4pHW#A #B #C !J 0lHL !K != #1 J?@. 14 G/EY 4pHW8&5f !J #A !& #B !& #C !K 8&5f7W2hD4=q !J ?75, !K Cm #1 . JLESJ?@. 14 G/EY4pHW8&5f !J #A !& #B !& #C !K ( 0lHL ) 8&5f7W2hD4=q:n@.!&5-F~MWNN ( rt?’ ) $r ;2>H $7 $F $/ $@$5$$ !# Cm#2 . "( 0u$NMs $O 8&5f5!4X $K $*$$$F5-F~ $7 $F $/ $@$5$$ !# "( 5!4XHV9f "( @0M}HV9f 4pHW8&5f A B C 8&5f (1) (2) ?3::6hJ, 0l HL ?3:: 4uK> ItLg It J, 2J :Y L\ It!&J, 2J!&:Y L\ HV 9f 4p HW8& 5f (C) $G$N?=@A $N$&$A!" It !& J,2J !& :YL\ HV 9f !V 632 !W !V 635 !W !V 636 !W !V 652 !W !V 658 !W $rA*Br $7 $?>l9g !" J, 3d HV9f $N $I $A $i $+0lJ} $rI, $:!{ $G0O $s$G$/ $@$5$$!# 7O J,3dHV9f ?M!&J* 2=!&@8 #1 #2 9- NN 0h $U $j $, $J 8& 5f Be I= <T ;a L> 0u =j B0 8& 5f 5! 4X !& It 6I !& ?& 8& 5f 2] Bj 8& 5f 7P Hq @i1_L$K~ $N C<?t $O @Z$j <N $F$k G/ EY J? @. 14 G/ EY J? @. 15 G/ EY J? @. 16 G/ EY J? @. 17 G/ EY Am 7W 8& 5f 7P Hq !J @i1_ !K ;H MQ Fb Lu !J @i 1_ !K @_HwHw IJHq >C LW IJ Hq 9q Fb N9 Hq 30 9q N9 Hq <U 6b $= $N B> 8& 5f AH ?% !J 8& 5f Be I= <T 5Z$S 8& 5f J, C4 <T !K !J 8& 5f J, C4 <T $b !" K\ 8& 5f 7W 2h$K >o ;~ ;2 2C $9 $k <T$G $9!# !K !! ;a L> !J G/Np !K =j B0 8& 5f 5! 4X !& It 6I !& ?& 8= :_ $N @l Lg 3X 0L Lr 3d J, C4 !J K\G/EY$N8&5f<B;\7W2h$KBP$9$kJ,C4;v9‘ !K J? @. 14 G/ EY 8& 5f 7P Hq 8&5f7PHq9g7W !J 8&5f (1) $N$_ 3:Ev !K 9g7W L> !J $& $A B> 5! 4X $N J, C4 <T L> !K 4pHW8&5f !J #A !& #B !& #C !K 8& 5f 5! 4X L> 8&5f Be I= <T ;a L> !{ !{ M}3X E7J83X 311 14301 !! $7$P $? $+$:$J $j <F ED 0l @. 5~ETBg3X!&Bg3X1!M}3X8&5f2J!&65<x B@M[ %U %l %" H/@85!9= $N 2rL@ $H %,%s %^ @~ %P!< %9 %H $X$N 1~MQ 3,855 1,756 1,371 302 217 209 0 1,110 0 0 302 404 209 195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,965 1,756 1,371 604 621 418 195 <FED 0l@. (47) 5~ETBg3X!&Bg3X1!M}3X8& 5f2J!&65<x B@M[ 1’ Ch %W %i %: %^J*M}3X M}3XGn ;N 8&5fAm3g 9u2O 9(4k (59) 5~ETBg3X!&Bg3X1!M}3X8& 5f2J!&65<x B@M[J*M}3X M}3XGn ;N B@M[%U %l %" !&%U %# %i %a %s %H J. =P$N4QB, KL0f Ni;0O: (53) 5~ETBg3X!&Bg3X1!M}3X8& 5f2J!&=u65<x B@M[J*M}3X M}3XGn ;N B@M[3hF0NN0h$N4QB, >eLn 8g (30) 5~ETBg3X!&Bg3X1!M}3X8& 5f2J!&=u<j B@M[J*M}3X M}3X=$ ;N B@M[8w5e<’>l$N4QB, Ln>e Bg:n (30) 5~ETBg3X!&Bg3X1!M}3X8& 5f2J!&=u<j E7BNJ*M}3X M}3XGn ;N O"@17O%U %l %" $*$h $S%,%s %^@~ %P !< %9 %H $N 4QB, 2#;3 1{L@ (35) 9qN)E7J8Bf!&EEGHE7J83X 8&5f7O!&=u<j B@M[J*M}3X M}3XGn ;N B@M[%U %l %" $N EEGH!& X @~4QB, $*$h $S EE<’N.BN?tCM %7 %_ %e %l !<%7%g %s Nf=E ?5 (44) 5~ETBg3X!&4pACJ*M}3X8& 5f=j!&65<x E7BNJ*M}3X M}3XGn ;N 9_Ce1_HW%U %l %"$*$h $S%,%s %^ @~ %P!< %9 %H $N M}O@ 3$306&F18&5f<T T. T a jima (52) Univ. T exas, Prof. Physics Ph.D. %W %i%: %^J*M}M}O@ 7 1 5~ETBg3X <FED 0l@.

4pHW#A #B #C !J 0lHL !K !=#2 !J 6b3[C10L!’@i1_ !K @_ Hw Hw IJ Hq $N L@ :Y B??t $N?^ =q!" ;q NA $r9XF~ $9$k >l 9g $O !V @>MNCf @$ @/<# ;K 4X 78 ?^=q!W $N $h$& $K $" $kDxEY!" ?^=q!" ;qNA $NFbMF $, H=L@$9$k $h$& $JI=8= $G5-F~ $7 $F $/ $@$5$$!# >CLWIJHq$NL@:Y G/ EY IJ L>!&;E MM !J ?tNL!_C12A !K !J @_CV5!4X !K 6b 3[ IJ L> 6b 3[ N9 Hq Ey $NL@:Y !J 5-F~ $KEv $?$C$F $O !" 4p HW 8& 5f !J #A !& #B !& #C !K !J 0lHL !K 8& 5f7W 2h D4 =q:n @. !&5-F~ MWNN $r;2 >H $7 $F$/ $@$5 $$ !# !K G/EY 9q Fb N9 Hq 30 9q N9 Hq <U 6b $= $N B> ;v 9‘ ;v 9‘ ;v 9‘ ;v 9‘ 6b 3[ 6b 3[ 6b 3[ 6b 3[ J?@. 14 ( %0 %i%U %# %C%/%Q %=%3 %s ) ( %+ %9%?%‘ PC) (2 x 322) ( 5~ETBg3X ) 644 RAID %G %# %9%/ Au CV ( %K %e!< %F%C %/ Con�dence A T A/F C 560MB) (1 x 995) ( 5~ETBg3X ) 995 %.%,%S %C %H %M%C %H %o!< %/AuCV (Netgear <R ) (1 x 117) ( 5~ETBg3X ) 117 3 <!852D;k2=%=%U %H A VS 818 %G !<%? 2r@OMQ%=%U %H IDL 480 JBNs F ortran %3%s %Q %$ %i 73 7W 1,756 7W 1,371 J?@. 15 7W 0 7W 0 J?@. 16 7W 0 7W 0 J?@. 17 7W 0 7W 0 J?@. 14 @. 2L H/ I= ( 5~ET - El5~ 2 Gq 3 F| x3) 169 D4 :: !& 8& 5f N9 Hq 0 8& 5f BG 9g $; N9 Hq ( HtBM - 5~ET , LnJU;3 - 5~ET ) 133 @. 2L H/ I= 217 D4 :: !& 8& 5f N9 Hq 0 8& 5f BG 9g $; N9 Hq 0 8& 5f Jd =u 108 @l Lg E* CN <1 $N Ds 6! 101 ;q NA Ds 6! !& 1\ Mw 0 30 9q 8l O@ J8 $N 9; 1\ 0 7W ;; 5! ;H MQ NA 0 5! 4o $N %l %s %? %k NA 0 2q 5D Hq 0 0u :~ Hq 0 8& 5f @. 2L Ej 9F NA 0 8& 5f ;Y 1g <T 8[ MQ Hq 0 7W 302 7W 217 7W 209 7W 0 J?@. 15 @. 2L H/ I= ( 5~ET - El5~ 2 Gq 3 F| x3) 169 8& 5f BG 9g $; N9 Hq ( HtBM - 5~ET , LnJU;3 - 5~ET ) 133 @. 2L H/ I= 198 8& 5f BG 9g $; N9 Hq 206 8& 5f Jd =u 108 @l Lg E* CN <1 $N Ds 6! 101 0u :~ Hq 195 7W 302 7W 404 7W 209 7W 195 J?@. 16 7W 0 7W 0 7W 0 7W 0 J?@. 17 7W 0 7W 0 7W 0 7W 0

4pHW#A #B #C !J 0lHL !K !=#3 4pHW8&5f !J #A !& #B !& #C !K 8& 5f 5! 4X L> 8& 5f Be I= <T ;a L> 8& 5f L\ E* !{ 1 2J 3X 8& 5f Hq $N 8r IU $r 4u K> $9 $k 4| 4V Fb $K 2? $r $I $3 $^ $G L@ $i $+ $K $7 $h $& $H $9 $k $N $+ !" !{ 2 Ev 3: J, Ln $K $* $1 $k $3 $N 8& 5f !J 7W 2h !K $N 3X =Q E* $J FC ?’!&FH AO E* $J E@ 5Z $S M= A[ $5 $l $k 7k 2L $H 0U 5A !" !{ 3 9q Fb 30 $N 4X O" $9 $k 8& 5f $N Cf $G $N Ev 3: 8& 5f $N 0L CV $E $1 !! $K $D $$ $F >G E@ $r 9J $j !" 6q BN E* $+ $D L@ 3N $K 5- F~ $7 $F $/ $@ $5 $$ !# $^ $? !" 4p HW 8& 5f !J #A!&#B !K $G !V 9- NN 0h !W $G ?3 :: $r 4u K> $9 $k >l 9g $O !" $= $N M} M3 $r 5- F~ $7 $F $/ $@ $5 $$ !J 3: Ev $9 $k >l 9g $N $_ !K !# 5~ETBg3X <FED 0l@. 1991 G/#87nKv $K BG$A>e $2 $i$l $? 2f $, 9q$NB@M[ X @~4QB,1R@1 !V $h $& $3 $& !W $O !" B@M[ %U %l %"$K $* $1 $k %(%M %k %. !< 2rJ| $, <’5$%j %3%M %/ %7%g %s 5!9= $K $h$k$3$H$r3NN) $7 $? !# $7 $+ $7 $J$,$i !" <’5$%j %3%M %/ %7%g %s$K ;j$k2aDx$dIU?o $7 $F 5/ $3 $kN3;R2CB.5!9= $J $I $K $D$$$F$O !" L$2r7h $N$^$^ $G$"$C $? !# K\ 8&5f$N L\E* $O !" 0J>e$N ;D$5 $l $? Ff$r L@ $i$+$K $9 $k$3$H$K $h $j !" B@M[ %U %l %"$N H/ @85! 9=$r 2r L@ $7 !" $= $3$G F@ $i $l $? CN8+ $r B@M[0J30 $N E7BN %U %l %" 8=>] !" $H $/ $K !" %,%s %^@~ %P!< %9 %H$K 1~MQ$9$k $3$H $G $" $k !# $=$N$? $a !" BgNL $NB@M[4QB, %G !<%? $r =8$a $F Am9gE*E}7WE* $K 2r@O $7 !" Bg5,LO?tCM %7 %_ %e %l !< %7%g %s $N 7k2L $H Hf3S$9$k $3$H$K$h$C $F !" %U %l %" H/@8$N%( %s%8%s ItJ, $G$" $k<’5$ %j %3%M %/ %7%g %s $N J*M} ( 3+;O>r7o !" %W %i%: %^J.=P !& N3;R2CB.5!9= ) $N 2rL@ $r$M$i $& !# B@M[ %U %l %"$H %,%s %^@~ %P!< %9 %H $N 4QB, %G !<%? $K$O B?$/ $N N‘;wE@ $, ;XE&$5 $l $F $$ $k $, !" N><T $N K\3JE* $J Hf3S8&5f $O @$3&E* $K $b$^ $@ $J $5 $l $F $$$J $$ $N$G !" 2f !9 $O $= $l $r =i$a$F ?d ?J$9 $k !# $5$i$K !" #4G/ 8e $K BG$A >e $2 $r 95$($F $$ $k Solar B 1R@1 %W %m %8 %’ %/ %H $r ;Y1g$9 $k$?$a$N @_Hw $r$3 $N #3G/ 4V$N $&$A $K 2V;3E7 J8Bf $K @0 Hw $7 !" I, MW $J ?M:‘ $r 0i@.$9$k !# K\8&5f$NFC?’ !"FHAOE* $JE@ 5~ETBg3XHtBME7J8Bf $G$O !" @$3&:G@hC< $N9bJ,2r8w3XB@M[4QB, $r B3 $1$F $*$j!" 5.=E $J 4QB, %G !<%? $, ?tB?$/C_@Q$5 $l$F $$ $k !# $^ $? !" $o $, 9q $O !V $h $& $3 $& !W 1R@1 %G !<%? !" LnJU;3EEGH %X %j %* %0 %i%U$J $I !" @$3&:G9b $NB@M[4QB, %G !<%? $r M- $7 $F$$ $k !# $3 $l$i $N %G !<%?$H =t309q $N 8x3+$5 $l $F $$$k 3F<o1R @1 !?CO>e %G !<%?$r Am9g$9 $l $P !" @$3& $K N‘$N$J$$ %G !<%?2r@O $,$G $- $k !# $5 $i$K !" K\8&5f %0 %k !< %W $O @$3& %H %C %W %/%i%9 $N <’5$N.BN?tCM %7 %_ %e %l !< %7%g %s %3 !< %I $r 3+H/:Q$_ $G$" $j !" $= $l $r 6n;H $7 $F 4Q B, %G !<%? 2r@O $H Hf3S8&5f $, $G $- $k $N $O !" K\8&5f %0 %k !< %W $@$1$G $" $k !# >e $K$b =q$$$?$h $& $K !" B@M[ %U %l %"$H %,%s %^@~ %P!< %9 %H $N Hf3S8&5f $H$$ $& $N $O !" A4$/?7 $7 $$ ;n$_ $G$" $k !# M=A[$5 $l $k7k2L $H 0U5A <!$N$h $& $J4pK\2]Bj $, 2rL@$5 $l $k $H 4|BT$5 $l $k !’ #1 ) <’5$ %j %3%M %/ %7 %g %s $N ?J9T$9$kB.$5 !J %l %$ %H !K ( !aC1 0L;~4VEv$?$j$K $D$J $. JQ $o $k <’B+$N NL ) $N <’5$ %l %$%N %k%: ?t0MB8@- !" #2 ) %j %3%M %/ %7%g %s$K $H $b$J $& %W %i%: %^ J.=P $H N3;R 2CB.$N4X78 !" $*$h $S !" $=$N H/@8>l=j !" #3 ) %j %3%M %/ %7%g %s 3+;O >r7o !" #4 ) EEN. %7 !< %H 7A@.5!9= !# $3 $l$i $N $&$A !" #3 ) !" #4 ) $O Ht BME7J8BfF@0U$N Ib>e<’>l$d $M $8 $l $? <’B+ $N 4QB, $r DL $8 $F !" 7P83E* $K FCDj $G$- $k $H 4|BT$5 $l $k !# 0J>e $NCN8+ $O !" E7BN %U %l %" !" $H $/ $K !" %,%s %^@~ %P!< %9 %H $N M}O@ $r H/E8$5 $; $k>e $G !" $- $o$a$F Lr $K N)$D $H 9M $( $i $l $k !# Ev3:8&5f$N0LCVIU $1 K\8&5f $G$O !" K\ %0 %k !< %W F@0U$N<’5$N.BN?tCM %7 %_ %e %l !< %7%g %s$r 3hMQ $7 $D$D !" Am9g %G !<%?2r@O $r ?d?J$9$k !# $=$N$?$a $K !" 5~ETBg3X $N 2V;3E7J8Bf $K !" 3F<o %G !<%? 2r@OMQ$N7W;;5! !& AuCV $r @0Hw $7 !" HtBME7J8Bf $G F@ $i $l $? 4QB, %G !<%? !" !V $h $& $3 $& !W $r $O $8 $a$H $9$k3F<o1R@1 %G !<%? !" CO>e %G !<%? $J $I $=$m $( !" 2V;3E7J8Bf $r$o $, 9q $K $* $1 $k B@M[ %G !<%? 2r@O %; %s %?$N 0l$D $H $7 $F 0LCVIU $1 @0Hw$9$k $3$H $r L\;X$9!# $3$N $h $& $J @0Hw $O 2005 G/ BG$A >e $2 M= Dj$N Solar B 1R@1 $K $h $kB@ M[8& 5f$N;Y 1g $H$$ $& E@ $+$i $b$< $R I,MW $G$" $k !# >-MhE* $K$O !" 8=:_M}O@E* $K ?J $a$D$D$" $kE7BN %U %l %"!" %,%s %^@~ %P!< %9 %H $N 8&5f $r !" 4QB,LL $K $b 3HD% $7 !" 5~BgE7J8Bf $N Cf?48&5f2]Bj $N 0l$D $H $7 $? $$ !# BeI=<T $O 0l:rG/ !J 1999 G/ !K #47n $K 9qN)E7J8Bf$h$j5~Bg2V;3E7J8Bf $K 0\@R $7 $? $, !" 2V;3E7J8Bf $K $O !" 8=:_ !" BgNL $N1R@1CO>e4QB, %G !<%?$d ?tCM %7 %_ %e %l !< %7%g %s %G !<%? $r =hM}2r@O$9$k@_Hw !J 9bB. %o!<%/%9 %F!< %7%g %s !" BgMFNL %G !<%? J]B8AuCV $J $I !K $O 40Hw $7 $F $* $i$: !" Ev3:7W2h?d?J $, 6K $a$F :$ Fq $G$" $k !# 2V;3E7J8Bf $K $*$$$F 5~BgM}3XIt1’ChJ*M}3X65<< $N Bg3X1!@8 $r ;XF3 $7 $D$D ?7 $? $K 8&5f %0 %k !< %W $r AH?% $7 8&5f@.2L$r =P$9 $K$O >e5-$N AuCV $, IT 2D7g $G$" $k !#$^ $? !" Solar B 8&5f $G 3h Lv $G$- $k?M:‘0i@. $O !" F|K\ $N E7J83X!&B@M[J*M}3X $N H/E8 $H$$ $&8+CO $+$i $b !" 5^L3 $N 2]Bj $G$" $k !#

4pHW#A #B #C !J 0lHL !K !=#4 !J !V 8&5f7W2h:G=* G/EYA0G/EY$N?=@A !W !J 8xJgMWNN#7 JG;2>H !K $H $7 $F 8&5f7W2h$r:F9=C[$9$k$3$H$r 4uK> $9 $k>l9g$N $_ 5-F~ !K FC JL ?d ?J 8& 5f Kt $O4p HW 8& 5f $K $h $k 8& 5f 7W 2h 5Z $S 8& 5f @. 2L 8& 5f Be I= <T $H $7 $F 9T$C$F $$ $k FC JL ?d ?J 8& 5f 5Z$S 4p HW 8& 5f $N $& $A 8& 5f 4| 4V $, 4 G/ 0J >e $G !" $+ $D !"J? @. 14 G/ EY $, :G =* G/ EY $K Ev $k 8& 5f2]Bj$NEv=i8&5f7W2h5Z $S $3 $N8&5f$K$h$C$FF@$i $l $??7$?$JCN8+Ey$N8&5f@.2L$K$D$$$F6qBNE*$+$DL@3N$K5-F~ $7 $F $/ $@$5$$ !# 8& 5f <o L\ L> ?3 :: 6h J, 2] Bj HV 9f 8& 5f 2] Bj L> 8& 5f 4| 4V J?@. G/EY !A J?@. 14 G/EY Ev =i 8& 5f 7W 2h 5Z $S 8& 5f @. 2L

4pHW#A #B #C !J 0lHL !K !=#5 => Mh $N 8& 5f 7P 2a 8& 5f @. 2L $^ $? $O =‘ Hw >u 67 Ey h I 5Z $S I I $r6h JL $9 $k $? $a!" I $r5- F~ 8e $OE@ @~ $r 0z $$ $F J, $1 $F $/ $@ $5 $$ !# i I !% $3 $N 8& 5f 2] Bj Kt $O $3 $l $K L) @\ $K 4X O" $7 $? 8& 5f 2] Bj $G !" 8& 5f Be I= <T $, => Mh <u $1 $? 2J 3X 8& 5f Hq Jd =u 6b $N 8& 5f <o L\ !" 4| 4V !J G/ EY !K !" 8& 5f 2] Bj L> !" 8& 5f 7P Hq $r 5- F~ $N $& $( !" $= $l $> $l $N Ev =i $N 8& 5f 7W 2h !" 8& 5f 7P 2a 5Z $S 8& 5f @. 2L Ey $K $D $$ $F !" 6q BN E* $+ $D L@ 3N $K 5- F~ $9 $k $H $H $b $K !" $= $N 8& 5f @. 2L $r $U $^ $( 8& 5f $r $I $N $h $& $K H/ E8 $5 $; $F $$ $/ $N $+ !" $^ $? !" =‘ Hw >u 67 Ey $K $D $$ $F !" >GE@ $r 9J$j!" 6qBNE* $+$D L@3N $K 5-F~ $7 $F $/ $@$5$$ !# I I !% I 0J 30 $G !" $3 $N 8& 5f 2] Bj Kt $O $3 $l $K L) @\ $K 4X O" $7 $? 8& 5f 2] Bj $G $& $1 $? !" 2J 3X 8& 5f Hq Jd =u 6b 0J 30 $N 8& 5f Hq !J B> I\ >J!&CO J} 8x 6& CD BN!&8& 5f =u @. K! ?M!&L1 4V 4k 6H Ey $+ $i $N 8& 5f Hq $r 4^ $‘ !# !K $K $* $1 $k $= $l $> $l $N 8& 5f 7P 2a!&8& 5f @. 2L Ey $K $D $$ $F !" L> >N !" 4| 4V !J G/ EY !K !" 8& 5f 2] Bj L> !" 8& 5f <T !J 8& 5f Be I= <T Kt $O 8& 5f J, C4 <T !K ;a L> !" 8& 5f 7P Hq $r 5- F~ $N $& $( !" 6q BN E* $+ $D L@ 3N $K 5-F~ $7 $F $/ $@$5$$ !# 4pHW8&5f !J #A !& #B !& #C !K 8&5f5!4XL> 8&5fBeI=<T;aL> =>Mh<u $1 $? 8&5fHq $H $=$N@.2L !J ;29MJ88% $O I.<T $N 4X78$9$k$b $N$N$_$r <($9 !K I. 2J3X8&5fHq J8 It>J 2J3X 8&5f HqAm 9g8& 5f#A !" J?@.#3 G/!] #4G/ !" !V 3hF0 E*E7 BN $K $*$1 $k<’ 5$ N.BN 8=>]$N M} O@E* 8&5f !W !" BeI= !’<FED0l@. !" 7PHq !’#5#8#0K|1_ E7BN $K $* $1 $k<’5$ N.BNIT0BDj@- !" <’5$E*1’Ch %8%’ %C %H 2CB.5!9= !" <’5$%j %3%M %/ %7 %g %s !" $J $I $N 2]Bj $K 4X $7 $F !" J,C4<TLs#2 #0L> $H$H$b$K >.8&5f2q$r2?EY$b3+$$$F !" 8&5f8rN. !" 6&F18&5f $r ?d?J $7 $? !# $=$N 7k 2L$H $/ $K !" !V $h $& $3 $& !W B@M[ 4QB, 1R@1 $K $h $kB@ M[%3%m%J!&%U %l %"$K $*$1 $k<’ 5$ %j %3 %M %/ %7%g %s $N 4QB,E*8&5f $H 4XO"$9$k?tCM %7 %_ %e %l !< %7%g %s 8&5f $, Bg $- $/H/E8 $7 $? !# $= $N BeI=E* $J 8& 5f@.2L $O !" 2#;3 !& <FED $K $h $kB@M[ %3%m%J %8%’ %C %H $N <’5$%j %3%M %/ %7 %g %s !& %b %G %k ( ?tCM %7 %_ %e %l !< %7 %g %s ) $G $" $k (Y ok o y ama and Shibata, Nature (1995) 375, 42) !# ........................................................................... I I. $=$N B>$N8&5fHq 1) F|K\3X=Q?66= 2qF|FH6(F1;v6H 6&F18&5f !" J?@.#6G/!<#8G/ !" !V L5>WFM %W %i%: %^Cf $K $* $1 $k <’NO @~:F7k9g2aDx $N 8&5f !W !" BeI= !’;{BtIRIW!&ElBg65<x !" J,C4 !’<FED0l@. $[$+ !" 7PHq !’#3#3#0K|1_ I.<T $O !" ;{BtIRIW !" M. Scholer $H$H $b $K !" B@M[ %U %l %"$H <’5$7w%5 %V %9 %H !<%‘$N Hf3S8&5f $r ?d?J $7 $? (T erasa w a, Shibata, Scholer (2000) Adv. Space Res. 26, 573) !# $^ $? 2#;31{ L@ $H$H$b$K G.EA F3 $r 4^ $‘<’5$%j %3%M %/ %7%g %s $N ?tCM %7 %_ %e %l !< %7%g %s $r @$3& $G =i $a$F 9T $J$$ !" %+%9 %W 7A>u $N%U %l %"$N 9=B$ $r @bL@$9$k $N $K @.8y $7 $? (Y ok o y ama and Shibata (1997) ApJ 474, L61, (1998) ApJ 494, L113) !# 2) F|K\3X=Q?66= 2qF|JF6(F1;v6H 6&F18&5f !" J?@. #1#2 G/!<#1#3G/ !" !V B@M[%3%m%J$H CO5e<’5$ 7w $K $* $1 $k<’5$%j %3%M %/ %7 %g %s !W !" BeI= !’<FED0l@. !" 7PHq !’#5#0#6K|1_ I.<T $O !" K. Nishik a w a ( JF9qB&BeI= !’ %i %H%, !< %9Bg ) !" D.EDG& ( 5~BgM}CO5eJ*M} ) $i $H 6& $K !" B@M[ %3%m%J$H CO5e<’5$7w $K $* $1 $k<’5$%j %3%M %/ %7 %g %s $N 4QB, %G !<%?$N >\:Y2r@O !" <’5$N.BN (MHD) !" %O %$ %V %j%C %I !" N3;R %7 %_%e %l !<%7%g %s $r 3hMQ $7 $? B@M[ %U %l %"$H %5 %V %9 %H !< %‘ $N J*M}E*2rL@ $r ?J $a$D $D $" $k !# $3$N 6&F18&5f $O B@M[ %0 %k !< %W $K $H $C $F $O !" N3;R %7 %_ %e %l !<%7%g %s $N <jK! $r 3X $S !" N3;R2C B.5!9=$r 8& 5f$9 $k @d9%$N 5! 2q$H$J $C$F$* $j!" K\2J8&Hq$N 8&5f$H$O Aj JdE*$J Lr3d$r 2L$? $7 $F $$ $k !# $3$N 6&F1 8&5f$N 7k2L !" CO5e<’5$ 7w%5 %V %9 %H !< %‘$G dawn-dusk ( D+ M< ) HsBP >N@-$H $7 $F CN $i $l $F $$ $? #3<!85%j %3%M %/ %7%g %s 8=>] $H N‘;w$N8=>] $, !" B@M[ %3%m%J $K $* $1 $k 5pBg %"!<%1!< %I $G $b H/8+$5 $l $? ( O@J8 $O !" Isob e, Shibata, Mac hida (2001) Geophys. Res. Lett. $K Ej9FCf ) !# 3) L14VEy $H$N 6& F18&5f !" J?@. #1#3 G/ !" !V 1’ ChE75$M=Js$N4p AC $H $7 $F $N B@M[ LLGzH/M=JsMQ%=%U %H $N 3+H/ !W !" BeI= !’<FED0l@. !" 7PHq !’#3#9#7K|1_ 5~ETBg3X <FED 0l@.

4pHW#A #B #C !J 0lHL !K !=#6 => Mh $N8& 5f 7P 2a 8&5f @. 2L Kt $O=‘Hw >u 67 Ey !J $D$E $- !K 6aG/?MN‘ $N1’Ch6u4V$X$N?J=P $, <!Bh $K IQHK $K$J $k $K$D $l !" B@M[ $G H/@8 $7 $? GzH/8=>] $, ?M9)1R@1 $d 1’ChC5::5! $J $I $K =EBg $J 1F6A $r M? $($k$3$H $, $o$+$C $F$-$? !# 1R@1Ek:\5!4o $d1’ChHt9T;N$N0BA4 $N$?$a $K !" B@M[GzH/8=>] $r ;vA0 $K M=Js$9$k $3$H $, 6[5^$N2]Bj $H$J$C $F$*$j !" CO>e $NE75$M=Js $K$J $> $i $($F 1’ChE75$M=Js $H$h $P$l $F $$$k !# K\6&F18&5f $O !" L14V $N1’ChC5::5!$dL14V?M1’ChHt9T;N $, F|>oE* $K$J $k $G$" $m $&6aL$Mh $K Hw $($F !" 5~BgImB0E7J8Bf $H @iN$9q:]>pJs;v6H:bCD $, 6&F1 $G !" 1’Ch E75$M=Js $N 4pAC $H$J$k B@M[LLGzH/ $N M=JsMQ %=%U %H $N 3+H/ $r L\;X $7 $F $$$k !# 5~BgImB0E7J8Bf $O 1’Ch E75$M=Js $N 4pAC $H$J$k CO>eB@M[4QB, $G @$3&Bh #1 5i $N %G !<%?$r <hF@ $7 $F $*$j !" $3 $l$K $o $, 9q $N !V $h $& $3 $& !W 1R@1 $J $I $G <hF@$5 $l $? 1R@14QB, %G !<%? !" E7J8BfM}O@ %0 %k !< %W $N EE<’N.BN?tCM %7 %_ %e %l !< %7%g %s 8&5f$N7P83 !" $5 $i $K !" @iN$9q:]>pJs;v6H:bCD $N$b$D%=%U %H 3+H/$N7P83$d %N %&%O%&$rAH$_9g $o$; $k$N $, K\ 8&5f$N FC ?’ $G $" $k !#8=:_ !" M=JsMQ%=%U %H $N 4pAC$H$J $k !" 4QB, %G !< %?%Y !< %9$N 9=C[ !" 4QB, %G !<%? 2r@OMQ %=%U %H !" ?tCMM=Js !J %7 %_ %e %l !<%7%g %s !K MQ %=%U %H $N 3+H/ $r ?J $a$F$$ $k !# K\8&5f $NCeA[ $K ;j$C$?7P0^!&=‘Hw>u67 0J>e $+$i$b$o$+ $k$h $& $K !" K\8&5f $K ;j$k %k !< %H $O 85 !9 Fs $D$"$C$?!’ !| <’5$%j %3%M %/ %7 %g %s $N MHD ?tCM %7 %_ %e %l !< %7 %g %s !| B@M[ X @~4QB,1R@1 !V $h $& $3 $& !W $K$h $k%U %l %"$d %8 %’ %C %H $N 4QB, !V $h $& $3 $& !W X @~ %G !<%?$O$9$G$K#1#0 G/J,$NKDBg $J NL $, C_@Q$5 $l$F $*$j!" $*$= $i $/L$H/8+ $N Ju $, L5?t $K L2 $C $F$$$k $K 0c$$$J$$ !# $= $l$r H/7! $7 $J $$ <j $O$J$$ !# $$ $+$K 8zN(NI $/?7H/8+ $K ;j$k $+ $, LdBj $@ $, !" $= $l $r 2DG= $J $i $7 $a $k 0l$D $N <jCJ $, MHD %7 %_%e %l !< %7 %g %s$G $" $k !# MHD %7 %_%e %l !< %7 %g %s$K 4X $7 $F$O !" E7J8J,Ln $G$O !" I.<T $i$O @$ 3&E* $K 8+$F$b%Q %$ %*%K%"$G$" $k !#<B:] !" 9_Ce1_HW $+$i J.=P$9$k 1’Ch %8 %’ %C %H $N MHD ?tCM %7 %_%e %l !< %7 %g %s$K @$3& $G$O $8 $a$F @.8y $7 $?$N$O I.<T $i$G$" $k (Uc hida and Shibata (1985) P ASJ 37, 515, Shibata and Uc hida (1986) P ASJ 38, 631 !K !# I.<T $i $N MHD %7 %_ %e %l !< %7 %g %s 8&5f $O @$3&$N :G @hC<$r Av$C $F $*$j !" K\8&5f$N Bg $- $J Ip4o $N 0l$D $G$" $k !# I.<T $i$O%7 %_ %e %l !<%7%g %s$r Ip4o $H $7 $? $* $+ $2 $G !" 309q $NB@M[J*M}3X <T $K$G $-$J$$$h $& $J 8&5f $r$$ $/$D $+ @. $7 ?k $2 $k$3$H $K @.8y $7 $? !# $^ $? !" M}O@ %7 %_ %e %l !< %7%g %s 8& 5f $O B@M[ $N 4QB,E*8&5f $H 1’Ch %W %i%: %^8=>] $N 8&5f $r$D$J $0 5.=E $J 66EO $7 $N Lr3d$bC4 $C $F$$ $k !# 6a G/ $N %, %s %^@~%P!< %9 %H $N 4QB,$N 5^B. $J H/E8 $K $h $C $F !" %P!< %9 %H $N K\BN $O %8 %’ %C %H $G $" $k2DG=@- $, 9b$/ $J $C $? !# $3 $l $h$j !" %P!< %9 %H H/@8 $O 1’Ch %8 %’ %C %H N‘;w$N<’5$N.BN5!9= $K$h $k2DG=@- $, ;:$^ $l !" K\8&5f $N B@M[ %U %l %"$H$N Hf3S8&5f $H$$ $& %F!< %^ $K $D$J $, $C$? !# $5 $i$K !" 0l:rG/ !" I.<T $, 5~Bg $K 0\@R$9$k $3$H$K$h $C $F !" #3 $DL\$N %k !< %H$, @8$^ $l $? !# $= $l$O !|HtBME7J8Bf$* $1 $k9bJ,2r2D;k8w4QB, %G !<%? $r 3hMQ$9$k %k !< %H $G $" $k !# HtBME7J8Bf $G$O %I !< %‘ %l %9B@M[K>1s6@ $G @$3&:G9b%/%i %9 $N;#A|J,8w 4QB, $r 9T $J$C $F$*$j !" $=$N5.=E $J %G !<%? $, BgNL $K C_@Q$5 $l$F $$ $k !# $3 $l$K 2C $($F !" %U %# %i %a %s %H $d %5 !<%8 $J $I $N #1 K| EY Dx EY$N %W %i%: %^$N B. EY >l$r B, $k$3$H$, $G $- $k%U %l %" %b %K %? !< K> 1s 6@ $, B@ M[A4LL $r >o;~4QB, $7 $F $*$j !" $3 $l $b =t309q $K$O$J $$$-$o$a$F 6/NO $J Ip4o $G$" $k !# 0J>e $N$h $& $K%7 %_ %e %l !< %7 %g %s $N <BNO !J %3 !< %I !" %N %&%O%& !K $O$" $j!" AG@2 $i $7 $$ 4QB, %G !<%?$b X @~ !" 2D;k8w $H$b $K BgNL $K$" $j !" $5 $i$K !" 5~Bg $K$O !" $3 $l$i $N 8&5f $K 6=L# $r ;}$D<c$$M%=( $J 3X@8 !" Bg3X1!@8 $, ?tB?$/$$$k !# $3 $l$i$O K\ %0 %k !< %W $N Bg$- $J MxE@ $G$" $k !# $7 $+ $7 !" BgNL $N %G !<%?2r@O$N $?$a$N 7W;;5!4XO"@_Hw $, A4$/IT==J, $G$" $k$N $G !" K\8&5f $G$<$R$H $b @0Hw $7 $? $$ !#

4pHW#A #B #C !J 0lHL !K !=#7 8& 5f 7W 2h J} K! h I 5Z $S I I $r 6h JL $9 $k $? $a !" I $r 5- F~ 8e $O E@ @~ $r 0z $$ $F J, $1 $F $/ $@ $5 $$ !# i I. 8&5f L\E*$rC# @.$9$k$?$a$N 8&5f7W2h!&J} K!$r 14 G/EY$H 15 G/EY0J 9_ $K 6hJ, $7 $F !" !{ 1 <gMW@_Hw !J 8=M-@_ Hw$r4^ $‘ !K $H$N 4XO" !" !{ 2 8& 5fBe I=<T!&8&5f J,C4<T$N Aj8_4X 78 !J Lr3dJ, C4>u67 !K !J ?^<02=$9 $kEy !K $b4^$a$F 6qBNE*$K 5-F~ $7 $F $/$@$5$$ !# $^$? !" !{ 1 9b 3[ 0?$$$O A4 BN$N8& 5fHq $K Hf$Y$=$N @j$a$k 3d9g $, 9b$$ @_Hw HwIJHq !">CLWIJHq !" <U6b !" N9HqEy$r I,MW$H$9 $k>l9g !" !{ 2 @_HwHw IJHq Kt$O8& 5f;Y1g <T8[MQ Hq $, 3FG/ EY$N?= @A8&5f Hq$N 90 !s$r D6$($k >l9g !J 8xJgMWNN 10 JG $r ;2>H !K $K$O !" $3$l$i $N HqMQ$K =EE@$r$*$+$J$1$l$P $J $i$J$$ M}M3 $r5-F~ $7 $F $/ $@$5$$!# $5 $i$K !" !" 3$306&F18&5f<T !J 8xJgMWNN 11 JG $r;2>H !K $H$N6&F18&5f$r4^ $‘>l9g $K$O !" $=$NI,MW@-5Z $S $3$l$i$N <T $H $I$N$h$& $K6& F1 $7$F8& 5f $r <B ;\ $7$F $$$/ $N $+ $K $D $$ $F 5- F~ $7$F$/ $@ $5 $$ !# I I. !{ 1 %R %H $N 0dEA;R2r @O8&5f $K$D$$$F$O !" %R %H M3Mh;nNA Ey$NDs6!<T !" $=$N2HB2!& 7l1o<T$=$NB>4X78<T$N?M8"5Z $S Mx1W$NJ]8n$N <h07$$ $K$D$$ $F==J,G[N8 $9 $kI, MW $,$"$k $3$H !" !{ 2 Aj<jJ} $NF10U !& 6( NO $d<R2q E* %3 %s%; %s%5%9 $rI,MW $H$9$k8&5f 2] BjKt $O%" %s%1!< %H D4::Ey $r9T$&8& 5f2] Bj $K $D$$$F$O !" ?M8"5Z $S Mx 1W$NJ] 8n$N<h 07 $K $D$$$F ==J, G[N8$9$k I,MW $, $" $k$3$H !" $+$i !" $3$N$h $& $J 7W2h$r 4^ $‘>l9g $K$O !" 7W2h $K $D$$$F 9V $8 $kBP:v!&A< CV>u67$K$D $$$F 6qBNE*$K 5-F~ $7 $F $/$@$5$$ !# 4pHW8&5f !J #A !& #B !& #C !K 8&5f5!4XL> 8&5fBeI=<T;aL> J?@. 14 G/EY K\8&5f7W2h $G$O !" 9bB. $J%Q%=%3 %s$K $F 0BDj $7 $? Lin ux + X window $r F0 $+ $7 2r@O $K MQ$$$k !# 2V ;3E7J8Bf=jM- $N 7W;;5! $K$O%7 %_%e %l !< %7 %g %s $N 3 <!852D;k2= $r L\E*$H $7 $? %0 %i%U %# %C%/C<Kv $O L5 $+ $C $?$N$G !" $3 $l$i $N%Q%=%3 %s >e $G 3 <!852D;k 2= $, 2wE, $K Mx MQ $G$- $k$h $& !" %0 %i%U %# %C%/%O!< %I %& %’ %" !" 2r@O %=%U %H %& %’ %"$N@0Hw$r9T $& !# $^ $? !" %^ %k%A %W %m%; %C %59=@.$N%Q%=%3 %s$r MQ$$ !" JBNs2= $7 $?%7 %_ %e %l !<%7%g %s %3 !< %I $N 3+ H/ $r 8zN( NI$/9T $& !# $5 $i$K !" 2 Bf$N%Q%=%3 %s $r %.%, %S %C %H %$ !< %5%M%C %H $G $D$J $. !" 2 CPU � 2 Bf$N %/%i %9%? 9=@.$G JB Ns7W ;;%3!< %I $N 3+ H/ $r 2DG= $K $9 $k !# 4QB, %G !<%?$N%"!< %+ %$ %V !" $*$h $S Bg5,LO %7 %_ %e %l !< %7%g %s 7k2L$N2r@O $K$O BgNL $G 9bB.$N%O!< %I %G %# %9 %/AuCV $, I,MW $G$" $k !# $H $/ $K !" %.%,%S %C %H %$ !< %5%M%C %H 4D6- $K $*$$ $F$O 9bB. $J%M%C %H %o!< %/ %" %/ %; %9 $K BQ $( $k %G %#%9%/ %$ %s %?!<%U%’ !< %9 $, 5a $a $i$l $k !#:#2s:NMQM=Dj$N FC-AL %$ %s %? !<%U%’!< %9 $r MQ$$ $? %G %#%9 %/AuCV $O 0BDj $7 $F 9bB. $J%" %/%; %9 $r <B8=$9$k !# $^ $H$a$k$H !" ( #1 ) 2 Bf$N 2CPU 9=@. $+ $D 6/NO $J 3 <!85 %0 %i%U %# %C%/AuCV $rEk:\ $7 $?%Q%=%3 %s !" ( #2 ) 9bB. $J %G !<%? E>Aw $, 2DG= $J %. %,%S %C %H %$ !<%5 %M%C %H AuCV !" ( #3 ) BgMFNL $+ $D %.%, %S %C %H %$ !< %5%M %C %H $N B.EY $K BP1~$9$k %G %# %9%/ %" %l %$ AuCV !" $, K\8&5f $G$O IT2D7g $G$" $k !# $3 $l$i $N 5!:‘ $r =@Fp $K AH9g$;6n;H$9$k $3$H $K $h$j !" %7 %_ %e %l !< %7%g %s 7k2L$*$h $S 4QB, %G !<%?$N ?WB. $J 2r@O $H !" %7 %_ %e %l !<%7%g %s %3 !< %I $N 8zN(E* $J 3+H/ $r L\;X$9 !# $5 $i$K !" 8&5f $NCf4VJs9p $r$9 $k $?$a$N 8&5f2q!&9q:]2q5D=P@JN9Hq $, I,MW $G$" $k !# J?@.#1#4G/EY $K$O 0J2<$N8&5f2]Bj $r ?d?J$9$k !# 8&5f2]Bj #1 . %U %l %" $d%U %# %i %a %s %H J.=P8=>]$K$* $1 $k <’5$ %j%3%M%/ %7 %g %s !& %l %$ %H $N 4QB,E*F3 =P : %j %3%M %/ %7 %g %s !& %l %$ %H $r @53N $K M=8@ $G$- $kM}O@ $O L$40@. $J$N$G !" <B83 !J 4QB, !K E* $K$=$N 7P83 B’ $r F3=P$9$k$3$H $, $-$o$a$F =EMW $G$" $k !# !V $h $& $3 $& !W Fp X @~2hA|$N2r@O $+$i 8=>]$N %(%M%k %. !< 2rJ|N( $, 6a ;w E* $K B, Dj$G $- $k$N$G !" $3 $l $H CO >e <’ >l!? H &A 4Q B, %G !< %?$H $N Hf 3S$h$j !" %j %3 %M %/ %7%g %s!& %l %$ %H $r 7P83E* $K F3=P $G$- $k !# $3 $l $r ?t 100 $N %$ %Y %s %H $K BP $7 $F 9T $J $& $H !" E}7WE*@-<A $, 8+ $($F $/$k $@ $m $& !# $5 $i$K !" %j %3%M %/ %7%g %s $N 2 <!85!& 3 <!85 MHD %7 %_ %e %l !<%7%g %s$r 9T$J $$ !" 4QB, %G !<%?$H Hf3S$9$k $3$H $K $h$j !" %j %3%M %/ %7 %g %s M}O@$NH/E8!&40@. $r L\;X$9 !# KL0f !" 9u2O $, HtBME7J8Bf4QB, $H %G !<%? 2r@O !" <FED $, $h $& $3 $& X @~ %G !<%? 2r@O !" 2#;3 $, LnJU;3 %G !<%?2r@O !" 2# ;3 $, MHD %7 %_ %e %l !< %7 %g %s $r C4Ev $7 !" <FED $, Am3g$9$k !# 8& 5f 2] Bj#2 . <’ 5$ %j %3 %M%/ %7 %g %s $N 3+ ;O5! 9= !J %U %l %" $d%U %# %i %a %s %H J. =P$N %H %j%, !< 5!9= !K : 7P83E* $K$O Ib>e<’>l $, =P $F$-$?$j !" <’5$ %7%" !< !J $M $8 $l $? <’>l !K $, H/C#$9$k $H%U %l %" $, H/@8 $7 $d $9$/!" %U%# %i %a %s %H J.=P$b5/ $3$j$d$9$$$H 8@ $o $l $F $$$k !# $3 $l$r E}7WE* $K 8!>Z$9$k !# $^ $? !" MHD %7 %_ %e %l !< %7%g %s $b 1gMQ $7 $F !" $3$N 4pK\LdBj $N 2r7h $r $O$+ $k !# 6qBNE* $K$O !" $M $8 $l $? <’B+ $N Ib>e $H$= $l$K $H $b$J $&%j %3%M %/ %7%g %s $N 3 <!85 %7 %_ %e %l !<%7%g %s $r 9T$$ !" %U %l %" $N 3+;O>r7o$N2rL@ $r $M $i $& !# 9u2O !" >eLn $, HtBME7J8Bf4QB, $H %G !<%? 2r@O !" <FED $, $h $& $3 $& X @~ %G !<%?2r@O !" 2#;3 $, Ln JU;3EEGH %G !<%? 2r@O !" 2#;3 $, MHD %7 %_ %e %l !< %7 %g %s $r C4Ev $7 !" <FED $, Am3g$9$k !# 8&5f2]Bj#3 . %,%s %^ @~ %P!<%9 %H $H B@M[ %U %l %" $H$N Hf3S$K 4p$E$/ %,%s %^ @~ %P!<%9 %H Cf?4%( %s %8 %s $N?7 $7 $$ %b %G %k $N 9=C[ : %, %s %^@~ %P !< %9 %H $H B@M[%U %l %"$K$O N‘;wE@ $, B?$$ !#Nc $( $P !" B@M[ %U %l %" $N 9E X @~ $O 7c $7 $$ ;~4VJQF0 $r <( $7 !" B?$/ $N%5 %V %P !< %9 %H $+$i @.$k !# precursor/p ostcursor $r <($9 %U %l %" $b$"$j !" $5 $i$K C;L?%U %l %"$O %O!< %I %9 %Z %/ %H %k$G D9<wL?%U %l %"$O%=%U %H $G $" $k !# 0lJ} !" %U 5~ETBg3X <FED 0l@.

4pHW#A #B #C !J 0lHL !K !=#8 8& 5f 7W 2h J} K! !J $D $E $- !K 8&5fAH?%$r8& 5f !J 1 !K $G AH?%$9$k M}M3 8& 5fBeI= <T$H0[$J $k8& 5f5! 4X $K =j B0$9$k 8&5f <T$r8& 5fAH?%$N ?M?t$N 1 !? 2 $r 1[$($F 8&5fJ, C4 <T $H $7 $F2C $($kI,MW $,$"$k $3$H !" Kt $O !" 8&5f BeI= <T $H0[ $J$k8&5f 5!4X $K =jB0 $9$k8& 5f<T $r8&5fJ, C4<T $K 2C $($k8&5f $G$"$C $F !" 8&5f J,C4 <T $K8&5fHq $N0lIt $rG[J, $7 $J$$$H8&5f?k 9T>e ;Y>c $,$"$k M}M3$r5-=R $7 $F $/ $@ $5$$ !# %l %"$H %, %s %^@~ %P!< %9 %H$K $O 0c$$$b$"$k !# %,%s %^@~%P!< %9 %H $K$O E57?E*$J<wL? $, $" $k $, !" %U %l %" $K$O$J $$ !# $3 $l$O 2? $r 0UL#$9$k$N $+ !) $b $7 $+ $7 $?$i !" %U %l %"$O 0l$D$N %, %s %^@~ %P!< %9 %H$K BP1~$9 $k $N$G$O $J $/!" %P !< %9 %H Cf$N ;~4V JQ F0 ( %5 %V %P !< %9 %H ) $K BP1~ $7 $F $$ $k$N$+ $b $7 $l $J $$ !# $= $&$9 $k $H !" %P!< %9 %H A4BN $K BP1~ $7 $F $$ $k$N $O !" B@M[ $G$O 0l$D$N 3hF0 NN0h$N <wL? ( J*M} E* $K$O <’>lIb >e !? A} I};~ 4V$" $k$$$O B@M[ <+ E> <~ 4| $K 4X 78 $7 $? ;~ 4V ) !" $H $$ $& $3$H$K $J $j !" $5 $i$K $= $N >l 9g !" %, %s %^@~ %P !< %9 %H $G %5 %V %P !< %9 %H !& %8 %’ %C %H !? Fb It>W7bGH $H 9M $($i$l$F $$ $k$b$N $O !" B@M[ $G$O%3 %m%J <ANLJ|=P !?OG@14V>W7bGH $, BP1~$9$k !" $H$$ $& $3$H $K$J $k !# 6=L#?< $$ $3$H$K !" %3%m%J <ANLJ|=P $K$O E57?E* $J ;~4V %9 %1!< %k $, $" $k !# 0J>e $NM=HwE*9M;!$rG0F, $K $*$$$F !" %U %l %"$K$H $b$J $&<ANLJ|=P5! 9= $d N3;R2CB.5!9= $r%7 %_ %e %l !< %7%g %s$K $h$j C5$k $H$H$b$K !" %U %l %"$H %, %s %^@~ %P!< %9 %H $N Hf3S8& 5f $r ?d?J $7 !" %,%s %^@~ %P!< %9 %H $N Cf?4 %( %s%8%s $N ?7 $7 $$%b %G%k 9=C[ $r ;n $_$k !# Ln>e !" <FED $, %, %s %^@~ %P!< %9 %H $N 4QB, %G !<%?$H%U %l %" 4QB, %G !<%?$N Hf3S2r@O $r C4Ev $7 !" <FED !" Nf=E $, M}O@$N4QE@ $+ $i$N%U %l %"$H %, %s %^@~ %P!< %9 %H $N Hf3S $H M}O@%b %G %j %s %0 $r C4Ev$9$k !# J?@. 15 G/EY A0G/EYF3F~ $7 $? %G !<%?2r@OMQ@_Hw$H4QB, %G !<%?$N@0Hw$r?J$a$k$HF1;~ $K !" >e5- $N8&5f2]Bj$N2r 7h $X8~ $1$F 8&5f !&650i $r 0zB3$-?d?J$9$k !# %G !<%? 2r@O $d%7 %_ %e %l !<%7%g %s$K 4X $o $k>CLWIJHq !" @. 2L $r H/I=$9$k$? $a$N !J 8&5f2q!&9q:]2q5D=P@JMQ !K N9Hq $O 0zB3$-I,MW $G$" $k !# $3$NG/EY $K$O !" 3$306&F18&5f<T $N Prof. T a jima !J %F%-%5 %9Bg3X !K $r K,Ld $7 !" %W %i%: %^J*M} $N 4Q E@ $+$i B@M[ %U %l %"!" %,%s %^@~ %P!< %9 %H $J $I $K 4X $7 $F 5DO@ $r$D$a !" 6&F18&5f $r ?d?J$9$k !# $A $J$_ $K BeI=<T $O !" Prof. T a jima $H$O !" $9 $G$K#1#0 G/Mh $N CN8J $G$" $j !" 6&F1O@J8 $O$b$H$h$j 6&F1<9I.$NCx =q Plasma Astroph ysics (1997) $b$" $k !# Prof. T a jima $O !" %W %i%: %^J*M}M}O@ $N @$3&E*8"0R $G$" $k $H F1;~ $K !" J*M}3XA4HL $X$N6=L# $O 9-$$ !# K\8&5f $N@.2L$rJ*M}3X$N;kE@ $+$i 8+$F !" $h$j0lHLE* !" $h $jIaJWE* $J$b$N $K $9 $k$? $a $K !" ;a $N6&F18&5f$X$N;22C $, I,MW $G$" $k !# G/EY $N:G8e $K K\8&5f$N@.2L$r=PHG$9$k !# $=$N$?$a$N=PHGHq $, I,MW $G$" $k !# 3:Ev $J $7

4pHW#A #B #C !J 0lHL !K !=#9 8& 5f 6H @S :G 6a #5 %uG/ 4V $K 3X =Q ;o Ey $K H/ I=$7 $? O@ J8 !" Cx =q $N $& $A K\ 7W 2h $K 4X O" $9 $k =E MW $J $b $N $r A* Dj$7 !"8& 5f AH ?% Ms $K 5- F~ $5 $l $? 8& 5f <T$4 $H $K !" 8= :_ $+ $i =g$K H/ I= G/ <! $r 2a 5n $K $5 $+ $N$\ $C$F 5- F~$7 $F $/$@ $5 $$ !# $J $* !" $3 $N JG $G 5- F~ $G $- $J $$ >l 9g $O !" N" LL $r ;H MQ$7 $F $/$@ $5 $$ !# 8&5fBeI=<T !&J,C4<T;aL> !J Bg3X!&3XIt!&?&L> !K H/I=O@J8L>!&Cx=qL> !J Cx<TL> !" O@J8L> !" 3X6(2q;oL> !" 4, !J 9f !K !" :G=i $H:G8e$N%Z!< %8 !" H/I=G/ !J @>Nq !K !K !J 0J>e$N3F9‘L\ $, 5-:\$5 $l$F$$$l $P !" 9‘L\ $N=g=x $r F~ $l BX $($F$b 2D!#Cx<TL> $, B??t $K$o$?$k >l9g $O !" <g $JCx<T$r?t L>5-F~ $7 0J2<$r>JN, !J >JN,$9$k>l9g !" $=$N0w?t $H !" 7G:\$5 $l$F $$$k=gHV$r!{HVL\$H5-F~ !K $7 $F $b2D !# $J$* !" 8&5fBeI= <T5Z $S 8&5fJ,C4<T $K$O%"%s %@ !<%i %$ %s$r IU$9$3$H !# !K 4pHW8&5f !J #A !& #B !& #C !K 8&5f5!4XL> 8&5fBeI=<T;aL> <FED 0l@. ( 5~ETBg3X !&Bg3X1!M}3X8& 5f2J !&65<x ) Plasmoid-Induced-Reconnection and F ractal Reconnection K. Shibata and S. T an uma, Earth, Planets, Space 53 (2001) 473-482 Magnetic Reconnection induced b y Conv ectiv e Intensi�cation of Solar Photospheric Magnetic Fields A. T ak euc hi and K. Shibata , ApJ 546 (2001) L73-L76 An Emerging Flux T rigger Mechanism for Coronal Mass Ejections P . F. Chen and K. Shibata , ApJ 545 (2000) 524-531 T emp oral 1 =f � Fluctuations from F ractal Magnetic Fields in Blac k Hole Accretion Flo w T. Kaw aguc hi, S. Mineshige , M. Machida, R. Matsumoto, and K. Shibata , P ASJ 52 (2000) L1-L4 Origin of Univ ersal Correlation b et w een the Flare T emp erature and the Emission Measure for Solar and Stellar Flares K. Shibata and T. Y ok o y ama , ApJ 526 (1999) L49-L52 Evidence of Magnetic Reconnection in Solar Flares and a Uni�ed Mo del of Flares K. Shibata , Astrophys. Sp. Sci. 264 (1999) 129-144 Magnetic Reconnection as the Origin of Galactic Ridge X-ray Emission S. T an uma, T. Y ok o y ama , T. Kudoh, R. Matsumoto, K. Shibata , and K. Makishima, P ASJ 51 (1999) 161-172 Ev olution of Eruptiv e Flares. I I. The Occurrence of the Lo cally Enhanced Resistivit y in the Pre are Phase T. Magara, and K. Shibata , ApJ 514 (1999) 456-471 F ormation of a Kink ed Alignmen t of Solar Activ e Regions R. Matsumoto, T. T a jima, W. Chou, A. Okub o, and K.Shibata , ApJ 493 (1998) L43-L46 X-ra y Plasma Ejection Asso ciated with an Impulsiv e Flare on 1992 Octob er 5 { Physical Conditions of X-ray Plasma Ejections { M. Oh y ama and K. Shibata , ApJ 499 (1998) 934-944 Magnetic Field Prop erties of Solar X-ray Jets M. Shimo jo, K. Shibata , and K. L. Harv ey , Solar Phys. 178 (1998) 379-392 Ev olution of Eruptiv e Flares, I. Plasmoid Dynamics in Eruptiv e Flares T. Magara, K. Shibata , and T. Y ok o y ama , ApJ 487 (1997) 437-446 Pre are Heating and Mass Motion in a Solar Flare Asso ciated with a Hot Plasma Ejection { 1993 Nov em b er 11 C9.7 Flare { M. Oh y ama, and K. Shibata , P ASJ 49 (1997) 249-261 Pseudo Tw o Dimensional Hydro dynamic Mo deling of Flare Lo ops K. Hori, T. Y ok o y ama , T. Kosugi, and K. Shibata , ApJ 489 (1997) 426-441 5~ETBg3X <FED 0l@.

4pHW#A #B #C !J 0lHL !K != #1 #0 8& 5f 6H @S 8&5fBeI=<T !&J,C4<T;aL> !J Bg3X!&3XIt!&?&L> !K H/I=O@J8L>!&Cx=qL> !J Cx<TL> !"O@J8L>!"3X6(2q;oL>!"4, !J 9f !K !" :G=i $H:G8e$N%Z!< %8 !"H/I=G/ !J @>Nq !K !K !J 0J>e$N3F9‘L\ $, 5-:\$5 $l$F $$ $l $P !" 9‘L\$N=g=x $rF~ $l BX$($F$b2D !#Cx<TL> $, B??t$K$o$?$k>l9g$O !" <g $JCx<T$r?t L>5-F~ $7 0J2<$r>JN, !J >JN,$9$k>l9g !" $=$N0w?t $H !" 7G:\$5 $l$F $$$k=gHV$r!{HVL\$H5-F~ !K $7 $F$b 2D !# $J$* !" 8&5fBeI= <T5Z $S 8&5fJ,C4<T $K$O%"%s %@ !<%i %$ %s$r IU$9$3$H !# !K 9u2O 9(4k ( 5~ETBg3X !&Bg3X1!M}3X8& 5f2J !&65<x ) Plasma Ejections from a Ligh t Bridge in a Sunsp ot Um bra A. Asai, T. Ishii, H. Kurok a w a , ApJ 555 (2001) L65-L68 Causal Relations b et w een Halpha Lo op Emergences and Soft X-Ra y Brigh tenings K. Y osim ura, and H. Kurok a w a , ApJ 517 (1999) 964-976 KL0f Ni;0O: ( 5~ETBg3X !&Bg3X1!M}3X8& 5f2J !&=u65<x ) Con tribution and Prop erties of the Green- and Red-Line Coronal Lo ops in the K-Corona A. T ak eda, H. Kurok a w a , R. Kitai , K. Ishiura, P ASJ 52 (2000) 375-391 Real-Time F rame Selector and its Application to Observ ations of the Horizon tal V elo cit y Field in the Solar Photosphere R. Kitai , Y. F unak oshi, S. Ueno , K. Ichimoto, and S. Sano, P ASJ 49 (1997) 513-522 >eLn 8g ( 5~ETBg3X !&Bg3X1!M}3X8& 5f2J !&=u<j ) 3D V elo cit y-Field Observ ation of Solar Con v ection I. Characteristics of Mesogran ulation S. Ueno , and R. Kitai , P ASJ 50 (1998) 125-139 Statistics of Fluctuations in the Solar Soft X-ra y Emission S. Ueno , S. Mineshige , H. Negoro, K. Shibata , and H. S. Hudson, ApJ 484 (1997) 920-926 2#;3 1{L@ ( 9qN)E7J8Bf !&EEGHE7J83X 8&5f7O !&=u<j ) Magnetoh ydro dynamic Sim ulation of a Solar Flare with Chromospheric Ev aporation Based on Magnetic Reconnection Mo del T. Y ok o y ama and K. Shibata , ApJ 549 (2001) 1160-1174 Tw o-Dimensional Magnetohydrodynamic Sim ulation of Chromospheric Ev aporation in a Solar Flare Based on Magnetic Reconnection Mo del T. Y ok o y ama and K. Shibata , ApJ 494 (1998) L113-L116 Magnetic Reconnection Coupled with Heat Conduction T. Y ok o y ama , and K. Shibata , ApJ 474 (1997) L61-L64 Ln>eBg:n ( 5~ETBg3X !&Bg3X1!M}3X8& 5f2J !&=u<j ) A Normal and Sup eroutburst Study of the Eclipsing SU UMa Star: DV Ursae Ma joris D. Nogami , T. Kato, H. Baba, R. Novk, J. J. Lo c kley , M. Somers, MNRAS 322 (2001) 79-84 Sp ectroscopic and Photometric Observ ations of a Z Cam-Type Dwarf No v a, A T Cancri, in Standstill D. Nogami , S. Masuda, T. Kato, and R. Hirata, P ASJ 51 (1999) 115-125 Nf=E ?5 ( 5~ETBg3X !&4pACJ*M}3X8& 5f=j !&65<x ) Con v ection-Dominated, Magnetized Accretion Flows in to Blac k Holes M. Mac hida, R. Matsumoto, S. Mineshige , P ASJ 53 (2001) L1-L4 Blac k-hole Accretion Disks S. Kato, J. F ukue, and S. Mineshige , Kyoto Univ. Press (1998) 3$306&F18&5f<T T. T a jima (T exas Univ., Dept. Ph ysics, Prof.) Plasma Astrophysics T. T a jima , and K. Shibata , Addison W esley Publishing Co., (1997)

14301 � � !{ 1 2 3 1 1 B@ M[ %U %l %" H/ @8 5! 9= $N 2r L@ $H %, %s %^ @~ %P !< %9 %H $X $N 1~ MQ !! $7$P $? $+$:$J $j <FED 0l@. Bg3X1!M}3X8&5f2J 65<x 1 1 2 2 3 3 4 4 4 0 1 2 0 3 8 5 5 1 1 1 0 0 0 0 0 7 1 8& 5f Be I= <T$, =j B0 $9 $k 8& 5f 5! 4X $N ;v L3 6I $K $* $$ $F 5- F~ $9 $k ;v 9‘ 5! 4X HV 9f @0 M} HV 9f J? @. #1 #4 G/ EY 2J 3X 8& 5f Hq Jd =u 6b ?= @A %+ !< %I !J 6& DL !K !J 5- F~ $K Ev $? $C$F $O !V J? @. #1 #4 G/ EY 2J 3X 8& 5f Hq Jd =u 6b ?= @A %+ !< %I!J 6& DL !K :n @.!&5- F~ MW NN !W $K 4p $E $- 5- F~$7 $F 2< $5 $$ !# !K 8& 5f Be I= <T$, 5- F~ $9 $k ;v 9‘ #1 !%8& 5f <o L\ !J 3: Ev $9 $k 8& 5f <o L\ $r !{ $G !" !V 4p HW 8& 5f !W 5Z $S!V <c <j 8& 5f !W $K $D $$ $F $O %" %k %U%!%Y%C %H $b !{ $G 0O $‘ $3 $H !K !! !! !J !! 4p HW 8& 5f !J #S !& #A !& #B !& #C !K !& !! K( 2j 8& 5f !! !& !! <c <j 8& 5f !J #A !& #B !K !& !! CO 0h O" 7H ?d ?J 8& 5f Hq !! !K #2 !%?3 :: 6h J, !J!V 4p HW 8& 5f !J #A!& #B!&#C !K!W $N $_ !" 3: Ev $9 $k HV 9f $r 5- F~ !K !V 0l HL !W !’#1 !! !! !! !V 4k 2h D4 :: !W !’#2 !! !! !! !V 3$ 30 3X =Q D4 :: !W !’#3 #3 !%8& 5f 7A BV $N JL !J 3: Ev $9 $k HV 9f $r 5- F~ !K !V 8& 5f !J #1 !K!W !’#1 !! !! !! !V 8& 5f !J #2 !K!W !’#2 #4 !%7O Ey !J 7O $N 6h J, !K !J 3: Ev $9 $k HV 9f $r 5- F~ !K !V ?M J8!&<R 2q 7O !W !’#1 !! !! !V J* M} 7O !W !’#2 !! !! !V 2= 3X 7O !W !’#3 !! !! !V @8 J* 7O !W !’#4 #5 !%:Y L\ Ey !J 3: Ev $9 $k :Y L\ HV 9f !J Kt $O 9- NN 0h HV 9f !V #9 #9 #9 !W !K $r 5- F~ !K #6 !%J, 3d HV 9f !J!V 4p HW 8& 5f !J #C !K 0l HL !W !K !J %- !< %o !< %I $K $h $j !V #1 !W Kt$O !V #2 !W $r 5- F~ !K #7 !% #a!& #b!&#c !J It!&J, 2J!&:Y L\ HV 9f !K #a #b #c #8 !%8& 5f 2] Bj !J #4 #0 ;z 0J Fb$G 5- F~ !K #9 !%8& 5f Be I= <T ;a L> !J 5- L> 2! 0u Kt $O =p L> !K #1 #0 !%8& 5f Be I= <T $N 8& 5f <T HV 9f !J $U $j $, $J !K ;a !! !! L> #1 #1 !%=j B0 It 6I !J 3X It Ey !K !& ?& It 6I L> =j B0 It 6I HV 9f ?& ?& HV 9f #1 #2 !%8& 5f 7P Hq !J 1& 5M $a $G 5- F~ !" ?= @A $N $J $$ G/ EY $O !V #0 !W $r 5- F~ !K J? @. #1 #4 G/ EY J? @. #1 #5 G/ EY J? @. #1 #6 G/ EY J? @. #1 #7 G/ EY J? @. #1 #8 G/ EY @i 1_ @i 1_ @i 1_ @i 1_ @i 1_ #1 #3 !%8& 5f ;Y 1g <T 8[ MQ Hq !J 1& 5M $a $G 5- F~ !" ?= @A $N $J $$ >l 9g $O !V #0 !W $r 5- F~ !K J? @. #1 #4 G/ EY @i 1_ #1 #4 !%7Q B3 J, $N 8& 5f 2] Bj HV 9f #1 #5 !%8& 5f <T ?t !J 1& 5M $a $G 5- F~ !K ?M #1 #6 !%3+ <( 4u K> $N M- L5 !J 3: Ev $9 $k HV 9f $r 5- F~ !K !V ?3 :: 7k 2L $N 3+ <( $r 4u K> $9 $k !W !’#1 !V ?3 :: 7k 2L $N 3+ <( $r 4u K>$7 $J $$ !W !’#2 !J 0J 2< $N 9‘ L\ $O !V FC JL ?d ?J 8& 5f !W Kt$O !V 4p HW 8& 5f !W $N $& $A 7Q B3$, Fb Ls $5 $l $F $$ $k 8& 5f 4| 4V$, #4 G/ 0J >e !" $+ $D !" J? @. #1 #4 G/ EY$, :G =* G/ EY $K $" $? $k 8& 5f 2] Bj $N 8& 5f Be I= <T$, !" 8& 5f 7W 2h :G =* G/ EY A0 G/ EY $N ?= @A $H$7 $F !V 4p HW 8& 5f !J #S !K !W Kt$O !V 4p HW 8& 5f !J #A!& #B!&#C !K !J!V 0l HL !W Kt$O !V 3$ 30 3X =Q D4 :: !W $K 8B $k !K!W 8& 5f 7W 2h $r :F 9= C[ $9 $k $3 $H $r 4u K> $9 $k >l 9g !J 8x Jg MW NN #7 JG ;2 >H !K $K 8B $j 5- F~$7 !" 3: Ev $7 $J $$ >l 9g$O 6u Ms $H $9 $k $3 $H !K #1 #7 !% 8& 5f 7W 2h :G =* G/ EY A0 G/ EY $N ?= @A !J J? @. #1 #4 G/ EY$, 8& 5f 4| 4V $N :G =* G/ EY$K Ev $? $k 8& 5f 7W 2h $N 8& 5f 2] Bj HV 9f $r 5- F~ !K !V ?= @A $9 $k !W !’#1