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KakBo e KOocMUyecKo Bpeme?

HauuoHaneH nanaH no Kocmuyecko speme Ha CALL:

yy+e KOCMUUECKO 8pEME CE OMHACS 00 YClosusma [u npomenume,
nHaonooasanu 6 kpamxocpouen niar] na CirovHyemo u 8 Ci1bHUeBUs
gsamvp, MasHumocgepama, uorocghepama u mepmocghepama, KOumo
Mozam 0a nOGAUSIAAM 8bpX)y pabomama u Ha0edCOHoCmma Ha
KOCMUYECKU U HA3EMHU MEXHOI02UYHU CUCIEMU U 0a 8b30eUCMBAm

8bPX)Y HOBCUIKUS HCUBOM U 30pase...”

N36paHn 0630pHM cTaTUKM cbC cBOb6OAEH aocTbn (Ha aHrAa. e3.):
R. Schwenn, 'Space Weather: The Solar Perspective’, Living Rev. Solar Phys. (2006, 2010)
T. Pulkkinen, 'Space Weather: Terrestrial Perspective’, Living Rev. Solar Phys. (2007)




KocmunuecKo speme: cxema

L1
* CNbTHUUMU
[MHX. HayKK]

3emA
CnbHue e marHutocdepa
* ABNEHUA e atmocdepa

[cnbHYeBa pU3NKa] * MNOBBPXHOCT

[HayKkun 3a 3emATa]

https://sdo.gsfc.nasa.gov/gallery
mexaynnaaHeTtHoO NPoCTpaHCTBO npucturaHe &

HanycKaHe &

Pa3npoCTPaHEHUE epeKTH

[xennocpepHa Ppun3nkKal
* C/TbHYEB BATHP
* (KOCMUYHU NbUM...)




HexxenaHu edpektu
*  CMbTHUUMU

* Ha3eMHMU
TEXHONOTUYHM
CUCTEMU

* Xopa

NMonoXxurtenHu
edpekTn
* CceBepPHU/IOXHM

CUNAHUA

Space Weather
Essentlals : /

3. Earth’s magnetosphere at times
es solar storm ° . gets hit with’'charged particles

‘\é

4. Our atmosphere glows with auroral
. lights (seen from Earth and space)

2. Coronal mass ejection
bursts.into space

.
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https://sdo.gsfc.nasa.gov/gallery
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« 5. Charged particles affect communications

navigation, satellites, the power

grids, more.



MpHUUMHM 33 KOCMUYECKO Bpeme: OT C/IbHUYEeB Npousxoa
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. C/TbHYEB BATHP U Field Lines
MeXXAYyNNaHeTHOo
MarHUTHO none Coronal

Mass Ejection
|
2. N136yxBaHuA “
Energetic
3. KOpOHanHO N3IHACAHe - ‘('( s Protons and lons
4

Ha maca &

4. 3apepeHun 4yactmum B Earth

http://spaceweather.uma.es/images/figuralbc.JPG



UcTtopunuecko cbbutue: Carrington-Hodgson

1 centemBpu 1859: ronamo n3byxsaHe B bsn1a CBETANHA
Carrington & Hodgson noknaasat 8 MNRAS

1-2 centemBpwu 1859: Han-ronamaTta reomarHuTHa byps
HabatopasaHa gocera, c oueHkn: =800 nT ao —1750 nT

Carrington npegnasnmMeo npeanonaara Bpb3Ka, BbNpeku
ye ‘eAHa NTUYKA NPOJIET He Npasu’...

CeBepHM cUAHMA ca HabatoaaBaHW HA HUCKW WNPUHU &
eKksaTopal

[Mpobnemu c TenerpadpuTte!

PUCYHKa OT KapUHITbH

CbBpeMeHHM OLUEHKM 3a MKOHOMWYECKW 3arybu nopaau
CbOUTHeE OT CbLUaTa BE/IMYNHA: TPUANOHM!



Cxema

KopoHanHa maca

== CNbHYeBO n3byxsaHe

A 4

!

CnbHYeBM 3apeaeHu YyacTuum

h 4

|

CnbHYeB BATHLP

& !

EdbekTn Ha KOCMHUYECKOTO Bpeme




[1OTOK OT
3apeneHu
YyacTuum
U3TUYALWN OT
CNbHYeBaTa
KOPOHa

[NbpBOHAYaNHO
ce npepsara 3a
obAcHeHWe Ha
OPUEHTALMATA Ha
KOMeTHaTa
onatuka (eg.
Eddington 1910;
Biermann 1950s)

TEPMUHDBT CE
npeanara ot
Eugene Parker
(1958)

NMMpUYnHU: chbHYEB BATHP
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MpuunHK: B3ammoaencrsaLim obnactum

N
S

Kenneth R. Lang, Tufts University (2010)

S

Fast
Stream

dopmupaT ce npm B3aMMoAeNCTBUETO
MmexKay 6bp3 n 6aBeH chbHYEB BATHP

MarHnTHoTo none Ha 6baBHUTe (6bp3UTE)
NOTOLUM CNbHYEB BATHP CE NO-3aKPUBEHM

(no-paamanHn) nopaam CKOPOCTUTE

Co-rotating Interaction Regions ca

OrpageHun oT yaAapHU BbAHMU:
forward shock (FS)—reverse shock (RS)

M3TOYHMK HA YCKOPEHU YacTULMN B
MeXAyNNaHeTHOTO NPOCTPAHCTBO



[MMpUUYMHN: KOPOHANTHU AYNKU
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27-AHEBHa NoABa Ha KOPOHA/IHM AYNKU —
LMKAUYHU TeOMarHUTHN CMYLLLEHUA

AlA 211 - 2015/03/31 - 19:29:59Z NASA/SDO



MpuunHun: chbHYeBn N3byxsaHuA

BHe3anHa, 6bp3a M UHTEH3MBHA NPOMSIHA B

APKOCTTA: OFPOMHa eKCM/1031s B C/TbHYEeBaTa

aTMocdepa, KoATo cb3JaBa:

* M3nbuBaHe: OT y A0 pagmo BbaHU (1032 erg or
10> J)

* JlBUXKeHWe Ha nNsa3ma

* 3apeneHun Yactuum

YecTo ce Habnogasa B akTMBHM 00/1aCTU, KbAETO
MMa Pas3NNYHa NONIAPHOCT HA MAarHUTHUTE
CUNI0BUTE NTUHUMN

CNBbTHMKOBU N HAa3eMHM Ha6J'I}O,£|,eHVIFI —B
3dBUCUMOCT OT Ab/IKNUHATA HA BbJ/IHATA

2003/10/27 00:00

ESA/NASA

[MporHo3upaHe: npoekt FLARECAST.eu “Halloween storm” SOHO/EIT 195 A

(Horizon 2020)



MpUunHU: chbHYEeBUN U3ObYXBaHUA
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MpuunHun: chbHYeBn N3byxsaHuA

TRACE 1600A: 20-Jan-2005 06:45:00.000 UT
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MpuunHun: chbHYeBn N3byxsaHuA
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HaTpynaHaTa MarHUTHa eHeprua B
CNbHYeBaTa aTmocTdepa ce
ocBobOXKaaBa BHe3aMnHo:
MarHUTHO NpUcbeAnHABAHE

http://solarmuri.ssl.berkeley.edu/~hhudson/cartoons/



[MpUunHU: KOPOHA/IHA Mmaca

OTKpuTtn npe3 1970-te

HabntoaeHusa: Ypes 3aKpuBaHe
Ha ApKaTa poTocdepa

HabntogeHua ot 3emaATa U CHbTHULM

MpoacTaBaBaT OrpoMHM 061aLm OT
Nnaasma U MarHMTHO none

ESA/NASA

SOHO/LASCO C2

1.5t0 6 R,

CkopocTtun: 100s km/s — 3000 km/s 1 R, = 700 000 km
=1 arcsec

2003/10/27 05:54 .

Maca: ~101° g
(1-10 % oT cnbHYEBMA BATHP)



[MpUunHU: KOPOHA/IHA Mmaca

OcHoBeH npobnem:
CKOpOCT — camo B npoeKkuuA

HAama in situ namepsaHumAa

mexay 3emAaTta u ChbHUETO ESA/NASA
SOHO/LASCO C3

3.5 to 30 R,

1 Ry = 700 000 km
=] arcsec

18 00:18
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NASA/STEREO

[MpUunHU: KOPOHA/IHA Mmaca
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https://stereo-ssc.nascom.nasa.gov



KaKkBa e npocTpaHCTBeHaTa CKOPOCT Ha KOPOHa/IHa maca?

STEREO Ahead COR2 | [eomeTpuYHM mogenm
[NpegnonoxeHunAa

@

OB a s l8 277400

Tilt Angle = -17°, Aspect Ratio = 0.43, Half Angle = 10.06°, V@12RS = 282 km/s

MporHosupaHe?
http://www.affects-fp7.eu/

https://www.helcats-fp7.eu/




MpUUYUHKN: CAbHYEBU 3apeaeHn YacTuum
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https://cdaw.gsfc.nasa.gov/CME_list



[MpUYnHU: CAbHYEBU 3apeaeHn YacTuum
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CnbHYeBM YacTULK: CNOP 33 TEXHUA NPOU3XO0A,

g ©

Nopaaun n3byxsaHusa Mopapau KoOpoHasnHa maca
“impulsive SEPs” “gradual SEPs”
* MarHmtHo npucbeguHABaHe * YCKOpeHue npuv yaapHu
(Manku pasctosHumA) Bb/JIHM (roNemmn pacTosHUA)
 HanyckaHe Ha chbH4YeBaTa * HanyckaHe Ha 30HaTa Ha
KOpPOHa (cnnHu noneta): YCKOPEHME: HYXKHU Cca
HYXXHW Ca OTBOPEHU MATHUHM OTBOPEHU MarHUHU
KOHpUrypaumm KOHpUrypaumm

e [JlocTuraHe A0 cNbTHUUMTE NO ¢ JlocTUraHe A0 CABbTHULUTE
CUNOBUTE IMHUMU No CUAOBUTE NTUHUU

IMF line

» 06Wwm x-ku (Hanp. yaapHW BbAHW)
» MHOecTBO CbOUTMA CbC CMECEHM X-KK



CnbHUYEBM YaCTULM: NPOrHO3MpPaHe

2 examples

MARS

]

VENUS

3

Posner (2009)

Llen Ha nporHo3surte

* [onAama BepPOATHOCT 3a HAaCTbMNBaHe Ha cbbuTmeTo

*  Manko rpeLwHm nporHosu
* PaHHO npeaynpexaeHue

RADIATION HazaRp

UMASEP 1.2. real-time SEP forecaster

Integral — 5q
proton flux

(100 MeV) |,

10

SEP threshold: 1

Time (UTC)

X-Ray flux

X
M
C

Magnetic
connectivity
estimation high
mediura
lowr

Forecast of integral

nﬁw proton flux (E = 100 MeV)
M (pfu)
proton
flux:
1 1.75 pfu
| |
12:00 Apr 11 0:00

Automatic forecast:

A SEP event is occurring. Rs prompt component (first
~ 3 hrs abowe 1 pfu) might

reach 6 pfu.
Model inferences in real-time: Solar
4 -, Region
The earth iswell-connected 11719

with the solarregion 11719
(NOQE12) in which a ME.5
flare has erupted at 07:16.

Signatures of well-connected

protons were recognized in
the energy range:
- PG (24—200 Me\)

M. Nunez (2011, 2015)
http://spaceweather.uma.es/forecastpanel.htm

« Earth



CnbH4YyeBM yacTuumn: Katanosum 8 UKUT-bAH

Catalogs
Solar Energetic Particles

© SRTI-BAS 2017 Last modified 05/18/2017 17:17:48

Wind /EPACT proton event catalog

Wind/EPACT

proton event catalog

Solar cycle 24:
© SRTI-BAS 2017 Last modified 05/18/2017 21:14:08

Back to list of Catalogs |

Back to Wind/EPACT

| Solar cydle 23: 1996-2008

Event date

SOHO/ERNE proton event catalog

Other particle catalogs

Supported by
Space Climate Group
Space Research and Technology Institute
Bulgarian Academy of Sciences

Contact: R. Miteva
Web-support: D. Danov

StatCounter "Number of Visits" from Jan. 12, 2017 until now is 988136

http://newserver.stil.bas.bg/SEPcatalog

0
Hours after 28-10-2015 00:01:30.340

19-28 MeV 28-72 MeV Flare CME Comment
onset peak J 7 SXR class/ time (UT)/
. . 3 3 . =
yyyy-mm-dd time time 2 4 2 " onset time (UT)/ speed (km s1)/
wn | (T (cm? s st MeV) (EnF = Fas) location width (deg)

2009 - - - no SEP events
2010-05-07/08 data gap
2010-05-12/18 - - - - data gaps

2010-06-12 04:04 08:39 0.0123 0.002 M2.0/00:30/N23W43 01:32/489/119
2010-08-03 15:13 18:25 0.0478 0.0014 u u
2010-08-07 22:45 01:43nd 0.0111 0.0014 M1.0/17:55/N11E34 18:36/871/360
2010-08-14 11:15 13:05 0.158 0.0184 C4.4/09:38/N17W52 10:12/1205/360
2010-08-18 08:01 1z2:18 0.0486 0.0034 C4.5/04:45/N18W8S 05:48/1471/184
2010-09-09 03:02 04:25 0.0071 0.0007 C3.3/23:05P4N21WET 23:27Pd/818/147
2010-12-07 - - - data gap
100 20151029 Wind/EPACT 19-28 MeV 10° 20151029 Wind/EPACT 28-72 MeV
. w! = 20!
3 g
5 5
L ¥ 107
£ §
B S
> z
2 @
2 g
£ g
£ Shgpe
10
104 mJﬂ 20 40 60 100
0 20 80 o Hours after 28-10-2015 00:01:30.340



http://newserver.stil.bas.bg/SEPcatalog

CnbHuYeBMU 3apeaeHu 4aCtTuuun: HOB MNMPOEKT

Npousxoa Ha CAbHYEBUTE YACTULN: VI36YXBaHMFI UIN KOPOHA/IHA MaCa

2-roavileH nNpPoekKT

ABYCTPAHHO CbTpyaAHMYECTBO meXay bbarapua n Pycua

Ekun ot bbarapus

R. Miteva (coordinator)

N. Petrov
Ts. Tsvetkov
D. Danov

®OH[
HAYYHN
- U3CNEABAHUSA

Ekun ot Pycua

L. Kashapova (coordinator)
|. Myagkova

A. Bogomolov

N. Meshalkina

|. Myshyakov

D. Zhdanov

Aorosop Ne AHTC/Pycua 01/6 ot 23 1oHK 2017
www.fni.bg



CnbH4yeBMU H4aCTUuN — raJ1IaKTM4yHN KOCMU4YHU NTbU U

Smoothed Sunspot Number
Monthly Averages

Incidel
Cosmic Ray
Particle

McMurdo, Antarctica, Neutron Monitor “%H{E
Bartol Research Institute, University of Delaware Ll -

27-day Averages - data through August 2007

http://www.nmdb.eu/
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

YEAR RP, September 2007

http://neutronm.bartol.udel.edu/catch/cr3.html



3emHa marHutocdepa

Magnetotail

|

Deflected solar wind particles

Incoming solar wind particles

Plasma sheet

Van Allen radiation belt ’

Neutral sheet

Earth's atmosphere
0-100km

Polar cusp

Bow shock = Magnetosheath

https://en.wikipedia.org/wiki/Magnetosphere

MpuunHKM 3a reomarHuTHuUTe bypun
FO*KHa KOMMNOHEHTA Ha
MeXKAYNAAaHETHOTO MAarHUTHO NoNe
Bbp30CKOPOCTHM NOTOLUM OT NNAA3MA

U3mepBaHUA
KOMMNOHEHTWN Ha NPU3EMHOTO
MarHMUTHO noJsie

~60 uT=0.6 Gauss B nonapHuTe obnactu
~30 uT=0.3 Gauss Ha ekBaTopa

1 Tesla = 10* Gauss

11° HAaKNOH KbM OCTa Ha BbpTEHE



[eomarHUTHU 6ypwm

BpemeHHO cmyLleHne B 3eMHOTO
MArHUTHO nose (nnaHeTapeH epekT)

Nopagu: ™ e
* KopoHanHa maca (npu cnbHYeB g ‘
max) — oT 18 yaca go 3 AHuU
* BMCOKOCKOPOCTHM NOTOUMU B
CNbHYEBUA BATHP (NpK chbHYEB
min): CIRs, KOpoHanHU AynKu
[1bpBOHAYaIHA KOMNpPecKua Ha
MarHutocdepaTta — UHAYUMpPaT ce
TOKOBE — NPOMEHAT MarHUTHOTO
none
[MpoTnyaT NpPoUEeCcH Ha MAarHUTHO
npucbeanHABaHe; eHeprneH obmen;
3apeAeHun YacTULM HaBIK3aT Npu

Plasma —/
mantle

Plasma sheet boundary
layer current

Solar wind

NOIIOCUTE oT npe3eHTauusa Ha F. Toffoletto, Rice University



CnhbHYeBa aKTUBHOCT — reOMarHUTHa akKTUBHOCT
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MpuunHun: chbHYeBn N3byxsaHuA

CBeT/InHa B Pa3INYHUN ObAXKUHU
Ha Bb/AHaTa —
AOCTUra A0 Hac 3a OKOJI0 8 MUHYTH

» Lo 121.6 nm HarpaBa 3eMHaTa
aTmocdepa, caTenurtete cnaaaT Ha no-
HMCKa opbuTa

» UV moaynunpa o30Ha Npu noatocuTe

» Pagno nsbyxsaHus: cmyuweHunsa B GPS
CUrHanuTe

LTramaty
hgh anergy electrons
= ! Micr NSO Ot
arging
5

Space Weather

Swgnal

SCOtisE

Hao Wave

Disturbanos
Airine Passoengor

Racaton

Eaciricy Gng
L\(_n;‘_"‘ 4



[MpUunHU: KOPOHA/IHA Mmaca

Aocturatr 3emata ot 1 oo 3 ogHMU

» NPUYNHABAT FrEOMarHnUTHU bypu:
NoHochepHUTE TOKOBE MHAYLMpPAT
TOK B NPOBOASALLM CUCTEMMU
(TOKONpPeHOCHa MpeXKa,
KOMYHUKaUMOHHU Kabenn,
TpbbonpoBoAU 3a ra3 n Hedr,
YKeN1e30MbTHN IMHUK); NPEKbCBAHE
Ha TOK, NoBpeaa Ha
TpaHCchOpPMaTOpPU, KOpPOLMA Ha
TpbbonpoBoaU

» Hal-ronsim puck ma 3a:
CKaHAWHABCKUTe cTpaHu, KaHaaa
n Pycuna




NpU4nHU: chvHYeBmu L|acmu,|/|

YacTuum C BUCOKM eHeprum gocruraT 3emsara

32 MUHYTU

> NPOTOHMU:

ONacHOCT NPV NbTYBaHWA Ha aCTPOHABTM Npe3
MeXKAyn1aHeTHOTO NPOCTPAHCTBO;

DUCK 33 CAMONETHUTE EKUNAXKU U MBTHULM NpU
NONAPHU MapPLLPYTU;

rpeLwwHu KOMaHaM NPy ynpaBaeHne Ha CNbTHULM;
nerpafauma Ha CAbHYEBUTE NaHENU;
CMBTHUKOBATA eNIeKTPOHMKA U MOKPUTUE; - M -
3aryba Ha Bpb3Ka CbC CaMoneTV Npu NOAAPHM NV
MapLIpyTH; A
HaMANABAHE Ha 030HA Haj NOAAPHUTE 0bnacTu -

(nopaaum yBenuueHue Ha KoHueHTpaumata NOXx)
> eNIeKTPOHM: PUCK 33 CMBTHULMUA;

pa3pAaM — BOAM A0 rpeLlHN U3MepPBaHUA;
epo3un

Solar Flare

Energetic Protons

Electrons

__ Induced Effects in

‘;)"“""/ Submarine Cables !

Telluric Currents in Pipelines




CnbHuYeBH
3apeaeHu
Yyactmum

7

ctabunHocT Ha
CNBbTHULUMU

2014-09-01 0&8:00

NASA/SDO&STEREO



Nonetun B KOcmoca
(onacHoOCTUTE M3BBH 3eMHaTa mardmtocdepa)

Haii-ronemute onacHoCTX 3a 34paBeTo U }KMBOTA Ha XopaTa Npu NoneTu:

Ne 3 npoabaxKutenHa 6e3Terno0BHOCT, U3BECTHO €, Ye Hama/IfiBa KOCTHA NABTHOCT,
MYCKYNN U 3peHue

Ne 2 usonaumua, moxe aa aosege A0 NCUXONOrMYEecKU npobaemm

Ne 1 KocmuuecKa paguauua, MoxXKe Aa NPUUYNHU paK, Bpeaa Ha LeHTpa/siHaHa HepBHa
cucTema, KaTapaKT uam besnnogue

HAMA pelwieHue!

NASA Report No. IG-16-003
'NASA's efforts to manage health and human performance risks for space exploration’



PapanauuoHHo obavusaHe Ha MKC u npu nonetn po Mapc

bbarapckuaTt npuHoc ot UKUT-BAH

 Ha 6opaa Ha MexayHapoaHaTa KOCMUYECKa CTaHUMA
R. Koleva et al. presentation 2017 http://ws-sozopol.stil.bas.bg/

NASA/ESA/Roskosmos
max 1 Sv paguaumoHHa ao3a npes
UANaTa Kapuepa Ha eaUH acTPOHaBT

Aosnmetsbp /TtonnH-5 Ha MATROSHKA-R
2 namepsaHuma: 2007-2009; 2012-2015

EcTecTBeHa pagmauma Ha 3emsaTa: ~2.4 mSv/year
Ha MOpPCKO HMBO OT ranakTU4yHu nvun: ~0.3 mSv

[Mo-BMCOKa A03a no Bpeme Ha HUCKAa C/TbHYEBA aKTUBHOCT, Mpu megnunHCKK nscneasanHua: ~0.1-10s mSv

HO AONMBbJAHUTENHU O03UN NP BCAKO CbbUTUE OT CIBHYEBMU YacTnum

www.nmdb.eu

* Mucua po Mapc — ExoMars Trace Gas Orbiter
Om npesenmayuama Ha A. Cemkosa 2017 http://ws-sozopol.stil.bas.bg/

Ao3nmeTtop JTlonnH-MO Ha ekcnepumeHTa FRIEND
N3mepeHUn ca caMo rasiakTUYHU NbUU, HAMA CbOUTUA OT CTbHYEB NPOU3XOA
anp—cen 2016 (nbtyBaHe); oKT 2016—aHy 2017 1 peB—mapT 2017 B opbuTa

OueHKa: no Bpeme Ha NbTyBaHeTo A0 Mapc n obpaTHO (o Bpeme Ha HMCKa
C/TbHYEBA aKTUBHOCT) EKUNAaXKbT LWe Noy4Yu Han-manko 60% oT MaKCMMasiHO
AonycTMmaTta paguauMoHHaTa [03a npes usanarta cu Kapuepa!




CpaBHeHMue Ha pagnaunoHHu ao3n Ha MKC u npu nonetn po Mapc
bbarapckuaTt npuHoc ot UKUT-BAH
> Variability of the radiation environment in ISS

SPE
2007-2009 2012-2015 2012-2015 7_10 03 201 2

in the in the outside the | ° : Om npe3eHmayus Ha P. Konesa
phantom phantom phantom San 2017

186 — 230 | 130-220 150280 | ., 480 uc http://ws-sozopol.stil.bas.bg/
uGy/day uGy/day uGy/day pod g

83 150 120 - 160

- - | gt Soheehea 4

o |Dose 590-880 220-600 300-700 + 450 >
A IJSV
Cauivalent puSv/day uSviday uSviday I

v' Doses for an round trip to Mars - 1 year, 6 month in each direction

v One year stay in ISS

_ To and from MARS On ISS — Liulin-5

RAD: ~ 630 mSv ~ 180 mSv

RAD: ~-24.7 mSv ~ 0.45 mSv



Kocmunyecko Bpeme: BbTpelwHU NJaHeTU

MepKypumn
* KMa ek3ocdepa (M3napeHmne Ha NOBBPXHOCTTA NOPaAM CTbHYEBATA

pagmnauus)
* nma cnabo marHutHo none (1 % ot 3emHOTO)

Hama HabnoaeHus, npeanonara ce Ye He MoXKe Aa Bb3HMKHAT CUAHMS.

no gaHHW ot NASA/Messenger



Kocmunyecko Bpeme: BbTpelwHU NJaHeTU

BeHepa — npeanosioxeHnAa 3a CMAHUA
* WMma atmocdepa (BKA. MoHOCchepa)
* HAMA NJIaHEeTapPHO MArHUTHO NoJie

Before CME
After CME
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0.5 1.0 1.9
Electron Density x 10 (cm?3)

http://earthsky.org DPS press release/C. Gray/New Mexico State University



Kocmunyecko Bpeme: BbTpelwHU NJaHeTU

2 MARS' NIGHT-TIME AURORA

Using 10 years of data from Mars Express, scientists have for the first time combined all
remote sensing observations of localised ultraviolet aurora with in situ measurements of

)
o T-b H-b K Cn O M electrons hitting the atmosphere, finding these rare light emissions only occur under
special magnetic field conditions.
Locations of the 19 auroral detections
(white circles) by SPICAM on the Mars
o H ﬂ Ma nightside in the southern hemisphere, over

locations already known to be associated with
residual crustal magnetism (centre). The data

are superimposed on the magnetic field line
I-I j-l a H eTa p H O structure (from NASA's Mars Global Surveyor),

where red indicates closed magnetic field

lines, grading through yellow, green and

MalfrHUTHO NoJsie e e

The auroral emissions are very short-lived,
they are not seen to repeat in the same

locations, and only occur near the boundary ; [ Mars E traject

(Ca MO n O Kan H O’ between open and closed magnetic field lines : X N 3 - . B
(also visualised top right). i . ' \

I-I O palull/l H a Ma rH MTe H M SPICAM limb observations enabled the
altitude of some of the auroral events to

C Kan M rl 0 rl O B'b pXO CTTa ) be determined as 137+27 km (bottom right).

2 Magnetic field structure near Mars aurora

2 Measuring aurora altitude

www.esa.int ESA/ATG medialab, 1.-C. Gérard & L. Soret (2015) European Space Agency




Kocmunyecko Bpeme: BbHLWIHU NJIAHETU

NASA/ESA/Hubble

NASA/ESA/Hubble

NASA/ESA/Hubble/). Clarke



Kocmunyecko Bpeme: BbHLWIHU NJIAHETU

YpaH

16 Nov. 2011 29 Nov. 2011

NASA/ESA/Hubble NASA/ESA/Hubble 2012 & 2014
Laurent Lamy Voyager 2



KocmuyecKko Bpeme: eK3on/1aHeTu

KadaBo axKyaxKe c YepBEHO CUAHME

Bb3MOXHOCT 32 HOB
MeTOJ , 3a TbpCeHe Ha
eK30Mn/JlaHeTu ¢
atTmocdepa?

- Artist's concept

Chuck Carter & Gregg Hallinan
Hallinan et al. (2015) Nature
http://www.nature.com/nature/journal/v523/n7562/full/nature14619.html



Kocmuuecko speme: myatmaucuunanHapHa obaacr

CnbH4YyeBa PU3UKa

Hayku 3a 3emsAra
* marHutocdepa
 artmocdepa

* KAuMmar

UH)XeHepHU HayKu
* CNbBTHUUM N NnpubopocTpoeHe

Ha3eéMHU cumctemum

CnbHuYeBa cucrtema

Kocmunyecku uscnepnBaHunA

EK3onsaaHeTu

EBponeuckn ¢popym

http://www.stce.be/esww14/

EBponencka ceamumua no
KOCMUYECKO Bpeme
benrua

14-to nspgaHue npes 2017



Kocmunueckn Kammar: 4bArocpovyHn Bb3aeucTBus

International sunspot number S :
Yearly mean and 13-months smoothed number
7 — T — T T

Sunspot number S
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Time (years)

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2017 July 5
HEOGXOAMMM Ca AbJZITOCPOYHU peanum ot HHGIIIOA&TEIIHM AdHHU
3a TemMmnepatypata Ha 3eMHaTa NOBBbPXHOCT U OKeaHMWU,
CNbHYeBO rpeeHe U akKTUBHOCT U Ap.



Kocmuuecku Kammar: AbArocpoyHu Bb3aemncrTBumsa

Haigh, Liv. Rev. Solar Physics (2007)

“Radiation from the Sun — the only energy source for the Earth’s atmosphere and changes in solar activity clearly have the
potential to affect climate.

There is statistical evidence for solar influence on various meteorological parameters on all timescales, although extracting
the signal from the noise in a naturally highly variable system remains a key problem.

Changes in total solar irradiance undoubtedly impact the Earth’s energy balance but uncertainties in the historical record
of TSI mean that the magnitude of even this direct influence is not well known.

Variations in solar UV radiation impact the thermal structure and composition of the middle atmosphere but details of the
responses in both temperature and ozone concentrations are not well established.

Various theories are now being developed for coupling mechanisms whereby direct solar impacts on the middle atmosphere
might influence the troposphere but the influences are complex and non-linear and many questions remain concerning the
detailed mechanisms which determine to what extent, where and when the solar influence is felt.

Variations in cosmic radiation, modulated by solar activity, are manifest in changes in atmospheric ionization but it is not
yet clear whether these have the potential to significantly affect the atmosphere in a way that will impact climate.”



10" MexxayHapoaHa KoHdepeHUuun

CnhbHUYEBU Bb3AEUCTBUA BbpPXY
marHutocdeparta, MoHochepata U atmocdeparta

http://ws-sozopol.stil.bas.bg/ main—toHu 2018, bvarapus

orpaHusatopu: Cekuua , Kocmuueckmn knumar” (MKUT-BAH)
www.space.bas.bg

Temu

CnvHUe M chbHUYEBA aKTUBHOCT

CnvHues BATbp—MarHurocpepa—-mnoHocdepa

CnvH4YeBM Bb34enUCTBMA BbPXY HUCKATA aTmocdepa u Kammara
CnvHuyeBu Bb3gencTBMA BbpXy buocdepara

UHCTPYMeHTU 3a HabntoaeHmne Ha KOCMUYECKO Bpeme Hay4hun nybankaumm Ha Temm ot
06paboTKa Ha AaHHU M MOAENH KOCMMYECKO Bpeme (aHrn.):

AN NN N

http://sungeosphere.org/



