00

1B (00000)

0

gboboboooobbbooogbbobuooobobboooobbboo

(ooo)

HRN

g

goooo

gbobboogbbbooobbobuooobboooobbobbuoogboog
gbobboooobbbuoooobbbuoodobobbobooobbbooao

gobo:

p(T,V,N) = 8L

. van der Waals O O :
2
W) = Ao ()

(V — Nb)
.gooogg:
p(T,V, N1, Np) = (N1+N2)RT
googo:
Xoo = k(T = 1(T)) (1)
Xog =a())T (2)

gboboogobobuogobobbooobboooboboboobbuoooboboa
OooD/oooTroooooooon

0000000000000000000000000000000000000
00000000000000000000000070000000 (0000
000000000 X 000000000 L(7T)000000 k(7)000000
(H)0D0ooo0o0o000

ooooobob Xooooooooo rooboboooooooooooood
oboboboooboboooboboooboboooooboobooroooobo
0/000000000000000 X000 (2)uooooooo

oobooooboooboobooooboooboobbooooooTODOoD o0 X
oobooboobooobo/oboboooboovobooobbo xoooooboooo
0O —-p000000O00OOO0OO (1), (20000000 DOO0O0OODOO0OOOODOO
gbobbooaooboo



5. 0O 004

poo —pon =11 (3>

n
M= RT (4)
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000 noooooooog

0000000000000 000000000T00000»/VOOOOOOO
ooooboobooboobobooboobob0o ROUDODDODODOVDOODOD
nmolJ0000000000OOOOOINOO 4)00D0ooooooooooooo
goobooooboobogab

6. 0DDO0O0

C
M:TH (5)
guddddddoooodddodoodooooodoodoooooooLouugdg
gbobboogoboobodgbbboooobbooobbbuooobbuooobobog
oobooboooooboooooooo MOoDboOoOODOODOo HOODOODOO
oboooboboobobuob0o HOODOooboboob HOODODODODOO
OO0 MOOOOOOOODODODOOOOD xy,00000D0O00O0O00O00OO0

gooobog

M =xmH  (xm>0) (6)

oo oon xy,ybbooogyg
gobboogooot

gboboobobodD 000 T70000O00DO00O0O00DO00OO x,000
goooobgon

Xm(T) = = (7)

OoobocooboboooboooooooboooobooOoooboooooooDoooo
00000000000 (h)0D000U0UoooooUOoUUoooooOoOoUooDo
gbobobobooboobooboobo



7. 0000((@OOo0oOo,0000)

L

P—gaT (8)
oobooboobooboobooobobooobooboroobooboobooobo
gboboobobodboobdbodgbdabobdobogbodobaoodabood
gboboobobuoboboboobuobobobuoobobooboboobod
gobodooodgooogoooooabababababaobaobdabaobdanod
0000(@000)00000000000000000000000000 (8)O
O000000000ae=757x107%Jm? K*000000 «000O 0000

D00 AODODO00O000000 k00000e=%t 000000

0000000000000 (o000, 0000)00000O0O0OOOOOOO
gbboboogbbbooobbooonobbuooobbooobboogoboboo
goooogd:

8mhv? 1
u(y, T)dv = B T 1d1/ 9)
gooo
h 1
A\, T)d = Smhe d\ (10)

N5 ehc/MkpT _ |

T=5500K

800 -

600 -

u() [kinm]

400 -

200 -

0 b= PR SR T S NN S S S S N S S
0 500 1000 1500 2000

A [nm]

gbobbuogdbbbooobbbuoobbbooobboooobbdd aed
gbobbuoogoobbodgd UDDDDDD&Z%O’DDDD



(00)0000D000000000 (cosmic microwave background radiation; CMB)

0000000000000 00D0000D00ooDoooDoooDooooDon
2725K000000000DO0OO00OO00OO0D0O0O0DbLOO0ObOODOoODOoODOoobDOobOoD
(cosmic microwave background radiation; CMB) OO O O0OO00O0O0O

OO00O0OowMAPOODOODODODODODOOOODOODODODOODOODOODO
Ooo00oOoool10°0000o00

goboboogobbobuooooboo

http://tmcosmos.org/cosmology/cosmology-web/nodel.html

. 00000000000000 (00000 (QCD) |

gboboboooboodgbbboooobboodobbbuoobobbuoogbobog
guobdgbudgboboobobooboobobooboboobobobbobo
gbobbooobboogobbuoogbobbooobbooobobbooboboog
gobudgbobobobuodgboobobuodoboobbooboobbooboobn

goobooboooooobodbobobooboboooobobobobbobo
gboboboboboobooboobooboon

04 06 08 1 12
16 | ' | ST, esT
14 | -
12}
10 |

p4»_._<

4
sp/T asqtad e —

o N A O
T T T T

. TMeV],
100 150 200 250 300 350 400 450 500 550

http://arxiv.org/abs/1104.0267



