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ROCMMYECKO Bpeme U KAnmaT

KpaTKocpoyHM (KocMMUYECKo BpemMe) N AbATOCPOYHM (KOCMUYECKU KANMMAT) Bb3AENCTBUA Ha
CNbHUETO M CAbHYEBATa aKTUBHOCT BbPXY

> 3emarTa,
» TeXHONOTUYHU CUCTEMMU U

» XoparTa.



KoCMUMYECKN KNUMAT

HayuyHa amcumnamHa ot ~2000 cbe cnegHnTe OCHOBHU LENn:

1) [a ce YCTAaHOBW ObATOCPOYHATa C/Z1IbHYEBA aKTUBHOCT, BKJ/1. B C/Tb4E€BUA BATbP U MAarHUTHOTO MNoJie

2) [a ce yctaHOBU puU3nYHaTa 3aBUCMMOCT mexay ChbHUEeTo, xennocdeparta, reoMmarHMTHO Noe,
KOCMUWYHM TbYU, Ap.

3) [ayctaHoBM AbarocpoyHuns edekT (Hag 3 chbHYEBUM POTALMK) HA CAbHYEBATA aKTUBHOCT BbPXY
OKOJI03€MHOTO NPOCTPAHCTBO, Pa3IMYHUTE aTMOCchepHU cioese U robanHUs KAMMaT Ha 3emATa

N36paHn 0630pHU cTaTum cbe cBoboaeH aoctbn (Ha aHrAa. e3.):
J. D. Haigh, The Sun and the Earth’s climate’, Living Rev. Solar Phys. (2007)



KoCMUMYECKN KNUMAT

B kakBa cTeneH CNbHUETO BIMSAE BbPXY 3EMHUA KAMMAT? — UMa HeobxoauMmocCT Aa ce
Pa3rpaHMyaT ecTeCTBEHMTE OT aHTPOMNOreHHN GpaKTopPM 38 KNIMMATUYHUTE NPOMEHMU

3a fa ce Aane oTroBop TpAbBa:

> [a CbLECTBYBAT USMEPBAHMA HA METEOPOIOTMYHM NapaMeTpPm 3a AbATM Nepruoam oT BPpeME,
> [a ca TOYHU (KannmbpupaHu MHCTPYMEHTH, e4Ha U Cblla METOAMKA Ha U3MepBaHe)

» ha ca rnobanHu (pa3nonoxeHu no usnaTta 3emsa)

> METOAMKM 3a onpeensHe Ha Bb3AenNCTBUETO (CneKTpaneH — LIMKAUYHOCTU, KopenaumMoHeH —
MeXKAY Pas3IMyHN Bpemesu peaose)

M3non3eat ce NpUBAUIKEHUA N UHAUPEKTHU U3MEPBAHUA 3a onpeaensiHe CIbHYEBOTO BAUAHUE
BbPXY KMMara.



ChbHYeBa aKTUBHOCT

[INpeKTHN HabntoaeHUs

— cibHYeBM neTHa (~1600), emucua (~1978), epynuum, chbHYEB BATHP, EHEPreTUYHM Yactmum (~1996—
AHec)

NHAMPEKTHN HaboaeHus
= reomarHMTHa aKTUBHOCT
= KOCMUYHU NbYU

PEKOHCTPYKLMM HA CAbHYEBATa aKTUBHOCT B MMHAN0TO
- AeHAPOXPOHONO0rMA
—> NeAeHn COHAAXMN

—> CeAMMEHTHU AeN03UTH

HeTouyHoCTW, NpnbanKeHusa, Bapmaymu...



CnbHYeBa aKTUBHOCT — C/TbHYEBU METH3

400 Years of Sunspot Observations .
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Days (Epoch Jan 0, 1980) Total Solar Irradiance for CERES Edition-4 (20000301-20150930)
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Figure 21: (a) Daily-averaged total solar irradiance: all measurements made from satellites (b)
Composite of measurements to produce best estimate of TSI Figure courtesy of Claus Frohlich
(http: // www. pmodwre. ch/ ).


https://ceres.larc.nasa.gov/science_information.php?page=TSIdata
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Figure 18: Globally averaged enerqy budget of the atmosphere. Figure from http: // asd-uwww.
larc. nasa. gov/ ceres/brochure/ based on data from Kiehl and Trenberth (1997).



Intergovernmental Panel on Climate Change
https://www.ipcc.ch/about/

Radiative forcing of climate between 1750 and 2005

Radiative Forcing Terms
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Figure 19: Global, annual average radiative forcing contributions 1750 — 2005 from the IPCC fourth
assessment report. From IPCC (2007).
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BanaHMe BbpPXYy 030HAa

PasnnyHmMTE MoneKkynm ot 3emHaTta atmocdepa
NOrNbLLAT PA3/IMYHO BbB BUCOUMHA U ObNXKUHA
Ha BbJ/IHaTa

0,, 03, H,0, CO,

BCAKA NMPOMAHA B CNEKTbpa Ha C/TbHYeBaTa
emucua (no Bpeme Ha cA. UmMkba) — Hanp. UV —
BOAM 4,0 Pa3/IMYHO NOrTblaHe
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https://en.wikipedia.org/wiki/Infrared_window

Bananue sbpxy obnauute

» 3a TpaHCNopT Ha TOM/IMHA OT OKeaHUTe B aTmocdepaTa

» OTpasasaT YacT OT CAbHYeBaTa eMmucus 06paTHO B NPOCTPAHCTBOTO

» 3aabprKaT AbAroBbaHOBaTa, UHPpavepBeHa eMUcKA (KakTo NapHUKOBUTE rasose)
Ho cymapHua edeKT e Aa NOHMKAT TemnepaTtypara

—> NpomeHn B ob61a4yHaTa NOKPUBKA, MPUYMHEHM OT CAbHYEBATA aKTUBHOCT A CTaBa Ype3 KOCMUYHU /TbYMn
(>GeV), upe3 NnpomMsiHa Ha KOHLUEHTPaLUMATA Ha KOHAEH3aUMOHHU Aapa (HO ¢ TBbpAe ManbK AnameTbp)




MexaHM3MM Ha Bb34EeNCTBUE BbPXY
KAMMATA

MbnHa cAbHYeBa CBETUMOCT (opbuTanHa Bapuauma 1 PagnatmBHo popcmpaHe Ha Kanmata. MpPeKTHO BANAHMUE
CMbHYeBa aKTUBHOCT) BbPXY TeMnepaTypaTa Ha OKeaHUTe Ha NOBbPXHOCTTTA U
XMAPO-UNKbAA.

CnbHYeBa YNTPABMONETOBA EMUCUUA HarpsaBaHe Ha ropHaTa 1 cpegHa atmocdepa, AMHAMUYHO
CBbp3BaHe A0 TponochepaTa. BamsaHne Bbpxy XMMUYHUTE
CBOWMCTBA U CbCTaB Ha cpeAHa U HUCKA aTmocdepa, Bbpxy
TemnepaTtypHaTa 3aBUCMMOCT U PaanaTMBHOTO GopcupaHe.

CnbHYEBM EHEPreTUYHM YacTUUM MoHu3aLuma Ha ropHaTa 1 cpefHa atmochepa, BAMAHUE BbPXY
CbCTaBa M TemnepaTtypaTta. Bpb3ka marHutochepa —
noHocdepa — Tepmocoepa.

[@NaKTUYHU KOCMUYHN YUK V]OHVI3aLI,VIFI Ha HUCKATa aTMOC(I)epa, B/IMAHUE BBPXY
ENEKTPUYHOTO nosie n KOHAEH3aAUMNOHHUTE A4 Pa.



Intergovernmental Panel on Climate Change

https://www.ipcc.ch/about/
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Figure 1: Variations in the global annual average surface temperature over 140 years from instru-

mental records. From IPCC (2001).
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ROCMMYECKO Bpeme

HaunoHaneH nnaH no Kocmuyecko speme Ha CALLL:

,... KOCMWYECKO Bpeme ce OTHacA [0 YCN0oBUATA [M NpOMeHUTe, HabtoaaBaHM B KPATKOCPOYEH
nnaH] Ha CAbHUETO U B CAbHYEBUSA BATLP, MarHutochepara, MmoHocdepaTa n Tepmocdeparta,
KOMTO MOraT Aa NoBAUAAT BbpXy paboTaTta U HaAeKAHOCTTa Ha KOCMUYECKN U HAa3eMHM
TEXHOMIOTUYHU CUCTEMU N Aa Bb3AENCTBAT BbPXY YOBELLKUA }KMBOT U 3apase...”

(TepmumH: ~1950)

N36paHu 0630pHM cTaTUM cbC cBOB6OAEH AocTbn (Ha aHrA. 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)




EpekTu

EdbeKkTUTE Ha KOCMNYECKOTO BpeMe Bapupat
» OT NpomMeHun B marHetocdepara, MnoHochepaTa, atmochepara...,
» MPUYNHABAHE Ha CEPUO3HU NPOoHBAEMU 33 CbBPEMEHHUTE
TEXHONOIMMYHUN CUCTEMU — CMBTHUKOBU M HA3EMHM
-> NoBpeKAaaHe Ha CaMUTEe CMBTHULW UM NPEKbCBAHE Ha YCAYyru —
KaTO HaBUraUMA U TENEKOMYHUKaLUN
—-> NPEeKbCBaHe Ha HAa3eMHU MPEXKM 3a eNEeKTPO3axpaHBaHe u
NPeKbCBaHe Ha PaANOKOMYHUKALMS
» [10 No/ly4yaBaHe Ha ONacHU paanauMOHHM 403U MO BPEME Ha
6bvaewm nmnoTMpaHm mucum oo JlyHata u Mapc.

{cesa

SPACE WEATHER

SOLAR HAZARDS

European Space Agency


https://www.esa.int/spaceinimages/Images/2019/03/Space_Weather

[ToNYnMHU

I. ChbHUYeBM epynuumn — n3byxsaHua m
KOPOHAJ/IHO U3XBbpP/ITHE Ha Maca

Il. ChbHYeB BATHP U MmeXXAynaaHeTHO
MarHUTHO none

lll. 3apepeHun yactnum



https://www.esa.int/spaceinimages/Images/2018/11/What_is_space_weather

|. ChbHYeBM epynumnm —
CNbHYEBU N3OYXBAHUA

2003/10/27 00:00

EdbeKkTn oT cnbHYeBaTa eNeKTPOMarHMTHa emmcus

—> HacTbnBa: 8 min cnea chbHYEBaTa epynums
- NPOABAKUTENHOCT: 1-2 AHU

- UHTepdepeHLMs Ha caTeZIMTHA KOMYHUKaLUA
—> pajapHa uHtepdepeHums

—> 6/I0KMpaHe Ha paamMo KOMYHUKALMS

—> TPEeLWKN Npu NoKaums

—> NOHW)KaBaHe Ha opbuTaTa Ha CNBTHULUM

Solar flares are huge
explosions in which
electromagnetic energy is

emitted into space as radio
waves, visible light,
ultraviolet radiation and
X-rays. Flares can be
associated with ejections of
energetic protons, electrons
and heavier particles into
space at near light speed.




|. ChbHYeBM epynumnm —
KOPOHA/IHO M3XBbPAAHE Ha Maca

2003/10/27 05:54 .

EbeKTy oT chbHYeBaTa HaMarHuTeHa naasma

— Hactbnea: 1-3 aHKM cnep chbHYeBaTa epynumA

—> NPOABAKUTENHOCT: AHU

—> 3apexgaHe Ha NOBbPXOCTTA Ha CMBbTHULUM U TAXHOTO 3abaBAHe
—> FPELWKM NPU HaBUrauma n noKauua

—> pajapHa uHtepdepeHums

—> 6/I0KMpaHe Ha paamMo KOMYHUKALMS

—> reomMarHuTHu bypm

1 Active regions can give rise to
. CMEs, when billions of tonnes

+ of matter are flung into space

© at speeds reaching 3000 km/s.
CMEs are often associated

. with solar flares but can also
+occur independently.

---------------------




[eOMarHUTHM bypu

- KOmMnpecna Ha MaI'HMTOC(I)epaTa, KOeTo BoAn A0 Bb3HUKBAHE HAa MHAOYUNPAHU TOKOBE
B i/’10Hocc|>epaTa n a0 Bapunaunun B npn3emMmHOTO MarHUTHO noje
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When a (ME hits Earth's
magnetic field, it can trigger
a geomagnetic storm that
affects satellites in space
and critical infrastructure,
such as power grids, on
ground.

- 500

—> MPOrHO3U M OLLEHKM
(npumep: 2017-09-08)




CKana 3a reoMarHuTHu bypu

— NMPOrHO3n 1 oueHKM (Npmumep: 2017-09-08)

noaa.gov. t L s rming-obser ve

Severe storm conditions met at: 07/2350 UTC

Aurora Forecast
OVATION-Prime Model

(Typicat

UPDATE: CONTINUED 64 (SEVERE) GEOMAGNETIC STORMING OBSERVED

eptember 09, 2017 01:54 UTC

pub

coronal mass ejection. A G3 (Strong) or greater warning continues to be in effect until 1500 UTC (11:00 Eastern) on 08 September.

NOAA Space Weather Scales
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Category

Effect

Physical
measure

Average Frcqucncy
(1 eyele =11 years)

Duration of event will i severity of effects

Seale ] Descriptor

Geomagnetic Storms

Kp values*
determined
every 3 hours

Number of storm events
when Kp level was met;
(number of storm days)

G 1 | Minor

Other systems: mlgratury animals are affected at this and higher levels; aurora is commonly v
latitudes (northern Michigan and Maine). **

e at high

Power systems: widespread voltage control problems and protective system problems can oceur, some grid Kp=9 4 per cycle
systems may experience complete collapse or blackouts. Transformers may experience damage. (4 days per cycle)
Spacecrafi operations: may experience extensive surface charging, problems with orientation, uplink/downlink
G 5 | Extreme and tracking satellites.
Other systems: pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be
impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency radio
navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas (typically 40°
geomagnetic lat). **
Power systems: possible widespread voltage control problems and some protective systems will mistakenly trip Kp=8 100 per eycle
out key assets from the grid. (60 days per cycle)
Spacecrafi operations: may experience surface charging and tracking problems, corrections may be needed for
G 4 | Severe arientation problems.
Other systems: induced pipeline currents affect preventive measures, HF radio propagation sporadic, satellite
navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and northern California (typically 45° geomagnetic lat.) **
Power systems: voltage corrections may be required, false alarms triggered on some protection devices. Kp=7 200 per cycle
Spacecrafi operations: surface charging may occur on satellite components, drag may increase on low-Earth-orbit (130 days per cycle)
. satellites, and corrections may be needed for orientation problems.
G 3 | swong e : : : . : :
Other systems: intermittent satellite navigation and low-frequency radio navigation problems may occur, HF
radio may be ntermittent, and aurora has been seen as low as 1linois and Oregon (typically 50° geomagnetic
lat.). **
Power systems: high-latitude power systems may expenence voltage alarms, long-duration storms may cause Kp=h 600 per cyele
transformer damage. (360 days per cycle)
Spacecrafi operations: corrective actions Lo orientation may be required by ground control; possible changes in
G 2 | Moderate
drag affect orbit predictions.
Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New York
and Idaho (typically 55° geomagnetic lat.).**
Power systems: weak power grid fluctuations can ocecur. Kp=5 1700 per cycle
Spacecrafi operations: minor impact on satellite operations possible. (900 days per cycle)

* Based on lhl‘. measure, but other physical measures are a
3 ations around the globe, use peomag:

G4 (Severe) geomagnetic storm levels were observed at 2350 UTC (19:50 Eastern) on 07 September, again at 0151 UTC (21:51 Eastern) on 08 September and 1304 UTC (09:04 Eastern) due to effects froma

lso considered.
atitude to determine likely sightings {see www.swpenoas. gov/Aumomn)



https://www.swpc.noaa.gov/NOAAscales/

7,
H e raTM B H Vl ed)e KTM B-b pxy H a 361\/\ H I/I Geomagnetic storms can affect

or damage satellites in space
CUCTEMU — TONIEMU TEOTPAPCKM LUIMPUHN [y
power grids, damaging
transformers, on ground. They
ESKOM (South Africa) Network reports - 5 Stations, * 15 Transformers also disturb radio signals
damaged travelling through the upper
Station 4 Transformer 6 HV winding failure  gtation 3 Transformer 6 LV exit lead overheating atmosphere. In 1989, a (ME

caused a geomagnetic storm
that led to a 9-hour power

blackout in Quebec. In 2003,
many satellites were damaged
or temporarily affected by the
‘Halloween storms’, a series
of powerful solar events.

In 2012 a massive CME

just missed Earth.

Murtagh (2010)

Station 3 Gen Transformer 4 damage Station 3 Gen. Transformer 5 overheating




—> noTtouuTe o1 6bp3
C/TbHYEB BATHP

(c npoun3xoa OT KOPOHANHU
AYMNKW) ce cumTaT 3a
M3TOYHUK Ha NO-cnabute,
noBTapAwm ce (Ha ~27
AHW) TeOMarHuUTHU bypu

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

Solar wind is a
continuous stream
of electrons, protons
and heavier
particles from the
upper atmosphere
of the Sun.
Embedded within
the solar wind is

the interplanetary magnetic
field. Pressure from the
solar wind gives Earth's
magnetic field its
characteristic shape,
compressed on the day side
and extended into a long

tail on the night side.

CMEs are slowed by the
effect of pushing through
the solar wind. The fastest
CMEs reaching the Earth are
usually combinations of two
CMEs, where the second
propagates in the ‘wake’
cleared by the first.




Il. EHEpPreTnYHM YacTnum:

ERNE20170905.phe

MPOTOHU, eNEeKTPOHU, MOHW

10°

o
S

Catalogs
Solar Energetic Particles

Related Phenomena

© SRTI-BAS 2018 Last modified 09/17/2018 13:56:05

Wind/EPACT proton event catalog

SOHO/ERNE proton event catalog

Radio emission signatures catalog

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 006816

http://newserver.stil.bas.bg/SEPcatalog
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EdeKkTn oT cnbHYEeBU eHepreTUYHU YacTULm

— Hactbnea: 10—15 min fo Yacose cnep CabHYEBaTa epynuua
— NPOABLAKUTENHOCT: YAacoBe A0 AHU

—> yBean4veHue Ha pagnaumoHHaTa 403a

— nospena Npu CNbTHULUM

— 3aryba Ha OpueHTaLMA NPU CIBTHULLK

—> FPeLwwKn Npu N3MepBaHMA OT UHCTPYMEHTH

— Aerpajgauma Ha pagmo KOMyHUKaLuA



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

[lonapHn
CUAHNA

eHepreTMYHU YaCcTULUM HABAM3AT NPU NOJKOCUTE
B 3eMHaTa atmocdepa 1 Bb3byKAaT pasNnyHM
aTomun, Kouto nanvusat emucmna ot UV go IR

BuammunTe cMAHMA CBETAT B:

—> yepBeHo: emucua oT O, Ha 630 nm (Ha
ronemm BUCOUYUHM)

—> 3eNeHo (Han-yectute): monekynnte N
npeHacAT eHeprma 4o O, HO CBETEHETO € Ha
577.7 nm (Ha HUCKN BUCOYUHM)

— CMHbO/BMONEToBO: OT Mmonekynn N Ha 428
nm (Ha HaN-HUCKN BUCOYUHM)

6

Auroras are spectacular
phenomena that occur
at northern and
southern polar latitudes.
During strong
geomagnetic storms,
aurora can be visible
also at latitudes nearer
the equator.



http://www.ollietaylorphotography.com/

ROCMMYECKO Bpeme Ha ApYrv naaHeTu

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
electrons hitting the atmosphere, finding these rare light emissions only occur under
special magnetic field conditions.

2 Magnetic field structure near Mars aurora

Locations of the 19 auroral detections
(white circles) by SPICAM on the Mars
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
structure (from NASA's Mars Global Surveyor),
where red indicates closed magnetic field
lines, grading through yellow, green and
blue to open field lines in purple.

The auroral emissions are very short—lived,
they are not seen to repeat in the same ‘ ) Y |
locations, and only occur near the boundary ; 3 N ! Mars Express trajectory
between open and closed magnetic field lines 3 '
(also visualised top right).

2 Measuring aurora altitude

SPICAM limb observations enabled the ) e A ‘
altitude of some of the auroral events to ? g ‘-ﬁ’ )
be determined as 137+27 km (bottom right). S Tt - : o 'y \137127 km

Mars

ESA/ATG medialab, J.-C. Gérard & L. Soret {2015) European Space Agency

KoOCMMYECKO BpeEME




ROCMMYECKO Bpeme Ha ApYrv naaHeTu

Kocmmyecko Bpeme NASA/ESA/Hubble



ROCMMYECKO Bpeme Ha ApYrv naaHeTu
YpaH

16 Nov. 2011 29 Nov. 2011

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

KoOCMMYECKO BpeEME



CTabunHOCT Ha
CNbTHULUMN

v’ Korato cTabu/IHOCTTa Ha CMbTHUKA € No 3Be3auTe

v/ KoraTo Mmame cbbuUTHE OT eHEepPreTUYHM YacTULm
AOCTUrawm 3emHaTta opbuta

v KoraTo YyacTuuumTe pearmpart C MUHCTPYMEHTUTE Ha
6opaa Ha CNbTHUKA (,ePEKT Ha CHEXUHKUTE")

2014-09-01




-esa

CORONAL MASS EJECTIONS

COSMIC RAYS

SOLAR CELL DEGRADATION.

ASTRONAUT RADIATION 3
s SOLAR ENERGETIC PROTONS

*SINGLE EVENT UPSET

\ SOLAR FLARE RADIATION

BavAanue Ha RADIATION DAMAGE / - ENERGETIC RADIATION /
o BELT PARTICLES
MOHOC¢epaTa I_IO ENHANCED IONOSPHERIC

CURRENTS AND DISTURBANCES

Bpeme Ha C/1bHYEBA \@
dKTUBHOCT: NAVIGATION ERRORS ’ i Ay ay

BOAU A0 rpewkun npu PG ‘ \ ~ HF RADIO WAVE DISTURBANCE
HaBMI-aLIIMH M ) CREW AND PASSENGERS

RADIATION

NO3UUMNOHUPAHE,
CUMHTMNNAUUNA U FPRA R GEOMAGNETICALLY
AURORA AND OTHER INDUCED CURRENTS

3ary6a Ha CMBTHUKOB - : ATMOSPHERIC EFFECTS e e
NI HasemeH CUrHan . DISTURBED RECEPTION

KoOCMMYECKO BpeEME




EQekTn BbpXxy pagmo
KOMYHUKaUMuTe

[MpoBAEMM MPU HAZEMHU PAAMO KOMYHUKALLMM
(Radio blackout) RX. 472

| Paths: 12824 [ ! 21 o
: nesiSl) T pe156)

1

(b) 2017 Sep 06 1153 UT - 2017 Sep 06 1208 UT

Frissell et al. (2019)
http://www.astro.gla.ac.uk/users/eduard/cesra/?p=2198



http://www.astro.gla.ac.uk/users/eduard/cesra/?p=2198
http://www.astro.gla.ac.uk/users/eduard/cesra/?p=2198

EQeKTn BbpXxy CamoieTu

Mo Bpeme Ha cabHYeBA bypsa ce n3bAreaT NONAPHUTE MapLUPYTH, 3apaau
v’ Mpobnem c KOMyHUKaLMATA
v' PaguaumoHHo ob1byBaHe

JANUARY 2005 — United Airlines Murtagh (2010)
- 26 FLIGHTS OPERATED ON LESS THAN OPTIMUM POLAR ROUTES DUE TO
SOLAR ACTIVITY

+ CHICAGO TO HONG KONG ANCHORAGE STOP 4 CONSECUTIVE DAYS,
PENALTY 180 TO 210 MINUTES

+ CHICAGO TO BEIJING PENALTIES 18 TO 35 MINUTES
« BEIJING TO CHICAGO PENALTIES 55 MINUTES TO 80 MINUTES



HwWBa Ha pagnalUMOHEH PUCK

» EcTtectBeHa pagmaumsa Ha 3emsTa: ~2.4 mSv/year

» Ha MOpPCKO HMBO OT ranakTM4yHu nbum: ~0.3 mSv

» Mpun megnumMHCKu nscneagsaHma: ~0.1-10s mSv

» MakcmMmanHa go3a 3a acTPOoHaBT 3a Lsia Kapuepa: 1 Sv

www.nmdb.eu



http://www.nmdb.eu/

NosnmmeTtpma Ha MRC

Block - diagram of Liulin - 5 in the
phantom
Koleva et al. (2017) _—_——
D3 || D2 D1 -
\ Liulin - 5
\ | 2av
i Detector
module of Liulin-5
Passive detectors

SPE
7-10.03.2012

2007-2009 | 2012-2015 | 2012-2015
in the in the outside the
phantom phantom phantom

186 -230 | 130220 | 150-280

83 - 150 120 - 160
pGylday pGy/day

Dose 590-880 220-600 300-700

Equivalent pSviday pSviday uSviday + 450 pSv



http://ws-sozopol.stil.bas.bg/

[o3umeTpusa oo Mapc: RAD/Curiosity rover

3

I : Comparative Radiation Exposures

- - o Plastic
= o Silicon —
g 10000 3 U.S. Annual Average All Sources
= : _
(g- L Abdominal CT Scan
L— -
o I DOE Radiation Worker Annual Limit
(U
x 6 Months on ISS (Average)
® 1000 : OV
7] L
8 : MISIERAD BransitaodVars ‘

1 | 2 1

Dec Jan Feb Mar Apr May Jun Jul
Date (2011-2012)

Fig. 45 Left Dose rates (~16-min averages) recorded by MSL-RAD 1n a silicon detector (black circles)
and in a plastic scintillator (red circles) during MSL's journey to Mars. Five SEP events were observed
during the cruise phase. For a given incident flux, the dose rate in silicon is generally less than the dose
rate in plastic because of the comparatively large ionization potential of silicon. Right Radiation exposure
compared with that measured by MSL-Rad on its way to Mars. Image reproduced with permission from
Zeitlin et al. (2013) and Kerr (2013), copyright by AAAS



llosnmeTpuna 4o n okoso Mapc:
ExoMars

Dosimeter

*He counters

Scintillator

FRIEND/Liulin-MO
ESA/Roscosmos/



http://esa-pro.space.bas.bg/

JlosnmeTpma no Mapc

MomHocTH HA PAIHATHOHHATE J03H H NOTOOHTE FATAKTHYeCKH KOCMHEYeCKH ThYI
(TKJI) B MexIVITAHETHOTO DPOCTPAHCTEO H eIHNTHYHHTE OPOHTH Ha COBTHHKA [race
Gas Orbiter (TGO) oxono Mape mo mpoerta “ErzoMapc” ma Epponeiickara m Pycka Smoothed Sunspot Number
KOCMHYecKH ATeHINH Monthly Averages

AupammiEpans ca JAHHWATE 3a BapHAIMHTe Ha pagmaumarta oT | KJI, momyaemm ot
mozuMeTspa Jromue-MO mo epeme Ha mometa ga Mapc H B eIHOTHYHHTE OpOHTH HAa CIIBETHHEKA
Trace Gas Orbiter (TGO) oxomo Mapc mo mpoerta “ExzoMapc™ ma Erponefickata B Pycra

KOCMHYECHKH aIrcHITHH. H’IC.‘IEII:BHHH_HTH Ca MPOBEOCHH B PAaMEHTE Ha 3—CTPE1HHH.'FI OpoEKT MEETY
* AVANAVA \\7"\ 1o0eee
Aueragi..'u:u.?l' em gt ’ "
= 3.5 45 335 3.3 T DS (=
in } ) 10000 — =
*a E -
E = -
L5}
@ 3 |- = 3
= o - [=}
e i E I
= H 4
2 o e 1000 n
2.5 S
=]
T S G- SR S— - B e, O
Altituda 4 par. Mov. Avg. (FluxRate) ! i \I[‘v"l- STV
2 T ¥ ; 100 McMurdo, Antarctica, Neutron Monitor RSIT¥oe
011 08M1 151 221 28M1 DAMZ 1312 2012 2THZ 0301 - - -
Date (mmidd) Bartol Research Institute, University of Delaware
$uz. 1. Bapuayuu na nomora wacmuyu om TFJT fcunu moyxu) om 01 noemepu 2016 2. do 04 mryapu 2017 27-day Averages - data through August 2007
2. Ceamuocunsma AUHUA NOKA3Ed HBAZFAWama cpedHa cmolimecm Ha nomoxa om ITHJL ITynxmupanama 000
YEPHA TUHUR NoKassa SHaueHwama na nomoxa IFJT & nepu-uesmposeme. Bucoyusama Ha cibmAuKa 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Had noswpxHocmma Ha Mapc e npedcmaeena ¢ yepeeru keadpamu, a yepeenama nyHKmMupaHa
MUHUA cawpaea eucoyuHume e obnacmume Ha nepu-ysHmposeme. Buxda ce, HaManeHuemo Ha
nomoka yacmuuyy om (Kf1 e obnacmume Ha nepu-yeHmposeme.

HEKWUT-EAH, HKH-PAH u UMEII-PAH za pagHaiHOHHE H3ICISIBAHHA 00 NpoekT  ExzoMape™.
AHATHIHPAHH CA JTAHHHTE 334 BAPHAIHHTE HA MOITHOCTTA Ha M03aTA H OOTOEA JacTHIH oT [ KII
ot 22.042016 mo 07.03.2017r. PesynTaTHTe MOKA3BAT, 9e IPH NHIOTHPAaH modeT mo Mapc ®

obpaTHO (6 Mecella BBE BCAKA MOCOKA), OCBIIECTBEH MO BpeMe HA HHCHA CTBRHIEEA AKTHBHOCT,

YISHOBETE HA SKHIAKHTE M MOmyIaT MHHHEMYM 60% oT MakcHMamHaTa JOMyCTHMA J03a 3a

IIAIaTa KapHepa Ha KOCMOHABTHTE H acTpoHaBTHTe caMo oT | KJI B TeXHHTe BTOPHIHH 9aCTHITH,
\_ D&z HamH9He Ha JOTEIHHTEIHH 00IHFYBAHHE OT CIEHIEEH SPVIIIHH. J

YEAR RP, September 2007

Semkova et al. (2018, Icarus)



http://www.space.bas.bg/
http://neutronm.bartol.udel.edu/catch/cr3.html

http://swe.ssa.esa.int/ssa-space-weather-activities

LleHTbp No KocmunyecKko Bpeme B ESA

C (| ® Not secure

eSa

What is Space Weather
SSA Space Weather Activities
Current Space Weather

Contact

Service Domains @

Spacecraft Design

Spacecraft Operation

Human Space Flight

Launch Operation

Transionospheric Radio Link

Space Surveillance and Tracking

Power Systems Operation

Airlines

Resource Exploitation System Operation
Pipeline Cperation

Auroral Tourism Sector

General Data Service

Expert Service Centres @
ESC Solar Weather

ESC Heliospheric Weather

ESC Space Radiztion

ESC Ionospheric Weather

ESC Geomagnetic Conditions

swe.ssa.esa.int/

space situational awareness

SSA Space Weather Activities

The objective of the SSA programme is to support Europe's independeant utilisation of, and access to, space
through the provision of timely and accurate information regarding the space environment, and particularly
regarding hazards to infrastructure in orbit and on the ground.

Europe already has a wealth of expertise and assets providing high-gquality scientific observations, results
and models as well as 2 number of Space Weather products to local customers. ESA's SSA Space Weather
(SWE) segment intends to build on this foundation and work toward a federated Space Weather information-
provision concept, avoiding duplication and ensuring that these existing assets and resources play a key role
in Europe's new SSA system.

The SWE Segment focuses on owners/operators of satellites in space and infrastructure on the ground.
Space Weather developments will enable end-users in a wide range of affected sectors to mitigate the effects
of Space Weather on their systems, reducing costs and improving reliability.

SSA Space Weather Coordination Centre (SSCC)

The SSA Space Weather Coordination Centra (SSCC) is located at the Space Pole in Belgium. The SSCC
provides the first European Space Weather Helpdesk, with operators available to answer questions about the
SWE Service Network or Space Weather conditions in general. The SSCC operator provides first line support.
For specific user requests the SSCC operator relies on the Expert Service Centres to provide second line
support.

The SSCC handles the day-to-day monitoring of the continuity and quality of the SWE Service provision,
including both products provided by federated Expert Groups and the applications running in the SWE
Datacentre in Redu.

The SSCC is active in 2 number of user engagement activities such as providing dedicated tailored bulletins
to high priority users, establishing a programme of high quality Space Weather training courses for
professionals and promoting the the SSA SWE Service Network to the Space Weather user communities.

2 ROB/Royal Observatory Belgium



http://swe.ssa.esa.int/ssa-space-weather-activities

EHTbP N0 KOCMUYEeCKOo Bpeme B ESA:

CTPYKTYpPa, AaHHW, MPOrHO3MpaHe

SSA-SWE Users

i an(! Federated data SSA SWE
collaborating ik SWi
sensor systems Coordination
Centre
\/ Space Pole, Belgium

SWE Data Centre R
I SWe,ssa.esa.int

SWE Expert Service Centres

Solar Tonospheric Space Geomagnetic  Heliospheric
Weather Weather Radiation Conditions Weather

European expert groups and centres of excellence

HabnoaeHus, moaenu v nporHosu 3a:

v' CnbHYeBa aKTUBHOCT

v' PagnauunoHHu ycnoBus
v WoHocdepHu ycnosuma
v TeomMarHMTHU ycnosus
v' XenunocdepHu ycnosus


http://swe.ssa.esa.int/ssa-space-weather-activities

EHTbP N0 KOCMUYEeCKOo Bpeme B ESA:
HabNto4eHMA, MOAETN U NPOrHO3NpPaHe
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.. SEP origin project
’t‘ Research collaboration and network
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HHDH3KDH H3 CNbHYEBHMTE EHEPreTHYHK YaCcTHULM:
HEﬁ‘,"KBEH HA HNH KOpOHaNHA HZHaCAHWA Ha Maca

KOCMNYECKO BpemMe S ————

Cothmicen YumeepcureT .Ce. Knument Oxpugorn™, MarucTspcra R
ETEH CapecTep 2015

PHUIHYECKM -¢I-El KynTeT, KarTegpa AL—I'[}D HOMMWA T
YBDH B pagnoacTpoHOMMATA (NpesaHTEME HE SeArapos ]

1. KpaTea MCTOPHA Ha PaAMOACTPOHOMMATA -

Z. Boeeaenne. PaguoTeneckonm.

3. MexaHMIMK 33 PAgWOHINbHYBEAHE

4, MaTo4HMUM Ha paavoMINbYBaHE

CeMvHap Ha rpynata no "CnbHyeBa dw3nka”
KbM MHCTUTYT Nno ®usuka,/ YHUBepcHTeT Ha Mpaly, ABCTpHUA

CABHYeEHM EHEPrMHHK YacTHUK: Habnwaenws, nponzxon daxken wnm CME w kaTanozm ot F. Mutess A
[#a AHITNABCER ]

Codwminckn ¥Yuueepcuret ,Ce. Knument Oxpugcun”, B e
DuIMyeckn hakynTeT, KaTegpa ACTpOHOMMWA el AL L] L *'Z;Fff'":l’l"_if'ﬁ
JHMEH LEMel Thp 1o-LUlY
Du3IMKa Ha CNBEHLETO M CNBHYEEA AHTHBHOCT Pocuya Muresa
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3. CADHYEEM METHA M CMDHYEEE AKTHEHOCT A=
4, CnoH4esn W3byxeanna

C HOAernaTa Ha 5. KopoHanHo HEXEbPNAHE HA Maca
q)OHIDI H ayl‘l H M M3Cn e.ulBa H Mﬂ’ Menigynapoaed Cemuaap "EpynuyMoHHKW npoyeck Ha oceobowpasade

H3 EHEPrMA HAa CNbHUETO M ZBE3gMTe: NnpoM3xog 1 edertn” ISW2018
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CNMChLK C NONYAAPHH NEKLHA

WEB:

KpbM#oKk Nno acCTPOHOMMA
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Ha Bhiragcks

KocMHYyeCcKo BPEME W KOCHMHYECKM KAMMAT oT F. Mutess [Dusassiie ceopo) [Ha Geirapism)

24T yapaHve Ha HOnckaTa NexTopWuA HrTepreT aapec: pa Gulaponn Sy
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The Moon: Gateway to the Stars
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