( %]%9%?!<%;%C%7%g%sMQ ) %b %s %F %+ %k %m %U %# %k %? $r ;H $C $? MW;]!’ Hs@~7AHs%,%&%97?$NHsDj>o;~7ONs%b%G%k$N>uBV?dDj$NJ}K!$H$7$F!$ Hs%,%&%9J,I[$r$=$N<B8=CM$NN3;R$G6a;w$9$k%b%s%F%+%k%m%U%#%k%? $,$"$k!%%b%s%F%+%k%m%U%#%k%?$rMQ$$$l$P!$$3$l$^$G@~7A%,%&%9$N @)Ls$NCf$G9M0F$5$l$F$-$?%b%G%k$K8B$i$:!$$h$j<+M3$J%b%G%k@_7W $,2DG=$G$"$k!%K\8&5f$G$O!$HsDj>o%9%Z%/%H%k2r@O$N%b%G%k$H$7$F Hs@~7AHs%,%&%9$N$b$N$r;H$$!$@~7A%,%&%9$N%b%G%k$H$NHf3S$r9T$&!% Hs Dj >o %9 %Z %/ %H %k 2r @O K\8&5f$O!$J8It>J2J3X8&5fHqJd=u6b!$ >)Ne8&5f!J#A!K$NJd=u$r<u$1$F$$$^$9!% @8 6p E/ 0l 6e=#9)6HBg3X 9)3XIt EE5$9)3X2J >pJs9)3X65<< ") 804-8550 KL6e=#;T8MH*6h@g?eD.#1!]#1 TEL : 093-884-3216, F AX : 093-871-5835 E-mail : ikoma@comp.kyutech.ac.jp

8&5f$NGX7J %b%s%F%+%k%m%U%#%k%? ( KL@n 1996) $NFCD’ � Hs%,%&%9J,I[$K=>$&N3;R$K$h$k%U%#%k%?%j%s%07W;; 7W;;$N%*!<%@!<!’N3;R$N?t >uBV%Y%/%H%k$N<!85!’#2#0DxEY$b==J,2DG= � 6hJ,E*@~7A4X?t$K$h$kHs%,%&%9J,I[$N6a;w ( KL@n 1987) 7W;;$N%*!<%@!<!’ ( 6hJ,$N?t ) $N ( >uBV%Y%/%H%k$N<!85 ) >h >uBV%Y%/%H%k$N<!85!’$;$$$<$$#4DxEY � Hs@~7AHs%,%&%97?>uBV6u4V%b%G%k$N3+H/ >uBV$N<!85$r==J,$K9b$/$H$k$3$H$,$G$-$k$h$&$K$J$C$?!% @~7A!&%,%&%9J,I[$K$H$i$o$l$J$$!$<+M3$J%b%G%k3+H/$,2DG=$K!% %b%s %F%+ %k %m%U%# %k %? ( KL @n 1996) $O!$Hs %, %&%9 J,I[ $r $=$N J, I[$K =>$& N3 ;R$K $h$C$F 6a;w $7!$ N3;R $K BP $9$k 7W ;;$r 9T $& $3$H $G M=B, !] $mGH $N J, I[$, F@ $i$l $k!% Hs %,%& %9 J,I[ $r 6h J, E* @~7A 4X ?t Ey $G6a ;w $9 $k J}K! ( KL @n 1987) $H Hf $Y!$7W ;; NL $, ;X ?t4X ?t$N %*!< %@!< $+$i N3 ;R ?t $N%*!< %@!< $X $HBg $- $/ 8:>/ $7 $?!% $=$N $? $a >uBV %Y %/ %H%k$N<!85$r!$$3$l$^$G$h$jB?$/$H$k$3$H$,$G$-$k$h$&$K$J$C$?!% $3$N$h $&$J FCD’ $r;} $D%b %s%F %+%k %m%U%#%k %?$r ;H$& $3$H $G!$;~ 7ONs 2r@O %b%G %k $N3+ H/$O @~ 7A!&%, %& %9 J,I[ $N %b%G %k $K 8BDj $5 $l$: $K!$ Hs@~ 7A!& Hs %,%& %9 J,I[ $N %b %G%k$r<+M3$KMQ$$$k$3$H$,$G$-$k$h$&$K$J$C$?!%

8&5f$NL\E* ;~JQ%T!<%/<~GH?t%b%G%k ( @86p 1996) � %Q%o!<%9%Z%/%H%k$N%T!<%/$rD>@\$K?dDj2DG= %b%G%kDj<02=!’Hs@~7A ( !aHs%,%&%9 ) � %b%s%F%+%k%m%U%#%k%?$N;HMQ %7%_%e%l!<%7%g%s<B83!’$3$l$^$G$h$jB?$$%T!<%/?t <B%G!<%?$N2r@O!’B??t$N%T!<%/$,I,MW$K$J$k ;~7ONs 2r@O $G ?dDj $5$l $k%Q %o!<%9 %Z%/ %H%k $O!$%G!< %?$N <~4| E*@- <A$r!$ <~GH ?t $4$H $N6/ $5 $N J,I[ $G I= $7$F $$ $k!%%Q %o!< %9 %Z%/ %H %k $N%T!< %/ $O!$$= $N <~ GH?t $N ?6 F0@.J,$,B?$/4^$^$l$F$$$k$3$H$rI=$7$F$$$k!% %T!< %/ <~ GH ?t $N ;~ 4V E* JQ 2= $r ?d Dj $9 $k $? $a $K!$ ;~ JQ %T!< %/ <~ GH ?t %b %G %k ( @8 6p 1996) $, 3+ H/ $5 $l $?!% $3 $N %b %G %k $O FC @- :, $N ;~ 4V JQ 2= $r %7 %9 %F %‘ %b %G %k $K ;} $A!$ Hs@~ 7A$J 4Q B,%b %G %k$r ;} $D!%Hs @~ 7A @-$N $? $a>u BV $NJ, I[ $OHs %, %&%9 $K $J$k $N $G!$ %U%#%k%?%j%s%0$K$OHs@~7A!&Hs%,%&%9$NJ}K!$rMQ$$$kI,MW$,$"$k!% %b%s%F %+%k %m%U%# %k%? $N;H MQ$K $h$j!$ Hs@~ 7A9‘ $r;} $D;~ JQ%T!< %/<~ GH?t $b<B MQ >e==J,$J%T!<%/?t$r07$&$3$H$,$G$-$k$h$&$K$J$C$?!%K\8&5f$NL\E*$O!$%7%_%e%l!< %7%g%s<B83$K$h$j$3$l$r8!>Z$7!$<B%G!<%?$KBP$9$k2r@O$r9T$&$3$H$G$"$k!%

;~JQ%T!<%/<~GH?t%b%G%k 4QB,%b%G%k !’ y t = 2 m X j =1 a j (� t ) y t � j + " t ; " t � N (0 ; � 2 ) !D4QB,%N%$%: %7%9%F%‘%b%G%k !’ � t = � t � 1 + w t ; w t � N (0 ; diag( � 2 )) !D%7%9%F%‘%N%$%: "( � t = [ � 1 ( t ) ; � � � ; � m ( t ) ] !’%T!<%/<~GH?t FC@-:, z = r k e � i� k ( k = 1 ; � � � ; m ) !D J#AG6&Lr m AH 1 � 2 m X j =1 a j z j = 0 !DFC@-J}Dx<0 4QB, %b%G %k $O6v ?t <! (2 m ) $N <+8J 2s5" %b %G%k $G!$ %G!<%? y t $N<+ 8J2s 5" 78?t a j $,!$;~4VJQ2=$9$k%T!<%/<~GH?t � t $K$h$C$F5,Dj$5$l$k!%%7%9%F%‘%b%G%k$O!$%T!< %/<~ GH?t � t $N 3j$i $+ $J;~ 4V JQ2= $r 5-=R $7$F $$ $k!%3j $i $+$5 $O %7%9 %F %‘%N %$%: $N J,;6 � 2 $K$h$C$F7h$^$k!% %T!<%/<~GH?t � t $O FC@-J}Dx <0$N:, r k e � i� k $N;X?tIt $KBP1~$7 $F$*$j!$#2 <!$N AR %b%G %k (AR(2)) $G$O $3$l $,%Q%o!< %9%Z%/ %H%k$N %T!<%/ <~GH?t $K0lCW $9$k!% ;~ JQ%T!< %/ <~ GH ?t %b%G %k $O!$ AR(2) $rD> Ns $K J# ?t @\ B3 $7 $? $H$- $N!$ 3F AR(2) $N%Q %o!<%9%Z%/%H%k$N%T!<%/$r?dDj$9$k%b%G%k$G$"$k!% %U%#%k %? %j %s %0 <jK! $K $h $k >u BV ?dDj $G!$ #1 ;~ 9o A0 $^$G $N %G!< %? Y t � 1 $, M? $( $i $l$?2<$G$N>uBV � t $NJ,I[ p (� t j Y t � 1 ) ( $3$l$r#14|@hM=B,$H8F$V ) $d!$8=;~9o$^$G $N %G!< %? $, M? $( $i $l $? 2< $G $N >u BV $N J, I[ p (� t j Y t ) ( $3 $l $r $m GH $H 8F $V ) $, F@ $i $l $k!%;~JQ %T!< %/<~ GH?t %b %G%k $O!$4Q B, %b%G %k $,%T!< %/<~ GH ?t ( !a >uBV ) � t $K $h$C $FHs@~ 7A$K 5,Dj $5$l $F$$ $k ( <+ 8J2s 5"78 ?t a j (� t ) $,Hs @~7A ) $?$a!$ Hs@~ 7A!&Hs %, %&%97?$N%U%#%k%?%j%s%0$r9T$&I,MW$,$"$k!%

%b%s%F%+%k%m%U%#%k%? KL@n (1996) N3;R$K$h$kHs%,%&%9J,I[$N6a;w !’ f p 1 ( t ) ; � � � ; p M ( t ) g � p (� t j Y t � 1 ) ; f f 1 ( t ) ; � � � ; f M ( t ) g � p (� t j Y t ) #14|@hM=B, !’ p (� t j Y t � 1 ) p j ( t ) = f j ( t � 1) + w t !D%7%9%F%‘%N%$%:$N0u2C $mGH !’ p (� t j Y t ) � j ( t ) = log p ( y t j p j ( t )) !D3FN3;R$NL‘EY f j ( t ) = 8 > > > > > > < > > > > > > : p 1 ( t ) $H$J$k3NN( � 1 ( t ) . . . . . . !DL‘EY$K4p$E$/%j%5%s%W%j%s%0 p M ( t ) $H$J$k3NN( � M ( t ) %U%#%k%?%j%s%0$KMQ$$$k!V#14|@hM=B,!W$*$h$S!V$mGH!W$NHs%,%&%9J,I[ p (� t j Y t � 1 ) $*$h$S p (� t j Y t ) $r!$$=$l$i$NJ,I[$K=>$&N3;R f p 1 ( t ) ; � � � ; p M ( t ) g $*$h$S f f 1 ( t ) ; � � � ; f M ( t ) g $K$h$j6a;w$9$k!%6qBNE*$K$O!$N3;R$N3FE@$GEy3NN($r;} $D$h$&$J7P83J,I[4X?t$K$h$j6a;w$,$J$5$l$k!% #14|@h M=B, $NJ, I[$K =>$& N3;R $O!$#1 ;~9oA0 $N$m GH$N N3;R $+$i 7W;; $5$l $k!%6q BN E*$K$O!$$mGH$N3F!9$NN3;R$K!$%7%9%F%‘%N%$%: w t $K=>$&Mp?t$r2C$($k!% $^$?$m GH$N J,I[ $K=> $&N3 ;R$O!$ @h$K 5a$a$? #14| @hM= B,$N N3;R $+$i 7W;; $5$l $k!% 6qBN E* $K $O!$ #1 4| @h M= B, $N 3F N3 ;R $N M= B, $N NI $5 ( L‘ EY � j ( t )) $r $^ $: 5a $a $F!$ M= B, $NNI $$N3 ;R $,B? $/ ;D$j 0- $$N3 ;R $, 8:$k $h $&$K $9 $k!%$h $j @53N $K $O!$L‘ EY $K4p $E $/ %j%5%s%W%j%s%0$r9T$&$3$H$K$J$k!% 0J>e$N <jB3 $-$,!$ 0dEA E*%" %k%4%j %:%‘ $K$* $1$k FMA3 JQ0[$H EqBA $KBP 1~$7 $F$$ $k $3$H$r;XE&$7$?8&5f$b$"$k ( Hu8} 1996) !%

;~JQ78?t#A#R%b%G%k KL@n (1985) 4QB,%b%G%k !’ y t = p X j =1 a j ( t ) y t � j + " t ; " t � N (0 ; � 2 ) !D4QB,%N%$%: %7%9%F%‘%b%G%k !’ a t = a t � 1 + w t ; w t � N (0 ; diag( � 2 )) !D%7%9%F%‘%N%$%: "( a t = [ a 1 ( t ) ; � � � ; a p ( t ) ] !’;~JQ#A#R78?t #A#R78?t$N3j$i$+$JJQ2=!’ A ( w ; t ) $N>.$5$JJQ2= p ( ! ; t ) = � 2 � � � � 1 � P p j =1 a j ( t ) e � ij ! � � � � 2 � � 2 j A ( w ; t ) j 2 !D%Q%o!<%9%Z%/%H%k Z � 0 j � A ( w ; t ) j 2 d! = p X j =1 (� a j ( t )) 2 (� $O;~4V:9J, ) 4QB,%b %G%k $O78 ?t$, ;~JQ $N<+ 8J2s 5"%b%G %k$G!$ %7%9 %F%‘ %b%G %k$K $h$C$F ;~JQ #A #R78 ?t a t $N 3j $i $+ $J ;~ 4V JQ 2= $, 5-=R $5 $l $k!% 3j $i $+ $5 $O %7 %9 %F %‘ %N %$ %: $NJ, ;6 � 2 $K$h$C$F7h$^$k!% %7%9%F %‘%b %G%k $K$h$C $FI= $5$l $k#A #R78 ?t$N ;~4V E*3j $i$+ $5$O!$ %Q%o!< %9%Z %/ %H%k $N>. $5 $JJQ 2= $r 0UL# $7 $F$$ $k!% $7 $+$7!$ %T!< %/<~ GH ?t$, 3j $i $+$K JQ 2=$9 $k $H $$$& 5-=R $, $J$5 $l $F$$ $k Lu$G $O $J $$!%$^ $? >uBV ?d Dj$K $h$C $FF@ $i $l$k $N $O#A #R 78 ?t$N JQ2= $N MM ;R$G $"$C $F %T!<%/ $N JQ2= $G $O $J$/!$ %T!< %/ <~GH ?t $N;~ 4V JQ 2=$r F@ $k $?$a$K$O8GM-CMLdBj$r2r$/I,MW$,$"$k!% ;~JQ78 ?t#A #R%b %G%k $O@~ 7A!&%, %&%9 %b%G%k $J$N $G!$@~ 7A%, %&%9 %b%G %k$K BP$9 $k %U%#%k %?%j %s %0 <jK! $H $7 $FM- L> $J%+ %k %^ %s%U%# %k %? $K$h$C $F!$ >uBV ?d Dj $,2D G= $G $"$k!% 7W ;; NL $H $7 $F $O!$ #A #R <! ?t p $N #2 >h $N %*!< %@!< ( 9b B. %+ %k %^ %s %U%# %k %? $r MQ$$$l$P p $N%*!<%@!< ) $H!$Hs>o$K>/$J$$!%

;~JQ78?t#A#R%b%G%k$K$h$k%T!<%/?dDj7k2L ( %7%_%e%l!<%7%g%s%G!<%?#1 ) ( %7%_%e%l!<%7%g%s%G!<%?#2 ) ( %7%_%e%l!<%7%g%s%G!<%?#3 ) ( %7%_%e%l!<%7%g%s%G!<%?#4 )

%+%k%^%s%U%#%k%? Kalman(1960) @~7A>uBV6u4V%b%G%k !’ y t = h t x t + " t ; " t � N (0 ; � 2 ) !D4QB,%b%G%k x t = F x t � 1 + w t ; w t � N (0 ; Q ) !D%7%9%F%‘%b%G%k J?6Q%Y%/%H%k$HJ,;66&J,;69TNs!a%,%&%9J,I[ !’ J,I[ J?6Q%Y%/%H%k J,;66&J,;69TNs p ( x t j Y t � 1 ) x t j t � 1 V t j t � 1 p ( x t j Y t ) x t j t V t j t #14|@hM=B, !’ p ( x t j Y t � 1 ) x t j t � 1 = F x t � 1 j t � 1 !D%7%9%F%‘%b%G%k$K$h$kM=B, V t j t � 1 = F V t � 1 j t � 1 F T + Q !DM=B,$K$h$kJ,;6$NA}Bg $mGH !’ p ( x t j Y t ) K t = V t j t � 1 H T t � h t V t j t � 1 h T t + � 2 � � 1 !D%+%k%^%s%2%$%s x t j t = x t j t � 1 + K t � y t � h t x t j t � 1 � !DM=B,8m:9$K4p$E$/=$@5 V t j t = ( I � K t h t ) V t j t � 1 !D4QB,$K$h$kJ,;6$N8:>/ @~7A %,%& %9 %b%G %k $G$O!$ >u BV?d Dj $G 5a$^ $k J,I[ $, A4$F %, %&%9 $K $J$k!% %, %&%9 J, I[ $OJ? 6Q$H J, ;6$N Fs $D$N %Q %i%a!< %? $G 40A4 $K 7h$^ $k $N$G!$ $3 $l$i $N CM$N $_ $rMQ $$ $F >uBV ?dDj $, 2DG= $G $" $k!%$h $j @53N $K $O!$ >uBV $O %Y%/ %H %k$G $" $k $N$G!$ J? 6Q%Y %/ %H %k$HJ,;66&J,;69TNs$N$_$rMQ$$$k!% #14|@h M=B, $NJ, I[$O!$ #1;~ 9oA0 $N$m GH$NJ, I[$+ $i7W ;;$5 $l$k!% #14| @hM= B,$N J? 6Q%Y %/%H %k $*$h $S J,;6 6& J,;6 9T Ns$r 5a $a$k <0 $G$O!$ %7 %9%F %‘ %b%G %k $K$h $j J?6Q %Y %/%H%k$NM=B,$,9T$o$l!$$^$?M=B,$K$h$jJ,;6$OA}Bg$9$k$3$H$K$J$k!% $^$?$m GH$N J?6Q %Y%/ %H%k $*$h$S J,;6 6&J, ;69T Ns$r 5a$a$k <0$G $O!$$^ $:%+ %k%^ %s %2%$%s$H $h$P$l $k%Y%/ %H%k K n $r7W;; $9$k!%$3 $l$r;H$C $F!$J? 6Q%Y%/ %H%k$O M=B, 8m:9 $K4p $E $/=$ @5 $,2C $( $i$l!$ J, ;6 6&J, ;6 9TNs $O 4QB, $r 9T$C$? $3 $H$K $h $kJ, ;6 $N 8:>/$,$J$5$l$k!%

N3;R$K$h$kHs%,%&%9J,I[$N6a;w p (� t j Y t ) !’L)EY4X?t � F (� t j Y t ) !’J,I[4X?t � 1 0 #14|@hM=B, p (� t � 1 j Y t � 1 ) !’#1;~9oA0$N$mGHJ,I[ � + %7%9%F%‘%N%$%:$r0u2C � p (� t j Y t � 1 ) !’#14|@hM=B,$NJ,I[ � 3FN3;R$K$h$kM=B, !a3FN3;R$NL‘EY 4QB,%N%$%:$NL)EY4X?t y � 1 � 2 � � � � M � 1 � M " y t 4QB,%G!<%? $mGH p (� t j Y t � 1 ) !’L‘EY$K$h$k=E$_IU$1 � + %j%5%s%W%j%s%0 L‘EY$NBg$-$JN3;R$,B?$/A*$P$l$k p (� t j Y t ) !’$mGH$NJ,I[ � Ey3NN(N3;R Hs%,%&%9 J,I[$r N3;R$K $h$j 6a;w$9 $k$3$H $O!$3FN3 ;R$, Ey3NN( $r;}$D $h$&$J 7P83 J,I[4X ?t$K$h$C $F 6a;w$r9T $&$3$H $G$"$k!% #1;~ 9oA0$N $mGH$N N3;R$K %7%9 %F%‘%N %$%:$r 0u2C$9 $k$3 $H$K$h $j!$#14| @h M=B,$NJ,I[$NN3;R$,5a$^$k!%$3$l$i$N3FN3;R$K$h$j%G!<%? y $NM=B,$r9T $$!$M=B,$NNI$5$H$7$F3F N3;R$NL‘ EY$,5a $^$k!% $3$NL‘ EY$K$b $H$E $-!$%j%5 %s%W%j %s%0 $K$h$j $mGH$N N3;R $,5a$a $i$l$k!% %j %5%s%W%j%s%0$G$O!$L‘EY$NBg$-$JN3;R$,$h$jB?$/A*$P$l$k!%

#A#R!J#2!K$N%Q%o!<%9%Z%/%H%k " t = (1 � a 1 z � a 2 z 2 ) y t z :Bac kw ard shift op erator = (1 � r e i� )(1 � r e � i� ) y t " t - 1 (1 � r e i� z )(1 � r e � i� z ) - y t #A#R!J 2 m !K " t = m � k =1 (1 � r k e i� k )(1 � r k e � i� k ) y t " t - 1 (1 � r 1 e i� 1 z )( ) � - 1 (1 � r 2 e i� 2 z )( ) � - � � � - 1 (1 � r m e i� m z )( ) � - y t AR(2) $,J#AG6&Lr$JFC@-:,$r;}$D>l9g$K$O!$%Q%o!<%9%Z%/%H%k$O0l$D$N%T!<%/ $r;} $A!$ $= $N <~ GH ?t $, FC @- :, $N ;X ?t It � $H 0l CW $9 $k!% FC @- :, ( $N 5U ?t ) $N Bg $- $5 r ( j r j < 1) $O!$%T!<%/$N%P%s%II}$KBP1~$7!$ r $,Bg$-$$Dx1T$$%T!<%/$H$J$k!% ;~JQ%T!<%/<~ GH?t%b%G %k$O!$ AR(2) $r D>Ns@\B3$7 $?$H$-$N!$ 3F AR(2) $N%T!< %/<~ GH?t $r >uBV %Y %/%H %k $H$7 $F ;}$D $h $&$K %b %G%k 2= $7!$$3 $l $i$r D> @\?d Dj $9$k $b $N$G$"$k!%%T!<%/<~GH?t � k $H%P%s%II} r k $+$i AR 78?t$r7W;;$9$k<0$O!$Hs@~7A $H$J$C$F$$$k!% (AR(2) $G$O a 1 = 2 r cos � ; a 2 = � r 2 )

%7%_%e%l!<%7%g%s%G!<%? %7%_%e%l!<%7%g%s%G!<%?#1 %7%_%e%l!<%7%g%s%G!<%?#2 %7%_%e%l!<%7%g%s%G!<%?#3 %7%_%e%l!<%7%g%s%G!<%?#4 %G!<%?#1$N;~JQ%T!<%/<~GH?t %G!<%?#2$N;~JQ%T!<%/<~GH?t %G!<%?#3$N;~JQ%T!<%/<~GH?t %G!<%?#4$N;~JQ%T!<%/<~GH?t

;~JQ%T!<%/<~GH?t%b%G%k$N?dDj7k2L %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#1 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#2 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#3 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#4 ) ?dDj$5 $l$? %T!<%/ <~GH ?t ( J, I[$N%a %8%" %s ) $r%W%m%C%H$7$?$N$,!$>e$N?^$G$"$k!%3F%G!<%? $H $b!$ ;~ JQ %T!< %/ <~ GH ?t $N ?? CM $N <~ $j $K ?d Dj CM$,F@$i$l$F$$$k$N$,$o$+$k!% ?dDj $K $O!$ 4QB, %N %$ %:$N J, ;6 � 2 $r 4{ CN $H $7$F!$%7%9%F%‘%N%$%:$NJ,;6 � 2 $N$$$/$D$+$N 8u Jd $K $D $$ $F L‘ EY $r 7W ;; $7!$ 8u Jd $N $& $A L‘ EY $N 0l HV Bg $- $J $b $N $r %7 %9 %F %‘ %N %$ %: J, ;6 $N ?d DjCM ^ � 2 $H$7$?!% $^$? %T!<%/ ?t $K$D $$$F $O #1$+ $i#5 $^ $G$r ;n $7 $?!% 3F %T!< %/ ?t $K $* $$ $F F@ $i $l $? #A #I #C $N CM $r Hf 3S $7!$ #A #I #C $N :G $b >. $5 $$ %T!< %/ ?t $r A*$s$@!%$=$N7k2L!$??$N%T!<%/?t$K0lCW$9$k%b %G%k$,!$A4$F$N%G!<%?$K$D$$$FF@$i$l$?!%

;~JQ78?t#A#R%b%G%k$K$h$k%T!<%/?dDj7k2L %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#1 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#2 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#3 ) %T!<%/<~GH?t$N?dDj7k2L ( %G!<%?#4 ) ;~ JQ 78 ?t AR %b %G %k $G ?d Dj $5 $l $? ;~ JQ AR 78 ?t ( $NJ, I[ $N J?6Q ) $+ $i!$FC @- J} Dx<0 $N :, $r 8G M- CM Ld Bj $r 2r $/ $3 $H $K $h$C $F 5a $a!$ :, $N ;X ?t It ( %T!<%/ <~ GH ?t ) $r %W %m%C %H $7$? $N $, >e $N ?^$G$"$k!%%b%G%k$NDj5A$+$i!$ AR 78?t$K;~4V E* O" B3 @- $, 2> Dj $5 $l $F $$ $k $,!$ %T!< %/ <~ GH ?t $K $O ;~ 4V E* O" B3 @- $, L@ <( E* $K $O J, $+ $i $J $$ $N $G!$3F;~9o$4$H$KFHN)$K%W%m%C%H$7$F$"$k!% 7k2L $r $_$k $H!$ FC$K %T!< %/?t $, B?$/ $J$C $? >l9g$G!$NY@\$9$k%T!<%/$N<~GH?t$,6a$/$J$C$F $- $? ;~ $N ?d Dj 7k 2L $, 0- $$ $N $, 82 Cx $G $" $k!% $^ $?;~9o$K$h$C$F$O!$8GM-CMLdBj$N2rK!$K$h$C$F <B?t:,$,F@$i$l$F$7$^$$!$%T!<%/<~GH?t ( !aJ# AG:,$N;X?tIt ) $,5a$a$i$l$J$$$H$3$m$b$"$k!% $3 $l $O!$ ;~ JQ 78 ?t AR %b %G %k $, I, $: $7 $b 6& Lr J# AG :, $r ;} $D $h $& $J AR 78 ?t $r ?d Dj $9 $k $h $& $K$O@_7W$5$l$F$$$J$$$+$i$H9M$($i$l$k!%

%7%_%e%l!<%7%g%s7k2L$NHf3S #A#I#C$NCM!$?dDj$5$l$?J,;6 � 2 !$$*$h$S<!?t %b%G%k ;~JQ%T!<%/ ;~JQ78?t AIC ^ � 2 ^ m AIC ^ � 2 ^ p %G!<%?#1 819.03 0 : 9 � 10 � 1 1 835.56 1 : 0 � 10 � 2 2 %G!<%?#2 815.96 0 : 3 � 10 � 1 2 831.70 1 : 0 � 10 � 3 4 %G!<%?#3 829.56 0 : 3 � 10 � 1 3 853.43 1 : 0 � 10 � 3 6 %G!<%?#4 840.89 0 : 4 � 10 � 1 4 943.51 1 : 0 � 10 � 3 5 y 948.34 1 : 0 � 10 � 3 8 y !D??$N<!?t ?dDj$5$l$?%T!<%/<~GH?t$NJ?6Q#2>h8m:9 %b%G%k ;~JQ%T!<%/ ;~JQ78?t %G!<%?#1 0 : 2196 � 10 � 1 0 : 2913 � 10 � 1 %G!<%?#2 0 : 6031 � 10 � 2 0 : 1359 � 10 � 1 %G!<%?#3 0 : 6162 � 10 � 2 0 : 1656 � 10 � 1 %G!<%?#4 0 : 8006 � 10 � 2 y 0 : 3364 � 10 � 1 y !D??$N<!?t #A#I#C $K$h $kHf 3S$G $O!$A4 $F$N %G!<%? $K$D $$$F ;~JQ %T!<%/ <~GH ?t%b %G%k $NJ} $, NI$$ $H$$ $& 7k2L $, F@$i $l $?!%$^ $? #A#I #C :G>. 2= $K$h $j 7hDj $5 $l$? %b %G%k $N <!?t $r $_$k $H!$;~ JQ %T!<%/ <~ GH ?t%b %G %k$K $* $$ $F$O A4 $F$N %G!< %?$K $D $$ $F?? $N <!?t $H 0l CW$7!$;~JQ78?t AR %b%G%k$K$*$$$F$b0l$D$N%G!<%?$r=|$-0lCW$7$?!% ?dDj $7$? %T!<%/ <~GH ?t$H!$ %G!<%? $r@8 @.$7 $?;~ $K;H$C $??? $N%T!< %/<~ GH ?t$H $N J?6Q#2 >h8m :9 $NHf 3S$b 9T$C$?!% $J$* ;~JQ 78 ?t AR %b%G %k $K$* $$$F $O!$?d Dj$5 $l$? AR 78 ?t $+ $i!$ 8G M- CM Ld Bj $r 2r $$ $F FC @- J} Dx <0 $N :, $r 5a $a $F!$ $= $N ;X?t It $r %T!< %/<~ GH?t $H $7 $?!%Hf 3S $7 $?7k 2L $r$_ $k $H!$ A4$F $N %G!< %?$K $* $$$F ;~ JQ %T!<%/ <~ GH ?t%b%G%k$NJ}$,NI$$CM$H$J$C$F$$$k$3$H$,J,$+$k!%

CO?LF0%G!<%? 86%G!<%? ;~JQJ,;6%b%G%k$K$h$j?dDj$5$l$?J,;6$N;~4VJQ2= J,;6I8=‘2=8e$NCO?LF0%G!<%? CO?L$N ?6F0 $r 7WB, $7$? %G!<%? $K$D $$$F 2r@O $r9T $&!%2r @O$K $"$?$C $F!$CO ?L$N 86 %G!<%? $O!$J, ;6 $, ;~4V E* $K JQ2= $7 $F$$ $k!% $7 $+$7 2r @O $KMQ $$ $k%b %G %k $O!$4Q B, %N %$%: $NJ, ;6 $O0l Dj $H 2>Dj $7 $F$$ $k!% $h$C $F!$J, ;6 $r0l Dj $NCM $K JQ 49$7 $? 7ONs $K $D $$$F!$%b%G%k$r$"$F$O$a$k$N$,E,$7$F$$$k$H9M$($i$l$k!% J, ;6 $r I8 =‘ 2= ( 0l Dj $N J, ;6 ) $K $9 $k $? $a $K!$ ;~ JQ J, ;6 %b %G %k (Kitagaw a 1985) $K$h $j J, ;6 $N ;~ 4V JQ 2= $r ?d Dj $7 $?!% ?d Dj $5 $l $? ;~ JQ J, ;6 $N J? J} :, ( !a ;~ JQ I8 =‘ JP :9 ) $G 86 %G!< %? $r 3d $k $3 $H $G!$ J, ;6 $N CM $, #1 $K I8 =‘ 2= $5 $l $? 7O Ns $, F@ $i $l $k!% 0J 9_$N2r@O$G$O!$$3$NJ,;6I8=‘2=8e$N%G!<%?$rMQ$$$k!%

CO?LF0%G!<%?$N#A#I#C CO?LF0%G!<%?$KBP$9$k;~JQ%T!<%/<~GH?t%b%G%k$N#A#I#C %T!<%/?t #A#I#C %T!<%/?t #A#I#C 1 5352.60 6 4742.74 2 5000.14 7 4760.50 3 4867.70 8 4727.46 4 4819.20 9 4759.50 5 4769.12 10 4782.22 CO?LF0%G!<%?$KBP$9$k;~JQ%T!<%/<~GH?t%b%G%k$N#A#I#C$N%W%m%C%H ;~JQ%T!< %/<~ GH ?t%b %G%k $r!$CO ?LF0 $N%G!< %?$K $"$F $O$a $FF@ $i$l $?#A #I#C $r!$ I=$H %0%i %U $K<( $7 $?!% $3$l $O %T!<%/ ?t $r #1$+ $i #1#0 $^ $G$K $D $$ $F!$$= $l $>$l #A #I #C$N CM$r 5a $a$? 7k 2L $G$" $k!% %0%i %U $r $_$k $H!$ %T!<%/ ?t $,#8 $N $H $-$K #A #I#C $, :G >.CM$H$J$C$F$$$k$3$H$,$o$+$k!%

CO?LF0%G!<%?$N;~JQ%T!<%/<~GH?t$N?dDj7k2L

CO?LF0%G!<%?$N;~JQ%Q%o!<%9%Z%/%H%k?dDj7k2L

CO?LF0%G!<%?$N;~JQ%P%s%II}$N?dDj7k2L