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HaOnioaeHna Ha aCTPOHOMMUYECKH 00eKTH

N3TouHULUU

HdeTeKkTopu

Bua nb4yeHue u X-Ku

(KaKBOZ dOTOHU N YacTUUU (MHTEH3UTET, \
ObITDKMHA Ha BbJTHaTa/eHeprus)

* Kbaoe: kbae ce Hammpa JeTekTopa U AOCTbI
Ha NbYyeHMeTo 0 Hero

» Kak: TexHonormyHa Bb3MOXHOCT 3a
HabnogeHue
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He HaOnwopaBauTe
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Ha3zeMHUM M CMbTHUKOBU HabONooeHusn
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HabnwopeHuua Ha CabHUETO

HeytpaneH countbp
Hamans obwaTa cBeTMMocT Ha CnbHUETO
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1ISO 12312-2
cTaHaapT 3a 6e3onacHocT

npu HabnoaeHus
Ha CITbHLIETO BHumaHue: Tpabea oa ce

untpupa n nHdppadepseHarta

4YacT OT cnekTbpa!

http://www.eclipseshades.com/eclipse-glasses.html

He HaOnwopaBauTe
floyry downTpy AUPEKTHO KbM
Ha, Cal ll... CnbHUueTO!



HabniwopneHuusa Ha CabHUETO

Projection Method

Sunlight

Telescope  Zorisoard

Projection
Cardboard

Observation Sheet

He HaOnwopaBsauTe
AUPEKTHO KbM
CnbHueToO!

WWW.eS0.0rg;
www.deepskywatch.com




CnbHUETO - BbTPEeLUuHa CTPYKTypa u atMmocdepa
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http://pages.uoregon.edu/jimbrau/astr122-2009/Notes/Chapterl6.html

Copyright @ 2005 Pearson Prentice Hall, Inc.
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Pa3simyHuTe numua Ha CnbHUEeTo

NASA/SDO/Goddard Space Flight Center https://www.nasa.gov/mission_pages/sunearth/news/light-



SOHO
SOlar and Heliospheric Observatory

(ESA&NASA: 1995)
EIT 171 EIT 195 EIT 284 EIT 304

512x512 [5.1M] 512x512 [4.1M] 912x512 [5.7M] 512x512 [6.9M]

SDO/HMI

SDO/HMI Continuum LASCO C2 LASCO C3
Magnetogram
512x512 [6.4M] 512x512 [ 14M] 512x512 [2.8M] 512x512 [ zo0m]

PeanHun niobpaxxeHnaTta Ha CnbHUeTo!!!
C U3KJIloYeHne Ha (noBeyvyeTo OT) L BeToBeTe
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Surface movement Magnetic field polarity Matches visible light 4500 Kelvin
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3a HabngeHne Ha cnbHYEeBaTa NOBBbPXHOCT M 4YacT OT XpoMocepaTa
CN'bHYeBa NOBBPXHOCT UM poTocdepa
ropHa poTocdepa N NpexoneH cron
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304: n3nbvyBaHETO € OT XpoMocepaTa U NPexoaHNa Cou

171: npn cnoKoMHa KOpoHa (MarHUTHW apKN U KOHaNHN BpUMKK)

193: no-ropewun obnactn oT KopoHaTa (M3byxBaHus)




HMI Dopplergram HMI Magnetogram HMI Continuum AlA 1700 A
Surfoce movement tMagnetic field polarity Matches visible light 4500 Kelvin
Photosphere Photosphere Photosphere Photosphere

AlA 4500 A AlA 1600 A AlA 304 A AlA 171 A AlA 193 A
S000 Kelvin 10,000 Eelvin 50,000 Kelvin 400,000 Kelvin 1 million Kelvin
Photosphere Upper photosphere/ Transition region/ Upper transition Corona/fflare plasma
Transition region Chromosphere Region/quiet corona
IL.' g ‘l‘_" ’

! J i
| l
- \ s y
. = =
E ] [ . __..-F"'F}

AlA 211 A AlA 335 A AlA 094 A AlA 131 A
2 million Kelvin 2.5 million Kelvin & million Kelvin 10 million Kelvin
Active regions Active regions Flaring regicns Flaring regions

N3nb4yBaHe OT MNO-ropeLn MarHUTHO aKTUBHK obnacTu
ropeLin akTuBHM obnacTm B KOpoHaTa

KOpPOHa Mo BpeMe Ha C/IbHYeBU N3byxBaHUS
HaW-ropeLlns MaTeprasn rno BpeMme Ha n3byxsaHeTo




MeRH 17GHz 2014-02-25 01:30:01

NRAO/5 GHz :
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Randy Russell
www.windows2universe.org/sun/images




Pa3aiMyHuTe HAacTpoeHua Ha CabHUEeTo

... (a3 Ha CNOKOMUCTBUE U aKTUBHOCT




CnbHYEeB MarHUTEeH LUKbJ - HAbnoaeHus

SDO HMI Magnetogram 22—Jan—2
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CnbHYeB MarHUTeH UWUKDbJ - MO4eJimn

2011 Jan 1

2014 Jul 10

NASA/GSFC




H. MNetpos, 21-08-2017

https://scied.ucar.edu/sun-corona-solar-min-max




SOLAR CYCLE
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“ - ""1595 Sunspot activity follows 2004

an 11-year cycle.
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CnbHYeBa aKTUBHOCT

Granule
Sunspot

Penumbra
Umbra

Corona
Photosphere
Temperature
minimum
" Flare

Chromosphere
Transition region

™~ Prominence

Kelvinsong, https://commons.wikimedia.org/w/index.php?curid=23371669

CnbHYeBUM neTHa (aKTUBHM 00JslacTm)
N30yxBaHus

KoOpoOHaNnHu u3XBbPJIAHUA HA Maca
NMpoTtybepaHcu

Solar wind

The Sun

All features drawn to scale

EHepreTudHm 4actuum



CnbHYeBM NeTHa

KapuHrtoH, 01-09-1859

Fanunen, 23-06-1613 MNRAS, 1859
http://galileo.rice.edu/sci/observations/sunspot_drawings.html
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CnbHYeBM NeTHa
[sunspots]

1-m
Swedish
Telescope

15 Jul 2002 -
5000 kilometers

Royal Swedish

http:/Iwww.isf.astro.su.se/



CnbHYeBM NeTHa S —

DUTCH OPEN TELESCOPE

Ha, 656.3 nm
Xpomocdcepa
+2000 km

Call, 397 nm
HUCKa xpomoccpepa
+500 km

February 27, 2014 March 20, 2017

NASA's Solar Dynamics Observatory

Joy Ng/NASA's GSFC/SDO

https://www.space.com/36188-spotless-sun-has-no-

sunspots.html

c¢oTtochepa 0 Kkm

Dutch Open Telescope
INa MNanwma (KaHapcku ocTpoBn)
08-06-2005
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http://staff.science.uu.nl



CnbH4YeBO M30yxBaHe
[solar flare]

BHesanHa, 6bp3a u
WHTEH3MBHA NPOMSIHA B
SIPKOCTTA: OrPOMHa EKCMno3usi
B ClTbHYeBarta atMmocdepa,
KOSITO Cb3aBa:

® M3MbYBaHeE: OT Y 40 paguno
BbiHU (103 erg or 102 J)

e [BMXEHME Ha nnasma

® 3apeeHun YacTuum

YecTo ce Habnogasa B
aKTMBHK obnacTun, KbAeTo nma
pasnnyHa NonspHOCT Ha
MarHUTHUTE CUIOBU JTMHUN

CNbTHUKOBU U HA3EMHU
HabnaeHnsa — B 3aBUCUMOCT
OT AbIMKNHATA Ha BbIHaTa

2003/10/28 11:12

SOHOIJEIT 195 A



CnbHYeBO u36yXBaHe |

[solar
flare]
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KoOpOHaJZIHO U3XBBbpJZisHE Ha Maca
[coronal mass ejection: CME]

STEREO B
@E160

STEREO B
@E160

STEREO B
@E160

COR1: 2014/02/25 b0:45:56 EUVI : 00:46:27

COR1: 2014/02/25 00:55:56  EUVI : 00:56:27

OTtkputn npes 1970-Te

COR1: 2014/02/25 .01 :05:56  EUVI: 01:06:27

HabnOeHNS: Ypes 3aKkpuBaHe
Ha sipkaTa gootocdepa (OT 3emMsATa N CIbTHULN)

MpencraeasaT orpomMHK obnaum oT nnasma u Ckopocty — B npoekumsa: 100 km/s — 3000 km/s

MarHuTHO nosne
Maca: ~10" g (1—10 % oT cnbHYeBUNA BATHP)



KopoHaJiHO
U3XBBbpPNAHe

Ha MadcCa
[CME]

http://www.affects-fp7.eu/
https://www.helcats-fp?.eu/

X (HEE)

STEREO: 2008 «~ 2018 https://stereo-ssc.nascom.nasa.gov
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Habniwopenun
Ha CABLHLETO PARKING SPACE-WEATHER PROBES

The European Space Agency hopes to place its new probe at the gravitationally
stable Lagrange point 5 (L5), where it will have a different view of the Sun
compared with probes at the more populated spot, L1.

_Magnetic
field

e '.--'

Lle |[[( *l” Earth
']

¥

A probe at L5 can | , o
see the surface ’ : ok
region of the Sun | LT
that will spin to face | N

o
Earth in 4-5 days.

" L5’'s side-on view allows for
more precise calculations of
the speed of solar eruptions
headed for Earth.




NMpoTtybepaHcu/
dbunamMeHTm
[prominence/

filaments] ,

H. NMNetpoB, HAO-PoxeH
11—May—2011 D2:25:08.120 UT
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CnbH4YeBM €HepreTun4yHm 4actmum
[solar energetic particles]

SOHO/LASCO
ESA & NASA




CnbHYeBM €HepreTun4yHm 4actmum

[solar energetic particles]
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KocMuuecko BpemMme

HauuoHaneH nJjiaH No KocMU4Yecko Bpeme Ha CALLL:

wrre. KOCMUYECKO BPEME CE OMHAacs 00 yc/108UsIMa [U hpoMeHUme,
Hab/1100asaHU 8 KDAMKOCPOY€EH n/aH] Ha CIbHUEMO U B C/TbHYEBUS

BAMBP, MasHUMocgepama, tUoHocgepama u mepmocgepama, Koumao

Moeam da nos/ussm sbpxy pabomama U HadexoHocmma Ha
KOCMUYeCKU U HazeMHU mexXHO/1ocU4YHU cucmemMmu u 0a ﬁm

B e i e e PP e

BbPXY YOBEWKUS XUBOM U 30pase.,..”

N30bpaHn 0030pHM cTaTUM Cbe cBOOOoAEeH AoCcTLN (Ha aHr. es.):
R. Schwenn, 'Space Weather: The Solar Perspective', Living Rev. Solar Phys. (2006, 2010)

T. Pulkkinen, 'Space Weather: Terrestrial Perspective', Living Rev. Solar Phys. (2007)
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MarHUTHM Space Weather

Essentlals

oypm

3. Earth’s magnetosphere at times

1. Sun unleashes solar storm gets hit with'charged particles

2. Coronal mass ejection
bursts.intd space

4. Dur atmosphere-glaws with auroral
lights (seer from-Earth and space)

« 5. Charged particles affect communications,
navigation, satellites, the power grids, mare.

MpuyYnHM 3a reoMarHUTHUTE Oypun W3mepBaHus

- I0XHa KOMMOHEeHTa Ha KOMMOHEHTUN Ha NPU3EMHOTO
MeXaynnaHeTHOTO MarHUTHO none MATHUTHO Mofe

- 6bP30CKOPOCTHM NOTOLM OT Nnasma




FfeoMarHUTHu Oypm

www.ngdc.noaa.gov/stp/GEOMAG/dst.html

noaa.gov.

Severe storm conditions met at: 07/2350 UTC

Aurora Forecast Forecast For: 2017-09-08 00:30 UT

OVATION-Prime Model Hemispherc Power: 106,65 GW
; {Fypical Hange 5 to 150 GW)

Probability of Visible Aurcra

UPDATE: CONTINUED G4 (SEVERE) GEOMAGNETIC STORMING OBSERVED

2017 01:54 UTC




FfeoMarHUTHu Oypm

‘v“_‘t ] T.r.-f*
- e
NOAA Space Weather Scales &
ke p > e
Category Effect Physical Average Frequency
measure (1 cyele =11 years)
Scale ] Descrip tor Duration of event will infloence severity of effects
. Kp values* MNumber of storm events
Geomagnetlc S to rms determined when Kp level was met;
every 3 hours {number of storm days)
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 experence extensive surface charging, problems with orientation, uplink/downlink
G 5 | Extreme and tracking satellites.
Other systems: pipeline curents 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 Florda and southern Texas (typically 40°
peomagnetic lat). **
Power systems: possible widespread voltage control problems and some protective systems will mistakenly trip Kp=8 100 per eyele
out key assets from the grid. (60 days per cycle)
Spacecrafi operations: may expenience surface charging and tracking problems, corrections may be needed for
G 4 | Severe orientation problems.
Other systems: induced pipeline currents affect preventive measures, HF mdio propagation sporadic, satelliie
navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and nothern 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 edemms- . . :
Other systems: mtermmittent satellite navigation and low-frequency radio navigation problems may oceur, HE
radio may be ntenmittent, and aurora has been seen as low as llinois and Oregon (typically 507 geomagnetic
IEI.L':I.**
Power systems: high-latitude power systems may expenence voltage alarms, long-duration storms may cause Kp=6 600 per cyele
transformer damage. (360 days per cycle)
Spacecrafi operations: corrective actions to ofentation may be required by ground control; possible changes in
(; 2 | Moderate , e
drag affect orbit predictions.
Other systems: HF radio propagation can fade at higher lantudes, and aurora has been seen as low as New York
and Idaho (typically 55° geomagnetic lat). **
Power systems: weak power grid fluctuations can occur. Kp=5 1700 per cyele
. Spacecrafi operations: minor impact on satellite operations possible. {900 days per cycle)
G 1 | Minor Other systems: migratory animals are affected at this and higher levels; aurora 1s commonly visible at high
latitudes (nothern Michigan and Maine). **
¥ Based on this measure, but other physical measures are also considered.

¥ For specific locations amund the globe, use peomagnetic latitude to determine likely sightings {see waww . swpe noaa. gov/ Aumr)




KocMuuecko BpemMme

CORONAL MASS EJECTIONS

COSMIC RAYS

SOLAR CELL DEGRADATION

ASTRONAUT RADIATION " ‘. : - SINGLE EVENT-UPSET

¥ SOLAR ENERGETIC PROTONS
\ SOLAR FLARE RADIATION

RADIATION DAMAGE ENERGETIC RADIATION
BELT PARTICLES

ENHANCED IONOSPHERIC
CURRENTS AND DISTURBANCES

NAVIGATION ERRORS

\ i 3 HF RADIO WAVE DISTURBANCE

CREW AND PASSENGERS /

RADIATION /

SIGNAL SCINTILLATION GEOMAGNETICALLY
AURORA AND OTHER INDUCED CURRENTS

ATMOSPHERIC EFFECTS IN POWER SYSTEMS

DISTURBED RECEPTION




KocMuuecko BpemMme

-

Sunspots Coronal Mass Ejections (CMEs)

Sunspots are comparatively cool areas Large portions of the corona, or outer atmo-
at up'to 7,700° F and'showithe location sphere of the Sun, can be explosively blown
of strong magnetic fields protruding into space, sending billions of tons of plasma,
through whatwe wouldlsee as the Sun’s £ or superheated gas, Earth’s direction. These

surface. Large, complex sunspot groups CMEs have their own magnetic field and can
are generally'the source of sighificant ‘ slam into and interact with Earth’s magnetic

space ‘weather. 2 field, resulting in geomagnetic storms. The q o o 3 >
\ fastost O theso. CMES can reach Earifiin under. Space weather refers to the variable conditions on the Sun and in the space environment that can influ-

a day, with the slowest taking 4 or 5 days to ence the performance and reliability of space-based and ground-based technological systems, as well as
reach Earth endanger life or health. Just like weather on Earth, space weather has its seasons, with solar activity rising
and falling over an approximate 11 year cycle.

Solar Wind
5 SO
The solar wind is a constant outflow of Sun’s Magnetu: Field

electrons and protons from the Sun, always
present and buffeting Earth’s magnetic field.
The background solar wind flows at approxi-

Strong and ever-changing magnetic fields drive the life of the Sun and underlie
sunspots. These strong magnetic fields are the energy source for space weather
and their twisting, shearing, and reconnection lead to solar flares.

mately one million miles per hour!

Solar Radiation Storms

Charged particles, including electrons and protons, can be accelerated by
coronal mass ejections and solar flares. These particles bounce and gyrate their
way through space, roughly following the magnetic field lines and ultimately
bombarding Earth from every direction. The fastest of these particles can affect
Earth tens of minutes after a solar flare.

Farth Solar radiation Magnetic
orbit storm ... field lines

Geomagnetic Storms
A geomagnetic storm is a temporary disturbance of Earth’s magnetic field
typically associated with enhancements in the solar wind. These storms are
created when the solar wind and its magnetic field interacts with Earth’s
magnetic field. The primary source of geomagnetic storms is CMEs which
stretch the magnetosphere on the nightside causing it to release energy through
Corona magnetic reconnection. Disturbances in the ionosphere (a region of Earth’s
upper atomosphere) are usually associated with geomagnetic storms.

Reconnection Stretching on
C’ME region the nightside
plasma {

Solar Flares Earth’s Magnetic Field

Reconnection of the magnetic fields on the Earth’s magnetic field, largely like that of a bar magnet, gives
surface of the Sun drive the biggest explosions in the Earth some protection from the effects of the Sun. Earth’s
our solar system, These solar flares release magnetic field is constantly compressed on the day side and
immense amounts of energy and result in electro- stretched on the night side by the ever-present solar wind.
magnetic emissions spanning the spectrum from During geomagnetic storms, the disturbances to Earth’s
gamma rays to radio waves. Traveling at the speed magnetic field can become extreme. In addition to some

of light, these emissions make the 93 million mile buffering by the atmosphere, this field also offers some shield- Compression
trip to Earth in just 8 minutes. ing from the charged particles of a radiation storm on the dayside

NOAASpace\Weather Prediction Center — www.spaceweather.gov Source images: NASA, NOAA.
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Global Positioning System (GPS)

Geomagnetic storms can impact the accuracy and availability of GPS by
changing the ionosphere, the electrically charged layer of the atmo-
sphere a GPS signal must pass through from satellite to ground receiver.
The ionosphere is the largest source of error in GPS positioning and
navigation. These ionospheric disturbances are ever-present but can
become severe during geomagnetic

storms, resulting in range errors in excess

of 100 feet, or even resulting in loss of

lock on the GPS signal entirely. These

errors can have significant impacts on

precision uses of GPS such as navigation,

agriculture, oil drilling, surveying, and

timing.

Satellite Operations

There are thousands of satellites in orbit around Earth with applications
in television and radio, communications, meteorology, national
defense, and much more. Space weather can affect these satellites in
many ways. Solar radiation storms can cause spacecraft orientation
problems by interfering with star trackers and by causing errors or
damage in electronic devices. Geomagnetic storms can

create a hazardous charging environment for

satellites resulting in damaging electrostatic

discharge, much like touching a

door knob and getting that spark

on a dry winter day. Geomag-

netic storms also cause heating

of the atmosphere, essentially

causing it to expand, which

results in more drag or slowing

down of an orbiting satellite. In

a worst case, space weather can

cause the satellite to fail.

Space Operations

Astronauts and their equipment in space
are bombarded with charged particle
radiation. This radiation causes tissue or
cell damage in humans. Space weather and
solar radiation storms are of particular
concern for activities outside the protection
of Earth’s atmosphere and magnetic field.

] NOAA Education www.education.noaa.gov

NOAA Space Weather Prediction Center www.spaceweather.gov

Space Weather
Impacts on Earth

Electrons accelerated in the tail of
the magnetosphere travel down the
magnetic field lines.

Electrons collide with the upper
atmosphere 50 to 300 miles above Earth.

Electrons exchange energy with the
atmosphere exciting the atmospheric
atoms and molecules to higher energy
levels. When the atoms and molecules
relax back to lower energy levels, they
release their energy in the form of light.

___ Aurora

Nightside

Aurora

The Aurora Borealis (Northern Lights) and Aurora Australis (Southern Lights) are
the result of electrons colliding with Earth’s upper atmosphere, The electrons are
energized through acceleration processes in the downwind tail (nightside) of the
magnetosphere. The accelerated electrons follow the magnetic field of Earth
down to the polar regions where they collide with oxygen and nitrogen atoms
and molecules in Earth’s upper atmosphere. In these collisions, the electrons
transfer their energy to the atmosphere, thus exciting the atoms and molecules to
higher energy states. When they relax back to lower energy states, they release
their energy in the form of light. The aurora typically forms 50 to 300 miles above
the ground. Earth’s magnetic field guides the electrons such that the aurora forms
two ovals approximately centered at each magnetic pole.

THE COLORS OF THE AURORA

Deep red from high altitude
atomic nitrogen

Magenta from high altitude
molecular nitrogen in sunlight

Greenish yellow from lower
altitude atomic oxygen

Magenta from low altitude
molecular nitrogen (not shown
in the picture)

Aviation

Aircraft use High Frequency (HF) radio
communication to stay in touch with ground
controllers in remote areas such as over the
oceans or over the poles. Solar flares can
“black out” the use of HF on the dayside of
Earth and solar radiation storms can “black
out” use of HF near the poles, impacting the
aircraft’s ability to stay in touch with the
ground. Impacts to GPS systems can also
significantly affect airline operations.

Power Grids

Geomagnetic storms result in electric currents
in the magnetosphere and ionosphere as the
area shaped by Earth’s magnetic field is
compressed and disturbed. The disturbed
conditions create additional currents in long
conductors on the ground such as overhead
transmission lines or long pipelines. In the
most extreme cases, these currents can cause
voltage instability or damage to power system
components, potentially resulting in tempo-
rary service disruptions, or even a widespread
power outage

*Image source: Aurora Borealis taken from the International Space Station in April of 2012.




KocMuyecko Bpeme -
CTAOMJTHOCT Ha CNbTHULM

NASA/SDO&STEREO



NMNoAororoBka 3a NUJOTUPaAHU Mucum 0o Mapc -
Obarapckoro yyacrtue Ha MKC: JlionuH-5

Experiment Liulin-5 was observing the radiation EGICEE RIS
characteristics in the spherical tissue-equivalent phantom [alitsFATEESlerZelele] RS (NI ERels)
of MATROSHKA-R project on ISS since June 2007 till S ————
September 2015. phantom
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NMNoAororoBka 3a NUJOTUPaAHU Mucum 0o Mapc -
Obarapckoro yyacrtue Ha MKC: JlionuH-5

€% 100 —Flux GOES
= —DoselSS Koleva et al. (2017)_
v —1L Value http://ws-sozopol.stil.bas.bg/
= oy
— E 10 —
29
; § 27 Solar Proton Events (SPE) in 2012 — September 2015
E E 1 To be observed inside ISS :
0 w - Energy > 100 Mev
W w - intensity above the threshold of 10 p/cnr3s'sr-1
0 8 il ALY i WA - long duration

ﬂ,1 ] T T T T T ] 1 T T T T T T
07/03 06:00:00 08/03 06:00:00 09/03 06:00:00 10/03 00:00:00

UT March 2012 dd/mm hh:mm:ss

Liulin-5 registered the effect from the SPE from
07.03.2012, at 13:01 UT till 08.03.2012, at 21:31 UT

2007-2009 | 20122015 | 2012-2015 S
in the in the outside the 7-10.03.2012 NASNESA/R k
phantom phantom phantom 0SKOSMos

186 - 230 | 130-220 | 150-280 max 1 Sv paduayuoHHa 0o3a rnpes
WGyiday | uGyiday usinama kapuepa Ha eOUH acmpoHaem

83-150 | 120 - 160

uGy/day uGy/lday

590820 | 220.600 | 300.700 EctectBeHa pagmnaums Ha 3emsaTa: ~2.4 mSv/year

pSviday uSviday uSviday | ¥ LTS Ha MOPCKO HMBO OT ranaktuyHu nbyn: ~0.3 mSy
Mpu megnumHckn nacnegsanus: ~0.1-10s mSv
www.nmdb.eu

Dose
Equivalent




www.world-nuclear.orgfinformation-library/safety-and-security/radiation-and-health/nuclear-radiation-and-health-effects.aspx - C‘| |Q. Search

WORLD NUCLEAR
ASSOCIATION

Some comparative whole-body radiation doses and their effects

Typical background radiation experienced by everyone (average 1.5 mSv in Australia, 3 mSv in
North America).

1.510 2.5 Average dose to Australian uranium miners and US nuclear industry workers, above background
mSv/yr and medical.

Typical incremental dose for aircrew in middle latitudes.
Exposure by airline crew flying the New York — Tokyo polar route.
Maximum actual dose to Australian uranium miners.

Effective dose from abdomen & pelvis CT scan.

2.4 mSwv/yr

Current limit (averaged) for nuclear industry employees and uranium miners in most countries. (In
Japan: 5 mSv per three months for women)
Former routine limit for nuclear industry employees, now maximum allowable for a single year in
50 mSv/yr most countries (average to be 20 mSv/yr max). It is also the dose rate which arises from natural
background levels in several places in Iran, India and Europe.
Allowable short-term dose for emergency workers (IAEA).

Lowest annual level at which increase in cancer risk is evident (UNSCEAR). Above this, the
probability of cancer occurm 250 mSv/yr Natural background level at Ramsar in Iran, with no identified health effects (Some exposures
100 mSv harm has been demonstrate B reach 700 mSv/yr). Maximum allowable annual dose in emergency situations in Japan (NRA).

Allowable short-term dose fi 350
Dose from four months on i mSv/lifetime Criterion for relocating people after Chernobyl accident.

500 mSv Allowable short-termn dose for emergency workers taking life-saving actions (IAEA).

680 mSv/yr Tolerance dose level allowable to 1955 (assuming gamma, X-ray and beta radiation).

Suggested threshold for maintaining evacuation after nuclear accident.

700 mSv/yr (IAEA has 880 mSv/yr over one month as provisionally safe.

Sources of Radiation

800 mSv/yr Highest level of natural background radiation recorded, on a Brazilian beach. h

Assumed to be likely to cause a fatal cancer many years later in about 5 of every 100 persons

o 1,000 mSv exposed to it (i.e. if the normal incidence of fatal cancer were 25%, this dose would increase it to
@ 14% Medicine short-term 30%).
@ 1%  Nuclear Industry Highest reference level recommended by ICRP for rescue workers in emergency situation.
42% Radon
: 18% Buildings/Soil 1.000 mSy Threshold for causing (temporary) radiation sickness (Acute Radiation Syndrome) such as
® 14% Cosmic S;lort-term nausea and decreased white blood cell count, but not death. Above this, severity of iliness
@ 11% Food/Drinking Water increases with dose.
(O 85% Natural Radiation 5.000 mSv Would kill about half those receiving it as whole body dose within a month. (However, this is only

twice a typical daily therapeutic dose applied to a very small area of the body over 4 to 6 weeks or
so to kill malignant cells in cancer treatment.)

short-term

10,000 mS
ASH Fatal within a few weeks.
short-term




[QaNIaKTUYECKU KOCMUUYECKHU NMbUYHU
[galactic cosmic rays]

http://neutronm.bartol.udel.edu/catch/cr3.html
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Monthly Averages
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McMurdo, Antarctica, Neutron Monitor Jﬂﬁ,{ﬂrﬂ{t
Bartol Research Institute, University of Delaware H_:D]l '
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KocMunuyecko BpemMe m
nosietun no Mapc

MomuocTH Ha paJHAIHOHHHTE J03H H NOTOONTE FATAKTHYeCKH KOCMHYeCKH JTb9H
(TKJI) B MexIynIaHeTHOTO NPocTPAHCTBO H eINNTHYHHTEe opOHTH Ha COILTHHKa lrace
Gas Orbiter (TGO) oxkomxo Mapc mo mpoexta “ExzoMapc” ma Erponmeiickara m Pyveka
KOCMHYeCKH ATeHIIH

ApamusHpaHH ca [JAaHHHTE 3a BapHAHHTe Ha pagHamuara oT | KJI momygenn ot
mozamMerspa Jiomue-MO mo rpeMe Ha monera ga Mapc H B eIMOTHIHHTE OpPOHTH Ha CIBTHHKA
Trace Gas Orbiter (IGO) oxomo Mapc mo mpoexta "ExzoMapc™ ma Eeponefickata m Pycra
KOCMHYIECKH areHuHH. Macaegpannara ca NpoBeJeHH B PAMKHTE Ha 3-CTPAaHHHA IPOSKT MEXEIY

in 10000
E E
2 =
g’ E
3 - 1000
b= 8 8§ £ H Efreescomamcs==g
2.5 t 4 er
E i 4] " 3 & a
-ty 5. 8 8 | B 8 4 B
= Alitude -4 per. Mov. Avg. (FluxRate) |
2 : - ; — 100

01T 0811 187 3T 2811 DeM2  13M2 2012 2TAZ 0301
Date (mmidd)

Fuz. 1. Bapuayuu Ha nemoxa yacmuyu om TFT (cunu moywwu) om 01 noemspu 2016 2. do 04 suyapu 2017
z. Ceemaocunama TUHWA HOKA3Sd MBIIRWAmMAa cpedHa cmolinocm Ha nemoxa om ITFJI ITywxmupanama
uepHA TUHNR NoKa3ea SHaueHwsma Ha nomowa IFT & nepu-usHmpoeeme. BucoyuHama Ha cnibmHUKa
Had noevpxHocmma Ha Mapc e npedcmaeeHa ¢ vepeeHu ksadpamu, a yepeeHama nyHKMupaHa
NUHUA c8bp3aga eucoyuHUme & obnacmume Ha nepu-yermposame. Buxda Ce, HaMameHuaimno Ha

nomoka Jyacmuuy om KT e cbnacmume Ha nepu-yeHmposeme.

HKHT-EAH. HEKHM-PAH u HMBII-PAH 3a pagsansoHHH HiCIeOBaHHA 0 MpoekT ExzoMapc™.
ApanHiHpaHH ca JaHHHTE 23 BApHAITHHTE HA MOIIHOCTTA Ha J03aTa H MOToKa 9acTHIH oT [ KJI

ot 22.04.2016 mo 07.03.2017r. PezyrrataTe moka3eaT, 9¢ IPH NHIOTHpaH moxeT o Mapec m
obpatHo (6 Mecena BBEE BCAKA IIOCOKA), OCBIOECTEEH M0 BPeMe Ha HHCKA CIBHICBA aKTHBHOCT,
WICHOBETE HAa SKHIOAKHTE me moayiaT MEHEMYM 00% 0T MakcHMarTHaTa JOmyCTHMa Jo3a 3a
IIAIaTa KapHepa Ha KOCMOHABTHTE H acTpoHaBTHTe camo oT [ KJI u TexHHTe BTOpHIHE 9acTHITH,
De3 HaH9IHe Ha JONBIHHTEIHH 0DIBYBAHKA OT CIBHICEH SPYIIIHH.

www.space.bas.bg — lNnaHose un otyetn — 2017

FRIEND/Liulin-MO
ESA/Roscosmos/

NASA/ESA/Roskosmos
max 1 Sv paduayuoHHa do3a npe3
ysimama Kapuepa Ha eOUH acmpoHaem

Semkova et al. (2018, Icarus)
Apyrn npeseHTaummn:

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



Oulu Neutron Monitor

, 2080-13-1 B&:04 - A16-AA-Ad BA:08 UT. Resulution: 4 mowthiz}. Average CR: 830249
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i Liulin-M1O Semkova et al. (2017)
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I newserver.stil.bas.bg/SEPcatalog/ I
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Catalogs
Solar Energetic Particles

Related Phenomena

© SRTI-BAS 2018 Last modified 12/12/2017 16:18:53

Hay4Hun npoeKTun:
u3rpa>kgaHe Ha

Wind/EPACT
proton event catalog
Solar cycle 24:
© SRTI-BAS 2018 Last modified 01/29/2018 14:53:55
Back to list of Catalogs | Back to Wind/EPACT | Solar cycle 23: 1996-2008 |
Event date 19-28 MeV 28-72 MeV Flare CME Comment

» c;!'lset |ta_eak I, (em?2 s sr MeV)l/ I (em? s sr MeV) 1/ Seht{Ftl Clas'i’j"r}; tin;i'EUT]fl}f

YYYy-mm- ime ime - . - . onset time speed (km s~

ut) | (ur) | FolemsrMev) T EELrL = 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 0.0123/216 0.0020/20 M2.0/00:30/N23W43 01:32/489/119

2010-08-03 15:13 | 18:25 0.0478/336 0.0014/19 uncertain 11:12/221/21

2010-08-03 N/A | 01:45M 0.0027/u 0.0002/u uncertain 21:17/265/14 u
2010-08-07 22:45 | 01:430d 0.0111/152 0.0014/6 M1.0/17:55/N11E34 18:36/871/360

2010-08-08 N/A 11:22 0.0074/u 0.0008/u uncertain uncertain

2010-08-08 N/A 19:25 0.0031/u 0.0007/u uncertain uncertain

2010-08-14 11:15 | 13:05 0.1581/762 0.0185/28 C4.4/09:38/N17W52 10:12/1205/360

2010-08-18 08:01 | 12:18 0.0486/613 0.0034/14 C4.5/04:45/N18W88 05:48/1471/184

2010-09-09 03:02 04:25 0.007143" 0.0007/u C3.3f23:DSDdIN21WB? 23:2?“’!818{ 147

2010-12-07 - - - - - - data gap




SEP origin project

Research collaboration and network

Havano |[pasotHu naketn ~ flekun flpesyntatn {fnonynspusaums ~
——

I'Iponaxon Ha CNbHYeBHUTE eHepreTMiHM 4YacTuum:
CNMbHY€BHW M36YXBaHUA WIH KOPOHa/NHA M3HACAHWA Ha Maca

KoHKypc 3a npoeKTH no nporpamMmuv 3a ABYCTpaHHO CbTpyAHuYecTBO 2016 r. -
Bbnrapua-Pycua
Pbrkosoputen (Bwvnrapua): Pocuya MureBa
PbsrkoBoauten (Pycua): Jlapuca Kawianosa
Lenu
QcHoBHaTa uen Ha npoeKTa € onpeaenade Ha NpUMHOoCca Ha CNbHYEBUTE H35YXBaHHﬂ W KOPOHalnHWTE M3HacAHWA
Ha Maca KbM NoTOoKa CNbHYEBH EHEPreETUYHM HacTHLM.
|.L|,E npoBEpPHM TPH paﬁDTHH XMMOTE3W. YCKOPEHWETO Ha BCHYKHM HacTHMUM Ce Ob/XKM Ha €0WMH OCHOBEH npouec
(H35YKBaHE WM W3HacCAHE Ha Maca); W gBaTa TUNa YCKOPHMTENHW npoueca OKasBaT BNMHMAHWE, KOSTO CE NPOMEHA
Npu pasnuMyYHUTE SBNIEHUS; MHMEKTUPAHETO M NPEHOCHWTE edeKTH ca oMUHMpalLMTe haKTopK, KOUTO onpenensT
Hde]HJ’la Ha eHepreTM4HUTE YacTHUUM, B CpaBHEHWE C NPOLUECATE Ha YCKOpPEHHe.
OGI.IJHPHH CTaTUCTUHECKHM Npoy4YBaHWA Le 5'b,[l,aT AOOMb/HEHHW OT HD,EI,pDﬁHH H3cnengsaHWA Ha HABNEHWATa

(M3N0ON3BalKKM OAHHW OT PYCKUTE CMBTHUUM "Vernov" M CORONAS-F SONG, KakTo M Ha3eMHWM HabnwaeHws oT
HauuoHanHaTa acTpoHoOMUYecka o6cepeaTopus PoxeH, Bbarapus).

MpoabmxHUTENnHoOCT: 2 roguHMU
Havano: 23 FOun 2017

HayuyHmu
CbTPpyAHU4YeCTBa

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

Pa6oTHa nporpama

PM1 PN2
AHanuz Ha OaHHHK 3a AHanuz Ha CABEHY2BM
CNEBHYEBEH EHEPreTHYHH -Eﬁﬂlﬂﬂﬂ CELp3aHn C

i YacTuuw EeHepreTH4YHH YacTHuM

' PN4
OnpenensaHe Ha
NpoMsxofa Ha CAbBHYEBM

eHepreTH4yHM YacTHuM

PN3
AHanus Ha KOPOHaNHM
u3DyXBaHMA CBLP3aHM C |
~ @HepreTuYHM 4acTUuM

PN5

PaznpocTpaHexHne
Ha pe3ynaTWTe OT NpoekTa

i© SRTI-BAS 2018

MNpoeKTLT € NoAKPEnsH oT.
PoHA "HayyHu vacneasaHua"

- O
S

M3CNEOBAHKWMA |

Last modified 27-11-2017

Pyckata doHAaUWA 38 dyHAEMEHTAENHKW W3CNEeABaHWA

et

HAYMHIA
aorogop N® OHTC/Pycua 0176 (23 toHW 2017 r.)

npoekrT M® 17-52-18050
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