
1 30ò 1 3Ï U © Æ ? Ð Vol.30, No. 3

2012c 8� PROGRESS IN ASTRONOMY Aug., 2012

©Ù?Òµ1000-8349(2012)03-346-16

(((XXX¥¥¥��� HI ���ÉÉÉ999ÙÙÙ///¤¤¤ÅÅÅ���

ë��

(¥I�Æ� þ°U©�§þ° 200030 )

Á �µ^µ(XÚØ5K(X¥�3¯õ� H I �É®´Ø��¯¢§§�/��É!��Ø

�!ÔnA��O²w"<�Ø=éeZCå(X¥�H I �É�
��[��*ÿïÄ§�

�X*ÿ]��È\§�'ÚOïÄ½ìª�\"î8®ÒH I �É�/¤Å�JÑ
õ«nØ

�.§�éù�¯K�@£ÿ�������"

' � cµ(S0�¶H I ��¶H I �É¶/¤Å�

¥¥¥ããã©©©aaaÒÒÒµµµP155.2 ©©©zzzIII£££èèèµµµA

1 Ú ó

ØVÔ�	§�¤(X�Ì�Ô�/�´ð(Ú(S0� (ISM)"(S0���Ý©Ù

éØþ!§�Ýp�/��¤(S�§Ô�ê�Ý�� 1 cm−3(©f��Ô�ê�Ý��u

100 cm−3)§�m ISM �ê�Ý=�� 0.1 cm−3 ½�$"(X¥ÛÜ�«�S� ISM �

ÝAO$§�¤¤¢/(S� (interstellar bubble)0—— ÏÙ	/  �Nþ¥�/½ý�

/�d¶"�(�Ï~�d5�²wØÓ�ü«¤©|¤§=�Ý�é�p��9 (wall)§

±9��9¤���$$�Ý�n (cavity)"�9~�/�z/¡��� (shell)§§�´�

�	Ü>.§Ô�§Ý�é�$ (T < 103 K)",��¡§�nS�Ô�¦+�Ýé$ (ê

�Ý n 6 10−2 cm−3)§�§Ý%�~p (T ≈ 106 K ½�p)[1]§Ï�k�q�¡�/9�

(hot bubble)0"

20 V 80 c�å��
ó�L²§õê(S���9 (��) ¿Øé²w§3¥5�ã

�þ�Ú���´Ly��a�É/(�§u´<�Br§�Ú¡��É (hole) ½ H I �

É§Ù¥k²w�9�â¡� H I �� [2−4]"n� H I ���*ÿL� (�Ò´§�3U¥

�²¡þ���ÝK)äk�/(�§�q¡�� (loop)"��§�!9�!��!�n!�

Ú�É§ùõ«â���þ��´Ó�a�(S0�(�—— (S�§ØLd¥5�*ÿ

¤uy�da(�Ï~¡�H I ��½ H I �É§Ø¡H I �"

@3 20 V 50–60 c�§k<Ò®5¿�ÕàXS(S0�©Ù��(�A� [5,6]
§?
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\ 21 V�ê±zO�ÕàX��±(@ [7−9]
§<��=m©&Ä����m§±9��

±>�¸�m��p�^ [10−12]"�ØõÓ��Ï§3�
Cålà	(X¥�ºYuy


aq��(� [13,14]"8c§�'ïÄó�����[��8IUN´�(X+S�A�^µ

(XÚØ5K(X§Ù¥AO´�!�ðóÔ� [15−21]
§±9lå(X (M31)[2,22]!n�(X

(M33)[3] �"

CÏ¢�
��¡�/Cå(XH I ÑU (The H I Nearby Galaxy Survey§THINGS)0

�Oy§TOy|^{I$�
 (VLA) �>"�ºÚnÜ�»Eâ§é 34 �Cå(X?1


 21 cm H I Ì�*ÿ§Ì��Æ8I��´�&ÿ(X¥ ISM ��ºÝ(�§¿?ï

ÄÙ�(X/�!ð(/¤Ç!(X�þÚ7áÝ�Cz�¹"THINGS��Ý©EÇÐu

5.2 km·s−1
§�©EÇ�� 6′′

¶8I(X�ål��� 2∼15 Mpc§��A��ºÝ©EÇ�

60∼440 pc[23]"

�C§<�|^ THINGS Oy¤Jø���§3Ù¥ 20 �Cå(XS&ÿ� 1 000 õ

� H I �ÉÚ��§¿ÒØÓ/�(X§éù
�É�õ�¡5� (X��!)ä�Ý!Uþ

I¦Ú$ÄÆc#�)�
©aÚOïÄ [4,24]"

3���5�õp�þ¢ÿ]��Ó�§�A�nØïÄ½Fª¹�Ú�\§Ù¥�)

é(S��«�U/¤Å��&? [18,20,25−33]
§(X�¥ H I ���üz [34]

§±9�(��

�Y�ð(/¤Úüz�'X [35,36] ��¯K"

î8��§�9à	(X¥(S0��É(��ïÄÚ�'(Ø§ý�õêÄu¥5�

H I �Ì�*ÿ§=k�ê�g��z% (CO) �Ù¦Åã�*ÿ]� [15,37]
§ù�ÕàX�

(��*ÿ�¹¹�ØÓ"�Ù¦Åã�'§H I *ÿkÃõÐ?§XØ¬É�(S�D�

1�K�§dÌ��õÊV £�±(½íN�$Ä�Ý—— âd���k' ISM Ôn5

�Ú$ÄÆG���&E§U�B/í�Ñ*ÿÀ���H I ��þ�Ý§?��(X

S H I �o�þ [23]"

2 *ÿA�ÚÔn5�

�� H I �É�Ä�A5§�±l§�*ÿA�§±9d*ÿí��Ôn5�ü��¡

5\±£ã [4]"

2.1 *ÿA�

éu�� H I �É5`§Ø
§�U¥�I � (»²!»�) 	§ÏL¢ÿ��±��

£ãÙÄ�*ÿA��õ«]�µ

(1) F%�Ý Vhel§Ùÿ½°Ý�ûu*ÿEâ��Ý©EÇ"@ÏXéM31 �É��

Ý©EÇ�� 8 km·s−1[2]
§CÏé THINGS (X5`� 2.6∼5.2 km·s−1"

(2) �É���¶ bmaj Ú�á¶ bmin§ÿ½°Ý�ûu*ÿEâ��m©EÇ§8c�

�� 3′′ �m"
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(3) ¶'§=�Éá¶��¶�'§ÙØ(½5�� 25%"

(4) �É3U¥�²¡þ� ��§d��ÀO�§ÙØ(½5�� 20◦"

(5) �É�a."�ì Brinks Ú Bajaja[2] ��{§�É�U§�3 p − V ã ( � – �

Ýã) þ�/�©� 1 .!2 .Ú 3 .na§Ù¥ 1 .�É®��NÑ§2 .�É�üýN

Ñ§ 3 .�Éüýþ�NÑ (ë�ã 1)"Ï~@��ÉU 3 .—2 .—1 .�S�üz§

ÏÚOþ` 3 .�É�ºÝ���"

ã 1  �¨�Ýãþn«ØÓa.��Éµ1 . (þ)!2 . (¥) Ú 3 . (e)[4]"p�I��Ý§ôÚ�f

L� H I rÝ���, o�L«�É¤3 �Ú/G"

(6) )ä�Ý Vexp§ÿ½°ÝÓ��ûu*ÿEâ��Ý©EÇ"5¿§�k 2 .Ú 3 .

�ÉâUÿ� Vexp"

(7) �É±�Ô��²þ6þ�Ý I§�éØ��� 10%¶I ��^u�Ñ�É)¤c

ISM �Ý�Cq�"
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2.2 Ôn5�

|^þã*ÿA��±í�Ñ�É�±eÔn5� [4]
µ

(1) �É (k�) �» d"du�Ü©�É¥ý�/Ø´�/§dÏ~Ueª(½µ

d = 2
√

bmajbmin . (1)

(2) $ÄÆc# t"eb��É3Ù�)¥�±±�Ý Vexp )ä§@oÒk

t(Ma) = 0.978
d/2

Vexp

, (2)

ª¥ d ��É��»§± pc �ü ¶Vexp ± km·s−1 �ü "�u3)äL§¥@Ï�)ä

�Ý��§þª�Ñ�AT´�É$ÄÆc#�þ�"t��ÚOØ(½5�� 20%"

(3) �É±� H I �Î�Ý NHI§¿�ddí�¥¡þ H I �N�Ý nHI
[4]
§§�©O±

cm−2 Ú cm−3 �ü "

(4) �É�NÈ V"éu 3 .�É�UeªO�µ

V (pc3) = (4/3)π(d/2)3 , (3)

Ù¥ d Uª (1) (½"éu 1 .Ú 2 .�É�@�§�¥�Î/§ÙNÈ�

V (pc3) = 2π(d/2)2
√

8 ln 2h , (4)

ùp h �Ip§
√

8 ln 2h L«��þÝ [4]"

(5) �É H I Ô���þMHI"

(6) �É�(X¥%��ål (¥%å)R"

(7) UþI¦ (q¡�A�Uþ)EE§=/¤���É¤I��Uþ"�â 1974 c

Chevalier[38] ���ïÄ�±kµ

EE(J) = 5.3 × 1036n1.12
0 (d/2)3.12V 1.4

exp , (5)

Ù¥b�)ä���UþI¦d�g�#(�u¤Jø§n0 �âfê�Ý"ØL§Ï~�

�{´Ñ�He Ú H2 é n0 ��z§u´Òk n0 ≈ nHI
[22,39−41]"du3�ÑChevalier �§

�Ú\
õ�b�§dª (5) í�Ñ� EE ��U¬k 50% �Ø(½5"1981 c Brinks[22]

Q�Ñ§/¤�» 0.1∼ 1 kpc �É¤I��Uþ�� 1043
∼ 1046 J"

Ò THINGS ]�¤Jø� 1 000 õ� H I �É5w§§���ºÝ��� 0.1∼2 kpc§

)ä�Ý���� 4∼36 km·s−1
§$ÄÆc#���� 3∼150 Ma§§�©Ùu1(

X����/�§$�kõ� 23% ��É u R25 �	¶ùp R25 � B Åã¡�Ý

µ = 25 mag·arcsec−2�1Ý�(X����»§Ï~@�R 6 R25 «�´(X (��1) �

�ÌN§¥%åR > R25 �Ü©¡�(X��	«"
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3 eZ�L5(XS��É(�

3.1 �ðóÔ�

��\ïÄ(X¥�ð(/¤� ISM (�ÚÄåÆ5�m�éX§�ð�Jø
��

4Ð�*ÿ��§Ù�Ï´õ�¡�µålC (� 50 kpc)!��� (¶' b/a = 0.85)!(S

ùzf (EB−V = 0.13)§±9�ÕàX'Ú�ð�m�3�p�^�"Ïd§�ð�B¤�

õÅã*ÿÚõaïÄ�8IUN [42]
§Ù¥�) ISM ���Ú�É(� [43]"

@3 20 V 60 c�§k<=|^üU��>"�ºé�ð�?1 H I Ì�*ÿ§¿?

Ø
§��ð�ÚÕàX�'X [44,45]"1978 c§Goudis ÚMeaburn[46] 3�ð�¥uy


4 ��»�u 700 pc ��ã H II ��ÚNõ�����(�"?\ 20 V 80 c��§<

�m©&Ä�ð�¥ H I ©Ù�[! [47,48]"�´§üU� H I *ÿ��m©EÇØp§X

Parkes "�º��©EÇ=� 14′
∼ 15′[43]

§�A��ð���©EÇ�� 220 pc§Øv±

�\&Ä(S��5�§AO´�(��ð(/¤�'X"

nÜ�»Eâ�A^��Jp
H I Ì�*ÿ�©EÇ"1998c§Kim �< [43] |^e

�|æ�>"�º
ACTA é�ð�?1
H I Ì�*ÿ§�m©EÇp� 15 pc(�©E

Ç� 1′)"3¦�¤¼�� H I ¡�Ýãþ§�²w�A�´�3�þ�H I ��Ú�É§¿

�n�G(��ë (ë�ã 2)"

Ëc§Kim �< [46] ÏL?�Ú*ÿy@§uy
�ð�¥ 23 ��»�u 360 pc ��

ã��Ú 103 ����ã��ÿÀ��§¿�Ñ
k'�Ônëê§X�»!F%�Ý!)

ä�Ý!c#!º1Ý (wind luminosity)[49] ±9Uþ�"¦�uy§������»���

40 ∼1 200 pc§§�3 100∼1 000 pc ��S�Ì�Æ©Ù§Ì�ê� s = −1.5 ± 0.4§�@

ÏMeaburn[15] �>lã��©Ù�aq"����)ä�Ý�¸�3 14 km·s−1 �m"é

uÙ¥�»�u 360 pc �ã��§)ä�Ý����Ý�O�O�§é����ã��

KØ�3ù«Czª³¶éd�)º´§cöEÏÉ�SÜð(�Uþº�\�$Ä§�

öK®?uÄþÅð�ã"

?\ 21 V�§3þã Kim �< [16,43] ó��Ä:þ§<�UYé�ð�SH I ��

?1
&ÿÚïÄ§XU?*ÿêâ?n�{ [17]
§?Ø�>Ú1Æ��(��[!9Ù�

p'X [21]
§±9��ðóÔ�XÚ (�)�!�ð�ÚðóÔx) S���/¤ÚüzÅ

�[20] �"

^B�Ñ§�ðóÔ�¥ H I ���ïÄ?Ð��ð��aq§=¦+ 1980 c

Meaburn[15] �ó�®uy
�ð�¥��ã��§��´3A^
nÜ�»Eâ���'

ïÄâ�±k�?1"X 1997 c Staveley-Smith �< [50] 3�ð�¥&ÿ�
 500 õ�ã

��Ú�ã��§¿�Ñ
ù
���õ�Ônëê¶2005c Hatzidimitriou �< [19] |^

500 õ� H I ����§?Ø
��(���U/¤Å�"�u�Ì§�©édØ2?�Ú

Ðm"
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ã 2 �ð� H I ¡�Ýã [43]

3.2 lå(X

lå(X (M 31) ´ål·��C�ã^µ(X§���� 77◦30′"@3 20 V 80 c

�§Brinks[2,22] Ò®|^Ö=Westerbork nÜ�»�>"�º (WSRT) �p©EÇ 21 cm

Ì�*ÿ§3M31 S&ÿ�
eZH I �É(�§uy§�3T(X¥�©Ù�����§

 �þ�õ� OB (��Ü§¿éÙ¥�c�(� NGC 206[51] ¤�����É�
�[

�ïÄ"Brinks[22] @�§Q, H I �É� �  �Cð(/¤«§̀ ²§�´Ïp§c�

(�±�(S0�m��p�^)¤�"ØÈ§Brinks �<�?�Úó�y¢M31 S�

uy��ÉÿÀUN�ê8�� 250∼300 � [52−54]"

1986 c§Brinks Ú Bajaja[2] �âeZ�âlþã�ÉÿÀUN¥(@
 141 � H I �

É§¿�Ñ
^±£ãù
�É��¡5��*ÿëê§X¥%»��I!F%À��Ý!

)ä�Ý!�É�¶� ��!/�©aÚ��5è (c ����É§p�Ø���É)�"d

þã*ÿA�?í�Ñ�É��
Ônëê§X(X4�IX¥�É�¥%åÚ ��!

�Ék��»!±�H I 0��N�Ý!�É�$ÄÆc#!�É�A�H I �þÚA�U

þ�"
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¦+ Brinks Ú Bajaja[2] �Ñþã 141��É¿Ø´M31 ¥�É�����§�¦��

´ÏL[��©Û§�Ñ
±eeZk¿Â�(Jµ

(1) �� H I �É3(XS�»�©Ù¸�Ñy3¥%å�� 10 kpc �����þ§�

¥5��»�©ÙÄ���§�É±>H I �ê�Ý�� 0.58 cm−3"

(2) �Ék��» 0.1∼1 kpc§²þ��� 0.26 kpc§��Nþ�Ì�ê©Ù§dd�O

�Uk 70 ��»�u 0.1 kpc ��ÉÏ&ÿ©EÇ¤�¦" (ë�ã 3)"

ã 3 M31 H I �É���©Ù§î�I��É�» (pc)[2]"

(3) ���É�$ÄÆc#��� 2.5× 106
∼ 3× 107 a(²þ� 107 a)§�ù
H I �É

´�
�c��UN§ù�c#ã��´OB (��;.c#��"

(4) �É�A��þ 103
∼ 107 M⊙§©Ù�¸��� 105 M⊙"A�Uþ�� 1042

∼

1046 J§̧ ��� 1044 J"����É�Uåuüg�#(�u§���ÉKI��#(

�õg�u§½ö,a�r�UÅ�"

(5) 3 141 ����É¥§©a� 1!2!3 .��Éê©O� 25!75 Ú 41 �§Ù¥ 2!3

.�É�²þ)ä�Ý©O� (13.2±4.8) km·s−1 Ú (13.9±3.7) km·s−1
§��¢Sþ¿Ãw

Í�O"

d	§�ö�?Ø
M31 ���É�Ù¦�
ÚO5�§X¶'!/�aO§±9�H

II «Ú OB (�m�'X�"

3.3 Ø5K(XHolmberg II

�X*ÿEâ�JpÚïÄó���\§<�m©'5ål����
à	(X

� H I ��Ú�(�§Holmberg II(Ho II) ��´Ù¥ïÄ��õ�LØ5K(X�

�[18,27,32,39,55−58]"Ho II ´�=�M81 (X+�¤
§UÏ�V/�©aá Im IV-V (X§

»��I (α, δ)1950.0 = (8h14.1m, 70◦52′)§ål 3.2 Mpc§¶' 0.87§À�»R25 = 4′.1§ýé

B (�� −17.01 mag[55]"

1992 c§Puche �< [39] |^{I NRAO � VLA *ÿ§3 Ho II ¥uy
 51 � H I
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�É§¿�Ñ§��*ÿA�Úk'Ônëê§X¥%å! ��!�»!¶'!c#!�þ

ÚUþ�"�öuy§Ho II ¥� H I �ÉºÝ'��þ^µ(X (XÕàXÚM31) ¥��

É��õ§���� 1.7 kpc§���k 7 ��É��»�u 1 kpc"éd�)º´§T(X

� H I Ip� 625 pc§'Ï~�(XH I �Ip 120 pc ��õ§ÏíN�N�Ý�$§�

É3»�cB�)ä����ºÝ"�Ï�)äL§�±Y�m'��§Ho II S�É�c

# (107
∼ 1.5 × 108 a) �'�
^µ(X¥H I �É�c#�"

þã Puche �< [39] �²;ó� (±e¡ P92) � Ho II �É�Nõ�YïÄJø
*

ÿÄ:§Ù¥AO´k'�É/¤Å��?Ø [18,27,55−57]"

2009 c Bagetakos �< [24] uL
 VLA C(X H I ÑU (THE H I Nearby Galaxy

Survey, {¡ THINGS) �Ä1(J§3 20 �Cå(X¥uy
 1 000 õ� H I �ÉÚ�

�§Ù¥(X Ho II S��Ék 39 �"Óc§Weisz �< [32] nÜ|^ HST/ACS ÿ1]

�±9 P92 Ú THINGS ¥� Ho II �É?1
�'ïÄ"¦�©Ol P92(51 ��É) Ú

THINGS(39 ��É) ¥À�
 uHST/ACS ÿ1«S� 23 �Ú 19 ��É����§²

©Û�é P92 �²;�É/¤Å� (�åuÓ�c#��þ(�(ºÚ�#(�u)JÑ


�¦"

Ø
±þA�(X	§<�éÙ¦Nõà	(XS�H I �É�?1
ØÓ�Ý�*ÿ

ïÄ§XM 33[3]!M 82[37]!IC 2574[31,58]!8©¤A[59]!NGC 2403[60,61]
§±9Ù¦�
Cå

(X [4]
§�©Ø2Å�Ðm"

4 ÚOïÄ

�X*ÿ]��ØäÈ\§CÏ<�m©'5ØÓa.!ØÓ�þ�(XSH I �É

*ÿA��ÉÓ�?§¿?&Ä§���
ÚO5�"2011c§Bagetakos �< [4] |^

THINGS *ÿ]�Òd�
���¡�?Ø"

THINGS ��¹ 34 �Cå(X§ål�� 2 ∼ 15 Mpc§�©EÇ�� 6′′
§�Ý©EÇ

2.6 ∼ 5.2 km·s−1[23]"Bagetakos �<�âeZ�âl THINGS ��¥À�
 20 �(X^

±&?(X H I �É�ÚO5�§Ù¥���´(�3z�MÇa.¥��k 2 �(X§

�§�ATk²wØÓ�SFR Ú H I �þ§±¦'�ª©ÛU�Ñ��²ß�(J"�u

(X DDO 53 ¥=uyk 3 ��É�±GØ§�¢Sk 19 �8I(Xë�ÚOïÄ§¿

?©�^µ(X (� 13 �) ÚL(X (¹¤k Irr (XÚðóÔ.(X§O 6 �) ü�a"

é8I(X¥�É (oê� 1 014 �) �ÿÔnA��©Û�Ñ
±eÌ�(Jµ

(1) �Éê�õ�´NGC 3031(=M81§306 �)§���´ Holmberg I(6 �)"�É�

»��!�»������´ NGC 6946(0.20 ∼ 2.14 kpc)§���´ NGC 2976(0.13 ∼

0.24 kpc)"�É)ä�ÝÚ)ä�Ý�����´ IC 2574(5 ∼ 36 km·s−1)§���

´ DDO 154(6 ∼ 13 km·s−1)"�Éc#��!c#������´ Holmberg II(107
∼

1.47×108 a)§c#��!c#������´NGC 2976(3 × 106
∼ 1.3 × 107 a)"
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(2) �ÉÃõÔnëê (X�»!)ä�Ý!$ÄÆc#!�þÚA�Uþ�)�ªê©

ÙÏ(XÉ§��É²w§��1(X�aO (^µ(X½L(X)Ã'"ØL§þãÚO

(J7,¬Ï���É*ÿÀJ�A�K��5,«Ø(½5"~X§¦+�©EÇØC§

��É�ºÝ�©EÇ¬Ï(Xål�O�ü$§u´é@
�é���(X§�ºÝ�

ÉÒ&ÿØ�"

(3) �ÉU1(X¥%å�©Ù�¹L²§���3H I íN§�ÉBÃ?Ø3§=¦3

¥%å R > R25 �(X�	«E,k��õ��É�3"

(4) �É�¶'Ó�Ï(XÉ§�oNþwL(X¥��É�^µ(X�É��C�

/—— üa(X�É¶'�²þ�©O� 0.80 Ú 0.71§ 1992 c Puche �< [39] 3 Ho II

¥®²uy
ù�y�"éd��®JÑ
 2 «)ºÅ�µ1)L(XS«H I �'^µ(X

H I �5�þ§�É/¤��ØN´u)»�§U���m�±¥G	/ [40,62]
¶2) ^µ(X

��g=�}��^¬¦�/�ÉC�ý�/§�õêL(XÄ�þ�fNg=§}��

^Ø�3 [4]"

(5) éuL(X5`§���É�¥%å'��§^µ(X�ÉKvkù«©Ùþ�

ª³"ÄÙ�Ï�U´õ�¡�§X^µ(X	«H I ¡�Ýé$§�
�É�U&ÿ�¶½

öÏ�¥%å��/�ð(/¤�Çé$ [63,64]
§U/¤���þð(ê'��§§�²�#

(�u�)¤��É�ÒØ¬é�¶½ö@��íN�Ý÷(X¥¡R���P~é¯§u

´�É  ¬÷T��.�§��À��������ý�/(�BC��Ø²w"

(6) 2007 c Stanimirović[20] Quy�É�)ä�Ý Vexp ��ÉºÝ d �O�O�§

�éý�õê THINGS (X (Ø Ho II Ú NGC 4736 	) vkuyù«'X"¢Sþ§K�

Vexp − d 'X�kü«�^����UÅ�"Ù�§�#(�u�§��Ô��$Ä�ÝÏ

� ISM ��p�^ì~ú§Ïd¤*ÿ���É��§Vexp Ò��¶Ù�§�X1(�S

�#(�±Y�u§��UþØäÈ\§�É»�c��¬�±�	\�$Ä§(J´�É

�� Vexp Ò��§ù«Å���U3���c��É¥åX|��^"�Ï�ü«Å�Ó

�3å�^§¦äN�¹C���E,"

(7) (X¥�É�A�UþEE ��É¥%å�~�O�"�k§ØNGC 4214 	§Ù

¦(XS« (R < R25) �ÉA�Uþ�²þ�� 2.1 × 1045 J§²w'	« (R > R25) �É

�²þUþ 1.0× 1045 J �"éd�U�)º´§du(XS«�íN�Ý�p§\�@p�

SFR ½'	«�p§�±)¤�õ��É§ùü�¡Ï�¦S«�É�	ÜØå��§)

¤�É¤I��Uþ (½=A�Uþ) Ò'��"

(8) XJ?r8I(X©� 3 |§=@.^µ(X!�.^µ(XÚL(X§@o�|

�²þ$ÄÆc#©O� 13.9 Ma!31.6 Ma Ú 32.5 Ma§ù�N½U^þã�É¶'�É�

ü«�UÅ�5\±)º"

(9) XJGØNGC 2841 Ú NGC 3521§�e 17 �(X¥�É����m©EÇþÐu

280 pc"éuù
(X¥�»�u 280 pc ��É�����©ÛL²§̂ µ(X¥�É��
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»Ñ�uL(X§�Ï�U´�L(X�'§̂ µ(X¥OB (���þ��§ÙÑ\�É

�Uþ���"

o�5w§þãÚOïÄ¦+�9õ�¡SN§�k'(Jw,´ÐÚ�§Ï�(X�

�Ø´��§AO´L(X=k 6 �"

5 /¤Å�

20 V 70 c�§<�3'uÕàX�(��ïÄ¥§²(JÑ
(S���#(�u

Ú��þ@.((º/¤Å� [1,65]
§����
<¤�É [35,66]

§¿é¯^±)ºà	(X

¥ H I �É�å [2]"�u�5uyù��¡�/IO�.0�/ìCÅ�0½/ð(�"Å

�0Ã{)º,
*ÿ¯¢§<�qJÑ
'uH I �É�eZ«Ù¦/¤Å�§XÓ��

±8a�ìCÅ��³ê���u§±9$�ÃIk¥%U�3�p�¥5���(Xm

�-E§(XS0��ÀØ�l (ram pressure stripping)§ÚåØ½5Úë6��^�"

5.1 �#(�u���þ((º

U Brown �< [6] �@Ïó��§Cox Ú Smith[1] u 1974 c²(�Ñ§(S��U´

SNR üz��Ô"ØÈ§Castor�< [67] �Ñ§��þ@.(�(º�~r�§3Ù�)¥

�±�±�� ISM 5\� 1043 J �Å�U§ù�L§½U3(S0�¥)¤�(�"1979

c§Heils[68] uyÕàX¥�����OB(�f�'"��§�
ó�lnØþé(S��

�#(¨(º/¤Å�?1
&?¿���½ [35,49]
§k<�@�ù«/¤Å��±^5)

º����
*ÿA�§X����Ú/G�¥%å�Cz� [66]"

1986 c§Brinks Ú Bajaja[2] 3M31 ¥&ÿ� 141 ��» 0.1 ∼ 1 kpc � H I �É§Ù

¥�Ü©äk��(�"¦�5¿��Ü©�É u¥%å� 10 kpc ���S§3ù�

«�SØ= H I �Î�Ý�p§OB (��ê�Ý����p�"²©Û�¦�(@�»�

u 300 pc � H I �É3 �þ� OB (�r�'§¿âdí�
�#(�/¤Ç"�u@


����É§Brinks Ú Bajaja[2] @�aq�'X��U�3§�ÿÃ{\±(@"1990

c§Deul Ú den Hartog[3] éM 33 ¥¤uy� 148 � H I �É?1©Û�Ñ§�»�u 200

pc � H I �É� OB (�� ��'5��Ð"þãó�§±9n�éÙ¦à	(X (X�

ð�!M82!Ho II 9 IC 2574 �) �ÓaïÄ(J [31,37,39,69−71]
§�(X�É��#(¨(

º/¤Å�Jø
k|�*ÿyâ"

¦+Xd§ù�Å�¿�Ã��Â"�X*ÿïÄó���\§AO´3CÏ��
ó

�¥§<�é�
éù«Å�¹�Ø|�,�a*ÿyâ"~X§RandÚ van der Hulst[72]

3(X NGC 4631 ¥&ÿ� 2 �é�����§�»©O� 0.9 kpc Ú 1.5 kpc§���A�

Uþ©O� (6 ∼ 10) × 1046 J Ú (2 ∼ 5) × 1047 J"XJ§�)¤u�#(¨(ºÅ�§@o

��ÙU�OB (�¥OB .(�ê8©OA�� (4 ∼ 10)× 103 Ú (1 ∼ 3.5)× 104 ��

õ§ù«�¹l�*ÿ�L [26]"qX Rhode �< [27] é Ho II ¥ H I �É��[ïÄL
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²§3�
�É¥í3(ì�Ý�*ÿþ���#(b��ýÏ��»Ì§�NõH I �É

 u1Æ¡�Ý�~$�(X�	«§@p¿Ãð(uCÏ/¤�?Û,�—— ù�:®

� 21 VÐ Bureau Ú Carignan[56] �ó�¤y¢"

nþ¤ã§��éÜ© H I �Éó§�#(¨(º/¤Å�w5¿Ø·^§daÅ�

�N�¡��/²;�.0§$�/Ì6�.0§��ù�Øþ´�«/IO�.0"

5.2 p��Sá

@3 1972 c Larson[73] ÒQýó§íN�(X�Sá�L§¥§�U¬3íN�¥/

¤,
A½�(�§¿?�Ú>uð(�/¤§¯¢þ3(X�	«(¢�3¥5�

�[74,75]
§k<�uyda�ì3 �þ� ISM ¥��
r6Ä«�éX [76−78]"

20 V 80 c�Ð§Tenorio-Tagle[79,80] lnØþJÑ
�(�/¤�p�� (HVC) S

áÅ�§@��ºÝ¥5�� (¡�Ý�� 1010 cm−2) 3�(X� ISM u)-EL§¥§

Uþ¬3��«�S�þà8§¿��p§ (106
∼ 107 K) íN±�(�)ä§3� ISM

¥/¤�ºÝ$�Ý�n(�§�Ò´�<¤¡�H I �É"U Tenorio-Tagle[80] �Ñ�½

Â§¤¢p��§́ ��íN��é$Ä�Ý v > 90 km·s−1 �¥5��§HVC �íN�

��g-E§�õ�� ISM 5\ 1045 J �Uþ§dd)¤��n(�3�
ÔnA5 (X

�»!)ä�Ý�) þ�*ÿ(J�Î"1986 c§Tenorio-Tagle �< [25] ÏL��6NÄ

åÆ�[§2g?Ø
p��SáÅ�)¤ H I �É�Ün5"1988 c§Tenorio-Tagle Ú

Bodenheimer[81] Ò�ºÝ H I �É� HVC Sá/¤Å��
�[�µã"

U Tenorio-Tagle �<�þãX�ïÄ��§�k<^ HVC SáÅ�5)ºÜ©�º

Ý H I �É�/¤§X Rhode �< [27] é Ho II �ïÄ§Rand Ú Stone é NGC 4631 �ï

Ä [82]
§±9 Santillán�< [83] ÚMurray Ú Lin[84] éÕàX�ïÄ�"ØL§k<éù«Å

�½JÑ
�¦§@�HVC SáÅ��N�^5)º�êH I ���å [57]
§�§¿Øä

kÊ·5§½ö`�õê��Ø�Ud HVC SáL§/¤ [2,85,86]",	§Rand Ú van der

Hulst[72] 9 Perna Ú Raymond[87] 3 20 V"¤��ó�Ñ®�Ñ§�¥/� H I ��k

�UåÏuHVC SáÅ�§C�����G��^OB (�¥�#(�õg�u½ö�

g³ê� (GRB) ¯�5)º��Ün"

5.3 ³ê���

�u�#(¨(ºÅ�ØUÜn)º�
�ºÝ H I �É�å§1998 c Lobe Ú

Perna[26] JÑ
�É�³ê� (GRB) /¤Å�"¦�@�GRB ´�»¥��r���u

¯�§�Oz��(X��z 0.3∼40 Ma Ñy�gGRB ¯�§��¬kØ�u 1046 J ��

uUþ5\±> ISM§ù�'ü��#(�u�Uþ 1043 J ��õ§v±)¤�ºÝ�H I

�É"d GRB ¯�¤�)���Å¬Ï(Së6��^ì~f§²êZ�c��Ý�ª

ü�� 10 km·s−1
§ù¿�X3z�(XS?¿��A�3õ�ê±ZO�GRB ¢,§[

��*ÿÚ©Ûk�U¬�«Ñ�Ü©H I ���=´GRB ¢,"
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¯¢þ§Óc�@�Ï Efremov �< [88] ®JÑ§GRB ¯�¤º��UþÚÑy�ª

ê§�±^5)º^µ(XÚØ5K(XS ISM ¥ 1 kpc ºÝ� H I ��Ú�É"¦�@

�§3�
¤*ÿ�� H I ��S¿Ø�3²w�¥
(ì§§�k�U´ÏGRB �u

)¤�¢,"ØL�öÓ�q>&/�Ñ§ù�*:¿�´(Ø5�"Ëc§Rhode�< [27]

�ó�é H I �Éå� GRB Å��±k�Ý��½§�¦�Ó��Ñ§��#(¨(º

Å���§GRB Å��J±)º u(X�	«��É§Ï�@pA�Ø�U)¤U3ü

z�Ïu)GRB ¯����þð("

20 V"§'u H I �É GRB /¤Å��nØïÄ§±9��#(¨(ºÅ��'�

ª?Ø¹�9O§Ù¥��9ùüaÅ�XÛ>uð(/¤ [36,88]"o�5w§GRB ¯��

@�´/¤H I �É��«�U�k��UÅ�§�Ó�¿Øü½�#(¨(ºÅ�"I

��Ñ�´§¦+ùü«Å�Ñ�8auìCÅ�§�dd/¤�H I ���uÐL§%Ø

¦�Ó"éuGRB ¯�§Uþ�u´�g5�§Ø
ÐÏ�]m�Þ�ã	§����BC

�?u·�§½ö�´�ú/)ä¶OB(�¥��#(¨(º�^KØÓ§5\ ISM �U

þ´ëY5�§��¬3����mS�¯/)ä"

5.4 �(

Ø
þãA«Ì�Å�	§'uH I �É<��JÑ
eZ«�U�/¤Å�§X(X

S0��ÀØ�l [29,56]!ÚåØ½5Úë6�^ [18,89,90] � (�u�Ì§�©Ø2��[

ã)"�k<é²;�#(¨(ºÅ�\±?�§±�ÑTÅ�^±)º,
H I �É�¤¡

��(J"X Rhode �< [27] 5¿�Ï*ÿØ�§é�ÉUþ�U�OLp§��é/¤�

ºÝ�É¤I�#(�ê��¦Ò¬ õ¶½ö��U�(ì�UäkÉ~� IMF——

��þð(ê�'~^ IMF ¤�N�õ§ÏUJø�õ�Uþ"

2009 c§Weisz �< [31] 3é(X Ho II ���ïÄ¥Ò�#(¨(ºÅ�JÑ
,

�a?�"¦�@�§�ºÝ�É¿��gü�c#�(ì§§��*ÿA��±ÏL

ïð(/¤¤§^eZ�ð(�/¤L§�ÑÜn)º"ù�*:®���C�
ó��

|± [33,91]"

nþ¤ã�N�±wÑ§�#(— (ºÅ� (�)§��?��) (U)ºNõà	

(X¥¯õ H I �É�õê*ÿA�§XJÿØU¡��/IO�.0§EØ��´/¤

H I �É (AO´��ºÝ�É) �Ì6Å�",��¡§Ù¦�a�.½Jø
�
 H

I �É (AO´��ºÝ�É) �U�/¤L§�)º"Ø=Xd§�X Tenorio-Tagle Ú

Bodenheimer[81] ¤�Ñ�@�§�u¯K�E,5 (�)*ÿ]��õ�5§é*ÿ]�@

£þ�j"§±9ØÓH I �É¤?�¸^��É�)§éJ��lõ«�.¥(@�«5`

²,�äN�É�å"¦��rN�Ñ§k
�É(�$��±^õ«�.5)º§½ö

3,
�¹¥k�Uõ«L§Ó�3å�^ [82]"
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HI Holes in External Galaxies and Their Formation

ZHAO Jun-liang

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

Abstract: Since 1960s observations and studies of neutral atomic hydrogen (HI) in nearby

galaxies have shown there are bubbles or holes with different sizes and morphologies in the

interstellar medium (ISM), which are usually referred to as H I holes or H I shells instead

of H I bubbles. Because there is evolutionary relationship among H I holes, ISM and star

formation, many researches have been done on the structure, physical and kinetic properties,

statistics and formation mechanism of H I holes.

The observed characteristics of a hole can be described by a number of parameters

as follows: (1) the equatorial coordinates of the hole, (2) its heliocentric velocity, (3) the

semi-major and semi-minor axes, (4) the axial ratio, (5) the position angle of the hole on

the sky, (6) the morphological type, (7) the expansion velocity, and (8) the average flux

density around the hole. The above observed parameters can be used to derive the following

properties of the hole: (1) the diameter, (2) the kinetic age, (3) the H I column density,

(4) the volume, (5) H I mass, (6) the galactocentric distance, and (7) the estimated energy

requirements.

The structure and physical and kinetic properties of holes of many nearby galaxies have

been in more or less details studied, and among them some results of the three representative

galaxies are briefly described, including the Large Magellanic Cloud, the Andromeda Galaxy

M31 and a dwarf irregular galaxy, Holmberg II.

Recently, from the sample galaxies of “The H I Nearby Galaxies Survey (THINGS)”,

more than 1000 H I holes in 20 galaxies with different morphologies were detected and a

statistical discussion has been completed. It is found that the size of these holes range from

100 pc to some 2 kpc, their expansion velocities range from 4 to 36 km·s−1, and their ages

are estimated to range between 3 and 150 Ma. The holes are found throughout the disks of

the galaxies, out to the edge of the H I disk. The estimated energy requirements of a hole

range from 1043 to 1047 J, and are getting bigger with the distance of the hole from the

galaxy center decreasing.
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Several theoretical models have been set up to explain how H I holes formed. For a long

time, stellar winds and SNe from young massive stars in OB associations have been referred to

as the mechanism of the creation of holes and shells, which means H I holes could in principle

be the result of stellar feedback from multiple star formation episodes, and is called as the

“standard” theory by some people. However, there are obvious discrepancies between such

a classical model and some observational facts found later, and a few of physical mechanism

other than SNe have been invoked, including infall of high velocity clouds, gamma-ray bursts,

turbulence and gravitational instability, and ram pressure stripping. Some hole structures

admit multiple interpretations and in other cases several different processes may be acting

concurrently to build up a hole.

Key words: interstellar medium; H I shell; H I hole; formation mechanism


