H! ?t O@ 9V 5A %a %b No.7; 7W ;; 5! 1i =, 6b ;R !! 98 !Z =‘ Hw ![ 7W ;; 5! $K <+ J, $N %" %+ %& %s %H $H %Q %9 %o !< %I $G %m %0 %$ %s $9 $k . %Q %9 %o !< %I $r <: $C $? ?M $O Aa $a $K ?= $7 =P $k $3 $H . 4V $K 9g $o $J $+ $C $? ?M $O M’ C# $N $r 8+ $; $F $b $i $& . $I $& $7 $F $b <+ J, $G $d $j $? $$ >l 9g $O >. @8 $N %" %+ %& %s %H $r NW ;~ $K ;H $& . K\ F| , >. @8 $N %" %+ %& %s %H $G F~ $C $? ?M $O , !Z =‘ Hw ![ $N 0J 2< $N It J, $r $d $C $F $O $$ $1 $J $$ . Be $o $j $K , %? !< %_ %J %k %( %_ %e %l !< %? $N %& %$ %s %I %& $r 0l $D 3+ $$ $F tcsh $r N) $A >e $2 , cd Kansuron $r <B 9T $7 $F D> $A $K 2] Bj #1 0J 2< $K ?J $‘ $3 $H . $3 $3 $K =q $+ $l $? $= $N B> $N =h M} $O , 8e $G <+ J, $N %" %+ %& %s %H $r <h F@ $7 , $= $l $G %m %0 %$ %s $7 $? $H $- $K 0l ?M $G <B 9T $9 $k . $" $k $$ $O , >p Js $N #3 G/ @8 $O #5 3, $N 5! 3# $G ~kanenko/Func/EnshuY19 $+ $i I, MW $J $b $N $r %3 %T !< $7 $F F1 $8 $3 $H $r $9 $l $P $h $$ . 0J 2< $r =g <! <B 9T $9 $k . 1) <A Ld $r $7 $? $$ ?M $O , %I 6a 4c $N >. @8 $N $? $a $K , $^ $: 2h LL $N %G %6 %$ %s %" %$ %3 %s $r %/ %j %C %/ $7 $F , 2h LL $N @_ Dj %D !< %k $r 3+ $- , 4A ;z %U %) %s %H $r :G Bg $N 7 $K JQ 99 $7 $F $* $/ . 2) %? !< %_ %J %k %( %_ %e %l !< %? $N %& %$ %s %I %& $r 3+ $/ . 0J 2< $N ;X Na $O $3 $N %& %$ %s %I %& $G BG $A 9~ $‘ . 3) cp ~kanenko/Func/.tcshrc . $r <B 9T $7 $? 8e , tcsh $r N) $A >e $2 $k . 4) mkdir Kansuron $r <B 9T $7 $F , cd Kansuron $9 $k . 5) cp ~kanenko/Func/EnshuY19/* . $r <B 9T $9 $k . 6) make $r <B 9T $9 $k . $3 $l $G K\ F| $N %G %b %W %m %0 %i %‘ $, %3 %s %Q %$ %k $5 $l $^ $9 . !Z 2] Bj #1 !’ J# AG @~ @Q J, ![ integral $r <B 9T $9 $k . $3 $l $O I j z j =1 z � m dz $N ?t CM 7W ;; $r $9 $k %W %m %0 %i %‘ $G $9 . 9V 5A $G 3X $s $@ <j 7W ;; $N 7k 2L $H Hf 3S $7 $F $_ $h $& . $J $* , %= !< %9 $O F ortran $G =q $+ $l $F $* $j , Ho @Q J, H! ?t $H @Q J, O) $N J} Dx <0 $r <h $j BX $( $l $P , JL $N Ld Bj $K ;H $( $k . ( 8e =R $N Mathematica $N $h $& $K ?t <0 =h M} %= %U %H $G $O $J $$ $N $G , m $N CM $r 2? $+ ;X Dj $7 $J $1 $l $P 7W ;; $7 $F $O $/ $l $J $$ .) %= !< %9 $r <+ J, $G D> $7 $? 8e $G , $= $l $r %3 %s %Q %$ %k $9 $k ;E J} $, $o $+ $i $J $$ ?M $O , make $r :F <B 9T $9 $l $P $h $$ . ( $I $& $$ $& %* %W %7 %g %s $G %3 %s %Q %$ %k $7 $F $$ $k $+ $r CN $j $? $1 $l $P Make�le $r %( %G %# %? !< $G FI $a $P NI $$ .) !Z 2] Bj #2 !’ Ey 3Q <L A| ![ confmap $r <B 9T $9 $k . $3 $l $O J? LL $N <L A| $K $h $k D> 8r 3J ;R $H 1_ <~ $N A| $N $f $, $_ 6q 9g $r I= <( $9 $k $b $N $G $" $k . %= !< %9 $O C $G =q $+ $l $F $* $j , <L A| $N Nc $O ;O $a $N Fs $D $, 0l HL $N <L A| , 8e $N ;0 $D $, Ey 3Q <L A| $G $9 . FC $K , :G 8e $N $b $N $O 0l <! JQ 49 $G 1_ 1_ BP 1~ $, @. N) $7 $F $$ $^ $9 . 5s F0 $N 0c $$ $r L# $o $C $F 2< $5 $$ . %= !< %9 $G <L A| $N Dj 5A <0 $N A* Br ;h $r DI 2C $9 $l $P , JL $N <L A| $N MM ;R $r D4 $Y $k $3 $H $, $G $- $^ $9 . $^ $? , %Q %i %a !< %? XMIN, XMAX, YMIN, YMAX $N CM $r =q $- D> $; $P 86 NN 0h $N @5 J} 7A $r JL $N NN 0h $K <h $j BX $( $k $3 $H $b $G $- $^ $9 . !Z 2] Bj #3 !’ Mandelbrot =8 9g ![ mandelbrot $r <B 9T $9 $k . J# AG NO 3X 7O z 7! z 2 + c $r 86 E@ $r =i 4| CM $H $7 $F H? I| E, MQ $7 $? $H $- 2? 2s $G L5 8B 1s $K Ht $S 5n $k $+ $r c 2 C $N CM $G J, N‘ $7 ?’ J, $1 $7 $? $H $- $K F@ $i $l $k ?^ 7A $G $9 . %= !< %9 $O F ortran $G =q $+ $l $F $* $j , %0 %i %U %# %C %/ $N It J, $O C $G JL %i %$ %V %i %j $H $J $C $F $$ $^ $9 . !Z 2] Bj #4 !’ Julia =8 9g ![ julia $r <B 9T $9 $k . J# AG NO 3X 7O z 7! z 2 + c $r =i 4| CM z 0 $K BP $7 $F H? I| E, MQ $7 $? $H $- 2? 2s $G L5 8B 1s $K Ht $S 5n $k $+ $r z 0 2 C $N CM $G J, N‘ $7 ?’ J, $1 $7 $? $H $- $K F@ $i $l $k ?^ 7A $G $9 . Mandelbrot $H 0c $$ , c $O 8G Dj $5 $l $F $$ $^ $9 $, , $3 $l $r 1

<h $j BX $( $k $3 $H $G $$ $m $s $J Julia =8 9g $, F@ $i $l $^ $9 . %= !< %9 $O F ortran. !Z 2] Bj #5 !’ Newton K! $N <} B+ @h ![ cubic $r <B 9T $9 $k . $3 $l $O Be ?t J} Dx <0 z 3 � 1 = 0 $K BP $9 $k Newton K! $N H? I| 8x <0 $, , =i 4| CM $, z 0 $N $H $- , $I $N :, $K <} B+ $9 $k $+ $r , ;0 $D $N :, $K => $C $F J? LL $r ;0 ?’ $G ?’ J, $1 $7 $? $b $N $G $9 . 9u $$ $H $3 $m $O K\ Ev $O L5 8B 1s $K Ht $V $H $3 $m $G $" $k $Y $- $G $9 $, , <B :] $K $O fj Re z j � 10000 g [ fj Im z j � 10000 g $N 5U A| $G $9 . %= !< %9 $O F ortran. !Z 2] Bj #6 !’ Mathematica $N ;H MQ K! ![ math $r <B 9T $9 $k . Mathematica $, N) $A >e $, $k $N $G , 0J 2< $N 7W ;; $r =g $K $d $C $F $_ $h . 1) @5 B’ H! ?t log z = log p x 2 + y 2 + i Arctan y x $K BP $9 $k Cauch y-Riemann $N 4X 78 <0 $N 3N G’ F=Log[Sqrt[x^2+y^2]]+I* ArcTan[y/x] G=D[F,x]+I*D[F,y] Simplify[G] 2) J# AG @~ @Q J, I j z j =1 1 z m dz $N 7W ;; z=Exp[I*t]; Integrate[D[z,t]/z^m,{t,0,2*Pi}] Integrate[D[z,t]/z,{t,0,2*Pi}] F1 $8 $/ , J# AG @~ @Q J, I max fj x j ; j y jg =1 1 z m dz $N 7W ;; z=1+I*y; bz=1-I*y; I1=Integrate[D[z,y]/bz^m,{y,-1,1}] z=x+I; bz=x-I; I2=Integrate[D[z,x]/bz^m,{x,1,-1}] z=-1+I*y; bz=-1-I*y; I3=Integrate[D[z,y]/bz^m,{y,1,-1}] z=x-I; bz=x+I; I4=Integrate[D[z,x]/bz^m,{x,-1,1}] f[m_]:=I1+I2+I3+I4 :G 8e $N Ez $r ?t 3X $N Ia DL $N Ez $K JQ 49 $9 $k $N $O 7k 9= Bg JQ $G $" $k . f[2] , f[3] , f[4] , f[5] , f[6] , f[7] $r =g $K <B 9T $7 $F $_ $k $H 7k 2L $N M= A[ $, $D $/ $@ $m $& . m = 1 $N >l 9g $O JL $K $d $C $F $_ $J $$ $H ?. MQ $G $- $J $$ $3 $H $O 1_ <~ $N $H $- $H F1 MM $G $" $k . bz $O z $N $D $b $j . J# AG 6& Lr $r I= $9 Conjugate[z] $H $$ $& H! ?t $O B8 :_ $9 $k $, , ?t CM $N $H $- $O @5 $7 $$ Ez $r JV $9 $N $K , <B ?t @k 8@ $5 $l $? JQ ?t $b JQ 49 $7 $F $/ $l $J $$ : y/:Head[y]=Real Conjugate[y] F1 MM $K m $r @0 ?t @k 8@ $7 $F $b , Conjugate[(-1)^m] $O F0 $+ $J $$ . $@ $+ $i $H $$ $C $F , Integer $, J# AG @0 ?t $r $b 9M N8 $K F~ $l $F $$ $k $H 1> $& Lu $G $b $J $$ : m/:IntegerQ[m]=True Conjugate[m] m=1+I IntegerQ[m] Conjugate[m] 3) Ey 3Q <L A| w = z 2 � 1 $K $h $k @5 J} 7A max fj x j ; j y jg < 1 $N A| $N I= <( 2 z=x+I*y; points=Table[N[z^2-1],{x,-1,1,0.1},{y,-1,1,0.1}]; coords=Map[{Re[#],Im[#]}&,points,{2}]; lines=Map[Line,Join[coords,Transpose[coords]]]; Show[Graphics[lines],AspectRatio->1,Axes->Automatic] F1 $8 $/ , Ey 3Q <L A| w = ( z � 1) = ( z + 2) $K $h $k C1 0L 1_ j z j < 1 $N A| $N I= <( f[z_]:=(z-1)/(z+2); points=Table[N[f[r*Exp[I*t]]],{r,0,1,0.1},{t,0,2*Pi,Pi/16}]; coords=Map[{Re[#],Im[#]}&,points,{2}]; lines=Map[Line,Join[coords,Transpose[coords]]]; Show[Graphics[lines],AspectRatio->1,Axes->Automatic] Jd B- Mathematica $N <g $J FC D’ ( 0l It $O ?t <0 =h M} $K 6& DL ) : 1) H! ?t $N 0z ?t $O ( ) $G $J $/ [ ] $G 3g $k . 2) H! ?t L> $O F, J8 ;z $, Bg J8 ;z $K $J $C $F $$ $k . 3) 0l ;X Na $4 $H $K 7k 2L $, =P NO $5 $l $k $, , ;X Na $N Kv Hx $K ; $r IU $1 $k $3 $H $G $= $l $, M^ @) $5 $l $k . :G =i $O $d $? $i $K ; $r ;H $o $: , ES Cf 7k 2L $r 8+ $J $, $i ?J $‘ J} $, 0B A4 $G $" $k . 4) I, $: $7 $b <+ F0 E* $K $O 0l HV 4J C1 $J 7A $K $^ $G ;} $C $F 9T $C $F $/ $l $: , Simplify ;X Na $, I, MW $H $J $k $3 $H $, $" $k . 5) 7W ;; 7k 2L $O I, $: $7 $b ?M 4V $, $d $C $? $H $- $N 0l HV <+ A3 $J I= 8= $H $O 0l CW $7 $J $$ . $& $^ $/ Mx MQ $9 $k $K $O F, $b ;H $& I, MW $, $" $k . 6) ?t CM $O M- M} ?t $G $I $3 $^ $G $b @5 3N $K 7W ;; $7 $h $& $H $9 $k $N $G , 6a ;w ?t CM 7W ;; $r $9 $k $K $O N ;X Na $r IU $1 $k I, MW $, $" $k . !Z 2] Bj #7 !’ T eX $N ;H MQ K! ![ $H $j $" $( $: $O , H! ?t O@ $N 9V 5A %a %b $, FI $a $k $+ $I $& $+ <B 83 $7 $F $_ $F $/ $@ $5 $$ . ghostview ~kanenko/Func/TeX/func1.ps %= !< %9 $N =q $- J} $K 6= L# $N $" $k ?M $O , F1 $8 %I %- %e %a %s %H $N %= !< %9 ~kanenko/Func/TeX/func1.tex $r <+ J, $N $H $3 $m $K %3 %T !< $7 $F Mh $F platex func1 $r <B 9T $9 $k $H , func1.dvi $, =P Mh , xdvi func1 $K $h $j %$ %a !< %8 $, 3N G’ $G $- $^ $9 . dvips <func1.dvi >func1.ps $K $h $j <+ J, $G PS %U %! %$ %k $r :n $k $3 $H $b =P Mh $^ $9 . PS %U %! %$ %k $O lpr ;X Na $G 0u :~ $G $- $^ $9 . %a %b $K $h $C $F $O 2h A| %U %! %$ %k $r <h $j 9~ $‘ $b $N $, $" $j $^ $9 . %( %i !< %a %C %; !< %8 $G ;_ $^ $C $? $i , ctrl+d $G <h $j $" $( $: =$ N; $5 $; $F $+ $i fcfig*.eps $N 7A $N %U %! %$ %k $r ~kanenko/Func $+ $i %3 %T !< $7 $F $d $j D> $7 $F $/ $@ $5 $$ . $h $j >\ $7 $$ T eX $N MQ K! $O , H! ?t O@ $N %[ !< %‘ %Z !< %8 $N rep ort.html $r ;2 >H $N $3 $H . !Z IU O? !’ m ule $N ;H MQ K! ( :G >. 8B ) ![ %= !< %9 $r D> $9 $H $- $K ;H $$ $^ $9 . Nc $( $P , mule integral.f $G %U %! %$ %k $r FI $_ 9~ $_ ( ;X Dj %U %! %$ %k $, B8 :_ $7 $J $1 $l $P ?7 5, :n @. %b !< %I $H $J $k ), Ia DL $N >o <1 $r F/ $+ $; $F %- !< A‘ 3

:n $r $7 $F JT =8 $7 =* $( $? $i , ctrl+x ctrl+s $G %; !< %t $7 , ctrl+x ctrl+c $G =* N; $9 $k . Ia DL $N >u BV $G %+ !< %= %k $N A0 $r >C 5n $9 $k $N $O del %- !< $N J} $G $" $j . bs %- !< $O %X %k %W 2h LL $, 3+ $$ $F $7 $^ $& $h $& $K @_ Dj $5 $l $F $$ $k $3 $H $, B? $$ $N $G Cm 0U . 4A ;z $N F~ NO $O canna $N %7 %9 %F %‘ $J $i ctrl+o $G , Wnn $J $i ctrl+ $G <- =q $, 3+ JD $9 $k . 4A ;z JQ 49 Cf $K %+ !< %= %k $N A0 $r >C 5n $9 $k $N $O ctrl+h $, Ia DL $G , del $d bs $O Mx $+ $J $$ . 4A ;z JQ 49 Cf $G $J $$ $H $- $K ctrl+h $r $d $k $H %X %k %W 2h LL $, 3+ $$ $F $7 $^ $& . 4V 0c $C $? %- !< A‘ :n $G :$ $C $? $H $- $O ctrl+g $r 2? 2s $+ 2! $7 $F $_ $k . $I $& $7 $F $b D> $i $J $1 $l $P , 0l EY =* N; $7 $F $d $j D> $9 ( $= $N :] $K %; !< %t $9 $k $+ $I $& $+ J9 $$ $F Mh $k $N $G , :n $j $+ $1 $N %U %! %$ %k $K $D $$ $F $O y $H Ez $( $k $N $r K: $l $J $$ $h $& $K ). !Z IU O? !’ C $H F ortran $N 0c $$ ![ C $G $O H! ?t $N 0z ?t $O 86 B’ $H $7 $F CM EO $7 $J $N $K BP $7 , F ortran $G $O 86 B’ $H $7 $F %" %I %l %9 EO $7 $G $" $k $N $G , %W %m %0 %i %‘ $r 0\ ?" $9 $k $H $- $O , & $d * $r ;H $& I, MW $, =P $F $/ $k . $^ $? , CM EO $7 $N 0z ?t $O %5 %V %k !< %A %s $N Cf $G CM $r JQ 99 $7 $F $b %a %$ %s $K 1F 6A $r M? $( $J $$ $N $K BP $7 , %" %I %l %9 EO $7 $N 0z ?t $N >l 9g $O , %5 %V %k !< %A %s Fb $G NW ;~ $K JQ $( $? $D $b $j $G $b %a %$ %s $N BP 1~ JQ ?t $N CM $, JQ $o $C $F $7 $^ $& . F ortran $K $O Bg 0h JQ ?t $N 35 G0 $O L5 $$ $N $G , $" $k JQ ?t $r 6& DL $G ;H $$ $? $$ $H $- $O common @k 8@ $, I, MW . F ortran $K $O J# AG ?t 7? $N JQ ?t $N %+ %F %4 %j !< $, $" $k $, , B? $/ $N =h M} 7O $G $^ $@ C1 @: EY $7 $+ %5 %] !< %H $7 $F $$ $J $$ . >e $N %W %m %0 %i %‘ 8+ K\ $G $O , in tegral.f $, J, $+ $j $d $9 $5 $N $? $a J# AG ?t 7? $r ;H $C $F $$ $k $, , 8m :9 $N %* !< %@ !< $r 8+ $k $N $K $d $d IT K~ $J $N $G , intdbl.f $G $O J# AG ?t 7? $r ;H $o $: $K <B It !& 5u It $r $= $l $> $l FH N) $K G\ @: EY <B ?t $H $7 $F 07 $C $F $$ $k . $3 $N B> , mandelbrot.f, julia.f $O J# AG ?t 7? $r , cubic.f $O G\ @: EY <B ?t $N %Z %" $r MQ $$ $F $$ $k . 1i =, Ld Bj 1( 9V 5A %a %b No.5 $h $j :F O? ) <! $N B? 9‘ <0 $O 3F >] 8B Fb $K $= $l $> $l 2? 8D $N J# AG :, $r ;} $D $+ !) JP 3Q 86 M} $r MQ $$ $F E, Ev $J JD 6J @~ C $K 4X $9 $k @~ @Q J, $r ?t CM 7W ;; $9 $k $3 $H $K $h $j L@ $i $+ $K $; $h . ( 7W ;; $O integral.f $r =$ @5 $7 $F MQ $$ $k $+ , Mathematica $r MQ $$ $h .) 1) z 3 � z + 5 2) z 4 + 2 z 2 + 1 3) z 5 � z + 2 4) z 6 + z 5 � 1 1i =, Ld Bj 2( 9V 5A %a %b No.5 $h $j :F O? ) >e $N Ld Bj $G 5s $2 $? 3F B? 9‘ <0 $N 3F !9 $K $D $$ $F , %W %m %0 %i %‘ Nc cubic.f $r JL L> $G %3 %T !< $7 $? $b $N $r E, Ev $K =$ @5 $9 $k $3 $H $K $h $j , $9 $Y $F $N :, $r Newton K! $G 6a ;w 7W ;; $; $h . $^ $? , Newton K! $K $h $k H? I| $, $I $N :, $K <} B+ $9 $k $+ $r =i 4| CM $K BP $7 $F ?’ J, $1 $7 $? ?^ $r IA $1 . 1i =, Ld Bj 3( 9V 5A %a %b No.5 $h $j :F O? ) sin z $N T a ylor E8 3+ $N It J, OB $H $7 $F F@ $i $l $k B? 9‘ <0 z � z 3 3! + z 5 5! � + � � � + ( � 1) n z 2 n +1 (2 n + 1)! $N :, $O ;O $a $N 1 = 3 8D $/ $i $$ $O 0 ; � ; 2 � ; : : : $K 6a $$ <B :, $H $J $k . $G $O ;D $j $N :, $O $I $3 $K $" $k $+ !) %W %m %0 %i %‘ Nc cubic.f $r ;2 9M $K $7 $F 8& 5f $; $h . ( BG $A @Z $k 3, ?t n $b F~ NO $G $- $k $h $& $K $9 $k $N $, K> $^ $7 $$ .) 1i =, Ld Bj 4( 9V 5A %a %b No.6 $h $j :F O? ) <! $N @5 B’ H! ?t $K $h $k , ;X Dj $5 $l $? NN 0h $N A| $r IA $1 . %W %m %0 %i %‘ Nc confmap.c $r ;2 9M $K $9 $k $+ , Mathematica $r ;H $( . 1) w = z 2 , 1_ HD j z � 1 j � 1 $N A| 2) w = z 3 , 1_ HD j z � 1 j � 1 $N A| 3) w = e z , D9 J} 7A 0 � x � 1, 0 � y � 2 � i $N A| 4) w = z 3 � 3, D9 J} 7A � 2 � x � 2, 0 � y � 1 $N A| 1i =, Ld Bj 5( DI 2C ) <! $N H! ?t $, @5 B’ $+ $I $& $+ $r Cauch y-Riemann $N J} Dx <0 $r ;H $C $F Mathematica $K $h $j H= Dj $; $h . 1) x 2 � y 2 + 2 xy i 2) x 2 � y 2 � 2 xy i 3) e x 2 � y 2 (cos 2 xy + i sin 2 xy ) 4) x 2 � y 2 ( x 2 + y 2 ) 2 � 2 xy i ( x 2 + y 2 ) 2 1i =, Ld Bj 6( DI 2C ) @5 B’ H! ?t $N 9g @. H! ?t $, @5 B’ H! ?t $H $J $k $3 $H $r , Cauc h y-Riemann $N J} Dx <0 $r 3N $+ $a $k $3 $H $K $h $j Mathematica $G <( $; . 4