
� ' 24 2�' 4 7 N�}�U���D Vol.24, � No.4 ��� 2006 & 12 / PROGRESS IN ASTRONOMY Dec., 2006 ��u�'H�1000-8349(2006)04-0335-27�wWn�82�ZY� (I) �6+=;��� 1 � HAMMER Francois
2 ���� 1 ���� 1

(1. u <V)� mO~<�1� 100012; 2. GEPI, Observatoire de Paris-Meudon, 92195 Meudon,

France)
��� 
;�KW9�CW�}i[j�C�X
9��Bm�`E0�}i}�	4
�^z5�TAfo�KC�u!Q�-L-F�9� (,I�w9��t!?r`y?r9�) � 
;��^�p	9�k.T�>YÆkR�m9��C	P1C�X
9�t� `<9m`�PZ℄��^f}i�#Æ	�FzYN>yÆL�h9��� 
; (�i�9l�rt?$�
O 
;) ��t-3#m�h9�� O 
;�FzYN�,I.�z;�YN� R23 YNy`99n1�D �;
�YN�P�xm$��
����X��tm.T92��X8r`��k.T�>�h9�� 
;�YN	J�xm�h9�� C - N #0
;�YN	F S 0�MI�XT � 
; �# 9� ET`E�r>^H�P157 ��� uy*kb�A

1 ����^;8���b:Vee8T"/�b:�HB8k�q_8�H℄�Ve�e O "/�b:�O[A�8����b:�h�eZ8Al;8�8�s>#� Ob:�x O� H %��:bKJ��OSw_a%8�s�;8��6JV���b:�8��_D�heÆl;�;8l_�_D�;8�AlM+(>H�;8MJ�,b}!i�;81ll �szri� Li � Be � B beA6�: He �|�"/�8�s�;8_>Hl_�DS"/b:gD�mfj~�;8Al�\
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H II M��SJu�m`6
K['8�s>#�DSb: [1∼10]�Osterbrock (1989) [8] &�A�l℄i-S>HDSb:�G�Wo��bI�88KE2" (g Ferland (2003) [11] �

Stasinska (2002,1996) [12,13]  ) jw_�Omy!�m'H℄�B H II M�DSb:_�hK℄i H , He �n1��C:�x_|"/�m~RE~-S?�,	[J��C:�H O *��4FY
���"/�O�h���;��x�b:_�C��SJu��Ve=�℄�S�� lBjg�2005-07-12 ! �Mjg�2006-04-17NX|d� m�\<VV���)� (10403006 � 10433010 � 10573022 � 10333060 � 10521001)



� 336 �������M�|�T���C������� 24 2�W-S?�EQ O 5��SW-S?5��C:_:�g [O III]4363/[O III]4959, 5007, [O

II]7325/[O II]3727  �=x
KY38k�q�-�y:�-��:m'� [S II]6717 � [S

II]6731 �:bKY3�℄i8���b:��`��XM�V#-�y: Te �2wS�b:��x�DSb:B81�jR�C��j H II M�y:D#�-�y: Te =xV#\�5� (auroral line)

[O III] 4363 ��#[J?�5� (g [O III]4959, 5007) �:bKY3�V# Te `��g8k�qDSb:�XMkq Te XM [14] ��h�8\>/��H$� [O III]4363 �X�=!6�℄��B�p��8��VeY
�CJu��:bK�g8 H II MYH���b:� 
XM�e
�� R23 XM�bY
 ([O II]3727+[O III]4959,5007)/Hβ �:b (Ju�|i_:) ��+ 
3G��K�g8 12+ lg(O/H) b: [10] �8E�"t ['lOm3G���[H88EHG�����℄�5�TnS�x%v [O II]3727� [O III]5007 �RM�Q#�5��7<:##�8�� R23 Z%S!6℄3�O�m088CJu��:b�+H
[N II]/Hα � [N II]/[O III] � [N II]/[O II] � [N II]/[S II] � [S II]/Hα � [O III]/Hβ � ([S II]+

[S III])/Hβ  �*℄e�
�;	=x
K�g8����b:�Oj����3 R23 ��(b��G�6x�(b��Gbm~ R23 bMB��p��,/��_\p�g~��b:b�8�JM8 12+ lg(O/H)≈ 8.4(lg R23 ≈ 0.8) q��zmX
�j#+�B R23 Z%
'j8��Hp"��0�:�j#+�
'X8,�O�h��q [O II]3727~�N>�H [O II]1S [O III] _ Hβ ��(�'���b�I=xo+�j-S�=K�g8����b:�V#o3m3�-S81�-S	Æ�>H�:_V_DS�l�Y
:�=:�$�%+�=��C��:3-SZ%,��b:����7{�& 2 �{�s-S81��W7q�+H-S,n1�n_,jR#p�& 3 �
4 � 5 �_M�s�g8k�qs O b:� Te XM� R23 XM,88m0�C��:b�XM�O�w#����3G
Æ�& 6 ��s�j-S�=�T7Zi,���g8���b:�T7XM�& 7 �sh�s�g8���b:�jTn�m~℄e���XM�B8��8k�qs C , N "/b:�['j℄e|h�8& 8 ��s�g8�� C , N "/b:�XM�& 9 ��w	��Bj�
2 �/U:3�U9�YDX

OB =8�J
y:8x�	� 35000∼50000 K �=xiuw�i��b���O0�b��68k>Hs�$�RS�����<�j-S�Al�j-SM�W�&i#$�-S!�E�!i�q�6
w�-���Dq�-��7!��-�=�_q.QJ}�D,	�	!�z`l-�>�0:?_V —— �?,m_V�8y:*q 104 K��-�jM�S�J}℄�D,	�;�mW_7!6S�6����S��W[J�b}iu�JwC����x�-�6�1���!i�6S�mP�?MJw�� – $r���-�m�6mP�M \m�r�*�

��xSLT?���Juwn1��8k>Hs�bp�"/� H , He (8m0/ H �H$sj=!� C � N � O  "/) � H �-S!� 13.6 eV (He� 24.6 eV) ��s_;8Jw�i# H -S!����8�n� H -S�Al H -SM�
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;�\(�C (I) �4HYN 337�b H II M�6-S� H $��M���-�n1��x�-S,n1_q	�0:�,:���&�-S����:,��>H�-Sp:,x�g!81�q��E�6��-S��8M6������81q�-S$r�81�h?�q��:$r�81�8�j-S�=sm'9��-S$r�81��� H II Ms-S0:��h�W#p��j-S�n1 (iun1_(-�n1) ,-*�q�B-S����� (BM�V# H , He) Mn_81�Hn1 (�W_� H � He) _,	[J5��Ju (�h�V# O � N � S  S��x_xyH$s� H � Lyα) MB81jR�-�y:�n_,jR_q�0:633� Osterbrock

(1989) [8], Stasinska (2002) [12] , Ferland (2003) [11] &�A�l8s��W#p�O[�	huH�w�h�#��f�
2.1 �4`IAJ1eK8m~��� H �l�-S$r81s�-S,n1#p_q�8�0:���

Q(H0) +

∫

n(H+)neεα1(H, Te)dV =

∫

n(H+)neεαtot(H, Te)dV , (1)8s� Q(H0) �;8��vJu�!ix� 13.6 eV �����%� n(H+) � H S��%�:� ne �-��:� ε �81>H�HYPt��� α1(H, Te) �B H T?�n1�%�
αtot(H, Te) � H ��n1�%�Og~n1�%5�-�y: Te R#��8YH	!GBY~81�HY�CY_�B��e%Pt��,e%�:�J
81�-SM�)& (Strömgren )&) q

RS =

(

3Q(H0)

4πεn2αB(H, Te)

)1/3

, (2)8s� αB (H, Te) � Case B HG� H n1�[J?�n1�% (&v Osterbrock (1989) [8] ,
Ferland (2003) [11]) � n �>H�:� Te ÆJ81�05-�y:�81�-SZ%Ve3~q

U =
Q(H0)

4πR2nc
, (3)8s� R � Strömgren )& RS R>H1�;8-S&�m~+=1S� c ��1��H�B�m~�:qe%�J
	Æ, Strömgren )& RS ��

U ∝
[

Q(H0)nε2
]1/3

(4)R U = A
[

Q(H0)nε2
]1/3 �Stasinska , Leitherer (1996) [15] �w A ≈ 2.8×10−20(104/Te)

2/3 �m'��j-S�=Y
 U "q-SZ%K�"81�-S	Æ (g McGaugh (1991) [16] �
Charlot , Longhetti (2001) [17]) �Dopita  ` (2000) [18] _ Kewley (2001,2002) [19,20] ��pY
 q = Uc K�"�O3~ q q�:�-S&~�-SZ%��	8& 6 ��s��j-S�=�g8��8k>Hs���b:�{M&�A� U , q ��kQb�
2.2 �RiI�_1eK8�j-S#ps���m~��Mb}m~��-��-�V#�D,	8D{8!i�q�>Hs�88-���H{>Hn_��81s�(8	�-S0:�F-S&�y



� 338 �������M�|�T���C������� 24 2�:q T∗ �7H��!i��n�j�s6&;8�y: T∗ lZ:��-�y: Te lR:��vHY��v�q�881s��~�����-S&6Jw��!iq
G ∝ n(H+)neT∗T

−1
e . (5)81�_5�J}8n1#p��� – ��iu,,	[J5��Ju#ps��h#p�|"/S��,	[J�b S�Hs���-�,$� (RS�) ,	���<$� (RS�) �[J�b}5�iu��H+(��-��7!�� S�Hs�my|h�jR#p�8s O ������M�88I� C �N �Ne � S  "/��kp�O0��S��[J!8#�881>Hy:Qx��#�E�-�8����!iK[JO0�#�!
�:g� [O III]4959, 5007 gQ���[J!h�* 2.5 eV �bY�?�#�[?�y:* 104 K�-�>�057! kT ≈ 1 eV �Hb}5K�.A�[J?!iVe:T?x8E�	!�057!�*q 1 eV �-��M��Oy,	[J�_g�sD H , He ��ue~[J?�!it 8x�* 10∼20 eV �6xh�q%\r�-�!�,	[JO0$���>H81�n_,jR#p	�0:��81�-�y:/�x�BV�

(1) Te 8Y~81s�5m��;�DD�h33�6���;8���05!i,�h�jRS��h�8℄ep�� (gi#=d��b:) �HG�XM���� Te E:�
(2) 8�3 T∗ �81s���b:,x� Te Ve,#�
(3) 8�3��b:� T∗ ,#� Te Ve,#�
(4) 8�3 T∗ ,��b:�8�0�:i#�hjRS�5�J},	`[J�u��:�M!�� Te 3�:��nH~x�����=xZv Stasinska (2002) [12] � 1.2 �_ Ferland (2003) [11] s�[ 8 �

2.3 �fzh7qs7OVm?71(Ln1��C:_:eA�-�y:���H�S,�b�/�SW[J!
�gQ,	[J��C:_:�-�y:�8C�#�D���#B� H �b:=x����,	[J�#B� Hβ �C:_:KY3��x O/H , [O III]5007/Hβ �8���q_KW�O0Ju�:bBy:,��b:�oM���
[O III]5007/Hβ ∝ n(O)/n(H)T 0.5

e e−28764/Te , (6)8s� T 0.5
e (�e% 0.5 �8o3 Hβ �5�Ju�% j(Hβ) ∝ T−1

e (J · s−1 · cm−3) �����8bj=!� 0.4 [8] R 0.34 [21] � e e%(�e%�B��Ju [O III]5007 5��!i�8x��b: (O/H ≈ 10−3 |i�x�RM+x�=db:�H$��jR℄e�/�-�y:8#�!i�h�>b���	Æ� [O III] λ88 µm _ [O III] λ52 µm 6�\�OQ��[J-�q 164 K ����81�jR��
L = n(O++)neT

−0.5
e e−164/Te . (7)9��n_�jR_q�0:�b G = L (G �Xp (5) �w�����

[O III]5007/Hβ ∝ T∗e
−(28764+164)/Te . (8)
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;�\(�C (I) �4HYN 339��� Te 3 O/H �~#H�n� [O III]5007/Hβ jM3_�n� T∗ ,x��:,��8s ��b: (O/H ≈ 10−3∼2 × 10−4 �b*q=db:�m)) ��-�y:~x�V#,	[JJu [O III]5007 5�q�h�jR#p����jR�q
L = n(O++)neT

−0.5
e e−28764/Te , (9)�H=x���

[O III]5007/Hβ ∝ T∗ . (10)b�� [O III]5007/Hβ � T∗ lZ:�� O/H ���8℄e#��b:H$� (12 + lg(O/H)< 8.0 R 7.5) �jRx H �n1#p (Ju Lyα�) ,,	[J#pq���-�y:� O/H ����Xp (6) ℄�� [O III]5007/Hβ �
O/Hβ lZ:�/H��Z8 Stasinska (2002) [12] �O[���b:h�m~�j�Tn�
3 Te ZO�a�� O d<�iZO�g8� O b:�`�XM�℄i8-�y:K�gS�b:�Veo3g~JuM�m�Ju [O III] ��x-SM�-�y:q Te(O III) �#��S�b:q O++/H+ �zm~�Ju [O II] �#-SM�-�y:q Te(O II) �#��S�b:q O+/H+ �{SW!?�S��b:#n�?���� Ob:�b�g O/Hb:�+$loy� O

H
=

O++

H+
+

O+

H+
�Z|K}���S�b:I�s+$t8��-S?�g O3+ �=x�Y
-SFZ�� (ICF,

ionization correction factor) B!�8��-S?�C-SFZ����B� O "/H℄�bp� O+ , O++ t T7p+$l H II M�S�5�4�W_-S!?�x�S� O3+ �<�FZ℄e,�=xB�Sg�=xV#x[J?�\�5� (g [O III]4363) �#[J?5� [O III]4959,5007 ��:KY3 Te(O III)�8/��� H II Ms�8k�qs�jRS� (R$�) 8r� S�H�y:�x�~� O++ �x!?a�%�E����5s���� [O III] 4363Ju��H8�p���H$� (g�	��4�R��L�1) �|"/��n�CljR/!�y:~#�*x!
�,	[Jtr��HBy:�w� [O III] 4363 �8r!6�℄�� [O III]4959,5007 [J-�:�#�5�?8f{6�℄��7�s{L"�g S�Hs�-�y: Te(O III) �
Te(O II) _S�b:�m'XM�O�w Izotov  ` (2006) [22] � Pilyugin  ` (2006) [24] ��Y
���g2
Æ� Izotov ` (2006) [22] �Yin  ` (2006) [25] �Nagao ` (2006) [26]t�
O0
Æ�gl SDSS 8����b:� Izotov  ` (2004) [23] j!#Q.��"�zb� Pagel  ` (1992) [14] j�wlm0#����
Æ�O0
Æ�z`8m3�$�%+T|_p��_g� Izotov  ` (2006) [22] *Y
l Stasinska (2005) [27] 6rw�$�%+�m0e
�LH�W$�%+B{8& 6 �ss��
3.1 �.a4�s7 T e(O III)���� [O III]4363 � [O III]4959,5007 �|i:b�g-�y: Te(O III) �O�m~



� 340 �������M�|�T���C������� 24 2�2ÆpM�XpgA5+$ t3 = 10−4Te(O III) �
t3 =

1.432

lg [(λ4959 + λ5007)/λ4363]− lg CT
, (11)

CT =
(

8.44 − 1.09t3 + 0.5t23 − 0.08t33
) 1 + 0.0004x3

1 + 0.044x3
, (12)8s�x3 = 10−4net

−0.5
3 �ne �-��:��vq cm−3��q-��: ne ��,� 103 cm−3 �+$ x3 �(OS|h�=x�U����S�b: O++/H+ q

12 + lg(O++/H+) = lg
I[O III]4959 + I[O III]5007

IHβ
+ 6.200 +

1.251

t3
− 0.55 lg t3 − 0.014t3 . (13)W��S�b: O+/H+ �bq

12 + lg(O+/H+) = lg
I[O II]3727

IHβ
+ 5.961 +

1.676

t2
− 0.40 lg t2 − 0.034t2 + lg(1 + 1.35x2) , (14)8s� x2 = 10−4net

−0.5
2 ��S!�℄� [O II]3727 ��I=x
 [O II]7325/Hβ K�gS�b: O+/H+(Izotov  ` (2006) [22]) �S# [O II]7325 �m':�k�Sf{�℄��HF:��>bQ?�L�2":�C�

Pérez-Montero , Dı́az (2005, PMD05) [28] �wlm~��j-S�=z`� [S III] y:� [O III] y:_q� 
���
t(O III) = t3 = 0.95t(S III) + 0.08 , (15)

[S III] y:=x� [S III](λ9069+λ9532)/λ6312 �w�=!���6Y
�$�ÆoSW�
Garnett (1992) [29] �w� [S III] y:� [O III] y:_q� 
����SW�

t(S III) = 0.83t(O III) + 0.17 . (16)

3.2 DP4�s7 Te(O II)Gh
-�y: Te(O II) K�gS�b: O+/H+ �Ve�Y
� Te(O III) B� Te(O

II) �3G���� t3 = 10−4Te(O III) �gw t2 = 10−4Te(O III) �
Izotov  ` (2006) [22] T��j-S�=_m0�℄Æo�����b:����.���

t2 =



















−0.577 + t3 × (2.065 − 0.489t3) , low Z ,

−0.744 + t3 × (2.338 − 0.610t3) , intermed Z ,

2.967 + t3 × (−4.797 + 2.827t3) , high Z .

(17)SB8	�8�f7� “low Z” e 12 + lg(O/H) < 7.2 � “intermed Z”e 7.2 < 12 + lg(O/H)<

8.2 � “high Z” e 12 + lg(O/H)> 8.2 �



� 4 7 fb�!�9�� 
;�\(�C (I) �4HYN 341�
Garnett (1992) [29] ��j-S�=g2���

t2 = 0.7t3 + 0.3 . (18)�k�"s (_g Pilyugin  ` (2006) [24] � Kennicutt  ` (2003, KBG) [30])  eY
�
ÆK�g8��#-SM�y:�
Pagel  ` (1992) [14] �w�

t−1
2 = 0.5(t−1

3 + 0.8) . (19)

Kobulnicky  ` (1999, K99) [10] �['*Y
lOm
Æ�zb�=x� [O II]3727/[O II]7325�℄ibK`��g t2 ����� [O II]7325 ��℄Æo:�r��q4F�XM���=� t3 �gw t2 �
3.3 �.a4�
7 ne-��: ne =xV#�℄,	`[J�/�K℄��V#:�#WS�6Ju�~�SW!
X�eA#W[J!�gQ5��C:=xY3 ne ���g~!
�#B[J�hoM�,	C:_:�g!g~!
�SW�.Ae��RSW�,	`[J��g~!
�S��#B%�:?hoM�-��:�Juw�5��C:j{WfoM�-��:�
K℄i-��:��SJu��:b=x� [O II]3729/[O II]3726 , [S II]6717/[S II]6731 [8] �Ve�℄��5_E�S�x_EgQ [O II] ���8J�q [O II]3727�6xm'Y
gQ
[S II] �_:K�g-��:�{� [8] s�[ 5.3 �wgQ [O II] ,gQ [S II] �C::�-��:��� (���-�y:q 104 K) ��k�"s=xY
 IRAF ix+s� TEMDENb	 [31,32] Kg2��-��: (R-�y:) ���09 TEMDEN �*�{xM8�m088=x
K℄i-�y:,�:��b_�S��:�g [C III]1907/[C III]1909 (Zv{� [8] s& 137 l) � [C III]5517/5537 , [Ar IV]4711/4740 (Zv{� [33]) ��kg2sIGh
�$�%+�_g� Izotov  ` (2006) [22] �g-��:�Y
l Ramsbottom  `
(1996) [34] �w�,	C:�
4 R23 ZOE%HG��By:�w�5� [O III] 4363S{6�℄���8�8p��H$����=x� 
�XMK�g8k>Hs� O b:�bCJu��|i_:�VeY
�� R23XM�;�� Pagel  ` [35] � 1979 %��Fw�� R23 �Ju�|i_: (�4B|i3G5℄�) �83~g��

R23 = (I[O II]3727 + I[O III]4959 + I[O III]5007)/IHβ , (20)�� [O III]4959#B�k�F:���℄��R7<:##��k�"s eY
 [O III]4959=

(1/3)[O III]5007 [10] KY3 R23 �[�7{ R23 %m3�3G���Dq Ob: 12+lg(O/H)�t �8E�"['l R23 B��b: 12+ lg(O/H)�3G���T7XM�����-�y:R88XM�gw8�� 12 + log(O/H) b:�7{O0 O/H b:� R23 Zi_q�
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Æ (Zv{� [10] _{� [36∼44]) �j=x��j-S�=g2w O/Hb:� R23 ����7��℄Æo#:��B�`�"1�℄Æo�XM�3G	!Q3�6['�f7� 4.1∼4.3�s{rwm03G���Oew8	��"6Q
�f7�HT��j-S�=�g2 (g Kewley , Dopita (2002, KD02) [20] �McGaugh (1991) [16]) m3M+$�-SZ%� KD02 [20] Y
�
Æs*+$�-SZ% q ��HY
O03G��Gh���gw8-SZ%�g K99 [10] { McGaugh (1991) [16] �=s�-SZ%
 [O III]/[O II]KJ���wlXCY
���J	Æ� Kobulnicky , Kewley (2004) [45] jo+ K99 [10] �AÆ�FZl KD02 [20] ��=	!��w+$ q _ R23 �B O/H 3G�����Æ�
R23 XM�m~��B(� “(b”�O8m3p:pj�;� “W(”�g[ 16��m~

R23 bB��/��,p��_\�g~Ob:b�8/��b:_\ (12+lg(O/H) < 7.9��_\) ���b:3 R23 ��nH�n�H8p��b:_\ (p_\) ��3 R23 ��nH~#�g~M!_q�W_�6kq�JM (12 + lg(O/H)≈ 8.4 ��� lg R23 ≈ 0.8 R
0.7) �$�=xZ87{ 2.3 ��6xOmXM��w�G���Y3Y
�~_\�3G���:g�=x��V#88C�_:�g86~���b:_\ (&v7{& 5 �) �m'K+�B� MB k� −18 mag ��k�&�sY
p_\3G���[ 1 sG��SW [O III]/[O II] b� 3 Q��kpÆJSW-SZ%�	!�+� R23 B-SZ%:��w��8�/��_\8���

� \ 1 �| lg R23 �Er O 
;�fz4H�� [10]UY�"��LUY�5I��� ZKH f~� [41] � MRS f~� [37] 
%	� McGaugh (1991) [16] � 3R	"�RS 3 {0V\'��"
Q{[P�,�e=UZ5E� ±0.15 dex ��KO (12 + lg(O/H)≈ 8.4 ���
lg R23 ≈ 0.8 S 0.7) �UZ5E+s ±0.25 dex 


4.1 12 + lg(O/H) � lg R23

Pagel  ` (1979) [35] ��j-S�=g2J� ([O II]3727+[O III]5007)/Hβ =xB��b:q 0.5 Z⊙ xp�8�3G�w8 O/H b:��K� Skillman (1989) [46] 
q���M�℄�=:� [O III]4363 ���OmXMj=x�
�#��b:�8��3��8E�"[



� 4 7 fb�!�9�� 
;�\(�C (I) �4HYN 343�'lOm3G����
�	rwm0/H_��
Edmunds , Pagel (1984, EP84) [36] o+4b8� NGC 2997�NGC 7793�NGC 300s

H II M��℄Æo��-�y:�XM,xBJJ�� [O III]5007/Hβ _ R23 3G�gw
12+ lg(O/H) b:�O8q~s�w O/H , R23 �"1	!�McCall  ` (1985, MRS) [37]T��j-S�=_�℄����f74b H II M� O b:	!�['l R23 B O/H b:�3G� Dopita , Evans (1986, DE86) [38] T��j-S�=_Y
 Baldwin  ` (1981

BPT) [47] _ McCall  ` (1985) [37] ��f74b H II M�b:�℄Æo�jA�l O/H B
R23 3G���O0	!t8[ 1 s�w�3�� Zaritsky  ` (1994) [41] ℄il 39 ~8�s 159 ~ H II M�Ju�C:_8 R23 b�[�{� EP84 �MRS � DE86 3 yXM�w�
O/H b:b�C05��4� 12 + lg(O/H) B lg R23 ����O"1wm~��
Æ�

12 + lg(O/H) = 9.265− 0.33x − 0.202x2
− 0.207x3

− 0.333x4 , (21)8s� x = lg R23 ���f7��o�Om��h�
�p��b:_\�
McGaugh (1991) [16] ��j-S�=g2�wl lg R23 B O/H �3G��� K99 [10] {8��D�_M�wl/��,p��_\���3G
Æ�8s+$l� [O III]/[O II] JV�-SZ%�p��_\�3G��q

12 + lg(O/H) = 12 − 2.939 − 0.2x − 0.237x2 − 0.305x3 − 0.0283x4−

y(0.0047− 0.0221x− 0.102x2 − 0.0817x3 − 0.00717x4) , (22)/��_\�3G��q
12 + lg(O/H) = 12 − 4.944 + 0.767x + 0.602x2

− y(0.29 + 0.332x− 0.331x2) , (23)8s� x = lg R23 � y = lg(O23) = lg((I[O III]4959 + I[O III]5007)/I[O II]3727)) �8	
qO0"1���J	ÆB McGaugh (1991) [16] �) 
3G��-S8,� rms ≤ 0.05 dex ����T�* 53400 ~8�� Sloan Digital Sky Survey (SDSS) (Data Release 2: DR2) b:�℄Æo� Tremonti  ` (2004) [43] "1��lm~4� O b:3G���
12 + lg(O/H) = 9.185− 0.313x− 0.264x2

− 0.321x3 , (24)8s� x = lg R23 �Om
Æh�
�p��H$ (12 + lg(O/H)> 8.5) ��kp� Tremonti ` [43] �g8� O/H b:�XM�Y
l Charlot  ` [48] ��j-S�=�W�"1EQJu��O�xY
6�b:_Vs��=!�b:b�
Salzer ` (2005) [44]o+KBG [30]�%+Bp��b:_\�wm~ R23 B 12+lg(O/H)�3G
Æ�

12 + lg(O/H) = 9.31 − 1.38 lgR23 . (25)OmXp�2�� EP84 [36] �#W���x�gw�b:bX: EP84 #* 0.26 dex �B
EP84 �f7�w��D"13G���Q� Pilyugin (2000, P2000) [42] �

12 + lg(O/H) = 9.57 − 1.38 lgR23 . (26)
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Æ� P2000 [42] �w�3G��℄e#.�h�* 0.08 dex �aM�O0
Æh�
�p��b:_\�O03G��t8[ 2 �w�

�\ 2 �|H' 4.1 - 4.2 �sx�| lg R23 �Er O 
;�
�4H���{"�7�L��$w:℄uI�� ZKH94 f~� [41], EP84 f~� [36](�~� [42,44] u�y�D;�q~5$3��"), KBG f~� [30], SDSS f~� [43], K99 f~� [10], P2000 f~� [42] 

4.2 P <:T�tJJ��4��4bO�8�_$8�� H II M� O b:�℄Æo� Pilyugin

(2000, 2001) [42,49,50] ['wY3��b:� P XM�W�j�wl R23 3G���_/�p��g~_\�f78�� O b:�� Te XM����3~ R2 = I[OII]3727/IHβ � R3 =

(I[OIII]4959 + I[OIII]5007)/IHβ � P = R3/R23 � R23 = R2 + R3 �B�/��_\ (12 + lg(O/H)< 7.95) ��
12 + lg(O/H)P = 6.35 + 1.45 lgR3 − 3.19 lgP , (27)

12 + lg(O/H)R23
= 6.53 + 1.40 lgR23 , (28)B�p��_\ (12 + lg(O/H)> 8.2), �

12 + lg(O/H)P =
R23 + 54.2 + 59.45P + 7.31P 2

6.07 + 6.71P + 0.371P 2 + 0.243R23
, (29)

12 + lg(O/H)R23
= 9.50 − 1.40 lgR23 . (30)Y
 P XM�7qB(�8 R23 3G��s�nlm~ P Z% (P =[O III]/([O II]+[O

III])) KJV-Siu
�C:�|u�W�j9�l-SZ%B��b:�oM����HFxlb:3G��Y:�S#��WLÆo� 12 + lg(O/H) 8 7.95∼8.2 _q�JM��HGOS�Æ� Pilyugin (2000) [42] s� P XM�kpt�O[� P XMmj�
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4.3 ff Ev9��� Te XM=x��Y%�gw8����b:�H [O III]4363Ju�8p��H$�VeS!6�℄�� Pilyugin  ` (2005, 2006) [51,24] T��℄Æo���8p��H$� lg R23 � lg R(R = I[O III]4363/IHβ) ���Æ�=x� R23 �gw lg R ,-�y:�Om R� R23 ���kq ff ���b flux-flux ���

Pilyugin (2005) [51] QQl Izotov _81"MJJ�m~�f7/��Nj�$8�
(BCGs) ���b:_�:x_88m0��b: 12 + lg(O/H) 8 8.25∼8.6 _q�Æo���f7���b:Tn� 7.2 < 12 + log(O/H)< 8.6 �8	J��B� 12 + lg(O/H)> 8.25��p��8��8 lg R � lg R23 _q�8m3��D#��

lg R = (−4.264± 0.038) + (3.087 ± 0.046) lgR23 . (31)

Pilyugin  ` (2006) [24] �nlm0����℄Æo�8p���f7q 48 ~4b H IIM (��b:q 7.2 < 12 + log(O/H)< 8.7) �FZlpÆ�w� ff ����
lg R = −4.151− 3.118 lgP + 2.958 lgR3 − 0.680(lgP )2 , (32)8s� P � 4.2 �s�3~#W�^
 ff ��� Pilyugin  ` [24] |4_�lm0p��O�8����b:�J� R23XM=!#x�glO�8��s6M���b:�|i=!x�l 5 3�S#� ff ���8�m~�G�� ff ������b:8 8.25 < 12 + lg(O/H)< 8.7 _q�f78��w��H6`��
��x��b:�xBt
 ff �����['	!�� H II M�M�8a��:g� ZKH [41] ℄� NGC 3351 +6M�b:q 12 + lg (O/H)c = 9.41 �H Pilyugin  ` [24]�
 ff �����#�b:bq 8.75 �

4.4 �� Te <:� R23 <:DP1 O ?7
KBG [30] �gl.O�8� M101s 20~ H II M���b:�Y
 Te XM, R23 XM_M�g8 Ob:�J�� R23 XM3w� Ob:b=!:8RZ�b:*-x 0.2∼0.5dex��` (g Pettini , Pagel (2004, PP04) [52])j
q R23 XMM#x�g�k� Ob:��8�`'bU℄ip��H$��-�y:�V#-�y:�XM�g8��b:�g� Garnett ` (2004) [53,54] �Bresolin ` (2004, 2005) [55,56]  ^
 [O II]7325�[N II]5755�[S II]4072_ [S III]6312  K℄i t2 �OV#��j-S�=��� t2 B t3 ����gw t3 �R� t(S

III) �gw t(O III) �S#� Stasinska (1978, 2002) [57,58] J��Bp��H$� Te XM=!M##�g8��b:� Stasinska (2005) [27] ����j-S�=g2Wf\qOm	�� K99 [10] jA
q^
 [O III] 4363=!M�Z%#�8�YH�b:�McGaugh (1991) [16] 
q�� R23 3G�g� O b:���-�y:`��g�� O b:�mj��
4.1 ��wl R23 B O/H �3G
Æ�[ 1 �[ 2 J�lO03G�	!_�W�O0
Æ�Eh�
�p��_\�j�m0W��wl/�pg~_\�3G���xB�
:��W�� ZHK [41] ��KEY
 K99 [10] �3G�=!���8	�wl/�pg~_\�3G���=xXCY
� Tremonti  ` (2004) [43] T� SDSS �pg~8���℄%+�



� 346 �������M�|�T���C������� 24 2�w�3G��B�
j:���[ 2 J��� ZHK [41] _ SDSS [43] 3G�w� O b:℄e���h�BM�xm0 (,� 0.1 dex) � K99 [10] 3G�w�b:8p��>: SDSS 3G�#�aM,� 0.2 dex ��kp�:�SWf78����b:��Y
0y3G��OS|h�|h��B6h:��f7Y
#W�3GXM�̀ ��=db:#:��jS�_=:��qSW�['�w�=d Ob:S�#W�g�Anders , Grevesse (1989) [59] Q>Y
=db: 12+ lg(O/H)=

8.93 � Grevesse , Sauval (1998) [60] Q>Y
 8.83 � Allende Prieto  ` (2001) [61] �w
8.68 � Lodders (2003) [62] _uY
 8.69 ���� Asplund  ` (2005) [63] �w 8.66 �O0b�aM��=	 0.27 dex �6x`��=d� O b:#:M=lm3�
��
4.5 �,�3
\7℄5) R23B�g2 R23 �O3_{83Gq O/H b:H℄�=:�XM�^
 [O II] � [O III]� Hβ �Ju�|i_:���8�B�m0��
XL�" (g DEEP XL ) s����℄Qx_s=/���o��M��B�G5�C|i3G�H�	d[�jP�O0�f7XLÆos���b:7����`	d�Y
5�� bE:b (W ) ÆK|i (I) K�g8�R H II M���b:� Kobulnicky , Phillips [64] ^
 300 E~�v8�f7BOmXM�Clr
�
qOyKÆ�=C��O3�{OmXM�
� DEEPXL, GOODS 0
s�m0s >q8�f7 (0.26 < z < 1) [65,45] �3�m0�" (g
Lamareille  ` (2004, 2005) [66,67] � Mouhcine  ` (2006) [68]) jx�qo+�Y
 bE:� R23 K�g8����b:��kp�� bE:b�g R23 �T7wJ(q

R23 = lg
I[O II] + I[O III]

IHβ
≈ lg

α2βW[O II] + W[O III]

WHβ
. (33)��5�� bE: �Ju��|i�sQg~�eN5|i_:�HFo3 [O III] �

Hβ eA~�#W�eN5)0�6xpÆs α2β JVl [O II] � Hβ (_ [O III]) Qg~�eN5|i�aM��� Kobulnicky , Phillips [64] t �f78��+=�8k+�_8�l__�w α2β ≈ 0.84± 0.3 ��8	
q α2β ≈ 1 =x:�'%JV8f78���kHG� SDSS (�t �\l�f78��%+Æo� Liang  ` (2006) [69] Y
 SDSS

DR2 * 40000~�v;8Al8�K|4r
 bE:XM�g��b:�=:D�J�g!`�{� bE:XM��� R23 (EW R23) QÆ�|iXM��� R23 ��gw�8����b:M�m3�
a�HBY~f7QQ α2β ≈ 0.85 (f78��sb�05bq 0.86) K�Ce%FZ�YHf7�
a�6t,�S#��me%FZ�XM�
��f7Æo�I:�=C�H�f7s8�%�:�r��B��~&H℄�=!RHM��8
a�IGew�� EW R23 , R23 �g���b:�aM�h�8��8�l_#��O=�w�JV8�l_�Zi 4000 ÅSD Dn(4000) �#��� (Zv{� [70,

71]) �I��B�m08.8��^
 EW R23 �XMM#x�g8 O b:�_g�B�s >q�k>b8��^
 EW R23 XM��� O b:6x�l 0.1∼0.2 dex(Liang  `
(2006) [72]) �
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4.6 ��QU�/%}G1���{Y
 R23 XM,88m0�C��XMK�g8��8k>Hs���b:��j#+��
'℄e|h�85�p� [O II] #1 [O III] � Hβ �(�HF [O II] ~�N>��j#+�
'�����?J�C=:�+�FZX!��=:� R23 ��gj#+��e
XM� Balmer �:�m'Y
 Hα/Hβ [8] �����0$��M�g+��%��8m0['s�MY
�m+�b (g Lilly  ` (2003) [73] Y
 AV = 1) RS�C+�FZ�Of~WM
Km3�G�##�+�FZM�j��� [O II] Ju�|i##��H�j O b:6#x�g��8B�m0j#+�Z|��Z (gg(�k>b8� AV ≈ 2.3) �8 O b:M6x�* 0.3 dex [74] ����8��-�y: Te ℄ib�HG��jh��=:�8���b:�gb�GhBJu��|i�C=:�+�FZ�
5 �::
E!�ZO� Te , R23 5�M℄���88m0B��b:�w�C�:bj=x6
K�g8k�q���b:�g [N II]6583/Hα � [O III]5007/[N II]6583 � [N II]6583/[O II]3727 �
[N II]6583/[S II]6717,6731�[S II]6717,6731/Hα�[O III]4959,5007/Hβ , ([S II]6717,6731+[S III]

9069,9532)/Hβ  �b�� R23 b�O0XMI=x���gw8���b:��jTn�:gB�)� R23 �~�p��I�/��b:_\8�
��O0�:�g��b:�$W� 2.3 �6A��Q.�8m3Qx��5��C::���b:,-�y:#����O03G
Æ�T7XM�B�f7�℄Æo�C"1��
 5.1 i 5.9 �{rwm0#���℄['	!�BM��T� SDSS DR2 �� 40000 ~�v;8Al8�6P���4	! (Liang  ` (2006) [75]) �HF�� SDSS �f7℄e��=x3i�g%+�
np:�I=x��j-S�=g2�wO0�:B��b:�3G���g KD02 [20]Y
�j-S�=&�g2lO03G���8	QQl 7 ~-SZ%b�b_MQ q =

5× 106 , 1× 107 , 2× 107 , 4× 107 , 8× 107 , 1.5× 108 � 3× 108 cm · s−1 (q = Uc) �OBSW
q b�HG_M�w-�E(Æ���
Æ��8J 3 �w#��"1�% [20] ���g~S��-S-�S�#W�6x�0�:B-SZ% q 8�w��0OS�w��℄%+=xBW��=�Zi�wm3��o (g�o q �Tn ) ��b��0�: (g [N II]/Hα) B[Q[J_ AGN b}���-Siu
��8j℄e�w������Gh(z AGN R[Q[J�
'�+=�)�o+� BPT [ [47] �3�j�KE�"B��Cl[' [8,76∼78] �
5.1 N2 Æo

[N II]/Hα =xJV8��8k�qs���b:�3~ N2 e%q N2 = lg([N II]

6583/Hα) ��� N "/�h�s�#qi;81l (Henry  ` (2000) [79] � Liang  `
(2001) [80]) �3�8��_D���l_�b� [N II]/Hα �:b3���b:��xH~x�����b:i# 2.0 Z⊙ ����-�y:~�8#� [N II] ,	[J�M��tk�
[N II]/Hα M�6~#� KD02 [20] ��j-S�=g2_ SDSS ��f7�℄Æo5J���/��b: (12 + lg(O/H)= 7.5) ~7
`� 12 + lg(O/H)≈ 9.0 � N2 e%3��b:��nHqN~x�H8��b:�p�M!� N2 e%3��b:��nRH7
~#�
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[N II] � Hα 85�pvm#18���H8:b�j#+�
'8,�BM�m0�>bs=y4=xP�s >q_x>q8��>bQ?� [N II] � Hα 5��B�>q z ≈ 2.5 �8� [81] �o[=xV#�>bQ?8%
�℄sP�8 Hα � [N II] 5��=x��K�g8��b:���B� N2 e%3G�g��b:�[':�E�;6�ÆJ� Storchi-Bergmann ` (1994) [82] � Raimann  ` (2000) [83] ��6� Denicolo  `

(2002) [84] � PP04 [52] _ Liang  ` (2006) [75] Y
���f7Æo�|4['lOm3G���
Denicolo  ` (2002) [84] B℄lm~�v H II 8��f7K[' N2 B (O/H) �3G���f7s+H 128 ~p��8�, 108 ~/��8��8	�Y~f7���3G��q

12 + lg(O/H) = 9.12 + 0.73 × N2 , (34)8s�/��f78����b:��-�y:XM���p��f78����b:�Y
 K99 �3G��� R23 �g����3�� PP04 [52] � Denicolo  ` (2002) [84] �%+ÆosQQl 137 ~&�Qwh+$V# Te ,�j-S�=�� O/H b:�%+(�OY
�4JJ�b:	! (KBG [30]) B~M&�Æo�ClFZ�K|4Y3 N2 B (O/H) �3G��� PP04 [52] �Y~f7sh� 6 ~f78����b:�V#�j-S�=��� (+H 4 ~p��8�, 2 ~/��8�) �885� Te XM���8	B%+Æo�C�D"1�w���q
12 + lg(O/H) = 8.90 + 0.57 × N2 . (35)8�3� N2 b�Om���w���b:: Denicolo  ` (2002) [84] �w�#�8	I��m~l�E(Æ�"1���	!��8�SW�

12 + lg(O/H) = 9.37 + 2.03 × N2 + 1.26 × N22 + 0.32 × N23 . (36)

PP04[52] 
q�
 N2 e%�g� O b:��:=x� R23 XM#:"��	��f7p��� SDSS8� (12+lg(O/H)> 8.4)� N2B 12+lg(O/H)���"1�wm~l�E(Æ (v{� [75] _8s�[ 3) ���8 12+lg(O/H)> 9.0_� [N II]/Hα3��b:�nRHtr�O[�	hB 8.4 < 12+ lg(O/H)< 9.0�f78� (−1.2 < N2 < −0.3)�Cl"1��E��=Z8{� [75] �Om� SDSS �f7Æo�w�"1	!q
12 + lg(O/H) = 10.305 + 4.786 × N2 + 5.079 × N22 + 2.191 × N23 , (37)�℄ÆoB"1	!�G�-aq 0.063 dex �f78�� O/H b:o+ Tremonti  `

(2004) [43] �3G��� R23 �w�[ 3 �w#�	!�O� Denicolo  ` (2002) [84] ,
PP04 [52] �	!�Cl:��J��8�3� N2 e%�� SDSS �w�3G��� PP04, Denicolo  ` (2002) [84] #:M�w�x� O b:�O=!��h+H� Te XMP���b:�/��8�f7�� [75] �j=!��� SDSS �℄��E��v8��+6M�
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\ 3 �� SDSS DR2 &, (-)) �x� [N II]/Hα C O 
;�4H��[C�L 12 + lg(O/H) z 0.025 dex s�wIan�.} �ud*�;m�G)�$3��"�	"�y [75] �I"I� 0.17 dex �Vp�*"/hI"aN�L PP04 [52] / Denicolo "a (2002) [84] �$3�"


�\ 4 �� SDSS DR2 &, (-)) �x� [N II]/Hα C O 
;���� KD02[20] ��k.T�>$;�
7 RP"I�RS� 7 �0V\'��"���� p��z
�H:8��YHb:�x� Liang  ` (2006) [75] IY
�883G�� (g K99 [10] �
Æ ) ��� O/H b:x_� Tremonti  ` [75] �w�"1EQJu������b:K|4Y3 N2 B O/H �3G���B��#��b:� SDSS 8� (12 + lg(O/H)< 8.5) � Yin



� 350 �������M�|�T���C������� 24 2� ` (2006) [25] _ Nagao  ` (2006) [26] j['l�8#�� N2 B O/H b:�3G���O0�f7 SDSS 8���℄	!� KD02 [20] ��j-S�=+H8 12+ lg(O/H)≈ 9.0q���JL�8k1�8' (v[ 4) � [N II] ��8#[JMb}���H [N II]/Hα B-SZ%j8�w�
5.2 O3N2 Æo

Alloin  ` (1979) [85] �;�hl O3N2 Zi�
O3N2 = lg(([O III]5007/Hβ)/([N II]6583/Hα)) ,�kp�8s{�$
3~s� [O III] Ju�I+$l [O III]4959 �� 5.1 _ 2.3 ��A�=℄�8p��M (12 + lg(O/H)> 8.5) � O3N2 � O/H b:����#����H8/��M

(7.5 < 12 + lg(O/H)< 8.5) ��� [O III]/Hβ ���b:�#�D8k� O3N2 B��b:�#�DMtk��d�8m3�#��
PP04 [52] ['l 137 ~4b H II M� O3N2 3 (O/H) �DD�� (f7�QQ8 5.1�t�6�") �	!J��� O3N2 ≥ 1.9 �%+(#�
n�OmXMS7�
��8

O3N2 < 1.9�M!�8 65~f78�J� O3N2� lg(O/H)_q�8:�����D���
12 + lg(O/H) = 8.73 − 0.32 × O3N2 , (−1 < O3N2 < 1.9) . (38)� SDSS p�� (8.4 < 12 + lg(O/H)< 9.3 � −0.7 < O3N2 < 1.6) �f78�����D,l�E(Æ"1�3G��=x_MJ�q [46]

12 + lg(O/H) = 9.010− 0.373 × O3N2 , (39)

12 + lg(O/H) = 9.013 − 0.395× O3N2 − 0.072 × O3N22 + 0.106× O3N23 . (40)G�-a_Mq 0.059� 0.058 �B��3� O3N2b��	�����b:b: PP04 [52] �	!x* 0.2∼0.3 dex �$�=!� 5.1 �sB N2 e%�_�#W�B�/��b:�8�
(7.5 < 12 + lg(O/H)< 8.5) � Yin  ` (2006) [25] , Nagao  ` (2006) [26] jT� SDSS 8���m3�#����

KD02 [20] ��j-S�=g2�� [N II]/[O III] 3 O/H ����J� SDSS ��f7�℄Æo�8k1�8'�8p��M (12+ lg(O/H)> 8.5)� [N II]/[O III] :b3��b:��nH�n�H8/��M (7.5 < 12+ lg(O/H)< 8.5) �#���tk�3 O/H��n� [N II]/

[O III]��nS��_�����g~S��-S-�aM8��[N II]/ [O III]�:bCt%oM�-SZ%��HGh���g-SZ%�OgQ5�S�;8��
'��Y
 O3N2Z%��jt {j#+��
'T7+z�#�5�8��SQ?�C��f{6�℄��
5.3 [N II]/[O II]

[N II]/[O II] :bj=x
K�g8�8k�qs� O b:�� SDSS f78� (8.4 < 12+

lg(O/H)< 9.3, −1.2 < lg([N II]/[O II])< 0.7) ��l�D,l�E(Æ"1�3G�� [75] �{
N2O2 = lg([N II]/[O II]) ��D3G��g��

12 + lg(O/H) = 9.125 + 0.490 × N2O2 , (41)
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;�\(�C (I) �4HYN 351�G�-aq 0.039 �l�E(Æ�"1	!�lSW�/HXp=Z8${ [75] �
KD02 [20] ��j-S�=jg2�wl��:B��b:�3G����℄Æo,�=5J��8p��H$ (12 + lg(O/H)> 8.5) �� [N II]/[O II] 3��b:��nH���n�H8/��MH$� (7.5 < 12 + lg (O/H) < 8.5) �#�D��tk� [N II]/[O II] eA���b:����� [O II] 3727 , [N II] 6583 5�#1|(�8:b�>D
'℄e���6x?J�C=:�+�FZ [46] ��� N+ , O+ �#.�-S-�� [N II]/[O II] eA�-SZ%����
��:�'~I8�S�;8���
'�F5�#B8C�8�#7<:�j!�℄��

5.4 [N II]/[S II]

[N II]/[S II]:bj=
K���g8k�q���b:�8p��H$ (12+lg(O/H)> 8.5)�� [N II]/[S II] 3��b:��nH~x�{ N2S2 = lg([N II]/[S II]) �� SDSS f78�
(8.4 < 12 + lg(O/H)< 9.3 � −0.5 < lg([N II]/[S II])< 0.8) ����D3G��q [75]

12 + lg(O/H) = 8.944 + 0.669 × N2S2 , (42)G�-aq 0.075 �l�E(Æ�"1	!�lSW�/HXp=Z8${ [75] �
KD02 [20] ��j-S�=�wlm~-�E(Æ"1	!��%�{� [20] s�J 3 �w�S#�8�3�:��=3G�w� 12+ lg(O/H) �b:: SDSS 8���℄	!-#*

0.2 dex � KD02 [20] t ew�=s�8�Om�G�8x��b: (12 + lg(O/H)> 8.5) � [N II]/[S II] 3��b:��nH~x�$����
N �h���
� (secondary)l_�H S �m~�u
� (primary) #p"/�8#��b:
(12 + lg(O/H)< 8.5) �gy"/8��u
�#p"/�gM�:bB��b:OS�w�Om3GXM�'~�B>DS�w�S#� [N II]/[S II] :b��oM�-SZ% [20] �
5.5 [S II]/Hα

[S II]/Hα =x� [N II]/Hα , [N II]/[S II] g2���{ SDSS �f7�℄Æo�	!�
KD02 [20] ��j-S�=#:�=v�O0 SDSS 8�� [N II]/[S II] B���(b�� O/Hb:��J(8 12+ lg(O/H)*q 8.9∼9.0~��� [S II]/Hα S�m~�
���b:3GZi�HB�/�� SDSS 8�H℄�gM��wm3�#����b [S II]/Hα 3��b:��nH~x�HF� [S II]/Hα B-SZ%j℄e�w�m'HG��g!!℄� [S II]/Hα �?t =x℄� [N II]/Hα ����q=C���
 [N II]/Hα K3G��b:�
5.6 R3 <:o+ 2.3 ��A�� [O III]/Hβ j=x
K�g8�� O b:�3~� R3 = 1.35 ×

(I[OIII]5007/IHβ) ��ks3GXMq R3 XM (EP84 [36]) � Vacca , Conti (1992) [86] �wl� R3 �g O/H � 
3G�� (=Z9{� [87]) �
lg(O/H) = −0.69 × lg R3 − 3.24 (−0.6 ≤ lg R3 ≤ 1.0) . (43)m'
qOyXM�g���b:
a���=!	� 0.5 dex ���f7p�� SDSS 8� (8.4 < 12 + lg(O/H)< 9.3 � −0.9 < lg R3 < 0.6) ��� [O



� 352 �������M�|�T���C������� 24 2�
III] 4959, 5007/Hβ B 12 + lg(O/H) ��D"1��q

12 + lg(O/H) = 8.846 − 0.497× lg R3 , (44)G�-aq 0.062 �l�E(Æ�"1	!�lSW�/HXp=Z8{� [75] ��℄Æo� KD02 [20] ��j-S�=k1�8'�B�p��8� (12+lg(O/H)> 8.5)�
[O III]/Hβ 3��b:��nH~#�8/��b: (7.6 < 12 + lg(O/H)< 8.5) � [O III]/HβeA���b:���H8\/��H$� (12 + lg(O/H)< 7.6) � [O III]/Hβ 3��b:��nH�n (Yin  ` (2006) [25]) �O� 2.3 ��A�#mj�
5.7 S23 Æo

([S II]6717,6731 +[S III]9069,9532)/Hβ j=
K�g8k�q���b:�kq S23 Z%��� Vı́lckezhe , Esteban (1996) [88] �;3~��Christensen  ` (1997) [89] {8"q Sb:���Zi�Dı́az , Pérez-Montero (2000) [90] �{83~q O"/b:���Zi�$�� S23 � 12 + lg(O/H) _q�8m3�#��� (g{� [28] s�[ 11 6�) �B� SDSS�%+�8�℄� S23 e%� PMD05 [28] �^� 300 E~ H II &��℄Æo�8��b:Tnq 7.0 < 12 + lg(O/H)< 9.0 ��������
12 + lg(O/H) = 8.15 + 1.85 lgS23 + 0.85(lgS23)

2 . (45)

KD02 [20] WfT��j-S�="1�wm~-�E(ÆXp��%�{� [20]s�J 3�w�	!J���88���n1��:bmf�S23 j8�m��b: (12+lg(O/H)≈ 8.8)~�m~��b�z�_b� S23 8�B���(b����b:� S23 86���b:�B-SZ%�oM8℄e����H��G
88XM (g [S III]/[S II] :b) KB-SZ%�C)3� S �: O ��k�Fv�>M|i�>bQ?��L�
'���HFB�>q
z ≥ 1.5 �&�%
��S_�>bj(%8�M�℄�O0 S �l�
5.8 S234 Æo

Oey , Shields (2000) [91] 3~lm~4�Z% S234 K3G�w8����b:�
S234 =

I(λ6725) + I(λ9069) + I(λ9532) + I(10.5 µm)

I(Hβ)
.

PMD05 [28] ��j-S�=g2�wlSW-SZ%�SWs68y:�� S234 e%B 12+

lg(O/H) �3G���=x
K�_:���℄Æo8r�
5.9 S23/R23 -o

S23/R23 j=x�g8����b:� PMD05 [28] ��℄Æo (7.0 < 12 + lg(O/H)< 9.0)�wlm~3G���
12 + lg(O/H) = 9.09 + 1.03 lg

(

S23

R23

)

− 0.23

[

lg

(

S23

R23

)]2

. (46)

5.10 �C��hz�z&9Vm?715)<:1&T
5.1∼5.9 ��w=x�g8���b:� 9 ~C��:�=x��f7��℄ÆoK3G�RM��j-S�=g2�w�	!J��B�p��b:8� (12 + lg(O/H)> 8.5) �
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;�\(�C (I) �4HYN 353�
[N II]/Hα � [N II]/[O III] (R O3N2) � [N II]/[O II] � [N II]/[S II] _ [O III]/Hβ 8=x:�'%3G�w8����b:�m'�L��3���b:��n� [N II]/Hα � [N II]/[O

III] � [N II]/[O II] , [N II]/[S II] j�n�H O3N2 _ [O III]/Hβ ��yt,�L��8#��b: (7.5 < 12 + lg(O/H)< 8.5) � [N II]/Hα � [N II]/[O III] (R O3N2) _ [S II]/Hα d[=x"q��b:�3G�88�:���b:�#�DOS������ Balmer 5K��:b [N II]/Hα � [S II]/Hα � R23 � S23  8� 12 + lg(O/H) b:�B��m~fb�O�h���8℄ep��H$s�-�y:8#�x!-�%�tr�,	[J�Dk�'��S#Oe~Zi�fb6B����b:b��SW�
[N II]/Hα 8 12+ lg(O/H)< 9.0�M!=x:�'%3G��b:�3��b:��nHqN~x�F�+�
'8,�S#-SZ%B8�m3�
'� [N II]/[O II] �-SZ%�����gp��H$����b:8'�Zi�S#��
Om:b�����ZY9�8k+��

6 ��l/U�?#2& 5�st J��j-S�==x�28����b:�O{ SDSS��f7�℄Æo� KD02 [20] ��j-S�=�	!"l:����M℄�8k>H�-�y:��9���SW�℄Æo�w� 
3G��S�#W�=x��j-S�=K�g8����b:�W�p}�g!�℄�o��E (Sh�Ju�:��I+H;8l__81>H�_V ) �F�="1��' (b�j-SpM!��Y~W6����W#p�OY
���Y�$�Æo) �?�=M�w��Y�b:7��[H�O0BFS=!eV����j-S�=�pMs�9��6�b}81-S,y:	Æ��h�W#p�zl�j-S�n1���–��iu�,	[J �Ih9�,	-S�-*�KR��B81['E�Y
#?��j-SpM�b>H~�-S,_0:����j-S��=8E�e
�� CLOUDY (Ferland (1998) [92] �Z8 http://www.nublado.org) � MAPPINGS III

(http://www.ifa.hawaii.edu/∼kewley/Mappings/�Dopita ` (2002) [18] _ Kewley ` (2001,

2002) [19,20])_ PHOTO (Stasinska (1990) [93]) �:�SW��j-S�=OSf{�$�_m�Y
�$�Æo=!S�#W�A�m0�"BO0�=!#:� (g Lexington Workshop[AM�Zv Ferland  ` (1996) [94]) �
H II M�j-S�=�h+$ 3 ~Zi�-S�5�A
 (T∗) �81�e0	Æ (U) �>H�DSb: (Z) �W�IGh9�j#�W_;a�qB��l_�5( �3i�"-S,y:	Æ�$��WÆoqzm�hZi�-S�5�m^ OB =8b}���81�W,;8�5�1�['��8Q�l8��B�BM�=xY
8�1lpMV#tD8^%x���b:�qi5�,;8�> K��%b}�b (UV) iu
�g PEGASE 2 (Fioc , Rocca-Volmerange (1997) [95]) �

STARBURST 99 (Leitherer  ` (1999) [96]) � BC03 (Bruzual , Charlot (2003) [97])  �B�81e0	Æ�& 2 �t }��8�j-S�=s>Hm'6�"qn^s6-S& (o3q(&) �JA_	Æ�-SZ%q U �B��:qe%�HG�3~HY�05�-SZ%



� 354 �������M�|�T���C������� 24 2�q U = 3Q/4π2
Snc �_g�McGaugh (1991) [16] QQ�=Z%q U =0.0001, 0.001, 0.01, 0.1�b lg U = −4,−3,−2,−1 � Dopita  ` (2000) [18] _8��{G [19,20] s6Y
�-SZ%q q = Uc (c q�1) � q (cm · s−1) 63~q�:�-S&~�-SZ%�8	8g2sQQ

q = 5× 106 , 1× 107 , 2× 107, 4× 107, 8× 107, 1.5× 108, 3× 108 cm · s−1 
 7 ~|(�#�� lg U = −3.78 , − 3.48 , − 3.18 , − 2.88 , − 2.57 , − 2.30, − 2.0 �z H � He _ri�
7Li _b�>Hs�|�"/5��;8�W+1lb}�O3�;8�_D#p*h8k�q�SWqi�;8b}�"/S�#W��j-S�=IoM�
K�"���>HÆll__ql#C"
�$�%+�>H�W�,	oM�l�����-Sp:�-S�n1#p_q�0:33�|h�-S#p+H�j-S�,	-S� ��}J-S�-*�q �n1#p+Hiun1�(-�n1�lHn1_-*�qn1#p�Ju�oM�[J,`[Jp:_.Ae���"O0#pGh8E�
%+����q,Qx��o��
S=!F	g�E��
%+�LH�Ws�koM�W�g2KF	6G�%+�O{m0�
��℄i"q)�T���m0g2w�$�%+Bt8hp
7�g��LH�W$�Æo�
http://www.pa.uky.edu/∼verner/atom.html �_�"$�, S�H�W� http://plasma-

gate.weizmann.ac.il/DBfAPP.html �� NIST $��5%+Æo�hFjF	lKE$�%+� http://physics.nist.gov/cgi-bin/AtData/main asd/ �Ferland (2003) [11] �Stasinska (2002,

1996) [12,13] &�2�l���j-S��y�W#px_$�%+�['�
�O[Smm|n�w<T�9MIZ88	�{G_�{��j-S�=�%bg2sI�88ESY3D�Ghow�E�'b�g� (1) $�%+�g2,�
℄i � (2) ;8-Siu
�;8�>� (3) A&FZ�81e0��:℄54D� (4) �qy:DD�y:E:�,r:y:DD� (5) 8kj#�-SM��8j#�[+�|"/�5(�j#B-S	Æ�
'�j#I>BJu�5�
' ���j-S�==xg2wCJu��:����8SW-SZ%�SW��b:�|(�g KD02 [20] 6C MAPPINGS III �j-S�=pM�g2l#�CJu�:�B��b:�3G���8	Y
 q = 5× 106 cm · s−1 � q = 3× 108cm · s−1 _q� 7 ~Z%�O#�� lg U = −3.78∼−2.0�{ SDSS��f7�℄Æo� KD02 [20] ��j-S�=�	!:�J��gM�T7L�k1�8'�W���℄ÆoI�ol�=-SZ%�Tn�bO0�v;8Al8��8k>Hs�-SZ% q ��=#:Tnh,�q q = 1×107∼8×107 cm· s−1 �b lg U = −3.5∼−2.5 (Liang  ` (2006) [75]) �
7 ��v^�!d<�:��d<Uo�<�8 [O II]/Hβ–[O III]/Hβ [p�=x{4���8���:�88t℄��b:��v8�:��K���g8��b:Tn (x Z/Z⊙ qG:)�/H[�=xZv{� [98]�[
12 ,{� [99]�[ 8��jL�q�3 ([O IIII](4959+5007)/Hβ)_ ([O II]3727/Hβ):b��n���b:L�~#�	�m3b���L�Ug�O�W��= ({� [37])�	!8#.�
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;�\(�C (I) �4HYN 355�
8 C . N d<zl O "/�`	j6j℄�8�� C , N "/�b:� C , N j� �s:�bp�"/�b}Ogy"/�+1l#ptq`	T7W����h�+1l
6OS�_G{ [80] �B8�� C � N "/b:�['���W�8�hK&�b} C �+1l#p�h� He � 3 α R�� N �8 H ℄q� CNO WHsV# C ,
O �DHK��B C "/H℄�g)xK�m~�G��y+1l
6B�;�b}�q|h�:g�8k�qs� C "/�$�h�K��qi;8V# II =i48/J�I��qi;88 Wolf-Rayet �?V#8g*uRM�s,qi;88 AGB �?V#8gHb}�qi5�" N "/�h�8���g�s qi (4∼8 M⊙) ;8s1l� [100] � O "/�h��qi;8� II =i48/J*h8k�q�C/O , N/O b::��['8�s C �
N b:��hZi�
8.1 C 	p�g8k�q� C/O b::�Gh�b� C �E|?5� (g [C III] 1907, 1909 , [C

II] 2326) _ O ��S�� (g [O II]3727 � [O III]5007) �
Kobulnicky , Skillman (1998) [101] ^
 HST/FOS � UV �℄�℄� 3 ~/��8�� C/O (j� N/O) b::b�O[Gho3 C/O= C+/O+ _ C/O= C++/O++ �8	�/H!Mg��Y
(y�(M�.�+$m~�W�x-SM (O++) ,m~bW�#-SM

(O+) �8s�-�y: Te(O
++) , Te(O

+) Y
& 2 �6"�XMK�g�[�� C/O:b=x� [C III] 1907, 1909 ��bE|?5�� [O III]5007 �SJu��C::bg2�w�Y
�Xp��
X(C)

X(O)
=

X(C++)

X(O++)
× ICF =

I1909

I5007

ε5007

ε1909
× ICF ≈ ICF ×

I1909

I5007
0.059 e4.659/t4 , (47)8s ICF �-SFZ���F ICF = 1.0�t4 �x 104 Kq�v�-�y:�ε��3.A�HJu��e% 0.059 ,m~�y:#��,	C::������`���	! (Dufton  ` (1978) [102] � Pradhan , Peng (1996) [103] xJ|�w) ��kp�Ome%�%b8y:q 12000∼14000 K�Tn�� 0.062� 0.057_qDD��� X(C)/X(O) = X(C++)/X(O++)���t ��j-S�=6[� [104] �zb� [C II] 2326 �bE|?5�, [O II] 3727 �S��:bj=x"qm~�
�ZiK�g H II M� C/O b::��/HXMq

X(C)

X(O)
=

X(C+)

X(O+)
× ICF =

I2326

I3727

ε3727

ε2326
× ICF ≈ ICF ×

I2326

I3727
0.49 e2.32/t4 , (48)Wf� ε ��3.A�HJu��e% 0.49 ,m~�y:#��,	C::������`�	! (Blum , Pradhan (1992) [105] �� Pradhan , Peng (1996) [103] xJ|�w) �8%b8y:q 11000∼14000 K �Tn�� 0.51 � 0.48 _qDD� C+/O+ :�=x"qm~:�=:� C/O b:e�Zi [101] ��I��m3�W(���� I1909/I5007 #:B>D,y:



� 356 �������M�|�T���C������� 24 2�SY3D�oMp:�,�� [C II] 2326 m'8:�k�HF�g!�5_E�S�x�M�
[O III] 2321, 2331 �#N1�-SFZ�SY3Dj=x=lb:℄i�qn
a�8��m'K+�g!=x�℄��G�x-ST�XM [C III] 1909/[O III] 1666 �
K�g C/O b:��'�XM��y:,>D�
'8:�, [101] �

Henry ` (2000) [79] Y
8�DS_D�=['l8�� lg(C/O)3 lg(O/H)�DD�	!g[ 5 6��4b H II M��℄ÆoQ�{� [101, 104, 106∼108],5�T� HST� FOSs=P��b�5Oo+p"XMP� lg(C/O) b:��[ 5 J�� C "/�b�3��b:�~xH���Fs�#qi;8B C "/�|h��� [109] �S#��B�8�DS_D�=d[S!�YM_ C "/��hK& [59] � ��

�\ 5 �5
 H II N-<9� lg(C/O) � 12 + lg(O/H) ��� [79]6d H II O�'-S�~� [101, 104, 106∼108] �� G � I � K I�
l) M / S ��6� H II O M8 a>e�wn
.*�L=;�q� 3 RP"�Æ
FVaF����"

8.2 N 	p℄i8�� N/O b:�=xV#{ [N II]6583 
1 [O II]3727 x_ [N II] JuM�y:K���/H=xY
 Thurston  ` (1996) [110] _ Pagel  ` (1992) [14] �XM����� R23 �gw [N II] JuM�y:�

T[N II] = 6050 + 1600x + 1878x2 + 2803x3 , (49)8s� x = lg R23 � T[N II] b [N II] JuM�y: (x K q�v) �[��{ [N II] JuM�y:	1�℄�� [N II]6548, 6583 � [O II]3727, 3729 Ju��C::KY3 N+/O+ :b�S�b:�
lg

(

N+

O+

)

= lg

(

[N II]6548, 6583

[O II]3727, 3729

)

+ 0.307 − 0.02 lg tII −
0.726

tII
, (50)8s� tII = 10−4T[N II] �7o3 N/O= N+/O+ �?=x�g��8k�qs� lg(N/O) b:� Vila-Costas , Edmunds (1993) [111] 
q�OyXM�kp8#��H$�q1W�H
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;�\(�C (I) �4HYN 357�8���=d��b:��Om�.=!##�gRZ� N/O :����gQ,	[J��[J!MMS�8��? N/O :�jOSCtoM�Y
�-�y:�� Thurston ` (1996) [110] ew�OyXM��
O����b:Tn��o�
N "/� CNO WH#p�b��;��u
�,��
�gyl_�B/��8��N "/�b}�1l;�;8�u
DS�l���q��h�l_�H N"/���
�l_�eV# CNO WHb}� N "/�;8u
� C �O"/l:_�m'
q��u
�l_� N"/���b:���H��
�l_� N"/J�q���b:��D#� [111] �[ 6 �wl8�� lg(N/O)#B� 12+ lg(O/H)����)0�J� N ��u
�l_�gH�� N ���
�l_Wo����gM�
1"
 (Q�{� [111])�/��8� (12+ lg(O/H)< 8.4)� N "/q��h�l_�Hp��8�� N "/iiJ�q�u
�,��
�gyl_�
W"
�HFx��
�l_q��Oj6�f7 SDSS 8�� lg(N/O) b:6[� [75] �

� \ 6 �9�� lg(N/O) � 12 + lg(O/H) ��� [99]*1"L�n N �Ævd�na�hI"� N �Æ�d�naXp�	"�hN�d3$� (S�~� [111]) 
	"[FI�P�;��Vp (S�~� [10]) 

9 �
��Ek7{2"l℄i8���b:�XM_['�B��h��;8AlO7�8�88k�qs>#� O b:�rwlEyXM�b Te XM� R23 XM�88m0�C��:b�XM�+H [N II]/Hα � [O III]/[N II] � [N II]/[O II] � [N II]/[S II] � [O III]/Hβ , ([S II]+

[S III])/Hβ  �x_�j-S�=g2�XM�OKEXMs�� Te XM�gw� O b:�q�Y��h�8\>/��8�sX�=!�℄�℄i Te 6G� [O III]4363 ���HB�p��8��VeY
 R23 XM�t �8E�"['l R23 B O/H �3G���88EHG�� R23 jS!6Y3���p"�CJu�:bB��g8����b:*℄e�
�HFI=x�7 R23 �j�(b���b:�W(��0I��lj#+��
'�8O0
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'� [N II]/[O II] �-SZ%
'�,�Bp��8��m~℄e'�3GZi�W(�℄eoM�Bj#+��FZ�̂ 
�j-S�==xg2wO0�:B��b:�3G�S#��=g2oM�B-S�5�A
�81�e0	Æ,>HDSb:��"�W�IGh$��WÆo�O08�SY3D��j-S�=�g2Ve��w8m3-SZ%Tn��	!�Gh
88XMY3�Y�-SZ%�O=llm3�SC�8/H�"s���	Gh:�g~RE~f78����b:_V��1W�XM�B�~f7Y
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The Methods and Study Progress About Estimating Metallicities

of Galaxies(I): Calibration Methods

LIANG Yan-chun1, HAMMER Francois 2, DENG Li-cai1, ZHAO Gang1

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

vatoire de Paris-Meudon, 92195 Meudon, France)

Abstract: Metallicity is a fundamental parameter to trace the formation and evolution of galax-

ies. With the developed observational ability and facilities, the metallicities of more and more

galaxies were obtained, from the local dwarfs and spirals to the star-forming galaxies in the

intermediate redshift Universe, and even to the high redshift Lyman Break Galaxies (LBGs).

Moreover, the corresponding photoionization models have been developed a lot. These can help

well to understand the assembly history of stellar masses and metals of galaxies. We review the

many methods used to estimate the gas-phase oxygen abundances of the interstellar medium of

galaxies in this paper, including the Te-method, the R23 method, and other “strong-line-ratio”

methods, and then give the related analytic fitting formulas. We also introduce the physical prop-

erties of ionized nebulae, and the methods using photoionization models to estimate metallicities

of galaxies. Finally, we review the methods to estimate C and N abundances of galaxies.

Key words: astrophysics; metallicities; review; galaxies; chemical evolution


