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AePUHMLUMNA

» I3XBbPAIHE HA TOAIMO KOAMYECTBO
KOPOHAAHO MQACA M MATHUTHO
MOAE OT CAbHYEBATA ATMOCCDEPA B
MEXAYNMAQHETHATA CPEAQ, BOAM

AO OOPMUPAHE HA YAQPHM BbAHM C2:2004/11/1002:26 _ EIT: 2004/11/10 02:24
M CMYLLLEHUS, NPEACTABAIBI €AMH B

OT OCHOBHMTE U3TOYHMLIM HO

KOCMMYECKO BpeEME HA 3eMATA

[TpeMAXBAT HATPYMNAHATA
MOTHUTHA EHEPIUA 1 MAA3MA
(T.HOP. MArHUTHO BbXE) NPEAMMHO
OT KOPOHATA (C MAAKM MPUMECH
OT XpOMOCdoepa MAU
dootocdrepa: NO-NMAbLTHA M
CTYAEHA MNAQ3MAQ)

C3 2000/02/27 07:42:05

C3: 2004/11/10 03: 42_05;“’*@"“ ‘ https://cdaw.gsfc.nasa.gov/CME_list
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2003/10/27 05:54 SOHO/LASCO



HOOAIOAEHUS
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Webb & Howard (2012), Supplementary Material

Combined views from all of the STEREO SECCHI telescopes during a

series of CMEs in early April 2010. The bottom panels show the ST-B

and ST-A views of the EUVI disk, COR1 and COR2 imagers out to

15R 5, and the upper set shows the HI-1 and -2 fields viewing east (left, Behind 04/03/2010 20:08
HI-A) and west (right, HI-B) of the Sun beyond the EUVI, COR1, COR2

set shown to scale.



http://secchi.nrl.navy.mil/index.php?p=movies
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Webb & Howard (2012),

Supplementary Material

STEREO/HI2-A images following the latest data
processing pipeline for SECCHI
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HOOAIOAEHUS

[TbpBM HADAOAEHMA OT CMbTHMKA OSO-7 npes3 1970-1e

HazemMHn HaObAloAEHUI — KOpOHOTrPpadom HaO Mauna Loa Solar Observatory,
Sacramento Peak, Norikura (Japan) nam 4ypes paamo CUMHTUAALMMU

TIMELINE OF SPACECRAFT

Space Age

Howard (2011)
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HOOAIOAEHUS

» M3MepBaHMI — MPEAMMHO B MpoeKumMa, STEREO — o1 3 (2) rAeAHM TOUKM

» HabAoAEHUI NPEAMMHO AUCTAHLMOHHO B OIAQ CBETAMHA (pA3CesHM CODOTOHM OT CBODOAHM EAEKTOOHM B
KOPOHATA) U MOAKQO 4YACT — in situ

» 30 YBEAMYABAHE HA KOHTPACTA MPU HAODAIOAEHMA — OOMKHOBEHO Ce NPEeMEXBA dOOHA (M3BAXKAQ Ce
NPEANLLIHOTO MAM BA30BO M30DPAXKEHME)

> HOYOAOTO HO M3XBLPASHETO MOXE AC ObAE MPUAPYXKEHO C MAM CAEABA: M3DYXBAHE, €PYNTUPALLL
NPOTYOEPAHC, KOPOHAAHO MOTbMHSBAHE (coronal dimming), doOpMUPAHE HO MATHUTHA APKA,
CUTMOMAHW ODPA30BAHMS B PEHTTEHOBO AbYEHME

2010-04-03
Webb & Howard (2012)

03 2096/ 54 /%3 7056 %



HOOAKOAEHUS

KAaQCcHmyecKka CTpPYKTypaA: MATHUTHO BbXE,
NPA3HMHA U 90K OUAQMEHT

» OT ,XOA0" AO TECHMU, MOAODOHM HO CTPYM
» Bb3HMKBAHE M MNPM PA3MECTBAHE HA CTPUMEPM

3ABUCK OT bIbAQ HA HODAIOAEHME, CYDEKTMBHOCT

C2:5003/10/28 11:30 _ EIT: 2003/10/28 11:24
https://cdaw.gsfc.nasa.gov/CME_list

G2 1998/06/02 09:37:38

W2 1998/06/02 11:27:06

10 1998/06/02 10:29:34

W2 1998/06/02.12:01:52

1998-06-02, Plunket et al. (2000)




HAOAIOAEHUSA C PA3ZAMYHU MHCTOYMEHTU

Table 1: Average statistical properties from near-Earth space borne coronagraph observations of CMEs.
Updated from Gopalswamy (2004). * SMM values from Burkepile ef al. (2004). " Updated by S. Yashiro
(2011) priv. comm. © LASCO masses and energies from Vourlidas et al. (2010, 2011h). The Solwind mass
and energy values in Vourlidas et al. (2010, 2011b) are in error (C.A. de Koning and A. Vourlidas (2012)
priv. comm.). Although Solwind operated into 1985, we show only the values for 1979281 from Howard

et al. (1985).

Coronagraph 0S0O-7 Skylab  Solwind SMM*® LASCOP
Epoch 1971 197374 197981 1980, 84 -89 1996 — present
FOV (Ry) 25-10 1.5-6 3—10 1.6-6 1.2-32

Total #£ CMEs 27 115 998 1351 = 10000
Speed (km s ) - 470 472 349 489
Acceleration (m s %) - - - - -16 to +5
Width (°) - 42 45 46 47

Mass (101%) g© - 6.2 4.1 3.3 1.3

KE (10°Y) erg® - - 3.5 8.0 2.0

Mech. E (10%%) erg® - - - - 4.2

Webb & Howard (2012)



KATAAO3U

» SOHO: https://cdaw.gsfc.nasa.gov/CME list
https://cdaw.gsfc.nasa.gov/CME list/UNIVERSAL/text ver/

» CACTUS: hitp://sidc.oma.be/cactus/

» SEEDS: http://spaceweather.gmu.edu/seeds/

» ARTEMIS: hitp://cesam.lam.fr/lascomission/ARTEMIS/

» CORIMP:; http://alshamess.ifa.hawaii.edu/CORIMP/

» STEREO: http://solar.jhuapl.edu/Data-Products/COR-CME-Catalog.php
https://stereo-ssc.nascom.nasa.gov/events.shiml

https://ccmc.gsfc.nasa.gov/analysis/stereo/

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



https://cdaw.gsfc.nasa.gov/CME_list
https://cdaw.gsfc.nasa.gov/CME_list/UNIVERSAL/text_ver/
http://sidc.oma.be/cactus/
http://spaceweather.gmu.edu/seeds/
http://cesam.lam.fr/lascomission/ARTEMIS/
http://alshamess.ifa.hawaii.edu/CORIMP/
http://solar.jhuapl.edu/Data-Products/COR-CME-Catalog.php
https://stereo-ssc.nascom.nasa.gov/events.shtml
https://ccmc.gsfc.nasa.gov/analysis/stereo/
https://www.helcats-fp7.eu/index.html
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CAEABO CABHYEBUS LLMKBA MO AOA3A M TOAEMMHA, C ABOEH
MOKCMMYM, HO CbC 30KbCHEHME OT HIKOAKO MeceLa
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HOOAIOAAQTEAHM OLLEHKM 3Q:

» MeECTONOAOXEHME
HQ BUCOKM LLUIMPUHM BbB 0A3A CAbHYEB MOKCUMYM

CAEeABA MNO-AO0DpPE BAPUMALMATA HO CTPMMEPMH,
NPOTYOEPAHCH M TAODAOAHO MATHUTO MOAE, A HE HA
QKTUBHU OOAQCTU

Webb & Howard (2012), Fig. 11

The dotted and dashed curves represent the tilt angle of the heliospheric current sheet in the
northern and southern hemispheres, respectively; the solid curve is the average of the two.
The up and down arrows denote the fimes when the polarity in the north and south solar
poles, resp., reversed. Note that the high latitude CMEs and PEs are confined to the solar
maximum phase and their occurrence is asymmetric in the northern and southern
hemispheres. PEs at lafitudes below 40° may arise from active regions or quiescent flament
regions, but those at higher latitudes are always from the latter. Addaped from Yashiro (2011)
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[TooTyOEepaHCH

11—May—2011 02:25:08.120 UT
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SDO/AIA 304 A
https://www.nasa.gov/mission_pages/sunearth/science/solar-prominence.html
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HODAIOAQTEAHU OLLeHKM 3Q::

;OR 2B: 09.05 2007 05:07 2 OR 2A: 09.05.2007 04:37
_-/f -

3-D
(Products - KINCAT)
>

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



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

KMHEMATUKCO

» 3 doasn: basHO HapacTeaHe (1.1-3 Ry 30
AECETKM MUMHYTH), ObP30 YyCckopeHume (100-
500 m/s? Ha BUCOYMHA 1.4-4.5 Ry
CbBMAAQLLLO MO BpeME C M3BYyXBAHETO) U
PA3NPOCTPAHEHME C PABHOMEPHA
CKOPOCT MAM 3000BIHE

> YCKOpeHMe — A0 OKOAO 2 Ry (camo 17%

NOKA3BAT yCKopeHme A0 30 Ry)

Ckopoctm 20 Ao Haa 3000 km/s — moaA 3ByKOBATA
CKOPOCT M HOA AAODEHOBATA B KOPOHATA

» ABQA AMHOMMYHM KAQCQ: OABHUTE
KOHOPOAHU MACH, KOMUTO MPU HODAIOAEHUE
C KOPOHOrpadon NOKA3BAT YCKOPEHUE
(HecTO CBbP3AHM C €PYNTUPALLL
NPOTYOEPAHC) MAM ObP3M KOPOHAAHM MACU
(HecTo Cca CBbP3AHU C U3BYXBAHMS), HO CE
HOBAIOAQBAO TOAIMO MPUNOKPUBAHE HA
M3MEPEHUTE CKOPOCTU M YCKOPEHMS
MEXAY TE3M ABA KAQCO
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HOOAIOAAQTEAHM OLLEHKM 3Q:

» YCKopeHue

[Mom BPb3KA C AKTUMBHKM OBAQCTM — UMAT KOHCTAHTHM CKOPOCTU, MPU BPB3KA C EPYNTUPALLLM MPOTYOEpPAHCH —
MMAT YCKOPEHMS

» Maca (~10'2kg, max ~10'4kQ)

M31MKBO NPEBPBLLAHE OT HABAIOACBAHMSA C KOPOHOTPAMOU MHTEH3UTET B EAEKTPOHHA MABTHOCT — 4PE3 MOAEA
HO TOMMNCBHHOBO PA3CEMBAHE (MPEACTABAIBA JOYHKLIMS HO MOCOKATA HA PA3NPOCTPAHEHME)

» EHeprud
KnHetnyHa eHeprmg ~10%0 erg (max ~1034 erg), pasnpeaeAeHmne C HOKAOH —1 (30 M30YyXBAHMATA: —2)
Max free energy: ~103% erg



CTOHAQPTEH MOAEA

[MpogBA HA NpPoLLEeCcd MArHUTHO
MNPUCbEAMHABAHE, DOPMUPAHE HA
TOKOB CAOM (current sheet) u
M3HACIHE HA YACT OT KOHOPOAHQATA
MNAQ3MA M MOAE B
MEXAYMAQHETHOTO MPOCTPAHCTBO

CME
front

KOPOHAOAHOTO M3XBbPAIHE HO MACA
(KMM) 1 13BYyXBAHUS: 4€CTO UMA
CbOTBETCTBME, HO MMA U MHOTO
N3KAIOYEHMS

eruptive
\prominencey,
N s

Han-6bp3mte KMM ce HaOBAIAOBAT
C M30YXBAHMA

B 100% o1 cAy4amTte mma KUM, —> — 3 —

KOrato nm30yXBAHETO TpAE HOA 6

yaca

Y CKOPSBAT EHEPTETUYHM YACTMLLM spnere ‘l‘ emission
P = L photosphere

Temmer et al. (2008)
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ICME: MexXAYyNAQHETHU

Electron Heat Flux , »

» Cxema HO MexXAYNAaHeTHO KMM ,
/,/
/I'

KaTtaA03m
» hitp://ipshocks.fi/

Shock CME C A

> http://www.stl.caltech.edu/ACE/ASC/DA Plasma [} Counersreaning
TA/level3/icmetable2.him

Zurbuchen and Richardson (2006)


http://ipshocks.fi/
http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm

ICME: MexXAYyNAQHETHM

In situ HOBAIOAEHME HA MAQ3MA M MATHUTHO MOAE
KoHdourypaumm HA T.HAP. MArHUMTEH ODACK

PaAmo n3obpaxxeHms n paamo CUMHTUAQLMOHHM
HABAIOAEHUA HO NEPTYPOALMM B MEXAYNAOHETHOTO
MNPOCTPAHCTBO, CBbP3AHM C KUM

[MPUYMHA 30 TEOMATHUTHUTE BYPU

Dst

— e .
g 3Rz

-1001 ; .
20 T T T
1 s

1999 Zurbuchen and Richardson (2006)




POAMO HODAKOAEHUS

Bastian et al. (2001)
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AUTEPATYPO

» hittps://link.springer.com/article/10.12942/Irsp-2012-3

» hitps://link.springer.com/article/10.12942/Irsp-2011-1
» hitps://link.springer.com/article/10.1007/s41116-017-0009-6



https://link.springer.com/article/10.12942/lrsp-2012-3
https://link.springer.com/article/10.12942/lrsp-2011-1
https://link.springer.com/article/10.1007/s41116-017-0009-6

