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ö Õ ,,.]z Í �� ø ß í Í1 â 5 íîÍ1 ,.]z ~Í �� ø ö .]z Í ùiõ ,.Wz Í íyÐ1 =FÜ Í=±Ô Ð 5 íîÍ1 ,.]z ~Í .Wz Ð =ÝÜ Í=�Ô Ðõ ,1 .Wz Í =FÜ Í=±Ô Ð ß´íyÐ 5 íîÍ .]z Ð.]z Í âõ M ß � .]z Ð.]z Í õ . ÍÑÐ â (35)

s @B� .
ö ÷kø �� ø ß ,1 íîÍ.]z Í â õNM õ (36)£�¤�¥�éB� .

(36) �Q:�;�<u@����u« , �4����� ê�ë �Q�'��çQ����� s�� y.�}��é�� .
ê�ë £(�'���� ê�ë �Q�4� ì « 1 õ µÀ¿ÙÁ3Ã ø D�¼��Y�:� ,

íîÍ 0 .Wz Í £ c ì ï î�s @B� .
# IûÕ þ���
£C�6� � s N ð>ì ù�8 � ø þJ�
£C/���@S� . C
��C s « 
 þ(�)��«��6� � s /��@S�-� s�� � ð � .
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4 � �w� � �n� � �
�'� D�þ9���	����¤J¸
£�§�,.�o@9� �'� ì , þ��	���¡ �¢�£�k¤ �Â�}� L (37)

¥ � Ê4¦	§ �k�¡ �¢�£ � �o�´�Ì� L õ �k¤ �©¨u� L (38)£�BYD B	F-G(Ho¦9§-ª�D�¼��9C s ç�è�é . «�¬uD�« ,
ê�ë «��J��� ë � # �'­���®�Lþ�� ê�ë D�¼ Õ , ¦9§C�
� TJì ¼�� s éB� .

¯�° þ(���"�± 	¢N£ ì�# � ø �4²4³û� . ����� ë � �����9¡O¢ (8) ´$þ(�-µC¢(F '¶Y� ¤ s¸·4¹ µ4¢�F' '¶Y� º±´
��� ø-J Æ�:�³ s� ¤� ø õ
ö ��� | ù ¤ 2 ���
��5 | º (39)

s @B� .

(28)
¥ � (39)

ö Õ�� ø ß � 1 � ¤ â õ ¤ � �� ø ß � 1 â 2 ß � 1 â � � ¤� øõ ¤ � ß � 1 � | â � 2Öß � 1 â �¼» ö �Y� | ù ¤ 2 ��� ö � ùF2 | º¾½õ ß � 1 � | â ö ¤ �´��5 º ù õ (40)

C ð ´�� ëuK D K ¸�³B� s�� ø ��{i¤ � �}� L õ �±{ �� ø ß ¤ �Â�1 â 1z� Lõ �±{ ö ��� | ù ö ¤ �´��5 º ù � Lõ �±� ö ¤ �´�Y5 º ù ���<�"!
õ M õ ö � �¾� �"! õNM

on boundary
ù

(41)öu÷oø þC�	�k�¡ �¢�£ (37) «NB}D.B	F-G(H�¦�§�ª�D�¼���C s £C¿ÁÀ�Â Ã 4.
4 Ä�ÅÇÆ4ÈÊÉ3ËEÌÎÍtÏEÐ�ÑÇÒiÓÕÔ+Ö}×3Ø�Ù¸ÒiÚÜÛ±Ý . Ï}ÐiÑÇÒiÓÕÔEÞ�ß_Ø�àiËÜá�É¸âäã¸åÕæ±çè�é.èëêíì�îðïòñkóÎé.ó ê ì	ô ïô¼õ (42)
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. ;7<-=
>@?BABC�D5E�FB;7<@GIH 9IJ-K�LM�N"O0P2QBR@SUT�V WYXW[Z�\�]_^Y`
a bced�f�g2h `i\:j7a k lnmc (44)J+op9
. qBq�G c h m V@r
s2t@s ;7< O%u@v , DUw , j V5x2y w MIO%z�,U{2*7|Y} GIH9

. ~ L , d V@� ; uBv7��!���} G"H 9 .

(44) ��� (28) �I� WW[Z����B� g c+� \ � g c � ^ � � ]_`
a b� X�� ��� (45)q s��5� <@�2G2��� 8�9pJWW[Z k�� �B� g l�� \ k��iWW[Z�� �B� gc � c l��\ k���� g � ^[ ��¡]¢`Ia b� X£� � l��\ k�¤ � ]_`"a b� X�� � g � l¦¥\ § � �©¨ g � l¦¥ \:§ on boundary  (46)�@ª 3�!U#
$
&«([*-,�. (38)
Vp¬®­i¬0{B¯"°�x2yB± G"H 9 q J =I²�³ s�L .!U#�$
&´(+*%,p.-O%µB¶
·7o@¸
¹7V

, EIw-º¼»¾½ J�¿ ºÀ»�ÁÂ="ÃIÄ
Å@Æ5ÇUÈ�É �-4Ê 9:J+¶2Ë�K�Ì
8�1
. »¾½ h »�ÁÎÍ@ÏÐG V g \�§ hÒÑ \�§ J�8�9 . q O@Ó ,

!
#0$�&´(*5,:.%V k � �B� g lÔ� \ k �ÖÕ �B� g l�� a k �Ø× �B� g l��\ Ù®Ú�ÛÝÜ �B� lßÞ a�à�Ú�Û¡á g � lßÞ\ � Ùâà (47)J[o�9
. q2qãG Ù V Epw0ºä»¾½ O0å ³ , à V@¿ ºä»�Á O-å ³ ( æBç ) G"H 9 . �Bª 3!U#'$�&)(+*
,�. = xBy@8p9 q J �"� , H 9
Ó0è� Ã
Ä
Å0ÆBG 15L EIw
º Jé¿ º V ,ê�ëéì-í�î�ï'ðòñ�ó�ô , (39) õöÂ÷�øö¾ù@ú öö¾ùüû�ýÿþ������ û�� ÷�ø ú������ û	� û ý¢ú
����� û
� ÷�ø ��ú[û�� ø ú+û � ý� ù� ö¢÷Âøö¾ùUþ������Òû	� ÷Âø ú������ û
� ÷�ø ��ú+û	� ø (43)ð���� , ������� ë����� . !�" ó
#�$�%'&	(*)�+ ��,�-+õ*.�/�0��21 �4365 !�798;:�<�=�> .
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; s� �5ª 3�ACB�K�3ED ÃIÄ
Å7Æ0Ç�~B~®GIH 9 q JY 0o:9 .
8@oGFIH�!U#
$'& ([*,:.5O0x�y�V

, E"w0º J+¿ º O J ÅGKML OON = x�yB8i9 ,
JY1QP�RCS'T�·@oB¸I¹��U /

.�:�+ÃWV  , ;�<YX  E�w5ºB= »�Z h\[ \ b h � h � � � J^]_Np ByW`�K-3U1�9
MUN:�@4 Ê3aD
, k�� �B� g l�� \cb Z Ù Z Ú Ûed �B� lßÞ \Ib Z Ù Z à Z � (48)

q2q�G à Z V »�Z  �p��fhg s�9jiU��kGl28:9'¿BvpOWm�¬on%!7$ GUH � (44) �p�
pN GIH 9rq = FGs�9 :WW[Z Ú Ûed �B� l¡Þ \ Ú Ûed �ut �t ZB] � f�Ñò� � lßÞ\ Ú Ûedwv d�f%gc ]�^��n`Ia b� � � �yx � lßÞ\ § (
¨ g z lßÞ   (49)�@ª 3 Ã{V O%M�N G D , E"w-º O J ÅGKML OON = x�yB8�9 q J2J[o�9 .
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Landau,L.D. andLifshitz, E.M.(� ), �W�_�o� , �'�E�O� , �c�j�_� ( �'� ), 1962:� � E
F T – �{�C�W� O-� F�w T – �^� 1 � .
¬%{����i(�m0*Enr�ã¶G�2µ@¶WT  S

, ¡G¢o£�¤ .¥E¦�§G¨
, 1990:

� EI;@<
w T{©oª . GFD «G¬ � � � EI;@<Iw T �j� 2 ­ .

Moffatt,H.K,1969:Thedegreeof knottednessof tangledvortex lines. J.Fluid Mech.,
35, 117–129
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1989 ÎGÏÑÐ 1993 ÎoÒ{¡_¢CÓ'Ô{ÕWÖW×_Ø_ÙCÚ�ÔGÛCÜ�ÝGÞ�ßcàCáWâ , ãCäCÚå_æèç
é ¬êÜMë æèç
é ¬'«_¬íì�îðï´ñ@Ò{ò»óràCáIôõïOë�Üõöoô . ÷WøWù ÍCú»ûrüý ÒEþ�ô ÿ����oãGä��{Ô����
	 (1990-07-03)Üõö�� , 
������ , �����
��� ,
úEûüCý

, �����´Òcþ{ójà ÿ MHD Ò��
��ô ��!oÒ#"%$Mô'&�(�)�	Mñ+*jà�,�-/.10�ßMâ
(2002-07-12).

æ ç�é32�4�5�6 �Iþ87�9�:�ñ8;�<>=@?_ÒBA3�#*ràDC�ß´â/$%E'à_ë�F
�ÒHG�I�$Mô´ïrë�Ü´öoô .

Ë3J/K_Í
, ÕGÖWã ä��ML#N�O�Poë�Q�R
S 2�T =´ì8U Üoë�ÔHV�WHXoë%YHZhñ\[M]õë%^_ ëM��`íñB*êà

http://www.gfd-dennou.org/arch/riron/mhd/teishiki/pub

Ò��GáCàMacbd0
ßMàCáõô'ïÂëÂÜ´ö�ô . c
e úcû@üGý f 
M�3��� f ���'����� f �����

(S.Yoshida, S.Takehiro,Y. SasakiandY.-Y. Hayashi)2001.
ËcJMK'Í

, gCø 6 ë+h�ij Ò/k�l�*ÂòWá ( m_×cnêÏ���ò_á ) o1�;Ò��Gá_àqpBr�Ò j ]>*OàCáCâ+sIáCàHtCÞWòá . ò�� ,
j ]�$Iô%u{Ò ÍHv �HwqpGÐ�x'y3n�z{Ïd{_ô�|´ñ}nM�B~´á%$Mô ( ��&������� ÷�) ).

Ë#JBK Ò+���
ßYô}� J%K/��� 6 ( ���WëÂùH�M�#n��#� ) Ï�Ð Í , .%�#�OòM��Ü'ë WEB
U{Üoë%gWø�i>�êâ Í�� ]�����n/�Wà_áCò_áH!���îEöoô6î , �
�CòOî Ð , ÿ��H�oë%�� 	êë�â
{{ë/^ _ ñ;á���Ô�V����OÜ�ö´ô�|´ñ}n��OÚ� 'áGâ�s��'ô�ïrëcñ¢¡3£ , ÔMV¤#¥ ë�¦']#�H§cnM¨oô�|´ñ
Ü�h��H©�-�n�ª�0\«�àGáGâ'sõáGàGáoô .

Ë3J%K ë j ] 6Ò Í , |Oë�¬
nêÚ� oëHU , ­�®>*Âà�¯»óràCáCâ+s°��ô'þ±�8�%~´áM$cô . ²�� , ³�´��ëGöoô !#�'Ò Í
riron@gfd-dennou.org

�jÜ�µ�¶�*jà_áGâ%s°�@ß#·
¸'á�Üoöoô .
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