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� 4 � ��4��p�%�u���j 297�$�t{�z��3g��%aa����iz8,o�$�t���sZ�i1R8 70qr{N�#R- BPot�bD0Z [5∼9] �Z?�o�$�t��A^xDbDy?k[����5��?�%Pot�bD��Umn�A^x{9nTX��#S9�9�q=[mn^x�
2 �Rqv��C`zF�G%TmZ?�t����A#f��t:B��qkD��q.�`℄(|�8GD�k>
�4H?{yÆ�QÆKq�4P� (�
t�4���4�) H?){�(|#��Q
4:1 �!kUn��t 80% +1�`℄U[��qk�s��[�{��P�+Æ�~SHh�E#�A11�.�>Lg��1h��� Chiosi { Summa [10] �sA;9�� 69D�um�|) 3 Æ9��o�$�t��~6�I61�
�)?���^x{X��o�$�t���#fo�!kUm 3 Æ�x�9eUfÆ��^x�~S[��P���259o��[o�$�t�{��q+Æ�YZ_9����~6�^x A 
�Chiosi { SummaA;��um��� 20 M⊙ �t� 6�+U�o�$�t[�{��h�E#A1���U#O�h
o�sZ��GwiM~S��|�E#�A��.[?m>�*�
y��kz9��z�
�t�>��[�E#���=BbnL�sZ�0;�(�$wD��o�$�t� 6�G&kx��m��~S���|�E#�L>��yÆZ�N	h�����i'|W#O��!�o�$�t�t�4P�Ho>5[�E#����s�vÆ�[tz�4�Qh�H
�q�|��5+Pqt�|OQh~S�#A�^x B 
� Chiosi{ Summa A;L-Oum��� 20 M⊙ �t� 6�+U�o�$�t[�{��P�+Æ��
rzk�
)e�>xa�5��6t�mH�
rz�
s�z�5[�G{N 6y�km|t
��>��3g�[��q��+UF_o�$�tk\)tz�4P�5�N	h Hayashi _���-Æ�[
rtxay�W6#��Pot�5�[�n*A�Pqt#*y�#{
BmOP��^x C 
� Chiosi { Summa ;L-Oum3t) 30

M⊙ �t� 6�+U�o�$�t[|m�E#��W6#��Pot+Æ�� 6�G9�&kx��{|A℄
Q
r�z�H&mG��� 6�G{�r�Chiosi{ Summa �s9�� 6
�1,�|)1f 3 Æ��#f�I61�}L��F�H,!�+q�9����~6��(^x A 
���!k�+�s�t�$wD=�W
8�{9 Z��L��F�IZ�3g�bD B�t^x�^�*6���e(L�1f 3 Æ^x
�^x A p�DZ[�PotbD-a?�^x B �=B�t[��k)e
�)t5�U�N	T�������t0W�Kq8�$' \9,�' :B�E#
>�Pot�g|bD0Z [11] �m#�I�Pot0W_Z)t{w�
8Zj�m8GU
z�4P� CNO ��KAL�I��Qp�^x A 
o�$�t\)�E#��{|W�*<� 6�G��+H
z�4P�KA�L�,w|�t0W���B^x C �=BDbDJ2�o�HS�+9};~�# 1U Blaha{ Humphreys [9] [ 1989q ���3 3 kpc.3k�Pot\~�3�iÆ�_�o�$�t�E#�#
�j&.4)[�E#a8:�{bD|�Pot�j
�



� 298 �����������	�℄�f������� 22 v�m�HS�+d�	�iPot[�E#1�5<�5 �A^x0_A��i# 1�+)To�$�t[�E#1�#n5<�r�_X��30Z��AJ�8G�u 80% �t���qI6�? 60% ��t�'��[��q���{tz�4�Iy?bD|�Pot?!�5<�r�^~o�$�t��^x
�o�$�t[�{��qÆU+ Kelvin-Helmhold

(KH) H.h�E#����s����m���A1[��q��+U+.8G�?*5j�tk[�!kUn[��qD�PotP�y?8Gk[#O�T�.{<���Y�T�xU�# 1 
[��q��+U.��tU�5Q?"�WI�3g�8Gk[#Æ��^OM��tn^o$	_Z[��q�CDtz�4�Iy?�.3k�

$ 1 ����4 3 kpc /4lQpu��F$ [9]jJ`713��ÆVJ`7;��'�	w��m(�k'/5+℄�H&b9;�|dF}�Srw�ke	Tx��Y�T�o:?"Æ�#U<	��q�M��P���t\)��Y�T�)U|W��!��\)t�4P���tZh\)��Y�Tk�[�WV6�^x B 
�o�$�t�{��Æ�N	h�E#�����mn^TX�t[mn�Io$_Z�L3�xU�mÆ^x��5)#nL�%��M�t0W��Kq8�DbDC��'^x A a�s��!�Txm#E��~M�Potn^_Z[��Y�T�Ik�'�mÆ^x
�o�$�t[\)�PotP�yÆ��[k>|W*<� 6��m�kn�s 6�,wsZ�TX_Z[��Y�T�Ik�Pot0W&
8���Kq��N�3g�_q��#S#{[�iM��^xn^|W#O*�:���!�1,� Deng �# [12,13] [ 1996q�_)#Æ�;'�Æ,�
� 6P7� ��q1,�5H�X;|�t��^x�3t
�Tm}S�3t�oB 30 M⊙ �o�



� 4 � ��4��p�%�u���j 299�$�t�=Bt;��z0;�~S�{O��W#�Wolf-Rayet t�lB 30 M⊙ �o�$�t�~S���q�,	���'�&�B|g�VL�	1�t��t�`℄!�,O�5�[t�4P�k|W#O(L�:���!�m��(p};|LW
8�t ��q�<	0;�+,�W
8�t |W(L�:���!�0;�gP��Y�TE�k?�n&�w	Tx� Salasnich �# [14] [ 1999 q�_�(p[o�$�t��PotP�5)*L��$wD=�gP 6�Gknv�t;&v7��(p�$wD*^o���a�+[tz�4P��^~kH�/�v7��'�=BmOH.4N��o�$�tk>�L>>5&"9_���[�E#1�:�!k
s	i����|���|W#O��!�i'Tx)��Y�TE��=Bo�$�t[�PotP�#��Uoq>�O�~L�,t�HS$6�+H�Pot�L�D��$wD2����};|L�:e�HS�q3t)�$wD=��|)#,(L5#M/�o�$�t���'�m,��'{|W���!>��+\)��qk*���I [15] �# 1 
4#OZY�bD�rUk[#Og�1+U�Vy6 HD*^�[?m>��B
15000 K �Mbol < −10��Iko�$�t�j$*5�' HD *^F_�?%Æ�x�Pot,tk[��(�(�,t (LBV) �P Cygni { η Carnae,t��# 2 U Heydari-Malayeri�# [16] �; 1997q oJj?Vk� R127{ R128"Ot(�bD�|�#>�E#��
 7 ytU:B R127 t(k�#�(�,t (LBV) �~�:�k[ HD *^F_�Tm#
��q2_{��'�+u�_�m�t�q2Q6 3 × 106 yr �'�|WH�^N�$Q6 85 M⊙ �Lamers�# [17] [ 1998qR_)m�,tZ[��$6 43∼ 63M⊙ �a

$ 2 �pKk�Wl R 127 | R 128 #Pu)��F$ [16]Æ}I73VUnw*mYMw�i}}FidF ,���℄�H&3�;��Æ`}�`73S`+Srw�Da{℄ 20∼120 M⊙ ���(} 2∼6 Myr ��3`	



� 300 �����������	�℄�f������� 22 v�m�t�yz�$wDQ6 1.3 × 10−5M⊙/yr � HD *^F_�Pot,t�bD0Z�mnt�U*9D���5�v�	.�t;�$wD�m6[�A1TX HD *^�k[�Y)w\�TmZ?�=7�A��t1�=7Æ^��t~P&X3�5�n�"��-o=7X=�!kUn�~+��5�:eWL��P&sZ�y=7Æ�D5��a�kH�P&km|!{�'=7Æ�Ps5�H�=7Æ�kH�t�G�L�v7_��=7LnU� U =
L

4πr2c
[=7Æ�{5�y�Hs?*^U� Umax =

GMmp

r2σT
�mHa8�-og� Lmax =

4πGMmpc

σT
�.�tg����#*^��t�hv��-,�',o�i'z�~�0W��<s�,l�=7Ln*^U�{��#g�*^|WI�!kUn��ho��Pot�+�'-	HL�v7�� Bo�$�t'��~S#��Ps)��#*^�(pZ};�}L�%���(L�� �$wD�+�0;�~SHs?*o�t;�$wD�3g��A1#�$6�^N�$oB 60 M⊙ �Pot[�{��P�+Æ�=Bo$L�&v7��.��o>5>��>��&v7��9_L>Et�kz�mH
�o�$�t[�E#
���l'k�*A-��~Sh>�BL�1hX��5
s��|�E#/�*���I�W6s?

Wolf-Rayet g|�r��t�uUmÆ��~6z�) HD *^�
3 �"8�Co�$�t[��sZ
9�	ht6�?=7n$�'~�k>>�*L�"z-8[�k>ayo��IkG5).�o�$�t�g�(
�l�$�t�L1O$0�uf�=7U9�ne�(goon$��mH��tzr�3_Z�o 6�k�|)*o�0;� 6en[m#n$e�
hm)y ��z:���H� 6!�5��tk>�${L��J��[�t��^x
� 6�
�{z-8L��4l> 6 �3t Bo�$�t���U*6aE��^~A;L-Oum (∇ = ∇ad) #l��um (∇ = ∇ad + ∇Φ) ��0o�$�tk>� 6�+U�Æ�#S�_ 6�+U8GU 6Ks�60�	1�x9AL-Oum�U��um���+U���U 6K{a�B�60�'4s�60�36f�0;�M 6K7�1B#UI�gÆ~{a��1hD�X�1ha-�s��GCl�{|60�6g�#S5)) 6P7�Is�;�XfmO:BL-Oum#l��um���+UD 6Ks�60���+Uy?��I�*�}_�U��WaB 6�+U{P7��b
�Ul> 6�A�Xf�I61� 6K[O9|m 6�+Uy�� 6k)e
B�y"�� (∇ < ∇ad) �3g�[4l> 6
�
UA;4.1,��0 6�+U��9s�e��o�$�t��^x
�#��UA;L-Oum<1 6P7��� 6�ol��#�$6� 6P7�ol[ 0.2∼0.4 Hp (Æ�.L) .3k [18∼20] �(pA; 6P7�o�$�t�g�H&
<���q!&<	�'*	���quUPotbDQp{YP��ry#��B 6�
��Z[A; �O�A�~U Vitense [21,22] [1R8 50 qr�_��m#�A+5#X�A�1,�
� 6X��55)#OD5#yz$=Z�



� 4 � ��4��p�%�u���j 301�p� �OIs�~=9 6X�
�#O 6�K[es#O �O�t�yÆ�q&)|~{|m�q�g
� �O�AI61U �tk> 6\~�#Æ5aXf��<
[BBuZ)�[\_tO�tQ\D����A^x
>
�|)&*�+�0;�Z?�o�$�t�A^xA;� �OB$UTm���.�|�� �O59U#O{W�Bj�~%�B�tBj (�$�g��?m>��) � Ludwig �# [23] [ 1999q�;)8j|^p1,��i)����t� �OB$U(~%��t���{?m>���A;��8�^x�?m>�[ 4300∼7100 K y?�0W��<s�� j lg g [
2.54∼4.74 y?�}S3t�|� �OB$6 1.3∼1.75 �m#W06 �OB$��.�_)#Æ�q�1,��;%8j|^p��i�?�E�U
��#Æ�T�!U )?��iQp\~A����^��
�j|^p1, �t��i�+
[����t1W�36��n^�Yo$�bDjm��
k>Q\�
UsQ�6\_#
/t��;j|^p1,�i�tE���A�Y�~�A��v�%8j|^p1,[�t�A�i
�8;{/0�HS~tn[o�$�t�A�i
!A;mn1,�y���?�%E�?tTx��(���6j|^p\_o�$�t�^N^x�\#=�io�$�t��|�>�H��>9 Z���=B �O�A';�Bu��v��i�<)�#S!*Z)�%E�� Deng {
Xiong [24] [2001 q}_�(pA;e�� �O�A�[o�$�t�{��P�ht�4P����sZ
��k>�|W#O+P�sX�� 6�G�[ �O�A
�(p
o �OB$�gP 6s�!�a8
<�xU�[P�s�#f
�=B'��nx,�-u
<{'�>����
<� 6K��rO�!kU �OB$!�a8	�sCl�m#O$Ue� �O�A$;{J,Tx��'��
��
e� �O�A[k�{?
��tk> 6��A�7u�#O��s����[#O��s��A^x
_ZP�sÆ��Y�U9����Deng{ Xiong �_�q�0 �OB$�+ka�n_Z�P� 6Zj�M �O�A';n^$��9s�mÆP� 6ZjU<oIk[�U#O*?/0�E��36[o�$�t
#v_ZP� 6X��gP=gKA�)7 B+�o�$�t*L��$wD=J(U#Æ�w�L�%��P� 6Zj�oI��+�s$B6����+8j|^p�p��m!UHj|^p1,5)o�$�t�i�#O�w�
)
�TmHSZ[�|�^=Qp�P� 6X�[�Potk>U*?�nk[��e�� �O�A�U#Æl>�A�~H 6�'6X�D5#X�0)�p�
��6�K[#O:�1��$U=~{[	�L�$x���x�tk> 6�'6X�(5#X��CY�%�a B5#X�A
5#&_p6#O��R��oI6L
b#
{KA� ��+
s:etO6L��5#X�A
�yz$=ZOlB6L��r℄��'['6X�
�'6K�_�U�+{6L��r℄�a(p�� �O�A�-o9*k[B�+ '�� 6���sZ�d�Xf�3g�*�*e#Æ$B6���D'��A�
� 6�1,�|
�6~�)e?�%
� 6��A� Bressan �# [25] [ 1981 q�_�+[ �O�A
>W\_#Æ4l>�Xf�[gy��)e?�il�_(p[ �O�A
>



� 302 �����������	�℄�f������� 22 v�W};'��n:e���ae� �O�A�|� 6�olH
< 50%∼70%� 6K[SsL-O+UÆ{X3�n$HH, 6P7��>�Æ��i'M 6K[P7��X�t�Vo� 6�!&
o� Bressan�#[3tn$�U��H5))4l>
��};) 6K[X�sZ
{e:h1�Q
�g ��:e�[De�^x(LyÆ�}S*Z=BA;4l>
�� 6�
o�[
z�4P�n^BDz-8�L�
<)�i'ZY�O)
�4�H?�'[e��A
&5)�� 6�!kD)�i1R8 80qr{N�Xiong �# [26∼29] *e)#
�;'� 6a vj�
��t 6��3�A�}Si�tQ\�$'1Z_*�A;'6�A
�t5T�^,��|)#,/t$���tQ\{'� 6s��>�+,��W5�'6���$a {JHa ����1Z,�[�tQ\1Z
?'6)Pa f�~S52r0'6�t8� ('6Æ{'6d	�) �'�" 6{��KqT,6��''6a vj����1Za%�B�tQ\�m��'� 6D�tQ\1Z)g2���k|W)#,/t$��1Z,��;�3t�t�Q\���{L��Z[m
�A)e8;[�tk>Q\���+,,tL���i
 [30∼35] ���� Xiong �#)eM\Hm#�AX;Bo�$�t����i�5�_Qp�[��P�(pA;'� 6
��a��P���tg�H&
<����q!&oo<	�u�m�U^=�i�xU�+��[o�$�t��
A;m#�A�
� 6H�|D�}^x?Y��2�Qp�9s�[\)t�4P�+Æ�=B�tk>���KqÆ�
s
<�A;�3�A�3t$�ay
#�m[s�UJ,dj��xv�3t9%Xtmy�
s*e�HS)e{NM\m1W�W0�
�?�%�il�[\~4l>�'� 6�i� Xiong �#*e���a vj�����AU�
?r0��#Æ� Canuto { Mazzitelli �# [36∼38] i 1991 q{N!*0)#R-G1W��iA?�}S}_�e�� �O�AI61U oI'�6�A;�#Æ_p^O�. {?1G�+#Æ�r℄��Xf�Tm6����xK�1G�'�x|	�Dd�W-(�'�tk>6�1�UJd���3g�1G�	�5<[�	�.3k�*6Bu� �O�A9�nu�Xf�tk>6��oIÆ��'}S�W0uU[3t'�n$Z\H};)QÆ℄��1G�:e� Canuto { Mazzitelli �#�Hm#�A5)|�t��^x
�}SA;q�^x^p��Æ��MQpm| 0.2% �d��q^x�+M��t(
��t[�E#1���l'h�>1h&��3g�p�bD|���t(� turnoff 
H�H�|VL��${Vl�q2� Stothers { Chin [39] [ 1997 qH
Canuto { Mazzitelli �#�_��ADe� �O�A0)\#= (�5N)�t�$[
3∼20 M⊙ .3k�^x�Qp*Z�A;e� �O�A 6K�℄�>��+Ps 6��℄��m[L�1Y�U9W���' Canuto { Mazzitelli �#��A=BUTm9�℄��1G�Xf'� 6Æ���3g9�k[mÆO$�
4 ��&yF�W)e%h�|�$wD[o�$�t��
*��*����0;�o�$�t��$wDO(
�l�$�tL�%��2U[\)�PotP�yÆ��*L�t;L�w



� 4 � ��4��p�%�u���j 303�D��n��~StOE
�G�v7��'�CW#Ou[\~t�4�I9�kz�=BmOkz�>��(L��E
�G0W>�L�%�3g�o�$�t[�E#1�:��*AZY,��~SH�T|�E#/�*���I�W6 Wolf-Rayet t�Z[#�$6mOsZU|W Wolf-Rayet t���%� [40∼42] �mÆ�,sZn9n*A��xB�$wDH.Dz�4H.�ol�(p�t;9U*^o���o�$�tU9��{�Pot�I��'���?�s�$wDH��|���o�$�t�.��>v7���?�nW6#� Wolf-Rayet t� o�$�t��l'�x��0;�+,=g5�o�$�tk>Q\�,���? �$wD��i�#{�Uo�$�t�i
�"
�#SibDD�A"1W\~)o$W0�~2n^MPo�$�t�$wD�k<�
20R8 70qr��t��$wDk�+{O[^xt�g�{!.7�bD|�bD0Z�y t�Ps −6 mag �^xt{-k[�\���$wD#lnU�t;�#n�D�$wD�1,!�|)�w��v{8;� ^xt'����$wD[�Dg{!.7��+;�& P |_{#n*7_����[7�{�.7��+�;$= – $=*7|_����' B0xt���$wD�+�sD$ 10 µm /A�*7{��J K _�l:	��1,�_t��;mn1,�#SD�)QÆ�x�t��$wD={L�v7s���s(L O xt� LBV ,t{ Wolf-Rayet t�m"OB$��+*Z~S��$wD=DL�v7s��,�k[#��k<�� O xt��$wD=Ll�Q6 10−6

∼ 10−5 M⊙/yr �'�L�v7s�LL�Q6 103 km/s �|) LBV ,tP���$wD=BL| 10−5 M⊙/yr/A�xUv7s�WI|Q 102 km/s ���W Wolf-Rayet t+Æ��$wD={L�v7s��,�Lo�526 10−5 M⊙/yr /A{ 103 km/s �Z[��t���A$6�o�$�ti O xt| LBV ,t��Æ��W6#� Wolf-Rayet t�gPUb��L�%����$wD={L�v7s�,�j�[�t�$wD%���A�i
� Castor �# [43] [ 1975 q�_�=7���t;�AUL6/0��G�A�L�I�U�to�
�W
�#[P℄)=7�nyÆ�Hmnn$�&|.G�i'<s.GL�M��.��t;?"Æ�n�KA%��#U=V����Æ����)U�$g�=7Æ�� B^xt�o��G�es3t�|�g�Æ�[�	��F.3k�UPs5���!kUn�=7���tt;L�wDU�+IZ��[-^�=7Æ�A
��t��$wD=D�g�y?U#Æ_�aR�[1f�A�_yÆ� B�{J���$wD=Dg�y?�mÆ_�aR��%�il��_)21�36�3�i0Z�o�$�t��$wD=u��v�g�
<'
<�xU[�#g�
��$wD=k[�ayo�T,�!kUn��$wD=8G�D�t�}%ÆL�3q�(�$�W
8��?m>��k[aaaR�'9[[�Dg�aa� Abbott [44] [ 1980 qH=7Æ�A0)\#=�*e�};)�t�g��W
8���${?m>� �$wD�[�0;� 2002 q� Lamers { Nugis [45] �_H=7Æ�A56 4 ÆÆ|�52TXo�$�ti O xt| LBV ,tZ��W69��x Wolf-Rayet t�QOP���$wD=�,�Æ��=B=7Æ Bt;���UD�to���U
aa��'o�$�t[��sZ
�o�����(g�<���s
{[:���,�U�o��3g�=7Æ B�$wD���!�i O xtP��_)*�,W6 Wolf-Rayet tP��!�)*� Lamers



� 304 �����������	�℄�f������� 22 v�{ Nugis 5;) 9 �:B9���P��o�$�t�'vZ)m#
�9s�}S![$[ Wolf-Rayet tP��to����9���� QA�d�KA�o:e�4.=7Æ�A B�to�
W
�#�%���!M�m#�A[TX*�W
8���tÆ|H?�o��i��([
#r�t
��to���=
{t,W�W
�#��+M�=7Æ B�$wD���0;Cl�mH��t�L�{$��%�H��z0;�~SHV?m	���$wD�[�t��^x3t
�Z[j0A;�U de Jager �# [46] [ 1988 q�_�1,�.Tm9�Æ��t[�E#19�:�
��$wD=p�_#O%fO�Xf{?�t�Æ���
�$wD=��{?m>��g�aa�xU�bD0Z��Pot��$wD=�+( de Jager �#�3t|>�L1O$0� Reid �# [47] [ 1990 q�_oJj?Vk��Pot�yz�$wD=6 3.6× 10−5 M⊙/yr �A; de Jager�#�1,Æ� 20 M⊙ ��t[ lg Teff = 3.6 � lg L/L⊙ = 5.0 H��$wD=Q6 10−6 M⊙/yr �=B:B0xPot�Ik��ts?*L�g�{*��0W��<s��3g�mOP���t(L'-wD�L��Y� de Jager �#�W006#ÆXf�1,59nTXm#L�I���WV6) Salasnich �#[^x
�s
<�$wD=�\__��!�D)?��t^xa(�mÆ1,n^Vw	TXPot[�E#1�5<�};|�Pot�Uoq>O�~�L�,t�HS�_3t�$wD=H(pZ<1L�D�$wD�2��k�+�|V<5#M/�o�$�t���Qp�HS$6[o�$�tk>=7ÆD5�y?k[�#O/U+U�[mO+U1=7ÆD5��a�k�[mO+U+k5��0;D=7Æ�k'|Wy��k>Q\�[mO+U+.�=7Æhm�z	:�mH�t�hhL�M�t��h*A,��i'H�t/U+U+k�L�q_+U�#vPs)mO+U��t�k>L�[=7Æ�0;Wk�&v7���Pot�L�[0G�+Uoq>��=BPot0W��)e�l�Z<1	o�=7Æ�L�|-0GHk�0Z6#Æ4�~��h.X��. o�$�tL�wD�#Æ���mÆ��%�8GnT8=7Æ���$wD'_W�DbDy?�J2�
5 �:!\�FXd9�=79 Z�U�t�A^x
4N���#Ob)B$��tk>�=7D��L��a�0;i
b1|0Z6�� =7�P℄�*7{,7�Zj�'9 Z�kUXf��L� =7�P℄���!kUn�9 Z�:e��t-
n^=7|G�
�n$ol�4#1W���L� =7n�P℄HH,�$;�����("������3g�9 Z��olHx��tk>Q\5*o	:e�t���~6� β Cephei ,t�)*%��$KkU#O�w��#� β Cephei ,tU:B��qk�g|x6 B x�o�$��~L�,t�[ 20 R8 80 qry��~�)*%�&$6U�$>�Q 1.5× 105 K � He
��q�xUÆ�*Z He
��q_W�t�9D��59*+�A�tk>�+om8\')* β Cephei ,thh#l4hh�L�� Simon [48] [ 1982q}_(p�L�Kq�9 Z�H�w	Tx_D,tbDD�Ay?��~(O$�}�m#W0M#S�q=



� 4 � ��4��p�%�u���j 305�[9 Z� B�tQ\D���:e�v� �KqL#Q\^x�<)�i�|) 90 qr�q� OPAL (=Rn Lawrence Livermore n:I�Zw\�9 Z��if
) 9 Z�0*<��
�Kq�Z\&oo�L�#S$K|>�[ 2× 105 K /A���#P℄:�U β Cephei ,tou�)*�N [49∼51] �4.� Alberts [52] [ 1994 q}_�Tm 1992 q*<� OPAL 9 Z�0�o�$�t��GH�_Z#O�l� 6��[02��HmO 6�[h�t�h� 1% ���|t�4P�yÆmO 6�Hh�t�h� 7% �'m[+�A; Cox-Stewart9 Z��o�$�t��^x
U9�_Z��u�mO 6�{h�(��l�xU|)t�4P��~Hho�$�tk>&��i'M�n^�uV%��$� o�$�tQ\{���:e!k9n&�[)�
�?#nl,[�i9 Z��A�}SA;9��
�1,�-Æ�Qp[#n*�Æ�W!9��xUo>5Æ�WmnQp�?��(Lw�_�{-A;�U OPAL {
OP (,n�~n�%n��:�0\~�9 Z��if
)9 Z��m"Æ9 Z��-qQp6#{� �#S��%E�q�)q�n��g�W�|�_D,t�~(E��
β Cephei ,t�L�)*%�E��9s�mn-qQp%?tH0� Stothers { Chin [53][ 1994 q�_�
��9 Z�Qp�n%��_)�Kq ��:e�8GHZ[�Qp�L�5 70% �' Wang �# [54] 2003 q�W0�0Z�[Z?9 Z�$b17�o>
<�Kq�9 Z�|�Hz�[t�4P�_Z���!�GkD�'��!UTX_D,t�E�*6aE�3q�3g� 9 Z���t�ay?��v�L�2e�"z�*e�[I�Z�gWn^^p_LBu���L��g�i'6��=79 Z��I��i�Y���u�m#�iU_ 10 q�*e����xU)e��)955#`K�Wp��(�Kq�9 Z�I�QpD�A�iQpayC��g�A�iQp�_��Kq[ 70 eV F_�P℄�r�[I��iQp
!�|)�w��v�W
8�U4#O���b)$�~ �t�Q\D��~6��s?�a���:e�
Deng { Xiong[3] [ 2001q β Cephei ,tL�9D�q��i0Z� β Cephei ,t�L�9D�q BW
8�UayYK��v�W
8��Cl��L�9D�q�.3!�zl�yW
8��B 0.005H�L�9D�qH/�kD�W
8�DPot���~6!?�U
aR�o�$�tk>>�LL�
�4+ CNO ��-8�1O\~�'W
8��olH{Ox� CNO ��-8�s=�.x�o�$�tk>�z-8{nKA�n$��H�W
8� B��!!?Z\�#�$6
oW
8��z���!kD�[=7Æ�A
��t�G�W
�#�%5!x�)=7Æ�	*�
6 �S�i�H�s5No�$�t�A^xk[�QÆE���+|_�Z?�o�$�t�A^x�O9nTX�E#QO:�1�Pot�bD���9eU�A
>�Ub)L�
�k[�%s1�5#p=�U�_q��ADbDz��)Y��Wk��($B6���$b1�%8j|^p1,6+1J,)^�#n����i�Y)"z
�3g��%
�%
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Progress in Study on the Evolution of Massive Stars

TIAN Bin1 � DENG Li-cai1 � XIONG Da-run2

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Purple Moun-

tain Observatory, Chinese Academy of Sciences, Nanjing 210008, China)

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 have been 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.

Key words: astrophysics; massive star; review; H-R Diagram; convection; mass loss


