
5. GICs
arise inlong  Konduktivita podzemnich vrstev

4. Electric + frekvence zmen
Frr 4 ) fieldis

2. Earth | | Y induced at

experiences ooiies" surface

conductors

rapidly
changing

magnetic .
field 3. Mlagnetic

field interacts
with Earth
conductivity




Carrington udalost

Kdy: 28. srpna - 2. zari 1859

‘The image of fhe sun’s disc was projected
through a screen on to a plate of glass. ..
o 4 Within the area of the great north group two )
| patches of 1ntensely bright and white light Co se stalo:

{broke out. ,‘ . « Pozorovani polarnich zari
: * Problémy s telegrafni

first impression was that by some chance |

a ray of light had penetrated a hole in the S o4 y o e komu nikaci

screen, for the brilliance was fully equal to

: Duvod:

=l - Rychlée CME (17,6h)

« Slunecni erupce, bilé svétlo -
pozorovana Richardem
Carringtonem

tomber 1, 1859, by R. C. Carrington

Kredit: Frederic Edwin Church's 1865
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Kdy: 13. brezna 1989

Co se stalo:

Pozorovani polarnich zari
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Quebec ve tme

Kdy: 13. brezna 1989

e Bl | , Co se stalo:
e Pozorovani polarnich zari
« Vypadky radiové komunikace

— Kredit: RFE/RL



Quebec ve tme

Kdy: 13. brezna 1989

Co se stalo:

Pozorovani polarnich zari
Vypadky radiové komunikace
Problémy na obézné draze



Quebec ve tme

Kdy: 13. brezna 1989

Co se stalo:
e Pozorovani polarnich zari
« Vypadky radiové komunikace
« Problemy na obézné draze
« Quebec - masivni vypadek
elektricke sité
« Behem 2 min
* 9h
« > 200 problému v US

Kredit: J.G. Kappenamn



Quebec ve tme

Kdy: 13. brezna 1989

Co se stalo:

Pozorovani polarnich zari
Vypadky radiové komunikace
Problémy na obézné draze

Quebec - masivni vypadek
elektricke sité




S GIC a rozvodne site

. ejected from

=\ the Sun 5. GICs

o arise in long
conductors

4. Electric

) fioid e  GIC vstupuji pres zemni spojeni

2. Earth ' § induced at

i e | ' b, Pretizeni uz pri 100 A (DC)
; | e Horka mista

changing

3. Magnetic
field interact
with Earth
conductivity |§

a Kredit: G. Coetzee



Quebec ve tme

Kdy: 13. brezna 1989

Co se stalo:

e Pozorovani polarnich zari

- Vypadky radiové komunikace

* Problémy na obézné draze

e Quebec - masivni vypadek
elektrickeé sité

Duvod:
« CME - 9. brezna 1989

- Geomagneticka boure - 13.
brezna 1989



Auroral Zone
Extrame on

Quebec ve tme

Typical Auroral
Zone Location

Kdy: 13. brezna 1989

Co se stalo:

e Pozorovani polarnich zari

- Vypadky radiové komunikace

* Problémy na obézné draze

e Quebec - masivni vypadek
elektrickeé sité

Duvod:

« CME - 9. brezna 1989

« Geomagneticka boure - 13.
brezna 1989

e GIC + podlozi s nizkou
konduktivitou



. Quebec ve tme

Kdy: 13. brezna 1989

_ Co se stalo:
L « Pozorovani polarnich zari

. South Texas

- Shoaron Haris * Vypadky radiové komunikace

. Surry 1
Zion 2

e « Problemy na obézné draze

. Peach Bottom 3

| D.C. Cook « Quebec - masivni vypadek

. Susquehanna
Maine Yankee

Nine i T elektrické sité

Lateht Impacts of March 1989 Siorm - Delayéd 'Failures of Large Trahsformers I | "
at Nuclear Plants suspected across US s : D o .
‘ ‘ ¢ e uvod:

« CME - 9. brezna 1989

- Geomagneticka boure - 13.
brezna 1989

e GIC + podlozi s nizkou
konduktivitou

Kredit: John G. Kappenman

Kredit: PSE&G
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Kredit: Michael Cummings, 1953



L I K!t: U.S. Federal Government

Krize v kvetnu 1967

Pozadi udalosti:
e Studena valka
e MAD- Vzajemneé zarucené zniceni

fediany o Mezinarodni konflikty

Kveten 1967

« 15. kvetna - nova verze BMEWS

« 22. kvétna - Egyptsko lzraelsky konflikt

e 22. kvétna, 14:00 GMT - Kosmos 161 (Zenit 4)

« 22. kvetna, cca 16:00 GMT - KH7-37

« 23. kvétna, 18:39 GMT- ztrata radio komunikace na 1h

« 23. kvétna, 19:50 GMT - ztrata radio komunikace +
zretelny BMEWS radiosignal na 440 MHz - prichozi
balisticka strela?



L I K!t: U.S. Federal Government

Kredit: Alamy

Krize v kvetnu 1967

Pozadi udalosti:
e Studena valka

e MAD- Vzajemneé zarucené zniceni

« Mezinarodni konflikty

Kveten 1967

« 15. kvétna - nova verze BMEWS
« 22. kvétna - Egyptsko lzraelsky konflikt
e 22. kvétna, 14:00 GMT - Kosmos 161 (Zenit 4)

« 22. kvetna, cca 16:00 G
« 23. kvetna, 18:39 GMT-

MT - KH7-37

ztrata radio komunikace

na 1h

« 23. kvetna, 19:50 GMT - ztrata radio komunikace +
zretelny BMEWS radiosignal na 440 MHz - prichozi

balisticka strela?
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L I K!t: U.S. Federal Government

Kredit: Alamy

Krize v srpnu 1967

Pozadi udalosti:

Studena valka

MAD- Vzajemné zarucené zniceni

Mezinarodni konflikty

Kveten 1967
15. kvétna - nova verze BMEWS

22. kvétna - Egyptsko lzraelsky konflikt

22. kvetna, 14:00 GMT - Kosmos 161 (Zenit 4)

22. kvétna, cca 16:00 GMT - KH7-37

23. kvétna, 18:39 GMT- ztrata radio komunikace na 1h
23. kvétna, 19:50 GMT - ztrata radio komunikace +

zretelny BMEWS radiosignal

balisticka strela?

na 440 MHz - prichozi



Xt 4 Krize v kvétnu 1967

Kredit: ationa&Solar Observatory

N24 5/18 East 1imb passage of one of the greatest activity com-
plexes of Sotar Cycle 20. Composed of three over-

lapped spot groups at time of first appearance, two
of which were growing.

Birth of fourth spot group on southern border of com-
plex. MWestward relative motion of this group, with
respect to large spots to the north, may have con-
tributed to conditions for great flare of 21 May in
center of complex.

"Collision” between central and western members of the
complex, as growth and expansion of central member
moved its leader spot into the follower plage of the
western member. Large flare occurred over the neu-
tral 1ine between the groups.

"Collision" and merger of leader of easternmost member
with follower of central member, creating large “del-
ta” magnetic configuration. Closest separation be-
tween the opposite-polarity spots coincided with
great white-1ight, proton flare at 1840 UT (see uAG
Report 5). These spots moved in a rotary pattern
with respect to one another during 21-26 May.

Additional great flare over the "delta" configuration.

SCHRELY
17. kvétna: McMath Plage Region 8818
ARAZINES

slunecni erupce (bilé svétlo, soft a hard
rentgenové zareni),
burst Typ Il, lll, IVaV

23. kveétna:

3 slunecni erupce (M2, X6 a X2),
Tmin erupce v bilém svétle



[ s s e J\'F W Krize v kvétnu 1967
||I|| I"-. z _

J
S

o Kvéten 1967
£ « 17. kvetna: McMath Plage Region 8818
& « 21. kvétna:
e  slunecni erupce (bilé svétlo, soft a hard
ssoo iz | rentgenové zareni),
N~ I « burstTyplIl, Il IVaV

2-12 & X-BaYS

e ) ] *  23. kvetna:
' | e 3 slunecni erupce (M2, X6 a X2),
e Tmin erupce v bilém svetle
 hodiny dlouhy radioburst:
« 2.8 GHz - 8 000 sfu (1% pravdepodobnost)
« 606 MHz - 370 000 sfu (norm: 40 SFU)

!

Naruseni BMEWS signalu

CHgd=T0
I0ON CHAMBER

- 1.
NORM, PULSES SEC x 107

2@ (NP6, E28) goLAR |
FLARES

Kredit: Kane and Winckler [1969b].
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»1 specifically recall
responding with
excitement.” ..., Yes, half
the sun has blown away,
and then related the event
details in a calmer, more
quantitative way!“

(S

Colonel A[@L. Snyder
é‘

; ™

Krize v kvetnu 1967

Jak to dopadlo?
min na reakci - ‘ready to launch’

Slunecni oddéleni
* Akce zastavena

Dalsi dopady:
« Polarni zare az v Mexiku
e Vnitrni radiacni pas narusen 3 mésice

e Zmeény v termosfére: —} dopad na satelity

100km za 4 dny)

- BMEWS signal: strela? Ruseni nepritelem? = pouze 15

« NORAD Command Post = Meteorologicke oddéleni >

« Vypadek HF komunikace v polarnich oblastech

(LOGACS



Satellite Tracking Problems

After March 13-14, 1989 Storm

2000

Lost
Satel-
lites

1000

S 10

15

Satellites that are |
not where they
should be followin
the storm.

200
Magnetic

Storminess
4 (Ap Index)

L 100

20 25 30
Day March 1989

‘Kredit: UCAR

.‘\

LEO orbit
Odpor prostredi zpomaluje
satelit, snizovani obézné drahy
Manévry:

« ©® Min: 4x 1rok

¢  © Max: 2-3 tydny

4. Gnora 2022: 40 z 49 Starlink
satelitu ztracenych den po
vypusténi






Zapomenuta slunecni boure
Kdy: 4. srpna 1972

Co se stalo:

e Pozorovani polarnich zari
Problemy s elektrickym vedenim
Vypadek radio a telekomunikace

METALLC CIRCUIT Comp, I
oy,

¢ ME&l‘Trsf :
pleeg
]{I«ph“@. ANYle"’

s

Kredit: PH1 Hendricks/U.S. Navy Naval History And Heritage Command



Zapomenuta slunecni boure

Kdy: 4. srpna 1972

Co se stalo:
e Pozorovani polarnich zari
* Problémy s elektrickym vedenim
' « Vypadek radio a telekomunikace
« Detonace podmorskych min u Viethamu
* Intelsat IV - solarni panely, DSCS Il - vypadek
napajeni

Kredit: PH1 Hendricks/U.S. Navy Naval History And Heritage Command



Zapomenuta slunecni boure

Kredit: NASA

Kredit: PH1 Hendricks/U.S. Navy Naval History And Heritage Command

Kdy: 4. srpna 1972

Co se stalo:
e Pozorovani polarnich zari
« Problemy s elektrickym vedenim
« Vypadek radio a telekomunikace
« Detonace podmorskych min u Viethamu
 Intelsat IV - solarni panely, DSCS Il - vypadek
napajeni
« Mise Apollo:
 Apollo 16: 16- 27. duben 1972
 Apollo 17: 7-19. prosince 1972



Zapomenuta slunecni boure

Kdy: 4. srpna 1972

Co se stalo:

e Pozorovani polarnich zari

* Problemy s elektrickym vedenim

« Vypadek radio a telekomunikace

« Detonace podmorskych min u Vietnamu

* | Intelsat IV - solarni panely, DSCS Il - vypadek
napajeni

| Mise Apollo:

* Apollo 16: 16- 27. duben 1972

* Apollo 17: 7-19. prosince 1972

Kredit: PHi Hendricks/U.S. Navy Naval History And Heritage Command



Zapomenuta slunecni boure

Kdy: 4. srpna 1972

Co se stalo:

e Pozorovani polarnich zari

* Problemy s elektrickym vedenim

« Vypadek radio a telekomunikace

« Detonace podmorskych min u Vietnamu

* | Intelsat IV - solarni panely, DSCS Il - vypadek
napajeni

| Mise Apollo:

* Apollo 16: 16- 27. duben 1972

* Apollo 17: 7-19. prosince 1972

Kredit: PH1 Hendricks/U.S. Navy Naval History And Heritage Command



Radiacni boure

Radiace

HF komunikace

Dopad na technologie

Kredit; ESA \
I -



Radiacni boure

Radiace

Pobyt ve vesmiru
« Akutni radiacni syndrom, risk vzniku

rakoviny, efekty na nervovy system,
degenerativni poruchy
« 50-2000 mSv

« 1mSv ~ 10 rentgenu hrudniku
Porovnani: 3 mSv/rok v CR

Kredit: NASA



i by AVIDOS © Seibersdorf Labor GmbH, map: esa™

Effective dose rate in uSv/h VID»
Altitude: 08.00 km A 05

Date: 17.02.2022 AVIATION DOSIMETRY

Radiacni boure

Radiace

Pobyt ve vesmiru

« Akutni radiacni syndrom, risk vzniku
rakoviny, efekty na nervovy system,
degenerativni poruchy

« 50-2000 mSv

« 1mSv ~ 10 rentgenu hrudniku

Porovnani: 3 mSv/rok v CR

Letectvi

« Limit pro pasazéra: 1 mSv/rok

« Limit pro posadku: 20 mSv/rok



Radiacni boure

HF komunikace

The Earths magnetic field

i d « Naruseni ionosféry v polarnich
k| a - oblastech
B YR « - Polar Cap Absorbtion
“Polar gusp/ ) ===

e

Earth surface




- =

Radiacni boure

Kredit: ESA

Dopad na technologie

Energeticka ¢astice muze poskodit

pameétove soucastky
Povrchoveé a vnitrni nabijeni



Zapomenuta slunecni boure

Duvod:

« 2.srpnal972:
 McMath region 11976
« slunecni erupce

 SEP
- 2CME
B * 4. srpen:

« ultra rychlé CME - 14,6h!
 slunecni erupce ~X20!

« SEP

* Radio burst

Kredit: BASS2000, Paris Observatory, PSL



 oblasti kosmického pocasi

Jevy a jejich analyza

(Vcasna) predpoveéd

Preklad verejnosti
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