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04##+,A4(*/()$8#'05/4(,$*4+,$(45$,147$'(X$,/)($48$'$A#45+/($9T/)"#+$Ii$B;:$3"+$
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,147+*$'($/(5+(,+$@'(*$84#$f[Y4AS$'5$dJ$-3'$'(*$'$7+'-$@'(*$,&/)15&X$'@4=+$IJ$

-3'G$71/01$04"&*$04##+,A4(*$ 54$f[`X0H$9T/)"#+$I]$CK;G$71/01$7',$(45$A#+,+(5$

71+($f[Y4AS$7',$+ZA#+,,+*$'&4(+9T/)"#+$I]$Cd;:$3"+$54$ /5,$ &47$A\G$`X0H$1',$'$

.'#-+*$ 1/)1+#$ .4@/&/5X$ /($ /($ `3`[SC2%$ 51'($ 451+#$ A#45+/(,$ 48$ 51+$ ,'.+$ ,/!+$

oIWjp:$<A4($V%h[A#45+',+$0&+'=')+$48$51+$KJ$-3'$f[5')G$'$8'/(5$@'(*$/,$=/,/@&+$4($

51+$`3`[SC2%$'@4=+$51+$f[5')G$71/01$04"&*$04##+,A4(*$54$`X0H$9T/)"#+$I]$CI;:$

C85+#$51+$I(*$6/[6VC$A"#/8/0'5/4($,5+A$54$#+.4=+$51+$f[5')$A#/4#$54$`%BG$51+$@'(*$

*/,'AA+'#,$9T/)"#+$I]$CL;:$V1+$+&"5/4($=4&".+$48$Y4AS$04[+ZA#+,,+*$7/51$`X0H$

*"#/()$`%B$*/*$(45$01'()+$/($04.A'#/,4($54$Y4AS$+ZA#+,,+*$'&4(+$9T/)"#+$I]$Q;:$

`3`[SC2%$'('&X,/,$48$,+&+05+*$8#'05/4(,$48$51+$51+$Y4AS$`%B$#+=+'&+*$51+$8'./&/'#$

A'55+#($48$8"&&$&+()51$Y4AS$'004.A'(/+*$@X$@'(*,$48$,+=+#'&$,.'&&+#$*+)#'*'5/4($

A#4*"05,$ 9T/)"#+$ I]$ B;:$ 64$ @'(*,$ 71/01$ 04"&*$ /(*/0'5+$ A#+,+(0+$ 48$ `X0H$ '#+$

=/,/@&+$'#+$=/,/@&+$@+57++($KJ$'(*$IJ$-3':$$
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Y4AS$7/51$LI:d$-3'G$1+(0+$'$04.A&+Z$48$]d:I$-3'$7/51$'($,/)(/8/0'(5&X$,.'&&+#$

+&"5/4($=4&".+$51'($51+$NJ$.F$48$Y4AS$74"&*$@+$+ZA+05+*:$V1/,$04.A&+Z$04"&*$

@+$ 0&+'#&X$*/,5/()"/,1+*$ 84#.$Y4ASG$@"5$(4$ ,"01$ 04.A&+Z$7',$4@,+#=+*$*"#/()$

`%B$9T/)"#+$I]$Q;:$$

>"$"F"#"# (4.-/<7-33+45)4A)B4<C)47AK$9)

QFIK93%L;$E8!(6/#$7+#+$04[5#'(,84#.+*$7/51$A%VfI[Y4AS$'(*$AB3TKL[f[4#8NK':$

Q451$ A#45+/(,$ '#+$ 5'))+*$ 7/51$ '($ 6[5+#./('&$ f[5'):$ S#45+/(,$ 7+#+$ A"#/8/+*$ @X$

\DCB$ 84&&47+*$@X$`%B:$E8!(6/#$ 0+&&,$,147$'$1/)1$+ZA#+,,/4($48$'$A#45+/($,&/)15&X$

@+&47$IJ$-3'$',$/5$7',$4@,+#=+*$84#$4#8NK'$'&4(+G$@"5$(4$+ZA#+,,/4($48$Y4AS$'5$

dJ$-3'$ 9T/)"#+$Ij$Q;:$D4#+4=+#G$4#8NK$'AA+'#,$ 54$@+$'))#+)'5+*$'(*$@4"(*$ 54$

,+=+#'&$01'A+#4(+$A#45+/(,$*"#/()$51+$/./*'!4&+$+&"5/4(:$H(&X$'$,.'&&$8#'05/4($48$

f[4#8NK'$ 'AA+'#,$ 54$ @+$ ,",0+A5/@&+$ 84#$ V%h[A#45+',+$ 0&+'=')+$ 48$ 51+$ +&"5+*$

A#45+/(G$,/(0+$4(&X$'$,.'&&$8#'05/4($48$51+$04##+,A4(*/()$@'(*$/($51+$`3`[SC2%$/,$

,1/85+*$ *"+$ 54$ #+.4='&$ 48$ 51+$ f[5'):$ C&&$ 51/,$ A4/(5,$ 54$ 547'#*,$ ,+=+#+$ A#45+/($

'))#+)'5/4($'(*$/($51+$,"@,+_"+(5$`%BG$'&&$A#45+/(,$+&"5+$7/51$51+$=4/*$=4&".+$48$

51+$ 04&".($ 9T/)"#+$ Ij$ C;G$ '$ @+1'=/4"#G$71/01$7',$ (45$ 4@,+#=+*G$71+($ 4#8NK'$

7',$+ZA#+,,+*$'&4(+$9T/)"#+$Id;:$$
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$ jL$

A171R 0-5,#$6/&$6-/($C,(94:JNH>M;(6-$,%&'$64-(

D%aI$ /,$ 51+$ 4(&X$ .+.@+#$ 48$ 51+$ 1".'($ DCSaa$ 8'./&XG$ 71/01$ 1',$ @++($

,5#"05"#'&&X$01'#'05+#/!+*$oIWWp:$D%aI$7',$'&,4$84"(*$54$@+$'0+5X&'5+*$@X$Y4AS$

*"#/()$#'!?#?6$'(*$#'!?#,06$',,'X,$oKddp$'(*$54$@/(*$Y4AS$/($2`V[A"&&*47($',,'X$

oKdJp:$ V1+#+84#+$ /5$ 7',$ *+0/*+*$ 54$ ",+$ D%aI$ 84#$ /(5+#'05/4($ '(*$ 04[

0#X,5'&&/,'5/4($ ',,'X,:$ $ D%aI$ /,$ '$ dJJ$''$ ,+#/(+$ -/(',+$ 7/51$ '($ /(5#/(,/0'&&X$

*/,4#*+#+*$ 6[5+#./(",:$ V1+$ 6[5+#./('&$ 5#"(0'5/4($ 7',$ 84"(*$ 54$ @+$ '($

#+_"/#+.+(5$84#$51+$,"00+,,8"&$0#X,5'&&/,'5/4($48$D%aI$oIWWpG$oIWNpG$71+($'($6[

5+#./('&&X$ 5#"(0'5+*$04(,5#"05G$ ,A'((/()$ 8#4.$''$ii$ 54$dJJ$7',$0#X,5'&&/!+*$ /($

04.A&+Z$7/51$'$(4=+&$-/(',+[/(1/@/54#:$

B)+)S)+ ,W?#"$$%/&-'&2-6A#%C%.'5%/&-/C-3,F*-

$V1+$*+,0#/@+*$D%aI$ii[dJJ$8#').+(5$04"&*$@+$'.A&/8/+*$@X$SBc$8#4.$'$1".'($

1+'#5$ .",0&+$ 036C$ &/@#'#X$ '(*$ 7',$ 0&4(+*$ /($ 51+$ A%VfI[K'EF\B$ +ZA#+,,/4($

=+054#:$f[D%aI$7',$1+'=/&X$04(5'./('5+*$9T/)"#+$IW$CG$Q;$'85+#$51+$8/#,5$#4"(*$

48$\DCB$A"#/8/0'5/4(G$@"5$A"#+$f[D%aI$04"&*$@+$#+04=+#+*$8#4.$51+$8&4751#4")1$

48$'$D4(4l$/4($+Z01'()+$)#'*/+(5$'5$'$04(0+(5#'5/4($48$KJ$.D$6'B&$9T/)"#+$IW$
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(*5$#&1;f$f[D%aI$ii[dJJ$A"#/8/0'5/4(:$^,_$\DCB$/./*'!4&+$)#'*/+(5$+&"5/4(:$^I_$

`3`[SC2%$ 9KIr;$ 48$ /(*/0'5+*$ +&"5/4($ =4&".+,$ 48$ 51+$ /./*'!4&+$ )#'*/+(5$ ^F_$

D4(4l$6'B&$)#'*/+(5$+&"5/4(:$^?_$`3`[SC2%$9KIr;$48$/(*/0'5+*$8#'05/4(,$48$51+$

D4(4l$+&"5/4(:$9DU$D'#-+#$c45/D'#-$KJ[KiJ;:$

V1+$ 4=+#'&&$ X/+&*$7',$ @+57++($ K$ 54$ L$.)EF$ 48$ +ZA#+,,/4($.+*/".:$ V1+$ A"#/5X$

'(*$/*+(5/5X$48$D%aI$7',$01+0-+*$@X$DCF3\[VHT:$$

$

(*5$#&1;X$DCF3\[VHT$48$D%aI$ii[dJJ:$C85+#$#+.4=/()$51+$f[5')G$'$,/()&+$A+'-$

84#$D%aI$7/51$'$.',,$48$LW:jI$-3':$

B)+)S)* !/?6X3,F*-%&5"#'.5%/&-

V1+$@/401+./0'&$'(*$,5#"05"#'&$/(=+,5/)'5/4($48$'$14,5[A'514)+($A#45+/([A#45+/($

/(5+#'05/4($ /,$ 48$ )#+'5$ /(5+#+,5$ '(*$ 04"&*$ &+'*$ 54$ '$ @+55+#$ "(*+#,5'(*/()$48$ 51+$

#4&+$ 48$ Y4AS$ #'! ?#?6:$ \5$ 04"&*$ 1+&A$ 54$ +ZA&'/(G$71X$ ,+=+#'&$ Y4ASEM$ /,484#.,$ '#+$

5#'(,&40'5+*$54$51+$14,5$0+&&$7/51$'$1/)1+#$'88/(/5X$'(*$,147$*/88+#+(5$'@/&/5/+,$54$

/(1/@/5$51+$DCSaE6T[!Q$,/)('&&/():$Q+,/*+,$51'5G$51+$A44#$A+#84#.'(0+$/,4&'5+*$

Y4AS$*"#/()$ 51+$0#X,5'&&/,'5/4($+ZA+#/.+(5,$04"&*$ /.A&X$ 51'5$Y4AS$0'($4(&X$@+$

0#X,5'&&/!+*$/($A#+,+(0+$48$'($/(5+#'05/()$14,5$A#45+/($,"01$',$D%aI:$$$$$$
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+ZA+#/.+(5,G$71/01$,147$51'5$Y4AMEY4AS$@/(*,$.+.@+#,$48$ 51+$DCSaa$8'./&X$

/(0&"*/()$D%aI$'(*$\aa[$ oKLKpG$oKdJp:$$

Y4AS$ '(*$ f[5'))+*$ D%aI$ ii[dJJ$ 7+#+$ ./Z+*$ /($ '$ KEK$ #'5/4$ 54$ '$ 8/('&$

04(0+(5#'5/4($48$d$.)$E.F$'(*$'('&X5/0'&$`%B$7',$A+#84#.+*$9T/)"#+$LJ;:$V1+$f[

5')$7',$(45$0&+'=+*$488$ /($4#*+#$54$1'=+$'$@+55+#$,/!+$,+A'#'5/4($@+57++($Y4AS$

'(*$ D%aI:$ f[D%aI$ '&4(+$ +&"5+,$ '5$ KJ:jL$ .FG$ 51/,$ A+'-$ /,$ ,1/85+*$ 84#$ f[

D%aIEY4AS$ 54$KJ:i$.FG$71+#+',$ 51+$Y4AS$A+'-$ #+.'/(,$'5$KK:LI$.F$ 84#$@451$

#"(,:$ %=+($ 514")1$ 51+#+$ /,$ '$ ,.'&&$ ,1/85$ /($ 51+$ +&"5/4($ =4&".+$ 48$ f[D%aI$ /($

A#+,+(0+$48$Y4ASG$51+$,14"&*+#$54$51+$#/)15$48$51+$f[D%aI$A+'-$/,$(45$01'()+*G$
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51+$+88+05$48$\S]G$Y4ASG$D%aIG$'0+5X&[B4C$'(*$\S]$7+#+$./Z+*$7/51$51+$/(*/0'5+*$

04(0+(5#'5/4(,$ 9T/)"#+$ Lj;:$ V1+$ 04(0+(5#'5/4(,$ 48$ '&&$ #+'05'(5,$ 7+#+$ -+A5$

04(,5'(5$'(*$4(&X$51+$04(0+(5#'5/4($48$51+$,"@,5#'5+$D%aI$7',$='#/+*:$%=+($/($
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=+&40/5/+,$)#47$/($'($+ZA4(+(5/'&$.'((+#$7/51$51+$,"@,5#'5+$04(0+(5#'5/4($'(*$
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D/01'+&/,[D+(5+($A&45$9T/)"#+$LN;$)/=+,$'.@/)"4",$#+,"&5,$'(*$51+$H.$'(*$L.'Z$
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KEL.'Z$/,$(+)'5/=+G$71/01$/(*/0'5+,$51'5$'&,4$/($'@,+(0+$48$\S]$51+$#+'05/4($*4+,$

(45$84&&47$'$D/01'+&/,[D+(5+($-/(+5/0,:$$$

$

(*5$#&1=>$F/(+7+'=+#[Q"#-$S&45$48$Y4ASED%aIE'0+5X&[B4C$/($A#+,+(0+$^,_$'(*$

'@,+(0+$^I_$48$\S]$9?J$='&"+,$5'-+($8#4.$9(*5$#&1OU;;$$
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Y4AS$ 0'5'&X,+*$ ,+#/(+E51#+4(/(+$ '0+5X&'5/4($ /,$ A#+,".'@&X$."&5/,5+A$ #+'05/4(U$

Y4AS$1',$ 54$@/(*$ 9/;$ '0+5X&[B4C$ 9//;$ '0+5X&[)#4"A$1',$ 54$@+$ 5#'(,8+##+*$ 54$BKjI$

9//;$B4C$1',$54$@+$#+&+',+*$9///;$Y4AS$1',$54$@/(*$51+$-/(',+$9/=;$'0+5X&$1',$54$@+$

5#'(,8+##+*$ 54$ 51+$ -/(',+$ 9=;$ 51+$ -/(',+$ 1',$ 54$ @+$ #+&+',+*:$ \5$ /,$ (45$ *! @0#60#$

4@=/4",$/($71/01$,+_"+(0+$51+$,5+A,$/[/=$400"#:$

A1717A U,&'$64-(4.(94:J(@6$C(&',$D3Q<4!(

V1+$ '"54['0+5X&'5/4($ 48$ Y4AS$7',$ A#4@+*$ /($ A#+,+(0+$ '(*$ '@,+(0+$ 48$ \S]$ '(*$

/(0#+',/()$04(0+(5#'5/4(,$48$'0+5X&[B4C$',$'$,"@,5#'5+$9T/)"#+$dK;:$\($'@,+(0+$48$

'0+5X&[B4CG$CdKI(.$ #+'01+,$J:IW$'(*$J:IN$ 8',5$ '(*$ #+.'/(,$ 04(,5'(5$ '85+#$jiJ$ ,$

9T/)"#+$ dK$ C;:$ V1/,$ ,"))+,5,$ 51'5$ '$ 51/4&$ )#4"AG$ A#4=/*+*$ @X$ Y4AS$ #+'05,$ 7/51$

3V6Q$ '(*$ 0'",+,$ '($ /(0#+',+$ /($ CdKI$ (.:$ Y4AS$ BKjI$ 4#$ BKi]$ 04"&*$ #+'05$7/51$

3V6Q$'(*$0'",+$51+$/(0#+',+$/($CdKI$(.:$V1/,$/,$,/./&'#$54$71'5$7',$4@,+#=+*$84#$

D%aI$ /($A#+,+(0+$48$3V6Q$'(*$'@,+(0+$48$Y4AS$ 9T/)"#+$LjG$ T/)"#+$LW;G$71+($

A#+,".'@&X$51+$ 8/=+$0X,5+/(+$#+,/*"+,$48$D%aI$#+'05$7/51$3V6Q$8',5G$0'",/()$'$

@"#,5$ /($CdKI$ (.$7/51/($ 51+$ 8/#,5$ KJJJ$ ,$ 48$ 51+$ #+'05/4($ '(*$(4$ 8"#51+#$ /(0#+',+$

'85+#7'#*,:$$
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54$ '@,+(0+$ 48$ \S]$ 9@&'0-$ &/(+,;:$ \($ A#+,+(0+$ 48$ \S]G$ CdKI$ (.$ #+'01+,$ .'Z/.'$
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#+'05$7/51$ 3V6Q:$ V1+$ 5J$ ='&"+,$ 48$ CdKI$ (.$ 84#$ 51+$ /(0#+',/()$ 04(0+(5#'5/4(,$ 48$
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,147,$51'5$ 51+$ /(/5/'&$=+&40/5/+,$?J$48$ 51+$'"54['0+5X&'5/4($ /($A#+,+(0+$48$ \S]$*4$

(45$ *+0#+',+$ ,/)(/8/0'(5&X$ '5$ &47$ ,"@,5#'5+$ 04(0+(5#'5/4(,G$ +=+($71+($ 51+#+$ /,$

4(&X$'$ 8/=+84&*$+Z0+,,$48$ '0+5X&[B4C$4=+#$Y4AS:$V1+$0"#=+$ 8/5$ #+=+'&,$D/01'+&/,[

D+(5+($A'#'.+5+#,$9V'@&+$Ki;:$
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$

(*5$#&1 =;$ C"54['0+5X&'5/4($ 48$ Y4AS$ /($ '@,+(0+$ ^,_$ '(*$ A#+,+(0+$ ^I_$ 48$ \S]:$

S&455/()$ 51+$ /(/5/'&$ #'5+,$ ?O$ *+#/=+*$ 84#.$ 9(*5$#&1 =<;$ ')'/(,5$ 51+$ '0+5X&[B4C$

,"@,5#'5+$04(0+(5#'5/4(,:$$

L.'Z$ /(0#+',+,$@X$ '$ 8'054#$ 48$ K]$ '(*$H.$*+0#+',+,$@X$ '$ 8'054#$ 48$ Ij$*"+$ 54$ 51+$

'**/5/4($48$\S]$9V'@&+$Ki;:$

B-E.&1 <R$ D/01'+&/,[D+(5+($ A'#'.+5+#,$ 48$ 51+$ '"54['0+5X&'5/4($ 48$ Y4AS$ /($

A#+,+(0+$'(*$'@,+(0+$48$\S]$'004#*/()$54$(*5$#&1=;$

e$ J$.D$\S]$ J:K$.D$\S]$
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$$$$$hDC^$ L:LJ%[J]$ K:jK%[Ji$

$$$$$aD$ J:LJjN$ J:JI]K]$
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\S]$ /,$ #+.'#-'@&+$ '(*$ ,147,$ 0&+'#&X$ 51'5$ 51+$ -/(',+$ /,$ */,A+(,'@&+$ 84#$ 51+$
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A1717I 26+,(<4*%#,(!-&3D#6#(4.(H>M;(!',$3D&$64-(

V1+$ ,1'A+$ 48$ 51+$ A#4*"05$ 0"#=+,$ '5$ 1/)1$ 04(0+(5#'5/4(,$ 48$ D%aI$ 9T/)"#+$ Lj;$

,"))+,5+*$ 51'5$ 51+$ ,&4A+$ 7',$ /(0#+',/()$ 7/51$ 51+$ #+'05/4($ 5/.+G$ 71/01$ ,++.,$

04"(5+#/(5"/5/=+G$,/(0+$51+$'.4"(5$48$,"@,5#'5+$*+0#+',+,$7/51$51+$#+'05/4($5/.+:$

V1+#+84#+$ 51+$A#4*"05$ 84#.'5/4($7',$.4(/54#+*$4=+#$ 51+$ +(5/#+$ #+'05/4($ 5/.+:$

Q451$/($A#+,+(0+$'(*$'@,+(0+$48$\S]G$51+$CdKI$(.$5J$,5'#5$'5$'AA#4Z/.'5+&X$J:di:$\($

'@,+(0+$ 48$ \S]G$ 9T/)"#+$ dL$ @&'0-$ &/(+;$ A#4*"05$ 84#.'5/4($ /(0#+',+,$ &/(+'#$ 4=+#$

5/.+$ +Z0+A5$ 84#$ 51+$ 'AA#4Z/.'5+&X$ KJJJ$ ,$ '(*$ #+'01+,$ J:]$ '85+#$ KiJJJ$ ,:$ \($

A#+,+(0+$48$ \S]$ 9T/)"#+$dL$ #+*$ &/(+;G$ 51+$A#4*"05$ 84#.'5/4($ /(0#+',+,$ &/(+'#$',$

7+&&G$@"5$7/51$'$1/)1+#$,&4A+$51'($/($'@,+(0+$48$\S]:$C5$CdKI$(.$J:]iG$71/01$/,$'5$

'AA#4Z/.'5+&X$ iJr$ 48$ 51+$.'Z/.'&$ A#4*"05$ 04(0+(5#'5/4(G$ 51+$ ,&4A+$ ,"**+(&X$

/(0#+',+,$'(*$51+$A#4*"05$84#.'5/4($04(5/("+,$8#4.$51+#+$54$)#47$&/(+'#$"(5/&$/5$

#+'01+,$'$.'Z/.".$48$J:W]$'85+#$KJJJJ$,$71+($(4$"('0+5X&'5+*$D%aI$/,$&+85:$

$ $

(*5$#&1=O$S#4*"05$84#.'5/4($0"#=+$48$Y4AS9J:JK$.D;ED%aI$9J:JW$.D;E3V6Q$

9K:J$.D;EC0B4C$9K:J$.D;$/($A#+,+(0+$48$\S]$9J:Ji$.D;$9#+*$&/(+;$'(*$'@,+(0+$

48$\S]$9@&'0-$&/(+;$
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A1; U5;7AV'(

A1;17 0-$,%&'$64-(4.(U5;7AV'(@6$C(J>(&-&34/*,#(&-8(W4'4#$&$6-(

`5#"05"#'&$ *'5'$ '(*$ ,+_"+(0+$ 14.4&4)X$ /(*/0'5+$ 51'5$ c=IKdJ0$ /,$ '$ S%$ @/(*/()$

A#45+/($ oIKdp:$V4$='&/*'5+$ 51/,$1XA451+,/,G$ \VB$@/(*/()$,5"*/+,$7+#+$A+#84#.+*$

7/51$ 51+$ ,14#5$ 01'/($ S%$ '('&4)"+,$ */1+Z'(4X&[A14,A1'5/*X&$ +51'(4&'./(+$

93?S%;G$ */1+Z'(4X&$ A14,A1'5/*X&[)&X0+#4&$ 93?S2;$ */1+Z'(4X&$

A14,A1'5/*X&,+#/(+$ 93?S`;$ '(*$ */1+Z'(4X&$ A14,A1'5/0$ '0/*$ 93?SC;:$ \(/5/'&$

5/5#'5/4(,$7+#+$A+#84#.+*$7/51$3?S%$'5$A?$W:J$9(*5$#&1==$C;:$C($/(5+#'05/4($48$

c=IKdJ0$ 7/51$ A14,A14&/A/*,$ 7',$ 4@,+#=+*:$ ?47+=+#G$ '5$ A?$ W:J$ 51+$ *'5'$ 7',$

(4/,X$ '(*$ 51+$H*$ 04"&*$ 4(&X$ @+$ +,5/.'5+*$ 54$ @+$ '#4"(*$ ]ÉI$.D:$ c+0+(5$ *'5'$

,"))+,5,$ 51'5$ 51+$ /(5+#'05/4($ 48$ P*,,3&! '6?$.#(3&$ c=IKdJ0$ 14.4&4)"+$

S%QSKEca\S$7/51$A14,A14&/A/*,$ /,$A?$*+A+(*'(5$ oIi]p:$C004#*/()&XG$ 5/5#'5/4(,$

7+#+$ #+A+'5+*$ '5$ A?$ ]:i$ '(*$ A#+0/,+$ 8/55/()$ 48$ 51+$ @/(*/()$ 0"#=+$ 04"&*$ @+$

A+#84#.+*$9(*5$#&1==$Q;:$$
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0"#=+:$

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5
-5

0

-10 0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

!c
al

/s
ec

Molar Ratio

kc
al

/m
ol

e 
of

 in
je

ct
an

t

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

-2.0

-1.5

-1.0

-0.5

0.0

-10 0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

!c
al

/s
ec

Molar Ratio

kc
al

/m
ol

e 
of

 in
je

ct
an

t

!"#$%&#

'# (#



c+,"&5, 

$ NL$

<(*+#$&47$A?$04(*/5/4(,G$c=IKdJ0$@/(*,$51+$A14,A14&/A/*,$7/51$H*$48$K$54$d$.D$

9V'@&+$K]G$T/)"#+$di;:$\($0',+$48$3?S`$'(*$3?S2$9T/)"#+$di$C$'(*$Q;G$51+$H*$ /,$

7/51$K:Ki$'(*$K:Li$.D$(45'@&X$ &47+#$ 51'($ 84#$3?S%$'(*$3?SC$7/51$I:LK$'(*$

L:NN$ .D:$ \($ 0',+$ 48$ 3?S%G$ 51+$ 1+'5$ 48$ */&"5/4($ '(*$ 1+'5$ 48$ /(5+#'05/4($ /,$

,/)(/8/0'(5&X$ &47+#$ 51'($ 84#$ 51+$451+#$A14,A14&/A/*,$9T/)"#+$di$B;:$3"+$ 54$A44#$

,4&"@/&/5X$ 4#$ /.A"#/5X$ 48$ 3?SC$ 9,++$ ,+05/4($ L:d:K;G$ 51+$ 04(0+(5#'5/4($ 48$ 3?S%$

04"&*$'05"'&&X$@+$&47+#$51'($0'&0"&'5+*$'(*$51+#+84#+$+ZA&'/($51+$'AA'#+(5$&47+#$

H*$'(*$1+'5,$48$*/&"5/4($'(*$/(5+#'05/4(:$?47+=+#G$51+$5/5#'5/4(,$,147$0&+'#&X$51'5$

c=IKdJ0$ @/(*,$ 3?S%$ 7/51$ '$ &47$ .D$ '88/(/5X:$ 3?SC$ 1',$ 51+$ &47+,5$ '88/(/5X$

547'#*,$c=IKdJ0$48$ 51+$A14,A14&/A/*,$ 5+,5+*:$V1/,$*/=+#)+(0+$./)15$@+$*"+$ 54$

51+$1/)1$1+'5$48$*/&"5/4($48$3?SC$'&4(+G$71/01$+Z0++*,$51+$#+,A+05/=+$='&"+,$48$

51+$ 451+#$ A14,A414&/A/*,$ '&.4,5$ 54$ '$ 8'054#$ 48$ KJ:$ R/51$ K:i$ 54$ K$ -0'&E.4&$ 48$

/(t+05'(5G$/5$/,$/($51+$,'.+$#'()+$',$51+$1+'5$48$/(5+#'05/4($48$3?SC$'(*$c=IKdJ0$

7/51$ I:ji$ 54$ K:i$ -0'&E.4&$ 48$ /(t+05'(5:$ `"@5#'05/4($ 48$ 51+$ @'0-)#4"(*$ A#40+,,$

A#/4#$ 54$ 0"#=+$ 8/55/()$ 1+(0+$ /(5#4*"0+,$ 04(,/*+#'@&+$ +##4#$ '(*$ #+,"&5,$ /($ &+,,$

#+&/'@&+$"G$'(*$H*$='&"+,:$6+=+#51+&+,,G$c=IKdJ0$@/(*,$3?SC$7/51$'$04.A'#'@&+$

&47$.D$'88/(/5X:$C55+.A5,$ 54$01'#'05+#/!+$ 51+$@/(*/()$48$c=IKdJ0$ 54$ &404,5'5/($

7+#+$"(,"00+,,8"&$*"+$54$5+01(/0'&$#+',4(,$9*'5'$(45$,147(;:$V1+$A44#$,4&"@/&/5X$

48$ &404,5'5/($ /($ '_"+4",$ ,4&"5/4(,$ #+_"/#+*$ '**/5/4($ 48$ ir$ 3D`H$ 9=E=;$ 54$

c=IKdJ0$ '(*$ &404,5'5/(:$ %=+($ 51+(G$ &404,5'5/($7',$4(&X$ ,4&"@&+$"A$ 54$I:di$.D$

04.A'#+*$ 54$ |IJ$.D$ 84#$ 51+$ A14,A14&/A/*,:$ V1+$ A44#$ ,4&"@/&/5X$ 48$ &404,5'5/($

1+(0+$A#+=+(5+*$5/5#'5/4(,$7/51$'$1/)1$+Z0+,,$48$&404,5'5/($4=+#$c=IKdJ0$',$/5$/,$

#+_"/#+*$84#$51+$'00"#'5+$01'#'05+#/!'5/4($48$&47$'88/(/5X$@/(*/()$,X,5+.,$oIiip:$

V1+$1/)1$*/A4&+$.4.+(5$48$3D`H$'&,4$#+,"&5+*$ /($1/)1$1+'5,$48$*/&"5/4(G$71/01$

4=+##"&+*$ 51+$ A4,,/@&+$ +88+05$ 48$ 51+$ &404,5'/($ @/(*/()$ '(*$ A#+=+(5+*$

*+5+#./('5/4($ 48$ '$ @/(*/()$ 0"#=+:$ V1+$ ,'.+$ 5+01(/0'&$ #+',4(,$ A#+=+(5+*$

'55+.A5,$54$/(=+,5/)'5+$51+$*/,A&'0+.+(5$48$A14,A14&/A/*,$@X$&404,5'5/(:$$

6Dc$@',+*$ 5/5#'5/4(,$7+#+$A+#84#.+*$@X$ '$ 04&&'@4#'54#G$ /($71/01$?`lB$A+'-,$

7+#+$ ",+*$ ',$ ,/5+$ ,A+0/8/0$ A#4@+,$ 84#$ &404,5'5/($ @/(*/():$ V1+,+$ +ZA+#/.+(5,$

,"))+,5$ 51'5$ &404,5'5/($ @/(*,$ '5$ 51+$ 04(,+#=+*$ ,"&8'5+[@/(*/()$ ,/5+G$ 71/01$ 7',$

'&,4$ 84"(*$ /($ 51+$ c=IKdJ0$ 0#X,5'&$ ,5#"05"#+:$ D4#+4=+#G$ 6Dc$ 5/5#'5/4(,$ 7/51$

&404,5'5/($'&&47+*$51+$*+5+#./('5/4($48$'$H*$48$K:J$É$J:I$.D$oIKdp:$$
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(*5$#&1=R1Q/(*/()$,5"*/+,$48$c=IKdJ0$7/51$3?S`$^,_G$3?S2$^I_G$3?%S$^F_$'(*$

3?SC$^?_:$V1+$54A$A'(+&$,147,$51+$#'7$@/(*/()$*'5':$V1+$@4554.$A'(+&$,147,$

51+$/(5+)#'5+*$1+'5$01'()+$A+#$/(t+05/4($84#$51+$/(5+#'05/4($48$c=IKdJ0$7/51$51+$

A14,A14&/A/*,$ 9,_"'#+$ *'5'$ A4/(5,;$ '(*$ 51+$ #+,A+05/=+$ 1+'5$ 48$ */&"5/4(G$ 71+#+$

A14,A14&/A/*$ 7',$ /(t+05+*$ /(54$ @"88+#$ 90/#0&+,;:$ V1+$ 1+'5$ 48$ */&"5/4($ 7',$

,"@5#'05+*$8#4.$51+$1+'5$48$/(5+#'05/4($A#/4#$54$@/(*/()$0"#=+$8/55/()$9#+*;:1
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$ Ni$

V'-+($54)+51+#G$51+$\VB$*'5'$0&+'#&X$,147,$51'5$c=IKdJ$@/(*,$51+$,14#5$01'/($S%$

'('&4)"+,$ 7/51$ '$ &47$ .D$ '88/(/5X$ '(*$ 0'($ 51+#+84#+$ @+$ 04(,/*+#+*$ ',$ '$ S%$

@/(*/()$A#45+/($9V'@&+$K];:$$

B-E.&1<S1Q/(*/()$A'#'.+5+#,$84#$51+$/(5+#'05/4($48$c=IKdJ0$7/51$3?S%G$3?S`G$

3?S2$ '(*$ 3?SC:$ `5'(*'#*$ *+=/'5/4(,$ '#+$ )/=+($ 8#4.$ '5$ &+',5$ L$ #+A+'5+*$

5/5#'5/4(,$+'01:$1

$ '! H*$E$.D$ "I!E$-0'&E.4&$ "G!E$-0'&E.4&! [J":!E$-0'&E.4&!

3?S`$ K:J$
K:LiÉJ:Jj$
$ [L:NdÉJ:Jj$ [j:]IÉJ:ii$ L:]WÉJ:]I$

3?S2$ K:J$
K:KiÉJ:JL$
$ [d:JKÉJ:JI$ []:iNÉJ:dj$ I:iWÉJ:dN$

3?S%$ K:J$
I:LKÉJ:Ji$
$ [L:]JÉJ:JK$ [d:NNÉJ:Id$ K:dJÉJ:Ki$

3?SC$ K:J$ L:NN$ÉJ:JL$$ [L:IWÉ-*t8$ [W:LKÉK:ji$$ $i:JLÉK:jj$
$

A1;1; 0-.3*,-',(4.( 34'4#$&$6-(&-8( $C,(U5;7AV'(C4+434/*,#(HEH>]aA7__(4-(H1(

#+,/+&$6#(/%4@$C1(

B)*)*)+ 8#"'5%/&-/C-'-"3@,[\B+EE-]&/.]-/A5-1A5'&5-

V1+$ &+,,$ A'514)+(/0$ 4#)'(/,.$ <=(6>*(,$0#3;! &;$.;*,#&$ ././0,$ .'(X$

A#4A+#5/+,$48$D5@$'(*$/,$485+($",+*$',$'$.4*+&$4#)'(/,.$54$,5"*X$D5@$)+(+5/0,$

'(*$.+5'@4&/,.:$V1+$<8!&;$.;*,#&$)+(+$D`D%2edKNN$+(04*+,$'$A#45+/(G$71/01$

,1'#+,$ j]r$ ,+_"+(0+$ /*+(5/5X$ 7/51$ c=IKdJ0$ 9T/)"#+$ d];:$ D4#+4=+#G$ 51+$

4#)'(/!'5/4($48$ 51+$)+(4.+$/($51/,$#+,A+05/=+$'#+'$ /,$1/)1&X$,/./&'#$@+57++($<8!

&;$.;*,#&G$ <8! ,3>$0(3/6&#&$ '(*$ ,+=+#'&$ 451+#$ A'514)+(/0$ .X04@'05+#/'G$

,"))+,5/()$ '$ ,/./&'#$ 04(,+#=+*$ 8"(05/4($ 84#$ 51+$ c=IKdJ0$ '(*$
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$

(*5$#&1 =S1 C&/)(.+(5$ 48$<8! &;$.;*,#&$ D`D%2edKNN$ '(*$ D5@$ c=IKdJ0$ ",/()$

B&",5'&R$oINdp:11

$

$

(*5$#&1 =U1 2+(4.+$ 4#)'(/!'5/4($ 48$ .X04@'05+#/'$ 7/51$ #+,A+05$ 54$ c=IKdJ:$

c=IKdJ0$'(*$14.4&4)"+,$'#+$,147($/($@&'0-:$V1+$8/)"#+$7',$)+(+#'5+*$7/51$51+$

BDc$,+#=+#$oINip:1

V1+$1/)1$,+_"+(0+$/*+(5/5X$48$c=IKdJ0$'(*$D`D%2edKNN$'(*$51+$1/)1&X$,/./&'#$

)+(4.+$ 4#)'(/!'5/4($ &+)/5/./,+,$ 54$ /(=+,5/)'5+G$ /8$ 51+$ +88+05,$ 48$ 51+$ @/(*/()$ 48$
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4#$`II]$04"&*$'&&47$51+$84#.'5/4($48$'$04='&+(5$@4(*$@+57++($Y4AS$'(*$D%aI:$

Q"5$/(,5+'*$48$840",/()$4(&X$4($51+$A4,,/@&+$04.A&+Z$48$Y4ASED%aIG$/5$1',$54$@+$

#+0'A/5"&'5+*$ 51'5$ Y4ASED%aI$ /,$ '$ 1/)1&X$ '#5/8/0/'&$ ,X,5+.:$ \($ .'0#4A1')+,G$

DCSa$'#+$4#)'(/!+*$/($'$,0'884&*G$71/01$/,$+.@+**+*$/($'$*X('./0$."&5/[A#45+/($

(+574#-$&40'&/!+*$'5$51+$0X54,4&/0$A'#5$48$51+$VFc,$oLJLp:$Y4AS$7',$84"(*$54$@+$

*/,5#/@"5+*$ +=+(&X$ /($ 14,5$ 0+&&,G$ @"5$ "A4($ DCSa$ ,5/."&'5/4(G$ Y4AS$ /,$ #'A/*&X$

#+0#"/5+*$54$51+$0+&&$.+.@#'(+$oKLNp:$Y4AS$04(5'/(,$'$.45/8$48$'$+"-'#X45/0$`?I$

*4.'/(G$71/01$/,$+,,+(5/'&$ 84#$ /5,$=/#"&+(0+$oKINp:$V1+$Y4AS$14.4&4)"+$C=#cZ=$

0'($ @/(*$ 51+$ Kd[L[L$ ,0'884*$ 7/51$ /5,$ B[5+#./(",$ oKj]p:$ %=+($ 514")1$ ,+=+#'&$

,5"*/+,$ #+=+'&+*$ @/(*/()$ 48$ Y4AS$ 54$ 14,5$ -/(',+,G$ /5$ 0'($ (45$ @+$ +Z0&"*+*$ 51'5$

Y4AS$ 1',$ 451+#$ /(5+#'05/4($ A'#5(+#,$ ,"01$ ',$ ,0'884&*$ A#45+/(,$ 4#$ 04"&*$ +=+($

/(5+#'05$7/51$5#'(,0#/A5/4($8'054#$@/(*/()$A'#5(+#,$,"01$',$B%Q$9`+05/4($d:K:d:K;:$

Q/(*/()$ 54$,"01$A'#5(+#,$04"&*$1+&A$ 54$,5'@/&/!+$Y4AS$ /($4#*+#$ 54$ 84#.$'$,5'@&+$

04.A&+ZG$71/01$.'X$1+&A$54$,5'@/&/!+$Y4AS$84#$0#X,5'&&/,'5/4($+ZA+#/.+(5,:$

I171R !',$D3&$64-(%,&'$64-(

V1+$3V6Q$',,'XG$71/01$7',$+,5'@&/,1+*$/($51+$04"#,+$48$51/,$74#-G$A#4=/*+,$51+$

8/#,5$ /(,/)15$ /(54$ 51+$-/(+5/0,$48$'$ ,+#/(+E51#+4(/(+$'0+5X&5#'(,8+#',+:$ \($0',+$48$

Y4AS$ '&4(+G$ '($ '"54['0+5X&'5/4($ ,5+A$ /($ A#+,+(0+$ 48$ '0+5X&[B4C$ 400"#,$

/(*+A+(*+(5$ 48$ 51+$ A#+,+(0+$ 48$ 51+$ -/(',+$ ,"@,5#'5+$ '(*$ /,$ ,/)(/8/0'(5&X$

'00+&+#'5+*$/($A#+,+(0+$48$51+$#+)"&'54#$\S]$9T/)"#+$dI;$9%_"'5/4($j$C;:$V1/,$'&,4$

#+8&+05,$51'5$51+$A'#'.+5+#,$H.$'(*$L.'Z$'#+$1/)1&X$*+A+(*+(5$4($51+$A#+,+(0+$48$

\S]$9V'@&+$Ki;G$+=+($514")1$/5$04"&*$(45$@+$#"&+*$4"5G$/8$51+$/8$51+$1/)1$?J$='&"+,$48$

Y4AS$/($A#+,+(0+$48$ \S]$'#+$,4&+&X$'$#+,"&5$48$ 51+$'05/='5/4($51#4")1$\S]$'(*$54$

71'5$+Z5+(5$'$,/*+$#+'05/4($48$Y4AS$7/51$3V6Q$04(5#/@"5+,$54$51+$1/)1$?J$='&"+,:$

D4#+4=+#G$ 51+$ #+'05/4($ 04"&*$ @+$ '&,4$ '00+&+#'5+*$ 54$ ,"01$ '($ +Z5+(5$ 51'5$ 51+$

,5+'*X$,5'5+$',,".A5/4($/,$(45$8"&8/&&+*$'(X.4#+:$V1+$'05/='5/4($51#4")1$\S]$1',$
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54$@+$,++($'&,4$/($51+$04(5+Z5$54$51+$\VB$@/(*/()$*'5'$/($01'A5+#$d:K:L:IG$71+#+$/5$

7',$ ,147($ 51'5$ @/(*/()$ 48$ \S]$ 54$ Y4ASEB4C$ 0'",+*$ '$ 51#++84&*$ 1/)1+#$ 1+'5$ 48$

/(5+#'05/4($04.A'#+*$54$51+$@/(*/()$48$\S]$54$Y4AS$'&4(+:$V1/,$04"&*$/.A&X$51'5$

@/(*/()$ 54$ \S]$ /(*"0+,$ '$ 04(84#.'5/4('&$ 01'()+G$ 71/01$ ,1/85,$ 51+$ *X('./0$

+_"/&/@#/".$48$Y4AS$8#4.$/('05/=+$54$'05/=+$,5'5+,$'(*$0'",+,$'$*/88+#+(5$@/(*/()$

,5'5+$84#$B4C$'(*$1+(0+$'0+5X&[B4CG$71/01$51+($'00+&+#'5+,$51+$'"54['0+5X&'5/4($

48$ Y4AS:$ %=+($ 514")1$ 5+01(/0'&$ */88/0"&5/+,$ 48$ 51+$ 3V6Q$ ',,'X$ *4$ (45$ '&&47$ '$

A#+0/,+$ _"'(5/5'5/=+$ *+5+#./('5/4($ 48$ 51+$ -/(+5/0$ A'#'.+5+#,$ 48$ 51+$ '"54[

'0+5X&'5/4($48$Y4AS$X+5G$ 51+$'"54['0+5X&'5/4($48$Y4AS$ /($A#+,+(0+$48$ '0+5X&[B4C$

'(*$ 51+$ +88+05$ 48$ \S]$ '#+$ 4@=/4",$ 9T/)"#+$ dKG$ T/)"#+$ dI;$ '(*$ 0'($ 14A+8"&&X$

04(5#/@"5+$ 54$ '$ 04.A#+1+(,/=+$ -/(+5/0$ 01'#'05+#/!'5/4($ 48$ 51/,$ (4=+&$ A4,5[

5#'(,&'5/4('&$.4*/8/0'5/4($/($51+$8"5"#+:$$

V1+$,5+'*X$,5'5+$-/(+5/0$'('&X,/,$/(*/0'5+,$51'5$51+$'0+5X&'5/4($48$D%aI$@X$Y4AS$

*4+,$ (45$ 84&&47$ '$ D/01'+&/,[D+(5+($ .+01'(/,.$ /($ (+/51+#$ /($ A#+,+(0+$ (4#$

'@,+(0+$48$\S]$9T/)"#+$dJ$C$'(*$Q;:$?+(0+G$'$.4#+$04.A&/0'5+*$."&5/[,"@,5#'5+$

#+'05/4($1',$54$@+$',,".+*G$71/01$0'($400"#$/($='#/4",$8&'=4"#,:$Q/(*/()$48$51+$

04[8'054#$'0+5X&[B4C$'(*$51+$'0+5X&$5#'(,8+#$54$BKjI$04"&*$+/51+#$1'AA+($A#/4#$54$

,"@,5#'5+$@/(*/()$4#$04"&*$#+_"/#+$@/(*/()$48$51+$-/(',+$,"@,5#'5+$oLJdp:$$$$$

V1+$'"54['0+5X&'5/4($48$Y4AS$'(*$8'&,/8/0'5/4($48$'$D/01'+&/,[D+(5+($.+01'(/,.$

84#$51+$'0+5X&'5/4($48$D%aI$,"))+,5,$'$A/()[A4()[&/-+$.+01'(/,.$#'51+#$51'($'$

#'(*4.$."&5/[,"@,5#'5+$.+01'(/,.$84#$51+$+(5/#+$#+'05/4($0X0&+$oLJdp$9%_"'5/4($

j;:$D%aI$1',$ 574$'0+5X&'5/4($ ,/5+,G$ `III$'(*$`II]:$V1+$ /(0#+',+$ /($ 51+$ #'5+$48$

A#4*"05$ 84#.'5/4($ *"#/()$ 51+$ Y4ASED%aI$ 5/.+$ 04"#,+$ '('&X,/,$ /($ A#+,+(0+$ 48$

\S]$ 9T/)"#+$ dL;$ 04"&*$ .4#+4=+#$ /(*/0'5+$ 51'5$ Y4AS$ */,5/()"/,1+,$ @+57++($

"('0+5X&'5+*$ 9%_"'5/4($ j$Q;$ '(*$.4(4'0+5X&'5+*$ -/(',+$ ,"@,5#'5+$ 9%_"'5/4($ j$

B;:$ CAA'#+(5&XG$ 51+$ ,+04(*$ '0+5X&'5/4($ 48$D%aI$ /,$ 0'5'&X!+*$7/51$ '$ 1/)1+#$ #'5+$

51'($51+$8/#,5$'0+5X&'5/4(:$$$
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AT$-"*+)1U$S#+,".+*$#+'05/4(,$*"#/()$51+$'0+5X&'5/4($48$D%aI$@X$Y4AS$

 

(A) YopP + acetyl-CoA!
k '1

k1

YopP/acetyl-CoA[ ]!"
k2

YopP-ac + CoA

(B) YopP-ac + MEK2 !
k '3

k3

YopP-ac/MEK2[ ]!"
k4

MEK2-ac + YopP

(C) YopP-ac + MEK2-ac!
k '5

k5

YopP-ac/MEK2-ac[ ]!"
k6

MEK2- ac( )2 + YopP

$

V1/,$04"&*$@+$'004.A&/,1+*$@X$'($/(1/@/5/4($.+01'(/,.G$ /($71/01$"('0+5X&'5+*$

D%aI$/(1/@/5,$51+$,+04(*$'0+5X&'5/4($48$D%aI:$R1+($(4$.4(4'0+5X&'5+*$Y4AS$/,$

&+85G$51+$8',5+#$,+04(*$'0+5X&'5/4($/,$(45$/(1/@/5+*$'(X.4#+:$V1+$01'()+$/($,&4A+$/,$

A#4@'@&X$/(*+A+(*+(5$48$B4CG$,/(0+$/5$,14"&*$@+$'@"(*'(5$/($51+$14,5$0+&&,:$$

?47+=+#G$(4$01'()+$/($51+$,&4A+$48$51+$A#4*"05$84#.'5/4($0"#=+$7',$4@,+#=+*$/($

'@,+(0+$48$\S]G$+=+($71+($51+$A#4*"05$0"#=+$'AA#4'01+,$'$&+=+&$71+#+$51+$,&4A+$

48$ 51+$A#4*"05$ 0"#=+$ /($A#+,+(0+$@+)/(,$ 54$ /(0#+',+$ 9T/)"#+$dL;:$V1+#+84#+$ 51+$

01'()+$48$51+$,&4A+$48$51+$A#4*"05$84#.'5/4($0"#=+$04"&*$'&,4$@+$'$#+,"&5$48$\S]G$

71/01$(45$4(&X$'00+&+#'5+,$51+$'"54['0+5X&'5/4($48$Y4ASG$@"5$04"&*$'&,4$1'=+$'($

+88+05$4($Y4ASk,$ 51+$'88/(/5X$ 547'#*,$ 51+$-/(',+:$?47+=+#G$ /5$ /,$.4#+$ &/-+&X$ 51'5$

51+$'0+5X&'5/4($48$D%aI$/($'@,+(0+$48$Y4AS$/,$"(*+#$51+$#+)/.+$48$51+$,&47$'"54[

'0+5X&'5/4($ 48$ Y4AS$ ',$ #'5+$ &/./5/()$ ,5+A:$ \($ A#+,+(0+$ 48$ \S]G$ Y4AS$ "(*+#)4+,$

'"54['0+5X&'5/4($ ."01$ 8',5+#$ 9T/)"#+$ dK;$ '(*$ 1+(0+$ 51+$ '0+5&X'5/4($ 48$ D%aI$

04"&*$@+$ 51+$ #'5+[&/./5/()$ ,5+A:$%=+($ 514")1$ 51+#+$ /,$(4$*'5'$A"@&/0&X$'='/&'@&+$

#+)'#*/()$51+$-/(+5/0,$48$A14,A14#X&'5/4($48$D%aI$`III$'(*$`II]$@X$c'8$4#$'(X$

451+#$ D%a$ '05/='5/()$ DCS[-/(',+G$ 51+$ A14,A14#X&'5/4($ 48$ 51+$ 04##+,A4(*/()$

#+,/*"+,$`IKW$'(*$`III$48$51+$1/)1&X$,/./&'#$D%aK$@X$c'8$,++.,$54$/(5+#+,5/()&X$

'&,4$/(=4&=+$'$,&47$8/#,5$q$'(*$'$8',5+#$,+04(*$A14,A14#X&'5/4($,5+A$oLJip:$$$

%=+($514")1$3V6Q$A#4=/*+,$'$ 8/#,5$ /(,/)15$ /(54$ 51+$-/(+5/0,$48$ 51+$#+'05/4(G$ 51+$

,/*+[#+'05/4(,$48$0X,5+/(+$#+,/*"+,$48$D%aI$'(*$Y4AS$7/51$3V6Q$0'",+$'$,/)('&G$

71/01$ A#+=+(5,$ /(=+,5/)'5/4($ 48$ 51+$ 0#/5/0'&$ ?J$ 84#$ ,5+'*X$ ,5'5+$ -/(+5/0$ '('&X,/,$

X+5:$ C($ '&5+#('5/=+$ 04"&*$ @+$ 51+$ A#45+05/4($ 48$ 51+$ D%aI$ 0X,5+/(+,$ 7/51$

/4*4'0+5'./*+$54$A#+=+(5$51/,$/(5+#'05/4(:$\5$'&,4$1',$54$@+$*+5+#./(+*$7/51$Y4AS$

BKi]C$'(*$BKjIC$."5'(5,G$ /8$ [$'(*$54$71'5$+Z5+(5$51+X$04(5#/@"5+$54$CdKI$(.$ /($

'@,+(0+$48$'0+5X&[B4C:$T"#51+#$04(5#4&$+ZA+#/.+(5,$'(*$'$0'#+8"&$+(!X.4&4)/0'&$
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/(=+,5/)'5/4($'#+$'&,4$#+_"/#+*$#+)'#*/()$51+$'0+5X&'5/4($48$51+$-/(',+G$,/(0+$51+$

'.@/)/4",$D/01'+&/,[D+(5+($A'#'.+5+#,G$51+$F/(+7+'=+#[Q"#-[A&45$'(*$,1'A+$48$

51+$A#4)#+,,$0"#=+$,"))+,5$'$.4#+$04.A&/0'5+*$."&5/[,"@,5#'5+$.+01'(/,.:$V1+$

+ZA+#/.+(5$ 1',$ 54$ @+$ #+A+'5+*$ 7/51$ 51+$ D%aI[`IIIEII]CG$ D%aI[`IIIC$ '(*$

D%aI`II]C$ 54$ ='&/*'5+$ 51'5$ 9/;$ (4$ A#4*"05$ 84#.'5/4($ 400"#,$ 84#$ D%aI[

`IIIEII]CG$9//;$(4$01'()+$/($,&4A+$400"#,$84#$51+$,/()&+$."5'(5,:$D4#+4=+#G$.',,$

,A+05#4.+5#/0$'('&X,/,$/,$#+_"/#+*$54$='&/*'5+$51'5$(4$4#$&/55&+$*4"@&+$'0+5X&'5/4($

400"#,$*"#/()$51+$8/#,5$A1',+$48$51+$D%aI$'0+5X&'5/4($'(*$54$*+5+#./(+$/8$D%aI$

1',$ '$ A#+8+##+*$ ,/5+$ 84#$ 51+$ 8/#,5$ '0+5X&'5/4(:$ C(451+#$ /.A4#5'(5$ ',A+05G$ 71/01$

04"&*$(45$@+$'**#+,,+*$ /($ 51/,$74#-G$ /,$ 51+$+88+05$48$D%aI$A14,A14#X&'5/4($4($

51+$ '0+5X&'5/4($ @X$ D%aI:$ D%aI$ 04(5'/(,$ "A$ 54$ Kj$ +ZA+#/.+(5'&&X$ ='&/*'5+*$

A14,A14#X&'5/4($ ,/5+,$ oLJ]pG$ 71/01$ '#+$ /.A4#5'(5$ 84#$ /5,$ '05/='5/4(G$ /(1/@/5/4(G$

',,40/'5/4($ 7/51$ ,0'884&*/()$ A#45+/(,$ '(*$ ,+&+05/=+$ '05/='5/4($ 48$ *47(,5#+'.$

5'#)+5,$ oLJjp:$ \5$ /,$ '&,4$ (45$ 0&+'#G$ '5$71/01$ ,5')+$ 48$ 51+$ ',,+.@&X$ 48$ 51+$DCSa$

,/)('&&/()$04.A&+Z$51+$'0+5X&'5/4($/,$A+#84#.+*:$S#/4#$54$51+$'05/='5/4($48$DCSa$

,/)('&&/()G$ D%aK$ 84#.,$ '$ 1+5+#4[*/.+#$ 7/51$ /5,$ ,0'884&*/()$ A#45+/($ a`cIG$ /($

71/01$51+$'05/='5/4($ &44A,$48$ 51+$-/(',+$*4.'/(,$48$D%aK$'(*$a`cI$'#+$ 8'0/()$

+'01$451+#$ '(*$'#+$(45$ ,",0+A5/@&+$ 84#$c'8$A14,A14#X&'5/4($ oLJWp:$B4(5'05$ 54$ '$

A#4A4,+*$ #+)"&'54#X$ c'8$ 51+($ &+'*,$ 54$ '$ #+'##'()+.+(5$ 54$ '$ D%aKEa`cIEc'8$

04.A&+ZG$/($71/01$51+$'05/='5/4($&44A$48$D%aK$0'($51+($@+$A14,A14#X&'5+*$'(*$

'05/='5+*$@X$0'5'&X5/0$c'8$oLJWp:$C5$51/,$,5')+G$A#/4#$54$A14,A14#X&'5/4(G$'&,4$51+$

'0+5X&'5/4($48$51+$'05/='5/4($&44A$@X$Y4AS$04"&*$5'-+$A&'0+:$\($51/,$#+)'#*G$51+$#'!

?#,06$ '0+5X&'5/4($ 48$ D%aI$ @X$ Y4AS$ /,$ '($ '#5/8/0/'&$ ,X,5+.G$ 71/01$ 0'($ (45$ 5'-+$

A4,,/@&+$ /(5+#'05/4(,$ 48$ Y4AS$7/51$ 451+#$ 04.A4(+(5,$ 48$ 51+$ A#+,".+*$ K$D3'$

oLJLp$DCSa$,/)('&&/()$04.A&+Z$/(54$'004"(5:$$$$$$$$$

\(5+#+,5/()&X$ 51+$ Y4AS$ 14.4&4)"+$ h4AC$ oLJNp$ 9L]r$ ,+_"+(0+$ /*+(5/5X;$ /,$ '$

&X,/(+$ '0+5X&5#'(,8+#',+:$ \5$ '0+5X&'5+,$ &X,/(+$ #+,/*"+,$ /($ 51+$ '05/='5/4($ &44A$ 48$

-/(',+,G$71/01$A#+=+(5,$@/(*/()$48$CVS:$V1+#+84#+$/5$/('05/='5+,$A14,A14#X&'5+*$

-/(',+,:$ D'X@+$ Y4AS$ 04"&*$ '&,4$ ,+#=+$ ',$ '$ &X,/(+$ '0+5X&5#'(,8+#',+$ /($ D%aI$

`IIIEII]a$."5'(5:$$$

%=+($ 514")1$ 51+$ /('05/='5/4($ 48$ 51+$DCSaE6T[!Q$ ,/)('&&/()$ (+574#-$ @X$ Y4AS$

51#4")1$ '0+5X&'5/4($ 48$ ,+#/(+$ '(*$ 51#+4(/(+$ #+,/*"+,$ A#4=/*+,$ '($ '55#'05/=+$
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.4*+&$54$+ZA&'/($51+$+88+05,$0'",+*$@X$Y4ASG$51+$A1X,/4&4)/0'&$#+&+='(0+$48$51/,$

8/(*/()$/,$'&&$@"5$0&+'#:$c+0+(5$+=/*+(0+$,"))+,5,$51'5$Y4AS$'&,4$1',$'($/(1/@/54#X$

+88+05$ 4($ 51+$ 5#'(,&'5/4($ 8'054#$ +\TI#$ -/(',+$ 51#4")1$ '($ "(-(47($.+01'(/,.$

oLKJp$ 9T/)"#+$K$Q;:$ \(5'05$ +\TI$ ,/)('&&/()$ /,$ '$A#+#+_"/,/5+$ 84#$6T[!Q$'05/='5/4($

'(*$ +ZA#+,,/4($ 48$ A#4[/(8&'..'54#X$ 0X54-/(+,$ 84&&47/()$ '$ @'05+#/'&$ /(8+05/4($

oLKJp:$D4#+4=+#G$51+$A#+,+(0+$48$'$Bc%Q$@/(*/()$A#45+/($.45/8$/($51+$B[5+#./(",$

48$ Y4AS$ 04"&*$ /.A&/0'5+$ 51'5$ Y4AS$ 1',$ '$ A45+(5/'&$ +88+05$ 4($ 51+$ Bc%Q$

5#'(,0#/A5/4($8'054#$'(*$51+$#+)"&'5/4($48$5#'(,0#/A5/4($/(/5/'5/4($oKLipG$oI]dp:$$$

I1; K6#'*##64-(U5;7AV'(

\VB$ 5/5#'5/4(,$ A#4=+*$ 51'5$ c=IKdJ0$ /,$ '$ S%QS$ @/(*/()$ A#45+/(G$ 71/01$ @/(*,$ '$

#'()+$ 48$ A14,A14&/A/*,$ 7/51$ '$ &47$ .D$ '88/(/5X$ '5$ ,&/)15&X$ '0/*/*$ A?:$ V1+$

"D`D%2edKNN$ -(40-$ 4"5$."5'(5$ )#47,$ '5$ 51+$ ,'.+$ #'5+$ ',$<8! &;$.;*,#&$ 75G$

71/01$/,$04(,/,5+(5$7/51$51+$4@,+#='5/4($51'5$c=IKdJ0$/,$(4([+,,+(5/'&$84#$D5@$#'!

?#?6$ '(*$ #'! ?#,06$ oLKKpG$ oLKIp:$ %=+($ /($ 1/)1+#$ 4#)'(/,.,$ ,"01$ '$ ./0+G$ '$

S%QSEca\S$-(40-4"5$1',$(4$'AA'#+(5$,5#4()$A14(45XA+$oLKLp:$$

<(*+#$ 51+$ 04(*/5/4(,$ 5+,5+*G$ &404,5'5/($ 1',$ '$ (+)'5/=+$ +88+05$ 4($<8! &;$.;*,#&$

)#4751$ 84#$ @451$ 75$ '(*$ "D`D%2edKNNG$ 71/01$ /(*/0'5+,$ 51'5$ 51+$ &404,5'5/($

D`D%2edKNN$/(5+#'05/4($/,$(45$/.A4#5'(5$/($51/,$$Q!?#?6$.4*+&:$V1+$,/)(/8/0'(0+$

48$ 51+$c=IKdJ0ED`D%2edKNN$'(*$ /5,$ /(5+#'05/4($7/51$ &404,5'5/($#+.'/(,$ 54$@+$

8"#51+#$ /(=+,5/)'5+*:$ C($ /(5+#+,5/()$ A4,,/@/&/5X$ 04"&*$ @+$ 54$ 5+,5$ 51+$ +88+05$ 48$

&404,5'5/($4($75$'(*$"D`D%2edKNN$"(*+#$."&5/A&+$,5#+,,$04(*/5/4(,$",/()$51+$

Q/4&4)$./0#4',,'X$oLKdp:$$$

V1+$#+0+(5$/(1/@/54#X$+88+05$48$51+$c=IKdJ0$14.4&4)"+$YQBF$48$A'514)+(/0$E8!(6/#!
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