
 !  !"#$%&'()*'

"#$%&'()*%+,#-(./+01%2*03)%45+*+6($(2%7$89+

7%$25.:)(2*03):01+6$5./#789+6$3%2*():+9:;/0159%<+

)(+65.,7(9*%+9:<&0*59%45+,#-(./+01%2*03)%45+2(7%$*(-89+

9:,5#5%)%$4%7:03):01+

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

 !"#$!%&'($&)*+,&'-*./0,.10&2' 3)1,&4'5*./&67!0,$,2'8898:8' &7#1&%&2';<=>&<,#$,*?!'@

(0)71*"=A&B<,0#$,C%&6=*);=B<

01#%.$2$%!,%3' ' B7&.3' B71*)#6&%,!0!'+*6!)3'%310&.1&0,&' #6&0;' $!D.!%*?!' B7!);$6E%' B71*+,&03'

%3F;./!%*"' 0&' B!)#6&%,*' #$4&);' ./*+,.10*?!' %3"G.,!%*?!'+&6*7,&4;' %3F;./!%*?!=' H!1B&671!0*'

1!#6&43' +*6!)3' B713F<,I!0*' ,' +*6!)3' &0&<,63.10*=' A71*)#6&%,!0!' +*6!)J' !B&76K' 0&' %310&.1*0,;'

#6&0E%' 7E%0!%&?!%3./' 1*#B!4;' 7*&$.",' ./*+,.103./' 1&./!)1K.3./' %' B7!);$6&./' B71*+,&03='

A!)&0!' B713$4&)!%*' %30,$,' !$7*G<*0,&' B&7&+*67E%' )*6!0&.",' +,*#1&0,0' ?&1!%3./=' A71*)#6&%,!0!'

1&4!I*0,&'+*6!)3'!B&76*"'0&'+,0,+&<,1&.",'B!6*0."&4;'6*7+!)30&+,.10*?!'+,*#1&0,03='A71*)#6&%,!0!'

%3B7!%&)1*0,*'7!1%,K1;"K.*?!';$4&);'7E%0&D2'$6E73'#6&0!%,'B!)#6&%J'!$7*G<*0,&'#$4&);'./*+,.10*?!'

,'#6&0;'6*7+!)30&+,.10*?!'B7!);$6E%'B71*+,&03'%3F;./!%*"=

A71*)#6&%,!0!' ,06*7B7*6&."J' L13.10K' 7E%0&0,&' #6&0;' M> 2' B71*10&.1!0*?!' )!' !B,#;' 0,*,)*&<03./'

%4&G.,%!G.,' #;F#6&0.",' ./*+,.103./' %' %&7;0$&./' %3#!$,./' .,G0,*D' ,' 6*+B*7&6;7=' A71*)#6&%,!0!'

./&7&$6*73#63$,'%&I0,*"#13./'B&7&+*6731&.",'7E%0&0,&'#6&0;'M> ='N!$!0&0!'B!7E%0&0,&'B713)&60!G.,'

7!1B&673%&03./' B&7&+*6731&.",' 7E%0&0,&' #6&0;' M> ' )!' %310&.1&0,&' B&7&+*67E%' )*6!0&.3"03./'

B!#1.1*?E<03./'?7;B'+&6*7,&4E%'%3F;./!%3./='

=>+ ?,7@6

 !"#$"%&'!"'()!*+,#,$+-',$,./++'0,12'3"!12-("(4'(5-%6+("%6+4'7-2,.+-58'()1"9",$,./,2)6*$,/":'92;.-'"9.,%#-'
*-.;($"'0,/"'3.*)!-2$"%&'3.-92)6*$4:'0-9'+'9+,.8$9+'3-6'$-!'7,2"!-7+'()2(-.*-$+-'+'<-!-$+-7+'3-.-7,2.;('
=>?@AB' C24!:' "9.,%#,$+,' (+,#9"%6+' ,D,928' ,$,./,2)6*$,/":' 0-9+' 0,12' *(+4*-$)' *' 3.*,7+-$4' ()<86E"(4:' 0,12'
0,!$)7'*'3"!12-("()6E'*-!-F:'('*-9.,1+,'-$-#+*)'+'3."/$"*"(-$+-'(5-%6+("%6+'7-2,.+-5;('()<86E"()6E'
GHIJB'
K9.,%#,$+,'(+,#9"%6+' ,$,./++:' 0-9-' 0,12'()!*+,#-$-' 3"!6*-1'()<86E8:' 0,12' %6+%#,' *(+4*-$,' *' ."*3"*$-$+,7'
3."6,1;(' 6E,7+6*$)6E:' 0-9+,' *-6E"!*4' (' 6*-1+,' 3.*,7+-$)' ()<86E"(,0B' L.;!5,7' ,$,./++' ()!*+,#-$,0'
(' 6*-1+,' 3.*,7+-$)' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' 0,12' 3.*,<8!"(-' (+4*-F' 6E,7+6*$)6E' ()0%6+"(,/"'
7-2,.+-58B'I'12-$+,'()0%6+"()7:'7-2,.+-5)'()1"9",$,./,2)6*$,'*$-0!804'1+M'('12-$+,'7,2-2.(-5,0'.;($"(-/+'
2,.7"!)$-7+6*$,0B'I3."(-!*,$+,' +738#18' ,$,./,2)6*$,/"' G3"<8!*,$+,:' +$+60-60-J' *-3"6*429"(80,' 3."6,1'
!,*+$2,/.-60+'()0%6+"(,0'12.8928.)'7"#,98#-.$,0'"%."!9-B'
I'()$+98'3.*,.,-/"(-$+-'3"(12-04'$"(,'18<12-$60,'6E,7+6*$,:'3.*)'6*)7'3"(12-(-$+,'(+,#8'*'$+6E'*(+4*-$,'
0,12' *' !"!-2$+7' ,D,92,7' ,$,./,2)6*$)7B' N#-' 3"3.-($,/"' "9.,%#,$+-' <+#-$18' ,$,./,2)6*$,/"' 3.*,7+-$)'
()<86E"(,0:' $+,*<M!$,' 0,12' %6+15,' ."*3"*$-$+,' 195-!8' 6E,7+6*$,/"' 3."!892;(' 3.*,7+-$)B'  ,' (*/#M!8'
$-' 3.-(-' 3"!*+-58' 12-$;(' ,$,./,2)6*$)6E:' "<"9' 18<12-$60+:' 92;.)6E' 3"(12-$+8' 2"(-.*)1*)' !"!-2$+' ,D,92'
,$,./,2)6*$):' (' 7+,1*-$+$+,' .,-92)($,0' 3"(12-04' 18<12-$60,:' 92;.,' 3.*,07804' 6*M%&' ,$,./++' ()!*+,#-$,0'
('6*-1+,'3.*,7+-$)B'C2MO,$+-'7"#"(,'3"1*6*,/;#$)6E'3."!892;('3.*,7+-$)'+'*(+4*-$)'*'$+7+'."*!*+-5',$,./++'
*(+4*-$)'0,12'%6+%#,'*,'12-$,7'2,.7"!)$-7+6*$)7'7+,1*-$+$):'*'(+,#9"%6+4'6+%$+,$+-:'2,73,.-28.):'/M12"%6+4'
7-1"(4'7+,1*-$+$)B
K9.,%#,$+,' ,D,928' ,$,./,2)6*$,/"' 3.*,7+-$)' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' ()7-/-' ."*(+4*-$+-'
9"73#,91"(,/"' *-!-$+-:' $-' 92;.,' 195-!-' 1+M' 0,!$"6*,1$,' ()*$-6*,$+,' *-.;($"' 195-!8' 6E,7+6*$,/"' 0-9'



 A !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

+' 12-$8' 2,.7"!)$-7+6*$,/"' 3."!892;(B' I' $+,92;.)6E' 7,2"!-6E' "6,$)' 3-.-7,2.;(' ()<86E8' +' !,2"$-60+'
3.*)07"(-$,'14'*-5"O,$+-'83.-1*6*-046,:'92;.,'3"*(-#-04'$-'8$+9$+M6+,'3,5$,/"'3."6,18'G6)9#8J'()*$-6*-$+-'
12-$8'".-*'195-!8'3."!892;('()<86E8'+'!,2"$-60+B'H,2"!)'3.*)<#+O"$,'6,6E80,'"9.,%#"$-'3."12"2-'-'*-.-*,7'
3.*,0.*)12"%&:' (' 3"(+4*-$+8' ,D,92;(' ()<86E8:' 0-9' 3.M!9"%&' !,2"$-60+:' 6+%$+,$+,' +' +$$,' 3-.-7,2.):' *,'
195-!,7'6E,7+6*$)7'()0%6+"(,/"'7-2,.+-58'()<86E"(,/"B'I'38$96+,'P'3.-6):'$-'()<.-$)7'3.*)95-!*+,:'
3.*,!12-(+"$"'7"O#+("%6+:'0-9+,'*(+4*-$,'14'*'()9".*)12-$+,7'7,2"!'3.*)<#+O"$)6EB
 ,'(*/#M!8'$-'*5"O"$"%&'*-!-$+-'()*$-6*,$+-'9"F6"()6E'3-.-7,2.;('()<86E8'+'!,2"$-60+:'"3.-6"()(-$,'
14' /"2"(,' 3."/.-7)' 9"7382,."(,:' 92;.,' (' 13"1;<' $+,0-9"' *-82"7-2)*"(-$):' 3"*(-#-04' $-' ()*$-6*,$+,'
195-!8'6E,7+6*$,/"'+'3-.-7,2.;('3.*,7+-$)B'Q"!12-(4'<8!"()'3."/.-7;('9"7382,."()6E'0,12'."*3"*$-$+,'
6E-.-92,.)12)9' 2,.7"!)$-7+6*$)6E' 3.*,7+-$)' ()<86E"(,0:' "9.,%#,$+,' *-#,O$"%6+' 3"7+M!*)' 195-!,7'
6E,7+6*$)7'()0%6+"(,/"'7-2,.+-58'()<86E"(,/"'-'3-.-7,2.-7+'+'195-!,7'3."!892;(B'Q.*,!7+"2,7'3.-6)'
0,12'3.*,!12-(+,$+,'*-#,O$"%6+'2,.7"!)$-7+6*$)6E'*(+4*-$)6E'*'*-/-!$+,$+,7'"9.,%#-$+-'195-!8'6E,7+6*$,/"'
+' 9"F6"(,/"' 12-$8' 3."!892;(' 3.*,7+-$)B'I' 38$96+,' R' 3.*,!12-(+-$-' 0,12' 7,2"!-' "9.,%#-$+-' 9"F6"(,/"'
12-$8'3."!892;('8(*/#M!$+-046-'3,5,$'*,12-('.,-960+'6E,7+6*$)6E'*-6E"!*46)6E'('7+,1*-$+$+,'0-94'2(".*4'
3."!892)' ()<86E8B' I)3."(-!*-$)' 0,12' ."*(+4*8046)' 895-!' .;($-FB' K9.,%#-$,' 14' "<1*-.)' *-12"1"(-$+-'
7,2"!)B'Q.*,!12-(+-$,'14'()$+9+'-$-#+*)'3-.-7,2.;('!,2"$-6)0$)6E'()<.-$)6E'7+,1*-$+$'/-*"()6EB
I'38$96+,'@'3.*,!12-(+-$-' 0,12'7,2"!-'"9.,%#-$+-'12-$8'3."!892;('$-'3"!12-(+,'7+$+7-#+*-60+'3"2,$60-58'
6E,7+6*$,/"' 3."!892;(' 3.*,7+-$)' ()<86E"(,0B' I19-*)(-$,' 14' ,#,7,$2)' (13;#$,' ".-*' 12"3+,F'
8"/;#$+,$+-:' 0-9+' 6E-.-92,.)*80,' 7,2"!M' 7+$+7-#+*-60+' 3"2,$60-58:' (' 3".;($-$+8' *' 7,2"!4' ()*$-6*-$+-'
12-$;('.;($"(-/"()6E'.,-960+'*-6E"!*46)6E'('3."!892-6E'3.*,7+-$)B'Q.*,!12-(+-$,'14'(-O$+,01*,',2-3)'
()3."(-!*,$+-'."*(+4*8046,/"'895-!8'.;($-F:'92;.)'('.;O$,0'D".7+,'+'3"12-6+:'()9".*)12)(-$)'0,12'('(+,#8'
7,2"!-6E'"<#+6*,$+"()6E'+'3."/.-7-6E'9"7382,."()6EB
I' 38$96+,' @BR' 3.*,!12-(+-$-' 0,12' 7,2"!-' .,!8960+' ."*(+4*8046,/"' 895-!8' .;($-FB'  7$+,01*,$+,' +#"%6+'
.;($-F' *(+M91*-' 1*)<9"%&' "<#+6*,F:' 3"*(-#-' $-' 8$+9$+M6+,' 3.*,2(-.*-$+-' +' ()9".*)12)(-$+-' .;($-F:'
92;.)6E'(13;56*)$$+9+' #+6*<"(,' *$-6*$+,' .;O$+4' 1+M'7+,!*)' 1"<4:' 6"' !"' .*M!;('(+,#9"%6+B'I)9".*)12-$+,'
*.,!89"(-$,/"'895-!8'.;($-F'3"*(-#-'$-'%6+15,'"9.,%#-$+,'12MO,F'7"#"()6E'18<12-$60+:'92;.,'('3."!892-6E'
3.*,7+-$)'()12M3804'('+#"%6+-6E'%#-!"()6EB
K9.,%#,$+,' 3-.-7,2.;(' 3.*,7+-$)' 19"$!,$1"(-$)6E' 7-2,.+-5;(' ()<86E"()6E' ()7-/-' 8(*/#M!$+,$+-'
$+,+!,-#$)6E'(5-%6+("%6+'18<12-$60+'6E,7+6*$)6E'('(-.8$9-6E'()1"9+6E'6+%$+,F'+'2,73,.-28.:'0-9+,'()12M3804'
('3."!892-6E'()<86E8B'I'38$96+,'S'."*3-2.*"$"'.;($-$+,'12-$8'TUI:'92;.,'0,12'1*,."9"'12"1"(-$,'!"'"3+18'
(5-%6+("%6+'3."!892;('3.*,7+-$)'()<86E"(,0'".-*'0,12'()9".*)12)(-$,'('(+,#8'1)12,7-6E'"<#+6*,$+"()6EB'
Q.*,!12-(+"$"' +$2,.3.,2-60M' (5-%6+("%6+' .;($-$+-' 12-$8' TUI:' 3.*)2"6*"$"' 6E-.-92,.)12)9+' (-O$+,01*)6E'
3-.-7,2.)*-60+' .;($-$+-' TUI:' 0-9+,' *"12-5)' "3.-6"(-$,' (' 2.-96+,' 0,/"' ()9".*)12)(-$+-' !"' "<#+6*,F'
3-.-7,2.;('!,2"$-60+'19"$!,$1"(-$)6E'7-2,.+-5;('()<86E"()6EB'I'38$96+,'V'3.*,!12-(+"$"'3".;($-$+,'
()$+9;(' "<#+6*,F' 3-.-7,2.;(' !,2"$-60+' !#-' .;O$)6E' /.83' 7-2,.+-5;(' ()<86E"()6EB' W"*3-2.)(-$-' 0,12'
3.*)!-2$"%&'+'!"95-!$"%&'3"1*6*,/;#$)6E'3-.-7,2.)*-60+'TUI:'!"'"9.,%#-$+-'3-.-7,2.;('!,2"$-60+'7-2,.+-5;('
"'!-$)7'2)3+,'195-!8'6E,7+6*$,/"'".-*'"9.,%#"$)7'*-9.,1+,'/M12"%6+B
I'38$96+,'X'3.*,!12-(+"$"'3"!187"(-$+,'()$+9;('3.-6)B'I'1*6*,/;#$"%6+'D".785"(-$,'14'8(-/+:'92;.,'
7"/4'<)&'3.*)!-2$,'3.*)'3"3.-($)7'1D".785"(-$+8'+' .,-#+*-60+'*-!-$+-'"9.,%#,$+-'3-.-7,2.;('3.*,7+-$)'
()<86E"(,0'*'()9".*)12-$+,7'"<#+6*,F'2,.7"!)$-7+6*$)6EB

B>+ C(4(.)*%)*%+5#$%&'()*(+6($(2%7$89+6$3%2*():+2(7%$*(-/+
9:,5#5%)%$4%7:03)%45+)(+65.,7(9*%+$539*D3()*(+3(.()*(+5+,#-(.3*%+
01%2*03):2+6$5./#789+6$3%2*():+

 ,' (*/#M!8' $-' *5"O"$)' 6E-.-92,.' 3.*,7+-$)' (+M91*"%6+' 7-2,.+-5;(' ()1"9",$,./,2)6*$)6E:' 3."6,1' +6E'
3.*,7+-$)'7-'6E-.-92,.'(+,#",2-3"()B'Q."6,1'."*95-!8'7-2,.+-58'()0%6+"(,/"'+'D".7"(-$+-'1+M'9"F6"(,/"'
195-!8'3."!892;('7-'6E-.-92,.'(+,#"12"3$+"():'$-'3"1*6*,/;#$)6E',2-3-6E'3"(12-04'3."!892)'3.*,0%6+"(,:'
92;.,'('9"F6"()7'195-!*+,'3."!892;('()12M3804'$+,9+,!)'('+#"%6+-6E'%#-!"()6EB



EF  !"#$%&'()*'

 7+-$)' 195-!8' 6E,7+6*$,/"' *(+4*-$,' 14' *' .;O$+6-7+' (' 12-$+,' 2,.7"!)$-7+6*$)7' 3"1*6*,/;#$)6E' 12.,D'
3.*,7+-$)'7-2,.+-58'()1"9",$,./,2)6*$,/"B'I)9".*)12-$+,'-$-#+*)'"<#+6*,$+"(,0'3"(+$$"'8(*/#M!$+-&'12-$'
G,2-3J'3.*,7+-$):'!"'92;.,/"'1+M'"!$"1+B'
Y#812.-60-' (+,#",2-3"("%6+' 3."6,18' 3.*,7+-$)' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' 3.*,!12-(+"$-' *"12-5-' $-'
.)1B'ZB>B'Q"9-*-$"'()9.,1'2,73,.-28.)'".-*:'('13"1;<'16E,7-2)6*$):'*-*$-6*"$,'*"12-5)'3"1*6*,/;#$,',2-3)'
91*2-52"(-$+-'1+M'9"F6"(,/"'195-!8'3."!892;('('12.,[,'13-#-$+-'7-2,.+-58'()1"9",$,./,2)6*$,/"'$-'<-*+,'
$+2.",12.;(B'

2000

strefa płomienia
ciemnego (dark zone)

S
tr

ef
a 

p
ło

m
ie

n
ia

o
d
le

g
ło

ść

strefa zgazowania  
paliwa    (fizz       
                zone)

powierzchnia 
spalania

Temperatura

30001000

.,-960,'
3"!3"(+,.*6E$+"(,

.,-960,'
*/-*"(-$+-

.,-960,'
('12.,[,'35"7+,$+-

W\]KZ ^ W_`aK'b']KZ ^ ]K'b'a`]K
b'`K'b'`KZ'

b'aZK'b'aZ'+23B'

^ ]Z'b'`K'b'`KZ

b'aZK'b'+'+$$,

 !"#$%#&#$ C2.8928.-' 12.,D)' 13-#-$+-' +' 3."[#' 2,73,.-28.)' 3-#+(-' $+2.",12."(,/"B' Q.-(!"3"!"<$,' 195-!)'
6E,7+6*$,'18<12-$60+'()12M38046)6E'('3"1*6*,/;#$)6E'12.,D-6E'13-#-$+-'(/B'=SA

 (+4*9+'3"(12-046,'('3+,.(1*)7'"9.,1+,'3.*,.,-/"(-$+-'7-2,.+-58'()1"9",$,./,2)6*$,/"'7-04'6E-.-92,.'
D.-/7,$2;('7"#,985'()0%6+"(,/"'7-2,.+-58:'3"(12-04'."!$+9+'+'+$$,'895-!)'3+,.(+-129;(B'N"3+,."'('!-#1*)6E'
,2-3-6E'$-12M380,'91*2-52"(-$+,'1+M'9"F6"(,/"'195-!8'3."!892;(B'
Q"!12-("()7' "<1*-.,7' !"' 92;.,/"'7"/4' <)&' "!$+,1+"$,' "<#+6*,$+-' 2,.7"!)$-7+6*$,:' 0,12' (' 3.*)3-!98'
13-#-$+-' 9"F6"(-' 12.,D-' 91*2-52"(-$+-' 1+M' 195-!8' 3."!892;(' 13-#-$+-B' ]-' (1*)129+6E' ,2-3-6E' 3"%.,!$+6E:'
3."6,1)'*-6E"!*46,'('12.,[,'35"7+,$+-'7-04'6E-.-92,.'$+,.;($"(-/"()B'K<#+6*,$+-'2,.7"!)$-7+6*$,'7"/4'
<)&'()9".*)12)(-$,'!"'"6,$)'12-$;('(,($42.*'12.,D)'35"7+,$+-'3.*)'8(*/#M!$+,$+8'+6E'$+,-!+-<-2)6*$"%6+:'
$3B'8(*/#M!$+,$+-'(+,#9"%6+'()7+-$)',$,./++'*'"2"6*,$+,7:'92;.-'*-6E"!*+'('()$+98'9"$(,960+B
Q."6,1' 3.*,7+-$)' !,2"$-6)0$,0' 6E-.-92,.)*80,' 1+M' *$-6*46)7+' .;O$+6-7+:' (' "/;#$)7' "<.-*+,' 3.*,7+-$):'
(' 3".;($-$+8' *' 3."6,1,7' 13-#-$+-B'  /"!$+,' *' "<.-*,7' 3.*,<+,/8' !,2"$-60+' "3+1)(-$)7' 3.*,*' 7"!,#'
 ,#!"(+6*-?],87-$-?Nc.+$/-:' 92;.)' 0,12' 3"2(+,.!*-$)' (+,#"7-' ()$+9-7+' .,0,12.-60+' !"%(+-!6*-#$)6E:'
.,-#+*-60-'3."6,18'!,2"$-6)0$,/"'$-12M380,'3"3.*,*'3.*,0%6+,'3.*,*'1*,.,/'12-$;('-!+-<-2)6*$)6E'=>?@AB'
I*-0,7$)' 895-!' -!+-<-2' ()0%6+"(,/"' 7-2,.+-58' ()1"9",$,./,2)6*$,/":' -!+-<-2' 12-$;(' 3"%.,!$+6E' ".-*'
()$+9"(,0'-!+-<-2)'3."!892;('()<86E8'3.*,!12-(+"$)'*"12-5'$-'.)1B'ZBZB



E= !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

p

p

υ

υ

0 0
,

0

AD

ED

Ai

MC-J

C-J

M1

α1

αC-J

 !"#$%#%#$ Y$2,.3.,2-60-' 3.*,7+-$)' !,2"$-6)0$,0' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' $-' 35-1*6*)d$+,' D-*"(,0'
GB:OJ

Q.*,7+-$-'!,2"$-6)0$-'6E-.-92,.)*80,'1+M'!8O)7+'*7+-$-7+'6+%$+,$+-:'('3"1*6*,/;#$)6E'3"!"<1*-.-6E'12.,D)'
!,2"$-6)0$,0B'I'2)3"()6E'19"$!,$1"(-$)6E'7-2,.+-5-6E'()<86E"()6E'"1+4/-$,'6+%$+,$+,'('12.,[,'!,2"$-60+'
0,12' .*M!8' >ee' eee' \' Ree' eee' -27"1D,.B'  ,' (*/#M!8' $-' +$2,$1)($"%&' "<6+4O,$+-:' -!+-<-2-' 8!,.*,$+"(-'
()0%6+"(,/"'7-2,.+-58'.,-#+*80,'1+M'2)#9"'6*M%6+"("'G9.*)(-'PN'$-'.)1B'ZBZJB'I)2(".*,$+,'()1"9+6E'6+%$+,F'
+'*(+4*-$)'*'2)7'(*."12'2,73,.-28.)'3"("!804'!,*+$2,/.-60M'()0%6+"(,/"'7-2,.+-58'()1"9",$,./,2)6*$,/"B'
Q"(12-046-'7+,1*-$+$-'7"#,985'()0%6+"(,/"'7-2,.+-58:'."!$+9;('+'3."!892;('3.*,0%6+"()6E'7-'+$$,'6,6E)'
$+d#+'()0%6+"()'7-2,.+-5B'f!+-<-2)'12-$;('3"%.,!$+6E'*-*$-6*"$,'*"12-5)'$-'.)1B'ZBZ'#+$+-7+'3.*,.)(-$)7+B'
`*)$+"$)6E'0,12'(+,#,'3.;<'"3+18'.;($+,O'(5-%6+("%6+'3."!892;('3.*,7+-$)'!,2"$-6)0$,0'$-',2-3+,'12-$;('
3"%.,!$+6EB' g,!$-9O,:' (' 3,5$+' 3"3.-($,' ()9".*)12-$+,' 7,2"!)' "<#+6*,F' 2,.7"!)$-7+6*$)6E:' 7"O,' 1+M'
"!$"1+&'2)#9"'12-$8'9"F6"(,/"'3.*,7+-$)'!,2"$-6)0$,0B'
C2-60"$-.$)' 38$92' 3.*,7+-$)' !,2"$-6)0$,0' G(NJ' "9.,%#-$)' 0,12' 0-9"' 12-$' G3".B' =>?PAJ:' 92;.)' "!3"(+-!-'
12)6*$"%6+'3."12,0'H+6E,#1"$-?W-)#,+/E-'!"'-!+-<-2)'!,2"$-6)0$,0B
 /"!$+,'*'E+3"2,*4'̀ E-37-$-?g"8/8,2-'0,12'2"'38$92'1"$+6*$):'('92;.)7'187-'3.M!9"%6+'!d(+M98'G.J'+'3.M!9"%6+'
7-1"(,0' 3."!892;(' 3.*,7+-$)' G;J' .;($-' 0,12' 3.M!9"%6+' 3.*,7+,1*6*-$+-' 1+M' 3.*,7+-$)' !,2"$-6)0$,0' GNJ'
('7-2,.+-#,'()1"9",$,./,2)6*$)7

NQ9R'h';Q9R'b'.Q9R' GZB>J

I3."(-!*,$+,'*-#,O$"%6+' GZB>J' G#8<'*(+4*98' 0,0' .;($"(-O$,78J:'"9.,%#-'3"12-&'(-.8$98'[*)6*$,/"' G3".B'
38$92'@BZJ'!#-'92;.,/"'()*$-6*-$,'0,12'*-!-$+,'"9.,%#,$+-'195-!8'6E,7+6*$,/"'3."!892;('!,2"$-60+B'
W"*(+4*-$+,' *-!-$+-'"'()*$-6*,$+8' 195-!8' 6E,7+6*$,/"' +' 12-$8' 2,.7"!)$-7+6*$,/"'3."!892;('!,2"$-60+'
$-'3"!12-(+,'*-#,O$"%6+' GZB>J' G#8<' 0,0' .;($"(-O$,0:'3".B'(*;.' G@B>PJJ:' 0,12'('3,5$+'3"3.-($,'('3.*)3-!98'
"%."!9;(:'('92;.)6E'$-12M380,'3,5$,'3.*,.,-/"(-$+,'7-2,.+-58'()1"9",$,./,2)6*$,/"'(' 12.,[,'!,2"$-60+B'
N"2)6*)'2"'*(5-1*6*-'7-2,.+-5;('"'0,!$"."!$,0'12.8928.*,'[*)6*$,0:'0-9B'$3B'7-2,.+-5'3.*,!12-(+-$)'$-'.)1B'
ZB>B'I' 2-9+7' 3.*)3-!98:' $-' 6*"#,' D-#+' !,2"$-6)0$,0' !"6E"!*+' !"' .;($"7+,.$,0' -92)(-60+' 3"1*6*,/;#$)6E'
7"#,985'"%."!9-'-'$-12M3$+,:'('()$+98'3.*,.,-/"(-$+-:'$-12M380,'91*2-52"(-$+,'1+M'3."!892;('3.*,7+-$):'
92;.)6E'12-$'"3+1)(-$)'0,12'-!+-<-24'!,2"$-6)0$4B'
I+,#,'"%."!9;('()<86E"()6E:'*(5-1*6*-'3.*,*$-6*"$)6E'!"'*-12"1"(-F'3.*,7)15"()6E:'13".*4!*-$)6E'0,12'



EB  !"#$%&'()*'

('3"12-6+'7+,1*-$+$'E,2,."/,$+6*$)6EB'I'2)7'3.*)3-!98:'3."6,1'-92)(-60+'+'3.*,.,-/"(-$+-'3"1*6*,/;#$)6E'
195-!$+9;('*-6E"!*+'*'.;O$)7+'1*)<9"%6+-7+B'Q.*)95-!,7'('2)7'*-9.,1+,'14'7-2,.+-5)'()<86E"(,'*-(+,.-046,'
('1("+7'195-!*+,'3."1*9+'-#87+$+87'=@:'VAB']-'.)1B'ZBP'3.*,!12-(+"$)'*"12-5'16E,7-2'3.*,7+-$'*-6E"!*46)6E'
12.,[,'!,2"$-60+'7-2,.+-58'()<86E"(,/"'*-(+,.-046,/"'6*4129+'-#87+$+87B'

Kierunek rozprzestrzeniania
się fali detonacyjnej
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Strefa uderzeniowej dekompozycji
materiału wybuchowego

maksimum ciśnienia
“chimpik”

p

x

 !"#$%#'#$i#,7,$2)'12.8928.)'12.,D)'!,2"$-60+'7-2,.+-58'()<86E"(,/"'*-(+,.-046,/"'6*4129+'-#87+$+87

I' 3.*,!12-(+"$)7' $-' .)1B' ZBP' 3.*)3-!98:' D-#-' !,2"$-6)0$-' 3.*,7+,1*6*-' 1+M' (' 9+,.8$98' "!' #,(,0' !"'
3.-(,0' 12."$)B']-' 6*"#,' D-#+' !,2"$-6)0$,0'()12M380,' +$2,$1)($)'(*."12' 6+%$+,$+-B' ]-' .)18$98' *-*$-6*"$,'
*"12-5"'7-91+787'6+%$+,$+-:' *(-$,'$+,9+,!)'(' #+2,.-28.*,' j6E+73+9+,7k:' 0-9+,'()12M380,'(' 12.,[,' .,-960+'
6E,7+6*$)6E:'3"7+M!*)'6*"5,7'D-#+'!,2"$-6)0$,0'-'"<1*-.,7'('92;.)7'812-#-04' 1+M'3-.-7,2.)' 12-60"$-.$,0'
!,2"$-60+'G35-1*6*)*$-'`E-37-$-?g"8/8,2-JB'
]-'.)1B'ZBP:'('13"1;<'1)7<"#+6*$):'*-*$-6*"$,'*"12-5"'.;($+,O'2,73"'3.*,.,-/"(-$+-'7-2,.+-58'*-(-.2,/"'
(' *+-.$-6E' 3."1*98' -#87+$+"(,/"B' C*)<9"%&' 3.*,.,-/"(-$+-' *+-.,$' 3"!#,/-' +$$)7' 3.-("7:' $+O' *-1-!)'
"9.,%#-046,' 7,6E-$+*7)' -92)(-60+' +' ."*3-!8' 7"#,985:' ".-*' 3."6,1)' 91*2-52"(-$+-' 1+M' 9"F6"(,/"' 195-!8'
7+,1*-$+$)' .,-92)($,0:' 0-9+' 3"(12-0,' (' 12.,[,' !,2"$-60+B' I' 3."6,1+,' 3.*,.,-/"(-$+-' *+-.,$' -#87+$+87'
()12M3804' #+7+28046,' 6*)$$+9+:' 0-9' 1*)<9"%&' 2.-$13".28' 6+,35-'(' /54<' *+-.$-:' "!3."(-!*,$+,' 3"(12-046,/"'
2#,$98'-#87+$+87:'1*)<9"%&'!"35)(8'2#,$8B'I'(+,#8'<-!-$+-6E'!"%(+-!6*-#$)6E'G92;.)6E'3.*,/#4!'()9.-6*-'
3"*-'.-7)'3.*,!12-(+-$,0'3.-6)J:'"<1,.("(-$-'3.M!9"%&'!,2"$-60+'"!3"(+-!-'$+,3,5$,78'3.*,.,-/"(-$+8'
3."1*98'-#87+$+87:'('"<1*-.*,'3"7+M!*)'6*"5,7'D-#+'-'35-1*6*)*$4'`E-37-$-?g"8/8,2-B
H"O#+("%&' $+,3,5$,/"' 3.*,.,-/"(-$+-' 6*M%6+' 195-!$+9;(' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' 3"(+$$-' <)&'
*-(1*,'<.-$-'3"!'8(-/M:'3.*)'()<".*,'7,2"!)9+'-$-#+*)'+'1*-6"(-$+-'3-.-7,2.;('3.*,7+-$)'!,2"$-6)0$,0B
Y$$)' 0,1*6*,' ,D,92:' 92;.)' $-#,O)'7+,&' $-' 8(-!*,' 3.*,!' 3.*)1243+,$+,7'!"' "6,$)' 3-.-7,2.;('!,2"$-60+' $-'
3"!12-(+,' -$-#+*)' 3"2,$60-#$,/"' 195-!8' 3."!892;(' !,2"$-60+:' 0,12' *(+4*-$)' *,' *0-(+19+,7' $+,+!,-#$,0'
!,2"$-60+B'
I'9-O!)7'3.*)3-!98:'('"<1*-.*,'<.*,/"()7:'$-'19.-08'5-!8$98'HI:'$-12M380,'*-<8.*,$+,'7,6E-$+*7;('
91*2-52"(-$+-'1+M'D-#+'!,2"$-6)0$,0:'3"(12-046,'('()$+98'"!!*+-5)(-F'*,($M2.*$)6EB']+19+,'6+%$+,$+-'3-$8046,'
(' "%."!98' 3.*)#,/-046)7'!"' 5-!8$98'HI'3"("!804' 3"(12-(-$+,' D-#' "!6+4O,$+-:' 92;.,' *' 9"#,+' 3"("!804'
"<$+O,$+,'6+%$+,$+-'G3-.-7,2.;('2,73,.-28.)J'('3."!892-6E'!,2"$-60+B'I'.,*8#2-6+,:'('12.,[,'3.*)<.*,O$,0:'
!"' "3+18' 12-$8' 3."!892;(' !,2"$-60+' $+,' 7"O$-' ()9".*)12)(-&' *-#,O$"%6+' ()12M38046)6E' $-' -!+-<-6+,'
!,2"$-6)0$,0'(N'G.)1B'ZBZJB'
N#-'(+,#8'19"$!,$1"(-$)6E'7-2,.+-5;('()<86E"()6E:'0-9'2."2)#:'3,$2.)2:'E,91"/,$'+'+$$,:'12.,D-'!,2"$-60+'
0,12' <-.!*"'(419-:' .*M!8' 0,!$,/"' \' 9+#98'7+#+7,2.;(B'  ,'(*/#M!8' $-' 2":' O,' !,2"$-60-' ."*3.*,12.*,$+-' 1+M'
*'3.M!9"%6+4'*$-6*$+,'3.*,()O1*-04'3.M!9"%&'!d(+M98:'7+-.-'G/5M<"9"%&J'"<1*-.8'(35)(8'D-#'"!6+4O,$+-:'92;.,'



EG !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

."*3.*,12.*,$+-04'1+M'*'3.M!9"%6+4'7-5)6E'*-<8.*,F:'<M!*+,'7$+,01*-'"!'!."/+:'0-94'3.*,<)(-'D-#-'!,2"$-6)0$-'
('0,!$"126,'6*-18B'C24!:'+$2,.3.,2-60-'3-.-7,2.;('D-#+'!,2"$-6)0$,0'3.*,!12-(+"$-'$-'.)1B'ZBZ'0,12'1581*$-'!#-'
<-.!*"'1*,."9+,0'/.83)'7-2,.+-5;('()<86E"()6E'0-9'.;($+,O:'('3.*)3-!98'!,2"$-60+'/-*"()6EB'
I35)('<"6*$)6E'D-#'"!6+4O,$+-'$-'3-.-7,2.)'+'12.8928.M'D-#+'!,2"$-6)0$,0'D".78046,0'1+M'('6)#+$!.)6*$)6E'
5-!8$9-6E'()<86E"()6E'0,12'$-2"7+-12'(+!"6*$)'('3.*)3-!98'7-2,.+-5;('()<86E"()6E'"'$+,0,!$"."!$,0'
12.8928.*,'[*)6*$,0:'*-(+,.-046)6E'*+-.$-:'/.-$8#,:'3M6E,.*)9+'/-*"(,'+'+$$,'$+,0,!$"."!$"%6+'7-2,.+-5"(,B'
Q"!"<$+,' 0-9' (' 3.*)3-!98' HI' *-(+,.-046)6E' !"7+,1*9+' 3."1*9;(' 7,2-#+:' 12.,D-' !,2"$-60+' 8#,/-' (2,!)'
*$-6*$,78' ()!58O,$+8B' Q"(12-04' (;(6*-1' (-.8$9+' *-*$-6*,$+-' 1+M' (35)(8' <"6*$)6E' D-#' "!6+4O,$+-' $-'
3-.-7,2.)'+'12.8928.M'D-#+'!,2"$-6)0$,0:'('6-5)7'3.*,9."08'5-!8$98B
C6E,7-2' 3.*,35)(8' (' "<1*-.*,' D-#+' !,2"$-6)0$,0' !#-' 5-!8$98' (' 92;.)7' ."*(+0-' 1+M' !,2"$-60-' $+,+!,-#$-'
3.*,!12-(+"$)'*"12-5'$-'.)1B'ZBRB

1

2

2

1

          linia soniczna 
(skraj strefy kształtowania parametrów detonacji) 

koniec strefy 
reakcji  chemicznych

 !"#$%#(#$ C2.8928.-'12.,D)'3.*,7+-$)'!,2"$-60+'$+,+!,-#$,0

K<$+O,$+,' 3-.-7,2.;(' G6+%$+,$+,:' 2,73,.-28.-J' (' 12.,[,' !,2"$-60+' 3"("!80,' ()!58O,$+,' 6*-18' 3,5$,/"'
3.*,.,-/"(-$+-'7-2,.+-58' +' 8D".7"(-$+-' 1+M' 9"F6"(,/"' 12-$8' 195-!8'3."!892;('3.*,7+-$)B'K!3"(+,!$+"'
!"'195-!8'6E,7+6*$,/"'+'(5-%6+("%6+'[*)9"6E,7+6*$)6E'G(+,#9"%&'+'6E-.-92,.)12)9+'*+-.,$:'/.-$8#:'+23BJ'HI'
91*2-5280,' 1+M' 3."6,1' 3.*,.,-/"(-$+-' 7+,1*-$+$)' ()<86E"(,0B'I' "<1*-.*,' ."*#"28' 3."!892;(' 3.*,7+-$)'
7"O$-'(19-*-&'38$92)' G3"(+,.*6E$+MJ:'('92;.)6E'*-6E"!*+'(-.8$,9';'b'.'h'NB'I'3.*)3-!98'7-2,.+-5;('
"'*5"O"$,0'12.8928.*,'[*)6*$,0:'(-.8$,9';'b'.'h'N'$+,'<M!*+,'1+M'3"9.)(-5'*'7+,016,7'*-9"F6*,$+-'3.*,7+-$'
6E,7+6*$)6EB'Q"(+,.*6E$+-'1"$+6*$-'$+,'<M!*+,'(;(6*-1'"!3"(+-!-&'3,5$,0'-!+-<-6+,'!,2"$-6)0$,0B'H+,016,'
/,"7,2.)6*$,' 38$92;(' 1"$+6*$)6E:' 2-9' 0-9' 2"' *"12-5"' *-*$-6*"$,' $-' .)1B' ZBR:' 12-0,' 1+M' (;(6*-1' 2)#9"'
0,!$4' *' 6E-.-92,.)12)9' G(5-%6+("%6+J' 3.*,35)(8:' 3.*,12-0,' <)&'$-2"7+-12' *(+4*-$,' *' *(+4*-$,' *' "<1*-.,7'
*-9"F6*,$+-'.,-960+'6E,7+6*$)6EB'
I*-0,7$)' 895-!' 3"(+,.*6E$+' 3,5$,/"' 3.*,.,-/"(-$+-' ".-*' 3"(+,.*6E$+' 1"$+6*$,0' 14' %6+%#,' *(+4*-$,'
*'(5-%6+("%6+-7+'"2-6*-046,/"'"%."!9-B']-'.)1B'ZBR'*-*$-6*"$,'*"12-5):'('13"1;<'16E,7-2)6*$):'9"$[/8.-60,'
7-2,.+-#$,'0-9+,'7"/4'()12M3"(-&'('"2"6*,$+8'!,2"$8046,/"'5-!8$98'7-2,.+-58'()<86E"(,/"B'C)7<"#,7'lSk'
"*$-6*"$,'*"12-5"'<,*3"%.,!$+,'"2"6*,$+,'5-!8$98'HI'G(-.12(-'3"(+,2.*-'('3.*)3-!98'()<86E8'('"2(".*,'
12.*-5"()7:'"<8!"(-:'3"0,7$+9'\'('+$$)6E'3.*)3-!9-6EJB' (5-1*6*-'(5-%6+("%6+'<#+19+,/"'"2"6*,$+-'5-!8$98:'
0-9'87+,1*6*,$+,'5-!8$98'('"<8!"(+,'2,928."(,0:'3"#+,2)#,$"(,0'6*)'.8.*,'12-#"(,0:'()(+,.-04'<,*3"%.,!$+'
(35)(' $-' 9"$[/8.-60M' 3-.-7,2.;(' D-#+' !,2"$-6)0$,0:' $-' (*-0,7$)' 895-!' 12.,D)' 3,5$,/"' 3.*,.,-/"(-$+-'
".-*'3"(+,.*6E$+'1"$+6*$,0B'H"O#+(-'0,12'1)28-60-:'O,'('3.*)3-!98'7-1)($,0'"<8!"()'G$3B' .8.-'12-#"(-J:'
3.M!9"%&'!,2"$-60+'3.*,12-0,'*-#,O,&'"!'%.,!$+6)'5-!8$98B'N,2"$-60-'."*(+0-'1+M'(;(6*-1'('.,O+7+,'+!,-#$)7B'
]-2"7+-12' 87+,1*6*,$+,' 2,/"' 1-7,/"' 5-!8$98'(' "<8!"(+,' 3-3+,."(,0:' 3."(-!*+' !"'()1243+,$+-' ,D,92;('
!,2"$-60+'$+,+!,-#$,0B
K6,$-'(-.8$9;('('92;.)6E'3.*,<+,/-'3.*,7+-$-:'3"3.-($,'1D".785"(-$+,'*(+4*9;('2,.7"!)$-7+6*$)6E:'
0-9+,'3"(+$$)'13,5$+-&'3."!892)'3.*,7+-$):'0,12'$+,*<M!$)7',2-3,7:'92;.)'3"(+$+,$'3"3.*,!*-&'()9".*)12-$+,'
7,2"!'"9.,%#-$+-'3-.-7,2.;('!,2"$-60+' +'()<86E8'$-'3"!12-(+,'-$-#+*)'3"2,$60-#$,/"'195-!8'6E,7+6*$,/"'
+'3-.-7,2.;('2,.7"!)$-7+6*$)6E'3.*,7+-$)B'



E  !"#$%&'()*'

G>+ H%75.:+6$3:;'*I5)%+50%):+6($(2%7$89+.%75)(0<*

g,!$4' *,' 12-.1*)6E'7,2"!'3.*)<#+O"$,/"'"9.,%#-$+-'3-.-7,2.;('!,2"$-60+' 0,12'7,2"!)9-'"3.-6"(-$-'3.*,*'
U-7#,2-'+'(13;53.-6"($+9;('=X?>eAB'H,2"!-'U-7#,2-'"!$"1+'1+M'!"'7-2,.+-5;('"'"/;#$)7'195-!*+,'̀ &abK6]dB'
]-#,O)'*(.;6+&'8(-/M:'O,'('3.*)3-!98'7-2,.+-5;('"'('7+-.M'*.;($"(-O"$)7'<+#-$1+,'2#,$"()7:'.,-960,'
*-6E"!*46,'('6*-1+,'3.*,7+-$)'7-04'3"!"<$)'3.*,<+,/B'C24!:'('."*(+0-$)6E'7,2"!-6E'3.*)<#+O"$)6E:'(+,#,'
6*)$$+9;('(35)(-046)6E'$-'(-.2"%&'3-.-7,2.;('!,2"$-60+:'7"O,'<)&'().-O"$)6E'*-'3"7"64'(13;56*)$$+9;('
#+6*<"()6E:'(13;#$)6E'!#-'6-5,0'."*3-2.)(-$,0'/.83)'7-2,.+-5"(,0B
Q+,.(1*)7' 9."9+,7' ."*3-2.)(-$,0' 7,2"!)' 3.*)<#+O"$,0' 0,12' *-5"O,$+,' 3.*)<#+O"$,/"' 16E,7-28' ."*95-!8'
7-2,.+-58' ()<86E"(,/"B' I)$+9+,7' 3.*)0M6+-' .;($-$+-' ."*95-!8' 0,12' "9.,%#,$+,' +#"%6+' 7"#+' /-*"()6E'
3."!892;(' 3.*,7+-$)' G]J' ".-*' ()*$-6*,$+,' %.,!$+,0' 7-1)' 7"#"(,0' 3."!892;(' 3.*,7+-$)' GHJB' I' 2)7'
*-9.,1+,:'7,2"!-'U-7#,2-'!"381*6*-'"9.,%#"$4'!"("#$"%&:'('3.-6-6E'=X?>eA'."*3-2.)(-$,'14'.;O$,'13"1"<)'
"9.,%#-$+-'(-.2"%6+']'+'H:'$-'3"!12-(+,'*-5"O"$)6E'.;($-F'."*95-!8B'
I'3.*)95-!*+,'#+6*<"()7'3.*,!12-(+-$)7'3"$+O,0'."*3-2.80,7)'3.*)3-!,9:'/!)'(-.2"%6+']'+'H'()*$-6*-$,'
14'*-'3"7"64'.;($+-' ."*95-!8'*-3+1-$,/"'(/B'16E,7-28'aZKm`KZ:'6"'"!3"(+-!-'*-1-!*+,'7-91)7-#$,/"'

()!*+,#,$+-'6+,35-'T,.2E,#"2-B'I'2,0'7,2"!*+,'3.*)0780,7):'O,'!"12M3$)'("!;.'82#,$+"$)'*"12-0,'!"'aZK:'3"'
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






−
2

b
c :'*8O)2-'*"12-0,'!"'()2(".*,$+-'!(82#,$98'(M/#-

CaHbOcNd = 
2

d
N2+

2

b
H2O+ 








−

42

bc
CO2+ 








−+

24

cb
a C(s)

 
:' GPB>J

C)7<"#,7'`G1J'"*$-6*"$)'*"12-5'(M/+,#:'92;.)'$+,'(6E"!*+'('.,-960,'+'()2.46-'1+M'('3"12-6+'3+,.(+-129"(,0B'
Q.*)078046' .;($-$+,' ."*95-!8' 7-2,.+-58' ()1"9",$,./,2)6*$,/"' (' 3"12-6+' GPB>J:' +#"%&' 7"#+' /-*"()6E'
3."!892;('3.*,7+-$)'".-*'%.,!$+4'7-1M'7"#"(4'()*$-6*)&'7"O$-'*'*-#,O$"%6+'

N = 
dcba

cb
a

bcbd

141612

244222

+++








 −++






 −++
= 

dcba

dcb

5664448

22

+++
++

, [ ]
g

mol
N = ,' GPBZJ

".-*'

M = 








 −++

⋅






 −+⋅+⋅

4222

44
42

18
2

26
2

bcbd

bcbd

=
dcb

cbd

22

88856

++
+−

, [ ]
PDmol

g
M = ,' GPBPJ

W"*3-2.8046' .;($-$+,' ."*95-!8' GPB>J'7"O,7)' *-8(-O)&:' O,' 0,12' "$"' *-3+1)(-$,' *' !8O)7'83."1*6*,$+,7B'
I' 1*6*,/;#$"%6+:' (' .,-#$,0' 7+,1*-$+$+,' .,-92)($,0:' 0-9-' 2(".*4' 3."!892)' 3.*,7+-$):' $+/!)' $+,' 3"(12-0,'
1)28-60-:'/!)'(M/+,#'3.*,.,-/"(80,'2(".*46'2)#9"'`KZ'+'`G1JB' -(1*,'3"(12-0,'.;($+,O'"9.,%#"$-'+#"%&'2#,$98'
(M/#-'`K:'92;.,/"'12MO,$+,'*-#,O)'"!'3-.-7,2.;('2,.7"!)$-7+6*$)6E'0-9+,'3-$804'('7+,1*-$+$+,'G(+,#9"%&'
2,73,.-28.):' 6+%$+,$+-JB' C2"1"(-$,' 14' .;O$,' 7,2"!)' 8%6+%#,$+-' .;($-$+-' ."*95-!8B'I'7,2"!*+,'H-##-.!-?
n,'`E-2,#+,._-'3.*)0780,' 1+M:' O,' 2#,$'*-(-.2)'('7+,1*-$+$+,'('3+,.(1*,0'9"#,0$"%6+'82#,$+-'(M/+,#'!"'`K:'
-'$-12M3$+,:'3"*"12-5' +#"%&' 2#,$8' 0,12' .;($"7+,.$+,'!*+,#"$-'3"7+M!*)'aZ' +'`K:'3"("!8046'82#,$+,$+,' 2)6E'
18<12-$60+'"!3"(+,!$+"'!"'aZK'+'`KZ

CaHbOcNd = aCO +
2

b
H2 +

2

1
( )ac − O2+ 

2

d
N2

⇒
2

1
( )ac − CO2 + 

2

1
( )ac −  H2O +

2

1
( )ca −3 CO +

2

1
( )cba −+  H2 +

2

d
N2

 

:' GPBRJ

g-9'(+!-&:'('2)7'3.*)3-!98:'8(*/#M!$+-$-'0,12'7"O#+("%&'()1243+,$+-'('3."!892-6E'$+,*(+4*-$,/"'("!".8'
aZ'G6"'!#-'(+,#8'HI'0,12'"<1,.("(-$,'3.*)'%6+15)7'"9.,%#,$+8'195-!8'6E,7+6*$,/"'3."!892;(JB'
g,O,#+'3.*)07+,'1+M'*-1-!M'"'3,5$)7'3.*,.,-/"(-$+8'("!".8'*'()2(".*,$+,7'aZK:'"!$"%$+,'3"*"12-046,/"'



EE !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

2#,$8'7"O,'<)&'3.*)0M2,'*-5"O,$+,'"'0,/"'.;($"7+,.$)7'3"!*+-#,:'3"7+M!*)'`K'+'`KZ

CaHbOcNd = 
2

b
H2O + aCO +

2

1








−− a

b
c

2
O + 

2

d
N2

⇒
2

b
H2O + 








−−

2

b
ac CO2 + 








−+ c

b
a

2
2 CO +

2

d
N2

 

 ! "#$%&

'()*+,)-.()! /0! 12/1/34! /56)7,).(+! 8129:;*<..(598! '! (! = ! >6*);(! 2+6+?)>6! ?)>/0<! @+?,)>+! A ! 5>96<!

;B+6+5>)6<*4C)! ).)6D)><;*.)! +12)5><! 8:+7;(8/7;(! 26*)?(+.<! 0)>/.+;<C.)C$! E+6+?)>6! A! /56)7,+.<! C)1>!

*!*+,)-./7;(!

Q = 

( )
( ) 001,0*141612

2
047928

0

dcba

TH
b

c,b, f

+++

∆+






 −⋅+⋅

 

 ! "#$F&

D0*()G!H !""I&!J!).>+,2(+!>8/6*).(+!8!>)?2)6+>46*)!/>/;*).(+!"I$!

K+5!8(0+L!*!2/1>+;(!8*/64!"#$F& !8+6>/7L!2+6+?)>64!A!.()!C)1>!8!12/193!3)*2/76)0.(!*8(M*+.+!*!8+6>/7;(+?(!

2+6+?)>698! '! (! = ! 5>96)! ;B+6+5>)6<*4CM! 15:+0! ;B)?(;*.<! 26/045>98$! N! 12/193! 4C)0./,(;/.< ! 8+6>/7L!

2+6+?)>64!A!/0./1*/.+!C)1>!0/!*8+6>/7;( !8OD,+ !8/0/64!(!>,).4!8!C)0./1>;)!?+1<!6/*2+>6<8+.)D/!?+>)6(+:4!

8<34;B/8)D/$!N(),5/7L!).>+,2((!>8/6*).(+!H !""I&!2/0+8+L!.+,)-<!8!5;+,P?/,!=N$!

'+!2/01>+8()!8+6>/7;(!2+6+?)>698!' !=!(!A!;B+6+5>)6<*4CM;<;B!0+.<!?+>)6(+:!8<34;B/8< !/3,(;*+.<!C)1>!

Q8129:;*<..(5!0)>/.+;<C.<R!#

#!S!'!T!=UPV!T!AUPV  ! "#$W&

E6O05/7L!0)>/.+;C(!$!/6+*!;(7.().()!8!24.5;()!XB+2?+.+JK/4D4)>+!8<*.+;*+.)!1M!*!*+,)-./7;(

$!S!U IU"UYU #I!%I&T#UPV  ! "#$Z&

&'()(*!S!U% %Z!T!%I
V!T!#( ! "#$[&

D0*()G! %I! \! DO1>/7L! ?+>)6(+:4! 8<34;B/8)D/! "DP;?#&$! X(7.().()! />6*<?<8+.)! C)1>! 8! 5(,/3+6+;B! +! 26O05/7L!

0)>/.+;C(!8!5?P1$

N!;),4!(,41>6+;C(!?)>/0< !26*)01>+8(/./!2/.(-)C!8<.(5(!/56)7,).(+!2+6+?)>698!0)>/.+;C(!8<36+.<;B!?+>)6(+:98!

8<34;B/8<;B !26*<!8<5/6*<1>+.(4!?)>/0<!@+?,)>+$!

N!>+3),+;B!#$U!(!#$V!26*)01>+8(/.)!*/1>+:<!/02/8()0.(/!8+6>/7;(!2+6+?)>698!8<.(5+CM;)!*)!15:+04!;B)?(;*.)D/!

3+0+.<;B!?+>)6(+:98!/6+*!82:<8!DO1>/7;(!?+1/8)C!.+!0/5:+0./7L!8<*.+;*).(+!2+6+?)>698!0)>/.+;<C.<;B!*+!

2/?/;M!6/*2+>6<8+.)C!?)>/0<!26*<3,(-/.)C$

 !"#$!%&'('%]56)7,+.()!;B+6+5>)6<1><5!8<.(5+CM;<;B!*)!15:+04!;B)?(;*.)D/!?+>)6(+:4!8<34;B/8)D/

=+>)6(+:!
8<34;B/8<!

^5:+0!;B)?(;*.< ' != !H !""I& B"

+ b , d ?/,PD D!P?/, 5;+,P?/, _

E).>6<> % Z UV ` I I#UF #I `I UV% JUI UV

a6/><, W % F # I IV%# !VZ %VUW !UI !JW# [W

b)51/D). # F F F I I##Z VW VI !JU` W JVU FU



 !  !"#$%&'()*'

 !"#$!%&')'%]56)7,+.()!2+6+?)>698!0)>/.+;C(!*+!2/?/;M!?)>/0<!26*<3,(-/.)C!@+?,)>+

=+>)6(+:!
8<34;B/8<!

cO1>/7L! '/3,

'!J!'/3,

'/3,

- $ &)512 $)512

DP;?# ?/,PD _ 53+6 ?P1 53+6 ?P1

E).>6<>

U WWI I I#UZ JI `Z ### ZWI# ##% ZFII

U %II I I#VF JV [# V#` WWWZ VVI W`%I

U VFI I I##U J` `I UFZ F[%% U`I F%`I

I ZZI I I#`[ J[ `I ZV %F%# FV %UII

a6/><,
U F`I I IV%W JU `` VIF WIIZ VUI F[%I

U III I IV[# JU# %[ WF %U`F FF %UII

b)51/D).

U WZI I I#`V JU VV ##% ZWUW #`I ZWII

U FFI I I#`% JV IZ V[U Z#IF JJJ ZVWI

U III I I`IU JU# W UIF FI%I UI` FIII

^<?3/,)?!B"!/*.+;*/.+!*/1>+:+!8+6>/7L!3(,+.14! >,)./8)D/!">+3),+!#$U&$!N!;),4!*(,41>6/8+.(+!8:+7;(8/7;(!

?)>/0< ! 8! >+3),(! #$V! *+?()1*;*/.+! */1>+:+! 698.()-! (,/7L! ?/,(! D+*/8<;B! 26/045>98! 0)>/.+;C(! />6*<?+.+!

*!0/5:+0.<;B!/3,(;*)d!"'/3,&$!

K+5!8(0+L!*!>+3),(!#$V !2/?(?/!26*<CO;(+!3+60*/!426/1*;*/.)D/!698.+.(+!6/*5:+04!8<34;B/8)D/ !0,+!8(),4!

=N ! 698.()-! /! *69-.(;/8+.<?! 3(,+.1()! >,)./8<? ! 4*<15+L! ?/-.+! 3+60*/! 0/36M! *D/0./7L! /1*+;/8+d!

26*<3,(-/.<;B! *! 0+.<?(! )512)6<?).>+,.<?($! N)! 81*<1>5(;B! 26*<2+05+;B ! 0/5:+0./7L! ?)>/0<! ?+,)C)!

86+*! *)! 12+05()?! 8(),5/7;(! DO1>/7;(! =N$! e8(M*+.)! C)1>! >/! .()8M>2,(8()! *! .()7;(1:/7;(+?(! 2/81>+CM;<?(!

26*<!26*<3,(-/.<?!/56)7,+.(4!15:+04!;B)?(;*.)D/!26/045>98$!f98.()-!8+6>/7L!2+6+?)>64!A!2/8(..+!3<L!

?/0<g5/8+.+! >+5 ! +3<! 48*D,O0.(L! 82:<8! *+?(+.<! *+8+6>/7;(! (! 8<1>O2/8+.()! 2/1*;*)D9,.<;B! 1431>+.;C(!

"X] !bV !]b !']!(!(..)&!8!15:+0*()!26/045>98!26*)?(+.<$

E/0CO;()!1*)61*)D/!/?98().(+!*+D+0.().(+!1*+;/8+.(+!2+6+?)>698!26*)?(+.<!0)>/.+;<C.)C!*+!2/?/;M!?)>/0!

26*<3,(-/.<;B!".2$!hUUJU#i& !8<56+;*+!2/*+!6+?<!26*)01>+8(+.)C!26+;<$!'+!2/01>+8()!;B+6+5>)64!26*)01>+8(+.)C!

2/8<-)C!?)>/0<!26*<3,(-/.)C ! /6+*!48*D,O0.(+CM;!8:+7;(8/7;(!?)>/0! 7;(1:<;B!2/5+*+.<;B!2/.(-)C !?/-.+!

815+*+L!.+1>O24CM;)!8129,.)!),)?).><!")>+2<& !C+5()!1M!;B+6+5>)6<1><;*.)!0,+!81*<1>5(;B!?)>/0!8<*.+;*+.(+!

1>+.4!26/045>98!26*)?(+.<!.+!2/01>+8()!15:+04!;B)?(;*.)D/!(!1>+.4!>)6?/0<.+?(;*.)D/!8<C7;(/8)D/!=N$!

N!1*;*)D9,./7;( !?/-.+!8</06O3.(LG

"j&! ./01231451( 6/7+89( ,:1;5,<41=>( &0>89/?@A! "?)>/0M! 26*<3,(-/.M! ,43! 2/26*)*! +.+,(*O! *+,)-./7;(!

+,D)36+(;*.<;B !C+5()!*+;B/0*M!2/?(O0*<!8+6>/7;(+?(!1>O-)d!?/,/8<;B!2/1*;*)D9,.<;B!15:+0.(598&k

"l&!-0<B&56+451(A7+2,5A>2,5(1410=1?B,<4B,:(&0>89/?>;(&0<1;5+4B$!N!?)>/0*()!26*<3,(-/.)C!2/26*)*!/56)7,).()!

8+6>/7;(!8129:;*<..(5+!A !8!?)>/0+;B!7;(1:<;B!2/26*)*!/56)7,).() !.+!2/01>+8()!>+3,(;!>)6?/0<.+?(;*.<;B !

8+6>/7;(!).)6D((!8)8.O>6*.)C !).>+,2((!(!).>6/2((!/02/8(+0+CM;<;B!0+.)C!>)?2)6+>46*)!?()1*+.(.<k

"X&! ./01231451( <+31C4>2,5( D<B,<4B,:E( F+/51( ;+FG( ,:+0+/?10B<>A+H( 6?+4( &0>89/?@A( &0<1;5+4B$! N! ?)>/0*()!

26*<3,(-/.)C !1M! >/!)?2(6<;*.)!*+,)-./7;(!"#$Z& ! "#$[&$!N!?)>/0+;B!7;(1:<;B !/02/8()0.(5()?!><;B!8*/698!

C)1>!2/0+.()!*+,)-./7;( !C+5()!2/8(..<!12):.(+L!26/045><!0)>/.+;C( !8<34;B4!,43!12+,+.(+$!]D9,.)!*+D+0.().(+!

(.>)626)>+;C(! 5/d;/8)D/! 1>+.4! g*<;*.)D/! 26/045>98! 26*)?(+.<! 26*)01>+8(/.)! */1>+:<! 8! 24.5;()! V$!

E/26+8.)! 1m/6?4:/8+.()! /02/8()0.(;B! *+,)-./7;( ! C+5()! 2/8(..<! *+;B/0*(L! 2/?(O0*<! 2+6+?)>6+?(!

>)6?/0<.+?(;*.<?(! 26/045>98! 26*)?(+.<! C)1>! .()*3O0.<?! )>+2)? ! 5>96<! 2/8(.().! 2/26*)0*+L! 26/;)1!

(,/7;(/8)D/!/56)7,+.(+! 1>O-)d!2/1*;*)D9,.<;B! 1431>+.;C( ! C+5()! 15:+0+CM! 1(O!.+!26/045><!26*)?(+.<!0+.)D/!

?+>)6(+:4!8<1/5/).)6D)><;*.)D/$



 " !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

#$% &'()*+,-.)%/,(,0)1(23%3456786%.%9)1:-,7;.%-,%/:9<1,3.)%,-,+.=4%
<1,-23%(23-:3,>:3478%(),'7;.%78)0.7=-478%=,78:9=?7478%
3%/(:96'1,78%/(=)0.,-4%

#$@$%A),'7;)%78)0.7=-)%.%<1,B)%(23-:3,>.%

N<.(5()?!0)*(.>)D6+;C(!1>645>46<!?/,)54,+6.)C!?+>)6(+:4!8<1/5/).)6D)><;*.)D/!C)1>!2/81>+.()!?()1*+.(.<!

6)+5><8.)C !8!5>96)C!26*)3()D+CM!6)+5;C)!;B)?(;*.)!2/?(O0*<!m6+D?).>+?(!?/,)54:!8<C7;(/8)D/!?+>)6(+:4 !

6/0.(5+?(! /6+*! (..<?(! 1431>+.;C+?(! ;B)?(;*.<?( ! C+5()! ?/DM! 3<L! >8/6*/.)! 26*)*! +>/?<! 2()68(+1>598!

15:+0/8<;B$

n,+! 5+-0)C! *! 6)+5;C(! ;B)?(;*.<;B! *+;B/0*M;<;B! 8! ?()1*+.(.()! ?/-)?<! *+2(1+L! C)C! 698.+.()!

1>);B(/?)>6<;*.)!

IUJU!Y!IVJV!Y!o!Y!IfJf! !IU-U!Y!IV-V!Y!o!Y!Ifp-fq! ! "`$U&

D0*()G!J(!\!1431>6+>< !-(!\!26/045>< !R !Rq!\!/02/8()0.(/!(,/7L!1431>6+>98!(!26/045>98$!

N*+C)?.)!6),+;C)!2/?(O0*<!8(),5/7;(M!43<>54!1431>6+>98!(!26*<6/1>4!26/045>98!/56)7,/.)!1M!26*)*!8+6>/7;(!

8129:;*<..(598!1>);B(/?)>6<;*.<;B

8Kj!G!8Kl!G!8KX!G!o!8Kr!G!8Ks!G!8Ke!G!o!S!Lj!G!Ll!G!LX!G!o!Lr!G!Ls!G!Le!G!o! ! "`$V&

K+5!8<.(5+!*!*+,)-./7;(!"`$V& !1>/14.)5!26*<6/1>4!,(;*3<!?/,(!0/!8129:;*<..(5+!1>);B(/?)>6<;*.)D/!C)1>!0,+!

81*<1>5(;B!6)+D).>98!C)0.+5/8<$!N(),5/7L!><;B!*?(+.!/*.+;*+.+!C)1>!,(;*3M!2/1>O24!6)+5;C(!0M

ξ
ν

d
dx

i

i
=

!

 ! "`$#&

t8*D,O0.(+CM;! ,(;*3O!2/1>O24! 6)+5;C( ! *?(+.<!2/>).;C+:4!;B)?(;*.)D/!45:+04!*8(M*+.)!*!26*<6/1>)?!3M0u!

43<>5()?!2/1*;*)D9,.<;B!15:+0.(598 !?/-.+!*+2(1+L!*+!2/?/;M!*+,)-./7;(!

ξµνµ ddx
r

i
ii

r

i
ii ⋅














= ∑∑

== 11 !

 ! "`$`&

D0*()G!µi!J!2/>).;C+:!;B)?(;*.<!iJ>)D/!15:+0.(5+$

N+64.)5!1+?/6*4>./7;(!26*)3()D4!6)+5;C(!?+!2/1>+L!hU`i!

A!v!I! ! "`$%&

2/0;*+1!D0<!1>+./8(!698./8+D/8)?4!/02/8(+0+!

A!S!I! ! "`$F&

D0*()G!A J!2/8(./8+;>8/!;B)?(;*.)

∑
=

−=
r

i
iiA

1

µν ! ! "`$W&

N!26*<2+054!45:+098!12):.(+CM;<;B!(0)+,.)!698.+.()!1>+.4!2/>).;C+:!;B)?(;*.<!?/-.+!*+2(1+L!*+!2/?/;M!

*+,)-./7;(

µi!"" (&   &!S!µi
!!"" (&&!Y!N"!T!,.!&i! ! "`$Z&

D0*()G!µi
!!J!2/>).;C+:!1>+.0+6>/8< !&i!J!;(7.().()!2+6;C+,.)$

N+64.)5!"`$F&!26/8+0*(!898;*+1!0/!*+,)-./7;(

∑∑
=

⊕

=

−=

r

i

ii

r

i

ii
RT

p

11

1
ln µνν

!

 ! "`$[&



 C  !"#$%&'()*'

5>96M!?/-.+!*+2(1+L!C+5/!

∑−
=

⊕

=∏

r

i
ii

i RT

i

i ep 1

1
µν

ν

!

 ! "`$UI&

;/!26/8+0*(!0/!26+8+!0*(+:+.(+!?+1!hU` !U%i!*+2(1<8+.)D/!8!2/1>+;(!

),( pTKp

i

i
i =∏
ν

!
 ! "`$UU&

D0*()G

∑−
=

⊕

=

r

i
ii

RTepTK 1

1

),(
µν

! ! "`$UV&

8(),5/7L!OP"E(&Q(./1(!.+*8O!1>+:)C!698./8+D(!6)+5;C($!

e+,)-./7;(! "`$UU&!?/-.+!8!12/193!3)*2/76)0.(!8<5/6*<1>+L!0/!/56)7,).(+!*+,)-./7;(!2/?(O0*<!1>O-).(+?(!

2/1*;*)D9,.<;B!15:+0.(598!8<1>O24CM;<;B!8!26/045>+;B!26*)?(+.<!?+>)6(+:4!8<1/5/).)6D)><;*.)D/$

#$D$%E452(%=)<1,36%<'B,9-.'23%.%34(,F)-.)%()+,7;.%/:0.G9=4%<1GF)-.,0.%/(:96'123%/(=)0.,-4%

=,%/:0:7?%<1,B478%(23-:3,>.%

n,+!?+>)6(+:4!/!/D9,.<?!15:+0*()!;B)?(;*.<?!X+bb];'d !C+5/!2/01>+8/8)!15:+0.(5(!26/045>98!26*)?(+.<!

26*)8(0*()L!?/-)?<!.+1>O24CM;)!1431>+.;C)!;B)?(;*.)G!X] !X]V !bV] !bV !]b !b !]V !] !' !'V !']$!e3(96!

6)26)*).>+><8.<;B!6)+5;C(!;B)?(;*.<;B!?/-)!3<L!26*<CO><!8!2/1>+;(

"`$U#&

H O OH+ ⇔2 )(TK
y

p

y

yy
OH

OH

HO








=

!
 ! "`$U`&

H H H+ ⇔ 2 )(
2

2

2

TK
y

p

y

y
H

H

H








=

!
 ! "`$U%&

CO H O CO H+ ⇔ +2 2 2 )(

2

2

2

TK
yy

yy
CH

HCO

OHCO
=

⋅

⋅

!
 ! "`$UF&

O O O+ ⇔ 2 )(
2

2

2

TK
y

p

y

y
O

O

O








=

 
! "#$%&'

N N N+ ⇔ 2 )(
2

2

2

TK
y

p

y

y
N

N

N








=

 
! "#$%('

1

2

1

2
2 2N O NO+ ⇔ )(

2/12/1

22 TK
y

yy
ON

ON

NO
=

 
! "#$%)'

*+,-./ yi 0 -1234 521- i67.*2 89:;+<-9; = >.+<287?. 5;8@ 5-.8,;<-<@$ 

AB,.+87;=-2<@ ,C-DB & BD=<;E =@?,.BFG>. -1234 <-.,;1.H<@?I 2+ 8-.C-. B.;9?>-! 97DB. 52*J ,;?I2+,-4 

= 5-.8,;<-<-.$ A2,287;:. B.;9?>. 52*J C@4 =@B;H2<. F2FB,., B.;9?>. "#$%K 0 #$%)'$ L;?I2+,- F2<;+72

22222 COCONONNOHOHHHOO yyyyyyyyyyyy ++++++++++=
 ! "#$MN'

O123?- 521- F28,?,.*D1<@?I 89:;+<-9D= 8F.:<-;4 5G8,J BD=<;<-; C-1;<8G 5;8@! =@<-9;>J?. ,. 89:;+G 

F-.B=-;8792=.*2 5;7.B-;:G =@>3?-2=.*2



 ! !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999
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! "#$M%'

P@5C21;5- bC! b ! b! - b" 2,<;?,2<. ,287;:@ 2+F2=-.+<-2 -123?- 521- =Q*1;! =2+2BG! 71.<G - ;,27G = >.+<287?. 

5;8@ 5-.8,;<-<@ ",=@91. % 9*'$ 

R=,*1Q+<-;>J? ,;1.H<23?- =@<-9;>J?. , BD=<;E "#$%K 0 #$%)'! BD=<;<-; C-1;<8G 5;8@ FB,.98,7;:?-4 52H<; +2 
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! "#$MK'

L;1.H<23?- "#$MM! #$MK' 7=2B,J G9:;+ S6?-G BD=<;E , &6525; <-.=-;+25@5-/ TUM! VM! UM! WM! y! # - $$ X=; 

+2+;792=. =;BG<9- G,@89G>. 8-Q , G=,*1Q+<-.<-; BD=<;<-; 87;<G 2B;, , F287;?- ,;1.H<23?- 29B.31;>J?.> =;BG<9- 

Y,@?,<. = >;9-?I ,;?I2+,- FB2?.8$

"#$#%&'()*+,-.)%/,(,0)1(23%4)15-,67.%0.)89,-.-%:,953;6<%

Z@92B,@87;<-. 87;:@?I BD=<2=;*- F2,=;1; <; 29B.31.<- 3?-8:@?I B.1;?>- F25-Q+,@ =;B723?-;5- 87QH.E 

F28,?,.*D1<@?I 8GC87;<?>-$ W-. 8J 92<-.?,<. ,;:2H.<-; GFB;8,?,;>J?.! >;9-. 8J =@92B,@87@=;<. = 5.72+;?I 

FB,@C1-H2<@?I$ A;B;5.7B@ 2F-8G>J?. 87;< 7.B52+@<;5-?,<@ 5-.8,;<-<@ >;9 =;B723?- 87;:@?I BD=<2=;*-! 

=-.19234 .<.B*-- =.=<Q7B,<.> F28,?,.*D1<@?I 8GC87;<?>- 29B.31;<. 8J ,. 3?-8:@?I B.1;?>- 7.B52+@<;5-?,<@?I$ 

P7J+! 27B,@5@=;<. B2,=-J,;<-; =@9;,G>J +2CB; ,*2+<234 2C1-?,2<@?I F;B;5.7BD= , =;B723?-;5- 27B,@5;<@5- 

, F25-;BD=$ 



=>  !"#$%&'()*'

Z@FB2=;+,.<-. ,;1.H<23?- "#$%%! #$%M' Z 8,?,.*D1<23?-! 5.72+@9; 2F;B7; <; =@92B,@87;<-G 87;:@?I BD=<2=;*- 

+2*2+<; >.87 +2 ;<;1-,@ 87;<G FB2+G97D= FB,.5-;<@ 5-.8,;<-< *;,2=@?I "<F$ [%\6%(]'$ ^;92 FB,@9:;+2=.! 

FB,.+87;=-;5@ =@<-9- 2C1-?,.E F;B;5.7BD= +.72<;?>- =@CB;<@?I 5-.8,;<-< *;,2=@?I$ 

Z 7;C.1- #$% FB,.+87;=-2<. ,287;:@ =@<-9- ;<;1-,@ F;B;5.7BD= +.72<;?>- 5-.8,;<-< =2+2B271.<2=@?I$ X1; 

F2BD=<;<-;! ,;5-.8,?,2<. ,287;:@ BD=<-.H =@<-9- 2C1-?,.E <-.97DB. =@<-9- 2C1-?,.E F2+;=;<. = 1-7.B;7GB,.! 

2B;, +;<. .98F.B@5.<7;1<.$ 

 !"#$!%&'('%Z@<-9- 2C1-?,.E - .98F.B@5.<7;1<. =;B723?- F;B;5.7BD= +.72<;?>- 5-.8,;<-< =2+2B271.<2=@?I 

"$ _ M)(!%S`! # _ N!%N%KMS'

P9:;+
% X2C1 [5a8] X.98F F2C1 [bA;] F.98F

9*a5K [%(] [%&] 5a8 [%( ] [%&] bA;

VM cMUM N!())# %)K%!& %)#% %)N) %!\%% %!\)M %!\)

VM c UM N!\(SM MK%)!\ MKKK MKMN MKMN %!(N# %!(S# %!(NS %!(S

MVMc UM N!#)N) M(K\!S M(SK M(K& M(MS %!)N# %!((S %!)N# %!((

KVMc UM N!K((( K%&\!# K%)& K%&\ K%S\ %!((\ %!(\# %!((\ %!(\

#VMc UM N!KM&S K#NM!\ K#MS K#NK KK## %!(%S %!(M# %!(%S %!(M

SVMc UM N!M(\& KSS\!( 6 %!&M(

 

Z 7;C.1- #$%! =@BDH<-2<; ,287;:; 5-.8,;<-<; 87.?I-25.7B@?,<; "MVM c UM'$ ̂ ;9 =-+;4! =@<-9- 2C1-?,.E =@9;,G>J 

+2CBJ ,*2+<234 , +;<@5- .98F.B@5.<7;1<@5-$ W;1.H@ >.+<;9H. ,;G=;H@4! H. 87;B8,. =@<-9- 2C1-?,.<-2=. [%(]! 

FB;=+2F2+2C<-. ,287;:@ 2F;B7. <; 5<-.> +29:;+<@?I +;<@?I 7.B52+@<;5-?,<@?I$ R,@89-=;<. = FB;?@ =@<-9- 

=@9;,G>J F.:<J ,*2+<234 , =@<-9;5- 2FGC1-92=;<@5- = [%&]! ?2 F27=-.B+,; F.:<J F2FB;=<234 87282=;<.> 

5.72+@9- 2B;, ;97G;1<234 =@92B,@87@=;<.> C;,@ 7.B52+@<;5-?,<.>$

^;9 =-+;4 , +;<@?I ,;5-.8,?,2<@?I = 7;C.1- #$%! 5;98@5;1<. F;B;5.7B@ +.72<;?>- 28-J*;<. 8J +1; 5-.8,;<-<! 

= 97DB@?I ,;=;B7234 F;1-=; >.87 =-Q98,; 2+ G+,-;:G 2+F2=-;+;>J?.5G 89:;+2=- 87.?I-25.7B@?,<.5G$ de.97 

7.< +27@?,@ BD=<-.H -<<@?I 5-.8,;<-< =@CG?I2=@?I$

Z 7;C.1- #$K FB,.+87;=-2<. ,287;:@ =@<-9- ;<;1-,@ F;B;5.7BD= +.72<;?>- 5-.8,;<-< F;1-=2=26F2=-.7B,<@?I$ 

f2,F;7B,2<. ,287;:@ 7@F2=. *;,@$ A2+;<. =@<-9- +27@?,J 89:;+D= 87.?I-25.7B@?,<@?I$ U+F2=-.+<-2! = 9;H+@5 

FB,@F;+9G! F2+2C<-. >;9 = 2+<-.8-.<-G +2 5-.8,;<-< =2+2B271.<2=@?I! 29B.31-4 52H<; 89:;+@ 2 5;98@5;1<@?I 

F;B;5.7B;?I +.72<;?@><@?I$ P9:;+ F2=-.7B,; FB,@>52=;<@ = ?,;8-. 2C1-?,.E FB,.+87;=-2<@ ,287;: = 7;C.1- #$M

 !"#$!%&')'% P9:;+ F2=-.7B,; FB,@>52=;<@ = 2C1-?,.<-;?I "$N _ M)(!%S `'

P9:;+<-9
R+,-;: 2C>Q723?-2=@ `2<?.<7B;?>; 5212=;

g 521a5K 521a9*

h,27 &(!%N K%!)MK M\!)\&

i1.< MN!)S  (!S\K &!MK#

hB*2<  N!)S  N!K(( N!KM(

 !"#$!%&'*'%h<;1-,; F;B;5.7BD= +.72<;?@><@?I 5-.8,;<-< F;1-=2=26F2=-.7B,<@?I 

A;1-=2

R+,-;: 

2C>Q723?-2=@ 

g

%

9*a5K

&

5a8

#T6^

bA;

$T6^

`

jeV"M)(!%S'

b^a9*
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h?.7@1.< TMVM &!&K %!%&#\ %(\#!S %!)K) K%%S!& (!&KK
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d7;< TMV\ S!\S %!%(\K %(NN!& %!(MK M(%&!M 6M!&)#

AB2F;< TKV( #!NM %!MN(& %&)(!N %!(SN M(M#!S 6M!KSS

kG7;< T#V%N K!%M %!MM%N %&)\!K %!(\\ M(M(!M 6M!%#\

i1.<.9 .7@1.<G TMV#U &!&K %!%(N) %(KN!\ %!)\N M)#(!% 6%!(&\

V.98;< T\V%# M!%\ %!MK#K %&)#!S %!((M M(K%!( 6%!)#N

V.F7;< T&V%\ %!(& %!MK(M %&)#!N %!((& M(KK!N 6%!(&#



=? !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

^;9 52H<; ,;2C8.B=2=;4! =:;3?-=23?- +.72<;?@><. 5-.8,;<-< =Q*12=2+2BD= , F2=-.7B,.5 =@9;,G>J 

29B.312<J B.*G1;B<234! =B;, ,. =,B287.5 +:G*23?- :;E?G?I; =Q*12=2+2B2=.*2$ U9B.312<. 2+5-.<<23?- 

=@87QFG>J +1; 5.7;<G 2B;, = FB,@F;+9;?I! = 97DB@?I =@87QFG>. F2+=D><. ".7@1.<' 1GC F27BD><. =-J,;<-. 

=Q*12=2+2B2=.$ Z 7@5 FB,@F;+9G! ,=:;8,?,; = 2+<-.8-.<-G +2 ;?.7@1.<G! <;1.H@ ,=BD?-4 G=;*Q BD=<-.H 

<; =F:@= F2?,J792=.> .<.B*-- 7=2B,.<-;$ L*2+<-. , B.*G:J ,<;9G .<7;1F-- 7=2B,.<-; "je '! +2+;7<-; =;B7234 

.<7;1F-- 7=2B,.<-; 2,<;?,;! H. F2+?,;8 =@7=;B,;<-; +;<.> 8GC87;<?>- , F-.B=-;879D= = 87;<-. 87;<+;B+2=@5 T"8'! 

VM! UM! -7+$! <;1.H@ +2 G9:;+G +287;B?,@ .<.B*-Q$ d<.B*-; 7;! =@+,-.1;>J? 8-Q = ?,;8-. FB,.5-;<@ +.72<;?@><.>! 

F2+=@H8,; >.> F;B;5.7B@$ ZFB2=;+,.<-. +2+;792=.*2 71.<G +2 521.9G:@ F;1-=;! >;9 = FB,@F;+9G 71.<9G 

.7@1.<G! F2+=@H8,; F;B;5.7B@ +.72<;?@><.$ ^.87 72 +,-;:;<-. ;<;12*-?,<. +2 =,C2*;?.<-; ,;=;B723?- 71.<G 

= F2=-.7B,G$ 

W;><-H8,. F;B;5.7B@ +.72<;?@><. =@9;,G>. 5-.8,;<-<; =2+2BG , F2=-.7B,.5$ Z@H8,. F;B;5.7B@ 5-.8,;<-< 

=Q*12=2+2B2=@?I ,=-J,;<. 8J = 8,?,.*D1<23?- , =-Q98,@5 ?-.F:.5 "= 2+<-.8-.<-G +2 >.+<2879- 5;8@'! >;9-. 

= F2BD=<;<-G , =2+J =@+,-.1;<. >.87 FB,@ F2=87;=;<-G +-71.<9G =Q*1;$ ZF:@= <; F;B;5.7B@ +.72<;?@><. 

=,;>.5<@?I B.1;?>- F25-Q+,@ ,=;B723?-J =2+2BG - =Q*1;! 2C8.B=2=;<@ = FB,@F;+9G 5-.8,;<-< *;,2=@?I! 

52H<; 2+<-.34 BD=<-.H +2 -<<@?I 5;7.B-;:D= - 5-.8,;<-< =@CG?I2=@?I! 7;9H. = 87;<-. 892<+.<82=;<@5$ 

Z@<-9- +1; *;,2=.*2 I.98;<G - I.F7;<G! 97DB. = =;BG<9;?I <2B5;1<@?I =@87QFG>J = 87;<-. ?-.9:@5! ,287;:@ 

,;5-.8,?,2<. *:D=<-. +1; ,-1G87B2=;<-; =F:@=G! >;9- <; =-.19234 F;B;5.7BD= +.72<;?@><@?I =@=-.B; =,B287 

+:G*23?- :;E?G?I; =Q*12=2+2B2=.*2$ 

^;9 =@<-9; , ;<;1-,@ F;B;5.7BD= +.72<;?@><@?I 5-.8,;<-< *;,2=@?I! =;B723?- FBQ+923?- +.72<;?>- =@,<;?,;<. 

8J , +GHJ +29:;+<23?-J! F2+2C<-. >;9 =;B7234 ?-3<-.<-;$ A2<;+72! B2,=-J,;<-. ,;=-.B; =;B723?- 7.5F.B;7GB@! 

.<.B*-- =.=<Q7B,<.>! 925F1.7 -<e2B5;?>- 2 89:;+,-. ?I.5-?,<@5 FB2+G97D=! =;B7234 =@9:;+<-9; F21-7B2F@ 

-<<. +;<. 2 87;<-. 7.B52+@<;5-?,<@5 FB2+G97D= FB,.5-;<@$ 

b.72+; =@92B,@87;<-; 87;:@?I BD=<2=;*- B.;9?>- ,;?I2+,J?@?I = FB2+G97;?I FB,.5-;<@ ,;=-.B; 8,.B.* 

<-.+2*2+<23?-$ ̂ .+<J , <-?I 8J 29B.312<. =. =:J?,.<-G +2 89:;+G FB2+G97D= +2+;792=@?I 8GC87;<?>-$ Z@5;*; 

72 FB,.CG+2=@ B2,=-J,G>J?.*2 G9:;+G BD=<;E "#$MM'$ L 921.- =FB2=;+,.<-. -<<.> F287;?- BD=<;<-; 87;<G! <-H 

BD=<;<-. 87;<G *;,G -+.;1<.*2! =@5;*; =@B;H.<-. FB;=; +,-;:;<-; 5;8 "#$%%' = 2+<-.8-.<-G +2 127<23?- [%#]! 

<-. ,;3 ?-3<-.<-;$

W;>F2=;H<-.>8,J C2+;> <-.+2*2+<23?-J 5.72+@ 2F;B7.> 2 =@92B,@87;<-. 87;:@?I BD=<2=;*- >.87 CB;9 52H1-=23?- 

G=,*1Q+<-.<-; =@87QF2=;<-; = 5-.8,;<-<-. 8GC87;<?>- = 87;<-. 892<+.<82=;<@5! ?-.9:@5 1GC 87;:@5$ b2H<; 

72 G?,@<-4 >.+@<-. = 8F28DC F23B.+<-! F2FB,., C;+;<-. 87QH.<-; F;B <;+ F2=-.B,?I<-J e;,@ 87;:.>$ Z 9;H+@5 

FB,@F;+9G! =@5;*; 72 2FB;?2=;<-; 2+BQC<.*2 729G =@,<;?,;<-; B2,=-J,;<-;! <F$ +1; G=,*1Q+<-.<-; T"8'! 

h1MUK"8'$ 

^;9 =@<-9; , FB,.+87;=-2<@?I G=;*! 29B.31;<-. 87;<G 5-.8,;<-<@ <; F2+87;=-. C;+;<-; F28,?,.*D1<@?I B.;9?>- 

?I.5-?,<@?I ,;?I2+,J?@?I = G9:;+,-. >.87 5.72+J 5;:2 .1;87@?,<J! ,=:;8,?,; = FB,@F;+9G 5-.8,;<-<@ 

=-.12e;,2=.>! ,;=-.B;>J?.> 8GC87;<?>. = e;,-. *;,2=.> 2B;, = 87;<-. ?-.9:@5 1GC 87;:@5$ 

 #% @;9-,69)-.)%8'A,4B%6<)0.69-):5%.%81,-B%1)(054;-,0.69-):5%
0.)89,-.-;%(),'1;3-)7%0)154C%0.-.0,+.9,67.%/51)-67,AB%
1)(054;-,0.69-):5%

 #?#%@,(B-)'%0.-.0,+.9,67.% /51)-67,AB% 1)(054;-,0.69-):5% 7,'5% 9,8,4,%3;9-,69)-.,% 81,-B%

'5D653):5%/(54B'123%/(9)0.,-;%3;EB6<53)7

Z FG<9?-. #$% FB,.+87;=-2<. ,287;:@ <-.97DB. ,;1.H<23?- ?I;B;97.B@,G>J?. FB,.C-.* B.;9?>- ?I.5-?,<@?I 

,;?I2+,J?@?I = 5-.8,;<-<-. B.;97@=<.>! >;9J 7=2B,J FB2+G97@ FB,.5-;<@ 5;7.B-;:G =@8292.<.B*.7@?,<.*2$ 
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D =0Y7? OHJ>) OHJIV``J OH>OVLH
 )=)] &? I>VH I>VKH I>VJO
T)=)9? )Z GJOHVKL GJKKV>K

@/<7*&%,;& =>J?
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FG IVNHOrNLZLH GVJLrNLZLK

M NVHOIrNLZLO HVNG`rNLZLI

MG `V>J>rNLZLK HVJKrNLZLK

FM NVILJrNLZLO )NVJKNrNLZLG

MGF GV````>K GV````>`
PG GV````>O GV````J>
PF HV>NJrNLZLJ KVIINrNLZLJ

PMI GV`JLrNLZLJ GVOGLrNLZLJ

EF GVNOJrNLZLJ NV``>rNLZLN

EFG NV>O`N NV>`LL
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FG IJL IGJ INK ILK
MGF GJL GHL IHK NOO
FM >NI ZZZ IHG ZZZ
PG IOL >L> IHK IH>
PF IOK IOK I`> I`>
PFG ZZZ ZZZ KGK )NNJ`
PMI >HK IO> >NO JJL
EF I`L >>L KN> IHG
EFG KLL KNL KKI JNN
EM> JGO JJL >`I >GL
EMI ZZZ ZZZ JLN HIG
EGM> ZZZ ZZZ OI> JII
EGMK ZZZ ZZZ OIG )NL`J

MEFFM ZZZ HGG OKJ HIH
EMIFM ZZZ OLL OLL K>`
EMGF ZZZ ZZZ H`J HGH

9!$!./0(%2)5"32;0!$&%()$)5!6(;+,'&,4)89:WMZ8)')89:WMZ8A"B)7D);(6%&-!$(V)!-"(+.&%()7D)%&)6"!63()
1(!0(*"2,3%(;V)5"3(67*&$'!%(;)$)=II?U)
 "3(5"!$&63!%()3!7*&S2)!<.',3(%'&V)0&;D,()%&),(./)5!"#$%&%'()')3<&6&%'()3&-"(7/)6!-S&6%!+,')5!73,3(1#.%2,4)
5&"&0(*"23&,;')"#$%&%'&)7*&%/)89:V)6.&)0&*("'&S#$)$2</,4!$2,4)!)"#_%20)7-S&63'(),4(0',3%20)')"#_%2,4)
3&-"(7&,4)1R7*!+,'U)
 '("$73&)1"/5&)!<.',3(T)5!"#$%&$,32,4)6!*2,32S&)5!"#$%&%'&)31!6%!+,')$2%'-#$)!<.',3(T)$2-!%2$&%2,4)
5"32)3&7*!7!$&%'/)"#_%2,4)*25#$)5&"&0(*"23&,;')89:)3)6&%20')6!+$'&6,3&.%20')6!*2,3D,20')5&"&0(*"#$)



AG  !"#$%&'()*'

6(*!%&,2;%2,4) 4(-7!1(%/) ') !-*!1!%/U) M(-7!1(%) ') !-*!1(%) 7D) ;(6%20') 3) ,3R+,'(;) 7*!7!$%2,4) 0&*("'&S#$)
$2</,4!$2,4U)@D)$2-!"327*2$&%();&-!)'%62$'6/&.%()0&*("'&S2)$2</,4!$()./<);&-!)5!67*&$!$2)7-S&6%'-)
$)-!05!32,;&,4)$2</,4!$2,4)A5.&7*2,3%()0&*("'&S2)$2</,4!$(V) 8dZ2B)')5&.'$&,4)"&-'(*!$2,4U
 "32)6!<!"3()6&%2,4)6!+$'&6,3&.%2,4)/$31.R6%'!%!)73("!-')3&-"(7)30'&%)1R7*!+,')0&7!$2,4)"!35&*"2$&%2,4)
0&*("'&S#$V)!6)1R7*!+,')-"27*&.',3%(;)A!65!$'(6%'!)NVO)1Y,0I)!"&3)NV`)1Y,0IB)6!)1R7*!+,')"3R6/)N)1Y,0IU)8&6&%'()
5&"&0(*"#$)6(*!%&,2;%2,4)$)6.&)1R7*!+,')"3R6/)N)1Y,0I)0&)%&),(./)!-"(+.(%'()5"326&*%!+,')5!73,3(1#.%2,4)
5&"&0(*"23&,;')6!)&%&.'32)5"3(0'&%2)$2</,4!$(;)5"3(027S!$2,4)0&*("'&S#$)$2</,4!$2,4U)

 !"#$!%,'&'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')4(-7!1(%/
M(-7!1(%)AjQdB GGGVNNHLL wpM)\ KNV> -[Y0!.
EIMKPKFK GHKV> -[Y-1

)B$ = ZGNVKN s

NLX:)=1Y,0I? Q) D) $ Qt EA1"&c*B EA6B
NVOL 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>? OHJ> I>VH

89:WX
OH>OVN I>VK GJKK KVJN> KVHLO
OHN`VI IIV> GKGL KVJLN KVHGO

89:Wj
`L>GVO IKVK IGKG KVIJL JVINN
`LOHVH IJVJ III> KV>GL KVL`N

89:WMZ8
O>K>V` INVJ >NI` KVIJH Z
OJ>JVK INVO >GL> KVI`I >VGIN

89:WMZ8)A"B
O``OVK IIVKJ >G>J KVGKL LVLIN
`LK`VJ IIVH >GGL KVINH >VGNN

89:WE
`LNNVL IIVH >GIJ KVI`O KVI`O
O`>GVH IGVN >N`L KV>GG KVGOG

NLX:)=1Y,0I? Q) D) $ Qt EA1"&c*B EA6B
NVLL 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U )J`ON)=>?
KLJL)=>`? )OVH)=>`?

89:WX
KLKIVJ NLVH IJ>IVK JVOK> GV>>O
J`HNVJ NLVJ IK>O JV``> IVJLI

89:Wj
KILOV` NNVK I`GJ JV`L` GVLK`
KGL`V> NNVG >LN` KVL>N IV>I`

89:WMZ8
KL`OVG NLV` >>IK JV`O> Z
KLJ>VG NLVO >>OK KVL>I NVJGO

89:WMZ8)A"B
KNOHVI NLV` >>HJ JV`NI Z
KN>JVG NLVK >JGK JV`K> NVNGJ

89:WE
KLHNVO )`VO >G`> JVJ`N Z
KLN`VH NLVG >IO> JVKKK LV`LL

:2%'-')!<.',3(T)6!*2,3D,()4(-7!1(%/)')!-*!1(%/)3&$&"*()3!7*&S2)$)*&<(.&,4)HUK)')HUHU)P&7*R5%'(V)$)*&<(.&,4)HUO)
a)HUNL)5"3(67*&$'!%()3!7*&S2)$2%'-')!<.',3(T)5&"&0(*"#$)6(*!%&,;')$2-!%&%2,4)6.&)5(%*"2*/V)%'*"!1.',("2%2)
')*3$U)-!05!32,;')8V)3$'("&;D,(;)K>)s)4(-7!1(%/)')IK)s)*"!*2./U)X&*("'&S2)*()!<(;0/;D)73("!-')3&-"(7)30'&%)
<'.&%7/) *.(%!$(1!V)!6)6!6&*%'(1!)<'.&%7/) AIVJG)sB)6.&)%'*"!1.',("2%2V)6!)B$ \) Z)>LVJs)6.&)-!05!32,;')8U)
j!35&*"2$&%!) 5!"#$%&%'() $2%'-#$) !<.',3(T) 3) 6&%20') 6!+$'&6,3&.%20') 6.&) 0&*("'&S#$) $2</,4!$2,4)
!)"#_%2,4)1R7*!+,'&,4)A!6)NVHI)1Y,0I)6.&)-!05!32,;')8)6!)N)1Y,0I)6.&)5(%*"2*/BU)



AH !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

 !"#$!%,','%o%&.'3&)5&"&0(*"#$)6(*!%&,;')!-*!1(%/
F-*!1(%)AMXdB G`KVNJKLL wpM)\ HJVL) -[Y0!.
E>MOPOFO GJIVI -[Y-1

)B$ = ZGNVKN s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NV`L 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U) )`NLL)=>? I`VI)=>?
>LVJ)=I>?

89:WX
`NJIVK I`V> GII` KV>`K KVH>N
`NJKVL IOVL GI`O KV>OL KVH>K

89:Wj
`>IJVN >NVK INGK KVINH JVGKK
`JNHV` >LV> IGLG KVI`H KVL`>

89:WMZ8
OOLIV` IJVI >LHN KVII> Z
O`L>VH IJV` >NIO KVIKO >VN`I

89:WMZ8)A"B
`>GOVJ IOVL >LKJ KVGGO Z
`JGIVI IOVJ >N>H KVGOI >VGNN

89:WE
`>IHV` IOVI >LKI KV>N` KVGO`
`>LOVN IKVJ >NNI KV>G` KV>KK

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVNO 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=I>? )KKH> NJVJ

89:WX
KJH`VI N>VI I>GJ KVNNN >VIIK
K>H`VJ NIV` IJNI KVGL> JVLIK

89:Wj
KOVGJV` NJVI IO>I KVNGI IVOIO
KHIOVO N>VO I`GG KVGNJ >VOI>

89:WMZ8
KJJ`VH N>VI >G`K KVNIN
KJNLVH N>VL >>JG KVGLN GVOHO

89:WMZ8)A"B
KHNGVN N>VK >>IH KVLK>
KK>KVO N>VG >>`I KVNIO GVKGO

89:WE
KHNOVJ N>VG >GOK JVHGI NVLOL
KJJ>VO NIVK >GH` JVO`G GV`HI



AC  !"#$%&'()*'

 !"#$!%,'.'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')5(%*"2*/
) (%*"2*)A igPB INKVNIHOL wpM)\ ZJIOVJ -[Y0!.
EJMOP>FNG ZNHLIVI -[Y-1

)B$ = ZGNVKN s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVKH) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>? H`OL ILVL

89:WX
OLGHVG GHVO G`>N KVJO` GVOHG
H`OOV> GHVI G`HH KVKL> IVLNL

89:Wj
ONJ>VH G`VG IJNN KVIJK LV`>H
OGGLVO GOVH IJHJ KV>HJ NV``G

89:WMZ8
H`JKV> GKVH >IJ` KVJLK Z
H`KOVI GKVH >IHH KVJNK NVNGI

89:WMZ8)A"B
OIIGVL GHVO >I>O KVIO> Z
OG>JV` GHV` >IKO KV>LL LVHIL

89:WE
ONHKV` GHVG >IGG KVG`> NVLHH
OLJJVL GKVN >IHN KV>LG NVOGL

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVLL) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>? J>OL OVH

89:WX
JOHLV` `V`J IH>K KVNNN Z

Z

89:Wj
KLH>VG NLVJJ >NL> KVNIL Z

Z

89:WMZ8
J`HHV> NLVIG >J`I KVN`> Z

Z

89:WMZ8)A"B
KLGGVN NLVNK >KGO KVN>> Z )

Z

89:WE
JJO>VL OV>J >JJH KVLJ> Z

Z

 !"#$!%,'/'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')%'*"!1.',("2%2
P'*"!1.',("2%&)AP]B GGHVLOHGL wpM)\ ZIHLVH -[Y0!.
EIMJPIF` ZNKIGV> -[Y-1

)B$ = IVJG s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVJ`) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U) )HJOL)=>J?
HKJL)=>`? GJVI)=>`? I>HL)=>J?

89:WX HKHNVG G>V> INI> KVJLH Z Z
89:Wj H`KGVO GJVH IHKJ KV>>J Z Z
89:WMZ8 HKGGVG GIV> >JGH KVI`N Z Z
89:WMZ8)A"B H`HOVI G>VK >JJK KVGO` Z Z
89:WE HJ`KVI GNVK >JLH KVI`G Z Z



AI !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

 !"#$!%,'-0'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')-!05!32,;')8
)9!05!32,;&)8 NLLLVLL wpM)\ ) -[Y0!.
EN`VHI`MGJVGNIPGGUL>IFGKVH`O HNVNJ -[Y-1

)B$ = Z>LV>K s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVHNI) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U) OLIL)=>G?
OLNO)=>`?

G`V>)=>G?
G`VG)=>`?

89:WX
OLK`VL GOVI GH>> KVNO` NGVJL>
H`>`VI GKV> GOGI KVNKJ NGVJJL

89:Wj
OG`HVN G`VH >G`O KVLJO NNVI>I
OG>>VG GHVO ION KVNLL NGVLLJ

89:WMZ8
HHHOV` GKVN I`OO KVLJH JVOKJ
HH`>VJ GJVL >LK` KVL`N NLV>>`

89:WMZ8)A"B
ON`GVG GHVG I``J JV`OO KVKKJ
ONHKVO GKVL >LO` KVLIN NLVIK`

89:WE
ON>KVN GKVO I`O> KVLGH NNVJLO
H`HJVG G>VH >LJ` KVL>I NNVOGL

P&7*R5%'(V) "!35&*"3!%() 3!7*&S2) 6$&)0&*("'&S2)$27!-!(%("1(*2,3%(V) -*#"() %'() 3&$'("&;D)$) 7$!'0) 7-S&63'()
$R1.&U):)*&<(.')HUNN)3&0'(73,3!%()3!7*&S2)$2%'-')!<.',3(T)!*"320&%()6.&)0&*("'&S/)$2</,4!$(1!)!3%&,3&%(1!)
;&-!)jdZGIZooU)joZGIZoo);(7*)75!"3D63&%2);&-!)0'(73&%'%&)&3!*&%/AtB)426"&32%2)')426"&32%2U)[&-)$'6&C)
3)!*"320&%2,4)$2%'-#$V)$7327*-'()0(*!62)A5&"&0(*"23&,;(BV)6&;D)3&6!$&.&;D,D)31!6%!+C)$2%'-#$)!<.',3(T)
3)(-75("20(%*(0V)3&"#$%!)$)!6%'(7'(%'/)6!)5"R6-!+,'V);&-')'),'+%'(%'&)6(*!%&,;'U
h%*("(7/;D,20) ;(7*V) _()0(*!62) %'(;&-!) %&;7*&"73(V) *;U) 5&"&0(*"23&,;()89:WX)!"&3)89:WjV) 5!3$&.&;D) %&)
/327-&%'()<&"63!)6!<"(;)31!6%!+,')!<.',3(T)3)6&%20')6!+$'&6,3&.%20'U
:) *&<(.&,4) HUNGV) HUNI) 3&0'(73,3!%!) 6&%() 6!*2,3D,() %/0("2,3%(1!) !-"(+.(%'&) 5&"&0(*"#$) 6(*!%&,;')
0&S!$"&_.'$2,4)$27!-!(%("1(*2,3%2,4)X:)Z)%'*"!1/&%'62%2)')PgFU)

 !"#$!%,'--'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')0'(73&%'%2)jdZGIZoo
jdZGIZoo) HKJVI` wpM)\ ZNNJ`VL -[Y0!.
o3!*&%AtB)426"&32%2Y426"&32%&)H`YGN ZNJN>VG -[Y-1
M)JNVOP)G`VNF)N`VN B$ = ZN>VGNJ s

NLX:)=1Y,0I? Q) D) g Qt

NV>G) 0Y7 ] & 9 X[Y-1
(-75U)=I>? OK>L) GJVO)
89:WX OK>LVK GJVH NJO> JVGIO
89:Wj OKIHV> GJVG G>NO JVGIO
89:WMZ8 OGKJVI GIVL IL>G JVGNK
89:WMZ8)A"B OHJOVG G>VN IL`O JVGL`
89:WE OHNKVI GIVK G`OH JVGGK



A!  !"#$%&'()*'

 !"#$!%,'-('%o%&.'3&)5&"&0(*"#$)6(*!%&,;')%'*"!1/&%'62%2
P'*"!1/&%'62%&)APxB NL>VLKOGL wpM)\ ZOKVK -[Y0!.

ZOIGVGJ -[Y-1
EM>P>FG B$ = ZILVHJ) s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVKG`) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>? H`OL

89:WX
OLIKVK GJVG NJNI >VNOG `VKL`
H`>>VN GV` NJJI >VNJO `VKL`

89:Wj
OG`OVI GJV` GG>O >VNJH `VLI`
OGNKV> G>VH GGHH >VN>O `VIII

89:WMZ8
H>JLVI G>VN GOLL >VLLO Z
HJNJV` GNVN GOJI >VLKK JVHGK

89:WMZ8)A"B
H`GJVL GGVI GO>L IV`OK Z
H`J`VH GGVL G`LN >VLJH KVLON

89:WE
HOIHVI GNVO GOOG >VNKO `VG>K
HKOHVK GLV> GO`LV` >VNJJ `VJL>

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVG) 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=I? KHHJ

89:WX
KINOVJ NGVJ GNGO >VNH> `V>HL
KN`JVH NNV` GN>I >VNJ> `VJIK

89:Wj
KJ>IVJ NGV` GJJN >VNNI OVGGK
K>G>VK NGV> GJH> >VNG OVHOI

89:WMZ8
KLI>VI NNVI G`LJ IV`HK LVGGG
KLNJVH NNVL G`>I >VLGN >V`NL

89:WMZ8)A"B
KGLLVK NNVI G`I` IV`JN LV>GG
KNJHVL NNVL G`HO IV``H >VOK`

89:WE
KL`GVN NLV` G`KI >VLIL KVJ>K
JO`IVO NLVI ILL> >VL`N OVGH`



A" !"#$%&'(#)*!+&,-)./#0(.1'#23)()4&"&0#5"67)5#"03,8'&0(.1'8./)4"3,-!567)999

 !"#$!%,'-)'%o%&.'3&)5&"&0(*"#$)6(*!%&,;')%'*"!*"'&3!.!%/)APgFB
P'*"!*"'&3!.!%)APgFB NILVLKGOL wpM)\ )ZJ`VO -[Y0!.
IZP'*"!ZNVGV>Z*"'&3!.ZJZ!% Z>KLVL -[Y-1
EGMGP>FI B$ = G>VKL) s

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVOJ 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>`? ONLL )

89:WX
OIKLVJ INVL NH`G >VHN> HVKOH
OIL`V` G`VK NO>H >VK`J HVKOO

89:Wj
OJGGVI INV` GKKN >VK>L HVLOL
OJNKVI ILVJ GHLO >VKKI HV>GK

89:WMZ8
HKK>VI GJV` IJG> >VK>L >V>L`
HKKJVN GJVN IJKJ >VKJ` KVHHN

89:WMZ8)A"B
ON>OVL GHV> IJJJ >VKLI >VOKJ
ONI>VK GKVJ IKL> >VKGO KVHNO

89:WE
OJKJVN G`V> I>GH >VK>K HVGHK
O>HKV` GHVO I>J` >VKJI HV>IK

NLX:)=1Y,0I? Q) D) g Qt EA1"&c*B EA6B
NVHJ 0Y7 ] & 9 X[Y-1 0!.Y-1 0!.Y-1

(-75U)=>`? HH>L )

89:WX
H`JGVK GKV` N`O> >VHNI HVKOL
HOOLVJ GJVO GLIG >VK`J HVKOI

89:Wj
ON>GVH GHVO GHK> >VK>I HVL`O
ONLHVI GKVH GOLH >VKKG HV>N`

89:WMZ8
HIJ>V` GGV` IJKJ >VKIO >VJH`
HIINV> GGVN IKLI >VKJJ KVH>K

89:WMZ8)A"B
HHKLVJ G>VL IJ`` >VKLI >V`GG KVKO>
HHGGVH GIVN IK>J >VKGK

89:WE
ONIOV> GJVK I>HL >VKLJ HVLGK
OLGNVJ G>VG IJLH >VKGK HVGHG
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