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1 Ú ó

¯¤±�§ÕàXS�Ô�/�Øð(	��3díNÚ�D|¤��a(S0�

(ISM)§½¡(SÔ�"(S0���Ý©Ù¹Øþ!§Ù¥�Ýp�/�B�¤(S�§¥

5���Ô�ê�Ý�� 1 cm−3 (©f�Ô��ê�Ý��u 100 cm−3)§�mÔ��ê

�Ý=�� 0.1 cm−3"�XõÅãU©Æ��v?Ð§AO´�>!ù	�*ÿEâ�F�

�õ§<�é(S0�9Ù©Ù�@£ì�\§Ù¥��Ò´� (bubble)§½�(S�§

ºÝ����½¡�� (superbubble)"

@3 1974 c Cox Ú Smith[1] Ò®�Ñ§(S��U´�#(3�u�§�XÙ¢,

(SNR) �)ä!üz§¿�±>(S0�í?L§¥��Ô"�(��«©�5�²wØÓ

�ü«¤©µ)ä¥���� (�9) ÚT��¤����n"�� (shell) �Ò´��	Ü

>.§Ô��Ý�p§Ýé$§S¥�¹
�Ü©��	°Ñ�(S0�"�nÏSÜ0

��Ýé$�Ù¶§�§Ý%�p�� 106
∼ 108 K§Ï�k�q�¡�/9�0(hot

bubble)"Ëc§Castor�< [2] @�§��þ@.(�(º�r§Ó��±3(S0�¥/N0

Ñaq��(�"3¦���.¥§Ø�	��Ý�p�$§)ä��§±9��S�p§!

$�ÝÔ�«	§�S�K´�(�(º«"

¯¢þ§3�@� 20 V 60 c�§<�®ÏL�>*ÿ5¿�
(S0��,
©

ÂvFÏµ2011-06-02¶ ?£FÏµ2011-10-14
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ÙA�§XlÕ�¡NC lII ≈ 30◦ �/�å§��Õ4ò���^//�4| (North Polar

Spur)0§T|^/(��°Ý�� 10◦§§k�U´,��/(� (Loop I) ��Ü© [3]§

Loop I ��À��»�� 116◦[4]"3HÕ�¥Kk¤¢/~�l (Cetus Arc)0§§�U´

,���/(�Loop II��Ü©§T��À��»�� 91◦[4,5]"3Berkhuijsen�< [4]1971

c�ó�¥§®²(J�
 4 �da�(�§¿�Ñ
§��U¥ �ÚAÛ(�ëê"¢

Sþ§�D´n��(�3À���U¥�²¡þ���ÝK§½ö`´��*ÿL�§

Loop I �½�¡� Loop I �½ Loop I ��"

20 V 80 c�§<�ì@£���X½ u��(S�(��S§¡���/��

½�/� [6−8]"��§UNÔnÆ[é�)�/�3S�ÕàX��¢ÿÚnØïÄFª¹

� [9−14]"?\ 21 V�§�X*ÿó���\§ê±zO�ÕàX��±(@ [15−17]§$�

k<(¡/�(�''�´0[18]"�u�mù	*ÿ^u(S��&ÿÚïÄ§ù��Ï/

¤
¤¢/ù	�0½/(ù	)�D�0�Vg [18−23]§k<m©�\&Ä����m!½ö

�(��±>�¸�m��p�^ [24−26]"

ã 1 ��;.�(S�§eÜ�9®Ñy�ã

»�¶ã¥�e��IÝY²�ãL«�

�»� 2′ �ºÝ�� [16]
"

��/��Ø�Ó§äN�¹�ûu��

c#§¤?��¸^�§́ Ä�Ù¦�u)L�

p�^§±9ù«�^�u)�m�ÃõÏ�"

��5`§���á��´@ªò��§ù´Ï

��X��Øä)ä§�9�ª¬��§�±

>�$§ ISM B¬Z\���n§¿¦�nS

�p§íNìe%"ØL§du±> ISM 5

\�n��ÝØ�¬�L 10 km·s−1§ù�L§

��I±Y 4 × 106 a[1]"ã 1 ´��C��/

�(S�§ÙÛÜ�9®²Ñy»�"XJ�

�#/¤��3)äL§¥�,��@Ï/¤

�/Î�0��!-E§@o§�Òk�U¿Ü

�������§½ö¿Ø��¿Ü§´/¤

,«kS9�m�V�n�(� [27]§�
kE

,(��¤¢/õ� (multiple bubble)0é�

UÒ´3da-Eõgu)�L§¥/¤� [18]"

ÕàX�(��ïÄSN¹�´L§e©=Ò�/�!H I ��!ù	�±9��/¤

Å���¡�±{��0�"

2 �/�9Ù� Loop I ���p�^

1984 c§Innes Ú Hartquist[6] 3c<�
ó� [1,28−30] �Ä:þ§?Ø
��X u�

�/Î��0�S��U5"¦�|^�µ^X ��!4b	 (EUV) u�ÌÚ�»�*ÿ]
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�§¿²k'nØO��íä§3� 4× 106 a c§��k 1045 J �Uþ5\
��NC�(

S0�§l/¤
����§ù
Uþ�U5geZ(ì¥@.(�(ºÚ�#(�u"

Ëc§Morfill Ú Hartquist[7] �ó�2gLã
ù�*:§¿@�u)3Az�cc�@g

Uþ5\¯�A�9�å��� 100 pc ±S� 100 ��m OB .(§§�3Ø����ã

(� 2 × 106 a) SÑy�#(¤ì5�u§��K´3� 2 × 105 a ½�@
�mâ?\�

(�"¦�Ø�7¤Ó��ÏClayton �(Ø [31]§�ö@��±^ 104
∼ 106 a cå���

20 pc ±S��g�#(�u5)º�/ ISM ¥���´Ý©Ù"

Cox Ú Reynilds [8] 3 1987 c���nã©Ù¥§²(�½
�/���*�3——*

ÿ��^ X ���µË�=åu�¤?�k�«��S§¿é�/��Ã�¡�¹�


�[�?Ø§�)��(�!5�Ú¤Ï§�nS$�Ýp§Ô���U)º§�S�U�

3��$�Ý�¬9Ùé�üz�K�§±9�/�� Loop I ��'X (ë�ã 2) �"

ã 2 �/�� Loop I �AÛ'X�ÝK«¿ã

o�¤�«�L«��¥5�����¡ � [27]
"3B�

���À���þ&ÿØ��µ�b	Ú^ X ��Ë�½

¦���~f"

1994 c§Breitschwerdt Ú Schmutzler[12]

ÏLé^ X ���µË�]��©Û��Ñ§

�/�D´��Î���¢,§�ö´3�

4 × 106 a c!d�� 10 ��þ M > 30M⊙

�ð(�)§ù
ð(Q u�¬�Ý��

104 cm−3����¬S"�/�/¤���»

�� 24 pc§²� 4× 106 a�*Ü§8c®¥y

ý�/§.����ºÝ�� 300 pc �m§�

nSÔ���þ�� 5 000 M⊙§�y®wØÑ

k²w)ä�,�"

1995 c§Egger Ú Aschenbach[13] ÏLé

X ��U©¥( ROSAT ÑU]��©Û§Ä

gl*ÿþ (X ��*ÿÅã� 0.1 ∼ 0.4 keV

Ú 0.5 ∼ 2.0 keV) y¢
�/�� Loop I �

�m�3�p�^"�uùü��(�¥%m

�ål�uÙ²þ�»�Ú§�§�é�U®²u)
�p�^"�>*ÿuy§3�

���« (��F%å�� 70 pc) S¥5��Î�ÝlNH 6 1020 cm−2 a�ª/,p�

NH > 7 × 1020 cm−2§ù�±^ü��9m��p�^5)º"duü��(���m

�-E§3§���.?Ò¬/¤�����¥5��� (=�p�^«§ë�ã 2)§§é

0.25 keVÅã� X ��Ë�´Øß²�§��±��TÅãË�¬���áÂK§ù®�

*ÿ¤y¢"3@
�ÿ§YoshiokaÚ Ikeuchi[27] 'u)ä¥/-Å�m-EL§�6NÄ

åÆ�[®lnØþéd�
ýó§ÃØl½þþ�´½5þw§¢ÿ(JÑ�nØýÏ

�Î"

CÏ§Sallmen�< [24] |^ FUSE(Far Ultraviolet Spectroscopic Explorer) ¥(��b

	*ÿ]� (Ì�´Å� 103.8 nm � O VI Ë�)§é�/�� Loop I �m��p�^2g

�
ïÄ§¤^�{�Ä��n�^X ��&ÿ�Ó"¦�uyB�¥5����À� (¡
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�ÉñÀ�) ��þ±1fO� O VI Ë�rÝ� (2 750 ± 550) cm−2 · s−1 · sr−1§�ñÀ

���þK� (10 800 ± 1 200) cm−2 · s−1 · sr−1§'cö��õ§ly¢
p�ÝÔ���

��3§¿í��/�� Loop I ��m��p�^"

3�C�õc¥§<�l¢ÿÚnØ�.ü�¡é�/��å!(�!Ôn5�Úü

z�
Nõó� [14,32−39]§�) Santos �< [40] |^1Æ �*ÿïÄ�/�� Loop I �

.¡�(�ÚÔn5�§Reis �< [41] dõÅãÿ1]�?Ø
�/�Ú Loop I U«�(

Sùz��D��ºÝ©Ù�"8cé�/�9�'¯K�@£�Nþ�Lã�±eA�

�¡µ

(1) 3��¤? �þ�Û� ISM ¥§k��¡���/�n (Local cavity) �$�Ý

«§Ù¥�ÛÜ«�¿÷
p§ (� 106 K)!$ê�Ý (� 0.005 cm−3) �lfíN§daí

N�±3^ X ��Åã&ÿ�"�/�n�ù«9¤©¡��/� [35]"ØL§3Ø�ó�

¥<�Ï~é�Ú�nùü�VgØ�î�«©"

(2) �/�n��ºÝ3Õ�¡þ�� 200 pc ½��
§�÷ÕàX=¶���ò�º

Ý'ù��§k<$�@��U��� 600 pc[36]§��Õ4����¤ 20◦ �m�� [39]§

��Õ4���ò����'÷HÕ4����õ",��¡§3±�©ÙþKLy��,


�� (X÷ lII = 310◦ ���) kÃ�G	â(� [35]"ØL�u¢S(��E,5§±9

&ÿEâ!��(¯ÝÚ©Û�{þ��É§ØÓ�ö�Ñ�(JØ¦�Ó"

(3) �/��Uåuå���C�c�OB (�——U�–�<ê(�¥ 14∼20 ��

�þ(��#(�u§ù
�u�±>0�5\�Uþv±/¤8c¤*ÿ��@o���

/� [38,39]§�C�g�#(�u¯���u)3 5 × 105 a �c [37]"

(4) CÏ§Fuchs �< [38,39] �â��NC�» 400 pc ��S¤k B .(�F%å

Ún��m�Ý]�§é§��c�$Ä;�?1�ü§dd���/��c#���

(10∼15)×106 a§�c<dÙ¦å»í�Ñ�(J�Î§XBreitschwerdt Ú de Avillez[37] Q

�Ñ�/��c#� 14.5+0.7
−0.4 Ma"

(5) �/�� Loop I ���p�^(¢�3"BreitschwerdtÚ de Avillez[37] ��[ó

�ýó§ly3å²� 3×106 a �§���p�^¦�9m©��§9íNB¬lLoop I �

=£��/�§2²L� 1.2×107 a(=å8 1.5×107 a) �ùü��ò¬¿Ü3�å"

3 H I ��

Ø Loop I ��(�Ú�/�	§g 20 V 70 c�å<�uy
�5�õ�ÕàX

�(�"X 1996 c|^ ROSAT ¥(*ÿ]�y¢
��m�.�Cål�(�——�

r–Åô��§§÷ bII = −40◦ ��¥.�/§�9C!�à�ål�©O� 155 pc Ú

410 pc§¿��?1
õÅã*ÿïÄ [42,43]§¢Sþ<�5¿�ù�(�®k�õc�{

¤ [44−46]"Óc§d 21 cm ¥5�*ÿ3»�Å–.�(WR 149 ±�uy
��äkV

�(�� H I �§ål�� 6.5 kpc§V���»þ�C 60 pc[47]"2001 c§3Í¶u�V
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(����uy
 2 � H I ��§§��ål©O�� 1.2 kpc Ú 2.2 kpc§Ù�ºÝ©

O� 280 × 200 pcÚ 280 × 440 pc[48]"3ù��Ï�uy
Ù¦�
�(�§XU�–<ê

�[49,50]ÚU��[51,52] �"

Ø
þãé�O��*ÿïÄ	§�
?�Ú@£ÕàX¥�(��oN5�§X�3

ÕàX¥�©Ù9Ù�^:�'X�§<�m©?~�a�L"1979c§Heiles[53] uL
1

�° H I ��Ú���L (= H I �Ú��L§ØL<��õ/¡d¥5�*ÿ¤uy��

H I ��§Ø¡H I �)§Ù¥�Ñ
 63 ����Ônëê§�)��¥%�Õ��I§�

é LSR �$Ä�Ý!���!Õ%åÚF%å!��»!��/¤c±>0��ê�Ý!�

þ!)ä�Ý§±9Ï�uª¯�/¤��¤I�Uþ E �§ E > 3 × 1045 J ���q

¡����¶éuÙ¥ 17 �?u)ä¥�����Ñ
)ä��ÝÚ)äÄU"L���

�NþÑ�C�/§�´÷Õ�¡��þ�w.�
"5 c� Heiles[54] uL
1�°��

L§�Ñ
,	 42 � H I ���k'Ônëê"1996c EhlerováÚ Palouš[55] Q|^ Heiles

�1�°L]� [51] ?1
��ÚOïÄ§(Juy����/¤Ç3Õ�S�»�©Ù�

ð(©Ùé�C§ù`²ÕàXS�Ü©¤*ÿ����AT�ð(/¤§Ø´�p��

(high velocity cloud§HVC)�Sák'"

ã 3 ÕàX H I ����ºÝ (p�I§ü 

pc) �Õ%å (î�I§ü  kpc) �»�

©Ù�¹[54]
"

2002 c§McClure-Griffiths �< [56] 3

HÕ�¡ÑU (Southern Galactic Plane Sur-

vey§SGPS) ]�¥uy
 19 �#� H I �

�§§����»þ�u 1◦§�ºÝ���

� 40∼1 000 pc"¦�|^ù
#uy���Ú

Heiles[53,54] ���§?Ø
 H I ����m©

Ù§(Juy����ºÝk�Õ%å�O�

O��ª³ (ë�ã 3)§�à	(X¥H I �

��ºÝ�»�©Ùª³��� [57−59]"Ï~@

�E¤ù�y���Ï´H I ��Ip�Õ%

åO�§����ºÝ�uH I ��Ip§�

��±3n���þ)ä§¤±§��ºÝB

� H I ��Ip���'"

2005 c§EhlerováÚ Palouš[60] d Leiden-

Dwingeloo�H IÑU]� LDS§uy
 600õ

� H I ��"¦�^Ù¥ uÕ²1���¥

276 � H I �������§²ÚO©Û�uy±eÌ�(Jµ

(1) ����3ÕàX¥�»�©Ù�NþÑl�êÆD ∝ exp[−(R/β)]§ùp D �

H I ���¡ê�Ý§R �Õ%å"*ÿ���I� β ≈ 3 kpc§�ÕàXð(��I�

�Øõ§ù�N��´��/¤�ð(¹Äk'����y",��¡§��¥�k�ê

���Õ¡å zHI �u 500 pc§��XÕ%åR �O� zHI ����k�þ�O�§X3

R = 12 ∼ 14 kpc��Sk zHI = 590 pc"
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(2) 3c#©Ùþ§¤k�����c#þ�u 1×106 a§�=k�ê���c#�u

5×107 a"éd�)º´�c����ºÝ��§Pc��K3^:��	å�^e®î

 ($��.) »�§§�ÑéJ&ÿ�"

(3) ����»�Ì�Æ©ÙN(r) ∝ r−α§��ê α = 2.1 ± 0.4§ØL��»����

�Ù��ê�'��§=©Ù�w�²"
"��»�u 50 pc �m������AT´

�
º¤� (wind-blown bubble)§½ö´�g�#(�u��¢,§§��)ä�Ý��

10 km·s−1½��
"�ºÝ������»��u 100 pc§§�´(�¥eZ���þOB

.(��Ô§)ä�Ý�u 10 km·s−1"¦+Xd§����»�)ä�Ým�'X¿Øé

(½"

(4) H I ���Uþ E �Ue� Chevalier úª [61] O�µ

E = 5.3 × 1036n1.12r3.12v1.4
exp , (1)

ª¥ E ±���ü §n ´��±>0�zá�f��ê�Ý§��» r ±¦�å�ü §

)ä�Ý vexp ±Z�z¦�ü "XP�g�#(�u�Uþ�ESN(;.�´ 1044 J)§

KNõ���UþE < 0.1ESN§é�õêùa$Uþ(�k r < 100 pc§§�é�U´�


º¤�§¿��)u�#(�u"ØL§Nõ�ºÝ���Uþ�7�p§�Ï3uÙ±

>0��ê�Ý  �'����±>0�²w5�$"

(5) ��(XS§�N H I ��¤Ó�*ÿ¡È (½NÈ) �T(X�*ÿo¡È (½

NÈ) �'§¡�(X¥����� (½n�) W¿Ïf (filling factor)§§�éuïÄ(S

0��üzäk�¿Â"O�L²§EhlerováÚ Palouš[58] �������W¿Ïf�

f2D ≈ 0.4§n�W¿Ïf� f3D ≈ 0.05"

AT�Ñ�´§�u¤^�H I ��*ÿ��=�uÕ²1����Ï�§þã(Jw

,´ÐÚ�§I�����!������ (X3 2007 c Ehlerová®ÁãòHI ���|Ï

ó�*Ð�Õ²1n��§��8ÿ�k(JuL§�ë� http://adsabs.harvard.edu/)§±

Ué H I �����¡5�����\�&Ä"

EhlerováÚ Palouš[60] 9�c��
ó�Ì��9ºÝ�é��� H I ��"2007

c§Daigle Ú Joncas[62] |^<ó ²�ä (ANNs) �.§²gÄ|¢3=l:Suy


7 100 ��ºÝ (<40 pc) � H I ��ÿÀUN"¦+¦�Ì�3u`²�{��15§��

�Ñ
�
k��(J§Xù
ÿÀUN��m©Ù�ÕàX�xð(�©Ù���§�¿

Ùþ�kÙ¥� 23% �c�ð(¤��"

Øþã���ÚO©Û	§CÏ<�é�OH I ���?1
ïÄ [63−65]§Ù8�Ø


�\@£ H I ���(�ÚÔn5�	§�3u?&ÄH I ���>uð(/¤�m�U

�3�'X"

4 ù	�D�

(S0�d(SíNÚ(S�D|¤"BoulangerÚ Perault[66] �ó�L²§(S�D
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¹þ� H I ¹þ���'§ddí�Ô��Ý�p�H I �� (=�9) ¥(S�D��Ý

�'�p"Ïd§�±/Ïù	*ÿ5&ÿ(S0���(�§ÏLù^å»uy��B¡

�ù	�½ (ù	) �D�"

4.1 ¥ù	*ÿ

ù	��@Úå<��5¿�gISO(Infrared Space Observatory)[67]ÚMSX(Midcourse

Space Experiment) [68−70] ���ù	*ÿ]�"2006 c§Churchwell �< [16] l Galactic

Legacy Infrared Mid-Plane Survey Extraordinate(Spitzer ��Æ�8��)�ù	ÑU]�

(GLIMPSE I§*ÿÅã 3.6∼ 8.0 µm)§3 (|l| = 10◦
∼ 65◦, |b| 6 1◦) U«Suy
 322 �

Ü©4Ü½�4Ü��/(� (±e{¡ G I ��)§§��Ò´Ü©½�4Ün��D�

3U¥þ�ÝK§²þ¡ê�Ý�� 1.5/²�Ý§�9�*ÿU«o¡È� 220 ²�Ý"Ë

c§Churchwell�< [17] lGLIMPSE II *ÿ]�3Õ%NC 10◦ ��Sq|¢� 269 �¥

ù	� (±e{¡G II ��)§¡ê�Ýp�� 5/²�Ý§*ÿU«o¡È� 54 ²�Ý"�

MSX �'§Spitzer ��m©EÇJp
� 10 �§(¯ÝJp
� 100 �§Ï�&ÿ��

�!�V��(�"Churchwell �<3þãü°��¥�Ñ
z���Õ��I (lII, bII) !

�9S	>��À��¶ (a1, a2) ÚÀ�á¶ (b1, b2)! %Ç e!²þ��» r̄ Ú�9�²

þ�þÝ T̄§Ù¥ r̄ Ú T̄ UeªO�µ

r̄ =
(a2b2)

0.5 + (a1b1)
0.5

2
, T̄ = (a2b2)

0.5 − (a1b1)
0.5 . (2)

ü°�LÑéùC 600 ���
/�©a§±5²�9´Ä��§�S�Uk��(ì§õ

� (�S½�>�k��½ê����g?�)§�(�S�U�3��½ê�ÐÏð(N

(YSO)§�ÿ�/¤g?�§�9�p�>�V�½n�(�§±9wþ��S�U�3°

¦�/¤���½ê�¥%(§��"d	§ü°L¥��ÑU�« (Õ²1���) ÚH«

(Õ²1o��)©O�Ñ"

Churchwell �< [16,17] 3uL G I Ú G II ü°L�Ó�§éL���?1
õ�¡�

ÚOïÄ§X���m©Ù§�����! %ÇÚ�9þÝ�©Ù§ØÓ/���ÚO5

��§¿�Ñ±eÌ�(Jµ

(1) 3 |∆l| ≤ 10◦ ��SG II ���éÕ%��¥é¡©Ù§�ê�Ý��ål |∆l| �

O�O�§l |∆l| = 2◦ � |∆l| = 10◦ �O� 1 �§XnÜ�ÄG I ��Kù�ª³��

��±� |∆l| = 13◦ �"Ø
ÃX�û�µ�Ý� |∆l| �O�~��Ï�	§ù�Czª

³k�U�N
��þ(�¡ê�Ý(¢�X |∆l| �O�O�"Benjamin �< [71]2005

c�ó�L²
�3ù�Czª³��U5§��±±Y� |∆l| ≈ 30◦§ØL G I ���U

édJø(=�*ÿyâ"

(2) G II ����*ÿÕ�©Ù�±éÐ/^ü�pd©Ù5[Ü§Ù¥Ä¤©Ip

� 0.23◦ ± 0.04◦§°¤©Ip� 0.82◦ ± 0.01◦§¸�Õ�þ� −0.06◦ ± 0.02◦(ë�ã 4)"

Ä¤©��U�N
F%å��S O .Ú�@. B .(�©Ù§§��Õ¡åIp�

20 ∼ 32 pc§ù� |∆l| < 50◦ ���>�Ip�C§�ö�U´�
Ï4à(x I ð(

>l/¤���H II« [72]"°¤©¤éA�(x�Õ¡åIp� 72 ∼ 114 pc§§��U
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´�
Pc4à(x I ð(§½ö��´^:¥��ã(ÚEIC("G I Ú G II ü���

¥��¸�Õ�þ�é��K�§ù�±^�� uÕàX¥¡��� 10 pc 5\±)º"

ã 4 ù	��Õ�©Ù§î�I�Õ�§p�I

�G II��¥���ê [17]
"

(3) G I Ú G II ��¥��²þ��

»©ÙC��Ó§Ì��É´G I L¥�

�»> 1′ ���'G II L5�õ"cö²

þ��»�� 4′§�ê��ºÝAO�§�

����C 30′¶�ö�²þ��»3 2′

�m§����Ø� 15′§\�LG II é�

ºÝ��|¢���.§ÏG II ��²

þ¡ê�Ý�'L G I ��ü�õ"�Ï

� G II Lõ���§ü°��¥�Ü��

U«¡È�Ú3*ÿU«o¡È¥¤Ó�

'~Ñ�� 0.9%"

(4) �9²þ�þÝ T̄ ��²þ��

» r̄ �' η = T̄ /r̄ ´£ã�(����

�ëê"G I Ú G II ���¥ η �ªê©

Ù�¸�Ñ?u η0 = 0.25 ∼ 0.30 ���S (Ù¥ G I �©Ù�°Ý�Ä)§�¿Ø¥é¡©

Ù§η > η0 �ý��ªê~����²� (�ë�©z [17] �ã 6)§½ö`é���Ü©�

¬k η > η0§ù���(ºüz�.¥ η A%C� 0.32 Ø�Î [73−75]"éd§Churchwell

�< [17] �Ñ�)º´§5.8 µm Ú 8.0 µm Åã�ù	1ÝÌ�5g PAH(õ���g) u

�§Ù©Ù���U'É(ºØ �íN����"

(5) G I Ú G II ���9 %Ç e �¸�©O�� 0.65 Ú 0.70§�É¿ØwÍ¶Ù¥é

e ≤ 0.5 ��§üö�ªê©Ù´aq�§�� e > 0.5 � G I ��ªê��G II ��Í/

,�¸�§?q�¯/�l¸� (�ë�©z [17] �ã 9)"3(ºüz�.¥(º�rÝ

é�UØ´��Ó5�§�±>� ISM   ¿�þ!©Ù§�ö¦�3)äL§¥ØÓ�

�þÉ��{å¬k¤ØÓ¶ùü�¡�Ï¦��	/��Cý�/Ø´�/§¿¦Ù¥

�
�äké��AÝ§$���ÛÜ�9u)»�"3G II ��¥§k 53% ��´»�

�§69% ��k e > 0.5"ÚO©ÛL²§ÃØA/���¶��§�´�9�»���§�

éÕ�¡óþ¥�Å©Ù§Ø�3?Û `��"ù�(Ø`²§û½�(�/��Ì�

Ï�´ ISM �Û��Ý(�§¿Ø´ ISM �Ý�Õ¡åO�~���ºÝCzª³"�

u G I ��Ó�LyÑk��p'~�»��ÚéA��§ùÒ¿�XÕ�¡NC ISM �

©Ù´éØþ!�§°Ä�(�üz�(ºÚË�ØrÝ�¿���Ó5"

¦+ Churchwell �< [16,17] é��¥�Ü©�H II «�U���$ÄÆål�
�

� (Ù¥^�
ÕàXg=�.)§¿3dÄ:þ?Ø
���ºÝ (�)�»Ú�9þÝ)

�ÚO5�§ØLduF%åÿ½��Ø(½5��§¤����
(J¿Ã²(�Ôn

¿Â"

Cc5§(S�¥ù	Åã�*ÿïÄE¥�,�M��³§�)���ïÄÚü�



194 U © Æ ? Ð 30ò194 U © Æ ? Ð 30ò194 U © Æ ? Ð 30ò

�ïÄ"XDeharveng �< [76] ?Ø
Ü© Churchwell 2006 c���� HII «�'X±9

>u±>��þð(/¤��^§BeaumontÚWilliams[26] |^©fÌ��ù	��éA

*ÿïÄ
�é©f�9ð(/¤�K�§Watson �< [77] d¥ù	��±��¸5©Û

ð(/¤>uÅ�§Petriella �< [25] ?Ø
�D� N65 �±��¸§±9Ù¦��
ó

�[19−21,78]"

4.2 �ù	*ÿ

1984 c§Low �< [79] ®5¿�
�û ISM 3�ù	ã�þ¤¥y�,«(�§¡�

�ÕàXù	ò�"n�§k'(S�ù	��uyìOõ"~X§1987c Schwartz[80] d

IRAS � 60 µm Ú 100 µm *ÿ§uy
Õ�¡NC� 16 ��ù	�§¿�Ñ
§�� �

Ú��»�ëê"1996c§Marston[81] |^ IRAS Skyfluxã�]� (¥%Å�� 12!25!60

Ú 100 µm)§3 van der Hucht �< [82] Jø� 156 �WR (±�uy
 49 ���» > 20′

��U�(�§¦�@�ùa�(�é�UÒ´Ïc�O .(�Ô���¤�)�º¤�"

þãó�=�9$Õ�«��ù	�(�§¤k��þk |b| ≤ 10◦§éý�Ü©�k

|b| < 5◦"��������*ÿ��§2004c Kiss �< [83] |^ IRAS ��ù	*ÿ]�§

éÕ²1���U«§= (90◦ ≤ l ≤ 180◦, |b| ≤ 90◦) ��S�U�3��(�?1
ÑUª

|¢§�uy 145 ��ù	�"Kiss �< [83] Ø�Ñ�¥%�Õ��I!�[Üý����

¶!�á¶Ú ��§±9�9S	>���¶�ëê	§��âù����
eZÚO©

ÛÚ?Ø§X��U¥©Ù!��©Ù!�9�°Ý©Ù!�[Üý��¶'©Ù!ôÚ©

Ù�"

2007c§Könyves�< [84] rþãKiss �<�ó�*Ð��U«§3Ù¦ 3 ���qu

y
 317��§l/¤
��Nþ� 462�/ÕàX�ù	�L0§L¥�Ñ�¥%�Õ�

�I!����Ú[Üý�� ��§±9^±£ã�ù	�ã��*ÿA��Ù¦�
ë

ê (ë�ã 5)"¦�é���
���[�ÚO©Û§¿�Ñe�Ì�(Jµ

(1) ��©Ù� ISM �©Ùk'§Ïd§��Õ²©ÙAT3�½§Ýþ�N
ÕàX

�^µ(�§��Oê(Jy¢
ù�:——3��A^Ì^: (X�/^:�) ���

þ��ê8wÍOõ",��¡§��Õ¡å©ÙATX ISM @�U�êÆP~¶,§3

pÕ�?��ê8²w�'nØýÏ(J5�õ§�Ã{^ÝK�A½ålØ(½55\±

)º"ù�*ÿ¯¢�N`²
Ø��þ(��#(�uÚ(º	§��U�kÙ¦�k�

/¤Å�"

(2) �3U¥þ�À©ÙLyÑ,«��ºÝ�(�§X3�
«�¥óª(�§Ù¥

k�� H I �¡l���§k
K�©f�EÜN (X�=©f��)Ü§��Ùmé�U

kS3�éX"

(3) X± l = 70◦
∼ 250◦ �. (��÷�/^:��)r�U©�S«Ú	«üÜ©§@

o	«¥��ê8A�´S«�ü�§�$Õ�S«����»Ñ�u$Õ�	«��§©

O� 4◦.1 Ú 5◦.2(pÕ�«�¿Ãd�É)"éù�*ÿy���U)ºk�µÙ�§3$Õ

�S«Ïù	�µér§�ºÝ�k�U¦�¶Ù�§du�#(�uÚr(º�^ùaì
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ã 5 �ù	�3U¥þ�©Ù [84]

C¯��ª�u)§¦�@Ï/¤���®��¤�"ØL§yk�*ÿ]�ÿ�Uéùü

«�U5�Ñ�½"

(4) 3�Ü 462 ��¥®��ål���k 73 �§§�Ñ u$Õ�«"éù�f��

�ÚO©ÛL²§S«�Nõ��83��NCF%åØ�L 0.2 kpc �m��«�S§

Ù{�K3 0.4 ≤ R ≤ 4 kpc ��S¥�Å©Ù§¿vk8à3?ÛA½�ålþ"�uT

f���Nþ¿Øé�§©ÙqØþ! (k 30 ��8¥3Õ²1���§Ó 41%)§��õ�

�vk��k'§�ål�&E§AO´pÕ�«��§Ï�9�ºÝ�¡�?Øw,´

Ø¿©�"

5 /¤Å�Ú�Y�A

5.1 (S��/¤Å�

l{¤þw§3Brown �< [3] Äg²(JÑ/�4|0�Vg�c§Blythe[85] u 1957

c®3 38 MHz �>ªãþ*ÿ�
ù�{^G(��3�,� (�<rdad�>*ÿu

y�(�¡�/�>|0)"Ëc§Tunmer[86] =ÁãlnØþéÙå�Ñ)º"¨@�ù

�(�åÏu�éØ5>f7X(S^|�^?ª$Ä¤�)�½�u�§^|���K

��/^:�r����"üc�§Brown�< [3] �Ñ§ù�Å�¤ýÏ��>|AÛ/�

�¢ÿ(JØÎ§lkå/Ä½
Tunmer �nØ�."Brown �< [3] Ó��JÑ
ü

«�U�O�Å�µ�>|�*ÿL��g�/^:(��Ø5K5½�#(¢,§¿@�

�ö��U5��§�é�¿���[�?Ø"

1974 c Cox Ú Smith[1] ²(�Ñ§(S��U´ SNR üz��Ô"¦�@�§�#(

�u��X SNR �)ä¿�±>$�Ý (ê�Ý�� 1 cm−3) �þ!(S0�*Ð§3�
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104 a �ãS§��kn©����uUþ ( ÙÐ©��� 4 × 1043 J) ¬±Mb	�Ú^X

��/ª�	Ë�K"ù�L§¤)¤�(S�d	>����ÚSÜ�nü«Ô�¤©�

¤§d����»�� 20 pc§Ô��Ý�p�§Ýé$ (< 103 K)§�nS�Ô��Ýé

$ (� 0.1 cm−3)§�du SNR @Ïp�)ä�\9�^§§Ý%�p�� 106
∼ 108 K"Ø

È§Castor �< [2] �Ñ§��þ@.( (1Ì.@u B2 .) �(º�~r�§Ùà�Ý�

p� 1 500∼3 000 km·s−1§�þ��Ç�C 10−6 M⊙·a
−1§�)¥U�±�(S0�5\�

1043 J �Å�U§ù�L§Ó��±3(S0�¥)¤�(�§Ù;.�»� 30 pc"

þãó���§�#(�uÚ��þ@.(�(º�<��\ïÄ¿2�^u)ºÕà

X��åÚ�a*ÿ5�§¤��(�/¤Å��Ì6*:"1979c§McCrayÚ Snow[87]

5¿�§��OB (�¥õ�ð(�(ºÚõg�#(�u§�±3�íN¥)¤��é�

�)ä�� (�»k�U�� 100 pc ½��)§ù��*gé¯��
<¤�É [88,89]§

�^±)º H I ��Úù	�D��å [20,21,53]§Ù¥�)ïÄ��õ��/�——§é

�UÒ´3 10 õg�#(�u¯���Ó�^e¤/¤�(� [37−39]"

Øþã/ìCÅ�0	§Tenorio-Tagle[90] u 1980 cJÑ
�(�/¤�p�� (HVC)

SáÅ�"¦ÏLO�L²§�¬�ºÝ¥5� (¡�Ý�� 1010 cm−2) 3���ÝÕ�0

�u)-E�L§¥§�þ�Uþ¬3���«�SÈà§Ù(J´p§ (106
∼ 107 K) í

N±�(�)ä§3Õ�0�¥/¤�ºÝ$�Ý�n§¿���lÕ�¡"ØL§k<é

�¹k�¦§~X 1996 c Ehlerová Ú Palouš[55] ÏLé 61 � H I ���ïÄ��Ñ§�õ

êda��Ø�Ud HVC �SáL§/¤",��¡§Kiss �< [83] 3!9�(��/¤

Å��@�§�U4� [91] ���g HVC �Õ��p�^���;.~f"ù�/¤Å�

w5¿ØäkÊ·5§�N�^5)º�ê(S��å [60]"

1981 c§Larson[92] ÇklnØþ?Ø
©f�S�(�ë6�ð(/¤�'X"2004

c§MacLow Ú Klessen[93] ²(JÑ�(�ë6é��ð(/¤�UåX���^"2007

c Könyves �< [84] �Ñ§XJþãg��(�{§@o�(�ë6��UK�� ISM �(

�§�))¤(S�Ú(S��n§���L*/��ìC¯�¤/¤�(�´aq�"

âd¦�@�§$!pÕ�?�ù	�3¢S��©Ùþ��É§�±^ØÓ�ÔnL§5

)º——$Õ��åuìC¯�§pÕ��K�g�(�ë6"

20 V"§,�aìCÅ��^5)º��/¤ (AO´�ºÝ�)§ùÒ´³ê�

(GRB) ��u [94,95]"ù�Å�@�§�gGRB �u�±r� 1046 J $��p�Uþ5\

Ù±> ISM§l/¤ 1 kpc ºÝ���"�� 20 V"§<��@���GRB �u/¤

Å�ÿ�l*ÿþ�±(y [60,96]§�vk^uÕàXS��(�"ØL§CÏ Su �< [97]

|^ Feimi ³ê���m"�º�]�¤����ïÄy¢§3ÕàX¥%üý�3 2 ��

ºÝ³ê���§��WMAP ��Å�µ*ÿ±9ROSAT�^ X ��*ÿkXéÐ��

méA5"ù�ó�é¯Úå<�é³ê���/¤Å��¯K�2�?Ø [98−100]"w5§

��é�êäN�ÕàX(S�5`§³ê���uØ���«�U�/¤Å�§½�8\

þã/ìCÅ�0��"

o�5w§�uäN�¹�E,5§ØÓ(S�é�UkXØÓ�/¤Å�§ü�Å�
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J±é�a�(��õ«*ÿ5��ÑÜn�)º"

5.2 �(�>uDÂªð(/¤

@3 1953 c§Öpik[101] Ò®��£ã
�#(�u¯�XÛÚåð(�DÂª/¤

(propagating star formation)µ�#(3�u�§§�)ä��¬�	í?§l¦±��(

SíNÉ�Ø §Ó���ÏáÈ±>íN�þØäO�§)ä�ÝK��~�"��Ý~

��AZ�z¦�§���o�þ�"��AZ����þ§�1ð(B�Udd�)"

l)ä��)¤�ù
ð(¬UY�	$Ä§�pm�ålØäO�§ð(�m�Úåì

~�§�ª¬/¤��dc�ð(�¤�(�"ù«Ï��ð(�k����þ#ð(�)

�L§B¡�DÂªð(/¤§q¡gDÂªð(/¤ ( self-propagating star formation)§

½�Yð(/¤ (sequential star formation)"

1977 c Elmegreen Ú Lada[102] ÒþãÅ��Ó
�[�Ôn�.§¿¤õ/^uOB

(�¥�g+(��(éª/¤§�)Ün)º
���½(�¥ØÓOB .(g+�ØÓ

�m©ÙÚXÚ5c#�É§��g+3�þþLyÑ�5Æ5§§��éÕ�¡���9

Ù)äA5�"

McCray Ú Kafatos[89] 3 1987 c���ó�¥�Ñ§OB (�¥õ�ð(�(ºÚ�

#(�E�u�±)¤�»�u 100 pc �)ä���"²AZ�c�ù����B?uÚ

åØ½�§?U/¤õ�ã©f�§ù
ã©f�Ò´#ð(��)/"¦�@��

���ÚåØ½5�pug?ð(/¤Jø
�«Ün�ÔnÅ�§��±>u�1��

ð(��uª/¤"Óc§Schwartz[80] ÏLé IRAS ù	ã��©Û�uy§ù	�(�Q

LykÐu�§�klÑu� (z����¹k 3 �lÑË�)§cö5g(S��¥�

�D¤©§�öK´#C/¤�@.(§l¿©`²3(S���9NC®kg?ð(/

¤§¤²{��mºÝ� 106
∼ 107 a"Schwartz �@�§����S����Ü©@.(�

´3�(�S/¤�"

1994 cWhitworth �< [74] �nØó�L²§)ä�����AT u�)��þ

�ð("XJ�¹(¢Xd�{§@o�uU�)v
õ�O .(5>ue��ð(�/

¤§égDÂð(/¤�.Ã¦´rkå�|± [103]"ØL§�5Wünsch Ú Palouš[104] �

�[�ïÄ�Ñ§����¤/¤�ð(ATäk�Æ�þ¼ê"¦+nØïÄ�(Ø¹k

©Ü§�CÏ��
*ÿ(¢L²§3Nõ��±>«�ÊH�3c��ð(§�§� 

 ´�
��þ( [101−103]"�C§Dale �< [103] /Ï6NÄåÆ�[�{&?
)ä��

���¯K§3Ú\,«áÈÅ��uy�±/¤v
õ���þð("ØL¦�Ó�q�

Ñ§Ò8c5w§��ÏL¢ÿ5�yð(½(ì��þ¼ê´4Ù(J�"

Q,�9NC¬ÏÚå� >u@.(�/¤§@où
g?@.(UÄÏÓ��

Å� (X�#(�uÚ(º) ?/¤g?�Qº£�AT´�½�§��´k�U�"é

d§Churchwell�< [16,17] Ò¥ù	���¹?1
?Ø"¦�uy3G II ��¥�� 18%

��/�Lykð(�>u/¤§Ù¥�k 6 ��3�9ÝK �NC��k��g?�§

3 43 ����9ÝK �NCuy�UkÐÏð(N§�vkuyg?�"1:7�'~`
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²§�Ü©�¿�*ÿ�g?�§ØLù�N�´Ï�ùa���~c�§vkv
��m

¦�üz�Uw³ý�¶½öÏ/¤ØÈºÝé�§±8c�*ÿEâÿJ±&ÿ�"k

¿g�´§Churchwell �< [17] rð(>u/¤�Å�8u)ä���\��Ò�3��Ý

Ø5K5§Ø´�g�����"

6 ( �

Cc5�*ÿ¿©L²§��(S0���«A�(�§ÕàXSØÓºÝ�(S��

¢''�´!Ã?Ø3§§��/¤ÚüzD´ÕàX(�Úüz��|¤Ü©§�9�

ð(�/¤Úüz§±9(S0��(�ÚzÆüz���K§ÏÉ�2�'5"�u

�'SN¹�´L§�©�UÒÙeZÌ��¡�±{�µã"̄ ¢þ§Ø=ÕàX§3�


à	(X¥�®*ÿ�
�ê¯õ�(S�(� [53]§�u�Ì)ö[J�,©�±0�"
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Bubbles in the Milky Way Galaxy

ZHAO Jun-liang1,2

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

Shanghai Normal University, 200233 Shanghai, China)

Abstract: Bubbles are a ubiquitous feature of the interstellar medium (ISM) on a wide

range of mass and size scales, and the study of them gives information about the stellar

winds that produce them and the structure and physical properties of the ambient ISM. An

interstellar bubble is composed of an expending thin shell with cool matter of relatively high

density, which is the outer boundary of the bubble, and a cavity with very diffuse and hot

material bounded by the shell. Bubbles with large size are also referred to as superbubbles.

In 1980’s it was confirmed that our solar system is in an old bubble, which is referred
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to as the Local Bubble (LB). The LB was formed by injecting the energy of about 1045 J

into the ISM surrounding the Sun (1 − 1.5) × 107 a ago, and this energy injecting event

was caused by a burst of supernova activity that involved some 14-20 massive OB stars in

a nearby young association. The LB extends to about 200 pc in the Galactic plane and 600

pc perpendicular to it, but is inclined some 20◦ relative to the direction of the Galactic pole.

Bubble structure discovered by 21 cm radio observations is usually referred to as HI

shell. Since 1979 more and more HI shells have been found and collected in the literature,

where important parameters used to describe the morphological and physical features of HI

shell are listed, such as the LSR velocity, the angular size, the galactocentric and heliocentric

distances, mass, expansion velocity, the density of the ambient ISM, etc. It is shown from

statistical analyses thatµ(1) HI shells are concentrated towards the Galactic plane and their

radial distribution follows an exponential law with a scale length of about 3 kpc; (2) there

are no shells younger than 1 Ma and only a few shells with ages older than some 50 Ma; (3)

the size distribution of shells follows a power law with an index of −2.1; (4) there are many

low-energy shells, the majority of which are small with radii <100 pc. However, all of large

shells are not the most energetic structures.

Infrared observations can be used to probe the spatial distribution of the ISM com-

posed of dust and gas, including the various morphologies of bubbles, which are bright at

mid-infrared wavelengths. Among others, the observations and studies completed in 2006–

2007 are the most successful, from which some 600 infrared dust bubbles are found. Besides,

similar observations in far-infrared wavelengths are also made, from which more than 460

bubbles are discovered, and corresponding studies are completed. Based upon the pub-

lished data of these bubbles, statistical analyses are made and some interesting results and

conclusions are obtained.

Several possible physical processes have been used to explain the origin of bubbles:

(1) energy release from massive stars (winds and supernova explosions), which is the most

probable mechanism of bubble formation, especially at low galactic latitude; (2) high velocity

clouds with a large amount of energy infalling into the Galactic disc of constant density; (3)

supersonic turbulence, which may be important in the control of star formation and can also

govern the structure of the ISM above the Galactic plane; (4) Gamma-ray burst explosions,

which can deposit enough energy into the ambient ISM to create large-size shells. No matter

how bubbles are formed, a sequential and very important effect is that expanding shells can

eventually trigger bursts of star formation because of the onset of gravitational instability.

Key words: Galaxy; bubble; shell; star formation


