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1 �n��O�y�JX2(h7�<JGPZlb;.O�X%4Uli��<UO`7MlZEPZ�C�L�*T2`�s-6r)s�7l�xEG~S�{CA�/(^�jM�ZEPZb;\6B#r^�J�\�4b;j^�Z [1∼6] ���Xu#��ZEPZl3�;U�G�℄QE{iP7lL���<i���P7?kh++�(%l6BCA�wy℄QE{P7l?/��F7��N�tXwlb2?�i�t3lL��>�y�>}Z7�lX3�isS�t4Uld�KXÆ_��>�X=��7�<JGPZb;��U$Nl4UiS9�)<P7l~S�{G�xE�_���[o�$NP7lnG���<O�UbRP7l&2?/VnGl0Z�, [2,7∼9] �twyZ��P�l 20 �n0�3yjsP7<�^�nG – �D{3� (AMR) l�im~>�\:l=�7X8"�VB-tl{\�e,P7l7n�/0lZE~S_ia/;P7l7��d5<H57$�lTr�2 �2��?L�b�O7n�/04~Sl�{_�.�"�iZ��{<JlP7o�+{<JlP7t�"l�D{�3R#O�)UD�X%tb2?lP7S)�r?6B�jP7lnGG�D{��(^gRS)P7lnG – �D{3��f��0n�,(k+��	�+�[o�1h����jliUGP7�-l0ZpiS�9?�3iS��#(^r?3Rb;r^$N�iZ�6BhlnG – �D{3�(^��J7�ZEPZb;h+O�l�J��� �e���2005-03-07 � �p���2005-05-17qv�}�=qH�'He
6vE<+f (10333020)
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1980 n� Twarog [10,11] P�jsP7lnG – �D{3��>>+��ulL��Z� ℄QE{ilsMP7^�`�lnG -�D{3��QW�}Z�lX3L��>W 0> Twarog l�R [12,13] ���� Edvardsson p� [2] � 1993 nlX**T�ZhR>�wlx�Z\��Yt`�l �(^O`℄QE{ijsP7^�nG – �D{3��7jh Feltzing p� [14] l!M�W���X� lnG – �D{3�<syD�2o�m~lX2As /�0n#�23�79^��P�� Bensby p� [15,16] lL�2`��jM�0lTsP7.O�O(k�0^�2nG – �D{3��

2 �luR9pI – 	F}5�n�!�>���2jM�lPZ3� 20 :o 70 nb^.��\\3RG6B:%Æ_S>a;l*T����wy3Rb;l9��	Z��6BXkh+l�Jqy&�t#�jM�ZEPZlv,79`����2�,��X3l�Ep�v�3Rb;8PX%4Ul6B�J�^���jM�PZl�2���<r?6B.�R℄QE{iP7lnG – �D{3� [17∼22] �[El<��>79L�V� McClure G Tinsley [23] &R��\X�wl�D{ [Fe/H] V-tl0Z	;WC<9�0l�O(k<&1�D (}0 -D�2oGB9K�l9�w?) ÆJls/���2�,�� Twarog [10,11] &R�jsP7 (�9<X�d#lE7) lnG – �D{3�(^�jM�PZl3Rb;h+4Ul�J��U�w<�^��23��P(%lÆ
�Urh uvby G Hβ B9CA�[\(^r.gR [Fe/H] � lg Te (t2
{) G Mbol

(���7p) �s-[Ur3RpG$.�>���f���y�1L�*T.O�A�,BDwK3l�tL/�;l6BS)��>�wL/��ljsljlnG – �D{3��6BS)�UVL:%P)lU�� (1) S)ljlPZo�L/℄W�[\�js<J#-�℄"5� ���^��i�(^6Bh� (2) �y9snGlS)lj�y(^+��_s0lR[\lnGG�D�{����C!7z(^OFsVL�:%qy�d<�C!7zlKd℄'�d5<Pn/lC!7z�K+'���y�w[\lnG – �D{3�<O96l�KXÆ_�C!7z�2℄Q+����_BhjM��{f{lp) [21,24,25] �\�t(kjRAsl�>�iZ�)k6rsE7 (d5< F ;7 [10]) T�6BS)�>L���>�j uvby G Hβ B9CA�7�# CAl�{� �?G�w?� Twarog 6r> Gronbech G Olsen .?l72��72'R>O� +10◦ ^%�7p mv <y 6.5 mag �9z;y G0 lÆ>P7l uvby G Hβ B9K� [26,27] �- 2742 &�9z;G9{j��G
Michigan72 [28] �Z|�T�[� CTIO6r 61 cm G 91 cm ���T>,Ul8PB96B��gT>07GM7#W�-t� 1300 &9z;� A5∼G5 �9{j� III∼V ls7S)�r^�wP7nGlb;�G CiardulloG Demarque [29] l*T�7sZjRX�CpG$��D�{l��� Z = 0.001∼0.040�&EpG$l�D�{t$� 0.003��A�{ Y ��5�^� 329sl�,�0.20�0.30^h� 0.20G 0.30#t� Y = 0.20+3.333(Z−0.001);O0Z�



� 348 �������m���F���������� 23 ���'�$N>S)P7lD�^h� t3l��iS#W� Twarog [11] s 329 & F ;�7XjRl�R<��RA�{ Y �J%��P7nG 130`nh℄QnG� 80 `n-t�i�s7l�D{\ [Fe/H] = −1.00 �rh −0.03 �����-t#W�)#M90�b�Qt�r��j�,��y Y lK%�P�<JlP7l�D{�� +0.10 �
Twarog#W�X3T��ZlS)lV#��s7lnG – �D{3�T>�X=lbR�dsyD�PW��rS)l9s�^h�wpG$G�D{Æ
#lDh��R9�X, [12,30∼32] �� Carlberg p� [30] jR>�Fx`lnG – �D{3��� Meusinger p� [12] Xjhl�>�z Twarog O1R�#H*TXrl�D{GpG$nG<sB9Æ
�jl��8�{&��r�d(+��lS)�;+�a�sZX�jlI�B9nG – �D{3��KXqy�<r?�9Æ
.L�P7l�D{�\��w�9nG – �D{3��7�� Lee p� [34] �r>s

Cayrel de Strobel p� [33] l720X'Rl�D{��w> 559 &s7l�9nG – �D{3��Z\l�Rz Twarog <)X,l�
Lachaume p� [35] G Rocha-Pinto p� [36] r?KXqy�.L�s7lnG – �D{3��Z\hR6rP7"�axNx.�w~;7lnG�U+spG$X�wlnG)�A��Z\A�\ Olsen [37∼39] lB972^h Soderblom [40] G Henry p� [41] l"�axIl�>0pR 729&,-7��Wxs<�t Hipparcos ?D��6��? V 7p�"�ax?pv�gT>}0l 177 &P7�PWjh 552 &~;�7S)��?'���XjRl�R<�S)P7lx �D{�?l 120∼150 `ni*'�r> 0.56 dex ����22�nG – �D{3�l0Z<-tlxYDK [36] �\�z8s 0> Twarogl�R�

3 ��u9pI – 	F}5�n�g
Twarog� �7(W�X 0ljsP7lnG – �D{3�O+m~�\l=�wy�il�	?�d5<6B2`���DP70mtn�P7Wtn/P7�9sl�RG�eW�V#�.�� Edvardssonp� [2] � Carrarop� [42] � Chen p� [43] � FeltzingG Gonzalez [44] ^h Feltzing p� [14] l*Ty�s7lnG – �D{3�hR>he�
Edvardsson p� [2] ryL�nG – �D{3�lS)< 189 &�� F ;G G ;sE7�Xrl<�9Æ
�Z\��L��>�Us2`��jsl,^-{ (100�`n) i�P7�D{ [Fe/H] VnG0Zl4P<�Fx`l�kXYt/X�"����XtnG�#P7�D{l℄!{yOa�}K% (0.2 dex Qv+*)a) (^zf-Gd�<JlP7�D{#D&f����
r6B�DG��Æ
.r^�>�i��:%iSm~l�D{l℄!{9_H? 0.1 dex � Edvardsson p�[�X=bR>9sj6�P7lnG – �D{3���>� )t�g3�℄Qj6� (8 kpc) ��e,lP7RX^��23�����y�Xj6���#ib^|lP7�,�9<�S>��Z�Z\��3y�s7lnGG�D{#t^�`�3�l6r<�	(�l�KXÆ_��D{zj6�l3��WCO`>�jM�il9s�-#�7n�/lZE��?L79< �l�
2001 n Feltzing p� [14] raS)P7.L�[\lB9nG – �D{3��Z\\
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Hipparcos 72pD> 5828 &℄QE{il�7GJ�7�P7?Dl&��D0y 25% �P7lnG.GPZg$���D{�s Strömgren uvby B9K��j�W��G Hauch G
Mermilliod [45] .?l72�L�2`�S)P77�K Twarog X� lnG – �D{3���nG – �D{v#P7l�;&f℄!�d5<�0^�X3n/l��D7�\� 0> Edvardssonp�l�R��**TXrlP7S)U+^�XtL�lP7S)a 10&^#�}�>o�)�tO�9��>O`Z\l�>z Twarog� lnG – �D{3�l9X,� Feltzing p� [14] �Z\l*T0�D�2oT>'�lbR�}0;U<7pGt2
{�Twarog [11] S)) B>?7p mv <y 6.5 mag l<7�� Feltzing p�S)0lP7*'U+�� 3 mag ��8��℄�7pl9}'?\3R#T>���dW���k)Fs�qjsl0n�,�KXÆ_�Twarogr?bmlU� �D�S)-P7t2
{l��v�9_p)hXgRlnG –�D{3��d<�Feltzingp�laS)L�2`�VB��t2
{l}r��P7nG - �D{vlS6_tOalp)�iZ�Z\�� TwarogX� lnG – �D{3�9<�0l;O��<s?7pGt2
{lD�2oÆJls/�
4 �VuR9npI – 	F}5�

1983n GilmoreG Reid [46] � >jM�Ts��\"5�2hjs<s:%9slJ�
—— "sGTsXNJl�[\lJj�xE�_`�9s��X� O+m~l�Epl:3=��d�X"�TsP7lx �D{�� −0.6 dex [47] �1"� 800∼1300 pc [48,49] �T�+��"sP7lx �D{�� −0.1 dexQv�1" 100∼300 pc [46,50] �P�lX3*T�X=2`�"sP7GTsP7�~S�{#2 Rt9sl0Z	; [4,5,51∼55] �#HL�mR>X%%j=l�i�g�<�^ Edvardsson G Feltzing p��b2l*T0�Yt� ℄QE{ils7^�nG –�D{3��<�~iy7M2o�iS)P77�DyXl7M�[\0n#<:% (+*:%^#) 7MP7l`Kj��9sl7MG�o�tB9sl~S��3�7��X3L�2`�� α ~S�N�TsP7`�2 Ri Ia;H57$��7n�/ÆJl~S��?L��&�.O"slZEPZ��x� [5,6,55] ��<wy�#H�il$N� Bensbyp� [15,16] P��TsP7(k^�lnG – �D{3�T>L��3yTsP7S)lD�� Bensby p��r>^�=9�

(1) Hipparcos 720?DBw&��D0y 25% ��t?-T{�2lÆ>P7�-�
12600 &�}0?-T{�G Barbier-Brossatp� [56] y 1994 n.?l?-T{2�

(2) �# �j��(%lP7nGG�D{��S)P7� CM v0l�-T>#.�iS)09o -�� V 7p Mv > 6 b� Mv < 0 �̂ h"&K (B−V ) > 1b (B −V ) < 0lP7�
(3) �xEv��s)℄QE{i9s7MP7&�)s�(1A�ji$~V1�0l*t�xT{�; (U, V, W ) �5�\9sl ��_�;��W/(^lUZX&P7Dy"s (D) �Ts (TD) b� (H) � 3 %9s7Ml�P Pi(i = D, TD, H) �^hZX&P7l



� 350 �������m���F���������� 23 ��X	 “&��P”TD/D G TD/H �&��PlB<��>�X&P7t TD/D = 10 ���7�TsP7l(k?<Dy"sP7(k?l 10 &� P llU,6�
P = X · k · exp

(

−

U2

2σ2
U

−

(V − Vasym)2

2σ2
V

−

W 2

2σ2
W

)

, (1)}0
k =

1

(2π)3/2σUσV σW
(2)�<XZAK�(σU , σV , σW )<T{℄!{�Vasym ���IM��X �<℄QE{iZX7MP7K�P7JK0X�l+7�(σU , σV , σW )G Vasym lK%�G�" [5]�X �6B%��TsMP7.O�9sT�Xjhl�>79}ÆX,�a,��� 2%∼15% [46,49,50,57∼59] �

Bensby p����W� XTD = 0.10 � XD = 0.90 G XH = 0.0015 �t>^#lAK%�/(^6r (1) � (2) 6�ZX&P7lU&ol�PG&��P
TD/D G TD/H � Bensby p��VLqy TD/D > 2 G TD/H > 1 T�D�TsP7l�xEv��-jh 295 &S)7�

(4) �>gRP7l�D{ [Fe/H] ��Ur StrömgrenB9CA�>w1�(� Hauch G
Mermilliod [45] l*T��#H 295 &TsP70�t 229 &℄�2t Strömgren B9CA�� 229 &P7/.JPWry��lTsP7S)�[<Z�Y�xEv�Dwl�2 1 Gv 1 'R>9s�D{ [Fe/H] S)P7Nlx nG [16] �2 1 0[s-CR>��)K#l�xEv� (TD/D) > 10 -XjRl&o%�9h#R�VB�D{l�aP7nG:zu0�v 2 <9s�D{P7� CM v0l�;G3RpG$l�-��D{GQ-vu0�P7lnG�V�D{lu0��a [16] �s�3���>(^#R��y℄QE{ilTsP7.O�O(k^�2nG – �D{3��i4�)K#l�xEv�
(TD/D > 10) �nGV�D{�0ZlJj	;��#M90�Z 1 �[�t�bl�_~zXo [16]

[Fe/H] [α/Fe] TD/D > 2 TD/D > 10

N Age/Gyr N Age/Gyr

1/4 1/2 3/4 1/4 1/2 3/4

−0.90 +0.35 25 8.7 13.6 15.9 19 11.5 14.0 16.6

−0.80 +0.35 39 11.5 13.5 16.2 31 12.5 13.5 16.0

−0.70 +0.35 61 11.5 13.2 16.2 47 11.8 13.6 16.5

−0.60 +0.35 65 11.1 13.0 15.0 44 11.2 13.0 14.9

−0.50 +0.35 71 9.3 12.1 14.0 46 9.5 11.5 14.0

−0.40 +0.30 58 8.7 11.7 13.5 39 8.5 11.2 13.8

−0.30 +0.20 62 8.0 10.8 12.8 32 8.1 10.7 12.6

−0.20 +0.15 60 7.4 9.5 10.5 26 7.8 9.6 10.6

−0.10 +0.10 56 5.5 7.7 9.8 22 7.0 8.8 10.5

0.00 +0.03 35 4.5 8.1 10.1 14 6.5 9.7 10.5>�41[YO!C�4D
G~ ±0.15 dex oYuS:




� 4 | �!=�kN�UtQ8moH – �E|4� 351�����y�1L�.O�S)P7l�Y{�*34U� Bensby p� [16] �?F�l��� ��Z\� TD/D > 2XjhlTsP7S)0��t(k`�X3"sP7���<Z\�D�TsP7l�xEv���)K#l TD/D >

10�7
[�>bRl�i���>��<)X,l�\�O`℄QE{ilTsP7O(k�0^�nG – �D{3���>#H�>kPWj^���gXTsP7<J?Ll-tN{PG(` 50 `n�Ts0 Ia ;H57#M�%$�Pl-tN{� 30∼40`n��!M>Tsi{jM�z�7�l7K�<Jl6u��"s��#��℄^�>� w 1 �3 1 L�mw8=7 [16]

w 2 �:t�E|Q8� CM w$m�< [16]
G~HR.wv1
x1o℄
%49qJ� 50 � 100 � 150 aqoqJ%

5 �K�ITjM�℄QE{iP7lnG – �D{3��L�jM�ZEPZtB4Uld�t3lbR℄�t 30 �nl53�}t�5>\L�X�lE7�hjsP7�
��hTsP7l�Z?L��d�l�,.#��X�ljM�E779^�nG – �D{3���jsP7.O�R&��jX,���TsP7nG – �D{3�lab?!!"5�Q=L�2`�23�t(k^��s#HbR("��abjM�P7lnG – �D{3�-�
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(1) S)P7lK3D�� -S)l�;��Y{�G�����wy6BCAl#.�

Bensby p� [16] ryL�TsP7lS)�t 229 &P7�S)�;�0�Z\b2h>�Xu�d�?�����XS)�tb2?�79^��u?wD�*y�7`�s7S)�b�"sP7`�TsP7S)Xm~lS)�Y{��i0n#<9(k}Æ-^l�)kr?XwlÆ
9�u0[lp)�KXÆ_�S)P7�7pGj_�#l����a0��y6BCA�+��TsP7�ji_��P70X�l+7O0�)t�j_� 1.5

kpc ^�X?_`�H?"sP7��� Bensby p� [16] X&RlgS�,B�)alj_���#�j�;)alTsP7S)�7�����wS)P7l�D{GnG#W�?k)`�s 0TsP7<�^�`�lnG – �D{3��
(2) ��rlÆ
��TsP7lnG – �D{3��N� Bensby p�9vrY�xEv�.D�S)P7lS
<K3l�d<�Z\�orÆL (1) � (2) lU�PG&��P-�ÆL0lXtAK��r>\5lS)Xjhl�>��3AK -9s7MP7lT{℄!{ (σU , σV , σW ) ���IM Vasym �ZX7MP7K�P7JK0X�l+7 X p�����SS3R#<9/K#l�)FlS
<o�r?K3ly��\(L�P7)*.�w9s7M&ol&%AK��W
s (1) G (2) 6.�w&5P7DyX7Ml�P�wyjM�9s7MP7lnG – �D{3��y{8jM�ZEPZb;�^h�yaW7�ZEPZ?LtB4Uld�VB6BCAl0fG��Æ
l���(^}{�9�l|.lj�3Ep��X�ilL�|_�j)�`�l�R�\x
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Age-Metallicity Relation of Stars in the Galactic Thick Disk

ZHAO Jun-liang

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

Abstract: A historic progress on recent studies of whether there is a possible age-metallicity

relation of stars in the Galactic disk, especially in the Galactic thick disk, is reviewed in some

details. It is shown from investigations given by different authors during last more than 20 years

that there are some conflicting conclusions on the age-metallicity relation of stars in the Galactic

disk. Still, there is a possible age-metallicity relation for stars in the Galactic thick disk. It is

pointed out that the key to accurate determination of the age-metallicity relation of stars is how

to obtain reasonable, big enough samples of the stars on the basis of more observational data

available.

Key words: astrophysics; age-metallicity relation; review; Milky Way galaxy; Galactic disk;

thick disk
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