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M33 JY�YÆ� ! 1,2 �"�� 1,2 ���� 1 ���� 1

(1 ��q��g�4z�>��4z 200030 � 2 ��q��g�$n�g�' 100049)��� :4*�Q����B�Q�6Æ M33(NGC 598) V.��Q��*��BB�/��`7ÆE4�uTX}�w��I
jÆL�\[,|���Æ��^; (SFR) .E$_�dTjN^4�i	O<℄X, M33 �oD!+��*�[�Æ E�6+fE�)3�MjÆhT�B+L)��~%�o�fE[�	QX M33 ��'Ls�T<L�Æ'?`Z|�&6�wb�Mj3I6)3ÆEni+�BfEE7�Mj)Æ<���B+[ SFR ^�,�)3�:O	��+ 3 �!3QB� (1) EBV�~[��VL)[�ÆsfEE7LW�E�Æ!�<YfLHB�QsÆpX M33 V�wJvL)wb�^�� (2) �w, M33 �XeE$#m:XÆ)31B�7� (3) sIOLW�fEE7�I*)3�Æ[G	Qds��� K-S�8�<L���\WUjNii	T _ H��Q� M33 �*���PfW�P157, P148 �� ��?ul�A
1 �J��'rv��2Cl��v+)�P��P�.>(iM [1] �b/�P�!� [2] ;-��G�^��	;U�j�Zj [3] !M+�A�P��℄Z)�S*<)�$IÆ<U�v�-��l�D#�iMKF�P��℄�J�B�J��vC gS���)�Z�!Moh)C��℄�J���wDva;-�Pn�wVva��(rn�)�Z���vH)qo�n���eDva!M�;Ty� G ����� (1r�//_eG/Z�`&*K.�tWd�) ��.���"l9WrF�P��℄va�eDtS>T�2�9N�Pn�v�Pe2(��ZN�℄1neG�eDD6&�2(G�y�� wStr�2008-05-20 � �Ztr�2008-08-03\a�p�q8-���'Y)#ka (10833005, 10821302), 973 )#ka (No. 2007CB815402)



� 204 ���������<���_�z������� 27 x�D6V�~:2�℄3�S�A�P��)�Z��6'	; [4,5] �y�rv��2l�nK(G��iM�qj�j. [6] zUr�'�P���O�P���)�Z���T4#H)(2%8�va�TZ��{&K6~5iMÆ� [7,8] ��T|�P�&rW^5Æ��&DPW{S;K�Wd���℄&>
�e�PnD2(2Z�℄3�2� Garnett(2002) [9] e~TÆ��&|W�Po��$u: Vc ≈ 125 km·s−1 ��A�P� Tremonti 
! (2004) [10] �N SDSS !�+u0)�PD#��&�"3^94�G*~TPA�&WF�P���)�"l!Mr5x&)�3:t℄*`I [11] � (1) eDU02�2���℄: SFR -eDD6 Uz�i4��� (2) A�2P4dM�&}j IMF %}H)��PI�PWF�Po�
Vc ≈ 135 km·s−1 [12] �;�U�/�#g5���

M33(NGC 598)U)�P����A�P�3*T{��℄;-n�C va5bj�j.��<�ÆSiM3�y| [13∼20] �M33 Um#�,��A�PPW�tSW|�v��H	i!Mhb+{��� SFR -D#^
�S�iM�; M33 ℄3-��P��)��AA�.��_6�);+ M33 �nC *��)�Z��D~5*eD�(2�Li�h*�}Z� (ej�N�eD) ();�HN*IK(Z�1eDu:|MDKzz()�^a2�Bw9rt�H��V�B"D�PW M33 ��&Kr�S;�&>_Y{�%5
va�Li2H5(2Dm);h*�A*eDD6�Li(��A*Z SFR ℄�+�(2�9N�-}O/�vC Z�q[ M33 �V�iMÆ�q2*T{)��J-�℄va�);�(DÆ<oW SFR �eDu:�(2u:z; M⊙ · pc−2 · Ga−1 3y8�
2 M33 �kO��
2.1 ��|�

M33U)�P��5r��A�P (Sc�)
H 56◦, V >(/m# LV ≈ 5.5×109 L⊙
[21]�NA�<7M�� M33 �v�u.VW 800 ∼ 920 kpc �<5TN��U�viMuL4��mfP��� 840 kpc(1 1′=0.25 kpc) [22] �M33 DZ"�Æ�}Du�&
��2PaK+�YSZ(UP"�9N�+o�ZF�P+ M33 UT�&�m#��A�P/�&℄|WF�P�

20% �P�"�Z���� M33 �n/�&h3 (3 ∼ 6) × 109M⊙ 2iM����	-?+	/�&h3 2.4 × 109M⊙
[23] �Dm M33 [Z���?{&fRWF�PoW{)��A?��vM& B >(� K >(�9S)#>Æ Regan � Vogal(1994) [24] ��n�6V?<3 1.9 kpc � 1.3 kpc � K >(�m# 2�,W�l��_^K&�6V9W�n�}p#KR�2 Corbelli (2003) [23] 
!�v+ CO �iM��?+	�6Vh3 2.5 kpc ,93�	v/��SO#�6Vh3 7.8 kpc fuW�n�6V�~oW���?D+K%yÆ<Urn�(G��SO#fRW�SO#�
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2.2 s�^ SFR nmKb�je

M33 � HI �&SO#jq5��, 21 cm xa�iM [23,25∼27] � Corbelli 
! (1997,

2003) [23,27] �N 21 cm xaM&* HI �?D��$u#��?+	/&h3 2× 108M⊙ 
HI /&h3 2.2 × 109M⊙ �m( Corbelli 
! (2003) [23] �vC Z��e*�-�+G�/�&SO#?D6V?<3 1.28 kpc - 2.43 kpc � Rosolowsky 
! (2007) [28] P�
Engargiola 
! (2003) [29] - Heyer 
! (2004) [15] �^9=�N 45 m 8�/fhiMXe* H2 ?D�);HN* Corbelli
! (2003) [23] � HI jq;- Rosolowsky
! (2007) [28] � H2 jq�~5� He �SO#h3 (HI+H2) SO#� 1/3 Dm/��SO#P 1.33(ΣHI + ΣH2

) ���(# 1 ��3#�P��D�+G�/�&SO#?DHN* Corbelli 
! (2003) �Z�Pr rd = 2.43 kpc �WU�N3S����&SO#?DAd�����?{&�?D�

$ 1 ���. SFR jn?�jN4%5��	UQ%lP��~/J	5 Corbelli �# (2003) [23] 	 HI UQ%lP��~=�5 Rosolowsky �#
(2007) [28]H2 UQ%lP��~d�5R4g HI � H2 lP��	1��UQ% 1.33(ΣHI + ΣH2

) �W%5��	_< SFR 	UQ%lP��~d�5 Boissier �# (2007) [19]UV ?)lP����~/J5 Hoopes �# (2000) [33]�x Hα lP����~=�5 Heyer �# (2004) [15] R FIR ?)lP����~FJ�5 Zasov �# (2006) [32] �x UV 0 FIR ?)lP��
�v+8���(�*(�iM!M:8*u&^9+ M33���℄:^
*M&�
Engargiola
! (2003) [29]�N HII��iM3�e[Z/� SFR3 0.24 M⊙·a

−1 �Magrini
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! (2007b) [30] � Gardan 
! (2007) [31] v��/ SFR 3 0.4M⊙·a
−1 � (0.3 ∼ 0.7)M⊙·

a−1 ��N�(iMjqHippelein
! (2003) [14] �v.�A�u�<73x���/ SFR?<U 0.33 � 0.35 � 0.69 M⊙·a
−1 � Verley 
! (2007) [20] �N Spitzer iM�� 5 kpc e/ SFR 3 0.2 M⊙·a

−1 � Heyer 
! (2004) [15] v�Nf�(2&3x* SFR =j���?+	�/��SO#� Schmidt j n ?<3 1.36 � 3.3 � Boissier 
! (2007) [19] �
Zasov � Abramova(2006) [32] �v UV Z FIR iM��* SFR �im?D(# 1 �U#��P�.�VTiMPr M33 /� SFR r 0.24 ∼ 0.7 M⊙·a

−1 �:0e�# 2 yP*r M33 �iM����Z SFR SO#fP{� SFR 3# 1 �.BiMjq�uzPr��;}� M33 ZF�P-{�b/�A�P�r��Z SFR S�~�f�ir�Æ< (<1G}) ��� SFR SO# KR2�iu�Æ< (�1G}) $}SO# K�#�Ga6P*e� K-S �7 Ψ = 0.25Σ1.4
gas �Z2>�e� K-S�7Z M33 �iMPr=AJ�

$ 2 ���TP$[ SFR TP$�gQ%���0 SFR 	UQ%lP{�-% 1, SFR 50ClPlrv{Su
=2H~d5�kMtl�4�2H~d5�kMvl
%�Hb8Q,f� K-S �9 Ψ = 0.25Σ1.4
gas 	 SFR UQ%℄��	UQ%hR


2.3 `xQKOA^QK}K+��)��oD#?D;-D#�#U��2�iM&�"{*��℄�at��℄��J��N [34] ��v+ HII �� B �� [35] �
�%�l [36] ;-b0�& [37] �iMF�P�:(�GsrD#�# O � Fe ��#h3 (−0.06 ∼ −0.07) dex/kpc 2
M33 4U5t(iM�srWdD#�#��(�P�5 [38] �ty�dFiM9W M33 r�tS+F�P℄��imD#�#�&W HII ��mxiM�� O �D#�#���h3 (−0.11 ± 0.02) dex/kpc [39,40] � Willner � Nelson-

Patel(2002) [41] iM* M33 n�}v 0.7 ∼ 6.7kpc � 25 T HII �_�� Ne �56j�



� 3 z -v1Æ�"� M33 ���*�#m 207��D#�#h3 (−0.034 ± 0.015) dex/kpc +�S��� O D#�#u�.�PW Ne �
O U SN II %5S?�S(r���℄�J�M(�Pn�D#AKNS�u�R<h>iMSI%}�PnrimsrWZ�G�G!�5b Crockett 
! (2006) [42] + M33 v�} 1 ∼ 7 kpc � 13 T HII �_^
*mxiM�vM��+:#3x*{�� O � Ne D#��M��� Ne ��#3 (−0.016±

0.017) dex/kpc Z Willner � Nelson-Patel(2002) [41] �Pr5���M43x* O �D#�#h3 (−0.012 ± 0.011) dex/kpc Z Ne ��#?�zZ"rW���Pr�A�W3fr0)iM Magrini 
! (2007 a) [43] - Rosolowsky � Simon(2008) [44] z�NKu� HII �0)+ M33 �D#?D^
*"l��viM 72 Te�58a Magrini
! (2007 a) [43] ��r 2 ∼ 7.2 kpc e� O D#�#3 (−0.054 ± 0.011) dex/kpc �P�3fP HII ��l����� O D#�MXe*mz:�D#�#��}�_ (r ≤ 3 kpc),

−0.19 dex/kpc �(G�_ (r ≥ 3 kpc), −0.038, dex/kpc � Rosolowsky � Simon(2008) [44] &W Keck/LRIS+ O D#�M&Xe*�5q 61T HII ��Prr 0.2 ∼ 6.2 kpc eD#�#3 (−0.027± 0.012) dex/kpc Z Ne �(M&��#5�%+5tM&� O D#�#u�

$ 3 O � N � S � Ne � Fe �E$jN}��~=��- Urbaneja �# (2005) [49] - B�[s�	lP��~/J	�-Monteverde �# (2000) [50] - B�[s�	lP��~FJ��-Magrini �# (2004) [51] -��&�m	lP��H~/J�-Magrini �# (2007a) [43]- HII �	lP��~d�- Crockett �# (2006) [42] - HII �	lP�Q��- Willner � Nelson-Patel(2002) [41]- HII �	lP��H~=��- Vilchez �# (1988) [39] - HII �	lP��H~FJ��- Kwitter �# (1981) [45]- HII �	lP��H~d Smith (1975) [38] - HII �	lP��2/J	�- Barker �# (2007) [17] - RGB 	lP��2=��- Tiede �# (2004) [52] - RGB 	lP��2d�- Kim �# (2002) [53] - RGB 	lP




� 208 ���������<���_�z������� 27 x�r9 1 �# 3 �Xe*_�:S� M33 n�D#�#iM���;}� M33 �D#�#iMPr=A5�bD 2S$T�5<SU�e�+:#�e-�6sr�u�A��15<SUA�iM0)tSAzn�� 1 M33 IRL~L (dlg(Z/H)/dr) UC�lP-p �k;1 N O Ne S K�>_
/kpc /dex·kpc−1 /dex·kpc−1 /dex·kpc−1 /dex·kpc−1

HII(n�) 1.0 ∼ 5.7 −0.13 [45]

0.2 ∼ 6.5 −0.070 ± 0.008 [39]

0.4 ∼ 6.5 −0.127 ± 0.011 [46]

0.3 ∼ 11.0 −0.19 ± 0.03 [47]

0.7 ∼ 7.3 −0.012 ± 0.011 −0.016 ± 0.017 [42]

0.7 ∼ 7.3 −0.06 ± 0.02 −0.054 ± 0.011 −0.04 ± 0.02 [43]

0.7 ∼ 3.0 −0.19 ± 0.08 [43]

3.0 ∼ 7.3 −0.038 ± 0.015 [43]

0.1 ∼ 6.2 −0.027 ± 0.012 −0.015 ± 0.024 [44]

HII(IR) 0.7 ∼ 6.7 −0.034 ± 0.015 [41]

B �� 0.2 ∼ 4.1 −0.16 ± 0.06 [48]

3 M33 ��+�\�);::nUP.T" )���}�a℄1.m�<LSG�G!�n+�Pbd�� (Zi,in = 0, i 6=H, He) eD�B�℄r t = 0 D Σtot(r, 0) = 0 �Z�� M33 �[Z�+G�/�& Mtot(tg) �3 7× 109 M⊙ =::[Z; M⊙ · pc−23y8�ne��G�?D+�J� e j?D�
Σtot

(

r, tg

)

= Σ0

(

0, tg

)

e−r/rd , (1){�6V rd � 2.43 kpc [23]  tg 3n�l0);�3 13.5 Ga��}SO# Σ0(; M⊙ ·pc−23y8) �P/�& Mtot(tg) ���
Σ0

(

0, tg

)

=
Mtot(tg)

2π · r2d
. (2)

3.1 qk^�h�PV℄?<G�G!o79-��Pn��T�P��℄���qG�3E�Pn��℄P������9 va`�y�2��P<�.��9N4#+n��℄S?�2Li�RG3�.iM�q9WK(xr (>�[r%r) �P)�va��)�2H1 [54] ��2fW������9 va-K(va�"l_��A�℄56��5T�&��wW�nZo�<�G�G!o7�Dmr��)�Z��5�HN2o� 7�Vf~5Kp�va�



� 3 z -v1Æ�"� M33 ���*�#m 209�nZo�<�G�G!o7 2"eD (infall) �(2 (outflow) $T<S�eDo����%�4V�A*D�%(K(��Pn3�_�Z��5�::eDu: (1y8D<D�y8S(3����&) zD<�w9` e j?6�Z�}v�	Nf [55∼57] 1�9��}Z��{eDu:�9P3�
fin,A

(

t
)

∝ e−t/τ . (3)| τ → 0 Dnr�&�D<eo�(*�G��&|WG/Z��| τ → ∞ Dx9��nuUD�n3�~0�::S����oUrdMD�n��&5r2��K(u:�U5u��;4S!HN�
fin,B

(

t
)

∝ t · e−t/τ (4)�VfeDN�*3f�`�~0�eD�NrdMD�eDu:�Iz(D<�w92�Bwu�H�keDu:V|M IUF�| τ → 0 D|WG/Z��| τ → ∞D��Un9uUD�n3�~0�eD�N�;\�3K(Z��(2U.o�Y{�%5m�4V��a)*u&�h&K�0����hw9|���hYv{hMhD#S?�PIK5x�&2)��P4V��� [58] ��PIeT(N�TZiM���P4V�� α at�YD[o [59∼63] �PY{�%��IH~�(2�AC?�j�T::���(2u:Z SFR ℄�+ [4] �
fout

(

r, t
)

= b · Ψ
(

r, t
)

. (5)(2���WdD#Z|DP"���WdD#��PW��P�S;+K�Dm�PIr��P�)��~�29N2rlF�P~0ur��A�P�5��A~5�PI�Li�
3.2 X	�Ei (SFR)

Kennicutt(1998a, b) [64,65] 5[r�A�P-�$�P��Tn�uz SFR SO#Z��SO#S�~�f�[q�P�O#>�A�P���℄w:\�$Hu#
Ω(r) f�2+WF�P~0tS�u�$�a��A�P�o Ω(r) ∝ r−1 � Boissier �
Prantzos [66] �v+F�P��)��"l�e SFR 3�

Ψ
(

r, t
)

= 0.1Σ1.5
gas

(

r, t
)

(

r

r⊙

)−1 (

Vrot

220

)

, (6){� Vrot 3�$u:�D)^9\#rZF�P��Z�	;U"l M33���)�DmCMrZ��HN*r�N� SFR �
Ψ

(

r, t
)

∝ Σ1.5
gas(r, t)

(

r

r⊙

)−1

. (7)qiMH#3�o Heyer 
! (2004) [15] KN��- SFR �imSO#?D�iMPrj�* Schmidt �7 Ψ = ǫ · Σn
gas �j n �Pj ǫ ���56Pr3�

Ψ
(

r, t
)

= (0.0035± 0.066)Σ3.3±0.07
gas

(

r, t
)

. (8)
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3.3 Gv�gVy (IMF ) ^DMdM�&}j (Initial Mass Function, IMF) ��viM ���m#}j=KN�m+$!���Vf*y8D<e{?��j_z�&�sj?D� IMF A℄+TZ�P��(iMPr>T�22�+"l�4Z����)�Z���P)�Z�4C?�2�);HN�U Kroupa 
! (1993) [67] Xe�.j�R7 IMF �

φ(m) =











0.58 m−1.3 (0.08 < m ≤ 0.5) ,

0.31 m−2.2 (0.5 < m ≤ 1) ,

0.31 m−2.7 (m > 1) .�r�&k4�K ru�&k4�K��A�at�S14U��)�"l��2Dt�h*5x CNO �8t�P�
�&���℄(uG?�
�&atUPu�&�S?��+Wu�& (uW 8M⊙) �);HN Woosley � Weaver(1995) [68] Xe�ZD#f�S1�2+W��& (0.8 ∼ 8 M⊙)��);HN van den Hoek � Groenewegen(1997) [69] Xe�ZD#f�S1�
3.4 [=NF��)��&)<aZ Chang 
! (1999) [70] �HN�50�PW M33UT�&+Kr��PDm);r��)�va�~5*(2=HN*>nD �::�nD$�::��}r�i r k���/�&SO#����&SO#;-� i �at�D# Zi �&))�<a3�

dΣtot(r, t)

dt
= fin

(

r, t
)

− fout

(

r, t
)

(10)

dΣgas(r, t)

dt
= −ψ

(

r, t
)

+ E
(

r, t
)

+ fin

(

r, t
)

− fout

(

r, t
)

(11)

d[Zi(r, t)Σgas(r, t)]

dt
= −Zi

(

r, t
)

ψ
(

r, t
)

+

∫ 100

mt

myi,mψ
(

r, t− τm

)

φ
(

m
)

dm

+Zi,infin

(

r, t
)

− Zi

(

r, t
)

fout

(

r, t
)

. (12){� fin(r, t)� fout(r, t)?<3eD-(2u:�ψ(r, t) 3��℄: (SFR); φ(m)3dM�&}j (IMF )~���&:03 (0.1 ∼ 100) M⊙; E(r, t)3�q.DpeG���4V���9�u:E(r, t) =

∫ ∞

mt

(m−mr)ψ(r, t−τm)φ(m)dm; yi,m 3�&3 m��at i�S1�Zi,in 3eD��at i ��&�?+~�~5UD��3bd��1 Zi,in = 0(i 6=H,

He); τm � mr 3dM�&3 m ��^Y-q.��Ly�&�mt 3^Y�~
W)�D< t ���&�
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4 \�Rt/C

M33 U5T�&+F�P� M31 r�.�b/�A�P�U�v5o�u�}2�℄�U�vIK(va�℄=LS5T���G�#g�;);rZ��+~$�eD�N ?<Y;"l=�A*A��eDD6�(2�Li�,PJj 2S SFR +�Pj ǫ eDD6 τ �(2+�Pj b �
4.1 {zo
 (fin,A ∝ e−t/τ)

e j�eD�N�
fin,A

(

r, t
)

= AA

(

r
)

· e−t/τ (13)U5�dMDeDu:���2z(D<wVeDu:�BF��}ZN�{� AA(r) 3p5�Pj1dMD��eDu:�P3U�A���
∫ tg

0

[

fin,A

(

r, t
)

− fout

(

r, t
)]

dt = Σtot

(

r, tg

)

. (14)7q Boissier � Prantzos(1999) [66] rF�P���)�"l��HN���℄:r
M33 �-}4HNÆ�� K-S �7�

ψa

(

r, t
)

= ǫa · Σ1.5
gas

(

r, t
)

(

r

r⊙

)−1

. (15)~5� M33 �F�P�n6V3�Rv� M33 ���/F}v�3�
r⊙ = r⊙,MW ·

rd∗

rd∗,MW
= 8 ×

1.3

2.3
= 4.5 kpc . (16);VG�&�[Zim?DiM�93hh�Ar�}Z�� ǫa = 0.028 h��KGA�Pr�# 4 yP*eDD6 τ �A�Tj (1 � 4 � 7 � 15 Ga) DV&�im?DPr��;}e~05TZ�iZ8f� SFR neG���℄w:KR2(GK~0��neG���q�℄.�?{&℄1K�Tn3�5eDD6[Z��SO#>Æ=>y��?2Ue[*H�Pa�1(# 4 ZPeDD6 τ +)�Pr�Li 2S;U2T<S�

(1) eDD6 τ jrA7(��tyUDj�WU)�o#℄?[Z��SO#-���?{&j��&SO#-WdD#jR�
(2) �vZiMhh+K�;}eK&�eDD6=AJ� M33 �iMPr���SO#-�?{&vwDvR�n�6V4Ku�2KV�eDD6 (( 7

Ga � 15 Ga) ℄J�VTiMhh�.mR<�r�~oW M33 =AU�v�u�}va�℄��iM3KR����?{&;-K&��n6V4oWM33 )��A?Z);Z�Pr5��
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$ 4 ��� K-S �8VIOB fEE7EÆWUH�'�\[jn?��E7-r4�W8p5���(UQ%��� SFR UQ%������A|(��0���(UQ%���U-r4�W8p5 O � N � S � Ne 	F%��
%�lr�℄% 1 �% 3 e!
�b�'�b�X�b�Hb8p5gFF8
τ =1 � 4 � 7 � 15 Ga F	℄�Su


(3) PW�Pn([3P" )���a℄Dm+Wz�i4��eDD6 τ(r) {PrK3#�Va�Ga�Z2>�+W�ir�eDD64r� τ(r) (3�f0�)�vW?�2+WKu�eDD6)�PrR<�r|�iKrk4�HNKu�eDD6vLS02HNz�i4�� τ(r) �Dmr�S�Z�3x�); HNd��eDD6 τ=15 Ga �q# 4 �Pr��;}e1KHNKV�eDD6 (15 Ga) Z�`&� α atD#��UWZReiMPr�D#�#K�� M33 PW);/�&KrH"hMK-℄&>_�Y{�%5
Li2����(2q2yw2G?WdK��PeGs�WdD#F�# 5 Xe*Z��H)(2��Pr (fout = b · ψ � b = 0, 0.8, 1.5) �
(1) H)(2;�WdD#���SwFD#�#4u2���SFR 
&=LSWZP4�~UD39)(2�3*#�[Z/�&SO#?DJ�iMPr�2S℄.���D�n3D2#F����atD#{wr|WF*Sw��℄w:�
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$ 5 ��� K-S �8VI*B )3EÆWUH�'�\[jn?��E7-r4�W8p5���(UQ%��� SFR UQ%������A|(��0���(UQ%���U-r4�W8p5
O �N �S �Ne 	F%��
%�lr�!% 1 �% 3 �Q
�b��b�Hb8p5*4Rl b = 0, 0.8, 1.5 	℄�Su


(2) (2+neG�D#�Li2uW(G� 6 kpc ;e�D#WZF 6 kpc (D{D#b)o��;4�=AWZ�~UD3(2u:UZ��℄:℄�+�eG�
SFR fuW(G�;(24o℄.+D#�Li,�o℄u�

(3) (2j.D#o#jq# 5�Pr�}+W M33���)�2&(2�)(�2�H1�z,(2v.V#K� Ne �D#r/��o� b = 0.8 D�PrK~4oUo(2u:br
W SFR �.3�f+WÆ�� K-S�7HNKV�eDD6 (τ = 15 Ga)�W|�(2 (b = 0.8)�;K~Æ�[V�iMhhz α atD#�%=RD#�#r��
4.2 �℄o
 (fin,B ∝ t · e−t/τ)+W�}Z�{eD3 e j�N5|MoS�R�eDu:�;n3��&#��Æp,~�~0rtyo#SKR� SFR q2q����℄��2K(Z��K(: (; M⊙ · pc−2 · Ga−1 3y8) �3�

fin,B(r, t) = AB(r) · t · e−t/τ . (17)



� 214 ���������<���_�z������� 27 x�{eDu:Uz(D<w92�Bw9t�H��q IF�~0�eD�N,�� Tdy)�v�����{�p5�Pj AB(r) PUN���
∫ tg

0

[

fin,B

(

r, t
)

− fout

(

r, t
)]

dt = Σtot

(

r, tg

)

. (18)# 6 +K*$�A�eDZNU Ψa(r, t) �Z�56PrZ���eDD6 τ = 15 Ga�(2Pj b = 0.8{�
a3�}Z��1a3K(Z���1�a3LSP4Æ� K-S�7Pj (ǫa = 0.028) ��
U�Z�Pr��;}�r�S{�JjA4��
UK(Z�PW)�dy��UDLSbK�℄.��&U�v�yK(2��D2Z����[Z��- SFR SO#>ÆK��}Z�S�AR�DD#r�~Z-}`y�5��HNK(Z�# TtywDv�����3*�iMPrJ�Z���W|wuPj ǫa,� ǫa = 0.059 D�Pr3�1Ga�P�

$ 6 �%�B fE[OVÆQ�� K-S �8���WUH�'\[jn?��E7-r4�W8p5���(UQ%��� SFR UQ%������A|(��0���(UQ%���U-r4�W8p5 O �N �S �Ne 	F%��
%�lr�!% 1 �% 3 �Q
℄���gFF8 τ = 15 Ga �*4Rl b = 0.8 
�Hb5	�℄�W�� K-S �9	℄�67Su���b5M*℄�W��� K-S �9Rl ǫa(ǫa = 0.028) C5	�W	℄�Su��Hb5M*℄�W��� K-S �9Rl ǫa Y~BS� (ǫa = 0.059) 	℄�67Su




� 3 z -v1Æ�"� M33 ���*�#m 215��;}�3*G3iMhhr$�A�eD�NUZ� 2�KV�eDD69W M33 �nU�vIK(va2�B�℄��# 7 Xe*# 6 �$�eDZ�U56Pr�/eDu:�/���&�/��&�/ SFR ;-/���?{&zD<�)���;}e�
(1) �}Z��eDu:dMD�R2��BF�2K(Z�vUdMD�u:�z(D<)�2�BwuPWZ�HN*Ku�eDD6 15 Ga Dm[ZQQNbH��
(2) q�&K(�J�;}erty�}Z�����&�wVu:WZRWK(Z�Dm SFR tyKR����&�u�(�2�*)���yeDu:F�5�Ru�℄D2���&Aw8F SFR �BF��wVu#�BD�WK(Z��Pr�

$ 7 �%�B fE[OVÆQ�� K-S �8���WUH�'{E=�*�7-r4�W8p51gFw<01 SFR |F>	,��U-r4�W8p51�( (Hb5����b5��) 01���A|(|F>	,�
%� 13.5 Ga l	�2!;Q℄\	lP�
℄���gFF8 τ = 15 Ga �*4Rl
b = 0.8 
�b5	�℄� (ǫa = 0.028) 	Su��b5M*℄� (ǫa = 0.059) 	Su

5 C\0R3OHN*���TZF�P��)�Æ��Æ� K-S �7�Vf SFR =+A��eDZ�^
*�A�2 Heyer 
! (2004) [15] �N M33 ���SO#- SFR SO#im?D�iMPrj��� SFR 3�

Ψb

(

r, t
)

= ǫb · Σ3.3
gas

(

r, t
)

. (19)�MXe�56iMj� ǫb = 0.003 5± 0.066�|Z��N~0� SFR D�2��im
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!rj�D�HN�
Σgas ℄|W Corbelli(2003) [23] � HI SO#?D�;,~5 H2 � He �_^ ǫb #S�UF�# 8 ZP*�}Z�� τ = 15 Ga � b = 0.8 D Heyer 
!Xe� SFR(ǫb = 0.003 5);-Z�56 SFR(ǫb = 0.000 5) �Pr�q#��;WZ}e Heyer 
!�viMj���� SFR {��℄w:vR��q�v.wDvR�2F ǫb(ǫb = 0.000 5) ��Z�Pr�K~Æ�[VTiMhh�

$ 8 SFR �� Schmidt Æk n = 3.3 ��OEÆWUH�'�\[jn?��E7-r4�W8p5���(UQ%������(UQ%��0���A|(���U-r4�W8p5 SFR UQ%��0 O F%	��
%�lr�!% 1 �% 3 �Q
℄���gFF8 τ = 15 Ga �*4Rl b = 0.8 
�b�Hb8p5 Heyer Zg	67k� SFR(ǫb = 0.003 5) =0℄�67 SFR(ǫb = 0.000 5) 	Su
ZÆ� K-S �7 ψa(r, t) �Pr+$���℄:�Z�56Pr h+ M33 ������ SFR 
iMÆ��imSO#?DXe�~�VfzU ψb(r, t) ���D#?De�C?WZr 5 kpc eK� ψa(r, t) ��#℄u 5 kpc �(�#℄�2D#?D�iM=DmÆ��Z���~0�PrUPW Schmidt j n Rt 3.3 H~��.3�f);�vC >nD ����)�Z�rZF�Pr��A	;U+
M33 ���℄�J^
*"l���dFPA(U�

(1) rHNKV�eDD6 τ �H)(2����TZF�P��)�Æ��Æ� K-S�7 ψa(r, t) hK~Æ�[VTiMhh�2P��- SFR imSO#?DiMj����
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SFR ψb(r, t) y���KGA������ SFR ?Dz��D#�#eu(�ZiM=A5�~UD{ Schmidt j n Rt 3.3 H~��

(2)DAU�}Z��UK(Z�reDD6KV�D� �;XeKGA�Pr�/��oHNCM�Z���ePA� M33 �nAU�v�u�}�℄�2Ur�T)�va� IK(G�2�℄��+ M33 �iM9W�{SK.���-KR����?{&4oW*{)�=A?Z IK(Z�5��
(3) + M33 �WdD#"l9W(2�)(�2�H1�r69)(2� M33 )��Z�D#fRWiM�29)(2� 6 kpc ;e�D#WZF 6 kpc (D{D#b)o��;4�=AWZ�Bd���
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Chemical Evolution of M33

WANG Xiao-yao1,2, YIN Jun1,2, HOU Jin-liang1, CHANG Rui-xiang1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: M33 (NGC 598), as one of the spirals in Local Group, is an excellent target for test-

ing galactic chemical evolution theory. Owing to its proper distance and angular size, detailed

observations of present gas distribution, star formation rate (SFR), and abundance properties are

available.

In this paper, the authors have established a chemical evolution model for M33 disk. They

adopt two infall formulas, representing the collapse model and the accretion model respectively,

to describe the growth of the disk with the advantage of ignoring complicated processes required

in a Lambda CDM cosmology, and the influence of timescale τ has been discussed. Apart from

adopting a simple assumption of the constant infall timescale τ , they also examine the outflow

which is assumed to be proportional to the star formation rate. Since M33 is less massive com-

pared with the Milky Way, the lower potential well would very probably result in a significant

outflow during the evolution of disk by supernova explosions or other perturbations. Their mo-

tivation for the present model is to discuss the different roles of infall and ourflow in building

the M33 galaxy disk. They would like to know in what way the model could best reproduce the

observed global properties.

The main conclusions of this work are as follows: 1) Short infall timescale will lead to low

gas fraction, low SFR and high abundance in ISM. Because most of gas will fall onto the disk

at early time, and fuel the star formation. When stars are dying, they eject the newly produced

elements and enrich the ISM quickly. No matter the collapse model or the accretion model,

the results are all consistent with the observations except for the abundance gradient if a longer

infall time-scale (15 Gyr) is adopted. These means M33 should form through the slow accreting

process. 2) Outflow has significant influence on ISM enrichment, especially for the inner disk,

but no obvious change in other model predictions. Due to the high SFR in the inner disk, more

metals are carried out by outflowing gas and hence flatten the abundance gradient. The model

results are consistent with observations when the outflow rate is comparable with SFR (b = 0.8).

Outflow can not be neglected owing to the low abundance in M33 disk. 3) The revised K-S SFR

law which is similar to MW’s can reproduce most of the observations by adopting long infall

time-scale and considering outflow in our model. The “observed” SFR law doesn’t work.

Key words: galaxies; M33, evolution


