
PM

Nucleation

Homogeneous nucleation

Heterogeneous nucleation

Homomolecular nucleation

Heteromolecular nucleation

AT



 Tp

p
S

S

A

A 

pAAp
s
A(T)A

T

-

Ni(t)i

       tNtNtNtN
dt

dN
iiiiiiii

i
1111    

βii

αi

iJ

i i

112/1   iiiii NNJ 

J

iJJ i  2/1

fi

11  iiii ff  



1

1




i

i

i

i

ii f

N

f

N

f

J


 

fiiimaxi





max

max

max

1

1

1i

i i

i

ii f

N
N

f
J



fi




 

 
1

1 1

1

3

2

2

1 ...
i

j j

j

i

i
if

















fiS

 Nimax<N1

1

1

1

max 1













 

i

i ii f
NJ


 



fii

1

1

1

1













 

i ii f
NJ



γi

i

       PTPTiVPPAW ,,min   

σAPP`

V`μμ`

     PPvPTPT  ,, 

v`

       iAPTPTiAW ,,min

∆μ

Ai
2/3

i

 
323/2

min drcrbiaiW 

abcdr

 

3

3

2










b

a
i



 
 

3
3/2

3

32
















 v
i

i
*

  





 v

r
2

i
*

 














 2/3

2

3

min
3

16

27

4 v

b

a
W

 
 











 kT

nW

enN 

W(n)n

 
 










 kT

nW

toteNnN 

Ntot

                          

nn aaa

aaa

aaa







 11

312

211

...................

 

αnn



 1 nn  

μnnμ

 
 
  


nN

nN
kTvTnn ln, 

λnn v

N(n)nN(n)

     kT

n n

enNnN

 


1

  1 nnW n 

       nnFnnFnn  11

μ

nn

        nPTPTVPPFFW gssgsgg ,,111min  



σgslg

sln

  sgsg 11 cos  

ab

     cossincos12 22  RFF gslsgsglgl

 
   

4

cos2cos1
.

3

16
23

min

 




PP
W

 
 

 



























.

3

16

3/2
2

3

cos2

2 PPkT

tot

e

e
mB

NJ



αη











eP

P
1

3

1
1P

e
ψ(θ)

   
4

cos2cos1
2

 

Mean free path

pd       
   

mkTN

ppMa

dt

dd

ap

dcp

 2

2 
  

p∞pd

αc

MρpNα

dp
 


 
















d

d

pp

vp

T

p

T

p

dR

MD

dt

dd 4



RφFuchs

Knudsen

 
  




42.3/33.5

2
2 




pp

p

dd

d

-






























p

w

ps

w

s

d
R

RTd

M
e

dM

imM

p

p
K







46
1

3

mMsMw

ρi-



Coagulation

N(t)t

 
tKN

N
tN

oo

o




1

NoKoKo=4 πdpD

dpD



N

oKK 

βkok

 

smKo smK


