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Crpoenne CoirHia

+ Density (kg/m3) SIapo — TepMosiIEpHOE TOPEHHE.

‘ 0.25-0.75 paguyca — 30Ha Jy4HUCTOT
Neutrinos IEpEeHOCa SHEPTUH

BHemHsg yacTh — KOHBEKTHBHAS
30Ha

Photons

DOTOH, UCITYIIIEHHBIN B HEAPaAX
CoJHIIa B pe3ysbTare peakiuu,
MOCJIE PAAA MEPEPOKICHUN
OyJleT UCITYIIIEH C TTOBEPXHOCTH
yepes 170 000 net!




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

sun-and-nuclear-fusion/

YeronunBocth CoiHia

COHHHC HaXO0aAUuTCA B COCTOAHUHN T'MAPOCTATUICCKUOTO PABHOBCCHA.

«OTpunareabHas TEMJI0EMKOCTbY.
[Ipu HarpeBe CoJIHIIa OHO PACIIUPSIETCS U OCTHIBAET.
[Ipu oxJaXIeHU — C)KUMAETCSl U HarpeBaeTcsl.

OT0 00111€€ CBONCTBO CUCTEM B PABHOBECHUM MPU YUYACTUHU I'PABUTALIUH.
Teopema Bupuana.

STATE OF HYDROSTATIC EQUILIBRIUM BEFORE] HYDROSTATIC EQUILIBRIUM RESTORED
PLANET MERCURY CRASHES INTO THE SUN

PLANET MERCURY CRASHES INTD
THE SUN ADDING EXTRA MASS

Gas Pressure INCREASED NUCLEAR

' A ‘ S Al FUSION AND DUTWARDS
| — THERMAL PRESSURE

INCREASED DOWNWARDS PRESSURE DUE TD
ADDITIONAL FORCE OF GRAVITY
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Height above top of photosphere, km

BHaemane cjaoun: CBONCTBA

Densit Y. gcm
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dotocdepa umeeT ToamuHy okoJio 400 kM.

XpoMmochepa npoctupaetcs Ha 10000 km.
B neit temneparypa B Hayase nagaet 10 <4000K,
HO noTom BeIpactaeT g0 35000-50000K.

Kopona nmeeT pazmep mopsiaka
HECKOJIbKHUX MUJIJIMOHOB KUJIOMETPOB.
Temneparypa TaMm - HECKOJBKO MIIH. TPaIyCOB.






OTKprTHe IS TeH
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IIsTHa 1 MAarHUTHBIC 1101

Magnetic fields
trap gas.

sunspots
T = 4,500 K

T = 5,800 K

convection
cells

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

CulIbHBIE MATHUTHBIE OIS ITIOIABJIAIOT KOHBEKTUBHBIA MOABOJI TEILIA
B 00JIACTH IISITEH.



PoJis MArHUTHBIX IHOJIEH

Radiative
zone

0909.5338



0909.5338



CosiHeuHasi rpanyJIsiys

Solar Granulation (+.m SVST, La Palma)

2 R A E g e ] [l oy A
AN et st s

POTRDE RN 7 B A ]
b RO IY

d
P HOUEASE Y
X e .-’:'e}"&,’g"f‘ i
)

T+1265

—
Pa o W v

G

PSR Y R0
Pl T s
o4 M e
’».1_ . s .}‘=E ¥ ."..

['panyisl nMeroT pazmepsl nopsaka 700 km
U KVBYT HECKOJILKO MUHYT.



SN '.|__r 1004 |1 Ta=07 70 K, logg=4.44
212 % 106 g Fid] P aints, 11540 s ':::.-'i'-.'t=.'-_-'_""::| 3
Matthias Steffen, Hermd Freytag

Time:

400 =

aVala -
.-'I I| I I ] —
e e’ —

R I._l ) B
] ar "
O e O T ol




Cyneprpanyjasuusi B xpomochepe

supergranulation in chromosphere y

YOO Y

GO0 00 I8V,

granulation in photosphetre

CymneprpaHysibl XOPOIIIO BUIHbI

Ha XpOMOC(EpHBIX H300pAKEHHUSIX.
Wx pa3Mepsbl B IECATKHU pa3 0oJIblIIe,
4yeM y rpanyi B ¢potocdepe.
Cy1ecTBYIOT NOPSIKA OJTHOTO JTHS.




I nranrckne KOHBEKTUBHbBIC SYCHKN

Takue CTPyKTypBI ITPEIKA3bIBAIUCH:
pazmepsl ~200 000 kM; 1yOOKO B KOHBEKTHBHOM 30HE;
BpEMS KU3HU MOPSAKA MECSALIA. _ : Ve
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1401.0551



http://arxiv.org/abs/1401.0551
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B036y>KzleHne KOJ1eOAHUMN

Konebanus Bo30yK1at0TCsl BO BHEIIHUX CIIOSX
13-3a KOHBEKIIMU U PACHPOCTPAHAIOTCS BHYTPb.
CKopoCTh 3BYKa pacTeT M0 Mepe NPOJIBUKECHUS.
B kako#i-To MOMEHT KOJIeOaHHUsI OTPaKaroTCHl.

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

g-MOJIbl KOJICOAHU B OCHOBHOM 3aIepThl
B Heapax ColHIa.

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 ESA and NASA.

https://ncse.cth/rncse/18/5/Iong-term-

solar-oscillations-age-sun




IN100aabHbBIC KOJICOAHNSA

p-mode (/=20, m=16, n=14) g-mode (/=5, m=3, n=6)
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MarHuTHBIC 10JIsI B HEAPAaX
KPACHBIX TUTAHTOB

ACTPOCENCMOJIOTHS TTOMOTIIA U3MEPUTH
MarHMTHOE T0JI€ B HEAPAX KPACHBIX TMTAHTOB.

B 3Be3/1ax «TyJsrOT» BOJIHBI, IPOSIBICHUS
KOTOPBIX MBI MOXKEM HAOJIIOIaTh, M3y4yasi KPHUBBIC
OJIecka.

BoiHb! ObIBatOT pa3Hbie. OueHb y100HO
Pa3JIOKUTh UX HA TAPMOHHMKH: MOHOIIOJb,
JUTIONb, KBAPYIIONb U T.1. Tak BOT, €CTh
KpaCHBIC TUTAHTHI, Y KOTOPHIX MOHOIOIbHAS
(chepruuecku-cUMMETPUYHAS ) COCTABISIOIAS
CUJIbHA, a TUIOJbHAS CHIILHO IOJIaBJICHA.
Xoporiero 00bICHEHHUS 3TOM 0COOCHHOCTH

710 HEJTaBHETO BPEMEHU HE OBLIO.

1510.06960

BosiHbl BO30YyK1at0TCSl HA MOBEPXHOCTH U UAYT BHYTPh. TaM OHM YaCTUYHO OTPAKAIOTCSA
U BBIXOJIAT OOpAaTHO BO BHEIIHUE CIOU. Mest aBTOPOB COCTOUT B TOM, YTO BOJIHBI
B3aMMOJEHUCTBYIOT C MATHUTHBIM IIOJIEM BHYTPH 3B€3/Ibl. DTO MPUBOJIUT K UX
IIPEBPAIICHUIO B IPYroil TUII BOJIH, KOTOPHIE YK€ HE MOTYT BBIMTH HAPYXKY.
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Benblmky v 0CHMJLJIS NN
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Morimarsie Benplmky Ha CoTHITE
MTOPOXK/IAIOT BOJIHBI BO
BHEIITHUX CJIOSX W OCIHWIIAILINN.

16 July 2004 (90-180 deg)

distance, Mm



COoJTHEeYHBIN MUK

1995 2000 2005 2010
Hathaway/NASA/MSFC










1600

MaynaepoBcKkuy MUHIMYM

HNuorna poBHbIM X0 1 1-1€THUM NUKIOB HAPYIIACTCH.
Habmromanoch HeCKOILKO MUHUMYMOB aKTHBHOCTH,
CaMbll 3aMETHBIN U3 KOTOPBIX — MayHICPOBCKHUM.

400 Years of Sunspot Observations

odern
Maximum
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PexkoHCTPYKIMA HA 00/1bIIIOM
MACIITA0¢ BpEMEHN

VY4eHbIC NBITAIOTCS
BOCCTAHOBHUTH COJTHEUHYIO
AKTUBHOCTh Ha BpEMEHAX

TIOPSIJIKA THICSY JIET.

1200 1400 1600 1800 2000
Years

Sunspot number

Hcnonb3yroTcs 1aHHbBIE 11O
TOJIMYHBIM KOJIbIIAM JICPEBHEB
Y 10 JICISTHBIM KEpHaM.

Conepxanne oeppuiiusi-10 u
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IBoaonua CoaHia

Evolution of the Sun

from main sequence to end of fusion

——Fusion ends
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)

—— Radius

I —— Luminosity

Temperature (K)

Cenvac CoJHIIE TEPEKNTAECT
BOJIOPOJI B CBOMX HEJIpaXx,
Ouenr meqienno CoirHile
CTaHOBUTCS OOJIBIIIE U sIpUE.
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1409.1904

6500 |~ 1+

5500

4500

Stellar Effective Temperature
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Flux Received by Planet [F]
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1407.8174

Stellar effective temperature T\‘jﬂ (K2
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JleTaJibHBIC pacyeThl

Recent Venus
_#" B

Gl 581d ()
Gl 581g ()
Gl 667Cc
Kepler 22b
Earth

HD 403079
Tau Cetie (¥
Tau Ceti T (?)

1.8

Runaway
greenhouse =
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Early
Mars

CywecTBYyIOT pasHble
pacyeTbl pa3mMepa

30H OOBMTAEMOCTH, T.K.

B OCHOBHOM OHM 3aBfi3aHbl
Ha KAMMaT (MapHUKOBLIM
3(PEKT), a He NPOCTO Ha
paBHOBECHYIO TeMnepartypy.



IHapagokc Tyckiaoro CojHia

The Faint Young Sun Paradox

Temperature SolarLuminOfity MI/IJIJ'II/IapI[BI JIeT HaSaI[

- T CouHile CBETUIIO MEHEE SIPKO,
Frodzitg BIRUAAHLO | TEM He MEHee, Ha 3eMJIe

Temperature expected on Earth CYIJ_IC CTBOBAJia )KI/II[Kaﬂ BOI[a

with present atmosphere

¥—_ Change in solar luminosit

Temperature expected on

Earth with no atmosphere L
ejection of

15 3 ‘ 5 14 : ‘ 0 planetary nebula
Life Begins First Present Day . R . 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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KopoHajibHbIEe BHIOPOCHI

5:: ' =3 ; ' :“‘:O'it
2000/02/27 01:54 T OO Rsy :

YacToTa TakuX COOBITHI OT HECKOILKUX B JIE€HL BO BPEMs MAKCUMYyMa aKTUBHOCTH,
J10 pa3 B HECKOJIBKO THEH — BO BpEMSI MUHUMYMa aKTHBHOCTH.
Macca BeiOpoca 108 1.

J1lo 3emnn goaeraet 3a 1-4 gHs.



CooObiTne Kappunrrona.1839 r.

BusyanbHble HAOII0ICHUS BCIIBIIIKH
aCTPOHOMaMHU-THOOUTEIISIMU, TUTIOC
JAHHBIE 10 TEOMAaruHTHOMY IITOPMY.

«Bcranm» Tenerpadubie TUHUAM.

MolHene noaspHbpIe CUSHUS.




I'mranrckne BClbIIIIKH

Bcenbimky mpoucxoasT U Ha APYTUX 3BE3/1aX.
Kak nmpaBuito, yem jierye 3Be31a — TEM OHA AKTUBHEE.

Flux (e-/sec)
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Yacrora BCObIIIICK

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

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

Solar flares (Crosby €t al. 1993)

dN/dE<E '8

Superilares
(Maehara et al. 2012)

dN/dE<E™1®

10%®  10%° 1072 10°* 10
Flare energy [erq]




Benbimkn 1 msaTHAa

Magnetic flux (Mx)

BepxHsis rpynima — BCOBIIIKA HA 3BE3/1aX.
Hwxuaa — ga ConHIe.

YT00BI «HAKPYTUTH» OOIBIIOE MOJIE

JU1s1 OOJIBIIION TPYIIIBI MSATEH,
ComHity Hy)HO 0K0110 40 JIeT,

o YTO OOJIBIIIE JIUTETLHOCTH

' COJIHEYHOTO ITMKJIA.

[ToaTOMYy HE OUEBUIHO,

YTO OYEHb MOIIIHBIE BCOBIIIKA MOTYT

npoucxonauth Ha CoJHIIE.
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BpaiecHne BCHBIITKH
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BCenbImKy HA 3B€31aX ¢ BpAllCHAECM,
kaK y CoaHma

[lepronapl BpaiieHus: ~22 u 25 qHEH.
MarunutHbie nons 1-20 raycc.
OTO0 HE MOJIoAbIE 3Be3/bl. OJIMHOYHBIE.

-0.001
01 00 04 02 03
Dray from flare peak

Relative flux AFF

KIC 9766237

55400
BJD - 2400000

01 00 0d 02 03
Cray from flare peak
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BCnbIIIKN, MATHA, BPAIICHAC

I[&HHBIG I10 BCIIBIIIIKaM Ha 3BC€31aX
IMTO3BOJIAKOT CTPOUTH MOACIIN.

MouiHbie BCOBIIIKK MOTYT MMPOUCXOAUTh Ha COnHIIE
pa3 B 1000 — 10000 ser.

15
e b= < BpIBUTH X HAJIMYME B MPOLLIIOM TPYIAHO,
T.K. CYIIECTBEHHO BIUSHUE OHU MOTYT OKa3aTh
TOJILKO HA JJIEKTPOHUKY.

10 15
Time [Days]

1304.7361



Bo3aercTrBrue HA TEXHUKY .., ...
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[Ipumepno 4% Bo3mymieHnM B anekTpoceTsx CIIA cBsi3aHBI ¢ COJITHEYHOM aKTUBHOCTBIO.




Benbimka B 8 Beke?

AHanu3 conepkanui yniepoaa-14
MOKa3bIBaeT, uTo B 774-775 IT.

bru1a anoManus, KOTOPY0 MOXKHO

CBS3aTh C MOIITHOM COJIHEYHOM BCIIBIIIKOM.
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O mexanusMme npouBiojacTsa 14C u
€ro CBs3U C COJIHCYHBIMHU BCIIbIIIKAMU
cM. 1408.2934 u
http://en.wikipedia.org/wiki/Carbon-14
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IToxoxxee, HO Oonee citadboe cOOBITHE
Moo npousontu B 10 Beke (994 r.).



CojHeYHbIe HEUTPUHO

p+p="H+et +u, p+p+e=*H+wv, (pep)
(pp)
99.75% 0.25%

86% | 14% (hep)

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

99.89% | 0.11%

"Be + e =>"Li+ v, Be+p =B+~

Li+p=2 ‘He °B ==%Be* + et + v,

ppll pplIIl

B psine TepMOsiAepHBIX PEAKIMA YaCTh SHEPTMU YHOCUTCS HEUTPUHO.
BaxxHO, 4TO 3TH YaCTHUILIBI CBOOOIHO MOKUAAat0T COJHIIE.
T.e., onn HEecyT nHpOpPMALMIO 00 YCIOBUSAX B COJTHEUHBIX HEIPAX «Cerdacy.



r interior/solar furnace.html

Nuclear Fusion
The proton-proton chain

\"'lll"'l,\*:vr noannneY  gamma ray
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Perucrpanyst HCUTPIMHO

SuperkK, SNO

Gallium Chlorine I‘—’
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0.3 1 3

Neutrino Energy (MeV)

HeutpuHo 04eHb TPYIHO PETUCTPUPOBATh.
He Tak yx 1aBHO yanoch 3aperuCTpUPOBATh COJIHEYHBIE HEUTPUHO.



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

IIpo0aeMa CoOTHEYHBIX HEUTPHUHO

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

J 1288
1.0%020
7

2H,0
Theory ™4 "Be mm P~P. Pep Experiments mm
8  mR CNO Uncertainties

HobGenesckas npemust 2015 rona!

B Teuenue psa et
AKCIIEPUMEHTBI TTOKa3bIBAJIU
AePUIUT HEUTPUHO.

Petienue nmpo0iemMbl
OKa3aJIOCh CBSI3aHO C
HEUTPUHHBIMU OCHWUISIITUASIMU.

Ha nmytu k Ham
HEUTPUHO PA3HBIX TUIIOB
MOTYT IIPEBPAIAThCs

APYT B Apyra.

DTO 03HAYAET, YTO HEUTPUHO
UMEIOT Maccy.

[IpeBpamenust (E>5 M»sB) B ocHoBHOM mpoucxoit B Heapax CosHila 3a cueT addexra MSW.



HenmpunHoe n3oopaxenune CoiHa

Super-Kamiokande



Internal
PMTs

Steel plates
for extra
shielding

o

o

1410.0779

BopeKcuHO

Borexino Detector

Nylon Inner Vessel
Fiducial volume

bnaromaps moctrxxeHuro
OYEHb HU3KOT'O YPOBHS IIyMa
Ha 3Heprusax Huxe 1 MaB
BIIEPBBIC YIAIIOCh YBUJETh
HEUTPUHO OT PP- pEAKLIUMU.






