E8 K> 9V 5A $N %l %] !< %H $K $D $$ $F Cf Eg 7< F ebruary 5, 1998 1 DL CN � Ds =P $7 $? %l %] !< %H $r JV 5Q $9 $k . ;v L3 << $K $F <u $1 <h $k $3 $H . � $^ $? , L$ $@ #3 2s J, $N %l %] !< %H 5Z $S 46 A[ $r Ds =P $7 $F $$ $J $$ $b $N $O , Bg ;j 5^ Ds =P $9 $k $3 $H . $3 $N 2r @b $O , %[ !< %‘ %Z !< %8 http://www.kusm.kyoto-u.ac.jp/~nakajima/Lecture/Kaisetu.html $K $* $$ $F $" $j $^ $9 . 2 1i =, Ld Bj $K $D $$ $F 2.1 Am I> 46 A[ $N Cf $K , 1i =, Ld Bj $, Fq $7 $$ , $H $$ $& $b $N $, 4v $D $+ $" $C $? . Ld Bj <+ BN $O , I8 =‘ E* $J $b $N $G $" $C $? $N $@ $, , B? MM BN >e $G Hy J, $r $9 $k 7W ;; $K 47 $l $F $$ $J $$ $? $a $K <0 $r $& $^ $/ $^ $H $a $k $3 $H $, $G $- $J $+ $C $? $b $N $, B? $+ $C $? $h $& $G $" $k . 35 G0 $r M} 2r $9 $k $3 $H $+ $i $5 $i $K 0l Jb ?J $s $G , 7W ;; $r MW NN NI $/ $^ $H $a $k 5; =Q $r ?H $K Ce $1 $k $h $& $K EX NO $5 $l $? $$ . $^ $? , <x 6H $N Fb MF $N B3 $- $r CN $j $? $$ $H $$ $& $b $N $b $$ $? . 4v $D $+ 8E E5 E* $J 65 2J =q ( Nc $( $P , Osserman : A survey of minimal surfaces) $b $" $k $, , 6q BN E* $J 6K >. 6J LL $N Nc $r D4 $Y $k $H 8@ $& Bj :‘ $+ $i , Karc her : Constructions of minimal surfaces (in Surv eys in Geometry : Minimal surfaces 1989 G/ 10 7n ) $r ?d A& $7 $? $$ . ( $7 $+ $7 , ?7 $7 $$ J8 8% $^ $G D4 $Y $? $o $1 $G $O $J $$ $N $G , $b $C $H $$ $$ $b $N $, $" $k $+ $b $7 $l $J $$ .) >e $N $b $N $O , %7 %s %] %8 %& %‘ $G ;q NA $H $7 $F G[ $i $l $? $b $N $J $N $G , 9X F~ $9 $k ;v $O $G $- $J $$ $, ?^ =q << $K $" $k $O $: $G $" $k . 1

2.2 3F Ld Bj $K $D $$ $F : N, 2r $H 9V I> Ld Bj 1 5U 4X ?t Dj M} $r ;H $& I8 =‘ E* $J Ld Bj $G $" $k . $[ $\ A4 0w $G $- $F $$ $? . Ld Bj 2 z = f ( x; y ) $N %0 %i %U $N @\ J? LL $N 4p Dl $H $7 $F , 0 @ 1 0 f x 1 A ; 0 @ 0 1 f y 1 A K! @~ %Y %/ %H %k $H $7 $F 1 p 1 + f 2 x + f 2 y 0 @ � f x � f y 1 1 A $r <h $k . $3 $N $H $- K! @~ %Y %/ %H %k $r Hy J, $7 $F 7? :n MQ AG $, 7W ;; $G $- $k $N $G , J? 6Q 6J N( $, 5a $^ $k . $3 $l $b $h $/ $G $- $F $$ $? . Ld Bj 3 >e $N J? 6Q 6J N( $N 8x <0 $K Be F~ $7 $F @0 M} $9 $k $H , g 00 ( x ) 1 + ( g 0 ( x )) 2 = � h 00 ( y ) 1 + ( h 0 ( y )) 2 $H $J $k . :8 JU $O , x $N 4X ?t , 1& JU $O y $N 4X ?t $G $" $k $+ $i , $3 $l $O Dj ?t $G $J $/ $F $O $$ $1 $J $$ . $" $H $O , >o Hy J, J} Dx <0 $r 2r $1 $P 7k O@ $r F@ $k . $3 $N <j $N 7W ;; $O , 3’ $h $/ $G $- $F $$ $? . Ld Bj 4 $^ $: 2s E> LL $N J? 6Q 6J N( $r 7W ;; $9 $k $H , f $O , >o Hy J, J} Dx <0 f 00 f = 1 + ( f 0 ) 2 $r K~ $? $9 $3 $H $, J, $+ $k . $" $H $O $3 $l $r 2r $1 $P $h $$ . $3 $l $b $h $/ $G $- $F $$ $? . Ld Bj 5 ( ; ) $r Bh 0l 4p K\ 7A <0 , $9 $J $o $A R 3 $N Fb @Q $N @\ 6u 4V $X $N @) 8B $H $9 $k $H $- , Dj 5A $+ $i (grad f ; @ @ u ) = @ f @ u ; (grad f ; @ @ v ) = @ f @ v $H $J $k . $" $H $O , grad f = a @ @ u + b @ @ v $H $* $$ $F , >e $N <0 $K Be F~ $7 $F a , b $r Dj $a $l $P $h $$ . D> 8r <M 1F $r 6q BN E* $K 5a $a $F $b $= $l $[ $I LL E] $G $J $$ $, , $3 $N $d $j J} $N J} $, , $J $< , Bh 0l 4p K\ 7A <0 $N 5U $, 8+ $( $F $$ $k $N $+ 0l L\ NF A3 $K J, $+ $k $H ;W $& . 7W ;; $, Hs >o $K Bg JQ $K $J $C $F $7 $^ $C $? $b $N $, B? $+ $C $? $N $O 0J 30 $G $" $C $? . 2

Ld Bj 6 $^ $: r N V X = ( r N V X ; N ) N $K Cm 0U $9 $k . X $r R 3 $K CM $r ;} $D M >e $N 4X ?t $H 8+ $J $7 , 3F @. J, $r V J} 8~ $K Hy J, $7 $? $b $N $r D V X $H =q $/ $3 $H $K $9 $k . Dj 5A $+ $i , D V X $r K! @~ J} 8~ $K D> 8r <M 1F $7 $? $b $N $, r N V X $G $" $k . => $C $F , ( r N V X ; N ) = ( D V X ; N ) $, @. $j N) $D . 0l J} $G , ( X ; N ) = 0 $r V J} 8~ $K Hy J, $9 $k $H 0 = ( D V X ; N ) + ( X ; D V N ) $G $" $k . => $C $F , 7? :n MQ AG $N Dj 5A $r ;W $$ =P $7 $F ( D V X ; N ) = � ( X ; D V N ) = ( X ; S ( V )) $r F@ $k . $3 $l $O , Hy J, 4v 2? $r CN $i $J $$ $b $N $K $O , $A $g $C $H Fq $7 $+ $C $? $+ $b $7 $l $J $$ . Ld Bj 7 div $N 0U L# $, J, $+ $j $K $/ $+ $C $? $h $& $J $N $G , <x 6H $N :G 8e $G Bh 0l JQ J, 8x <0 $N >Z L@ $r %5 %\ $C $? $3 $H $b $" $j , >/ $7 @b L@ $7 $h $& . � t ( � " < t < " ) $r R 3 $N 3+ =8 9g U $N Hy J, F1 Aj <L A| $N B2 $G <! $r K~ $? $9 $b $N $H $9 $k . 1. $" $k U $N %3 %s %Q %/ %H It J, =8 9g K $, $" $C $F , K $N 30 $G $O � t $O 91 Ey <L A| 2. � 0 $O 91 Ey <L A| 3. � t $O t $K BP $7 $F 3j $i $+ $K 0M B8 $9 $k $3 $N $H $- , X ( x ) = @ � t ( x ) @ t � � � � t =0 ( x 2 U ) $H $* $/ $H , X $O U >e $N %Y %/ %H %k >l $G K $N 30 $G $O 0 $G $" $k . $3 $N $H $- 6J LL M $N Bh 0l JQ J, 8x <0 $O , d dt � � � � t =0 Area(� t ( M \ U )) = Z M div ( X ) dA $G $" $C $? . $3 $l $O ( <x 6H $G $O >Z L@ $7 $J $+ $C $? $, ) d dt � � � � t =0 � � t ( dA t ) = div( X ) dA ( ~ ) $+ $i D> $A $K => $& . ( C" $7 , dA t $O � t ( M ) $N LL @Q MW AG $G $" $k .) $3 $3 $G , X $, 6J LL M >e $N %Y %/ %H %k $G $" $k $H $9 $l $P , >e $N � t $O M $r J] $D (i.e. � t ( M ) = M $H $J $k ) $h $& $K <h $l $k . $9 $k 3

$H , >e $N <0 $N :8 JU $O , dA t = dA $G $" $C $F , dA $N X $K $h $k Lie Hy J, $= $N $b $N $G $" $j , [ >> Eg ] $N p.266 $N Dj 5A $K 0l CW $9 $k . $" $H $O , DL >o $N Stok es $N Dj M} $K ;} $A 9~ $a $k $o $1 $G $" $k . <0 ( ~ ) $N >Z L@ $O , M $N lo cal patch ’ : V ! U 0 \ M $r <h $C $F , $3 $N $H $- � t ( M ) $N lo cal patch $, � t : ’ $G M? $( $i $l $k $3 $H $K Cm 0U $7 $F , LL @Q MW AG dA t = p E t G t � F 2 t du ^ dv $r 7W ;; $7 $F Hy J, $9 $l $P $G $- $k . $3 $N Hy J, $O , LL E] $J 7W ;; $K $J $k $, , 0l K\ F; $G $" $k . $b $7 $/ $O , <0 ( ~ ) $r M $N 3F E@ p Kh $K %A %’ %C %/ $9 $l $P $$ $$ $3 $H $K 5$ $r $D $1 $F , lo cal patch $H $7 $F , @ =@ u , @ =@ v $, p $K $* $$ $F @5 5, D> 8r 4p Dl $K $J $C $F $$ $k $h $& $J $b $N $r <h $C $F $/ $k $H , 7W ;; $, Hs >o $K 3Z $K $J $k . 3N $+ $K 47 $l $F $$ $J $$ $H 7W ;; ;E @Z $k $N $O 0l 6l O+ $@ $H ;W $& $, , $b $& 0l EY 3F <+ $G D) @o $7 $F $b $i $$ $? $$ . Ld Bj 8 x , y , z $r R 3 $N :B I8 4X ?t $N M $X $N @) 8B $H $9 $k $H , $3 $l $i $O M >e $G \ D4 OB "(i.e. � M x = � M y = � M z = 0 ) $G $" $C $? . $3 $N $H $- , $^ $: M >e $N 4X ?t f $H %Y %/ %H %k >l X $K $D $$ $F div ( f X ) = f div X + ( X ; grad f ) $K Cm 0U $7 $h $& . $3 $l $O , Leibniz rule $r ;H $C $F 4J C1 $K %A %’ %C %/ $G $- $k . => $C $F , 0 = Z M x � M xdA = Z M (div ( x grad x ) � (grad x; grad x )) dA $G $" $j , :G 8e $N <0 $N Bh 0l 9‘ $, Stokes $N Dj M} $K $h $C $F 0 $G $" $k $+ $i , grad x = 0 $G $" $j , x $O M >e $G Dj ?t $G $" $k . F1 MM $K y , z $b Dj ?t $K $J $C $F $7 $^ $C $F , M $, 0l E@ $K $J $C $F $7 $^ $C $F L7 =b $9 $k . $^ $? , $3 $N Ld Bj $O :G Bg CM 86 M} $r ;H $C $F $b >Z L@ $G $- $k $, , M $O 6J $, $C $F $$ $k $N $G , DL >o $N %i %W %i %7 %" %s $N :G Bg CM 86 M} $O $= $N $^ $^ ;H $( $J $$ . 0l HL $N Fs 3, BJ 1_ 7? Hy J, :n MQ AG $N :G Bg CM 86 M} $r ;H $o $J $1 $l $P $$ $1 $J $$ . Ld Bj 9 r T @ @ u @ @ u $r 5a $a $h $& . $= $l $K $O , ( r T @ @ u @ @ u ; @ @ u ) = ( @ 2 ’ @ u 2 ; @ ’ @ u ) $K Cm 0U $7 $F , r T @ @ u @ @ u = a @ @ u + b @ @ v $H $* $$ $F , a , b $r 5a $a $l $P $h $$ . 7k 2L $O , � a b � = � E F F G � � 1 ( @ 2 ’ @ u 2 ; @ ’ @ u ) ( @ 2 ’ @ u 2 ; @ ’ @ v ) ! : 4

F1 MM $K , r T @ @ v @ @ u = c @ @ u + d @ @ v $H $* $$ $F , c , d $r 5a $a $k $H , � c d � = � E F F G � � 1 ( @ 2 ’ @ u@ v ; @ ’ @ u ) ( @ 2 ’ @ u@ v ; @ ’ @ v ) ! $G $" $k . $h $C $F , div( @ @ u ) = a + d = tr � E F F G � � 1 @ 2 ’ @ u 2 ; @ ’ @ u ) ( @ 2 ’ @ u@ v ; @ ’ @ u ) ( @ 2 ’ @ u 2 ; @ ’ @ v ) ( @ 2 ’ @ u@ v ; @ ’ @ v ) ! $G $" $k . $" $H $O , 0l K\ F; $N 7W ;; $G 7k 2L $r F@ $k . $b $A $m $s , Ld Bj 7 $r \ ;H $C $F ", M >e $N %Y %/ %H %k >l X $K $D $$ $F div X $, LL @Q MW AG $N Lie Hy J, $G $" $k $3 $H $K Ce L\ $9 $l $P , 7W ;; $O MF 0W $G $" $k . 5U $K , $3 $N Ld Bj $N 7W ;; $r ;H $( $P , Ld Bj 7 $, >Z L@ $G $- $k $H $b 8@ $( $k . >e $N 7W ;; $O MF 0W $G $" $k $, , 47 $l $F $$ $J $$ $H Fq $7 $$ $+ $b $7 $l $J $$ . $7 $+ $7 , E G � F 2 $O , Bh 0l 4p K\ 7A <0 $r 9T Ns $H ;W $C $? $H $- $N 9T Ns <0 $G $" $j , $= $3 $G 9T Ns $r ;H $C $F $& $^ $/ $^ $H $a $k $3 $H $K 5$ IU $$ $F M_ $7 $+ $C $? . Ld Bj 10 W eierstrass $N I= <( <0 $r ;H $C $F K! @~ %Y %/ %H %k $r 7W ;; $7 $F , S 2 $r Ld Bj $N $h $& $K C [ f1g $H 8+ $J $; $P , g $, %, %& %9 <L A| $K $J $k . ( K! @~ %Y %/ %H %k $H $7 $F 5U $N 8~ $- $N $b $N $r <h $l $P $= $N J# AG 6& Lr g $K $J $k .) $3 $l $O , K\ Ev $K C1 =c $J 7W ;; $J $N $G , A4 0w $G $- $F M_ $7 $+ $C $? . Ld Bj 11 4p K\ E* $K $O , Ld Bj J8 $K => $C $F $$ $1 $P 2r $1 $k $h $& $K =P Mh $F $$ $k . M# $D (2) $K $* $$ $F , FL 4X ?t $G $" $k $3 $H $+ $i Hy J, F1 Aj <L A| $G $" $k $3 $H $r F3 $/ $H $3 $m $, <+ L@ $G $J $$ $+ $b $7 $l $J $$ . 6I =j E* $K Hy J, F1 Aj $G $" $k $3 $H $O , 5U 4X ?t Dj M} $+ $i J] >Z $5 $l $k . $" $H $O C1 <M $G $" $k $3 $H $r $^ $: <( $7 , A4 <M $G $" $k $3 $H $O , A| $, 3+ $+ $D JD $G $" $k $3 $H $K $h $C $F <( $9 . Bernstein $N Dj M} $O , <B $O 9b <! 85 $K $b 3H D% $5 $l $F $$ $F , 7 <! 85 0J 2< $N Euclid 6u 4V $G Dj 5A $5 $l $? 4X ?t $N %0 %i %U $, 6K >. $K $J $k $H , $= $l $O J? LL $G $" $j , 8 <! 85 0J >e $G $O H? Nc $, $" $k $3 $H $, CN $i $l $F $$ $k . >Z L@ $K $O , 4v 2? 3X E* B, EY O@ $, MQ $$ $i $l $k . 6= L# $" $k ?M $O , Giusti: Minimal surfaces and functions of b ounded v ariation $r ;2 >H $9 $k $H $h $$ . $3 $N Ld Bj $N >Z L@ <+ ?H $b $3 $N K\ $+ $i <h $C $? . 5