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HL-2A ÷÷÷kkkêêê���þþþ���>>>���ÛÛÛ������AAA555ÐÐÐÚÚÚïïïÄÄÄ*

4Su† m� �� G�� {�û 4¤ ¾� �� w�=
î9© ¶_Ó Â[à ãRX

( Øó�ÜHÔnïÄ�àC�Æ¤, ¤Ñ 610041 )

( 2012 c 1 � 21 FÂ�; 2012 c 5 � 3 FÂ�?Uv )

p�å�ª (H �) egu�)�>�Û�� (ELM), �,|u���lfN�ÝÚüÑ,�âfl¢y H

��>��$1, �´ ELM �u����þâfÚUþ¬éC��1�9á�E¤é����, ¤±3e�
�àCC�þ¦^�céõC�®²m©
é ELM �ïÄ. 3 HL-2A C�þ*	�
ØÓ� ELM, 6ÄÌÝ�
� ELM Úå��lfN;U���u 3%, ELM �m��mm��� 3 ms, LyÑ III . ELM �A�; 6ÄÌÝ
��� ELM ��ué�lfN>6!�lfN�Ý9;UÑké²w�6Ä, é�lfN;U�6Ä�u 10%,

ELM �u�ªÇ�ÏL�lfN^©.¡�À\9õÇ�O\O\, LyÑ²w�.. ELM �A�. ELM kî
kØé¡5, 3f|ý^&�&ÒU*ÿ�, �r|ý%*ÿØ�; ELM kî�ªÇ�� 45 kHz, *ÿ�����
kîku ELM c� 10 ms Ñy.

'�c: HL-2A ÷kê�, p�å�, >�Û��, ��5\

PACS: 52.55.Tn, 52.35.Py, 52.70.Kz

1 Ú ó

�¢y^�åØàCU�û�|^, I�Øä
Uõ�lfN�å, ��g±-�^�, ¿3pë
êe�$1. 1981 c, 3�I ASDEX C�þ¼
�
p�å (H) ��å�¢�(J [1]. �lfN
�>l$�å (L) �=�� H �, \9õÇI�
u>u L-H �=��õÇK� [2]. 3l L �=�
� H ���>L§¥, �lfN>�«��~Ñ
$�³�, 3^©.¡Sý/¤>�Ñ$^ (ETB),
>��lfNëê (X�Ý!§Ý) �m©Ù�F
ÝO�, l/¤�lfN�Ä (pedestal). �Ä«
���lfNØrFÝ (p′ped) ±9§�)�gÞ
>6 (Jped),�L¡�½í¥��Ø½5O�J
øUþ, ù
^6NåÆ (MHD) 6ÄÒ-u
>
�Û�� (ELM), ¦>��lfN�ØrFÝØU
�L��4��. T¢�y��±^>��lf

N>6�Ý9ØrFÝ°Ä�L¡í¥�Ø½
5�. (coupled peeling-ballooning modes)[3] ¤õ/
)º, ù«L¡í¥�äk¥�������ê
(3 < n < 40). du ELM ��
�Ä�lfN�
ØrpÝ, �Ò��
Ì�lfN�å5U�J
p. �l�$1��Ý©Û, du ELM ØäüÑ
,�, 3�Ð���e, ELM-H ��>�±�Ï�
± [4]. ��/,Ã ELM-H ��>�âf�å�Uõ
7,¦,�âf��å���Uõ, E¤,�3¥
%«��È\, ,�Ë���\�, �ª¦ H �ª
�. 2002 c, 3 DIII-D C�þ¢y
�«äk>�
�Å�� (EHO) �Ã ELM-H ��> [5], du EHO
äküÑ,�Ú���lfN�Ý�õU, ù« H
��>��±�Ï!O�/�±, Ïd¡� QH
�, 3�5�IS9ØÁ�æ (ITER) C�þk
��A^cµ.

ITER C�� H ��>$1Ì�ëê [6] ´: �
lfN>6 Ip = 15 MA, ��^| BTF = 5.3 T, p
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�Ý ne > 0.85 nGW, ���àCOÃÏf QDT =
10. �ây�ã÷kê�C�þ���.. ELM
Uþ�½IÆ, ITER C�þù« H ��>$1�
)�.. ELM Uþò�� 20 MJ ±þ,  Èì
q�Ú1�9á��U«É 1 MJ ±e� ELM �
)�9KÖ [7,8]. 7Lò ITER �.. ELM Uþ
ü$ 20 �±þ, ÄKòîK� Èìq�Ü�
�¦^Æ·, ��¬@¡Ìý�¿1�9á�,
±�u ITER �$1^�Ú8I [9] éJ¢y. �

)ûd¯K, JÑ
ü«�)½��.. ELM
Uþ���Eâ�Y. �«�Y´3>��lf
N¥�),«±Ï5�½ëY�rÝ·��6
Ä, ¦�lfN��UþÚâf, Ó����
>
��lfN� MHD ½^�lØ�) ELM,
¢yÃ ELM �� H ��>. ,�«�Y´|
^��5\�) ELM �Eâ. ®²3 ASDEX-U,
DIII-D, JT-60U Ú JET �C�þ, é.. ELM U
þ��m�m©Ù5�Ú�)Eâ?1
�\
2��ïÄ. 3 DIII-D C�þ, ^SC3ý�¿
SÜ�>6�� (I-��) �) n = 3 �þ!eØ
é¡©Ù���^|6Ä (RMP)[10], 3�lfN
�Ä«/¤�X�÷4�©Ù (m = 9—14) �^
�, ��3 q95 ^¡þ÷v��^�, ELM �	\
� RMP��³���ÄØrvk²wCz. �
�5\ÌÄ�)Eâ´� ETB «5\XÈ��
��½½��(íN©få6 (SMB), Úå�Ä
S�lfNëê�Cz, ¦.. ELM �kî��
3�$�Y²þ�-u. z����>u��.
. ELM, =��5\ÓÚN� ELM ªÇ [11,12]. J
p���5\ªÇ, ÒUJp ELM �¥�Eª
Çl~�z� ELM Úå�Uþ��þ, Ï�
z� ELM �Uþ���EªÇ¤�', l¦
.. ELM ���). 8c�ØU(½��5\ 
�é>u ELM �K�, �Ø�Ùé��ëêXº
�!�Ý�äN�¦. éù«��5\�) ELM
��¦´, Ø�)²w�\��JK�>.�Ý,
�º�!ú�!pEªÇ/u���, U
ýó
·^u ITER $1�¦���5\ÓÚN� ELM
ªÇ�Eâ�¦, ïÄ����5\XÚ!Jp
ÛÜ6Äþ�. éu��>u ELM �ÔnÅ�
9��5, ±9.. ELM, 0. ELM ��)^�
�, E,´ISþ�ïÄ9:. 38c��¥.÷
kê�C�þ, X ASDEX-U, D 0-D ½ JET, �,
éùü«Eâ�Y�ïÄ���
¢�(J, �

í2A^u-��lfN^��k�5Ek�u
�\ïÄ, ék'�ÔnÅ��¡�@£�Ø�
��Ù. 3UYïÄÚuÐ#�.. ELM �)E
âÃã�Ó�, �7L&¢#� H ��Y, §v
k ELM ½�k'��� ELM, %kÚ.. ELM-H
�����åUõÏf9,�üÑUå, 3 ITER
$1^�eäk÷v�O�¦�àCOÃÏf
(QDT = 10)[6].

HL-2A C�¢y H ��>±��mÐ3 H �
�>e�ÔnïÄ, X pedestal Ø½5!L-H =
��^�Ú>uÅ�±9 ELM ��)����,
Jø
���¢�1�¢�²�, �U� ITER �
½��$1¥�U�3�'�¯KmÐ7��
ïÄó�. �©Ì�0�8c HL-2A C�þÑy
� ELM �A�.

2 HL-2A C�þ� H ��>

HL-2A ÷ k ê � C � [13] � � � » R =
1.65 m, ��» a = 0.40 m, ��^|�� BT =
2.7 T, �lfN>6�� Ip = 450 kA, �>±Y
�m 6 s ±þ. 2004 cÄg3¥I¢y
 Èì
 /�>, ¿u 2009 cSGÔn¢�¥Äg3
¥I¢y
 Èì /e�äk ELM � H ��
>$1 [14].

duî0\9�Ç�X�lfN§Ý�,p
ü$, 7L¦^9Ï\9Ãã¦�lfNlf§
Ý�� 10 keV ±þ, l¦ D-T ØàC�A�V
Ç�� [15]. ùÒ�¦�lfNäk�p��å5
U, = H ��å. 3n�^�e, u) L-H =�I
��½�\9õÇ:

Pth(MW) = 0.042n0.73
e (1020 m−3)

× B0.74
T (T)S0.98(m2), (1)

ùp ne ´± 1020 m−3�ü ��lfN�Ý, BT

´ý�¿AÛ¥%���^|rÝ, S �Ì�l
fN^©.¡�L¡È. HL-2A �lfN�L¡
È�� 24.7 m2. du>f£^��\9æ^Äª
Å (O-mode) ½�g�Å (X2-mode) �ª, ·^�
p|rÝ©O� BT � 2.43 T ½ BT � 1.3 T, é
A� L-H =���lfN>f�Ý�;.�©O
� ne = 0.3×1020 m−3 ½ ne = 0.15×1020 m−3. 3
ùü«�>^�e, U (1) ªO��u) L-H =�
¤I��\9õÇK�©O� 0.78 Ú 0.28 MW. ¢
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Sþ, L-H =�I��\9õÇÉ�Ù¦�
Ï�
�K�, Xý�¿ì9^�!^| /±9�l
fN H+/D+ �Ó ��A�. �
ü$ HL-2A C
�þ¼� H ��>¤I�\9õÇ, ¦^ D2 �
�ó�íN, e Èì^| /�lf^FÝ¤
£���� Èì�":, ì9��1�>�W
Ú7z, �lfN�>���`z�. HL-2A C
�8ck 3 MW �>f£^\9 (ECRH, �Åª
Ç� 68 GHz)[16], 1 MW �$·,Å>6°ÄX
Ú (LHCD,�ÅªÇ� 2.45 GHz) ±9 1 MW �¥
5å5\\9XÚ [17], õÇ� 2 MW!�ÅªÇ
� 140 GHz ��@ ECRH XÚ�3SCNÁ¥.
é\�XÚ�?1
U?Ú�õ, /¤~5^�
e��.xíÚÖ¿xí, r|ý (HFS) Úf|
ý (LFS) ��(©få\� (SMBI)[18,19], ±9�
�\�XÚ (PI)[20]. TXÚæ^@Ø��Eâ, �
±U 1—30 Hz �EªÇ^g5\�õ�� 40 �
��, ���»� 1.3 mm, �Ý3 1.3—1.7 mm �
m�N, ���Ý3 150—1000 m/s �m�âØÓ
¢�I�?1N!.

ã 1 äk ELM-H �A��1 11617 g�lfN�>Å/

ã 1 �Ñ
1 11617 g3 NBI Ú ECRH �Ó
�^e� H ��>Ì�ëê. lþ e©O��l
fN>6 Ip, ¥%u²þ>f�Ý ne, NBI \9õ
ÇÚ ECRH \9õÇ, Ì�lfNoË��� Prad,

�lfN;U WE, ©fåXÚ>^z�m'��
&Ò,  Èì¿� Dα-div Ë�&Ò. Dα-div Ë�&
Ò^uiÿ ELM y�, ±93�mºÝþé Dα-div

&Ò���lU
'� ELM ���Ú ELM �
m��mm�. 1 11617 g�>�Ì�ëê�: ��
^| BT � 1.3 T, �lfN>6 Ip � 165 kA, >f
£^õÇ PECRH = 850 kW 3 260 ms ��5\, ¥
5åõÇ PNBI = 680 kW 3 385 ms ��5\�, �
=u) L-H =�, �lfN;U WE 3 ECRH 5\
��vk²w�O\, �3 NBI 5\��d 10.5 kJ
O\� H �Ïm� 26.6 kJ, Ì�lfN¿�Ë�õ
Ç Prad 3 H �Ïm�²wOr; H ��å��±
Y�m�� 550 ms �m, �åUõÏf H89 > 1.5.

3 ELM A � 9 ELM é � l f N
�6Ä

3ã 1 ¤«� H ��> ELM �m��mm
�¥yO±ÏEÑy�A� [21]. ELM �mm
�3 1—3 ms �m, é�lfN�6Ä��, z
� ELM Úå��lfN;U���u 3%, Ïdá
u1 III a.� ELM. ELM a.9ÙªÇ (fELM) �
ÏL�lfN^©.¡�À\9õÇ Pnetk' [22],

Pnet = Paux + POhm − Prad − dWE/dt, (2)

ùp Paux �9Ï\9õÇ, POhm �î0\9õ
Ç, Prad �Ì�lfN�Ë�oõÇ, WE ��l
fN;U. .. ELM �ªÇ fELM-I � Pnet �O\
O\, � III . ELM �ªÇ fELM-III � Pnet �O
\~�. 3¢�þ�±^Jp\9õÇ��{�
ä, = fELM-III �\9õÇ�Jpü$, fELM-I �
X\9õÇ�JpO\. III . ELM Ú.. ELM
Ñáu>�«���«^6NØ½5, 1 III a
. ELM �±^í¥� (ballooning mode) 5)º,
.. ELM �±^L¡í¥� (peeling-ballooning
mode) 5)º [23,24]. �,8c HL-2A C�"y�
lfN>�«��A�ÿþÃã5�ä^6NØ
½5�.�a., �´�±ÏL ELM ªÇ�À
�\9õÇ�Cz±9 ELM �u���lfN;
U��?1�ä.

3ã 2 ¤«� 16125 g�>L§¥, NBI X
ÚÚ ECRH �o�£^+kó� (o�5\õÇ
� 1.08 MW) >u L-H =��, 3 H ��å��l
fN�>Ïm241Ê�£^+ó� (o�5\õ
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Ç� 1.24 MW), ¦o\9õÇk����ª�þ
,, �lfN;U�k¤O\. ã 3 �Ñ
 ELM Ì
�9 ELM �mm�©Û(J. ã 3 ¥lþ�e�g
´ Èì¿� α Ë�iÿ�� ELM &ÒÚ ELM
�mm�O�(J. lã 3 ¥�±wÑ, 3o\9õ
Ç� 1.08 MW �, ELM �²þ�mm��u 1 ms,
ELM �²þÌ��� 0.3; �õÇ,p� 1.24 MW
�, ELM �²þ�mm��� 3 ms, ELM �Ì�
�� 0.6, `²Tg H ��>�)� ELM áu1
0a..

ã 2 16125 g�>� H �Ïm, ELM ªÇÚ�lf;U�\
9õÇ�Cz�¹ (a) Dα &Ò; (b) 9Ï\9õÇ; (c) �lf
;U

ã 3 ELM Ì�9 ELM �mm�©Û(J þã´ Èì
¿ Dα � ELM Ë�&Ò (ÉÚ��IPÑ
Ë�rÝ��é�
�, ù�IPÑ
À�Ñ ELM �ÄOË�rÝ�); eã´ ELM
�mm� (ùÚÎÒIPÑ
z��ü� ELM ��mm�, É
Ú��L«Ñ
¤��mãS ELM �m�²þ�)

,	, �*	�ªÇ$u 50 Hz!��Uþ
���u 10%���� ELM, LyÑ1.a.
� ELM �1�A�. � ELM é�lfNk��
�6Ä, Xã 4 ¤«� 13723 g�>. ã 4 lþ 
e�g´ Dα-div Ë�&Ò!�lfN;U!�l
fN>6. ¥%�lfN�²þ�Ý!8�z�
»� 0.6 ?��lfNu²þ�Ý!8�z�»

� 0.8 ?�>f§Ý. �±wÑ ELM é�lfN
>6!¥%u²þ>f�Ý!>�«>f�ÝÚ
>f§Ý�6Ä²w, E¤��lfN;U��
��~�. ã 5 �Ñ
 11617 g�>Ú 13723 g�
>� ELM Ú� ELM é�lfN�;U6Ä�'
�. 11617 g�>�ëêXã 1 ¤«. 13723 g�>
�Ì�ëê´: ��^| BT � 1.3 T, �lfN>
6 Ip � 175 kA, >f£^õÇ PECRH = 1150 kW,
¥5åõÇ PNBI = 450 kW. lã 5(b) ¥�±wÑ,
� ELM �uE¤��lfN;U���u 10%,
ã 5(a) ¥�Ñ
� ELM é�lfN;UE¤��
��¹, �±wÑ� ELM �ué�lfN;UA
�vkK�.

ã 4 � ELM é�lfNÌ�ëê�6Ä�¹ (a)  Èì¿
� Dα &Ò; (b) �lfN;U; (c) �lfN>6; (d) ¥%�l
fN�²þ�Ý; (e) 8�z�»� 0.6 ?��lfNu²þ�
Ý; (f) 8�z�»� 0.8 ?�>f§Ý

ã 5 � ELM Ú � ELM é � l f N ; U � 6 Ä ' �
(a) � ELM é�lfN�6ÄØ²w; (b) � ELM é�lf
N;U�6Ä�~²w, ELM ��u��;U����u 10%
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3�).. ELM �c, �Ä«Ñy MHD kî
��, �� ETB »�, ��
�Ä�lfNØrF
Ý��.�, ù
y��±^L¡í¥��.)º.
��úO��kî��´XÛ�� ETB »��,
�vk·��nØ�.U�ÑÜn�)º. Mirnov
&�´ïÄ ELM �^kî6Ä [25] ���äÃ
ã��, 3 HL-2A C�þ Mirnov &�ÿþ&Ò�
êâæ8ªÇ� 1 MHz, 4�Ú���ê©EÇ�
p (m < 14, n < 10), ¦^�ÅC���Ì��ê
â©Û�{. �ÅC�·Ü©Û�²½]C&Ò,
3p§�lfNÔn¢�ïÄ¥®²¼�2��
A^, X^u©ÛëÄâfÑ$ [26,27]!ELM üz
L§ [28] ½ MHD �� [29] �. �ó�¥¦^��
Å´E Morlet �Å¼ê

ψ(τ) =
1√
πFb

exp(i2πFcτ) exp
(
− τ2

Fb

)
, (3)

ª¥ Fc ´¥%ªÇ, Fb ´ ψ(τ) ��°. éÙ� 
Ú²£���Å�

ψm,s(τ) = ψ[(τ − m)/s]/
√

s, (4)

ùp m ¡�²£ëê, s ¡�ºÝëê. éêâæ
8�mm�� δt �lÑ&Ò xj , ÙëY�ÅC�
Xê�

Wm(s) =
N∑

j=1

xnψ∗
(

j − m

s
δt

)
. (5)

Xã 6 ¤«� 14011 g�>, ã¥&Òlþ e�
g´ Dα-div Ë�&Ò! u¥²¡S�r|ý^
&�&Ò (MP04)! u¥²¡S�f|ý^&�
&Ò (MP13)!¦^ Morlet �Åéf|ý^&�&
Ò�ªÌ©Û(J. Ha/Da ÿþ&ÒrÝ�²Lý
éI½, �?¿ü , ^&�&Ò MP04, MP13 �
�ü � T/s. ELM *	��^kî6Ääkí¥
�A�, Ì�A�´���ê n > 4, rf|äk
rØé¡, ù«Øé¡3 PM13 Ú PM4 �ÿþ&
Òþ²w/LyÑ5. lã 6 �±wÑ, f|ýU
*ÿ� ELM kî, �r|ý%*ÿØ�. ùa^
kî²~3 ELM �¥c 0.3—2 ms -u, ªÇ�
� 45 kHz, ÷>f_^¤£��. 3 ELM ��c�
� 1 ms, Tkî6Ä (PM13 ÿþ&Ò) m©Ñy,
0.5 ms �ÌÝ²wO�, ªÇeü. kî6Ä�±
Y�m�k�U��, Xã 7 ¤«� 13723 g�>,
lþ e&Ò�g´ Èì� Dα Ë�&Ò!^
&� MP13 �&Ò!ELM kî�Fp�ªÌ©Û
(J. lã 6 �±wÑ ELM �¥c�kî6Ä±

Y�� 10 ms, ªÇ�� 45 kHz. ÏLéã 6(d) Ú
ã 7(c) �'��±uy, �ÅC�3$ªÜ©�ª
Ç©E�p, �éA��m©E%'�$.

ã 6 1 14011 g � > � H � Ï m, ^ k î � 6 Ä � ¹
(a)  Èì¿ Dα &Ò, �^uiÿ��3�lfN¥�K�¹;
(b) f|ý^&Ò MP13; (c) r|ý^&Ò MP4; (d) é MP13 �
Å©Û�(J

ã 7 1 13723 g�>¥Ñy��lfNkî� (a)  Èì
¿� Dα &Ò; (b) f|ý�^&Ò MP13; (c) f|ý� MP13 ?
1Fp�C��(J
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ELM 3 � l « (SOL) ü z�j G � l f
N (ELM-filaments) (�, §�¬���þ�Uþ
ª�^å�<ºÑ>.�, é1�9E¤�ú¿
í�Ñ,�, é ITER �S��~$1�¤ã�
%�. ÏdïÄjG�lfN�DÂA�!�)
Å�±9���{äk��¿Â. 3 HL-2A C
�þ, ¦^p�©EÇ�·>&�
� (�m©E
� 1 µs, �m©E� 4 mm) é^å�LÞ«�ë
6A�ÚjG�lfN(��DÂA��
�[
ÿþ [27], é ELM 3 SOL �Ñ$ÚüzA5�?
1
ÐÚïÄ. ÚO��
jG�lfN��3
�m��3 20—40 µs þ?!4�»��mºÝ
� 0.5—3.0 cm. ù
(J��\©Û3p�å�ª
e�jG�lfN(�A�!Uþ��L§!Ñ
$Å�C½
��Ä:. k'��[(Jò3,
	�©Ù¥0�.

4 ��5\é ELM 1��K�

3 HL-2A Ôn¢�¥, mÐ
��5\!~
§½$§íN�(å6\�é ELM 1�K��ï
Ä, *	� ELM ªÇO\ÌÝ~��y�. Ó�,
�XÃ�O¿ï���XÚ, =òmÐù«ÌÄ/
3>��lfN¥�)��^|6Ä, l��½
³� ELM �¥�¢�ïÄ. ùp0���5\p
u ELM Ø½�¢�(J. ù«��5\¢��
Ì��>ëê�: BT = 2.38 T, O-�>f£^\9;
��º������� (φ1.3 mm×1.3 mm), ;��
lfN�Ý��ÌÝþ,, ���lfNé>f£
^Å���; ���ÝN���� (� 200 m/s), õ
u���m��mm�� 50 ms. ã 8�1 15596
��lfN�>� ELM-H �Ïm, 3 701.4 ms
���5\pu�^6Ä9 ELM �¥. ã 8(a)
¥ TDα9 �L�� 46 Dα/Hα ÿþ
�1 9 Ï��
&Ò, 3 700.8 ms �)�gu ELM éT&Òvk
K�, �U
(¯��/&ÿ���K�)� Dα

Ë�. Mirnov &�&Ò PM13 ½ PM4 w«ù«g
u ELM �^6Ä±Y�m�� 0.2 ms. TDα9 &ÿ
���3 701.4 ms �B�^©.¡ (LCFS), PM13
Ú PM4 Ñ3 701.6 ms �&ÿ��gu ELM ÌÝ
���^6Ä&Ò, =��5\>u
�� ELM,
d���3 LCFS S�� 4 cm. Ï~��5\>
u ELM �gu ELM �^6Ä±Y�m´�'
� [30], �du8c��5\XÚ´�\��

O�, ��º���, ���KUY�) MHD 6
Ä, o�6Ä�m�� 0.5 ms �m. ã 8(b) L«�
� Dα/Hα 
�&Ò������K��Cz, ±
9d>6j (CF) �{ [31] O����^©.¡ 
� rsep �� 39 cm. �ÞJ�´d���K�íü
Ñ���$Ä;,, §�«����3 701.4 ms �
B� LCFS, �ã 8(a) ¥ TDα9 �(J��. ��5
\ ELM-H ��lfN�Ä«>u ELM ´���
) ELM (=ÓÚN� ELM ªÇ!ü$ ELM Uþ
��) �EâÄ:, 3�5� ITER C�þk��
A^cµ, �éÙÔnÅ��n)�Ø
�Ù [32].
du����lfN��p�^�K, �/�l
fN��Ý,p!§Ýü$, �ÝFÝO\, UC
�lfN�Ä«�>6�Ý©Ù, l>u ELM.
ëìISþÓa.C��ÿþ(J, �ÄØr©Ù
�°Ý� 4—6 cm �m [32]. ¤±, �±@���3
Ør�Ä�þ�ýpu�r�6Ä�)
 ELM �
¥. é��pu^6Ä����ê n Ú4��ê m

�©Û, ±9§���m�üz�¹, ò,©0�.
�äN(½��3�Ä«� �!���þ��
Ýé>u ELM �K��, I�é�Ä(��p�
�©Eÿþ, Ó���O(/ÿþ���$Ä;,,
ù´e�ÚïÄó��:.

ã 8 ��5\pu�^6Ä9 ELM �¥
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5 ( Ø

HL-2A C�äk 3 MW põÇ>f£^\9
Ú 1 MW ¥5å5\\9�9Ï\9Uå, |^�
g�Å X-�ª½ÄªÅ O-�ª� ECRH � NBI �
�Ó\9, þ¢y
 H ��>, ¿�)O±ÏÑy
� ELM �¥. ù« ELM �¥�±üØ,�, k|
u�Ï�±�O� H ��>. 8c HL-2A C�
þ H ��>�)� ELM õêáu10a., Úå
��lfN;U���u 3%, ELM �m��mm
��á (� 3 ms �m); �k�Ü©´��� ELM,
ELM Úå;U�����u 10%, ELM �m��
mm��� (�±�� 30 ms), � ELM é�lfN
Ù¦ëê (X�lfN>6Ú�Ý) �kér�6
Ä. ELM kîäkí¥�A��rf|ýØé¡

5, 3f|ý^&�&ÒU*ÿ�, �3r|ý%
ØN´*ÿ�; ELM kî�ªÇ�� 45 kHz, 8c
*ÿ�����kîku ELM c� 10 ms Ñy.
mÐ
��5\é ELM K��¢�ïÄ, *ÿ�
��5\�^©.¡±S 4 cm �m� ��, �
��Kpu�r�6Ä�� ELM �¥, d���
 u�Ä«�þ�ý. ©Û¥�Ñ
���Ý�
Cz±9��>u6Ä�O��m, ��5\� 
��-u ELM �¥�m�'é5!���K>
u ELM �d3ÔnÅ�9Ù��5�, E,´v
k)û�¯K, ´I�3 HL-2A �C�þUYï
Ä���K.

a� HL-2A ¢�<
é�ó��|±��Ü.
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Abstract

The edge-localized modes (ELMs) are often excited in an H-mode plasma, and they are helpful for cleaning the H-mode plasma

to sustain a steady state for a longer time by controlling plasma density and exhausting impurities, but energy and particles carried

by ELM burst will badly damage the first-wall of fusion device, thus the characteristics of and the control and mitigation of ELM are

studied necessarily prior to the basic operational regime operating on ITER. ELMs of different perturbation amplitudes are observed

experimentally on HL-2A tokamak. The frequency of small perturbation amplitude ELM decreases with the increase of net heating

power, and it is about 300–400 Hz, and energy loss induced by per ELM is usually less than 3% of the plasma energy. The small ELM

is type 0 ELM. While for large (type-I) ELM, besides that the energy loss induced by an ELM is generally more than 10%, they also

exert an obvious perturbation on other plasma parameters, such as plasma current and electron density, and the tELM may be longer

than 30 ms. ELM precursors are poloidally asymmetric, which can be measured by Mirnov probes on the low field side, but not on

the high field side; the frequency of ELM precursors is about 45 kHz, and the longest precursors last approximately 10 ms prior to the

ELM bursts.

Keywords: HL-2A tokamak, H-mode confinement, edge localized mode, pellet injection
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