30pUATO

® HapHbI CIEKTPHIH IIUHIK YAHAPBIT OMATOX
® HapHbl ClIEKTPBIH YEUYAIAUUT OMATOX
®m HapHbI TOAOOHBI TaA2ap OMATOATTOM 00OAOX

m Hapubl ToAOOHBI Taraapxu I'aanaeiiH TYYX5H
A4 XOADOTAABIT OMATOX




Hapubl marapraar

A3AXUN A33p OMAHUM AIIIUTAAAAT Oapar 0Yx
apuuM XY (AyAaaH, rapas) Hb HapHaac

rapaATayd 3CBIA rapAar.




HapHubl manapraar

IHanpar v Hapub1 TOBA Mair ©HAOP AapaaT, 15 caa
IPAAYCBHIH TEMHOEPATYPT YYCAIT. DHI Hb XaAyyH LIOMUMNH
ypBaAaap Ouii 00AAOT.

~ cromosfera

— espiculas

nucleo .
zona de fusién y 4 ] faculas

presion 3104 kPa

temperatura 810 K - 32 ;

densidad 20 g/cm? /f pm N g granulacion
2 cromosfera ‘ 3 y -

manchas
3 corona

. protuberancias

zona radiactiva f e CONVeccion
presién 310" kPa .

temperatura 4.10% K
densidad 2 g/em’

fotosfera

presion 107 kPa
temperatura 6-103 K
densidad 810* g/em?

20na convectiva
presion 10'kPa
temperatura 610 K
densidad 6107 g/cm?




HapHbI mamapraar
4 mporoH (YCcTOpOrumniiH NOMHUINH) reAu 00AOH

XyBHpPHA. (YypBasaap).
41H > “He+2e*+2v+2y

- Yycmaa macc Hb 9xHMIT 4 IPOTOHBI Maccaac 6ara
Oatima. "'3yyn'" 3epYy macc Hb aHepru 60AK
60pPUYAOTAOHO.

E = mc?

- CexyHA TyTamA 600 cas TouH ycreperu 595.5 caa
TOHH I'€AHM 00AK XyBHUpPHA. MacchIH YAACSH
X3CTUUT 3PUYUM XYU OOATOH XyBUPIaAar.

Hap maccaa marm ux XaM>K33rasp asAak Oaiiraa

OOAOBY 3H3 IIPOIIECC OAOH TIPOYM SKUAUMH TYP Lk

YPI2AKHUAHD.



HapHbl marapraar

Dus auepru HapHbI rapapraac 299,793 km/c xyparaiiraap
Tapxax 060r00A 3apuM X3C3T Hb AIAXHUN AIIP 8 MUHYTHIH
Aapaa UpPH3.




HapHbI criekTp: mamapraat

Electromagnetic Wave

B Magnetic Component
A Electric Component

\

AOATHOHBI ypT A, AaBTaM>K V 0a IaxmAraag
COPOH30H  AOATHMOHBI  TapPXaATBIH  XyPAHBI
TITIIIUTIIA




HapHBI COeKTp: Haaprar

The Electromagnetic Spectrum

24 1022 1020 1018 1016 1014 1012

Long radio waves
Radjo waves
I

107 10 1072 10710 } os 108 108 A (m)

l
1
J

Short wavelengths Long wavelengths

Visible spectrum

Ultraviolet Infrared
(UV) (IR)

Gamma X-ray Visible Infrared Radio



HapHBI CHEKTP: HATApTraAT

A3AXUIH araap MaHAAA Hb HAIIPAr TyAaHbI
XaMIT'MH UX AOATHOHBI YPTAA TYHI'aAar OHII FOM.

g
#

Atmospheric
Opagity
n
5
2
!

T T T T T T . T T
0.1 nm 1 nm 1Cam 100nm 1 pm MWpm 100 pm T mm 1em 10cm im 100 m 1 km

Wavelength

> SEEEEE. |

i Most of the Long-wavelangth
i Aate. ant Inkcared speckum Redio Weves observable Radio Waves

Gamma Rays, X-Rays and Ultraviclet | observable absorbed by from Earth
Light blocked by the upper almosphere | from Earth, atmospharic oniac,

(best obsarved from space) |with some gasses (bast
almosphanc




Hapnasl manapraar: Tyiammpaa

DHIUMH aXUATaaH COPOH30H
HHALpar 3ypar A33p XaparaaHa.

Z}\ HaXI/IAFaaH OPOH 3aMH X9A03A3AUNH
YUTASA, HOTOO TAAaAC COPOH30H
OPOH.

DH3 AOATHOH HIyraMaH TYUAOINPCAH
0artHA. DHI TOXMOAAOAA 0DOCOO
TYMAOIPCAH OOAHO.

= Hapnasbl Tydaa aMap 4 AaByy IpXIrYH.




Hapnasbl ciextp: Tyiiammpaa

HapHBI rspAUNT TYMAOIPYYA>K OOAHO:
IToanHE3UK INYYATYYPI3P AAMIKYyAaH YYHUUT

AAMIKyyAaxX 3aMaap

Orientacion de
Ia transmision

Orientacion def
’ la transmisién
Luz linealmente e

polarizada

Xo€p TyHANIpyyAard
ITYYATYYP33P AAMI>KUH
OHI'OPOXOA I'3IPIA I'IPIA
AAMOKAAr. 1 9AHUU UUTAIA Hb
IIEePIIEHAUKYAAP 00A TYYHHIUIT
AAMOKYYAAQT.




Yiia ackmanaaraa : Hapnabr
CIIEKTPBIH TYHUALLIPAA

" B -
=
L e,

LIIYYATYYPYYA roKumA ITyyATYYpYYAMIiH aAb

UUTAIATIU 00A TIPIA HAT HBb 90° 0oAXK

AAMOKAAT. 00pUYABTACOH 00A

I9pPIA XaaATTAU OaliHa. {1 | B
. S'@ .




YiiA ackmaaaraa : Hapubr
CIIEKTPBIH TYUALLIPAA

I spAuUr TyCcraraap TyHAIIPYYASK

00AHO.

* Polaroid HapHBI IINA Hb TAHA TyCIaA

YYCraxaacC 3aMACXHUUXIA TyCAAAAT.

o ITUAMHAPUUT I'3pP3A 3ypPrUuiiH 0OAOH

MHO>KEHEPYAIAUNH MATEPUAAA AOTOOA

AAPAMTBIT AIITUTAAXAA AIITUTAAAAT.




Yiia ackuararaa 2: I'spaniie TyHAImmmpaas

* 3600BPUITH KOMIOBIOTEP 3CBIA YTACHBI IIINHI9H
DOAOP AIATII TYHAINUPCAH IIPAUUT AATAPYYAAAT.

* TylAmmpcaH HAapHBI ITUAHYYAUNAT
TYHAAILIPYYAArdTAW OHIOLIOOP A7KHTAA.

* 3apuM OOBEKT Hb TYUAIIPAABIH XaBTT ANbIT
3pryyAHs.

* A toA xXyBaHnap (okunias Hb CD xaripriar) oorop
AOTOOA AAPAMTBIT A2KUTAAHA VY.




Hapub1 0y 1311

Jlempr00:
il e 15caa K

Prominence

* Papmoaoruita 0Yc:
* 8caakK

| D . Olph!r
(granules)

= * Convective 0Yc:
RadiativeZone ¢ 500 000 K

Filament i Convectlvé"":".-.‘ .HapHBI I‘aAHaX

Chromosphere

AaBXapraa (MaTepuiiH
XOAOATOOH) KOHBEKI

oun



Hapusb1 0yTa11

* ®oro 3ypar:

* 6400-4200K

*YH3 Hb HAPHBI
raAapryy rom.

*~ 1000 xm

XIMIKI33TIN MOXAOT
aryyACaH




Hapub1 0y 1311

/ .; * XpommaHAaa: “burning prairie”
; 4 200-aac 1 000 000 K. Tosrop

XypI IIPaA ODAMAAr.




Hapupl 0Y 1311

* Tuwram: Hapubr caaxu, 1-aac 2 000 000 K.
*30BXOH XUPTIATUIH YEA, TyCral X3P3TrCaA
(xoppoHOMETpP) -aap XxaparaaHa.




Hapub1 0y 1311

AL 500.000

Core

_—
T

Radiative zone

Convective zone

/

Photosphere

chromosphere




YiiA ackmaaaraa 3: Hapusbl OyTarn

HapHbI AaBXaprbIH

3HIMUH 3arBapbIl e

XHUU. .
30pUATO Hb AH3

OYpHITH X3A03pHr ‘
XAanX ABAAA FOM.

TaAr?3p Hb 6P

660p OHINUH I1AACaH

A33P33C 3CBIA

OyAcaH 0ark

OOAHO.




YiiA ackmaaaraa 3: Hapusbl OyTarn

KOPOHa Hb
OHP-ung
XaAbBCHAAC

raprak 00AHoO.

DIACT Hb TA
HOTHUUT Hb 30B
Aapaasraap
OaAMPAYYAIK
0O0AHO.




Yiia ackuasaraa 3: Hapub1 OyTarn




Hapub1 ToADO

*3yparr Oalipaax xap
T0A0O0 HB 6 000 K
opoHA ~ 4 200 K
OaitHa.

* TacaaOap OYpwuiir
Umbra (T6B TaAOal)
0a Penumbra
(rapHax TAADATT)
racau 2 0Yc

HYTI'YyATaMH.
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Magnetic field lines

HapnpbI
TOAOO

*TaArasp Hb XYUTIHU
COPOH30H OPOH OaMAar.

* DArasp Hb COPOH30H
OPHBI MOPrOAAOOHOOC
00AK YYCAIT. DHAI3C
AOTOOA AABXPATrbIH
3PIraAT OanHa.




Hapnabl T0AOO

Rotation

B field lines

Pair of spots




Hapnabl T0AOO

* HapHbI TOAGOHBI TOO '"HapHBI UAIBX "'

* Youo too =10G + F

* (G = 0YAryya; F = Hap ry3assHuit HUMT T00)
e 11 >xmAMITH MOUYAOBIUITH MOYAOT OuIA.

00 T e T

Sunspol Groups

ULLWJ WKN\J«J/\M M \N\/\N\

10r
llO—

Ym] 0 A I B
IG 1‘00 80

00 '°000

k4 b -~ 2
1995 2000 2005 2010 2015

2008 oHA HaaA 3ax Hb Sun-H YHA a)KHAAAraa Hb
epAMITHX00C yAaaH OalicaH.




Hapubl T0A0G0: HapHBI

IPIIAT

November 21 1992 November 22 1992

November 23 1992 November 24 1992

Credit for images: Astronomical Observatory of the University of Coimbra




Hapub1 ToAOO0: HapHBI apraaT

*HapHub! apraaruiir

SOHO /MDI Full-Disk
Continuum Image

XIMIKHXIA HAPHBI
IAIIPATUNT AIITUTAAK OOAHO.
* Galileo Hb Sunspots-sIr
TE€AE€CKOM AIIIUTAAH Y3CIH
aHXHBI XYMYYCHHH HIT IOM.
Tapa3p HapHBI IPTIATHUT
XIMIKUXIA AITUTAAAAT
OaricaH.

o I3 OYpUITH dPIIAT:
3KBATOPBIH 25 XOHOT TYyHAA
38 xoHor OaitHA.

Observed:
August 1999 LS




Yriia acxkmanaraa 4:
HapHBI 3praATUMH Xyramnaa

*HapHbI a2KUTAAATBIT TEAECKOII 3CBIA
AypPaHTAU TOCOOAOAOOD XUUX XIPITTIU.

X3333 4 Yryu.




YiiA acxmaaaraa 4: HapHbI apraATuiia

Xyraraar TOAOPXOHAOX
*Sunspots Hb X39A XOHOTHUIH TypPII 3yparAAar.

Xyramnaa t XOHOT.

OCICIC)

Day 1 Day 4 Day 6 Day 8

*3am, Toripor 6a @HIOr O 3yp. Aapaa b I xyramaar
XOHOT00P X3MXKIK 0OAHO.




SOHO/MDI Fuii-Disk
Continuum Image

YA acxkuaaaraa 4:

HapHpbl
12-8-1999 19-8-1999 BPFBATHﬁH
-— xyramaar
Gl TOAOPXOMAAX

~ 360°<7days
92°

T

=27,3days




HapHbI pasnarg

*Hap 00A 1x3B4YA3H AaBTAMXK (OHIO), E = hmic
HEPruTaii PoToH YYCraA3r TOMOOXOH IIOMUNH PEAKTOP
FOM

* Hapusbl xypii rapaa (BaTThIH XY4U) Hb acap TOM 00106
XO€P AaXb Hb 9H3 Hb ATOMBIH 0OMOOTHUU X3A3H apBaH
TOOTOU TIHIYY FOM.

* DH53 9HEPru Hb X00COPY TOMOPY, I1ar Xyramaaraap
TOMPOX I'SX M3T OPOH 3aMraap AAM>KHH TAPXAAr.

* X00cHuu rapapryy Hb 40C2 0aitHa.
 Hapnaac R 3ama 1 M2 Tarbaiia cexyHA
3HEpPIru Hb:

*(P Hp HUIIT HAPHEBI IPUNM XYY)



YiiA ackmasaraa 5: HapHBI rapaATIATHNT X

*DpunM XY4 Hb 3aliH yPBYYy KBaApaT Oariasaap
AAMOKAAr. X3PIB OMA HAPHAAC XOA 3T MIAIK OaMBAA
OMA TYYHUM XYYHUHT TOOIIOOAK YAAHA.

*buA ra3speia TOCHbBI cioTOMeTpUHT XUUAST. LlaacHaac
XOEP TAABIH I'3P3A TITII OANX TOXNOAAOAA CHOT Hb
xaparaaxry 6aiix; Oepeep xaA05A HIT IJHEPTH Hb TAA




Yiia acknaaaraa 5: HapHbI 1apaATIATHIT

XIM?»KMNX
150 Bt (1.5 x 1011 m) -1 6ariaar Sun-uria 150 B-uita

UUMAIHT OMA XapbIyyAXK Y3be.

ISUW P

2

d I

*Yp AYH HB oripoariooroop 3.8 x 1026 B Gaiix écTo 52

=3
Soa-



Hapuapl cnexkTp: XapaHxyu

I'spaa 3ypryyA Hb HapHb1l xaMruitH AOTOp
X3CArT YHMAABIPAITAIINK, TyXaUH TAAOAVIA ManT
HAI'T MaTepuaATan xapbeuaar. Hapasr mnema
YHAABIPAICIH (POTOH HB 1 casd >KUAUMH TyPHIINA \” a:

IIPIA 3ypar aBaxaA XYpPAIr.



Hapubl cnexkTp: XapaHxyu

HapHBI AOTOOA X3CTYYA
TyHIaAar 0yc (OAOH TOOHBI
XAPUALIAH YUAYAIA, XATYY
OaraAaap).

I'aAHA X3Car HB HA TOA.

HoTOoArooH: xapaHXylAax -
TYYHU1 upmar A33p Hap Hb
HAYY TOA HA3PAST YUHP IIPIA
Hb Oara OamHa.




YA axxuaaaraa 6: 1A Toa 0amiaaa
O0a xapaHxXyl 0anAaA

A TOA Ounr Hb YA Y33rA9XTIU aAHUA OuIll rom!




A EEEEEREEEEREEEREEREEREEREEEEREEREEREERERERNNRZEN

» [SAAC NEWTON ;T 1643-1727

1701 oA Hbr0TOH IPU3ZMUNT X3PITAIK, HAPHBI
IIPAUUT OHI'O OOATOH XyBHUPIacCaH.
Amap 4 rapaa mIpu3M 3CBIA AUPPECCUNH

ceMuHapaap 3aAap4 00AHO. YP AYH Hb CIIEKTPT
OariHa.




Kupxkod 00r0H banceHuit xyyanya

1-p xyyap - ZKwxur xaryy OueT Hb ISpAUMH Nanpar
TACPAATTYHU YYCIIAIT.

(_ontinuous spectrum

- - source {i>:|c1'::k boc'«)
2-p A z(aAyyH ) e e
HATTTAN XU Hb XHNH (. B |
[ [ i Spectrum of
XMMHUHNH HaI/IpAaFaaC (‘Jﬁsoip?lcn lines

XaMaapAar 3apum

AOATHIOHBI YPTAA I'IPIA . -...

YYCI'aAaT. - — s 5 e AR
Lontinuous spectrum spectrum of emission lines

3-p xyyab - bara aAapaarar XuitH33p XYpPI3A3TACIH
yAQMICTACAH XATYy OOBEKT Hb 2-pP XyyAbTAU TIHIIIX
AOATAOHBI YPTAA TACPAATTYU CHHEKTPUUT YYCIIAIT.




Coexrp

| Hydrogen Emission
1 Oxyge |
| Emissi

Carbon
Emission




000 |

-0 38

5 -0 54 | Excited
~0 25 | States

-1 51

-380 /

Fundamental
-136 State

AArapaar,
HINHITIIATUUH
IIyIaM Hb X0€p
TOOHBI IPYUUM
XYUYHUU TYBIINH
XOOPOHAOX
AXUATAAHBI
YCP3ATI3C YYCAIT.




Hapuspl cnexkrp: IHHIUHTrIATUNH CHEKTP

1802 ouA Yuabam BoaraccoH Hap HapHBI Hapar A33pP
Xap IIyraMbIr A2KUTAACAH.

1814 oua 7Kozed Ppayuxodep Hap Hapubl
CHEKTPHUUT cyAasrk, 700 opunm xap mep ot
HAPYYAKII.

s '%Jm/%n‘a N, Dorksctie 181415,



Hapusbl ciiexrp: HHuarsaTuiia cnekrp

Wavelength-Longueur d'onde (angsirom}

4000 4500 Ei] 3300 GO0 6500
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*XapaHXyU HIyTaMyyA Hb
HapHsbI rapapryyraac
A93rYYp Oariraa capYYH
XUMHYYA OaviaTaac
IMAATTAAAHA.

* Hapub1 ooTop Oaiiraa
ICIXUUT HIAATAK MIAIXTYH.

* OuBOBAOD BHABD
HAPUUBYAAATAU CIHEKTP Hb
OAOH MOPHUI XaAPYYAK
OaitHa.




Xap OuenitH HAIAPraAT

| - Temep 3yyxaHA
AyAQaITaXbIH X3PI3P
' > Aapaax OHIO
BOPUABIAAOT:
* YaraaH

* IIlap

* [ Haraau

oo iy < Bluish




Xap OmeniiH HAaAPraAT
Amapy xap Oue

XaAAXAA4 AOATHOHBI
YPTYYATAU LIPIA
Ianmaprasar. A
XaMIMTUH UX Q9HEPIUATIU

Radiation intensity

OOA.
e— G Y TEMIIEPATyp
0 200 800 1000 1200 1400 1600 max
JEesIRng o T-335¢c xamaapHa:

BbatHIreIH 00 BEKTHIT

Iarparaap CyaAaaxaaa
TEMIIEpATypaa X3IM>KHUX BalHbIH XyyAbe o
O0OAOMKTOLL DatiAar.
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Xap OuenitH AIAPraAT

1000
Wavelength (nm)

1500

Hapubr A, a6 500
nm.

DH3 Hb raAAPTbIH
TEMIIEPATYP Hb
5,800 K racan yr
FOM.




Xap OueuitH AIAPraAT

XYHui OueuiiH TeMIeparyp
T =273 + 37 =310 K.

XYHHu# OMeniiH Ianaprx
sHepru ub A_ = 9300 nm.
DH3 00A X3T yAaaH TyAa.
IN1enuiiH XxapaaHbl
TOXOOPOMK Hb TIATIIP
AOATTHOHBI YPTBIT

A KT AAAAT




I spAniiH TapxaAT

*X3pP3B IAaraaH I'apaA UX XIMIKIIHUU
TOOCOHIIPOOP AAMIKHH OHrOpu Oaiiraa 60A 0Yx
OHI'® Hb aAUAXAH TAPXAAT (IaraaH YYA).

*XapsB 00OMUITH X3M>K33 Hb OCABIH

¢ OTOHYYABIH AOATHOHEBI ypTaac 0ara 6oA
OOTrMHO AOATHOHBI YPTTAM (POTOHYYA ypTaac
nAYY yprrau (ParianiiH TapxaAT) TapXAar.

*MaHaii araap MAaHAQAA II9HX3P (POTOHYYA
yAaaHAAC NAYY TapaaracaH 068reeA 1aa 0yx
YNTAIAIIC UPIK OalTHa:

*Tuiimasc OUA XOX TIHIIPUNI Xap K OaliHa.

Hap >xaprax YeA rapaA uAYY yyp aMbCTraATaun
D00AK, IITAP-yAAAH OHIOTIM DOAAOT.




Yiia ackuararaa 7: I'spAniiH TapXaAT

*X3A3H AycCaA cYY, rap YUMAIHIUHH XaMT OHAOP IIIHAIHA
ycAaaHa. I'apaAr HE CYYH ycaap AaM>KUH OHIOPOXOA:

*X3P3B I'3P3A HMINAIH XAXKyyraap
OHIOPBOA LIDHXIPAYY OHIUITH

", | xaparaaHa.
Q *I'5xA33 rapaa OYx3A OYTSH HINAIIP
\

AAMOKITH OHIOpOX FOM 0OA INUAHUNI
A93P33C XaAPBAA FIPIA yAaaH OOAHO.
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Yiia ackuaaaraa 7: I'spAniiH TapXaAT

" JlaByyHA X3pP3rasx XaAyyH XallAMAaA CUAMKOH CaBaa

" I'ap yracHBI rap 4uummA3H

"XOAOATOOHT I'SPAUNH
OMPOAIIOO Oaap Hb
LI3HXIPAYY OHIUH
OHI 0TI OalHA.

"]'ap yracHBI IrapA33C
XAMITTHH XOA 3AUA
Oalipaax Oaap Hb
IIAPraA, yAaaBTaAp
XaparAaHa.




Anxaapaa
TAaBbCAHA
OasapAaasaal




