NO3X650i | Bg3X$G2?$r$I$&65$($k$Y$-$+ | 8&5fF$O@2q;qNA | 9=B$9)3X0Q0w2q NO3X650i8&5f$K4X$9$k>.0Q0w2q 1993 G/ 9 7n EZLZ3X2qA49qBg2q $b$/$8 1 $O$8$a$K 2 2 %+%j%-%e%i%‘$N2~D{ | 4d7’ 2 3 NO3X$N6aBe2=$X$NF; | EDB<@h@8 5 4 8=<BLdBj$H$7$F$NNO3X650i | 0f1:@h@8 8 5 #13X4|$@$1$G$d$a$k9=B$NO3X 10 6 NB$KBP$9$k6-3&CMLdBj$NDj<02= | KY0f@h@8 10 7 %H%i%9$N2>A[;E;v$N86M} | @>B<@h@8 12 8 $3$&$$$C$?6-3&CMLdBj$HJ*M}$H$N4X78 14 9 9=B$9)3X0Q0w2q!’NO3X650i8&5f$K4X$9$k>.0Q0w2q 29 $3 $l $^ $G!$ Bg 3X 3X It!& Bg 3X 1! $G $N 9= B$ NO 3X 4X O" 65 0i $K $D $$ $F $O!$ C^ GH Bg 3X $N @> 2, 65 <x$K$h $k2J3X8& 5fHq$K$h $k8&5fJs 9p=q!V9=B$ NO3XM}O@ $NBN7OE* 8+D>$7$H Bg3X3XIt!& Bg3X 1!65 0i!W$K$b D4::!&8& 5f$N @.2L$, H/I=$5 $l$F $$$^$9!% $3$N@. 2L$N 0lIt$O!$ 1988 G/$N EZ LZ3X2q;oBh 73 4, 11 7n9f$K$bJs9p$5$l$^$7$?!% $^$?Hs@~7A?tCM2r@O$H$N4XO"$G9=B$NO3X650i$N:_$jJ}$r!$%"%s%1!<%H$r$b$H$KD4::!& 8&5f$7 $?@.2L$b!$ 9=B$9)3X 0Q0w2q$NEl 5~9)6HBg 3X$N5HED 65<x$r0Q 0wD9$H$9 $kHs@~7A 2r@O >.0Q0w2q$K$h$k0Q0w2qJs9p$H$7$F!$EZLZ3X2qO@J8=8Bh 410 9f$KJs9p$5$l$^$7$?!% $^ $?!$$b$C $H0l HLE* $JEZ LZ65 0i$K 4X$9 $kFC =8$b 1991 G/$N EZLZ 3X2q ;oBh 76 4, 3 7n 9f$G<h$j>e$2$i$l!$B?$/$N0U8+$,=8Ls$5$l$F$$$^$9!% 1

$3 $3 $G $O $= $N 8e $N!$ >p Js 2J 3X $N =E ;k $d Bg 3X 1! =E E@ 2= Ey $N Bg 3X 2~ AH $N GH $N Cf $G!$ B? J, $R$H$D $N8!F$BP >]$H$J$k$G $"$m$&NO 3X650i$N :_$jJ}$K$D $$$F0U8+ 8r49$7$F $_$?$$$H 9M$( $F$$$^$9!% 1 $O$8$a$K <R 2q $N 0B Dj $d 9= B$ $N JQ 2= $K H<$C $F ?M!9 $N @8 3h $K BP $9 $k ;Q @* $, >/ $7 A0 $K Hf $Y $F Bg $- $/ JQ2=$7 $F$-$F$$ $k:r:#!$<R 2q4pHW;\ @_$KBP$9 $k?M!9$NMW 5a$bJQ$o $j$D$D$" $k$h$& $G$9!% Nc$($P!$ K-$+$5$d =;$_$d$9 $5$H$$$C$? 7A<)>e3X E*35G0$r 9=B$J*$d ;\@_!&4D6- $KMW5a $9$k $h$& $K$J$C$F $*$j!$9= B$%G%6 %$%s ( 3X2q ;o$G$b 1992 G/ 77 4, 3 7n9f$K FC=8$, AH$^$l $? $3 $H$, $"$j $^ $9 ) $d 7J 4Q@_ 7W $KBP $9 $k4X ?4 $,9b $^$C $F$- $F$$ $^ $9!%<R 2q $NJQ 2= $K0l HV IR 46$J3X@8$5$sC#$NSO9%$b!$%=%U%HJ,Ln$NJ}$X79$$$F$$$k$h$&$K8+$($^$9!% $3 $N $h $& $J >u 67 $N Cf $G!$ Bg 3X $O <o!9 $N L\ I8 $r ;}$C $F 2~ AH $r 9T $J$C $F $- $^ $7 $? $,!$ AH ?%$d<x 6H2JL\Ey $N2~AH$H $ON"J"$K!$ <B:]$N9V 5AFbMF$K $D$$$F$N!$ FC$K4pAC E*$JNO3X $K4X $7$F$N 2~3W$O$" $^$j9T$J $o$l$F$$$J $$$h$&$K ;W$o$l$^ $9!%$^$?=P HG$5$l$k 9=B$NO3X $N65 2J=qN‘ $NFbMF$K $D$$$F$b!$ ?t3X$NF; 6q$rI,$: $7$b$&$^ $/;H$($F $$$J$$;v $bM-$C$F!$ ==J, $J6aBe2=$,9T$o$l$F$$$J$$>u67$K$"$j$^$9!% 8= :_ 65 $( $i $l $F $$ $k 9= B$ NO 3X $O!" <j 7W ;; $K Mj$C $F 9= B$ @_ 7W $r 9T$C $F $$ $? ;~ Be $K $O M- MQ$G$"$C $?<o!9$N<j K!$rLV Me$9$k7A $O<h$C$F$$ $^$9$,!$ $3$l$O7W ;;5!$NH/ C#$KH<$C$F 0l HL 2r K! $N Mx MQ $, 2D G= $K $J$C $? :# F|!" $O $? $7 $F == J, 6a Be 2= $5 $l $? $b $N $H 8@ $( $k $G $7$g $& $+!#9V5A $K$*$$$F $b0lHLO@ $rJ?0W$+ $D<+8J40 7kE*$KE8 3+$9$k0Y $KI,MW$J ?t3X$r;H $o$:!" $+ $D $F $N ?^ <0 2r K! $r <h $j >e $2 $? $j!" @b L@!& >Z L@ ( $i $7 $- $b $N ) $O O" B3 BN $G Cj >] E* $K :Q $^ $;!$6qBN E*$JLdBj $N2rK!$O NB$G<($9 $H$$$C$?<s Hx0l4S$7 $J$$650i $,9T$o$l $F$O$$$J $$$G $7$g$&$+!% $^$?!$8xL3 0w;n83Ey $r0U<1 $7$F!$K\<A $G$O$J$$ 2rK!$K;~ 4V$r$+$1 $9$.$F$O $$ $J$$$G$7$g$&$+!% $" $k $$ $O 5U $K 1~ MQ ?t 3X $N Nc Bj $H $7 $F N. BN NO 3X $d 9=B$ NO 3X $r 65 $( $k $3 $H $N J} $,!$ $3 $H $NK\<A$rM}2r$9$k>e$GM-8z$G$7$g$&$+!% $D $^ $j!$ 4p AC 3X Ld $H $7 $F $N!$ Nc $( $P 9= B$ NO 3X 65 0i $O!$ $3 $N $^ $^ $G $h $$ $G $7$g $& $+ ? $3$l$, 5?Ld$G$9!% $3$N8&5f F$O@2q $NF05!$G $b$"$j$^ $9!%I8Bj$K $b$"$j$^ $9$h$&$K!$ !VNO 3X!W$H$$ $&4QE@$+ $i8+$l$P!$ N.BNNO3X $r$bF1$8 EZI6$G9V 5A$9$kI, MW$,$"$k $HD9G/8@ $o$l B3$1$F$$$^$9$,!$2L$?$7$F$=$&$$$C$?2~A1$O$J$5$l$F$$$k$G$7$g$&$+!% 2 %+%j%-%e%i%‘$N2~D{ | 4d7’ $R $H $D!$ 4y >e $N %7 %_%e %l!< %7%g %s $H $7 $F!$ $" $k E5 7? E* $H 9M $( $i $l $k Bg 3X %+ %j %-%e %i %‘$r$[$s$N>/$7$@$12~D{$7$F$_$k$3$H$r9M$($F$_$^$7$?!% 2~ D{ $N %Y %/ %H %k $H $7 $F $O!$ 8= >u $N 9= B$!& :‘ NA NO 3X 4p AC $r 8: $i $9 J} 8~ $G $9!% 4, Kv I= { 2

1 $K!$$$ $/$D $+$N Bg 3X$G $N<B :]$N 9V 5AFb MFNc $r<( $7$F $* $-$^ $7$? $,!$9= B$!&:‘ NA 4XO" $G $O$J$$ 6541$K $h$k!$9=B$!& :‘NA7O 9V5AFbMF $X$NJ? 6QE*$J0u >]$O!$!V@9 $jBt;3!W!$!V>C 2= ITNI!W$H $$$C$?$H$3 $m$G$9!% <x6H2JL\ ?t$r8:$: $k$3$H $K$h$C$F!$Fb MF$N@:A* $,9T$J$o $l $k $3 $H $r A0 Ds $K $7 $? %7 %_%e %l!< %7%g %s$, I= {2 $G $9!% $3 $N I= $r ;2 9M $K!$ $$ $/ $D $+ $N Ld Bj Ds5/$@$1$r9T$J$C$F$_$?$$$H;W$$$^$9!% <o!9$NLdBjDs5/ 0U>"E*$J$b$N$K4X?4$,I,MW$+!) Nc $( $P!$ 7z C[ 3X 2J $, J; @_ $5 $l $F $$ $k $+ 7z C[ $H F1 5o $7 $F $$ $k $h $& $J >l 9g!$ $= $N AH ?% $N FCD’$r @8$+$7$F!$ $$$o$f$k !V0U>"!W$N$h $&$J$b$N $N650i$r <h$jF~$l $F$$$/I, MW$O$J $$$G $7$g$&$+!% $3$N>l9g!$ EZLZ9=B$ J*$O8x 6&6u4VFb $NHf3SE* Bg$-$J;\ @_$G$9$+ $i!$7J4Q$b $3 $N!V0U>"!W $K4^$a $F$$$^$9!% $b$H$b$H 7zC[$G $O!$$$$o$f $kEZLZ $N!V7J4Q!W$N $h$&$J9- $$ 6u4V$G $N%G%6%$ %s$O$"$^ $j=E;k$5 $l$F$$$J $+$C$?$+$b $7$l$:!$$= $&$$$C$?E@ $r650i $9$k $3$H$K$h$C$F!$$*8_$$$NJ,Ln$G$N>-Mh$KL4$,=P$k$N$G$O$J$$$G$7$g$&$+!% 9=B$$h$j:‘NA$"$k$$$OO"B3BN$r=E;k$7$?$i!) !V9= B$ NO 3X!W!$ $= $l $O O" B3 BN NO 3X $N 6a ;w M} O@ $G $9 $,!$ :#!$ B? $/ $N Bg 3X $G 9T $J $o $l $F $$$k9= B$NO3X65 0i$O!$!VLd Bj$r2r$/!W $3$H$K=E E@$,CV $+$l2a$. $F$$$J$$ $G$7$g$&$+!% B? $/$NBg 3X$G1i=, IU$-$NI, =$$H$$$C$? @_Dj$,8+ <u$1$i$l $^$9!%!V$J$< $=$NJ}K! $G2r$1 $k$N $+!W$H$$$C $?$3$H$O 9V5A$G$O >R2p$5$l $^$9$,!$$= $l$rC!$- $3$‘$3$H $O$"$^$j $5$l$F $$$J $$$h$& $J0u>]$G $9!%$"$k$$ $O!$>ZL@$d @bL@$OHs >o$KCj>] E*$JO"B3 BN$rMQ$$ $?$b$N $G!$$I $&$7$F NB$G$bF1 $8$3$H$, @.N)$9$k$N $+!$Ey$,Cz G+$K07$o $l$F$$$J $$$h$&$J 0u>]$,$" $j$^ $9!%$G$9 $+$i!$LdBj $KBPLL $7$?ESC< $K!$IT@EDj NO$rM? $($F%b!<%a %s%H?^$r 7W;;!$$=$N LL @Q7W;; $r;O$a$F $7$^$&!$$H $$$C$?79 8~$OL5$$ $G$7$g$&$+!% NB$dHD$r <gIt:‘$H $9$k66NB $G $b!$:G=* E*$J:YIt 9=B$$K$D $$$F$OO" B3BNE*$J !V3H$j$N$" $k6u4V$N NO3X!W$N%; %s%9$, Ld$o $l$kItJ,$J$O$:$J$s$G$9$,!% ?eM}3X$H$NO"7H$O!) $3 $N $h $& $K!$ 2r K! $H $7 $F $N 9= B$ NO 3X 1i =, $N =E E@ 2= $K $h$C $F!$ F1 $8 !VNO 3X!W $G $" $k ?e M}3XEy $H$N4XO" $d!$EZ<A9) 3X$H9=B$ NO3X$H$N :90[$H$$$C $?E@$K$D $$$F$N35 G0$O!$3X @8$5 $s$NF, $NCf$G$O $"$^$jL@ 3N$K$5$l $F$$$J$$ $N$G$O$J $$$G$7$g$& $+!%Nc$($P!$ O"B3BN NO3X $d?6F0!& GHF0$H$$$C $?2JL\$r!$ N.BN$r $b4^$s$@ 7A$G650i $9$k$3$H $K$h$k%a %j%C%H$H$$ $& $N$O!$$*8_$$$NJ,Ln$G$?$/$5$s$"$jF@$k$N$G$O$J$$$G$7$g$&$+!% 3

$H$$$&$o$1$G9=B$4pAC$O8:$i$9$Y$-!) $G $9$+ $i!$ Castigliano $NDj M} $dC1 0L 2Y=E K! $N@Q J, $rD+ $+ $iHU $^ $G 2r$$ $F $O0l E@ $N $?$o$_ $r5a$a!$Hh O+:$X‘ $7$FE]$l $k!$C10L$, <h$l$J $$!$$H$$$C$? 1i=,$G!$F, $O$^$5$K 9E 2=$7$F $$$/$N$G $O$J$$$G $7$g$&$+!% $"$k$$$O!$ $=$&$$$C$? DjM}$dJ} K!$,$$$$ 2C8:$J@b L@ $dCj>] O@$G65$( $i$l$F$$ $k$N$G$O $J$$$G$7$g $&$+!%Bg3X 1!$N3X@8 $,!$$"$k<o $N?7$7 $$NO 3XLdBj $N4pAC<0 Dj<02=$K $*$$$F!$Hy J,J}Dx<0 $rM6F3$G $-$J$$$3 $H$,$"$k!$ $"$k$$$O HyJ, J}Dx<0 $=$N$b$N $rCN$i$J $$!$$"$k$$$O HyJ,J}Dx <0$N2rK! $rCN$i$J $$$H$$$& ;vBV$O2L $?$7 $F@5>o$G$7$g$&$+!% $G$O9=B$NO3X$OMW$i$J$$$+!) $G $O!$ 6K C< $J 8@ $$ J} $r $9 $l $P!$ 9= B$ NO 3X $O 1~ MQ ?t 3X $H $7 $F 65 $( $l $P $$ $$ $N $G $7$g $& $+!% 1F 6A @~ $d Impulse 1~ Ez $h $j <+ 8J ?o H< 7O $N Green 4X ?t!$ $= $l $G Aj H? Dj M} $b L@ 3N $K $J $j $^ $9!% C1 0L 2Y =E K! $H 4X ?t 2r @O $K $* $1 $k Fb @Q $H D6 4X ?t!% M- 8B MW AG K! $N 4p AC $H $7 $F $N Galerkin K!!% $=$N JQ J,K! E*2r <a $K$h $k Euler J} Dx <0$H 6a;w 2r K!!%9d @-J} Dx <0$N ItJ, J} Dx<0$H $7$F$N#3 O"%b!<%a%s %H$NDjM} $d$?$o$_ 3QK!!%$9$Y $FO@M}E* $GL@2r$K $J$k$N$+ $b$7 $l$^$;$s!%$3$l$K$D$$$F$OBh 14 JG$N$h$&$JLLGr$$0U8+$b$"$j$^$9!% $$ $+ $, $G $7$g $&!% 3X It A0 H> $G $N ?t 3X!& J* M} Ey $N 9V 5A $K %9 %‘!< %: $K $D $J $, $k 9V 5A $, 4| BT$G$- $=$&$G$O $J$$$G$9 $+!%$7$+ $b!$!X9=B$NO 3X$O9=B$ 20$5$s$@ $1$N3XLd $G$O$J$$!Y $3 $H$,$h $/M}2r$G $-$k$N$G $O$J$$ $G$7$g$&$+!% $$$o$f$k !V2J3X$9$k!W J}K!O@$N :G$bJ,$+ $j $d$9$$ Nc$,!V9=B$ NO3X!W$H$$ $&3XLd$J $N$G$9$,!$ $=$l$,<R 2q4pHW@0 Hw$K?H$r J{$2$k $9$Y $F$N3X@8$5$s$K<u$1F~$l$i$l0W$$J}K!$G$O$J$$$G$7$g$&$+!% $$$d!$K\Ev$K$=$&$G$7$g$&$+!) 9=B$NO3X$K$I$&$d$C$FL\$r8~$1$F$b$i$&$+!) Fb MF $N $3 $H 0J 30 $K!$ $b $& $R $H $D Bg $- $J Ld Bj $, $" $j $^ $9!% $= $l $O!$ $I $& $d$C $F 3X @8 $5 $s$NL\ $r$*7x$$ 3XLd!VNO3X!W $K0z$- IU$1$k$+ $H$$$&$3 $H$G$9!% 0l BN!$$I$&$7 $?$i3X@8 $5 $s$NL\ $r0z$-IU $1$k$3$H $,$G$-$k $N$G$7$g$&!% 4pACE*$J 3XLd$H$7 $F$NNO3X $r!$9=B$ 4X78 <T0J30 $K$b=EMW $J$b$N$@ $H$7$F65 0i$7$J$1 $l$P$J$i $J$$$H$7 $?$i!$$I$N $h$&$J7A BV!&J} K!$,E,$7$F$$$k$N$G$7$g$&!% 4

3 NO3X$N6aBe2=$X$NF; | EDB<@h@8 9=B$NO3X$N0U5A EZLZ9)3X$N0U5A $=$l$O9=B$J*$N9=C[$K$h$C$F2DG=$H$J$k%5!<%S%9$r!$9-$/0lHL<R2q$KDs6!$9$k$3$H!$ $*$h$S$=$N2<CO$rAOB$$9$k$3$H$G$9!% $=$NCf$K$*$1$k!VNO3X!W $= $N <R 2q 4p HW ;\ @_ $N <B 8= $K Ev $?$C $F $O!$ $b $A $m $s %= %U %H E* $J ;E ;v L5 $7 $G $O 9M $( $i $l $^$;$s $,!$F1$8Hf =E$GIT2D 7g$G$+$D =EMW$J;E ;v$O%O!<%I $NAOB$$G $9!%$3$NIt J,$rH4 $-$K $7$F!$7W2hCJ3,$+$i$NAm9gI>2A$OIT2DG=$G$9!% EZLZ5;=Q<T$N>o<1 $H$b$$$&$Y$-!$$9$Y$F$N5;=Q<T$,?H$KIU$1$F$*$+$M$P$J$i$J$$CN<1$H$O2?$G$7$g$&!% $I$s$J J,Ln$N ;E;v$r $9$k$K $7$F$b!$!V9= B$NO3X!W!$ !V?eM}3X!W!$ !VEZ<ANO 3X!W$N4pAC $O :GDc>r 7o$G$O$J $$$G$7$g$& $+!%$?$H$( %=%U%H$r C4Ev$7$F $$$k?M$G $b!V$*$l$O NO3X$J $s$F CN$i$M $($h!W$H9k 8l$7$J $$$G2<$5 $$!%;E;v$, Mh$J$/ $J$j$^$9 $h!%K\Ev$O!$ !VNO3X$O$b $& K0$-$?!W$H$$$&?M$K$3$=%=%U%H$r$7$FM_$7$$$b$N$G$9!% $=$NCf$G$N!V9=B$NO3X!W$N0LCVIU$1 $G $O!$ Nc $( $P 9= B$ NO 3X $G %b!< %k $N Dj M} $, %P %j %P %j ;H $( $l $P $= $l $G == J, $G $7$g $& $+!% IT@EDj $P$j$N$? $o$_$rC; ;~4V$G7W;; $G$-$k$H $$$&FC5; $O!$$$$^$N @$$NCf$G $=$l$[$I I>2A $5$l$^ $;$s!%$‘$7 $m!$$=$l$r 2r$/$?$a $K2?$r$9 $l$P$$$$ $+$rM}2r $7$F$*$/ $3$H$NJ} $,$O $k$+$K M-MQ$G$9!% $D$^$j!$NO 3X$NBg 6Z$rCN$C$F $*$1$P!$$" $H$O7W;; 5!$J$jM’ C#$J$j$K $5 $;$l$P $$$$$N$G $9!%$?$@$7!$ 7k2L$K$D $$$FI>2A $9$k%;%s %9$OI,MW $G$9!%05=L 1~NO$, =P$k $Y$-$H $3$m$K0z$C D%$j1~NO $,$"$k$H $+!$BP>N@- $,$"$kLd Bj$NEz$K BP>N@-$, $J$$$H $+!$J8 6g$@$1 $O0l?MA0 $K8@$($k <+?.$r;} $A$^$7$g$&!% EZ<ANO3X $d?eM}3X $G$O<B83 %G!<%?$K N"BG $A$5$l $?M}O@$, 9=C[$5$l $F$$$k$3$H $HBPHf$7 $F!$$b$H$b $H4JC1$J 2>Dj$N$& $($K@.$j N)$D !V9=B$NO 3X!W$OM}O@ BN7O$,:G $bL@2w$J NO3X$N$R $H$D$G$9!% NO3X$N4p AC$d%;%s %9$r?H $KIU $1$k71N}$K$O0lHV$U$5$o$7$$2JL\$G$O$J$$$G$7$g$&$+!% 2?$r3X$V$+ @Q J, $N ;E J} $G $9 $+!% $; $s CG NO $N J, I[ $G $9 $+!% $b $A $m $s!$ $= $l $O !V9= B$ NO 3X!W $N 3F O@ E*$JIt J,$G$9!%$7 $+$7!$!V9= B$NO3X!W$K $O$b$&$R $H$D$N LL$,$"$k $H;W$o$l $^$9!%$=$& $G $9!$$=$l$O!XNO3X$N9=B$!Y$r3X$V$K$U$5$o$7$$2JL\$H$$$&$3$H$G$9!% 5

2?$K1~MQ$,$G$-$k$+ $G $9 $+ $i!$ 9= B$ J* $r @_ 7W $9 $k $? $a $@ $1 $N 3X Ld $G $O $J $/!$ !VNO 3X!W 0l HL $N M} 2r!$ $5 $i $K$O!VNO 3X0J30!W$N 9-HO$JJ, Ln$N3X =,!&8&5f$N 4pAC$H$J $jF@$k$H 9M$($^$9!% EZLZ9)3X $N J,Ln$G 9=B$NO3X $O!$!V<+A32J 3X!W$N4pAC $H$7$F$N >o<1$r?H $KIU$1$k >l$G$"$k $+$b$7 $l$^ $;$s!% 9=B$NO3X$N650i 2rK!5;=Q$NEA<x!) $3 $l $^ $G $O!$ $" $k @. 2L $r 6q BN 2= $9 $k !V9) 3X!W $N L\ E* $K B’ $7!$ ?& 6H 65 0i $H $7 $F $N 5; =Q $NEA>5 $,I,MW$H $5$l$F$- $^$7$?!%$7 $?$,$C$F!$=> Mh$N650i J}?K$K$O 2rK!5;=Q $N=$F@ $KBg $-$J%&%’ %$%H$,CV $+$l$F$* $j!$8=:_!$ B?$/Bg3X $G$N%+%j %-%e%i%‘$K $b8+$i$l $k$h$&$J 1i =,IU$- $N650i$, @9$s$G$7 $?!%2L$? $7$F!$$3$l $+$i$b$= $&$9$Y$- $G$7$g$&$+!% <RFb$N<B L3 $K $* $$ $F @_ 7W It $N :n 6H $O!$ $d $d $b $9 $k $H HF MQ %W %m %0 %i %‘ $N $? $a $N %G!< %? :n @. $, %a %$ %s $G!$D>@\!$ 2rK!5;=Q $OI,MW $"$j$^$; $s!%$=$l$h $j!$$I$& $$$C$?M-8B MWAG$,$U $5$o$7$$ $+ $H$$$& E@$r!VNO3X E*%;%s%9!W $GH=CG $7$F$$$/ $3$H$,=E MW;k$5$l $F$$$^$9!% $3$&$$$C$? E@ $K!$:#$N650i$OBP=h$7$F$$$k$G$7$g$&$+!% NO3X$N$+$i$/$j $h $/ !V2r K!!W $h $j $b !V$+ $i $/ $j!W $, =E MW $H 8@ $o $l $^ $9!% NO 3X $N 4p AC $H $7 $F!$ 2r K! $N GX8e$K @x$‘M}6~ $,$^$:=E MW$G$O$J $$$G$7$g$& $+!%J#;($J 9=B$7W;; $NA0$K!$2? 8N$=$N 2rK! $,@.N) $9$k$N$+!$ $=$N$?$a $N2>Dj$O 2?$G$"$j!$ $3$l$^$G 9)3X$G$= $N2rK!$, ;Y;}$5$l B3$1 $F$-$? 5;=QE*$J H=CG4p=‘ $O2?$@$C$? $N$+!%$=$& $$$C$?$3$H $,=EMW;k $5$l$D$D $"$k$N $G$O $J$$$G$7$g$&$+!% 8=:_$N!V9=B$NO3X650i!W$G7Z;k$5$l$F$$$k$b$N 9= B$ NO 3X $G !V$D $j $" $$ <0 $r $? $F $k!W $3 $H $, 4p AC Cf $N 4p AC $G $" $k $3 $H $O 4V 0c $$ $" $j $^ $; $s!% $7 $+ $7!$ $3 $l $O 9= B$ NO 3X $N H> J, ( 0J 2< ) $K $9 $. $^ $; $s!% $D $j $" $$ <0 $@ $1 $G NO3X =t NL$,5a $a$i$k@E Dj9=B$$G $b!$JQ7A=t NL$rCN$k $?$a$K$O !V4v2?3X!W$r MQ$$$J$1 $l$P$J $j$^ $;$s!%<B $O!$$3$N9= B$J*$NJQ 7A$N4v 2?3X$,$" $^$j$K7Z ;k$5$l$F $$$^$9!%$? $7$+$K!$$D $j $"$$$N 35G0$O<A E@NO3X$H 6&DL$G $"$j!$D9G/!$ ?F$7$s$G $-$?<B@S $,$"$j$^ $9!%$H$3$m $,!$ JQ7A$N 4v2?3X$K $O$I$&$b 6l<j0U<1$r ;}$A$^$9!% $=$3$i$r [#Kf$K$7 $J$,$iF( Hr$9$k<j CJ$H $7$FE7 2<$j<0 $N!V%(%M%k %.!<86M}!W$, ?.6D$5 $l$?$j!$!V6& Lr$P$j 0lK\>!Ii!W $,2#9T$9 $k $N$G$O$J$$$G$7$g$&$+!% 6

?t3X$H!V9=B$NO3X!W 3X@8 $5$s$O!$3X ItA0H>$N 2 G/$N 4V$KHyJ, @QJ,3X$d @~7ABe?t 3X$N4pAC $r3X$S$^ $9!%$= $l$,>C 2=ITNI$K $J$C$F$$$k $3$H$b;v <B$G$9$,!$ EZLZ$N@l Lg$N9V5A $r$9$k65 41$NJ} $G$b!$ ?^ <0 2r K! $H $^ $G $O 9T $+ $J $/ $F $b!$ ?t 3X $r $J $k $@ $1 ;H $o $J $$ J} K! $r 6n ;H (?) $7 $J $, $i 65 $($F$$ $k>l9g$, $"$j$^$9!% $=$l$,9b $8$k$H!$$; $sCG1~NO $NBP>N@- $r%b!<%k$N 1~NO1_ $rMQ $$ $F @b L@ $9 $k 3X@8 $5 $s $b =P $F $- $^ $9!% 1, 2 G/ $G =, $& ?t 3X $N M- 8z @- $d M- MQ @-$r 9= B$ NO 3X $NNc$r DL$7$F<( $7$F$d$k 9)IW$3$= I,MW$G$O $J$$$G$7$g $&$+!%$=$& $G$J$$$J $i!$2?$N $?$a $K?t3X $rMz=$$5 $;$k$N$G $7$g$&!%C1$J $k%$%d%, %i%;$H$7 $F!$:=$r3z $^$;$F$$ $k$H$7 $+;W $($^$; $s!%?t3X$O NO3X$rM} 2r$9$kF; 6q$G$"$j!$ $^$?!$CNE* 71N}$N65 :‘$G$"$k $+$bCN $l$^ $;$s$,!$ 0lJ}$G$O !V<jH4$-!W $d!V%5%\%j!W $NL#J}$@ $H65$( $k$3$H$b $o$l$o$l $N;HL?$@ $H 9M$($^$9!% 0W$7$/65$($k ?t 3X $H $$ $& $H Fq 2r $J 9b Ey ?t 3X $r A[ A| $7 $, $A $G $9!% $3$l $K $O M} 3X It =P ?H $N ?t 3X 65 ;U $N @UG$$, Ld$o$l$k $H$3$m$G $9!%$7$+$7!$ 9b9;$^$G $N?t3X$@ $1$G9=B$ NO3X$r9V 5A$9$k$3 $H$O H?BP$G $9!%<B:]$K $=$l$O2D G=$+$b$7 $l$^$;$s $,!$0lHLO@ $+$i1s$/ $J$j$^$9!% NcBj$H $7$F 6K$a$F 4JC1$J9= B$$rMQ$$ $k$3$H$K $O;?@.$G $9$,!$$=$3 $+$iNO3X $N0lHLE* %k!<%k$r0z $-=P $9$3$H $,=EMW$G $9!%$=$N$? $a$K$O4J C1$JHyJ, @QJ,3X$d @~7ABe?t 3X$,K>$^ $l$^$9!%$3 $l$i $O!VNO3X $r8l$k8@ 8l!W$H$7$F I,MW$G$9!% 0W$7$/65 $($k$3$H $O%l%Y%k $r2<$2$k $3$H$G $O$" $j$^$;$s!%6Z$rDL$7$F@bL@$9$k$3$H$@$H;W$$$^$9!% EZLZ650i$N6aBe2= >-Mh$N2J3X5;=Q$H650iBN7O $b $H $b$H Civil Engineering $G $"$C $? 9)3X $,!$ BP >]J* $G J, N‘$5 $l!$ $= $l$K H<$C $F ;: 6H3&$b J,N‘$5$l B3$1!$:#F| $K$h$&$J 5!3#!&:‘NA!& EZLZEy$N J,2=$,?J $s$G$-$? $N$O<~ CN$N ;v<B$G $7$g$&!%$7$+ $7!$$3$N $h$&$K:Y J,2=$7$F $-$?3X Ld$b!$6aG/!$ :‘NA$r3+ H/$9$k5! 3# 9)3X!$@8 J*$rBP>] $H$9$k:‘ NA2J3X!$ 1’Ch9=B$ $rBP>]$H $9$k2=3X 9)3X$H$$$C $?$h$&$J!$ 8= ;~E@$N J,N‘$G8@ $($P3X:] E*$JJ,Ln$, :n$j=P$5 $l$F$-;O $a$^$7$?!% $3$N$h$& $J?7$7$$ 2J3X 5;=Q$N H/E8$N;~ Be$K!$=>Mh $N$^$^$N65 0iBN7O$G EZLZ9)3X J,Ln$O$I $N$h$&$J ?JE8$,$" $k$N $G$7$g$&$+!% 3FO@$H0lHLO@ $H$/ $KNO3X65 0i$G$O 8DJLE*3F O@=E;k (?) $N J}K!$O$b $O$d:.Mp $r>7$/ $@$1$G$9!% 9=B$ NO3X!$?e M}3X!$EZ<A NO3X$N3F O@$@$1$G $J$/!$$=$l $i$K8Y$k $h$&$JNO 3XA4BN$r 8+EO$; $k0l 7

HLO@$H $7$F$NNO 3X650iBN 7O$,!$:# 8e$N2J3X 5;=Q$NH/ E8$KI,MW $H$J$C$F$- $^$9!%$^$?!$ %= %U%HCf?4$NJ,Ln$NM}2r$K$b=EMW$H$J$k$N$G$O$J$$$G$7$g$&$+!% EZLZ9)3X$N6aBe2= $3 $3 $G $O !VNO 3X 65 0i!W $H $$ $& 8B Dj $5 $l $? OH Fb $G 5D O@ $7 $F $$ $^ $9 $,!$ $b$C $H Bg @Z $J $3 $H$OEZ LZ9)3XA4 BN$N6aBe 2=$r?^$kEX NO$@$H;W $$$^$9!%EZ LZ5;=Q$N 2a5n$NEA E}$K$O8X $j$r ;}$A$J$,$i$b!$?7$7$$$h$jNI$$EAE}$r0i$F$k2j$OBg;v$K$7$?$$$b$N$G$9!% 4 8=<BLdBj$H$7$F$NNO3X650i | 0f1:@h@8 3X@8$NG=NO$K$D$$$F M} A[ E* $J 65 0i $H $O!$ 3X @8 8D ?M $N %l %Y %k $K 9g$C $? 65 0i J} K! $, 0l HV NI $$ $N $G $7$g $& $,!$ $=$l$G $O@h@8$N ?t$,B-$j $:!$B?$/$N3X @8$NJ?6Q Kt$O$=$l $h$j<c43 >e$b$7$/ $O2<$N%l %Y%k $K$"$o $;$?9V5A $r?J$a$k $N$,0lHL E*$+$H;W $$$^$9!%$= $&$7$^$9 $H!$Bg3X4V $G$N%l%Y %k$N :9$,=P $F$-$F!$65 $(J}$b JQ$o$C$FEv A3$G$7$g$&!% ;dN)Bg 3X$N0lIt $K8+$i$l $k$h$&$K!$ F~ 3X;n83 $GJ*M}$r A*Br$7$J $$3X@8$d!$ 0lHL65M\ $H$7$F3X $V?t3X!&J* M}$,$=$l $[$I9bEY $G$O $J$/!$;n 83$r=*$o$C $F$7$^$( $P2?$r3X $s$@$+$r K:$l$F$7 $^$&$h$& $J3X@8$K BP$7$F!$ 9bEY $J?t3X!& J*M}$NCN <1$rA0Ds $H$7$?65 $(J}$OHs >o$K4m81 $J$h$&$K ;W$($^$9!% IT@EDj9= B$J* $G!$IT@E DjNO$,$9 $0A*$Y$k $N$O$^$7 $G!$D‘9g<0 $@$1$GH? NO$r$@$7 $F$7$^$& IT;W5D$J 3X@8 $O$$$^$;$s$+!) 0l J} $G!$ 1i =, $K $* $$ $F ?t == J, $G M? $( $i $l $? Ld Bj $r A4$F 2r $$ $F $7 $^ $& $h $& $J G= NO $N $" $k3X@8 $K$O!$8=:_ $N0W$72a $.$k9V5A $OB‘6~$G!$ $b$C$H9bEY $J?t3X$r 1gMQ$7$? 9V5A$N J}$, L%NO$,$"$kH&$G$9!%$b$&>/$73X@8$NG=NO$K1h$C$?9V5A$r$9$Y$-$J$N$+$b$7$l$^$;$s!% 3X@8$N0U8+ $D$^$j!$65$($kJ}$,4@$r$+$$$F$$$J$$$H$$$&$3$H$G$9$+!) ="?&;n83$K$D$$$F 1993 G/ EY $N CO J} 8x L3 0w ;n 83 $N %F %9 %H $G!$ ;X Dj $5 $l $? J} K! $G Ld Bj $r 2r $1 $H $$ $& =P Bj $,$J$5 $l$^$7$?!% $3$NJ}K! $H$OK\0Q 0w2q$G65 $($kI,MW $,A4$/$J $$$H$$$o $l$?$b$N $G$9!% $7$+$7!$ B?$/$N65 2J=q$K$N$C $F$*$j!$ KtB?$/$N Bg3X$G65 $($F$$$k J}K!$+$H ;W$$$^$9!% $3 $NMM$K!$ 8=<B$H$7 $F8xL30w %F%9%H$G $3$N$h$& $JLdBj$, =PBj$5$l $k$H!$65$( $kB&$H$7 $F$b :#8e2?G/4V$O!$K\0Q0w2q$GL50UL#$H;XDj$5$l$?J}K!$r@bL@$;$6$k$r$($^$;$s!% $^ $?!$ ?t J, 4V $G Ld Bj $r 2r $+ $M $P $J $i $J $$ $h $& $J ;n 83 $K $* $$ $F $O!$ Be I= E* $J Ld Bj $N 2r $r0E5- $9$k$3$H $,B?$$$h $&$G$9!%$3$N $h$&$J$3 $H$O7h$7 $F>)Ne$5 $l$k$3$H $G$O$"$j $^$; 8

$s$,!$9g 3J$9$k$? $a$K$OI, MW$J$3$H $J$N$G$9!% 8=:_$N65 0i$,A4$F ="?&;n83 MQ$H$O8@ $$$^ $;$s$,!$ $3$3$NHO 0O$OK?<R $N="?&;n83 $K=P$?$+ $i65$($F $*$+$M$P $H$$$&M} M3$G65$( $k>l 9g$b$" $j$^$9!%$= $N;~!$$=$N J}K!$d9M $(J}$,=E MW$J>l9g $b$"$j$^ $9$,$=$& $G$J$$>l 9g$b $"$j$^$9!%$d$O$j!$Bg3X$H<R2q$H$N2qOC$O$b$C$HL)@\$K9T$&$Y$-$@$HDK46$7$^$9!% 6aBe2=$OI,MW$+ 2? $r $b$C $F 6a Be 2= $+ $H 8@ $& $N $O Fq $7 $$ $,!$ >/ $J $/ $H $b ?^ 2r K! $J $I $O :# 8e IT I, MW $H $$ $&7kO@ $K0[O@$O $J$$$H;W $$$^$9!%$7 $+$7!$9bEY $J?t3X$r :NMQ$7$? NO3X$,!$6a Be2=$5 $l$? NO 3X $H $J $k $H!$ $d $d 0[ O@ $b =P $F $/ $k $+ $H ;W $$ $^ $9!% NO 3X $H $O ( NO $N D‘ 9g (+ � )) $H $$ $& N)>l$r <h$l$P!$$‘ $7$mFq$7 $$?t3X $r;H$o$: $K!$4JC1$K @bL@$7$? J}$,!$HsNO 3X7O$N?M!9 $K $O$H$C$D $-0W$$ $N$G$O$J $$$G$7$g$& $+!%%0%j!< %s4X?t1>!9 $H8@$C$? ESC<$K5q H]H?1~$r <( $93X@8$,=P$F$/$k$h$&$J5$$,$7$^$9!% 3N $+ $K!$ 3X :] E* $J J, Ln $, $I $s $I $s :n $j =P $5 $l $F $* $j!$ $= $3 $K EZ LZ 5; =Q <T $b ;2 2C $7 $F $$$k8= :_!$=>Mh$N 650iBN7O $GNI$$$N $+$HLd$o $l$k$HJV Ez$K:$$j $^$9!%$7$+ $7!$0MA3 $H$7 $FEZLZ K\Mh$N;E ;v$,B?$/ $"$k$o$1$G!$ $=$l$K=> ;v$9$k$? $a$N4pAC CN<1$r?H $K$D$1$F $[$7 $$$H$$ $&650i$, 8=:_$N$b $N$G$"$j!$$= $l0J30$N $$$o$f$k @hC<J,Ln $K$D$$$F $O3F<+$, JY6/ $7$F2<$5$$$H$$$&$N$,8=>u$N$h$&$J5$$,$7$^$9!% 9=B$NO3X!$N.BNNO3X!$EZ<ANO3X 2f!9$O ( K\0Q0w2q$N%a%s%P!< ) !$$3$l$i$N2JL\$rJL!9$K=,$$!$8=:_$G$bJL!9$K65$($F $$$^$9!% Bg3X1!$K $$$/$H!$O" B3BN$N NO3XEy$K $*$$$F!$<A NLJ]B8B’ $d1?F0J} Dx<0$J$I $,!$ $3$l$i $NNO3X$N 4pAC$K$J$C $F$$$k $3$H$rCN $j$^$9!%$3 $l$G$$$1 $J$$$G$7$g $&$+!)3XIt $K $*$$$F $O!$9=B$7O $K$*$1$k NO$H$O2? $+!$N.BN7O $K$*$1$k NO$H$O2? $+!$EZ<A7O $K$*$1 $kNO $H$O2? $+Ey$NB> $K$=$NJ, LnFCM-$J$b $N$r65$( $k$@$1$G ;~4V$O0l GU$N$h$& $J5$$,$7 $^$9!% NO3X6& DL$N4pAC $,=EMW$J $3$H$O$$ $&$^$G$b $"$j$^$; $s$,!$$=$l $>$l$NJ, Ln$K$D$$ $FJL!9 $K3X$S!$ <!$K!$<B$O $=$l$i$N Dl$rN.$l $F$$$k$N $O6&DL$J 9M$(J}$J $N$@$H$$ $&$3$H$r 3X$V $H $$$& =g =x$G G! 2?$G $7$g $& $+!%$3 $l $^$G $b!$ #1<! 85 M}O@ ! #2 <! 85M} O@ ! #3 <!85 M} O@ ! $H $$ $& =g =x $h $j $b!$ $= $N 5U $N J} $, %9%C %- %j $7 $F $$ $F NI $$ $H $$ $& 0U 8+ $, $" $k $h $& $K!$ $^$@$^ $@5DO@$N M>CO$O$" $k$h$& $G$9!%$?$@!$ 9=B$NO3X $NCf$G!$@^ $j$K$U$l $F!$B>$NNO 3X $H$N4X78$K?($l$k$3$H$O=EMW$J$3$H$H;W$$$^$9!% <j$rF0$+$9$3$H Bg3X$rB46H$7$F<R2q$K=P$?;~!$Nc$($P!$O"B3NB$N%b!<%a%s%HJ,I[$,=q$1$J$$$H!$!V$* A0$NBg 3X$G$O2? $r65$($F $$$?$N$+!W Ey$H8@$o $l$=$&$J $N$G!$<j$r F0$+$7<B :]$K$?$/ $5$s $NLdBj $r2r$+$; $F$$$k$N $+$b$7 $l$^$;$s!% $7$+$7!$<B :]$K<j$r F0$+$9$3 $H$K$h$C$F!$ NO 9

$NN.$l $,$o$+$C $F$/$k$N $G$O$J$$ $G$7$g$& $+!%$3$3$G!$ !VNO3X$N $+$i$/$j!W $r65$($k $3 $H $N =E MW @- $r H] Dj $9 $k $D $b $j $O A4 A3 $" $j $^ $; $s!% Nc $( $P!$ Castigliano $N Dj M} $r M6 F3 $G$-$k $3$H$b=E MW$G$9$,!$ $=$l$r;H$C $F@5$7$$ Ez$r=P$9 $3$H$b=E MW$G$"$k $H$$$&$3 $H$G $9!%$5$i $K!VNO3XE* %;%s%9!W$r ?H$K$D $1$k$?$a $K$O!$$d$O $jB?$/$N LdBj$r<j $rF0$+$7 $F 2r$/$N $,AaF;$N $h$&$J5$ $,$7$^$9!% Kt!$B?$/$N Bg3X$G9= B$<B83$, =L>.$9$k 798~$K$" $k$h $&$G$9 $,!$<B:]$K OD%2!<%8$r E=$j!$JQ 7A$r4Q;! $9$k$3$H $O=EMW$J $h$&$J5$ $,$7$^$9!% $$ $d!$$=$l $O;~4V$N L5BL$@$H 8@$o$l $kJ}$K$O!$ @’Hs!VNO3X E*%;%s%9!W $r?H$K$D $1$k$?$a $N 650iJ}K!$r8x3+$7$FD:$-!$$=$l$r<BA)$7$F$$$-$?$$$H;W$$$^$9!% :F$S!V9=B$NO3X$N650i!W B> $N NN 0h $r D/ $a $D $D!$ !V<+ A3 2J 3X!W $N 4p AC $H $7 $F $N >o <1 $r 65 $(!$ $5 $i $K <R 2q $K =P $? ;~!$!V$*A0 $NBg3X$G $O$3$s$J $3$H$b65 $($J$$$N $+!W$H8@$o $l$:$K$9 $‘DxEY$N 9=B$7O FCM- $N$3$H $r65$(!$$5 $i$K$3$l $K;~C; 2=$,MW5a $5$l!$2f!9$O $I$NMM$K $7$?$i$h $$$N$G$7$g $& $+!%$^$?!$ 650i$P$+ $j$G$J$/!$ 8&5f@. 2L$r=P$; $J$I$H8@ $o$l!$$5$i $K?7$?$J 0Q0w2q$N %a %s%P!<$K ;XL>$5 $l1W!9;~4V $b$J$/ $J$j!$$I$& $7$?$i $$$$$N$G $7$g$&$+!&!&!& $H$$$&6r CT $OJ9$3$($F$-$^$;$s$+!%$^$@$^$@EXNO$,B-$i$s$H$$$&@<$b30$+$i;~!9<*$K$7$^$9!% 65 $( $k N) >l $+ $i 8@ $( $P!$ $$ $m $$ $m $J 8x <0 $r 3P $( $k $h $j $O!$ NO $N N. $l J} $, $o $+ $j!$ $5 $i$K3X $V$3$H$N 3Z$7$5$d 2J3X$9$kJ} K!$r?H$K $D$1$F$/ $l$l$P:G 9b$G$9!%$= $N$?$a$N 650i J}K!$rC5$7$F$$$^$9!%2f!9$O!$650i$r7h$7$F$*$m$=$+$K$7$F$$$k$D$b$j$O$"$j$^$;$s!% 5 #13X4|$@$1$G$d$a$k9=B$NO3X $= $3 $G!$ Ev >. 0Q 0w 2q %a %s %P!< $N ?t L> $G!$ #1 3X 4| J, $@ $1 9= B$ NO 3X 65 0i $r $9 $Y $F $N EZ LZ $N 3X @8 ( Hs NO 3X J,Ln $K $N $_ 6= L# $r ;}$C $F $$ $k ?M $b $9 $Y $F ) $X J9 $+ $; $? $$ $H $9 $k $H!$ $I$& $$ $& Fb MF $K$9 $k $+!$ $H $$ $& $3 $H $K $D $$$F 0F $r =P $7 9g$C $F $_ $? $N $, I= {3 $G $9!% 7k 2L E* $K $O==?M==?’$G$9$,!$$=$l$>$l$K2?Ey$+$N<gD%$,8+$(1#$l$7$^$9!% 6 NB$KBP$9$k6-3&CMLdBj$NDj<02= | KY0f@h@8 $3 $N Ld Bj $K BP $9 $k =t @b L@ Ey $N Cf $K $O!$ K@ <4 @~ $N 6J N( $K Hf Nc $7 $? 6J $2 %b!< %a %s %H $, H/ @8$9$k M}M3$K$D $$$FL@3N $G$O$J$+$C $?$j!$$J$< D>$R$:$_ $,6JN($K HfNc$7$? ;03Q7AJ, I[$K $J$k$N $+Ey$K$D $$$F@53N $G$J$$$^ $^!$!VCF@-6J @~$NJ}Dx <0!W$rM6F3 $7$F$$$k $b$N$, $"$j $^ $9!%$3 $l $KBP $7!$ <!$N $h $&$J %" %W%m!< %A ( KY0f @h @8$N %a %b$r 4d 7’$, >! <j$K 2~ cb$7 $? $b $N ) $O$I$&$G$7$g$&!% 10

<+A32J3X$NJ}K!$H9=B$NO3X 8=>] K@:‘$NJQ7A %b%G%k2= � ! ?tM}LdBj 6-3&CMLdBj 2r@O � ! 2r w ( x ), M ( x ), V ( x ) 1~MQ � ! 9)3XE*LdBj$N2r 7h @_7W K@ :‘ Ey $N 9= B$ It :‘ $K NO $, :n MQ $7 $? $H $- $N NO 3X 8= >]!$ $9 $J $o $A!$ JQ 7A!& CG LL NO $N H/ @8 $rM=B,!& :F8=$9$k $3$H$,9= B$NO3X$N L\I8$G$" $k!%8=>]$r ;YG[$7$F $$$k%a%+ %K%:%‘$r %b%G %k2=H? 1G$9$k$3 $H$K$h$j!$ J*M}E*Ld Bj$,?tM} LdBj$KCV $-49$($i $l$k!%$=$N ?tM}LdBj $r2r $/$3$H $K$h$C$F!$8= >]$NM= B,!&:F8=$, 9T$J$o$l $k!%$=$N 7k2L$rMx MQ$9$k$3 $H$K$h$j!$ Nc $($P@_ 7W$d0BA4 @-$N>H:: $H$$$C$?9) 3XE*LdBj $N2r7h$, 2L$?$5$l $k!%$3$N$h $&$J9)3X E*Ld Bj $r 2r 7h $9 $k $? $a $N <+ A3 2J 3X $N 0l HL E* $J J} K! $K $* $$ $F!$ %b %G %k 2= $N 2L $? $9 Lr 3d $O Bg $- $$!% <L?? $K<($9$h$& $JK@:‘$NJQ7A$H$$$&8=>] $K$*$$$F!$;YG[E*$J%a%+ %K%:%‘$O2?$J$N$G $"$m$&$+ ? 8=>]$rM= B,!&:F8=$9$k$? $a$K$O!$$I$N$h $&$J?tM}LdBj $r2r$1$P$h$$ $N$@$m$& $+ ? %b%G%k2=!’ 3D � ! 1D K@:‘$NJQ7A$r;YG[$7$F$$$k$N$O:‘NA$N<4J}8~$X$N?-$S=L$_$G$"$k!% $3$N%a%+%K%:%‘$rH?1G$7$F!$0J2<$N1?F0>l$N2>Dj$r@_$1$k!% 1. !VIt :‘ <4 $K D> 3Q $J J? LL $O!$ JQ 7A 8e $b <4 @~ $K D> 3Q $G J? LL $r J] $D!W = !VNB $N $; $s CG JQ7A$OL5;k$G$-$k!W Bernoulli-Euler $N2>Dj ( J?LLD>3QJ];}$N2>Dj ) 2. !VCGLL7A>u$OJQ2=$7$J$$!W 3. !VJQ0L$OHy>.$H$9$k!W 11

$3 $l$i $N 2> Dj$K 4p $E $1$P!$ 3 <!85 $N J* BN$N JQ 7A$H $$ $& 3 <! 85 LdBj $,!$ 1 <!85 $N Ld Bj!$$9$J$o$A!$6J$2$NLdBj$K4X$7$F$O$?$o$_ w ( x ) $K4X$9$k 4 3,$N>oHyJ,J}Dx<0$H6-3& >r7o$H$+$i$J$k6-3&CMLdBj$K!$<4NO$NLdBj$K4X$7$F$O<4J}8~JQ0L u ( x ) $K4X$9$k 2 3,$N >oHyJ,J}Dx<0$H6-3&>r7o$H$+$i$J$k6-3&CMLdBj$K5"Ce$5$l$k!% JQ0L>l$N2>Dj$r@_$1Dc$$<!85$N;YG[J}Dx<0$rF3$/$3$H$,!$9=B$NO3X$NK\<A$G$"$k!% 0J2<$G$O<B:]$K>e5-$N1?F0>l$N2>Dj$K$h$j!$K@:‘$NG$0U$NE@$K$*$1$kJQ0L!$$R$:$_!$ 1~NO$, <4@~>e$N JQ0L$K$h$C $FI=$5$l $k$3$H$r <($9!%$=$N 1~NO$rCG LL>e$G@Q J,$9$l$P CGLL NO$H<4 @~>e$G$N JQ0L$H$N 4X78$,F@$i $l!$$=$N4X 78<0$rCG LLNO$,K~ B-$9$Y$- ;YG[J}Dx <0$G $"$k$D$j9g$$J}Dx<0$KBeF~$9$l$P!$<4@~>e$NJQ0L$GI=$7$F;YG[J}Dx<0$,F3$+$l$k!% 0J2<>JN, 7 %H%i%9$N2>A[;E;v$N86M} | @>B<@h@8 $3 $l $K $D $$ $F $b B? $/ $N 65 $( J} $, $" $k $h $& $G $9 $,!$ Cf $K $O!$ 86 M} $= $N $b $N $r O" B3 BN $N Cj>]O@!$ $"$k$$$O 1F6A78 ?t$@$1$r MQ$$$?!VBe ?tNB!W$G 35@b$7$? >e$G!$%(%M %k%.!<I=8= $r NB$d%H %i%9$N$= $l$rBeF~ $9$k$3$H$K $h$jNcBj $r2r$$$F $$$k$h$& $J$b$N$b $"$j$=$& $G$9!% FC$K%( %M%k%.!<$d ;E;v$N7A <0$K$9$k $H!$%9%+%i!< NL$G$"$k $?$a$K7W ;;$O4JC1 $K8+$( $^$9 $,!$NO3X $H$7$F$N M}2r$,2L $?$7$F$I $3$^$GC# @.$5$l$F $$$k$+!$Hs >o$KLdBj $K$J$kBe I=E* $JLdBj $,!$2>A[;E ;v$N86M} $G$O$J $$$G$7$g$& $+!%@5$7$/!$ $7$+$74J C1$J?t3X $G@bL@$9 $Y $-$G$O$J$$$G$7$g$&$+!% D> @~ NB $N >l 9g $O!$ Gauss $N H/ ;6 Dj M} $G Hf 3S E* 4J C1 $K <( $9 $3 $H $, $G $- $^ $9 $+ $i!$ $3 $3$G$O %H%i%9$N 2>A[;E;v $N86M}$K$D $$$F!$@>B< @h@8$N%a %b$r:FEY 4d7’$,2~ cb$7$?$b $N$r <!$K<($7$^$9!% 12

%H%i%9$N2>A[;E;v$N86M} $^ $:!$ %H %i %9 $N A4 @a E@ $K HV 9f $r BG $A!$ !V@a E@ i !W $N $h $& $K >. J8 ;z $N %" %k %U%! %Y%C %H $G <($7 $^ $9!% $^$?!$ A4 It :‘ $K$O Bg J8 ;z$N %" %k %U%!%Y%C %H $G !VIt :‘ I !W $N $h$& $K L> A0$r IU $1$^$9!% $3$3$G!$<!$N$h$&$J%Y%/%H%k$rDj5A$7$^$9!% n iI � ( unit v ector as in Figure (if i = the end p oin t of mem b er I) ~ 0 (if i 6 = the end p oin t of mem b er I) (1)

No de i No de j Mem b er I n iI n j I no de m No de k Mem b er N n mN n k N D‘9g$$7O F i $r@aE@ i $K:nMQ$9$k30NO ( H?NO!$2Y=E$J$I ) $N9gNO$H$7!$ N I $rIt:‘ I $NIt:‘NO $H$7$^$9!%$3$N$H$-!$ F i = X I n iI N I (2) $G$"$k ( F i , N I ) $NAH$rD‘9g$$7O$H8F$S$^$9!% E,9g7O u i $r@aE@ i $NJQ0L!$ � I $rIt:‘ I $N?-$S$H$7!$ � I = X i u i � n iI (3) $H$J$k ( u i , � I ) $NAH$rE,9g7O$H8@$&$3$H$K$7$^$9!% 2>A[;E;v$N86M} $"$k%H%i%9$NG$0U$ND‘9g$$7O ( F � i , N � I ) $H!$G$0U$NE,9g7O ( u i , � I ) $K$D$$$F X i u i � F � i = X I � I N � I (4) $,@.$jN)$D$H$$$&$N$,!V2>A[;E;v$N86M}!W$K$J$j$^$9!% 13

!J>ZL@!K X i u i � F � i = X i u i � X I n iI N � I ! $G$9$+$i!$ Righ t-hand side = X I N � I X i u i � n iI ! = X I N � I � I $H$J$j!$>ZL@=*$o$j$G$9!% 8 $3$&$$$C$?6-3&CMLdBj$HJ*M}$H$N4X78 $3 $N %" %W %m!< %A $O $+ $J $j ?t M} $K 6a $$ $b $N $H $7 $F 9= B$ NO 3X $r B* $( $F $$ $^ $9!% $= $& $$$C $?!$%b%G %k2=0J8e $N07$$$H $7$F$NNO 3X650i$r 9M$($?$H $-!$=>Mh$N %+%j%-%e%i %‘FbMF Ey$H $3$N6- 3&CMLdBj E*<h$j07 $$$H$rHf 3S$7$F!$6K C<$J0U8+ $K$^$H$a $F$b$i$C$? $N$,<!$N J8>O $G$9!%$3 $NJ8>O$O!$ KY@h@8$K =q$$$F$$ $?$@$$$? %*%j%8%J %k$N%a%b $r4d7’$, >!<j$K2~ cb$7 $?$b$N$G$9!% 9=B$NO3X$N6aBe2=$K4X$9$k0U8+ | KY@h@8 5DO@$rL@3N$K$9$k$?$a!$;M<N8^F~$7$?6KO@$r;n$_$^$9!% J* M} E* $J 0U L# $O $5 $F $* $j!$ NB $d Cl $K 4X $9 $k 9= B$ NO 3X $O!$ >e $N %" %W %m!< %A $K $" $k $h $& $K!$?t3XE*$K$O>oHyJ,J}Dx<06-3&CMLdBj$K2a$.$^$;$s!%$G$O!$ 3 O"%b!<%a%s%HK!$d%b!< %k$NDj M}$H$$$C$? 9=B$NO3X $N<jK!$O $I$&$$$C$? 0LCVIU$1 $N$b$N$@ $H9M$($i $l$k$G $7$g$& $+ ? 6K O@ $9 $l $P!$ ?t M} E* %" %W %m!< %A $H $3 $N $h $& $J 9= B$ NO 3X $N <j K! $N 4X 78 $O!$ Be ?t $K BP $9 $kDa55;; $d?"LZ;;$KBP 1~$7$F$$$J$$ $G$7$g$&$+ ? L^O@!$Da55 ;;$d?"LZ;;$b!$ LdBj$K$h$C $F$OHs >o$K9*L/ $JJ}K! $G!$?t3XE* K\<A$b4^ $^$l$F $$$k$G$7$g $&!%$7$+$7!$ $d$O$j!$Da 55 ;;$d?" LZ;;$OBe ?tJ}Dx<0 $NFC<l$J2r $-J}$K2a $.$:!$K\<A E*$K$=$l 0J>e$G$b $=$l0J2< $G$b $J$$$N$G$O$J$$$G$7$g$&$+!% Da 55 ;; $d ?" LZ ;; $b Hs >o $K NO $r F~ $l $F 65 0i $5 $l $? ;~ Be $b $"$C $? $N $G $7$g $&!% $7 $+ $7!$ 2 <!J}Dx<0$d 3 <!J}Dx<0!$$5$i$K$O!$;03Q4X?tEy$N9b5i$JLdBj$r$h$j<c$$;~$+$i3X$P$J $1 $l $P $J $i $J $$ 8= Be $G $O!$ 1 <! J} Dx <0 $N FC <l $J 2r K! $K ;~ 4V $O 3d $1 $J $/ $J$C $F $$ $k $h $& $G$9!% F1$8$3$H$,9=B$NO3X$K$bEv$F$O$^$i$J$$$G$7$g$&$+!) 6aG/!$ Da55;;$, 650i$5$l $J$/$J$C$? M}M3$O!$ $$$m$$$m $"$k$N$G $7$g$&$,!$ 1 <! J}Dx <0$h$j 9b5i$JLd Bj$K<h$j AH$‘I,MW $,$"$k$3 $H$,<gMW $J$b$N$G $7$g$&!%$G$O!$ EZLZ5; =Q<T $,9=B$NO 3X$h$j9b5i$JLd Bj$K<h$jAH$‘ I,MW$,$"$k$N $G$7$g$&$+ ? O"B3BNNO3X $X?J$‘!$<+ 14

A32J3X $N%"%W%m!< %A$NJ}K! $r3X$V!$EZ LZ$GBP>] $H$9$kJ* M}LdBj$N NN0h$r9- $2$k!$$J $I$$ $m$$$m Ez$($,$" $k$h$&$G $9!%$"$k$$ $O!$>oHyJ, J}Dx<06- 3&CMLdBj $+$iJPHy J,J}Dx$X $N0\ 9T$H8@$$49$($F$b$$$$$+$b$7$l$^$;$s!% :G 8e $K IU $1 2C $( $^ $9 $,!$ $3 $N $h $& $K ?t 3X $K =E E@ $r CV $/ $h $& $J OC $K $J $k $H 7h $^$C $F!$ !V9=B$J* $NNO3X5s F0$r4Q$k %;%s%9!W $H$$$&$3 $H$,<h:; BA$5$l$^ $9!%0lJ}!$Da 55;;$K$b Da 55%;%s %9!$?"LZ;; $K$b?"LZ %;%s%9$H $$$&$Y$- $b$N$,$"$C $F!$?t3XE* K\<A$i$7 $-$b$N $N$h $& $K $b Fw $$ $^ $9!% $7 $+ $7!$ 1 <! J} Dx <0 $, $7$C $+ $j 2r $1 $l $P!$ $= $l $G == J, $@ $H 9M $( $k $N $,8=<BE*$G$O$J$$$G$7$g$&$+!% >/ $7 6K O@ 2a $. $^ $7 $? $,!$ Da 55 ;; $N Hf SH $r MQ $$!$ !X9= B$ NO 3X $N <! $N Ld Bj!Y $K >G E@ $r Ev $F!$$=$&$$$C$?B&LL$+$i$N9M$(J}$r<($7$F$_$^$7$?!% I= {1 : Bg3X$G$N2JL\FbMFNc 9qN)Bg3X #ABg3X 9=B$NO3X I 1. 9=B$:‘NA$NNO3XE*@-<A 2. 0zD%!&05=L!&$;$sCG 3. 0lHL1~NO>uBV 4. CGLL=tNL 5. @EDj$P$j 6. $O$j$N1~NO 7. D>@~$P$j$NCF@-JQ7A 8. J?LL%H%i%9 9=B$NO3X I I 1. 9|AHIt:‘$NCF@-:B6~ 2. =i4|IT@0$rM-$9$k05=LIt:‘$N6/EY 3. K@$N$M$8$j 4. %(%M%k%.!<=tDjM} 5. IT@EDj9|AH9=B$J*$N2r@O O"B3BNNO3X 1. CF@-4pACM}O@ 2. J?LL1~NO!&J?LL$R$:$_LdBj 3. J?HDM}O@ 4. GvFy9=B$M}O@ 15

%^%H%j%C%/%99=B$2r@O3X 1. %^%H%j%C%/%9JQ0LK!$K$h$kJ?LL%H%i%9$N2r@O 2. %^%H%j%C%/%9JQ0LK!$K$h$kJ?LL%i!<%a%s$N2r@O 3. EAC#%^%H%j%C%/%9K! 4. M-8BMWAGK!35@b 5. 7W;;5!$K$h$k1i=,$r4^$a$F9T$&!% #BBg3X 9=B$NO3XBh#1 1. =xO@!& NO3X $N4p AC!’ 9= B$NO 3X$H $O!(9= B$J* $N<o N‘!(9= B$NO 3X$N Lr 3d!(4pK\2>Dj!(NO$H%b!<%a%s%H!(NO$ND‘9g!(<+M3J*BN?^!(JQ0L!$JQ7A 2. 1~NO!’ 1~NO$N35G0!(1~NO%F%s%=%k!(<g1~NO ; %b!<%k$N1~NO1_!(D‘9g<0 3. JQ7A$HOD!’ 1?F0$HJQ7A!(OD%F%s%=%k!(OD$N@-<A!(E,9g>r7o 4. :‘NA$NNO3XE*@-<A!’ 1~NO!]OD4X78!( Ho ok e B’!(G.KDD% 5. 9=B$$K:nMQ$9$kNO$N2r@O!’ 2Y=E$H6-3&>r7o!(@EDj$HIT@EDj!(CGLLNO!(CGLL NO$ND‘9g<0!(CGLLNO$N1F6A@~!(%H%i%9$NIt:‘NO!(%H%i%9$N1F6A@~ 6. CGLLFb$N1~NOJ,I[!’ K@$N1~NO!(NB$N6J$21~NO!(CGLL$N=tNL!(6J$2$KH<$&$; $sCGNO 7. JQ7A$N2r@O!’ K@$N?-$S!(NB$N$?$o$_$NJ}Dx<0$H6-3&>r7o!(%b!<%k$NDjM}!( 6&LrNBK!!($?$o$_$N1F6A@~!(CF@->2>e$NNB 8. 2>A[;E;v$N86M}!&Jd2>A[;E;v$N86M}!’ C10L2Y=EK!!(C10LJQ0LK!!(AjH?DjM}!( M � uller-Breslau $N86M} 9. %(%M%k%.!<86M}!’ !JJd!KOD%(%M%k%.!<!(A4!JJd!K%]%F%s%7%c%k%(%M%k%.!< :G>.$N86M}!( Castigliano $NDjM}!(:G>.;E;v$N86M}!(CF@-!JIT!K0BDj@- 10. :B6~!’ :B6~$NNc!(Cl$NCF@-0BDj!(NB!]Cl$N0BDj@-!(CF@-94B+$5$l$?Cl$N:B 6~ 11. 9T Ns $r MQ $$ $? 2r @O!’ 9T Ns I= 8=!( 9= B$ MW AG $N @- <A!( 9d @- 9T Ns $H $? $o $_ @- 9T Ns!(9d@-9TNs$NJQ49!(#3!$#4O"%b!<%a%s%H$NDjM}!($?$o$_3QK!!(%b!<%a%s%H J,G[K! 12. ?tCM2r@OK!!’ :9J,K!!(M-8BMWAGK!!(=E$_IU$-;D:9K!!($=$NB> 9=B$NO3XBh#2 #CBg3X 9=B$$NNO3X I 1. 9=B$$H$O2?$+ 2. @EDj9|AH9=B$J* 16

(a) 9|AH9=B$ (b) 9=B$J*$N;Y;} (c) 0BDj!&@EDj!&IT@EDj (d) @EDj%H%i%9 (e) @EDjNB (f ) 1F6A@~ 3. CF@-BN$NNO3X$N4pAC (a) 1~NO (b) $R$:$_ (c) 9=@.J}Dx<0 (d) CF@-LdBj 4. K@:‘$NNO3X$N4pAC (a) K@:‘$N;YG[J}Dx<0 (b) K@:‘$N6-3&CMLdBj 9=B$$NNO3X I I 1. K@:‘$NNO3X$N4pAC (a) K@:‘$KBP$9$k6-3&CMLdBj (b) D64X?t$H%0%j!<%s4X?tK! 2. K@$NFbIt$N1~MQ (a) 1?F0>l$N2>Dj$+$i5a$a$k1~NO (b) $D$j9g$$>r7o$rK~$?$9$;$sCG1~NO (c) GvFy3+CGLL$K@8$:$k$;$sCG1~NO (d) $;$sCGCf?4 3. 9|AH9=B$J*$N2r@OK! (a) It:‘MWAG$N9d@-J}Dx<0 (b) A4BN:BI8$G$NMWAG9d@-J}Dx<0 (c) @aE@$K$*$1$k$D$j9g$$<0$HJQ0L$NE,9g>r7o (d) A4BN9=B$$KBP$9$k9d@-J}Dx<0 (e) 9d@-J}Dx<0$N2rK! (f ) 9=B$2r@O%W%m%0%i%‘ 4. %(%M%k%.!<DjM} (a) 2>A[;E;v$NDjM}!&Jd2>A[;E;v$NDjM} (b) K@:‘$KBP$9$k2>A[;E;v$HJd2>A[;E;v$NDjM} 17

(c) 0lHL2=$5$l$?NO!$$R$:$_!$JQ0L (d) C10L2Y=E$NDjM} (e) IT@EDjNOK! (f ) %]%F%s%7%c%k!&%(%M%k%.!<$NDdN1DjM} (g) AjH?:nMQ$NDjM}$H%_%e!<%i!<!&%V%l%9%m%&$NDjM} @_7W$N$?$a$NNO3X 1. 9=B$NO3X$N4pAC (a) K@:‘$NNO3X (b) %(%M%k%.!<DjM} (c) 9|AH9=B$2r@OK! 2. CF@-0BDjLdBj$HCl$*$h$SNB!]Cl (a) 0BDj$HIT0BDj (b) NB!]Cl (c) Cl$N6J$2:B6~ (d) Cl$NHsCF@-:B6~ 3. A:@-2r@O$N4pAC (a) C1=cA:@-$NA0Ds>r7o (b) A:@-Jx2u$N>r7o$H>e2<3&DjM} (c) C1=cA:@-2r@O$N<jK! 4. K@:‘$N$M$8$l$NNO3X (a) $M$8$l%b!<%a%s%H$HJQ0L$N4X78 (b) $D$j9g$$<0$H6-3&>r7o (c) GvFyCGLL:‘$N$M$8$l$NM}O@$N0lHL2= (d) $M$8$l$r$H$b$J$&K@:‘$N:B6~ 5. HD$NNO3X 9=B$2r@O$N4pAC 1. GK2uNO3X (a) GK2uNO3X$H$O2?$+ (b) @~7AGK2uNO3X35N, (c) 1~NO3HBg78?t (d) %(%M%k%.!<2rJ|N($HGK2u4p=‘ (e) %3%s%W%i%$%"%s%9$H%(%M%k%.!<2rJ|N( (f ) %3%s%/%j!<%H!&4d@P$NGK2uNO3X 2. CF@-O@ 18

(a) CF@-LdBj!&6-3&CMLdBj (b) Fs<!85CF@-LdBj (c) Airy $N1~NO4X?t (d) J#AG?t1~NO4X?t (e) %/%i%C%/LdBj$N2r 3. A:@-O@35N, 4. %0%j!<%s4X?tK!$H6-3&MWAGK! (a) 6-3&CMLdBj (b) D64X?t (c) %0%j!<%s4X?t (d) 8GM-4X?tK! (e) 6-3&@QJ,J}Dx<0 (f ) 6-3&MWAGK! #DBg3X :‘NA$NNO3X 1. NO$H%b!<%a%s%H!’ NO$H%b!<%a%s%H$NI=8=!$NO$N9g@.$HJ,2r 2. @E Dj 9= B$ J* $K $* $1 $k 2Y =E $H H? NO!’ 2Y =E $H ;Y E@ H? NO!$ @E Dj NB $N H? NO!$ @E Dj %H%i%9$NH?NO!$@EDj%i!<%a%s$H@EDj%"!<%A 3. @E Dj %H %i %9 $N It :‘ NO!’ @E Dj %H %i %9 $N Dj 5A!$ 0z D% :‘ $H 05 =L :‘!$ @a E@ K! $H CG LLK! 4. 1~NO!’ 1~NO$N35G0!$1~NO$NI=8=!$1~NO%F%s%=%k$N@-<A!$%b!<%k$N1_!J!$1~ NO$NJ?9UJ}Dx<0!K 5. $R$:$_!’ $R$:$_$NDj5A!$$R$:$_%F%s%=%k$N@-<A!J!$$R$:$_BJ1_!$$R$:$_$N E,9g>r7o!K 6. :‘ NA $NNO 3X E*@- <A!’ 1~ NO$R $: $_6J @~!$ Ho ok e $NK! B’!$ CF@- %( %M%k %.!<!$ :‘NA$N9_Iz!J!$:‘NA$NHhO+!K 9=B$NO3X#A 1. 0BDj!$IT0BDj!$@EDj!$IT@EDj 2. @EDj9=B$!’ H?NO!$CGLLNO!$$O$j!$%2%k%P!<!$4V@\2Y=E!$%H%i%9Ey 3. 1F6A@~$H$=$N1~MQ!’ $O$j!$%2%k%P!<!$4V@\2Y=E!$%H%i%9Ey!$O"9T2Y=E 4. :‘ NA $N @- <A!’ Ho ok e $N K! B’!$ %d %s %0 N(!$ 9] $d %3 %s %/ %j!< %H $N 1~ NO !] $R $: $_4X78 5. CGLL=tNL!’ ?^?4!$CGLL#1<!!&#2<!%b!<%a%s%H!$%b!<%k$N47@-1_Ey 6. $O$j$N6J$21~NO!$$?$o$_6J@~ 19

7. <4NO$H6J$2$r<u$1$kCGLL 8. CGLL$N3K 9=B$NO3X#B 1. $O$j$NCF@-6J@~J}Dx<0 2. CF@-2Y=EK! 3. %(%M%k%.!<K!!’ =E$M9g$o$;$N86M}!$30NO;E;v!$$R$:$_%(%M%k%.!<!$2>A[;E ;v$N86M}!$%]%F%s%7%c%k%(%M%k%.!<:G>.$N86M}!$Jd%]%F%s%7%c%k%(%M%k%.!< :G>.$N86M}!$%+%9%F%#%j%"%N$NDjM}!$:G>.;E;v$N86M}!$C10L2Y=EK!!$AjH?Dj M} 4. CF@-J}Dx<0!$@EDj4pK\7O 5. IT@EDj9=B$$N1F6A@~!’ M � uller-Breslau $NDjM} 6. #3O"%b!<%a%s%H$NDjM} 7. %b!<%a%s%HJ,G[K! 8. $?$o$_3QK! CF@-BNNO3X 1. 35@b!’ O"B3BN!$%F%s%=%k>l 2. JQ7A!’ JQ7A$NI=8=!$$R$:$_$NE,9g>r7o 3. 1~NO!’ 1~NO$NI=8=!$1~NO$NJ?9UJ}Dx<0 4. 9=@.%b%G%k!’ CF@-!$G4CF@-!$G.CF@- 5. @~7ACF@-BN!’ 4pACJ}Dx<07O!$%(%M%k%.86M}!$4JC1$J6-3&CMLdBj$NNc 6. #2<!85LdBj!’ 1~NO4X?t!$=ED4OBJ}Dx<0$HNcBj!$1~NO=8Cf!$55Nv$NNO3X ?6F02r@O3X 1. #1<+ M3EY 7O$N ?6F0!’ 1? F0J} Dx<0 M6F3 $H2r K!!$%( %M%k %.!<K! B’!$8: ?j ?6F0!$@589GH6/@)?6F0!&6/@)JQ0L1~Ez$H6&?6!$C10L>W7b1~Ez$H Green 4X?t!$ Duhamel @QJ,$K$h$k6/@)?6F01~Ez2r@O!$J#AG1~Ez$H<~GH?t1~Ez4X?t!$ F ourier 2r@O!&%9%Z%/%H%k2r@O$N4pAC$HIT5,B’?6F0 2. B? <+ M3 EY 7O $N ?6 F0!’ #2 <+ M3 EY 7O $N 1? F0 J} Dx <0 M6 F3 $H 2r K!!$ <+ M3!& 6/ @) ?6 F0$HF0E*A}I}N(!$B?<+M3EY7O$X$N0lHL2=!$%b!<%I$NDj5A$HD>8r@-!$%b!<%I2r @OK!!$8:?j$N<h$j07$$ 3. J, I[ <A NL 7O $N ?6 F0!’ 89 $N ?6 F0 $H GH F0 J} Dx <0!$ NB $N 1? F0 J} Dx <0 $N M6 F3 $H =i 4|CM6-3&CMLdBj!$JQ?tJ,N%$K$h$k2rK!!$%b!<%I2r@OK!!J!$C10L>W7b1~Ez (F ourier 2r@O!\ Green 4X?t ) !K!$ Duhamel @QJ,$K$h$k30NO1~Ez2r@O$H%b!<%I2r@OK! 4. NB$N?6F0$N6a;w2rK!!’ 8EE5E* Ritz K!!$ Galerkin K!35@b!$6aBeE* Galerkin K!$HM-8BMWAGK! 20

9=B$NO3X#C 1. Cl$N9d@-J}Dx<0!’ ;YG[J}Dx<0$+$i2>A[;E;v<0$NM6F3!$6aBeE* Galerkin K! $H $7 $F $N 9d @- J} Dx <0 $N M6 F3!$ 87 L) $J 9d @- J} Dx <0 $H $N Hf 3S!$ 2r $N <} B+!$ D> @\9d@-K!!$%H%i%9$NNcBj!$FbNO$N5a$aJ} 2. NB $N 9d @- J} Dx <0!’ ;Y G[ J} Dx <0 $H 2> A[ ;E ;v <0!$ 9d @- J} Dx <0 $N M6 F3!$ 87 L) $J $b$N$H$NHf3S!$FbNO!J%b!<%a%s%HJ,I[!K$N5a$aJ}!$#3O"%b!<%a%s%H!&$?$o$_ 3Q8x<0$NM6F3$H0UL# 3. J?LL9|AH$N9d@-J}Dx<0!’ Cl$HNB$N9gBN!$:BI8JQ49!$2rK! 4. J? LL Ld Bj $X $N M- 8B MW AG K! $N E, 1~!’ ;Y G[ J} Dx <0 $H 2> A[ ;E ;v <0!$ Dj $R $: $_ ;0 3Q7AMWAG$NM6F3!$E,MQNc 5. >l9g$K$h$C$F$ONB!]ClM}O@!$$D$^$j:B6~$r65$($k>l9g$b$"$k #EBg3X 9=B$NO3X#1 1. @ENO3X$N4pAC 2. @EDj$P$j 3. J?LL?^7A 4. @EDj%H%i%9 5. 9=B$J*$NCF@-JQ7A 9=B$NO3X#2 1. IT@EDj%H%i%9 2. ITDj@E$P$j 3. %b!<%a%s%H 4. $?$o$_3QK! 5. momen t J,G[K! 9=B$NO3X1i=, 1. @ENO3X$N4pAC 2. @EDj$P$j 3. J?LL?^7A 4. @EDj%H%i%9 5. 9=B$J*$NCF@-JQ7A 6. IT@EDj%H%i%9 7. IT@EDj$P$j 8. momen t 66NBNO3X 1. 4pACM}O@ 2. matrix 9=B$2r@O 21

;dN)Bg3X #FBg3X 2J L\ L> $O!$:‘ NA NO 3X I !$ :‘NA NO 3X I I !$ 9= B$ NO 3X I !$9= B$ NO 3X I I !$ 9= B$ 9) 3X@_ 7W!& 1i =, 1. @EDj$P$j$NH?NO!’;YE@!$$O$j$N<oN‘!$2Y=E 2. @EDj$P$j$NCGLLNO!’$;$sCGNO$H6J$2%b!<%a%s%H!$$;$sCGNO?^$H6J$2%b!<%a%s%H?^!$ 2Y=E!$$;$sCGNO$H6J$2%b!<%a%s%H$N4X78!$1F6A@~ 3. $O$j$N1~NO!’6J$21~NO!$$;$sCG1~NO!$5vMF1~NO$r9MN8$7$?$O$j$N@_7W 4. @EDj$O$j$N$?$o$_!’2Y=E!$$;$sCGNO!$6J$2%b!<%a%s%H!$$?$o$_$H$?$o$_3Q$N4X78!$ HyJ,J}Dx<0$K$h$k2rK! 5. IT @E Dj $P $j!’ @E Dj 4p K\ 7O $K $h $k 2r K!!$ #3 O" %b!< %a %s %H $N Dj M}!$ Hy J, J} Dx <0 $K $h $k 2rK! 6. Cl!’Cl$N1~NO!$5vMF1~NO$r9MN8$7$?Cl$N@_7W!$3K$H%_%I%k%5!<%I!$:B6~ 7. $R$:$_%(%M%k%.!<!’$R$:$_%(%M%k%.!<!$2>A[;E;v$N86M}!$%+%9%F%j%"!<%N$NDjM}!$ :G>.;E;v$N86M} 8. @EDj%H%i%9!’@aE@K!!$CGLLK!!$JQ7AK! 9. IT@EDj%H%i%9!’@EDj4pK\7O$K$h$k2rK!!$JQ7AK! 10. %i!<%a%s!’$?$o$_3QK! 11. A:@-2r@O!’IT@EDj%H%i%9$NCF@-8BEY2Y=E$HA:@-8BEY2Y=E 12. %"!<%A!$$M$8$j!$CF@->2>e$N$O$j!$HD!$M-8BMWAGK!!$?6F0$O35N,$N$_ #GBg3X NO3X 1. <AE@$NNO3X 2. <AE@7O$H9dBN$NNO3X 3. NO$NCV$-49$( 1~MQNO3X 1. %H%i%9$N2r@O 2. NB$N2r@O 3. 6J$,$jNB$N2r@O 4. NB$H%H%i%9$N1F6A@~ 22

5. CGLL=tNL 6. %b!<%k$N1~NO1_ 7. NBFb$N1~NO 8. NB$N$?$o$_ 9. IT@EDjNB 10. %(%M%k%.!<K!$N1~MQ 7z@_9=B$3X 1. 9=B$J*$NNO3X%b%G%k 2. @EDj9=B$J*$N1~NO2r@O 3. @EDj9=B$J*$NJQ7A7W;;K! 7z@_9=B$3X#2 1. IT@EDjNB$N1~NO 2. IT@EDj%i!<%a%s$N1~NO 3. IT@EDj%H%i%9$N1~NO 4. IT@EDj9=B$J*$NJQ7A 5. #3O"%b!<%a%s%H$NDjM} 6. %^%H%j%C%/%9JQ0LK! 7z@_9=B$3X#3 1. @_7W2Y=E 2. 1F6A@~ 3. 9=B$@_7WK! 7z@_?6F03X 1. #1<+M3EY7O$N?6F0 2. B?<+M3EY7O$N?6F0 3. O"B3BN$N?6F0 I= {2 : $"$k%+%j%-%e%i%‘$N2~D{0F >JN, (L a T E X HG$r$4Mw$/$@$5$$ ) I= {3 : #13X4|$G65$($k9=B$NO3X � @h@8 1. 9=B$NO3X35@b $O$j!$Cl!$9|AH$_!$HD$NL> >N$NM}2r!$30NO$HFbNO!$It:‘NO $H1~NO$N%$ %a!<%8 23

2. $O$j$N<oN‘$HH?NO ;YE@$N<oN‘!$$O$j$N<o N‘!$2Y=E$N<oN‘!$NO$N$D$j9g$$ $K$h$kH?NO $N7W;; ( @EDj9=B$J* ) 3. $O$j$NIt:‘NO $;$sCGNO!$6J$2%b!<%a%s %H!$<4NO$NM}2r!$$;$sCGNO?^!$ 6J$2%b!<%a%s %H?^!$<4NO?^$NM}2r 4. $O$j$NJQ7A CF@-JQ7A!$2Y=E!&It:‘NO!&JQ7A$N4X78 5. $O$j$N1~NO 6J$21~NO!$$;$sCG1~NO 6. Cl$N1~NO!$:B6~ 7. 9|AH$_2r@O %H%i%9$N<oN‘$HCGLLK! $K$h$kIt:‘NO7W;;!$%i!<%a%s35@b $H$?$o$_3QK!!$ 9d@-%^%H%j%C%/%9 8. M-8BMWAGK!35@b OHP $d%9%i%$%I$"$k$$$O%S%G%* 9. $=$NB>$N35@b A:@-2r@O!$?6F0 � @h@8 1. %H%i%9$NCGLLNO 2. %H%i%9$NCGLLNO ( CGLLK! ) 3. NB$NCGLLNO 4. NB$NCGLLNO ( %2%k%PNB ) 5. 6J$,$jNB ( %"!<%A$r4^$‘ ) $NCGLLNO 6. NB$N1F6A@~ 7. CGLL=tNL ( ?^?4!$CGLL#1!&#2<!%b!<%a%s%H ) 8. NB$N;YG[J}Dx<0 9. NB$N;YG[J}Dx<0 ( 7W;;Nc$r<gBN ) 10. 0l<!IT@EDjNB$N2r@O 11. It:‘Fb$N1~NO ( %b!<%k$N1_ ) 12. It:‘Fb$N1~NO ( %b!<%k$N1_ ) 13. NBFb$N$;$sCG1~NOJ,I[ 24

@h@8 1. 9=B$NO3X$H$O2?$+ � NO3X$H$O2?$+ � <+A32J3X$NJ}K!!’8=>]!$%b%G%k2=!$?tM}E*LdBj!$2r@O!&8=>]$NM=B,:F8=!$9) 3XE*LdBj$N2r7h � @_7W$HNO3X � 9=B$NO3X$NA4BNA| 2. @EDj9|AH9=B$J*$K:nMQ$9$kCGLLNO 1. 4pACCN<1!’ 9=B$J*!$9|AH9=B$J*!$K@It:‘!$ %H%i%99=B$!$;Y;}!$;YE@H?NO!$0BDjIT0BDj!$@EDjIT@EDj 2. @EDj%H%i%9!’ 3FIt:‘$N<4NO$r5a$a$k!$30NO$HFbNO!$@aE@K! ( @ZCGK! ) 3. @EDjNB!’ 6J$2%b!<%a%s%H$H$;$sCGNO$NJ,I[$r5a$a$k (a) @EDjNB (b) ;YE@H?NO!’ A4BN$N$D$j9g$$$+$i;YE@H?NO$r5a$a$k (c) CGLLNO!’ @ZCG$N35G0!$CGLLNO$NDj5A$H5a$aJ} (d) CGLLNO$NJ,I[!’ 6J$2%b!<%a%s%H?^!$$;$sCGNO?^$rIA$/ (e) 2Y=E$HCGLLNO$N4X78!’ CGLLNO$,K~$?$9$Y$-4X78 � $D$j9g$$J}Dx<0 � 6-3&>r7o � 6J$2%b!<%a%s%H$K4X$9$k6-3&CMLdBj � =8Cf2Y=E$H=8Cf%b!<%a%s%H!’ D64X?t$H$7$F<h$j07$& � CGLL NO$NJ,I[ $N4JC1$J 5a$aJ}!’ J,I[7A!$O" B3@-!$C<It $G$N>r7o$J $I$r;H$& 3. CF@-BN$NNO3X$N4pAC 1. 1~NO (a) %H %i %/ %7%g %s %Y %/ %H %k $H 1~ NO %F %s %= %k!’ NO $N >u BV $r I= $9 J* M} NL $O 2? $+ (b) $D$j9g$$J}Dx<0!’ 1~NO@.J,$,K~$?$9$Y$-J}Dx<0 2. $R$:$_ (a) $R$:$_%F%s%=%k!’ JQ7A$N>uBV$rI=$9J*M}NL$O2?$+ (b) $R$:$_@.J,$NJ*M}E*0UL# 3. 9=@.J}Dx<0 4. CF@-LdBj!’ CF@-BN$KBP$9$k6-3&CMLdBj 4. K@:‘$NNO3X$N4pAC 1. K@:‘$N;YG[J}Dx<0 25

(a) %b%G%k2=!’ 3D � ! 1D 9=B$ NO3X$NK\<A!$1?F0 >l$N2>Dj!$JQ0L>l$N I=<( (b) K@:‘$NNO3X5sF0$r5-=R$9$k$?$a$NJ*M}NL (c) >l $N ;Y G[ J} Dx <0!’ JQ 7A $H JQ 0L $N 4X 78!$ CG LL NO $H JQ 7A $N 4X 78!$ $D $j 9g $$J}Dx<0!$;YG[J}Dx<0$NJQ0LI=<( (d) 6-3&>r7o 2. K@:‘$N6-3&CMLdBj 5. $^$H$a � @h@8 1. %*%j%(%s%F!<%7%g%s 9=B$J*$N<oN‘!$9=B$J* $N@_7W<j=g!$9=B$J*$N%b%G %k2=!$NO$NC1 0L 2. NO$N$D$j9g$$ NO$N#3MWAG!$NO$N@-<A $HK!B’!$%b!<%a%s%H$N@-<A$HK!B’!$ $D$j9g$$>r 7o!$<+M3J*BN!$;YE@H?NO!$It:‘$KF/$/NO 3. 9=B$J*$N4pK\E*MW7o 9= B$J* $N ;Y;} $N ;E J} ( %m!< %i!<;Y E@!$ %R %s%8 ;Y E@!$ 8GDj ;Y E@!$ Cf4V%R%s%8 ) !$0BDj!&IT0BDj!$@EDj!&IT@EDj!$9=B$J*$N<oN‘!$;YE@H?NO!$9=B$J*Fb $KF/$/NO ( 1~NOEY$HCGLLNO ) 4. @EDj%H%i%9$N2rK! @aE@K!!$CGLLK!$K$h$k2rK! 5. @EDj$O$j$N2rK! =8Cf2Y=E!$EyJ,I[2Y=E!$ %b!<%a%s%H2Y=E$r<u$1$kC1=c$O $j$*$h$SJR ;}$A$O$j!$%2%k%P!<$O$j$N N{ ?^!$ Q{ ?^!$ M{ ?^ 6. @EDj%i!<%a%s$N2rK! N{ ?^!$ Q{ ?^!$ M{ ?^ 7. 1F6A@~ Dj5A$HL\E*!$$O$j$N1F6A@~!$%H%i%9$N1F6A@~!$1F6A@~$N;H$$J} 8. :‘NA$NNO3XE*@-<A CF@-$HA:@-!$ � !A � 6J@~!$ � !A 6J@~ 9. CGLLFb$N1~NOJ,I[ 1~NO$HCGLLNO!$<4NO$r <u$1$k$O$j!$6J$2$r<u$1$k$O $j!$6J$2$H<4 NO$r<u$1$k$O$j!$CGLL$N=tNL!$6J$2$KH<$&$;$sCG1~NO!$%b!<%k$N1~NO1_ � @h@8 1. FbNO$H30NO 9dK@$H%P%M$NHf3S$GFb NO$N35G0$r!$!V$F$3!W$HNB$NHf3S$G JQ7A$N35G0$r @bL@$J$I $9$k!%$I$&$K$+$7$F (?) !$D>1~NO ( JQ7A$G$-$k J*BN$NDq93NO ) $H?-$S $R$: $_ ( JQ7A ) $@$1$O65$($k!% 26

2. Cl 0lK\$NCl$N6-3&CMLdBj$N Dj<02=!%<4NO$rD>1~NO$GDj5A!%<4NOI=<( $N$D$j9g$$<0!$ <4 NO $H ?- $S!$ ?- $S $H JQ 0L $r M6 F3!% 6- 3& >r 7o $r M6 F3!% 89 $d 3H ;6 Ey $H F1 $8 $G$" $k $3 $H $r<($9!% 3. Cl$N6-3&CMLdBj 4JC1$JCl$r2r$-!$HyJ,J} Dx<0$r6-3&>r7o$N$b$H$G2r$/ >oEe<jCJ$r65 $( $k!% 2D G= $J $i 8G M- 4X ?t K! $K $h $k 2r K! $G!$ 8G M- CM!& 8G M- 4X ?t $H 6- 3& >r 7o$N 4X 78 $r 65$($i$l$?$i$$$$ ( =DGHEAGE$G$b$9$k$+!) ) $H;W$&!% 4. Cl$N2>A[;E;v<0$H6a;w2rK! A02s$N6-3&CMLdBj $KEy2A$J2>A[;E;v<0$NM6 F3$H!$$=$N6a BeE* Galerkin K! (w eak form) $K$h$k6a;w2rK!$rJQCGLLCl$G>R2p$9$k!% 5. Cl$NM-8BMWAG Galerkin K! $N $R $H $D $N 1~ MQ $H $7 $F $N M- 8B MW AG Dj <0 2=!% 9d @- 9T Ns $N FC 0[@-$H2r$NB8:_!%87L)2r$H$NHf3S!% 6. NB 0l K\ $NNB $N 6- 3& CM Ld Bj $NDj <0 2=!% A! 0] $d Gv $$HD ( Cl ) $r =E $M$? $b $N $H $7 $F!$ D> 1~ NO $N CG LL J} 8~ $X $N @~ 7A J, I[ $r@b L@ $7!$ $= $N 9g NO $H $7 $F $N 6J $2 %b!< %a %s %H $r Dj5A $9 $k!%6JN($N@bL@!%$D$j9g$$<0$H6-3&>r7o$NM6F3!% 7. NB$N6-3&CMLdBj J,I[2Y=E$,:nMQ$7$?>uBV$N4JC1$JLdBj$r2r$/!%$^$?=E$M9g$o$;$K$h$C $F ( IT@E Dj%b!<%a %s%H$r MQ$$ $F ) !$4JC1 $JIT@E DjLd Bj$r2r $/!%@EDj $HIT@E Dj$N 0c$$ $r 3 K\B-!$ 4 K\B-$N0X;R$NLdBj$G35@b$9$k!% 8. G$0U30NO$H1F6A@~ J,I[2Y=E$,G$0U4X?t$G M?$($i$l$k>l9g!$$"$k=8Cf2Y=E $K$h$k2r$G 2r $/$3 $H$, $G $-$k $3$H $r<( $9 (Green 4X ?t = 1F6A @~ ) !%=8 Cf 2Y=E E@$G J,N% $7$F 2r $/J}K!$H!$ Dirac $N delta 4X?t$rMQ$$$k>l9g$H$r35@b$9$k!%@_7W$G:GBg6J$2%b!< %a%s%H$r5a$a$kI,MW@-$H!$$=$N1F6A@~$H$N4X78$K$D$$$F@bL@$9$k!% 9. NB$N2>A[;E;v<0 6-3&CMLdBj$HEy2A$J2> A[;E;v<0$rM6F3$7!$G$0U30NO$K BP$9$k$N2r$r Galerkin K!$G6a;wE*$K2r$/!% 10. NB$NM-8BMWAG NB$NM-8BMWAG$rM6F3$9$k!% 11. NBCf$N1~NO>uBV 85 $K $b $I$C $F!$ <4 NO!& 6J $2 %b!< %a %s %H $H Fb It $K H/ @8 $9 $k D> 1~ NO $N 4X 78 $r <( $9!% 1~ NO $N $D $j 9g $$ <0 $r M6 F3 $7!$ 6k 7A CG LL NB Cf $N $_ $N $; $s CG 1~ NO ( J| J* @~ ) J,I[$rM6F3$9$k!% � @h@8 9=B$NO3X$NCf$G$N@~7ACF@-BNNO3X$N4pAC35G0$N>R2p FCD’ 1. ;E;v!&%(%M%k%.!<$N35G0$K$h$k@0M} 2. #2$D$NH/E8$N7OIh 27

� <AE@!]9dBN!]O"B3BN!’ statics � %P%M!]O"7k%P%M72!]CF@-BN!’ kinematics & elasticity #0!%@~7ACF@-BNNO3X$N=‘Hw � <AE@NO3X$NI|=,!JNO$HNO$NJ?9U!K � %P%M$NNO3X$NI|=,!JNO$HJQ7A$N4X78!K #1!%<AE@$H9dBN$N@ENO3X!’ statics � <A E@ $N J? 9U <0!’ !JG$ 0U $N 9d BN JQ 0L $K BP $7 $F NO $, <A E@ $K $J $9 ;E ;v!K !a #0 $+ $i F3$/ � 9d BN $N Dj 5A!’ <A E@ $O 2s E> $K $h$C $F $b 7A $, JQ $o $i $J $$ $N $K BP $7!$ 9d BN $O 2s E> $K$h$C$F7A$,JQ$o$C$F8+$($k � 9d BN $N NO $N J? 9U <0!’ !JG$ 0U $N 9d BN JQ 0L $K BP $7 $F NO $, <A E@ $K $J $9 ;E ;v!K !a #0 $+$iF3$/ � 9d BN $N %b!< %a %s %H $N J? 9U <0!’ !JG$ 0U $N 9d BN 2s E> $K BP $7 $F NO $, 9d BN $K $J $9 ;E ;v!K!a#0$+$iF3$/ #2!%:‘NA$NJQ7A$H%(%M%k%.!<!’ kinematics & elasticity � %P%M$N%(%M%k%.!<!’!J%P%M$N%(%M%k%.!<!K$O%P%M$NJQ7A$G$"$k?-$S$N#2>h$K HfNc$9$k � O" 7k $5 $l $? #1 <! 85 %P %M 72!’ G$ 0U $N 9d BN JQ 0L $K BP $7 $F %P %M 72 $N %( %M %k %.!< $O ITJQ!’!J%P%M72$N%(%M%k%.!<!K$OJQ0L$N:9$N#2>h$NOB$H$7$FM?$($i$l$k � O" 7k $5 $l $? #2 <! 85 %P %M 72!’ G$ 0U $N 9d BN 2s E> $K BP $7 $F %P %M 72 $N %( %M %k %.!< $O ITJQ!’!J%P%M72$N%(%M%k%.!<!K$OJQ0L$N:9$NBP>NItJ,$H$7$FM?$($i$l$k%P%M $N ?- $S $N #2 >h $+ $i 7h Dj $5 $l $k!% JQ 0L $N :9 $O 9d BN 2s E> $K $h$C $F JQ $o $k $,!$ :9 $NBP>NIt$GM?$($i$l$k%P%M$N?-$S$OJQ$o$i$J$$ #3!%O"B3BNNO3X$NF3F~ � O" B3 BN!’ >l =j Kh $K JQ 7A $9 $k J* BN!% O" B3 BN $N 0l It $r @Z $j =P $7!$ Fb NO $K 4X $9 $k ;E;v$r9M$($k$H { %H%i%/%7%g%s!’@Z$j=P$7$?ItJ,$NBg$-$5$r#0$K$9$k6K8B$G!$!JFbNO$N$J $9;E;v!K!a#0$+$iF3$/ { J?9U!’F1$86K8B$G!$!JFbNO$N$J$9;E;v!K!?!J9dBNItJ,%5%$%:!K!a#0$+$i F3$/ 28

� CF @- BN!’ %P %M $N %5 %$ %: $, #0 $K $J $k 6K 8B $N O" 7k %P %M!% CF @- BN $N 0l It $r @Z $j =P $7!$%(%M%k%.!<$HJQ7A$N4X78$r9M$($k$H { OD%(%M%k%.!<!’%P%M%(%M%k%.!<$N6K8B { OD!’ JQ 0L :9 BP >N It J, $N 6K 8B $H $7 $F!$ JQ 0L $N Hy J, $N BP >N It $H $7 $F M? $( $i $l$k � @0M}!’%F%s%=%k$K$h$k@0M} � 9dBNJQ0L!&2sE>$N0l2r<a!’:BI87O$K$h$C$FITJQ$JNL$NI=8=$NJ}K!!%1~NO$dJQ 0L$r#1E@$rCf?4$K%F!<%i!<E83+$7!$#1<!$N9‘$^$G%F%s%=%kI=5-$9$k>l9g { 1~NO!’#0<!$N9‘$,%H%i%/%7%g%s$r!$#1<!$N9‘$,J?9U$rM?$($k { JQ 0L!’ #1 <! $N 9‘ $, 9d BN JQ 0L $K $h $i $J $$ NL $r!$ $= $N BP >N It J, $, 9d BN 2s E> $K$h$i$J$$NL$rM?$($k 9 9=B$9)3X0Q0w2q!’NO3X650i8&5f$K4X$9$k>.0Q0w2q :G8e$K!$$3$N>.0Q0w2q$N@_CVL\E*$r4JC1$K<!$K>R2p$7$F$*$-$^$9!% GX 7J!’ 9b EY @. D9 4| $N =* _a!$ <R 2q 9= B$ $N JQ 2= $K H<$C $F EZ LZ 5; =Q <T $N Lr 3d $b JQ $o $j $D $D $"$j!$EZ LZ650i A4BN$KJQ 3W$,I,MW $K$J$C$F $-$F$$$k!% Nc$($P!$ 650i8=>l $G$O!$7W2h!& 7J 4Q$J$I $N$$$o$f $k%=%U%H 7O$N9V5A $N=<<B$, 2]Bj$H$J$C $F$*$j!$$= $l$KH<$C$? NO3X$J $I$N %O!<%I7O $N9V5AFb MF5Z$S$= $NBN7O $N8+D>$7 $,I,MW$K $J$C$F$-$F $$$k!%$^$?!$ ;:6H3&$G $N ?M<jIT B-!$FC$KEZ LZJ,Ln $G$O%O!<%I 7O5;=Q<T $NITB- $,LdBj$H $J$C$F$$$k!% :#8e!$9q:] 6% AhNO$r J]$C$F$$$/ $?$a$K $O!$?t$O>/ $J$/$H$b!$ 9bEY$G %*!<%k%i%& %s%I$JG= NO$r;}$C$? 5; =Q<T$r 0i@.$9$k $3$H$,5^ L3$H$J$C$F $*$j!$<R2q ?M:F650i $,Bg3X$N :#8e$N2] Bj$N0l$D $H$J $k$H;W $o$l$k!%$3 $NB>$K$b 9q:]2=$N MW@A$dBg 3X1!=EE@ 2=$NN.$l $b$"$j!$3X It650i$H Bg3X 1!650i$H$r9g$o$;$?Am9gE*$J9bEy650i%+%j%-%e%i%‘$N8!F$$,5a$a$i$l$F$$$k!% 0l J}!$ 9b EY @. D9 4| $K $* $1 $k 8& 5f @. 2L $N C_ @Q!& ;: 6H 9= B$ $N JQ 2=!& 4k 6H $N 8& 5f BN @) $N =< <B$KH<$C $F!$Bg3X$K 4|BT$5$l $k8&5f J,Ln!&FbMF $,JQ2=$7 $F$*$j!$:# 8e$NNO3X 4XO"$N8& 5f J,Ln$r LO:w$7$F $$$kBg 3X8&5f<T $,B?$$!%$3 $l$K2C $(!$JF9q$+ $i$N!$!V4pAC 8&5f$NIT B-!& Cen ter of Excellence $N7gG!!W$J$I $H$$$C$?;X E&$r$b9MN8 $7!$8=<BE*$K Bg3X$G$N8e 7Q<T $N0i@. $r8\$_$k $H!$?7$7$$ 8&5f%F!< %^$NLO:w!& Bg3X$G$N 8&5f7ABV $NJQ99!&65 0iFbMF$N JQ 3W$,$5$i$KI,MW$H$J$C$F$-$F$$$k$H9M$($i$l$k!% 0J >e $N $h $& $J >u 67 $N $b $H $G!$ EZ LZ 9) 3X $K $* $1 $k NO 3X J, Ln $K $* $$ $F!$ :# $^ $G $H $O 0[ $J $k?7$7$$650i;WA[!&8&5f;WA[$,I,MW$H$J$k!% L\E*!’ >e5-$NGX7J$rF’$^$($F!$Bg3X$N2L$?$9$Y$-Lr 3d!$Bg3X$G2?$r65$($k$Y$-$+!$Bg 3X$G2?$r8&5f$9$Y$-$+!$Ey$rNO3X4XO"$N650i!&8&5f$rBP>]$H$7$F5DO@$7!$Ds8@$r9T$&!% 29

3hF0FbMF!&4|4V!’ <g$J3hF0L\I8$O!$GX7J$K$b5-$7$?$h $&$J>u67$N$b$H$GBg3X$G$ONO3X 650i$r $I$N$h$& $J7ABV!&Fb MF$G9T$J $&$Y$-$+ $r5DO@$7!$ 8=>u$NLd BjE@$H2] Bj$r@0M} $7$? >e!$?7$7 $$650iM} G0$H%+%j %-%e%i%‘ $NDs0F$r 9T$J$&$3 $H$,$R$H $D$G$"$k!% $5$i$K!$:# $N <BL3$K LrN)$DCN <1$@$1$G $O$J$/!$>- Mh$NEZLZ $rC4$&<c <T$r0i$F $k$?$a$K $O!$$I$N$h $&$J ;X F3 $r $9 $k I, MW $, $" $j!$ $^ $? $= $N $? $a $K $O $I $N $h $& $J 8& 5f $r Bg 3X $G 9T $& $Y $- $+ $r 5D O@ $7!$$R$H $D$NJ}?K $rBG$AN) $F$k!%65 0i!&8&5f$N $"$k$Y$- ;Q$O#1$D $G$O$J$/!$ $$$m$$$m $J 9M$(J} $,JBN)$7 $&$k$O$: $G$"$k!%3h F0$NJ}?K $H$7$F$O!$ 9M$($r#1 $D$K$^$H $a$k$N$G $O$J $/!$$"$j $&$k9M$( J}$r?tB? $/0z=P$7!$ EZLZ3X2q 2q0w$N4V $K3hH/$J 5DO@$rM6 5/$9$k;v $rL\ ;X$9!% $3 $N $h $& $J 3h F0 $G 0Q 0w 4V $N 9M $( $, <} B+ $7 $? 6G $K $O!$ Nc $( $P 65 2J =q %7 %j!< %: $N L\ <! $N Ds0F$+ $"$k$$$O 6qBNE*$J <9I.:n6H $N3+;O$N 2DG=@-$O 9b$$!%$^$?!$ Bg3X$G$N NO3X65 0i!&8& 5f$N$" $k$Y$-;Q $J$I$K$D $$$F$O!$A49q Bg2q;~$N 8&5fF$O@ 2q$N3+:E $d3X2q;o $X$NDs8@ $NEj 9F$H$7$F$H$j$^$H$a$F$$$/@Q$b$j$G$"$k!% 0Q0w9= @.!’ 0f1: ( El5~ EE5!Bg ) !$@P @n ( KI1RBg 9; ) !$BgC+ ( ?@8M Bg ) !$?y;3 ( ;3 M|Bg ) !$9b 66 ( D9 :jBg ) !$ C]Fb ( L@ @1Bg ) !$ED B< ( 5~ Bg ) !$@>B< ( 5~Bg ) !$ D9C+@n ( H,8M 9)Bg ) !$F# 0f ( 4t IlBg ) !$ KY ( ElBg ) !$ KY0f ( El Bg : 44 ;v ) !$?e Ln ( L>Bg ) !$ ?9 ( K!@/ Bg ) !$;3 8} ( ElBg ) !$ 4d7’ ( ElKLBg : >.0Q0wD9 ) %"%s%1!<%H >JN, (L a T E X HG$r$4Mw$/$@$5$$ ) 30