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P#%-!F!.+3)!8-)0C=&!-%3&-#'&#)$3!,)-!&=%!30+,0-!')$&%$&!),! ,0%+3I!*%1.$*#$C!.!

-%*0'&#)$! #$! &=%! .1)0$&! ),! 30+,0-! A-%3%$&! #$! C.3)+#$%! .$*! *#%3%+! ,0%+M! P=#3!

-%B0#-%1%$&!O.3!$%'%33.-7!&)!.++)O!1)-%!.*K.$'%*!.,&%-&-%.&1%$&!*%K#'%3M!

P#%-! F! #3! *#K#*%*! #$! d! *#,,%-%$&! '%-&#,#'.&%3! '.++%*! bZ#$3cM! <++! ),! &=%! K%=#'+%3!

-%C0+.&%*!0$*%-!P#%-!F!=.K%!&)!1%%&!&=%!+#1#&3!3A%'#,#%*!87!)$%!),!&=%!d!*#,,%-%$&!

8#$3M!9&.-&#$C!O#&=!&=%!FGGg!1)*%+!'.-3I!$)&!)$+7!.++!&=%!L2V!.$*!(2/V!K%=#'+%3!

=.K%! &)!'=))3%!.1)$C!&=%!d!8#$3! &)!8%!'%-&#,#%*!87!)$%!),! &=%1I!80&!.+3)I! &=%!

%$&#-%! L2V!)-!(2/V! ,+%%&! 3)+*!87!%.'=!1.$0,.'&0-%-!=.3! &)!1%%&! &=%!.K%-.C%!

Y4o!3&.$*.-*!),!GMGi!Ch1#M!!

20-#$C! &=%! A=.3%^#$! A%-#)*I! S! .**#&#)$.+! &%1A)-.-7! '%-&#,#'.&#)$! 8#$3! O%-%!

#$'+0*%*M!P=%!8#$3!gI!HG!.$*!HH!O%-%!1)-%!-%+.5%*! #$! +#1#&.&#)$3! &)!.++)O!%.3%!

&=%! A-)'%33! ,)-! .'=#%K#$C! &=%! C).+! %1#33#)$3I! 80&! &=.&! A%-#)*! %5A#-%*!O#&=! &=%!

FGGd!1)*%+!7%.-!WHSXM!

D5.1A+%3!),!&=%!P#%-!F!,)-!#$&%-1%*#.&%!+#,%!.$*!,0++!03%,0+!+#,%I!.-%!3=)O$!#$!

&.8+%3!H!.$*!Fj! !



8 
 

70/.&! 9T! P#%-! F! D1#33#)$! 9&.$*.-*3I! >%*%-.+! P%3&! /-)'%*0-%I! Ch1#I! ,)-!
_$&%-1%*#.&%!+#,%!e#$,)-1.&#)$!&.R%$!,-)1!WHSXf!
 

Z#$q!
_$&%-1%*#.&%!+#,%!e\!7%.-3!h!\GIGGG!1#f!

Y(4?!r! 64! Y45! /(! T6T4!
d! GMHGG!eGMHF\f! SM[! GMH[! ^! GMGH\!
i! GMGi\! SM[! GMHH! ^! GMGH\!
U! GMGi\! SM[! GMGd! ^! GMGH\!
\! GMGi\! SM[! GMG\! ^! GMGH\!
[! ^! ^! ^! ^! ^!
S! ^! ^! ^! ^! ^!
F! ^! ^! ^! ^! ^!
H! ^! ^! ^! ^! ^!

r!!!4$+7!,)-!2#%3%+!,0%+%*!K%=#'+%3!

!

70/.&!@T!!P#%-!F!D1#33#)$!9&.$*.-*3I!>%*%-.+!P%3&!/-)'%*0-%I!Ch1#I!,)-!,0++!03%,0+!
+#,%!e#$,)-1.&#)$!&.R%$!,-)1!WHSXf!
 

Z#$q!
>0++!03%,0+!+#,%!

Y(4?r! 64! Y)5! /(! T6T4!
d! GMHF\!eGMH\Uf! [MF! GMF! GMGF! GMGHd!
i! GMGg! [MF! GMH\! GMGF! GMGHd!
U! GMGg! [MF! GMH! GMGH! GMGHd!
\! GMGg! [MF! GMGi! GMGH! GMGHd!
[! GMGi! FMH! GMG[! GMGH! GMGHH!
S! GMG\\! FMH! GMGS! GMGH! GMGHH!
F! GMGH! FMH! GMGF! GMGH! GMGG[!
H! G! G! G! G! G!

r!!!4$+7!,)-!2#%3%+!,0%+%*!K%=#'+%3!

!

!

@<9<C< G6$(($+#(!:6I01)!$#!X&0.)>!
!

9#$'%! O%! .-%! %5A)3%*! &)! K.-#)03! R#$*3! ),! A)++0&.$&3! 3#10+&.$%)03+7I! #&! #3!

*#,,#'0+&!&)!*%,#$%!&=%!-%3A)$3#8#+#&7!),!%.'=!)$%!#$!)0-!=%.+&=!O=#+%!*%K%+)A#$C!.!

*#3%.3%I! A.-&#'0+.-+7! 8%'.03%! 1.$7! #++$%33%3! .-%! &=%! -%30+&! ),! 8%#$C! %5A)3%*!

'=-)$#'.++7! &)! &=%3%! &)5#'! C.3%3M!<$!%,,%'&#K%!O.7!),! -%*0'#$C! &=%3%! -#3R3I! #3!87!

')$&-)++#$C!.$*!-%C0+.&#$C!&=%!.#-!B0.+#&7!&=.&!O%!.-%!30--)0$*%*!87!WiXM!
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80'/+#!N+#+H$4&!Y8AZ!

64!#3!A-)*0'%*!87!#$')1A+%&%!')1803&#)$!),!'.-8)$^')$&.#$#$C!1.&%-#.+3M!_&!

#3!.!K%-7!+#C=&!.$*!)*)0-+%33!C.3!&=.&!#3!-.A#*+7!.83)-8%*!87!&=%!+0$C3M!P=03I!&=%!

64! %.3#+7! 8#$*3! O#&=! &=%! =%1)C+)8#$! #$! &=%! -%*! 8+))*! '%++3I! *%'-%.3#$C! &=%!

'.A.'#&7!),! &=%!=%1)C+)8#$! &)! &-.$3A)-&!4FI! '.--7#$C! &=%!64! #$3&%.*M!P=#3!O.7I!

&#330%3!O#&=!=#C=!*%1.$*!),!4FI!30'=!.3!8-.#$!.$*!A.-&3!),!&=%!$%-K)03!373&%1I!

.-%!,#-3&!.,,%'&%*!87!64!#$&)5#'.&#)$M!

D.-+7! 3#C$3! ),! #$&)5#'.&#)$! .-%! .1)$C! )&=%-3I! *#;;#$%33I! ')$,03#)$I! 3=)-&! ),!

8-%.&=I!=%.*.'=%I!.$*!+.'R!),!1)&)-!'))-*#$.&#)$M!>#$.+!3&.&%3!1.7!#$'+0*%!+)33!

),!')$3'#)03$%33!.$*!*%.&=!WiXM!

!

80'/+#!K$+H$4&!Y8A@Z!

64F! #3! )*)0-+%33! .$*! =%.K#%-! &=.$! .#-M! _&! #3! A-)*0'%*! 87! 80-$#$C! '.-8)$^

')$&.#$#$C!1.&%-#.+3!.$*!#&!.+3)!#3!.$!%$*^A-)*0'&!),!.!1%&.8)+#'!A-)'%33!#$!&=%!

8)*7M! V%-7! =#C=! ')$'%$&-.&#)$3! ),! 64F! #$! &=%! .#-! '.$! -%A+.'%! &=%! .1)0$&! ),!

)57C%$! $%'%33.-7! ,)-! &=%! 8)*7I! A-)*0'#$C! =7A%-K%$&#+.&#)$I! =%.*.'=%! .$*!

3O%.&#$CI! ,)++)O%*! #$! %5&-%1%! '.3%3! 87! +)33! ),! ')$3'#)03$%33! 87! .3A=75#.! .$*!

*%.&=!WiXM!

!

[$)'+5&#!AH$4&(!Y[A\Z!

N#&=#$! &=%! ,.1#+7! ),! $#&-)C%$! )5#*%3I! &=%! A-)*0'&#)$! ),! $#&-)C%$! *#)5#*%!

eY4Ff!#3!A.-&#'0+.-+7!=.-1,0+M!_&!#3!.!C.3!O#&=!.!K%-7!#--#&.&#$C!)*)0-!&=.&!'.$!.,,%'&!

&=%!8-)$'=#)+%3!.$*!.+K%)+#M!_$!=#C=!')$'%$&-.&#)$3!#&!1.7!A-)*0'%!.!A0+1)$.-7!

%*%1.I!A-)8+%13!-%+.&%*!O#&=!+.'R!),!)57C%$!#$!&#330%3!e,)-!.!3#1#+.-!-%.3)$!&=.$!

64fI! )-! %K%$! *%.&=! WiXM! Y4F! .+3)! #3! .$! .83)-8%-! ),! JV! +#C=&I! O=#'=! 1.R%3! #&!

A-)1)&%!&=%!,)-1.&#)$!),!);)$%!.'')-*#$C!&)!&=%!-%.'&#)$3j!

2NO NO O
UV
! +  (2.1)!
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2 3O O O+ ! ! eFMFf!

!

AO+#&!YACZ!

4;)$%! e4Sf! #3!.! 3&-)$C!)5#*.$&! &=.&!1.7!'.03%!'=%3&!*#3')1,)-&I!*-7$%33!),!

&=%!&=-).&I!%7%3!#--#&.&#)$!.$*!')0C=!0$*%-!+)O!')$'%$&-.&#)$3!%5A)30-%M!J$*%-!

=#C=%-!')$'%$&-.&#)$3I!#&!1.7!A-)*0'%!A0+1)$.-7!%*%1.I!.$*!#&!')0+*!')$&-#80&%!

&)!*%K%+)A!%1A=73%1.!,)-!3)1%!A%)A+%!WiXM!

!

=;.I>;'!K$+H$4&!Y=A@Z!

94F!#3!.!K%-7!#--#&.&#$C!C.3!&=.&!#$!,.#-+7!+)O!')$'%$&-.&#)$3!'.$!8%!31%++%*!.$*!

%K%$! &.3&%*M! _&3! 3)+08#+#&7! #$!O.&%-! #3! -%1.-R.8+%I! 8%#$C!%.3#+7! .83)-8%*!87! &=%!

.#-O.73! .$*!10')03!1%18-.$%3!),! &=%!8)*7I! A-)*0'#$C! .! B0#'R! -%3A)$3%! .$*!

#--#&.&#)$!#$!1)0&=I!$)3%I!%7%3!.$*!0AA%-!-%3A#-.&)-7!&-.'RM!T#C=!%5A)30-%!&)!&=#3!

C.3!')0+*!A-)*0'%!+.-7$C%.+!3A.31!)-!A0+1)$.-7!%*%1.I!8)&=!O#&=!A)33#8#+#&7!&)!

8%!,.&.+!WiXM!

!

@<9<F< G6$(($+#(!:6I01)!$#!]'&&#>+;(&!G,,&1)!
!

_&!=.3!8%%$!)83%-K%*!#$!&=%!A.3&!'%$&0-7I!.$!#$'-%.3%!),!GM\n6!#$!&=%!D.-&=k3!

30-,.'%!&%1A%-.&0-%M!<!$.&0-.+!C+)8.+!O.-1#$C!'7'+%! #3!R$)O$!&)!=.AA%$!%K%-7!

,%O! &=)03.$*3! ),! 7%.-3M! Z0&! .&! &=%3%! -.&%3I! .$*! ')$3#*%-#$C! &=%! .1)0$&! ),!

.C%$&3!&=.&!=01.$!.'&#K#&#%3!*%K%+)A%*!1.#$+7!*0-#$C!&=%!HgGGk3!&=.&!=.K%!8%%$!

-%+%.3%*! &)! &=%! .&1)3A=%-%I! .$*! &=.&! .-%! A-)K%$! &)! .,,%'&! .$*! %$=.$'%! &=%!

C-%%$=)03%! %,,%'&I! 3%%1! &)! #$*#'.&%! &=.&! O%! ')0+*! 8%! ,.'#$C! .!1)3&! *-.1.&#'!

'+#1.&%!'=.$C%M!P=%-%!.-%!1.$7!&=%)-#%3!30AA)-&#$C!.$*!)AA)3#$C!&=%!,.'&!&=.&!

&=%3%!'=.$C%3!1.7!)-!1.7!$)&!8%!&=%!-%30+&!),!=01.$!.'&#K#&#%3M!

!9)1%!),! &=%!1)3&! #1A)-&.$&!C-%%$=)03%!C.3%3!%1#&&%*!87!%$C#$%!K%=#'+%3!

.-%I! '.-8)$! *#)5#*%! e64FfI! O.&%-! K.A)0-I! $#&-)03! )5#*%3! eYF4f! .$*! );)$%! e4Sf!
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WH[XM!P=%!-%.3)$!O=7!&=%3%!C.3%3!A-)*0'%!&=%!C-%%$=)03%!%,,%'&I!#3!8%'.03%!&=%7!

=.K%! &=%! '.A.'#&7! &)! A%-1#&! &=%! A.33.C%! ),! -.*#.&#)$!O=%$! #&! ')1%3! ,-)1! &=%!

30$M! ! N=%$! &=%! -.*#.&#)$! #3! -%,+%'&%*! 87! &=%! D.-&=I! &=%3%! C.3%3! '.A&0-%! &=%!

-%,+%'&%*!%$%-C7!8%'.03%!),!&=%!3=#,&!#$!#&3!O.K%+%$C&=!&=03!A)&%$&#.++7!#$'-%.3#$C!

&=%!D.-&=!30-,.'%!&%1A%-.&0-%!WH\XM!!

2#%3%+!%$C#$%3!),,%-!.!,-#%$*+7!.+&%-$.&#K%!&)!.**-%33!&=%3%!#330%3M!_&!A-%3%$&3!

C))*! ,0%+! %,,#'#%$'7I! O=#'=! 1%.$3! +%33! 0$80-$%*! T6k3! &=.&! .-%! A-%'0-3)-3! ),!

A=)&)'=%1#'.+!31)CI!.$*!+)O!%1#33#)$3!),!64F!.$*!Y45!WH[XM!

Z+.'R! 3))&! A-)*0'%*! *0%! &)! &=%! #$')1A+%&%! ')1803&#)$! #$! .%-)3)+3I! #3!

8%+#%K%*!&)!8%!.$!#1A)-&.$&!C+)8.+!O.-1#$C!.C%$&!*0%!#&3!'.A.'#&7!),!.*3)-8#$C!

30$+#C=&!.$*!=%.&#$C!),!&=%!+)O%-!.&1)3A=%-%M!P=#3!3.1%!8+.'R!3))&!#3!.!A-)*0'&!

#$!&=%!*#%3%+!%$C#$%!%5=.03&I!80&!#&!#3!)$%!),!&=%!%1#33#)$3!.+3)!')$&-)++%*!87!&=%!

%5=.03&!%1#33#)$3!')$&-)+!*%K#'%3!WH[XM!

!

@<@< GH>0;()!G6$(($+#(!8+#)'+.!

 
DK%$! &=)0C=!2#%3%+! ')1A-%33#)$^#C$#&#)$! e6_f! %$C#$%! K%=#'+%3! .-%! 8%')1#$C!

#$'-%.3#$C+7!A)A0+.-I!3A.-R^#C$#&#)$!e9_f!%$C#$%!K%=#'+%3!,0%+%*!O#&=!C.3)+#$%!3&#++!

-%A-%3%$&!&=%!1.a)-#&7M!

!

@<@<9< =I0'2^:5#$)$+#!Y=:Z!G#5$#&(!GH>0;()!8+#)'+.!
!

!P=%!'.&.+7&#'!')$K%-&%-!03%*!87!9_!K%=#'+%3! #3!&=%!P=-%%!N.7!6.&.+73&!ePN6f!

O=#'=! 30''%33,0++7! -%1)K%3! .! +.-C%! A)-&#)$! ),! &=%! &=-%%! 1.#$! A)++0&.$&!

%1#33#)$3I!64I!T6!.$*!Y4oM!

PN6!O)-R3!O#&=!3&)#'=#)1%&-#'!.#-^,0%+!%5=.03&!C.3I!O=#'=!1%.$3!&=.&!,)-!#&3!

A-)A%-!A%-,)-1.$'%I! #3!$%'%33.-7!&)!')$&-)+!),!&=%!.#-!,0%+!-.&#)I!&)!%$30-%!&=.&!

&=%!')--%'&!1#5&0-%!#3!03%*M!P)!*)!3)I!)57C%$!3%$3)-3!.-%!A+.'%*!#$!&=%!%5=.03&!

1.$#,)+*I! .$*! O#&=! &=.&! ,%%*8.'RI! &=%! ')$&-)+! 373&%1! #3! .8+%! &)! -%C0+.&%! &=%!
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B0.$&#&7!),! ,0%+! #$a%'&%*M!P=%!3&)#'=#)1%&-#'!)A%-.&#)$! #3!$%'%33.-7!8%'.03%!T6!

.$*! 64! -%B0#-%! .$! )5#*#;#$C! %$K#-)$1%$&! .$*! Y4o! -%B0#-%3! .! -%*0'#$C!

%$K#-)$1%$&!&)!8%!-%1)K%*I!.$*!3&)#'=#)1%&-#'!%5=.03&!C.3!A-)K#*%3!.!O#$*)O!

O=%-%!&=#3!&O)!%$K#-)$1%$&3!%5#3&!3#10+&.$%)03+7I!C#K#$C!%,,%'&#K%!-%1)K.+!),!.++!

%1#33#)$3!WHHXM!

!

@<@<@< 8+6I'&(($+#^:5#$)$+#!Y8:Z!G#5$#&!GH>0;()!8+#)'+.!

!

P=%!1)3&!A)A0+.-!R#$*!),!K%=#'+%3!&=.&!03%!')1A-%33#)$^#C$#&#)$!e6_f!%$C#$%I!

.-%! *#%3%+! K%=#'+%3M! P=%7! O)-R! O#&=! K.A)-#;%*! ,0%+! &=.&! 1#5%3! O#&=! &=%! =#C=^

&%1A%-.&0-%!.#-!O#&=#$!&=%!'7+#$*%-!'=.18%-I!.$*!.3!.!-%30+&!),!&=%!')1A-%33#)$!

),! &=%! A#3&)$I! &=%! 1#5&0-%! 3A)$&.$%)03+7! #C$#&%3I! O#&=)0&! &=%! $%'%33#&7! ),! .!

3A.-RM! P=%!1.#$! %5=.03&! C.3%3! &)! 8%! &-%.&%*! .-%I! .3! 8%,)-%I! 64I! T6! .$*!Y4oI!

=)O%K%-I!&=%7!.-%!$)O!#$!.!+%.$!%$K#-)$1%$&!O#&=!%5'%33!),!)57C%$I!A+03!.!$%O!

.$*!')1A+%5!A-)8+%1I!A.-&#'0+.&%3!)-!3))&M!

2#%3%+!%1#33#)$3!.-%!-%+.&#K%+7! +)O! #$!T6!.$*!64!*0%!&=%#-!.+1)3&!')1A+%&%!

')1803&#)$I!O=#'=!#3!.!-%30+&!),!&=%!%5'%33!)57C%$!#$!&=%!373&%1M!Z0&!3#$'%!&=%!

')1803&#)$!&%1A%-.&0-%3!.-%!=#C=!.$*!&=%!B0.$&#&7!),!Y45!%1#33#)$3!A-)*0'%*!

#3! *#-%'&+7! A-)A)-&#)$.+! &)! #&I! &=%! -%*0'&#)$! ),! Y45! 8%')1%3! )$%! ),! &=%!1.a)-!

'=.++%$C%3!.+)$C!O#&=!&=%!3))&!&=.&!.+3)!.*3)-83!=#C=!1)+%'0+.-!O%#C=&!T6k3M!

Y4o! .$*! A.-&#'0+.&%! %1#33#)$! ')$&-)+! =.3! 8%%$! #1A-)K%*! 87!1)*#,7#$C! &=%!

')1803&#)$! A-)'%33! &=.&! .++)O3! .$! #$'-%.3%! #$! &=%! .#-^,0%+!1#5#$C! -.&%M! Z%&&%-!

')$&-)+! ),! &=%! +08-#'.$&! =.3! -%*0'%*! &=%! =#C=!1)+%'0+.-!O%#C=&!T6! A.-&#'0+.&%!

')1A)$%$&!&=.&!#3!.*3)-8%*!)$!&=%!3))&M!_$!.**#&#)$I!&=%!')$&-)+!),!&=%!#$+%&!.#-!

&%1A%-.&0-%!=.3!=%+A%*!&)!-%*0'%!&=%!.1)0$&!),!Y4o!WHHXM!

PN6!#3!$)&!.$!)A&#)$!&)!&-%.&!&=#3!R#$*!),!%5=.03&!*0%!&=%!%5'%33!),!)57C%$!#$!

#&I!3)!*#,,%-%$&!.$*!')1A+%1%$&.-7!3)+0&#)$3!=.K%!=.*!&)!8%!*%K%+)A%*M!

!
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GH)&'#0.!GH>0;()!]0(!M&1$'1;.0)$+#!YG]MZ!

D5=.03&!?.3!@%'#-'0+.&#)$!#3!.!1%&=)*!&=.&!')$3#3&3!#$!&.R#$C!.!,-.'&#)$!),!&=%!

%5=.03&!C.3!8.'R! &)! &=%! #$&.R%! #$!)-*%-! &)!*%'-%.3%! &=%!)57C%$!')$'%$&-.&#)$I!

-%*0'#$C! &=%! A.-&#.+! A-%330-%I! O=#'=! .++)O3! 3+)O#$C! *)O$! &=%! ')1803&#)$!

A-)'%33! .$*! #$! ')$3%B0%$'%! *%'-%.3%3! &=%! ')1803&#)$! &%1A%-.&0-%I! O=#'=!

*#-%'&+7!.,,%'&3!&=%!A-)*0'&#)$!),!Y4oM!

D?@! #3! )$%! ),! &=%! 1)3&! %,,%'&#K%! 1%&=)*3! &)! 1%%&! &=%! Y4o! %1#33#)$!

3&.$*.-*3M! _$!&=%!'.3%!),!*#%3%+!%$C#$%3I! #&! #3!A)33#8+%!&)!-%'#-'0+.&%!.3!10'=!.3!

\Gl!),! &=%!%5=.03&!C.3!O#&=)0&!.,,%'&#$C!3#C$#,#'.$&+7! &=%!')1803&#)$!3&.8#+#&7I!

O=#'=!#3!)$%!),!&=%!1.a)-!')$'%-$3!WHUI!HiXM!

P=%-%! #3I! =)O%K%-I! .! &-.*%^),,! O=%$! *%'-%.3#$C! &=%! &%1A%-.&0-%! ),! &=%!

%5=.03&M! <&! +)O%-! &%1A%-.&0-%! &=%! .1)0$&! ),!Y4o! #3! -%*0'%*I! 80&! *0%! &)! &=%!

')1803&#)$!&%1A%-.&0-%!=.3!8%%$!*%'-%.3%*I!&=%!,)-1.&#)$!),!/.-&#'0+.-!(.&&%-!

e/(f!#$'-%.3%3!WHFXM !

=&.&1)$%&!80)0.*)$1!M&4;1)$+#!Y=8MZ!

9%+%'&#K%!6.&.+7&#'!@%*0'&#)$!#3!.!1%&=)*!&)!-%*0'%!&=%!.1)0$&!),!Y4o!#$!&=%!

%5=.03&! #$! .! +%.$! %$K#-)$1%$&I! .$*! #3! &=03! .AA-)A-#.&%! ,)-! .! 2#%3%+! %$C#$%M!

Y)&#'%! &=.&I! )$'%! .C.#$! &=%! '+%.$$%33! ),! &=%! ,0%+! A+.73! .! K%-7! #1A)-&.$&! -)+%p!

1%&.+3!.$*!30+A=0-!')$&%$&!#$!&=%!,0%+!*%.'&#K.&%3!&=%!'.&.+73&3!B0#'R+7M!WHdX!

P=%-%!.-%! &O)!R#$*3!),!96@!373&%13I! &=)3%!03#$C!.11)$#.!.$*! &=)3%!03#$C!

=7*-)'.-8)$3M! _$! 8)&=! '.3%3I! &=%! -%.'&)-! =.3! .! =)$%7')18! 3=.A%! O#&=! .!

O.3=').&!+.7%-!),!'.&.+73&M!

!

7+?*@9*$00(%/$*ABCDE*

P=#3! 1%&=)*! ),! Y4o! -%*0'&#)$! =.3! 8%%$! O#*%+7! 03%*! #$! +.-C%! 3'.+%!

.AA+#'.&#)$3I!30'=!.3!A)O%-!C%$%-.&#)$!A+.$&3I!.$*!=.3!-%'%$&+7!3%%$!.*)A&#)$!#$!

.0&)1)8#+%3M!<11)$#.!eYTSf!#3!#$a%'&%*!#$&)!&=%!%5=.03&!3&-%.1I!O=%-%!#&!-%.'&3!
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)K%-!.!30#&.8+%!'.&.+73&!O#&=!Y4o!&)!A-)*0'%!YF!.$*!TF4M!P=#3!-%.'&#)$!=.3!&)!8%!

'.--#%*!)0&!.&!.!&%1A%-.&0-%!8%&O%%$!SFG!.$*![GG!n6I!*%A%$*#$C!)$!&=%!.1)0$&!

),! 94oI! &)! .K)#*! A+0CC#$C! &=%! '.&.+73&! .$*! &)! =.K%! .! C))*! %,,#'#%$'7M! WHdXM!

P7A#'.++7!8)&=!Y4!.$*!Y4F!-%.'&!.'')-*#$C!&)j!WHdX!

!

3 2 2 24NO + 4NH + O   4N + 6H O! ! eFMSf!

2 3 2 26NO + 8NH 7N + 12H O! ! eFM[f!

_$!.!K%=#'+%!&=%!.11)$#.!#3!030.++7!'.--#%*!.3!.!3)+0&#)$!),!0-%.M!P=%!0-%.!=.3!&)!

8%!')$K%-&%*!#$!.11)$#.!&=-)0C=!&=%!,)++)O#$C!A)33#8+%!-%.'&#)$3j!WHdX!

!

 
CO(NH

2
)

2
 + H

2
O !  CO

2
 + 2NH

3
! eFM\f!

4-j!

2 2 2 3CO(NH )  + H O  HNCO + NH! ! eFMUf!

2 2 3HNCO + H O CO  + NH! ! eFMif!

7+?*@9*49,#(5$#@(%&*

!_$!96@!87!=7*-)'.-8)$3!&=%!Y4o!-%.'&3!O#&=!=7*-)'.-8)$3!#$!&=%!%5=.03&!&)!

,)-1!YF! .$*!TF4M!4$%! A-)8+%1!O#&=! &=#3!1%&=)*! #3! &=%! ')1A%&#&#K%! )5#*.&#)$!

.$*!-%*0'&#)$!-%.'&#)$3!#$K)+K#$C!=7*-)'.-8)$3M!P=%!-.&#)!8%&O%%$!Y4!.$*!Y4F!

#3! $)&! .$! #330%! ,)-! &=%! ')$K%-3#)$M! P=%-%! .-%! &#C=&! &%1A%-.&0-%! ')$3&-.#$&3! ,)-!

&=%!96@!87!=7*-)'.-8)$3M!!

Z%'.03%! ),! &=%! +#1#&.&#)$3! ),! 96@! 87! =7*-)'.-8)$3I! .! *%K%+)A1%$&! ),! &=#3!

1%&=)*!#3!&=%!Y4o!&-.AM! _$!&=#3!.AA+#'.&#)$I!Z.4!#3!.**%*!&)!&=%!'.&.+73&I!O=#'=!

-%.'&3!O#&=!Y4F!&)!,)-1!Z.Y4SM!<,&%-!.++!),!&=%!Z.4!=.3!-%.'&%*I!&=%!%$C#$%!-0$3!

-#'=! &)!A-)*0'%!=7*-)'.-8)$3I!O=#'=! &=%$!-%.'&!O#&=! &=%!Z.Y4S! &)!A-)*0'%!YF!

.$*!TF4M!WH[I!HgX!
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K$&(&.!?0')$1;.0)&!V$.)&'!YK?VZ!

!<3! A-%K#)03+7! 1%$&#)$%*I! )$%! ),! &=%! 1)3&! *#,,#'0+&! %1#33#)$3! ),! .! *#%3%+!

%5=.03&! &)! A-)'%33I! #3! &=%! A.-&#'0+.-! 1.&&%-M! <3! &=%! $.1%! 30CC%3&3I! &=#3! #3! .!

*%K#'%! &=.&! ,#+&%-3! &=%! A.-&#'0+.-!1.&&%-! 87! 8+)'R#$C! &=%1!O#&=#$! &=%! '=.$$%+3M!

9#$'%! &=%! A.-&#'0+.-! 1.&&%-! .''010+.&%3! #$! &=%3%! '=.$$%+3I! .! 1%&=)*! &)!

-%C%$%-.&%! &=%! &-.A3! #3! $%%*%*M! ! J3#$C! )57C%$! -%B0#-%3! &%1A%-.&0-%3! '+)3%! &)!

UGGn6I!O=#'=! #3!%5'%33#K%+7!=#C=!,)-!.!*#%3%+!%5=.03&M! !J3#$C!Y4F!-%B0#-%3!10'=!

+)O%-!&%1A%-.&0-%3!&)!)5#*#;%!&=%!.''010+.&%*!A.-&#'0+.-!1.&&%-M!Z0&!Fi\n6!#&!#3!

3&#++! &))! =#C=! ,)-! +#C=&! *0&7! *#%3%+! %$C#$%3M! ! P=%! 3)+0&#)$! &)! &=#3! A-)8+%1! #3! &)!

#$'-%.3%!&=%!&%1A%-.&0-%!&=-)0C=!,0%+!#$a%'&#)$!&)!)5#*#;%!&=%!3))&I!-%C%$%-.&#$C!

A%-#)*#'.++7!&=%!*#%3%+!A.-&#'0+.&%!,#+&%-!WH[XI!WHgXM!

K$&(&.!AH$40)$+#!80)0.*()!YKA8Z!

_$! .! 2#%3%+! %5=.03&! 373&%1I! &=%! ,#-3&! '.&.+73&! #3! 030.++7! .! *#%3%+! )5#*.&#)$!

'.&.+73&! e246fM! P=%! 246! )5#*#;%3! 64I! =7*-)'.-8)$3I! .$*! Y4M! 4K%-! .! $.--)O!

&%1A%-.&0-%!O#$*)OI!3)1%!96@!87!&=%!=7*-)'.-8)$!1.7!)''0-M!2#,,%-%$&!1%&.+3!

=.K%!8%%$!&%3&%*!#$!%,,)-&3!&)!-%.'=!8%&&%-!%,,#'#%$'7!.&!+)O!&%1A%-.&0-%3M!9)1%!

1%&.+3!30'=!.3!')AA%-!.$*!$#'R%+!.-%!A)#3)$%*!&))!%.3#+7M!!P=03I!&=%!8%3&!A-)K%$!

1%&.+3!&)!8%!03%*!#$!&=%!*#%3%+!)5#*.&#)$!'.&.+73&!.-%!A+.&#$01!.$*!A.++.*#01M!

!P=%!*#3&.$'%!),!&=%!*#%3%+!)5#*.&#)$!'.&.+73&!&)!&=%!%$C#$%!#3!K%-7!#1A)-&.$&!

*0%!8%'.03%!#&!O#++!.,,%'&!&=%!&%1A%-.&0-%!),!&=%!C.3%3!')1#$C!#$&)!#&M! !>)-!&=#3!

-%.3)$!.1)$C!.++!&=%!'.&.+73&3!&=.&!,)-1!&=%!373&%1I!&=%!*#%3%+!)5#*.&#)$!'.&.+73&!

#3!&=%!'+)3%3&!)$%!&)!&=%!%$C#$%!80&!.+3)I!.&!.!-%.3)$.8+%!*#3&.$'%!3)!&=%-%!#3!$)!

A)&%$&#.+!&=%-1.+!*.1.C%M!!

P=%! 1.&%-#.+! 03%*! ,)-! &=%! 1)$)+#&=3! #3! 030.++7! 6)-*#%-#&%! *0%! &)! #&3! +)O!

A)-)3#&7!.$*!30A%-#)-!3&-%$C&=M!<!O.3=').&!')K%-3!&=%!1)$)+#&=!30-,.'%!#$!.!&=#$!

+.7%-!3)!&=%!'.&.+73&!1%&.+!'.$!8%!*#3A%-3%*!)$!#&M! ! !<+01#$.I!3#+#'.I!.$*!;%)+#&%3!

.-%! &=%! 1)3&! ')11)$! O.3=').&! 1.&%-#.+3I! .$*! %.'=! ),! &=%1! ')$&-#80&%3!

*#,,%-%$&!A-)A%-&#%3M!WHgX!
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C !"#$%&'$()*+,!"#$%&'"%(!
!

P=%! O)-R! -%A)-&%*! #$! &=#3! &=%3#3! -%B0#-%*! eHf! .! ')1A-%=%$3#K%! 3%&! ),!

%5A%-#1%$&.+! *.&.I! eFf! .$! .AA-)A-#.&%! -%.'&)-!1)*%+I! .$*! eSf! .$! )A&#1#;%-! ,)-!

*%&%-1#$#$C!&=%!8%3&!,#&!A.-.1%&%-3!#$!&=%!A-)A)3%*!R#$%&#'!1)*%+3M!P=%3%!&=-%%!

.3A%'&3!.-%!*%,#$%*!#$!&=#3!'=.A&%-M!!

!

C<9< GHI&'$6&#)0.!K0)0!!

 
<++!),!&=%!%5A%-#1%$&.+!*.&.!03%*!#$!&=#3!#$K%3&#C.&#)$!O%-%!A%-,)-1%*!.&!&=%!

J$#K%-3#&7!),!N.&%-+))I!0$*%-!&=%!C0#*.$'%!),!/-),%33)-!N#++#.1!DA+#$CM!P=%!*.&.!

O%-%! &.R%$! 87! C-.*0.&%! 3&0*%$&! (%3=.-#! <L^T.-8#M! P=%! '.&.+73&! 03%*! O.3!

30AA+#%*! 87! J1#')-%! <?! #$! &=%! ,)-1! ),! O.3=').&%*! 1)$)+#&=M! P=%! 3.1A+%3!

30AA+#%*!=.*!8%%$!.C%*!87!J1#')-%!87!,+)O#$C!0$*%-!.#-!.&!U\G!n6!,)-!&%$!=)0-3M!

P=%! 3.1A+%! ')$&.#$3! g\! Ch,&S! e8.3%*! )$! &)&.+! 1)$)+#&=! K)+01%f! A+.&#$01! e/&f!

30AA)-&%*!)$!<+F4SM!<!3.1A+%!),!3#;%!GMgc!*#.1%&%-!O#&=!.!+%$C&=!),!FM[c!O.3!'0&!

,-)1!.!1)$)+#&=!8+)'R!&=.&!=.*!.!'%++!*%$3#&7!),![GG!6/9_M!P=%!3.1A+%!O.3!A+.'%*!

#$!.!=)-#;)$&.+!B0.-&;! &08%I!O=#'=!O.3! &=%$! #$3%-&%*! #$&)!.!L#$*8%-C!(#$#^1#&%!

&%1A%-.&0-%^')$&-)++%*! ,0-$.'%M! P)! %$30-%! &=.&! $)! C.3! 3+#AA%*! .-)0$*! &=%!

3.1A+%I! &=%! '.&.+73&! O.3! O-.AA%*! O#&=! S(! #$30+.&#)$! 1.&%-#.+! &)! 3%.+! &=%!

'.&.+73&! #$! &=%! B0.-&;! &08%M! 9#5! "^&7A%! &=%-1)')0A+%3! O%-%! A+.'%*! .+)$C! &=%!

'.&.+73&! +%$C&=! ,)-! &%1A%-.&0-%! 1%.30-%1%$&! A0-A)3%3M! P=%! +)'.&#)$3! ),! &=%!

&=%-1)')0A+%3! #$! &=%!&08%!-%.'&)-!.-%!3=)O$! #$!P.8+%!SM!P=%!-%.'&)-!.33%18+7!

O.3! #$3&.++%*! #$! .! ,+)O! 373&%1! O=#'=! ')$&-)++%*! &=%! ')1A)3#&#)$! ),! &=%! #$+%&!

C.3%3I! .$*! .$! .$.+73#3! 373&%1! &)! 1%.30-%! &=%! ')$'%$&-.&#)$3! ),! &=%! %,,+0%$&!

C.3%3M!

!
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70/.&!CT!P=%-1)')0A+%3!+)'.&#)$!O#&=#$!&=%!'.&.+7&#'!')$K%-&%-!
 

P=%-1)')0A+%! L)'.&#)$!

G! JA3&-%.1!

H! G!'1!e(#**+%f!

F! F!'1!eP)Af!

S! F!'1!e(#**+%f!

[! F!'1!e8)&&)1f!

\! [!'1!

U! U!'1!e(#**+%f!

!

C<@< GHI&'$6&#)0.!?'+1&4;'&!

!
_$! .++! %5A%-#1%$&3I! &=%! ,%%*! 3&-%.1! O.3! #$&-)*0'%*! &)! &=%! -%.'&)-! .&!

&%1A%-.&0-%3!8%+)O!dGs6I!&)!.K)#*!-%.'&#)$!8%,)-%!-.1A#$CM!P=%!&%1A%-.&0-%!),!

&=%! -%.'&)-!O.3! -.1A%*! .&! .AA-)5#1.&%+7! S! n6h1#$M!N=%$! ')1A+%&%! )5#*.&#)$!

O.3!.'=#%K%*I!&=%!-%.'&)-!O.3!'))+%*!87!*%'-%.3#$C!&=%!,0-$.'%!&%1A%-.&0-%!&)!

8%+)O!dG!n6M!P=%!8.3%! ,%%*!3&-%.1!')$3#3&%*!),!HG!l!4FI!HG!l!TF4I!HG!l!64FI!

SGG!AA1!)-!Hl!T%I!.AA-)A-#.&%!-%.'&.$&!C.3%3I!O#&=!YF!.3!&=%!8.+.$'%M!@%.'&.$&3!

O%-%!.**%*! &)! &=#3! 3&-%.1!.3! -%B0#-%*M!P=%! &)&.+!C.3! ,+)O!-.&%!O.3!gMS[!Lh1#$!

-%,%-%$'%*!&)!Fgd!"!.$*!H!.&1!A-%330-%M!P=%!3A.'%!K%+)'#&7!#3!FGI\FG!=^H!.&!9P/!

eFiS!"!.$*!H!.&1fM!!

P=%! )0&+%&! C.3! ')1A)3#&#)$! O.3! 1%.30-%*! 03#$C! .! (0+&#?.3! FGSG! >P_@!

.$.+7;%-! e("9f! .$*! .$! T/@FG! 1.33! 3A%'&-)1%&%-! e(9fM! Z%,)-%! -0$$#$C! .$7!

%5A%-#1%$&I! .! &%3&! O#&=! YF! )$+7! e$)! -%.'&.$&f! O.3! A%-,)-1%*! &)! '=%'R! &=%!

&%1A%-.&0-%!*#,,%-%$'%!8%&O%%$!&=%!,-)$&!.$*!&=%!8.'R!),!&=%!'.&.+73&!.3!O%++!.3!

&=%!-.*#.+!*#-%'&#)$M!P=%!&%3&!3=)O%*!&=.&!&=%!1.5#101!*#,,%-%$'%!O.3!+%33!&=.$!

\! n6! 8%&O%%$! &=%! ,-)$&! .$*! &=%! 8.'R! .$*! [! n6! #$! &=%! -.*#.+! *#-%'&#)$! eO=#'=!

)''0--%*!.&!=#C=!&%1A%-.&0-%fM!!
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!

C<@<9< =;660'*!+,!GHI&'$6&#)(!
!

P=#-&7!&=-%%!%5A%-#1%$&3!O%-%!A%-,)-1%*!.&!&=%!J$#K%-3#&7!),!N.&%-+))M!P=%!

8.3#3!),!&=%!%5A%-#1%$&3!O.3!&)!A%-,)-1!&%3&3!O#&=!%.'=!-%.'&.$&!3%A.-.&%+7I!.$*!

&=%$! ')18#$.&#)$3! ),! A.#-3! ),! -%.'&.$&3I! .$*! &=%$! -0$3! O#&=! .++! -%.'&.$&3!

#$'+0*%*M! >)-! %.'=! -%.'&.$&I! .! +)OI! 1%*#01! .$*! =#C=! ')$'%$&-.&#)$! O.3!

.33#C$%*I! 8.3%*! )$! &7A#'.+! K.+0%3! &=.&! 1#C=&! 8%! ,)0$*! #$! -%.+! %5=.03&M!

D5A%-#1%$&3!O%-%!A%-,)-1%*!O#&=!64I!Y4!.$*!6STU!3%A.-.&%+7!.&!%.'=!),!&=%3%!

')$'%$&-.&#)$3M! _$! .++! -0$3! -%A)-&%*! =%-%!O#&=! 64I! =7*-)C%$!O.3! .**%*! .&! .$!

.1)0$&!%B0.+!&)!HhS!),!&=%!64!')$'%$&-.&#)$I!O=#'=!#3!.!&7A#'.+!.1)0$&!,)0$*!#$!

%$C#$%!%5=.03&M!P=%$!3%+%'&%*!A.#-3!),!')$'%$&-.&#)$3!O%-%!3&0*#%*I!.$*!,#$.++7!.!

3%-#%3!),!-0$3!O.3!*)$%!O#&=!.++!&=-%%!-%.'&.$&3!A-%3%$&M!N.&%-+))!A-)K#*%*!&=%!

-%30+&3! ,)-! SS! %5A%-#1%$&3I! .+&=)0C=! 3)1%!),! &=%3%!O%-%! $)&! 03%*!8%'.03%! ),!

A-)8+%13! O#&=! &=%-1)')0A+%! -%')-*#$C! *0-#$C! )A%-.&#)$M! >0-&=%-1)-%I! 3)1%!

-0$3!O%-%!A%-,)-1%*!O#&=!64!.+)$%!O#&=)0&!=7*-)C%$I!.$*!&=%3%!-0$3!O%-%!$)&!

03%*!#$!&=%!1)*%++#$CM!P=%!)-#C#$.+!%5A%-#1%$&!$018%-#$C!#3!03%*!#$!&=#3!&=%3#3M!!

P=%! *.&.! A-)K#*%*! 87!N.&%-+))!O%-%! %5&%$3#K%I!O#&=! *.&.! A)#$&3! ')++%'&%*!

%K%-7! 3%')$*! )-! 3)M! P)! -%*0'%! &=%! $018%-! ),! A)#$&3! ,)-! &=%! )A&#1#;.&#)$! .$*!

A.-.1%&%-!%3&#1.&#)$I!)$+7!3%+%'&%*!*.&.!A)#$&3!O%-%!&.R%$!,-)1!&=%!1.3&%-!3%&!

A-)K#*%*M!P=%3%!3%+%'&%*!*.&.!.-%!,%+&!&)!8%!30,,#'#%$&!&)!*%3'-#8%!&=%!'0-K%3M!P=%!

1%&=)*! &)! 3%+%'&! &=%!*.&.!O.3! &)! &.R%!A)#$&3! .&! %K%-7!*%+&.! ')$K%-3#)$!),! &=%!

)-*%-!),!\!lI!)-!&%1A%-.&0-%!'=.$C%!),!\!*%C-%%3I!O=#'=%K%-!O.3!31.++%-M!P=%!

,#C0-%3! &=.&! ,)++)O!3=)O!&=%!A+)&3!),! &=%!%5A%-#1%$&3!.$*!*.&.!A)#$&3!03%*!,)-!

&=%!)A&#1#;.&#)$M!!

P=%! *%3'-#A&#)$! ),! &=%! #$+%&! ')$'%$&-.&#)$3! ,)-! %.'=! %5A%-#1%$&h-0$I! .-%!

3=)O$! #$! &=%! ,)++)O#$CI! .+)$C! O#&=! &=%#-! -%3A%'&#K%! A+)&3! .$*! .$.+73#3M! P=%!

')$'%$&-.&#)$3!B0)&%*! #$!&=%3%!&.8+%3!.-%!&=%!$)1#$.+!K.+0%M!P=%!.'&0.+!K.+0%3!

03%*!.-%!C#K%$!#$!.!P.8+%!HG!.&!&=%!%$*!),!&=#3!3%'&#)$M!
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8A!AH$40)$+#!3$)>!X@!

P=%!&%1A%-.&0-%!O.3!-.1A%*!,-)1!UG!&)!HUG!n6!,)-!&=-%%!%5A%-#1%$&3!O#&=!

*#,,%-%$&! #$+%&! ')$'%$&-.&#)$3! ),! 64! .$*! .! &=#-*! ),! &=.&! K.+0%! ),! TFM! P=%!

')$'%$&-.&#)$3!.-%!3=)O$!#$!&=%!P.8+%![!.$*!&=%!#C$#&#)$!'0-K%3!#$!>#C0-%!FM!P=%!

=7*-)C%$! ')$K%-3#)$! #3! $)&! 3=)O$! #$! &=%! A+)&3M! T)O%K%-I! &=%! =7*-)C%$! -%.'&3!

3=)-&+7! .,&%-! &=%! 64! #3! ')$K%-&%*M! P=%! C%$%-.+! )83%-K.&#)$! #3! &=.&! &=%! +#C=&^),,!

A)#$&!),!64! e&=%! &%1A%-.&0-%!.&!O=#'=!\G!l!')$K%-3#)$! #3!)83%-K%*f! #$'-%.3%3!

O#&=!#$'-%.3#$C!64!')$'%$&-.&#)$M!P=#3!%,,%'&!#3!O%++!*)'01%$&%*!.&!V)+&;!%&M!.+M!

WHX!.$*!9.+)1)$3!%&M!.+M!WFGXM!

70/.&!FT!64!#$+%&!')$'%$&-.&#)$!
 

D5AM! 64!WAA1X! TF!WAA1X!

H! \GG! HUi!

F! HGGG! SSS!

S! FGGG! UUU!

 
CO - Ignition curves Runs 1, 2, 3

Average reactor temperature, Kelvin
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Exp 1 - CO conversion
Exp 2 - CO conversion
Exp 3 - CO conversion

!
!

V$5;'&!@T 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&3!HI!F!.$*!SM!!
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?'+I&#&!AH$40)$+#!

P=%! &%1A%-.&0-%! O.3! -.1A%*! ,-)1! dG! &)! FGGn6! ,)-! &=-%%! 6STU!

')$'%$&-.&#)$3M!P=%!')$'%$&-.&#)$3!.-%!C#K%$!#$!P.8+%!\!.$*!&=%!#C$#&#)$!A+)&3!#$!

>#C0-%!SM!P=%!+#C=&^),,!#3!*#3A+.'%*!&)!&=%!-#C=&!O=%$!&=%!')$'%$&-.&#)$!#$'-%.3%3M!

P=#3!3=)O3!&=.&!6STU!%5=#8#&3!3%+,^#$=#8#&#)$!.3!O%++M!

!

70/.&!PT!/-)A%$%!#$+%&!')$'%$&-.&#)$!

 
D5A! /-)A%$%!WAA1X!!

i! F\G!

d! \GG!

g! i\G!

 
 
 
 

C3H6 - Ignition curves Runs 7, 8, 9

Average reactor temperature, Kelvin
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Exp 7 - C3H6 conversion
Exp 8 - C3H6 conversion
Exp 9 - C3H6 conversion

!
!

V$5;'&!CT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&3!iI!d!.$*!gM!
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[A!AH$40)$+#!

P=%!&%1A%-.&0-%!O.3!-.1A%*!,-)1!dG!&)!S\Gn6!,)-!&=-%%!*#,,%-%$&!Y4!#$+%&!

')$'%$&-.&#)$3M! P.8+%! U! 3=)O3! &=%! ,%%*! ')$'%$&-.&#)$3! 03%*I! .$*! >#C0-%! [! &=%!

#C$#&#)$!A+)&3M!Y4!.+3)!3=)O3!3%+,^#$=#8#&#)$I!*%1)$3&-.&%*!&=-)0C=!&=%!+#C=&^),,!

*#3A+.'%1%$&! &)! &=%! -#C=&! O=%$! &=%! ')$'%$&-.&#)$! #3! #$'-%.3%*M! <&! =#C=!

&%1A%-.&0-%3! &=%!-%.'&#)$! #3!%B0#+#8-#01! +#1#&%*I!.$*!&=%!')$K%-3#)$!*%'-%.3%3!

O#&=!#$'-%.3#$C!&%1A%-.&0-%M!

!

70/.&!JT!Y4!#$+%&!')$'%$&-.&#)$!

 
D5A! Y4!WAA1X!

HG! H\G!

HH! SGG!

HF! UGG!

 
NO - Ignition curves Runs 10, 11, 12

Average reactor temperature, Kelvin
350 370 390 410 430 450 470 490 510 530 550 570 590 610
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Exp 10 - NO conversion
Exp 11 - NO conversion
Exp 12 - NO conversion

!
!

V$5;'&!FT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&3!HGI!HH!.$*!HFM!!
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N$H);'&!+,![A!0#4!8CXJ!!

P=%! &%1A%-.&0-%! O.3! -.1A%*! ,-)1! dG! &)! SFGn6! ,)-! %5A%-#1%$&3! O#&=! .!

')$3&.$&!A-)A%$%!')$'%$&-.&#)$I!80&!*#,,%-%$&!Y4!#$+%&!')$'%$&-.&#)$M!P=%!#$+%&!

')$'%$&-.&#)$3! .-%! C#K%$! #$! P.8+%! i! .$*! &=%! #C$#&#)$! '0-K%3! ,)-! &=%! 3A%'#%3! #$!

>#C0-%3! \! t! iM!Y)&%! &=.&! &=%! -%.'&#)$3! ),!Y4! .-%!1)-%! ')1A+%5! &=.$!O#&=!Y4!

.+)$%M! _$#&#.++7!Y4! #3! -%*0'%*!87! =7*-)'.-8)$I! %#&=%-! &)!YF4!)-!YFI! .$*! .3! &=%!

&%1A%-.&0-%! #$'-%.3%3I! &=%! Y4! #3! )5#*#;%*! &)! Y4FM! P=%! C-.A=3! 3=)O! &=%!

')$K%-3#)$!&)!YF!eO=#'=!#3!-%A-%3%$&%*!.3!Y4o!')$K%-3#)$fI!&)!YF4!.$*!&)!Y4FM!

70/.&!LT!/-)A%$%!#$+%&!')$'%$&-.&#)$!

 
D5A! /-)A%$%!WAA1X!! Y4!WAA1X!

HS! \GG! H\G!

H[! \GG! SGG!

H\! \GG! UGG!

!

NO, NOx and C3H6 - Ignition curves Run 13(a)

Average reactor temperature, Kelvin
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Exp 13 - C3H6 conversion
Exp 13 - conversion of NOx
Exp 13 - conversion to N2O
Exp 13 - conversion to NO2

!
!

V$5;'&!PT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!HSM!!
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NO, NOx and C3H6 - Ignition curves Run 14

Average reactor temperature, Kelvin
370 390 410 430 450 470 490 510 530
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Exp 14 - C3H6 conversion
Exp 14 - conversion of NOx
Exp 14 - conversion to N2O
Exp 14 - conversion to NO2

!
V$5;'&!JT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!H[M!!

NO, NOx and C3H6 - Ignition curves Run 15

Average reactor temperature, Kelvin
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Exp 15 - C3H6 conversion
Exp 15 - conversion of NOx
Exp 15 - conversion to N2O
Exp 15 - conversion to NO2

!
!

V$5;'&!LT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!H\M!!
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N$H);'&!+,!8A_!X@!0#4!8CXJ!

P=%! &%1A%-.&0-%! O.3! -.1A%*! ,-)1! dG! &)! FGGn6! ,)-! %5A%-#1%$&3! O#&=! &=%!

3.1%!A-)A%$%!')$'%$&-.&#)$I!*#,,%-%$&!64!#$+%&!')$'%$&-.&#)$I!.$*!TF!A-%3%$&!.&!

HhS!),!&=%!64M!P.8+%!d!3=)O3!&=%!#$+%&!')$'%$&-.&#)$3M!>#C0-%3!dI!g!.$*!HG!3=)O!

&=%! #C$#&#)$!'0-K%3M!>-)1!&=%3%! #&!'.$!8%! #$,%--%*!&=.&! &=%!')$'%$&-.&#)$!),!64!

$)&! )$+7! =.3! .! 3%+,^#$=#8#&#)$! %,,%'&I! 80&! .+3)! #$=#8#&3! &=%! 6STUI! O=#'=! +#C=&^),,!

#$'-%.3%!.+)$C!O#&=!&=%!#$'-%.3%!),!64!#$+%&!')$'%$&-.&#)$M!

!

70/.&!RT!64!.$*!/-)A%$%!1#5&0-%!#$+%&!')$'%$&-.&#)$!

 
D5A! 64!WAA1X! TF!WAA1X! /-)A%$%!WAA1X!!

Hi! \GG! HUi! F\G!

Hd! HGGG! SSS! F\G!

Hg! FGGG! UUU! F\G!

!
CO and C3H6 - Ignition curves Run 17

Average reactor temperature, Kelvin
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Exp 17 - CO conversion
Exp 17 - C3H6 conversion

 
!

V$5;'&!RT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!HiM!!
!
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CO and C3H6 - Ignition curves Run 18

Average reactor temperature, Kelvin
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Exp 18 - CO conversion
Exp 18 - C3H6 conversion

!
!

V$5;'&!UT 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!HdM!!CO and C3H6 - Ignition curves Run 19

Average reactor temperature, Kelvin
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Exp 19 - CO conversion
Exp 19 - C3H6 conversion

!
!

V$5;'&!9ST 2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!HgM!!
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N$H);'&!+,!8A_!X@_![A!0#4!8CXJ!

P%$! 03.8+%! %5A%-#1%$&3!O%-%! .K.#+.8+%! ,)-! &=%! ')1A+%&%!1#5&0-%I! #$!O=#'=!

&=%! &%1A%-.&0-%! O.3! -.1A%*! ,-)1! dG! &)! FUGn6M! P=%! ')$'%$&-.&#)$3! 03%*! .-%!

C#K%$! #$! P.8+%! gM! D5A%-#1%$&3! FS! &)! Fd! =.*! ')$3&.$&! 6STU! .$*! Y4!

')$'%$&-.&#)$3I!.$*!K.-#.8+%!64M!P=%!-%1.#$#$C!,#K%!%5A%-#1%$&3!=.*!K.-#.&#)$3!

#$!.++!')$'%$&-.&#)$3M!P=%!#C$#&#)$!'0-K%3!.-%!C#K%$!#$!>#C0-%3!HH!&)!FGM!<3!,)-!&=%!

%5A%-#1%$&3!O#&=!6STU!.$*!Y4I!#&!#3!3%%$!&=.&!&=%!Y4!#3!-%*0'%*!&)!YFI!.$*!YF4I!

.3!O%++!.3!8%#$C!)5#*#;%*!&)!Y4FM!!

>-)1!>#C0-%3!HH!&)!H\I!O=#'=!3=)O!)$+7!&=%!%5A%-#1%$&3!O=%-%!64!#3!K.-#%*I!

#&!'.$!8%!#$,%--%*!&=.&!e.3!3%%$!#$!&=%!'.3%!),!64^6STU!1#5&0-%fI!64!$)&!)$+7!=.3!.!

3%+,^#$=#8#&#)$!%,,%'&I!80&!.+3)!#$=#8#&3!6STU!.$*!Y4M!

!

!

!

70/.&!UT!!64I!/-)A%$%!.$*!Y4!1#5&0-%!#$+%&!')$'%$&-.&#)$!

 
D5A! 64!WAA1X! TF!WAA1X! /-)A%$%!WAA1X!! Y4!WAA1X!

FS! \GG! HUi! \GG! H\G!

F[! i\G! F\G! \GG! H\G!

FU! HF\G! [Hi! \GG! H\G!

Fi! H\GG! \GG! \GG! H\G!

Fd! FGGG! UUU! \GG! H\G!

Fg! \GG! HUi! F\G! SGG!

SG! i\G! F\G! i\G! SGG!

SH! HGGG! SSS! i\G! UGG!

SF! H\GG! [Hi! i\G! UGG!

SS! FGGG! UUU! i\G! UGG!

!
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CO, NO, NOx and C3H6 - Ignition curves Run 23

Average reactor temperature, Kelvin
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Exp 23 - CO conversion
Exp 23 - C3H6 conversion
Exp 23 - conversion of NOx
Exp 23 - conversion to N2O
Exp 23 - conversion to NO2

!
V$5;'&!99T!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!FSM!!
CO, NO, NOx and C3H6 - Ignition curves Run 24

Average reactor temperature, Kelvin
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Exp 24 - CO conversion
Exp 24 - C3H6 conversion
Exp 24 - conversion of NOx
Exp 24 - conversion to N2O
Exp 24 - conversion to NO2

!
V$5;'&!9@T!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!F[M!!
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CO, NO, NOx and C3H6 - Ignition curves Run 26

Average reactor temperature, Kelvin
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Exp 26 - CO conversion
Exp 26 - C3H6 conversion
Exp 26 - conversion of NOx
Exp 26 -conversion to N2O
Exp 26 - conversion to NO2

!
V$5;'&!9CT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!FUM!!

!

CO, NO, NOx and C3H6 - Ignition curves Run 27

Average reactor temperature, Kelvin
370 390 410 430 450 470 490

Pe
rc

en
t c

on
ve

rs
io

n

0

10

20

30

40

50

60

70

80

90

100
Exp 27 - CO conversion
Exp 27 - C3H6 conversion
Exp 27 - conversion of NOx
Exp 27 - conversion to N2O
Exp 27 - conversion to NO2

!
V$5;'&!9FT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!FiM!!
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CO, NO, NOx and C3H6 - Ignition curves Run 28

Average reactor temperature, Kelvin
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Exp 28 - CO conversion
Exp 28 - C3H6 conversion
Exp 28 - conversion of NOx
Exp 28 - conversion to N2O
Exp 28 - conversion to NO2

!
V$5;'&!9PT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!FdM!!
CO, NO, NOx and C3H6 - Ignition curves Run 29

Average reactor temperature, Kelvin
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Exp 29 - CO conversion
Exp 29 - C3H6 conversion
Exp 29 - conversion of NOx
Exp 29 - conversion to N2O
Exp 29 - conversion to NO2

!
V$5;'&!9JT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!FgM!!
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CO, NO, NOx and C3H6 - Ignition curves Run 30

Average reactor temperature, Kelvin
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Exp 30 - CO conversion
Exp 30 - C3H6 conversion
Exp 30 - conversion of NOx
Exp 30 - conversion to N2O
Exp 30 - conversion to NO2

!
V$5;'&!9LT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!SGM!!
CO, NO, NOx and C3H6 - Ignition curves Run 31

Average reactor temperature, Kelvin
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Exp 31 - CO conversion
Exp 31 - C3H6 conversion
Exp 31 - conversion of NOx
Exp 31 - conversion to N2O
Exp 31 - conversion to NO2

!
V$5;'&!9RT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!SHM!!
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CO, NO, NOx and C3H6 - Ignition curves Run 32

Average reactor temperature, Kelvin
350 370 390 410 430 450 470 490 510 530
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Exp 32 - CO conversion
Exp 32 - C3H6 conversion
Exp 32 - conversion of NOx
Exp 32 - conversion to N2O
Exp 32 - conversion to NO2

!
V$5;'&!9UT!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!SFM!!
CO, NO, NOx and C3H6 - Ignition curves Run 33

Average reactor temperature, Kelvin
330 350 370 390 410 430 450 470 490 510 530 550
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Exp 33 - CO conversion
Exp 33 - C3H6 conversion
Exp 33 - conversion of NOx
Exp 33 - conversion to N2O
Exp 33 - conversion to NO2

!
V$5;'&!@ST!2.&.!03%*!,)-!)A&#1#;.&#)$I!%5A%-#1%$&!SSM !
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70/.&!9ST!!9011.-7!),!&=%!%5A%-#1%$&.+!#$#&#.+!')$'%$&-.&#)$3j!
 

@0$! 64!WAA1X! /-)A%$%!WAA1X!! Y4!WAA1X!

H! [FU! G! G!

F! HGUH! G! G!

S! FHF[! G! G!

i! G! FFi! G!

d! G! [[G! G!

g! G! Ug\! G!

HG! G! G! H\G!

HH! G! G! SGH!

HF! G! G! \gU!

HS! G! \[g! H\H!

H[! G! \[i! SG[!

H\! G! \[g! UG[!

Hi! \FG! Fi\! G!

Hd! HGGU! Fid! G!

Hg! Hgg[! FdH! G!

FS! \ig! \F[! HUU!

F[! igG! \FS! HUU!

FU! HFgU! \Hg! HUS!

Fi! H\[\! \FU! HU\!

Fd! FG\\! \FG! HU[!

Fg! \ii! FiH! SG\!

SG! dFS! iSH! SG\!

SH! HGii! igG! UGS!

SF! HU[g! idU! UGG!

SS! FHgi! idd! UGS!
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C<C< M&01)+'!N+4&.!

!

P=%-%! .-%! 3%K%-.+! 1.&=%1.&#'.+! 1)*%+! A)33#8#+#&#%3! &)! '=))3%! ,-)1! O=%$!

3#10+.&#$C! .! 1)$)+#&=! -%.'&)-M! _$! .! 3#$C+%! '=.$$%+! 1)*%+I! .++! ),! &=%! 1)$)+#&=!

'=.$$%+3!.-%!.3301%*!&)!8%=.K%!#$!&=%!3.1%!O.7I!.$*!=%$'%!.!3#$C+%!'=.$$%+!#3!

.3301%*! &)! -%A-%3%$&! &=%! %$&#-%!1)$)+#&=! -%.'&)-M!N=%$!1)*%++#$C! &=%! 3#$C+%!

'=.$$%+I! #&! #3! .+3)! $%'%33.-7! &)! '=))3%! O=%&=%-! )-! $)&! .! =%&%-)C%$%)03! )-! .!

=)1)C%$%)03! 1)*%+! #3! 03%*M! _$! .! =%&%-)C%$%)03! 1)*%+I! &=%! ,+0#*! .$*! 3)+#*!

A=.3%3!.-%!1)*%++%*!3%A.-.&%+7I!.$*!.-%!')0A+%*!03#$C!&=%!.AA-)A-#.&%!=%.&!.$*!

1.33!&-.$3,%-!')%,,#'#%$&3M! _$!.!A3%0*)^=)1)C%$%)03!1)*%+! &=%!,+0#*!.$*!3)+#*!

')$'%$&-.&#)$3!.-%!.3301%*!&)!8%!&=%!3.1%I!.$*!&=%!C.3!A=.3%!')$'%$&-.&#)$3!

.-%! 03%*! #$! &=%!1)*%+M! >#$.++7I! &=%! *#,,03#)$! #$! &=%! '.&.+7&#'!O.3=').&!1.7! 8%!

3#C$#,#'.$&M!T)O%K%-I!1)*%++#$C!&=%!O.3=').&!-%B0#-%3!.!+.-C%!%5A%$3%!#$!&%-13!

),! ')1A0&%-! -%3)0-'%3M! P=%!)K%--#*#$C! -%B0#-%1%$&! ,)-!*)#$C! &=#3!)A&#1#;.&#)$!

3&0*7!O.3!&=.&!&=%!1)*%+!e3#10+.&)-f!%5%'0&%3!%5&-%1%+7!B0#'R+7I!.$*!&=%-%,)-%!

&=%!3#1A+%3&!1)*%+I!')$3#3&%$&!O#&=!)8&.#$#$C!03%,0+!#$,)-1.&#)$I!O.3!3%+%'&%*M!

P=%! -%.'&)-! 1)*%+! '=)3%$! O.3! .! )$%! *#1%$3#)$.+! A3%0*)^=)1)C%$%)03!

3&%.*7!3&.&%!A+0C!,+)O!1)*%+M!4$+7!&=%!.AA-)A-#.&%!1.33!')$3%-K.&#)$!%B0.&#)$3!

.-%! 3)+K%*I!.$*!$)&! &=%!%$%-C7!8.+.$'%M!P=%! -%.'&)-! &%1A%-.&0-%!.&!%.'=! &#1%!

3&%A! #3! #1A)3%*! 8.3%*! )$! &=%! %5A%-#1%$&.+! A-),#+%3! 1%.30-%*! *0-#$C! &=%!

%5A%-#1%$&3M!_&!#3!$)&!A)33#8+%!&)!#$'+0*%!&=%!%$%-C7!8.+.$'%I!8%'.03%!&=%!-%.'&)-!

#3!$)&!.*#.8.&#'!.$*! &=%! -.&%3!),!=%.&! &-.$3,%-! &)!.$*! ,-)1!&=%! -%.'&)-!.-%!$)&!

R$)O$M!9#$'%! &=%! &%1A%-.&0-%!.+)$C! &=%!'%$&-%! +#$%!),! &=%! -%.'&)-! #3!R$)O$!.&!

,)0-! +)'.&#)$3I! &=%! 3#10+.&)-! 03%3! &=%3%! ,)0-! &%1A%-.&0-%3! &)! #1A)3%! .!
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*.&.!A)#$&3!O%-%!)8&.#$%*!87!+#$%.-!#$&%-A)+.&#)$M!!

DK%$!&=)0C=!&=%!%5A%-#1%$&3!.-%! &-.$3#%$&I! #&! #3!.''%A&.8+%! &)!03%!.!3&%.*7!
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')--%3A)$*#$C!&)!&=%!A-%^%5A)$%$&#.+!,.'&)-!.$*!&=%!.'&#K.&#)$!%$%-C7M!!

<++!A.-.1%&%-3!=.*!&=%!C%$%-.+!<--=%$#03!,)-1j!

!

expi
g

Ek A
R T

! "#= $ %$ %& '
  e[MHf 

!

P)!-%*0'%!&=%!-.$C%!),!&=%!A.-.1%&%-3I!&=%!)A&#1#;.&#)$!O.3!A%-,)-1%*!)$!

&=%!,)++)O#$C!K%-3#)$!),!&=%!<--=%$#03!%B0.&#)$j!

!

1 1
exp

450i
g

Ek A
R T

! "# $ %&= # #' () *' (+ ,- .
  e[MFf 



38 
 

!

N-#&#$C! &=%! %B0.&#)$! #$! &=#3!O.7! -%*0'%3! &=%! %,,%'&#K%! 3%.-'=! -.$C%! ),! &=%!

)A&#1#;%-I! .$*! &=03! 1.R%3! &=%! 3)+0&#)$! 1)-%! 3&.8+%! .$*! 1)-%! -.A#*M!

Y)&O#&=3&.$*#$C! &=%! %B0.&#)$! 03%*I! &=%! K.+0%3! ),! &=%! A-%^%5A)$%$&#.+! ,.'&)-!

-%A)-&%*!#$!&=%!.++!),!&=%!-%30+&3!')--%3A)$*3!&)!&=%!%B0.&#)$j!

!

1 1
exp

450i
g

Ek A
R T

! "# $ %&&= #' () *' (+ ,- .
  (4.3) 

!

P=%!1)*%++#$C!3&0*7!O.3!A%-,)-1%*!A#%'%O#3%M!P=.&! #3I!&=%!1)*%+#$C!),!&=%!

#$*#K#*0.+! 3A%'#%3! .$*! &=%! ')18#$.&#)$3! ),! &O)! -%.'&.$&3! O.3! 3&0*#%*! ,#-3&I!

,)++)O%*!87!.!3&0*7!),! &=%!')1A+%&%!1#5&0-%M!P=#3!.AA-).'=!O.3! ,%+&! &)!),,%-!.!

8%&&%-! 1)*%+! *#3'-#1#$.&#)$! )AA)-&0$#&7I! .$*! .+3)! .++)O%*! &=%! %K.+0.&#)$! ),!

3)1%!')11)$!#*%.3!,)0$*!#$!&=%!+#&%-.&0-%M!!

!

F<@< N+4&.(!0#4!M&(;.)(!

F<@<9< 7>&!+H$40)$+#!+,!8A!0#4!8CXJ!!
 

4$%! ),! &=%! %.-+#%3&! A.A%-3! &=.&! -%A)-&%*! )$! R#$%&#'! 1)*%+3! ,)-! '.&.+7&#'!

')$K%-&%-3! #3! &=%!'+.33#'.+!O)-R!),!V)+&;!%&!.+MI!O=#'=!.AA%.-%*! #$!HgiS!W[XM!P=%!

1)*%+!=.3!8%%$!.*)A&%*!.$*!.*.A&%*!87!1.$7!#$K%3&#C.&)-3! #$!&=%!.0&)1)&#K%!

'.&.+7&#'!')$K%-&%-!O)-+*I!O#&=!1.$7!'=.$C%3!.$*!308&+%!K.-#.&#)$3M! _&!=.3!8%%$!

%5&%$*%*!&)!&=-%%^O.7!'.&.+73#3!O#&=!%5&%$3#K%!1)*#,#'.&#)$3M!<3!),!<0C03&!FGHHI!

&=%! )-#C#$.+! A.A%-! =.*! F\g! '#&.&#)$3! e8.3%*! )$! #$,)-1.&#)$! )8&.#$%*! ,-)1! &=%!

N%8! ),! 9'#%$'%fI! .+&=)0C=!1.$7! ),! &=%3%! =.K%! -%,%--%*! &)! &=%!1)*%+! )$+7! #$!

A.33#$CM! P=#3! 1)*%+! O.3! #$&%$*%*! ,)-! &=%! )5#*.&#)$! ),! 64! .$*! 6STU! #$! &=%!

A-%3%$'%! )-! .83%$'%! ),! Y4M! Y4! O.3! ')$3#*%-%*! &)! 8%! .$! .*3)-8#$C! 80&! $)$^

-%.'&#$C! 3A%'#%3M!T7*-)C%$! #3! A-%3%$&! 80&! $)&! 3A%'#,#'.++7!1)*%++%*M! P=%! C+)8.+!

-%.'&#)$3!,)-!&=%!)5#*.&#)$!),!-%.'&#)$3!.-%j!



39 
 

!

 

CO +
1

2
O

2
! CO

2
! ! e[M[f!

3 6 2 2 2
9C H O 3CO 3H O
2

+ ! + ! ! e[M\f!

 

2 2 2
1H O H O
2

+ ! ! ! e[MUf!

!

P=%!'.&.+7&#'.++7!.'&#K%!#$C-%*#%$&!O.3!A+.&#$01!.$*!8)&=!'.&.+73&!A%++%&3!.$*!

&7A#'.+! '-03=%*! 1)$)+#&=! 3.1A+%3! O%-%! ')1A.-%*M! <+3)I! 8)&=! 37$&=%3#3! C.3!

1#5&0-%3! .$*! -%.+! %5=.03&! C.3! O%-%! 03%*M! <3! 1%$&#)$%*! .8)K%I! Y4! O.3!

')$3#*%-%*!&)!8%!$)$^-%.'&#$CM!P=%!')$'%$&-.&#)$3!-.$!&)!-%+.&#K%+7!=#C=!+%K%+3!),!

64!.$*!6STU!I!O#&=!0A!&)!iGGG!AA1!64I!dGG!AA1!6STU!.$*!\GG!AA1!Y4M!457C%$!

O.3! K.-#%*! ,-)1! Sl! &)! HGlM! Z)&=! 64! .$*! 6STU! O%-%! )83%-K%*! &)! #$=#8#&! &=%!

-%.'&#)$I!.3!O%++!.3!Y4M!

P=%!8.3#'!1)*%+!,)-!&=%!3#10+&.$%)03!)5#*.&#)$!),!64!.$*!6STU!#3!8.3%*!)$!.!

L.$C10#-^T#$3=%+O))*!&7A%!1%'=.$#31!O#&=!&=%!30-,.'%!-%.'&#)$!8%&O%%$!&O)!

.*3)-8%*! 3A%'#%3! 8%#$C! &=%! -.&%! *%&%-1#$#$C! 3&%AM! P=%! -.&%! O.3! %5A-%33%*! #$!

&%-13!),!1)+%! ,-.'&#)$3! e)-! .! K.-#.$&! &=%-%),fM! P=03!O%! '.$! ')$3#*%-! &=%! 8.3#'!

R#$%&#'!1)*%+!.3j!

( ) 21 CO O
CO

I

k Y Y
R

R
! = ! ! e[Mif!

.$*j!

( ) 3 6 2
3 6

3 C H O
C H

I

k Y Y
R

R
! = ! ! e[Mdf!

_$!&=%3%!%B0.&#)$3!?_!#3!&=%!.*3)-A&#)$!#$=#8#&#)$!&%-1I!C#K%$!87j!

!

( )3 6

2
I 5 CO 6 C H1R K Y K Y= + + ! ! e[Mgf!!



40 
 

P=#3!1)*%+!O.3! -%A)-&%*! &)!C#K%!.! -%.3)$.8+%! ,#&! &)! &=%!%5A%-#1%$&.+!*.&.I!

%5'%A&! .&! =#C=%-! ')$'%$&-.&#)$3! ),! 64! .$*! 6STUI! .$*! ,)-! &=#3! +.&&%-! 3#&0.&#)$!

.$)&=%-!&%-1!O.3!.**%*!&)!&=%!*%$)1#$.&)-I!&)!C#K%j!

!

( ) ( )3 6 3 6

2 2
I 5 CO 6 C H 7 CO C H1 1R K Y K Y K Y Y! "= + + +# $% &

! e[MHGf!

!

<! &%-1! ,)-!Y4! #$=#8#&#)$!O.3!.**%*I! .$*! a03&#,#%*! #$! &%-13!),!Y4!8%#$C!.$!

.*3)-8%*!$)$^-%.'&#$C!3A%'#%3M!P=%!,#$.+!#$=#8#&#)$!&%-1!-%A)-&%*!#3!&=03j!

!

( ) ( ) ( )( )3 6 3 6

2 2 0.7
NOI 5 CO 6 C H 7 CO C H 81 1 1 YR K Y K Y K Y Y K! "= + + + +# $% & !

e[MHHf!

!

P=#3!1)*%+!O.3! -%A)-&%*! &)! C#K%! .! C))*! ')--%+.&#)$!O#&=! &=%! %5A%-#1%$&.+!

*.&.! ,)-! 8)&=! 37$&=%3#3! C.3! 1#5&0-%3! .$*! -%.+! %5=.03&I! .$*! .+3)! ,)-! 8)&=! &=%!

'.&.+73&!A%++%&3!.$*!&=%!'-03=%*!1)$)+#&=M!_$!&=%!+.&&%-!'.3%I!&=%!A-%^%5A)$%$&#.+!

,.'&)-!O.3!.*a03&%*!&)!.'')0$&!,)-!&=%!'=.$C%!#$!&=%!$018%-!),!.'&#K%!3#&%3M!

9#$'%!#&3!A08+#'.&#)$I!&=%!V)+&;!1)*%+!WHX!=.3!8%%$!03%*!87!1.$7!O)-R%-3M!<!

')11)$!A-.'&#'%! #3!&)!03%!&=%!.*3)-A&#)$!A.-.1%&%-3I!.$*!),&%$!&=%!.'&#K.&#)$!

%$%-C#%3I! -%A)-&%*!87!V)+&;!.$*! &)!.*a03&! &=%!A-%^%5A)$%$&#.+! ,.'&)-3! &)! ,#&! &=%!

%5A%-#1%$&.+! *.&.M! P=%! A.-.1%&%-! K.+0%3! ,-)1! V)+&;I! .*a03&%*! 3)! &=.&! .++!

')$'%$&-.&#)$3! .-%! %5A-%33%*! #$! 1)+%! ,-.'&#)$3I! .$*! *#3-%C.-*#$C! &=%! A-%^

%5A)$%$&#.+!,.'&)-3!,)-!&=%!R#$%&#'!&%-13I!.-%j!

!

1 1
104387

exp
g

k A R T
!" #

= $ %
& '

! e[MHFf!

 

3 3
121015

exp
g

k A R T
!" #

= $ %
& '

 !!e[MHSf 

!



41 
 

Y)&%! &=.&! &=%! C.3! ')$3&.$&! #3! dMSH[! ]he1)+u"fI! .$*! &=%! .'&#K.&#)$! %$%-C#%3!

=.K%!0$#&3!),! ]h1)+M!P=%!0$#&3!),! &=%!A-%^%5A)$%$&#.+! ,.'&)-!O#++!*%A%$*!)$!&=%!

8.3#3!&=.&!#3!03%*!&)!*%-#K%!&=%1I!.$*!&=%!K.+0%3!.+3)!*%A%$*!)$!&=%!/&!+).*#$C!

.$*!*#3A%-3#)$M!P=%!)-#C#$.+!.*3)-A&#)$!')$3&.$&3!.-%j!

!

5
7990

65.5 exp
g

K R T
! "

= # $
% &

!!!!!!!!!! e[MH[f!

!

6
3001

2080 exp
g

K R T
! "

= # $
% &

! e[MH\f!

!

7
96534

3.98exp
g

K R T
! "

= # $
% &

! e[MHUf!

!

5
8

31036
4.79 10 exp

g
K R T

!" #
= $ % &

' (
! e[MHif!

 
<3!$)&%*I!1.$7!=.K%!03%*!&=%!V)+&;!1)*%+M!_&!#3!#$&%-%3&#$C!&)!*#3'033!.!,%O!
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CO Simultaneous Tests varying 1 Parameter
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CO Simultaneous Tests varying 2 Parameters
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CO Simultaneous Tests varying 4 Parameters
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<! 3#1#+.-! 3%&! ),! &%3&3! O.3! ')$*0'&%*! .3! 03%*! ,)-! &=%! )A&#1#;.&#)$! ),!

%5A%-#1%$&3!HI! F! .$*!SM! P=.&! #3I! &=%!1)*%+!O.3!)A&#1#;%*!87! K.-7#$C!)$+7!)$%!

.$*!&=%$!&O)!A.-.1%&%-3M!!P=%!-%30+&!O.3!K%-7!3#1#+.-!&)!&=.&!)83%-K%*!O#&=!&=%!

64!)5#*.&#)$p!&=%-%,)-%!&=%!-%30+&3!.-%!$)&!3=)O$M!P=%!8%3&!-%30+&!)8&.#$%*!,)-!

&=%!3#10+&.$%)03!)A&#1#;.&#)$!),!&=%!&=-%%!%5A%-#1%$&3!O.3!.C.#$!,)0$*!O=%$!

)A&#1#;#$C! &=%! ,)0-! A.-.1%&%-3! &)C%&=%-M! P=%! A.-.1%&%-! K.+0%3! .-%! C#K%$! #$!

P.8+%! HU! .$*! &=%! '0-K%3! .-%! 3=)O$! #$! >#C0-%! F\M! _&! #3! 3%%$! &=.&! .! -%.3)$.8+%!

.C-%%1%$&!#3!.'=#%K%*M!!

!

70/.&!9JT!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!&=%!3#10+&.$%)03!1)*%++#$C!),!
6STU!%5A%-#1%$&3!
 

/.-.1%&%-! D5A%-#1%$&!i! D5A%-#1%$&!d! D5A%-#1%$&!g!
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-%30+&3!,-)1!.!3#$C+%!)5#*.&#)$!-%.'&#)$!O%-%!)A&#1#;%*I!#&!O.3!A)33#8+%!&)!)8&.#$!

-%.3)$.8+%! ,#&3! &)! &=%! %5A%-#1%$&.+! *.&.M! P=%! $%5&! +)C#'.+! 3&%A! O.3! &=%$! &)!
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P=%! ,#-3&! &%3&! O.3! &)! 03%! &=%! K.+0%3! ),! &=%! A.-.1%&%-3! )8&.#$%*! ,)-! &=%!

#$*#K#*0.+!%5A%-#1%$&3!,)-!64!.$*!6STU!.$*!&)!3%%!#,!&=%7!O)0+*!,#&!&=%!-%30+&3!),!

&=%!')18#$%*!-0$3M!P=03I!&=%!K.+0%3!),!:K=*-K=*:D=*-D=*ML=*CL=*MN!.$**CN!O%-%!,#5%*!

&)! &=%! K.+0%3! )8&.#$%*! O=%$! &=%! 64! .$*! 6STU! )5#*.&#)$! %5A%-#1%$&3! O%-%!

)A&#1#;%*!A-%K#)03+7I!.$*I! #$!&=%!,#-3&! #$3&.$'%I!&=%!K.+0%!),!!O*O.3!3%&!&)!;%-)M!!

P=#3! &%3&!O.3!A%-,)-1%*!8%'.03%!V)+&;! %&! .+M! WHX!=.*!A)3&0+.&%*! &=.&! &=#3! &%-1!

O.3! )$+7! $%%*%*! .&! =#C=! ')$'%$&-.&#)$3M! P=%-%,)-%I! &=%-%! .-%! $)! ,0-&=%-!

A.-.1%&%-3!&)!,#&M!P=%!-%30+&3!.-%!3=)O$!#$!>#C0-%!FU!,)-!&=%!64!)5#*.&#)$!.$*!#$!

>#C0-%!Fi! ,)-! &=%!6STU!)5#*.&#)$M! P=%!A-%*#'&#)$3!03#$C! &=%3%!A.-.1%&%-3!O%-%!

$)&! 3.&#3,.'&)-7! .&! .++p! #$*%%*I! &=%! +#C=&^),,! ,)-! 6STU! )''0--%*! %.-+#%-! &=.$! &=%!

+#C=&^),,!,)-!64M!P=%!&)&.+!-%3#*0.+!O.3![d\SM!<3!.!3%')$*!3&%AI!&=%!A.-.1%&%-3!#$!

')$3&.$&!!O!O%-%! &=%$! 3%&! &)! &=%! K.+0%3!B0)&%*!87!V)+&;! WHXM! P=%3%! -%30+&3! .-%!

3=)O$!#$!>#C0-%3!Fd!.$*!FgM!<+&=)0C=!&=%!-%3#*0.+!#1A-)K%*I!#&!)$+7!*%'-%.3%*!&)!

FiFUM! >#$.++7I! &=%! A.-.1%&%-3! #$! ')$3&.$&!!O!O%-%! .++)O%*! &)! K.-7M! P=%! +)O%3&!

.'=#%K.8+%!-%3#*0.+!O.3!F\HdI!O=#'=!O.3!3&#++!0$3.&#3,.'&)-7M!P=%3%! ,#$.+! -%30+&3!

.-%!3=)O$!#$!>#C0-%3!SG!.$*!SHM!!

! <&! &=#3!A)#$&!.! ,%O!)83%-K.&#)$3!.-%!O.--.$&%*M! _,! &=%!1)*%+! #3!1%'=.$#3&#'!

1%.$#$C,0+!.$*!')--%'&I!&=%$!#&!3=)0+*!8%!A)33#8+%!&)!80#+*!&=%!,#$.+!1)*%+!03#$C!

.!3%&!),!%5A%-#1%$&3!03#$C!#$*#K#*0.+!-%.'&#)$3M!P=%!,.'&!&=.&!&=#3!#3!$)&!A)33#8+%!

=%-%! *)%3! $)&! $%'%33.-#+7! #$K.+#*.&%! &=%! .AA-).'=I! .+&=)0C=! #&! *)%3! A)#$&! &)!

3)1%! O%.R$%33%3M! 20-#$C! &=%! )A&#1#;.&#)$! ),! &=%! #$*#K#*0.+! -%.'&#)$3I! #&! O.3!

)83%-K%*! &=.&! &=%-%! O%-%! 3%K%-.+! 3%&3! ),! A.-.1%&%-3! &=.&! O)0+*! C#K%! 3#1#+.-!

-%3#*0.+!K.+0%3I!.$*!&=%-%,)-%!O%!')0+*!')$'+0*%!&=.&!&=-%%!%5A%-#1%$&3!.-%!$)&!

30,,#'#%$&! &)! *%&%-1#$%! &=%! 8%3&! 3%&! ),! A.-.1%&%-3! )K%-! .++! -.$C%3M! <$)&=%-!

A)33#8#+#&7!#3!&=.&!&=%-%!.-%!.**#&#)$.+!#$&%-.'&#)$3!8%&O%%$!64!.$*!6STU!&=.&!.-%!

$)&!.'')0$&%*!,)-!#$!&=%!1)*%+M!!
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Z%'.03%! &=%!A-%K#)03+7! ,)0$*!A.-.1%&%-3! .-%!$)&! 3.&#3,.'&)-7I! &=%!$%5&!

3&%A!O.3!&)!)A&#1#;%!&=%!&=-%%!%5A%-#1%$&3!eHi!t!Hgf!.$*!.++)O#$C!.++!),!&=%!

A.-.1%&%-3!&)!K.-7M!_$!&=%!,#-3&!#$3&.$'%I!&=%!A.-.1%&%-3*:K=*-K=*:D=*-D=*ML=*CL=*

MN!.$**CN!O%-%!.*a03&%*M!P=-%%!&%3&3!O%-%!A%-,)-1%*M!_$!&=%!,#-3&!&=%!K.+0%!),!

!O!O.3!3%&!&)!;%-)I!#$!&=%!3%')$*!&=%!K.+0%!O.3!3%&!&)!&=%!K.+0%3!-%A)-&%*!87!

V)+&;!e9V/fWHXI!.$*!,#$.++7!#&!O.3!.++)O%*!&)!,#$*!&=%!)A&#1.+!K.+0%I!&=03!C#K#$C!

&%$!A.-.1%&%-3!&)!,#&M!<++!),!&=%!A.-.1%&%-!K.+0%3!.$*!-%3#*0.+3!.-%!C#K%$!#$!

P.8+%!HiM!P=%!C-.A=3!.-%!3=)O$!#$!>#C0-%3!SF!.$*!SSI!S[!.$*!S\I!.$*!SU!.$*!

Si!-%3A%'&#K%+7M!!!

70/.&!9LT!V.+0%!),! &=%!A.-.1%&%-3!.$*!-%3#*0.+3! &=%!3#10+&.$%)03!1)*%+#$C!),!
64!.$*!6STU!1#5&0-%!O=%$!!i!#3!3%&!&)!;%-)!.$*!9V/!K.+0%3I!.$*!,#$.++7!#3!.++)O%*!
&)!.*a03&!
 
/.-.1%&%-! "O!v!;%-)! "O!v!9V/! "O!v!)A&#1#3%*!

! Hi! Hd! Hg! Hi! Hd! Hg! Hi! Hd! Hg!

JK* :K* HIgG\IdUHI\[g!! SHUI[FUIGHH! HISS[ISSUI[gd!

-K* gFIFFG! USIU\g!! dFI[HG!

JD* :D* HIG[GIi[FIF\S! F\gIdgdIG\g! HIGg\IgUSIdG\!

-D* HGGIFFi! idISSU!! HGFIgHS!!

!L* ML* FIg\d! dUF! FI[SH!

CL* ^UIUHd! ^UIU[g! ^dIg[d!

!N* MN* i\g! \i\! HIGUi!

CN* ^iIiSF! ^gISi[! ^UIiU[!

!O* MO* H! UMSgDwHH! HFiIgHGIgSGIGg[!

CO* G! ^gUI\S[! ^i\IUF[!

@%3#*0.+! SS! [i! HGH! [G! S\! gF! [G! S\! gF!

P)&.+!
-%3#*0.+!

HdH! FFU! HUi!
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_&!#3!3%%$!&=.&!&=%!8%3&!-%30+&!#3!)8&.#$%*!O=%$!!i!#3!#$'+0*%*!.$*!.*a03&%*M!

P=#3! -%30+&! #3! $)&! 30-A-#3#$CI! 8%'.03%! .**#&#)$.+! A.-.1%&%-3! 3=)0+*! -%30+&! #$! .!

8%&&%-!,#&M!P=%!#$&%-%3&#$C!A)#$&!#3!&=.&!&=%!-%30+&!O=%$!!i!#3!$)&!03%*!#3!30A%-#)-!

&)!&=.&!O=%$!#&!#3!#$'+0*%*!O#&=!&=%!3&.$*.-*!V)+&;!K.+0%3!WHXM!!

<3! $)&%*! %.-+#%-I! &=%! A.-.1%&%-3! )8&.#$%*! O=%$! ,#&&#$C! &=%! 64! .$*! 6STU!

)5#*.&#)$! %5A%-#1%$&3! eH^SI! .$*! i^gf! *#*! $)&! C#K%! .! C))*! 3)+0&#)$! ,)-! &=%!

)A&#1#;.&#)$! ),! &=%! ')18#$%*! )5#*.&#)$! %5A%-#1%$&3I! %5A%-#1%$&3! Hi^HgM!

9#1#+.-+7I! O=%$! &=%! A.-.1%&%-3! ,-)1! &=%! )A&#1#;.&#)$! ),! %5A%-#1%$&3! Hi^Hg!

O%-%!03%*! &)!A-%*#'&! &=%! -%30+&3!),!%5A%-#1%$&3!HI!FI!SI!iI!d!.$*!gI! &=%! -%30+&3!

O%-%! .+3)! $)&! K%-7! C))*M! P=%-%,)-%I! .++! $#$%! %5A%-#1%$&3! O%-%! )A&#1#;%*!

&)C%&=%-I! O=#+3&! ,#&&#$C! &=%! &%$! A.-.1%&%-3M! P=%! 8%3&! A.-.1%&%-3! .-%! C#K%$! #$!

P.8+%!HdI!.$*!&=%!C-.A=3!#$!>#C0-%3!Sd!&)![HM!

<+&=)0C=!&=%!-%3#*0.+!#3!'+%.-+7!=#C=%-!87!.!$)&#'%.8+%!.1)0$&I!&=%!,#&3!),!&=%!

1)*%+!.-%!3&#++!-%.3)$.8+%M!

! !
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70/.&!9RT!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!&=%!3#10+&.$%)03!1)*%+#$C!),!
.++!g!%5A%-#1%$&3!),!64I!6STU!.$*!&=%#-!1#5&0-%I!K.-7#$C!.++!HG!A.-.1%&%-3!
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Hg!

JK* :K* H[IFU\IS\gIHi[!

-K* dgIUUS!

JD* :D* SIFgSIii[I[iF!

-D* UFIUS[!

!L* ML* [IGGG!

CL* ^gIggU!

!N* MN* HgI[gg!

CN* ^FIGHi!
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.$*!&=%#-!1#5&0-%!,)-!()*%+!6\.!
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N+4&.!8P/!
C5b C3H6 - Ignition curves Runs 7, 8, 9 Di Opt R7-15
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 Model C5b All NO& C3H6
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70/.&!CLT!V.+0%!),! &=%!A.-.1%&%-3!.$*!-%3#*0.+3! ,)-! &=%!1)*%++#$C!),!Y4I!6STU!
.$*!&=%#-!1#5&0-%!,)-!()*%+!6\8!
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&=%!1)*%+3!&=.&!3=)O!8%&&%-!-%30+&3!.-%!1)*%+!6H.!e-%3#*0.+!K.+0%!),!HI\Hgf!.$*!

1)*%+! 6H8! e-%3#*0.+! K.+0%! ),! HI\FSf! #$! A+)&3! .$*! $018%-3M! P=)3%! 8%3&! -%30+&3!

O%-%!,)++)O%*!87!1)*%+3!6[8!.$*!6\8I!O#&=!.!&)&.+!-%3#*0.+!K.+0%!),!FI[[S!.$*!

FIUdG!-%3A%'&#K%+7M!Y)$%!),!&=%!A.-.1%&%-!3%&3!O.3!-%.++7!3.&#3,.'&)-7M!

  



109 
 

F<@<C< 7>&!+H$40)$+#!+,!8A_!8CXJ!0#4![A!1+6/$#&4!
!

P=%! ,#$.+! '=.++%$C%! O.3! &)! ,#&! &=%! %5A%-#1%$&3! &=.&! #$'+0*%*! .++! ),! &=%!

-%.'&.$&3M! P=%-%!O%-%! HG! %5A%-#1%$&3! 03%*! ,-)1! &=%! 3%&! ')1A-#3#$C! FS! &)! SSM!

Z.3%*!)$! &=%! -%30+&3! ,)0$*! ,)-! &=%!1)*%+3! #$! &=%!Y4!.$*!6STU!)A&#1#;.&#)$I! #&!

O.3!*%&%-1#$%*!&)!&%3&!1)*%+3!6H8I!6[8!.$*!6\8!,)-!&=%!-0$3!FS^SS!&=.&!#$K)+K%!

64I!6STU!.$*!Y4M!()*%+!6H8!O.3! #$'+0*%*!,)-!=#3&)-#'.+! -%.3)$3I! #$!&=.&! #&!O.3!

&=%!)$%!03%*!87!/.$*7.WFXM!

!

N+4&.!89/!

<3!O%!=.*!3%%$!O#&=!%.-+#%-!)A&#1#;.&#)$!-0$3I!.$7!1)*%+!O.3!C%$%-.++7!.8+%!

&)! ,#-! .! 3#$C+%! %5A%-#1%$&M! >)-! #++03&-.&#)$! A0-A)3%3I! &=%! -%30+&! ),! )A&#1#;#$C!

%5A%-#1%$&!FS!03#$C!()*%+!6H8!#3!3=)O$!#$!>#C0-%!iHM! _&! #3!3%%$!&=.&!&=%-%! #3!.!

C))*!1.&'=!)8&.#$%*M!P=%!A.-.1%&%-!K.+0%3!.-%!C#K%$!#$!P.8+%!SdM!

!
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70/.&!CRT!V.+0%!),!&=%!A.-.1%&%-3!.$*!&)&.+!-%3#*0.+!,)-!&=%!1)*%++#$C!),!64I!
6STU!.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!)$+7!)$%!%5A%-#1%$&!,)-!()*%+!6H8!
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D5A%-#1%$&3!FS^Fd!.++!=.*!&=%!3.1%!#$+%&!')$'%$&-.&#)$!),!Y4!.$*!6STUI!O#&=!

)$+7! &=%! 64! ')$'%$&-.&#)$! '=.$C#$CM! P=%3%! %5A%-#1%$&3! O%-%! )A&#1#;%*!

&)C%&=%-I! .$*! &=%! -%30+&#$C! '0-K%3!.-%! 3=)O$! #$!>#C0-%!iFI!O#&=! &=%!A.-.1%&%-!

K.+0%3! 8%#$C! C#K%$! #$! P.8+%! SgM! P=%! .C-%%1%$&! 8%&O%%$! &=%! 1)*%+! .$*!

%5A%-#1%$&3!#3!K%-7!C))*!#$!&=#3!'.3%M!
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Model C1b All NO, CO & C3H6
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Model C1b All NO, CO & C3H6
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!

70/.&!CUT!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!,)-!&=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6H8!
!

!

/.-.1%&%-! D5A!FS! D5A!F[! D5A!FU! D5A!Fi! D5A!Fd!

JK* :K* SFdISd\IgGG!

-K* \GI\\U!

JV* :V* \UG!

-V* G!

JD* :D* UgIidFIgSH!

-D* iiIH[g!

JS* :S* FIHUgI[d[!

-S* gdIUSS!

!L* ML* S\F!

CL* ^FIdS\!

!N* MN* HISUS!

** CN* ^FIGGd!

!T* MT* UId[d!

** CT* ^HISdS!

!W* MW* GM[G!

** CW* HUGIHGi!

!KU* MKU* gS!

CKU* ^\HIdHS!

JKK* :KK* FIHSU!

-KK* G!

@%3#*0.+! \G! [[! Ud! Ui! gS!

P)&.+!
-%3#*0.+!

SFH!

!
! !



113 
 

D5A%-#1%$&3!Fg!t!SS!=.K%!1)-%!K.-#.&#)$!#$!.++!),!&=%!-%.'&.$&3M!N=%$!&=%3%!

,#K%! %5A%-#1%$&3! O%-%! )A&#1#;%*! &)C%&=%-! &=%! ,#&! O.3! )83%-K%*! &)! 8%! +%33!

3.&#3,.'&)-7M!P=%!C-.A=3!.-%!3=)O$!#$!>#C0-%!iSI!.$*!&=%!A.-.1%&%-3!#$!P.8+%![GM!

!
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70/.&!FST!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!,)-!&=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6H8!
!
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P=%! ,#$.+! 3&%A! ,)-! ()*%+! 6H8! O.3! #3! &)! )A&#1#;%! .++! HG! %5A%-#1%$&3!

3#10+&.$%)03+7M!P=%!-%30+&3!.-%!3=)O$!#$!>#C0-%3!i[!.$*!i\I!.$*!&=%!A.-.1%&%-3!

.-%!C#K%$!#$!P.8+%![HM!

!
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Model C1b All NO, CO & C3H6
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!

70/.&!F9T!V.+0%!),! &=%!A.-.1%&%-3!.$*! -%3#*0.+3! ,)-! &=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!.++! HG!%5A%-#1%$&3! 3#10+&.$%)03+7! ,)-!()*%+!
6H8!
!
!

/.-.1%&%-!
D5A!
FS!

D5A!
F[!

D5A!
FU!

D5A!
Fi!

D5A!
Fd!

D5A!
Fg!

D5A!
SG!

D5A!
SH!

D5A!
SF!

D5A!
SS!

JK* :K* Hi[IgHSIHFd!

-K* \dIdF\!

JV* :V* [FF!

-V* G!

JD* :D* SHIG\gIGF\!

-D* U[IF\d!

JS* :S* HIUi\Iigd!

-S* iGIHid!

!L* ML* i[!

CL* ^SIHgS!

!N* MN* iS[!

** CN* ^FIGGG!

!T* MT* [I\HH!

** CT* ^HIS\g!

!W* MW* GM[i!

** CW* HG\IS[H!

!KU* MKU* \G!

CKU* ^\\I[Sd!

JKK* :KK* HIUFg!

-KK* G!

@%3#*0.+! H\g! H[U! HUd! HU\! HHi! S\H! [SG! UUd! SdH! [H[!
P)&.+!

-%3#*0.+!
FIggg!

!
!



118 
 

N+4&.!8F/!

P=%!3.1%!A-)'%*0-%!O.3!,)++)O%*!,)-!()*%+!6[8M!P=%!-%30+&3!)8&.#$%*!,-)1!

&=%!)A&#1#;.&#)$!),!%5A%-#1%$&3!FS!t!Fd!.-%!3=)O$!#$!>#C0-%!iUI!O#&=!&=%!

A.-.1%&%-3!#$!P.8+%![FM!P=%!-%30+&3!,)-!&=%!)A&#1#;.&#)$!),!%5A%-#1%$&3!Fg!t!SS!

.-%!3=)O$!#$!>#C0-%!iiI!O#&=!&=%!A.-.1%&%-3!C#K%$!#$!P.8+%![SM!

! Model C4b All NO, CO & C3H6
Plot F

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 23

 
Model C4b All NO, CO & C3H6

Plot F

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 24

 

Model C4b All NO, CO & C3H6
Plot F

Average Temperature (K)
360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 26

 
Model C4b All NO, CO & C3H6

Plot F

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 27

 

Model C4b All NO, CO & C3H6
Plot F

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 28

!
!

!

V$5;'&!LJT!4A&#1#;.&#)$!),!D5A!FS^Fd!3#10+&.$%)03+7!,)-!()*%+!6[8M!
!

! !

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



119 
 

!

!

70/.&!F@T!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!,)-!&=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6[8!
!

/.-.1%&%-! D5A!FS! D5A!F[! D5A!FU! D5A!Fi! D5A!Fd!
JK* :K* [iIGdUIU[U!

-K* \GIGGG!

JV* :V* \[U!

-V* G!

JD* :D* FGI\SUIFG\!

-D* HHGI\iH!

JS* :S* HgI[Hd!

-S* HGGIGGG!

!L* ML* HSd!

CL* ^FIGGG!
!N* MN* HMU\!

** CN* ^FIiGg!

!T* MT* SMHS!

** CT* ^HSIFFd!

!W* MW* GMFd!

** CW* Hg\IdiS!

!KU* MKU* HIgUS!

CKU* ^UGIGGG!

JKK* :KK* FIHFH!

-KK* G!

@%3#*0.+! US! [S! Sd! SS! Sg!
P)&.+!-%3#*0.+! FH[!

!
!
! !



120 
 

!
!
!
! Model C4b All NO, CO & C3H6

Plot G

Average Temperature (K)
360 380 400 420 440 460 480 500 520

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 29

!
Model C4b All NO, CO & C3H6

Plot G

Average Temperature (K)
350 370 390 410 430 450 470 490 510

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 30

!

Model C4b All NO, CO & C3H6
Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 31

!
Model C4b All NO, CO & C3H6

Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 32

!

Model C4b All NO, CO & C3H6
Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530 550

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 33

!
!

V$5;'&!LLT!4A&#1#;.&#)$!),!D5A!Fg^SS!3#10+&.$%)03+7!,)-!()*%+!6[8M!
!
!
!

!

! !

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



121 
 

!

!

!

!

70/.&!FCT!V.+0%!),! &=%!A.-.1%&%-3!.$*! -%3#*0.+3! ,)-! &=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6[8!
!

/.-.1%&%-! D5A!Fg! D5A!SG! D5A!SH! D5A!SF! D5A!SS!
JK* :K* [d[I[SiIggS!

-K* dgId\H!

JV* :V* [i\!

-V* G!

JD* :D* FGI\SUIFG\!

-D* UGISFi!

JS* :S* FHIHUS!

-S* HGGIGGG!

!L* ML* HMdH!

CL* ^UIHiF!

!N* MN* \[d!

** CN* ^FIHH\!

!T* MT* \ISFS!
** CT* ^HIHiF!

!W* MW* GMHF!

** CW* HH\IHHH!

!KU* MKU* HIgUS!

CKU* ^[HI[GH!

JKK* :KK* HI[gi!

-KK* G!

@%3#*0.+! UUF! SHG! SS[! Hd[! H[[!
P)&.+!-%3#*0.+! HIUSF!

!
!
! !



122 
 

P=%! -%30+&3! ,)0$*! O=%$! )A&#1#;#$C! .++! HG! %5A%-#1%$&3! 3#10+&.$%)03+7! .-%!

3=)O$!#$!>#C0-%3!id!.$*!igI!O#&=!&=%!A.-.1%&%-3!C#K%$!#$!P.8+%![[M!

!
!
! Model C4b All NO, CO & C3H6

Plot H

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 23

 
Model C4b All NO, CO & C3H6

Plot H

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 24

 

Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 26

 Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 27

 

Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 28

!
!

V$5;'&!LRT!D5A%-#1%$&3!FS^Fd!O=%$!)A&#1#;#$C!%5A%-#1%$&3!FS^SS!.+&)C%&=%-!,)-!
()*%+!6[8M!

!
!
! !

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



123 
 

!
!
!
! Model C4b All NO, CO & C3H6

Plot H

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 29

!
Model C4b All NO, CO & C3H6

Plot H

Average Temperature (K)
350 400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 30

 

Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 31

 
Model C4b All NO, CO & C3H6

Plot H

Average Temperature (K)
400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 32

 

Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 33

!
!

V$5;'&!LUT!D5A%-#1%$&3!Fg^SS!O=%$!)A&#1#;#$C!%5A%-#1%$&3!FS^SS!.+&)C%&=%-!,)-!
()*%+!6[8M!

!
!
!
!

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



124 
 

70/.&!FFT!V.+0%!),! &=%!A.-.1%&%-3!.$*! -%3#*0.+3! ,)-! &=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!.++! HG!%5A%-#1%$&3! 3#10+&.$%)03+7! ,)-!()*%+!
6[8!
!

/.-.1%&%-!
D5A!
FS!

D5A!
F[!

D5A!
FU!

D5A!
Fi!

D5A!
Fd!

D5A!
Fg!

D5A!
SG!

D5A!
SH!

D5A!
SF!

D5A!
SS!

JK* :K* gFI\dHI\HG!

-K* \GIGSG!

JV* :V* [ii!

-V* G!

JD* :D* FGI\SUIFG\!

-D* USIUgU!

JS* :S* FHIHUS!

-S* HGGIGGG!

!L* ML* iF!

CL* ^FI\US!

!N* MN* \d!

** CN* ^SI[\g!

!T* MT* \ISFS!

** CT* ^HIHiF!

!W* MW* GMH\!

** CW* HSFIHG[!

!KU* MKU* FIdgH!

CKU* ^\gIGg[!

JKK* :KK* HIi[d!

-KK* G!

@%3#*0.+! HS\! H[S! Hig! HUH! gS! [gH! SdF! i[G! [G\! [HU!
P)&.+!

-%3#*0.+!
SIH[\!

  



125 
 

N+4&.!8P/!

>#$.++7I! &=%! 3.1%! A-)'%*0-%! O.3! ,)++)O%*! ,)-! ()*%+! 6\8M! P=%! -%30+&3!

)8&.#$%*!,-)1!&=%!)A&#1#;.&#)$!),!%5A%-#1%$&3!FS!t!Fd!.-%!3=)O$!#$!>#C0-%!dGI!

O#&=!&=%!A.-.1%&%-3!#$!P.8+%![\M!P=%!-%30+&3!,)-!&=%!)A&#1#;.&#)$!),!%5A%-#1%$&3!

Fg!t!SS!.-%!3=)O$!#$!>#C0-%!dHI!O#&=!&=%!A.-.1%&%-3!C#K%$!#$!P.8+%![UM!

! Model C5b All NO, CO & C3H6
Plot F

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 23

! !
Model C5b All NO, CO & C3H6

Plot F

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 24

 

Model C5b All NO, CO & C3H6
Plot F

Average Temperature (K)
360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 26

 
Model C5b All NO, CO & C3H6

Plot F

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 27

 

Model C5b All NO, CO & C3H6
Plot F

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 28

!
!

V$5;'&!RST!!4A&#1#;.&#)$!),!D5A!FS^Fd!3#10+&.$%)03+7!,)-!()*%+!6\8M!
!

!

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



126 
 

!

!

!

70/.&!FPT!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!,)-!&=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6\8!
!
!

/.-.1%&%-! D5A!FS! D5A!F[! D5A!FU! D5A!Fi! D5A!Fd!
JK* :K* UFSIFHSIUid!

-K* UFIU\d!

JV* :V* USF!

-V* G!

JD* :D* HH[I[[[I[Si!

-D* i\IUd[!

JS* :S* [\GISSSIgUH!

-S* ggIdG\!

!L* ML* FIHUH!

CL* ^dIUH\!

!N* MN* HIiFi!

** CN* ^FIF\U!

!T* MT* UI\U[!
** CT* ^HIG[d!

!W* MW* GMUU!

** CW* HFdIiid!

!KU* MKU* HGg!

CKU* ^\gIgUg!

JKK* :KK* FISgd!

-KK* G!

@%3#*0.+! dG! US! HHH! HF[! H[[!
P)&.+!-%3#*0.+! \FF!

! !



127 
 

!
!
!
! Model C5b All NO, CO & C3H6

Plot G

Average Temperature (K)
360 380 400 420 440 460 480 500 520

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 29

 
Model C5b All NO, CO & C3H6

Plot G

Average Temperature (K)
350 370 390 410 430 450 470 490 510

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 30

 

Model C5b All NO, CO & C3H6
Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 31

 
Model C5b All NO, CO & C3H6

Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 32

 

Model C5b All NO, CO & C3H6
Plot G

Average Temperature (K)
370 390 410 430 450 470 490 510 530 550

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 33

!
!

V$5;'&!R9T!4A&#1#;.&#)$!),!D5A!Fg^SS!3#10+&.$%)03+7!,)-!()*%+!6\8M!
!
!
!
!
!
!
!

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



128 
 

70/.&!FJT!V.+0%!),!&=%!A.-.1%&%-3!.$*!-%3#*0.+3!,)-!&=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!\!%5A%-#1%$&3!3#10+&.$%)03+7!,)-!()*%+!6\8!
!

!

/.-.1%&%-! D5A!Fg! D5A!SG! D5A!SH! D5A!SF! D5A!SS!
JK* :K* \i\IGHHIH\U!

-K* UUI\gS!

JV* :V* [GS!

-V* G!

JD* :D* \GIdU\IiSH!

-D* \iIdSH!

JS* :S* [IiGiIHdF!

-S* [UIHg[!

!L* ML* HIFGU!

CL* ^iIH\i!

!N* MN* FIGdU!

** CN* ^FIGGG!

!T* MT* SIFGG!
** CT* ^HGIS\U!

!W* MW* GMHF!

** CW* HSGId\[!

!KU* MKU* HMGG!

CKU* ^\gIgUG!

JKK* :KK* HIFgd!

-KK* G!

@%3#*0.+! SFH! HFg! FGG! US! UF!
P)&.+!-%3#*0.+! ii\!

!

  



129 
 

P=%!,#$.+!3%&!),!A+)&3!,)-!()*%+!6\8!3=)O3!&=%!-%30+&3!),!)A&#1#;#$C!&=%!&%$!

%5A%-#1%$&3! &)C%&=%-M! P=%! C-.A=3! .-%! 3=)O$! #$! >#C0-%3! dF! .$*! dSI! O#&=! &=%!

A.-.1%&%-!K.+0%3!C#K%$!#$!P.8+%![iM!>-)1!&=%!-%3#*0.+I!#&!'.$!8%!3%%$!&=.&!O=%$!

,#&&#$C! &=%! &%$! %5A%-#1%$&3! &)C%&=%-I! &=%!8%3&! -%30+&!O.3!)8&.#$%*!O#&=!()*%+!

6\8M!

! Model C5b All NO, CO & C3H6
Plot H

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 23

 
Model C5b All NO, CO & C3H6

Plot H

Average Temperature (K)
340 360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 24

 

Model C5b All NO, CO & C3H6
Plot H

Average Temperature (K)
360 380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 26

 Model C5b All NO, CO & C3H6
Plot H

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 27

 

Model C5b All NO, CO & C3H6
Plot H

Average Temperature (K)
380 400 420 440 460 480 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 28

!
!

V$5;'&!R@T!D5A%-#1%$&3!FS^Fd!O=%$!)A&#1#;#$C!%5A%-#1%$&3!FS^SS!.+&)C%&=%-!,)-!
()*%+!6\8M!

! !

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



130 
 

!
!
!
!
! Model C5b All NO, CO & C3H6

Plot H

Average Temperature (K)
360 380 400 420 440 460 480 500 520

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 29

 
Model C5b All NO, CO & C3H6

Plot H

Average Temperature (K)
350 400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 30

 

Model C4b All NO, CO & C3H6
Plot H

Average Temperature (K)
400 450 500

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 31

 
Model C5b All NO, CO & C3H6

Plot H

Average Temperature (K)
370 390 410 430 450 470 490 510 530

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 32

 

Model C5b All NO, CO & C3H6
Plot H

Average Temperature (K)
370 390 410 430 450 470 490 510 530 550

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 33

!
!

V$5;'&!RCT!D5A%-#1%$&3!Fg^SS!O=%$!)A&#1#;#$C!%5A%-#1%$&3!FS^SS!.+&)C%&=%-!,)-!
()*%+!6\8M!

!
! !

! CO experimental
C3H6 experimental
NOx experimental
N2O experimental
NO2 experimental
CO model
C3H6 model
NOx model
N2O model
NO2 model



131 
 

70/.&!FLT!V.+0%!),! &=%!A.-.1%&%-3!.$*! -%3#*0.+3! ,)-! &=%!1)*%++#$C!),!64I!6STU!
.$*!Y4!1#5&0-%!O=%$!)A&#1#;#$C!.++! HG!%5A%-#1%$&3! 3#10+&.$%)03+7! ,)-!()*%+!
6\8!
!

/.-.1%&%-!
D5A!
FS!

D5A!
F[!

D5A!
FU!

D5A!
Fi!

D5A!
Fd!

D5A!
Fg!

D5A!
SG!

D5A!
SH!

D5A!
SF!

D5A!
SS!

JK* :K* \i\IGHHIH\U!

-K* UiIiUU!

JV* :V* [dS!

-V* G!

JD* :D* iFIdgFIiUg!

-D* \dIGgF!

JS* :S* \IHFgIgHi!

-S* \UIdid!

!L* ML* HIUUd!

CL* ^gIddG!

!N* MN* HIgSG!

** CN* ^FIGHF!

!T* MT* [IHF[!

** CT* ^HIHFG!

!W* MW* GMHg!

** CW* HFgI\Hi!

!KU* MKU* HMGG!

CKU* ^\gIHgS!

JKK* :KK* HIUSi!

-KK* G!

@%3#*0.+! HGd! HGG! HgH! FGd! HdH! Hg\! FFU! Si\! HHd! HHF!
P)&.+!

-%3#*0.+!
HIdH\!

!
!

P=%!8%3&!)K%-.++!-%30+&!O.3!)8&.#$%*!O#&=!1)*%+!6\8M!P=%!A-%*#'&#K%!.8#+#&7!),!

&=#3!1)*%+!O.3!&=%$!&%3&%*I!03#$C!&=%!A.-.1%&%-3!),!P.8+%![iI!&)!*%&%-1#$%!#,!#&!
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O)0+*! C#K%! C))*! ,#&3! ,)-! &=%! %5A%-#1%$&3! ),! #$! &=%! -.$C%! H^HgM! P=%! C-.A=3! .-%!

3=)O$!#$!>#C0-%3!d[!t!ddI!.$*!&=%!-%3#*0.+3!#$!&=%!.'')1A.$7#$C!&.8+%3M!!

!

!

! CO - Run & Plot result from H) C5b
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V$5;'&!RFT!/+)&!),!&=%!64!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%![iM!!
!

!

70/.&!FRT!@%3#*0.+!K.+0%3!),!64!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%![i!
!

!! D5A!H! D5A!F! D5A!S!
@%3#*0.+!! HIHgi! HISFi! HIi[F!

 
!
P=%!A-%*#'&%*!')$K%-3#)$3!.-%!,.-!,-)1!&=%!%5A%-#1%$&.+!-%30+&3M!

!
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HC - Run & Plot result from H) C5b

Average reactor temperature, Kelvin
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V$5;'&!RPT!/+)&!),!&=%!6STU!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%![iM!
!
!
!
70/.&!FUT!@%3#*0.+!K.+0%3!),!6STU!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%!
[i!
!

!! D5A!i! D5A!d! D5A!g!
@%3#*0.+!! FIHFF! iUG! [HU!

!
!
!
<3!O#&=!&=%!64!)5#*.&#)$I!&=%!A-%*#'&#)$3!.-%!$)&!C))*!
!
!
!
!
! !
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HC - Run & Plot result from H) C5b

Average reactor temperature, Kelvin
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!

V$5;'&!RJT!/+)&!),!&=%!Y4!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%![iM!
!
!
!
70/.&!PST!@%3#*0.+!K.+0%3!Y4!%5A%-#1%$&3!O=%$!03#$C!A.-.1%&%-3!),!P.8+%![i!
!

!! D5A!HG! D5A!HH! D5A!HF!
@%3#*0.+!! HI\SU! HHi! HSH!

!
!
!
D5A%-#1%$&!HH!=.3!.!-%+.&#K%+7!31.++!-%3#*0.+I!.+&=)0C=!)K%-.++!&=%!,#&!#3!.+3)!$)&!
C))*M!
! !
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NO&HC - Run & Plot result from H) C5b Run13
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NO&HC - Run & Plot result from H) C5b Run14

Average Temperature (K)
380 400 420 440 460 480 500 520 540

C
on

ve
rs

io
n 

(%
)

0

20

40

60

80

100

Exp 14

 

NO&HC - Run & Plot result from H) C5b Run15
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!

V$5;'&!RLT!/+)&3!),!&=%!6STU!.$*!Y4!)5#*.&#)$!%5A%-#1%$&3!O=%$!03#$C!
A.-.1%&%-3!),!P.8+%![iM!

 
 
 
70/.&!P9T!@%3#*0.+!K.+0%3!6STU!.$*!Y4!)5#*.&#)$!%5A%-#1%$&3!O=%$!03#$C!
A.-.1%&%-3!),!P.8+%![i!
!

!! D5A!HS! D5A!H[! D5A!H\!

@%3#*0.+!! HI[GF! HIS\\! d[G!
 
 
 
 
 
P=%!Y4o!.$*!Y4F!'0-K%3!.-%!&=%!8%3&I!80&!)K%-.++!&=%!-%30+&!#3!$)&!3.&#3,.'&)-7M!
  

!
C3H6 experimental
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 NO2 experimental
C3H6 model
NOx model
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CO&HC - Run & Plot result from H) C5b Run17
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 CO&HC - Run & Plot result from H) C5b Run18
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CO&HC - Run & Plot result from H) C5b Run19
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V$5;'&!RRT!/+)&3!),!&=%!64!.$*!6STU!)5#*.&#)$!%5A%-#1%$&3!O=%$!03#$C!
A.-.1%&%-3!),!P.8+%![iM!

 
 
 
70/.&!P@T!@%3#*0.+!K.+0%3!64!.$*!6STU!)5#*.&#)$!%5A%-#1%$&3!O=%$!03#$C!
A.-.1%&%-3!),!P.8+%![i!
!

!! D5A!Hi! D5A!Hd! D5A!Hg!
@%3#*0.+!! HIi[i! HIiiS! FIFd\!

 
!
!
P=%!A-%*#'&#)$3!.-%!$)&!.''%A&.8+%M!!

P=%! ,.'&! &=.&! &=%!1)*%+!A.-.1%&%-3!)8&.#$%*! ,)-! &=%! ,#&&#$C!),!%5A%-#1%$&3!

FS^SS!')0+*!$)&!-%A-)*0'%!&=%!%.-+#%-!%5A%-#1%$&3!#3!')$3#3&%$&!O#&=!&=%!%.-+#%-!

')1A.-#3)$3M! <3! .! ,#$.+! %,,)-&I! .++! F\! 03%*! %5A%-#1%$&3! O%-%! 03%*! &)! ,#&! &=%!

A.-.1%&%-3M! P=%! A+)&3! )8&.#$%*! #$! &=#3! '.3%! .-%! #++03&-.&%*! #$! >#C0-%3! dg! t! g\I!

O#&=!&=%!A.-.1%&%-!K.+0%3!.$*!-%3#*0.+3!+#3&%*!#$!P.8+%3!\S!.$*!\[!-%3A%'&#K%+7M!

! !

!
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C3H6 experimental
CO model
 C3H6 model
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CO - Ignition curves Runs 1, 2, 3

Average reactor temperature, Kelvin
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C3H6 - Ignition curves Runs 7, 8, 9
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NO - Ignition curves Runs 10, 11, 12

Average reactor temperature, Kelvin
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V$5;'&!U9T!/+)&!),!&=%!Y4!%5A%-#1%$&3!O=%$!)A&#1#;#$C!%5A%-#1%$&3!H^SSM!
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 Model C5c CO & C3H6
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 Model C5c All NO, CO & C3H6
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Model C5c All NO, CO & C3H6
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Model C5c All NO, CO & C3H6
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V$5;'&!UFT!/+)&3!),!%5A%-#1%$&3!FS^Fd!),!&=%!64I!6STU!.$*!Y4!3%&I!O=%$!
)A&#1#;#$C!%5A%-#1%$&3!H^SSM!
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 Model C5c All NO, CO & C3H6
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)A&#1#;#$C!%5A%-#1%$&3!H^SSM!
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70/.&! PCT! V.+0%! ),! &=%! A.-.1%&%-3! .$*! &)&.+! -%3#*0.+! ,)-! &=%!1)*%++#$C! ),! 64I!
6STU! .$*! Y4! %5A%-#1%$&3I! O=%$! )A&#1#;#$C! .++! F\! %5A%-#1%$&3! eH^SSf!
3#10+&.$%)03+7!,)-!()*%+!6\8!
 
 

/.-.1%&%-! <++!D5A!
JK* :K* HIFHGI\GGIdGU!

-K* iSIUH\!

JV* :V* \[U!

-V* G!

JD* :D* H[SIgHGIHgS!

-D* \GIGSH!

JS* :S* FGIiUiI\G[!

-S* S\IigS!

!L* ML* HIFHi!

CL* ^gIGiH!

!N* MN* SIGid!

CN* ^FIGG[!

!T* MT* HGI[ii!

CT* ^HHIFHH!

!W*
**

MW* GMGU!

CW* HUSI[FdMGG!

!KU* MKU* HMGG!

CKU* ^FFIH[iM[G!

JKK* :KK* HI\iU!

-KK* G!

P)&.+!@%3#*0.+! dIdFd!
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70/.&! PFT! @%3#*0.+! K.+0%3! ),! &=%! F\! %5A%-#1%$&3! O=%$! )A&#1#;#$C! &=%1! .++!
3#10+&.$%)03+7!
!

D5A%-#1%$&!
@%3#*0.+!
V.+0%!

D5A!H! FSi!

D5A!F! HSd!

D5A!S! iS!

D5A!i! i\d!

D5A!d! F[F!

D5A!g! HdF!

D5A!HG! igU!

D5A!HH! Sg!

D5A!HF! HSH!

D5A!HS! HI[SF!

D5A!H[! gUi!

D5A!H\! FSF!

D5A!Hi! S[F!

D5A!Hd! HS\!

D5A!Hg! H[i!

D5A!FS! FS\!

D5A!F[! Hd[!

D5A!FU! Fg[!

D5A!Fi! SSg!

D5A!Fd! [GG!

D5A!Fg! SUF!

D5A!SG! S\S!

D5A!SH! SSS!

D5A!SF! FS\!

D5A!SS! F[H!
!
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P=%! A+)&3! .$*! K.+0%3! 3=)O! &=.&! %K%$! &=)0C=! &=%! ,#&3! .-%! $)&! &=.&! C))*I! &=%!

#1A-)K%1%$&! #3! %K#*%$&! O=%$! )A&#1#;#$C! .++! &=%! %5A%-#1%$&3! 3#10+&.$%)03+7!

')1A.-#$C!&)!&=%!A-%K#)03!'.3%M!

!

F<C< =;660'*!0#4!K$(1;(($+#!+,!M&(;.)(!

 
_$!&=%!A-%'%*#$C!3%'&#)$3!&=%!-%30+&3!.$*!3)1%!*#3'033#)$!O.3!A-%3%$&%*!,)-!

&=%!1)*%+#$C!),!&=%!#C$#&#)$!'0-K%3!,)-!&=%!A+.&#$01!*#%3%+!)5#*.&#)$!'.&.+73&M!_$!

&=#3!3%'&#)$!3)1%!.**#&#)$.+!*#3'033#)$!.$*!3011.-7!),!&=%!,#$*#$C3!#3!1.*%M!!

P=%!,#-3&!)83%-K.&#)$!.AA+#%3!&)!.++!),!&=%!%5A%-#1%$&.+!.$*!3#10+.&#)$!-%30+&3I!

.$*!.**-%33%3!&=%!1%&=)*3!),!1)*%+!')$3&-0'&#)$I!O=#'=!#$!&0-$3!#3!.!-%,+%'&#)$!

),! &=%!1%'=.$#3&#'!1%.$#$C! ),! &=%!1)*%+M! P=%! $.&0-%! ),! &=%! %5A%-#1%$&3!O.3!

#$*%%*! '=)3%$! &)! &%3&! &=#3! =7A)&=%3#3I! O=#'=! #3! .3! ,)++)O3M! _,! .! 1)*%+! ,)-! .!

1#5&0-%!),! -%.'&.$&3! #3!K.+#*! e#$!.!1%'=.$#3&#'!3%$3%fI! &=%$! #&! 3=)0+*!8%!%B0.++7!

K.+#*! ,)-! .$7! 308^3%&! ),! &=%!1#5&0-%M! P=03I! #,! &=%!1)*%+! #3! .8+%! &)! A-%*#'&! &=%!

A%-,)-1.$'%!O=%$!64I!6STU! .$*!Y4!.-%! .++! A-%3%$&I! &=%$! #&! 3=)0+*! %B0.++7! 8%!

.8+%!&)!A-%*#'&!&=%!-%30+&!O=%$I! ,)-!%5.1A+%I!)$+7!Y4!.$*!6STU!.-%!A-%3%$&I!)-!

#$*%%*I!,)-!64!.+)$%M!<+&=)0C=!#&!O.3!A)33#8+%!&)!80#+*!1)*%+3!&=.&!O%-%!.8+%!&)!

A-%*#'&!.$7!')18#$.&#)$!)-!A%-10&.&#)$!),!&=%!-%.'&.$&3!O#&=!.!-%.3)$.8+%!#,!$)&!

A%-,%'&! .''0-.'7I! &=%3%!1)*%+3! *#*! $)&! .++! =.K%! .! ')11)$! 3%&! ),! A.-.1%&%-3M!

P=#3! )83%-K.&#)$! =.3! -.1#,#'.&#)$3! ,)-! 1)*%+! *%K%+)A1%$&M! <$7! $%O! '.&.+73&!

,)-10+.&#)$! -%B0#-%3!.!$%O!3%&!),!R#$%&#'!1)*%+!A.-.1%&%-3I!.$*! &)!*%&%-1#$%!

&=%3%!K.+0%3! #&! #3!*%3#-.8+%!&)!*)!.3!,%O!%5A%-#1%$&3!.3!A)33#8+%M!P=%!A-%,%--%*!

A-.'&#'%!O=%$!80#+*#$C!.!R#$%&#'!1)*%+! e)-! #$*%%*I!.!10+&#^A.-.1%&%-!1)*%+f! #3!

&)! ')$*0'&! .! 3%&! ),! %5A%-#1%$&3! &=.&! O#++! .++)O! &=%! *%&%-1#$.&#)$! ),! %.'=!

A.-.1%&%-! 3%A.-.&%+7! )-I! ,.#+#$C! &=.&I! .3! ,%O! A.-.1%&%-3! .3! A)33#8+%M! P=%! #*%.!

O)0+*!8%I!#$!&=%!')$&%5&!),!&=%!246!1)*%+I!&)!*%&%-1#$%!&=%!A.-.1%&%-3!,)-!64I!

6STU! .$*! Y4! #$! 3%A.-.&%! 3%&3! ),! %5A%-#1%$&3I! .$*! &=%$! &)! *%&%-1#$%! &=%!

A.-.1%&%-3! &=.&! -%30+&! ,-)1! #$&%-.'&#)$3M! P=#3! .AA-).'=! O#++! '+%.-+7! $)&! O)-R!
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O#&=!&=%!1)*%+!3%+%'&%*M!_,!O%!')$3#*%-!&=%!%5A%-#1%$&3!O#&=!64!.$*!6STUI!#&!O.3!

3%%$! &=.&! O=%$! &=%! A.-.1%&%-3! )8&.#$%*! ,-)1! &=%! 64! .$*! 6STU! .+)$%!

%5A%-#1%$&3!O%-%!.AA+#%*!&)!&=%!1#5&0-%I!&=%!-%30+&3!O%-%!$)&!.''%A&.8+%I!.$*!

')0+*!$)&!8%!1.*%!3)!87!.*a03&1%$&!),!&=%!#$&%-.'&#)$!A.-.1%&%-!A-)A)3%*!87!

V)+&;! WHXM! >0-&=%-1)-%I! O=%$! &=%! -%30+&3! )8&.#$%*! ,-)1!1)*%+#$C! &=%!1#5&0-%!

O%-%! 03%*! &)! A-%*#'&! &=%! #$*#K#*0.+! -%30+&3I! &=%! ,#&! O.3! .C.#$! $)&! .''%A&.8+%M!
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WiX! @M9M! 6.-%+I! 6=.A&%-! Sj! T%.+&=! <3A%'&3! ),! <#-! /)++0&#)$I! #$j! DM! 9=%-! eD*Mf!
T.$*8))R! ),! <#-! /)++0&#)$! ,-)1! _$&%-$.+! 6)1803&#)$! D$C#$%3j! /)++0&.$&!
>)-1.&#)$!.$*!6)$&-)+I!HggdM!
WdX!NM! DA+#$CI! _M!Y)K.I! ]M! 9;.$7#I! <M! `%;%-%&3I!2#%3%+! %1#33#)$3! ')$&-)+! '.&.+73#3I!
6.&.+73#3!P)*.7I!H\H!eFGHGf!FGH^FGHM!
WgX! 9M9M! (0++.I! YM! 6=%$I! LM! 601.-.$.&0$C%I! ?MDM! Z+.0I! 2M`M! y%1+7.$)KI! NMYM!
2%+C.33I!NM9M!DA+#$CI!>MTM!@#8%#-)I!@%.'&#)$!),!Y4!.$*!4^F!&)!Y4F!)$!/&j!"#$%&#'3!
.$*!'.&.+73&!*%.'&#K.&#)$I!])0-$.+!),!6.&.+73#3I!F[H!eFGGUf!Sdg^SggM!
WHGX!]M!/%-%;^@.1#-%;I!>M!".A&%#a$I!"M!9'=),,%+I!]M<M!()0+#a$I!>)-1.&#)$!.$*!')$&-)+!
),!YF4!#$!$#&-#'!.'#*!A-)*0'&#)$!^!N=%-%!*)!O%!3&.$*!&)*.7zI!<AA+#%*!6.&.+73#3!Z^
D$K#-)$1%$&.+I![[!eFGGSf!HHi^H\HM!
WHHX! ]MZM! T%7O))*I! 6=.A&%-! Hj! ()&)-! V%=#'+%! D1#33#)$3! 6)$&-)+j! /.3&!
<'=#%K%1%$&3I!>0&0-%!/-)3A%'&3I!#$j!DM!9=%-!eD*Mf!T.$*8))R!),!<#-!/)++0&#)$!,-)1!
_$&%-$.+!6)1803&#)$!D$C#$%3j!/)++0&.$&!>)-1.&#)$!.$*!6)$&-)+I!HggdM!
WHFX! @M(M! T%'RI! @M]M! >.--.0&)I! 9MPM! ?0+.&#I! 6.&.+7&#'! <#-! /)++0&#)$! 6)$&-)+j!
6)11%-'#.+!P%'=$)+)C7I!S%-*!%*#&#)$!%*MI!FGGgM!
WHSX!2#%3%+Y%&I!D1#33#)$3!9&.$*.-*3j!6.$.*.j!4$^@).*!V%=#'+%3I!#$I!FGGiM!
WH[X! NM<M! (.a%O3R#I! (M"M! "=.#-I! 2#%3%+! D1#33#)$3! .$*! P=%#-! 6)$&-)+I! 9<D!
_$&%-$.&#)$.+I!N.--%$*.+%I!/<I!FGGUM!
WH\X!DM!9=%-I!6=.A&%-!Fj!D$K#-)$1%$&.+!<3A%'&3!),!<#-!/)++0&#)$I! #$j!DM!9=%-!eD*Mf!
T.$*8))R! ),! <#-! /)++0&#)$! ,-)1! _$&%-$.+! 6)1803&#)$! D$C#$%3j! /)++0&.$&!
>)-1.&#)$!.$*!6)$&-)+I!HggdM!
WHUX!9M!T)'=C-%8I!6=.A&%-!Uj!6)1803&#)$^@%+.&%*!D1#33#)$3! #$!9_!D$C#$%3I! #$j!DM!
9=%-!eD*Mf!T.$*8))R!),!<#-!/)++0&#)$!,-)1!_$&%-$.+!6)1803&#)$!D$C#$%3j!/)++0&.$&!
>)-1.&#)$!.$*!6)$&-)+I!HggdM!
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WHiX!?M!T.O+%7I!6=.A&%-!HGj!6)1803&#)$^@%+.&%*!D1#33#)$3! #$!6_!D$C#$%3I! #$j!DM!
9=%-!eD*Mf!T.$*8))R!),!<#-!/)++0&#)$!,-)1!_$&%-$.+!6)1803&#)$!D$C#$%3j!/)++0&.$&!
>)-1.&#)$!.$*!6)$&-)+I!HggdM!
WHdX! 9M! T%$$#$C3%$I! 6=.A&%-! H[j! <#-! /)++0&#)$! ,-)$! L.-C%! PO)^9&-)R%! 2#%3%+!
D$C#$%3!.$*!P%'=$)+)C#'3!&)!6)$&-)+!_&I!#$j!DM!9=%-!eD*Mf!T.$*8))R!),!<#-!/)++0&#)$!
,-)1!_$&%-$.+!6)1803&#)$!D$C#$%3j!/)++0&.$&!>)-1.&#)$!.$*!6)$&-)+I!HggdM!
WHgX!<M!@03%++I!NM9M! DA+#$CI!2#%3%+!45#*.&#)$!6.&.+73&I! #$I! 9081#&&%*! &)!6.&.+73#3!
@%K#%OI!FGHHM!
WFGX!9M!9.+)1)$3I!@MDM!T.7%3I!(M!V)&31%#%-I!<M!2-)'=$%-I!TM!V)C%+I!9M!(.+18%-CI!
]M! ?#%3=),,I! 4$! &=%! 03%! ),! 1%'=.$#3&#'! 64! )5#*.&#)$! 1)*%+3! O#&=! .! A+.&#$01!
1)$)+#&=!'.&.+73&I!<AA+#%*!6.&.+73#3!Z^D$K#-)$1%$&.+I!iG!eFGGif!SG\^SHSM!
WFHX! 9MTM!4=I! ]M6M! 6.K%$*#3=I! LMLM!T%C%*03I!(.&=%1.&#'.+^1)*%+#$C!),! '.&.+7&#'^
')$K%-&%-!+#C=&),,!^!3#$C+%^A%++%&!3&0*#%3I!<#'=%!])0-$.+I!FU!eHgdGf!gS\^g[SM!
WFFX! 9MTM! 4=I! ]M6M! 6.K%$*#3=I! P-.$3#%$&3! ),! 1)$)+#&=#'! '.&.+7&#'^')$K%-&%-3! ^!
@%3A)$3%! &)! 3&%A! '=.$C%3! #$! ,%%*3&-%.1! &%1A%-.&0-%! .3! -%+.&%*! &)! ')$&-)++#$C!
.0&)1)8#+%!%1#33#)$3I!_$*03&-#.+!x!D$C#$%%-#$C!6=%1#3&-7!/-)*0'&!@%3%.-'=!.$*!
2%K%+)A1%$&I!FH!eHgdFf!Fg^SiM!
WFSX! 9MTM! 4=I! ]M6M! 6.K%$*#3=I! (.&=%1.&#'.+^1)*%+#$C! ),! '.&.+7&#'^')$K%-&%-!
+#C=&),,!MSM!A-%*#'&#)$!),!K%=#'+%!%5=.03&!%1#33#)$3!.$*!A.-.1%&-#'!.$.+73#3I!<#'=%!
])0-$.+I!SH!eHgd\f!g[S^g[gM!
WF[X!NM! T.0A&1.$$I! <M! 2-)'=$%-I! TM! V)C%+I! (M! V)&31%#%-I! ]M! ?#%3=),,I! ?+)8.+!
R#$%&#'!1)*%+3!,)-!&=%!)5#*.&#)$!),!Y4!)$!A+.&#$01!0$*%-!+%.$!')$*#&#)$3I!P)A#'3!
#$!6.&.+73#3I![F^[S!eFGGif!H\i^HUGM!
WF\X! 6M9M! 9.1A.-.I! DM]M! Z#33%&&I!(M! 6=1#%+%O3R#I! 2M! <33.$#3I! ?+)8.+! R#$%&#'3! ,)-!
A+.&#$01!*#%3%+!)5#*.&#)$!'.&.+73&3I!_$*03&-#.+!x!D$C#$%%-#$C!6=%1#3&-7!@%3%.-'=I!
[U!eFGGif!iggS^dGGSM!
WFUX! ?M/M! <$3%++I! /M9M! Z%$$%&&I! ]M/M! 6)5I! ]M6M! >-)3&I! /M?M! ?-.7I! <M(M! ])$%3I! @M@M!
@.a.-.1I! <M/M! N.+R%-I! (M! L#&)-%++I! ?M! 91%*+%-I! P=%! *%K%+)A1%$&! ),! .! 1)*%+!
'.A.8+%! ),! A-%*#'&#$C! *#%3%+! +%.$! Y45! '.&.+73&! A%-,)-1.$'%! 0$*%-! &-.$3#%$&!
')$*#&#)$3I!<AA+#%*!6.&.+73#3!Z^D$K#-)$1%$&.+I!HG!eHggUf!HdS^FGHM!
!
!

!
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!""#$%&'!
"#$%&'(!)!*)%)+,%&*!*-'.#/%#/!)%!%0#!1'&.#/$&%,!-2!3+4#/%)!!
!

"#! $%&! '(#)(*)*! #+! #)&#! #,)! -+*).! *)/).+0)*! 1&'(2! #,)! &3(#,)#'4! 2%&!
-'5#16)&! $'#,! &+-)! )5,%1&#! 2%&! *%#%! 2)()6%#)*! 76+-! %! 6)%.! )(2'()8! 9+6! #,'&!
0160+&):!-)%&16)-)(#&!$)6)!#%;)(!%#!#,)!<)4,%('4%.!=(2'())6'(2!>)0%6#-)(#!
'(!#,)!?('/)6&'#3!@7!A.B)6#%:!1(*)6!#,)!&10)6/'&'+(!+7!>68!>%/'*!C,)4;).!%(*!$'#,!
#,)!%&&'&#%(4)!+7!26%*1%#)!&#1*)(#&!D%&+(!E+**)F!%(*!>%..'(!E1..+4;8!

G,)!4%#%.3&#!1&)*!$%&!%!HII!CJK"!L4,%(().&!0)6!&M1%6)!'(4,N:!OP!*'%-)#)6:!Q!
4-! .)(2#,:!$,'4,! 2%/)! %006+5'-%#).3! R8R! 41B'4! '(4,! &0%4)! /+.1-)8! G,)! #%62)#!
S%&! T+16.3! K0%4)! U).+4'#3! LSTKUN! $%&! '('#'%..3! &)#! #+! B)! %6+1(*! HI:III! ,VW!
%.#,+12,! #,)! %4#1%.! /%.1)! *)0)(*)*! +(! #,)! )(2'()! +0)6%#'(2! 4+(*'#'+(&8! G,)!
4%#%.3&#!B.+4;!$%&!41#!76+-!#,)!&%-)!1('#!%&!#,)!#)&#!4+6)&!1&)*!%#!#,)!?('/)6&'#3!
+7! X%#)6.++8! G$)(#3! &'5! #,)6-+4+10.)&! $)6)! 1&)*! #+! -)%&16)! #,)! %5'%.! %(*!
6%*'%.! #)-0)6%#16)!06+7'.)&! '(!#,)!4%#%.3&#:!%&! '..1&#6%#)*! '(!9'216)!AW!%(*!G%B.)!
AW8!G,)!4+(/)6#)6!$%&!'(&#%..)*!+(!#,)!&'(2.)!43.'(*)6!6)&)%64,!)(2'()8!!

J6).'-'(%63!'(/)&#'2%#'+(&!$)6)!4%66')*!+1#!+(!#,)!)(2'()!#+!#)&#!#,)!)77)4#!
+7!#,)!4+-06)&&'+(!6%#'+!LCYN:!#,)!4+)77'4')(#!+7!/%6'%(4)!+7!#,)!'(*'4%#)*!-)%(!
)77)4#'/)! 06)&&16)! LC@UZ"<=JN:! #,)! 01.&)! $'*#,! LJXN:! #,)! &0%6;! #'-'(2! %#! %!
*)#)6-'()*!46%(;!%(2.)!E)7+6)!G+0!>)%*!C)(#)6!LEG>CN!%(*!#,)!6%#'+!B)#$))(!
#,)! -%&&! +7! %'6! %(*! #,)! -%&&! +7! 71).! L[%-B*%N8[%-B*%:! $,'4,! *)#)6-'()&!
$,)#,)6!#,)!)(2'()!'&!$+6;'(2!'(!%!.)%(!L/%.1)!.%62)6!#,%(!WN:!&#+'4,'+-)#6'4!LWN!
+6!6'4,!L/%.1)!&-%..)6!#,%(!WN!)(/'6+(-)(#&:!$%&!/%6')*!%(*!#)&#)*!#+!#,)!.'-'#&:!
#+!+B&)6/)!#,)!6%(2)!+7!*'77)6)(4)!B)#$))(!#,)!M1%(#'#3!7+6!)%4,!2%&!06+*14)*8!
>16'(2! #,)! 06+4)&&:! '#! $%&! *)#)6-'()*! #,%#! #,)! )(2'()! $+1.*! (+#! B)! %B.)! #+!
,%(*.)! *')&).! 71).8! G,)6)7+6):! '(! +6*)6! #+! 2)#! 6)&1.#&! %! .'##.)! 4.+&)6! #+! *')&).!
)5,%1&#:! '#!$%&!4+(4.1*)*! #,%#!%#! .)%&#!%! .'M1'*! 71).!$+1.*!,%/)! #+!B)!1&)*! 7+6!
71#16)!#,)!#)&#&8!

"('#'%..3:!06+B.)-&!$'#,!%'6!'(!#,)!01-0!2)()6%#)*!06)&&16)!7.14#1%#'+(&!#,%#!
4%1&)! '(4+(&'&#)(43! +(! #,)! 6)&1.#&8! A7#)6! B)'(2! 6)0%'6)*:! 2++*! #)-0)6%#16)!
416/)&!$)6)!+B#%'()*:!B1#! #,)!#)-0)6%#16)!$%&!(+#!&177'4')(#.3!,'2,!#+! '('#'%#)!
4+(/)6&'+(8! 916#,)6-+6):! #,)6)! $%&! *))-)*! #+! B)! '(&177'4')(#! +532)(! '(! #,)!
)5,%1&#!B)4%1&)!+7!#,)!.%-B*%!&)##'(28!!G+!&+./)!#,'&!06+B.)-:!#,)!&+.1#'+(!$%&!
#+!'(&1.%#)!#,)!.'()&!'(!+6*)6!#+!'(46)%&)!#,)!#)-0)6%#16)!'(!OIV\I!*)26))!C).&'1&!
%(*!#+!%**!10!#+!%!WI]!+7!+532)(:!$,'4,!'&!&#'..!$'#,'(!#,)!-+*).!6%(2)8!!

G+! '-06+/)! #,)! 06+4)*16):! '#! $%&! %.&+! *)4'*)*! #+! 06)V,)%#! #,)! &3&#)-!
06)/'+1&! #+! &#%6#! #,)! %4#1%.! #)&#&8! G,)! 06)V,)%#'(2! 06+4)&&! $%&! 4%66')*! 1&'(2!
(%#16%.! 2%&8! G,)! 6)&1.#&! +7! #,)&)! 4,%(2)&! &,+$)*! #,%#! &-%..! 4+(/)6&'+(&!$)6)!
+B#%'()*!%(*!&+-)!06+*14#'+(&!+7!C@O8!G,)!#)-0)6%#16)!+7!#,)!#,)6-+4+10.)&!
#,%#!&,+$)*!#,)!.+$)&#!%(*!#,)!,'2,)&#!#)-0)6%#16)!/%.1)&:!%#!#,)!0)%;!+7!#,)!
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06+4)&&:! %/)6%2)*! ^OO_:! $,'4,! &,+1.*! B)! $'#,'(! #,)! 6'2,#! 6%(2)8! E1#! &#'..! #,)!
4+(/)6&'+(&!$)6)!(+#!&%#'&7%4#+638!

9+..+$'(2! #,)! .)&&! #,%(! &%#'&7%4#+63! 6)&1.#&! +B#%'()*! 10! #+! #,'&! 0+'(#:! %!
T+-+2)()+1&!C,%62)!C+-06)&&'+(!"2('#'+(!LTCC"N!+0)6%#'(2!-+*)!$%&!&)#8!G,)!
TCC"! 4+-B1&#'+(! &3&#)-! &))-)*! #+! B)! %! 7)%&'B.)! &+.1#'+(! &'(4)! '#! 61(&! %#! %!
&'-'.%6!)77'4')(43!#+!#,)!*')&).!)(2'():!%(*!'#!'&!4,%6%4#)6'F)*!B3!.+$!)-'&&'+(&!+7!
`@5!%(*!J<!B1#!,'2,!06+*14#'+(!+7!C@!%(*!TC8!aWb!
!
")4+#!356!"0#/7-*-89+#!:&$%/&48%&-'!
!

"0#/7-*-89+#! 3;&)+!
<-*)%&-'!

W! OI!--!
O! OI!--!
\! OI!--!
H! OI!--!
c! OI!--!
^! OI!--!
d! OI!--!
Q! OI!--!
R! OI!--!
WI! WI!--!
WW! ^I!--!
WO! ^I!--!
W\! ^I!--!
WH! ^I!--!
Wc! ^I!--!
W^! ^I!--!
Wd! ^I!--!
WQ! ^I!--!
WR! ^I!--!
OI! \I!--!
OW! HI!--!
OO! cI!--!
O\! dI!--!
OH! dc!--!
Oc! 10&#6)%-!
O^! *+$(&#6)%-!

!
!
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!
!

=&(8/#!356!"0#/7-*-89+#$!:&$%/&48%&-'!
!
!
!
!
!
G,)! #)&#&! *+()!$'#,! #,)!TCC"!-+*)!%6)!*)&46'B)*! '(! #,)! 7+..+$'(28! L434.)&! %6)!
#%;)(!)/)63!I8\!&)4+(*&N!e!
!
>%#)e!!OIWIZI^ZIO!
@0)6%#'(2!<+*)e!!TCC"!$'#,!(V,)0#%()!0+6#!'(f)4#)*!
J160+&)e! ! "('#'%.!(1-B)6&! 7+6!4%#%.3&#! #)&#'(2!1&'(2!(V,)0#%()8!Y1(!$'#,!=SY!+7!
I]:!)54)0#!'(!+0)6%#'+(!0+'(#&!W\!%(*!WH:!$,)6)!=SY!g!O]8!
C+--)(#&e!!""#$%&#'()*%+#+%,-#./#(&")$&0#$,#$%&#**1#234#)56+#7(6'%$#%)809:#)80#
+68;&#!"##6+#+,#+1)""#$%&#<=+$#'()*#-6$%#*+(,-,./0,%#1&#7"&>$#%)809#&?&8#$%,='%#$%)$#
8=1@&(#(&*(&+&8$#6$+#**14+#768#$%&#A16++6,8+#'()*%+9B!
W8 <+#+6'(2!#)&#&!#+!%*f1&#!7+6!(V,)0#%()!+0)6%#'+(!
O8 K,+6#!,+#!-+#+6'(2!#)&#!%#!7'(%.!CY8!

! !
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6
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Cells spacing= 1.25 mm
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\8 "('#'%.!+0)6%#'(2!0+'(#8!G%B.)!O!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!
#,'&!+0)6%#'+(!0+'(#8!9'216)!O!&,+$&!#,)!)-'&&'+(&!0%##)6(&:!%(*!#%B.)!\!#,)!
6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&!
-)%&16'(2!>?;!)-'&&'+(&8!G,)&)!6)&1.#&!$)6)!#%;)(!76+-!:-@'$%/#)7!L%7#)6!
4%#%.3&#N8!

!
")4+#!3A6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!BC!
!

A'6!<898!
L2h&N!

['M1'*!91).!
<898!L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

H8cIIR! WIW8IQHd\H! O8RH^Qd! ^8OOQd! Q8\! dQ:QHH8c!

!
!
!

!
!
!
! !

=&(8/#!3A6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!BC!
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")4+#!3B6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3AC!
!

C@!L]N! C@O!
L]N!

TC!
LJJ<N!

`@i!
LJJ<N!

@O!L]N!

I8IWI^\! \8^IcO! \RR8WId! \8\d\QcR! WH8RHRc!

!
!
!
! !

!
!
!
!

! !

=&(8/#!3B6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!BC!
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H8 K%-)! %&! \:! B1#! 10&#6)%-8! G%B.)! AH! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#! #,'&!+0)6%#'+(!0+'(#8! 9'216)!AH! &,+$&! #,)!)-'&&'+(&!0%##)6(&:!
%(*! G%B.)! Ac! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6!'&!-)%&16'(2!`@5!)-'&&'+(&8!G,)&)!6)&1.#&!$)6)!#%;)(!76+-!
89$%/#)7!LB)7+6)!#,)!4%#%.3&#N8!!

!
")4+#!3E6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!EC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

H8cW^c^! WIO8^^cQ! O8RWcIQ! ^8OOQd\H! Q8\! dR:WOH8RR!

!
!
!

!
!
!
!
! !

=&(8/#!3E6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!EC!
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")4+#!3F6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3EC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8IR\\c^! \8HORI\W! QOO8cWQQ! O8HHRO\^! Wc8IROcO!

!

!
!
!
!
>'&41&&'+(!+7!#)&#&!\VHe!96+-!89$%/#)7!#+!:-@'$%/#)7e!GH:!)/)(!#,+12,!'#!'&(j#!
&#%B.):!'#!*)46)%&)&!%.-+&#!%!,%.78!>?;:! '(46)%&)&8!H?A! '(46)%&)&!B1#!'#! '&!%.-+&#!
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!
!
! !
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")4+#!3AF6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!AEC!
!

C@!L]N! C@O!L]N! TC!
LJJ<N!

`@i!
LJJ<N!

@O!L]N!

I8I^WcIc! d8OO^RRW! dQI8OWH! OR8OI\cW! R8dQOWQ!

!

!
=&(8/#!3AF6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5EC!
!
!
`+#)e!G,)6)!%6)!&+-)!#)&#&!#,%#!$)6)!6)0)%#)*:!#,%#j&!$,3!'#!&))-&!#,%#!#,)6)!
%6)!10&#6)%-!-)%&16)-)(#&!#,%#!.++;!.';)!#,)3!*+!(+#!,%/)!'#&!4+66)&0+(*'(2!
*+$(&#6)%-!+6!/'4)!/)6&%8!
! !
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N)%#6!OIWIVI^VI\!
?9#/)%&'(!O-:#6!TCC"!$'#,!(V,)0#%()!0+6#!'(f)4#)*!
P8/9-$#6!C%#%.3&#!#)&#'(28!Y1(!$'#,!=SY!+7!I]8!
H-77#'%$6!C68;&#./# )80#DE5# )(&# 68# **1:# $%&6(#234# )56+# 6+# $%&# ,8&# )$# $%&# (6'%$#
%)80# 7=8"&++# +*&;6>6&0# 06>>&(&8$9:# )80# $%&#F# 6+# $%&# ,8&# )$# $%&# "&>$# %)80# ,># $%&#
A16++6,8+#'()*%+B!
W8 T+#!-+#+6'(2!#6%4)!
O8 G%B.)!AO^!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!

9'216)! AO^! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! AOd! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!!!!

!
")4+#!3AI6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!AC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

\8R^WWRW! WWR8Hd^! O8OW\RWR! ^8WHIQW! R8\! ^R:cH\8dQ!

!

!
=&(8/#!3AI6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!AC!
!
! !
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")4+#!3AJ6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3AIC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8IOQ\cQ! ^8\cIHHQ! QO\8IIOd! \QO8W^\d! WI8cWQR!

!

!
=&(8/#!3AJ6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!AC!
! !
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\8 G6%(&')(#!#)&#:!&$'#4,)*!76+-!10&#6)%-!#+!*+$(&#6)%-!4%#%.3&#!)-'&&'+(&!%#!
%006+58!WII!434.)&8!G%B.)!AOQ!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!
#,'&!+0)6%#'+(!0+'(#8!9'216)!AOQ!&,+$&!#,)!)-'&&'+(&!0%##)6(&!%(*!G%B.)!AOR!
#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!A#!#,'&!0+'(#!`@5h`@!&)(&+6!'&!
-)%&16'(2!>?;!)-'&&'+(&8!

!
")4+#!3AK6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!BC!

!
! A'6!<898!

L2h&N!
['M1'*!

91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

?! \8RddOO^! WOc8ccIW! O8WHd\\W! ^8WHIQW! R8\! ^R:Qc\8HH!

>! H8IWddWc! WW\8IcQR! O8HHHOHR! ^8WHIQW! R8\! dI:HRc8OH!

!
!

!
=&(8/#!3AK6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!BC!
!
!
! !
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")4+#!3AL6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3AKC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

?! I8IOdOcQ! ^8W^Q\QR! QHd8HOd\! O\\8d\Qc! WI8d\ROQ!

>! I8IIHWO\! c8dQOd^R! ^^I8cRR\! dc8d\cI^! WW8\WWOQ!

!

!
=&(8/#!3AL6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!BC!
!
!
G+! &))! -+6)! '(! *)#%'.! $,%#! ,%00)(&! $'#,! TC! %(*! `@5! $,)(! #,)! 2%&)&! &#%6#!
0%&&'(2!#,6+12,!#,)!4%#%.3&#:!#,)!()5#!0.+#!&,+$&!#,)!^II!7'6&#!434.)&!+7!#,)!#)&#:!
$'#,! #,)! 6'2,#!,%(*!k3P!%5'&! 6)06)&)(#'(2! #,)!JJ<!+7!TC!%(*! #,)! .)7#!,%(*!k3P!
%5'&!#,)!JJ<!+7!`@5!%(*!#,)!6)&#!+7!#,)!2%&)&!'(!]8!
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!
=&(8/#!3BM6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!BC!H,*+#$!5QIMMC!
!
!
!
!
G,)! )-'&&'+(&! 4+(#'(1)! #,)'6! 0%##)6! %7#)6! &$'#4,'(2! 76+-! 10&#6)%-! #+!
*+$(&#6)%-! L06+B%B.3! B)4%1&)! #,)! 4%#%.3&#! '&! 4+.*:! &+! '#! '&(j#! 4+(/)6#'(2!
%(3#,'(2! 3)#N:! )/)(! #,+12,! #,)3! &,+$! %! #)-0+6%6'.3! %(*! &,+6#! 0)6#16B%#'+(!
$,)(!#,'&!,%00)(&!%#!WII!434.)&8!G,)!0%##)6(!*+)&(j#!6)%..3!4,%(2)!1(#'.!%B+1#!
OcI!434.)&:!#,%#!'#!'&!$,)(!#,)!#)-0)6%#16)!%4,')/)&!%(!%/)6%2)!+7!%B+1#!WIIlC8!
G,%#! '&!$,)(! '#!&))-&!#+!&#%6#!&,+$'(2!&+-)!4+(/)6&'+(:!B1#!+(.3! 7+6!>?;!%(*!
GH:!B)4%1&)!H?:!H?A!%(*!?A!&))-!#+!B)!&#%B.)!%#!#,)!&%-)!%-+1(#!%..!#,)!#'-)8!
G,%#!0%##)6(!;))0&!7+..+$'(2!%.-+&#!#,)!&%-)!0%#,!1(#'.!434.)!WcII!#,%#!&))-&!
#+!B)!#,)!0+'(#!$,)6)!#,)!4%#%.3&#!%/)6%2)!%4,')/)&!OcIlC:!%(*!&1**)(.3!%..!#,)!
)-'&&'+(&!&,+$!4,%(2)&8!>?;!*)46)%&)&!)/)(!-+6)m!GH!'(46)%&)&!L$,)(!B)7+6)!
$%&!*)46)%&'(2Nm!H?A!*)46)%&)&m!%(*!?A!%(*!H?!'(46)%&)8!
!
!
!
!
! !
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!
H8 G%B.)!A\I!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!

9'216)! A\W! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! A\W! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!`+#)!#,%#!#,)!)(2'()!-1&#!(+#!,%/)!B))(!%#!&#)%*3!&#%#)!B)7+6)!#,)!
#6%(&')(#!#)&#!*1)!#+!#,)!71).!06)&&16)!$%&!7.14#1%#'(2!*16'(2!#,'&!#)&#8!!!

!
")4+#!3BM6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!EC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

H8I^\^^R! W\Q8dIW^! O8\\^I\W! ^8WHIQW! R8\! dW:HOH8W^!

!
!
!!

!
=&(8/#!3B56!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!EC!
!
!
! !
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")4+#!3B56!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3B5C!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8IRcQOW! c8O^I^c! W:\\^8^Hd! R8^QW^H\! WW8R\cRR!

!

!
=&(8/#!3BA6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!EC!
!
!
! !
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c8 K%-)! %&! H:! B1#! *+$(&#6)%-8! G%B.)! A\O! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A\\!&,+$&!#,)!)-'&&'+(&!0%##)6(&!
%(*! G%B.)! A\\! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6!'&!-)%&16'(2!>?;!)-'&&'+(&8!G,)&)!6)&1.#&!$)6)!#%;)(!76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!G,)!71).!06)&&16)!'&!&#'..!&))(!7.14#1%#'(2!*16'(2!
#,'&!#)&#8!

!
!
")4+#!3BA6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!FC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

H8IcWOOO! Wc^8H\Rc! O8\Qd\OQ! ^8WHIQW! R8\! dW:OR^8Qc!

!
!

!
=&(8/#!3BB6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!FC!
!
!
! !



 
 

187 

")4+#!3BB6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3BBC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8IIRWH\! c8HQI^d! ^HQ8HWRQ! WH8^cIQH! WW8^RQ!

!
!

!
=&(8/#!3BE6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!FC!
!
>'&41&&'+(!+7!#)&#&!HVce!96+-!89$%/#)7!#+!:-@'$%/#)7e!GH:!*)46)%&)&!#+!%.-+&#!
%!,%.78!>?;:!&))-&!#+!'(46)%&)!%#!#,)!)(*8!H?A!'(46)%&)&!B1#!f1&#!%!B'#!%#!#,)!)(*8!
?A!.++;&!#,)!&%-)!%(*!H?!*)46)%&)&!'(!%!/)63!&-%..!%-+1(#!%#!#,)!)(*8!!
! !
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^8 Y)0)%#'(2! +0)6%#'+(! 0+'(#! (1-B)6! H8! G%B.)! A\H! &0)4'7')&! &+-)! +7! #,)!
+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A\c!&,+$&!#,)!)-'&&'+(&!
0%##)6(&!%(*!G%B.)!A\c!#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!A#!#,'&!
0+'(#!`@5h`@!&)(&+6!'&!-)%&16'(2!>?;!)-'&&'+(&8!G,)&)!6)&1.#&!$)6)!#%;)(!
76+-!89$%/#)7!LB)7+6)!#,)!4%#%.3&#N8!

!
!
")4+#!3BE6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!IC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

\8R\cdH^! WWR8WQ^Q! O8WdcdQd! ^8WHIQW! R8\! ^R:IRR8H^!

!
!

!
=&(8/#!3BF6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!IC!
!
!
! !
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")4+#!3BF6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!BFC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8IO^dQ\! ^8cHHI\O! QRI8RWQ^! cdR8RHHc! WI8OcR^R!

!

!
=&(8/#!3BI6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!IC!
!
!
!
! !
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d8 Y)0)%#'(2! +0)6%#'+(! 0+'(#! (1-B)6! c8! G%B.)! A\^! &0)4'7')&! &+-)! +7! #,)!
+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A\d!&,+$&!#,)!)-'&&'+(&!
0%##)6(&!%(*!G%B.)!A\d!#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!A#!#,'&!
0+'(#!`@5h`@!&)(&+6!'&!-)%&16'(2!>?;!)-'&&'+(&8!G,)&)!6)&1.#&!$)6)!#%;)(!
76+-!:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
!
")4+#!3BI6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!JC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

\8R\\WQW! WWR8WWdH! O8Wdc^d\! ^8WHIQW! R8\! ^R:IcH8Hd!

!
!

!
=&(8/#!3BJ6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!JC!
!
!
! !
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")4+#!3BJ6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3BJC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

VI8II\\\! ^8^WRRcR! H^I8Hc^Q! ^WR8cH^^! WI8OWI\d!

!

!
=&(8/#!3BK6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!JC!
!
>'&41&&'+(!+7!#)&#&!^Vde!96+-!89$%/#)7!#+!:-@'$%/#)7e!GH!*)46)%&)&!#+!%.-+&#!
%!,%.78!>?;! '(46)%&)&8!H?A!%.-+&#!.++;&!#,)!&%-)8!?A!%(*!H?:! .++;!#,)!&%-)!%&!
$)..8!!
! !
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Q8 K%-)! +0)6%#'(2! 4+(*'#'+(&8! G%B.)! A\Q! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A\R!&,+$&!#,)!)-'&&'+(&!0%##)6(&!
%(*! G%B.)! A\R! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6! '&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!%(*!
#,)!&)4+(*!,1(*6)*!-)%&16'(2!>?8!G,)&)!6)&1.#&!$)6)!#%;)(!76+-!89$%/#)7!
LB)7+6)!#,)!4%#%.3&#N8!

!
")4+#!3BK6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!KC!
!

! A'6!<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! \8RHWRR! WWQ8QHO! O8WQ^^O! ^8WHIQW! R8\! ^R:OI^8Hd!

`@! \8RH\^d! WWQ8\RI! O8WR^WO! ^8WHIQW! R8\! ^R:O\\8\H!

!
!

!
=&(8/#!3BL6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!KC!
!
! !
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")4+#!3BL6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3BLC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IOccdO! ^8ccHRQH! QOI8\RWW! ^W\8^HdW! WI8OHQR!

`@! I8IOcdHd! ^8c^I^\W! QOO8WcIW! cWH8\WI^! WI8OHdQ\!

!

!
=&(8/#!3EM6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!KC!
!
!
!
!
! !
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R8 K%-)! %&! Q:! B1#! (+$! 76+-! *+$(&#6)%-8! G%B.)! A\^! &0)4'7')&! &+-)! +7! #,)!
+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A\d!&,+$&!#,)!)-'&&'+(&!
0%##)6(&!%(*!G%B.)!A\d!#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!A#!#,'&!
0+'(#!`@5h`@!&)(&+6!'&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!
%(*! #,)! &)4+(*! ,1(*6)*! -)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
")4+#!3EM6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!LC!
!

! A'6!<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! \8RHO\! WWQ8WWH! O8WRQ\! ^8WHIQW! R8\! ^R:OIR8Wd!

`@! \8RHOc! WWQ8\RO! O8WRHW! ^8WHIQW! R8\! ^R:OW\8Q!

!
!

!
=&(8/#!3E56!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!LC!
!
!
! !
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")4+#!3E56!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3E5C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! VI8II\\\! ^8^WHIOW! H\\8IdH\! ^IO8IccH! WI8OWd\H!

`@! VI8II\\\! ^8^W\R^^! HOc8QIcQ! cI^8OHHW! WI8OOdRO!

!

!
=&(8/#!3EA6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!LC!
!
!
>'&41&&'+(!+7!#)&#&!QVRe!96+-!89$%/#)7!#+!:-@'$%/#)7e!GH:!*)46)%&)&!HII!00-8!
>?;! %(*! `@! *+(j#! 4,%(2)8! H?A! .++;&! #,)! &%-)8! ?A! %(*! H?:! *+(j#! &))-! #+!
4,%(2)8!!
!
! !
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WI8 G,)!&3&#)-!$%&!4++.)*!*+$(!%(*!(+$8!T+#!-+#+6'(2!#)&#!$,)(!,)%#'(2!108!
WW8 "('#'%.!-+*)! '&!&$'#4,)*!#+!TCC"!$,)(!2)##'(2!4.+&)!#+!434.)!WII8!G%B.)!AHO!

&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!AH\!
&,+$&! #,)!)-'&&'+(&!0%##)6(&! %(*!G%B.)!AH\! #,)! 6)&0)4#'/)! %/)6%2)!+7! #,)!
4+(4)(#6%#'+(&8! G,)! *'/'&'+(! 7+6! #,)! +0)6%#'+(! 4+(*'#'+(&! %(*! )-'&&'+(&!
4+(4)(#6%#'+(&!'&!*+()!'(!#,)!434.)&!WVWII!%(*!WcIVOII!*1)!#,)!/%6'%B'.'#3!+7!
434.)&! WIIVWcI8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!>?;! )-'&&'+(&8!
G,)&)!6)&1.#&!$)6)!#%;)(!76+-!89$%/#)7!LB)7+6)!#,)!4%#%.3&#N8!

!
!
")4+#!3EA6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!55C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

"('#'%.! \8Qcd! I! WI8H\W! ^8W^WdIc! H8OQOW! dI:^Q^8O\!

TCC"! H8OcW! I! V! ^8W^WdIc! Q8R! d\:RH\8I^!

!
! !
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!

!
=&(8/#!3EB6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!55C!
!
!
!
!
")4+#!3EB6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3EBC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

"('#'%.! I8I\^dQ\! R8HOWcO! d^Q8dO^Q! \:dO^8Hcd! \8\^WcQR!

TCC"! I8I^c\HW! c8QQcQQc! R^c8\\^^! \HI8Q\Oc! WI8RHOI^!

!
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!
=&(8/#!3EE6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!55C!
!
!
!
!
!
! !
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WO8 G%B.)!AHH!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!
9'216)! AHc! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! AHc! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
!
")4+#!3EE6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5AC!
!

A'6!<898!
L2h&N!

['M1'*!
91).!<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

H8Odcd\d! WOR8RR^H! O8W^RccH! ^8W^WdIc! WI! dc:IdW8O\!

!
!

!
=&(8/#!3EF6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5AC!
!
!
! !
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")4+#!3EF6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3EFC!
!

C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

I8I\W^W! ^8^\RO^! QRO8QI\H! HIc8ccRQ! WI8WWQQc!

!

!
=&(8/#!3EI6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5AC!
!
!
!
!
!
! !
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W\8 G6%(&')(#! #)&#8! G,)&)! 6)&1.#&! &#%6#)*! 76+-! 89$%/#)7! %(*! >?;! )-'&&'+(&!
*16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*!,1(*6)*!-)%&16'(2!>?8!A#! OII!
434.)&:!#,)!-)%&16)&!$)6)!4,%(2)*!#+!:-@'$%/#)7:!B1#!&#'..!-)%&16'(2!>?:!
%(*!%#!OIII!434.)&:!'#!$%&!&$'#4,)*!B%4;!#+!>?;8!G%B.)&!AH^!%(*!AHd!&0)4'73!
&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!AHd!&,+$&!
#,)! )-'&&'+(&! 0%##)6(&:! %(*! G%B.)&! AHQ! %(*!AHR! #,)! 6)&0)4#'/)! %/)6%2)! +7!
#,)!4+(4)(#6%#'+(&8!!

!
")4+#!3EI6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5B!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8ORc\! WOR8QO! O8WdRO! ^8W^WdIc! WI! dc:HWO8W!

`@! H8ORdd! WOR8RQ! O8WdRc! ^8W^WdIc! WI! dc:Hc\8Rd!

!
")4+#!3EJ6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5B!:8/&'(!
:-@'$%/#)7!*-':&%&-'$C!
!

! A'6!<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@! H8ORd^Q! WOR8cOR! O8WQdI! ^8W^WdIc! WI! dc:HcI8R\!

`@5! H8\IOcQ! WOR8WRd! O8WR^H! ^8W^WdIc! WI! dc:c\H8c\!

!
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!
=&(8/#!3EJ6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5BC!
!
!
")4+#!3EK6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3EJ!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8I\OQIc! ^8cQQWWO! Q^R8ddOH! \cW8OcH\! WI8WQcHc!

`@! I8I\\I\O! ^8cdWcc! QdH8RQIc! \Id8I\O^! WI8OWcO!

!
")4+#!3EL6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3EJ!:8/&'(!:-@'$%/#)7!
*-':&%&-'$C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@! I8IIHcRH! ^8^^IRH! ^H^8cQHR! OQR8OOWc! WI8WcO\!

`@5! VI8IIIO\! ^8^cHWHd! cOW8QdQ^! \I^8\QH! WI8WcdOd!
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!
!

!
=&(8/#!3EK6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5BC!
!
!
G+! &))! '(! -+6)! *)#%'.! $,%#! ,%00)(&! $'#,! TC! %(*! `@5! $,)(! #,)! 2%&)&! &#%6#!
0%&&'(2!#,6+12,!#,)!4%#%.3&#:!#,)!()5#!0.+#!&,+$&!#,)!^II!7'6&#!434.)&!+7!#,)!#)&#:!
$'#,! #,)! 6'2,#!,%(*!k3P!%5'&! 6)06)&)(#'(2! #,)!JJ<!+7!TC!%(*!`@5!%(*! #,)! .)7#!
,%(*!k3P!%5'&!#,)!6)&#!+7!#,)!2%&)&!'(!]8!
!
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!
=&(8/#!3EL6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5BC!H,*+#$!5QIMMC!
!
T)6)!$)!4%(!(+#'4)!$,)(!#,)!&)(&+6!$%&!&$'#4,!76+-!>?;!#+!>?!%#!WII!434.)&:!
B1#!3+1!4%(j#!(+#'4)!#,)!4,%(2)!76+-!10&#6)%-!#+!*+$(&#6)%-8!X)!&#%6#!&))'(2!
&+-)! 4+(/)6&'+(! +7!GH! f1&#! %#! 434.)! cII:! #,%#j&! $,)(! #,)! #)-0)6%#16)! '(! #,)!
4%#%.3&#! ,%*! %(! %/)6%2)! +7! %B+1#! OII8! A#! 434.)! dcI:! $,)(! #,)! #)-0)6%#16)!
%/)6%2)! '&! %B+1#!OcIlC:! #,)!0%##)6(!+7! 4+(/)6&'+(!+7!GH! 2)#&! &.+$)6:!B1#!;))0!
4+(/)6#'(2!%#!%B+1#!#,)!&%-)!6%#)!7+6!#,)!6)&#!+7!#,)!#)&#8!A#!OIII!434.)!'#!4%(!B)!
(+#'4)!#,)!4,%(2)!76+-!>?! #+!>?;! 6)%*'(2&:!%(*!3+1!4%(!&))!#,%#!#,)!%-+1(#!
'(46)%&)&:!B1#! #,%#!%#! #,)!)(*!&))-&! #+! &,+$!&+-)!4+(/)6&'+(8! "#! 4%(!B)! &))(!
#,%#!#,6+12,+1#!#,)!#)&#:!#,)!%-+1(#!+7!H?A!'(46)%&)&!%!.'##.)!B'#:!B1#!'#j&!%!.'##.)!
,%6*)6! #+! (+#'4):! )/)(! #,+12,! '#! &))-&! #+! ,%00)(:! #,%#! ?A! %(*! H?! %4#1%..3!
*)46)%&)8!
!
!
!
!
!
!
!
!
!!
!
! !
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WH8 G%B.)!AcI!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!
9'216)! AcI! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! AcW! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
")4+#!3FM6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5EC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8IQOd! WOQ8d! O8IQRW! ^8W^WdIc! WI! dW:dI^8RH!

`@! H8IRIO! WOR8H! O8IQO\! ^8W^WdIc! WI! dW:QHI8I\!

!
!

!
=&(8/#!3FM6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5EC!
!
!
! !
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")4+#!3F56!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3FMC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IHHRWR! ^8RI\dO^! d^R8Q\dd! Wc^8IOcH! R8ddQ\I^!

`@! I8IHHQRd! ^8RIdWRd! ddO8QOIc! WIO8RQ^H! R8dQ\O^c!

!

!
=&(8/#!3F56!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5EC!
!
!
! !
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Wc8 K%-)! %&! WH:! B1#! *+$(&#6)%-! )-'&&'+(&8! G%B.)! AcO! &0)4'7')&! &+-)! +7! #,)!
+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!AcO!&,+$&!#,)!)-'&&'+(&!
0%##)6(&!%(*!G%B.)!Ac\!#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!A#!#,'&!
0+'(#!`@5h`@!&)(&+6!'&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!
%(*! #,)! &)4+(*! ,1(*6)*! -)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
")4+#!3FA6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5FC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8Idc! WOd8OH! O8WWIO! ^8W^WdIc! WI! dW:cQI8cR!

`@! H8IQ\! WOR8OI! O8IQ\d! ^8W^WdIc! WI! dW:dOW8cQ!

!
!

!
=&(8/#!3FA6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5FC!
!
!
")4+#!3FB6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3FAC!
!
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! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IOOH\^! ^8R^QII\! cHH8cOcR! Wcc8d\cQ! R8dOHHWW!

`@! I8IOOOc^! ^8R^dOOc! cHc8HIdO! RW8OW^WW! R8d\^W\W!

!

!
=&(8/#!3FB6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5FC!
!
>'&41&&'+(!+7! #)&#&!WHVWce! 96+-!89$%/#)7! #+!:-@'$%/#)7e!GH:! *)46)%&)&! 76+-!
d^I!#+!c\I!00-8!G,)!%-+1(#!+7!>?;!&))-&!#+!B)!%.-+&#!#,)!&%-)!'(!B+#,!4%&)&!
4.+&)!#+!WcI:!B1#!$)!4%(!&))!%!7)$!%-+1(#!+7!4+(/)6&'+(!+7!>?!$,'4,!2+)&!76+-!
WII!#+!dI!00-8!H?A:!?A!%(*!H?:!&))-&!#+!&#%3!#,)!&%-)!L(+!4+(/)6&'+(N8!!
! !
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>%#)e!!OIWIZI^ZIH!
@0)6%#'(2!<+*)e!TCC"!$'#,!(V,)0#%()!0+6#!'(f)4#)*!!
J160+&)e!!C%#%.3&#!#)&#'(28!Y1(!$'#,!=SY!+7!I]8!
C+--)(#&e# C68;&#./# )80#DE5# )(&# 68# **1:# $%&6(#234# )56+# 6+# $%&# ,8&# )$# $%&# (6'%$#
%)80# 7=8"&++# +*&;6>6&0# 06>>&(&8$9:# )80# $%&#F# 6+# $%&# ,8&# )$# $%&# "&>$# %)80# ,># $%&#
A16++6,8+#'()*%+B!
!
W8 T+#!-+#+6'(2!#6%4)!
O8 G6%(&')(#! #)&#8! G,)&)! 6)&1.#&! &#%6#)*! 76+-! 89$%/#)7! %(*! >?;! )-'&&'+(&!

*16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*!,1(*6)*!-)%&16'(2!>?8!A#! OII!
434.)&:!#,)!-)%&16)&!$)6)!4,%(2)*!#+!:-@'$%/#)7:!B1#!&#'..!-)%&16'(2!>?:!
%(*!%#!WIII!434.)&:!'#!$%&!&$'#4,)*!B%4;!#+!>?;8!G%B.)!AcH!%(*!Acc!&0)4'73!
&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!AcH!&,+$&!
#,)! )-'&&'+(&! 0%##)6(&:! %(*! G%B.)&! Ac^! %(*!Acd! #,)! 6)&0)4#'/)! %/)6%2)! +7!
#,)!4+(4)(#6%#'+(&8!!

!
")4+#!3FE6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!A!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8O\Id! W\\8HRd! O8IQdIH! ^8OQcQ\H! WI8W! dH:\Id8OW!

`@! H8OWQO! W\\8Rd^! O8IdOR\! ^8OQcQ\H! WI8W! dH:IRI8d!

!
")4+#!3FF6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!A!:8/&'(!
:-@'$%/#)7!*-':&%&-'$C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@! H8I^IR! W\\8\d! O8IIcI! ^8OQcQ\H! WI8W! dW:\HR8Rd!

`@5! H8IOdH! W\\8Ic! W8RR\\! ^8OQcQ\H! WI8W! dI:d^H8dQ!

!
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!
=&(8/#!3FE6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!AC!
!
!
")4+#!3FI6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3FE!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IH\H^^! ^8RWc^cc! QdI8dHcO! dWc8\W\\! R8QdHH^O!

`@! I8IHOQ^H! ^8RW^^WO! Q^^8dIcR! ^\^8Hddd! R8QQWHIR!

!
!
")4+#!3FJ6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3FE!:8/&'(!:-@'$%/#)7!
*-':&%&-'$C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@! I8I\RdOO! d8OWccHc! dRd8c^^Q! H\W8WRRR! R8Hdddd!

`@5! I8IO^\cQ! d8OQRd\R! cdI8HIcH! H\I8WIQd! R8\dIdRc!
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!

!
=&(8/#!3FF6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!AC!
!
G+! &))! '(! -+6)! *)#%'.! $,%#! ,%00)(&! $'#,! TC! %(*! `@5! $,)(! #,)! 2%&)&! &#%6#!
0%&&'(2!#,6+12,!#,)!4%#%.3&#:!#,)!()5#!9'216)&!Ac^!%(*!Acd!&,+$!#,)!WIII!7'6&#!
434.)&!+7!#,)!#)&#:!$'#,!#,)!6'2,#!,%(*!k3P!%5'&!6)06)&)(#'(2!#,)!JJ<!+7!TC!%(*!
`@5!%(*!#,)!.)7#!,%(*!k3P!%5'&!#,)!6)&#!+7!#,)!2%&)&!'(!]8!
!

!
=&(8/#!3FI6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!AC!H,*+#$!5Q5MMMC!
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!

!
=&(8/#!3FJ6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!AC!
H,*+#$!5Q5MMMC!
!
!
X,)(!#,)!&)(&+6!'&!&$'#4,)*!76+-!`@5!#+!`@!L%#!434.)!WIIN:!$)!4%(!&))!#,%#!#,)!
%-+1(#!+7!`@!'&!.+$)6!#,%(!`@58!"#!4%(!B)!(+#'4)!7+6!%.-+&#!%..!#,)!2%&)&!)54)0#!
B3!C@:!#,%#!#,)!4+(/)6&'+(!&#%6#&!4.+&)!#+!#,)!434.)!\II:!$,)(!#,)!#)-0)6%#16)!
%/)6%2)!'&!%B+1#!^IlC!L*+$(&#6)%-!-)%&16)-)(#&!&#%6#)*!%#!434.)!OIIN8!
!
!
! !
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!
\8 ?0&#6)%-!)-'&&'+(&!%#!#,)!&%-)!4+(*'#'+(&!%&!O8!9'6&#!WII!434.)&!`@5:!#,)(!

`@8!G%B.)!AcO!&0)4'7')&! &+-)!+7! #,)!+0)6%#'+(!4+(*'#'+(&!%#! #,'&!+0)6%#'+(!
0+'(#8!9'216)!AcO!&,+$&!#,)!)-'&&'+(&!0%##)6(&!%(*!G%B.)!Ac\!#,)!6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
")4+#!3FK6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!BC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6
N!

`@5! H8I\\! W\O8Q! W8RRROO! ^8OQcQ\H! WI8W! dI:Q^O8HO!

`@! H8IHW! W\O8d! O8IIHc^! ^8OQcQ\H! WI8W! dW:IIR8Qd!

!
!

!
=&(8/#!3FK6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!BC!
!
!
! !
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")4+#!3FL6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3FKC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IHHdQO! d8OWRWWQ! d^I8^c^R! HOQ8RHI^! R8H\ddW!

`@! I8IHH^RQ! d8OWdccR! d^W8cRO^! \cH8cQ^c! R8HcIWRO!

!

!
=&(8/#!3FL6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!BC!
!
!
!
!
! !
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!
H8 T+#!-+#+6'(2!#6%4):!%7#)6!4++.'(2!*+$(!#,)!)(2'()8!
c8 G6%(&')(#!#)&#:!$'#,!(+!)5,%1&#! 7.+$!6)&#6'4#'+(&8!G,)&)!6)&1.#&!&#%6#)*!76+-!

89$%/#)7! %(*!>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*!
,1(*6)*! -)%&16'(2! >?8! A#! OII! 434.)&:! #,)! -)%&16)&! $)6)! 4,%(2)*! #+!
:-@'$%/#)7:! B1#! &#'..! -)%&16'(2!>?:! %(*! %#! WIII! 434.)&:! '#! $%&! &$'#4,)*!
B%4;!#+!>?;8!G%B.)&!A^I!%(*!A^W!&0)4'73!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!
#,'&! +0)6%#'+(! 0+'(#8! 9'216)! A^I! &,+$&! #,)! )-'&&'+(&! 0%##)6(&:! %(*! G%B.)&!
A^O!%(*!A^\!#,)!6)&0)4#'/)!%/)6%2)!+7!#,)!4+(4)(#6%#'+(&8!!

!
")4+#!3IM6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!F!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8d^H! WOW8cO! O8cQ^R! ^8ORRWRR! R8c! Q\:cOR8^!

`@! H8d^H! WOW8dW! O8cQ\\! ^8ORRWRR! R8c! Q\:cOQ8cW!

!
")4+#!3I56!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!F!:8/&'(!
:-@'$%/#)7!*-':&%&-'$C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@! H8ddI! WOW8\! O8cRO\! ^8ORRWRR! R8c! Q\:^H^8c!

`@5! H8ddQ! WOI8c! O8^WHQ! ^8ORRWRR! R8c! Q\:ddH8\R!

!
!
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!
=&(8/#!3IM6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!FC!
!
!
")4+#!3IA6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3IM!:8/&'(!89$%/#)7!
*-':&%&-'$C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8WHIIQQ! c8O^cQIO! W:\O^8Qd\! R8IIIcH\! WW8RddQO!

`@! I8WHOHIW! c8OcIccc! W:\OQ8c\R! O8^H^c^^! WO8IIH\\!

!
!
")4+#!3IB6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3IM!:8/&'(!:-@'$%/#)7!
*-':&%&-'$C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@! I8IdHHOO! c8\QcIH! W:OH^8dOO! O8dWRO\W! WW8QRROc!

`@5! I8IHW^HH! c8HIOQOW! QQc8\\\H! d8IROcIW! WW8QRWcQ!
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!

!
=&(8/#!3I56!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!FC!
!
G+!&))!'(!-+6)!*)#%'.!$,%#!,%00)(&!$'#,!TC!%(*!`@5!$,)(!#,)!2%&)&!&#%6#!
0%&&'(2!#,6+12,!#,)!4%#%.3&#:!9'216)!A^O!&,+$&!#,)!^II!7'6&#!434.)&!+7!#,)!#)&#:!
$'#,!#,)!6'2,#!,%(*!k3P!%5'&!6)06)&)(#'(2!#,)!JJ<!+7!TC!%(*!#,)!.)7#!,%(*!k3P!
%5'&!#,)!JJ<!+7!`@5!%(*!#,)!6)&#!+7!#,)!2%&)&!'(!]8!
! !
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!

!
=&(8/#!3IA6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!FC!H,*+#$!5Q55MMC!
!
!
X,)(!#,)!&)(&+6!'&!&$'#4,)*!76+-!`@5!#+!`@!L%#!434.)!WIIN:!$)!4%(!&))!#,%#!#,)!
%-+1(#!+7!`@!'&!.+$)6!#,%(!`@5:!B1#!'(!&-%..)6!%-+1(#&!*1)!#,%#!$)!%6)!#%.;'(2!
%B+1#!R!00-!#+!\!00-8!G,)!4+(/)6&'+(!0%##)6(!'&!(+#!%&!+B/'+1&!%&!#)&#!L\N:!B1#!
%(3,+$:!3+1!4%(!(+#'4)!#,)!#)(*)(43!+7!#,)!416/)&!#+$%6*&!#,)!4+(/)6&'+(8!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! !
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^8 G%B.)!A^H!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!
9'216)! A^\! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! A^c! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
!
")4+#!3IE6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!IC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8^Wc\! WHI8Rd\! O8WcRWd! ^8ORRWRR! WW8W! QW:I\Q8Ic!

`@! H8^O^H! WHW8OQQ! O8WcQdW! ^8ORRWRR! WW8W! QW:O\O8^H!

!
!
!

!
=&(8/#!3IB6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!IC!
!
!
! !
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")4+#!3IF6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3IBC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8I\\cRH! ^8cROdQQ! R\H8dI\O! cRQ8WcQ! WI8OcQ^O!

`@! I8I\\OQ^! ^8cQ^^IO! ROI8dd\\! HR\8ddHR! WI8Odd\c!

!

!
=&(8/#!3IE6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!IC!
!
!
!
!
!
!
! !
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d8 K%-)! %&! ^:! B1#! *+$(&#6)%-8! G%B.)! A^^! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A^c!&,+$&!#,)!)-'&&'+(&!0%##)6(&!
%(*! G%B.)! A^d! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6! '&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!%(*!
#,)! &)4+(*! ,1(*6)*! -)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
")4+#!3II6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!JC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! H8^\H\! WHW8WHO! O8WdIH! ^8ORRWRR! WW8W! QW:\^Q8\\!

`@! H8^\HQ! WHI8HHW! O8WQI\R! ^8ORRWRR! WW8W! QW:\dH8Q!

!
!

!
=&(8/#!3IF6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!JC!
!
!
! !
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")4+#!3IJ6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3IFC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IIH^W^! ^8^R^QdO! cQ^8^\Hd! ^c\8^RcR! WI8Wc^HO!

`@! I8IIHORd! ^8^dRdHW! cd^8cOOQ! cO\8HQQ\! WI8WRHW!

!
!
!

!
=&(8/#!3II6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!JC!
!
>'&41&&'+(! +7! #)&#&! ^Vde! 96+-! 89$%/#)7! #+! :-@'$%/#)7e! GH:! *)46)%&)&! 76+-!
%.-+&#!RII!00-!#+!cdI!00-8!>?;!&))-&!#+!'(46)%&)!%(*!>?!'&!1(&#%B.):!B1#!%#!
#,)! )(*! +7! #,)! *+$(&#6)%-! '&! %#! #,)! &%-)! .)/).! #,%#! %#! #,)! 10&#6)%-8! H?A!

'(46)%&)&! B1#! '#! '&! %.-+&#! '-0)64)0#'B.)8!?A! %(*! H?! *)46)%&)! '(! %! /)63! &-%..!
%-+1(#8!!
! !



 
 

223 

Q8 G%B.)!A^Q!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!
9'216)! A^d! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! A^R! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
!
")4+#!3IK6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!KC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! \8H^^R! WWc8dI^! W8Rd^c^! ^8ORRWRR! Q8R! ^I:ROW8R^!

`@! \8H^IO! WWc8RQ^! W8RdWW^! ^8ORRWRR! Q8R! ^I:QId8Wc!

!
!

!
=&(8/#!3IJ6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!KC!
!
!
! !
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")4+#!3IL6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3IJC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IQ\IcW! d8II^dd! W:^RO8\^H! H\8OdRdO! R8^HHHc!

`@! I8IQ\\^^! d8IWW^QH! W:dWQ8WIc! WO8\\ddO! R8^Hd\^R!

!

!
=&(8/#!3IK6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!KC!
!
!
! !
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R8 K%-)! %&! Q:! B1#! *+$(&#6)%-8! G%B.)! AdI! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!A^R!&,+$&!#,)!)-'&&'+(&!0%##)6(&!
%(*! G%B.)! AdW! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6! '&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!%(*!
#,)! &)4+(*! ,1(*6)*! -)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
")4+#!3JM6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!LC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! \8H^^! WW\8^d! O8IW^\! ^8ORRWRR! Q8R! ^I:RII8cO!

`@! \8HdO! WW\8cR! O8IOIO! ^8ORRWRR! Q8R! ^W:IIH8HH!

!
!
!

!
=&(8/#!3IL6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!LC!
!
!
! !
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")4+#!3J56!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3ILC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IO\ccQ! d8IRROcc! RcO8WO^^! \\8^Q^dR! R8cRcHOO!

`@! I8IOHOQ\! d8WIH^cO! RHH8QR^d! WR8\HH\R! R8cR^W^Q!

!

!
=&(8/#!3JM6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!LC!
!
>'&41&&'+(! +7! #)&#&! QVRe! 96+-! 89$%/#)7! #+! :-@'$%/#)7e! GH! *)46)%&)&! 76+-!
%.-+&#!W^QI!00-! #+!%B+1#!RHI!00-8!>?;:! *)46)%&)&! 76+-!HH!00-! #+!\H!00-!
%(*! >?! '(46)%&)&! 76+-! WO! 00-! #+! OI! 00-8! H?A! '(46)%&)&! B1#! '#! '&! %.-+&#!
'-0)64)0#'B.)8!?A!%(*!H?!*)46)%&)!'(!%!/)63!&-%..!%-+1(#8!!
! !
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WI8 G%B.)!AdO!&0)4'7')&!&+-)!+7!#,)!+0)6%#'+(!4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!
9'216)! AdW! &,+$&! #,)! )-'&&'+(&! 0%##)6(&! %(*! G%B.)! Ad\! #,)! 6)&0)4#'/)!
%/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#! `@5h`@! &)(&+6! '&! -)%&16'(2!
>?;! )-'&&'+(&! *16'(2! #,)! 7'6&#! WII! 434.)&:! %(*! #,)! &)4+(*! ,1(*6)*!
-)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-! 89$%/#)7! LB)7+6)! #,)!
4%#%.3&#N8!

!
")4+#!3JA6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!5MC!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! O8^\\Q! WWd8Oc! W8HRc! ^8ORRWRR! Q8^! H^:H\I8Rc!

`@! O8^\dQ! WW\8dW! W8c\WQ! ^8ORRWRR! Q8^! H^:HQ\8OW!

!
!

!
=&(8/#!3J56!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!5MC!
!
!
! !
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")4+#!3JB6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3J5C!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8I\dIdO! R8H^\IQR! W:WdI8WR! O:OQc8WIQ! ^8\HcHH\!

`@! I8I\d\QQ! R8HQRd^^! W:Wc^8d^H! O:WHc8HR\! ^8\W\W\H!

!

!
=&(8/#!3JA6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!5MC!
!
!
!
!
!!
! !
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WW8 K%-)! %&! WI:! B1#! *+$(&#6)%-8! G%B.)! AdH! &0)4'7')&! &+-)! +7! #,)! +0)6%#'+(!
4+(*'#'+(&!%#!#,'&!+0)6%#'+(!0+'(#8!9'216)!Ad\!&,+$&!#,)!)-'&&'+(&!0%##)6(&!
%(*! G%B.)! Adc! #,)! 6)&0)4#'/)! %/)6%2)! +7! #,)! 4+(4)(#6%#'+(&8! A#! #,'&! 0+'(#!
`@5h`@!&)(&+6! '&!-)%&16'(2!>?;!)-'&&'+(&!*16'(2!#,)!7'6&#!WII!434.)&:!%(*!
#,)! &)4+(*! ,1(*6)*! -)%&16'(2! >?8! G,)&)! 6)&1.#&! $)6)! #%;)(! 76+-!
:-@'$%/#)7!L%7#)6!4%#%.3&#N8!

!
")4+#!3JE6!3.#/)(#!-9#/)%&-'!*-':&%&-'$!)%!9-&'%!'874#/!55C!
!

! A'6!
<898!
L2h&N!

['M1'*!
91).!
<898!
L-2h&N!

[%-B*%! C+-06)&&'+(!
Y%#'+!

['M1'*!
J"!JX!
L-&N!

C%#8!K0%4)!U+.8!
9.+$!

L)54,%(2)&h,6N!

`@5! O8^\Q! WW\8WI! W8cHcI! ^8ORRWRR! Q8^! H^:HRO8^^!

`@! O8^OR! WW\8\I! W8c\^Q! ^8ORRWRR! Q8^! H^:\HO8OO!

!
!

!
=&(8/#!3JB6!D7&$$&-'$!)%!-9#/)%&-'!9-&'%!'874#/!55C!
!
!
! !
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")4+#!3JF6!3.#/)(#!*-'*#'%/)%&-'$!$0-@'!)%!=&(8/#!3JBC!
!

! C@!L]N! C@O!L]N! TC!LJJ<N! `@i!
LJJ<N!

@O!L]N!

`@5! I8IWI\HR! R8HQH\I\! d\^8ORI\! O:WQ^8^dO! ^8\cRcdW!

`@! I8IWI\\O! R8HRRORR! dOc8RQIQ! W:R^d8\H^! ^8\H\Oc!

!

!
=&(8/#!3JE6!"0#/7-*-89+#$!%#79#/)%8/#!9/-2&+#!)%!-9#/)%&-'!9-&'%!'874#/!55C!
!
!
!
>'&41&&'+(!+7! #)&#&!WIVWWe! 96+-!89$%/#)7! #+!:-@'$%/#)7e!GH:! *)46)%&)&! 76+-!
%.-+&#!WW\I!00-!#+!%B+1#!dWI!00-8!>?;:!*)46)%&)&! 76+-!O\II!00-!#+!%B+1#!
OOII!00-!%(*!>?!*)46)%&)&!76+-!OWRI!00-!#+!WRHI!00-8!H?A:!?A!%(*!H?!&))-!
#+!B)!%.-+&#!#,)!&%-)8!!
!
!
!
!
!
!
!
!
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!
Y)7)6)(4)&!
!
aWb!<8! K,%,B%;,#':! A8! S,%F'-'6&%')*:! C8Y8! _+4,:! =50)6'-)(#%.! &#1*3! +7! )5,%1&#!
#)-0)6%#16)! /%6'%#'+(! '(! %! ,+-+2)()+1&! 4,%62)! 4+-06)&&'+(! '2('#'+(! )(2'():!
J6+4))*'(2&! +7! #,)! "(&#'#1#'+(! +7! <)4,%('4%.! =(2'())6&! J%6#! >VD+16(%.! +7!
A1#+-+B'.)!=(2'())6'(2:!OOH!LOIWIN!WWddVWWRd8!
!
!


