
Diplwmatik  ergasÐa

AktinobolÐa Q apì astèrec netronÐwn

kai prosomoi¸seic me kuyelik� autìmata

Epiblèpwn kajhght c: Louk�c Bl�qoc

Dèspoina Panìglou

Aristotèleio Panepist mio JessalonÐkhc
Prìgramma metaptuqiak¸n spoud¸n sthn Upologistik  Fusik 

Septèmbrhc 2005



'Axonec thc diplwmatik c ergasÐac

• Eisagwg : Diakum�nsewn 1/f sthn aktinobolÐa pou ekpè-

mpetai apì sumpag  s¸mata. Parathr seic, ti anazht�me.

• AutoorganoÔmenh kat�stash: sust mata pou brÐskontai se

tètoia kat�stash, epideiknÔoun diakum�nseic 1/f .

• Metafor� m�zac se sumpag  s¸mata: P¸c h prosomoÐwsh me

kuyelikì autìmato mporeÐ na d¸sei sÔsthma pou brÐsketai se

SOC pou parousi�zei diakÔmansh 1/f .
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ProsaÔxhsh m�zac se sumpag  s¸mata

• Sumpag  s¸mata: LeukoÐ n�noi, astèrec netronÐwn, maÔrec

trÔpec. DhmiourgoÔntai me thn kat�rreush �strwn, afoÔ

stamat sei h paragwg  enèrgeiac apì jermopurhnikèc anti-

dr�seic ston pur na touc. Eqoun meg�lh puknìthta m�zac.

• H prosaÔxhsh m�zac proc sumpag  s¸mata par�gei uyhlèc

enèrgeiec. An h prosauxanìmenh Ôlh èqei arket  stroform ,

tìte dhmiourgeÐtai ènac dÐskoc prosaÔxhshc.

• ...perioq  isquroÔ barutikoÔ pedÐou, ìpou lamb�nei qwra

poikilÐa fainomènwn (diergasÐec sto pl�sma, metafor� akti-

nobolÐac, ro  m�zac, metafor� topik¸n magnhtik¸n pedÐwn).
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ProsaÔxhsh m�zac se sumpag  s¸mata
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ProsaÔxhsh m�zac se sumpag  s¸mata

H kentromìloc dÔnamh prokaleÐ to sqhmatismì dÐskou, en¸ h

barutik  epÐdrash eujugrammÐzei thn peristrof  tou me aut n

thc phg c tou barutikoÔ pedÐou.

An h prostijèmenh Ôlh apokt sei meg�lh stroform , qrei�zetai h

ektìnwsh thc uperbaÐnousac posìthtac. H Ôlh metafèretai proc

troqièc mikrìterhc enèrgeiac kai h ro  organ¸netai se sqedìn

kuklikèc troqièc, elikoeideÐc proc ta mèsa (Pringle, 1981).

H jermokrasÐa tou aerÐou aux�nei ìso plhsi�zei proc to

sumpagèc s¸ma kai ekpèmpei jermik  kai mh- aktinobolÐa mèqri na

ft�sei sthn epif�neia tou �strou. Lìgw meg�lhc jermokrasÐac,

to mègisto thc aktinobolÐac brÐsketai sthn perioq  twn aktÐnwn

Q kai g.
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ProsaÔxhsh m�zac se sumpag  s¸mata

AgnooÔme sqetikistikèc epidr�seic

JewroÔme sfairik  summetrÐa

exÐswsh sunèqeiac ∂ρ
∂t + v∂ρ

∂r + ρ∂v
∂r + 2ρv

r = ∂ρ
∂t +∇ · (ρv) = 0

diat rhsh orm c ∂v
∂t + v∂v

∂r + 1
ρ

∂P
∂r = −∂φ

∂r

ProseggÐseic: stajer  ro , stajer  m�za kentrikoÔ �strou

∂ρ
∂t = ∂v

∂t = 0 → ∂φ
∂r = MG

r2

diat rhsh enèrgeiac dP = c2sdρ− γ−1
v (Γ− Λ)ρdr

taqÔthta  qou c2s =
(

∂P
∂ρ

)
s
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ProsaÔxhsh m�zac se sumpag  s¸mata

• H prokÔptousa exÐswsh qrhsimopoieÐtai gia eisro  kai ekro :

1

v

(
v2

c2s
− 1

)
dv

dr
= −

MG

r2c2s
+

2

r
−

(γ − 1)(Γ− Λ)

vc2s

• Se adiabatikèc sunj kec, Γ = Λ.

KrÐsimh aktÐna: rs = MG
2c2s

• rs > 10R� kai R < R�.

Apì rs mèqri telik c prosaÔxhshc h kÐnhsh gÐnetai uperh-

qhtik�.

• ExÐswsh sunèqeiac: dM
dt = 4πr2ρdr

dt
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Fwteinìthta dÐskwn prosaÔxhshc

Paradoqèc: peristrof  Kepler, m � M , vr � vφ

Je¸rhma virial: → V = −2K → E = 1
2V = −GMm

2r

H elikoeid c kÐnhsh tou aerÐou proc ta mèsa mei¸nei th suno-

lik  tou enèrgeia. H enèrgeia pou q�netai diathreÐ stajer  th

jermokrasÐa tou dÐskou kai telik� aktinoboleÐtai.

dE = G
MṀt

2r2
dr → dLr = G

MṀ

2r2
dr

Lamb�nontac upìyh ìti to misì thc enèrgeiac prosaÔxhshc

aktinoboleÐtai proc ta èxw kaj¸c to aèrio peristrèfetai proc to

kèntro, en¸ to �llo misì apotÐjetai sthn epif�neia tou �strou

(je¸rhma virial): La = GMṀ
R
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Miyamoto et al., 1992
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Tashiro et al., 1991
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AutoorganoÔmena sust mata

Sust mata pou epideiknÔoun eggen  sumperifor� autoorganoÔ-

menhc kat�stashc: ammìlofoi, seismoÐ, magnhtik� pedÐa

ston 'Hlio, hliakèc ekl�myeic, purkagièc se d�sh, ex�plwsh

epidhmi¸n, dunamik  plhjusm¸n

Xekin¸ntac apì to montèlo BTW (Bak et al., 1987), ìla ta mo-

ntèla gia autoorganoÔmena sust mata sthrÐzontai sth dunamik 

tou sust matoc. OrÐzontai me b�sh mÐa dunamik  metablht  pou

all�zei k�je qronikì b ma sÔmfwna me k�poion algìrijmo.

H poluplokìthta aporrèei mèsa apì thn aplìthta: H polÔplokh

sumperifor� pou epideiknÔoun poll� sust mata ofeÐletai sto

pl joc twn bajm¸n eleujerÐac, par� sthn polÔplokh sumperi-

for� tou k�je memonwmènou bajmoÔ eleujerÐac.
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AutoorganoÔmena sust mata

H autoorganoÔmenh krÐsimh kat�stash (self-organized critical

state, SOC) eÐnai mÐa krÐsimh kat�stash sthn opoÐa odhgeÐtai

èna anoiqtì sÔsthma pou de brÐsketai se isorropÐa.

An èna sÔsthma exelÐssetai proc mÐa autoorganoÔmenh kat�-

stash, to f�sma diaskorpismoÔ thc enèrgeiac upakoÔei se èna

nìmo dÔnamhc, dhl. sto sÔsthma par�getai diakÔmansh 1/f .

Oi Bak-Tang-Wiesenfeld (BTW) prìteinan èna kuyelikì autìmato

(cellular automaton, CA) wc mèso gia thn arijmhtik  epÐdeixh twn

filosofik¸n erwthm�twn pou proèkuptan apì thn tupik  t�sh

di�forwn susthm�twn na autoorgan¸nontai.
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Bak et al., 1988
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Kanìnec d-di�statou kuyelikoÔ autìmatou

dunamik  metablht  : z(r)
dianÔsmata b�shc : ei, i = 1,2, . . . , d

suntetagmènec kìmbwn : r = (r1, r2, . . . , rd), ri ∈ {1,2, . . . , L}

Diataraq 

diathrhtik 
z(r) → z(r) + d

z(r− ei) → z(r− ei)− 1 for i = 1,2, . . . , d
mh diathrhtik  z(r) → z(r) + 1

Qal�rwsh

z(r) > zc
z(r) → z(r)− 2d

z(r± ei) → z(r± ei) + 1 for i = 1,2, . . . , d

z(r) < −zc
z(r) → z(r) + 2d

z(r± ei) → z(r± ei)− 1 for i = 1,2, . . . , d
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Sunoriakèc sunj kec

Se diataraq    qal�rwsh pou oi tÔpoi anafèrontai se kìmbo èxw

apì to plègma:

kleistì sÔnoro z(r) = 0 if ∃ri /∈ {1,2, . . . , L}

anoiqtì sÔnoro

z(r) > zc

z(r) → z(r)− k
z(r + ei) → z(r + ei) + 1 if ri 6= L
z(r− ei) → z(r− ei) + 1 if ri 6= 1

z(r) < −zc

z(r) → z(r) + k
z(r + ei) → z(r + ei)− 1 if ri 6= L
z(r− ei) → z(r− ei)− 1 if ri 6= 1

Sto montèlo pou qrhsimopoi jhke eÐnai dunatì na gÐnoun mìno

diathrhtikèc diataraqèc kai ta sÔnora jewroÔntai anoiqt�.
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Metafor� m�zac se dÐskouc prosaÔxhshc

Epeid  to ulikì pou èlketai apì to �stro kai kineÐtai proc autì

pijanìtata èqei k�poia posìthta stroform c l, den odhgeÐtai ka-

teujeÐan sthn epif�neia tou �strou, all� peristrèfetai gÔrw

apì autì se aktÐna r = l2/GM me apotèlesma na sqhmatÐzetai

ènac dÐskoc prosaÔxhshc.

Prosèggish leptoÔ dÐskou se mìnimh kat�stash: Sta sun jh

sust mata prosaÔxhshc oi exwterikèc sunj kec metab�llontai

se klÐmakec qrìnou � apì thn klÐmaka qrìnou thc aktinik c

ix¸douc di�qushc. Tìte o dÐskoc katal gei se dom  mìnimhc

kat�stashc (Frank et al., 2001).
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Leptìc dÐskoc se mìnimh kat�stash

Diaforik  peristrof : ΩK(r) =
√

GM/r3

ρ = σ
H

H = cs
ΩK(r) = cs

√
r3

GM

c2s = P
ρ

P = ρkTc
µmp

+ 4σT4
c

3c
4σT4

c
3c = 3GMṀ

8πr3

(
1−

√
R∗
r

)
τ =

∑
κR(ρ, Tc) = τ(σ, ρ, Tc)

νσ = Ṁ
3π

(
1−

√
R∗
r

)
ν = ν(ρ, Tc, σ, a, . . .)

+ Qrei�zontai ν kai κR

18



LÔsh Shakura-Sunyaev, 1973

α-prescription: ν = αcsH, kÔria phg  ix¸douc: tÔrbh isotropik c

ro c (P = Cργ, C = const.)

mèsh adiaf�neia kat� Rosseland : κR = 5 × 1024ρT
−7/2
c cm2 g−1,

kanìnac Kramer

periorizìmaste sthn perioq  tou dÐskou ìpou h pÐesh tou aerÐou

kuriarqeÐ ènanti thc pÐeshc aktinobolÐac

σ(r) = 5.2α−4/5Ṁ
7/10
16 M

1/4
s r

−3/4
10 f

14/5
r gcm−2

H(r) = 1.7× 108α−1/10Ṁ
3/20
16 M

−3/8
s r

9/8
10 f

3/5
r cm

ρ(r) = 3.1× 10−8α−7/10Ṁ
11/20
16 M

5/8
s r

−15/8
10 f

11/5
r gcm−3

Tc(r) = 1.4× 104α−1/5Ṁ
3/10
16 M

1/4
s r

−3/4
10 f

6/5
r K

τ(r) = 190α−4/5Ṁ
1/5
16 f

4/5
r

ν(r) = 1.8× 1014α4/5Ṁ
3/10
16 M

−1/4
s r

3/4
10 f

6/5
r cm2 s−1

vR(r) = 2.7× 104α4/5Ṁ
3/10
16 M

−1/4
s r

−1/4
10 f

−14/5
r cms−1
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Prosèggish me kuyelikì autìmato

• De lamb�nontai upìyh fainìmena genik c sqetikìthtac.

• De lamb�netai upìyh aktinik  ix¸dhc di�qush.

• StoiqeÐa topojethmènoi se diakritì periodikì plègma, k�je

allhlepÐdrash sumbaÐnei se diakrit� qronik� b mata.

• Kulindrikì plègma, arijmìc stoiqeÐwn an� daktÔlio:

N(r) = Crp

• Diaforik  peristrof 

• Prosomoi¸netai h mÐa pleur� tou dÐskou, summetrÐa wc proc

to epÐpedo peristrof c
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Paradoqèc sto fusikì fainìmeno

• Stajer  m�za kentrikoÔ �strou

• Prosj kh ston exwterikì daktÔlio

• KrÐsimh m�za

• Ast�jeiec: Qalar¸seic mèqri thn eust�jeia prin to epìmeno
qronikì b ma

• ArqikopoÐhsh

• Ekpempìmenh enèrgeia: L = GM∆m
∑n

j

(
1

rk−1,j
− 1

rk,j

)

• Qrìnoc zw c qionostib�dac
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GewmetrÐa
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GewmetrÐa
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Size of avalanche
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Energy emitted
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Life time of avalanche
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Belti¸seic fusik c prosèggishc

• Ix¸dhc di�qush: H metakÐnhsh Ôlhc proc ta mèsa de ja gÐnetai

mìno mèsw qalar¸sewn

• Dunamik  metablht : H epifaneiak  puknìthta

• Na eÐnai monos manta gnwstìc o rujmìc prosaÔxhshc m�zac:

KlÐmakec qrìnou

• Na lhfjeÐ upìyh h magnhtik  drasthriìthta sto dÐsko

prosaÔxhshc, afoÔ èqei apodeiqteÐ ìti kai ston 'Hlio

parousi�zontai diakum�nseic 1/f sthn aktinobolÐa Q uyh-

l¸n energei¸n apì tic hliakèc khlÐdec. Ex�llou, dhmiourgeÐ

ast�jeiec kai prokaleÐ asunèqeiec stic topikèc idiìthtec tou

dÐskou.
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