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ì¶1 3!4Ùò©O0��¥F�Æ±9ÛÜF�Æ��
ïÄ�{Úy�ã�¤J¶1 5

Ùò0�ÛÜF�Æ¥(Å�^|��p�^¶1 6Ù´o(ÚÐ""

2 ����

���í����Ñ3�ÄX"ù
�Ä§=����§�@�´��þ�r�é6¤

-u§́ F�Æ�ïÄé�"

2.1 Ä�5�

F¡þz�:�)��ÄÑ�o¡l�DÂ§/¤F�Å"�A/§F¡þ?¿�:�

�Ä§Ñ´T:�)�±9����DÂL5�Å�U\"ù
����DÂL5�F�Å§

äkØÓ�ªÇ!ØÓ�Å�§±9ØÓ��Ä�ª"

2.1.1 ©a

ÄuØÓ�£Eå (restoring force)§F�Å�©�3«�ªµ(1)p�§=(ÆÅ (acoustic

wave)§±Øå��£Eå"p��Ä�ªÇ�u 1 mHz§3ªÇ 2∼4 mHz ?�Ì���

�"(2)g�§��åÅ (gravity wave)§±å��£Eå"g��Ä�ªÇ� 0∼0.4 mHz§

3é6�e�3"(3)f �§½¡L¡åÅ (surface-gravity wave)§́ åÅ��«"

8c��L¡*ÿ����´(ÆÅÚL¡åÅ�U\§Ì�3ªÇ 2∼5 mHz�m§

éA±Ï� 3∼8 min"3±Ï 5 min?§�Ì��§�Ò´�@*ÿ�� 5 min����"

2.1.2 £ã�ª

F�ÅÏ~^Ù���ª��5U\5L«"~X§ò��L¡�Ä�»� £L

«�µ

δr (r, θ, φ, t) = Σn,l Σl
m=−l anlm ξnl(r) Y m

l (θ, φ) eiωnlmt , (1)

Ù¥ r´F%å§θÚ φ´F¥�I¥��ÝÚ²Ý§�m� t§Y m
l ´¥�¼ê§anlm�E

�Ì§ξnl(r)´ªÇ� ωnlm �»���¼ê"eI n�»�? (radial order)§�L
»��

��§�!:ê¶l�� (degree)§�L
¥¡þ�!�ê¶m´� �g (azimuthal order)§

�Lù
!�B�»��gê"

3¥é¡b�e§m´{¿�§=Pk�Ó n!l�ª�Åäk�Ó�ªÇ"�±@�§

���Ä´(ÆÅ3����n¥�DÂ"ù�n�þ>.�C��L¡§e>.�ûu

Å�ªÇ��ê l"l��§Ùe>.��§=F�ÅB�
��SÜ���«�¶l��§Ù

e>.�f§=F�Å3���f«�DÂ"ÀJïÄØÓ l�F�Å§�±¼���SÜ

ØÓ�Ý�&E"

2.1.3 *ÿ

ÏL*ÿ��L¡ (1¥�½Ú¥�) Ì��ÅFÚ¤V��õÊV£Ä§í�Ñ5�

À����Ýã��õÊV�Ýã (dopplergram)
[10]

"õêF�Æêâ�õÊV�Ýã��

��mS�"�F¡þ���¬«�§�ÑF¡Ç§KÀ��Ý v �±L«��m t±9
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²¡���IXeF¡ � (x, y)�¼ê§Fp�C� f �½Â�µ

f(kx, ky, ω) =

∫
v(x, y, t)[ei(kxx+kyy+ωt)]∗dxdydt , (2)

Ù¥ f(kx, ky, ω)�Fp��mÅêªÇ�¥£ã�����§kx = 2π/x!ky = 2π/y©O

´ x!y��þ�Åê§ω = 2π/t��ªÇ"dd§�±��õÇÌ�µ

P (kx, ky, ω) = ff∗ . (3)

�ïÄ�«����±�F¡���'[§F¡ÇØ��Ñ�§KA¦^¥¡�IX"

ã 1
[11]

�nØ�����õÇÌ (a) � MDI(Michelson Doppler Imager)
[12]

*ÿ�

õÇÌ (b) '�"Ù¥§p¶�ªÇ ν = ω/2π§î¶�� l"l �Y²Åê kh �'X

�µkhr⊙ = [l(l + 1)]1/2
§Ù¥Y²Åê kh = (k2

x + k2
y)

1/2"ã¥§ªÇ$�´ g �§

ªÇp�´ p �§p �e���´ f �"le þØÓ�B (ridge) �LØÓ�»��

n = 0, 1, 2, ......"n = 0�BL« f �§ þ�g©O� p1, p2, ......�"*ÿþ8c�U&ÿ

� p�Ú f �"

ã 1 ����õÇÌ
[11]

"î¶�� l§p¶�ªÇ ν§þ�î¶éA�´Å�"(a) �nØÌ§(b) �*

ÿÌ"

2.2 Ì�*ÿ¤ì

�X�m"�º��åuÐ±9���ISÜ�§é���*ÿØ��±±Yé��

m§$��±Ømä§��ý��FØá"F�êâ´õÊV�Ýã��mS�§�mS�

��Ý��K��U&ÿ��F�Å���ªÇ�ªÇm�"~X§�∆t�"�ºP¹ê
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â��mm�§eëYP¹
N Üã§@o�mS���Ý� T = N∆t§K*ÿ����

ªÇ�ªÇm�� νmin = ∆ν = 1/T"

��X CCD Eâ��#§*ÿã���m©EÇ��5�p"ùp0�8c~^�A

�F�Æ*ÿXÚ"

2.2.1 GONG

GONG(Global Oscillation Network Group)
[13]

´��ISz��3|^F�Æ�[ï

Ä��SÜ(�ÚÄåÆ��ä*ÿXÚ"

�
?1Ømä�*ÿ§±¼��p�ªÇ©EÇ§ u{Iæ|Ò@²ãÜ½�Iá

��U©� (National Solar Observatory) 3�¥ 6�ØÓ²Ý�*ÿ�ÕÙ�
*ÿ¤ì"

ù 6��Õ©O´µ{I\|4Zæ²��=���*ÿÕ§g%¡�#BÛæ��*ÿÕ§

e�|æ�|��g��*ÿÕ§<Ý�¿�Ù���*ÿÕ§\B|+����*ÿÕÚ

�|�lÛ÷ââ�{U©�
[14]

"

GONG�z�*ÿ¤ìÑ´ 1��£Z�¤§z 1 min P¹ 1Üã¡"ÏL��1Ì¥

� Ni I 6768áÂ�§5ÿþõÊV�Ý"GONG 1995cm©ó��§¦^ì�Å§���

256× 256"2001cU^ CCD§�F¡õÊV�Ýã���Jp� 1024× 1024
[15]

"GONGÓ

�z 20 minJø 1Ü��À���^|ã"

2.2.2 MDI

MDI ´�13d ESA(î³�ÊÛ) Ú NASA({I�ÊÛ) 1995 c 11 �u��

SOHO(Solar and Heliospheric Observatory) �1ìþ��e*ÿ¤ì
[12]

"SOHO �7

��/¥é�þ�1�.�KF:�1"SOHO þ���"�ºØ=�±�¤Ømä�*

ÿ§�äkéÐ�ÀwÝÚ���¥(�é���$Ä�Ý"

MDIþü��N�ò��ÖZ�¤§U
ÿþ�¸�°� 94 mÅ�üÚ�"ÏL��

� 1024 × 1024� CCD§MDIz©¨P¹ NiI 6768áÂ�±� 5�Å�?� 20ÜüÚ�§

�±O�Ñ©EÇ� 4′′��F¡�ÝãÚ1Ýã"

MDI�±3�F¡�ª (2′′)Úp©EÇ�ª (0.6′′)�m��"�,p©EÇ�ª�±

4�m©EÇJp 3�§�À| ���5� 1/3"du&ÒD�Ç���§1996c±5§~

5êâDÑ�§ò�F¡ã�?1²w?n§¦�m©EÇü$��� 200 × 200"Ømä�

1024 × 1024����F¡ã§zc�DÑ 2���]�"

SOHO ¥(þØ
 MDI ±	§��1
Ù¦ü�F�Æ*ÿ��µGOLF(Global

Oscillations at Low Frequencies) Ú VIRGO(Variability of solar Irradiance and Gravity Os-

cillations)§�åu¼�p(¯Ý� p��Ä*ÿA5§¿Áã&ÿ g��ÄL§"

2.2.3 TON

TON(Taiwan Oscillation Network) ´��ýOd 6 ��Ó"�º|¤�/Ä*ÿ�

ä
[16]

§±ÿþ��p�Ú¥� p��Ä"TON� 6�"�º´�»� 9 cm �ê��÷Å"

�º§���� 1 080 × 1 080� CCD§z©¨P¹�ÜÚ¥��F¡K� (=Å�� 393.4

nm!ª° 1 nm�°ª� Ca II�) ã�"
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TONoÜ�3��#Æ�u�ÆÔnX§8c®k 4e"�º©O�3\B|+��

��*ÿÕ!�®�~R��*ÿÕ!\|4Zæ��=���*ÿÕ§±9¿[O�d"

�©�Z*ÿÕ"

2.2.4 HMI

HMI(Helioseismic and Magnetic Imager)´NASA3 2010c 2� 11Fu��SDO(Solar

Dynamics Observatory) þ���1Ö§ÿþ��L¡1¥���ÄÚ^|§±ïÄ��C

z�å!Å�±9^|3Ù¥¤å���^
[17]

"

HMI¦^Å�� 6 173 Å� Fe I�§z 45 s P¹�Ü1¥��F¡õÊVã§���

4 096 × 4 096"HMI?1p�m©EÇ (1′′)����F¡*ÿ§ù¦����>ÛÜF�Æ

�ïÄ¤��U"HMI��O�MDI�q"

Ø
ÿþõÊV�Ý|§HMI�JøëYÌ���üÚ�!À����^|ãÚ¥þ^

|ã"SDOzU�êâ6þ� 1.5 TB§ù
��êâþØ+´é/¡�ÂXÚ§�´éêâ

��;Ú©ÛÑ´��]Ô"

3 �¥F�Æ

F�ÆïÄ�±©�n��ã§=F�ÆïÄ� 3 «�{
[18]

"

1��ã§ò������ð(5ïÄ"d�ã*ÿ��F¡�±vk�m)ÛÝ§Ì

�ïÄ$��ª��Ä (l ≤ 4)§±&ÿ������&E"ù
�{�2�A^u8c(�

Æ�ïÄ"

1��ã§�¥F�ÆïÄ�ã"3*ÿþ§I�k�½��m)ÛÝ"Ì�ïÄ¥�

�ª (l ≤ 300) ��Ä§±&ÿ��SÜ§cÙ´é6��&E"

1n�ã§ÛÜF�ÆïÄ�ã"�8c�61�ïÄ�ª"3*ÿþ§I��p��

m©EÇ"Ì�|^p��ª (l ≥ 200) ��Ä§±ïÄ��CL¡§X¹Ä«e�±9é6

�þ��Aî�S��m(�"

�,ù«©a¿Ø´ýé�§�«�{�mvkî��.�"

�ÙÚe�Ù§òlïÄ�{�Ì�(Jü��¡§©O0��¥F�Æ�ÛÜF

�Æ"

3.1 ïÄ�{

�¥F�Æé��Ôn5��£ã´���§=±F%ålÚØ«©H��¥��Ý�

gCþ§5£ã���A5X(�!�Ý±9��Ý�"

���J�´§²;�(�ÆnØ
[19]

´ÏLÿþ�Ä�ª�ªÇ§5Ïé�*ÿ�Ä

�ª�Î����.
[20]

"�´§ò��IO�.
[21]

ýó� k – ωã�*ÿ���?1'�§

uyéu�Ó�Y²Åê kh§ªÇ�p§nØýó�ªÇ�*ÿ���å��
[22]

"

E¤dy���Ï�Ukõ«"Äk§ù�U�N
��IO�.é��L¡�£ã�

Ø°("�õê���Úð(�.§é6��?nÑæ^
·Ü§nØ"ù«nØéu��
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L¡cÙØ·^"Ùg§�õê����.Ø�Äé6Úå�ë6�A"�Äë6�A§�

±~�nØ�*ÿ�m�ªÇ�
[23]

"

Ïd§3�¥F�Æ¥§Ï~¦^�ü�{5ïÄ��SÜ�(�§Ø´��é'I

O�.�*ÿ�ªÇ�"���ÄªÇ´d��SÜ(�û½§��
�ÄªÇBUí�Ñ

ÙSÜ(�
[24]

"3�ü�{¥§Ï~ò���.¥�ªÇ� (Ø´ªÇ��)�ü§'�*

ÿ�Ú�.��m��É
[25]

"ù�������.Ï~�¡�F� (seismic sun) �.
[20]

"

3.2 Ì�(J

|^�¥F�Æ�{§�Æ[�(½
��SÜ��g=Ó+§uy
�^�

(tachocline)��3
[26]

§Ó�uy
�ºÝfÌ6 (meridional flow) Ú��6 (zonal flow)

��3§?�Ú(½
é6�.Ü u
[22]

(0.712± 0.001) R⊙ ?
[27, 28]

§(½
��é6��

±´Ý
[29, 30]

� 0.2485 ± 0.0034
[31]

§¿�uy�����ªÇ���±Cz
[32]

"

Ù¥§��SÜ��g=Ó+�ÿ½Ú�^��3�uy§ÀÂ
DÚ���u>Å�

.§½¦<�JÑ#�ÎÜF�*ÿ�u>Å�.
[33]

"e¡éÙ¥�
(J?1{�0�"

3.2.1 ��SÜ��g=Ó+

��g=���Ýé�Ýkér��65µ��C»�§g=�Ý�¯§ü4�=Ä�

Ý�ú"ù«y��¡������g="��L¡���g=§�±|^��çf�A�

Ô§ÏL«l�{5¼�",�kÏLF�Æ§âU����SÜØÓ�Ý?g=���

Ý
[34]

§=��SÜ��g=Ó+"

3ã 2
[35]

¥§ç��J��Lé6�.Ü§��ÚJ��LØÓ��ü�{§Ø��þ

� 1σ"�±wÑ§3é6�¥§��g=�Çé�Ý��65��§=Ó��ÝØÓ�Ý?

�=Ä�Ý���L¡�=Ä�ÝÄ���¶3é6�.Ü§Ó��Ý�=Ä�Ç��Ý

Cz�FÝé�§ù�«��¡��^�"

duDÚ α − ω u>Å�.I�g=�Ý��Ý�Cz§Ïd§F�Æ�uy½¦u>

Å�.ò^|�)«�lDÚ���é6�í�é6�.Ü§=�^�¤3�?"3�^�

±e§���fN��=Ä"�^�g=�Ç��ÌUC��U´ë6�)��Ï"

3.2.2 ��6 (zonal flow)

��6£ã�´��L¡,��Ý�6N$Ä�Ç~�T�Ý?�²þ=Ä�Ç�§�

��6N�éu²þ6|¥yÑ�c?½�ò�$Ä�³"

��6�6��� ±10 m·s−1 [36]

"��6Ñy� �§�X��¹Ä±�Cz¥yÑ

©O�»�Úü4[£��³"l¥�Ým©§�Ü©��6�X��¹Ä±�»�[£§

p�Ý«�Ü©K�ü4[£
[37, 38]

"ù«��6�[£y��¡�Û=�� (torsional

oscillation)
[39]

"

Û=���3ué6���Ü©«�"3p�Ý«�§$��±ò��é6�.Ü
[40]

"

3.2.3 ���¹Ä±�Cz

|^ GONG�MDIêâ§uy���ÄªÇ���¹Ä±Cz
[41, 42]

"ã 3
[43]

w«


GONG*ÿ�����Ä¥��ª²þªÇ���¹Ä±�Cz§p¶��Ý��u�§Ó
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ã 2 MDI 144 U*ÿêâ�ü�����SÜg=��ÝÓ+
[35]

"ã¥w«
�Ý©O�

0◦, 30◦, 60◦, 75◦o«�¹e��g=ªÇ��Ý�Cz"

+w«
m�� 10−3 T�^Ïþ�Ý(�"�±w�§r^|«�����Ä¥���²þ

ªÇ�p§���ÄªÇ���¹Ä±�Cz�kaqçf�Rã��A"

ã 3 GONG *ÿ�����Ä¥��ª�²þª£���¹Ä±�Czã
[43]

"ã¥�¥��ªÀ�


8 ≤ n ≤ 10Ú 40 ≤ l ≤ 80«m"

ªÇ�X��¹Ä±Cz��Ï�Ukµ��	L¡ (r > 0.98R⊙)�(��X��¹
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Ä±�CzCz
[44]

§»��p�Ý«��(���X��¹Ä±�CzCz
[45]

"

4 ÛÜF�Æ

Äu�¥F�Æ�ª�ªÇ�ü§Q�Ø�²Ý���&E§�ØU©EH��¥��

É§�ØUïÄfÌ6�[!±9��E,�6|"Ó�§F�ÅÎÃ¦¯/¬���çf

½öÙ§ÛÜr^|�pK�§ù
Ï�Ñvk�ß/�N3�¥F�Æ��ü¥"

3p©EÇ"�º|±e�ÛÜF�Æ
[46]

§±��²Ý!�Ý±9�Ý�gCþ§&ÿ

��SÜ�n�(�§¦ïÄ��L¡ÛÜA�ÚH�ü��¥�ØÓ(�±9�«6|¤

��U"ÛÜF�ÆÏL©ÛÛÜ«���Ä&Ò§ïÄn�6|!9�(��Øþ!5§

$�´^|��"

4.1 ïÄ�{

ÛÜF�Æ�ïÄ�{kéõ§ùp{ü/0� 3 «"

4.1.1 �ã©Û

�ã©Û (Ring-diagram analysis)
[47]

´�«�¥F�Æ�{�ò�"§|^��þÛÜ

���n�õÇÌ P (kx, ky, ω)§=ÚÑ'X§5ïÄT«��&E"éu�½� ω§z�Ü

õÇÌÑ´d (kx, ky)²¡��|Ó%�|¤§Xã 4
[48]

¤«"ã¥�	��L
 f �§ 

p¡�X´ p1 �!p2 �!p3 ��§z���Ñ�L��»�� n"ù
��� ��/G§

Jø
��L¡±e�Y²6|�9(�&E"ù«�{®²�^5ïÄ��¹Ä«�6|

±9�5��fÌ6Ú��6
[50–52]

, ¿���
�~����6Ä�ªã
[53]

"

ã 4 n�õÇÌ¥¤éA� (kx, ky)²¡�ã
[48]

"�Ý�LFp��m¥Y²Åê²¡ (kx, ky)�õÇ§

�ç�LõÇ��"l��m§ªÇ©O�µ2.8 mHz!3.5 mHz!3.8 mHz"

4.1.2 �åF�Æ

�åF�Æ (Time-distance helioseismology) ïÄ�{´ÚÑ'X���Ö¿§=ïÄ

3���¥�ÚÑ'X"ù«�{�2�/$^u/�Æ¥§Duvallu 1993c
[54]

ÄgòÙ

$^uF�Æ"

ÏLO���L¡?¿ü:���&Ò�m������¼ê (Cross-Covariance
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Function§{¡ CCF)§�±�����Ä3ùü:�m�DÂ�m"duü:�m�DÂ�

mÉ�ÅDÂ´»þ�96Ä!̂ |±96|¤N�§Ïd§léü:�mDÂ�m�©Û

¥§�±����SÜ�(�&E"

�åF�Æ�^uïÄ^|pu�6Ä
[55]

!��L�e���g=
[56]

!é6��fÌ

6
[57]

Úp��ª�Å�Æ·
[58, 59]

�"

4.1.3 F��Eâ

Chou�<3 1997cJÑ�(Æ¤� (acoustic imaging)
[60]

§±9 Lindsey�<3Óc

JÑ�F��Eâ (helioseismic holography)
[61]

§Ñ´|^�EEâ5ïÄ��"

F�Å´DÂ�"*ÿ��L¡,«�3,���ÅÄ|§¿b�T«��ÅÄ´d�

�þ,�:��Ä²L�m tDÂ5§½3 t′ ����,�:®à§@o§�â*ÿ��

��L¡��Ä§Ò�±�íÑ��þ?¿:?¿����Ä&E
[62]

§l�ï?¿���

�SÜn�ã�
[63]

"

4.2 Ì�(J

ÛÜF�Æ)º
���éõ[!§~Xµ3¹Ä«§��L¡ 7 MmS(�$uw·

«§���(��p
[31, 64]

"��[�/ïÄ
fÌ6
[51, 57, 65]

§ïÄ
�¹Ä«k'�6

|
[48, 49, 66]

§±9ïÄ���¡�¹Ä«
[67]

"

4.2.1 fÌ6

fÌ63��u>Å�.
[68]

±9��=Ä��)ÚCz�.
[69]

¥Ók�/ "Ï

d§éÙ��Ú���O(&ÿ�©�"

fÌ6§´��fÌ��þ�6Ä"3��L¡þ§d»�6�ü?"fÌ6�6�§

���¹Ä±§±9ØÓ��ÝÚ�ÝUC
[70]

"3�Ý 40◦ �m§6�����§��

20 m·s−1[71, 72]

"

Ï~@�§��SÜ�fÌ6¬3é6�.Ü§dü46£»�"�£»��fÌ63

��²þ|u>Å¥kX4Ù���^"�´§�¥F�Æ�Ñ�����&E�(¯Ý§

Øv±&ÿ6�é��fÌ6
[73]

"�,ÛÜF�Æc[ïÄ
��L¡±e 15 MmS�f

Ì6
[74]

§�é���g�&ÿ§�vk'�XÚ�ïÄÚ©Û"o�§8c&ÿ��fÌ6

þ�±4�§é6�.Ü���fÌ6��&ÿ�"

4.2.2 ¹Ä«e�6|

ÛÜF�ÆØ=�±c[ïÄfÌ6!��6��ºÝ6|§��±^�åF�Æ�{

ïÄ��çfNC±9e�6|"

ã 5
[75]

w«
¦^�åF�Æ�{§���çf9Ùe�6|�©Ùã"�µã�w«

�´ç�u�¡���6|¶�Þw«�´Y²6|§����Þ�L 0.5 km·s−1 �6�"

ã 5 (a), (c)§5g 2000c 8� 7F�êâ¶ã 5 (b), (d)§5g 2000c 8� 8F�êâ"ã

5 (a), (b) ��Ý 0∼3 Mm�6|§ã 5 (c), (d) ��Ý 9∼12 Mm�6|"ã¥����L

À����^|ýé�§d	�S�ê�©O�µ0.06!0.08!0.1!0.12!0.14Ú 0.16Ad."

�±w�§3��L¡§6|��´��çf�¶3çfe� 9∼12 Mm?§6|��´ç
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ã 5 MDIêâ�Ñ�çf9e�6|ã
[75]

f��±>�"

4.2.3 ÄåÆÚÝ�&ÿ9����u�'X

k
���u¹Ä§'X��±9F�Ô���§���çf�=Ä
[76]

±9}�$Ä

k'
[77]

"Brown�<
[78]

ïÄ
ê�^=çf§O�
^|ÚÝ±9�U§uy=Ä�çf

�±Û��¿�pu��"

é6�9L��í�ç�6é�U´Úå^|C/��Ï
[79]

"�é 2003c 10� 29F

¹Ä« 10486� X10?��§Komm�<
[80]

|^�ã©Û�{§O�
¹Ä«NC9e�

�6|§¿?�ÚO�
ÄåÆÚÝ"¦�uy§3���u�§¹Ä«e� 5 Mm��Sk

ér�ÄåÆÚÝ&Ò"ù�r&Ò3��u)c��ÑvkÑy"
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4.2.4 ^2yL§

��çf´��L¡�r^|$§Ý«�§�´Nõ����Ú��º�u)��"

XJU
ý���çf�Ñy§ÒU
k�/ýÿ�.¹Ä«�2y§±�Ð/ý���º

�§��mUíÑÖ"

Ilonidis �<
[81]

|^ SOHO/MDI*ÿêâ§̂ ÛÜF�Æ�å©Û�{§ÿþ
��

L¡e 42∼75 Mm�Ý? p�Å�DÂ�m§O�
 p�ÅDÂ�m�éuw·��«�6

Ä"¦�uy§3¹Ä«2yc��üU§6Ä���4�"Ï§�±òù«6Ä��^|

2y�&Ò"

ã 6 |^ÛÜF�ÆJc 1∼2 d&ÿ�
¹Ä« NOAA10488�2y
[81]

"

ã 6w«
��¹Ä«2y�Jc&ÿ��Y~
[81]

"Ù¥§ã (a)w«�´§ÏL©Û

± 2003c 10� 26F 03:30 UT�¥% 8 hêâ§���±¦�ü �²þDÂ�m6Äã¶

ã (b)�Ó��mãÓ���L¡«�*ÿ��^ã§±pd�ü ¶ã (c)�Ó�«� 24 h

�§��L¡*ÿ��^ã"�±w�§3�5vk^|�«� (ã (b))§k
#¹Ä«2y§

ù3 24 hc�ã (a)¥Ò�&ÿ�¶ã (d)¥§ç��7�I�X¹Ä«m©2y§ù�

�Lo^ÏþCz§É��L^ÏCzÇ§®��L p �ÅDÂ�m�6Ä�ê"
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±þY~§±9 Ilonidis �<ïÄ�õ�¹Ä«§þw«
�q�(Jµ3�.çf

2ycCüU§^|�2y�±¦ù�«�e 42∼75 Mm �Ý?�(Å¼��A¦�\

�"Ilonidis�<�ïÄ
��L¡eØÓ�Ý�(ÅDÂ�m§uy�k�Ý 42∼75 Mm

«�§�±��²w�(J"

|^ù�(J§��iÀ��L¡e 42∼75 Mm�Ý?�(ÅDÂ�m6Ä§Ò�±J

c���UýÿÑ¹Ä«�2y"

4.2.5 ���¡&ÿ

�à¤� (Farside imaging) ´�«|^���*ÿ¡�êâ§$^F��Eâ
[67]

½

�åF�Æ�{
[82]

5íÿ���¡&E�Eâ"ã 7 Ð«
�||^�à¤�Eâ�(

J
[83]

"�ÚÜ©� GONG*ÿ��F¡^|ã§fÚÜ©�íÿÑ����¡ã�"�±

w�¹Ä« NOAA 90533 28F=��*ÿF¡c 12 dÒ��à¤�&ÿ�
§�/¤"

du�±Jcü±ýÿ����¡�.çf�Ñy§�à¤�Eâ�A^éF�Ô���Ú

�����r¹Äy��ýÿ�©�"

ã 7 ���à¤�(JÐ«
[83]

"lþ e 7Üã§©O�L
l 2001c 8� 16F� 2001c 8� 28F§

*ÿ�����¡çfã±9�à¤�íÿÑ����¡çfã"

5 (Å�^|��p�^

F�Å3��SÜ§cÙ´¹Ä«e�§DÂ�7,¬�^|u)�p�^"�k��
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F�ÅÚ�«^(�´XÛ�p�^�§âU|^F�Å&ÿ��SÜ^|(��&E"

ù�Ù©O?ØF�Å3w·«�r^|«��DÂA5"

5.1 w·«

Å30�¥DÂ§o¬kÑÑ"F�Å3��w·«¥�?��ÄUþo´�Øõ§ù

´Ï�w·«e���é63�����F�Å�ÑÑÖ¿Uþ§�Ò´`3��w·«�

Ä�ÑÑ�Ë�´���"

5.2 çf«

F�Å���^|��p�^¬UCF�Å�5�§|^ù�:�±ïÄ��^|�(

�"��çf«�kr�þZpd�^|Ú�$�íØ��Ý§F�Å�5�3ÙÏLçf

«��kX�~wÍ�UC"

*ÿuy��çf«��F�ÅUþ�uw·«
[84, 85]

"��ù�y���Ï�Ukn

��¡µ^|é�Å&Ò�áÂ!Ë�Çü$±9ÛÜ³��^
[86]

"�ÅáÂ�L§�U

kµ�ÄÚr^|�p�^���ÄÄU=z�9U
[87]

¶F�Å3²L^|«��=z�·

�&ÿØ���ª
[88]

¶3^|«���ªÇUC
§=�õ��Ävk���L¡��£

�§´��DÂÑ�
�"Ë�Çü$��´§3çf«�dué6~f§��çf«

�-u�F�ÅØXw·«-u�F�Å��ÄÄU�
[89]

"dur^|��F�Å�Ì

�~�§Ø´�ÄÄUý�~�§Ò´^|éF�Å�ÛÜ³�"

Chou�<
[86, 90, 91]

|^3�:�)�F�Å�ÙDÂ´»þ�)�F�ÅØ�'�A

5§ïÄ
Å�3DÂ��þ��Ñ§�[?Ø
ù 3«Å�e^|éF�Å�K�Ú�

^"Zhao�<
[92]

3 2011cÏLO�F¡Ù¦:�\�Å�m������¼ê§2|^

�òÈ��{ò�����¼ê��¤F¡�:(ÆÅ�Å¼ê§±d5ïÄduF�Å�

çf�p�^Úå�çféF�Å�Ñ��^"

6 ¯KÚÐ"

î8��§F�Æ�ïÄ®²r?��!ð(ÚÄ:ÔnÆ¥Ãõ¯K�)û§X?�

��IO�.
[93]

§�ð(�(��üznØJø��°(��y�{
[94]

§3)û��¥�

f"�¯K
[49, 95]

�Ó�§?�âfÔnIO�.
[96]

"

g �ªÇé$§I����mØmä/*ÿ§GOLF é��$ª��ëYiÿ®��

�õ��±Ï§�vk��(½��� g ���Ì
[97]

"�,kÆö¡®²&ÿ�AÏ��

ª
[98]

§¿�U
í�Ñ��=����FØ
[99]

¶�´§g����±3Ë�=£�Ú���

í¥DÂ§ØU3é6�¥DÂ§¤±§&ÿ�� g�´Ä5g��SÜ��3�Æ"

�,F�Æ(Jw«���SÜ(����IO�.��Ø�§�FØ(��Ø(½§

·�F"F�Æ�±~�ù«Ø(½5"

|^ÛÜF�Æ�±ïÄ��CL¡�5�§'X3uÿ��¹Ä«±9çfe��6

|�¡§ÛÜF�Æ®��
wÍ�¤1"�,|^F�Æ�{ýÿ�
çf�2y§�´§
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±F�Æyk��{ÚÃã�ØU�Ù/)º��çf�/¤�üz§Ï�çf�/¤«é

�U´3é6��.Ü§F�Æ8c�vkv
�(¯Ý5uÿ"

F�Å�Uþ�XÀ�^|�Ork~��ª³§�´·��'%F�Å�Uþ�¥þ

^|�m�'X"HMI�p©EÇ�F¡õÊV�ÝãÚ¥þ^|ãò�ÏÆö�3ù�

ïÄ�����õ?Ð"

î³�ÊÛOy3 2015cu�����;�"�º5�Cål/*ÿ��
[100]

§Ù¥ò

�1����1¤�¤�^�¤ (Visible-light Imager and Magnetograph)§{¡VIM"VIM

òÄg*ÿ���4«�¥þ^|��Ý|§ùØUØ4<Ï�"
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Recent Progress on Helioseismology

LI Jing1,2, ZHANG Mei1, ZHANG Hong-qi1

( 1. Key Laboratory of Solar Activity, National Astronomical Observatories, Chinese Academy of Sci-

ences, Beijing 100012, China¶ 2. Graduate University of Chinese Academy of Sciences, Beijing 100049,

China )

Abstract: Over the past decades, helioseismology has produced unprecedented measure-

ments on the Sun’s internal structure, dynamics and evolution by using the properties of

acoustic and surface-gravity waves that propagate through the interior and cause observable

motions on the photosphere and lower solar atmosphere. The ability to determine the prop-

erties of solar interior is providing more stringent tests on stellar structure and evolution

theory than those provided by the knowledge of just the global properties of the stars such

as luminosity, mass, radius etc.

The purpose of helioseismology is to retrieve information about the structure and the

dynamics of the solar interior. Global helioseismology has shown us how the Sun rotates

differentially in the convection zone, forcing the traditional α − ω dynamo model to revise.

Recent progresses in local helioseismology are even more impressive: the meridional flow has

been measured below solar surface, big sunspots on the farside of the Sun have been suc-

cessfully detected, three-dimensional subsurface motions and temperature inhomogeneities

below sunspots are now regularly being inferred. Here we present a brief introduction of the

history, category, tools and recent results of helioseismology, to promote broader interests in

this dynamical subject in China.

Key words: sun; helioseismology; convection zone; magnetic field


