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ɥ̬ɣ� Ŭ˄ 
 

1.1 Ys�]�Ɗð 

2011Ũ 3ǐ 11ǁ 14Ǉ 46à 18ɗ̨ǁǕǇ̩̅ŃĦɅȩ̦õřǾR̗ȕ6)

NǛǁǕĴ̗Ȝ�Ⱦȵ'.�$:̗Ȝ5;ʮȓĄ�ǏĴ:�_rj��p 9.0:

ƫORȾȵ'�ǔǎǑ:̗ȜʣńRH.L'.�$:6�Ⱦȵ'. 10 m±�:

ȆȄ�Ǜª̖êɔřɥ�ûĺêȾ̖ƔRʪ��ûĺêȜńRȾȵ&+.�$:

ßǚ¦;ǁǕ�Ų�4;�Ⱥ�:Ys�]�9Ŋ)Nʇ�ƽRıò&+.H:

5�N6�14Hˬʲ5;8��ȱĠ�ǁǕ:Ys�]�Ɗð;ı̚Ǔ9�N� 

ȶǨ̚đ±̊�ƈ˥9«̢:Ys�]�ȋˍ˼�ƟĴ'�ȱĠ5;«āĭë

IɸȎƑ́9¶14�½ȷăʌ8Ys�]�ˌʚ˼�ȋˍ˼R�ęNɈ̅�ş

'˟14�N�ȱĠ:Ys�]�ȕ:ĳ ;ɭǆɀ8ÿMƗ��ăʌ8ɋȀ�

ɋȞ�ĵȢ\e87:òɋȦƹ9Àļ'4�N��,OL;�Nȫŀġħ:ġ

��H' ;Ȋŭ879'�ļĠ'4�L*�òɋȦƹ:äǯ̆Ã5ɳ¥Iƒ

¥�ʄM˞'Ⱦȵ'4�N�D.�ȱĠɎʼ&O4�NòɋȦƹ:��K,:

Ys�]�¿ɺăʌ˼;�ɋȀ5ɱ 40 Ũ�ɋȞ5ɱ 230 Ũ�ĵȢ\e5ɱ 60

Ũ5�N6¤ȓ&O4�N�[1]�òɋȦƹ:ȋˍ˼;Ũ�ĭë'4�N.Gô

à6ʲ�N˼5;8��̘òɋYs�]�5�M�ˏ˼ö¸�.M:Ys�]

�¿ɺ˼�Ĵ��ûĺêȾ̖;Ys�]�ˎȕ:¡'�ǁǕ9��4�ƙʞ5

ȯƀ5�N¦Ł�:ĞȶYs�]�5�1.[2]�ǁǕ:ûĺêƾʶÄǑƷ;T

��[�z��e92�5�Ⱥɥ 3 ¸5�1.�'�'�Ǜª̖êɔřɥ�û

ĺêȾ̖Ɣ:¦ƴRĀ"�ǁǕ9��4HŀǓǧǞſ:ûĺêȾ̖Ɣ:ÝɜÐ

�̘Ť9̕'�ȬȂ9814�N��Ⱥ�:Ğ�9��4HûĺêƳɨ�ıò

'22�N�Vh�T9��4;ǁǕ:ûĺêȜńRĀ"�ûĺêȾ̖Ɣ:ų

ʶġ˳ŀIųʶ9̆QNÖ4:ƕɼ�R 1 Ũ̅Ëǳ)N$6RȾʡ'.[2]�'

�'�,:ſûĺêYs�]�:ÝŏÕRʹE.��ĞǸƛɓ9KMÝŏÕ9

̆)Nȃǣ:űǣ�ǽŀ'.�$:K�9��Ⱥ�5;D)D)òɋȦƹ9À

ļ'.Ⱦ̖ƽŴ�Ƅʫ6&ONȬȂ98M22�N� 
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� ƼYs�]�̄Ⱦ�ƈ�ONȳȸ:�26'4Ȧƹ:ǝȍ��N��,:®

:ȳȸ6'4;ȴĬĖ̠H̆Ã'4�N�òɋȦƹR½ȷ)N̐9;Ȓłìǜ

\e5�N§˹òȞɴ�Ĵǹ�9Ʋß&ON�ȶǨ̚đ±̊�Ĵǹ�:§˹ò

ȞɴȚŰ9ƈĭ'�˝�Ŏǚ�ġȲʭǮ:ȽŤǹˉIȊǺ̙:�ǃRŵ�ˑ$

)$6�ƐƆ&O4�N�2007Ũ9z��e:w�5Ƙʼ&O.ǹÈıí9̆

)NƳů̅ws�(IPCC : Intergovernmental Panel on Climate Change):ɥ4ǲʸÁ

ĩčǍ9��4�ǹÈcem�9Ȓǉò�Ⱦȵ'4�N$6Rƻŀ'�«Ƞˑ

ȕ:Ȓłìǜ\e:ĭë9K14�����ɰõ<±̊9ʮȓ&O.�ȺŧĢǹȒ

:�ǃ:B6S7�H.L&O.ăʌƉ��8M̥�$6Rƻŀ'.[3]�¬ſ

;&L8NȴĬɍįR̉ǳ)A ��Ⱥ�:Ğ����6814Ȓłìǜ\e

çȐ9ÿMɷFƄʫ��N�$OL:Ė̠Rʰǽ)N.G9;�ʍòɋȦƹ:

ɒ´Rǫɬ)NƄʫ��N�,:.G9Ƽ'�Ys�]�ȕ:̄Ⱦ�ƈî6&

O4�N�Ƽ'�Ys�]�ȕ6'4;±�:Ǚ³RȔ.)$6�Ƅ̜5�N

6ʇ�LON��

 

� ˎȕ˼�ˈŉ��2ȫŀġħ9ÊĠ'4�8�$6 

� � ǀļ:Ys�]�ȕ9ǷA�ÁǢ�ĉɦ�H' ;ľÁ5�N$6 

	 ȴĬɍį9Ŋ)NŻ̛�Ő& �űǥȪ�ő8�$6 


 ôà8Ys�]�˼Rľŀ'4¿ɺ)N$6�5�N$6 

� ȜńǇI¦ƴǇ:ʣń�ǏŐ̋9�&�N$6�5�N$6 

 

$OL:Ǚ³9˱ć)NYs�]�ȕ:�26'4ƣ#LON:�ǠʛćYs

�]�5�N�Ùºɀ9;�Ķ̍Ys�]�:ȕ5�NǠʛćþƅRġ�5�

$)�ǠʛćȾ̖��ƣ#LON�ǲɪ9��4ǠʛćȾ̖92�4ˀǅ)N� 
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1.2 ǠʛćȾ̖:̄Ⱦ 

� Ǡʛćþƅ;̭2:ûĺǠĉİ�ʟɠ'�ʛćþƅRˑ$)$69KMĴ�

8ûĺǠRźƑ)Nþƅ:$65�N�ûĺêȾ̖:ȝÛ5Ⱦȵ)Nþƅ6;

Ö ˢ:þƅ98N�$:6��þƅèſ5ˏ˼Ƭķ�Ⱦȵ'�,:Ƭķà�

Ys�]�6'4Ʋß&ON�Ŏǚ:Ǡʛćȝ:Ȧƹ6'4ʇ�LO4�N˺

Ǻɴ(D)6�˺Ǻɴ(T)9KNǠʛćþƅ9K14�Ȧƹ1 g�.M9ƀLONYs

�]�RǷ˘)N6ûĺêȾ̨̖W��̩:ǠàʤþƅKMHĴ�8Ys�]

�RƀN$6�5�N�D.�þƅǇ9;ûĺêȾ̖6ĉǬ9�Ɖĺ�Ⱦȵ)

N��Ǡʛćþƅ5;�Ɖĺ�þƅ9Ň�'8�.G�ûĺêȾ̖:K�8˧

̀þƅRˑ$&8��ȱĠ�ǠʛćYs�]�6'4äȷ�ʇ�LO4�N 

8þƅR±�9ɑ)[4]� 
�

�˺Ǻɴ(D) – �˺Ǻɴ(T) þƅ 

   (1.1) 

    (1.2) 

 
�˺Ǻɴ(D) – ˺Ǻɴ(D) þƅ 

    (1.3) 

    (1.4) 
 
�,:®:Ǡʛćþƅ 

    (1.5) 

 

$$5n�p�He�Li ;,O-O�Ɖĺ�̍ĺ�}�W���jW�Rɑ)�Ǡ

ʛć5;Ȧƹ5�N˺Ǻɴ�ȊǺ��Lÿƀ)N$6�ăʌ5�N.Gˎȕ˼

�ˈŉ��2ȫŀġħ9ÊĠ'4�8�$6�ȴĬɍį928�N§˹òȞɴ

Iɡɴ˹òȪRß&8�$6�äȟ6'4ƣ#LON�ǠʛćþƅRȾȵ&+ 
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N.G9;�ûĺǠĉİ�^���ƺê9Ɩ0ï0�Ǡê�Ð ˓̔9D5Ʀ

˝&+NƄʫ��N.G�ǠʛćYs�]�Räȷ)N.G9;̥ȒRɽƠ'

8"O<8L8�6��Ė̠��N�Ŵ(1.1) – (1.5)9ɑ)K�8˺Ǻɴ:ûĺǠ

(D)R,O-O˺Ǻɴ(D)��˺Ǻɴ(T)�}�W�3(He3)9ʟɠ&+.Ǉ:Ǡʛć

þƅƻ̙ɝRĝ1.2.19ɑ)[5]�$$5�Ǡʛćþƅƻ̙ɝ6;˺Ǻɴ��NY

s�]�RƠ1.Īć�7O L�Ǡʛćþƅ�Ⱦȵ'I)�:�Rɑ)ơǭ

5�N�ĝ1.2.1KM�Ŵ(1.1)9ɑ)D-Tþƅ�®:þƅ9ǷA4¹Ys�]�5

Ⱦȵ'I)�$6�ɑ&O4�N��ǠʛćþƅRìȰK Ⱦȵ&+N.G9

;100keVɚŰ:Ys�]�:˺ǺɴɮĺRȵƑ'8�6�"8�$6Rɑ'4

�N�Ł̐100keV6��Ys�]�RȒŰƪɩ)N610Ñ�9ɃŹ'�ʎĴ8

ȒŰD5ɮĺRëȥ)NƄʫ��N$6�à�N�,:.G�Ǡʛćþƅ96

14Ĳ˷�L:ëȥ;̘Ť9˺ʫ8żéRǜ.)�Ł̐:Ǡʛćȝ9��4;

�ŰĲ˷�L:ëȥR˲ƻ)O<Ǡʛćþƅ;ïƕ9Ëǳ'�ûĺêȾ̖:K

�8Ǌː;Ⱦȵ'8�$6�ǠʛćȾ̖:ǏĴ:äȟ68N�'�'�þŊ9

�Ɖĺ�ʥʅÛ:Į9ʟɠ)N$69KMƲōò'�¹���~�ƲōƉűǥ

Ȫ�ȵDON$6�D.D-Tþƅ9Ƅʫ8�˺Ǻɴ;ƲōƉȪˏ5�N.GȝÛ

9Ƅ*̃(˛GNƄʫ��N$6�Ė̠6'4ƣ#LON�ǠʛćȝÛ5�Ɖ

ĝ 1.2.1� ĆǠʛćþƅ9�"N˺Ǻɴ:Ys�]�6Ǡʛćþƅƻ̙ɝσ: 
        ̆Ãĝ [5]� 
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ĺȤō9KMȾȵ)N¹���~�ƲōƉűǥȪ92�4;ûĺȝÛ5Ⱦȵ)

N̥�~�ƲōƉűǥȪ9ǷA4ɃŊɀ9ľÖ5�N6ʇ�LON[6]� 

� ǠʛćþƅRìȰK Ⱦȵ&+N.G9;�ɮĺR̥Ȓ9)N®9�N�ŀ

̝ħÛ9̥ȒɮĺRȻGN$6H̘Ť9˺ʫ68N�,:.G�ɏĪ̃(˛G

ƽŴ6ƎƉ̃(˛GƽŴ:22:ƽŴ�ʇ�LO��Ⱥ�5Ɍɞ�ʝQO4�N

[7]�ƎƉ̃(˛GƽŴ9KNǠʛć;�ƎƉêRäȷ'ǠʛćþƅRŵ�ˑ$

).G$:K�8Đ>Ċ5Đ<O4�N�D.���b�Rȷ�N$6�L�

�b�Ǡʛć6HĐ<O4�N� 8ƕȃ6'4;ɂŽ1̰2 mmɚŰ:Ő&8Ȳ

Ȭ��koÛ9ǠʛćȦƹRŋÕ'�Ÿê8��b�Ô�N�;ʕ̖ɮĺx�

�5ǩG4ɊǇ̨̅qtɗ±�̩9Ȥō)N$65��koRȧʁ'�̘Ť9

̥ňŰ8|�f��ƎƉêRäȷ'4̃(˛GLO�ǠʛćþƅRȾȵ)N�

ȱĠ���b�Ǡʛć5;Ĵ̈ĴĽ5ʇǣ&O.�̥˥ȟț���ƃɀˁ̠6

814�N�$:ƽȃ;�1qtɗ±�5ˑ$)Ȧƹ:ğʁˬɚ:ˣ�5�ã:

Ÿê8��b�ÔRÕō'4�ğʁ&O.Ȧƹ:�˷à�LǠʛćþƅRȾȵ

&+�,:Ys�]�Räȷ'4ȦƹÖº9ǠʛćþƅR��Q.L+Nƽȃ

5�M�̥�Ǡʛćäƀ�ƀLON$6�Ǔž&O4�N[7]� 

ɏĪ̃(˛GƽŴ5;,:Ċè:ˤM�ɏĪ:êRäȷ'4|�f�R̃(

˛GNƽȃ5�N�$:ɏĪ̃(˛GƽŴ9��4ǠʛćþƅRìȰK Ⱦȵ

&+N.G9;��Ȧƹɮĺ:|�f�ò���|�f�:̥Ȓ�̥ňŰò���|

�f�:̃(˛GǇ̅:ċ���̘Ť9˺ʫ8�V�o68N��  

�Ȧƹɮĺ:|�f�ò�;ûĺǠĉİRʟɠ&+N.G9;Ƅ̜:Ǚ³5

�M�D.VZ��ɏêɾ9š�¯ ƉˏRäȷ'4�N̝ħÛ9|�f�ɮ

ĺR̃(˛GN$6�ăʌ68N�Ȧƹɮĺ:ëȥ6��ʮȟ�Lʇ�4H�

̖ĪRȷ�.ë˥ɦHʝ�N$6�Ǒä8ȟ68N��|�f�:̥Ȓ�̥ňŰ

ò�;Ǡʛćþƅ:ɎȰRċ�&+N.G9;Ƅ̜:Ǚ³68N�ûĺǠĉİ

;Ǵ̖ʕRƠ14�N.G�^���ƺê�Ð �,:.G�^���ƺê9

ˢL14Ǡʛćþƅ�Ⱦȵ)NɚŰD5ûĺǠĉİR˝3"N.G9;�|�

f�:̥Ȓò�Ƅʫ68N�D.�� LȒŰ�̥ 4H�ûĺǠ:ÆƷ�ő

8"O<þƅ;Ⱦȵ'9  8N.G�ňŰH˺ʫ68N��|�f�:Ys



 6 

�]�̃(˛GǇ̅:ċ��;Ǡʛćȝ:Ⱦ̖ìȰRċ�&+N.G9;̘Ť

9˺ʫ68N�Ys�]�̃(˛GǇ̅�Ɋ�ȬȂ:Īć�Ĳ˷�LƛÕ'.

Ys�]��|�f�KM)!9ƶ˩'�Ǡʛćþƅ:ɽƠ:.G9;ǌ8N

Ĳ˷�L:ëȥ�Ƅʫ68N�Ⱦ̖ìȰ:̥�Ⱦ̖ȝ:̄Ⱦ:.G9;�Ys

�]�̃(˛GǇ̅:ċ��˺ʫ8ơǭ68N� 

� ɏĪ̃(˛GƽŴ5;��ʵ:Ǚ³RȔ.)A Ǭ�8ƽŴ�ʇ�LO4�

M�o[�^ĥ�}�[�ĥ����ĥ�ˢɏĪy�jĥ87�ļĠ)N�ǲ

ɪ5;�ɏĪ̃(˛GƽŴ:�5�ǏH̥�|�f�ƉʌRˮ'4�No[�

^ƽŴ92�4ˀǅ)N� 

 

1.3 ȴȬɏĪ̃(˛GǠʛć  

� o[�^ƽŴ;ȴȬĥɏĪ̃(˛GƽŴ:�˷5�N�ȴȬĥɏĪ̃(˛G

ƽŴ5;ʕ̖ɮĺ�ɏêɾ9š�2 ƉˏRäȷ'4�ɏêɾRɤ:ȡ�o�

�eǫ˦9)N$69KM|�f�R̃(˛GN�öɲo��e6Đ<ONƽ

Ŵ5;�o�Vi�ɏĮ̄Ĳ˷`V�9KMȵƑ&ONo��e:Ďęƽċ:

ɏĪ̩:ɏĪñ˸ìǜ6ɏêɾ�ǋ�14�Nìǜ9K14�̖ĺ6VZ��

ĤɂþŊƽċ9p�zo'�ʕ̖à̔�Ⱦȵ)N�$:ʕ̖à̔9KMʽˑ&

O.̖Ī6o�Vi�ɏĪ9K14|�f�ɮĺ;o��eĲÍ9p�zo&

O�̃(˛GLO8 8N6�1.Ė̠�Ⱦȵ'4�.�,$5�o�Vi�

ƽċ9̖ȈRȈ)$69KM��Vi�ƽċ:ɏĪRȾȵ&+�ɏêɾRʜƿ

Ȭ9'�ʕ̖à̔Ro��e�Ďƽċ5ȋȘ&+NƽŴ��cT:Ɍɞʈˮ9

KMʇǣ&O.�$:ƽŴ;o[�^(Tokamak)6Đ<O4�M�Ċè:ȸǚ;

�cTʾ:�̖Ȉ���ņĘ���ɏǹ���`V��:öʾ:̞ƸĻ:ɷć

+9KMˑĚ)N[8]�o[�^ĥǠʛćʥʅ:ǪȼĝRĝ1.3.19ɑ)�o[�

^ĥǠʛćʥʅ5;�Ⱦ̖cem�6'4:ɻŊǙ³5�NĲ˷ëȥÕê6Ǡ

ʛćßê�ɦ' 8N�ʏȺ|�f�Ǚ³�̨ Q = 1�Ys�]�ĭÇȰQ;Ĳ˷

ëȥÕê6Ǡʛćßêw��:Ƿ̩�ˮƑ&O�,:ǲ:ǵ̎6'4Ğ̐ȥǠ

ʛćŁ̤ȝ̨ITER:International Thermonuclear Experimental Reactor̩:ŜĽʶʳ  
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�ǲÍg�tVp`V��o�Vi�`V� 

`�^��oĮ 

ɆɟņĘ 

iVv�h 

ĝ1.3.2� ITER:Ǫʮĝ[12]� 

ĝ 1.3.1 o[�^ƽŴ:Ǫȼĝ[9]� 
 
 
 
 
 
 
 
 
 
 
 
 
� 



 8 

ʡ1.3.1 ITER: ʫw���h[13]� 
 

Ǡʛćßê 500 MW 
|�f�ĴõŽ 6.2 m 
|�f�ŐõŽ 2.0 m 
̘ÜźŰ 1.7 
�ʯŰ 0.33 

|�f�̖Ȉ 15 MA 
o�Vi�ɏƩ 5.3 T 
ëȥw�� 73 MW 
|�f�ƻ̙ɝ 22 m2 

 

 

�Ŀ£'[10, 11]�ȱĠųʶǵ̎9�N�ĝ1.3.29ITER:ĲʮĝR�ʡ1.3.19ITER

: ʫw���hRɑ)�$:ITER9��4;�Ys�]�ĭÇȰQ�10±�

68NK�8ǠʛćȦȣ:˫˕:ɎɢRɁơ'4�N�D.�ITER�ĿƑ)N

è9ǧʴ)A�Ė̠ȟ;̘Ť9ĳ ǑM�$OL;ǁǕ:Ĵĥo[�^JT-60U

:˒µŏòƱÅʥʅJT-60SA[14]IĞ̐ǠʛćǖƹȤōʥʅ(IFMIF)[15]:.G:

ŜĽŁʷ�ŜĽʶʳȇí(IFMIF-EVEDA[16])�ťŪ�T|��jȇį́Broader 

Approach̩5¬ſ�ǧʴ&O4� $69814�N� 

o[�^ʥʅ5;�|�f�:̃(˛GǇ̅�́ �ğê�̥�K�8̥Ɖ

ʌ:|�f�˫˕RɁơ)6�9�|�f�̖Ȉ��Ɉ9'4ȋȘ'4'D�

nUe�|c��6Đ<ONȱˉ�Ⱦȵ)N$6��N�ITER87:ŞĴ8ʙ

ɝYs�]�RǑ'.ʥʅ5;nUe�|c��:Ⱦȵ�ʥʅ:ɍįRŵ�ˑ

$)ăʌƉ�ɑĕ&O4�N�ǲɪ9��4�nUe�|c��ȾȵǇ9ʮȓ

&ONȱˉIĖ̠ȟ�ȾȵûĚ92�4ˠAN� 

 

1.4 o[�^ʥʅ9�"NnUe�|c��ȱˉ 

o[�^ʥʅ5Ⱦȵ)NnUe�|c��ȱˉ5;�|�f�:̃(˛G�

ƈș9ɍį&O�|�f��9ʙɝ&O.ʎĴ8ȥYs�]��̖ɏYs�]

��Ʒ��ɗ5Ʋß&ON�$OL:ŞĴ8Ys�]�:Ʋß;|�f�Rư
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�NņĘɦ9Ʋß&O�ŞĴ8ˊʕRȾȵ&+4'D��D.�Ŏǚ:Ǡʛć

ȝ9��4;|�f�:ȋȘ;Ǡʛćþƅ:Ëǳ928�N.G�ę˴&ON

A�ȱˉ5�N�o[�^ʥʅ�¬ſ:ƼYs�]�ȕ68N.G9;�ĸ»

9nUe�|c��Rę˴�åƁ)N$6�̘Ť9˺ʫ68N�,:.G9;�

nUe�|c��:ȾȵûĚIĨɐȪȳRȳʰ)N$6�˺ʫ5�N� 

� |�f�:Ȭƍ��N̋ȺǙ³9ˮ)N6MHD̨Magnetohydrodynamics�̖

ɏȈºêĽ̩�ľŀƉ�Ⱦȵ'�nUe�|c���Ⱦȵ)N�$:Ǉ9Ⱦȵ

)NMHD�ľŀƉRĸ»9Ő& 'ȋȘ&+LON���nUe�|c��:

åƁ�ę˴9;˺ʫ68N�ȱĠD5:Ɍɞ9��4�nUe�|c��;Ǭ�

8ʫĚ9KMȾȵ)N$6�ĩč&O4�N�±�9�¬D59ʰǅ&O4�

NûĚ92�4ˠAN�MHD�ľŀƉ:ȾȵRˆ˄)N�9��4˺ʫ68N

o[�^|�f�:ľŀƉRʡ)ľÖÃƷq6��ơǭ��N�$:ľÖÃƷ;

�No�Vi�ʯφ :6$P5ɏêɾ���Vi�ƻ̙�:�N¸ʅRˋˤ'

4�N6)N6�,:ɏêɾ���Vi�ƽċ9�Ď'4Ò:¸ʅ9Ɠ14 

ND597O/"o�Vi�ƽċ9Ďę'.�Rʡ)�ľÖÃƷ;±�:Ŵ5

ʡ&ON[17]� 

 

.             (1.6) 

 

$$5�R;|�f�ĴõŽ�r;|�f�ŐõŽ�Bφ;o�Vi�ɏĪŸŰ�

Bθ;��Vi�ɏĪŸŰRʡ)�Ŵ(1.6)�L|�f�̖Ȉ�ĭë)N6��Vi

�ɏĪŸŰBθ�ĭë'�|�f�ʡ̙:ľÖÃƷqa �Ȑő)N$6�Q�N�

$:|�f�ʡ̙:ľÖÃƷqa�29˝3 6mT��_�ľŀƉ9KNnUe

�|c���Ⱦȵ)N$6�Ćo[�^ʥʅ5ĩč&O4�N[18]�Őĥo[�

^ʥʅHYBTOK-II9��;�qa�29˝3 $69KMm/n = 3/2:mT��_�

�p�Ⱦȵ'�nUe�|c��9ʑ14�N$6�ĩč&O4�N[19]��ʵ

:Ûņ;|�f�̖Ȉ�ĭë)N$69KM|�f�ʡ̙:ľÖÃƷ�¹�'

.ĪćRƋŀ'4�.��ňŰĭë9ˑĚ)NmT��_�ľŀƉ:ȾȵHĩ
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č&O4�N�|�f�:ňŰ�ĭë)N6��ɲȪ9KNƲō� 9|�f

�Ď˚˷9��4Ĵ� 8M�Ď˚˷:ȒŰ�Ȑő)N$65Łìɀ9|�f

�:õŽ�Ȑő)N�Ŵ(1.6)9ɑ)K�9|�f�ŐõŽ:Ȑő;|�f�ʡ̙

:ľÖÃƷ:¹�928�N.G�qa �29˝3��mT��_�ľŀƉ9KN

nUe�|c���Ⱦȵ)N�ĝ1.4.19ǰ˖9Ǘ�ÃƷ�ʀ˖9ľÖÃƷ:ˢ

Ʒ961.�ňŰ̋Ⱥ̝ħRʡ'.ĝRɑ)[20]�ňŰ�̋:ơǭ6'4;Ǘ�

ÃƷKMHŴ(1.7)9ɑ)_�����pÃƷ[21]�K ȷ�LO4�N� 

 

. (n in 1020 m-3, Ip in MA, a in m)     (1.7) 

 

&L9�JT-60U9��4̥linUe�|c��̨ li;Û˷V�i^h�eRʡ'�

ɦÁɀ9̖ȈňŰàŢ:ŒŰRʡ) �̩Ĥɂ�ľŀƉ9KMȾȵ)NnUe�|

c���̥ βpnUe�|c��̨ βp;��Vi�~�hÉRʡ'�|�f�ğê� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĝ 1.4.1� nUe�|c��:Ⱦȵ̝ħRʡ'._�z(Hugillĝ)�ǰ˖;Ǘ�Ã
Ʒ6Đ<ON� 
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|�f�̖Ȉ�¼Mß)ɏǹğ:ǷRʡ'4�N̩:ɌɞHʝQO4�N[22]�

̥linUe�|c��;̖ĺňŰ� :¹ňŰ|�f�9��4̖Ȉ

��|iW���H' ;|�f�̖Ȉ� :Ʋ̖5ĳ ʮȓ&O4

�N�$:̥linUe�|c��;̖ȈňŰàŢ�y�^'.ź98N$69K

MȾȵ)NmT��_�ľŀƉ�o�\�6814�N�,:.G�̥linUe

�|c��Rę˴)N.G9;Û˷V�i^h�eR¹ Ä2Ƅʫ��N�ĝ

1.4.2;Ł̐9JT-60U9��4̥linUe�|c��ę˴Ł̤:ɹǜRʡ'.ĝ

5�N�$:Ł̤5;|�f�̖Ȉ��|iW��9|�f�ŐõŽRŐ& 

)N$65�̖ȈňŰàŢ:y�^òR̉��̥linUe�|c��:ȾȵRƚ

å'4�N� 

� JT-60U9�"NĤɂ¸ʅ�ľŀƉ9KNnUe�|c��;|�f�̖Ȉ�

300kAɚŰ:¹�|�f�̖Ȉ:Ʋ̖9��4ĳ Ⱦȵ'4�N[22]�'�'�

ˤŤ;$:K�9¹�|�f�̖Ȉ5:Ʋ̖;ʝQ8��Ĥɂ�ľŀƉ�ˑ�

.6'4HĲ˷`V�9KMzU�pvk^åƁRʝ�$6�ăʌ5�N� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĝ 1.4.2� JT-60U9�"N|�f�̖Ȉ��|iW�Ǉ:̥ linUe�|c� 
        �ę˴Ł̤:ɹǜ���Ł̐9̥ linUe�|c���Ⱦȵ'.Ʋ 
        ̖��;ľŀ9��|iW�ßǚ.Ʋ̖Rʡ)[22]� 
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� ğêàŢKMȾȵ)NȳƋɀMHD�ľŀƉ�ŵ�˽6814Ⱦȵ)N̥βpn

Ue�|c��;JT-60U9�"NiVv�h˸¸:̥βpŁ̤Ǉ9ĳ ʮȓ&O

4�N�$:6��βp:ƈș8ȐőǇ9|�f��ÛÍ:ɥ�Į9?2�N$6

�ʮȓ&O4�N�&L9�|�f�:ľÖÃƷ�3 - 14:ɫĜ9�NƲ̖9�

�4;ȥ^Y�j:K�8ȱˉ�ʮȓ&O�15 - 20 ms:̅9ƷMJ:|�f�Y

s�]��Ʋß&ON$6�Ɏʼ&O.�ĝ1.4.3;Ł̐9̥βp`�|e�ˑ�.

Ʋ̖9Ŋ'4�|�f�:ŁìľÖÃƷqeff6ʙɝYs�]�RǷ˘'.ĝ5�

N�ĝ�:�;βp`�|eſ9̖Ȉ^Y�j�Ⱦȵ'.Ʋ̖��;βp`�|eſ

9̖Ȉ^Y�j�Ⱦȵ'8�1.Ʋ̖Rʡ)�βp`�|eſ:̖Ȉ^Y�j;

qeff�4 - 6 �ʙɝYs�]�Wp�4.5 MJ±�:ɫĜ:Ʋ̖5'�Ⱦȵ+*�βp`

�|eſ:̖Ȉ^Y�jR̉!.G9;˫˕̝ħR$:ɫĜ±Ĳ9)O<K�

$6�Q�14�N� 

� |�f�ğê9̆Ã'.nUe�|c��6'4;~�h̋Ⱥ9KMȾȵ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĝ1.4.3� JT-60U9�"NβpnUe�|c��Ⱦȵɂè:|�f�:ŁìľÖ 
        ÃƷ6ʙɝYs�]�:Ƿ˘���̖Ȉ^Y�j�ˑ�.Ʋ̖�� 
        �̖Ȉ^Y�j�Ⱦȵ'8�1.Ʋ̖[22]� 
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NnUe�|c��HļĠ)N�~�hÉ6;ǠʛćȾ̖9��4ɸȎɀơǭ

Rʡ'4�M�Ł̐9;|�f�ğêRɏǹğ5é1.É5�N�Ł̐9;$

:~�hÉ�̥�|�f�;Ő&8̃(˛GɏĪ5̥Ɖʌ8|�f�R̃(˛

G4�N.G�ɸȎɀ8Ǡʛćȝ928�N�'�'̃(˛GɏĪ�ŷ�.G�

|�f�ƉʌRċ�&+N6|�f���ľŀ98M�nUe�|c���Ⱦ

ȵ'4'D��nUe�|c���Ⱦȵ)N̋Ⱥ:~�hÉR~�h̋Ⱥ6Đ

S5�N�nUe�|c��Ⱦȵ:ơǭ6'4ʭǢò~�hβN (o���ÃƷ6

HĐ?) �ȷ�LO�ǲ:Ŵ5ŀʆ&ON[23]� 

 

€ 

βN =
βaBt
Ip

.�  (β in %, Ip in MA, a in m, Bt in T)� �    � � (1.8) 

 

ĝ 1.4.49ĆĞ:o[�^ʥʅ9�"N~�h̋ȺÉRɑ)[24]�βN = 3.5ɚŰ�

Ćo[�^ʥʅ:̋ȺÉ5�N��̖ȈàŢ�ğêàŢ�|�f�:źȬRǏ

˱ò)N$69KM~�h̋ȺÉ��ǃ)N$6�Ł̤5Ɏʼ&O4�N�D

.�,OL:ÀļƉ92�4;Ȫȳɀ8ʰǅ�ʝQO4�M�ğêàŢ:ŧģ

ò�|�f�źȬ:�ʯŰ�ĭĴ)N$69KM~�h̋ȺÉR�#N$6�

ăʌ5�N$6�ĩč&O4�N�Ł̐9ğêàŢ:ŧģò'.$69KN~

�h̋Ⱥ:�ǃ:¾Rĝ 1.4.59ɑ)[25]� 
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 ĝ1.4.5� ğêàŢ:ıò9KN~�h̋Ⱥ:ĭë[25]� 
 

ĝ 1.4.4� Ćo[�^ʥʅ:~�h̋Ⱥ[24]� 
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1.5� nUe�|c��Ǉ9Ⱦȵ)Nȱˉ 

nUe�|c��ȾȵǇ9;Ǭ�8ȱˉ�Ⱦȵ)N$6�¬D5:Ɍɞ9��

4ĩč&O4�N[10]�ǲɪKMnUe�|c��ȾȵǇ9ʥʅˊʕR��Nȱ

ˉ9ɇɁ'�ˀǅRʝ�� 

 

1.5.1 ȥ^Y�j̨thermal quench̩  

� ȴȬɏĪ̃(˛GǠʛćʥʅ5;ɏǹ̙RźƑ)N$69KM�|�f�ɮ

ĺ:ƟƶR¹Ȑ'�̥Ȓ�̥ňŰ:|�f�R̃(˛G4�N�'�'�MHD

�ľŀƉRŵ�˽9|�f�Û˷5ɏêɾ:28�ı��Ⱦȵ'�nUe�|

c��Ǉ9;,:ɏǹ̙�ɍį&O4'D��ɏǹ̙:ɍį;|�f�:̃(

˛Gʌê:ėķRƌď'4�M�$:ȱˉ9¯̏'4|�f�:ȥYs�]�

�Ĵ˼9Ʋß&ON[26]�$:ȱˉ;ȥ^Y�j6Đ<O4�M�ȱĠ:o[�

^5;ɱ 100 µsec :ɊǇ̅9ˑ$N.G|�f�ŊċǱĘ:ʡ̙�ȗʛ'.M

ʘȾ'.M)N[22]�ITER 9��4;ȱĠD5:o[�^ʥʅ9ǷA4|�f

�9ʙɝ&ONYs�]��̘Ť9Ĵ� 8N$6�¤Ƌ&O4�N[10]�Ł̐

9; 33MJm-2:ȥˊʕ� 1ms ±Û5Ʋß&ON.G�iVv�hÈʦǖ5�N

ȞɴIh�_em�:ȗʛ/ǃʖ:Ys�]�ňŰ:'��ÉR˰�9˒�.ȥ

ˊʕ���N$6�¤ȓ&O4�N�,:K�8ȥˊʕ9ʉ�Nǖƹ;ġȲ�

9ļĠ'8�.G�nUe�|c��ȾȵǇ9;ȥ^Y�jǇ9Ⱦȵ)Nȥˊ

ʕ9KM|�f�ŊċǖƹR̟ʂ9©ƪ'8"O<8L8�$6�ƐƆ&O4

�N�,:.G�ȥ^Y�jǇ:ȥˊʕ¹ȐŊɨ6'4�ɲȪRČFǻɹ��

koI̥˥\edXkoRȷ�.ɿĒȃ�ʇǣ&O4�N[27, 28]�$:ƕȃ5

;nUe�|c��:èÓȱˉ5�N MHD �ľŀƉ:ǧß6ĉǇ9�ɲȪ�

�koI\eR|�f�9Õō'�|�f�:Ơ2ȥYs�]�:Ĵ˷àRƲ

ō9KMƲß'�|�f��L:ȥȈǘRƶ˩&+N$6�Ɂɀ5�N�Ł̐

9ĳ :ʥʅ5Ł̤�ʝQO�$:ƕȃ�Ǒȷ8ƽȃ5�N$6�Ɏʼ&O4

�N��ƽ�ȥˊʕŊɨ6'4:�ɲȪÕō9;Ė̠ȟHļĠ)N�¾�<�

�ɲȪÕō��ôą̀|�f��ƃ˷D5ƥÕ&O8�̩8Īć�|�f�Ď
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˚˷:ȒŰRÞú'�ňŰ̋Ⱥ9ˑĚ)NmT��_�ľŀƉRŵ�ˑ$)ă

ʌƉ��N�D.�̖ĺȒŰ:ƈș8¹�9KM̖ȈňŰàŢ:ƈș8ŧģò

�ȵ(N$6�Őĥo[�^ʥʅ LT-3 5ĩč&O4�N[29]�,:̐9;�ƈ

ș8̖ȈňŰàŢ:ıò9¶���Vi�ɏǘàŢ�ıò'�ɏǘRÄļ)N

.G9o�Vi�ƽċ:Ĵ�8̖Ī�Ⱦȵ'4�N�,:.G�Õō)N�ɲ

Ȫ:ɛ̢IÕō˥Ű87:Ǐ˱òRʝ�Ƅʫ��N�ȱĠ�$OL:Ǐ˱ò;

Ğ̐o[�^Ȫȳȇį́ITPA̩:˺ʫˁ̠6'4��Ⱥ�:o[�^ʥʅ5ǧ

ʷ�8&O4�N� 

 

1.5.2 ̖Ȉ^Y�j̨Current quench̩  

� ȥ^Y�jǇ:ȥˊʕ9K14ɥ�ĮKMieo6Đ<ON�ɲȪ�Ⱦȵ'�

|�f�9ÂÕ)N$65&L9ƲōÞúRŵ�ˑ$)�ȥ^Y�jſ;̖ĺ

ȒŰ�¹�)N.G�|�f�:̖ǹƝƜ�ƈș9ĭë'�|�f�̖Ȉ:ƈ

ș8Ȑő�Ⱦȵ)N�$:ȱˉ;̖Ȉ^Y�j6Đ<O�ɆɟņĘɦ:ŏ̖Ɖ

ǫ˦Ȫ9̖ɏêRȾȵ&+N.GĖ̠6814�N�¾�<�JT-60U 9��4

;̖Ȉ^Y�jǇ:̖ɏê; 10 MN:Z�i�9ˮ)N6ʇ�LO4�M�,

:̖ɏê9ʉ�LONK�8ɆɟņĘ�ʧ¼&O4�N[30]�$:ȱˉǇ9; 

9�ȑ̖Ȉ���u��̖Ȉ���ˡː̖ĺ��Ⱦȵ)N$6�Ū ɉLO4

�M�,:Ⱦȵ�ʥʅˊʕRȵEß'4�N�ǲɪKM,OL:ʺ'�ˀǅ�

ý>Ⱦȵ:ɿĒȃ92�4:¬D5:Ɍɞɹǜ92�4ˀǅ)N� 
 

1.5.3 u��̖Ȉ  

� o[�^ʥʅ5;̥~�hò:Ɍɞ:ˬɚ5ʀ̘́Üźƻ̙:|�f�9�

�4;Ĥɂƽċ9�ľŀ98NÏċ��N$6�à�M�,:K�8ÏċRĤ

ɂ¸ʅ�ľŀƉ6ĐS5�N[31]�ʕ Ť:|�f�:Ĥɂ¸ʅ;|�f�:əí

9KMɆɟņĘ9ȵ(Nʽŏ̖Ȉ:ľŀòìǜ9K14�əí�ɿĒ&ON�

$:Ǉ̅;ɆɟņĘ:ƝƜ9K14ǽDN̖Ȉ:'E˛EǇ̅ τ = Ls / RsɚŰ

5�N�$$5Ls�Rs;,O-OɆɟņĘ:ʐŠV�i^h�e��ĎƝƜ5�

N�$:Ǉ̅;Ĵĥ��ĥo[�^ʥʅ5;ƷmsɚŰ5�N.G�ǺŧɏĪ`
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V�Rȷ�.åƁRʝ�Īć�,$D5˥�åƁ;Ƅʫ6&O8�[32]�'�'�

|�f���ľŀ98M|�f�:Ĥɂ¸ʅRÄ2.G9Ƅʫ8ǺŧɏĪ`V

�:̖ȕ:̋Ⱥ9ˮ'.Īć9;�åƁ5�8 8NăʌƉ��N�D.�n

Ue�|c��:̖Ȉ^Y�jǇ9̖ȈňŰàŢ�Œò'.Īć�Łìɀ9|

�f��ņĘ�L̔O�ɆɟņĘ:ľŀòìǜ�Ȑő'Ĥɂ¸ʅåƁ�ķQO

N�$:K�8Ĥɂ¸ʅ:åƁ�ķQO.ȬƍRĤɂəíȱˉ(VDE : Vertical 

Displacement Event)6ĐS5�N�ˤŤ:|�f�Ʋ̖Ǉ;̖ĺȒŰ�̥�Ȭƍ

5Ĥɂ¸ʅ��ľŀ98N$6�Lhot plasma VDE�̖ Ȉ^Y�jǇ9Ⱦȵ)N

Īć;̖ĺȒŰ�¹�$6�Lcold plasma VDE6Đ<ON$6H�N� 

� JET9��4̖Ȉ^Y�j�9|�f��LɆɟņĘ9ȈÕ)N̖Ȉ�Ⱦȵ

'�$:̖Ȉ�ûĚ6ƇQONɥ�Į:ɍƬ�Ɏʼ&O.[32]�$:6�Ɇɟņ

Ę9ȈÕ'.̖Ȉ;VDE9K14|�f�6ɆɟņĘ�Ʀʱ'�ɏêɾ�̃(

4�8�ǏĲǶɏǹ̙ĲÍ:e^�V|ZzŖ9ȈO4�N̖Ȉ�ɆɟņĘ9

ȈÕ'.H:6ʇ�LO4�N�̖Ȉ�ȈON̝ħ:��Vi�ƻ̙źȬ��

CPǐ9��N�&(halo)9·4�N$6�Lu��̖Ȉ6Đ<O4�N�$:

̖Ȉ9KNɆɟņĘ:ƬÎ;®:ʥʅ5Hʮȓ&O4�M�JT-60U5;3MA:

nUe�|c��Ǉ9ɥ�Į:ȞɴʃɽŸòȞɴʩćų̈̄CFC̩hV�:ɍƬ

[33]��Alcator C-Mod5;ɆɟņĘ:��oIhV�:ɍƬ[32]�Ɏʼ&O4�

N�u��̖Ȉ;ǏĲǶɏǹ̙ĲÍ:Þ.�|�f�̝ħ:̄�.ɏêɾ9ȁ

14�iVv�hÍR˜ę'4�Nɥ�Įǫ˦˷RV�y�i�e�ǏŐ98

NK�8Ǚ³5˵Ȉ)N�$:6�ɥ�Į¯˝5;u��̖Ȉ:��Vi�Ƒ

à��8MĴ��.G�o�Vi�ɏĪ6:Ƀ¨¼ȷ9KMĴ�8����l

êRȵEß'�ĮIɆɟņĘÛ:ǫ˦Ȫ:ƬÎIʥʅ:Ɋđò928�Năʌ

Ɖ�̥�[33 - 35]�D.�u��̖Ȉ;e^�V|ZzŖ5;̖Ȉwe�3ǲÒ

ǫ˦RǑ'4�N.G�Ł̐:ʮȓ9��4Ÿ�o�Vi����Vi�̘Ŋ

ɘƉ�ɑ&O4�M[10, 36, 37]�,:Ż̛Rʇ�.ɆɟņĘ:ʶʳ;ǩG4ʩ̓

8H:9814�N[37]�,:.G�VDE:ƚå�ăʌ5�O<�u��̖Ȉ�

)8Q0̖ɏêRĴť9Ȑő&+N$6�ăʌ5�N�,:ȾȵǱǫI,:ę

˴ƽȃ:Ɍɞ�ɯêɀ9ʝQO4�N[10, 38 - 40]�ĝ1.5.19�ĥo[�^ʥʅ
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Alcator C-Mod:nUe�|c��5ʮȓ&O.Úĥɀ8VDERɑ)[41]�$:Ʋ

̖9��4;̖Ȉ^Y�j6BCĉǓ'4|�f���ƽ:iVv�hÍ9ċ

�14ƈ˥9əí'4�N�D.�VDE 9K14|�f��Ĵ� �Í9ı¸

'�Ö|�f�̖Ȉ:25 %6��Ĵ˼:u��̖Ȉ�Ⱦȵ'4�N�̖ȈȋȘ

6ĉǇ9VDE �Ⱦȵ)N$6;JT-60U 87)A4:o[�^9Øˤ'4EL

O��ʓ9̖Ȉ:ȋȘǇ̅�Ɋ 8N6VDE �Ⱦȵ'I)�Ïċ9�N� 
 

 

1.5.4 ȑ̖Ȉ  

� ̖Ȉ^Y�jǇ9|�f�̖Ȉ�ƈș9Ȑő)N6�|�f�̖Ȉ�ĎM:

ɆɟņĘɦ:ŏ̖Ɖǫ˦º9¼Mß'4�.ɏǘRÄļ)NK�9ȑȬ:̖Ȉ

�Ⱦȵ)N�$:̖Ȉ;̖Ȉ:ɸ˔:ź�Lȑ̖Ȉ6Đ<O4�N�$:ȑ̖

Ȉ;�^eWX�ƽɚŴ5Hŀʆ&O4�NK�9Ū ɉLO.ȱˉ5�N�

'�'�o[�^ʥʅ5;ȑ̖Ȉ�Ⱦȵ)Nǫ˦º9o�Vi�ɏĪIåƁȷ

:ɏĪ�øë&ON.G�,OL6:Ƀ¨¼ȷ9KM̖ɏê�Ⱦȵ'�,:Ĵ 

 

 

 

ĝ 1.5.1�  Alcator C-Modo[�^9�"NnUe�|c��Ǉ: VDE[41]� 
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�&;ȑ̖Ȉ:Ĵ�&9Ƿ¾)N�D.�ȑ̖Ȉ;̖Ȉ^Y�jǇ:̖ȈȐʢ

Ȱ9Ƿ¾'4Ĵ� 8N.G�̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅�˺ʫ68N�

Ł̐9JT-60U9��4;�Ɋ�̖ȈȐʢǇ̅:̖Ȉ^Y�j�Ⱦȵ'.6�9�

ʥʅ9Ⱦȵ)NʟƮRĒL#N.G9i�w��ʥɇ&O4�N�ITER87:

Ĵĥo[�^ʥʅ5;ʥʅ:ÌÖƉ:ʮȟ�L�̖Ȉ^Y�jǇ97O L�

:̖ɏê�Ⱦȵ)N:�RʇƏ'�ʶʳRʝ�Ƅʫ��N�,:.G�ITER5

Ⱦȵ)N̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅R¤ȓ)N.G9�Ćo[�^ʥʅ9

�"N̖ȈȐʢǇ̅:n�h~�e�¼Ƒ&O4�N[10]�ĝ1.5.29Ł̐9¼Ƒ

&O.n�h~�eRɑ)�$:n�h~�e9��4;52:o[�^ʥʅ5

¬D59Ⱦȵ'.̖Ȉ^Y�jǇ:Ł̐:̖ȈȐʢǇ̅RD6G4�M�|�

f�̖Ȉ�̖Ȉ^Y�jȾȵè:|�f�̖ȈÉ9Ŋ'480%�L20%D5Ȑ

ʢ)ND5:Ǉ̅R½ȷ'4�̖ȈȐʢǇ̅Rŀʆ'4�N�'�'�ȅƌ)

A�ȟ;)A4:o[�^ʥʅ5̖ȈȐʢǇ̅:ŀʆ�˯�$65�N�$:

n�h~�e9��4;ASDEX-U�Alcator C-Mod�JT-60U;ĉ�:ŀʆR½ȷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ĝ 1.5.2�  Ćo[�^ʥʅ9�"N̖Ȉ^Y�jǇ:ʭǢò 
         ̖ȈȐʢǇ̅:n�h~�e[10]� 
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'4�N��JET9��4;100% �L40%D5�DIII-D5;90%�L10%D5:

ǇæR½ȷ'�̖ȈȐʢǇ̅Rŀʆ'4�N�$:Īć�|�f�̖Ȉ�ɂɾ

ɀ9Ȑő'4�N$6R²ŀ'�̖ȈȐʢȰKMŁ̐:̖ȈȐʢǇ̅Rɩß'

4�N�$:n�h~�e5;|�f�ƻ̙ɝ5ʭǢò'.̖ȈȐʢǇ̅:�

̋É;1.8 ms/m25�N$6�ɑ&O�$:�̋ÉRȷ�4ITER5:ɆɟņĘɦ

:ʶʳ�ʝQO4�N�̖Ȉ^Y�jǇ:|�f�̖Ȉ�ɂɾɀ9Ȑő)NĪ

ć9;$:K�8ŀʆ:˯�H:Rĉ(n�h~�e9�AN$6;Ǒȷ5�

N6ʇ�LON�'�'�̖Ȉ^Y�jǇ9|�f�̖Ȉ�Ł̐9ɂɾɀ9Ȑ

ő)N6;̋L8��²9�|�f�̖Ȉ�ơƷɀ9Ȑő'.Īć�ǏĴ:̖

ɏê;|�f�̖Ȉ:Ï��ǏĴ68NǇæ5Ⱦȵ)N��ʵ:n�h~�e

:K�9�NǇæ̅:̖ȈÉ�ɂɾɀ9ıò'.6��ŀʆ9KM̖ȈȐʢǇ

̅RʸÁ)N6�Ł̐9Ⱦȵ)N̖ɏêRˬĴ�H' ;ˬŐʸÁ'4'D��

,$5�Ćʥʅ9��4̖ȈȐʢǇ̅:ŀʆ92�4:ǧʴHʝQO4�N�

JT-60U9��4Ł̐:̖Ȉ^Y�jǇ:̖ȈȄźR˂Ǟ'.6$P�ĳ :̖

ȈȄź;ơƷH' ;ɂɾ5zUkmU�_5�N$6�à�14�N[34]�ĝ

1.5.39ơƷzUkmU�_�˱'4�NĪć:JT-60U9�"N|�f�̖ȈȄ

ź�ĝ1.5.49ɂɾzUkmU�_�˱'4�NĪć:JT-60U9�"N|�f�

̖ȈȄźRɑ)�D.�ĝ1.5.25½ȷ&O4�NJT-60U:nUe�|c��Ʋ

̖9��4�70L:zUkmU�_�˱'4�N:�H˂Ǟ&O4�N̨ĝ

1.5.5 �̩$:˂Ǟ9��4;2¢ŧĢŧƽǡʿş(RMSE)RʸÁ)N$69KM�

ơƷ�ɂɾzUkmU�_:70L�˱'4�N:�Râƻ'4�N�$:˂

Ǟ9KM̖ȈȐʢǇ̅�Ɋ�Ʋ̖9��4;�ơƷzUkmU�_�˱'4�

N$6�âǅ'.�JET9��4H̖ȈȐʢǇ̅:ŀʆ9Ŋ)Nǧʴ�ʝQO4

�N[42]�ĝ1.5.6;JET5Ⱦȵ'.nUe�|c��Ǉ:̖ȈȐʢǇ̅:n�h

~�eRʡ'4�N�$:n�h~�e:¼Ƒ:̐9;�22:̖ȈȐʢǇ̅:

ŀʆ�½ȷ&O4�N�ĝ�:;80-20%D5̖Ȉ�Ȑʢ)N̐:ǇæR½ȷ

'4ɂɾɀ9ʸÁ��;100-40%D5̖Ȉ�Ȑʢ)N̐:ǇæR½ȷ'4ɂɾɀ

9ʸÁ'.ĪćRʡ'4�N�:n�h;ĝ1.5.29½ȷ&O4�Nn�h6

ĉ(5�N�Ł̐9ʭǢò̖ȈȐʢǇ̅:ǏŐÉ;100-40%:ŀʆR½ȷ'4Ǽ 
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ĝ 1.5.3�  ơƷzUkmU�_�˱'.Īć: JT-60U:̖Ȉ^Y�j9�" 
         N|�f�̖ȈȄź[34]�ɍɾ�ɂɾ�Łɾ�ơƷ5zUkmU� 
         _R'.ĪćRɑ)� 

ĝ 1.5.4� ɂɾzUkmU�_�˱'.Īć: JT-60U:̖Ȉ^Y�j9�" 
         N|�f�̖ȈȄź[34]�ɍɾ�ɂɾ�Łɾ�ơƷ5zUkmU� 
         _R'.ĪćRɑ)� 
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G.H:5�M�2.1 ms/m25�N$6�à�1.�ĉ(Ʋ̖9��480-20%:

ŀʆR½ȷ'.Īć;2.66 ms/m2�ǏĴɈǇÉR½ȷ'.Īć;1.9 ms/m2681

4�N�Ǡʛćȝ:ʶʳ9;̖ɏê:ǏĴɈǇÉH˺ʫ5�N��̖Ȉ^Y�

jǇ9Ť9ʥʅ9��N̖ɏêHʥʅÄˇ:ʮȟ�L˺ʫ68N�,:.G�

̖ɏê:ʸÁ:.G97:̖ȈȐʢǇ̅:ŀʆR½ȷ)N:�˱'4�N:�

Rˆ˄)N$6;˺ʫ5�N� 

� ¬D5:ǧʷ;Te�^oǷ̨|�f�ĴõŽ6ŐõŽ:Ƿ̩�Ĵ��o[

�^ʥʅ5:ǧʷ5�1.�Ǡʛćʥʅ:ɸȎƉ:ʮȟ�L�¹Te�^oǷ

:ȲȬo[�^ʥʅ:ųʶ�Ł̤�ȱĠðêɀ9˨GLO4�N�ȲȬo[�

^ʥʅ5:̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅:˂Ǟ;|��eo�|�f�Ɍɞ

Ɣ̨ T��[ Ɣ̩Ǒ:NSTX5ʝQO4�N[43]�ĝ1.5.79NSTX5˂Ǟ&O.̖

ȈȐʢǇ̅:n�h~�eRɑ)�NSTX5:ʭǢò̖ȈȐʢǇ̅:�̋É;0.5 

ms/m25�M�ʕ Ť:Te�^oǷ�̥�ʥʅ9ǷA41/4ÇɚŰHŐ& 8N$

6�âǅ'.�$:É:˯�;|�f�V�i^h�e:˯�6'4ˀǅ&O 

ĝ 1.5.5  JT-60U9�"N̖Ȉ^Y�jǇ:|�f�̖ȈȄź9Ŋ)Nơ 
        Ʒ�ɂɾzUkmU�_:ɯŰ:Ƿ˘[34]� 
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4�N�ȲȬo[�^ʥʅ5;|�f�V�i^h�e�ˤŤ:Te�^oǷ

:o[�^ʥʅ9ǷA41/4ÇɚŰŐ& 8N.G�,:K�8˯��ß.6ˀ

ǅ'4�N� 

� ̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅:ʸÁ;ITERIŎǚ:ûĥȝ5Ⱦȵ)N̖ɏ

ê:ʸÁ:ɯŰ:ċ�928�N.G�̘Ť9˺ʫ8Ɍɞ5�N�'�'�̖

ȈȐʢǇ̅RåƁ)N$6�ßǚO<�̖Ȉ^Y�jǇ:̖ɏê:ɿĒHăʌ

68N�,$5�JT-60U5;̖Ȉ^Y�jǇ9�"N̖ȈȐʢǇ̅:w���

hÀļƉR˂Ǟ'4�N[44]�ĝ1.5.8;Z��k^Ʋ̖5Ⱦȵ'.ňŰ̋ȺnU

e�|c��9�"N̖Ȉ^Y�jɂè:ʙɝYs�]��ƲōYs�]�� 

̖ȈȐʢǇ̅:Ƿ˘R'.ɹǜ5�N�ĝ1.5.8KMňŰ̋Ⱥ:nUe�|c�

�9��4̖Ȉ^Y�jɂè:ʙɝYs�]��Ĵ� 8N92O4�̖ȈȐ

ʢǇ̅�Ȑő)Nɹǜ�ƀLO4�N�,'4�ĝ1.5.8(b);ʙɝYs�]�6

ƲōYs�]�:Ƿ˘R'4�M�ʙɝYs�]�;ƲōƬķ9KMBCķQ

O4�N�,:.G�ĝ1.5.8(c):K�9ƲōYs�]�6̖ȈȐʢǇ̅RǷ˘

)N6ʙɝYs�]�6ĉ(K�8Ƀ̆Rƀ4�N�$OKM�Z��k^Ʋ 

ĝ 1.5.6�  JET9�"N̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅:n�h~�e[42]� 
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̖9�"NňŰ̋ȺnUe�|c��5;̖Ȉ^Y�jɂè:ʙɝYs�]�

RåƁ)N$69KM̖ȈȐʢǇ̅:åƁ5�NăʌƉ��N�D.�ĝ1.5.9

9ɑ)K�9®:nUe�|c��9��4HĉǬ:ɹǜRƀ4�N[44]�D.�

32:ȾȵûĚ�Ƚ8NnUe�|c��9��4|�f�:ŁìľÖÃƷqeff

6̖ȈȐʢǇ̅:˂ǞRʝ14�N�ĝ1.5.109,:ɹǜRɑ)�nUe�|c

��:ȾȵûĚ;,O-OȽ8N��Z��k^Ʋ̖9�"N̖Ȉ^Y�jǇ

:̖ȈȐʢǇ̅;|�f�:ŁìľÖÃƷ9Ƿ¾)NK�8ɹǜRƀ4�N

[44]�D.�Z��k^Ʋ̖±Ĳ9HNBIÕō�ʝQO4�NƲ̖92�4H̖ 

ĝ 1.5.7�  NSTX9�"N̖Ȉ^Y�jǇ:n�h~�e[43]�(a);̖ȈȐʢ 
         Ȱ�(b);ʭǢò̖ȈȐʢǇ̅Rʡ)�ˤŤ:Te�^oǷ:o[� 

     ^ʥʅ9ǷA4ʭǢò̖ȈȐʢǇ̅; 1/4ɚŰ6814�N� 
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(a) 

(b) 

(c) 

ĝ 1.5.8� Z��k^Ʋ̖:ňŰ̋ȺnUe�|c��9�"N̨a̩nUe� 
        |c��ɂè:ʙɝYs�]�Wdia6̖Ȉ^Y�jǇ:̖ȈȐʢǇ 
        ̅�̨ b̩ʙɝYs�]�Wdia6ƲōYs�]�Prad�̨ c̩ƲōYs� 
        ]�Prad6̖ȈȐʢǇ̅:Ƿ˘[44]� 
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ĝ 1.5.9� ̖Ȉ^Y�jǇ:ƲōYs�]�6̖ȈȐʢǇ̅:Ƿ˘��;ňŰ
̋ȺnUe�|c����;�k^��pnUe�|c����;

̥ linUe�|c��Rʡ)�c���:̧īM;ˡː̖ĺ:Ⱦȵ

'.Ʋ̖Rʡ)[44]� 

ĝ 1.5.10� Z��k^Ʋ̖9�"N̖Ȉ^Y�jɂè:|�f�:ŁìľÖ
ÃƷ qeff6̖ȈȐʢǇ̅:Ƿ˘��;ňŰ̋Ⱥ��;�k^��p�

�;̥ linUe�|c���Ⱦȵ'.Ʋ̖Rʡ)[44]� 
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ȈȐʢǇ̅:˂ǞRʝ14�N�ĝ1.5.11;ȥ^Y�jǇ:NBIÕōw��6̖

ȈȐʢǇ̅:Ƿ˘Rʝ1.ɹǜ5�N�ȥ^Y�jǇ9NBIÕōR'4|�f�

Rëȥ)N6�̖ȈȐʢǇ̅;Ĵ� 8N6��ɹǜRƀ4�N���k^p

��pnUe�|c��:̐9;�NBIÕō9Ŋ)N̖ȈȐʢǇ̅:ĭë:Àļ

Ɖ�¹�$6�ɹǜɀ9Ʋß)NʙɝYs�]�Rĭë&+4�N$6�L�

Łˏɀ8̖ȈȐʢǇ̅:åƁ9ȷ�N$6;̕'�ɹǜ6814�N� 

� &L9�̖Ȉ^Y�jǇ:̖ȈȐʢȰ:ɿĒȃ6'4ţ\eÕō�ǧʴ&O

4�N[45-48]�Tore Supra9��4;Ǭ�8ţ\e|�f�R̖Ȉ^Y�j�9

ƥÕ'�)A4:ţ\e|�f�9��4̖ȈȐʢȰ:¹Ȑ�ʮȓ&O4�N

(ĝ1.5.12)[47]�ȫ9˗�\e9��4;ˡː̖ĺ̨1.5.5ɪ5ſˠ̩:Ⱦȵ�ƚå

&ON$6�à�M�ţ\e|�f�Õō;nUe�|c��Öº:ɿĒȃ6

'4ȅɁRȉ>4�N�$:K�8cem�;nUe�|c��ɿĒcem�

̨DMS : Disruption Mitigation Syatem̩6Đ<O4�N�'�'�DMSRȷ�.

nUe�|c��ɿĒȃRŁ̐:o[�^ʥʅ5ʝ�.G9;�L�(GnU 

ĝ 1.5.11� NBI ÕōƲ̖9��4Ⱦȵ'.̖Ȉ^Y�jǇ:̖ȈȐʢǇ̅6
NBI Õōw��:Ƿ˘��;ňŰ̋Ⱥ��;�k^��pnUe
�|c��ǇRʡ)[44]� 
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e�|c��ȾȵR¤ȓ)NƄʫ��N��DMS:ˑí9;ǱǤɀ8̆Ã�L

Ǐ¹5H10-20ms�Ƅʫ5�N$6�ơƭ&O4�M[49]�ǂǓ:nUe�|c

��:Ⱦȵǧɉ�˿68N�,:.G�DMS:ĿƑ9;ǴɎ8nUe�|c�

�:Ⱦȵ¤ȓ:ɯŰ�ǼGLO4�N�D.�ţ\e|�f�Õō�̖ȈȐʢ

:ɿĒRH.L)ȪȳǱǫ;ǅɎ9814�L*�Õō)Nţ\e:ɛ̢I˼�

ĝ 1.5.12�  Tore Supra9�"NDMSRȷ�.nUe�|c��ɿĒ:ǧʷɹ 
� � � � � ǜ[47]�ȫ9˗�ţ\ę}�W�̩RÕō'.̐9̖ȈȐʢ:ɿ 
� � � � � Ē�̡ʗ9ʮȓ&O.� 
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hV��_87;ʹʝ˾ʿ9KMǧʴ&O4�N� 

 

 

1.5.5 ˡː̖ĺ̨runaway electrons̩[50] 

̖Ȉ^Y�j5ȵ(.Ÿ�o�Vi�̖Ī9K14�|�f�Û˷5̖ĺ�

ë˥&O�10 MeV±�:̥Ys�]�Ȭƍ:DDo�Vi�ƽċRĎę)Nȱ

ˉ�o[�^ʥʅ5;ʮȓ&O4�N�Ÿ�̖Ī�ëQN6�̖ĺ;ë˥&O

N:6ĉǇ9̖ĺ�ý>VZ�6:^���ʟɠ9KNȐ˥RĀ"N�ʟɠ9

KN̖ĺ:Ȑ˥;˥Ű:§¢9þǷ¾)N:5�˥Ű�ĭ)%69ʟɠ̟Ű;

¹�'�̖Ī9KM̋M8 ë˥&ON�ë˥9K14˥ŰàŢ:˺ƃ�L7

S7S̔O4J ̖ĺ;ˡː̖ĺ6Đ<O4�N�ˡː̖ĺ�Ⱦȵ'.Īć:

̖ĺ:˥ŰàŢ̆Ʒ;ĝ1.5.13:Ǭ98N$6�ɉLO4�N[51]��N˥Ű±

�:̖ĺ�ĳ Ⱦȵ'�˥ŰàŢ̆Ʒ;m��Rŵ�.K�8ź9ıò)N�

ĨǕɀ9;ɏêɾ9ȁ1.ƽċ9|�f�;í�I)�.G�ɏêɾ6ŧʝƽ

ċ9ĳ :ˡː̖ĺ�Ⱦȵ)N�±�5ˡː̖ĺ�Ⱦȵ)NȠ9Ƅʫ8ǏŐ̖

ĪRʸÁ)N�ʟɠ9KNȐ˥�Ő& 8M�̖Ī9KM̖ĺ�ë˥&Oɼ"

NǙ³; 

 

                                

€ 

Ee >
mve
τs

,          � � (1.9) 

 

5��LON�Ŵ(1.9):ŝ˚�̖Ī9KNë˥�ą˚�ʟɠ9KNȐ˥Rʡ)�

$$5τs;Ȑ˥Ǉ̅Rʡ'4�M�±�:Ŵ5ʡ&ON� 

 

                        

€ 

τs =
4πε 0

2m2v 3

n1e
4 lnΛZ 2Z1

2(1+m /m1)
,       (1.10) 

 

$$5�Ȍ�Ļ: 1;Ī:ɮĺR�ln Λ;^���ŊƷRʡ)�Ŵ(1.10)Rȷ�

N$69KM�̖ ĺ-̖ĺʟɠ9KNȐ˥Ǉ̅τse6̖ĺ-VZ�ʟɠ9KNȐ˥Ǉ 
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̅τsi;,O-Oǲ:K�9ʡ&ON� 

 

                            

€ 

τse =
2πε 0

2me
2v 3

ne4 lnΛ
,            (1.11) 

 

                            

€ 

τsi =
4πε 0

2me
2v 3

ne4 lnΛ
,            (1.12) 

 

$$5;�|�f�:Ȗ�ƉǙ³̨ne = ni = n̩Rȷ�4�N�$OL 2ɛ̢:

ʟɠRʇƏ'.Ȑ˥Ǉ̅;±�:K�98N� 

 

� � � � � � � � � �        

€ 

τs =
4
3
πε 0

2me
2v 3

ne4 lnΛ
, � � �  �     � � � (1.13) 

 
Ŵ(1.13)RŴ(1.9)9°Õ)N$65�l ː̖ĺ98NʏȺ:̖ĺ˥Ű vc�ǼDN� 
 

ĝ 1.5.13�  ˡː̖ĺ�ļĠ)NĪć:̖ĺ:˥ŰàŢ̆Ʒ[51]� 
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€ 

vc
2 =

3ne3 lnΛ
4πε 0

2me
2E

= 2.3 ×10−4 n
E
,  (lnΛ = 17)�   (1.14) 

 
$:˥Ű9Ŋƅ)N̖ĺ:Ys�]�; 
 

                          

€ 

1
2
mevc

2 = 6.6 ×10−19 n
E
,       (1.15) 

 

68N�̖ Ī�ôàŐ&�Īć�Ŵ(1.14)5ʳɩ&ONʏȺ˥Ű;Ô˥9˝3 �

̖ĺ:˥Ű;Ô˥R˒�N$6�5�8�.G�̖Ī�ôàŐ&�Īć9;ˡ

ː̖ĺ;Ⱦȵ'8��)8Q0ˡː̖ĺ�Ⱦȵ)N̖Ī9;�̋�ļĠ'�±

�:K�9ʡ&O�p�Va�̖Ī6Đ<ON� 

 

                    

€ 

E >
3ne4 lnΛ
4πε 0

2me
2c 2
,             (1.16) 

 

ˡː̖ĺ�¼N̖Ȉ�|�f�̖Ȉ:50 %±�9Hý?Īć��N$6�JET

5ĩč&O4�N[52]�ˡː̖ĺȾȵǇ9;|�f�̖ȈȄź;ĝ1.5.14:K�

9́�m��R= K�8ȫƂRɑ)�ˡː̖ĺ;ơċƉ�Ÿ �̘Ť9œĠ

ò'4ɥ�Įɦ:|�f�ŊċĮ9ʟɠ)N.G�Ĵ�8ƬÎIƲōò�Ⱦȵ

)N�ȥ^Y�jI̖Ȉ^Y�j:ɿĒƙʞ6'4��ɲȪÕō92�4ɵ 

 

 

 

 

 

 

 

 

 

 

E38150 runaway plasma 

ĝ 1.5.14� JT-60U9�"Nˡː̖ĺ�Ⱦȵ'.6�:|�f�̖Ȉ:Ȅź[53]� 
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'.��ˡː̖ĺ9KNʥʅˊʕ¹Ȑ9H�ɲȪÕō�Ǒì5�N$6�ĩč

&O4�N[47, 54, 55]� 

 

 

1.6 ǕɌɞ:Ɂɀ�ȫʔ  

o[�^ĥǠʛćȾ̖ȝ:ǂǓŁȱ:.G9;�ɸȎɀ8ʮȟ�L`�w^

o8ʥʅ:ĿƑ�Ƅʫ5�N�D.�ìȰɀ9ǠʛćþƅRˑ$).G9;|

�f�:̥Ɖʌò�Ƅʫ68N�'�'�|�f�:ȒŰIňŰR�ǃ&+N

$6;�$OD59ʵˠ'4�.ˤMnUe�|c��:Ⱦȵ:ù̌ƉRĭ)

$668N�,:.G�ʥʅʶʳ:̐9;nUe�|c��ȾȵǇ:ʥʅˊʕ

9ʉ�NK�8ʶʳR)NƄʫ��N�ʥʅɍį9ʑNˊʕ:Ⱦȵ�ȳ˄ɀ9

¤Ƌ&ONĪć9;nUe�|c��:ę˴�ɿĒƙʞ:Ɏɢ�˺ʫ68N� 

ITER;,:Ċè:6�MŁ̤ȝ5�N.G�ŹȢŎǚ:Ǡʛćȝ5:nUe

�|c��ɿĒ�ę˴ƙʞ:Ɏɢ:.G9nUe�|c��Ł̤Rʝ�Ƅʫ�

�N�'�'�ITER:K�9Ł̤Ǉ9�Ɖĺ�ĳ Ⱦȵ)Nʥʅ5;˷ē:©

ƪ87�̕'�.G�ǩêʥʅ�ɍį&O8�K�9'8"O<8L8��n

Ue�|c��Ǉ:ʥʅˊʕ:ɿĒȃ;ITERųʶĿ£D59Ɏɢ&ONA�ˁ

̠5�N��ȱĠÙºɀ8ƽȃ�Ɏɢ&O4�8��ǕɌɞ5;̖Ȉ^Y�j

Ǉ9Ⱦȵ)Nȑ̖Ȉ9ˑĚ'.̖ɏê:ɿĒȃRɎɢ)A �̖ȈȐʢǇ̅:

åƁ9ɇɁ'.�nUe�|c��Ǉ9Ⱦȵ)N̖ɏê;̖Ȉ^Y�jǇ:̖

ȈȐʢǇ̅9KMǽŀ&O�nUe�|c��Ǉ9Ⱦȵ)N̖ɏêåƁ:.G

9;̖ȈȐʢǇ̅RåƁ)NƄʫ��N�̖ȈȐʢǇ̅:¤ȓ�n�6'4|

�f�Rɭö8̖ǹę˔6'4ʅ�ƪ�4ʇ�N�L/R�n��6���n��

ȱĠʇǣ&O4�N��nUe�|c��Ǉ:|�f�w���hʳȓ:̕'

&�L�$OD5Ł̤ɀ8ǧʷ;�$8QO4�8��,$5�ǕɌɞ5;ǁ

ǕûĺêɌɞ̄ȾǱǫƔǑ:Ĵĥo[�^ʥʅJT-60U9�"N̖ȈȐʢǇ:̖

ȈȐʢ�n�:Ł̤ɀǧʷRʝ�$6RɁɀ6'.�Ùºɀ9;�sZ�\e

wz�̥��Vi�~�hnUe�|c��Ʋ̖9��4̖Ȉ^Y�j�:̖
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ĺȒŰʳȓRʹE�̀ �c�Ǚ³̨̙ CCS ȃ̩9Ĩ3 |�f�ŧʠ˼:ʸÁ6

ɷEćQ+4̖ȈȐʢ�n�:ǧʷRʝ�� 

� D.�o[�^ʥʅ5;MHDŧʠRÄ2.G9|�f�̖ȈR½ȷ'4�N

.G�Ʋ̖ɶ£Ǉ9;Ƅ*|�f�̖Ȉ:ɢ0�#̨̖Ȉ��|iW�̩�ļ

Ġ)N�̖Ȉ��|iW�Ǉ9;|�f�̖Ȉ�Ȑő)N:6ĉǇ9|�f�

:̃(˛GƉʌH¹�'�|�f�;�ľŀ8Ȭƍ@6ıò'4� �Ł̤R

ʝ�ʮȟ�Lʇ�N6�̖Ȉ��|iW�:|�f�̖Ȉ:ɢ0�#˥ŰRǂ

 5�O<�KMŀŤȬƍ:|�f�Ŕ )N$6�ăʌ68M�ĳ :Ł

̤R˪ʝ5�N�,:.G9;�ĸ»9|�f�:ɢ0�#�ɢ0�#�ʝ�

N��˺ʫ68N�̖Ȉ��|iW�Ǉ9��4ƈș8|�f�̖Ȉ:Ȑő;

nUe�|c��928�N.G�Ǐ˱8̖Ȉ��|iW�ȐʢȰ:Ɏɢ�Ƅ

ʫ5�N�'�'�ITER:K�8Ĵ̖Ȉ:|�f�̖Ȉ:��|iW�;ɸ̤

'4�L*�D.�ITERRǮƯ'.̖Ȉ��|iW�:Ł̤;Ćo[�^ʥʅ

5ʝQO4�N�[56 -60]�ȱȬ5;�ôà5�N$6�ơƭ&O4�N��  

� ,$5�ǕɌɞ9��4;̖Ȉ��|iW�Ǉ:|�f�:ƣí9̆)NɌ

ɞ�¬D59ʝQO4�8�JT-60U5:̖Ȉ��|iW�9ɇɁ'�̖Ȉ��

|iW�Ǉ:|�f�:ƤNʒ�92�4˂ǞRʝ1.�D.�Ƿ˘Ɍɞ6'

4}�[�ʥʅ5:̖Ȉ:ɢ0�#92�4H˂ǞRʝ14�N�}�[�ʥ

ʅ5;Ĳ˷ɏĪ9KM̃(˛GɏĪRźƑ'4�N.G�|�f�:̃(˛G

9|�f�̖ȈRƄʫ6'8��'�'�}�[�ʥʅ5;Ǒƌ8NBỊí:Ĵ

ǿ̖Ȉ[61]I{�oeo�k|̖Ȉ[62]�Ⱦȵ)N$6�ɉLO4�N�,:.

G�̃(˛GɏĪ�ıò'8�Īć:̖Ȉ��|iW�5;|�f��7:K

�8ƅɧR)N:�R˂AN$6�ăʌ5�N�Ł̐9;ǠʛćɖĽɌɞƔƔ

Ǒ:Ĵĥ}�[�ʥʅLHD9��4NBỊí:|�f�̖Ȉ�Ⱦȵ'4�NƲ

̖ɶ£Ǉ9|�f��7:K�8ƅɧR'4�N:�R˂Ǟ'.� 

 

±�9ǕɌɞ:ȫʔRɑ)� 
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�Ĵĥo[�^ʥʅJT-60U9�"NsZ�\ewznUe�|c��Ł̤  

:Łƾ�ý>̖Ȉ^Y�jǇ:|�f�ƝƜ�|�f�V�i^h�e

:ʸÁ  

 

Ĵĥo[�^5;ȱʝ:ʳȓƕȃ9K14̖ȈȐʢ�:|�f�Öº:̖ĺ

ȒŰàŢ:Ǉ̅ıòRʳȓ)N$6;ě̕5�N.G�ǕɌɞ5;JT-60Uo[
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ɷEćQ+N$69KM̖ĺȒŰàŢ:ʸÁRʝ��}�W�ûĺɾȾÔŸŰ

Ƿʳȓ�Lʟɠ�˙ō�n�Rȷ��r ɩ`�p6'4GOTO`�pRȷ�4̖
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D.�CCSȃ9Ĩ3 |�f�ŧʠ˼:ʸÁ9KM̖ȈȐʢ�:|�f�V�

i^h�e:ʸÁRʝ��̖ȈȐʢ�n�:ǧʷRʝ��̖ĺȒŰʳȓ5;22

:̖ĺȒŰʳȓRɷEćQ+N$69KM|�f�ƝƜRʸÁ'�D.CCSȃ9

Ĩ3 ɏĪŧʠʳɩ9KM|�f�V�i^h�eRʸÁ)N$69KM�̖

ȈȐʢǇ:�n�ǧʷRʝ�$6�ǕɌɞ:ȫƂ5�N� 

 

�Ĵĥo[�^ʥʅJT-60U9�"N̥��Vi�~�hƲ̖�5Ⱦȵ'.  

̖Ȉ^Y�jǇ:̖ȈȐʢ�n�:ǧʷ  

 

� ITER:K�8Ĵĥo[�^ʥʅ5;ɸȎƉ:ʮȟ�L�̥��Vi�~�h

É:|�f�Ʋ̖�Łƾ&ON�̖ȈȐʢ�n�:ʸÁ9Ƅʫ8|�f�V�

i^h�e;ɏǹʳȓ9KMʸÁ'4�N:/��̖Ȉ^Y�jǇ9;ʳȓʥ

ʅĎ˚9ȑ̖Ȉ�Ⱦȵ'�̥��Vi�~�hÉ:ʸÁ:̐9;Ĵ�8tVf

�¢M�ɏǹʳȓKM|�f�V�i^h�e:Ǉ̅Ⱦŕ�Ǵ' ʸÁ5�8

�6��Ė̠��1.�,:.G�ǕɌɞ5;̖ĺaV^�o��ʳȓKMǼ

G.̖ĺȒŰàŢ���b�ŦȏʳȓKMǼG.ɾŧĢ̖ĺňŰRȷ�4̖Ȉ

^Y�j�:��Vi�~�hÉRʸÁ'�̥nUe�|c��Ʋ̖9�"N

̖ȈȐʢ�n�:ǧʷRăʌ6'.�̖Ȉ^Y�j�:ɯŰ:̥���Vi�

~�hÉ:Ǉ̅Ⱦŕ:ʸÁRʝ1.$6�ǕɌɞ:ȫƂ5�N� 
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�Ĵĥo[�^ʥʅJT-60U�ý>Ĵĥ}�[�ʥʅLHD9�"NƲ̖ɶ£  

Ǉ:|�f�ƅɧ:˂Ǟ  
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Ⱦȵ)N|�f�̖Ȉ�o[�^ĥǠʛćʥʅ9��4ʇ�LO4�NnUe
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Ũ 2 Ŧ� Íśŉō  
 

2.1� ŎŊËĦƉ¼ƐŶ*��;bnPgǋľ 

� ŎŊËĦƉ¼ƐŶ*��%-ƊėĬƱ>ĝ��Ś¨Ŵ*8:bnPg>ǂ�

ƫ3%�;��,ƊėĬƱ,Ś¨Ŵ,�:Ė-Ėó�'*Œ);�WHgKĖ

ó&-ÒƺMCp8:�;WqCRpŚÎ'bnPg*ǋľ>ľ��'*8:

œŏ��;fqCRpŚÎ,Ƽ+¼=�*8:�ƊėĬƱ,Ś¨Ŵ>�: �

%�;��,�3�WHgKËĦƉ¼ƐŶ*��%bnPgǋľ-üǏ,4,

')"%�;�uĖ�coHpĖó*��%-�ƊėŊ,Ś¨Ŵ>ÒƺŚÎ*

8"%œŏ��;�3�WHgKƐŶ,8�*bnPgǋľ-üƑ'�)��

����zÿŮÖ�ßƐŶ(Neutral Beam Injection:NBI)*8:œŏ�;ǗFZp

JtCGr5bnPgÈ¨¡í*8: NBIǕ¬ǋľǘÔĸǋľǙ�atWOWn

Tbǋľ���%`BpNlsNlpQtǋľ�œŏ�;�NBI Ǖ¬ǋľ5a

tWOWnTbǋľ-WHgKƐŶ&4œŏ�;�ğū&-�<9,bnPg

*œŏ�;ǋľ*#�%ƟĘ�;� 

 
2.1.1 WHgKƐŶ*��;ƞàǋľ 
� WHgKƐŶ-Ç 2.1.1(b)*Ŝ�8�*WnrO,´ō>£Ő�%bnPg
*ǋľ>ľ�%�;�bnPg> 2į�,ÅƦ'�%ź�1į�,MCpǋľ
�>Ñ®��;�'*8:Śġ>œŏ���2į�,bnPg*ǋÈ�œŏ�;�
2į�*œŏ�;ǋÈ- 1į�,ǋľ,Ñ®Ō*Ĳ��%œŏ�;�3�Śġ�
ǔÃ�;'ǋľ-œŏ�)�);��,�3�áËWHgKËƐŶ&-đǋÛ

ǖ,¢ĞĞǄ&-ţƂ>£Ő�%����ǔÃŚġ,ǅ��9ƾû,ƙŶ>Ƌ

"%�;Î¼�
;�����ÔËWHgKƐŶ&-ƾû,ƙŶ-ÆǊ&
;

�3ţƂ&
;�'�Ó�[2]� 
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2.1.2� NBIǕ¬ǋľǘÔĸǋľǙ 

� zÿŮÖ�ßƐŶ&ŏĄ�<�ǗưzÿŮÖ^ti-bnPgz*�ß�<

;'Ƅǋ�Đ)(,´Ö¡ÖƳş*8:ǗưCGr*Ñ=;�ǗưCGr^t

i,FZpJtEb�ŽőFZpJtEcr8:Ǘ�'�ßCGr-bnPgz,C

Gr&-)�ǋÖ'ƌŤ�;�ŽőFZpJtEcr-�w,ó&Ǝ�<;[3]� 

 

€ 

Ecr =14.8Te(
1
ne

niZi
2Ab

3/2

Aii
∑ )2 / 3.  � � � � � � � � � (2.1) 

 

��&�Ai-bnPgCGr,�Ab-�ßCGr,Ƣƽē�ni-bnPgCGr

,Ýò�Zi-bnPgCGr,ǋƄ>Ǝ��ǗưCGr^ti,FZpJt�Ž

őFZpJtEcr8:��Î¼-{*CGr',ƌŤ�Ƥ�;� 

� ��^ti,ƣ;Ė¿>İ*ź;'�^ti'bnPgz,ǋÖ',ƌŤ

*8:œŏ�;¨- Braginskii ,ƌŤęǄ

€ 

τB
eb>Ő�%�w,8�*Ǝ��'�

&�;� 

 

Ç 2.1.1� WHgKËĦƉ¼ƐŶ*��;ƞàǋľ,œŏĖĻ[1]�(a)-ƞàǋ
ľ,ĮóÇ�(b)-ÛǇ,WHgKƐŶ&,�>Ǝ��ÍğŔ*-W
nrO,´ō>£Ő�%�bnPg*ǋľ>œŏ��%�;� 
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€ 

F1 =
nemeυb
τB
eb ,  � � � � � � � � � � � � � (2.2) 

€ 

τB
eb =1.09 ×10−4 Te

3 / 2

Zb
2(nb 10

20)lnΛ
.  � � � � � � � � � (2.3) 

 

��&�vb-^ti,ư��nb�Zb-^tiCGr,Ýò�ǋƄē>Ǝ��ó(2.3)

, Braginskii ,ƌŤęǄ-ǋÖ-CGrƌŤ>ź�4,&
;��,¨>·�

%ǋÖ-^ti'½�Ė¿*©ư�<;�����^ti*8"%©ư�<�

ǋÖ-bnPgz,CGr'ƌŤ�;�'*8:ŀư�<;��,'�,¨-

�w,ó');� 

 

€ 

F2 = −
nemeυd
τB
ei .  � � � � � � � � � � � � (2.4) 

 

��&�vd -ǋÖ,Xo`Wưò&
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€ 

τB
ei-ǋÖ-CGrƌŤ*��;

Braginskii ,ƌŤęǄ>Ǝ�%�;�ƛ��;ó'�%-ó(2.3)*��%^ti
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� ÚîŊā�ƵĄ�<�'�;'�#:
�,ó- 

 

€ 

F1 + F2 =
nemeυb
τB
eb −

nemeυd
τB
ei = 0, � � � � � � � � �  (2.5) 

 

'):�ǗưCGr',ƌŤ*œŏ��ǋľ-�w,8�*Ǝ�<;� 
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je = −
τB
ei
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Zbnb

jb,  � � � � � � � � � � � � (2.6) 

€ 

jb = nbZbeυb,
je = −neeυd .

  � � � � � � � � � � � � � (2.7) 

 

je' jb-ǋÖ�8/^ti*Í$�ǋľ&
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Grž���: �ǋľ'^tiCGr'ǋÖ,ƌŤ*8:œŏ�;ǋľ,ų

Ã');��)=!��Ǖ¬ǋľÝò- 

 

€ 

jbd = jb + je = jb(1−
τB
ei

τB
eb

ne
Zbnb

),  � � � � � � � � � (2.8) 

 

');�Braginskii,ƌŤęǄ8: 
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eb ∝
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Zbnb

,� �

€ 

τB
ei ∝

1
Zeffne

,  � � � � � � � � � (2.9) 

 

*ĽĀ�;'��Ǖ¬ǋľÝò-wƘ,8�*Ĝ�)���'�&�;� 
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jbd = jb(1−
Zb
Zeff

).  � � � � � � � � � � � � (2.10) 

 

�,ó-Ôĸĳ*8"%x9<�Ǝó&
:�zÿŮÖ^tiǕ¬,ǋľ-

Ôĸǋľ'4Â.<;[4]�ó(2.10)-ůŭ)ĵŰbnPg*ǆÖ,^ti>�ß
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2.1.3� atWOWnTbǋľ  
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* me
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−ene
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* , � � � � � � � � � �  (2.12) 

 

');�νei -ǋÖ-CGr,Ē|,ƌŤÀļē�νee -ǋÖ-ǋÖ,Ē|,ƌŤÀ

Ç 2.1.2� atWOWnTbǋľ,īýÇ�(a)
;Ś¨Ŵv, Aņ*��;\
YYƧƴ�(b)ŚĴǍ,ĕǍÇ�Ś¨Ŵ,��'Ò�&Œ);\YY
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ļē�νee / ε -ǌČċŮÖ'ČċŮÖ,ĝ«ƌŤÀļē>Ǝ��vnontrap,ñÊư

ò>ĉ#ǌČċŮÖǘWtnOĖ¿*ÀÅ�%�;ǋÖǙ*8;ǋľÝò- 
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jboot = −0.33ε1/ 2
1
Bp

∂p
∂r
,  � � � � � � � � � � � (2.13) 

 

');��,ǋľ�atWOWnTbǋľ&
;�fqCRpdtQ βp>Ő�

;'��atWOWnTbǋľ Iboot,bnPgǋľ Ip*Þ�;Ĳ- 
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Iboot
Ip

= −0.33
a
R
# 

$ 
% 

& 

' 
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1/ 2

βp,  � � � � � � � � � � (2.14) 

 

&x9<;�4��βp�Ô���È¨¡í�þè)Î¼-�,Ĳ- 1 *Ƭ�

):�1'?(�atWOWnTbǋľ*8;4,');� 

 

 

2.1.4� `BpNlsNlpQtǋľ  

� È¨�ũĖŔ)'�bnPgz,ǋľ j -È¨ñƍ,ó

€ 

∇p = j × B'ÚîŊā

*��;ó

€ 

∇⋅ j = 08: 

€ 

j⊥ =
b
B
× ∇p,  � � � � � � � � � � � � (2.15) 

  

€ 

∇j// = −∇j⊥ = 2∇p⋅ ∇ p +
B2

2µ0

& 

' 
( 

) 

* 
+ ×
 
B 

& 

' 
( 

) 

* 
+ 

µ0
B4 , � � � � � � �  (2.16) 

 

&x9<;[7,8]�dtQĲ�á��ę- 
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∂j//
∂s

= 2∇p⋅ ∇B × b( )
B2

,   � � � � � � � � � � (2.17) 
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2πR
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j// = −
∂p
∂r

2
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€ 
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∂θ
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4π
ιB

∂p
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€ 
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ιB

∂p
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WqCRpXo`W*8;Ƅǋ¡ǉ*8"%ŏ�;ǋƄ>Ś¨Ŵ*Ĺ"%ŗŲ

�;�3*ľ<��,Ô��-ÅƨÑĐƔ*¶Ĳ��;� 

 
 
 

2.2� ǋľKFrSę,ǋľŀƏkVp 

2.2.1 ǋľŀƏkVp*Ő�;ÅƦĖşó 
� bnPg>Ç 2.2.1 *Ŝ�8�*ćĆ'MCp�9);Ŭ²)ǋĴÅƦ*Ŷ
�Đ%ź;��,'�bnPg,Śġ�×ó-�w,8�*Ǝ��'�&

�;� 
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d
dt

LpIp( ) + RpIp =Vex .�    � � �              (2.21) 
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dIp
dt
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dLp
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dIp
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Ip = Ip0 exp(−t τ),�

€ 
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ηp =
RpS
2πR0
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Ç 2.2.1� VBOnbNmrę,bnPg>ÅƦ&Ǝ��ĮóÇ� 
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Ǜ2 Ĩ1(Ô���ƐŶ�Ô��)<.);1(�,�¿�ǒƅ*);�uĖ�
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3�Ɠħ®ǋľŀƏęǄ>Ő��ƛ�>Ƌ��'�&�)��'�¡�"%�

;[10]��,8�)Î¼*-�ǋľ,ęǄœä>ź;Ǉ*-ó(2.28)>Ő�%

bnPgǋľ�>ƮįƖŪ�;üƑ�
;� 

 
 

2.2.2� bnPgćĆŌ  

ǋÖŷ'CGrŷ,ưò¡í��<�<gKODEp¡í&
;ę,ǋÖ,

ƌŤęǄτe-įó&Ǝ�<;[11]� 

 

€ 

τe = 3(2π )3 / 2 ε 0
2me

1/ 2Te
3 / 2

niZi
2e4 lnΛ

.
 � � � � � � �

(2.29) 

 

��&�ni-CGrÝò�Zi-CGr,ǋƄē�e-ŰǋƄƽ�lnΛ-KtqrÞ

ē�ε0-Ŗţz,ƞǋŌ�me-ǋÖ,Ƣƽ�Te-ǋÖŁò>Ǝ��KtqrÞē

lnΛ-į,8�*Ǝ�<;[12]� 

 

€ 

lnΛ = ln 3
2Zie

3

# 

$ 
% 

& 

' 
( 
4πε 0κTe( )3 / 2

πne( )1/ 2
# 

$ 

% 
% 

& 

' 

( 
( 

, 

- 

. 

. 

/ 

0 

1 
1 
. � � � �  (2.30) 

 

ó(2.29)- 1ŠǓ,CGr'ǋÖ',ƌŤęǄ>Ǝ����ǋÎ E*8"%ǋÖ

�©ư�<�ŵ:ƭ�CGr'ƌŤ�;�'*8:uÚưò v &Ʋ¬�%�;

ę>ź;��,'�,Ʋ¬Ėşó-�w,8�*Ǝ�<;� 

 

€ 

0 = eE −
mev
τe
.     (2.31) 

 
2��Gti,Ļ¥ǘE = η j�j = enevǙ8:ó(2.31)>Ñõ�;'� 
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€ 

E =
mev
eτe

= enev
me

nee
2τe
, 

  

€ 

η =
niZi

2

ne
e2me

1/ 2 lnΛ
3(2π )3 / 2ε 0

2Te
3 / 2 ,   (2.32) 

 

');���&-ǋÖ,ưò¡íǅē�gKODEp¡í&
;'�Ú�%�

;�����ǋÎ E *8:©ư�<�Ǘư,ǋÖ�Óē×É�;'�ưò¡í

ǅē-ı? õ');��,«Ĥ>źĂ��Ʋ¬ơŔ)ƖŪ*8;'�ó(2.32)

- 0.51��<;~*);�'�řƝ�<%�;[13]� 

� ó(2.32)*��%bnPg,ńzÿĢ�ǘne = ZiniǙ'vƘ, 0.51�>źĂ�

;'� 

 

€ 

η = 0.51× Zeff
e2me

1/ 2 lnΛ
3(2π )3 / 2ε 0

2Te
3 / 2 =1.65 ×10−9Zeff (Te[keV])

−3 / 2 lnΛ,
 

(2.33) 

 

');��<9,ƖŪ>Ƌ"��ŉ,¾¦�9ó(2.34)-O_TU@tćĆŌ'

Â.<%�;���&�CGr- 1 ŠǓ&-)��ēŠǓ,CGr�×É�;

�'�ź9<%�:��w,ó&ÚŸ�<;Û«ǋƄ Zeff [14]>Ő�%ó(2.32)

>Ñõ�%�;� 

 

€ 

Zeff =
Z j
2n j

Z jn j
∑ .                        (2.34) 

 

2��zÿŮÖ',§�ƌŤ>źĂ��Î¼,bnPgćĆŌ,ƛ�4Ƌ=<

%�:[15]�ǋÖŁò� 1 eV�v,Ģ�&-ó(2.33),O_TU@tćĆŌ&Ǝ

�9<;�'�řƝ�<%�;� 
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2.2.3� bnPgCrRKQrO  

 

� bnPg,CrRKQrO-bnPg�ƺ�ÒƺCrRKQrO'�� 2 Š

Ǔ,ÚŸ&Ǝ��'�&�;��w&��, 2ŠǓ,ÚŸ*#�%ƟĘ�;� 

 

�bnPg�ƺCrRKQrO Li 

bnPgǋľ Ip �bnPg�ƺ*�;ŚÎ,ŚĴFZpJt-�bnPg�

ƺCrRKQrO> Li '�;'

€ 

LiIp
2 2&ÚŸ�<�2�bnPg�ƺ,fqC

RpŚÎ,ŚĴFZpJt-

€ 

Bθ
2 2µ0&
;,&��w,8�)FZpJt�×

ó�Ą:ť#� 

 

€ 

1
2
LiIp

2 =
Bθ
2

2µ0
dV∫ .

   � � �

(2.35) 

 

��&� -�šš¡>Ǝ�%�;�ó(2.35)>äǃ�;'  

€ 

Li =
µ0 Bθ

22πR02πr∫ dr
4π 2a2Bθa

2 =
1
2

µ0R0li, � � � � �  (2.36) 

 
');���&�ƺCrRKQrO li>�w8�*ÚŸ�%�;[16]� 

€ 

li =
Bθ
2

Bθa
2 =

2πrBθ
2dr

0

a
∫ πa2

Bθa
2 =

2 Bθ
2rdr

0

a
∫
a2Bθa

2 .
              

(2.37) 

 
 

�bnPgÒƺCrRKQrO Le 

bnPgÒƺCrRKQrO Le-ŎŊbnPg�*ŏ�;Śġ>Φ'�;'�

Φ = LeI�9Ķ3;�'�¹ż&
;���Ç 2.2.2(a),8�)�ŎŊàŴ*��

%bnPgǋľ Ip�zûŴ C *ǈz�%ľ<%�;'ź;�ŚġΦ -zûŴ

C*ǋľ Ip>ľ�'�*Ŏ,��,ÀC’*ŏ�;Śġ'ũ�&
;��,�3� 
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ÒƺCrRKQrO Le-zûŴ C' C’,ŕ�CrRKQrO MǘM = ΦIǙ�9

à��'�¹ż&
;[18]�Ç 2.2.2(b),8�)zûƥǉ d  �ǉ<� 2 #,�

õMCp>ź%�[Cgr,�ó>ƷŐ�;'�ŕ�CrRKQrO M- 

 
 

          (2.38) 

 

(a) 

R0 

C’ 

C 

a 

(b) 

R0 

b 

�1 

�2 d 

dl2 

dl1 

a 

C2 

C1 

(c) 

C1 

R0 

b 

d 

C2 

� 

Ç 2.2.2  (a)±÷ a,ĕǍ>4!�Ô±÷ R0(>>a),�ŎŊàŴ>ź�Î¼� 
(b)2 #,�õMCp C1(±÷ǚa)�C2(±÷ǚb)�zûƥǉ d  �ǉ
<%Ŷ�<%�;Î¼�(c)±÷�1'?(ũ�� 2#,�õMCp
�ĎƬ�%İÞ�%�;Î¼,ĮóÇ[17]� 
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,8�*Ǝ��'�&�;���&� � '�

;'ŕ�CrRKQrO M- 
 

   (2.39) 

 
'Ǝ��'�&�;���&� 
 

,   , 

 

'ÚŸ�%�;�į*Ç 2.2.2(c),8�)Ŋĺ>ź;'� , ,'��

');�3� 
 

                  (2.40) 

 
');�2�� , '�;' K(k)-� 
 

      (2.41) 

');��,Î¼- 
 

, , 
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&
;�3 K(k)- 
 

                         (2.42) 

 
');�8"%�ó(2.39)8: 2#,�ŎŊǋľ,ŕ�CrRKQrO M-  
 

    (2.43) 

 

');� 

 

�bnPgCrRKQrO Lp 

� bnPgǋľ Ip ��;ŚÎ,�ŚĴFZpJt-

€ 

LpIp
2 /2&Ǝ�<��<-b

nPg�ƺ,ŚĴFZpJt'bnPgÒƺ,ŚĴFZpJt,Ã&
;�9� 

 

€ 

1
2
LpIp

2 =
1
2
LiIp

2 +
1
2
LeIp

2 =
1
2
(Li + Le)Ip

2,              (2.44) 

 

');�8"%ó(2.36)�(2.43)8:bnPgCrRKQrO-įó,8�*Ǝ�

�'� ģ;� 

 

€ 

Lp = Li + Le = µ0R0
1
2
li + ln

8R0
a

− 2
# 

$ 
% 

& 

' 
( .   (2.45) 

 
 

 
 
 
 
 
 



56 

�ƿ 2.A� VBOnbNmrę*��;ÅƦĖşó*#

�%  

 

� VBOnbNmrę,ÅƦĖşó>ź;Ǉ*FZpJt�×ó�9ź�

Î¼�Śġ�×ó�9ź�Î¼&-ó*ƃð,ƶ��
:�ÄǑ')"%�

;�ğơĔ&čŐ�%�;ÅƦĖşóǘó(2.22)Ǚ-Śġ�×ó�9ź�Î¼

,ó')"%�;���&-�FZpJt�×ó�9ź�Î¼*#�%,Å

ƦĖşó,à *#�%ƘƩ�;� 

� Ç 2.2.1*Ŝ�8�*ćĆ'MCp�9);Ŭ²)ǋĴÅƦ*Ŷ�Đ%ź

;��,'�,FZpJt�×ó-�w,8�*);[19]� 

 

€ 

VexIp = RpIp
2 +

d
dt

1
2
LpIp

2" 

# 
$ 

% 

& 
' .                   (2.A.1) 

 

��&�Ip-WqCRpĖ¿,bnPgǋľ�Vex-Òƺ�9bnPg*��;

Û«Ŕ)ǋÈ�Lp-bnPgCrRKQrO�Rp-bnPgćĆ>Ǝ�%�;�

ó(2.A.1)>äǃ�;' 

 

€ 

1
2
dLp
dt

Ip + Lp
d
dt
Ip + RpIp =Vex,                 (2.A.2) 

 

'��ÅƦĖşó>ù;�'�&�;�VBOnbNmrœŏę*ÅƦ,ǋŃ

ǋÈ� 0')"�'�;'�ó(2.A.2)-�w,8�*Ñõ�;�'�&�;� 

 

€ 

1
2
dLp
dt

Ip + Lp
d
dt
Ip + RpIp = 0,                  (2.A.3) 

 

vƘ,ó�FZpJt�×ó�9ź�Î¼,VBOnbNmrę,ÅƦĖş

ó'):�Śġ�×ó�9ź�Î¼,ÅƦĖşó (ó(2.23))'-ëƪŨ 1ǎ,
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�ē�Œ)"%�;ǘ²ů* 1/2�,ƶ��
;Ǚ�ğģ)9.uƀ�0�&


;��)��ē*ƶ��œŏ�%�2�,�-ōƕ�<%�)������ó

(2.A.1),FZpJt�×¥&-bnPgorL�*Ɔš�<�FZpJt-ź

%�;��bnPgorLž�,Ʋ¬FZpJt2&-źĂ�<%�)��

bnPgorKž�,Ʋ¬FZpJt-¬Ƽ¨(ponderomotive force)[20]&ƟĘ

&���,«Ĥ>FZpJt�×¥*©;'Śġ�×ó�FZpJt�×ó

�9ÅƦĖşó>à� ��Î¼*uƀ�;'��Āƒ4
;��Ù�)ō

ƕsà 2&*-ſ"%�)��yŻ,ƶ�*#�%-�øƕķ�0�ÄǑ'

)"%�;� 
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ǵ3ǳ� ēĆjT}XȨȏ JT-60U 2��FmS�U_

quJǍ�'iN_�w]��Ɓ3ɺƭƳȧ�i�3

Ƙȷ  

 

3.1� Ȋȱ  

� ǵʉǳ.ɖ9'C�2iN_�w]��Ɓ2ǖǌ"FɺǤÒ4ɺƭƳȧǈ2

ƥ° -ē��1F�ITER.4ǉĘ"FēĆjT}XȨȏ3 5 ~ 10¹ǪĿ3w

�`}ɺƭJƭ"�/��Ĝ�G-�E[1]�ɺƭXR�eƁ3ɺǤÒ.Ȩȏ�

ǢĎ�GFèȔŖ��F�ɺǤÒ4ɺƭƳȧǈ2ƥ° -�F'?��3ɺƭ

Ƴȧǈ3ÎŎ�èȔ.�G5iN_�w]��Ɓ2ǖǌ"FɺǤÒJ¬Ƴ"F

�/�.�F�ɺƭƳȧƁɰ3�Ʒ�i�/ -Ȓ�DG-�F L/R �i�.

4�ɺƭƳȧƁɰ4ɺĖƶĿ3 3/2�2ãƥ° �ĝÖɺȜ2ƥ°"F/��Ǌ

ɂ�Ʒ��G-�F���Ć�ēĆjT}XȨȏ2��-�iN_�w]��

Ɓ3ɺĖƶĿȲƷ4ɺƭƳȧƁɰ�ɼĶ2Ǡ��/A¬ƶʀĈ.�F�/�ß

ü.�ǉȢ3ɺĖƶĿȲƷ2Ǎ�DG-�FɺĖ\OX�j��ŲĤȲƷAj

�b�Ŵ�ȲƷ.4ýɹ/1*-�F�%3'?�iN_�w]��Ɓ3ɺƭ

Ƴȧ3i�cy�_[1]24ɺĖƶĿ3ȲƷº�ãƀ�G-1��ēĆjT}X

Ȩȏ2��-�ɺƭƮƻ�i��ŜEǲ+�/Jĝʃǘ2Ǧ"�/4ɼĶ2ɨ

Ȫ.�F'?�ɺƭXR�eƁ3ǾĿ3ʄ�ɺĖƶĿȲƷ�ŒȪ/1F�ƍǳ

.4�w�`}�ő3ɺĖƶĿȲƷ/ -¯Ǎ 'ɺĖ\OX�j��ŲĤ

ʇECEʈȲƷ�<'w�`}ôɓ3ɺĖƶĿȲƷ/ -¯Ǎ 'x�P�ßĖ3

Ȥǰ�ɒĤ�i�JǍ�'ɺĖƶĿ3ȸ³Źƪ2+�-ȿſ"F�% -�2+

3ɺĖƶĿȲƷ�DiN_�w]���3ɺĖƶĿJȸ³ �ēĆjT}XȨ

ȏ JT-60U2��-mS�U_qu2CEǖǌ 'iN_�w]��Ɓ3ɺƭX

R�e�3ɺĖƶĿ/ĝɷ3ȬƖÚɺƭƳȧƁɰ/3ɱ´JſD�2"F� 

� �D2�[�]�Ə¦ɽ (CCS) ƪʇ3.4.2Ǻ.ȿſʈ2ĉ,�'w�`}Ĺȥ
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ɩ3ȲǸ2CEw�`}O�dXc�_Jȸ³ �mS�U_quJǍ�'i

N_�w]��Ɓ3 L/R�i�3ĔņŖ2+�-ĝʃǘ2Ƙȳ"F� 

 

3.2� ēĆjT}XȨȏ JT-60U 

� JT-60UʇJAERI Tokamak-60 Upgradeʈ4țćǝ3żƍßĖÒǡǮɯǖƟƛ�ƈ

"FēĆjT}XȨȏ.�F�ÿ 3.2.12 JT-60U3Ȩȏÿ[2]��C6Ȧ 3.2.12

íȨȏ3�Ȫq���cJǦ"[3]�JT-60U4���fq3 JET�C6M��T

3 TFTR//@2��IBF 3ējT}X3�+.�F�űɚŋ�1991ĺ2ɝ

ɍJɯĕ �1994ĺ24ƕȠì�ɨǭ3ņƁ3�ǒƆʄº 1.2�1021 [keVʏs / m3] 

JɟŜ -�F�ǉă�JT-60U4 2008ĺ 9Ƈ3ĝʃȄ�/íƁ2]�fjdP

��G�100ǧǪĿ2ŲɺƁɰJŁ5 ĜĶÚ3ĝʃǡǮJɜ?F'?2j�O

d�Ǥċ[O�â6|�Od�Ǥċ[O�Jɉɺĥ[O�8ű·"F JT-60SA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ÿ 3.2.1� JT-60UƚǓÿ[2]� 
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Ȧ 3.2.1�  JT-60U3�Ȫq���c[3]� 
 

w�`}ÛŊ 3.0 - 3.56 m 
w�`}ĦÛŊ 0.7 - 1.05 m 
w�`}ɺƭ ~ 5 MA 
j�Od�Ǥċ ~ 4.8 T 
w�`}ǭ ~ 95 m3 
ŲɺƁɰ 65 s 

ÔǁÃÒ(�ŖǽĖs��) 40 MW 
ȝǭRm�W� 10.9 MJ 

Rm�W�¹čǈ(D-Tãœ) 1.25 
ƕȠìǭ(Ɔʄº) 1.53 � 1021 keVsm-3 

 
 
�  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ÿ 3.2.2� JT-60SA3đȯÿ[5]� 
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ȲǑ�ɜȢ -�F[4]� 

� JT-60SA ȲǑ4jT}XāÆɨƾÚȨȏȲǑ/ķļ�Mw��eʇBAʈ2�

�F\h�OjjT}XȲǑ�ìI�*'ȲǑ/ -�ITER Űŭ�C6 ITER

ȩěǡǮJȢ��/Jǚǘ/ -�F�JT-60SA3ȨȏƚȪÿJÿ 3.2.22Ǧ"

[5]�JT-60SA4 ITER3C�2ơİ/Åí.ɦ÷3ɁɟJ"FȲǑ/1*-�F�

JT-60SAěŜŋ4 ITERŰŭ3'?3oOv�fjɝɍJñ> ELMy H��kɝ

ɍʇITER3ɝɍ]l�S2ɱ"FǃǊǘ1ȸ³�C6i�cy�_3ū±�ǚ

ǘʈ�C6ěÄɼȽĥɺƭɝɍ2Ô��ĜĶʄy�cʇβ > 3.5ʈɝɍǶßĆƽ2

ɢǍèȔ1ɝɍ]l�S3ǡǮ�ȢIGF�Ĝ.�F[6]� 

 
 

3.3� JT-60U2��FɺĖƶĿȲƷ  

 

� JT-60U 24j�b�Ŵ�ȲƷ�ɺĖ\OX�j��ŲĤȲƷ10Ɯ�1ɺĖ

ƶĿȲƷ3'?3ȲƷȨȏ�ȵȏ�G-�F�ƍǺ.4�ûiN_�w]��

Ɓ3ɺĖƶĿȲƷ2Ǎ�'ɺĖ\OX�j��ȲƷ�C6x�P�ßĖȋǖÂ

ŅĿƥJǍ�'ɺĖƶĿƷĜ3ßǊ/ƚǓJȃ "F� 

 

3.3.1� ɺĖ\OX�j��ŲĤʇECEʈȲƷ  

� ǤċƕȠìȨȏ.4ʄƶ3w�`}Jɮ!ɔ?F'?2ǤċJÍǍ -�F�

%3'?�Ǥċ�3ɺĖ4ǤÒȋ3ôEJȡźɝ× ��3/�3ÔəĿ2C

EɺĖ\OX�j��ŲĤ�ǌ!F��3ŲĤ_zXj�JÍǍ -ɺĖƶĿ

JȲƷ"FŹƪ�ɺĖ\OX�j��ŲĤʇECEʈȲƷ.�F��3Źƪ4Ǜũ

ȲƷ3w��vƪ/4ɠ��w�`}�D3ǖÂJȲƷ"Fɰũǘ1ȲƷ.�

F'?�ëǫēĆjT}XȨȏ3ȲƷ2¯IG-�F� 

� ��jT}XȨȏ2ɮ!ɔ?DG'w�`}�D3\OX�j��ŲĤJȒ

�F�j�Od�Ǥċ Bt�3ɺĖ\OX�j��ôƫŵ ωce = eBt/me /%3ʄɁ

ƫʇω = nωce, n =1, 2, 3...ʈ3ɺǤƫJŲÉ"F��3/���3ŲĤ/íƁ2w

�`}�.Åʅǘ1òäʇ\OX�j��Åʅòäʈ@Ęă"F��D2�ɺ
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Ė/ŲĤʇÂĖʈ�ǁĹȥǅŚ2�Fw�`}�.4 Kirchoff3ƪÐCE�ECE

ŅĿ4Ơł3C�21F� 

 

€ 

I = (ω 2 8π 3c 2)κTe[1− exp(−τ)].                (3.1) 
 

��.�τ4w�`}3ÂęǘÞ�.�F�τ >> 13ċì�w�`}4Âęǘ2

Þ�/�IG�%3ŲĤŅĿ4ʄƶ½�ɬƫɬ½2��F Reyleigh-Jeansɕª3

ʆŲĤŅĿ Ib = (ω3/8π3c2)κTe2Ƕ �1E�ECEŅĿ4ɺĖƶĿ2ƥ°"F�

jT}XȨȏ.4ÿ 3.3.1[7]3C�1ŀƝǿJ/E�B0Jw�`}�ő.3Ǥċ

ŅĿ�RJēÛŊ/"F/�j�Od�Ǥċ Bt4Ơł3C�2ĐÚ"F� 

 

€ 

Bt = B0
R

R + x
.                         (3.2) 

 

ɺĖ\OX�j��ôƫŵ ωce�â6%3ʄɁƫʇnωceʈ4ǤċŅĿ2ƥ°"F�

ÿ 3.3.1 (a)2�FC�2w�`}Æɦ.4ǤċŅĿ B4«ȏ x2²Ę"F'?�

ëƾ.3\OX�j��ôƫŵ@Ǖ1F�%3�/�Dë x ƾ2ģœ"Fôƫ

ŵ3 ECEŅĿʇÿ 3.3.1 (b)ʈJƷĜ"F�/2CEɺĖƶĿÊĴJƨ?F�/

�.�F� � ���.ùʁ/1*-�F3�w�`}3ÂęǘÞ�.�F�

w�`}�Âęǘ2Ȟ�ċì4 ECEŅĿ�ɺĖƶĿ/ƥ°ɱ´.41�1F'

?��3ÂęǘÞ�JǟF�/�/-@ɨȪ/1*-�F�ÂęǘÞ� τ 3ē

��4ɺǤƫ3¨Ů��kʇƢĶƫ�ǕĶƫʈAʄɁƫ3Ơŵ.Ǖ1F��ɘ

Ķ3jT}Xw�`}.3q���c2ģ -Âęǘ2Þ�1F 2 Ơ3ǕĶƫ

�¯IG�ÂęǘÞ�4Ơł.Ȧ�GF[7]� 

 

€ 

τ = 2π 2 ω pe

ω ce

( κTe
mc 2

) R
λ
.                       (3.3) 

 

��.�ωpe4w�`}ôƫŵ�λ4ƫɬJȦ"��3łCEÂęǘÞ�4ʄƶ�

ʄĢĿ3w�`}:0ē��1E�τ >> 13Ə¦JƸ' A"�1F�w�`}

�Dǖǌ"FɺĖ\OX�j��ŲĤÂ3_zXj�ȲƷƪ/ -4u��R 
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ĐŬÊÂƪ�xh�dO�ƪ�uLv��z��ƪ�uN�c�ƪ�ûšƖĖ

|�X���cƪ10��F��û¯Ǎ ' JT-60U 2ȵȏ�G-�F ECE Ȳ

Ʒ]_h�.4u��RĐŬÊÂ]_h�ʇFTSʈ�ûšƖĖ|�X���c]

_h�ʇGPSʈ�xh�dO�]_h�ʇHRSʈ3Ȩȏ�ȵȏ -�F�ë]_

h�3ǄŖJȦ 3.3.12Ǧ"[8]�FTS4ƯǱȁJ¯Ǎ -V��v��]��

 -�E�GPSAHRS4 FTS3i�cJ¯Ǎ -V��v��]�� -�F�

ECE ]_h�3æ¶M�hl4 P14 / P17 |�jʇÿ 3.3.2ʈ2ȵȏ -�E�

ĥƫǹJɘ!-ȲƷĞ2ȵȏ�G'æ¶]_h�.ŲĤÂJȲƷ -�F� 

 
 
 
 

ÿ 3.3.1� jT}XȨȏ.3\OX�j��ŲĤƷĜ3ßǊÿ�(a)nωce3ǯɰ

ÊĴ�(b)\OX�j��ŲĤ_zXj�3ÊĴ� 



65 

 
 

 
 

 
 
 
 
 
 
 

 FTS GPS HRS 

ƁɰÊȰȔ(Ɔʄº) ~ 25 ms 20 µs 20 µs 

ôƫŵʇGHzʈ 100-800 100-300 
152-200; 
102-124 

ôƫŵÊȰȔʇGHzʈ 3.66 1.3-2 0.5 

ǯɰÊȰȔ 
ʇcm, Bt = 4T3/�ʈ 

5.6 2.0 1.2 

e��m�ŵ 512 40 40 
V��v��]�� Ȉģº ǜģº ǜģº 

Ȧ 3.3.1� ECEȲƷ]_h�3ȨȏǄŖ[8]� 
 

ÿ 3.3.2� JT-60U3ȲƷ|�j� 
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3.3.2� x�P�ßĖȋǖÂŅĿƥJǍ�'ɺĖƶĿ�ɺĖĢĿȲƷ  

Ȥǰ�ɒĤ�i�JǍ�-�FÕɈƺ«3|t���]��3��jŹǪł

4�ȴ3C�2Ȧ�GF� 

 

€ 

d
dt
n(p) = C q, p( )nen q( ) + F q, p( )ne + A q, p( ){ }n q( ) + β p( ) +α p( )ne{ }neni

q> p
∑

q< p
∑  

€ 

 - S p( )ne + C p,q( )ne + F p,q( )ne + A p,q( )
q< p
∑

q> p
∑

# 
$ 
% 

& % 

' 
( 
% 

) % 
n p( )

* 

+ 
, 
, 

- 

. 
/ 
/ 
.� (p=1, 2, 3…) (3.4) 

 

��.�n(p)�ne�ni 4%G&G�p ƺ«3|t���]��ĢĿ�ɺĖĢĿ�

OS�ĢĿJǦ"�C(p, q)nen(p)4ɺĖȤǰÕɈ�F(q, p)nen(q)4ɺĖȤǰȕÕɈ�

A(q, p)n(p)4ȗǖŲÉɣǩ�β (p)neni 4ɒĤÈȆì�α (p)ne
2ni 4�ÈȆì�

S(p)nen(p) 4ɺĖȤǰɺɸJǦ"�ł(3.4)2+�-4���jŹǪł3ıɓJ 0

/¥Ĝ �ƺĜĶǅŚ�ŜEǲ*-�F/Ȓ�F3��șǘ.�F��3C�

1ɕª3�/JƺĜĶǅŚɕª (Quasi Steady State Solution)/õK.�E�Ƨȁ

ßĖ2+�-ƺĜĶǅŚɕª3ĔņŖ��F�/�Ɂ9DG-�F [9,10]���

jŹǪł3ıɓJ 02"F�/.�ł(3.4)4ëÕɈƺ«3|t���]��2ģ

"FȋŇ£ŵŹǪł/1E�ëÕɈƺ«3łJɛǲ�$-Ȱ��/�èȔ/1

F�ƺĜĶǅŚɕª4ƺĚĜƺ«ʇx�P�3ċì4 21S�23Sʈ�â6ĉĽǅŚ

84ɢœ.�1�'?�%GDJɴ�'ƺ«2ģ -ɢœ�GF�ƺĜĶǅŚ

ɕªJɢœ 'ëÕɈƺ«2ɱ"FŹǪł4¤�3C�2Ȧ�GF� 

 

 .   (3.5) 

 

�3ɛǲŹǪłJȰ��/2CE�ëÕɈƺ«3|t���]��4¤�3C

�2Ȧ"�/�.�F� 
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€ 

n(p) = R0(p)neni + R1(p)nen(1).                   (3.6) 
 

��.�R0(p) �C6 R1(p) 4|t���]��´ŵJȦ -�E�ɺĖƶĿ�

C6ɺĖĢĿ3ɱŵ/1F��3C�2ÕɈƺ«3|t���]��Jƨ?F

Ȓ�ŹJȤǰ�ɒĤ�i�/õ7�ł(3.6)3éɓǵ�ɿʇHe OS�3ÈȆìʈ

Jƿȭ"F/� 

 

€ 

n(p) = R1(p)⋅ n(He)⋅ ne,    (3.7) 
 

/1F���.�n(He)4ĉĽǅŚ3x�P�ßĖ3ĢĿJȦ"�ƺ« p �D q

8ɣǩ"FÂ3ŅĿJ I pq/"F/� 

 

€ 

Ipq = A(p,q)R1(p)n(He)ne,   (3.8) 
 

.Ȧ"�/�.�F�ƍǡǮ.4Ȥǰ�ɒĤ�i�3ȲǸ2 GOTO [�k[11]

JǍ�'�GOTO [�k�DȲǸ�GF|t���]��´ŵJǍ�-ł(3.5) 

3ɛǲŹǪł�Dëƺ«3ǖÂŅĿJȲǸ"F�/�èȔ.�F�ÿ 3.3.32x

�P�3Rm�W�ƺ«ÿJ�<'ÿ 3.3.4 2ÿ 3.3.3 �2Ǧ -�F 3 +3Õ

Ɉƺ«�D3ǖÂŅĿ3ƥJǦ"��û3ɺĖĢĿ�ɺĖƶĿȲƷ2Ǎ�F 3

ƍ3_zXj�3ɣǩ4 2p1P-3d1Dʇ667.8nmʈ�2p3P-3s3Sʇ706.5nmʈ�2p1P-3s1S

ʇ728.1nmʈ.�F�ÿ 3.3.43ȲǸȆƓ�D�667.8 nm/ 728.1 nm3_zXj

�ȋŅĿƥ4ɺĖĢĿ2²Ę �728.1 nm/ 706.5 nm3_zXj�ȋŅĿƥ4

ne � 1019 m-3.4ɺĖƶĿ2Ņ�²Ę"F�/�ǣȼ.�F�x�P�ßĖȋ

ǖÂŅĿƥƪ/4��3 2+3ŅĿƥ3ɺĖƶĿ�ɺĖĢĿ3²ĘŖJÍǍ �

ȲƷº/ȲǸº3ƥɏJȢ��/.�ɺĖƶĿ/ĢĿJƩĜ"F�/�.�F�

�3Şƪ��kOg3jT}XȨȏ TEXTOR[13]�EU3jT}XȨȏ JET[14, 15]�

żƍ3jT}XȨȏ JT-60U[10]�żƍ3x�T�Ȩȏ LHD[11]�îçĪēę3

ǛȋĆdOp�cƞůĝʃȨȏ NAGDIS-II[16].ɢǍ�G�ŜƓ�Ċó�G-�

F� 
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ÿ 3.3.3� x�P�ßĖ3Rm�W�ƺ«ÿ[12]� 

ÿ 3.3.4� Ȥǰ�ɒĤ�i�JǍ�'x�P�ßĖȋǖÂȋŅĿƥ3ȲǸȆƓ 
         [12]� 
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3.3.3� JT-60U2��Fx�P�ßĖȋǖÂŅĿƥȲƷ  
 

� JT-60U2��Fx�P�ßĖȋǖÂŅĿƥƪ2Ǎ�'ȭȋ3«ȏJÿ3.3.52

Ǧ"[12]�ĝɷ3ȲƷ2��-4đ½3ȭȋ(outer)JÍǍ -�F�ȲƷƁ24

ĸƲuN�cJǍ�'ʄƁɰÊȰȔ3ÊÂú3ȲƷ]_h�J¯Ǎ '�ÿ

3.3.62ȲƷ2Ǎ�'ÊÂú3ƚǓÿJǦ"[12]�w�`}�D3ǖÂ4ÂuLO

p�JǍ�-ÊÂú2ĥ��[���c��`JǍ�-ĹȢÂ2 �ɗɞ~�

�/ÄãĤ~��JǍ�-ÂJ 3 ǶÊ"F�%GD3ÂJ�őƫɬ� HeI 3 3

+3ƫɬ3ĸƲuN�cJɘ"�/. 667.8 nm, 706.5 nm, 728.1 nm 3x�P�

ßĖ3_zXj�ȋŅĿ4ÂɺĖč¹ǹJǍ�-ɺĂ/ -ȲƷ�GF�í!

ȭȋ3ÂJ 3 ǶÊ - 1 ]�fj.ɺĖƶĿ�ĢĿJȸ³.�F�/��3Ê

Âú3ǄŐ.�F�ȲƷú3ƁɰÊȰȔ4 50 µs.�F��Ȱƒ.4ȇȲǘȾĲ

JĦ��"F'? 500 µs._��^�YJȢ��ȰƒJȢ*'� 

 
 
 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

ÿ 3.3.5� JT-60U .3w�`}/ȲƷȭȋ3«ȏɱ´�ı�ÄÀ.�é�
dOp�c¢ɕ3ȲƷȭȋ[12]� 
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3.4 JT-60U2��FĹȥq���c3ȸ³  

3.4.1� jT}XȨȏ2��Fw�`}ĹȥÎŎ  

� ƕȠìãœJÖǈC�ǖǌ�$F'?24ʄƶ�ʄĢĿ3w�`}JǌŜ �

ǞǯĠúÆ3ŝĜ3«ȏ2 �F9�Ňǅ.µŤ�F�4ĐÚ�$FŒȪ��

F��3'?24 2 +3ȯƾ�D3Ò3Ĺȥ�ɨȪ/1*-�F�%3 2 +/

4~X�1ǻþ.ŜEǲ+ɺǤÒ/ǤċØɧ3Ò3Ĺȥʇ

€ 

j × B =∇pʈ/}X�

1ǻþ.ŜEǲ+Çǋǅw�`}Ä2��FÒ3Ĺȥ.�F�k�lgǅ3

w�`}24w�`}ĂÒ�j�Od�Ǥċ3ńÒ�% -Ü�ɺƭ��Y3

u�wÒ3đ½2ļ�H�/"FÒ��E��GD3ÒJş�FŒȪ��F�

�D2ɕĺ�ƭ/1*-�FȎɬw�`}24 1.5.3Ǻ.ȿſ 'Ȏɬw�`}

Ǆƈ3ąǛ«ȏ�ĚĜŖ@�F��3C�2~X�ǘ2@}X�ǘ2@Ò��

�FjT}XȨȏ2��-w�`}3«ȏÎŎ3'?2�đɦMXe�R�c

.�F[O�3ǖǌǤċJǍ�-��/ -}X�ǘ1ĹȥǅŚJÎŎ"F�

ɛ3×®3�/J�w�`}ĹȥÎŎ�/õK.�F[17]�w�`}ĹȥÎŎ3

667.8 nm 706.5 nm 728.1 nm 

ÿ 3.3.6� x�P�ßĖȋǖÂȲƷ2Ǎ�'ÊÂú3ƚǓÿ[12]� 
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ƛŜȪȁ4¤�3C�21F� 

 

(1)ȲƷ¶ê�Dw�`}ɺƭ�«ȏ�Ňǅ10w�`}ĹȥȊɩJíĜ

 � "F� 

 

(2)íĜ 'ȊɩJǍ�-�w�`}JĵƉ"FǅŚ2ÎŎ"F'?�u

 � N�kpfXÎŎǶ.đɦǤċǍ3[O�JÎŎ"F� 

 

�ǒëā3jT}XȨȏ.w�`}Ĺȥ3ĝʃȰƒ�ȢIG-�E�JT-60U .

@ǙK2ǡǮ�G-�F�JT-60U .4đɦǤċȲƷʇǤċ�ǤƎȲƷʈ�Dw

�`}Æɦ2 CauchyƏ¦ɽJȵĜ �w�`}đɦ3Ǥċ/ǤƎJƨ?�w�

`}Ňǅ3íĜJĝƁɰ.Ȣ��w�`}3«ȏ3ĝƁɰÎŎ2ŜÓ -�F

[18]�ĝɷ3w�`}Ňǅ3íĜƪ2+�-4ƠǺ.ȃ "F� 

 

3.4.2 [�]�Ə¦ɽƪ2��Fw�`}Ňǅ�«ȏ3íĜ  

� ÑǺ.ȿſ 'C�2w�`}ĹȥÎŎ4ĜĶɝɍJ"F�.ɨȪ.�F�

w�`}3ĹȥÎŎ3'?24ǾĿC�w�`}3ŇǅA«ȏJíĜ"FŒȪ

��F�JT-60U.4[�]�Ə¦ɽʇCCS : Cauchy-Condition SurfaceʈƪJ¯Ǎ

 -w�`}Ňǅ�«ȏ3íĜJʄə�+ǾĿC�Ȣ*-�F�ĝɷ2 JT-60U

.ȢIG-�FŇǅ�«ȏíĜ2+�-�ȴ2Ⱥ �ȿſ"F[17-20]� 

� jT}XĆw�`}4~X�2ȫF/Ǥċ�fw�10�Ęă �àĢ24

j�Od�Źð2�Ɯ.41����4}X�1ǻþ.Ȓ�-�F'?j�O

d�Źð2�Ɯ.�F/Ȓ�F�w�`}ĹȥȰƒ2��-w�`}ɺƭA[

O�ɺƭ4ƁɰĐÚJ"F��Ȩȏ2ǖǌ"FƵɺƭJƿȭ"G5ɻǘ1ɺǤ

ċ3Ȱƒ/1F� '�*-��ȴ2Ǧ"ɺƭÊĴ j /Ǥċ B /3ɱ´JȦ"

ĜĶċ3}X_PQ�ŹǪł�ĉǥ3ŹǪł/1F� 

 

€ 

rotB = µ0j,� � � � � � � � � � � � � � � (3.9) 

€ 

divB = 0.  � � � � � � � � � � � � � � (3.10) 
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ł(3.9)2�F µ04Ǟǯ3ɗǤǈJȦ"�ł(3.10)CE B = rotA/1FyXj�|

h�]�� AJĥÃ �ł(3.9)2£Ã"F/� 

 

€ 

rot(rotA) = µ0j,  � � � � � � � � � � � (3.11) 
 

/��łJōF���.�ÇǷŀƝǿ(r, ω, z)J/E�Á:0Ȓ�'jT}X3

ɎģǨŖʇj�Od�Źð2ģ -4 ʈ/X���Z�^ divA = 0JȒ

ś"F/�ȴ3C�1ł2ĐŇ"F�/�.�F� 

 

€ 

div(gradφ
r2

) = −
µ0 jω
r
.  � � � � � � � � � � (3.12) 

 

��.�φ4ǤƎɱŵʇφ = rAωʌ Aω4yXj�|h�]�� A3j�Od�Ŝ

Êʈ�jω4j�Od�Źð3w�`}ɺƭĢĿ�r4jT}Xǿ�őɎ�D3Ɋ

ɸJȦ -�F��Fƾ.3ǤƎɱŵº φ3Øɧʇr�C6 zŹð3ŏÊʈ/ r

Źð�zŹð3|�Od�ǤċʇǤƎĢĿʈBpol = ( Br, Bz )/4�¤�2Ǧ"ɱ´

��F� 

 

€ 

Bpol ≡
1
r
⋅
0 −1
1 0
% 

& 
' 

( 

) 
* ⋅ gradφ.  � � � � � � � � � (3.13) 

 

"1I)�ǤƎɱŵ3ØɧJƨ?F�/2CE%3ƾ.3|�Od�ǤċJƨ

?F�/�.�F���.�ł(3.12)3ŏÊŹǪłJȰ�'?2Y���ɱŵƪ

JĥÃ"F� 

� Y���ɱŵƪ/4Y���ɱŵJ¯Ǎ -»ŏÊŹǪłJǭÊJñ>Ňł

2ĐŬ -ȰƒȰJƛŜ �%�2ČǒƏ¦JɢǍ -ȰJěŜ�$FŹƪ3

�/.�F�Y���ɱŵ4¤�3Ɯ2ȦI�GF[21]� 

 

€ 

G(x,y) ≡G(rx,zx,ry,zy )

           ≡ 4
k

rx ⋅ ry (1− k
2

2
)⋅ K(k) − E(k)

% 

& 
' 

( 

) 
* .

  � � � � � � (3.14) 
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��.� K(k), E(k)4ǵ 1 ǫ�C6ǵ 2 ǫěÄƙÇǭÊ.�E�

/1F�Ơł2Ȧ"ŗǶł 

 

 � �  (3.15) 

 

JǍ�-�f = φ (y)�g = G (x, y)J£Ãŋ�ʀĈ Ωp.ǭÊ"F/ł(3.16)JōF� 

 

€ 

σ⋅ φ(x) + [G(x,y)⋅ gradφ(y) −φ(y)⋅ gradG(x,y)]
∂Ωp

∫ ⋅
dS(y)
ry

2

            = µ0 j(y)⋅ G(x,y)⋅ dV (y)
ry

2
Ωp

∫ .

  � � � (3.16) 

 

��.�σ�8π2((x � Ωp), 4π2(x � ∂Ωp), 0(x � (Ωp+∂Ωp))¤đ)�Ωp4ɺƹJñ

>ÄʀĈ�∂Ωp4ʀĈ ΩpJþ>ʀĈJȦ"��3ʀĈ3ɤ6Ź2C*-4Ɯ�

1ɱ´łJōF�/�.�F�°�5�Ωp Jw�`}�∂Ωp Jw�`}ƆđƤ

ǤƦɽʇw�`}Čǒʈ/"G5w�`}ɺƭĢĿÊĴ/Æɦ3ǤƎɱŵ3ɱ

´Jƨ?F�/�.�F�∂Ωp 4í!.�Ωp 4w�`}Jɴ�ʀĈ2"G5�

w�`}đ½3ǤƎɱŵJƨ?F�/�.�F��șǘ2»ŏÊŹǪł.�F

ł(3.12)3Ȱ3ƩĜƏ¦4ł(3.12)3éɓ2�FɺƭÊĴ�Żǟ.�F/��Ə

¦�.�iN�X�Ə¦ʇ�3ċì.4ǤƎȲƷʈ<'4nO}�Ə¦ʇ�3

ċì.4ǤƎĢĿȲƷʈ30)D��ÄČǒ�.��DG'Ɓ2�ř2Ȱ�ǣ

Ĝ"F�/�G-�F[22]� � �ȰƒʀĈ2w�`}JÃGF/ɺƭĢĿ�

ƌǟ/1*- <���ȴ3ƩĜƏ¦2ã"F�%3'?�ł(3.12)3éɓ2�

FɺƭÊĴ�Żǟ�F�4 0 .�FC�1ʀĈJɤ6�ȰƒʀĈ�Dw�`}

JŨɴ"FŒȪ��F�ł(3.16)�DI�FC�2�w�`}3«ȏŇǅJíĜ

"F'?24ıɓ3ǭÊ2��-Čǒ�3 φ�C6 gradφ�ŒȪ.�E�éɓ3

ȲǸ.4ʀĈÆ3ɺƭĢĿ j�ŒȪ/1F�+<E�íĜ3'?2Ȫƨ�GFǃ

Ǌɩ4�ɺƭʇjʈ�ǤƎĢĿʇBʈ�ǤƎʇφʈ/1F� 
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� ǤƦɽÈƛǼ3ƚŔÿJÿ 3.4.12Ǧ"�ÿ 3.4.12Ǧ"C�2|�Od�ŷ 

ɽÆ2 3 +3ɮƄȋJȒ�F�ȲƷúJȵȏ"FɮƄȋ∂Ωs�∂Ωs2Ùţ�GF

w�`}½3ɮƄȋ∂Ωp�% -ÄJÙţ"FɮƄȋ∂ΩB3 3+3ɮƄȋ.�

F��33+3ɮƄȋ3�.2Ƅȋ2Ŧ<G'ʀĈ2��-ł(3.16)JɢǍ"F�

"F/�ČǒǭÊŹǪłʇł(3.16)ʈ4¤�3 3ʀĈ83ɢǍ2CF 3+3ŹǪ

ł2ĉ,�� 

 

�∂ΩB - ∂ΩsʀĈ2��-�ȯƷƾJ∂Ωs�2ȏ�/∂Ωs�.3ǤƎ/ǤƎ

ĢĿ/3�/4ǆǲ3ɱ´�ōDGF� 

 

�∂Ωs - ∂ΩpʀĈ2��-�ȯƷƾJ∂Ωs�2ȏ�/∂Ωp�â6∂Ωs�.3Ǥ

ÿ 3.4.1� ǤƦɽÈƛǼ3ƚŔÿ� 



75 

Ǝ/ǤƎĢĿ/3ɱ´�ōDGF� 

 

	∂Ωs - ∂ΩpʀĈ2��-�ȯƷƾJ∂Ωp�2ȏ�/∂Ωp�â6∂Ωs�.3

ǤƎ/ǤƎĢĿ/3�/4ǆǲ3ɱ´�ōDGF� 

 

�GD3 3+3ČǒŹǪł�D∂Ωp�.3ǤƎ/ǤƎĢĿ�ǸÉ�G�∂ΩB - ∂Ωp

ʀĈ.3ǤƎ�ȲǸ.�FC�21F�% -w�`}ȦɽǤƎº3ǶʄȋJ

Ɂ9F�/2CE�3ʀĈ2ñ<GFw�`}ƆđƤǤƦɽ�ÈƛǼ.�F� 

�  � �ĝɷ24w�`}ƆđƤǤƦɽ3íĜƪ/ - JT-60U.4ȲƷúȵ

ȏɽ∂Ωs�3ȲƷɩ83Ə¦Jȍö"F'?2�∂Ωs�.3ǤƎ/ǤƎĢĿJƆ

Ħ��ƪ.ƨ?F[�]�Ə¦ɽʇCCSʈƪJǍ�-�F�[�]�Ə¦ɽƪ.

4¤�3 2ʀĈ8ɢǍ -ǭÊŹǪłJƛŜ"F� 

 


∂ΩB - ∂ΩpʀĈ2��-�ȯƷƾJ∂Ωs3ȲƷúȵȏɮƄȋ2ȏ�/∂Ωp

�.3ǤƎ/ǤƎĢĿ/3ɱ´�ōDGF� 

 

�∂ΩB - ∂ΩpʀĈ2��-�ȯƷƾJ∂Ωp�2ȏ�/∂Ωp�.3ǤƎ/ǤƎ

ĢĿ/3ɱ´�ōDGF� 

 


3ɱ´ł4ȲƷƾŵÊ(�ƛŜ"F�/�.�FǭÊŹǪł.�F��3Ź

Ǫł4ČǒǭÊŹǪł/1F��GD3ŹǪłJɛǲ -∂Ωp�.3ǤƎ/ǤƎ

ĢĿ�ǸÉ�G�Á:0/íƜ2w�`}ƆđƤǤƦɽ�íĜ�GF��3Ɯ

2 -w�`}3ƆđƤǤƦɽ4ǤƦa�\��DíĜ�G-�F3.�F� 

� �Ź�w�`}3ɺƭ�ő4MCCPʇMaximun Correlation Coefficient Productʈ

ƪJ¯*-ƨ?DG-�F�MCCPƪ4ÿ 3.4.22Ǧ"C�2ǞǯĠúÆ2ȵȏ

 ' 20�20 ƍ3Ü�uN���jɺƭ�ǞǯĠúđ2ȵȏ -�Fa�\�

«ȏ.%G&Gǖǌ�$'i�c/ĝɷ3ȲƷº/3ǜɱJɁ9�Ɔ@ʄ�ǜ

ɱJǦ"uN���jɺƭ3«ȏJɺƭ�ő/ -ȸ³"FŹƪ.�F�ǤƦ

ȲƷú/ -4�CCS ƪ/íƜ2ǤƎ��w�C6ǤƦa�\�J¯��n ¸
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3a�\�2ģ -¤�3C�1ǜɱ´ŵ ηJĜȑ -�F� 

 

€ 

η2 =

Xi − XAV( ) Yi −YAV( )
i

n

∑
% 
& 
' 

( 
) 
* 

2

Xi − XAV( )2
i

n

∑ Yi −YAV( )2
i

n

∑
.  � � � � � � � � (3.17) 

 

��.�Xi, Yi 4%G&GȲƷú«ȏ i.3ȲƷº/uN���jɺƭ2CF�
Ʒº.�Ʊ�ė AV4 X�F�4 Y3ĹĄºJǦ -�F�MCCPƪ.4�Ǥ

Ǝ��w/ǤƦa�\�2ģ"Fǜɱ´ŵJ%G&G�

€ 

ηφ
2�

€ 

ηB
2/��Ɓ�

€ 

ηφ
2 ×ηB

2

�ƆĦ/1FuN���jɺƭ3ēÛŊ«ȏJɺƭ�ő Rj/Ĝȑ"F�ƍǡǮ

.4ɺƭ�ő RjJw�`}ēÛŊ R0/ -�F� 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ÿ 3.4.2� MCCPƪ2��FuN���jɺƭ3ƚŔÿ� 
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3.4.3� iN_�w]��Ɓ2��Fw�`}q���c3ȸ³  

� ûɋŹǪł�DɺƭƳȧƁɰJ�Ʒ"F'?24iN_�w]��Ɓ3w�

`}O�dXc�_ Lp/w�`}ŢŠ RpJȸ³"F�/�ɨȪ/1*-�F�

w�`}O�dXc�_/w�`}ŢŠ3ȸ³Źƪ4 2.2 Ǻ.ȴɖ 'ɘE.

�F��%G&GJȸ³"F'?2ŒȪ1q���cJ�ȴ2�_jMfw"

F� 

 

ʍw�`}O�dXc�_ Lpʎ 

�w�`}ēÛŊ R0 

�w�`}ĦÛŊ a 

�ÆɦO�dXc�_ li 

 

ʍw�`}ŢŠ Rpʎ 

�w�`}ēÛŊ R0 

�w�`}ŷɽǭ S 

�ɺĖĢĿ ne 

�ɺĖƶĿ Te 

 

w�`}ēÛŊ R0�w�`}ĦÛŊ a�w�`}ŷɽǭ S2+�-4 3.4.2Ǻ.

ȿſ ' CCSƪ�C6MCCPƪ2CEƨ?F�/�.�F�ÆɦO�dXc�

_ li@íƜ2 CCS ƪJǍ�-ƨ?-�E�ÇŇɎģɅw�`}JȒ�'ċì�

|�Od�y�cº βp/]�u�nu��d �DƠ3ɱ´J¯*-ȸ³"F

�/�.�F[23]� 

 

€ 

Λ = βp +
li
2
. � � � � � � � � � � � � � �  (3.18) 

 

% -�|�Od�y�cº βp4w�`}3ãǤŖȲƷ�D�]�u�nu�

�d 4 CCS ƪ.ōDG'w�`}Čǒɽ�3ǤċJ¯*-ȸ³.�F'?�

ł(3.18)CEÆɦO�dXc�_ liJȸ³"F�/�.�F[24]�CCSƪCEȸ
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³�GF]�u�nu��d�MCCP ƪCEȸ³�GFw�`}�ő3íĜǾ

Ŀ2+�-4Ɯ�1\�w�ĹȥJǍ�F�/2CEƘȷ�G-�F�ÿ 3.4.3

2 CCS ƪ2��F]�u�nu��d3íĜȾĲÊĴ3r_jY��JǦ"�

�3íĜȾĲ4¤�3C�2 -ȲǸ�G-�F� 

 

� Ɯ�1\�w�ĹȥJǍř �\�w�Ĺȥ�ǤƦa�\�2®EÉ"¶ê

JȲǸ"F� 

 

� ǤƦa�\�3¶êCE CCSƪJǍ�-w�`}ŇǅJíĜ �]�u�n

u��dJíĜ"F� 

 

	 \�w�Ĺȥ3]�u�nu��d/ CCS ƪ2CEȲǸ�G']�u�n

u��d3ĲJíĜȾĲ/"F� 

 

ĝɷ24 50633\�w�ĹȥJ®Ŝ �íĜȾĲJȸ³ -�F�ÿ 3.4.3.

3ĹĄȾĲ4 � 0.016 .�E�Ɲƺ»Ĳ4 0.17 .�F�ÿ 3.4.3 CE CCS ƪ

.3]�u�nu��d3íĜȾĲ4ɼĶ2Ħ���/�Ê�F�<'�w�

`}�ő3íĜȾĲ2+�-@ɁƔ�G-�E�R ~ 3.5 m 3ǤƦɎɧ«.4

1.3 cmǪĿ3íĜȾĲ �1��/�\�w�ĹȥJǍ�-Ǧ�G-�F� 

� �iN_�w]���4w�`}ɺƭ�ŕƼ2Ƴħ"F'?�ǞǯĠú2

Ƶɺƭ�ǖǌ �ǤƦa�\�2ňɾJ��- <�èȔŖ��F�Ǆ2|�

Od�y�cºȲƷ2¯Ǎ -�FãǤŖȲƷ2Ƶɺƭ���Fňɾ4ē���

%�.�iN_�w]���3Ƶɺƭ�ǤċĹȥȲǸʇCCS ƪʈ20G�D�

ňɾJ��F�2+�-�Ƶɺƭ3ÖƓJåEÃG' CCS ƪ2CEȸ³ '�

ĝɷ24ÆɦO�dXc�_2ɱ -4ŌƐ3CCSƪ.ȸ³ '@3/ƥ9-

6%ǪĿ3ȾĲ.�FʇȺ �4¢ɫ 3.B Jáǀʈ�%�.�ƍǡǮ.4Ƶɺƭ

3ÖƓJȒ�-�1� CCSƪ�MCCPƪ2CEĹȥɩJȸ³ -�F� 
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3.5 JT-60U 2��FmS�U_qu2CFŲĤĮĎiN_�w

]��Ɓ3ɺƭƳȧƁɰ3ȸ³  

 
3.5.1 mS�U_qu2��FiN_�w]��ĝʃ  

� JT-60U.4�<.3ĝʃ3�.ŵĒ�3iN_�w]���ǖǌ -�F��

ěÄ2iN_�w]��ǃǊ3Ȱſ4�G-�1�'?�ǖǌßü3ǄĜJ"

F�/�ɹ ��%�.��û4iN_�w]��ǖǌßüJɳĜ"F'?2

ɨƧȁŲɺ�2mS�U_quJȢ��ųř2ŲĤĮĎiN_�w]��Jǖ

ǌ�$FĝʃJȢ*'��û3iN_�w]��ĝʃ2��FëǫǃǊq��

�c3ƁɰǖīJÿ 3.5.12Ǧ"�t = 12 sCEmS�U_quJȢ*'ŋ�ɺĖ

ĢĿ�ħ �ž"F3/íƁ2ȝǭRm�W��Ƴħ -�F�% -�ǁX

R�eǖǌǛŋ2C�ȯƷ�GFw�`}ɺƭ Ip 3|^hNv_qOX�ȯƷ

�G�t = 12.09 sCEɺƭXR�e�ǖǌ -�F��3Ɓ�ɺƭXR�e�2

ÿ 3.4.3� CCSƪ2��F]�u�nu��d3íĜȾĲ3r_jY��� 
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ŕƼ1ɺĖĢĿčÔ@ȯƷ�G-�F� 

� %�.��û4�3C�1ŲɺƫŇJ ' 9 ]�fj3mS�U_quiN

_�w]��Ųɺ2+�-ɺƭƳȧ3ȰƒJȢ*'�ȰƒģɅ/ 'Ųɺ3�

1ĝʃq���cJȦ 3.5.12Ǧ"�ĝʃ.4w�`}ǭ/w�`}ēÛŊJ

ĀĜ �w�`}Ȧɽ3ĚÄ´ŵ/j�Od�ǤċJĐÚ�$-�F�% -�

iN_�w]��Ɓ2ũȋŹð3 NBIJ ON/OFF �%3ɷ3ɺƭƳȧƁɰ3

ĐÚ2+�-@Ɂ9'�ÿ 3.5.22�û3ĝʃ2��F NBI3 ON/OFFƁ3ɺƭ

ƳȧƁɰ/ĚÄ´ŵ qsurf3ɱ´JǦ"�ÿ 3.5.23 τ100%-90%4ŋɖ"Fł(3.20)J 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ÿ 3.5.1� mS�U_quiN_�w]��ĝʃ2��Fw�`}ɺƭ Ip�m

S�U_qu�ȋĹĄɺĖĢĿ ne�ȝǭRm�W�Wp3Ɓɰǖī� 
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w�`}Ȧɽ.3ĚÄ´ŵ qsurf 5 - 10 

j�Od�Ǥċ Bt 1.5 - 3.8 T 

w�`}ǭ V 58 m3 
w�`}ēÛŊ Rmajor 3.22 m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ǎ�-Ĝȑ 'ɺƭƳȧƁɰ.�F�¤Ñ3 JT-60U2��FiN_�w]��

ǡǮʇÿ 1.5.10, 1.5.11ʈ.ɺƭXR�e�3 NBI ÃĤq���â6w�`}3

ĚÄ´ŵ/ɺƭƳȧƁɰ3²ĘŖ�ǣȼ�G-�E��û3ĝʃƁ2��-@

íƜ3²ĘŖ��F�2+�-Ɂ9'�ÿ 3.5.2CE�ËƊ3ɺƭƳȧ.4 NBI

�ÃĤƁ3Ź� NBI 1 3Ə¦2ƥ9-ɺƭƳȧƁɰ4ɬ�1E�Ô�-�j

�Od�Ǥċ�íƏ¦3]�fj2��-ɺƭƳȧƁɰ4w�`}Ȧɽ3ĚÄ

Ȧ 3.5.1� T��jXR�eǛÑ3ĝʃq���c� 

ÿ 3.5.2� ɺƭƳȧƁɰ/w�`}Ȧɽ3ĚÄ´ŵ qsurf/j�Od�Ǥċ Bt 

� � � � � � � 3ɱ´� 
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´ŵ//@2čÔ"F�/�ǣȼ�G'�<'��û3ĝʃ2��-4�3Ȇ

Ɠ�DɺƭXR�eǛÑ3w�`}Ȧɽ3ĚÄ´ŵ/j�Od�Ǥċ3ȵĜJ

ë]�fj2��-ĐÚ�$F�/2CE�ĝʃƁ2 15 - 120 ms3ķļ�ɺƭ

ƳȧƁɰJƈ 'iN_�w]��ŲɺJō-�F� 

 
 
3.5.2� ECEȲƷ2CFɺƭXR�eƁ3ɺĖƶĿÊĴ3Ɓɰǖī  

� mS�U_qu2��FiN_�w]��Ɓ3ɺƭƳȧƁɰ3ƩĜƟƛ3Ȱ

ſ3'?2�ɺƭXR�eƁ3ɺĖƶĿȲƷ/ - ECEȲƷ/x�P�ßĖȋ

ǖÂŅĿƥJǍ�'ɺĖƶĿȲƷJȢ*'�ÿ 3.5.3 2iN_�w]��Ɓ3

ECE ȲƷ3ȆƓJǦ"�ɘĶ3jT}XȨȏ.3iN_�w]��.4ɺƭX

R�e�Ɉ�FÑ2ǁXR�e�ǖǌ ��3ǁXR�e2CEw�`}�Ť

+ǁRm�W��ǠƁɰ.ï�É�G�w�`}Ä3ɺĖƶĿ�ŵ eV<.Ƴ

ħ"F/Ȓ�DG-�'� � �ÿ 3.5.32�FC�2mS�U_qu2CF

iN_�w]��Ɓ.4ɺƭƳȧ3ËƊƣɶ2��-ŵǗ eVʇÿ 3.5.3.Ǧ '

Ųɺ.4Ȁ 400 eVǪĿʈ3t�X 'ɺĖƶĿÊĴ��F�/�Ìſ '�%

�.��û4ɺĖƶĿÊĴ� ECEȲƷ.ȸ³èȔ1ËƊ3ɺƭƳȧ2Ƭǚ �

ɺƭƳȧ�3ɺĖƶĿÊĴJȸ³ '� � �3.3.1Ǻ.ȿſ 'C�2 ECE

ȲƷ.ɺĖƶĿJȸ³"F'?24Âęǘ2Þ�w�`}.�FŒȪ��F�

%�.��û3Ȱƒ 'Ųɺ2��-ł(3.3)J¯Ǎ -ÂęǘÞ� τ2+�-Ɂ

9'�%3ȆƓJÿ 3.5.42Ǧ"�ÿ 3.5.4CEɺĖƶĿ� 100 eV¤�3ʀĈ2

��-4 τ ~ 1.�F�D��û3ȲƷ2��-ŅĿ4 Te2ƥ° -�F/ȫ1

 -�F�ECE ȲƷ.4ë]�fj2��-�ő¢ɕ3ɺĖƶĿ �ȲƷ"F

�/4.�#�iN_�w]��Ɓ3ɺĖƶĿÊĴJȸ³"F'?24ôɓ3

ɺĖƶĿȲƷ�ŒȪ.�F�%�.��û4ôɓʀĈ3ɺĖƶĿȲƷ/ -x

�P�ßĖȋǖÂŅĿƥJǍ�'ɺĖƶĿȲƷJȢ*'� 
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ÿ 3.5.3� iN_�w]��Ɓ2��F ECEȲƷ2CFɺĖƶĿȲƷ� 

ÿ 3.5.4� iN_�w]��Ɓ2��FÂęǘÞ� τ / ECE ȲƷ2CFɺĖ
ƶĿ Trad-temp3ǯɰÊĴ� 
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3.5.3� ɺƭXR�eƁ3ɺĖƶĿÊĴ3ȸ³  

� ECE ȲƷ.4ȸ³.�1�ôɓʀĈ2��-�x�P�ßĖȋǖÂŅĿƥJ

Ǎ�'ɺĖƶĿȲƷJȢ*'�ĝɷ2ȲƷ ' 3 ƍ3x�P�ßĖ3ǖÂŅĿ

/ǖÂŅĿƥ�Dȸ³ 'ɺĖƶĿ3ƁɰǖīJÿ 3.5.52Ǧ"�ȲƷ2Ǎ�'

ȭȋ4ÿ 3.3.52�Fđ½3ȭȋ.�F�x�P�ßĖȋǖÂȲƷ4ȋǭÊȲƷ

.�F'?�03«ȏ.3ɺĖƶĿJȲƷ -�F�4Ƣǣ24Ê�D1��

x�P�ßĖȋǖÂȲƷ2Ǎ�'ȭȋ�ɘFƆĦȬƖÚÛŊ4 ρ = 0.7.�E�

�3«ȏ.3ǭÊ3ɨ=�Ɔ@ē��1F/Ȓ��ƍȲƷ.4 ρ = 0.73«ȏ3

ɺĖƶĿJãƀ"F@3/ȫ1 '�% -�ECE ȲƷ.ōDG'ɺĖƶĿÊ

Ĵ/ȅ=ìI$F�/2CE�ɺƭXR�eƁ3ɺĖƶĿÊĴJȸ³ '�ÿ

3.5.64ȸ³ 'ɺƭXR�eƁ3ɺĖƶĿÊĴ.�F�ECEȲƷAx�P�ß

ĖȋǖÂŅĿƥƪ2CEȲƷ.�-�1�ǻþ2+�-4�Ǜȋǘ2ɺĖƶĿ

�ĐÚ -�E�w�`}3Ǵ.4ɺĖƶĿ� 021F/Ȓ�-ȸ³JȢ*'�

�û3ɺĖƶĿȲƷ.4�ȴ2ȴɐ 'C�2Ɯ�1¥Ĝ�Ǎ�DG-�F�

%3¥Ĝ��û3ɺƭƳȧ�i�3Ƙȷ2��Fňɾ4Ħ����ȺȂ1Ʉɂ

2+�-4¢ɫ 3.A2ȴɖ"F� 

 

 

3.5.4� ɺƭXR�eƁ3ĝÖɺȜÊĴ3ȸ³  

� L/R�i�.4ɺƭƳȧƁɰ4ɺĖƶĿ Te3 3/2�2ãƥ°"F���Ź.ĝ

ÖɺȜ Zeff2@ƥ°"F�%�.�ĝɷ24iN_�w]��Ɓ3ɺĖƶĿ(�

.41��ĝÖɺȜ@ȸ³"FŒȪ��F�ĝÖɺȜ3ȸ³Źƪ/ -4ɛȉ

_zXj��Dȸ³"FŹƪ��F���û3C�2mS�U_qu2CFi

N_�w]��Ɓ24ȓƃÂ�Ņ�1E�ȸ³J"F3�ɹ �1F�ĝʃ.

4mS�Jw�`}2U_qu -�F3.�ÿ 3.5.12Ǧ"ɺĖĢĿ3�ž4

U_qu 'mS�ȗɌ�ɺɸ"F�/2CEčÔ '/Ȓ�DGF�mS�

OS�3Ęăǣǈ3ɺĖƶĿ²ĘŖ4Arnauld/Rohtenflug2CEȲǸ�G-�

E[25]�ÿ 3.5.7 .Ǧ�GFȆƓ/1*-�F�%�.��3ȲǸȆƓJǍ�-

ɺĖƶĿÊĴ�DɺƭXR�e�3ĝÖɺȜ3ȸ³JȢ*'� 
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ÿ3.5.5� iN_�w]��Ɓ2��Fx�P�ßĖȋǖÂȲƷ/ȸ³ 'ɺ
ĖƶĿ3Ɓɰǖī� 

ÿ 3.5.6� ECE ȲƷ/x�P�ßĖȋǖÂŅĿƥJǍ�-ȸ³ 'ɺƭƳȧ
ËƊ3ɺĖƶĿÊĴ� 
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ÿ 3.5.7� mS�OS�3Ęăǣǈ3ɺĖƶĿ²ĘŖ[25]� 

ρ  

ÿ 3.5.8� mS�OS�3Ęăǣǈ3ɺĖƶĿ²ĘŖ�Dƨ?'ĝÖɺȜÊ 
         Ĵ�w�`}ŢŠǈ3ȲǸ3ɷ24mS�� 20%ưÃ '/¥Ĝ  
         'ċì3ĝÖɺȜÊĴJ¯Ǎ� 
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ĝÖɺȜJƨ?Fɷ24ł(2.34)JǍ�-�E�mS��ɨƧȁ2ģ - 10%�

20%�30%ưÃ 'ċìJȒ�-�F�ĝɷ2ȸ³ 'ɺƭƳȧƁ3ĝÖɺȜÊ

ĴJÿ 3.5.82Ǧ"�ÿ 3.5.82��-ĝȋ.Ū�G'ɦÊ4 ECEȲƷ�DōD

G'ɺĖƶĿCEȸ³ -�E�ǢȋɦÊ4x�P�ßĖȋǖÂŅĿƥƪ2C

Eȸ³ 'ɺĖƶĿÊĴ�Dō'ʀĈ/1*-�F�w�`}ŢŠǈJȲǸ"

Fɷ24iN_�w]���3ɺĖĢĿčÔ�mS��ɨƧȁ2ģ - 20%ư

Ã 'ċì2ɺɸ"FɺĖ3ĢĿ/:;�Ș"F�/�D�20%ưÃ 'ċì3

ĝÖɺȜÊĴJ¯Ǎ -�F� 

 

 

3.5.5� ɺĖƶĿ/ɺƭƳȧƁɰ3ɱ´  

� ɺƭƳȧƁɰ/ɺĖƶĿ�ĝÖɺȜ3ɱ´ŖJſD�2"F'?2��ȴ3

ł(3.19)JǍ�-ɺƭƳȧ�3w�`}ŢŠǈJȸ³ 'ʇÿ 3.5.6ʈ�ÿ 3.5.92

Ǧ"C�2ɺĖƶĿ�ÊĴJŤ+'?�%G2©�w�`}ŢŠǈ@ÊĴJŤ

+�%�.�ɽǭĹĄ2CEw�`}Ä3w�`}ŢŠǈJƨ?-�F� 

 

€ 

ηp = S σ p(r)2πrdr0

a
∫ ,

σ p(r) =1 ηSpitzer (r).  � � � � � � � � �  (3.19) 

 

��.�σp 4w�`}3ĥɺǈ�ηSpitzer 4ł(2.33).Ĝȑ '_tfgL�ŢŠ

ǈJȦ"�% -�ƥɏ3'?2ŒȪ1ĝɷ3ɺƭƳȧƁɰ3ťƝ/ -�ɺ

ƭ� 100%�D 90%<.Ƴħ"FƁÏ3ɺƭƳȧǈJ¯Ǎ 'ʇÿ 3.5.3A 3.5.5

3þ<G'ʀĈJ¯Ǎ -�Fʈ�ĝɷ24ƠłJ¯Ǎ -ȸ³ -�F� 

 

€ 

τ100%−90% = Ip0 (ΔIp Δt).  � � � � � � � � � (3.20) 

 

��.�Ip04ɺƭƳȧǛÑ3ɺƭº�

€ 

ΔIp4ɺƭ3 10%3ƳħÊ�% - 4 
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ÿ 3.5.9� ɺĖƶĿ�ĝÖɺȜÊĴ�Dƨ?'w�`}ŢŠǈ3ÊĴ� 

ÿ 3.5.10� ȬƖÚɺƭƳȧƁɰ/w�`}ŢŠǈ3ƥɏ� 
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10%Ƴħ"FƁɰJȦ -�F�mS�U_quiN_�w]��Ɓ3ɺƭƳȧ

ËƊ2��FȬƖÚɺƭƳȧƁɰ/w�`}ŢŠǈJƥɏ 'ȆƓJÿ 3.5.10

2Ǧ"�ł(2.27)2�FC�2 L/R�i�.4w�`}ŢŠǈ4ɺƭƳȧƁɰ/

ãƥ°"FŇ21F� � �ÿ 3.5.10 .4%3C�1ǜɱJǣȼ"F�/�

.�1�*'��G4�ɺƭƳȧËƊ2��-4 L/R �i�2�FC�2ɺĖ

ƶĿ�ĝÖɺȜ�ɺƭƳȧƁɰJƩĜ"F�1ǃǊƟƛ.41�èȔŖ�Ȓ�

DGF� 

� <'�ëjT}XȨȏ2��- L/R �i�3Ƙȷ�Ȣ�1�@��+3ǊǏ

/ -�w�`}O�dXc�_3ȸ³�ɹ �/��ƾ��F�%�.�Ơ

Ǻ.4ĝɷ2ɺƭƳȧ�3w�`}O�dXc�_Jȸ³ ��i��Dȸ³

�GFɺƭƳȧƁɰ/ĝɷ3º/3ƥɏJȢ�� 

 

 

3.5.6� CCSƪ2CEȸ³ 'w�`}O�dXc�_3Ɓɰǖī  

� w�`}O�dXc�_ LpJȸ³"F'?24w�`}3ŇǅAÆɦO�d

Xc�_ liJȸ³"FŒȪ��F�%GD4w�`}Ȧɽ3|�Od�ǤċȲƷ�

ɺƭĢĿÊĴȲƷJȢ��/2CEȸ³"F�/�.�F� � �ĝɷ2ē

ĆjT}XȨȏ.Ųɺ�2ǤƦw��vJŧÃ"F�/4ǁɆȜ�ɺǤÒǘ2

Ȓ�-@�èȔ.�F�%�.�JT-60U .4 3.4 Ǻ.ȿſ 'C�2ǞǯĠú

Æɦ2ȵȏ 'ǤƦa�\�2CE�ȴ3ĹȥɩJȸ³ -�F�ɺƭXR�

eƁ2��F CCS, MCCPƪ2CEȸ³ 'ÆɦO�dXc�_ li�w�`}Æ

ɦO�dXc�_ Li�w�`}đɦO�dXc�_ Le�w�`}ŷɽǭ S�w�

`}ēÛŊ R03ƁɰǖīJÿ 3.5.112Ǧ"�w�`}O�dXc�_3ȸ³Ź

ƪ/ -4ł(2.45)J¯Ǎ -ȸ³ -�F�mS�U_quiN_�w]��

Ųɺ.4U_qu2CEɺƭXR�eǛÑ3|�Od�y�cº4�1E¬�

�/�<'Ƶɺƭ�ãǤŖȲƷ2��Fňɾ�ē���/�D�ɺƭXR�e

�3|�Od�y�cº�iN_�w]��ǖǌÑ3º�DĐÚJ 1�/¥

Ĝ -�ÆɦO�dXc�_Jȸ³ '�ÆɦO�dXc�_ li4w�`}3ɺ

ƭĢĿÊĴ3ĨĿJȦ"q���c.�F�ĝɷ2 CCSƪ2CEȸ³ '/� 



90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H�Ȱƒ3ģɅ/ -�FɺƭƳȧËƊ3ƣɶ.4ÆɦO�dXc�_ li�ŕƼ

2�ž -�E�ɺƭĢĿÊĴ�ŕƼ2ĨÚ -�F�/�Ìſ '�ÿ 3.5.3

.Ǧ ' ECEȲƷ.4w�`}�őɦ�Ôǁ�GFƜĖ�ȲƷ�G-�E�w

�`}�őɦ3w�`}ŢŠ3Ƴħ�ɺƭĢĿÊĴ3ĨÚJŃ�Ɉ� -�F

èȔŖ�ʄ��<'�w�`}ŷɽǭ SAw�`}ēÛŊ R0@ɺƭƳȧËƊ3

ƣɶ.4:/K0ĐÚ -�D#�ɺƭĢĿÊĴ3ĨÚ4w�`}Ňǅ3ĐÚ

2Ɉü -�1��/�Ê�F�ÿ 3.5.10 .Ǧ 'C�2ȬƖÚɺƭƳȧƁɰ

/w�`}ŢŠǈ2ǜɱ�ȫDG1�Ȫü/ -ŕƼ2w�`}O�dXc�

_�Ⱥ �ȱ�5w�`}ÆɦO�dXc�_�ŕƼ2ĐÚ -�FèȔŖ�

ÿ 3.5.11� CCSƪCEƨ?'ɺƭƳȧ�3ÆɦO�dXc�_ li�w�`}Æ

ɦO�dXc�_ Li�w�`}đɦO�dXc�_ Le�w�`}ŷ

ɽǭ S�w�`}ēÛŊ R03Ɓɰǖī� 
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Ȓ�DGF� 

 

 

3.5.7� w�`}O�dXc�_3ƁɰĐÚJȒś 'ċì3ɺƭƳȧƁ

ɰ3ȸ³  

� L/R�i�.4ģɅ/ -�Fw�`}2��-w�`}O�dXc�_�w

�`}ŢŠ�ƁɰĐÚ 1�/��¥ĜCEɺƭƳȧƁɰ3ǊɂłJĥ�É 

-�'� � �CCS ƪ2CEw�`}O�dXc�_Jȸ³ '/�Hɺƭ

ƳȧËƊ3ƣɶ.4w�`}O�dXc�_�ƁɰĐÚ -�F�/�Ìſ 

'�%GB��ËƊ3ɺƭƳȧ2��-4w�`}O�dXc�_3ƁɰĐÚ

JȒś"FŒȪ��F��û�w�`}O�dXc�_3ƁɰĐÚ3ÖƓJȒ

�'ûɋŹǪł�DɺƭƳȧƁɰ3ǊɂłJĥ�É '�ĝɷ24ûɋŹǪł

(ł(2.28))2¤�3Ə¦JɢǍ -�F� 

 

��ôɺĂ Vex4¡3ɿ2ƥ9-Ħ��ƿȭ.�F� 

�w�`}ŢŠ Rp4ƁɰĐÚ 1�� 

 

�ȴ3Ə¦CE�Ơł3ûɋŹǪłJĥ��/�.�F� 

 

€ 

dLp
dt

+ Rp
" 

# 
$ 

% 

& 
' Ip + Lp

d
dt
Ip = 0. � � � � � � � �  (3.21) 

 

ÿ 3.5.12 4�ȴ3ûɋŹǪł3ëɿ3´ŵJƥɏ '@3.�F�ÿ 3.5.12 C

EɺƭƳȧƁɰ�Ħ��ʇŽ�ɺƭ�Ƴȧ"FʈŲɺ:0w�`}O�dXc

�_3ƁɰĐÚ3ġ��ē��1F�/�I�*'� 

� ł(3.21)3ŏÊŹǪłJȰ��/2CE�w�`}O�dXc�_3ƁɰĐÚ

JȒś 'ɺƭƳȧƁɰJĥ��/�.�F� 

 

€ 

τL/(R+dL/dt) =
Lp

ΔLp Δt + Rp
.  � � � � � � � � � (3.22) 
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ÿ 3.5.13� L/R�i��w�`}O�dXc�_3ƁɰĐÚJȒś 'ɺƭƳ
ȧ�i��Dȸ³ 'Ǌɂº/ĝɷ3ɺƭƳȧƁɰ3ƥɏ�R��

p�4ɨƧȁ2ģ"FmS�3ưÃǈJĐÚ�$'ċìJȦ -

�F� 

ÿ 3.5.12� w�`}O�dXc�_3ƁɰĐÚJȒś 'ûɋŹǪł3ëɿ
3´ŵ3ƥɏ� 



93 

�3łJǍ�-ɺƭƳȧƁɰJȸ³ �ĝʃǘ2ōDG'ɺƭƳȧƁɰ/3ƥ

ɏJ 'ȆƓJÿ 3.5.132Ǧ"�ÿ�3 τL/R4ł(2.25).Ǧ"C�2 L/R�i�

�D�Ʒ�GFɺƭƳȧƁɰ�τL/(R+dL/dt)4ł(3.22)J¯Ǎ -ȸ³ 'Ǌɂº.

�F�τL/(R+dL/dt)Jȸ³"F32ŒȪ1ΔLp/Δt2+�-4ÿ3.5.112Ǧ 'ʀĈʇË

Ɗ3ɺƭƳȧʈ2��-¾�Jƨ?F�/2CEȸ³ '�ÿ 3.5.13 3ʆȋ4

Ǌɂº/ĝʃº3�ȘJȦ"ȋ.�F��w�`}O�dXc�_3ƁɰĐÚ

JȒś 'Ǌɂº�ĝɷ3ɺƭƳȧƁɰ/C��Ș -�F�/�I�F�"

1I)�U_qu2CEǖǌ 'iN_�w]��3ɺƭƳȧËƊ2��-4

w�`}O�dXc�_3ƁɰĐÚ�ɺƭƳȧƁɰ3ƩĜ2ē��ġ� -�

F�/�Ìſ '� 

 

 

3.6� Ȇȱ  

 

� �ûēĆjT}XȨȏ JT-60U2��-mS�U_qu2CEiN_�w]�

�Jǖǌ�$�ËƊ3ɺƭƳȧ2ģ -ɺƭƳȧ�i�3ƘȷJȢ*'�ɺƭ

Ƴȧ�3 ECEȲƷJǍ�-ɺĖƶĿJȸ³ '/�H�ɺƭXR�eƁ2��

-4t�X 'ɺĖƶĿÊĴʇw�`}�ő.4ŵǗ eV3ɺĖƶĿJŤ+ÊĴʈ

�Ęă"F�/�Ìſ '�<'�ECE ȲƷ.ȸ³.�1�w�`}ôɓʀĈ

3ɺĖƶĿ3ȸ³/ -x�P�ßĖȋǖÂŅĿƥJǍ�'ɺĖƶĿȲƷJȢ

��2 +3ɺĖƶĿȲƷ2CEɺƭƳȧ�3ɺĖƶĿÊĴ3ȸ³JȢ*'�L/R

�i�.4ɺƭƳȧƁɰ4ɺĖƶĿ3 3/2�2ƥ°"F/Ȓ�DG-�F���

Ź.ĝÖɺȜ2ãƥ°"FŇ/1F'?�ĝɇǘ24ĝÖɺȜ3ȸ³@ŒȪ.

�F�iN_�w]��ĝʃ.4mS�JU_qu"F�/2CEiN_�w

]��Jǖǌ�$-�F'?�iN_�w]��Ɓ3ɺĖĢĿčÔ4mS��

ɺɸ '�/2CEɈ�-�F/Ȓ�DGF�%�.�ĝÖɺȜJȸ³"F'

?2[�lĹȥƁ2��FmS�3OS�ÚǈJ¯Ǎ -ɺĖƶĿÊĴ�Dĝ

ÖɺȜÊĴJȸ³ �ɺƭƳȧƁ3w�`}ŢŠǈJȸ³ '�ĝɷ2ɺƭƳ
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ȧƁɰ/w�`}ŢŠǈ3ƥɏJȢ*'/�H�L/R�i�2�FC�1w�`

}ŢŠǈ/ɺƭƳȧƁɰ3ǜɱ4ȫDG1�*'� 

� <'�ËƊ3ɺƭƳȧ2��-L/R�i�3ƘȷJȢ�'?2CCSƪ/MCCP

ƪJǍ�-ɺƭƳȧƁ3w�`}ĹȥɩJȸ³ '/�H�ɺƭƳȧ3ËƊƣ

ɶ.4w�`}O�dXc�_ʇǄ2w�`}ÆɦO�dXc�_ʈ�ŕƼ2

�ž -�F�/�Ìſ '�Ǆ2ɺƭƳȧ�ə�Ųɺ:0%3ÖƓ�ē���

%�.�L/R�i�.4w�`}O�dXc�_3ƁɰĐÚJƿȭ -�F'?�

%3ÖƓJåEÃG'ûɋŹǪłCEɺƭƳȧƁɰ3ǊɂłJĥÉ '�Ÿ 

�ɺƭƳȧ�i�CEǊɂºJȸ³ �ĝɷ3ɺƭƳȧƁɰ/3ƥɏJȢ*'

/�H�Ț�¾ð3�ȘJōF�/�.�'� 

� ēĆjT}XȨȏ JT-60U2��-�mS�U_qu2��FiN_�w]�

�Ɓ24ËƊ3ɺƭƳȧƁɰ2 L/R �i�3C�1²ĘŖ41��/�Ìſ 

'�<'�ɺƭƳȧƁɰ3ƩĜ24w�`}O�dXc�_3ƁɰĐÚ�ē�

�ġ� -�E��ûūƗ 'w�`}O�dXc�_3ƁɰĐÚJȒś '

ɺƭƳȧ�i�3Ź�ɢ -�F� � �ËƊ3ɺƭƳȧ2��-w�`}

ÆɦO�dXc�_�ē��ĐÚ�ȱ�Ŭ�G5ɺƭĢĿÊĴ�t�X -�

�ǊǏ4I�*-�D#�%3Ɵƛ3Ȱſ4�ŋ3ɀʁ.�F�ĉƍǘ24ɺ

ƭXR�eÑ2 MHD ǘ1�ĚĜŖ�Ɉ�-ɺƭXR�e�Ɉ�*-�F'?�

ÑʂǉɅƊ2��F��kȰƒ10JȢ��/2CE��ĚĜŖ3ǄĜ10�

ŒȪ.�F��D2�û3Ƙȷ4ɳDG'w�`}q���c3Ųɺ.ȢIG

-�F'?�ūø '�i�3�șŖJCEļ�q���cʀĈ.ǣȼ"FŒ

Ȫ��F�%3�i�3�șŖ3Ƙȷ2+�-4Ơǳ.ȿſ"F� 
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¢ɫ 3.A� ɺĖƶĿÊĴȸ³�w�`}ŢŠºȸ³2�

�Fňɾ2+�-  

 

ECEȲƷ2��FÂęǘÞ�2+�-  

� ECEŲĤŅĿ4ł(3.1)CE¤�3C�2Ȧ�GF� 

 

€ 

I = ω 2 8π 3c 2( )κTe 1− exp −τ( )[ ].                 (3.A.1) 

 

3.5.2Ǻ2�FC�2�û3ECEȲƷ.4ÂęǘÞ� τ ~13Ə¦�.@\OX�

j��ŲĤŅĿ4ɺĖƶĿ3ŘĊJãƀ -�F/ȫ1 -�ɺĖƶĿȸ³Ɓ

24éɓǵ 2 ɿJƿȭ �¤�3C�1łJǍ�-\OX�j��ŲĤŅĿ�

DɺĖƶĿJȸ³ -�F� 

 

€ 

I = ω 2 8π 3c 2( )κTe.    � � � �            (3.A.2) 

 

 � �àĢ2Ȓ�G5 τ ~1 3w�`}.4ł(3.A.1)3éɓǵʊɿJƿȭ"F

�/�ÉƐ1��%3'?�ÂęǘÞ�JȒś"F�/.�ɺĖƶĿȸ³�Ł

�-4w�`}ŢŠǈȸ³203C�1ňɾ��F3�Jȸ³ '�ÿ 3.A.12

ł(3.A.2)JǍ�-\OX�j��ŲĤŅĿ�Dȸ³ 'ɺĖƶĿÊĴʇCase1ʈ�

ł(3.A.1)JǍ�-ȸ³ 'ɺĖƶĿÊĴʇCase2ʈJǦ"��û3iN_�w]

��Ųɺ.4 ECE ȲƷ.ȸ³ -�FʀĈ4 ρ � 0.4 3w�`}ʀĈ.�F�

ÿ 3.A.1CEÂęǘÞ�JȒś"F/Ȓś 1�ċì2ƥ9-�ɺĖƶĿ4Ȁ 2

¹ǪĿē��1F�/�Ê�F�<'��ûȸ³ 'ɺĖƶĿÊĴCEw�`

}ŢŠǈJȸ³ '�ÿ 3.A.22%3ȆƓ�Ȧ 3.A.12ëċì2��Fw�`}

ŢŠǈ3ɽǭĹĄºJǦ"�ÂęǘÞ�JȒś 'ċì4Ȓś 1�ċì2ƥ

9-ɺĖƶĿ�ʄ�1F'?�w�`}ŢŠº3ĹĄº4Ħ��1F��ûɺ 
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ÿ 3.A.1 SN:492552��FɺƭXR�eƁ3ɺĖƶĿÊĴ3ȸ³�Case1 
� � � � 4ÂęǘÞ�Jƿȭ 'ċìʇł(3.A.2)JǍ�-ȸ³ʈ�Case24 
        ÂęǘÞ�JȒś -ȸ³ 'ċìʇł(3.A.1)ʈ3ɺĖƶĿÊĴJ 
        Ȧ"� 

t = 12.094 s 

ÿ 3.A.2 SN:492552��FɺƭXR�eƁ3w�`}ŢŠǈÊĴ� 
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Ȧ 3.A.1 w�`}ŢŠǈ3ɽǭĹĄº3ƥɏ� 

w�`}ŢŠǈ3ĹĄº(Case1) 4.46 � 10-6 Ωm 

w�`}ŢŠǈ3ĹĄº(Case2) 2.32 � 10-6 Ωm 

 

 

ƭƳȧ�i�3ƘȷJȢ*-�FiN_�w]��Ųɺ.4�w�`}ŢŠ2

ƥ9-w�`}O�dXc�_3ƁɰĐÚǈ3Ź��1Eē���%3'?�

ÂęǘÞ�JȒś 'ċì4CEw�`}ŢŠº�Ħ��1E�w�`}O�

dXc�_3ƁɰĐÚǈ/3Ĳ�ē��1F'?��i�ƘȷƁ24ÂęǘÞ

�3ňɾ4Ħ��/Ȓ�DGF� 

 

 

 

x�P�ßĖȋǖÂȲƷ3ȲƷƾ3ÖƓ  

� ɺƭƳȧƁ3ôɓʀĈ3ɺĖƶĿÊĴȸ³2¯Ǎ 'x�P�ßĖȋǖÂȲ

Ʒ4ÊÂƷĜ.�F'?�03«ȏ.3ɺĖƶĿJȲƷ -�F��Ƣǣ24

Ê�D1��ÿ 3.3.5 4x�P�ßĖȋǖÂȲƷ2Ǎ�'ȭȋJȦ -�F��

�3/�ȭȋ�ɘFƆĦȬƖÚÛŊ4 ρ = 0.7.�*''?�x�P�ßĖȋǖ

ÂȲƷ.4 ρ = 0.73«ȏ3ɺĖƶĿJȲƷ -�F/Ȓ��ECEȲƷ.ōDG

'ɺĖƶĿÊĴ/ȅ=ìI$F�/2CE�ɺƭXR�eƁ3ɺĖƶĿÊĴJ

ȸ³ '� � �ȲƷƾ3Ĝȑ2@�ǣĜŖ��F'?�ȲƷƾ�ĐIF�

/2CE0G(�w�`}ŢŠ3ȸ³2ňɾJ��F�2+�-ȸ³ '�ȭ

ȋ�ɘFƆħȬƖÚÛŊ4 ρ = 0.7.�F��ƆēȬƖÚÛŊ4 ρ = 1.�F�

%�.�x�P�ßĖȋǖÂȲƷ3ȲƷƾJ ρ = 1/Ȓ�-ɺĖƶĿÊĴJȸ³

 �ɺƭƳȧ�3w�`}ŢŠJȸ³ '�ÿ 3.A.32ȆƓJǦ"�ɺĖƶĿÊ

Ĵ3ȸ³3ɷ24ÿ 3.5.6/í!C�2ȲƷ.�-�1�ʀĈ4ȋŇǘ2ɺĖƶ

Ŀ�ĐÚ -��/Ȓ�-�F�ÿ 3.A.3.Ǧ"C�2�ȲƷƾ3ɠ�4w�`

}ŢŠJȸ³"Fɷ24�<Eňɾ41��w�`}O�dXc�_3ƁɰĐ

Ú2ƥ9-Ħ��@3.�*'�%3'?�x�P�ßĖȋǖÂȲƷ3ȲƷƾ
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3ÖƓ4ɺƭƳȧƁɰ3ȸ³2ɱ -�<Eňɾ�1�/Ȓ�DGF� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÿ 3.A.3� �Ŗx�P�ǖÂȲƷ3ȲƷƾ3ɠ�2ģ"Fw�`}ŢŠ83
ňɾ3ȸ³��4�Ŗx�P�ȲƷ3ȲƷƾ�ȬƖÚÛŊ ρ =0.7
/Ȓ�'ċì3w�`}ŢŠ��4�Ŗx�P�ȲƷ3ȲƷƾ�

ȬƖÚÛŊ ρ =1/Ȓ�'ċì3w�`}ŢŠ� 
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¢ɫ 3.B� CCSƪ2��FƵɺƭ3ÖƓ2+�-  
 

� w�`}ɺƭ�Ƴȧ"Fɷ24�ǞǯĠú103ĥÆ2Ƶɺƭ�ǖǌ"F�

JT-60U .4ǞǯĠúđɦ2ȵȏ 'ǤƦa�\�3¶ê2CE�w�`}Ňǅ

3íĜJȢ*-�F�w�`}�ĜĶǅŚʇw�`}ɺƭ��Ĝʈ2�FƁ4�

Ƶɺƭ4ǖǌ 1�� � �ɺƭXR�eƁAw�`}ǲ)��Ɓ103ɞ

ƴǘ1/�4ǞǯĠúÆ2Ē�3Ƶɺƭ�ǖǌ �ǞǯĠúɕ�2ȵȏ -�

FǤƦa�\�2Ƶɺƭ�®EÉ"ǤċŜÊ�w�`}ȗ�D3¶ê2��

$�GFèȔŖ��F�Ƶɺƭ�0G(�ňɾJ��F�2+�-Ɂ9F'?

2�JT-60U.Ǭ¿ -�FƵɺƭ3ÖƓJåEÃG' CCS2ĉ,�ǤċĹȥȲ

Ǹ[�k[20]J¯Ǎ -ȸ³JȢ*'�Ƶɺƭ3ÖƓJɁ9F'?2�|�Od

�y�cº βp�]�u�nu��d �ÆɦO�dXc�_ li3ƥɏJ -�

F�Ƶɺƭ3ÖƓ3ƥɏJ 'ȆƓJÿ 3.B.1�3.B.22Ǧ"�ÿ 3.B.14Ƶɺƭ

�Ē�ǖǌ '/Ȓ�DGFw�`}ɺƭ3Ƴȧǈ�ē��ŲɺʇSN : 49051ʈ�

ÿ 3.B.24ɺƭƳȧǈ�Ħ��ŲɺʇSN : 49605ʈ2ģ -Ȣ*'ȆƓ.�F�

ÿCE|�Od�y�cº βp/ÆɦO�dXc�_ li24Ƶɺƭ3ÖƓ�ȫD

GF�ÆɦO�dXc�_ li4(3.18)łJǍ�-ȸ³ -�F'?�Ƶɺƭ3Ö

Ɠ��F34|�Od�y�c βp3=/1F�ÿ 3.B.1�3.B.2 CE|�Od�

y�c3Ƶɺƭ3ňɾ4�Ƶɺƭ�Ē�ǖǌ"F/Ȓ�DGFŲɺ.@ 5%ǪĿ

3ňɾ �1��+<E�ÆɦO�dXc�_3Ƶɺƭ3ňɾ@%G¤�/1

F��3C�2Ƶɺƭ3ÖƓ�ƥɏǘĦ��'?�ɺƭƳȧ�i�3Ƙȷ.4

Ƶɺƭ3ÖƓJƿȭ -�F� 
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ÿ 3.B.1 Ųɺǔê 490512��FƵɺƭ3ÖƓ3ƥɏ�eddy/+�-�Fq 
� � � � ���c4Ƶɺƭ3ÖƓJȒ�' CCSƪ2CEȸ³ '@3� 

ÿ 3.B.1 Ųɺǔê 496052��FƵɺƭ3ÖƓ3ƥɏ�eddy/+�-�Fq 
� � � � ���c4Ƶɺƭ3ÖƓJȒ�' CCSƪ2CEȸ³ '@3� 
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š 4ş� ËÄTAbEžŮ JT-60U'��8Ǉ βpS=L

j\JinĐ(ƽİĳŽfSk(ĜƎ  
 

4.1� ūƈ  

� ¯ÄĹ4»ĞĹ'��")ňƽĹ$�"(ŧıõ(ƅĺ�6?WkDpÈ�

Ł(Ǉ�ĚŹ¶\jMb;ńø�8�$�ưƀ#�8��(�2')���'

Û�&œÇ#Ǉĵ�Ǉ×è(\jMb;Ƶ�Ƣ2698��ưƀ$&8�ĚŹ

¶\jMb#)ŧıŊ&āĢ$�"]pO� β $�3(�ÎÂ�8�]pO

�$)\jMb(Á¨$Ƶ�Ƣ2'�Ņ�"�8F>k(œĩÁ#§��Ļĥ

�Ʊ#�7��(]pO��Ǉ�\jMb.%Ü&�œÇ#Ǉĵ�Ǉ×è&\

jMb;Ƶ�Ƣ2"�8�$'&8��(�2�ÓǆĹ#�8 ITER '��"

%�0#]pO�;¸s��8�$�#�8�$��$��ĚŹ¶ňƽ(ø

©(Ʋ$&�"�8�Óƻ']pO�(Ǉ�\jMb#)Ǉĵ�Ǉ×è&\j

Mb&('3Ƹ:6��Ƶ�Ƣ2œÇ�Û���2\jMb�uÐÒ&Ŀö'

&74���S=Lj\Jin(ňńŒŁ�s��"�0�$�¼Ǆ$&�

"�8[1]��(�2�ITER[2]4 JT-60SA[3]'��"¯ÄĹ'¸��Ǉ]pO

�\jMbąƽ#(¤ðûĮ(ŒŞ;ŋŊ$��Óǆ�}Ò�9"�8� 

� ¦ş#) JT-60U(W@nBLZ[S=Lj\Jin'��")�ƽİĳŽ¡

ē'čÎ( L/R fSk�ø7Ş���ù��Ąě��\jMb>nPEOnL
(É¬Ł;Ű÷��ƽİĳŽfSk#Óƻ(ƽİĳŽĐƷ�ťè5��ł#�

8�$;ŕ�������¦ş(ŨĘ)ƹÒ�9�ąƽ#(ĜƎ#�8�2Ĝ

ƎŨĘ')qŵõ�Ļ��0�]pO����ąƽ#(ĜƎ#�����(�

2�]pO��Ǉ�ąƽ#ňń�8S=Lj\JinĐ(ƽİĳŽfSk(Ĝ

Ǝ) ITER &%#(žŮƘŷ}Ķ')ƿâ'ưƀ�$Ű�698�Ĕş#)

JT-60U (am>Pk]pO��Ǉ�ąƽ#ňń��S=Lj\Jinąƽ;

fSkĜƎ(ØƗ$���0��\jMbZjepOƉĶ�' �"Ɠď��

Ə���ZjepO;Ņ�"ƽİE?nQĐ(ƽİĳŽfSk(ĜƎ;ź�
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$#�ù��Ąě��ƽİĳŽfSk(qŵõ' �"ď6�'�8� 

 

4.2� Ǉ βpS=Lj\Jin'��8ƽİE?nQĐ(\jM

bZjepOƏ�  

� ƽİĳŽfSk(ĜƎ;ź�2')�\jMb>nPEOnL�\jMb

ÿü;Ə��8òƀ��7�ƽİE?nQx(ƽÍĵèƉĶ��Ʈ>nPEO

nL4\jMbËí�Ûí(·Ò�ưƀ$&8�Ĕş'��"ƽÍĵèƉ

Ķ) 3.3.1Ť#Ɠď��ƽÍH>EmTmnąÙǉECEǊƉĶ;�\jMbË

í�Ûí(·Ò') 3.4.2�3.4.3 Ť#Ɠď�� CCS Į4 MCCP Į;Ņ�"

Ə����ƽİE?nQ(Đ'ňń�8ŎŝÕ½(Ĵƽİ�²œõƉĶ'Ë�

�ëǁ;v�8�2�Ǉam>Pk]pOąƽ#ňń��S=Lj\Jin#

)ťè(Ǉ�am>Pk]pO�ƉĶ�ź�&��2�Ĕş'��")ƽİE

?nQx(ƽÍĵèƉĶ�ƽÍ×èƉĶ�;Ņ�"�ƽİE?nQĐ(am>

Pk]pO�(ĐƷňÞ(Ə�;ź���ĔŤ#)am>Pk]pO�ƉĶ'

�Ņ�"�8 JT-60U'��8²œõƉĶ(Ɠď�0��×èƉĶ'�Ņ��l

pIpäĲƉĶ' �"Ɠď�8��6'�ƽÍĵè�ƽÍ×è;Ņ��am

>Pk]pO�(Ə�Į' �"3Ɠď�8� 

 

4.2.1 JT-60U '��8²œõƉĶ 

� \jMb'Ÿś�9�?WkDp;ĦŒ'Ə��8�$)ĚŹ¶\jMb(

?WkDpƵ�Ƣ2ľõ;Ə��8�2'ưƀ#�8�Ÿś?WkDp(Ə�

Į$�")\jMbZjepO( áƉĶSpO;ś �"ţ��8ċĮ$\

jMb(²œõŊľõ;£Ņ�"Tm>Pkœĕ(É¬�6Ə��8ûĮ��

8�����¦ű(Ə�Į#) áƉĶ(ĐƷ ƇŲ�Ŷ�&��$4�>@

nĵè�×èƏ�'ŃƕƇė�òƀ&�$&%�6�ąƽĐ(ÓĐƷ¤ðŅ(

ƉĶ')¸�"�&��îű(²œõƉĶĮ)œĩƉĶ;Ņ�"�8�2�Ƨ

�ĐƷÉ¬(łƗ'3Øó�8�$�#�8�²œõƉĶĮ#)Tm>Pkœ

ĕ(É¬ Δψ;ƉĶ�����6am>Pk]pO��Ÿś?WkDp;Ə��
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"�8� 

� �t#²œõƉĶ#(Ə�Į' �"Ɠď�8[4, 5]��êƣ���Á¨Yj

nL(é)tƋ(5'ż��$�#�8� 

 

€ 

p =
Bθ

2(a)
2µ0

+
2

2µ0

Bt
2(a) − Bt

2( )

     ≈ Bθ
2(a)

2µ0

−
2Bt (a)

2µ0

Δψ
πa2 ,

 � � � � � � � � (4.1) 

 

€ 

Δψ = πa2 Bt − Bt (a) . � � � � � � � � � � � (4.2) 

 

��#�ǎǏ)�śåÃ;ż��p )\jMbÁ¨�a )\jMbÛí�Bt�

B�)Tm>Pk�am>PkœÇ;ż��am>Pk]pO� βp(Òů)�t

(5'ż��$��Ė8[6]� 

 

€ 

βp =
p

Bθ
2(a) 2µ0

. � � � � � � � � � � � � (4.3) 

 

é(4.3)'é(4.1);���8$� 

 

€ 

βp =1− 2Bt (a)Δψ
Bθ
2(a)πa2

=1− 8πBt (a)
µ0
2Ip
2 Δψ, � � � � � � � � (4.4) 

 

$&8�é(4.4)57²œõƉĶ'5�"ï698Tm>Pkœĕ(É¬�6a

m>Pk]pO�;Ə��8�$�´Ų#�8�$�:�8�À 4.2.1 '

JT-60U ŎŝÕ½�'ƌŮ�9"�8²œõkp\(ģéÀ;ŕ�[4]�JT-60U

#)�(²œõkp\;Ņ�"Tm>Pkœĕ(É¬;ƉĶ�"�8�����

À 4.2.1 'ŕ�²œõkp\)TpjLzƜ;Ʀ8åǀ'Ø�"Ü���;Ā

�"�7�ŎŝÕ½'ňń�8Ĵƽİ(«Ę'ª��am>PkœÇF>k( 
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ëǁ3³�8�Ĵƽİ(«Ę'Ƹ�")�ŎŝÕ½'İ98Ĵƽİ(¿ƛċř

é;fSk¬��ĴƽİſĦ;ź�2'òƀ&�ć;ğţ��@^<n\;

Ņ��ªţ¿ƛ'57²œõkp\�µ�;ſĦ�"�8�����Óƻ')

ġ�&ĐÒć;Ā��Ĵƽİ�ŎŝÕ½')ÎÂ�"�8��ſĦ'òƀ&�

ć;ğţ�8ƻ')qņƳ�ĐÒć(Ĵƽİ;�Ò�"Ɖţ;ź�"�8��

(�2�ƽİE?nQĐ(5&Ƨ�ƽİĳŽĐ')łĿ(ſĦ�ć#)Ħ�

�Ĵƽİ(ſĦ��Ė&����#�\jMbZjepO áƉĶ�6am>

Pk]pO�(Ə�;Ɛ1�� 

 

4.2.2 JT-60U '��8ƽÍ×èƉĶ 

� \jMbZjepO�6am>Pk]pO;Ə��8ƻ')�é(4.3)(5

'\jMbÁ¨�am>PkœÇ(œĩÁ(Ə��òƀ#�8�am>Pkœ

À 4.2.1� JT-60U'��8²œõkp\ǉdiamagnetic loopǊ(ģéÀ�am
>Pkċ¸' 1¹�85&ê#ƌŮ�9"�8� 
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Ç(œĩÁ)\jMbÛí�\jMbƽİ�čŐ#�9*Ɖţ�8�$�´

Ų#�8�ƽİE?nQĐ(\jMbÛí) CCSĮ57�\jMbƽİ�)

mGLCpF>k57ƉĶ´Ų#�8�qċ�\jMbÁ¨;Ə��8�2'

)\jMb(ĵè�×è(ƉĶ�òƀ#�8�JT-60U')ƽÍ×èƉĶ$�"

TdNnĆ|ƉĶ�lpIpäĲƉĶ�ÎÂ�8[7]��¿)ƪƙÊŬlpIp

;Ņ��äĲƉĶ(FIR : Far - InfraRed)'57ƽİE?nQĐ(ƽÍ×èƏ�

;ź��� 

� ƽÍ×è(�ǃõ(Ǉ�ƉĶĮ$�"�b>Emį;Ņ��äĲƉĶĮ�T

AbEžŮ#)�Ņ�9"��[8]�����ńø�98\jMb(Ǉ×è¬'

57�b>Emį(Ƭĉ4Ýý(«Ę�Ļƃ#�&�&�"���2�ƪƙÊ

ŬlpIp;Ņ��äĲƉĶ,$Řź�9��äĲƉĶĮ)ƽœį(ÝýŁ�

\jMb(ƽÍ×è'�Î�8�$;£Ņ�"�À 4.2.2'ŕ�5&JLRd

;Ņ�"Ŏŝx$\jMbx#ňń�8ƽœį(�ōà;ƉĶ��ƽÍ×è;

ƉĶ�8ûĮ#�8�\jMb(ĒĻ'57ňń�8�ōà)�t(é#ż�

98[8]� 

 

€ 

Δφ =
λe2

mec
2 ne∫ dl.                       (4.5) 

 
��#λ)�Ù�"�8ƽœį(įƳ;ż��é(4.5)57ƉĶ�98�ōà�ƽ

œį(ŧƛ'Ĭ��Ŭś ƽÍ×è'Ĩ��8ê$&�"�8� 

� JT-60U(lpIpäĲƉĶJLRd(��À;À 4.2.3'ŕ���ķ$�"

) CH3OHlpIp;�Ņ�"�7[10]�ƉĶƃŬ)\jMb¹ƠƮ;Ʀ8 U1

$\jMbxñƮ;Ʀ8 U2( 2ƃŬ#�8�ĐƷ ƇŲ$�") 1 ms(ƉĶ

�´Ų#�8��¿(ƉĶ'��")\jMbxñƮ(ƉĶ;ź�"�8 U2

(ƃŬ;Ņ�"ƽÍ×è(ƉĶ;ź�"�8� 
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4.2.3 ƽÍĵè�ƽÍ×èƉĶ;Ņ��am>Pk]pO�(Ə� 

� À 4.2.4(c), (d)'ƽÍH>EmTmnąÙƉĶ#ƉĶ��ƽÍĵè�lpIp

äĲƉĶ'57ƉĶ��ŬåÃƽÍ×è(ĐƷňÞ;ŕ��ƽİE?nQ(¡

ē'��")ƽÍĵè�ƽÍ×è(wƉĶ��Ė"�7��9657am>P

k]pO�(Ə��´Ų$&8�am>Pk]pO�(Ə�')tƋ(é;�

Ņ��� 

 

€ 

βp =
p

Bθ
2(a) 2µ0

= α
Te(r)ne0

a
∫ rdr S

µ0 Ip
2 8π 2a2( )

,

              α = βp−CCS βp .

                (4.6) 

 
��#�<βp>�<βp-CCS>)ƽÍĵè�ƽÍ×èƉĶ57Ī2�am>Pk]pO

��S=Lj\Jinňń¦(²œõƉĶ�6Ī2�am>Pk]pO�(Đ

ƷåÃ�;ż���($�åÃĐƷ$�") 5ms(ĐƷã;�Ņ�"�8�é

(4.3)(am>Pk]pO�(Òů57Ű�8$�Ə��8ƻ')\jMbÁ¨

�òƀ$&8�Ʀâ�\jMbÁ¨)tƋ(5'ż�98� 

À 4.2.2� äĲƉĶ(ģéÀ[8]� 
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€ 

p = pi + pe = niTi + neTe.                     (4.7) 

 

��#�ni�Ti)>@n×è�>@nĵè;ż��ĔĖ&6*�am>Pk]p

O�(Ə�(ƻ')>@n(ĵè�×è(ƉĶ3òƀ$&8�����S=L

j\JinĐ(�96(ƉĶ)ƿâ'Ƽ���Ə��8�$��Ė&����

�(�2�é(4.6)#)ƽÍ(Ă8Ŵ�(1;Ű÷��é;&�"�8�0��

S=Lj\Jinňń¦(²œõƉĶ'58am>Pk]pO�)Ĵƽİ(ë

ǁ�Ü&��2ǉ\jMb�ÒâĿö'�8�2Ǌ���#(²œõƉĶ')ť

è��8$Ű��Ə�(ƻ')wű(��qų�85' α $��ć;Ú�

���À 4.2.4(b)'am>Pk]pO�(Ə�ŨĘ;ŕ��ŪŬ�²œõƉĶ5

7Ə���Ç¶�ƾŬ�é(4.6)#Ə���am>Pk]pO�;ż�"�8�

À 4.2.457ƽİE?nQĐ'��")²œõƉĶ#Ə���Ç¶�ƽÍĵè� 

À 4.2.3� JT-60U '��8lpIpäĲƉĶ(ģéÀ[9]�ƉĶƃŬ$�")
\jMbxñ;Ʀ8 U2�\jMb¹ƠƮ;Ʀ8 U1( 2Śǅ� 
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ôĸ&ĳÜ�"�85&Ŀĭ#3�am>Pk]pO�(É¬��07Ƃ�

��Ĵƽİ(ëǁ;Ë��³�"�0�am>Pk]pO�(��ƨËƏ��

9"�8�$� �8�·Đ¥'��"ƽÍĵè�ƽÍ×è(ĐƷÉ¬57Ə

���Ç¶)ƽÍĵè(ĳÜ$�'�am>Pk]pO�(ĳÜ�ŒƑ#�8� 

 

À 4.2.4� ƽİE?nQĐ((a)\jMbƽİ�(b)am>Pk]pO��(c)ƽ
Íĵè á�(d)ŬåÃƽÍ×è(ĐƷňÞ�am>Pk]pO�)
²œõƉĶǉŪǊ�ƽÍĵè�ƽÍ×èǉƾǊ57Ə���3(;ŕ

�"�8�ƽÍĵèƉĶ) ECEƉĶ�ƽÍ×è) FIRƉĶ57Ə
���� 

(a) 

(b) 

(c) 

(d) 
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4.3� Ǉ βpS=Lj\Jin'��8ƽİE?nQĐ(ƽİĳ

ŽfSk(ĜƎ  

� Ĕş#)ƇėØƗ$�" JT-60U ( 2008 æè(ÓǆH>Ek#ňń��Ǉ

βpS=Lj\Jinąƽ;ØƗ'��ƽİĳŽfSk(ĜƎ;ź���À 4.3.1

'S=Lj\Jinňń¦(am>Pk]pO�;ŕ��À'��")°Ű' 3

ş#Ɩƕ��W@nBLZ[S=Lj\JinĐ(SpO3Ƌƞ����¿(

Ƈėąƽ'��")�S=Lj\Jinňń¦(am>Pk]pO�$�")

1.4 ~ 2.3 %řè#�7�W@nBLZ[S=Lj\Jin'Ĩ-" 10�řè(

Ʃ���8�0��¦Ť#Ƥ-�5'Ǉ�am>Pk]pO�#(S=Lj

\Jin'��")�ƽİE?nQĐ(am>Pk]pO�(ĐƷňÞ�²œ

õƉĶ57Ə��8$ƨËƏ��9"�0���#�4.2.3Ť#Ƥ-�ûĮ;

Ņ�"ƽİE?nQĐ(am>Pk]pO�(Ə�;ź���Óƻ')ƽİE

?nQĐ(ƽÍĵè�ƽÍ×èƉĶ�Ƽ����¿(Ƈėąƽ'��" 5shot

ǉÀ 4.3.1(�Ǌ(1Ə�#���2��(ąƽ'��"ƽİĳŽfSk(ĜƎ

;ź��� 

 
4.3.1 Ǉ βpS=Lj\Jin'��8ƽİE?nQĐ(\jMbóŢ 

� À 4.3.2 'Ǉ βpS=Lj\Jin'��8ƽİE?nQĐ(�ÄŊ&\jM

bZjepO(ĐƷňÞ;ŕ���(ąƽ)Ǉ βp H-modeÓǆ#ƚ��S=L

j\Jin#�7�œĩƯ�)�t(5'&�"�8Ǎĝ�è κ = 1.58�rƆ

è δ = 0.18�<L^ETĨε = 4.24�\jMbÊƮ>nPEOnL(Ə�'�Ņ

�"�8é(2.43);Ú��8ƻ')\jMbĉǀ��ê#�8$��Ò;Ņ

�"�8������(ąƽ(5'ĝ�è�Ǉ�\jMb'��")\jM

bÊƮ>nPEOnL(Ə�'é(2.43) ;�Ņ�8�$��Ė&��ĝ�è κ

;Ű÷��Ç¶(\jMbÊƮ>nPEOnL(Ə�é)�t(5'ż��

$��Ė8� 

€ 

Le = µ0R0 ln
16R0
a 1+κ( )

− 2
$ 

% 
& 

' 

( 
) . � � � � � � � � � �  (4.8) 
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�¿�ƇėØƗ$��ąƽ#)S=Lj\Jinňń¦(ĝ�è� 1.4 – 1.6ř

è#����2�\jMbÊƮ>nPEOnL(Ə�')é(4.8);�Ņ��� 

� À 4.3.2'ŕ�"�8ąƽ#) t = 6.0745 s57ļE?nQ�ňń�"�7�

ƽÍĵè(ôĸ&ĳÜ�ŒƑ#�8�ļE?nQƶÌî'�Ʈ>nPEOnL

li)Èª�"�7�\jMbƽİ(Û�&ĦLZ>E�ƅĶ#�8�0��ƽİ

E?nQ) t = 6.076 s 57ƶÌ�"�7�\jMb�Ʈ>nPEOnL�Èª

�"�8��¿(ĜƎ'��"3 3 ş(W@nBLZ[S=Lj\Jin$·

ġ'�\jMbZjepO�Ə�#�"�8ƽİĳŽ(¡ēħƺǉ\jMbƽ

İ� 10%ĳÜ�8ƷǊ'ŏŋ�"�8�Óƻ(ƽİĳŽĐƷ(Ə�(ƻ')é

(3.20);�Ņ���À 4.3.2(ąƽ'��"é(3.20)57ƽİĳŽĐƷ;Ə�� 

À 4.3.1� S=Lj\Jinňń¦(am>Pk]pO�(ĨƝÀ�����
�¿ƇėØƗ$�"�8Ǉ βpąƽ#(SpO��� 3ş#ĜƎ;�
�&��W@nBLZ[S=Lj\Jinąƽ#(SpO�wű(

ąƽ'��")S=Lj\JinĐ(am>Pk]pO�'�&7

(Ʃ���8� 
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À4.3.2� ǇβpS=Lj\Jinąƽ'��8�ÄŊ&\jMbZjepO(

ĐƷňÞ�(a))\jMbƽİ�(b)) ECEƉĶ57Ə���ƽÍĵ
è á�(c))\jMb�Ʈ�ÊƮ>nPEOnL�(d))am>Pk
]pO���Ʈ>nPEOnL li;ŕ�"�8� 

(a) 

(b) 

(c) 

(d) 
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8$ 18.9 ms$&8�W@nBLZ['58S=Lj\JinĐ$ĨƝ�8$�

S=Lj\Jinňń¦(\jMb(óŢ�Ň&8�À 4.3.3'W@nBLZ[

S=Lj\Jin'��8ƽİE?nQĐ(�ÄŊ&\jMbZjepO(Đ

ƷňÞ;ŕ���(ąƽ#) t = 16.03892 s57ļE?nQ�ňń�"�7�

ƽÍĵè(ôĸ&ĳÜ�ŒƑ#�8�ļE?nQƶÌî'�Ʈ>nPEOnL

li)ĳÜ�"�7�Ǉ βpS=Lj\JinĐ$)Ʃ�"\jMbƽİ(Ë�&

ĦLZ>E�ƅĶ#�8�0��ƽİE?nQ) t = 16.3905 s 57ƶÌ�"�

7�\jMb�Ʈ>nPEOnL�Èª�"�8��(ąƽ#(Óƻ(ƽİĳ

ŽĐƷ) 19.2 ms#�7�À 4.3.2#ŕ��Ǉ βpS=Lj\Jinąƽ$ƽİ

ĳŽĐƷ�./qų�"�8�ƽİĳŽĐƷ�·�#�8('3Ƹ:6��w

ű(ąƽ'��")ƽİE?nQ(¡ē'��" 2 �řè(ƽÍĵè(Ʃ��

�8�$�¢ď����(�2�wS=Lj\Jinąƽ'��"ƽİE?n

QƶÌŌî(ƽÍĵè;Ɣę����(ŨĘ;À 4.3.4 'ŕ��Ǉ βpS=Lj

\Jinąƽ#)ƽİE?nQƶÌŌî' 1 keVǉ3ąƽ'��") 3 keVǊ�

s(ƽÍĵè�ÎÂ�8�$�¢ď���qċ�W@nBLZ[S=Lj\J

in'��") 0.8 keV �t(ƽÍĵè#�����9)S=Lj\Jin;

ňń��8�2'W@nBLZ[;ź�"�7�ąÙ�®'57ƽÍĵè��

t���2�$Ű�698��90#(S=Lj\JinĽŃ#)ļE?nQ

'57\jMb(ƽÍĵè�ć eVřè0#ĳÜ��\jMbÿü�ôĸ'Èª

�8�$'57ƽİE?nQ�ňń�8$Ű�69"��[11]�����sƋ(

ÓǆŨĘ)�9;Ñ�'Ɓ�ŨĘ$&�"�7�\jMbxñ(ƽÍĵè��

&7Ǉ�Ŀö#3ƽİE?nQ�ƶÌ�8�$�¢ď���0��ƽİĳŽĐ

Ʒ�Ƨ�ǂÅ'ŏŋ�8$�Ǉ βpS=Lj\Jin$W@nBLZ[S=Lj

\Jinąƽ'��"\jMbxñ(ƽÍĵè'Ë�&Ʃ���8('3Ƹ:

6��ƽİĳŽĐƷ)./qų�"�8� 07�ƽİĳŽ(¡ēħƺ'��

")Ǉ βpS=Lj\Jinąƽ'��"3W@nBLZ[Đ$·ġ'ƽÍĵè

�ƽİĳŽĐƷ(īÒ'Ë��Ƹ:�"�&�´Ųõ��8�$�ŕº�98� 
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À 4.3.3� W@nBLZ[S=Lj\Jinąƽ'��8�ÄŊ&\jMbZ
jepO(ĐƷňÞ�(a))\jMbƽİ�(b)) ECEƉĶ57Ə�
��ƽÍĵè á�(c))\jMb�Ʈ�ÊƮ>nPEOnL�(d)
)am>Pk]pO���Ʈ>nPEOnL li;ŕ�"�8� 

(a) 

(b) 

(c) 

(d) 
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4.3.2 Ǉ βp S=Lj\Jin'��8ƽİE?nQ¡ē#(ƽİĳŽf

Sk(ĜƊ 

� ƉĶ57Ə���\jMbÿü Rp�\jMb>nPEOnL Lp ;Ņ�"Ǉ

βpS=Lj\Jinąƽ'��8ƽİĳŽfSk(ĜƎ;ÓČ���À 4.3.5'

ƽİĳŽfSk(ĜƎ(ŨĘ;ŕ��\jMbÿü Rp )ƽÍĵè á57é

(2.33)�(3.19);Ņ�"Ə����Ó«ƽŷ' �")ŝƷŊ'qġ' Zeff = 3#

�8$�Ò���\jMb>nPEOnL Lp' �")é(2.36), (4.8);Ņ�"

Ə����0��ƽİĳŽĐƷ(Óǆ� τexp)é(3.20)�L/RfSk(Ńƕ�ǉÀ
4.3.5(ǈþ�(Jn`kǊ)é(2.28);�3ş#Ċ�'Ąě��\jMb>nP

EOnL(ĐƷÉ¬;Ű÷��ƽİĳŽfSkǉÀ 4.3.5(ŉþ�(Jn`kǊ

À 4.3.4� Ǉ βpS=Lj\Jin(�)�±+W@nBLZ[S=Lj\Jin
(�)'��8ƽİE?nQƶÌŌî(\jMbxñ(ƽÍĵè Te0�

ǇβpS=Lj\Jinąƽ#)ƽİE?nQƶÌŌî(1 keV�s
(ƽÍĵè�ÎÂ�"�8�$�¢ď��� 
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)é(3.22);Ņ�"Ə�;ź���Óƻ')Ǉ βp S=Lj\Jinąƽ'��

"3ƽİE?nQ(¡ēħƺ#) L/R fSk#Ə���Ńƕ�)Óƻ(ƽİĳ
ŽĐƷ'Ĩ-"�10 �řèË��Ƃś3698�$�¢ď���0��3 ş#

Ċ�'Ąě��ƽİĳŽfSk(ċ�Óƻ(ƽİĳŽĐƷ$5�qų�"�8

ġÍ�:�8��(ŨĘ)W@nBLZ[S=Lj\JinĐ$·ġ'�ľ'

ƽİĳŽ�Ƨ�ąƽ(ƽİE?nQ¡ē'��")�čÎ( L/R fSk)øŞ
���\jMb>nPEOnL(ĐƷÉ¬Ł�ƽİĳŽĐƷ(īÒ'Ë��Ö

v�"�8�$;ŕ�"�8� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

À 4.3.5� Ǉ βpS=Lj\Jinąƽ'��8ƽİĳŽfSk(ĜƎ(ŨĘ�

ǈþ�(Jn`k) L/RfSk'57�ŉþ�(Jn`k)\jM
b>nPEOnL(ĐƷÉ¬;Ű÷��ƽİĳŽfSkǉé(3.22)Ǌ
'57Ə���Ńƕ�;ż��¾Ɔ(Jn`k)Ǉ βpS=Lj\J

inąƽ�y(Jn`k)W@nBLZ[S=Lj\Jin(Ç¶

;ŕ�"�8� 
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4.3.3 Ó«ƽŷ�\jMbÿüƏ�'v�8ëǁ' �" 

� \jMbÿü Rp;Ə��8ƻ'Ó«ƽŷ)ŝƷŊ'qġ# Zeff = 3$��

Ò;Ņ�"�8�����é(2.33)'ŕ�5'Ó«ƽŷ)\jMbÿüŁƏ�

'ŌăƸ��"�8�2��Ò'58ƒà;Ə��8òƀ��8�Óƻ')ƽ

İE?nQĐ'ƽÍĵè�ŝƷ á;Ā�"�8�2�Ó«ƽŷ3ŝƷ á;

Ā ���#�Ó«ƽŷ( á;Ű÷���¿(ƽİĳŽfSkĜƎ,(ëǁ

(Ɣę;����¿�tƋ(é'ŕ�5&Ó«ƽŷ á;�Ò��� 

 

€ 

Zeff = Z0 1− ρ2( ) +1,     Z0 = 5( )                  (4.9) 

 

�Ò��Ó«ƽŷ á;À4.3.6'ŕ��é(4.9))ǀśåÃ��3$&85'�

0�\jMb(Š#Ó«ƽŷ� 1 '&85'�ć;īÒ�"�8�0��Ó

«ƽŷ á;Ű÷��Ç¶(\jMbÿü�;À 4.3.7'ŕ��Óƻ'Ó«ƽŷ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 À 4.3.6� �Ò��Ó«ƽŷ á�ǋ{ á#ǀśåÃ�� 3'&85'ƌ
Ò��� 
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 á;Ű÷��Ç¶)Ű÷�&�Ç¶'Ĩ-"\jMbÿü��Ë��&8�

$� �8�0��é(3.22)(ƽİĳŽfSk(Ńƕé#)\jMbÿü�$\

jMb>nPEOnL(ĐƷÉ¬Ł$(ũØ�(Ë���ưƀ$&8�À 4.3.7

'ŕ�5'\jMbÿü�)\jMb>nPEOnL(ĐƷÉ¬ŁĨ-" 10

 ( 1 řè#�7�Ó«ƽŷ á(ëǁ��8�2')Ü&�$3łÂ(�Ò

( 10�řè.%Ë��&8òƀ��8��(5&Ó«ƽŷ)łÓŊ'�7ï

&��2�Ó«ƽŷ(�Ò��¿(ƽİĳŽfSk(ĜƎ'v�8ëǁ)Ļƃ

#�8$Ű�698� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

À 4.3.7� \jMbÿü�\jMb>nPEOnL(ĐƷÉ¬(ũØ�(ĨƝ� 
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4.4� Ũƈ   

� �¿�JT-60U(Ǉam>Pk]pOąƽ#ňń��S=Lj\Jin'��

"�ƽİE?nQĐ(ƽİĳŽfSk(ÓǆŊĜƎ;ź���ƽİĳŽfSk

(ĜƎ')ƽİE?nQĐ(\jMbÿü$\jMb>nPEOnL(Ə��

òƀ$&8�\jMbÿü' �")ƽÍH>EmTmnąÙƉĶ57Ī2�

ƽÍĵè á57Ə�;ź���\jMb>nPEOnL' �") CCSĮ'

57Ə���Jg[jX[jdP$ƽÍĵè á�lpIpäĲƉĶ#Ī2�

ŬåÃƽÍ×è;Ņ�"Ɖţ��am>Pk]pO�57Ə����ƽİĳŽ

fSk(ĜƎ(ƻ')\jMbZjepO�Ə�#�8ƽİE?nQ(¡ēħ

ƺ'ŏŋ���Ǉam>Pk]pOS=Lj\Jinąƽ#3ƽÍĵè�ƽİ

ĳŽĐƷ(īÒ'ưƀ&ì§;Ę��"�&��$�:�7�W@nBLZ[

S=Lj\Jin·ġ'čÎ(L/RfSk��Ņ#�&��$;ŕ���0��
3 ş#Ąě��\jMb>nPEOnL(ĐƷÉ¬;Ű÷��ƽİĳŽfSk

;�Ņ��Ç¶�Óƻ(ƽİĳŽĐƷ;Ǉ�ťè#�ł#�8�$�¢ď��

ġ�&\jMbZjepO'ƫ��ƽİĳŽfSk;ÓǆŊ'ŕ��$'ø©

��� 

� �¿(Ƈė'57ġ�&Ŀĭ#ňń��S=Lj\Jin(ƽİE?nQ¡

ē#)\jMb>nPEOnL�ľ'\jMb�Ʈ>nPEOnL�ĐƷÉ¬

�"�8�$�¢ď���\jMb�Ʈ>nPEOnL�ĐƷÉ¬�"�8$

��$)�ƽİ×è á�É¬�"�8�$'&8��(�2�3.6Ť#3Ƥ

-�5'ƽİ×è á(īÒĤĠ�¢ď�9*�ĽŃ'Æ!��ƽİĳŽĐ

Ʒ(¤ðĮ;��Ŋ'Ąƈ#�85'&8�����ƽİ×è á(īÒĤ

Ġ;Ɣę�8�2')\jMbZjepO( áƉĶ�ƿâ'ưƀ$&8��

S=Lj\JinĐ(ƉĶ(Ƽ���6łĿ#)ƽÍĵè(ƉĶ���Ė"�

&���(�2�ƽİ×è á(īÒĤĠ;Ƈď�8�2') DINA[12]4

TSC[13](5& 1 ĥ�(Ɵƥ$ 2 ĥ�(ƜØŗ MHD åŻƉţ�Ŧ1¶:�

��S=Lj\JinJchlpJinFpU;Ņ��ĜƎ��î(őŜ#)

òƀ$&8� 
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Ż 5 ź� ŜŗÕĵƗÅƜƏ2��Ejx[pğǏƅ�

ĩ3jx[pĈż2Ǌ"Eūŷ  
 

5.1� ƌơ  

� 1.3 ſ.Ƹ9(B�2aQpTÕĵƗÅƜƏ.4jx[p3Ǉ!Ʒ>2jx

[pǏň�ǅƞ/1E�jx[pǏň3ţŝĤŅ4ax}Z3¼śI�Ş 

-�E(>jx[pğǏ�ć#ezZƽƲ/1+- <��&3(>aQp

TƜƏ.jx[pğǏIƅ�"EǍ24�Ǐňx}j]N}�/��jx[p

Ǐň3Ź*���ćƞ/1E��3Ǐňx}j]N}2��-4Ǉ!Ʒ>2ć

ƞ1jx[pǏňIŌð�$-��(>ýŒjx[p��çè1ŗĐ21E

Âƒċ�ǚ��&3(>Ǐňx}j]N}�2`LZxjXw}�ţŝ 1

�B�2jx[p3¯ą�ćƞ/1E�ITER2��-4 15 MA/��ôß1

jx[pǏňIň"�/��è�F-�D[1]�ÊǏÑIŚéŤ1 2Ĕ�1

�CǏňIŹ*��E(>24Ǐňx}j]N}2ǆĩǉ���E�/��

Ŏ�FE� � ITER3B�1ßǏň3Ź*��IƆǙ (�/�1��/

@ğǏĩǉ2?ǋD��E(>`LZxjXw}Iţŝ�$#2â�2jx

[pǏňIħ�Ōð�$E��ÌǗ/1E�&3(>ITER3Ǐňx}j]N

}IĎè (éǙ� Alcator C-ModASDEX-UDIII-DJET .ƘHF-�

E[2-6]�General Atomicsů3 DIII-D2��-4Ǐňx}j]N}ĩ3ǏňŌ

ƛřI 1.1 MA/s/ (ÙÅ2`LZxjXw}�ţŝ"E�/IØÉ -�E

[4, 5]��ƣ3ǏňŌƛř.Ɛ�F5ITER 2��-ç¥2jx[pǏňI 0

2"E(>24Ĭ�.? 15Ų��EƢŽ21E�<(ç¥2jx[pǏňI

Ōð�$CF(/ -?jx[pǏň � 0.1 MA 2ƿ (/�2`LZxj

Xw}�ţŝ"E�/?ƂƈŤ2Ĩ -�D`LZxjXw}4Ôŧ�Ə

¯ą�ƅ� (�/2BDjx[p�Ə��çè21Dţŝ (/ØÉ�F-

�E� � Śŗ.3Ǐňx}j]N}2Ǌ"E`�\4<)�¸«.�D

ITER 2��EǅƞƪǗ3 1 ,/ -ÄaQpTƜƏ.3`�\3ĝ��Ń>
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CF-�E[4]��ĤkyQzÕƜƏ.4×įŤ2ÝǄŭÙ3=.jx[pI

Ǉ!Ʒ>-�E(>jx[pǏň4ćƞ/ 1�� � 2ź.Ƹ9(B�

2ßńǏň@i�aZax_jǏň103ƓţǏň2BD 100 kA Ŵú3jx

[pǏň�ţŝ"E�/��E�ýŒjx[pǏň�Ōð -?Ǉ!Ʒ>ŭ

Ù24Āǒ 1�(>ŭŁǑ�åÒ"E�.3Ǐň3Ź*��/1E�įź

.4<#ƠĲ2�Ş (ßÕkyQzƜƏ LHD2,�-ƩĨ"EǞßÕaQ

pTƜƏ JT-60U 2,�-4 3 ź.ƩĨ -�E(>&*CI½œ3�/ǟ�

<(ßÕaQpTƜƏ JT-60U3ğǏƅ�ĩ3Ǐňx}j]N}ßÕkyQ

zƜƏ LHD2��EğǏƅ�ĩ3jx[pǏň3Ōƛ2ũŦ jx[p�0

3B�1ĈżIŮ -�E3�IƫĴ"E��C2�ƜƏ.3ƇĳIŀƴ"

E�/2BDǏňŌƛ�3ŭŁǑ3ĭő�03B�2ĀǒI¾;"3�Iƫ

9E� 

 

 

5.2� ßÕkyQzƜƏ LHD 

� ßÕkyQzƜƏ LHDǞLarge Helical Deviceǟ4ƓŒűæļĸĵƗÅűæ

ūŷē�ēĭ"EßÕĵƗÅƜƏ.�Dư�îVMzIC$Jŗ2õ�(o

{M]z�B6a{M]zt�bġ�&F'F l = 2m =103kyQzÕŭÙ

Ǉ!Ʒ>ƜƏ.�E[7]�kyQzÕƜƏ4jx[p3Ǉ!Ʒ>2jx[pǏň

Ićƞ/ 1�3.aQpTÕƜƏ3B�2`LZxjXw}�ţŝ$#

è÷ƽƲ2È�-�E/Ɛ�CF-�E�Ð 5.2.12ǛŪÐIÐ 5.2.22 LHD

3į�ģǑÐIŮ"�Ð 5.2.1, 5.2.22Ů" LHD4Ǉ!Ʒ>ŭÙIţŝ�$E

ư�îkyQzVMzo{M]zVMzjx[pŨŸêÍVMz2��

EǏŭ²IĞ�E(>3Ǐŭ²ĞĘĸƼŕư�îVMzģŔ3(>3ŨŸê

Í�CĸĒ�FE�& -LHD4aQpT3B�2ƨîǏň´ŔIƘ��/

�.�1�(>jx[p4 ECHǞ82.7 / 84GHzǟ2BDŝĒ�FƮMP

}3 NBI 2BD´Ŕ�F�Ę -�E�<(ƚ 5.2.1 2 LHD 3�ƞ1ex

s�\IŮ"��  
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�

�į� 

��ċƀä¤í´ŔƜƏ 

�MP}WMT{a{}¦ǜ´ŔƜƏǞICRFǟ 

�ǏäWMT{a{}¦ǜ´ŔƜƏ(ECH)� (e|��ƹŞîņž) 

�{�QzKMx}b]Md�\ǞLIDǟ 

�ŨŸěŁƜƏ 

	ƢŎo�a 


ư�îkyQzVMz 

�ư�îo{M]zVMz 

�jx[p 

�

�
Ð 5.2.1� ßÕkyQzƜƏ LHD3ǛŪÐ[8]� 
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�

�

ƚ 5.2.1 ßÕkyQzƜƏ LHD3�ƞexs�\��

�

��������jx[pß¹ā R0�               3.6 - 3.9 m 

��������jx[pï¹ā a�              0.6 - 0.65 m 

���������jx[p�Ŷ V�                 30 m3 

�����������ŭÙüú B�                  3 T 

�������o{M]zt�bġ l�                   2 

�������a{M]zt�bġm�                  10 

������kyQzVMz3g_^ġ�                 2 × 5 

�

�

�

� <(Äŵjx[pƢŎIƘ�(>2LHD.4Þ�3ƢŎƜƏ�ƤƏ�F

-�E�LHD 2ƤƏ�F(ƢŎÍ3ķŠÐIÐ 5.2.3 2Ů"��,3exs�

\IƝġ3ƢŎÍ2B+-Ŏè"E�/2BDŸǉŤ1čØ@ĩǉŤ1Ü

·103ƢŎ.BD�ǖċ3ǚ�ŎèIŦę -�E�ĵƗÅţǏIéŞ·"

Ð 5.2.1� ßÕkyQzƜƏ LHD3į�ģǑÐ[8]� 
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E(>24ưǚō~ǚëújx[p3è÷Ť1ƊĘ�ćƞ.�E�LHD.4

aQpTjx[p/kyQzjx[pIŀƴ ƋÅŤ2a�xZjx[p3

Ǉ!Ʒ>Ŗċ�B6ǚl�\jx[p3ŕśŤ1śƠIŊ>E�/IŦĺ/

 -�E�éǍ2 2008ù<.2 LHD.ƿĒ�F(exs�\Iƚ 5.2.22Ů

"�LHD.4ƆŋŤ1ŭÙǇ!Ʒ>ĵƗÅIéŚ"E(>2ćƞ1l�\ �

5%��3jx[p3ǆĩǉ�Ę2Ē³ -�E[10]� 

 

 

 

 

 

 

 

 

 

�

Ð 5.2.3 LHD2��EƢŎÍ3ķŠÐ� 
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ƚ 5.2.2� LHD2��EƿĒexs�\� 

 

ĬǚǏäōú Te 10 keV 

ĬǚMP}ōú Ti 6.5 keV 

ĬǚǇ!Ʒ>ĩǉ τE 0.36 s 

ĵƗÅ�ǅŶ nτET 4.4 � 1019 m-3keV 

ĬǚƖŶOczS�Wp 1.44 MJ 

Ĭǚl�\ <β> 5.0 %ǞŭÙ 0.425 Tǟ 

Ĭǚëú ne 1.0 � 1021 m3 

ĬǆğǏĩǉ 3900 s 

Ĭß´ŔOczS� 1.6 GJ 

 

 

 

5.3� ßÕaQpTƜƏ JT-60U 2��EǏňx}j]N}ĩ

3jx[pĈż  

� Ǐňx}j]N}ĩ3jx[p3ĚEƔ�Iƫ9E(>2JT-60U2��E

2008ù3éǙRu}m�}2��-éĥ�F(Ǐňx}j]N}Ǟ806 shotsǟ

IƫĴ (��Î3ƫĴ2BDǏňx}j]N}.4 DIII-D.ØÉ�F(B�

2¥Ǐňx}j]N}3 88 %3ğǏ.�çè1ŗĐ21Djx[pǏň3ľ

ZeMT/ĊŐ1ǏňŌƛ�ƟŎ�FE�/�Ĩ (ǞÐ 5.3.1ǟ�<(Ð

5.3.2 2Ǐňx}j]N}ĩ2Ǐň3ľZeMT�ţŝ"E\Mq}UIŮ"�

Ð2Ů"B�2:/J03ğǏ2��-4Ǐňx}j]N}±3jx[pǏ

ň3 20 %Ŵú<.4ç¥2Ź*��E�/2Ē³ -�E�<(`LZxj

Xw}3ţŝIŮ"jx[pǏň3ľZeMT4Ǐňx}j]N}±3jx[

pǏň3 5- 7.5 %3ĩ2Þ�ţŝ -�(��ƣ3Ƈĳ4Ǐňx}j]N}ĩ2

�EŴú3ŗĐ<.4jx[p3¯ą2Ē³ -�E�/IŮ -�E� �

 ¬Į3jx[pǏň3 5 ~ 7.5 %2ƿ"E/1%çèŤ2jx[pI¯ą. 
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Ð5.3.1� JT-60U32008ùéǙRu}m�}2��EǏňx}j]N}�.
3ľZeMT3ţŝř�Þ�3ľZeMT�ţŝ -�EğǏ4¥

�3 88ǝ.�D�1D3Ǐňx}j]N}.ţŝ -�E� 

Ð 5.3.2� jx[pǏň3ľZeMT�ţŝ"E\Mq}UIƚ"fZaUx
r�Ip-ps4ľZeMT�ţŝ (ĩIp04Ǐňx}j]N}±3j

x[pǏň Iƚ"� 

0 2010 40 60 80 10030 50 70 900
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�1�3�/���/IƠĨ"E�/4ǅƞ.�E�&�.�3jx[pǏ

ň3ľZeMT�03B�1¼Ï.ţŝ -�E3�Iƫ9E(>2Ǐňx

}j]N}ĩ3jx[pexs�\3ĚEƔ�2,�-ƫĴ (� 

� Ð 5.3.32 JT-60U2��EǏňx}j]N}ĩ3§ÕŤ1jx[pexs�

\3ĩǉţóIŮ"�jx[pM}]T\}Zß¹āģǑŶ2,�-4 3.4.2

ſ.Ů ( CCS, MCCPŅIo{M]zl�\ 2,�-4 4.2.1ſ.Ů (

¿ŭċƢŎBDƥ� (�Ð 5.3.32Ů"ğǏ.4 t = 17.5 sBDǏňx}j]

N}�ǈã -�E�Ǐňx}j]N}�2��-4jx[pǏňIŌð�$

E(>2jx[pǏň�ňF-�EĤÈ/4ƺ3a{M]zĤÈ2ǏÑIº

´ -�E��3/�jx[pß¹ājx[pģǑŶo{M]zl�\

 4Ǐňx}j]N}�ť<.4:/J0Ü· 1��¨ǄM}]T\}Z

�ă�2Ú´ -�E�"1H*Ǐňx}j]N}ĩ2Ǐňëú«ö�ñ·

 -�E�/IŮ -�E��F4ÝǄVMzBDº´ -�EƺǏÑ�ă�

2jx[p2 =Ʒ=jx[pÊƶǄ3Ǐň�CŌð -�E(>.�E/

Ɛ�CFE�Ǐňx}j]N}ĩ2Ǐňëú«ö�ñ· -��/��Ƈĳ4

�3aQpTƜƏ.?ƟŎ�F-�E[2-6, 11]��3Ǐňx}j]N}.4j

x[pǏň� 60kA Ŵú21+(ĩ2jx[pǏň3ľZeMT�ţŝ -�

E� 

� Ǐň3ľZeMTţŝĩ2jx[p203B�1Śƭ�ţŝ -�E3�I

ƫ9E(>2Ǐňx}j]N}ƅť.3Ǐäōú3ĚEƔ�2,�-ƫĴ 

(�Ð 5.3.42Ǐňx}j]N}ƅť3jx[pǏň3ľZeMTţŝĩ3jx

[pǏňǏäōú3ĩǉţóIŮ"�Ǐäōú2,�-4 3.3.1ſ.Ů (Ǐ

äWMT{a{}ğíƢŎBDƥ� -�E��3ğǏ.4jx[p3£æŤ

»�Iƥ� (/�G100eV��3Ǐäōú.4 ECEƢŎ3Ɓú�Č��/

�Ĩ ((>100eV��3Ǐäōú3=IƚŮ -�E�Ð 5.3.4(b)2Ů"

B�2t = 19.0 ~ 19.91 s3ǉ.jx[p��Ħ´Ŕ�F&3ĂǏäōú�

ĊŐ2Ōð jx[p�Ć3Ǐäōú� 200eVI�Î+(ŧĂ2jx[p3

ľZeMT�ţŝ -�E�Ǐäōú3ĊŐ1Ōðjx[pǏň3ľZeM

T3ţŝ4`LZxjXw}ĩ2B�ƟŎ�F-�EŚƭ.�DJT-60U3Ǐ 
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Ð 5.3.3� JT-60U 2��EǏňx}j]N}ĩ3§ÕŤ1jx[pexs�

\3ĩǉţó�(a)4jx[pǏň(b)4jx[p¨ǄÝǄM}]
T\}Z(c)4¨ǄM}]T\}Z(d)jx[pģǑŶjx[p
ß¹ā(e)4o{M]zl�\ IŮ"� 
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ňx}j]N}2��-?DIII-D/ÆĹ2`LZxjXw}�ţŝ -�E�

/�ŬƧ�F(�`LZxjXw}�ţŝ (¼Ï/ -4 MHD �çèċ3

Ēǆ@jx[p�Ə3�çè·10�Ɛ�CFE�&�.o{M]zĤÈ2

ƤƏ�F(Ɲġ3ŭŁj{�i3�Ã �C`LZxjXw}ţŝĩ3jx[

p�Ə3ĜŎIƘ+(�Ð 5.3.52 JT-60U2ƤƏ�F-�EŭŁj{�i3o

{M]z�ƏÐ 5.3.62ÄŭŁj{�i.ƢŎ (ŭÙüú3ĩǉţóIŮ"�

Ð 5.3.6 BDǏäōú�ĊŐ2Ōð -�Eĩ°.4ŨŸêÍÝ¡�ĤÈ2Ƥ

Ə�F( T19, T14, T133ǔ2ŭÙüú3Ú´g�T�ƟŎ�F(��C2

jx[pǏň3ľZeMTţŝĩ2��-4ŨŸêÍ¨¡�ĤÈ2ƤƏ�F( 

Ð 5.3.4� Ǐňx}j]N}ƅť3(a)jx[pǏň(b)Ǐäōú«ö(c)j
x[p�Ć3Ǐäōú3ĩǉţó� 

(a) 

(b) 

(c) 
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T12, T18, T103ǔ2ŭÙüú3g�T�ƟŎ�F-�D�FC3ŭŁ`�\

�Cjx[p�Ə��çè21DÔŧ�ĤÈ2ų¶ `LZxjXw}�ţ

ŝ -�E�/�ĜŎ�FE��C2ǏňTO}^ĩ24ŭŁ`�\BDj

x[p�Ə�ŨŸêÍ¨¡8ų¶"E3�ƟŎ�F-�D�F4jx[pǏ

ň�ĊŐ2Ōð"E�/2BDjx[pƓƱ3h�j²�Ōð ÝǄVMz

/3øƙ��-1�1+((>2ų¶ (�/�Ɛ�CFE�Ôŧ�Ə��ç

è21E¼Ï/ -4Ǐňx}j]N}ƅť.4jx[pģǑ�Ǝï éµ

Ť2¯ąVMz�Cǁ��E�/2BD�Ə¯ą�µ�1�1+(Âƒċ�ǚ

�� � 1�C�ƣ3Ƈĳ4ĜŎ.�E(>Ǐňx}j]N}ƅť2ţ

ŝ"E`LZxjXw}ĩ3ī1EľŬ1jx[p�Ə`�\3ÀĄ�ćƞ.

�E� 

Ð 5.3.5� JT-60U 2��Eo{M]zĤÈ2ƤƏ�F(ŭŁj{�i�Ə3
ĻûÐ�ŨŸêÍ¨¡2o{M]zĤÈ2H(+- 17 �ƤƏ�F
-�E� 
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Ð 5.3.6� `LZxjXw}ţŝĩ3o{M]zĤÈ2ƤƏ�F(ÄŭŁj{
�i.ƢŎ (ŭÙüú3ĩǉţó�Ż 3QxrŦ4ŨŸêÍ¨¡
�ĤÈŻ 4QxrŦ4ŨŸêÍÝ¡�ĤÈŻ 5QxrŦ4ŨŸ
êÍÝ¡�ĤÈŻ 6QxrŦ4ŨŸêÍ¨¡�ĤÈ2ƤƏ�F(
ŭŁj{�i3`�\.�E� 
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5.4� ßÕkyQzƜƏ LHD 2��EğǏƅ�ĩ3jx[p

Ĉż  

� Ǉ!Ʒ>ŭÙ�Ü· 1�Ǐňŉŏĩ3jx[p3ĈżIƫ9E(>2ß

ÕkyQzƜƏ LHD 2��E NBI ǘ¶2BDjx[pǏň�ţŝ (ğǏ2

ũŦ (�Ð 5.4.12 LHD2��EğǏƅ�ĩ3§ÕŤ1jx[pexs�\

3ĩǉţóIŮ"�jx[pĖĕ4ǏäWMT{a{}ğíƢŎBDƥ� (

Ǐäōú/û(2.34)IŞ�-ƥ� (�éµǏƕ2,�-4ŸǉŤ2�Ĺ. Zeff 

= 3.�E/���èIŞ�-�E�<(jx[pM}]T\}Z2,�-4

įı1CøƙƢŽBD¨ǄM}]T\}Zjx[pþŗIƥ�"9�.4�

E�kyQzƜƏ.4jx[p� 3 Ľ¢ĸƼI -�E(>aQpT3B

�2Ƴìƭ3øƙƢŽ�Ƙ�#øƙƢŽ�Ɲǎ21+- <��&3(>�

Î3ƥ�2��-4Ǐňŉŏĩ3Ǐäōú«ö3ƢŎ�Âƒ1�/<(ky

QzƜƏ.4jx[pǏň�Ōð -?ŭŁǑ83Āǒ4ð1��/�C¨

ǄM}]T\}Zƥ�2ćƞ1Ǐňëú«öIǏäōú«ö3 3/2 �2ŀ�"

E/�è (� 

 

€ 

j(r)∝ Te
3 / 2(r).  � �      � � � � � � � (5.1) 

 

<( �è (Ǐňëú«ö/Ş�-�ƣ3ûBDo{M]zŭÙ«öIƢ

Ž û(2.37)BD¨ǄM}]T\}Z3ƥ�IƘ+(� 

 

€ 

Bθ (r) = µ0 j(r)
0

r
∫ dS 2πa( ).                  (5.2) 

 

Ð 5.4.13ğǏ2��-4 t = 3.32 s2 NBI3ª²�ǂģ�F&F/Æĩ2j

x[pǏň3Ōƛ�ǈã -�E��3ğǏ4 NBI2BDƃ 80 kA3jx[p

Ǐň�ƨƯ�F-�E�LHD 2��EğǏŉŏĩ.4A+�D/ (”Slow 

decay phase”3Ă2ĊŐ2Ǐň�Ōƛ"E”Rapid decay phase”3 2,3ĿǌI 
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Ɔ-jx[pǏň�ŉŏ"E�/�Ĩ (�Ð 5.4.1(c)2Ů"B�2×įŤ2

4 Slow decay phase.4jx[pM}]T\}Z4Ü·$#jx[pĖĕ�

Ü· -�EĹä�ƟŎ�F-�E�"1H*LHD 2��E Slow decay 

phase 4aQpT3B�2Ǐňëú«ö�g�T (þ8/Ü·"E3.4ő

�Ǐňëú«ö3þ4Ü·$#2¥�Ť2Ǐäōú�Ōð jx[pĖĕ

 �Ú´"E�/2BDţŝ -�E�/IŮ -�E�<(JT-60U3Ǐň

x}j]N}ĩ/ÆĹ2ĊŐ1ǏňŌƛ4ƟŎ�FE�LHD2��-4ĊŐ

1ǏňŌƛ3±2jx[pǏň3ľZeMT4ƟŎ�F-�1��&�.

Rapid decay phase.jx[p�03B�1ĈżIŮ -�E3�Iƫ9E( 

Ð 5.4.1� LHD2��EğǏƅ�ĩ3(a)jx[pǏň(b)NBIª²(c)jx
[pĖĕjx[pM}]T\}Z3ĩǉţó� 
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>2ECE ƢŎBDǏäōú«öIƥ� (�&3ƇĳIÐ 5.4.2 2Ů"�Ð

�2Ů" RTe/4jx[p3£æŤ»�IƐđ -�1�Ǐäōú3�/IŮ

 -�D��.4ğíǏäōú/Ë7�Ð 5.4.22Ů"B�2jx[pǏň�

Ōƛ"E2 (�+-jx[p3ǚōǕÖ�Ǝï -�DĊŐ1ǏňŌƛ3

ţŝ±24jx[p¥�4 100eV��3ğíǏäōú/1+-�E�&3(>

ĊŐ2jx[pĖĕ�Ú´ ĊŐ1ǏňŌƛ�ţŝ (/ĉHFE� � 

JT-60U3Ǐňx}j]N}ĩ/4ǀ�Ǐäōú�ƍ@�2Ōð -�E(>

Ð 5.4.2� Rapid decay phase2��E(a)jx[pǏň Ip(b)ğíǏäōú«
ö RTe(c)jx[p�Ć3ğíǏäōú RTe0øÓğíǏäōú

€ 

RT e(d)ǏňŌƛĩǉ3ƺġ3ĩǉţó�RTe 4ğíǏäōú/Ë

6£æŤ»�IƐđ 1�ǏäōúIŮ -�E� 
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Ǐňëú«ö3ĊŐ1Ü·@jx[p�Ə3�çè·�ţŝ$#jx[pǏ

ň3ľZeMT�ƟŎ�F1�+(/Ɛ�CFE�<(ĊŐ1ǏňŌƛ2�

�-?Ōƛ�4ğíǏäōú�ƍ@�2Ōð -�DJT-60U3Ǐňx}j]

N}ƅť2ţŝ (`LZxjXw}ĩ/4Ǐň3Ōƛř�ß��Ţ1+-�

E�aQpTƜƏ/4ǀ+-ğǏƅ�ĩ.?çèŤ2ŭŁǑ�åÒ -�E(

>JT-60U3Ǐňx}j]N}ƅť3B�1�çè1ŗĐ21C1�+(Âƒ

ċ�ǚ��<(Ð 5.4.2(d).4 Rapid decay phaseƻ�2��-ǏňŌƛř3

���ƟŎ�F-�E�&3/� ECEƢŎ.4ğíǏäōúIƢŎªı-�1

��/�C�1D��Ǐäōú3jx[p�åÒ -�E�/�«�E��3

/�24ĊŐ2jx[pĖĕ�Ú´ (�/2BDYv�z´Ŕ�ţŝ 

jx[p3�ÊǏÑ�Ú´ �ĩŤ2ǏňŌƛř�Ōð (/Ɛ�CFE�

�C2Rapid decay phaseĩ2ƟŎ�F(ǏňŌƛř3�ĩŤ1Ōð4jx[

pǏň3Ōƛ�ǈã"E±3jx[pǏň3Ɖì �ß��ğǏ. �ƟŎ�

F1��/?Ĩ -�E[12]� 

 

 

5.5� Ƈơ   

� �ÎŜŗÕĵƗÅƜƏ.3jx[pğǏƅ�ĩ3jx[pĈżIƫ9E(

>2ßÕaQpTƜƏ JT-60U3Ǐňx}j]N}ßÕkyQzƜƏ LHD

2��EğǏƅ�ĩ3jx[p3ĚEƔ�2,�-ƫĴIƘ+(�JT-60U2�

�-42008ù2éĥ�F(Ǐňx}j]N}3ƃ 88%2��-Ǐňx}j]

N}�2jx[pǏň3ľZeMT�ƟŎ�Fjx[pǏň3ľZeMT4

jx[pǏň �Ǐňx}j]N}±3jx[pǏň 3 5 -7.5 %2ƿ (/

�2�šÞ�ţŝ -�E�/�Ĩ (�Ǐňx}j]N}ƅť.3Ǐň3

ľZeMT3ţŝļĸIƫ9E(>2ţŝ±Ă3Ǐäōú«öIƫĴ (/�
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