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�¥Å\9!̂ é\9±9�CJÑ�¤�\9"

L 1 UlmschneiderJÑ�Ú¥ÚF�\9Å�

SÒ Uþ1N ÑÑÅ�

1 (Å -ÅÑÑ

2 óÄÅ -ÅÑÑ

3 ú^(Å -ÅÑÑ

4 ¯^(Å K�{Z

5 C�¥Å �ªÍÜ

6 C�¥Å ��áÂ

7 C�¥Å � U\

8 C�¥Å Ê5\9

9 C�¥Å ë6?é

10 C�¥Å K�{Z

11 >6¡ ^é

2 (Å\9

duð(Ú¥�Ú���3X�^«�Ú^5«�§¤±\9Å���±5kéõ�

Ø"(Å\9�@�´�.(�^«��Ä�\9Å�§�´$�^=�ð(�Ì�\9Å

�
[3, 5]

§'XcP�ÌS(½öã("XJ@.(Ø�3L¡é6�§T\9Å���±å�

^
[5]

"éu¯�^=�ð(\9§±9ð(�^5«��\9§Ã{üX^(ÅÑÑ)º§¤

±I��Ù¦�\9Å�nÜ�Ä"

2.1 (Å\9nØ

@3uyÚ¥�§Ý��u1¥��§Biermann
[13]

ÚSchwarzschild
[14]

ÒJÑ
(Å\

9Ú¥��Å�§=��é6�¥dë6-u�(Å�±\9Ú¥�ÚF�"ù«\9Å�

¤�±�ê�cSð(p��í\9Å�¥�Ì6"(Å\9Å���^L§´§(Å�

)ué6�ë6$Ä¥§du��	Ü�í��Ý×�~�§�)����ÝFÝ§/¤(

Å§�XÅ��Ì¯�O�§��
-Å�/¤§(ÅÏL-ÅÑÑ��ª\9
p��í

����¡"du��¡�FÝ���§=¦´�~��(Å©Ù��±/¤���*�-

Å"Bohn
[15]

QO�
é6«S(ÅUþ�)Ç§duvk�Äë6�2åÉ��¦"¦

JÑ(ÅUþ��)Ç�ûu3�ëê§§�´k�§ÝTeff§å\�Ýg§±9·Ü�ë

êα"(ÅUþ��)�6ué6�Ý§Ø�6u�)(Å�é6��Ýu§3é6�p

kσT 4
eff ≈ ρu3§duð(�é6�Ý3L¡��§ð(L¡�Ô��Ý%��§Ïd(Å

Uþ��)8¥3L¡�"

OranjeÚZwaan
[16]

§Schrijver
[17]

rÚ¥�u�©�ü�Ü©§��´�^Ü©§Ù�^
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=Ã'§�û½uk�§ÝÚå\�Ý¶,�Ü©�^|k'§�6u^=�Ü©"éu

�.(ó§�^Ü©�\9��
Ä:Ú¥u�Ïþ��)§ù�Ä:Ïþ�¤$�^=

Çð(�$�µu��*ÿ(J"

2.2 (ÅUþO�

(Å�)ué6«�ë6¥§(ÅUþÏþØU�*ÿ�§�´�±ÏLnØO��

�"�
(½(Å�UþÚÌ/§Stein
[18, 19]

JÑ
Åu�nØ§ù�nØ´lLighthill
[20]

J

Ñ�r/¥�í¥�Åu�À�o?Ì�nØ¥?U5§¤±�Ü¡�Lighthill-Steinn

Ø"�Ü©�nØO�§Ñ´Äu·Ü�nØ�K§U
O�ØÓk�§Ý§L¡å\�

Ý§±97á´Ý�^�e�(ÅUþÏþ"du31¥�¥§ÝUCé�§XJË�{Z

�~�§�Ä�(Å�UþÏþÅð§(ÅDÂ�ÝÚp��í��Ý�m7,k�'5§

=v ∝ ρ−1/2"du��	Ü�í¥�Ý×�~�§�)���ÝFÝ§��Å��Ì¯�O

�§�)-Å/ª§lÚå-ÅÑÑ¿�\9ð("

3O�(ÅUþ�c§I�éð(p��í���¡�Cq"GoldreichÚKumar
[21]

@�

(Å�)u¹kå�^�²¡²1���í¥§duë6�é6�^�)§¿ïá
p

��í�."ù«�.�¹2��¡§eÜ^��ý9õC��¡5L«é6�§þÜ^��

�§�5L«1¥�"ý9��é6UþÏþ´d·Ü�nØ�Ñ�"ù«�.´�«{ü

Cq§cJ´Ú¥��ºÝ���ð(�'�~�"3��p��í¥§Ú¥��þÝ��

u����»§¤±ù«�O´�1�£Ulmschneider�<
[22]

¤"b½νA´�§��(Å��

ªÇ§�(ÅªÇν > νA�§(ÅU
3�¡SgdDÂ¶�ν < νA�§(Åò�È(3é

6�þÜ£p�ªÚf�ª¤"(Å��)ÚUþõ8¥3é6��º�§ù´Ï�3º��ê

âêMt ≪ 1§��Ýv > vA
[23]

"

O�(ÅUþÏþ��{kéõ§1�«´Kumar
[24]

©Û{"du(ÅUþÌw«Ù¸

�?3��ªÇ�þ"KumarÚLu
[25]

@�ù
¸�É�
ë6é6�)�Å�K�"3U

þÌ¥¸��ªÇû½u·����(�ÚÛÜ»�]§�Ñ
ÑÑK�§|^UþÌ¥

¸�ªÇ5O�(ÅUþ§��
ªÇ35.3 ∼ 7.5 mHz�(Å�UþÌ§r(JÚDuvall�

<
[26]

�*ÿ(J�é'§uy��Ä
Ë�{Z��nØO����UþÌ§�*ÿ��U

þÌÎÜ�éÐ"

1�«´Musielak
[27]

©Û{"¦r��é6«¥�·Ü��.©l¤�X��§

Y²�¡§(ÅÌ�N�L
ù�ºÝ"ù´éStein
[18]

'uë6£ã�û)"*�z

�Kolmogorov3��mÚ?��GaussianUþÌ´ë6�Ð�L«�ª"�±c�(JØÓ

�´§(ÅÌÚÅUþ6¿vkî��6uë6UþÌ§(Åu�´��X�o4u�"(

ÅÌ�Ì��zl�C1¥��ªÇ�ν = 6 mHz�ν = 60 mHz"(ÅUþ��)k���

��"Ulmschneider�<
[28]

?�ÚU?
ù«�{§|^Lightill-SteinnØO�
�)u�

.((Å�ªÇÌ±9o�(ÅÏþ§k�§Ý32 000 K�10 000 K���S"·Ü�ëê

��31Ú2�m§�$uUlmschneiderÚBohn
[29]

uy�(J"éu�9��.(§¦^
*

�z�KolmogorovUþÌÚ?��GaussianªÇÏf5£ãë6§�·Ü�ëê�1.0�Ù
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(J�UlmschneiderÚBohn
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�(J�q"

1n«´SteinÚNordlund
[30]

JÑ�§Ó��kSteffen�<
[31]

�JÑ"Stein�<ïá


3�Ë�ÄåÆé6���.§¿O�ÑR����(ÅUþÏþ§ù«(Å��¹
é

6��$Ä"ØLdu(Å�ªÇ�$§¤±É���"(ÅÏþ3DÂ�ªÇ��SU


���2 J ·cm−2
· s−1"ù�(J�Steffen

[31]

�<�Ñ���~�C"

1o«�{´dCarlsson ÚStein
[7, 32, 33]

JÑ�§|^1¥��Fe�£dLites 1993c&

ÿ¤�$ª�ÝÅÄ*ÿÌ§Mï
�Ä\9�Ú¥�.§¿��7áCa�:�*ÿ¯¢?

1'�",Kalkofen�<
[34]

§WilhelmÚKalkofen
[35]

�Ñ§ù«4à��.¿�²þ��Ú

¥�."Ó�§FossumÚCarlsson
[36]

@�Äupª(Å�(ÅÌO�Ñ�ù«pª(ÅØ¬

Ñy3��Ú¥¥"

Ulmschnerder�<
[22]

@�éuÚ¥æ^²¡²1�Cq¬�)�
<ó�-Å¿Ü§Ï

�§<�//¤
ØÏ~�r-Å��§»�
pª�(ÅUþ§ù«�Ø¬��éÚ¥\

9Å��n)ÑyîØ)§Ïd7L�;�ù«3y¢¥Ø�3��ý¢��ÄU\"3

����.¥§�±æ^üÚÅ§ù�3�Ð�ã��Å�mÒ¬k��Å��m�§3Ø

Ó�±Ï�^e§́ J±¢yÅ�¿Ü�"3��O�Å�[Ú¥�.§I����3�Ë

�6NÄåÆ�.§¿�kõ(ÅÌ�UÑ\§3y�ã�Ã{¢y"

2.3 (Å\9�#¤J

�!:0�Cc53��é6«-u�(Å\9�ïÄ?Ð"

FossumÚCarlsson
[37]

JÑpª(ÅØv±k�/\9Ú¥"ù�(Ø´Äué��Uþ

Ïþ�ê��[(J�dTRACE£LÞ«ÚF�&ÿ¤¤31 700�1 600 ÅÅã*ÿ��

(Jé'�Ñ�"3400 km?�(ÅÏþ�ê��[§L²UþÏþ35*50 mHz���S

´4.38 × 10−2J ·cm−2
· s−1§ù�þ����uË�����©��§��ØU��¤I�

�Ë���§2gO���
2.55× 10−2J ·cm−2
· s−1�ê�

[38]

"FossumÚCarlsson
[38]

@�

3100 mHz±þ�pªÅéu\9Ø�§ù
Å²{
r�Ë�{Z
[33]

§Øv±k�/²

ï3Ú¥�^«�S�Ë���"

Kalkofen
[39]

dTRACE�*ÿ(JO���§3��Ú¥�¥�kØ�10%�UþÏþ

I�d�^Ü©5\9§é(ÅUþÏþ�O�ØUé�v
�Uþ5\9Ú¥��^«

�§Ïdéu(Å\9Ú¥�nØJÑ
�¦"éuù��¦kü«)ºµ�´@��^Ü

©�\9¢Sþ�^|k'§,	�k�U´du1d�m©EÇ���Ã{*ÿ�¤k

�(ÅÏþ"FossumÚCarlsson
[36]

@��^Ú¥d^|\9�)º¿ØU��Ú¥�âuË

�*ÿ|±§\9Ú¥��ÜUþÏþÑ´±(Å�/ªBL1¥¶du�m©EÇ���

E¤UþÏþ���)º§���("Kalkofen
[39]

%@��^5Ú¥�Ë�y�L²\9

Å�Ò´(Å�ÑÑ§Ú¥�¤I��(Å\9�UþÏþÑ´l1¥�BL�"TRACE&

ÿ¤k���m©EÇ*ÿ��Ïþ���)ºTTy¢
ù�:§�TRACE*ÿ��

�(ÅÌ�	/�|±(Å�)ué6«�nØ"
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Wedemeyer-Bohm�<
[40]

ÚCuntz�<
[41]

@�§33��.�ê��[¥§�Ä��m©

EÇ���§Ø�?\�Ú¥�(Åvk�*ÿ�§ÏTRACE&ÿ¤*ÿ�
$Ïþ
[36]

"

Ú¥��^«��^5\9§́ dâuË�¤|±"Cuntz�<
[41]

;�X?Ø
3��Ú¥

p(Å\9�ÔnÅ�"yâw«�FossumÚCarlsson
[36, 38]

@��pª(ÅØUk�/\9

�^5Ú¥�*:��§ÃØ´Ca/�*ÿ�´3�\9�ê��[§ÑL²��Ú¥�p

�¹
�Ca/u�Ã'�e7á"Ú¥Y²ºÝ²w$uTRACE��m©EÇ§���'

�Ú¥Å�UþÏþÚTRACE¤P¹�Ë�Ïþ´é(J�"

Wedemeyer
[42]

ïá
3��^5!w·���Ú¥ê�O��.§�.�)
¥�Ú.

�Ú¥!1¥�±9é6��ºÜ"(Å�)ué6$Ä§¿��	DÂ§,�/¤ÀÂÅ§

ÑÑ§r�;�Å�Uþº�Ñ5\9Ú¥"

Rogava
[43]

u�
(Å6Ä���ªg\9�k�5§�Ä�ØÓ«a�E,ÄåÆ�

Ý�ª§uy3Øþ!6Ä�ØäO����ªØ½5¬��(Å�Or§�XÊ5ÑÑ

{Z�Ñy§Or�Å¦Uþ±9�/ª=££��µ6N¥"ùÒ´µ4�/g·\90

Ì�§kÏurÚ¥�ä�����N/¤6N�ª�À\9"(Åg\9�ûuÄåÆE

,�6ÄÚÑÑ"éõ<@��Ù¦��5Å��'§g\9Å�é�U´���^5��

Ú¥\9�#Å�§��Uéuäkú^=Ú�é6«�a��ð(�\9k�^"

Gonzalez�<
[44]

ïÄ
f1¥£sub-photospheric¤þÏé6$ÄÚu�(Å¤��

�UþÏþ§©Ûæ^�´Imax/Sunrise�p©EÇêâ§Jø
36 400 ∼ 7 700 W · m−2§

pÝ3250 km?§5.2 ∼ 10 mHz��S�¤kUþÏþ§¤�O�UþÏþ^5²ïÚ¥�

Ë���"

2.4 (Å\9Å��(

lyk�*ÿ]�9nØÚê�ïÄ5w§(Å\9¿Ø´ü��\9Å�"d²þ(

Å-Å���5\9´Ä����!ÓÌ�/ �\9Ãã§½ö�3Ù¦ÏLÅ�/ª=

£Uþ�L§§́ k'(Å\9¯K��:"

(Å\9�Å�3�.ð(Ú¥��^|«�¥�\9åX���^
[5]

¶3§Ý�$

�"�L¡é6«�@.ð(¥§(Å\9�´�«Ä:�\9Å�
[45]

¶Ó�§�´$�^

=�ð(�Ì�\9Å�"FossumÚCarlsson
[36, 38]

|^TRACEêâO��JÑ§pª�(

ÅØv±k�/\9Ú¥§ù®¤�8ck'(Å\9�9:¯K"

(Å\93)ºkr�^=�ð(�\9¯K�Ø·^§I�O\�^|k'�\9Å

�§ÏÑy
õ«#�Å�§'X§Farley-Buneman
[46]

�lfN�Ø½5�±Jø¥5

�fé6$ÄDxUþ§��Ú¥\9
[47, 48]

",§Gogoberidze
[49]

�Ä
lfÚ¥Õ-

E�k�^z§±9��Ú¥�Ø½5§@��lfN�Ø½5¤Jø�UþéJ��

«ú*ÿY²þ�O·�\9"
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3 �6^\9£AC¤Å�

éuk^|�3�Ú¥�ÚF�\9¯K§üX�(Å\9Å�ØUéÐ/?1)º§

7L�Ä^|��^"̂ 5\9Å�§�)�6£AC¤�ªÚ�6£DC¤�ªü«�¹"é

u�6�ª§3��Ó5�^|¥�\9´duÅ��1¥��Uþ§¿ÏLÅ�DÂrU

þ=£�Ú¥ÚF�§,�ÏLÑÑL§\9Ú¥ÚF��§Ù¥Ì�k¯ú^(ÅÚC�

¥Å¶3Pk^6+��¹e§�6\9´p�!î�ÚÛ(�3«^6+Å�Ó�^�(

J"^5\9¥��6�ª§Ì�´^é�^§�Ò´���^|ÑÑ
[12]

"

3.1 ^6N£MHD¤Å9Ù�)

��F�¤��mÚ�m©EÇ�?ÐJø
�þ¹�uF���^6NÅ�yâ
[50]

"

3þ!^|Úþ!�í¥§�Ä���D�¿�Ñå§Ò��33«Ä��MHDÅµC�

¥�ª!̄ �ªÚú�ªÅ§�ü«�ªq¡�¯^(ÅÚú^(Å
[51]

"

¯�ªÚú�ª�Å¹kp�Úî��©þ§C�¥Å�kî��$Ä
[52]

"̄ �ª^

(Å¥Uþ�DÂkÕá���£���Ý�q¤§ú�ªÅ�^|¤é��Y�DÂ§C�

¥ÅK÷X^å���DÂ"duú�ª^(ÅÚC�¥Å÷X^å�DÑUþ§Ïd�^

5)ºÛÜ\9Ú^|rÝCz�'X"��Úð(��í¿Ø´þ!�§ÏdØU{ü/

£ã�^6NÅ�1�"���í�õ�´�ÛÜr^|�'��þ!�(�
[52]

§ù
(�

��
�«a.�MHDÅÑy"

��çf	Ü^|8¥3^6+þ§��L¡�^|´Øþ!�§3�â|�Ú��â

|��m��Y�3XpÝ8¥�^6+
[53, 54]

§¿�33«÷�^6+DÂ�Å
[55]

µ£1¤p

�+Å£�$β¥��lfN��e�ú�ª^(Å�q¤§£2¤î�£Û(¤+Å£�C�

¥MHDÅ�q¤§£3¤Û=+Å£ÃÿÀ�MHDÅ¤"du^6+Å�U÷X^6+5��U

þ§Ïd§�´rUþlé6«=£�	Ü�í��1N"Doorsselaere�<
[56]

rp�+

Å¥��/ÕáÑ5§@�8c��*ÿ¤ì�±*ÿ�4�Ì���Î�lfN(�§=

Û(!�/!p�ÚÛ=�4«�ª"

Ï~@���Ú�.(�é6«S�ë6´MHDÅ�Ì�5§©Û�{�Ä:

´Lighthill
[20]

�(Å�)nØ"TnØ?Ø�´þ!0�§�Ñë6�)Å�_�A§=O

��lk�PC£gd¤ë6�Å�UþÏþ"�)MHDÅ�é6«S�3�Ý!§ÝÚØ

åFÝ§ë6dÅÄ�2å
[57]

°Ä"Stein
[18]

?U
LighthillnØ§O\
ð(é6«�ý¢

Ôn^�"

MHDÅ�)�nØ¥vk�Ä�^|(�§Ï¿Ø��§�þ!^|�b½�ØÎ

Üð(Ú���*ÿêâ
[53, 58]

"ð(�í´pÝ�Øþ!(�§̂ |�Øþ!5~~dÏþ

+(�5(½§ð(^|	Ü�(��~~LyÑ^6N(�§ù«(�òK�Å��)Ú

DÂ"^6+(�Úë6$Ä��p�^ò¤�^6NÅ£p�!î�±9Û(�ª¤�5

§�)�Åò��Uþl1¥���	Ü�í
[59]

§Ïd^6+(��AT\\Å��)n

Ø¥"
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�Ä���Úð(L¡ØëY�^|£^6+(�¤§Musielak�<
[60]

Äg¦^TnØ

O�
lé6«��Uþ��íL¡�p�Úî�+Å£+ÅÚë6$Ä��p�^Ñu)

3é6«S¤§¿��
�þ!�î�+Å�Å�§"

^6+ÅØ=�Udé6«�ë6$Ä�)§��U�3Ù¦5§'X3�^5��

í¥§dR�^6+�î�v:��-u"Ulmschneider�<
[61]

?Ø
ù�Å�§̂ 6+

�v:����
î�Å¥Y²Cz��ÝÚ�Ì�pÝ�¯�O\"duÇå�R�

©þ�3�ÐÚØ §Ïp�£�Ø ¤Å�±�)"ù«Å�éu�±Ï�Åk�§Ù

�Ì�X��O\"3TnØ¥^6+�.É�	Ü*ÿ�ÝåÏ�K�"Choudhuri�

<
[62]

§Huang�<
[63]

ÚZhugzhda
[64]

?1
daïÄ"���ÝåÏé^6+�v:�)K

��*ÿ¯¢ÎÜy3nØ�?Ð"

3.2 ^6NÅ�ÑÑ

3ð(Ú¥�Ú���^|¥éõÔnL§�@��\9Å�k'é§Ù¥�)��á

Â!� U\!K�{Z!�ªÍÜ!Ê5Úë6\99^é�"

z�L§�äN�z�ûuØÓ�Ôn^�
[65]

µ��áÂu)3>.?§'X^�¶

� U\õu)3m�^|(�¥
[66]

¶lf��\9÷X���^|½ö.����^6

+
[67]

¶Ê5Úë6\9Ku)3Øþ!�0�¥"

3.2.1 ^6NÅ�-ÅÑÑ

BoyntonÚTorkelsson
[68]

JÑ^6NÅ�-ÅÑÑ\9Å�§dF�.��v:$Ä�

)�§!���±Ï5^6NÅ"Boynton¦^��5�^6NÅ�§Ú�	DÂ�ê��

[§uy�C�¥Åkv
���Ì�§ò¬=C�-Å§�´�§�b�éJ)º\9L

§"duO�>.�(J§�UO�f�±Ï5^6NÅ§�ù«^6NÅé\9�zØ�"

Orta�<
[69]

¦^����5!ý9�^6NÅ?1ê��[§�BoyntonÚTorkelsson
[68]

�nØ�'�§uy�Ðî�6Ä�C�¥Å=C�ü«�ª�-Eµ̄ ½ú�ª�^(Å"

d6Ä�)�-Å��Ì��µ^|����C"��5^6NÅ3ÿ���F���Ò=

C�-Å"�lfN�	6Ä�-Å�/¤´Ó�u)�"

3.2.2 C�¥Å���ÑÑ

éuC�¥Å§�Ì��¡Eå´^Üå"C�¥Å�)u1¥��ë6$Ä§÷X^

|DÂ§Ù$1���Ý´υph,A = υA cos θ§θ´C�¥ÅDÂ¥þk�^|B0�Y�§υA´

C�¥�Ý"C�¥Å�+�Ý�u§�C�¥�ÝυA"duÅ�Uþ´÷X^|DÂ�§

¤±C�¥Å\9�L§7,�^|k'"C�¥Å´X}�Å§ÅØ¬LyÑ��½ö�

����"

C�¥
[70]

ÄgJÑp§F��U´du}�C�¥Å�ÑÑ"C�¥Å�)u1

¥�¥�â|��$Ä¥§~~Ú>6�'§l3k��>�50�¥�)��\

9"C�¥3O�¥�Ä
î�>�Ç�K�§uyF�\9�Å�±Ï���A©

¨"Cowling
[71]

�Piddington
[72]

?�ÚïÄ§uy��{ZÚÊ5{ZØv±ÑÑC�¥Å"

Ïd§C�¥Å���ÑÑ¿ØU¤�F�\9��Å�"
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3.2.3 ��áÂÚë6?é

Hollweg
[73, 74]

@�Û=C�¥Å�DÂ´R�u^6+�§Ú¥�Ú��§Ý±9�Ý

©Ù�½�§XJvkåÍÜu)§3Ø�ÄÑÑ��¹e��1¥�^6+¥C�¥Å

�Û=�Ý¶�´(JÑy
²w���§ù´d�	DÂ�C�¥Å�r���E¤�¶

ù«C�¥Å3Ú¥�ÚLÞ«SPk�ÝFÝ§  ��7Å��)"�k3Ü·���

ªÇþ§â¬�)k�Z6§l�)Uþ�=£"

Ionson
[75, 76]

JÑ��¥C�¥Å���\9L§�±^LCR��>6>´5n)"

Hollweg
[77, 78]

3�¹3��¡�0�¥[�ïÄ
Û=C�¥Å�DÂ§C�¥Å3z��¡

�0�¥PkØÓ��Ý"�¥m�Pk��½���C�¥�Ý§ÊÏ£´��¬�)¶

�¥m��C�¥�Ý0uþeü��m�§òu),�«��§ù«��éuïÄ���

G(�é�"

Schwartz�<
[79]

¦^�Hollweg
[77, 78]

Ó��>.^�?�ÚïÄ
C�¥Å�[!§u

y
3m�^6+S�²w��"ZugzdaÚLocans
[80]

O�
C�¥ÅDÂ�Ý�Xê§¿u

yÝ�XêD �XC�¥ÅªÇ�O\ØäUC"

Erdelyi�<
[81]

?Ø3��¥�Ê{^(Å���áÂ§é�5Ê{^(Åæ^ê��

[O���¥·�G��^(Å���áÂ§uy}�ÊÝéuáÂ��z��§ù´du

ÊÝØÜþ��Ø ©þÚR�©þ��3"Ó��uyØU(½>{Ú}�ÊÝéu��

áÂ�ÑÑÅ��K�§Ý§ù�ûu�Ý�²ï^�Ú^|rÝ"ØL3F�^�e§ù

üöéuF��\9Ñk�z"

Verth�<
[82]

ÏL©ÛF�õÏ� �¤ì�*ÿêâ§é�
��áÂ{ZÅ��

yâ§êâL²3F��3��Ì�C�¥Å§nØþ�±�Ñdu��áÂ�)��

ªÇk'�{Z�Ý"¢S*ÿ��
�6u{Z�Ý�ªÇ§ù«ªÇ�±^Û(Å\

±)º"d	§�m²þ²ïëê£ã
F�¥�ÝØþ!�î��lfN��ÝºÝ�

dTRACE*ÿ��½Û(�ª�Ó"

HeyvaertsÚPriest
[83]

9Hollweg
[77, 78]

JÑÛ=�C�¥Å�UÏLHelmholtz-KelvinØ

½�)Kolmogroffa.ë6?éÑÑ§UþÏLÊ5½>�ÇÑÑ§¿O���ë6\9

Ç"

3.2.4 �ªÍÜ£��5�p�^ÑÑ¤

C�¥Åäk��k��\9L§Ò´�ªÍÜ§C�¥ÅrUþ=£�Ù¦�ª§Ï

Lù
�ª�N´ÑÑUþ"C�¥ÅÏL�Ù¦�þ!|½Ù¦C�¥Å���5�p�

^ÑÑUþ
[84–86]

"̂ |�f�§ü�C�¥Å÷X^|�ØÓ��$ÄU
�)��5Í

Ü§¿�)(Å§(ÅU
/¤-Å×�ÑÑUþ"

Pascoe�<
[87]

éF�SC�¥ÅÚÛ(Å��ªÍÜ?1ïÄ§�Ä
�þ!0�¥ä

k�Ý(���¹e§|^$β�lfN¥v:°Äî�ÅDÂ?13�ê��["��Ý(

��3�§��áÂ3�þ!�S¦Û(�ªÍÜ�C�¥�ª§ù«ÍÜP~Uþ��¹

ÎÜ?���RudermanÚRoberts
[88]

é½Û(�ª�©Û"ê��[�(JÎÜ*ÿ��
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Û(�ªÚC�¥�ª�ÍÜ�)F����¯¢"

3.2.5 � U\ÑÑ

HeyvaertsÚPriest
[83]

JÑ
�«���áÂ�q�\9Å�"b½^z�lfN�Øþ

!5=�3u3x!z²¡S�x��þ§̂ å�²1uz¶"�z^^å�3y��þk�Z

6Ä§z^^å�þ�C�¥Åò3z��þ±�^å��'�A��Ý$Ä"du�lf

N©ÙØþ!§��^å��C�¥�ÝØÓ§��^å��m���é¯¬�)� ò´§

²L�ã�m�¬/¤î�FÝ�6Ä"�FÝ���.�§n���lfNÒ¬��ÛÜ

\9"ù«ÑÑ�Ð©6ÄÒ¤�� U\"� U\´m�«�^6NÅUþÑÑ�ÿÀ

�ª��"

Ofman�<
[89]

JÑ��Sî���{ZÅ��)ûF�\9Å�Jø
�¢§|

^TRACE�4b	Åã*ÿ(½F�S{Z�m�ºÝ§uyº��UþõÇ�d� U

\ýÿ�õÇ¬Ü�éÐ"� U\��
C�¥Å�¯�ÑÑ§ù´duÅcC�¥�Ý

�UC"�ª(JL²�����ÑÑ´duÉ~�pÊÝ� U\E¤�"

Mocanu�<
[90]

#�Ä
3F�¥}�C�¥Å� U\�ÑÑ�¹"�m�lfN

�$Äd^|¤��§DÑXêC���É5§�±PkØÓ�1�§Ù5�Ú����6

u^|^�"�Äý¢�ÑÑXê�§uyÛ=C�¥Å�� U\�î$�§ùL²�

 U\E,´)ºF�\9��1Å�"

3.3 �6^\9Å��#?Ð

y3uyMHDÅÌ��3u��¥§±9Ù¦F�(�§'XF`"F�¥MHDÅ�

&ÿ(J´(½�Å�'�\9Å����â§�Ï´MHDÅ´rUþlÚ¥$Ñ��

�L¡�ÿÀö
[91]

"éuMHDÅ�&ÿ��±Uõyk�O�Úê��[Ãã§'XF�

��
[92]

"

Á¡rÚæD~
[93]

?Ø
3���í¥2��3��ºÝ^éy�Úu�pªC

�¥Å§ÏLïáF�\9±9��º\���C��6N�.��|ê�)§w«)��

müz!ÂñA59ÅðA5§3éLÞ«uÑ�pªC�¥ÅªÌ·�b�e§ê�)U


)ºF�9��º�õ�¡*ÿ(J§�)F�\9!4�É�Ý»�Cz!0.3 AU*ÿ

��p�6�A�"

Erdelyi�<
[94]

ïÄ
3�þ!fÑÑ!·�½²ï^�e���Ó59��É5�

lfN�¯�ª^(Å���5��áÂ"DÂ¥�¯�ª^(Å�Ü©áÂ´duÛÜ�

þ!�¥���5ú�ª^(Å�ÍÜ¤E¤�"��áÂXê�{zkü�b�§��´

f���5§,��´�þ!��þÝ�Å��'�~�"

Verwichte�<
[95]

ïá"�lf��e����.§ïÄ��¥¯�ª^(Å�{Z�

^"(JL²§̂ (ÅÃØ´��?\	Ü0��´�Ñ{NÑÑ§ÑI�²L^6+/

ª5¢y"¯�Û(�ª3ÏL�������U�3�"��Ý6Ä§O����¯�

ª^(ÅÛ(���{ZÇÎÜê��[§ý��ÑÑ�±)º*	��¯�ª^(ÅÛ

(£R�4z¤���"
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Jefferies�<
[96]

uy3�ºÝé6[�£��â|�¤>.�^å�Jø
/�r0§ä

N�ª´ÏLU3Ú¥�ÚF��m$Ä���Uþ�$ª£< 5 mHz¤^(Å"3��L

¡pÝ�400 km�/�uyk���pªÇ£15 mHz¤�(Å�3§ùk�U´Ú¥\9�

Ì�5"ù�uyJÑ
$ª^(ÅU
Jø²ï��Ú¥Ë����Uþ��U5"

Nakariakov�<
[97]

ïÄ
3��S�ú�ª^(Å§JÑ��nØ�.)º3��*ÿ

¥Ñy�4b	ÅãË�DÂ�6Äy�§¿@�ù«6Ä5uú�ª^(Å"3T�.

¥ú�ª^(Å÷X^å�DÂ§(Ü�Ä
duk�Ê5ÑÑÚ9D����5�A"d

¢S*ÿuy§K�^(Å�Ì�Ï�´ÑÑÚ©�§�	ÜDÂ�^(Å�±Ï£5*20

min¤3��º:NCkwÍP~§ù)º
± *ÿ��¾���SÜDÂ�^(Åy�"

O’Shea�<
[98]

ïÄ
lLÞ«ÚF��1Ì����Ë�ÏþÚ�Ý§uyØÓÌ�

�� ò´÷Xé����§¿�k���½��mò´"|^*ÿ���mò´§?�Ú

��
ØÓÌ��DÂ�Ý"O’Sheauy¯�ª^(ÅÌ�Ñy3F�§ú�ª^(Å�õ

/Ñy3LÞ«"

Wang�<
[99]

¦^Hinode�¤ì&ÿ�3LÞ«�Ì�Ú��v:�5^F�Ì��35

minO±Ï��y�§¿�k��Ó� �õÊVª£ÚrÝ��'X"ù«��y�´ú

�ª^(ÅÏLLÞ«�þDÂ�F��yâ"5^F�Ì�����Ì�X§Ý�,p

eü"����Ï�U´du1¥�P�ªÏLÚ¥�ÚLÞ«�^3F��"

3.4 �6^\9Å��(

3ð(p��í�\9Å�¥,�3�6\9Å�§ù«\9Å�ÏL^6NÅ�/ª§

½^6+Å��ª5\9p��í"̂ 6NÅ�)¯!ú�ª^(ÅÚC�¥Å§̂ 6+Å

©�p�!î�ÚÛ(�ª"Uþd^6+Å¤��§ÑÑ�ª´-ÅÑÑ!K�{Z!��

áÂ!ë6?é!Ê5\9!�ªÍÜ�"p�+Å´^+Å\9�Ì�\9Å�§î�+Å

�±�p�+ÅJøUþ"3ð(L¡�\9I��Å�ª�\9Å�§k�U´^é�

^�(J"

4 �6^\9£DC¤Å�

Ú¥�ÚF����6^\9Å�§Ì�´d^é�^Úå�^|��ÑÑ§Ï~u

)3>6¡?
[100]

"�6^\9Å�~~u)3�ºÝ�lfN6L4Ü«�§'X�)��

çf�L§¥§½ö´�ºÝ�lfN6Ä�L§¥§½v:$ÄÚ4Ü���p�7"̄

�½^é�²;nØ§�¹3�6u>.^�e�^énØ¥"é3ý�¥´��

�~��L§§�3�lfN�í¥§�^òC�4�k�"é�@�éF�\9!F�

Ô���!̂ é6!u>ÅnØ±9õ«��ÑkK�"

�v:$Ä�A��mºÝ��uÛÜC�¥Å�=£�m�§̂ ÜåÑy§¿ÅìK

��>6¡§lÏL^å�é��ª5º�Uþ"3ð(�í^�e�pÝ45«�S

º��ºÝ^Aå�L§¥(¢�3^é��^"�ù�Å�UÄ\9��Ú¥ÚF�§
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EI�?�ÚïÄ"

4.1 �6^\9Å�nØ

3ð(p��í¥�^|k�~E,�3�(�§3pβ«�¥^å��È(§�lf

N�ë6$ÄU
3^|¥�;�þ�Uþ§ÙUþº�´ÏL^é�^?1�"̂ é

  u)3ÛÜk���^|FÝ�«�§��^|ÿÀ(��UC§Uþ�º��9þ!

ÄU�/ª½ö¦âf\�"

Parker
[101]

uy�ü^½õ^^6+�p�7§/¤aq�(½-G(��§̂ ÿÀ(�

Ã{²ï§(J��¯��ÑÑÚ|��Ü¿§¦ÿÀ(�×�~��²ï/ª"ù«/ÿ

ÀÑÑ0L§k�U´��F��\9��Å�"

Sturrock�<
[102]

@�3��Ú¥�Ú1¥��^é�)�Uþº��±éF�\9

�)wÍ�^"��uy1¥�r^|¯�UC§Ïdé�²þ1¥|rÚ\9Ïþ�m�

�'5w�c��"̂ |éF�\9��z��¡´Å�DÂÚÑÑL§¥^|�Ä�K

�¶,��¡´^|�^é�)�ÌÄ�J
[103]

§duÚ¥�>{Ç�§¤±k|u^é

u)"Ú¥^éL§�k�U��F��)��\9§½ö�)pªC�¥Å½^(Å"

Priest
[104]

£�
��^é�Ä�nØÚê��[�¹§�)²;�¯�^én

Ø
[105]

§̄ �½!A�þ!�^éÚ�nØ§±9Øþ!^énØ"

y�3ü«^éL§
[106]

µ£1¤gu^éL§"ù´3�«�S�lfN>{ÇO\

��¹eu)�§ù««�~~¤�DÂ«�"�lfNØ½5¬üC¤�É~>{Ç�

5"gu^ékõ«ê��."1��æ^gu^é�.�´UgaiÚTsuda
[107]

"T�

.b½3>6¡SÛÜ>{Ç�Or´dur�lfN÷X>6¡\�E¤�§¿��¯�

�^|��k'é"£2¤Øå£Force¤½°Ä£Driven-in¤é"ù«^éL§´dl>

.6\�Uþ½^6Úå�"�.¥�>6¡kþ!��lfN�Ý©Ù"

�@�^énØ�.´dSweetÚParker
[108]

ïá�§��Øäk<?1nØ©ÛÚ

ê��[
[109, 110]

§yk�^é�.��k5«
[111]

µ£1¤3F��d1¥$Ä��°Ä�

{ü^é�.§'X§X���:�@�´#Ñy�Ú=ò���Ïþ�m�p�^

�(J
[112]

¶£2¤²;ÿÀÑÑ�.
[113]

§�.¥E,�1¥$Ä��
F�¥>6¡��

)¶£3¤binary�.
[114]

§T�.¥^Ô�31¥¥¤é/$Ä����
^é§�)
U

þ�DÂÚÑÑ§¿�û)Ñ��5Ãå|¶£4¤A�þ!£Almost-Uniform¤�^é�

.
[115]

§T�.5½
6\>.^�§�)�Ý���Ú��§Ï3þ!|¥���5O

�¶£5¤�þ!^é�.
[116]

§ù´�Ä�ê��[�3�A�§separatrix�6!��>6

¸�±96\«��pÝ�|§lïáå5�"

Parker
[117]

éUVÅãÚX��Åã���*ÿêâ?1ïÄ§uy^|¥�áó4f�

u�´m�5�§ù«m�5u��ü Ò´B��§duv:$ÄÚ^å��K�§Nõ

^6+¥�>6¡ò÷X^6+�ÅÑy§º�Uþ¿�)^é§Parker�Ð@�B��

��é�±þ!\9F�§��B��¤�F�\9�ÿÀö��"

^é�^e�F�\9�ÿÀö§kA«ØÓa.§=spine§fan§separatorÑ�":
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ék'
[118]

§AO´separatoré´F�\9�1oÿÀö§kØ�ê��[^5&?ÿ

Àö\9F���U5
[119]

"

4.2 �6^\9Å�?Ð

d>6¡�^é�^�)F�\9�L§§û½uF�^|Ú1¥��5�"1

¥�ú/$ÄéF�^(��)K�§¿ò�)3«/ª�>6¡§>6¡�m�p�

�"Priest
[111]

|^Ø�Ä^6N����.§��
separatrices Úseparatorü«a.>6

¡�~f§cöéuF�\9�k�5´�ö�ü�"

Al-HachamiÚPontin
[120]

N�
3�^":£null point¤�^éA5§Ì�&?^":

±��m^|�é¡5§cÙ´3^":�^Ïþ�éÇ§±9>6¡�/ªÚ5�"(

Juy^é�ª�Ä�(�´ÏLUC^|é¡5UC�§d	§>6¡�¸�rÝÚ

ºÝ��d^å��Øé¡5û½"

3¯�^é�.¥§̂ Ïþ�DÑu)3>6¡þ�é��Ü©§;��UþÏL-

Å/ª=z�9U"�>6¡�^|©l�§̂ U=��ÄU§,�ÏLú^(Å�-Å�

^D4Uþ"Longcope
[121]

uyú^(Å²1ÀÂÚ6NÄåÆÀÂ�~�C�²1���"

éu²1ÀÂ§�±|^é°Ä�úÀÂ?1ïÄ§�{´¦^>fÚlf�pÕá��

6N�§|"T�C�§�(J�±ýÿÚn) �^|�é�^"

Parker
[117]

JÑB���U´F�\9�ÿÀö§�du*ÿEâ�"y§"y(¢�y

â5y²B���\9nØ"Ï�)�«y²�{§=�E��^Äå����.§ýÿ

B���Uþ©Ù�¹"Bareford�<
[122]

0�
T���.�ÐÚ(J§��3Ø½��

.�NC�»�^|�3ã��Cz"(JL²§���Ø½5ØU{ü/û)¦���

�.�§�.¥���²{
lUþº���)Ø½5�L§§B���Uþ©Ù�²L


��N��ã"d	Bareford��Ñ
¤k�Ø½G�ÚO�Ñ�Uþº���.�"

w·��^|¿�vk^|¹Ä§�ØL3���mºÝSuÐ§¦¹ÄJ±�*ÿ�"

w·��^|éuþ!½����í\9��)�^§�du"�*ÿyâØU²(/

�ãäNÔnL§"Gonzalez
[123]

|^Hinode�êâéw·��«��ÿÀ(�ÚÄåÆ(

�?1ïÄ§uyΩ�l��L¡�Ù¦�¡�ëY^Ïþu�§y²3õºÝXÚ¥§�º

Ý^|éuõ�¡�^5ÍÜå�
��^§���¹Ä«��^��§�´Ú¥�Ú

F�\9�.��|¤Ü©"

Shibata�<
[124]

|^Hinode�*ÿé��¹Ä«�S��çf	Ü��6?1ïÄ§�

6�ÝÏ~´3�7l¦§=2 000 ∼ 5 000 km§°Ý´0.2�0.4l¦§=150 ∼ 300 km§�6

��Ý´10 ∼ 20 km · s−1"��6Ñy
�Y/G§�F�¥X��Åã��6aq"�6

�A�¿�XF�¥�^éL§u)3�ºÝ��S§Ú¥ÚF��\9é�U�ù«

�ºÝ^ék'"

�Xé��L��p©EÇ*ÿ�O\§3��mºÝu)��«L§¤�CÏ'

5��:"�ºÝ^|q�kv
�Uþ5\9Ú¥§�´�ºÝy��[!E,Ã{


)"Yurchyshyn�<
[125]

éü�^ó4f��lÚ�'�Ú¥¹Ä?1�[ïÄ§(Jw«



3Ï ëmù§�µÚ¥Ú��\9Å� 2533Ï ëmù§�µÚ¥Ú��\9Å� 2533Ï ëmù§�µÚ¥Ú��\9Å� 253

�~��ó4f��±ÏLÚ¥¹Ä����Ù¦�¡§̂ ó4f����õ´�ºÝFÝ

^|�é�^Úå�"

4.3 �6^\9Å��(

o�5`§F�\9�3ü«nØ)º
[126]

"1�«´^6NÚë6\9Ú¥ÚF�

�.£WTD�.¤§ù´3m�^6+�¹e§1¥¥�)�A�^(Å½C�¥Å§D

Â�F��?1\9§\9/ª´ÏL^(Å½C�¥Å�FÝÑÑ\9F����lf

N
[127, 128]

"1�«´é/m����.£RLO�.¤§ù��.ÏLb½4Ü!aq���

^6NXÚ��m�«�¥�Ì�UþÚ�þ5§T�.�Ì�Uþ��u)3�ºÝ�

�S
[129, 130]

"

ð(Ú¥Ú����6^\9Å�§́ >6¡^é�^�(J"̂ éu)3ÛÜk

��^|FÝ�«�§�Ð^é�Ñy´du^6+��p�7§UC
^|�ÿÀ(�§

E¤^|�ÑÑ"̂ ékü«L§§��´gu^éL§§,��´Øå½°Ä^é

L§"̂ éQk�ºÝe�L§§��3�ºÝþ��^§�#�*ÿ¯¢¦�ºÝþ

�^é¤�ïÄ<
'5��:"

5 ¤�\9Å�

IsenbergÚVasquez
[131]

ÄgJÑ¤�\9Å�§3�É¥FermiÅ��±`kR�\9�

lf£minor ions¤§ù�Å��JÑ´Äup���º�ëY*ÿ�(J§=lfØ=§

Ýpu�f§�6Ä�Ý��u�f"
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The Heating Mechanisms in Chromosphere and Corona

ZHAO Kai-yi, YANG Zhi-liang

( Beijing normal University, Department of Astronomy, Beijing 100875, China)

Abstract: The important achievements and progress of the heating mechanisms of the

star chromospheres and coronae in recent years are briefly reviewed in this paper. Various

kinds of mechanisms have been proposed to accomplish the heating processes in the start

atmosphere, and there are different mechanisms in the regions with or without magnetic

field.

In the region without magnetic field, the main heating mechanism is shock dissipation

from acoustic waves which generated by the motion of turbulent in photosphere. The energy

carried by the slow and fast magnetoacoustic waves, Alfven wave is dissipated into heat in

the region with magnetic field. The other heating mechanisms in the magnetic field region

are magnetic reconnection which occurred with complex magnetic field structure, and the

Fermi acceleration which heat the atmosphere in the low-beta coronal hole.

Key words: acoustic wave; magnetoacoustic wave; alfven wave; reconnection; fermi accel-

eration


