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Ãàçîâàÿ îáîëî÷êà âîêðóã ïðîòîïëàíåòû

Ìèíèìàëüíûé ðàäèóñ ïðîòîïëàíåòû ñ ãàçîâîé îáîëî÷êîé:
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Ðàäèóñ ÿäðà ïëàíåòû, ïðè êîòîðîì ðàçìåð åå ñòàòè÷åñêîé îáîëî÷êè
ñðàâíèâàåòñÿ ñ ïîëóòîëùèíîé ãàçîâîãî äèñêà:
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Ðàäèóñ ÿäðà ïëàíåòû ñ ìàññèâíîé ñòàòè÷åñêîé èçîòåðìè÷åñêîé ãàçîâîé
îáîëî÷êîé.

dP
dR

= −
GMp

R2
ρ ⇒ hatm =

R2
p

rg
.

Ïóñòü Me & εMp:

Rp & δR∗

(
ρ∗

ρm

)1/2 (R∗

r

)1/2 [
ln

(
ε

3e
ρm

ρ

)]1/2
.

Îáðàçîâàíèå ïëàíåò



Ãàçîâàÿ îáîëî÷êà âîêðóã ðàñòóùåé ïðîòîïëàíåòû

Ñèñòåìà óðàâíåíèé, îïèñûâàþùàÿ ñòðîåíèå
êâàçè-ñòàòè÷åñêîé ãàçîâîé îáîëî÷êè â ïðåäïîëîæåíèè:

Íàãðåâà ïëàíåòåçèìàëüíîé àêêðåöèåé ñ âûäåëåíèåì âñåãî òåïëà íà
ïîâåðõíîñòè ïðîòîïëàíåòû.

Ðàäèàòèâíîãî îõëàæäåíèÿ.

Èäåàëüíîãî ãàçà.
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Ṁpl .

p, ρ,T - äàâëåíèå, ïëîòíîñòü è òåìïåðàòóðà âåùåñòâà â îáîëî÷êå.
M(R),Mp - ëàãðàíæåâà ìàññà â îáîëî÷êå è ìàññà ïðîòîïëàíåòû
(áóäóùåãî ÿäðà ïëàíåòû).

Ṁpl - çàäàííûé òåìï àêêðåöèè ïëàíåòåçèìàëåé.
κR , L - ðîññåëàíäîâà íåïðîçðà÷íîñòü è ñâåòèìîñòü.
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Êðèòè÷åñêàÿ ìàññà êâàçèñòàòè÷åñêîé îáîëî÷êè

Àíàëèòè÷åñêàÿ îöåíêà ìàêñèìàëüíî âîçìîæíîé ìàññû îáîëî÷êè
Stevenson (1982).

Ïîëíàÿ ìàññà ïëàíåòû:
Mt = Me + Mp.
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Óñëîâèå dMp/dMt = 0 äàåò êðèòè÷åñêóþ ìàññó:
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Â çàâèñèìîñòè îò ìîäåëè íåïðîçðà÷íîñòè òî÷íûå ðàñ÷åòû äàþò äëÿ r ∼ 5 à.å.

Mcrit
p = 5÷ 15M⊕.
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Ñòàäèè ðîñòà ïëàíåòû-ãèãàíòà

Ðîñò ýìáðèîíà.

Ñîâìåñòíûé ðîñò ÿäðà è
âñòðîåííîé îáîëî÷êè
(îõëàæäåíèå ïîëíîñòüþ
êîìïåíñèðóåòñÿ
ïëàíåòåçèìàëüíîé àêêðåöèåé).

Ðîñò âñòðîåííîé îáîëî÷êè çà
ïðåäåëàìè Mcrit

p
(îõëàæäåíèå êîìïåíñèðóåòñÿ
óïëîòíåíèåì îáîëî÷êè).

Âçðûâíîé ðîñò îáîñîáëåííîé
îáîëî÷êè
(îõëàæäåíèå êîìïåíñèðóåòñÿ
ñæàòèåì îáîëî÷êè).

Ýâîëþöèÿ èçîëèðîâàííîé
îáîëî÷êè ïëàíåòû-ãèãàíòà.

Èç êóðñà Mordasini.
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Äåòàëüíûå ðàñ÷åòû

Îáîáùåíèå ìîäåëè:

Áàëàíñ ýíåðãèè â îáùåì âèäå
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Ó÷åò âîçìîæíîé êîíâåêöèè â òåïëîïåðåíîñå
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Ïðè ∇rad > ∇ad ⇒ L = Lrad + Lconv .

Ãðàíè÷íûå óñëîâèÿ
à) Íà Rp: M(Rp) = Mp.
á) Íà min{rg , rH}: Mt = Mp + Me, p, ρ,T ðàâíû çíà÷åíèÿì â äèñêå.
â) Ñâîáîäíàÿ âíåøíÿÿ ãðàíèöà äëÿ ìîäåëè îáîñîáëåííîé îáîëî÷êè.
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Ñòàäèÿ âñòðîåííîé îáîëî÷êè: íàãðåâ ïëàíåòåçèìàëüíîé àêêðåöèåé

Èç êóðñà Mordasini.

1) Ìîäåëü ñòàíäàðòíîãî ñòàöèîíàðíîãî
äèñêà
α = 10−2 è Ṁ = 10−7M�/ãîä.

2) Âíåøíÿÿ ãðàíèöà îáîëî÷êè íà rH .

3) Ñëåâà íàïðàâî:

Ṁpl = 10−11,−10,−9,−8,−7,−6M⊕/ãîä.

4) Mt = f (Mp(t)).

Papaloizou & Terquem (1999).
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Ñòàäèÿ âñòðîåííîé îáîëî÷êè: íàãðåâ óïëîòíåíèåì

Èç êóðñà Mordasini.

1) Ìîäåëü ñòàíäàðòíîãî ñòàöèîíàðíîãî
äèñêà
α = 10−3 è Ṁ = 10−7M�/ãîä.

2) Âíåøíÿÿ ãðàíèöà îáîëî÷êè íà rH .

3) Àêêðåöèè ïëàíåòåçèìàëåé íåò.

4) Èíòåãðàëüíûé áàëàíñ ýíåðãèè:

dE
dMt

dMt

dt
= −L, Ṁt - ñ÷èòàåòñÿ.

Papaloizou & Nelson (2005).

5) r = 5 à.å., Mp = 15M⊕,
Òåìï àêêðåöèè äàí â M⊕/ãîä,
õàðàêòåðíîå âðåìÿ àêêðåöèè - â ãîäàõ.
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Ðîæäåíèå ãàçîâûõ ãèãàíòîâ: ñòàäèÿ îáîñîáëåííîé îáîëî÷êè

Èç êóðñà Mordasini.

1) Ìîäåëü ñòàíäàðòíîãî
ñòàöèîíàðíîãî äèñêà

α = 10−3 è Ṁ = 10−7M�/ãîä.

2) Âíåøíÿÿ ãðàíèöà îáîëî÷êè, rs -
ñâîáîäíàÿ, Mp = 15M⊕.

3) Àêêðåöèè ïëàíåòåçèìàëåé íåò.

4) Èíòåãðàëüíûé áàëàíñ ýíåðãèè:[
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Papaloizou & Nelson (2005).

5) r = 5 à.å., Ṁt = 1MJ/9× 104 ëåò.
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Ñàìîñîãëàñîâàííûé ðàñ÷åò îáðàçîâàíèÿ ãàçîâîãî ãèãàíòà

'In situ' formation: Mordasini et. al (2012)

Ôàêòîðû, âëèÿþùèå íà ñêîðîñòü îáðàçîâàíèÿ ãèãàíòà:

Íåïðîçðà÷íîñòü (÷åì íèæå, òåì áûñòðåå ïðîèñõîäèò íàáîð ìàññû).

Êîíâåêöèÿ (óñêîðÿåò îòâîä òåïëà).

Õèìñîñòàâ (ìîëåêóëÿðíûé âåñ µ).

Òåìï àêêðåöèè (Ṁpl & Ṁt ).

Ìèãðàöèÿ.

*Âîïðîñû ýâîëþöèè ñôîðìèðîâàâøåãîñÿ ãàçîâîãî ãèãàíòà...
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Ïðÿìîå îáðàçîâàíèå ãàçîâûõ ãèãàíòîâ

Ãðàâèòàöèîííàÿ íåóñòîé÷èâîñòü ïðîòîïëàíåòíîãî äèñêà

Ðàáîòàåò â ìàññèâíûõ äèñêàõ.

Ñêîðåå âñåãî ÿâëÿåòñÿ ïðè÷èíîé ñóùåñòâîâàíèÿ ñàìûõ ìàññèâíûõ
ãàçîâûõ ãèãàíòîâ â íåñê. ìàññ Þïèòåðà íà ïåðèôåðèÿõ ïëàíåòíûõ
ñèñòåì.
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Îáðàçîâàíèå ëåäÿíûõ ãèãàíòîâ

Ëåäÿíûå ãèãàíòû - ïëàíåòû, êîòîðûì 'íå õâàòèëî âðåìåíè'.

Îñûïíàÿ àêêðåöèÿ (peeble accretion).
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Îáðàçîâàíèå ïëàíåò çåìíîé ãðóïïû

Raymond et. al (2006)

1) Çàäà÷à N-òåë â äèñêå èç 2000 ïëàíåòíûõ ýìáðèîíîâ.
2) Ó÷åò ïåðåðàñïðåäåëåíèÿ âîäû.

3) Σp ∝ r−3/2, Σp(1 à.å.) = 10 ã/ñì2,
4) Þïèòåð ïðèñóòñòâóåò â ïîçäíèå 100 ìëí. ëåò íà r = 5.5 à.å.
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