@:EYJ]>ZIU$-%7%_%e%l!<%7%g%s [4] | JPHyJ,J}Dx<0$N@:EYJ]>Z | EOIt A1N4 � CfHx =<9( � ABSTRA CT Some v alidated computations of the solution for partial di�eren tial equations are describ ed. These metho ds are based on in�nite dimensional �xed-p oin t theorems using Newton- lik e op erators. In terv al arithmetic is used in order to tak e accoun t of the e�ects of rounding errors in the oating p oin t computations and c hec k su�cien t conditions for �xed-p oin t theorems rigorously . 1 $O$8$a$K JPHyJ,J} Dx<0 $O!$ 3F<o$N8= >]$r5- =R$9$k ?t3X%b %G%k $H$7 $F<+ A3 2J3X!& 9) 3X!&<R 2q 2J3X!& ?M J82J 3X $N$5 $^ $6 $^$J J,Ln $KEP >l $7$^ $9!% M?$( $i$l $? JPHy J,J} Dx <0$K $D $$$FCN$j$?$$$3$H$O!$ � 2r$OB8:_$9$k$N$+!) � $I$s$J7A$r$7$F$$$k$+!) $G$9!% 2r$, B8:_ $7 $J$$ $J $i$P ?t3X %b %G%k $rN) $F $?$b $H $b$H $N0U L# $,$J $/ $J$j $^$9!% $^ $?!$$" $k >r7o $K $*$1 $k 6q BN E* $J CM $, 7h Dj $G $- $J $$ $H :$ $k $3 $H $b B? $$ $O $: $G $9!% JPHyJ,J} Dx<0$, ?t3X$N8@ MU$GI= 8=$5$l $F$$$k 0J>e!$ 2r@O E*$J 87 L)2r $r 6qBN E*$J 4X ?t$N 7A $G!V%: %P %j!W$H =q $-I= $;$k $3 $H$, M} A[$G $9!%$7 $+ $7;D G0 $J$3 $H $K!$$= $N $h $& $J E} 0l E* M} O@ $O 8= :_ $N $H $3 $m Ds <( $5 $l $F $$ $^ $; $s!%$^ $?!$2r @O E*$J 2r $NB8 :_ $d0l 0U @-$O $o $+$C$F $$ $? $H$7 $F$b!$ 6qBN E* $J2r $N 7A>u $rIA $/ $3$H $,$G $- $J$$ $H $$$&$3$H$b$"$j$^$9!% ?tCM%7 %_%e%l!<%7%g %s$NB? $/$O!$JP HyJ,J} Dx<0$N 2r $r 2r @O E* $K DI 5a $9 $k $3 $H $O $R $H $^ $: $" $- $i $a!$ :9 J, K!!&M- 8BMW AG K!!&6- 3& MWAG K!$J $I $NN% ;6 2=<j K! $rMQ $$ $F Ld Bj $r M- 8B <! 85 2= $7!$ F@ $i $l $? 6a ;w %b %G %k $r 7W ;; 5!$r MQ$$ $F ?tCM E* $K2r $/$3 $H $K$h$C $F ?tCM %G!< %?$r F@ $F!$ $5 $i $K 2D ;k 2= $9 $k $3 $H $^ $G $r Ev LL $N L\ I8 $H $7 $^ $9!% ?tCM%7 %_%e%l!<%7%g %s$N<! $N2]Bj $O!$7W;; 5!$N=P NO $9 $k ?t CM %G!< %? $N !V@5 Ev @-!W $r L@ $i $+ $K $9 $k $3 $H $G $9!%$= $N:]!$ <B 83%G!< %? $H$N >H 9g$K $h $k8= >] $H$N Hf 3S y Sim ulation with Guaran teed Accuracy [IV]|V eri�ed Numerical Computation for P artial Di�eren tial Equations| . By Y oshitaka Watanab e (Computing and Comm unications Cen ter, Kyush u Univ ersit y) and Mitsuhir o T. Nakao (Gu- raduate Sc ho ol of Mathematics, Kyush u Univ ersit y). � 6e=#Bg3X>pJs4pHW%;%s%?!< � 6e=#Bg3XBg3X1!?tM}3X8&5f1! $N $[ $+ $K!$ ?t 3X %b %G %k $N 87 L) 2r $H $N Hf 3S ( 8m :9 I> 2A ) $, $G $- $k $J $i $P!$ 7W ;; 7k 2L $N ?. Mj @- $, 3J CJ $K A} $7 $^ $9!% 8m :9 I> 2A $H $O!$ 6a ;w 2r ^ u $H 87 L) 2r u $H 7W ;; 2D G= $J%N%k%‘ k k $KBP$7$F!$ k ^ u � u k � " (1) $H $J $k " > 0 $r 8+ $D $1 $k $3 $H $@ $H $$ $( $^ $9!% " $O!$ $? $H$( $PNN 0h $NJ, 3d$r :Y$+ $/ $9$k $J$I N% ;62= $NEY 9g$r A} $7$? $H$- $K!$ $=$l $K $"$o $;$F >. $5$/ $J$k $3 $H$, 4|BT $5 $l$k ?t $G$9!% $7$+ $7 $J$, $i!$ 87L) 2r $N>l 9g $HF1 $8$h $& $K!$M} O@ E*$J " $N B8:_ $* $h$S N% ;62= $N EY9g $H$N 4X 78 ( %*!<%@!< $J$I ) $O$o $+$C$?$H $7$F$b!$ 6qBNE* $J " $NCM $O $J$+ $J $+Dj $^$j $^ $;$s!% 7P 83E* $K " $, $H$s $G$b $J $/ Bg $- $J CM $G $J $$ $3 $H $O M= B, $G $- $k $H $7 $F $b!$ $b $7 $b " $N <h$j F@$k CM $,Dj NL E*$K I>2A $G $-$k $J$i $P!$ 0B?4 46$H $H$b$K7W;;7k2L$N?.Mj@-$,$5$i$KA}$9$3$H$G$7$g$&!% K\9F $G@bL@$9 $k JPHy J,J}Dx <0$N@:EY J]>ZIU $-?tCM%7 %_%e%l!<%7%g%s $H$O!$7W;;5!$rMQ$$$F � 6a ;w 2r $N 6a $/ $K ?t 3X %b %G %k $N 87 L) 2r $, B8 :_ $9 $k $3$H$rJ]>Z$7!$ � (1) $N " $NCM$r6qBNE*$KM?$($k <j K!$G $9!% $b$A $m$s!$ $9 $Y$F $N JPHy J, J}Dx <0 $KBP $7$F @: EYJ] >Z IU$- %7 %_%e%l!< %7%g %s$, E, MQ$G $- $k$+ $I $&$+ $O $o$+ $j $^$; $s!%$7 $+ $7!$$b $7 $&$^ $/ E,MQ $G $-$k $J$i $P!$ M}O@ LL $G$O 87L) 2r $NB8 :_ $dLd Bj $K$h$C $F $O0l 0U@- $N ?t3X E*$J J] >Z$r!$ <B MQLL $G$O 8m :9$N 6qBN E* $JGD 0.$H $H $b$K N% ;62= <jK!!& 7W ;;%" %k %4%j %: %‘!&H? I| $NBG $A@Z $j!& 4]$a 8m :9 $N:. F~ $J$I $r 4^$s $@ ?t CM%7 %_%e %l!<%7%g %s A4BN $NIJ <A J]>Z $rM? $($k $3 $H$, $G$- $k $H9M $($i $l$^ $9!% HyJ, J}Dx <0 $N2r $O L58B 8D$N 4p Dl$G D%$i $l $k@$ 3&$K B0 $7!$7W ;; 5!$, =PNO $9 $k?t CM %G!<%? $O M-8B <! 85$N %Y%/ %H %k6u 4V $K B0$7 $^ $9!%@: EY J]>Z IU $- %7%_%e %l!< %7%g%s $O!$ ?tCM %G!< %?$H ?t3X %b %G%k $H $N4X 78 $r7W ;; 5!$r MQ$$ 1

$FD4 $Y$k $3 $H$K $h$C $F!$M- 8B$H L5 8B$r 7k $\$& $H $9$k ?t CM2r@O3X$N0l<jK!$@$H$$$($^$9!% 2 JPHy J, J} Dx<0 $N 2r $N @:EY J] >Z $K4X $9 $k 4p K\E*$J9M$(J} 2.1 ITF0E@DjM} JPHyJ,J} Dx<0$N 2r$N@:EY J]>Z$G <gLr$r 1i$8$k $N$O!$ ITF0 E@Dj M} $G$9!% ?t!9 $"$k ITF0 E@ DjM} $N K\<A $r $d$d Mp K=$KI=8=$9$k$H!$<!$N$h$&$K$J$j$^$9!% ITF0E@DjM}$N%(%C%;%s%9 $"$k>r7o$rK~$?$9<LA| F $H=89g U $KBP$7 F ( U ) � U $b $7 $/ $O N‘ ;w $N >r 7o $, @. N) $9 $k $J $i $P!$ F ( U ) $NCf$KITF0E@J} Dx<0 u = F ( u ) $N2r $,B8:_$9$k!% $?$@$7!$ F ( U ) $O=89g$N0UL#$G F ( U ) := f F ( u ) j u 2 U g : JPHyJ,J} Dx<0$N @:EYJ] >ZIU$- ?tCM%7 %_%e%l!<%7%g %s $NN.$l$O<!$N$h$&$K$J$j$^$9!% 1. ITF0E@DjM}$r7h$a$k!% 2. 6a;w2r$r7W;;$9$k!% 3. 6a;w2r$b 9MN8$KF~$l$? ITF0E@J}Dx<0 u = F ( u ) $r 9=@.$9$k!% 4. 2r $r Jq 4^ $9 $k $3 $H $, 4| BT $5 $l $k =8 9g ( 8u Jd <T =8 9g ) U $r@_Dj$9$k!% 5. ITF0E@DjM}$N@.N)>r7o F ( U ) � U $r8!>Z$9$k!% 6. 8! >Z $, $& $^ $/ $$ $+ $J $$ >l 9g $K $O 8u Jd <T =8 9g U $r :F@_Dj$7$FA0CJ$KLa$k!% $=$l $>$l $NCJ 3, $K$* $$ $F!$$I $N$h $& $J4X ?t6u 4V $r@_ Dj $9$k$+!$ F ( U ) � U $H$J$k$Y $-<LA| F $H=8 9g U $r$I $N$h $&$K 9=@. $9 $k$+!$ N% ;62= 8m:9 $d 4]$a 8m:9 $r $I$& <h $j07$&$+$J$I!$8!F$$9$Y$-LdBj$,$$$m$$$m$"$j$^$9!% 2.2 $h$/MQ$$$i$l$kITF0E@DjM}$N>R2p <! $N Sc hauder $N IT F0 E@ Dj M} 6, 15, 19, 25) $O!$ M- 8B <! 85 %f!< %/ %j%C %I 6u 4V $K $* $1 $k Brou w er $N IT F0 E@ Dj M} 6) $NL58B<!85$X$N3HD%$G$9!% Sc hauder $NITF0E@DjM} M $r Banac h 6u4V X $N6u$G$J $$M-3&FL JD=89g!$ T $r M >e $N %3 %s %Q %/ %H :n MQ AG $H $9 $k!$ $3 $N $H $-!$ T $OITF0E@$r;}$D!% Banac h 6u 4V $H $O!$ Cauc h y Ns $, I, $: <} B+ 6K 8B $r ;} $D ( 40 Hw $H $$ $$ $^ $9 ) %N %k %‘ 6u 4V $N $3 $H $G $9!% %N %k %‘ 6u 4V X ; Y $K BP $7 $F:n MQ AG T : X ! Y $,%3 %s %Q %/ %H $G $" $k $H $O!$ T $, O" B3 <L A| $G $" $j!$ $+ $D!$ X $N G$ 0U $N M- 3& =8 9g $r T $K $h$C $F <L $7 $? $b $N $, Y $G $N <} B+ Ns $r4^$‘$3$H$r$$$$$^$9!% <! $N Banac h $N IT F0 E@ Dj M} 6, 15, 19, 25) $O!$ M- 8B <! 85 %f!< %/ %j%C %I 6u 4V $K $* $1 $k =L >. <L A| $N 86 M} 17) $N L5 8B<!85HG$G$9!% Banac h $NITF0E@DjM} M $r Banac h 6u 4V X $N 6u $G $J $$ JD =8 9g!$ X $N %N %k %‘ $r k � k X $H $9 $k!% T $r M >e $N :n MQ AG $H $7!$ $" $k 0 � � < 1 $K BP $7 $F <! $N @- <A $r $_ $? $9 $H$9$k!% k T ( x ) � T ( y ) k X � � k x � y k X ; 8 x; y 2 M : $3$N$H$-!$ T $O M $NCf$KM#0l$NITF0E@$r;}$D!% $= $N B>!$ IT F0 E@ Dj M} 0J 30 $G $h $/ ;H $o $l $k 2r $N B8 :_ DjM}$H$7$F!$M-8B<!85$N Newton K!$N<}B+>r7o$rM?$( $k Kan toro vic h $N Dj M} (Newton-Kan toro vic h $N Dj M} $H$b8F$P$l$^$9 ) 17) $NL58B<!85HG 25) $,$"$j$^$9!% 3 4X?t6u4V$N@_Dj$HITF0E@Dj<02= 0J2<!$ Hs@~7A BJ1_7?6- 3&CMLd Bj $r6q BNE*$J Nc$H$7$F <h $j>e $2!$ 2r$N @:EY J] >Z$N <j =g$r @b L@$7 $^ $9!%JP HyJ, J} Dx<0 $r ?t3X E*$K <h $j07 $& $?$a $K $O!$$^ $:!$ E,@Z $J4X ?t6u4V$r@_Dj$9$k$3$H$,I,MW$G$9!% 3.1 4X?t6u4V$N@_Dj NN 0h $r R n ( n = 2 ; 3) $N M- 3& FL NN 0h $G!$ 6- 3& @ $O 6h J, E* $K 3j $i $+ $@ $H $7 $^ $9!% L 2 ( ) $r >e 2 >h 2D @QJ,4X?tA4BN$N=89g!$Fb@Q$r ( u; v ) := R u ( x ) v ( x ) dx !$ %N%k %‘$r k u k L 2 ( ) := p ( u; u ) $H $7$^$9!% <!$K!$<+ A3 ?t m $KBP$9$k >e$N L 2 -Sob olev 6u4V H m ( ) $r!$D6 4X?t$N 0UL#$G$N m <!0J2< $NF34X?t ( 0lHL2= $5$l$?F34X ?t ) $, $9$Y $F L 2 ( ) $KB0 $9 $k4X ?tA4 BN$N =8 9g$H $7$F Dj 5A$7$^$9!%$3$N$H$-!$ H m ( ) $OFb@Q m X j k j =0 ( D ( k ) u; D ( k ) v ) 2

$N $b $H $G Hilb ert 6u 4V!$ $9 $J $o $A $3 $N Fb @Q $K $h $k %N %k %‘ $N $b $H $G Banac h 6u 4V $K $J $j $^ $9!% $? $@ $7!$ D ( k ) $O B? =E ;X I8 : k = f k 1 ; � � � ; k n g ( k 1 ; � � � ; k n ) $O Hs Ii @0 ?t$KBP$9$kHyJ, : D ( k ) := @ j k j =@ x k 1 1 � � � @ x k n n ; j k j = k 1 + � � � + k n $G$9!%$5$i$K!$ H 1 0 ( ) := f u 2 H 1 ( ) j u = 0 ; x 2 @ g $H $7 $^ $9!% $? $@ $7!$ @ >e $G $N CM $O %H %l!< %9 $N 0U L# 18) $G$9!%$3$N$H$- r u := ( @ u=@ x 1 ; � � � ; @ u=@ x n ) T $K BP $7!$ ( r u; r v ) $O H 1 0 ( ) $N Fb @Q $K $J $j $^ $9!% $^ $?!$ P oincar � e $NITEy<0$h$j!$ k u k H 1 0 ( ) := kr u k L 2 ( ) = n X i =1 k @ u=@ x i k 2 L 2 ( ) ! 1 = 2 $O >e H 1 %N %k %‘ $H F1 CM $J H 1 0 %N %k %‘ $H $J $k $3 $H $, $o$+$j$^$9 3, 4) !% 3.2 ITF0E@Dj<02= <!$NHs@~7ABJ1_7?6-3&CMLdBj$r9M$($^$9!% ( � � u = f ( x; u; r u ) ; x 2 ; u = 0 ; x 2 @ : (2) $3$3$G!$ � u = @ 2 u=@ x 2 1 + � � � + @ 2 u=@ x 2 n $H$7$^$9!% f $O<!$N2>Dj$rK~$?$9$H$7$^$9!% 1. f $O H 1 ( ) $+$i L 2 ( ) $X$NO"B3<LA|!$$9$J$o$A!$ 4X ?t Ns f k g k � 1 � H 1 0 ( ) $, H 1 0 %N %k %‘ $N 0U L# $G � H 1 0 ( ) $K <}B+ $9$k $H$-!$ f f ( k ) g k � 1 � L 2 ( ) $O L 2 %N%k%‘ $N0U L#$G f ( ) 2 L 2 ( ) $K<} B+$9$k!% 2. M-3&=89g U � H 1 ( ) $KBP$7!$ f ( � ; U; r U ) := f f ( � ; u; r u ) j u 2 U g � L 2 ( ) $bM-3&!% $^$:!$M-8B MWAGK! $G$h$/CN $i$l$? <e7A<0 2=<jK! $rMQ $$ $F!$ (2) $r <! $r K~ $? $9 <e 2r u 2 H 1 0 ( ) $r C5 $9 Ld Bj $K=q$-D>$7$^$9!% ( r u; r v ) = ( f ( x; u; r u ) ; v ) ; 8 v 2 H 1 0 ( ) : (3) <!$K!$ (2) $N @~7A 2= LdBj $G $"$k P oisson J} Dx<0 $K BP $9$kJdBj 2, 5, 9) $r>R2p$7$^$9!% JdBj 3.1 G$0U$N g 2 L 2 ( ) $KBP$7!$ ( � � � = g ; x 2 ; � = 0 ; x 2 @ ; (4) $OM#0l$N2r � 2 H 2 ( ) \ H 1 0 ( ) $r;}$A!$ j � j H 2 ( ) � k g k L 2 ( ) (5) $,@.N)$9$k!% $?$@$7!$ j � j H 2 ( ) $O H 2 ( ) >e$N%;%_%N%k%‘ : j v j 2 H 2 ( ) = n X i;j =1 k @ 2 v =@ x i @ x j k 2 L 2 ( ) $H $7 $^ $9!% L 2 ( ) $N 85 g $+ $i (4) $N 2r � 2 H 1 0 ( ) \ H 2 ( ) $N BP 1~ 4X 78 $r � = Ag $H Dj 5A $9 $k $H!$ A $O L 2 ( ) $+ $i H 2 ( ) \ H 1 0 ( ) $X $N A4 C1 <M <L A| $K $J $j $^ $9!%<! $K!$ H 2 ( ) $+ $i H 1 ( ) $X $N 91 Ey<L A| $r ^ I $H$* $/$H!$ ^ I $O%3 %s%Q%/ %H:n MQAG $G$"$k $3$H $,<($; $^ $9 1, 18) !% $7 $? $,$C $F f $N 2> Dj $h $j!$ %3 %s %Q %/ %H $J 9g @.<LA| : F := ^ I Af : H 1 0 ( ) � ! H 1 0 ( ) (6) $r Dj 5A $9 $k $3 $H $, $G $-!$ (3) $O H 1 0 ( ) Fb $N IT F0 E@ J} Dx<0 : u = F ( � ; u; r u ) $HF1CM$K$J$j$^$9!%0J9_!$4JC1$N$?$a!$ f ( u ) := f ( � ; u; r u ) ; F ( u ) := F ( � ; u; r u ) $H I= 5- $7 $^ $9!% IT F0 E@ J} Dx <0 $N BP 1~ $O 0J 2< $N DL $j $G $9!% H 1 0 ( ) f ! L 2 ( ) A ! H 2 ( ) \ H 1 0 ( ) ^ I , ! H 1 0 ( ) u 7! f ( u ) 7! Af ( u ) 7! F ( u ) 4 Newton K!$HITF0E@DjM}$NE,MQ IT F0 E@ Dj M} $N @. N) >r 7o $H $J $k \ F ( U ) � U " $O!$ <L A| F $, IT F0 E@ $N 6a K5 $G =L >. E* ( 0z $- 9~ $_ E* ) $G $" $k $3 $H $r <($7 $F $$ $^ $9!% $7$? $,$C $F!$ (6) $G Dj 5A $7$? F $,=L>. E*$J@-3J $r;}$?$J$$ 8B$j!$$I$s $J8uJd<T=8 9g U $r$b$C$F$-$F$b8!>Z$O@.8y$7$^$;$s!% $=$3 $G!$M-8B <!85Hs@~ 7AJ}Dx <0$NM- NO$J2r K!$N$R$H $D $G $" $k Newton K! (Newton-Raphson K! $H $b 8F $P $l $^ $9 ) $K 4p $E $/ <j K! $r IT F0 E@ J} Dx <0 $K E, MQ $9 $k $3 $H $r9M$($^$9!% 3

$^$:!$ u = F ( u ) $rD>@\ Newton 7?J}Dx<0$K=q$-D> $9 $3 $H $r 9M $( $^ $9!% u = F ( u ) $r 5a $a $k Ld Bj $O u � F ( u ) = 0 $r 5a $a $k Ld Bj $H F1 $8 $G $9!% $h$C $F!$ M- 8B <! 85$N Newton K!$r $=$N$^$^3HD%$7$F$"$F$O$a$k$H!$$" $k=i4|CM u (0) $+$i=PH/$7$?H?I|Ns$O u ( k ) = u ( k � 1) � ( I � F 0 ( u ( k � 1) )) � 1 ( u ( k � 1) � F ( u ( k � 1) )) $H$J$j$^$9!%$3$3$G F 0 ( u ( k � 1) ) $O F $N u ( k � 1) $K$*$1 $k F r � ec het Hy J,!$ I $O H 1 0 ( ) >e $N 91 Ey <L A| $G $9!% $3 $N H? I| Ns $r 9M $( $k >l 9g!$ I � F 0 ( u ( k � 1) ) $N 5U <L A| $N B8:_ $r3F H?I| $N EY$K <( $9I, MW$, $" $j$^ $9!%$= $l $OBg JQ $G $9 $N $G!$ $b $7 2? $i $+ $N J} K! $G 8+ $D $1 $? u = F ( u ) $N 6a ;w 2r ~ u 2 H 1 0 ( ) $, ?? $N 2r $K $+ $J $j 6a $$ $J $i $P!$ F 0 ( u ( k � 1) ) $r F 0 ( ~ u ) $K CV $- 49 $( $F $b Hy J, $O $= $l $[ $I JQ$o$i$J$$$@$m$&$H$$$&4|BT$N$b$H!$H?I|Ns$r u ( k ) = u ( k � 1) � ( I � F 0 ( ~ u )) � 1 ( u ( k � 1) � F ( u ( k � 1) )) $KJQ99$7$^ $9!% ~ u $K$*$1 $k F r � ec het HyJ,$K 8GDj$5$l$F $$$k$3$NJ}K!$O!V=‘ Newton K!!W$H8F$P$l$k$3$H$,$" $j$^ $9!%$3 $N $h$& $K $9$k $H!$5U <L A|$N B8 :_$r D4 $Y$k <j 4V $O 1 2s $G :Q $_ $^ $9!% =‘ Newton H? I| Ns $r @8 @. $9 $k 1&JU$NBP1~$r N ( u ) := u � ( I � F 0 ( ~ u )) � 1 ( u � F ( u )) $H=q$/$H!$ N $O H 1 0 ( ) >e$N <LA|$H $J$j$^$9!% %I%$%D $N Plum $N <j K! 9, 16) $O!$ ( $5 $i $K $3 $N 7A $+ $i ;D :9 7A $KJQ 7A$7 $?5; K! $d6a ;w 2r!&6u 4V$K BP $9$k 3j$i $+ $5$J $I $N 2> Dj $r IU $1 2C $( $k $b $N $N!$ K\ <A $O ) 5U :n MQ AG ( I � F 0 ( ~ u )) � 1 $N %N %k %‘ I> 2A $r L5 8B <! 85 8G M- CM Ld Bj $K 5" Ce $5 $;!$ 8G M- CM $r @: EY J] >Z IU $- $G I> 2A $9 $k $3 $H $K $h $j N ( U ) � U $H $J $k 8u Jd <T =8 9g U $r 7W ;; 5! Fb $G 9= @. $7 $h$&$H$9$k$b$N$G$9!% 4.1 6a;w6u4V$H5?;w Newton K! A0 @a $G :n @. $7 $? =‘ Newton :n MQ AG N $O!$ M- 8B <! 85 $N Newton K!$rL5 8B<!85$K$=$N$^$^3HD%$7$?$b$N$G$7 $?!% :# EY $O!$ IT F0 E@ J} Dx <0 (6) $r 6a ;w 6u 4V Fb $N IT F0 E@ J}Dx <0$H $=$N 8m :96u 4V$K $"$? $k 6u4V $NIT F0 E@J} Dx<0 $K J,2r$7$F!$M-8B<!85ItJ,$r Newton 7?J}Dx<0$K=q$-D> $=$&$H$$$&:n@o$r$?$F$^$9!% H 1 0 ( ) $N 6a ;w 6u 4V $H $7 $F!$ %Q %i %a!< %? h > 0 $K 0M B8 $9 $k M- 8B <! 85 It J, 6u 4V S h $r MQ 0U $7 $^ $9!% h $O!$ $? $H $( $P S h $, M- 8B MW AG 6u 4V $N >l 9g $K $O J, 3d $7 $? %a%C %7%e %5 %$ %: $N 5U ?t!$ 8G M- CM E8 3+ $J $I $G 6a ;w $7 $? 6u 4V $N >l 9g $K $O E8 3+ 9‘ ?t $N 5U ?t $K BP 1~ $7 $^ $9!% <! $K!$ H 1 0 ( ) $+ $i S h $X $N<M 1F $H$7 $F!$ � 2 H 1 0 ( ) $K BP $9 $k H 1 0 Fb @Q $N 0U L# $G $N D> 8r <M 1F ( H 1 0 -pro jection) P h � 2 S h $r<!$N$h$&$KDj5A$7$^$9!% ( r ( � � P h � ) ; r v ) = 0 ; 8 v 2 S h : (7) S h $O H 1 0 ( ) $N JD It J, 6u 4V $N $? $a!$ H 1 0 ( ) $N G$ 0U $N 85 $O S h $N 85 $H D> 8r Jd 6u 4V S ? h $N 85 $G 0l 0U $K =q $- I= $9 $3 $H $, $G $- $^ $9 3) !% $h$C $F!$ H 1 0 ( ) $N IT F0 E@ J} Dx <0 u = F ( u ) $b P h $r MQ $$ $F <! $N $h $& $K S h $N It J, $H S ? h $NItJ,$K ( 0l0U$K ) J,2r$9$k$3$H$,$G$-$^$9!% ( P h u = P h F ( u ) ; ( I � P h ) u = ( I � P h ) F ( u ) : (8) (8) $N Bh 1 <0 $O H 1 0 -pro jection $r 2p $7 $F $$ $k $? $a!$ S h $K $* $1 $k M- 8B <! 85 $N Ld Bj $G $9!% Bh 2 <0 $O L5 8B <! 85 $N IT F0 E@ J} Dx <0 $G $O $" $k $b $N $N!$ S h $N 6a ;w EY $, $h $1 $l $P =L >. <L A| E* $J F/ $- $r $9 $k $3 $H $, 4| BT $5 $l $^ $9 9) !% $h$C $F!$ J, 2r $5 $l $? IT F0 E@ Ld Bj $N S h It J, $K BP $7 Newton K! $r E, MQ $7 $^ $9!% @h $[ $I $H F1 MM $K =‘ Newton <LA|$r7A<0E*$K9M$($l$P!$ P h u � ( I � P h F 0 ( ~ u )) � 1 P h ( u � F ( u )) $G $9!% $7 $+ $7 $3 $N >l 9g!$ I � P h F 0 ( ~ u ) $N Dj 5A 0h $, 9- $9 $.$k $? $a!$5U <L A|$N BP 1~$, $D $-$^ $; $s!%$= $N $?$a!$ I � P h F 0 ( ~ u ) $NDj5A0h$r S h $K@)8B$7$? 5U<LA|$r [ I � P h F 0 ( ~ u )] � 1 h $H =q $-!$ Be MQ $9 $k $3 $H $K $7 $^ $9!% $3 $N <j K!$r=‘ Newton K!$+$i$5$i$KJQ7A$r2C$($?$?$a!V5?;w Newton K!!W$H8F$V$3$H$b$"$j$^$9!% S h >e$N <LA| [ I � P h F 0 ( ~ u )] h $N 5U<L A|$, B8:_ $9$k$+ $I $&$+ $O L@$i $+$G $O $"$j $^ $;$s!% $7 $+$7!$ M- 8B<! 85$N @~ 7A<L A|$O 9T Ns$G I=8= $G$- $k $H$$ $&@~ 7A Be?t $N4p K\E* $J ;v<B $rMQ $$ $k$H!$ 5U <LA| $NB8 :_ $OBP 1~$9 $k 9TNs $,@5 B’ $G$" $k$+ $I $&$+ $H $$$& LdBj $K 5"Ce $5$l $^ $9!%<B :]$N ?t CM7W ;; $G$O!$ 7W;; 5! Fb$K BP 1~$9 $k 9TNs $r 9=@. $7$F!$ $=$N@5B’@-$r@:EYJ]>ZIU$-$GD4$Y$^$9!% N h ( u ) := P h u � [ I � P h F 0 ( ~ u )] � 1 h P h ( u � F ( u )) $H $* $-!$ 5U <L A| $N B8 :_ [ I � P h F 0 ( ~ u )] � 1 h $r 2> Dj $9 $l $P!$ S h Fb $K $* $1 $k IT F0 E@ J} Dx <0 P h u = P h F ( u ) $H P h u = N h ( u ) $O F1 CM $K $J $j $^ $9!% 0J >e $h $j!$ =L >. E* $G$"$k$3$H$,4|BT$5$l$k H 1 0 ( ) >e$N:nMQAG T $r T ( u ) := N h ( u ) + ( I � P h ) F ( u ) (9) $GDj5A$9$k$H!$0J2<$NL?Bj$,@.N)$7$^$9 9) !% JdBj 4.1 T $O H 1 0 ( ) >e $N %3 %s %Q %/ %H :n MQ AG!$ $+ $D!$ IT F0 E@J}Dx<0 u = T ( u ) $O u = F ( u ) $9$J$o$A (3) $H F1CM!% 4

4.2 ITF0E@DjM}$NE,MQ (9) $G Dj 5A $7 $? :n MQ AG T $K BP $7 $F 8u Jd <T =8 9g U $r 9=@.$7!$ITF0E@DjM}$rE,MQ$7$^$9!%$3$3$G$O Sc hauder $N IT F0 E@ Dj M} $r :N MQ $7 $^ $9 (Banac h $N IT F0 E@ Dj M} $K 4p $E $/ Dj <0 2= $b 2D G= $G $9 24) ) !% S h $N <! 85 $r K !$ 4p Dl $r f i g 1 � i � K $H$7$^$9!%8uJd<T=89g U $O!$ U h := ( K X i =1 A i i 2 S h j A i : R $N6h4V ) ; U ? := f u ? 2 S ? h j k u ? k H 1 0 ( ) � � g $NOB =89g U = U h + U ? $G9= @.$7 $^ $9!% U h $O 6h4V 78 ?t $N 0l <! 7k 9g $G I= 8= $5 $l $k S h $N It J, =8 9g!$ U ? $O!$ H 1 0 ( ) $N%N%k%‘$G \ $D$V$5$l " $?H>7B � > 0 $N>.$5$J 5e$@ $H9M $( $k$3 $H $,$G $-$^ $9!% $3$N ;~!$ <!$N 8! >Z>r 7o $,@.$jN)$A$^$9 9) !% DjM} 4.2 H 1 0 ( ) $NM-3&FLJD=89g U = U h + U ? $KBP$7!$ ( P h T ( U ) � U h ; ( I � P h ) F ( U ) � U ? (10) $, @. $j N) $D $J $i $P!$ T $N IT F0 E@ $9 $J $o $A (3) $N 2r$, U Fb$KB8:_$9$k!% (10) $N Bh 0l <0 $O!$ L5 8B <! 85 $N 9‘ $, 4^ $^ $l $k $? $a @5 3N$K $O7W ;; $G$- $^ $;$s!% $7$+ $7!$ %N%k %‘ I>2A $J $I$r MQ $$ $F Bg $- $a $K I> 2A $9 $k $3 $H $O 2D G= $G $9!% P h T ( U ) $N 7W ;; $O!$ DL >o!$ 6h 4V 78 ?t %Y %/ %H %k $r 1& JU $K ;} $D O" N) 1 <! J} Dx <0 $r @: EY J] >Z IU $- $G 5a $a $k Ld Bj $K 5" Ce $5 $l $^ $9!%L5 8B<! 85 ItJ, $N 7W;; $O!$<! >O $N9= @. E*8m :9 I>2A $r MxMQ$7$^$9!% 5 M-8BMWAG6a;w$H$=$N9=@.E*8m:9I>2A 8uJd<T=8 9g U � H 1 0 ( ) $KBP $7$FIT F0E@DjM} $N@.N) >r 7o $H $J $k (10) $r 3N G’ $9 $k $? $a $K $O!$ L5 8B <! 85 It J, $N ( I � P h ) F ( U ) � U ? $N 8! >Z $, I, MW $K $J $j $^ $9!% U ? $O H 1 0 ( ) $N %N %k %‘ $N 0U L# $G $N H> 7B � $N 5e $G $9!% $7 $? $,$C $F!$ ( I � P h ) F ( U ) $b F1 $8 H 1 0 ( ) $N %N %k %‘ $GI>2A$7!$$=$NCM$, � $h$j>.$5$$$3$H$r!$$D$^$j sup u 2 U k ( I � P h ) F ( u ) k H 1 0 ( ) � � $r 3N G’ $9 $l $P Jq 4^ 4X 78 $r <( $9 $3 $H $, $G $- $^ $9!% $3 $N It J, $N 7W ;; $K!$ (2) $N @~ 7A 2= Ld Bj $G $" $k P osson J} Dx <0 (4) $K BP $9 $k 6a ;w $H $= $N 9= @. E* 8m :9 I> 2A $, Bg $- $/ 4X $o$C $F $- $^ $9!% 0J 2<!$ 6q BN E* $J M- 8B MW AG It J, 6u 4V 4, 18) $rNc$H$7$F<h$j>e$2$F@bL@$7$^$9!% 5.1 2 <!856k7ANN0h$K$*$1$k;M3Q7AMWAG 4JC1 $N$?$a!$NN 0h $r (0 ; 1) � (0 ; 1) $N 2 <! 856k7A NN0h$H$7$^$9!%6h4V J := (0 ; 1) $N x J}8~$r 0 = x 0 < x 1 < � � � < x L +1 = 1 $H Ey J, 3d $7!$ h = 1 = ( L + 1) $H $* $- $^ $9!% y J} 8~ $b F1 MM $K Ey J, 3d $7 $^ $9!% <! $K!$ x J} 8~!$ y J} 8~ $K $D $$ $F (0 ; 1) >e O"B3 $+ $D N> C<$G 0 $H $J $k $h $&$J 6h J, E* 1 <! B? 9‘ <0 A4 BN $N =8 9g $r $= $l $> $l M 1 0 ( x ), M 1 0 ( y ) $H =q $- $^ $9!% 6a ;w 6u 4V $H $J $k M- 8B MW AG 6u 4V S h $O M 1 0 ( x ) M 1 0 ( y ) !$ $9 $J $o $A M 1 0 ( x ) $H M 1 0 ( y ) $N $9 $Y $F $N 4X ?t $N@QA4BN ( %F%s%=%k@Q ) $H$7$FDj5A$7$^$9!% <! $K!$ 6h 4V J $K BP $7!$ $" $k 8G Dj $7 $? y 2 J $G $N 1 <!85$N<M1F P x : H 1 0 ( ) \ H 2 ( ) ! M 1 0 ( x ) $r ( @ ( v ( � ; y ) � P x v ( � ; y )) =@ x; w 0 ) J = 0 ; w 2 M 1 0 ( x ) $GDj5A$7$^$9!%$?$@$7 ( � ; � ) J $O L 2 ( J ) >e$NFb@Q$G$9!% $3 $N$H $-!$6hJ, 1 <! Jd4V B?9‘ <0$K 4X$9 $k8m :9I> 2A$+ $i 0J2<$rF@$^$9 9) !% k @ ( v � P x v ) =@ x k L 2 ( ) � (1 =� ) h k @ 2 v =@ x 2 k L 2 ( ) : F1 MM $K y Hy J, $K $D $$ $F $N I> 2A <0 $b F@ $i $l $^ $9!% $3 $N 2 $D$rAH$_9g$o$;$k$H!$<!$NI>2A<0$rF@$^$9!% JdBj 5.1 @h $K Dj 5A $7 $? M- 8B MW AG 6a ;w 6u 4V S h $N $b $H!$ G$ 0U $N v 2 H 1 0 ( ) \ H 2 ( ) $KBP$7!$ k v � P h v k H 1 0 ( ) � (1 =� ) h j v j H 2 ( ) (11) $,@.N)$9$k!% Dj ?t 1 =� $O!$ J >e $G Dj 5A $7 $? 4p Dl $r 6h J, E* AP 2 <! B? 9‘ <0 $K $7 $? >l 9g!$ 1 = (2 � ) $K $G $- $k $3 $H $, $o $+$C $F $$ $^ $9 12) !% $^ $?!$ L ;z 7A $N NN 0h $K $D $$ $F $b 3H D% $9 $k $3$H$,$G$-$^$9 23) !% 5.2 ;03Q7AMWAG ;03Q7A MWAG$N>l9g$K$O!$ 6k7A$r4^$‘ 2 <!85B? 3Q7ANN 0h $G 9M $( $k $3 $H $, $G $- $^ $9!% $r ;0 3Q 7A J, 3d $7!$ 3F J, 3d NN 0h >e $G 1 <! B? 9‘ <0 $H $J $k M- 8B MW AG 6u 4V S h $r 9M $( $^$9!% $3 $N$H $-!$6k 7A $HN‘ ;w $NJd 4V 8m:9 I> 2A$K $h$j 0J2<$NITEy<0$,@.N)$7$^$9 9) !% 5

JdBj 5.2 S h $N J, 3d $, 0l MM $N >l 9g!$ G$ 0U $N v 2 H 1 0 ( ) \ H 2 ( ) $KBP$7!$ k v � P h v k H 1 0 ( ) � 0 : 81 h j v j H 2 ( ) (12) $,@.N)!% Hs0lMMJ, 3d$N>l9g $K$b6q BNE*$J CM$r;;Dj $9$k$3 $H$, $G $- $^ $9!% $? $@ $7!$ (12) $N Dj ?t 0 : 81 $O :G E, $J CM $G $O $"$j $^$; $s!% ?tCM <B 83$K $h$k 6a ;w7W ;; $N7k 2L $G$O $b$C $H>. $5$$ CM$H $J $k$@ $m$& $H$$ $& $3$H $,Js 9p $5$l $F$$ $^ $9!% (12) $N $h $& $J %N %k %‘ I> 2A $O!$ L5 8B <! 85 8G M- CM Ld Bj$N 8GM- CM$r I> 2A$9 $kLd Bj$K 5" Ce$9 $k$3 $H $,CN $i$l $F $*$j!$ M}O@ E* $J%" %W %m!<%A $H $H$b $K!$ @:EY J] >Z$N 4Q E@ $+$i$N8&5f@.2L$,4|BT$5$l$^$9!% 5.3 9=@.E*8m:9I>2A (11), (12) $r$^$H$a$F k v � P h v k H 1 0 ( ) � C h j v j H 2 ( ) (13) $H =q $- $^ $9!% C > 0 $O M- 8B MW AG 6u 4V $N 6a ;w @- $+ $i Dj $^$k Dj?t $G!$6q BN E*$J >e 3&CM $,;; Dj 2DG= $G$" $k $H$7 $^ $9!%G$0U$N v 2 H 1 0 ( ) \ H 2 ( ) $KBP$7$F!$ 3.2 @a$GDj 5A $7 $? <L A| A $r 2p $7 $F L 2 ( ) $N 85 $, 7h $^ $j!$ (5) $r K~ $? $7 $^ $9!% $7 $? $,$C $F!$ G$ 0U $N u 2 H 1 0 ( ) $K BP $7!$0J2<$NI>2A$,@.N)$7$^$9!% k ( I � P h ) F ( u ) k H 1 0 ( ) = k ( I � P h ) ~ I Af ( u ) k H 1 0 ( ) � C h j Af ( u ) j H 2 ( ) � C h k f ( u ) k L 2 ( ) : $h$C $F!$ 8! >Z >r 7o (10) $N L5 8B <! 85 It J, $N 7W ;; J} K! $,0J2<$N$h$&$KF@$i$l$^$9!% DjM} 5.3 U � H 1 0 ( ) $KBP$7$F!$ sup u 2 U k ( I � P h ) F ( u ) k H 1 0 ( ) � C h sup u 2 U k f ( u ) k L 2 ( ) (14) $,@.N)!% k f ( u ) k L 2 ( ) $O L5 8B <! 85 $N 9‘ $r 4^ $‘ $? $a!$ @5 3N $J CM $r7W ;;$9 $k $3$H $O $G$- $^$; $s!% $7$+ $7!$ 6h4V 1i ;;$H %N %k%‘ I>2A $rMQ $$ $k$3 $H$G Bg$- $a $KCM $r;; Dj $9$k $3$H $O 2DG=$G$9!% (14) $O O ( h ) $NI>2A $G$9!%$3$N I>2A$K$h $/CN$i$l$? Aubin-Nitsc he $N 5; K! 18) $r E, MQ $9 $k $3 $H $G!$ O ( h 2 ) $H$J$k9=@.E* L 2 8m:9I>2A : sup u 2 U k ( I � P h ) F ( u ) k L 2 ( ) � ( C h ) 2 sup u 2 U k f ( u ) k L 2 ( ) $r F@ $k$3 $H $, $G $-$^ $9!% $5 $i $K!$Kd $a 9~ $_ H 2 ( ) , ! L 1 ( ) $K 4X $o $k Dj ?t $r M} O@ E* $K I> 2A $9 $k $3 $H $K $h$C $F!$9=@.E* L 1 8m:9I>2A$b2DG=$G$9 10, 11) !% 6 Hs@~7AJPHyJ,J}Dx<0$X$NE,MQNc 6.1 Allen-Cahn J}Dx<0 5.1 @a $G @_ Dj $7 $? NN 0h!$ M- 8B MW AG 6u 4V $K $* $1 $k E, MQ Nc$H$7 $F!$@8J*?t3X%b %G%k$H$7$FCN $i$l$F$$$k Allen- Cahn J}Dx<0 : ( � � u = �u ( u � a )(1 � u ) ; x 2 ; u = 0 ; x 2 @ : $r <h$j >e $2$^ $9 20) !% $3$N J} Dx<0 $O 0 < a < 1 = 2 $N$H $-!$ $"$k � � > 0 $G<+ L@2r u = 0 0J 30$N J, 4t2r $,@8 $8 $k $3$H $, CN$i $l$F $$ $^$9!% $7 $+$7!$ M} O@E* $K 8@$( $k$N $O $3$3 $^$G $G!$ 6qBN E* $J2r $N7A >u $dB8 :_HO 0O $OIT L@$G $9!% � = 150, a = 0 : 01, L = 79 $K $* $$ $F >e B& J, 4t 2r!$ 2<B& J,4t 2r $=$l $> $l$N 8!>Z $K @.8y $7$? Nc $r>R 2p$7 $^ $9!% >e B& $G � = 0 : 0622, 2< B& $G � = 0 : 01066 $G $9!% ?^ 1, ?^ 2 $O y = 1 = 2 $G $N CG LL $G$9!% 2r $O 2 $D $N @~ $G 0O $^ $l $? NN 0h $K � J, $N H 1 0 %N %k %‘ $r IU $1 2C $( $? =89g$KB8:_$7$^$9!% ?^ 1: >eB&J,4t2r$NJq$_9~$_ ( y = 1 = 2) 6

?^ 2: 2<B&J,4t2r$NJq$_9~$_ ( y = 1 = 2) 6.2 MHD 6Q9ULdBj F1 $8 $/ 5.1 @a $G @_ Dj $7 $? NN 0h!$ M- 8B MW AG 6u 4V $K $* $$ $F!$ MHD 6Q9ULdBj$K4X78$9$kJ}Dx<0 : ( � � v = � max f v ; 0 g ; x 2 ; v = � 1 ; x 2 @ : $N <+ L@ $J 2r v = � 1 0J 30 $r 8+ $D $1 $k $3 $H $r 9M $( $^ $9 21) !% u := v + 1 $H$9$l$PLdBj$O (2) $KJQ49$G$-!$$3$l $^$G$N<j K!$, 4pK\E* $KE,MQ $G$-$^ $9!%Nc$H $7$F!$ � = 30, L = 49 $G $N 8! >Z Nc $r >R 2p $7 $^ $9!% � = 0 : 10956 $G $9!% ?^ 3 $O u $N 6a ;w 2r $N 7A >u!$ ?^ 4 $O v = 0 $H $J $k6-3& ItJ, $rJq $_9~ $s$@ $b$N $G$9!% 2r$O 2 $D $N@~ $G0O $^ $l $? NN 0h $K � J, $N H 1 0 %N %k %‘ $r IU $1 2C $( $? =8 9g $K B8:_$7$^$9!% ?^ 3: 6a;w2r$N7A>u ?^ 4: v = 0 $NJq$_9~$_ M-8B MWAGK! 6a;w$K$h $k$=$N $[$+$N E,MQNc $H$7$F$O!$ Emden J} Dx <0 24) !$ BJ 1_ 7? 8G M- CM Ld Bj 8) $J $I $, $" $j $^$9!% 6.3 Na vier-Stok es J}Dx<0$X$N3HD% K\9F $G$OHs@~ 7ABJ1_ 7?6-3& CMLdBj$r Nc$KJP HyJ,J}Dx <0 $N2r $N@: EY J]>Z $K $D$$ $F@b L@ $7$F $-$^ $7 $?!%$3 $N<j K!$O 2 <!85Dj>oHs05=L@- Na vier-Stok es J}Dx<0 : 8 > < > : � � � u + r p = � ( u � r ) u + f in ; div u = 0 in ; u = 0 on @ $K BP $7 $F $b 3H D% $7 $F E, MQ $9 $k $3 $H $, $G $- $^ $9 22) !% Na vier-Stok es J}Dx<0$N@~7A2=LdBj$O Stok es J}Dx<0 : 8 > < > : � � � v + r q = g in ; div v = 0 in ; v = 0 on @ $K $J $j!$ Stok es J} Dx <0 $N 2r $N B8 :_ $H 0l 0U @- $r MQ $$ $F IT F0E@ Dj<0 2=$r 9T$J $$$^ $9!%$b $A$m $s!$ 5 >O$H $O0[ $J $k9=@.E*8m:9I>2A$,I,MW$K$J$j$^$9 13, 14) !% 7 $*$o$j$K JPHy J,J}Dx <0$N@: EYJ]>Z IU$-%7 %_%e%l!<%7%g %s$N8= >u $O!$ 2 <!85 $NBJ 1_7? LdBj $,$d$C $H<B MQ%l %Y%k $K6a IU $$$FMh $?$H$$$C$? $H$3$m$G$9!% H/E87?J}Dx <0 7) !$ 3 <! 85!$ $h $j J# ;( $J NN 0h $X $N E, MQ $J $I $O!$ 86 M} E* $J M- 8z @- $O<( $5 $l$D $D$" $k $b$N $N!$ $3$l $+ $i$N 8& 5f%F!< %^$G $9!% $^$?!$ !VIT F0E@ Dj <02= $G $-$5 $( $9$l $P I,$: IT F0E@ Dj M}$N @.N) >r 7o$, I, $:8! >Z$G $- $k!W$H $O7h $7 $F8@ $($^ 7

$;$s!% =L>. E* $G$" $k $3$H $N3N G’ $N$? $a $K$O!$ M? $($i $l $?JP HyJ, J}Dx <0 $H:N MQ$7 $?6a ;w 6u4V $NFC <A $r$& $^$/ Mx MQ$7 $?!V8D JL 7bGK!W $N 9)IW $,$I $& $7$F $b I,MW $K $J$j $^ $9!%$3 $l$O!$ JP HyJ, J} Dx<0 $K$D $$ $F$N E} 0lE* $J M}O@ $, L$$@ Ds0F $5$l $F $$$J $$$3 $H$+ $i 9M$( $FEv A3 $+$b $7$l $^ $;$s!% $5$i $K!$ <BMQ E* $J4Q E@ $+$i!$ 6h 4V1i ;; $KMW $9 $k %3%9%H $N:o 8:!$O" N) 1 <!J} Dx<0 $d8G M-CM LdBj $J$I $N8z N(E*$J2rK!$J$I$b==J,$K9MN8$9$kI,MW$,$"$j$^$9!% M>CL @:EYJ] >ZIU$- ?tCM%7 %_%e%l!<%7%g %s$K$O!$ N%;62= $d ?tCM 7W;; $N IJ<A J] >Z$H $$ $&!V8! ;;!W $NLL $N $[$+ $K!$ M} O@E* $J%" %W%m!< %A $,:$ Fq $JLd Bj$K BP $9$k 7W;; 5! $r1g MQ $7$? !V2r $NH/ 8+!W $H$$ $& 0lLL $, $" $j$^ $9!% !V$3$N 8u Jd <T=8 9g$O =L >.E* $G $9!*!W$H $$$& 7k 2L$, 2h LL$K I= <($5 $l $?;~ $K%W %m%0 %i %‘:n @. <T$, L#$o $& C#@. 46$b!$ @: EYJ] >Z IU $- ?t CM %7 %_%e %l!< %7%g %s $N L% NO (?) $N $R $H $D $+ $b $7 $l$^$;$s!% ;29MJ88% 1) R. A. Adams: Sob olev Spaces, 268, Academic Press (1975) ISBN 0-120-44150-0 2) P . Grisv ard: Elliptic Problems in Nonsmo oth Domains, 410, Pitman, (1985) ISBN 0-273- 08647-2 3) F# ED 9( : 4X ?t 2r @O , 4d GH 9V :B!& 1~ MQ ?t 3X 5, 244, 4dGH=qE9 (1995) ISBN 4-00-010795-X 4) 5F CS J8 M: : M- 8B MW AGK! $N ?t M} | ?t 3X E*4p AC $H 8m :92r@O |, 278, G]Iw4[ (1994) ISBN 4-563-03388- X 5) O. A. Ladyzensk a y a( %i %8 %< %s %9 %+ %d ; F# ED 9( , C] 2< IK Lu ): Hs 05 =L G4 @- N. $N ?t 3X E* M} O@ , 248, ;: 6H?^=q (1979) ISBN 4-782-80625-6 6) A} ED 5W Lo : Hs @~ 7? ?t 3X , 154, D+ AR =q E9 (1985) ISBN 4-254-11445-1 7) T. Minamoto: Numerical Existence and Uniqueness Pro of for Solutions of Nonlinear Hyp erb olic Equations, to app ear J. Comput. Appl. Math. 8) K. Nagatou: A Numerical Metho d to V erify the Elliptic Eigen v alue Problems Including a Uniqueness Prop ert y , Computing , 63 , 109/130 (1999) 9) Cf Hx =< 9( , ;3 K\ Ln ?M : @: EY J] >Z IU $- ?t CM 7W ;; | %3 %s %T%e!< %? $K $h $k L5 8B $X $N D) @o |, 149, F| K\ I>O@<R (1998) ISBN 4-535-78258-X 10) M. T. Nak ao: Computable L 1 Error Esti- mates in the Finite Elemen t Metho d with Applications to Nonlinear Elliptic Prob- lems, Contributions in Numeric al Mathe- matics (ed. R.P .Agarw al), W orld Scien ti�c, 309/319 (1993) 11) M. T. Nak ao and N. Y amamoto: Numerical V eri�cation of Solutions for Nonlinear Ellip- tic Problems Using L 1 residual Metho d, J. Math. A nal. Appl. , 217 , 246/262 (1998) 12) M. T. Nak ao, N. Y amamoto and S. Kim ura: On Best Constan t in the Optimal Error Es- timates for the H 1 0 -pro jection in to Piecewise P olynomial Spaces, J. Appr oximation The ory , 93 , 491/500 (1998) 13) M. T. Nak ao, N. Y amamoto and and Y. W atanab e: A P osteriori and Constructiv e A Priori Error Bounds for Finite Elemen t So- lutions of the Stok es Equations, J. Comput. Appl. Math. , 91 , 137/158 (1998) 14) M. T. Nak ao, N. Y amamoto and and Y. W atanab e: Constructiv e L 2 Error Esti- mates for Finite Elemen t Solutions of the Stok es Equations, R eliable Computing , 4 , 115/124 (1998) 15) Bg @P ?J 0l : Hs @~ 7A 2r @O F~ Lg , 241, %3 %m %J <R (1997) ISBN 4-339-02600-X 16) M. Plum: Explicit H 2 -estimates and P oin t- wise Bounds for Solutions of Second-order Elliptic Boundary V alue Problems, J. Math. A nal. Appl. , 165 , 36/61 (1992) 17) ?y86 @582 , <<ED 0lM: : ?tCM7W;;K!$N?tM} , 334, 4d GH=qE9 , (1994) ISBN 4-00-005518-6 , 18) EDC< @55W : HyJ, J}Dx<0$N ?tCM2r K! I I, 4dGH 9V:B!& 1~ MQ ?t 3X 13, 126, 4d GH =q E9 (1994) ISBN 4-00- 010803-4 8

19) 9b66 >D : Hs @~7A 4X ?t 2r @O 3X | ITF0 E@ Dj M} $H $=$N <~ JU |, 241, 6a Be 2J 3X <R (1988) ISBN 4-7649- 1008-X 20) Y. W atanab e and M. T. Nak ao: Numerical V eri�cations of Solutions for Nonlinear Ellip- tic Equations, Jap an J. Indust. Appl. Math. , 10 -1, 165/178 (1993) 21) Y. W atanab e, N. Y amamoto and M. T. Nak ao: V eri�ed Computations of Solutions for Nondif- feren tiable Elliptic Equations Related to MHD Equilibria, Nonline ar A nal. The ory Metho ds Appl. , 28 -3, 577/587 (1997) 22) Y. W atanab e, N. Y amamoto and M. T. Nak ao: A Numerical V eri�cation for the Na vier-Stok es Equations, R eliable Computing , 5 -3, 347/357 (1999) 23) N. Y amamoto and M. T. Nak ao: Numerical V eri�cations of Solutions for Elliptic Equa- tions in Noncon v ex P olygonal Domains, Nu- mer. Math. , 65 , 503/521 (1993) 24) N. Y amamoto: A Numerical V eri�cation Metho d for Solutions of Boundary V alue Problems with Lo cal Uniqueness b y Banac h’s Fixed-p oin t Thorem, SIAM J. Numer. A nal. , 35 -5, 2004/2013 (1998) 25) E. Zeidler(translated b y P . R. W adsac k): Non- line ar F unctional A nalysis and It’s Applic a- tions I: Fixe d-Point The or ems , 897, Springer- V erlag (1986) ISBN 0-387-90914-1 EOIt A1N4 1991 G/ 6e =# Bg 3X Bg 3X 1! M} 3X 8& 5f 2J ?t 3X @l 96 =$ ;N 2] Dx =$ N;!% Gn ;N ( ?t M} 3X ) !% 6e =# Bg 3X >p Js 4p HW %; %s %?!< =u 65 <x!% @l Lg $O ?t CM 7W ;;!% @: EY J] >Z IU $- ?t CM 7W ;; K!!$ JP Hy J, J} Dx <0 $N ?t CM 2r K! $N 8&5f$K=>;v!%F|K\1~MQ?tM}3X2q2q0w!% http://www.cc.kyushu-u.ac.jp/RD/watanabe/ CfHx =<9( 1974 G/ 6e =# Bg 3X Bg 3X 1! M} 3X 8& 5f 2J ?t 3X @l 96 =$ ;N 2] Dx =$ N;!% M} 3X Gn ;N!% 6e =# Bg 3X 1! ?t M} 3X 8& 5f 1! ?t M} 3X @l 96 7W ;; ?t M} 9V :B 65 <x!% @l Lg $O 7W ;; ?t 3X!% JP Hy J, J} Dx <0 $N ?t CM 2r K!!$ JP Hy J, J} Dx <0 $N 2r $K BP $9 $k ?t CM E* 8! >Z K!!$ @: EY J] >Z IU $- ?t CM 7W ;; K! $N 8& 5f $K => ;v!% F| K\ ?t 3X 2q!$ F| K\ 1~ MQ ?tM}3X2q!$>pJs=hM}3X2q!$F|K\7W;;9)3X2q2q0w!% http://www.math.kyushu-u.ac.jp/rigaku/keisan/ 9