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1785 3f�
r�#Wat��+�eUo{t�2A�0CD2hGE2Bn:56N�>| 1083pVJ#M�+� 117600t��	��s 14.5 mag �|o�h}r�#a#}y?$�q"�e�Qn-�}�GEUo{%"�HW|r�#�%"#A?kbUo{�#�"�GK�><I� 4 E$�|n)�#����i�|�><℄l�5K.*K�<�e��*6��bo�5KUo{6NK��ir�g.�T^(u�y�OQ�
19183Shapley [1] z\ 69E\5�^�g%2Ah 90%|U�.�GI�VJ���i
_�A?<�kbUo{#�"�kbUo{#�k0p�%U+1bE0pGI��G6�h�ir�A?|Uo{#�k�K�BGC5KUo{6N����h��ÆVr�#Le�GEUo{%"JIae� 130 d3�
1932 3 Oort [2] �GEXL
?mz\A?�i.t�w��VJ9�"��ho�Y-3%�Uo{[��>-}��GE�vUo{!�%"<℄l�\�~-.*n9�w�-5D�5K℄J�N� Oort-Lindblad v�� 1954 3 Kwee �o [3] Wa 21 cm#'X�VJ$p%9�+1eb�Uo{=4a
"|o��|�sKI��h}Le�*!Uo{%"�G#℄ Schmidt [4] Le�%")rh�77%"�| Schmidt %"�� }[zw�2003-12-29 � �ezw�2004-02-17 � ��[gns�_">kd0>*Æ:2�* (10333020) ��d d0�'(�>:2�* (01JC14035)



� 236 �������R�o�.�C��������� 22 Y�#Uo{)^X� 4 EA�2B�`\;{��m��x�`\;{-�℄Uo{t�NX�;{Y ("��|nI�℄�C II t�NX�`\;{) G#[�-`\O (aW,4`\O) 5�XG;{#�t�T^s3�w�-
vv'!"�X;{�t�|��'!}^1h#��LS�JEG�Æ{�Uo{%"rhUo{�GE�P Sbc �{X*!o�{GBeK29h:k`\;{�&X2�U: (�2B;{) #t��3	+1V=&4�AmU�w�5�u"5��{��w�\� eU� /0s��`\;{#t��3	+1p=&4�	mU�w�5��"5��{�uw�\� eU� eK/qO0�U:� �� I 7q�+2A�`\;{� ��7q R1/4 � [5] �
I(R) = I(0)exp(−kR1/4) ≡ Ieexp{−7.67[(R/Re)

1/4 − 1]} , (1)�# R hU�VRe hUo{^��J�!eAX�G��U�V" Ie h Re j� ��� (1) �aWh de Vaucouleurs Z�� I FeK\�� Hubble-Reynolds Z�n9� [5] �
I(R) = I0R

2
H/(R + RH)2 , (2)�x RH ≈ 0.1Re �-}mv�Uo{%"�0C(�|bqv�}n�VJ9�Ie9�B"5KUo{�6Nk;�!l�-;�k�~-;��IR Binney k Merrifield [6] �A6|�ErN}eK^K��s%"�

(1)!�%"��s%"Y=�Uo{
Uo{FEX2I^���2AIe/#<�%"�w�-jD�eG�VJ��G�|�w OortP+�A?:E�A ����Dehnenk Binney [7] �%"�&b�Gs�
(2) t��+%"��s%"Y=�Uo{.�Xk�}�t�[��� M �2AHe�i�/#�He�Xk� (x) }�X�f+ Φ(M, x) � Bahcall k Soneria [8] Le�%"N�G&t��+%"�
(3) w�-%"�℄b*!5KKI�Aet��k�k!��^U"U�����t��g%w�<Kw�-%"�AC^/qv�}j9t��+��e[����%�f+U{"UC�Uo{#�Xk�}�5�2AIej9� Ratnatunga �o [9] �ILeaG&w�-%"�
(4) �~-%"�NXGEw�-%"�hk-ThC���u��=℄G+�hoeK|mv
$�Uo{jb'&�~-5D�QL�z\�~-U,n�eG#�uD2=℄G+�N��~-%"��a�GrNN?j/sh
��9Z�Dehnenk Binney [10]�z\�U℄J��G�dC6`�o�^�-;�%"�Wa5KUo{�-k4��4a\nF;Uo{�#Xk;�℄Jw Chang �o [11] �KI�

2 �y<�'��I1EJÆw:�>6$�℄ Gilmore k Reid [12] b 1983 3Le�|^U��{�5K��z��



� 3 E m�o��Vp|x;�H$Y�� 237�n# Gilmore k Reid :\Q���n�6` [13,14] ���,U�:E 18.24 B.�Q`.s 12500 t��[����	�� MV = 19.0 mag  MI = 18.0 mag ��G��d(�B*�A!l�u�V 100 pc K�t�"UeK\n~eU V 5 kpc ,g.t��X�f+kUo{t��+��K���x)C�e�� Gilmore k Reid �IRJX!Ln~et�.K[����T"et��w�-'!uU [13] ��G. >�<�e�g%��ew�- (=&) 5K�6`6m��h [14] "Uq�&nJXB*~e�X�f+eWaw�-℄J���6`G� [14] ℄oBGC�#�}(B*�eb'�WPrhm�bU� �t�g%��2AuO}eK\'&�+���f+n"(
Bahcall k Soneria [15] �oI�sh�A6�j"|��QJI^or��\yG�+�n9��XU V�t���2Ae/��Q�<O"Xx�$EX2�{w Hill�o [16]�&U�:E A "k F "������B&�5K6`%�HWU V z ≈ 500 pc ,g.
F "����2AeyG�+��G�7Ash 125 pc | A "��2AhC^^�EX2| z ≈ 300 pc K.�+2A�7Ash 90 pc "kb�G,gK�t�0C&b�$E�+X27Ash 170 pc ��QWoolley k Stewart [17] � A "���2xF�e�s3�6`�aw Eriksson [18] �~e,U�:E MV ≤ +8 mag �G?S�k������rh?�)C\ 3 EX2n�VJ9�B&%"1m��GE�+X2\b 1 kpc K.�t�Jq�t�C^�$E�+X27Ah 700∼1000 pc "�zE�+X2�| 3 kpc ,gKFL0CI\�|�sKI#g�t���VJ9�^��\��5�9��

Gilmore k Reid [12] z\>��VJ9�<�e�0C6���
(1) �b[���s�b +4 mag �t�n/X�f+88U V z ��#��+154� (�u) �&_�u�%`� z = 1∼2 kpc �
. (G+n� [12] #�[ 4) �
(2) t��+��2A9#|U V z ≈ 1 kpc ,gK.Uo{�m�6NeK\GE7q�+2A�X2n"(7Ash 300 pc �N�#:F�77-X2 (: – `\;{) %"#�U:�#:#t�����8t�X���X"9�e^#��4�G#��

(MV ≤ +4 mag) �7Ash 100 pc NX3V#:"�� (MV > +4 mag) �7Ash 300

pc NXp3#:�3V��#��U� �#
�/U Q�sA�
(3) | z ≈ 1 kpc K��� z = 5 kpc ,g.�t�0C&b�$E�+X27Ash 1450 pc Whw:�e#:�+w:�3	+1p=&4�+1	�|A?�i.w:t�s�t�A+� 2% �[ 1 � Gilmore k Reid irw:s|�0CVJHR�
(4) w:t�&b#;�C II e#:#�:�Ck\5�^����C II QO�+?�|3	�=&4�K�w�-'!�. �jb#%5D�
(5) !l\5�^|.����C II QO|Uo{D`i#�^0~
k"| 5 kpc,g.?�e/��A+��2���Uo{t�2A�'y-X2%"Y=v�KzX2%"��#: + w: + `\;{�%"�= Gilmore k Reid �KI|o��w:M
�su�!dUo{w:�s|J)C63%Qn-!�w:�6N�3	�=&��w�-5D�F. '!�G#XÆ�qVJ�v�B&��x�5KkG� [19∼26] �j"℄bB*�.*�X�lT��5KKI<�e�6�<jdf�G�^�	�Ph�+�{w Gratton �o [23]�Fuhrmann [19]
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\ 1 �B�;Fu� (4 mag ≤ Mv ≤ 5 mag) h&��3B9V!W�5� [12]J$H1��w:$= (8B 300 pc) �`1��w:z= (8B 1450 pc) 	R 1 ��`	Nu�u^�y�	XfO��	CA<G 8R 8B 6��|� ℄�x�6� [Fe/H] 5
 Hav �-| /kpc /pc /km· s−1 /km· s−1 /Gyr q�
σU σV σW VC5W$= 20% 100 20 0.0 ≤3 [27]q5$= ≤8∼9 [19]

80% 300 20 200 −0.3 ≥ 3 [27]

90% 270 20 0.3∼−0.5 [28]

39 ± 2 20 ± 2 20 ± 1 [29]

300 35 20 16 [30]

250 21 [33]z = 4.5 ± 0.6 46 ± 4 50 ± 4 35 ± 3 200 ≤ −0.6 [31]

2% 1450 [12]

67 38 35 −0.61 10∼12 [19]

2% 1000∼2000 60 40∼100 −0.6 ≥ 12 [27]

−0.5 8.2 [32]

9.5% 1000 40 −0.5∼−1.5 [28]

5.6%±1.0% 2.5 ± 0.3 760 ± 50 42 180 −0.7±0.2 [33]

2% 63 ± 6 39 ± 4 39 ± 4 [29]

63 ± 6 39 ± 4 39 ± 4 −0.48 ± 0.05 [34]

1% 1000∼1500 45 100∼200 −1 8∼11 [39]a℄<~ ≈0.5% 3200 90 ≤ −1 [28]

114 ± 11 106±9 94±8 36∼50 ≤ −2.2 [31]

≤ 1% [35]

0.1% ≥ 4000 −1.5 [27]

0±40 [33]



� 3 E m�o��Vp|x;�H$Y�� 239�K� Mashonkina k Gehren [21] %�w:#t�#Xa\�`+Æ%��Sa 1 Gyr "
Prochaska�o [20] �6��t�#XÆ7C#�Sa 1 Gyr�aw Fuhrmann [19] �Prochaska�o [20] k Feltzing �o [25] %�#:kw:# α k4�4�_�#��X" Chen �o [22]�6��e��+�9 1 �e�℄�XI�<�e�UbUo{w:�G��*[jK�#:k`\;{��Y+R��A|Uo{|G�I�:5�{#FÆ+%��s|w:�VJ�R [36∼38] �To��{ (��GD2:5�{) n/w:se/N�#:�`\;{K�yGB��{6N#��s|�G&X2?�'!k#X.je�{;�K��{#t��;�a\�T�U"^Uw:�G�uI��{6Nk;��5KT^(COQ�
3 �y<%Z�� 88VJk5KKI��xo�Le�y?&�X�w:#XÆ�K9�w:kw:t��F&VJ'!� (1) w:k#:|Uo{;�a\#Hp#X�E:Æ��
(2) ~D�Uo{e��{/�
<m�U:�w� (3)v!��3y�� (4) #:QO�w�-m{ [26,39] �WPrhQ�&�#Xw:�0CÆ� [26] �� 4 &Æ�aeK2h�us��#Xw:|#X#:���w|#�Æ�k�#X#:|#Xw:���#|w�Æ� [33] �G# (1) h��w|#�Æ�"Gd�&�&b��#|w�Æ��*brN�8z'K��VJ9����[�o��o�r���^�dfG��G&Æ�ee//#G�VJI"a�/9��G�VJI��x</�VJI0C^ [33] � (1) #:t�kw:t�����!l*
���7A�7Q�� (2) ��st��w�-I!ln+w�5�k5��{�K�� (3) ��st��=&4�km�U� .��4�K�� (4) ��st��3	�G2A [39] �� t����Æ�/GB&G��
3.1 ��~h��&Æ�rhw:k#:�Uo{|;�a\�Q|�E4�#��#X��&6N
�/�&X2�Uo{$�Wai{E:#Xw: (|t�y�`\;{#X�|#:#X�Q) j|�dMOWa.�BGCE:"#X#:�|�&;�[�#d�E:eK�G&Ts|Si{I\"e��iE:Fe/�G&%2~�V��E: [28] ��E:Æ��v�HR� 1976 3 Larson [40] Le�Ub:5�{#X�O�~-%"� 1989 3 Norris k Green [41] |o�h}�w:��E:Æ�I�1h��9���&Æ�rh℄bMDv!�2~�VI\X~E:9�hG&���a\Uo{�#Xus)C�N3Æ%�Uo{#w:�#Xj|{#X#:�|g%2A}w:�#:�'&8���|'!}�^#��2: [42] �HWs|w:�&#;6N|Gt�#X<�^GE#i�5�Æ%�iE:Æ��v��h�Uo{#X�I� ELS %" [43]  Burkert �o [28] \�- –�~-;�%"�oI���/#�IR�&Æ�#Xw:<Iy�Æ%us�^ 0.4
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Gyr �|yCt�#X|�Z 0.2 Gyr #uD2MOTth7QXt2;v<��"#XG&:5p6Nt�#X� (SFR) F%seAt 0.04 M⊙ · pc−2 · Myr−1 �|3�n� 0.2

Gyr #℄b SFR sA�#n^�q"D��BGCE:F%3#Xw:w:t�|m�U� .�}�5��{�At σz ≈ 40 km · s−1 �Y�7Ash 1.3 kpc "=&��q [Fe/H] = −1.5 �#� [Fe/H] = −0.5 �Ia� 0.4 Gyr |w:t��#X�CV��|�Gd�E:D.s^�2���MO4�X�t��o|p3#:℄�#XusIy 0.6 Gyr D% 80% �MO4�Xt�5��{� σz ≈ 20 km · s−1 =&��,gh
−0.5 ≤ [Fe/H] ≤ 0.25 7Ash 300 pc �2|℄bMO�g)t�0C|s 50 pc 7A�,g.#X�N�t3V#:4���Æ SFR ��+1	Uu�%`�4�3V#:4�JIy�h�N3"(Q:#t^t�#X��E:kiE:��&Æ��GE0CL;|bQ�^BQÆ%|w:##Xm�U� .�}�=&4�K�"|���^BQÆ%-}�&K��G�VJ9#w:�B\=&� [Fe/H] = −0.7 "U|U V 500∼3000 pc ,g.�s|#��=&�K� [33,44] �G�j^zbiE:Æ��zb�E:Æ��j"ED�G�VJh9#�&m�.��=&�K�|w:#e/�s|� [32,45,46] �℄oe+�. �rN�^xBGC^Z�
3.2 �S_h�88�{<m���%�G&+1&�Vrh℄bUo{e'E��{<m~D#X�#:t�T%�X��w�-#n�m{"#Xw:��xa^�&�X�#n℄J�G&)CWaUo{e��{%
4DOQ}�<m [33,47] "�G&�<�G�C^��{�3�x�{:Uo{e��{�Gp�E/�<XL�w�-#nI\XBeK#Xw: [26,48] �~| 19783 Searlek Zinn [49] NLe�Uo{y℄y?u{5p6N#X�$��e7�~D�<m1�� 1988 3 Statler [50] 5K���{|eUo{<ma\#�?�GD2v!�|Uo{#�e/'<U�#��s�v!Y=�#XGEj\k'&+1w�� K�| Statler �^5K�&y�I\�#:�Z�� 1993 3 Quinn �o [47] Wa+�%1�F;���{<m#Xw:�a\<���|o��` (w [33]) � Quinn �o%�w`��{�!�,gh0�{:!�� 0.04∼0.2 '?�Fd|.&\�}In+w�<eUo{#:�B��{:KG��Y0%
<m+�℄b�~-&EI\�~���{�\�,)��&,)9�h��:B �j|T:#�.�|�Ga\#��{�GD2!�)"u�eoXÆ0�{:T��{��~-#nI\:J�km�.�m�6`: ���#X�E�+5�2AG#DX2e.DX2�+T^1u�7Ak1	�#����7A��u\�e#�V^U|�{j:E7AA�us 50% "|#�Vu�
.7A��u 3 '
J!B\"97A��u 1 'K}� Schwarzkopf k
Dettmar [37] � 110 EAY0 / I��{ (G# 49 Eh�~I\�{
<m#�{Gd 61Eh1�~I\�{) �5KF����G�Reshetnikov k Combes [36] F%�:|m�.�}�#wZb<mÆ��{�!�kv!���G\��.&��2&����:}�MO�EXK��{�s"G#�{�s"e/�F(C�T4�

N O+�%19#w`���{���e0�{�����}�+�<ma\#�



� 3 E m�o��Vp|x;�H$Y�� 241��{e/si)0�{b9"u*�0�{:M
BQ�m�#nI\ [51∼53] �*b�G Kroupa [48] LeUo{��}<�G�CeG>�{<mF/�:M
#nI\?|e��{%
�E/�D%N/M
BQ�#nI\<�t�#X�LA�>rh~D#X�U: (#:) 9eMOe��{/�Æ��U:%�su�l�<r�:.#Xu?u!���^�G{℄b^.u!�t��I\�MOq^.b�ee�^3��e?��uD2 (s 2/3) Xm<#Xi5>
��� [54] �Æu!��^��&w�-nX2?��{N�C#B"3#XUo{w:��aKroupa��\>�Æ�8(9��w:t��m�5��{�rN"�^�G�^U?�=&4�2A�[j��>�V<�9b} <(�<mÆ��)C�e��w`,s�{#�w:i���{e��{<m�6`+�?Q<VJ��#:.��|nWa�G&a\ ({wMOy�) #X��jN�//#w:t�+#:t�3p�GC6_r�VJ���
3.3 �bt��W�m�jeX�<mÆ��Xv!��3y��GE��a\"w:�#X3��&a\r��Y�Mv��&V��h��{���X^v� [49] ��{�#XIy�G&℄��u�a\�|g.~Dv!���+1uld�{�%�VuF+1ET"?�vMT�~I\"#XJu�6N [55∼57] ��&Æ�rhUo{*�N�℄*!+1��X2Wa'&8Æ.�"#X��|�Ga\#$�#X��Uo{�`\;{�N3|F#X#�MO:�~D#X�#t�:Wa��y�����{q"�#:B&�~-#n"#Xw: [25,26,48] �Quinn k Goodman [58] R��CWaey��~-&E|>Æ7.GE,s�{N^e/q�E���{y��}bU:A!� 10% �v!�Tow`$���{��"!�hU:!���2��+�|��Æ%.U:^e/y��E��{":q��{<	��t�v!�A�NL�!�bUo{j\�!���a�&#XÆ��|e��{�!�k5�^U"U���{�\�^G��C^G#.&\�^zby�a\�%
q"�t�:�K#n [58] �}j2KHjs|�{wWalker�o [59]�5K9#���{v!�y#��Ct�:!�� 10% NBK�A?U�Vk�}�t�:�w 60% �e��+ Huang k Carlberg [52] %�w`��}b:!� 10% ∼ 30%���{0|V:#� 10 ':�!��J�
.+�����{N�T0�{�UzI\"2b9To��{�e/e:%
S���~I\?��:�Z�s��?}<(w:v!��3y#Æ��j�^xbBGC�5K�^U�[jeG+n� [51,59] �}n<�e�G`n��
3.4 �Mt��W�Y�p{

20 �� 50 3vd Spitzer k Schwarzschild [60,61] Wa�A?�i.t��3	k5��{��%U{�5K%�t�w��5��{�88t�3	��Q"4u<rh�LTbU:.t�\��w�-m{� 19773Wielen [62] �KI9#5��{�88t�3	4u�GeKv9h�:Ct�Wam{Æ���%�#n�6`�#:#t�IaQÆ%�w�-m{"�tA/\�<℄o#Xw:�VN�|}(KI�h}Len� [63] ��x<lm{N��ln|U� :E (Y0h 0) In\�w��t�℄b'



� 242 �������R�o�.�C��������� 22 Y�&lT4h|Y� (eK^qOY0) `n (eK^F&A��) \�}w���Xm{�lTe/^� (1) Uo{ua�,s6N (!l ) �t�w�\��l� [64∼66] � (2) 2;v�t�w��{�I\ [67,68] � (3) u!�yQO (w\5�^) |w�a\#ktU:Æ�:QOw��Z� [63] �h�9�w:t�At 40 km · s−1 �m�.�VJ5��{�^�5K�\�G&Æ�^�5K�XÆ`��G&K}Æ��|�E3n�G�5K6`3}�w:�m{#XÆ��`5�D��{w Asiain �o [69] %�AA℄,/k#= �X~I\�//#\�m{/#Xw:� Fuch �o [70] �#�S2;v�{�F�e/M
.)�#nI\� Jenkins [71] �KI9#,s6Nk2;v�#nK�TU:!��#XL�[n#nI\<�/~e5��{�83	�u�VJ��� Kroupa [48] S����w�\��m{[Tb'&j��{�oF�e/Wa�Wielen #nZ��_Yn�ew:t�<T^�u�5��{� σz ��IR�&Æ�w:t�k#:t�^8XB�Lo��||nThm{I\"�2�>L�To��HWw�-5D�X|Y=^s3��-4�k3	2A"�aeuD2VJ6`�6��aX<mÆ�#�[jGBw`_rl^�#:JITQÆ%�m{a\"�*b9�|^��#:�|nWa'&Æ�(�#X�+�FeK�}(� Ie9��
4 �8�*�ht�JI�w:�%��F&'!K��&e/�#XÆ�I�'C�;�eK^e�

(1) Uo{K�G�o:5�{#s|w:6N�g�yUo{#�t�2AY=!l`\;{�w:k#: 3 &X2�
(2) w:t��'!!lg%2A�3	�k44�K�w�-5D�e#:t�^<�Xu�};b���C II k:�C�%�
(3)w:�#Xe/^�&Æ�G#+1ho�<3%����#|w��<mÆ�K���w|#��iE:Æ�Th?�eK9�1!�VJ���Gilmore [72] FE�e|77��X^k�{#X�<m[�#w:Y=�Gp(C<m�,�Mv��G. !lw:v!��3y#�#:t��m{k�E/��#nI\|.�G>w:#XÆ��%�1!�!I"�E:Æ�^n�*}J�ho�<U3�*bw:�Uo{K�o�{�6Nk;�5K�(C'^Uw:'!k#XÆ��5K�G|�{;�#�
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The Thick Disk of the Milky Way Galaxy and

its Formation Mechanisms

WEN Wen, ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The thick disk of the Milky Way Galaxy is of great importance to study structure and evolu-

tion of our Galaxy and external galaxies as well. The history of the researches on the Galactic structure

and the processes to find the thick disk are briefly received. The current well-known properties of the

thick disk are summarized. Possible mechanisms for the formation of the thick disk, including gravita-

tional collapse, satellite mergers, direct accretion and kinematic diffusion, are presented and discussed in

detail. It seems that mergers of satellite galaxies should be the most likely mechanism several giga years

ago.

Key words: astrophysics; thick disk; review; Milky Way Galaxy; Galactic disk; formation mechanism


