


OcHOBHBIC TapaMeTPhbI

Macca 1.99 103 r

Ceetumocts  3.86 103 spr/c

Pannyc 690000 km

Cpennsis

WIoTHOCTL 1.4 r/em3

[TnoTHOCTH

B IICHTPE ~100 r/cm?®

Temneparypa

noeepxHoctu 6000K

Temneparypa

B IICHTPE 10" K

[Tepuon

BpAILICHUS 25-38 nHeu

Cocran 70% BogOpoO
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Crpoenne CoaHma

+ Density (kg/m3) Snpo — TepMosiIepHOE TOPEHHE.

. 0.25-0.75 paguyca — 30Ha JIy4HUCTOTO
Neutrinos IepeHoca YHEPrUu

BHenHsasa 9yacTh — KOHBEKTHBHAS
30HA

@DOTOH, UCITYLLIEHHBIN B HEJApaAxX
CosHIa B pe3yIbTare peakiuu,
IOCJIE pAia NEPEPOKACHUN

OyZIeT UCITYILEH C ITOBEPXHOCTU
yepes3 170 000 mer!




http://www.newtonsapple.org.uk/the-

sun-and-nuclear-fusion/

YeronunBocrth CosiHma

COJ'IHL[G HaXOAUTCsA B COCTOSHHUU T'MAPOCTATUICCKHUOTO PABHOBCCHA.

«OtpuriaresnbHas TEIMI0EMKOCTh.
[Ipu HarpeBe CoyHIIA OHO PACIIMPSAETCS U OCTHIBAET.
[Ipu OXJIaXICHUN — C)KMMAETCSI U HarpeBaeTCHl.

DT0 0011Iee CBOMCTBO CUCTEM B PABHOBECHH MPU YYACTUU TPAaBUTAIMHU.
Teopema Bupuaia.

STATE OF HYDROSTATIC EQUILIBRIUM BEFORE e TRED
PLANET MERCURY CRASHES INTD THE SUN

PLANET MERCURY CRASHES INTD
THE SUN ADDING EXTRA MASS

CasPresls N |\CREASE NUCLEAR
& 4 P FUSION AND DUTWARDS
| = THERMAL PRESSURE

INCREASED DOWNWARDS PRESSURE DUE TD
ADDITIONAL FORCE OF GRAVITY



I'napocrarnyeckoe paBHOBecCHE

Ceeper layers have more gravilty comaression, s

= o
they have greater outward pressure to compensate,




1992 June 07

DU IHA I10 BpEMs 3aTMCHHU.

www.MrEclipse.com



Height above top of photosphere, km

18 000

16 000

BHelnmmane cjion: CBOMCTBA

Density, g-cm

10710

50000 100 000
Temperature, K

500000 1 000 000

doTtocdepa nmeet ToauuHy 0koiao 400 kM.

Xpomochepa npoctupaercs Ha 10000 kM.
B Hen remneparypa B Hauane nagaet 10 <4000K,
HO notoM BeIpactaer 10 35000-50000K.

Kopona nmeer pazmep nopsiaka
HECKOJIbKMX MUJUTMOHOB KUJIOMETPOB.
Temneparypa TaM - HECKOJIBKO MIIH. TPaJyCoB.






OTKprTne IISITCH

- s M . Tomac I'appuor u I'anuneo I'anmnen B 1610 rony

u—-sd‘——t) [‘—’ :

o 7 bfr
) ;}7#-—*




IlIssTHa 1 MarHuTHLIC 101

Magnetic fields
trap gas.

sunspots
T = 4,500 K
T = 5,800 K

convection
cells

@Q

Magnetic fields of sunspots suppress
convection and prevent surrounding plasma
(b) from sliding sideways into sunspot.
Copyright @ Addison Weslay

CuibHBIE MATHUTHBIE MTOJIS MOIABISAIOT KOHBEKTUBHBIN TTOABO TEIJIa
B 00JIaCTH IISITEH.



Poab MAarHuTHBIX HOJICH

Radiative
zone

0909.5338



0909.5338



MakeJdbHbIC 1105

observer

maghnetic
boundary

10 - 90% of \ grr;ule “top’
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Co/tHeYHasI TP aAHyIsIAs

Solar Granulation (fom SVST

La Palma)
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Cyneprpanysisinysi B Xpomocpepe

Cyrmieprpanyiibl XOpPOIIO BUJIHBI
Ha XpOMOC(EPHBIX H300pPaAKECHUSX.
WX pa3mepsl B IeCATKHU pa3 00Jbliie,
4yeM y rpanyn B ¢hoTocdepe.
CylecTByIOT HOpsIAKa OAHOTO JHS.



I MraHTCKNE KOHBEKTHUBHbIE SUEUKH

Takue CTpyKTypbl NPEAKA3bIBAIUCH:
pazmepnl ~200 000 kM; mTyOOKO B KOHBEKTHBHOM 30HE;
BpeMsl )KU3HU MOPSIAKA MECAIIa.

- -

R R B s = SR P BB
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1401.0551



http://arxiv.org/abs/1401.0551
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-2000  -1000 0 1000
Doppler velocity, m/s

[Tosepxnocts ComnHila
ITOCTOSIHHO < JIBITITAT .
D0TO COJIHEUHEIE OCIMIIALNAN. - ‘
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Bmﬁymenne KOJICOAHUN

Konebanus Bo30yX1ar0TCs BO BHEITHUX CIIOSX
Y3-3a KOHBEKIINU U PACIIPOCTPAHSIIOTCS BHYTPb.
CxopocCTh 3ByKa pacTeT Mo MEPE MPOJABUKEHHS.
B kakoi-TO MOMEHT KOJIeO0aHUsI OTPaKaroTCsl.

https://inspirehep.net/record/1083878/plots

g-MOIbl KOJICOAHU B OCHOBHOM 3aI€pPThl
B Heapax ConHIa.

A cut-away diagram of major features of the sun. Courtesy

of the SOHO/MDI consortium. SOHO is a project of interna-
tional cooperation between IESA and NASA.

https://ncse.ct)kh/rncse/18/5/ long-term-

solar-oscillations-age-sun



I100aanHbBIC KOJIE0aAHNA

p-mode (/=20, m=16, n=14) g-mode (/=5, m=3, n=6)

il ALY
e ﬁ‘ \\\. VA
11 1 ‘z»:’o o‘t fIfiS
AL LI

\x\\ﬂ' Wy

a)

N~
o
N~
—i
(90)
(@)
—
—




MarauTHbIC I10JIsT B HEAPAaX
KPACHBIX TUTAHTOB

magneto-
gravity

1510.06960

ACTpOCEUCMOJIOTHSI TOMOTIIA U3MEPHUTH
MAarHUTHOE T10JI€ B HEAPAX KPACHBIX TMTAHTOB.

B 3Be31aX «Ty/asiOT» BOJHBI, IIPOSIBICHUS
KOTOPBIX MBI MOKEM HaOII0AaTh, U3y4yas KPUBBIC
OJIecka.

BouiHbl ObIBatOT pazHbie. OUeHb yI0OHO
Pa3JIOKUTh MX HA TAPMOHHUKH: MOHOIIOJIb,
JUTI0JTb, KBAPYIOJb U T.71. Tak BOT, €CTh
KpPaCHBIC TUTAHTBI, Y KOTOPHIX MOHOTIOIbHAS
(chepruuecKu-CUMMETPUYHAS) COCTABIISIONIAS
CUJIbHA, a TUIOJbHAS CUJIBHO MOJIaBJICHA.
XopoIero 00bsICHEHHS 3TOM 0COOEHHOCTH

710 HEJIaBHETO BPEMEHU HE OBLIO.

BouiHbl BO30Yy»X/1at0TCSl HAa MOBEPXHOCTH U UAYT BHYTPh. TaM OHM YaCTUYHO OTPAKAKOTCS
U BBIXOIST OOpaTHO BO BHEIIHUE CJIOU. M iest aBTOPOB COCTOUT B TOM, YTO BOJIHBI
B3aWMOJICICTBYIOT C MATHUTHBIM IMOJIEM BHYTPHU 3BE€3/bl. JTO IMIPUBOIUT K UX
[IPEBPAILICHUTIO B IPYTOU TUII BOJIH, KOTOPEIE VK€ HE MOT'YT BLIMTH HAPVYKY.



1103.1707

BelbIIIIKN 1 OCHNJLJISSIINAN

60 B0 100 120
distance, Mm
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Carrington longilude, deg

16-Jul-2004 14:18:00

Morimarsie Benblnky Ha COJTHIIE
MIOPOXKAAIOT BOJIHBI BO
BHEIIHUX CJIOAX M OCHUJUIALINAN.

16 July 2004 (90-180 deg)

distance, Mm



2000 2005
Hathaway/NASA/MSFC

OJIHCUHBIN OHUKJ CBA3aH C ITIOBCACHUCM IT100aJIbHOTO MAaroHMuTHOT'O ITO0JIA COJIHLIA.
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1600

MaynaepoBCcKu MAHNMYM

WNuorma poBHbIN X0/ 11-1€THHUN LUKJIOB HAPYIIACTCS.
Habmronaioch HECKOJIbKO MUHUMYMOB aKTUBHOCTH,
CaMbIi 3aMETHBIN U3 KOTOPBIX — MAyHICPOBCKHUM.

400 Years of Sunspot Observations

odern
Maximum
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Maunder *
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1650 1700 1750 1800 1850 1900 1950 2000

Wikipedia



PeKoHCTPYKIIUA HA 00J1bIIOM
MAaCIITA0¢ BPpEeMEHM

Y4eHbI€ IBITal0TCS
BOCCTAHOBUTH COJTHEUYHYIO
AKTUBHOCTh HA BPEMEHAX

TOPSJIKA THICSY JIET.

1200 1400 1600 1800 2000
Years

Sunspot number

Hcrosnb3yroTes TaHHbBIE 10
TOAWYHBIM KOJIbLIAM JEPEBHEB
U 10 JIEASHBIM KEPHaM.

Conepxanue oeppuiusi-10 u
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IBoaoinga Coanma

Ewvolution of the Sun

from main sequence to end of fusion

~——Fusion ends ' Helium shell bur
Planetary nebula

Towards white dwarf

Core helium ignition

Core helium burning
Horizontal branch,
(100 million years)
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Core hydrogen burning
(9 billion years)

I —— Luminosity

Li
— R
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Cenuac CoJIHIIE TTEPEKUTAET
BOJOPO B CBOMX HEJpax,
Ouenb memieaHo CoHile
CTAHOBUTCS OOJIBIIIE U sSpYUe.

N
\ |
-




Ch
—
l—
=
Ce

|
l'_‘J
o
—

HabitahleZone'

|
* @
o]
rar)
L L]
E
T
o
[ .
‘|
-
L' ]
=
i
Wi
L
=







1409.1904

6500 |~ |+

4500

Stellar Effective Temperature

3500

5500 - @8 "

296f

1.0
Flux Received by Planet [F,]

0.1



1407.8174

Siellar effective temperature T‘“I (K

[=1]

JlerajibHBIC pacyeThbl

_Hecent Venus

Gl 281d ()
Gl 581g (%)
Gl B67CC
Kepler 22b
Earth

HD 403079
Tau Ceti e (?
Tau Ceti T ()

1.8

Runaway
greenhouse =

itable Zone | /

1.6 1.4 1.2 1 0.8 0.6
Effective flux incident on the planet [B.I’Snjl
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0.

Early
) Mars

CyLLecTBYIOT pa3Hble
pacyeTbl pa3mepa

30H OOMTAEMOCTHU, T.K.

B OCHOBHOM OHM 3aBSi3aHbl
Ha KAUMMaT. (MapHUKOBBIM
3(PEeKT), a HE NPOCTO Ha
paBHOBECHYIO Temnepartypy.



IHapagokc Ttyckiaoro CoiHuna

The Faint Young Sun Paradox
Temperature Solar Luminosity

Munnuapasl €T Hazaz

- _ _ COJIHH@ CBCTHUJIO MCHCC SPKO,
Freezing poin[ofH)O | TeM He MeHee, Ha BGMHe

Temperature expected on Earth Cyme CTBOBAJIa )KHI[Ka’I BOHa.

with present atmosphere

¥—_ Change in solar luminosit

Temperature expected on

Earth with no atmosphere L
| ejection of

15 3 ‘ 3 14 : ‘ 0 planetary nebula
Life Begins First Present Day . N helium
Billions of Years Ago  Eukaryotic The Sun’s Luminosity flash |
Cell Through Time
Even though the Sun was about 30% dimmer than it is now,
the temperature on Earth has been more or less stable,

transition to
subgiant white dwarf

. stage
leaves main

sequence
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121 122 123 —t————1——
12.3650 12.3655
Sun's age (billions of years)
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KopoHajabHbIC BHIOPOCHI

5:: - =3 ‘ - ;":O:"t
2000/02/27 01:54 T :

YacToTa TAKMX COOBITHI OT HECKOJILKHX B JIEHb BO BPEMS MAKCHMyMa aKTHBHOCTH,
710 pa3 B HECKOJILKO JHEN — BO BpEMsI MUHUMYyMa aKTHBHOCTH.
Macca BeiOpoca 101 1.

Jlo 3emnu noneraet 3a 1-4 gHs.



CoObiTie Kappunrrona.1839 r.

BusyaibHble HAOMIOIEHUS BCIBIIIKA
aCTPOHOMaMHU-JIFOOUTEIISIMU, TITIOC
JAHHBIE 10 TECOMarnHTHOMY ILITOPMY.

«BcTanm» TenerpadgHble TUHUAM.

MolHenIme noasapHbIe CUSHUS.




I'mranrckue BCIbIIIIKN

BcenbIkn npoucxoaT U Ha APYrux 3BE31ax.
Kak npaBuiio, 4yem jerye 3Be3/1a — TEM OHA aKTUBHEE.
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Yacrora BCObIIICK

Nanoflares (Aschwanden et al. 1999)
(AN/AE<E™" 7

_ Microflares (Shimizu 1995)
dN/AE<E-1 74

Solar flares (Crosby et al. 1993)

dN/dE<E~'®

Superlares
(Maehara et al. 2012)

dN/dE<E~1®

10°® 10%° 107 10°* 10
Flare energy [erq]




Benpiimkyn n nsaTHa

Magnetic flux (Mx)

BepxHsis rpyrina — BCIBIIIKK Ha 3Be3/aX.
Hwxuagag — ga Coaile.

YT0oOBI «HAKPYTHUTH» OOJBIIIOE MOJIE

JU1s1 OOJIBIIION TPYNIIBI MSATEH,
Couany Hy»)kHO 0KOJI0 40 Jner,

= 4TO 0OJIbIIIE JJIUTEIbHOCTH

' COJTHEYHOTO ITHKJIA.

[ToaTOMY HE OUEBHUAHO,

YTO OYEHb MOIIHBIE BCIBIIIKUA MOTYT

nporcxoanuth Ha COJHIIE.
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Bpaiienne BCHBLIIIIKHA
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BenbImky HA 3BE31aX C BpaliecHueM,
kak y CoiHia

Ilepuoasl BpamieHus ~22 u 25 JHEH.
Marnurtssie o 1-20 raycc.
OTO HE MOJIoABIE 3Be3bl. OIMHOYHBIE.

41 00 01 02 D3
Dray from flare peak

Relative flux AF/F

KIC 9766237

55400
BJD - 2400000

41 00 01 02 03
Dray from flare peak

»

55300
BJD - 2400000

KIC 9944137
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BCNBIITKN, MATHA, BPAIIICHAEC

I[aHHBIC ITI0 BCIIBIIIIKAM Ha 3BC34aX
IMO3BOJIATOT CTPOUTH MOACIIN.

MoriHbi€ BCOBIIMIKK MOTYT TpOUCXoauTh Ha CoJiHIIe
pa3 B 1000 — 10000 ner.

15
e = BBIsSIBUTh MX HAJIMYKME B MIPOILLIOM TPYIHO,
T.K. CYILIECTBEHHO BJIMSIHUE OHU MOTYT OKa3arh
TOJILKO Ha 3JIEKTPOHUKY.

10 15
Time [Days)

1304.7361



Bo3aencreue Ha TeXHnKy .
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[TpumepHo 4% Bo3myteHu B anekTpoceTsax CIIIA cBsi3aHbI C COTHEUHOM aKTUBHOCTBIO.
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Benbimka B 8 Beke?

AHanu3 coaepkaHui ymiepoja-14
IOKa3bIBaeT, uTo B 774-775 IT.

brina anomanus, KOTOPYHO MOXKHO

CBS13aTh C MOIIIHOW COJIHEYHOW BCIIBIIIKOU.
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e Cedar (M12)
*  Oak (ETH)
©  Oak (MAMS
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780
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O mexanuszMme npou3ojacTa 14C u
€ro CBA3U C COJIHCYHbBIMU BCIIbIIIIKAMHA
cM. 1408.2934 u
http://en.wikipedia.org/wiki/Carbon-14

A
o

Year AD
IToxoxee, HO OoJIce citadoe cOObITHE
Momio npou3ontu B 10 Beke (994 ).



CojtHeYHBIC HEUTPUHO

p+p=?H+et +u, p+p+e=*H+wv, (pep)
(pp)
99.75% 0.25%
H + p =?He + y 000005% _ 3He 4 p —stHe + et + v,

86% | 14% (hep)

*He + “He =*He + 2p *He + *He ="Be + v

99.89% I 0.11%

‘Be+e="Li+v. "Be+p=o"B+y

Li+ p=2 "He °B ==%Be* + et + 1,

ppll pplIl

B psize TepMoSAEpHBIX PEAKIMK YaCTh YJHEPTUUA YHOCUTCS HEUTPUHO.
BaxHO, 9YTO 3TH YacTHIIBI CBOOOJHO MOKHIa0T COoJTHIIE.
T.e., oHn HecyT nHpOPMALKIO 00 YCIOBHUAX B COJTHEYHBIX HEAPAX «CEUYAC).



r interior/solar furnace.html

Nuclear Fusion
The proton-proton chain

VH’L"'I,\iY nannnaY  gamma ray
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Perncrpannss HEUTPHUHO

Gallium _ [Chlorine |—SuPerk S0
(Gallium _(Chiorine _ F————;
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Neutrino Energy (MeV)

HeWTprHO 0YE€HBb TPYAHO PETUCTPUPOBATH.
He tak y>x 7aBHO y1ajioCh 3aperucTpupoOBarb COJIHEYHBIE HEUTPUHO.



IIpo6iiema coTHEYHbIX HEUTPUHO

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

+0.20
1.0taze

0.55+0.08

0.48+0.02|

0.35+0.02

o

s

H,0 ?H,0
Theory ™ "Be mm P~P. PEP Experiments mm
8 W CNO Uncertainties

nttp://www.tim-thompson.com/tusion.ntmi

Hoo6enesckas npemus 2015 roaa!

B Ttedenue psma ger
AKCIIEPUMEHTHI TTOKa3bIBAIN
AeUITUT HEUTPUHO.

Pemenue npo0nemMbl
OKa3aJ10Ch CBSI3aHO C
HEUTPUHHBIMU O CLIUJUISLIUSAMH.

Ha nmytu k Ham
HEUTPHUHO PA3HBIX THUIIOB
MOTYT IIPEBPAIATHCS
APYyT B Apyra.

DTO 03HAYAET, YTO HEUTPUHO
UMEIOT Maccy.

[IpeBpaienust (E>5 MaB) B ocHoBHOM mpoucxoasaT B Heapax CoiHila 3a cuet 3¢dexra MSW.



Henrpuanaoe nzoopaxenune CorHna
r\
NF

Super-Kamiokande



BopeKkcuHO

Borexino Detector Braromapsi JOCTHKEHHUIO

O4YE€Hb HU3KOI'O YPOBHS IIyMa

Nylon Inner Vessel [IREaEAS 2RENSEIV S 1 M>B
Fiducial volume BIICPBBIC y1AJI0OCh YBUIECTH

Internal AN X g HEUTPHUHO OT PP- PEAKIHH.
PMTs — '

!

K I Scintillator
\

Steel plates
for extra
shielding

1410.0779






