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I r radiat ion of the  so lar  nebula (preplanetary disk) by the  
protosun and young sun decreases the  v e r t i c a l  temperature 
gradient within the  disk and can suppress convection /1-3/. 

W e  have constructed the  model of t h e  solar  nebula f o r  t h e  
evolution phase next t o  the  phase of collapse and accretion of 
the  envelope onto t h e  protosun's core and the  disk.  A t  t he  phase 
considered the  disk surrounds t h e  young sun, and so lar  radiation 
is incident a t  a low angle upon t h e  surface of t h e  disk. The 
model includes t h i s  external  heat source fo r  the  nebula 
( i r rad ia t ion  by the  young sun) i n  addition t o  t h e  internal  one 
(viscous energy dissipation).We have computed d is t r ibut ion  of P-T 
parameters within the  nebula and estimated var ia t ions  of these 
parameters during its evolution /2/. 

The nebula is considered in  quasi-steady state as t h e  
viscous a-disk /3/ with a = 0.001. This low value of a is i n  
concordance with l i fe t imes of observed pro tos te l la r  disks  of t h e  
order of 10 &r /4/. In a case of a < 0.01 the  ve r t i ca l  energy 
f lux in the  disk due t o  turbulence is much lower than t h a t  due t o  
radiation.  For rad ia t ive  energy transport  in  =direction the  
temperature p ro f i l e  and gradient in the  viscous accretion disk 
with the  temperature-dependent opacity have been estimated / 6 / .  

The model reported here, includes the  e f f e c t  of p b s e  
t ransi t ions:  condensation of silicates and condensation of water. 
Solar radiation f lux absorbed by the  nebula depends on the  shape 
of i ts  opt ica l  surface, and t h i s  shape depends on the  in te rna l  
thermal and phase s t ructure  of the  nebula. 

The heat  f lux emitted by the  disk a t  r ad ia l  distance R is 
eqaal t o  o# where T is t h e  temperature a t  t h e  photosphere 
( opt ica l  ~ ~ L u r f a c e )   of the  disk and o is Stefan-Bolzmann 
constant. W e  have t h e  following balance of energy fluxes i n  the  
steady state: o e h  = Fs + D l ,  where Fs is the  f lux of solar  

radiation,  absorbed by t h e  d i s k  a t  t h i s  R; Dl is t h e  viscous 
mergy diss ipat ion inside the  disk per un i t  area of one surface. 

The r e s u l t s  of our calculations a r e  shown in the  Figure. The 
sol id  curves represent the  temperatures a t  the  photosphere (Tph) 
and equatorial  plane ( T o  ) calculated for  the  following set- 
of parameters:mass t ransfer  rate i n  the  nebula 1 = 1.5*1018 p s . 
protostel lar  luminosity and radius L = 6.2 Lo, r = 4.7 rcJ (which 
correspond t o  the  tipe 0.1 Myra). -The dotted curves show T and 

To calculated for  M = 1-5-10 g s , L = 1.3 L , r = 2 . 2 5  ph (at  
the  time * 1.5 Myr . ) . The dashed curves z Oand ec represent 
respectively heights of photosphere and ofPh condensation of 
s i l i c a t s  for  the  f i r s t  of the  two sets of parameters. A t  heights 
lower than z s i l i c a t e s  are par t ly  evaporated and t h e  two-phase 
solid-gas s i l ibte region ex i s t s .  From our calculations w e  found 
t h a t  in t h i s  region (at R < 0.5 AU) t he  shape of the  photosphere 
allows solar  radiat ion t o  heat t h e  di* (FsD1= 1-1.5 AU). In t h e  
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range of R from 0.5 t o  0.6 AU F decreases, and in t h e  range 
from 0.6 t o  1 AU F =  0. Th8 s i tuat ion changes a t  R > 1  AU, 
where w a t e r  ice begins Sto condense a t  photosphere of the  nebula. 
Here w e  obtained an extended (from 1 t o  4 AU a t  0.1 Myr) 
two-phase region a t  the  photospheric level  with coexisting w a t e r  
vapor and ice and nearly constant temperature "--I40 K. Presence of 
t h i s  region r e s u l t s  from the  following: 1) With i c e  condensation 
opacity increases and t h e  photospheric level  becomes higher. 
Hence the  nebula becomes again exposed t o  so lar  radiation.  
2 )  Due t o  solar  i r rad ia t ion  thickening of t h e  disk cannot be 
sharp. The balance of solar  heating and radiat ive cooling of t h e  
nebula leads t o  ra ther  high (and increasing with R) curvature of 
i t s  surface in t h e  r ad ia l  range where the  two-phase region 
exis t s .  This e f f e c t  implies an increase of Fs with R: near t h e  
outer l i m i t  of t h i s  range (which for  the  f i r s t  set of parameters 
is near 5 AU) w e  g e t  F /D 100. Convection is suppressed i n  
the  outer pa r t  of t h i s  ?a& of R. The position of the  outer 
edge of the  two-phase region is determined by t h e  condition that 
water vapor a t  the  photosphere is exhausted by condensation, and 
there  is no poss ib i l i ty  t o  increase the  photospheric opacity and 
height any more. Hence solar  i r radiat ion drops dras t ica l ly .  
This implies the  drop of e and T . The outer part of t h e  
nebula is heated by v i scousphd i s s ipa t~~n  only ( F  0) .  and 
conditions for  convection are sa t i s f i ed .  The boundgry near 5 AU 
can be rela ted t o  the  interface of formation regions of 
terrestrial and j i e r n t  planets. 
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