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il b

rille
 s

im
p

le
m

e
n

t
 

p
a

rc
e

 q
u

’il e
s

t
 fa

it
 d

e
 g

a
z

 t
rè

s
 c
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 d
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 c
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 d
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 d
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 d
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 d
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m
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 d
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 d
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c
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 d
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p
a

s
s

e
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a
n

s
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o
n

 c
œ

u
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e
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s
t

 
c

h
a

u
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lu
s

ie
u
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n

s
 d

e
 d

e
g
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c

a
u

s
e

 d
e
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 c

o
n

t
ra

c
t

io
n

 g
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a

t
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n
n

e
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C
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s

t
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s
s

e
z

 c
h

a
u

d
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o
u

r d
é

c
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n
c

h
e

r d
e

s
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a

c
t

io
n
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u
c
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a
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n
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u
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 c
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 d
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 d
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 d
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a
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t
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y
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e
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 c
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y
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N

O
), c
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u
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u
r p

e
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t
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n
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é

n
é

ra
t

io
n

 d
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e

rg
ie

 b
ie

n
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s

 in
t

e
n

s
e

, 
m
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 d
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E
t

o
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 d
e

 fa
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m
a

s
s
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s
o
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E
t

o
ile
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e

 

g
ra

n
d

e
 m

a
s

s
e

(>
 1

,3
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s
o
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Lorsque le rayonnem
ent n’est plus assez 

efficace pour transporter l’énergie, la m
atière 

se m
et en m

ouvem
ent com

m
e l’eau qui bout 

d
ans une casserole

: c’est la convection.

P
arce que les intensités d

e leurs réactions 
nucléaires sont très d

ifférentes, les étoiles d
e 

faible m
asse n‘ont pas la m

êm
e structure que 

celles d
e grand

e m
asse

: cœ
ur rad

iatif et 
enveloppe convective pour les prem

ières, cœ
ur 

convectif et enveloppe rad
iative pour les 

second
es.
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 c
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n
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 c
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p
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ra
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 m
o

in
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 d
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 d
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 d
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d
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 p
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c
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, l
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 c
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 d
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, d
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 d
a
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 c
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 d
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 p
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p
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p
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 d

a
n

s
 le

s
 

n
a

in
e

s
 b

la
n

c
h

e
s

, l
e

s
 é

t
o

ile
s

 à
 n

e
u

t
ro

n
s

 
o

u
 le

s
 t

ro
u

s
 n

o
ir

s
 e

t
 n

e
 p
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n

e
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s

s
e
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o
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 d
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a
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h
a

u
d
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o
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t
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s

e
, la
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a

t
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n
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 s

e
 c

o
n

t
ra

c
t

e
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u
r e

lle
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ê
m

e
, e

t
 

c
e

t
t

e
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o
m

p
re

s
s
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n

 d
u
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a

z
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c
h

a
u
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 : le

 
g

a
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a

g
it

 e
n
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g

it
a

n
t
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t

o
m

e
s

 q
u
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o
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s

e
, c

e
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u
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d

u
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n

e
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n
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u
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r c
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, p
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s
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s
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t
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s

 l’é
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s
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P
our en savoir plus sur cette 

collection et sur les sujets 
présentés d

ans ce m
ini-livre, 

tu peux consulter le site 
http://w

w
w

.tuim
p.org. 
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N
r

 1

Im
a

g
e

 d
e

 c
o

u
ve

rt
u

re
 : A

p
erçu d

e l’intérieur 
d

u S
o

leil. Le cœ
ur s

urcha
uffé génère d

e 
l’énergie grâ

ce à
 d

es
 réa

ctio
ns

 nucléa
ires

. 
L’envelo

p
p

e es
t bra

s
s

ée p
a

r la
 co

nvectio
n 

co
m

m
e l’ea

u d
a

ns
 une ca

s
s

ero
le. L’ens

em
ble 

d
es

 im
a

ges
 d

e ce m
ini-livre s

o
nt d

e  S
ylvia

 
E

ks
trö

m
, s

a
uf

les
 cha

înes
d

e réa
ctio

ns
d

e la
 

p
a

ge 8
 (W

ikim
e

d
ia

 C
o

m
m

o
n

s
) e

t
 la

 p
h

o
t

o
 d

u
 c

h
a

t
.

S
ylvia E

kström
, d

e l’O
bservatoire d

e G
enève, 

est l’auteur d
e ce m

ini-livre, écrit en 2
0

2
5

. 
G

ra
żyna S

tasińska (d
e l’O

bservatoire d
e P

aris) 
et S

tan K
urtz (d

e l’IR
yA

, M
exique) en ont 

effectué la révision. 
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S
u

r le
 d
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g
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m

m
e
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o

s
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io
n

s
d

u
S

o
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il, d
e
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A
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é

t
e
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e

u
s

e
e

t
 d

e
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a
n

o
p

u
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s
o

n
t
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p
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e
n
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é

e
s

p
a

r le
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t
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 e
t
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.

R
é

p
o

n
s

e
s

a
u

x
q

u
e

s
t

io
n

s
:

1
) B

é
t

e
lg

e
u

s
e

. S
iriu

s
A

.
2

) 1
, 2

, 1
0

, 2
0

 m
a

s
s

e
s

 s
o

la
ire

s
.

3
) L

e
 S

o
le

il e
t

 S
iriu

s
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.
4
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é

t
e
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e

u
s

e
e

t
 C

a
n

o
p

u
s
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) L
e

 S
o

le
il.
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La
 g
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vit

a
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e
 c
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n
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c
t
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u
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n
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u
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 c
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r d
e
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o
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u

e
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u
r 

t
e

m
p
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u
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 d

e
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c
e
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s
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c
h

a
u

d
e
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o
n

t
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u

e
s
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s

 p
lu

s
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e

s
 

ro
u

g
e

s
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0
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0
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0

0
 K

A
ld

e
b

a
ra

n
3

 0
0
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0
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n
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 d
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u
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o
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a

n
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 v

o
is
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a
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 d
u

 S
o
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T
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p
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p

e
c

t
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l
T

e
m

p
é

ra
t

u
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K
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  d
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o
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0
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0
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0
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o
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A
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s 
d

e 
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ce

nt
 

d
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 d
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m
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a 
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e 
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t 
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s 
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en

t 
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 p
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s 
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1
1

C
o
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e
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t
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o
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e

s
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v
o
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e

n
t

L
o

rs
q

u
e

 l’h
y

d
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g
è

n
e
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s

t
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p
u
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é

 d
a

n
s
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c
o

e
u
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e
lu

i-
c

i s
e

 c
o

n
t
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c

t
e
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u

g
m

e
n

t
a

n
t

 
s

a
 t

e
m

p
é

ra
t

u
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s

q
u
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t
t

e
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t
e

m
p

é
ra

t
u
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e
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u
s
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 d
e
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é
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m
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e

t
t

e
 

c
o

n
t

ra
c

t
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n
 li

b
è
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e
 l’é

n
e
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t

a
t
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n
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n

e
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t
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a
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n
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l’e
n
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p
p
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é
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e
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o
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q

u
e

 l’h
é
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s
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é
p

u
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é
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e
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œ
u
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s

e
 c

o
n

t
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c
t

e
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 n
o

u
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a
u

.
P

o
u

r 
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s
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t
o
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e
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o
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 d
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s
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s
o

la
ir

e
s
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s
t
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 f

in
 d

e
 l’

é
v

o
lu

t
io

n
. L

e
u

r 
c

œ
u

r 
s

e
 t

ra
n

s
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rm
e

 e
n

 n
a
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e

 b
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n
c

h
e

e
t

 
n

’é
v

o
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e
 p

lu
s

. I
l s

e
 r

e
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o
id

it
 le

n
t

e
m

e
n

t
 

a
lo

rs
 q

u
e

 l’
a

t
m

o
s

p
h

e
re

 d
e

v
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n
t
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n

e
n

é
b

u
le

u
s

e
 p
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n

é
t

a
ir

e
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oi
r 
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L
e

s
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s

 m
a

s
s
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e

s
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s

, a
rr

iv
e

n
t

 à
 

a
t

t
e

in
d

re
 d

e
s

 t
e

m
p

é
ra

t
u

re
s

 t
rè

s
 

é
le

v
é

e
s

 d
a

n
s

 le
u

r 
c

o
e

u
r,

 e
t

 p
e

u
v

e
n

t
 

e
n

c
h

a
în

e
r 

d
e

s
 p

h
a

s
e

s
 d

e
 f

u
s

io
n

, 
e

n
t

re
c

o
u

p
é

e
s

 p
a

r 
d

e
s

 p
h

a
s

e
s

 d
e

 
c

o
n

t
ra

c
t

io
n

. L
’é

v
o

lu
t

io
n

 d
e

s
 é

t
o

ile
s

 
m

a
s

s
iv

e
s

 s
e

 t
e

rm
in

e
 p

a
r 

l’e
x

p
lo

s
io

n
 e

n
 

s
u

p
e

rn
o

v
a

o
u

 l’
e

ff
o

n
d

re
m

e
n

t
 d

ir
e

c
t

 e
n

 
t

ro
u

 n
o

ir
.

1
0

Le
s 
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oi
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s 

m
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 m
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si

ve
s 

ne
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rû
le

nt
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l’h
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ro
gè

ne
. C

el
le

s 
d

on
t 

la
 m
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se

 e
st

  e
nt

re
 

0
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 e
t 

8
 fo
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 la

 m
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se
 d

u 
S

ol
ai
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rû

le
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 a
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l’h
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iu
m

, p
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s 
fin
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se

nt
 le

ur
 v

ie
 e

n 
na

in
e 

bl
an

ch
e 

en
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ur
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 d
’u

ne
 n
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eu
se

 p
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né
ta

ir
e.
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s 
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s 
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 p

lu
s 
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 8

 m
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se
s 

so
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s 
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si
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-

ne
nt

 d
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 a
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m
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 e
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e 

pl
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 g
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 c

om
m

e 
le
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rb
on

e,
 le

 n
éo

n,
 l'o

xy
gè

ne
 e

t 
le

 s
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iu
m

. E
lle

s 
fin

is
se

nt
 p
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 e
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lo

se
r e

n 
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pe
rn
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a 
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 s

’e
ff
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-
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 t
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u 
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ir.
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 p
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o
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 d
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 d
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n
 f

o
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c
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n
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m
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é
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t
u
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n
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 d
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e
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e
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c

e
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u
r 

u
n

e
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 d
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a
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é

q
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e
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c
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e
c

i 
m

o
n

t
re

 q
u

e
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o
u
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e
s

 é
t
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e
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t
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n
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e

n
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n
t
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o

s
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t
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t

e
m

p
é

ra
t
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 p
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u
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e
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o

n
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u

s
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s
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h

a
u
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t
 f

o
n

c
t
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 d
e

 le
u
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t

e
m

p
é
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t

u
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 d
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e
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 d

o
n

c
 d

e
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u
r 

c
o

u
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u
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O
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, A
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, d
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s
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h
a

u
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a

u
 m

o
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s
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h
a

u
d
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h

a
q

u
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s
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 d
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e

s
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t
o
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e

t
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s
o

n
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s

 p
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s
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a
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