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 � 8 ; { / 0 � H

S ~ t n [ o � $ � t � A � i 
 ! A ; m n 1 , � y � � � ? � % E � ? t T x � � ( � �

� 6 j | ^ p \ _ o � $ � t � ^ N ^ x � \ # = � i o � $ � t � � | � > � H � � > 9

 Z � � �

= B  • O � A ' ; � B u • � v � � i � < ) � # S ! * Z ) � % E � � Deng {

Xiong [24]
[ 2001 q } _ � ( p A ; e � �  • O � A � [ o � $ � t � { � � P � h t � 4

P � � � � s Z 
 � � k > � | W # O + P @ s X � �  6 � G � [  • O � A 
 � ( p c o

 • O B $ � g P  6 s � ! � a 8 c < � x U � [ P @ s � # f 
 � = B ' � � n x , � -

u c < { ' � > � � @ � c < �  6 K � � r O � ! k U  • O B $ ! � a 8 	 � s C l �

m # O $ U e �  • O � A $ ; { J , T x � � ' � � c � � 
 e �  • O � A [ k � { ?

c � � t k >  6 � � A � 7 u � # O � @ s � � � � [ # O � @ s � � A ^ x 
 _ Z P @

s � � � Y � U 9 • � � � Deng { Xiong � _ � q � 0  • O B $ � + k a � n _ Z � P @

 6 Z j � M  • O � A ' ; n ^ $ � � 9 s � m � P @  6 Z j U < o I k [ � U # O * ?

/ 0 � E � � 3 6 [ o � $ � t 
 # v _ Z P @  6 X � � g P = g K A � ) 7  B + � o

� $ � t * L � � $ w D = J ( U # � � w � L � % � �P @  6 Z j � o I • � + � s $

B 6 � � � � + 8 j | ^ p � p � � m ! U H j | ^ p 1 , 5 ) o � $ � t � i � # O � w

� 
 ) 
 � T m H S Z [ • | � ^ = Q p � P @  6 X � [ � P o t k > U * ? � n k [ � �

e � �  • O � A • U # � l > � A � ~ H  6 � ' 6 X � D 5 # X � 0 ) � p � c � �

6 � K [ # O : � 1 � � $ U = ~ { [ 	 � L � $ x � � �x � t k >  6 � ' 6 X � ( 5

# X � � C Y • % � a  B 5 # X � A 
 5 # & _ p 6 # O � � R � � o I 6 L 
 b # 
 {

K A �  � � + 
 s : e t O 6 L � � 5 # X � A 
 � y z $ = Z O l B 6 L � � r ] � �

' [ ' 6 X � 
 � ' 6 K � _ � U � + { 6 L � � r ] � a ( p � �  • O � A � - o 9 *

k [ B � +  ' � �  6 � � � s Z � d � X f � 3 g �* � * e # � $ B 6 � � � D ' �

� A � c �  6 � 1 , �

| c � 6 ~ � ) e ? � % c �  6 � � A � Bressan � #

[25]
[ 1981 q � _ � + [  •

O � A 
 > W \ _ # � 4 l > � X f � [ g y � � ) e ? � i l � _ ( p [  • O � A 
 >



� 302 � � � � � � � � � @ � 	 � ] � f � �� � � � � 22 v �

W } ; ' � � n : e � � � a e �  • O � A • | �  6 � o l H c < 50%� 70% �  6 K [

S s L - O + U � { X 3 � n $ H H ,  6 P 7 � � > � � � �i ' M  6 K [ P 7 � � X

� t � V o �  6 � ! & c o � Bressan� # [ 3 t n $ � U � � H 5 ) ) 4 l > c � � } ;

)  6 K [ X � s Z 
 { e : h 1 � Q c � g  � � : e � [ D e � ^ x ( L y � � } S *

Z = B A ; 4 l > c � �  6 � c o � [ 
 z � 4 P � n ^ B D z - 8 � L � c < ) � i ' Z

Y � O ) 
 � 4 � H ? � ' [ e � � A 
 & 5 ) � �  6 � ! k D ) �

i 1 R 8 80 q r { N � Xiong � #

[26� 29]
* e ) # 
 � ; ' �  6 a  v j � c � � t

 6 � � 3 � A � } S i � t Q \ � $ ' 1 Z _ * � A ; ' 6 � A 
 � t 5 T � ^ , � • | )

# , / t $ � � � t Q \ { ' �  6 s � � > � + , � � W 5 � ' 6 � @ � $ a  { J H a

 � � � � 1 Z , � [ � t Q \ 1 Z 
 ? ' 6 ) P a  f � ~ S 5 2 r 0 ' 6 � t 8 � ( ' 6

� { ' 6 d 	 • ) � ' � "  6 { � � K q T , 6 � � ' ' 6 a  v j � � � � 1 Z a % � B

� t Q \ � m � � ' �  6 D � t Q \ 1 Z ) g 2 • � � k | W ) # , / t $ � � 1 Z , �

� ; � 3 t � t � Q \ � � � { L � � Z [ m 
 � A ) e 8 ; [ � t k > Q \ � � � + , ,

t L � � � i 


[30� 35]
� � � � Xiong � # ) e M \ H m # � A X ; B o � $ � t � � � �

i � 5 • _ Q p � [ � � P � ( p A ; ' �  6 c � � a � � P � � � t g � H & c < � � �

� q ! & o o < 	 � u � m • U ^ = � i �x U � + � � [ o � $ � t � � 
 A ; m # � A

� c �  6 H • | D � } ^ x ? Y � � 2 � Q p � 9 s � [ \ ) t � 4 P � + � � = B � t k

> � � � K q � � 
 s c < �A ; � 3 � A � 3 t $ � a y c # � m [ s � U J , d j � �

x v � 3 t 9 % X t m y � 
 s * e � H S ) e { N M \ m 1 W � W 0 �

c � ? � % � i l � [ \ ~ 4 l > � ' �  6 � i � Xiong � # * e � � � a  v j �

� � � � A U � 
 ? r 0 • � # � � Canuto { Mazzitelli � #

[36� 38]
i 1991 q { N ! * 0

) # R - G 1 W � � i A ? � } S } _ � e � �  • O � A I 6 1 U  o I ' � 6 � A ; �

# � _ p ^ O � .  { ? 1 G � + # � � r ] � � X f � T m 6 � � � � x K � 1 G � ' � x

| 	 � D d • W - ( � ' � t k > 6 � 1 � U J d • � � 3 g � 1 G � 	 � 5 < [ � 	 � .

3 k � * 6 B u �  • O � A 9 � n u � X f � t k > 6 � � o I � � � ' } S � W 0 u U

[ 3 t ' � n $ Z \ H } ; ) Q � ] � � 1 G � : e � Canuto { Mazzitelli � # � H m # �

A 5 ) | � t � � ^ x 
 � } S A ; q � ^ x ^ p � � � � � M Q p m | 0.2% � d � � q ^

x � + M � � t ( 
 � � t [ � E # 1 � � � l ' h � > 1 h & � � 3 g � p • b D | � �

� t ( � turno� 
 H � H • | V L � � $ { V l � q 2 � Stothers { Chin [39]
[ 1997 q H

Canuto { Mazzitelli � # � _ � � A D e �  • O � A 0 ) \ # =  ( � 5 N ) � t � $ [

3� 20 M � . 3 k � ^ x � Q p * Z � A ; e �  • O � A  6 K � ] � > � � + P s  6 �

� ] � � m [ L � 1 Y � U 9 W � � � ' Canuto { Mazzitelli � # � � A = B U T m 9 � ]

� � 1 G � X f ' �  6 � � � � 3 g 9 � k [ m � O $ �

4 � � & y F

� W ) e % h � | � $ w D [ o � $ � t � � 
 * � � * � � � � 0 ; �o � $ � t �

� $ w D O ( 
 � l � $ � t L • % � � 2 U [ \ ) � P o t P � y � � � * L � t ; L � w



� 4 • � � 4 � �p � % � u � � � j 303�

D � � n � � ~ S t O E 
 � G � v 7 � � ' • C W # O u [ \ ~ t � 4 � I 9 � k z � =

B m O k z � > � � ( L � � E 
 � G 0 W > � L � % � 3 g �o � $ � t [ � E # 1 � :

� � * A Z Y , � � ~ S H � T | � E # / � * � � � I � W 6 Wolf-Rayet t � Z [ # � $

6 m O s Z U | W Wolf-Rayet t � � � % �

[40� 42]
� m � � , s Z n 9 n * A � � x B � $

w D H . D z � 4 H . � o l � ( p � t ; 9 U * ^ o � � �o � $ � t U 9 � � { � P o

t � I � � ' � � • ? � s � $ w D H � � | � � � o � $ � t � . � � > v 7 � � @ ? � n

W 6 # • Wolf-Rayet t �  o � $ � t � � l ' � x � • 0 ; � + , = g 5 � o � $ � t k

> Q \ � , � � � ?  � $ w D � � i � # { � U o � $ � t � i 
 � " 
 �

# S i b D D � A " 1 W \ ~ ) o $ W 0 � ~ 2 n ^ M P o � $ � t � $ w D � k < �

20 R 8 70 q r � � t � � $ w D k � + { O [ ^ x t � g � { ! . 7 � b D | � b D 0 Z �

y  t � P s � 6 mag � ^ x t { - k [ � \ � � � $ w D # l n U � t ; � # n � D � $

w D � 1 , ! • | ) � w � � v { 8 ; �  ^ x t ' � � � � $ w D [ � D g { ! . 7 � �

+ ; � & P | _ { # n * 7 _ � � � � [ 7 � { � . 7 � � + � ; $ = { $ = * 7 | _ � �

� � '  B 0 x t � � � $ w D � + � s D $ 10 � m / A � * 7 { � � J K _ � l : 	 � �

1 , � _ t � � ; m n 1 , � # S D � ) Q � � x � t � � $ w D = { L � v 7 s � � � s (

L O x t � LBV , t { Wolf-Rayet t � m " O B $ � � + * Z ~ S � � $ w D = D L � v

7 s � � , � k [ # � � k < • � O x t � � $ w D = L l � Q 6 10� 6 � 10� 5 M � /yr � '

� L � v 7 s � L L � Q 6 103 km/s � | ) LBV , t P � � � $ w D = B L | 10� 5 M � /yr

/ A � x U v 7 s � W I | Q 102 km/s � � � W Wolf-Rayet t + � � � $ w D = { L � v 7

s � � , • L o � 5 2 6 10� 5 M � /yr / A { 103 km/s � Z [ � � t � � � A $ 6 �o � $

� t i O x t | LBV , t � � � � � W 6 # • Wolf-Rayet t � g P U b � � L � % � � �

� $ w D = { L � v 7 s � , � j �

[ � t � $ w D % � � � A � i 
 � Castor � #

[43]
[ 1975 q � _ � = 7 � � � t ;

� A U L 6 / 0 � � G � A � L � I � U � t o � 
 � W c � # [ P ] ) = 7 � n y � � H m

n n $ � & | . G � i ' < s . G L � M � � . � � t ; ? " � � n � K A % � � # U = V �

� � � � � � � � ) U � $ g � = 7 � � �  B ^ x t � o � � G � e s 3 t • | � g � � �

[ � 	 � � F . 3 k � U P s 5 � � � ! k U n � = 7 � � � t t ; L � w D U � + I Z � �

[ - ^ � = 7 � � A 
 � � t � � $ w D = D � g � y ? U # � _ • a R � [ 1 f � A � _ y

� �  B � { J � � � $ w D = D g � y ? � m � _ • a R � � % � i l � � _ ) 2 1 � 3 6

� 3 � i 0 Z �o � $ � t � � $ w D = u � � v � g � c < ' c < �x U [ � # g � c �

� $ w D = k [ � a y o � T , � ! k U n � � $ w D = 8 G � D � t � } % � L � 3 q � (

� $ � W c 8 � � ? m > � � k [ a a a R � ' 9 [ [ • D g � a a � Abbott [44]
[ 1980 q

H = 7 � � A 0 ) \ # = � * e � } ; ) � t � g � � W c 8 � � � $ { ? m > �  � $ w D

� [ � 0 ; � 2002 q � Lamers { Nugis [45]
� _ H = 7 � � A 5 6 4 � � | � 5 2 T X o

� $ � t i O x t | LBV , t Z � � W 6 9 � � x Wolf-Rayet t � Q O P � � � $ w D =

� , � � � � = B = 7 �  B t ; � � � U D � t o � � � U 
 a a � � ' o � $ � t [ � �

s Z 
 � o � � � � � ( g � < � � @ s 
 { [ : � � � , � U � o � � 3 g � = 7 �  B �

$ w D � � � ! � i O x t P � � _ ) * � , W 6 Wolf-Rayet t P � � ! � ) * � Lamers



� 304 � � � � � � � � � @ � 	 � ] � f � �� � � � � 22 v �

{ Nugis 5 ; ) 9 • : B 9 � � � P � � o � $ � t � ' v Z ) m # 
 �9 s � } S ! [ $

[ Wolf-Rayet t P � � t o � � � � 9 � � • �  Q A � d � K A � o : e � 4 . = 7 � �

A  B � t o � 
 W c � # � % � • � ! M • m # � A [ T X * � W c 8 � � � t � | H ?

� o � � i � � ( [ 
 # r � t 
 � � t o � � � = 
 { t , W � W c � # � � + M • = 7 �

 B � $ w D � � � 0 ; C l � m H � � t � L � { $ � � % � H � � z 0 ; � ~ S H V ? m

	 � � � $ w D �

[ � t � � ^ x 3 t 
 � Z [ j 0 A ; � U de Jager � #

[46]
[ 1988 q � _ � 1 , � .

T m 9 � � � � t [ � E # 1 9 � : � c � � $ w D = p • _ # O % f O � X f { ? � t �

� � � � 
 � $ w D = � � { ? m > � � g � a a � x U � b D 0 Z � � P o t � � $ w D =

� + ( de Jager � # � 3 t | > � L 1 O $ 0 � Reid � #

[47]
[ 1990 q • _ o J j ? V k

� � P o t � y z � $ w D = 6 3:6 � 10� 5 M � /yr � A ; de Jager � # � 1 , � � 20 M � �

� t [ lg Te� = 3 :6 � lg L=L � = 5 :0 H � � $ w D = Q 6 10� 6 M � /yr � = B : B 0 x P o t

� I k � � t s ? * L � g � { * � � 0 W � � < s � � 3 g � m O P � � � t ( L ' - w

D � L � � Y � de Jager � # � W 0 0 6 # � X f • 1 , 5 9 n T X m # L � I � � � W V

6 ) Salasnich � # [ ^ x 
 � s c < � $ w D = � \ _ _ � � ! � D ) ? � � t ^ x a ( �

m � 1 , n ^ V w 	 T X P o t [ � E # 1 � 5 < � } ; | � P o t � U o q > O � ~ � L

� , t � H S � _ 3 t � $ w D = H ( p Z < 1 L � D � $ w D � 2 • � k � + • | V < 5

# M / � o � $ � t � � � Q p � H S $ 6 [ o � $ � t k > = 7 � D 5 � y ? k [ � # O

/ U + U � [ m O + U 1 = 7 � D 5 � � a � k � [ m O + U + k 5 � � 0 ; D = 7 � � k

' | W y � � k > Q \ � [ m O + U + . � = 7 � h m � z 	 : � m H � t � h h L � M � t

� � h * A , � � i ' H � t / U + U + k � L � q _ + U � # v P s ) m O + U � � t � k

> L � [ = 7 � � 0 ; W k � & v 7 � � � P o t � L � [ 0 G � + U o q > � � = B P o

t 0 W � � ) e � l � Z < 1 	 o � = 7 � � L � | - 0 G H k � 0 Z 6 # � 4 � ~ • � h

. X � � .  o � $ � t L � w D � # � � � � m � � � % � 8 G n T 8 = 7 � � � � $ w

D ' _ W � D b D y ? � J 2 �

5 � : ! \ � F X d 9 �

= 7 9  Z � U � t � A ^ x 
 4 N � � � # O b ) B $ � � t k > � = 7 D � � L �

� a � 0 ; i 
 b 1 | 0 Z 6 � �  = 7 � P ] � * 7 { , 7 � Z j � ' 9  Z � k U X f

� � L �  = 7 � P ] � • � ! k U n �9  Z � : e � � t - 
 n ^ = 7 | G � 
 � n $

o l � 4 # 1 W � � � L �  = 7 n � P ] H H , � $ ; � � • � � ( " � � � � � � 3 g �

9  Z � � o l H x � � t k > Q \ 5 * o 	 : e � t � � � ~ 6 �  � Cephei , t � ) *

% � � $ K k U # O � w � � # � � Cephei , t U : B � � q k � g | x 6 B x � o � $ �

� ~ L � , t � [ 20 R 8 80 q r y � � ~ � ) * % � & $ 6 U � $ > � Q 1:5� 105 K � He


 � � q � x U � � * Z He 
 � � q _ W � t � 9 D � • 5 9 * + � A � t k > � + o m 8

\ ' ) * � Cephei , t h h # l 4 h h � L � � Simon [48]
[ 1982 q } _ ( p � L � K q �

9  Z � H � w 	 T x _ D , t b D D � A y ? � � ~ ( O $ � } � m # W 0 M # S � q =



� 4 • � � 4 � �p � % � u � � � j 305�

[ 9  Z �  B � t Q \ D � � � : e � v �  � K q L # Q \ ^ x � < ) � i � | ) 90 q

r � q � OPAL ( = R n Lawrence Livermore n : I � Z w \ � 9  Z � � i f c ) 9  Z �

0 * < � � 
 � K q � Z \ & o o � L � # S $ K | > � [ 2 � 105 K / A � � � # P ] : @

U � Cephei , t o u � ) * � N

[49� 51]
� 4 . � Alberts [52]

[ 1994 q } _ � T m 1992 q *

< � OPAL 9  Z � 0 �o � $ � t � � G H � _ Z # O � l �  6 � � [ 0 2 � � H m O

 6 � [ h � t � h � 1% � � � | t � 4 P � y � m O  6 � H h � t � h � 7% � ' m [

+ � A ; Cox-Stewart 9  Z � � o � $ � t � � ^ x 
 U 9 � _ Z � � u � m O  6 � { h

� ( � � l � x U | ) t � 4 P � � ~ H h o � $ � t k > & � � i ' M � n ^ � u V % � �

$ �  o � $ � t Q \ { � � � : e ! k 9 n & � [ ) �

c � ? # n l , [ � i 9  Z � � A � } S A ; 9 � � c � 1 , � - � � Q p [ # n *

� � � W ! 9 � �x U o > 5 � � W m n Q p � ? • • ( L w � _ � { - A ; � U OPAL {

OP ( , n � ~ n � % n � � : • 0 \ ~ � 9  Z � � i f c ) 9  Z � � m " � 9  Z � � -

q Q p 6 # { �  � # S � � % E � q � ) q � n � � g � W � | � _ D , t � ~ ( E � �

� Cephei , t � L � ) * % � E � �9 s � m n - q Q p % ? t H 0 � Stothers { Chin [53]

[ 1994 q � _ � c � � 9  Z � Q p � n % � � _ ) � K q  � � : e � 8 G H Z [ � Q p

� L � 5 70% � ' Wang � #

[54] 2003 q � W 0 � 0 Z � [ Z ? 9  Z � $ b 1 7 � o > c
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Progress in Study on the Evolution of Massive Stars
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Abstract: Due to their high luminosity and high mass-loss rates, massive stars are playing an

important role in the studies of modern astrophysics, such as the formation and the evolution of

galaxies. Since the middle of the twentieth century, we havebeen cognizant of the main characters

of the structure and evolution of massive stars approximately and some evolution models have

been constructed. However, in recent years, some observations on massive stars indicate that

there are serious discrepancies between observations and theoretical models. These discrepancies

show us many defects in present theoretical models dealing some leading factors in the evolution

of massive stars, such as mass loss and convection. Current research of these problems is reviewed

and future perspectives are proposed in this paper.
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