


ALadoon evEPYELAC OTO ECWTEPLKO TWV QLOTEPWV

Oa Bpolpue ™m 6Lac|>opu<r] e&owon (6.e.) mou ouvdeeLl TN GepuOKpaota LLE TNV
anootaon QIO TO KEVTPO TOU AOTPOU (EXOoUpE BpeL HEXPL TWPA TIC avTioTolxeg O.€. yLa
TNV rniieon, tn pada kat tn pwievotnta-luminosity).

H BaBuida tnc Beppokpaoioc cuvdeetal pe tn SLAd0ON TNC EVEPYELAC LECO OTO ACTPO.

Tpelc eival oL pnxoviopot 61adoonc EVEPYELOC OTO ECWTEPLKO TWV ACTPWV:

- dLaboaon pe aktwvofolia (radiative transfer) — o poAoc tn¢ adladavelog

- dladboon pe petadopa —convection (6nA. pe Bepua avaduopeva otolxela palog mou
uetadpEpouv BepuotnTa MPOC T EEWTEPLKA CTPWHATO TOU ACTPOU, Kal Puxpotepa
otolxelor paloc TOU METOKLVOUVTOL TIPOC TO OepUOTEPO EOWTEPLKO — peLUAT
uetadpopac)

- Oladboon pe aywyn — conduction (petadopd BeppuoTNTOC MECW KPOUOEWV HETAEU
ocwpaTOlwV — 6ev glval cuvnNBwWC CNUAVTLKI OTO ECWTEPLKO TWV ACTPWV)



Awadoon pe aktwvofoAia - Radiative transfer

‘Exoupe et oto padnua 10 ot n Paduida tng mieoncg aktwvofoliac divetat and tn oxeon:

dP, Kp
i AT
OTou

1
Prag = gaT4 (2)

K n peon adladavela, p n mukvotnta kat f n pon aktwofoAiac.

Napaywyilovtoc we mpoc r tnVv (2) kat avikablotwvrtag otnv (1) Bplokouvpue:

dr 4ac T3
AN om(') TOV OPLOMO TNG PONG EXOULLE OTL:
f - 47rr2 (4)

Onote amno TG (3) Ko (4) T[pOKUT[TEL OTLN Baeutéa NG Berpokpaciag ya tn petodpopd TNG chuoq
TIOU TIOLPAYETOL LECO ATTO TNV AKTLVA I TOU A0TPOU MPOG Ta £€w dla aktivoBoAiag divetal amo
oXeon:

a3k L (5) 4" e€lowon aotpkng Soung (yia dtadoon pe aktvofolia)

dr 4ac T3 4mr?




Awadoon pe petagpopa - Convection

2x0Alo ywa tnv €€ (5): Kabwec n pon N n adwadaveia auvéavovtal n Babuida
Bepokpaciog MPEMEL va YIVETAL OAO KL TILO AmtOToUN (Lo apvnNTLK) Yo va LTTopPEL va
LETADEPEL TNV TTOPAYOLLEVN LoXN TIpOoC Ta £€w. Av n BaBuidba Beppokpaoiac yivel oAU
amotopn (mMoAU apvnTikn) pmopetl va nmpokAnBel aotabBela petadopdac (convection
instability).

Q¢ PUOLKOC HNXAVIOMOC, N peTadopa eival eva tpltodlaotato npoBAnua (€. Navier-
Stokes). Edw Ba mpooeyyicoupe to MPOBAnpa povodiaotata (aKTWIKA HOVO). ZTOUG
KWOLKEC AOTPIKAC SOUNC QVTIUETWT(ETOL ooV povodlaotato NMPOPBANUA =2 AKTWVLKN
uetadopad



H KAtpaka'Youc tne Mieonc

XopaKTNPLOTLKNA KALLLOKOL LINKOUC yiol TNV HeTtadopad, N KAlnaka vbouc tieonc, Hp :

1 _  1dpP
H_p: P dr (6)

Av Hp = otaBepo, tote amd tnv (6) mpokumtet étL P = Pye~"/HP (7), nA. Hp elvain
amooToon otnV omnola N riteon petaBairletal kata e.

ATO TNV €€lowon LOPOOCTATIKAC LOOPPOTILAC, EXOUME OTL
dP/dr = —pg 6mouv g = GM,. /r?

Onote ano tnv (6) mpokumnteL ot Hp = % (7)
[Lo TN epimtwon tou NAlovu, MPOooeyyLl(OUE TN LEON TILEON E TO ULOO TNC KEVTPLKNAC
’ p — : ' : : . = _ G(Mp/2)
niieong, P = P./2 koL tn pEon €rtayuvon tng faputntag ano tn oxeon g = (Fey2)
©

omdte pokuTTeL 0Tt Hp =~ 1.8 X 108m ~ Ro/4 (o akpeig umohoylopoti 6ivouv R /10)



YrievBupon Baolkwv OXECEWV o T BEpOSUVALLKD

»Eowtepikr) evepyeta U (kataotatiky cuvaptnon, eéaptdatal povo amo tnv
KOTALOTOLON TOU aepiov)

[Lot TEAELO LOVOOTOLULKO aEplo U = 3( ) T = —nRT (8)
2 \umg

»Q, W (6¢ev elval KOTAOTATIKEG CUVAPTNOELG, SNA. N TLUA TOUG e§apTaTaL Ao TN
SLadKacio Tou akoAouBnOnke)

»1°S vouoc BepoOUVOULKAC dU dQ — dW (9)

» Oegppoxwpntikotnta Cp = (10) Kat Cy = Z—(T? (11)
%
> \OyocC BeppoxwpnTikotATwy ¥ = — (12)
16aviko agpo Cp = Cy + nR (13) (e nR = —) Cy = —nR (14),
= 5/3(15)

>A6LaBatu<eq uetaBorec (dQ = 0) yd7V = —d?P (16)
Nopoc adlaBatikol agpiov PVY = K (otabepd) (17), P = K' TV/(r=1) (18)



H adwaBatikn Babuida Bepuokpaoiac

Oewpovpe pia  Ppuoaiiba aeplov TOU  petafalvel
adlafatikd amo pia apyikn 6€on i o€ AKTWLKN anootocn r

QO TO KEVTPO, O€ pia teAkn B€on f oe anootaon r + dr.

2tn TeAkn) autl O€on, 1o UAWKKO otn Puoaiiba €xeL
TIUKVOTNTA P, VEVIKA OLadOpPETIKN Ao TNV TUKVOTNTA g *gw
neptBarlovoag aotplkng UANG, p(r + dr). H p™ mpokumter——|
armo tnv edpappoyn tou adafatikol vOpou.

 _ _ 1p(ap
0 —p-I—dp—p-I—yP(dr)dr (19)

Av p* > p(r + dr) 1o agplo otn pucalida eival mukvoTeEPO
aro to MmepLBAANOV UAKO Kol Ba «TTECEL» OTNV APXLKN TOU
B€on uno tnv enidpaon tng Baputntoc (cvotabeLa).

Av p* < p(r + dr) n puoaiidba Ba cuvexioel va avePaivel
UTTO TNV enidpaon TNS avwonc (cotabela).

ANa p(r +dr) =p + %dr (20)
Ao (19) kot (20) mpokumtel n cuvOnkn evotabelog yia

J 1p (dP) ap
—_— — > —_—
uerad)opol y P \dr dr

Surrounding

oas




Amnodelén tng oxeong (19):

dp 4G —zdV gy
b m/N . omy v
av _  ar
Y= —7%




MriopoUpe va ekppAcou e T ouvOnkn evotdBelag ocuvaptioel ta Babuidag Bepuokpaociac.
Elval katavonto otLotav p* > p(r + dr) Banpénel T* < T(r + dr)

( arto vouo tbavikou aepiou)

AnA. n Oepuokpaoia mpeneL va UELWUEL TEPLOCOTEPO A0 OTL CUUBIVEL 0TO AOTPLKO UALKO, apaq,

dT dT ,
— — yla evotaBela
drlstar drlad
: dT
Evpeon tou |[—| :
r'lad

pkT dP  pk dT = kT dp
—_— = + =
Uumy u=ctal dr umpg dr umy dr

_ (1 _1)Tep
ad Y/ par

Onote n ouvOnkn svotaBsiog yivetal, av kot ol SUo Babuidec Beppokpaciag eivol apvnTLKEG,

ATIO TOV VOUO L6avikou agpiov, Pygs =
ap _P 4l , P dp

dr T dr p dr 1\dP P dT _dT
Mo adlafotikec HeETABOAEC 0 _ 1pdf (1 )_ N “ar

14

dr T dr dr

E y P dr

(1_1)@< ar

T (ar —1lgp % dinP v |
) Par S drlgear P( ) > (dT /dr < 0) = > ——=2.5 (L6av.povoart.aep.)

dr dr y—1 dinT Y—1




To OpLo yLa aotadela HeTadopag, MePLOPLEL TNV LOXU (GWTEWVOTNTA) TTOU UITOPEL var petadepBEL pe

akTwoBoAia.
dT 3 Kp Ly
Elbaue otL— = —
H dr 4ac T3 4mr?

Apa ylo va EXoupe svuotabela petadopac, Oa mpemel
dT TdP 3 kp Ly TdP
—>|1-= = — >(1—-=

dr ( y) Pdr 4ac T3 4nr? ( y) Pdr

dp

ATtO TNV €€lowon VOPOCTATIKAC LOOPPOTILOC EXOULLE: .

Myp
r2

_

L, <

lemTacG
3K

T4
(1‘;)?Mr

AnAadn av n GwTEWOTNTA TIOU atalteital ya vo dlatnpnBel n evepyelakn oopportia EEMEPACEL TO
rtapomavw OpLO, TOTE N evepyela (N HEpOC TNC) Ba petadepbel pe pevpata petadopac.

apOTNPWVTAG TNV T[OLpOLT[OLVUo oéeon,B)\enouue OTL otav n adladavela auinbel apketd, Unopel va
npOK)\n el aotdBela petadopac =2 pevpata petadopag.

Entiong, aotaBela ueracgopaq UTTOpEL vou TIPOKUEL OE LA TIEPLOXT) OTIOU CUMPALVEL LOVIOHOG, SLOTL
LEPOG TNG EVEPYELOG EOOEVETAL VIO VAL LOVIOEL TO OEPLO avTl va To Beppavel, odnywvtag oe PeYAAn
Beppoywpntikotnta Kot pikpn adtaBatikn Babuidba Bspuokpaoiag

AotaBela pmopel €niong va MPOKUYPEL OTAV UTIOPXEL MEYAAN n ggaptnon amno tn Bepuokpacia NG

MAPAYWYNG TIUPNVLKNG EVEPYELAG, TIPOKOAWVTAG pia anotopn Babuida otn pon tng aktopoliog kat
uia peyain Babuida Bepuokpaoiog.
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E¢lowoelc aotpknc Sopnc

E¢lowon uOpPOOTATLKNC LOOPPOTILOLC

d_P _ M,p
dr G r2
E¢lowon dtatipnong padog
dM, . 2
= dntrep )
E€lowon Babuidac pwtewotntag (luminosity) gﬁw% 20O GubToxn ab “@Zﬂ
dL, ,
P 4-7'[7‘2,08 (Yevika € = &pyciear t ggravity) v gagyw“&j SO SLoLe oA i(aze OV
E€lowon Babuidac Bepuokpaaciog Kew\% €§056%W\ LN éﬁwgggw/
ﬂ _ 3 Kp Ly
el akTwofolia

= — ( — %) = 7;:"’ G:Z’” adiafatikn uetapopa

14 I I ' i dlnp y
oTtou 0 6eUTEPOC KAAOOC LOYUEL OTAV >
( POG G LOX prv b




Enti\uvon e€lowoewv aotpknc SoOuNG

» EKtoc amo Tic 4 e€lowoelc aotpkne Sopnc xpetalovtat mionc:
»H kataotatikn e€lowon

»H abdladavela cuvaptnoeL TNG IMUKVOTNTAG, Bepokpaciag KoL XNHLKAG
ovoTtooNnC

»H napayopevn Loxug ava povada HAdag, €, CUVAPTATEL TNG TIUKVOTNTAL,
Oeppokpaociag Kal YNULKAS cUOTAONG

» AplOuntikn emilvon
»2UVOPLOKEC CUVONKEC
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