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CranpapTHas MOJE/Ib CTAIIMOHAPHOIO JIUCKA.
Bell et. al (1997)
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0 AHanuTHUYeCKasi AIIPOKCHMAIWS HEIPO3PAMHOCTH: KR = Konp™n TPn
(Henning & Stognienko, 1996).

o Jluck He pa3iyBaeTcs 3a CHEroBoii jmuueil: § = h/r magaer, T.x. K & T2,

o Ilpu Gosbiiom M BHeriHHe YACTH AUCKA IPABUTAIMOHHO-HEYCTONYIHMBBI 110
kpureputo Toompe: Q<1.
[m] [ = =
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| CtpykTy

TounbIit TPOMUIL POCCEIAHI0BON HEITPO3ZPATHOCTH.

Semenov et. al (2003).

4 . . . ; . ;
L Rosseland mean opacities, Rq&“ﬂ
19,3 E]
5l p=10 T gem -3 i
)
G2t 1
g
GA 0, -
_f & Sharp (1992) ]
) X OP(1994)
b o OPAL (1996) !
S 2 —- Bell & Lin (1994) ' 7
4 Pollacketal. (1994)
I G—8 Alexander (1975) b
__ Alexander & X
4k Ferguson (1994) R B
— this work v/
. 1 . | . I
1 3 4
Log,, IT. K]

HeobxoquMo y4uuThIBaTh:

o Dpouoruio X(r, t).

Pacnpejesienue NbIJIMHOK IO pa3Mepam
Pollack et. al (1985):

n(s) =1, s < 0.005um

s —35
ns) = ——— ,0.005 < s < 1um
0.005.m

s

n(s) =4 x 104 [ ——
0.005.m

—5.5
) ,lpm < s < 5um

n(s) =0, s > 5um.

0 Dposronuio nbuN (M3MEHEHNEe HEIIPO3PAIHOCTH ).

o A Kpome 3Toro...

o (=] =

12N G4
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| CtpykTypa

IIporpes jucka 3Be310ii.

o Mogenb 6€CKOHEYHO TOHKOIO JIUCKA:
T_1 [sin—1 R.—R.(1- f"qf)‘/z] rne R. = R./r.
Td 7w ’
Ipu R. <1 = Ty ocr /4

Ly=2x 2rroTgdr = L ~ GM. M mpu M ~ 102 M, /rox.
R, 4 2R.

o CamocoriacoBanHast MOJIE/Ib TACCUBHOTO JMCKA KOHEYIHOW TOJIIMHBL:
Opu R. <1 = T,—r /2

Kenyon & Hartmann (1987).

Yuciosast OIICHKAa:

r N2 (RN (T
Ta = 150(1a.e.) (R_@) <T@) K.

o (=] =

IlporonyianeTHBIE JUCKM
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CrpykTypa Jucka: paauaabHbIil TPOMUIH TEMIEPATY PBI

Temneparypublit 1poduib U3 HAOJIIOACHNI.

Beckwith et. al (1990). Tocr=9.

Number

8
6
4
2
[4)

040 y o o 080

FiG. 8. Distribution of temperature power law indices g. It is
noteworthy that none of the stars has ¢ significantly less than 0.5, and
only three stars have an index ¢=0.75 expected for a pure accretion or
reprocessing disk.

F16. 7. Distribution of disk temperatures at 1 AU for the stars with
known infrared flux densities.

IIporonnaHeTHBIE AUCKH



_ Crpyxnypa acka: paymeats e D0 e

CamocoryiacoBaHHa st JAByXTeMllepaTypHas MO/EJIb TaCCUBHOI'O JIMCKA:

Chiang & Goldreich (1997).

©

O6uyuaemast 38€3710i IBLIb meperpesaerca = F, < o T4.

©

Bepxuuii cjioit nbm npo3pade s usiayderusa ¢ 1; < Tq.

o M =0.5M,, R. = 25Rs, T. = 4000.
¥ =10%(r/1a.e.) 2 v/eM?, fy = pa/pg = 1072

©

o Ty =550 (1ar.e.)_2/5 K.
o Ti =150 (1ar.e.)_3/7 K.
° h_rp =0.17 (1afe.)2/7'

o (=] =
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CamocoryiacoBanHas JAByXTeMilepaTypHas MOJEJIb

IIaCCUBHOI'O JUCKA:

log L, (erg s7)
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34
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[ é
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31 b .
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29 b // Intérior —
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Chiang & Goldreich (1997).
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CoTHEYHBIN TUCK MUHUMAJILHON MACCHI:

10

Hayashi (1981). 0% ]
Yl
(gem®)
73/2 2| .
2:1.7><103(1a’e) v/, o
r —3/2 > 10+ g
T4 =7.1 (1 a.e') r/en? mpur < 2.7 ae
r —-3/2 2
Y4=30 (1 a.e.) r/em® mpur >2.7a.e.  if 4
IOTG.. rlau.) 10t
o =] = = = wae
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CTaH,ELa,pTHaH MOJI€JIb CTallMOHapPHOI'O JHUCKa.
Bell et. al (1997)

Frrrr — Ty
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a=0.01, M=10"9"8-7-6-5

Ananurnueckue npodusu B OJHO30HHON alIpoKCuMayy (CM. MPOINUIYIO JIEKIHIO):

_ ; 3/5 _
o Tl = 20081 T 2600 (1) " (i) (a) ™ o/

: 1/3
o Jlnst k =2.4 x 1074T2 em?/r: ¥ ~ 150 (10—77%) / (ﬁ)_z/3 r/cm?
o = = = = ©ace



CrangapTHasi MOIeJ/Ib CTAIMOHAPHOTO JIMICKA C IIPOI'PEBOM OT 3BE3JIbI:
o Uz momenu Yanra-losnnpaiixa:

r —3/7
Te = 150 (—)
1a.
Qo —IIapaMeTpu3alnud U T'uJIpoCTaTHuIeCKOe paBHOBeCHE:

o CoxpaHeHHe MOMEHTa UMILYJIbCa:

v=ac2Q "

Zl/:M

31’
= r~250( !

—15/14 M
1 a.e.)

LLR— . WA

10-8Mg /ron, 0.01 '

Ha6monenus naor ¥ o r—P, rage p = 0.5 + 1.5 (Williams & Ciesa 2011).
«4O>» «4F» «=)>» 4« = Q>
- n‘porommamermere mmcxu




[To HAGIIONEHUAM B MM-JMATIA30He, TJIe TACK - ONTUYECKH TOHKMIL:
Beckwith et. al (1990).

Probability
o o ©
[ o +
T T T
] 1

o
T

(o]

.

35 30 -25 -20 45 -10-05 05 1.0
|Oq Md

A 2+
F, = 210V /(27rrdr)T(r))Z(r),
e & = ro(v/10)?. Bism ~ 2, a Bpg ~ 1: POCT MBUMHOK TIO Kpaiiweit Mepe J10
MUJLIMMETPOBOTO pa3Mepa.

[m] =P = =
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Lodders et. al (2003)

TABLE 7
Maror ELEMENT CONDENSATION TEMPERATURES

Solar System Photospheric

Composition Composition TABLE 10

Mineral Name [Le] (K) CONDENSATION TEMPERATURES (K) oF IcEs
G T,
Grossite 1542 1531 Compound Equilibrium Model A’ Model B
‘Gehlenite 1529 1519 182 182 182121
Perovskite 1593 1584 78 N .
Ca titanate 1578 1567 a1
Ca titanate 1539 1529 o o
Catitanate 1512 1502 o 626 <626
Perovskite 1441 1429 131 - -
Spinel 1397 1387 58 58
:‘::;hr:z }:gz }:E NoTE—AL 10-4 bar total pressure. Solar system composition
Enstatite 1316 1308 gas. Ellipses indicates that a compound does not form.

o 2 Model A: Hydrocarbon and H-N gas formation kinetically
Diopside 1347 1339 inhibited.
Fealloy 1357 1351 b Model B: Hydrocarbon and H-N gas formation kinetically
Schreibersite 1248 1245 inhibited and graphite precipitation suppressed.
Troilite 704 693
Magnetite 371 365
Water ice 182 181

Note—At 10-* bar total pressure.

o (=] =

12N G4



Crer

10 T T

Ice (Tq

=170 K) __

a [AU]

Steady-state disk

“Rock (T,,,=1600 K) |

T=160K 1 M, a=107
~ ‘ (snowline) o i o
0.1 e L L oLl L e .
10 100 1000 r(AU)
[a/cm?] Figure 2
Tlustration of how critical disk radii, delimiting different physical regimes relevant to angular momentum
ig. 1. Positi iceli i initi transport and planet formation, scale with accretion rate M . Temperatures are midplane values, the cooling
Fig. 1. Position of the iceline aic. as a function of the initial gas surface timescale is defined as fop0) = £c2/20 T %, and the Toomre Q parameter is Q = ¢, Qx /7 GE. The plot is
density X at 5.2 AU (upper three lines). It corresponds to an initial T imes = R /20T and the Toomre O eris O = ik /TG The pl
£ 170 K. The iceline is plotted for three values of a: 0.01 (dashed line), upon s oncsone vertical model (@lculaed as desibed €., by Frank, King & Raine 200 ofa
8 007 (solid Tine) and (]P(nl (dotted Tine). The 1 5 3 steady-state a disk around a 0.5 My, star, where @ = 10~2. The opacity includes contributions from water
solid line inc lower three lines corre-

ice, nmorphous carbon,slicates, and graphite (Z. Zhu, private communication). The caleulation is
spond to an initial 7,4 of 1600 K, roughly the evap “The radial d tellar irradiation is assumed to follow the Chiang & Goldreich
of rock. The rockline are is however not taken into account in the nom- (1997) form, independent of both time and disk accretion rate.

inal model, due to the difficulty in defining its relevant location, as disk

evolution is very rapid close-in and irradiation effects might be impor-

tant (cf. Paper II).

Armitage (2011).

Mordasini et. al (2009).
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1) Onenka M no Y®-n36eiTKy 3Be31 T
Tenbia B MOJEIN KOJIOHKOBOH aKKPEITHH.
JlaHHBIE TI0 MOJIOZBIM 3BE3/IaM B
CKOILJICHUAX:
XapaKTepHOe BpeMsl >KIU3HI
MPOTONJIAHETHDLIX JUCKOB 3-5 MJIH. JIET.

2) Bospacr 3Be3z - no guarpavme I-P.

L B B m e e — T —
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Wyatt (2008).

Calvet et. al (2000).
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9r 39 1129 5172
ar  ror [r ar(qu )| )

Lynden-Bell & Pringle (1974).

o Yacrubrit cayvait v o« 17,

o Hauanproe ¥(f = 0,r) maercs cTamOHAPHBIM DELIEHUEM C
SKCIIOHEHIIMATLHLIM OOpe3aHueM Ha I = [y:

S(t=0)= exp [—?(2—”’)] ,

3 Y
rae F= f/f1, uuv= V(F]).

o ABTOMOzE/NIBHOE pElIeHne:

F(2-7)
S T) c T-(6/2=7/C=exp [_r 7 ] ()

- K22 el
riue

t

T = — 41
ts +

1 r2

ts = @ ——.

3(2—7)2 1y

«40)>» «F>» «=)» « =) = Q>



ABTOMO/IESIBHOE pellleHne B 9acTHOM ciay4dae v = 1 (Hanpumep, ciyudaii

T o< r=1/2) = M o t73/2,
Tlokazanbl HavabHas KpuBasi, coorB. | = 1, u kpusble, coors. T = 2,
T=4uT=28.

HO: na neck. mun. jer Habymogaercs 3asan M(t) (HeT HpoMesyToUHbBIX
o6bekToB Mexay CTTS & WTTS) !

Armitage (2014).
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Smomoraa ppaexe: doroncmapene

OBosmronus ¥ 6e3 poTouCIapeHus.

Sposonust X ¢ (poToucnapeHuem.
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22
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=
[
w
22
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el o 1 2 3
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Figure 1. Snapsh: f the surface density distribution in the disc (a) for the
standard model (see Section 3.1) and (b) for the corresponding model with . )
no photoevaporative mass loss. The curves represent (from the top down), 4, o " 2 P
1=0, 13107, 141X 107, 1.43x 107, 1.6 X107, 1.8 107, 2.0 107, logR(AU)
2.4 107, 2.8 X 107 yr. Note the precipitous decline of the inner disc in (a)
over the 2 X 10°-yr time-scale between the third and fourth snapshots.
Clarke et. al (2001).
Clarke et. al (2001).

rg = GM/CE - IPaHMIA CBsI3aHHON arMocdepsl. Cs ~ 10kM/c, u rg ~ Qa.e.
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