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https: //sunearthday.gsfc.nasa.gov/2006/locations/firstdrawing.php
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HaM-paHHa pMCYHKA Ha C/TbHYEBM MNeTHa € B

The Chronicle of John of Worcester (medieval England)
https://link.springer.com/article/10.1007/s41116-017-0006-9

Bbvnpeku, ye Hab4eHUA Ha CTbHYEBM NETHA ca
AoknaaBaHu ot Theophrastus of Athens (BC 400) u B Kutam
1 Kopesa noBeye oT xunsgoneTue npeam Toea, He ca
3anaseHn pUcyHKku (Mma egsa ot AD 1400).

/1BoMKa CIbHYEBM NETHA - CAHKA U NONYCAHKA -
Hab/toaaBaHM OT MOHacK Ha 8 aekemBpu 1128 (Worcester,
England).

Ot natuHckuM “...from morning to evening, appeared
something like two black circles within the disk of the Sun,
the one in the upper part being bigger, the other in the
lower part smaller. As shown on the drawing.”


https://sunearthday.gsfc.nasa.gov/2006/locations/firstdrawing.php
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HabnoaeHna: ¢ HA3eMHM TeJlIeCKonu

EM A GO SO LS NV e
1611: Johannes Fabricius (Germany) o .
MbpBU Ny6MKyBa HabMOAEHUATA CU B W.L;o-z,jr,;as;'&: e
De Maculis in Sole Observatis ("On the Spots Observed in the Sun”), e Ll R
HO OCTaBaT He3abendAsaHW OT CbBPEMEHHMUUTE MY. L NSRS e
http://galileo.rice.edu/sci/fabricius.html

1612: Christoph Scheiner (Germany)

[y611KyBa KHUrata

Tres Epistolae de Maculis Solaribus Scriptae ad Marcum Welserum
("Three Letters on Solar Spots written to Marc Welser").

I'Ipep,nonara, ye NeTHaTta Ca CNbTHUUN OKOJ10 CJTbHLI,ETO.
http://galileo.rice.edu/sci/scheiner.html

B n3BecTHaTta cu KHMra no ontuka, 'Rosa Ursina’ , Scheiner ny6siMKyBa MHOIo
Jl€Tanu/IHU HabIIOAEHMA HA CIbHYEBM NMETHA M BEYE HE M'M ONMUCBa Kato
CNbTHMUM KaTO NO TO3M BBIMPOC Ce cbraacasa C [anmneo. KHMrata crasa
OCHOBEH M3TOYHUK MpU HAGAEHUA HA CABHYEBU NETHa.

https://sunearthday.nasa.gov/2006/multimedia/gal_003.php



http://galileo.rice.edu/sci/fabricius.html
http://galileo.rice.edu/sci/scheiner.html
https://sunearthday.nasa.gov/2006/multimedia/gal_003.php
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HabnoaeHna: ¢ HA3eMHM TeJlIeCKonu

1610: Galileo
HabnwaeHns Ha CabHYEBU NETHA

1613: ny6/1MKyBa PUCYHKM Ha CZTbHYEBM NETHA B KHMraTa cu

Istoria e Dimostrazioni intorno alle Macchie Solari’ (Letters on
Sunspots to Marc Welser)

http://galileo.rice.edu/sci/observations/sunspots.html

https://sunearthday.nasa.gov/2006/locations/galileo.php

http://galileo.rice.edu/sci/observations/sunspot drawings.html
26/06/1613



http://galileo.rice.edu/sci/observations/sunspots.html
https://sunearthday.nasa.gov/2006/locations/galileo.php
http://galileo.rice.edu/sci/observations/sunspot_drawings.html

HabnoaeHna: ¢ HA3eMHM TeJlIeCKonu

Thomas Harriot (England)

[lpaBu HabAOAEHUA Ha CABHYEBM NeTHa npe3 aekemspu 1610.
HAama ny6/1MKyBaHM HaGAAEHMA, OCBEH PUCYHKUTE.

http://galileo.rice.edu/sci/harriot.html

http://galileo.rice.edu/images/things/harriot_ss1.gif



http://galileo.rice.edu/sci/harriot.html
http://galileo.rice.edu/images/things/harriot_ss1.gif

HabnoaeHnsa: ¢ Ha3eMHU TeseCcKonu

0C Ek%/ﬁrstdrawinq.php

i - - 5000 kilometers -
- /7 -~ _\'\

1-m Swedish Telescope, 15-07-2002, Royal Swedish Academy
of Sciences, http://www.isf.astro.su.se/
https://apod.nasa.gov/apod/ap110918.html



https://sunearthday.gsfc.nasa.gov/2006/locations/firstdrawing.php
http://www.isf.astro.su.se/
https://apod.nasa.gov/apod/ap110918.html
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HabntoaeHua: oT CNbTHUUM

outline of

SpeCtrum splitting lines

3,000 6,000

6302 6303 6302.5 A
wavelength (A)

10,000 km

http://www.isas.jaxa.jp/en/topics/001232.html



http://www.isas.jaxa.jp/en/topics/001232.html

HabntogatenHu xapakTepuUCTUKMA

AR AT S

[MoaBa: Ha cpeAHu LWMPUHU B HA4aI0TO Ha BCEKM HOB C/TbHYEB LUKDB
MpoavnxutenHoct: 50% go 2 aun, 90% go 11 gHU

dopmuMpaHe: Mexay OTAE/IHU CBPbXIPaHy/M, MNO-4eCcTo Ha rpynu Uam
JIBOMKM OT BOJELLO M Cae/Ballo NeTHO

Mopa [pore]
6e3 nonycaHka, 1“-5%, 20-40% dpotocdepHa cseTumocT, >1500 G,
HAKOJIKO Yaca (M34e3Ba Mau popMupa C/TbHYEBO METHO)

CnbH4YeBO nNeTHo: cAHKa [umbra]
cpegeH amameTbp 10000 km, marHmTHO none ao 4000 G (2000-3000
G), ~10% cBetumocT, T~3300 K (cnegBa oT U3MepeHaTta CBETUMOCT)

% : CnbHYeBO NeTHO: nonycAHKa [penumbra]

% —— 5000 kilometers -~ x PaananHu dunameHT™ ¢ gbaxkuHa 1“-3“ u wmpuHa 0.24-0.3,

% - ~ BpemeTpaeHe 40-45 min, asu:keHne kbM doTtocdepata 7-10 km/s,

// n Swedish Telescope, 15 Jul 2002, Royal Swedish Academy XOPM30HTAJIHO NOAPEAEHN, CAeaBaT MAarHUTHUTE CUMI0BU JIMHUU C
Sciences, http://www.isf.astro.su.se/ HaKIoH 25-30° KbM nepudepusaTa Ha NoaycaHKaTa

of
https://apod.nasa.gov/apod/ap110918.html MeXAMHHM CTOMHOCTM Ha MarHUTHO NoJie, TemnepaTypa M CBETUMOCT

\



http://www.isf.astro.su.se/
https://apod.nasa.gov/apod/ap110918.html
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HabntogatenHu xapakTepuUCTUKMA

MNpa3Hn mecTta [void areas]
HenpaeuaHa ¢opma, 1“-5%, Ha mecTa
C /IMNCBaLla rpaHy/lauMoHHa KeTKa,
70-75 % cBeTMMOCT

ApKM TOYKM B cAHKaTa [umbral dots]
< 150-200 km, doTocdepHa ApKOCT U
T, BepTuKanHo gsuxkenue 0.5 km/s,
1500 s

ApKn MocToBe B cAHKaTa [light
bridges in umbrae]

doTochepeH UHTEH3UTET, pasaenar
\ NoJlyCAHKaTa Ha HAKOJIKO YacCTu, npu
. . y Ao6pe hopMUpaHM NeTHa

TN
7

o

7= S ’f‘ )
b v W " B.preml-m M BBHLWHM APKM NPBCTEHN
W/ 7 4 ‘ [inner and outer bright rings]
ey /t w He ce Habahasa NpyY BCMYKM NETHA,
ﬁ J [’ s 4yacT OT 6/I0KMpaHaTa eHeprua ce
3 A h Aerno3upa B 06/1acTTa OKO/10 CAHKaTa U
NnoJslycsiHKaTa, CbOTBETHO 3-7%

1-m Swedish Telescope, 23-05-2010; 3954 A
2 4 NMO-BMCOKa CBETUMOCT OT (POTOCEpPaTa
Vasco Manuel de Jorge Henriques, ISP(KVA), Stockholm (50-100 K) o > D

22-05-2013 H-alpha line center
Credit: BBSO/NJIT




Credit: NASA/SDO

https://apod.nasa.gov/apod/ap141022.html
Video: https://youtu.be/J19vi8UPKck

Magnetic fields
trap gas.

sunspots
T = 5,800 K T = 4500 K T = 5,800 K

convection /

cells

o

Magnetic fields of sunspots suppress convection
and prevent surrounding plasma from sliding
sideways into sunspot.

Copyright © 2004 Pearson Education, publishing as Addison Weslay.

http://scientificgamer.com/how-is-sunspot-formed/


http://scientificgamer.com/how-is-sunspot-formed/
https://apod.nasa.gov/apod/ap141022.html
https://youtu.be/J19vi8UPKck

Knacnopukauma: Zurich (Waldmeier)

https://www.inter-sol.org/EXAMPL2E.HTM

A-J
A: unipolar spot or group of small spots without penumbra (appearance)
B: symmetrical dipolar group with small spots without penumbra
C: asymmetrical dipolar group with a penumbra on one side
D: dipolar group with penumbrae on both sides. At least one of the
principal spots has a simple structure. Extent < 10°
E: like D but more complex structure and extent >10°, < 15°
F: like E but extent > 15° and often many secondary spots and penumbrae
between the main spots (maximum development)
G: large dipolar group with simple structure and no small secondary spots
between the principal spot: Extent > 15° (decline of types F)
H: unipolar group with a single big spot with penumbra: extent > 2.5°
(decline)
J: like H but extent < 2.5° (decline)


https://www.inter-sol.org/EXAMPL2E.HTM

MODIFIED
ZURICH CLASS

McIntosh

Sunspot Group Classification

PENUMBRA: LARGEST SPOT

HMcIntosh 1990

Interior

Zpc
"Z ": the Ziirich class
"p": descriptor for the penumbra of the main spot
x No penumbra (Z=A or B)
r Rudimentary or fragmentary penumbra < 3 arcsec
s Small and symmetrical, regular outline (cf. Zurich type J) < 2.5° (N-S)
a Small and asymmetrical, containing several umbrae (cf. Zurich type J) < 2.5°
(N-5)
h Large and symmetrical (cf. Zurich type H) > 2.5° (N-S)
"c": descriptor of the distribution of spots inside the group
x Undefined (for classes A and H)
o = open No spots or few small spots between main spots (Eo and Fo contain
the Zurich class G)
i = intermediate Many small spot between main spots, but none with developed
penumbra
c = compact Many spots between main spot, and at least one with penumbra.
The whole group may be contained in a single huge penumbra



(MarHuTHa) Knacnpukauyma: Mount Wilson

a-B-y-6&

a: A unipolar sunspot group.

B: A sunspot group that has a positive and a negative polarity (or bipolar) with a simple division between
the polarities.

y: A complex region in which the positive and negative polarities are so irregularly distributed that they
can't be classified as a bipolar Sunspot group.

B-y: A bipolar sunspot group but complex enough so that no line can be drawn between spots of opposite
polarity.

0: The umbrae of opposite polarity in a single penumbra.

B-0: A sunspot group with a general beta magnetic configuration but contains one (or more) delta
sunspots.

B-y-0: A sunspot group with a beta-gamma magnetic configuration but contains one (or more) delta
sunspots.

y-0: A sunspot group with a gamma magnetic configuration but contains one (or more) delta sunspots.

AonbaHuTeHA MHOpMaUUA:
http://sidc.oma.be/educational/classification.php



http://sidc.oma.be/educational/classification.php
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EMNMPUYHM 3aKOHOMEPHOCTHU

» Sporer’s law BoaewoTo NeTHo € No-rosiiMo 1 C No-Ab/Tblr XXUBOT.
CnbHYeBMTE NeTHa ce noAaBaBaTt B 06/1aCcTn +35(45)° 1 ¢ TeyeHue

Ha BPEMETO HOBUTE METHa Ce NoABABAT Ha NO-HUCKU LLUMPUHMA YecTo c/1. UMKDBA MMa Ba MaKCMMYMa.

61130 0 XeNno-eKBaTopa KaTo He ro gocTmrar

> Joy’s law MMa 3acTbnBaHe MeXAy ABa UMKbAa C 2-3 roAuHM.
BogewoTo neTHO e No-6/1M3K0 40 eKBaTopa

HaknoHBbT Ha ABOMKaTa MeTHa K/4YBa brb/l C XeNUOLWMPUHATA, Mo HaGAAEHUA Ha Nepuoaa Ha NpeMUHaBaHe Ha CJ/1. NeTHa
KOMHO HaMansABa C NoABaTa Ha NO-HUCKM LUMPUHM MO AMCKA - Ha pa3/IMYHU XeSIMO-LUMPUHK, Scheiner oTKpuBa
> Hale’s law AndepeHUMasHOTO BbpTeHe (25 gHM npu eKTBaTopa 40 35 -
BogeloTo neTHo e BMHaru ¢ NosispHoOCTTa Ha noaycdgepara, B npy noncute). Chbllo Taka M3MEepPBa HaK/I0HAa Ha OCTa Ha
KOATO Ce HamMupa, C/leBaLoTo NETHO € C NPOTUBOMNOJIOXKHA BbpTeHe Ha C/ibHUETO CnpAMOo eKaunTukara 7.5°.
NONAPHOCT

> EdeKT Ha YUACbH Carrington onpeaens cpefeH cMHoau4veH nepoa (27.28 gHu):
CKprBaHe Ha 4acT OT noJycsHKaTa npu HabawaeHusa 6,130 4o Carrington rotation

IMMbBa

» EdekT Ha EBepuep,
XOpU30HTaJIEH NMOTOK Ha nJsia3mMa OT NoayCsAHKaTa KbMm
nepudepuata



bpou chbHYeBM neTHa: Ymcao Ha Wolf

International sunspot number S, : last 13 years and forecasts International sunspot number S, : monthly mean and 13-month smoothed number

Daily : i i : : — Monthly
Monthly ; 3 3 — Smoothed
Monthly smoothed : : : : :

- SC Predictions ; ; i ; ;

- CM Predictions
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Sunspot number S,
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2012 2014 2016 1970 1980 1990 2000 2010
Time (years) Time (years)

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2018 December 1 SILSO graphics (http://sidc.befsilso) Royal Observatory of Belgium 2018 December 1

R=k(10g +n) JIpyru MHAEKCH
. Flare index: Q = Importance,, - time (MApKa 3a uasaTa U3/ib4eHa eHeprusa)
g - 6poU rpynu netHa F10.7 index (M3nb4YBaHe Ha notoka Ha 2800 MHz), n3ocTtBa c 1 Mecel, oT R
n - 6por MHAUBUAYAJIHM NETHA Coronal index (M3nbyBaHe Ha 3eneHata avHua FeXIV, 5303 A)
k - KopeKuMa Ha HabaaaTeNs Sunspot area (¢u3nyeH, oueHKa 3a HoBa NoABa Ha MarHMTEH MOTOK)



1975 1980

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

M > 0.0% W > 0.1% [ > 1.0%

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
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DATE

http://solarcyclescience.com/solarcycle.htm! HATHAWAY 2018/09

1985

1990 1995 2000 2005 2010

https://link.springer.com/article/10.1007/lrsp-2015-4

Waldmeier’s rule
[MO-MHTEH3MBHM UMKAM AOCTUraT
MaKCUMYM N0o-6bp30 (Mo-Kbca ¢asa Ha

HapacTBaHe), B CpaBHEHMWE C No-Cabu
LMK

http://solarcyclescience.com/bin/bfly.jpg



https://link.springer.com/article/10.1007/lrsp-2015-4
http://solarcyclescience.com/bin/bfly.jpg

CnbHYeBa akTUBHOCT

400 Years of Sunspot Observations

Modern
MFﬂmum

Dalton
Minimum

"

-

——

Maunder _
Minimum = ’ N

< ¥ | LYo
f!;f%_ e |
x o WX

i \. : .-1 B Sk "-]i [l | - WA | | I . |
| 5 Y ’fw l_U { | | /| l B \ ) | |
1600 1650 1700 1750 1800 1850 1900 1950 2000

https://en.wikipedia.org/wiki/Maunder Minimum



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

C/abHYEBA aKTUBHOCT - LMKIU

~ » Schwabe Bapuauumn
11 (8-13) roauHKU: Npu 06paboTKa Ha BPOM CIBHYEBM NETHA
2018 e B Kpad Ha CL| 24 kaTo 6poeHeTo 3anoysBa C KOHBEHUMA OT 1756 MuHUMYMU
> Wolf min
> Hale 1300-1400, noTBbpAEHU OT M3oTonu °Be, 14C
22-roauLIIEH UMKDB Ha CMAHA HA MarHUTHaTa NOJIAPHOCT
CTaBa B MAaKCMMYMa Ha C/ibHYeBaTa aKMBHOCT (Ha UMKbaa Ha LliBabe) » Sporer min

1450-1540, noTBbpAEHM OT M3oTonn '%Be, 4C
ABbArocpoYyHun

» Gleissberg

» Maunder min

90 (60-120) roguHu: Bapuauua Ha amnamMTygata Ha 11-rog. UMKam 164>-1715

» Suess - de Vries > Dalton min

205-210 roguHU: MHOUMPEKHO NOJIyYEH NpU U3CNe[BaHE Ha M30TOMNM 1790-1820, cbCTaBEH OT ABa C/1. UMKbIA C MHOIO
» Eddy HMCKa aKTMBHOCT

600-700 roamumn, 1000-1200 roanHU: M30TONM

> Hallstatt Makcumymu

» 2000-2400 roanHu: n3otonm > Modern max

1880-1910



CnbHYeBM NeTHa U raJslakTMYHM KOCMUYHU NbYUYU

A+ NONOXXMTE/IHA MarHUTHA NOMIAPHOCT Ha CEBEPHUA
xenuorpadcku nostoc
A- oTpuuaTesiHa MarHMTHa NOAAPHOCT
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€ 4500~ & TR e A Nopaanv eKpaHUpalLloTo JEeMCTBUE HA CIBHYEBOTO

8 MarHuTHO nose
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X

s 4000 M3ocTaBa OT MHAEKCA 3a C/IbHYEBA aKTMBHOCT C 6 J10
E ‘ 12 meceua (Forbush 1954), HO UMa cbLlEeCTBEHM

O 3500 Pas/IMKU MEXAY YETHU U HEYETHU CTbHYEBU LUK,

3000
1950 1960 1970 1980 1990

https://link.springer.com/article/10.1007/lrsp-2015-4



https://link.springer.com/article/10.1007/lrsp-2015-4




PEeKOHCTpYKUMA Ha CNbHYEBU LMKIN

Cosmic Rays helio Cozmic Rays
modulation -]
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Atmosphere Stratosphere G5
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deep layers

CaMO MHAUPEKTHO, MO M30TONM:

14C (abpBECHM NPBCTEHU, BPEME Ha nonypasnaz 5730
roja., ageksarteH nHgekc go 1950 3apagm nocneasanu
AAPEHU ONMUTH)

10Be (nepeHn coHaaxu, 1.5 mmn. roa.)
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https://link.springer.com/article/10.1007/s41116-017-0006-9



https://link.springer.com/article/10.1007/s41116-017-0006-9

Predicted maximum

Category' and summary

Author and date

- /|
JcC
Predicted maximum Category' and summary Author and date
Roy Timing
115+ 30 - P Number of disturbed days Rabin (2007)
115+ 28 2010.5 P Precursor + nonlinear dynamics Sello (2006)*
115+ 15 - P Area of high-latitude unipolar Tlatov (2006)
regions
115+ 13 - P Large-scale magnetic field, pre- Tlatov (2006)
sented at October panel meeting
11484174 - C Cycle n + 1 acdecline of n —2 Du and Du (2006)
114 £ 43 - C Mean of cycles 1-23 Prochasta (2006)
112 - S Combined empirical mode de- Xu et al. (2008)
composition and autoregression
111£18 - P Minimum value of Ap Thompson (2008)
1104 65 272011 C Modified McNish—Lincoln Euler and Smith (2006)
model (MSAFE)
110+ 15 - S Transfer function model de Meyer (2003)
110+ 11 2012 S Autoregressive model Hiremath (2008)
110+ 10 - P Dipole-octupole magnetic mo- Tlatov (2006)
ments
108 + 38 2011 C Skewness of previous cycles Lantos (2006)
separated into even/odd cycles
105+9 2010-2011 S Extrapolation of dominant spec- Kane (1999)
tral components found by MEM
101+ 20 2012.5 S Autoregressive, linear prediction Current work
83.2-119.4 2012.21 Statistical characteristics of solar Wang et al. (2002)°
cycles
1.9+27.9 2011.04 S Autoregressive, moving average Roth (2006)
0.7+9.2 - P Number of spotless days at min- Hamid and Galal (2006)
imum
0+ 10 8/2012 - Panel consensus prediction

(low)

Ry Timing

185 2010-2011 C Projection of last five cycles Horstman (2005)
(JSC)

180+ 32 - P Disturbed days (panel) Thompson (]993):2

180 2014 S Modified global minimum Tsirulnik, Kuznetsova, and
analysis Oraevsky (1997)

152-197 - P Integral of sunspot number used Podladchikova, Lefebvre, and
as precursor Van der Linden (2006)

155180 - D Modified flux-transport dynamo Dikpati, de Toma, and Gilman
model calibrated with historical (2006)
run of sunspot area

160 £ 25 - P Analysis of aa index Hathaway and Wilson (2006)

160+ 54 2010.6 R R>4 = Ry (even—odd) Current work

148 P aa at minimum (panel) aa_min (2006)

145 2009.96 N Neural network forecast Maris and Oncica (2006)

1454+ 30 2010 D Fast meridional circulation Hathaway and Wilson (2004)
speed during cycle 22 leads to a
strong solar cycle 24

145 2011-2012 N Spectral analysis and neurofuzzy Gholipour et al. (2005)
modeling

144 - P aa during decline of 23 Jain (2006)

142+ 24 - P aa at solar minimum Kane (2007)

140+ 20 2011.80 - Panel consensus prediction
(high)

140 2012.5 P Disturbed days analysis Chopra and Dabas (2006)

135420 P aa/R; precursor (panel) Modified Feynman (2006)°

134+ 50 2011.7 C Based on average of the last Kennewell and Patterson (2006)
eight solar cycles

133 2009.5 C Statistics of /R Tritakis, Mavromichalaki, and

Giouvanellis (2006)

130+ 15 - P Complexity of He synoptic Tlatov (2006)
charts

124 4 30 - P Value of aa at solar minimum Nevanlinna (2007)

124+ 23 - P Number of disturbed days in Ap Dabas er al. (2008)

124 C Statistics of equal phase average Khramova, Krasotkin, and

Kononovich (2002)

122+ 6 2010.88 C Statistical analysis of cycle para- Kim, Wilson, and Cucinotta
meters (2006)

120+ 60 2011.167 C Modified McNish—-Lincoln Euler and Smith (2006)
model (MSAFE)

1204 45 2010.0 R R4 = Ry3 (inertial) Current work

120+ 25 P Behavior of aa (panel) aa_dyr (2006)

1164 13.2 2012-1013 S Spectral analysis of R; Echer et al. (2004)

115+ 40 2011.3 C R4 = R: 4ve (average) Current work



https://www.researchgate.net/publication/225505111_Predictions_of_Solar_Cycle_24
http://www.sidc.be/silso/datafiles#total

[IporHo3supaHe - 25
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The Prediction (At Last)

Inferred Solar Dipole Moment in Time
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http://solarcyclescience.com/forecasts.html#Cycle24Prediction
0 Y¥ear of Minimum

1750 1175 1504 1825 1850 1875 1504 1925 1850 14975 2000 2025 2050

SC25 will be somewhere between SC24 and SC20,

provided the Polar Field Precursor Relationship holds.
/research/Prediction-of-SC25.pdf



http://solarcyclescience.com/forecasts.html#Cycle24Prediction
https://leif.org/research/Prediction-of-SC25.pdf
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https://www.springer.com/gp/livingreviews/solar-physics/lrsp-articles

