2rA|EY$K$h$i$:0LAj$rJ]$D6J@~$H6JLL$N9bB.I=<( 6bC+ 7r0l � 6b_7 K’G7 y � 72GOBg3X9)3XIt>pJs9)3X2J y ( 3t ) %7%c!<%W 1. $^$($,$- 6J @~ $d 6J LL $r ;k 3P 2= $7 $F I= <( $9 $k $3 $H $O %0 %i %U%# %/ %9 $d #C #A #D $N 4p K\ $G $" $k $@ $1 $G $J $/!" ?t 3X 65 0i $N 65 :‘ :n @. $K $b 7g $+ $9 $3 $H $, $G $- $J $$!# K\ Js $G $O :B I8 $N 4X ?t $N Nm E@ =8 9g $H $7 $F Dj 5A $5 $l $k J? LL 6J @~!" 6u 4V 6J @~!" $* $h $S 6J LL $r 9M $( $k!# ?t 3X 65 0i $G 8= $o $l $k 6J @~ $N $[ $H $s $I $O $3 $N $h $& $J 1" 4X ?t $G I= 8= $5 $l $F $$ $k!# :B I8 CM $, %Q %i %a!< %? $K $h$C $F M[ $K I= 8= $5 $l $F $$ $k >l 9g $O C1 $K %Q %i %a!< %? $r JQ 2= $5 $; $J $, $i 50 @W $r I= <( $9 $l $P $h $$ $,!" 1" 4X ?t $G I= 8= $5 $l $F $$ $k >l 9g $O I= <( $, MF 0W $G $O $J $$!# K\ O@ J8 $G $O 3F NN 0h $G $N 4X ?t $N Id 9f $H CM $r D4 $Y $F 4X ?t CM $, #0 $K $J $k %; %0 %a %s %H $r @8 @. $9 $k J, 3d K! $r MQ $$ $k!# $= $7 $F $I $s $J $K AF $/ J, 3d $7 $F$b0LAj$,J]$?$l$k <jK!$rDs0F$9$k!# 2. 6J@~$NI=<( 6J @~ $N 0L Aj $r Dj $a $k $N $O !VNW 3& E@!W $H !VFC 0[ E@!W $G $" $k!#6J@~ f ( x; y ) = 0 $N NW3&E@ $H$O f x ( x; y ) = f y ( x; y ) = 0 $rK~ $? $9E@ $G $"$j!" $5 $i $K$= $N E@$G f ( x; y ) = 0 $H$J $l $P FC 0[ E@ $H 8F $V!# 6J @~ $, 8r :9!" J, 4t $9 $k E@ $O FC 0[ E@ $G $" $j!"%k!<%W$NFbIt$K$ONW3&E@$,B8:_$9$k!# K\ O@ J8 $G $O J? 6Q CM $N Dj M} $H =L >. <L A| $N IT F0 E@ Dj M} $r AH $_ 9g $o $; $? 6h 4V 2r @O $r MQ $$ $J $, $i 6u 4V $r :F 5" E* $K J, 3d $7 $F D4 $Y $k !V%/ %i %U %A%C %/ $N J} K!!W [7, 9] $K $h$C $F $9 $Y $F $N NW 3& E@ $r 8! =P $7!" $= $l $i $, 3J ;R E@ $H $J $k $h $& $K J, 3d $r 9T $&!# 3J ;R Fb It $K NW 3& E@ $N B8 :_ $7 $J $$ $3 $H $, J] >Z $5 $l $F $$ $k $+ $i!" Fb It $G $O 8r :9 $b J, 4t $b 8I N) E@ $b %k!< %W $b B8 :_ $7 $J $$!# $3 $l $K $h$C $F 0L Aj $r J] $D @^ $l @~ I= <( $, 2D G= $H $J $k!# $^ $? J, 3d $N 3F %9 %F%C %W $K $* $$ $F 6h 4V 2r @O $K $h $j 6J @~ $, DL 2a $7 F@ $J $$ $b $N $, =| 30 $5 $l $k $N $G!" 7W ;; $, 6K $a $F 8z N(E*$G$"$k!# ?^ 1 $O8r:9 $H%k!<%W$N $"$k6J @~$rI=<( $7$?Nc $G$"$k!# F1 ;~ $K 3J ;R J, 3d $N MM ;R $b <( $7 $F $$ $k!# $3 $l $+ $i!" 6h 4V 2r @O $K $h $j 6J @~ $N 6a K5 $N $_ $, J, 3d $5 $l $F $$ $k $3 $H $, $o $+ $k!# ?^ 2 $O8IN)E@ $N$"$k 6J@~$rF1 MM$KI=<( $7$?Nc$G $"$k!#$h $j J# ;( $J Nc $b F1 MM $K I= <( $G $- $k [4] !# ?^ 3 $O $3 $N J} K! $r MQ $$ $F 2 JQ ?t 4X ?t $N Ey 9b @~ $r I= <( $7 $? Nc $G $" $k!# FC 0[ E@ $, @5 $7$$0LAj$GI=<($5$l$F$$$k!# J}Dx<0 F ( x; y ; z ) = G ( x; y ; z ) =0 $G Dj5A $5$l$k 6u4V 6J @~$N>l9g$bF1MM $K$G$-$k!# ?^ 4 $OFs$D$N BJ1_BN$N FC0[E@ $G 8r$o$k8r@~$NI= <($G$"$k!# ?^ 5 $OBJ1_BN $r$9$3$7 $:$i$7 $F FC 0[ E@ $r 2r >C $7 $? >l 9g $G $" $k!# $$ $: $l $b 0L Aj $, 2r A| EY $K $h$i$:@5$7$/<($5$l$F$$$k!# 3. 6JLL$NI=<( 6J LL $N I= <( $O NX 3T @~ $H 1o $K $h$C $F I= <( $9 $k $N $, :G $b <+ A3 $G $" $k!# 6J LL $r $" $k ;k E@ V $+ $i 8+ $? $H $- $K!" 6J LL >e $N (a) (b) ?^ 1: 6J @~ x 3 + y 3 � 3 xy = 0 $NI= <($H $=$N3J ;RJ, 3d!#2rA| EY $O 1 JU$N (a) 1 !" (b) 1/64 !# (a) (b) ?^ 2: 6J@~ x 3 + x 2 + y 2 = 0 $NI=<($H$=$N3J;RJ,3d!#2rA| EY$O 1 JU$N (a) 1 !" (b) 1/64 !# ?^ 3: 6JLL z = x 3 � 3 x 2 + 3 y 2 $NEy9b@~!%

(a) (b) ?^ 4: Fs $D $N BJ 1_ BN $N 8r @~ !JFC 0[ E@ $, @8 $8 $k!K!# 2r A| EY $O 1 JU $N (a) 1/2 !" (b) 1/32 !# (a) (b) ?^ 5: Fs$D$NBJ1_BN$N8r@~!JFC0[E@$,@8$8$J$$!K!#2rA|EY$O 1 JU $N (a) 1/2 !" (b) 1/32 !# E@ P $, NX 3T@~ >e $K$" $k I,MW == J,>r 7o $O!"E@ P $K$* $1 $k@\ J? LL $, ;k E@ V $r 4^ $‘ $3 $H $G $" $k!# $7 $? $,$C $F!" $3 $N <0 $N Dj5A $9 $k 6u 4V 6J @~ $r @8 @. $7!" ;k E@ V $+ $i 8+ $? A| $r I= <( $9 $l$P $h $$!# ?^ 6, 7, 8 $O %o %$ %d %U %l!< %‘ I= <( $H NX 3T @~ I= <( $r Hf 3S $7 $? $b $N $G $" $k!# NX 3T @~ I= <( $G $O !V$/ $A $S $k!W!" !V$/ $5 $T!W $H 8F $P $l $k NX 3T @~ $N FC 0[ E@ $N 0L Aj $, @5 $7 $/ I= <($5$l$F $$ $k [2, 3, 6] !# ?^ 9 $ONX 3T@~ I= <($H $=$l $K 1#@~ =| 5n $r ;\ $7 $? $b $N $H $N Hf 3S $G $" $k!# $3 $N $h $& $K %l %s %@ %j %s %0$r;\$5$J$/$F$bNX3T@~$N$_$G7A>u$,$h$/M}2r$G$-$k!# 4. $^$H$a K\ O@ J8 $G $O %/ %i %U %A%C %/ 7A <0 $r MQ $$ $? 6h 4V 2r @O $K $h $k NW 3& E@ $N 8! =P $H NN 0h $N :F 5" E* J, 3d $H $r J; MQ $7 $F 6J @~ $d 6J LL $r I= <( $9 $l $P!" 2r A| EY $r JQ $( $F $b 0L Aj $, @5 $7 $/ J] $? $l $k $3 $H $r <( $7 $?!# K\ O@ J8 $N %7 %9 %F %‘ $G $O C++ 8@ 8l $K $h $j 6h 4V %* %V %8%’ %/ %H $H $= $N 1i ;; $r Dj 5A $7 $F $$ $k!# $^ $? ?t <0 =h M} $K $h$C $F F3 4X ?t $N F3 =P $r <+ F0 2= $7!" $= $l $+ $i 6h 4V F34X?t$N%W%m%0%i%‘$r@8@.$7$F$$$k!# ;29MJ88% [1] V. I. Arnol’d, \Catastrophe Theory ," Springer, Berlin, 1984; 3* 9> 9, Gn !JLu!K!" \ %+ %? %9 %H %m %U M} O@!" " 8= Be ?t 3X <R!" 5~ ET!" 1985; Third Revised and Expanded Edition, Springer, Berlin, 1992. [2] 6b C+ 7r 0l , 6J LL $N 8+ $( J} | !VD3!W!" !V$, $A$g $&!W!" !V$+ $b $a!W $r C5$7$F$_$h$& |, #b#i#t , v ol.29, no.2, pp. 102{103, 1997. [3] 6bC+7r0l!"7A>u#C#A#D$H?^7A$N?t3X , 6&N)=PHG , El5~ , 1998. [4] 6b _7K’G7 , 6bC+ 7r0l , 2rA|EY $K$h$i$:0LAj$rJ]$D J?LL6J@~$NI=<( , >p =h8&Js 99-CG-94, 1999-1, pp.37{42. [5] 6b _7 K’ G7 , 6b C+ 7r 0l , D> 4Q E* $K @5 $7 $$ 6u 4V 6J @~ $H 6J LL $N I= <(!" ?. 3X 5;Js AIE98/KBSE98, 1999-2, pp.37{42. [6] J. J. Ko enderink, \Solid Shap e," MIT Press, Cam bridge, MA, 1990. [7] Bg @P ?J 0l , Hs @~ 7A 8: >/ $N 2r @O E* <j K! [I]| Hs @~ 7A 8= >] $N @: EY J] >Z IU $- ?t CM 2r @O , EE ;R >p Js DL ?. 3X 2q ;o , v ol.79, no.2, pp.162{168, 1996. [8] C+ 8}9T?. , ?y86 8|5H , 8!=P$b $l$N$J$$Be?t6J@~$N DI@WK! , >pJs=h M}3X 2qO@J8;o , v ol.33, no.10, pp.1245{1253, 1992. [9] ;3B<@6N4 , Hs@~7A8=>]$N2r@O<jK! [V]| Hs@~7AJ}Dx<0$N?tCM2rK! | , EE;R>pJsDL?.3X2q;o , v ol.79, no.7, pp.740{745, 1996. (a) (b) ?^ 6: 6JLL z = x 2 � x 2 y + y 3 $NI=<(!# (a) %o %$%d!<%U %l!<%‘ I=<(!# (b) NX3T@~I=<(!# (a) (b) ?^ 7: 6JLL 23 x 4 + x 2 y 2 � 37 x 2 y � 2 xy 2 � 15 x 2 � 2 xy + 16 y 2 + 16 z 2 � x + 16 y = 0 I=<(!# (a) %o%$%d%U%l!<%‘I=<(!# (b) NX3T @~I=<(!# (a) (b) ?^ 8: 6JLL 4 y 4 + 3 xy 2 � 5 y 2 + 4 z 2 + 6 x 2 � 2 xy + 2 x + 3 y � 1 = 0 $NI=<(!# (a) %o%$%d%U%l!<%‘I=<(!# (b) NX3T@~I=<(!# (a) (b) ?^ 9: 6JLL z = xy + y 4 $NNX3T @~I= <(!# (a) $9 $Y$F$N NX3T @~$r I=<(!# (b) 1#@~=|5n$N7k2L!#