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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Ñòàíäàðòíàÿ ìîäåëü ñòàöèîíàðíîãî äèñêà.

Bell et. al (1997)

α = 0.01, Ṁ = 10−9,−8,−7,−6,−5.

Àíàëèòè÷åñêàÿ àïïðîêñèìàöèÿ íåïðîçðà÷íîñòè: κR = κ0nρ
αn Tβn

(Henning & Stognienko, 1996).

Äèñê íå ðàçäóâàåòñÿ çà ñíåãîâîé ëèíèåé: δ = h/r ïàäàåò, ò.ê. κ ∝ T 2.

Ïðè áîëüøîì Ṁ âíåøíèå ÷àñòè äèñêà ãðàâèòàöèîííî-íåóñòîé÷èâû ïî
êðèòåðèþ Òîîìðå: Q<1.
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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Òî÷íûé ïðîôèëü ðîññåëàíäîâîé íåïðîçðà÷íîñòè.

Semenov et. al (2003).

Ðàñïðåäåëåíèå ïûëèíîê ïî ðàçìåðàì
Pollack et. al (1985):

n(s) = 1, s < 0.005µm

n(s) =

(
s

0.005µm

)−3.5
, 0.005 ≤ s < 1µm

n(s) = 4 × 104
(

s

0.005µm

)−5.5
, 1µm ≤ s < 5µm

n(s) = 0, s ≥ 5µm.

Íåîáõîäèìî ó÷èòûâàòü:

Ýâîëþöèþ Σ(r , t).
Ýâîëþöèþ ïûëè (èçìåíåíèå íåïðîçðà÷íîñòè).

À êðîìå ýòîãî...
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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Ïðîãðåâ äèñêà çâåçäîé.

Ìîäåëü áåñêîíå÷íî òîíêîãî äèñêà:

T 4
d

T 4
∗

=
1
π

[
sin−1 R̃∗ − R̃∗(1− R̃2

∗)
1/2
]
, ãäå R̃∗ ≡ R∗/r .

Ïðè R̃∗ � 1 ⇒ Td ∝ r−3/4.

Ld = 2×
∫ ∞

R∗

2πrσT 4
d dr =

L∗
4
' GM∗Ṁ

2R∗
ïðè Ṁ ' 10−8M�/ãîä.

Ñàìîñîãëàñîâàííàÿ ìîäåëü ïàññèâíîãî äèñêà êîíå÷íîé òîëùèíû:
Ïðè R̃∗ � 1 ⇒ Td → r−1/2.

Kenyon & Hartmann (1987).

×èñëîâàÿ îöåíêà:

Td ' 150
( r

1à.å.

)−1/2
(

R∗
R�

)1/2( T∗
T�

)
K.
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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Òåìïåðàòóðíûé ïðîôèëü èç íàáëþäåíèé.

Beckwith et. al (1990). T ∝ r−q .
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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Ñàìîñîãëàñîâàííàÿ äâóõòåìïåðàòóðíàÿ ìîäåëü ïàññèâíîãî äèñêà:

Chiang & Goldreich (1997).

Îáëó÷àåìàÿ çâåçäîé ïûëü ïåðåãðåâàåòñÿ ⇒ F∗ < σT 4
d .

Âåðõíèé ñëîé ïûëè ïðîçðà÷åí äëÿ èçëó÷åíèÿ ñ Ti < Td .

M = 0.5M�, R∗ = 2.5R�, T∗ = 4000.

Σ = 103 (r/1à.å.)−3/2 ã/ñì2, fd ≡ ρd/ρg = 10−2.

Td = 550
( r

1à.å.
)−2/5

K.

Ti = 150
( r

1à.å.
)−3/7

K.

hp
r = 0.17

( r
1à.å.

)2/7
.
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Ñòðóêòóðà äèñêà: ðàäèàëüíûé ïðîôèëü òåìïåðàòóðû

Ñàìîñîãëàñîâàííàÿ äâóõòåìïåðàòóðíàÿ ìîäåëü ïàññèâíîãî äèñêà:

Chiang & Goldreich (1997).
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Ñòðóêòóðà äèñêà: ïðîôèëü ïîâåðõíîñòíîé ïëîòíîñòè

Ñîëíå÷íûé äèñê ìèíèìàëüíîé ìàññû:

Hayashi (1981).

Σ = 1.7× 103
( r

1 à.å.

)−3/2
ã/ñì2.

Σd = 7.1
( r

1 à.å.

)−3/2
ã/ñì2 ïðè r < 2.7 à.å.

Σd = 30
( r

1 à.å.

)−3/2
ã/ñì2 ïðè r > 2.7 à.å.

Ïðîòîïëàíåòíûå äèñêè



Ñòðóêòóðà äèñêà: ïðîôèëü ïîâåðõíîñòíîé ïëîòíîñòè

Ñòàíäàðòíàÿ ìîäåëü ñòàöèîíàðíîãî äèñêà.

Bell et. al (1997)

α = 0.01, Ṁ = 10−9,−8,−7,−6,−5.

Àíàëèòè÷åñêèå ïðîôèëè â îäíîçîííîé àïïðîêñèìàöèè (ñì. ïðîøëóþ ëåêöèþ):

Äëÿ κ = 2 ñì2/ã: Σ ' 600
( r

1 à.å.
)−3/5

(
Ṁ

10−7M�/ãîä

)3/5 (
α

0.01

)−4/5
ã/ñì2

Äëÿ κ = 2.4× 10−4T 2
c ñì

2/ã: Σ ' 150
(

Ṁ
10−7M�/ãîä

)1/3 (
α

0.01

)−2/3
ã/ñì2
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Ñòðóêòóðà äèñêà: ïðîôèëü ïîâåðõíîñòíîé ïëîòíîñòè

Ñòàíäàðòíàÿ ìîäåëü ñòàöèîíàðíîãî äèñêà ñ ïðîãðåâîì îò çâåçäû:

Èç ìîäåëè ×àíãà-Ãîëäðàéõà:

Tc = 150
( r

1 à.å.

)−3/7
.

α−ïàðàìåòðèçàöèÿ è ãèäðîñòàòè÷åñêîå ðàâíîâåñèå:

ν = αc2
s Ω−1.

Ñîõðàíåíèå ìîìåíòà èìïóëüñà:

Σν =
Ṁ
3π
.

⇒ Σ ' 250
( r

1 à.å.

)−15/14
(

Ṁ
10−8M�/ãîä

)(
α

0.01

)
ã/ñì2.

Íàáëþäåíèÿ äàþò Σ ∝ r−p, ãäå p = 0.5÷ 1.5 (Williams & Ciesa 2011).
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Ìàññû ïðîòîïëàíåòíûõ äèñêîâ

Ïî íàáëþäåíèÿì â ìì-äèàïàçîíå, ãäå äèñê - îïòè÷åñêè òîíêèé:
Beckwith et. al (1990).

Fν =
A
d2 κ0ν

2+β

∫
(2πrdr)T (r)Σ(r),

ãäå κ = κ0(ν/ν0)β . βISM ' 2, à βpd ' 1: ðîñò ïûëèíîê ïî êðàéíåé ìåðå äî
ìèëëèìåòðîâîãî ðàçìåðà.
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Êîíäåíñàöèÿ òâåðäîé ôðàêöèè

Lodders et. al (2003)

Ïðîòîïëàíåòíûå äèñêè



Ñíåãîâàÿ ëèíèÿ

Mordasini et. al (2009).

Armitage (2011).
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Ýâîëþöèÿ äèñêà: àêêðåöèÿ íà çâåçäó

Äàííûå ïî ìîëîäûì çâåçäàì â
ñêîïëåíèÿõ:
õàðàêòåðíîå âðåìÿ æèçíè
ïðîòîïëàíåòíûõ äèñêîâ 3-5 ìëí. ëåò.

Wyatt (2008).

1) Îöåíêà Ṁ ïî ÓÔ-èçáûòêó çâåçä Ò
Òåëüöà â ìîäåëè êîëîíêîâîé àêêðåöèè.

2) Âîçðàñò çâåçä - ïî äèàãðàììå Ã-Ð.

Calvet et. al (2000).
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Ýâîëþöèÿ äèñêà: àêêðåöèÿ íà çâåçäó

∂Σ

∂t
=

3
r
∂

∂r

[
r1/2 ∂

∂r
(νΣr1/2)

]
. (∗)

Lynden-Bell & Pringle (1974).

×àñòíûé ñëó÷àé ν ∝ rγ ,

Íà÷àëüíîå Σ(t = 0, r) äàåòñÿ ñòàöèîíàðíûì ðåøåíèåì ñ
ýêñïîíåíöèàëüíûì îáðåçàíèåì íà r = r1:

Σ(t = 0) =
C

3πν1 r̃γ
exp

[
−r̃ (2−γ)

]
,

ãäå r̃ ≡ r/r1, è ν1 ≡ ν(r1).

Àâòîìîäåëüíîå ðåøåíèå:

Σ(r̃ ,T ) =
C

3πν1 r̃γ
T−(5/2−γ)/(2−γ)exp

[
−

r̃ (2−γ)

T

]
, (∗)

ãäå

T ≡
t
ts

+ 1

ts ≡
1

3(2− γ)2

r2
1
ν1
.
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Ýâîëþöèÿ äèñêà: àêêðåöèÿ íà çâåçäó

Àâòîìîäåëüíîå ðåøåíèå â ÷àñòíîì ñëó÷àå γ = 1 (íàïðèìåð, ñëó÷àé
Tc ∝ r−1/2) ⇒ Ṁ ∝ t−3/2.

Ïîêàçàíû íà÷àëüíàÿ êðèâàÿ, ñîîòâ. T = 1, è êðèâûå, ñîîòâ. T = 2,
T = 4 è T = 8.
ÍÎ: íà íåñê. ìëí. ëåò íàáëþäàåòñÿ çàâàë Ṁ(t) (íåò ïðîìåæóòî÷íûõ
îáúåêòîâ ìåæäó CTTS & WTTS) !

Armitage (2014).
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Ýâîëþöèÿ äèñêà: ôîòîèñïàðåíèå

Ýâîëþöèÿ Σ áåç ôîòîèñïàðåíèÿ.

Clarke et. al (2001).

Ýâîëþöèÿ Σ ñ ôîòîèñïàðåíèåì.

Clarke et. al (2001).

rg = GM/c2
s - ãðàíèöà ñâÿçàííîé àòìîñôåðû. cs ∼ 10 êì/ñ, è rg ∼ 9 à.å.
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