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K78/2# 4/-/2,.%7-# .5,.# %'# %->/K/->/-.# 7Q# QB/&'# 72# 42%># %-Q2,'.2B:.B2/"# # $,4-/.75C>27>C-,P%:#

:7-T/2'%7-#%'#,#K7./-.%,&#/P/24%-4#V6M?#.7#>%2/:.&C#:7-T/2.#.5/#K&,'P,#,->#.5/2P,&#K78/2#7Q#.5/#

5C>2%-7# 2/,:.%7-# %-.7# V@# /&/:.2%:%.C"# # 9-T/2./2'# ,-># K78/2# :7->%.%7-%-4# 5,2>8,2/# ,2/# 2/,>%&C#

,T,%&,A&/#.7#:7-T/2.#V@#%-.7#J@#.7#P//.#:7-T/-.%7-,&#&7,>#2/OB%2/P/-.'"##I7P/#,>T,-.,4/'#,2/#

.5,.#W%X#A,'%:#2/'/,2:5#>/T/&7KP/-.#5,'#A//-#'BKK72./>#AC#/-/24C#,4/-:%/'#872&>8%>/k#W%%X#$UV#

7QQ/2'# '%4-%Q%:,-.#K78/2#4/-/2,.%7-# /QQ%:%/-:C#Q72#,# :C:&/# .5,.#2/:7T/2'# .5/#N%-/.%:# /-/24C#7Q#,#

5%45&C# :7->B:.%T/# d/.# 7Q# K&,'P,# ,-># &%OB%># :7->B:.72k# W%%%X# $UV# :7PK2%'/'# .5/# '%PK&/'.#

/&/:.2%:,&# K78/2# 4/-/2,.%7-# 'C'./P# K5C'%:,&&C# K7''%A&/k# W%TX# $UV# 5,'# -7# P7T%-4# P/:5,-%:,&#

K,2.'k#WTX#$UV#5,'#.5/#K7./-.%,&#7Q#A/%-4#7Q#/Z.2,72>%-,2%&C#:7PK,:.#'%R/#8%.5#V@#K78/2#7B.KB.#
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.5,.#:7B&>#A/#B'/>#>%2/:.&C#Q72#P7'.#P7>/2-#&%45.-%-4)#2/'%'.%T/#5/,.%-4)#/&/:.27-%:')#,->#P7.72#

,KK&%:,.%7-')# ,-># WT%X# K27.7.CK/# $UV# 4/-/2,.72'# 5,T/# >/P7-'.2,./># '7P/# &,24/Y':,&/#

:7PP/2:%,&#Q/,'%A%&%.C"##?5/'/#Q/,.B2/'#K2/'/-.#,-#7KK72.B-%.C#Q72#>2,P,.%:#2/>B:.%7-'#%-#:,K%.,&#

,->#P,%-./-,-:/#:7'."##1C#/ZK&7%.%-4#Q/,.B2/'#7Q#.5/#IB-@/&&)#,#IB-@/&&Y$UV#K78/2#4/-/2,.72#

K2/'/-.'#,>>%.%7-,&#B-%OB/#,>T,-.,4/'"##j72#/Z,PK&/)#:7-T/-.%7-,&#$UV#Q,%&B2/#P7>/'#7Q#T/2C#

&78# :7->B:.%T%.C# ,-># :7N%-4# ,-># :7227'%7-# 7Q# %7-Y'//>/># :7PAB'.%7-# 4,'# ,2/# /&%P%-,./># AC#

IB-@/&&Y$UV"# # I%&T/2# 872N%-4# P/>%BP# K27./:.'# 2,.5/2# .5,-# :7227>/'# .5/# 2/Q2,:.72C# P/.,&#

/&/:.27>/'"##J+IlI#I%PB&,.%7-#I7Q.8,2/#:7->B:.%T%.C#P7>/&%-4#K2/>%:.'#,#P%&&%7-YQ7&>#%-:2/,'/#

7T/2# .5,.# 7Q# %7-Y'//>/># :7PAB'.%7-# Q&,P/# 8%.5# ,# :722/'K7->%-4# T/2C# '%4-%Q%:,-.# %-:2/,'/# %-#

K78/2# >/-'%.C# 2/'B&.'# >B/# .7# .5/# &%-/,2# >/K/->/-:/# 7Q# .5/# $UV# K78/2# 7-# .5/# :7->B:.%T%.C"##

$72/7T/2)#A,'/>#7-#/ZK/2%P/-.,&#P/,'B2/P/-.')#.5/#K2%72#&7''#7Q#:7->B:.%T%.C#8%.5#./PK/2,.B2/#

>27K#%-#.5/#$UV#:5,--/&#,->#,.#.5/#/&/:.27>/'#8%&&#-7.#7::B2#.7#,#'%4-%Q%:,-.#/Z./-.#%-#.5/#:,'/#7Q#

.5/#IB-@/&&#K&,'P,"##?5B')#5%45#T7&.,4/#/&/:.2%:,&#,2:%-4#Q27P#.5/#d/.#.7#.5/#/&/:.27>/'#%'#,T7%>/>)#

,->#PB:5#5%45/2#K78/2#/QQ%:%/-:C#%'#K7''%A&/"##9-#,#-7T/&#.5/2P7>C-,P%:#:C:&/#2/K72./>#%-#.5%'#

,2.%:&/)# .5/# P,d72%.C# 7Q# .5/# IB-@/&&# 2/,:.%7-# :5,PA/2# K&,'P,# K78/2# P,C# A/# :7-T/2./># .7#

/&/:.2%:%.C#AC#Q%2'.#:7-T/2'%7-#7Q#.5/#K&,'P,#K78/2#.7#N%-/.%:#/-/24C#WgMX#%-#,#:7->B:.%T/#Q&78#

B'%-4#,#:7-T/24%-4#>%T/24%-4#-7RR&/#,->#.5/#gM#7Q#.5/#Q&78#%'#:7-T/2./>#%-.7#/&/:.2%:%.C#%-#.5/#

$UV#:5,--/&"##J>>%.%7-,&#/QQ%:%/-:C#P,C#A/#2/,&%R/>#.527B45#5/,.#2/:7T/2C#>B/#.7#P7&./-#'%&T/2#

2/:%2:B&,.%7-# 2,.5/2# .5,-# ,# 872N%-4#4,'# 'B:5# ,'# ,247-# ,-># .5/# '//># P,./2%,&# 7Q# ,# :&7'/>#

:7-T/-.%7-,&#$UV#:C:&/"##$B&.%'.,4/#.B2A7#P,:5%-/2C#8%.5#%-./2:77&/2'#,->#.5/#%-5/2/-.#&,24/#

K78/2#:7-'BPK.%7-#8%.5#,#:722/'K7->%-4#-/4,.%T/#%PK,:.#7-#/QQ%:%/-:C#P,C#A/#,T7%>/>"#

L/# :7-'%>/2/>#,#-BPA/2#7Q#$UV#:C:&/'#Q72#:7-T/2'%7-#7Q#.5/#K78/2QB&#K&,'P,#Q72P/>#

AC#2/,:.%-4#,.7P%:#5C>274/-#8%.5#U=U#:,.,&C'.#.7#Q72P#5C>2%-7'"##MZK&7%.%-4#.87#/Z.2,72>%-,2C#

K5/-7P/-,# 7Q# '%&T/2Y7ZC4/-# 'C'./P)# .5/# ,A%&%.C# 7Q# '%&T/2# .7# Q72P# -,-7K,2.%:&/'# ,.# %.'# P/&.%-4#

K7%-.#85/-# /ZK7'/>#.7#7ZC4/-#,->#.5/#,A%&%.C#7Q#'%&T/2#,.#%.'#P/&.%-4#K7%-.#.7#,A'72A#BK#.7#*G#

P7&/# K/2:/-.# 7ZC4/-)# 8/#>/T/&7K/># ,# 5%45&C#/QQ%:%/-.# ,->#B-%OB/#.5/2P7>C-,P%:#:C:&/#Q72#

$UV #:7- T/2'%7-#5,T%-4#Q/,.B2/'#7Q#,#6Yc#:C:&/#,->#,#&%OB%>#$UV#:C:&/"###

#

A!!B66CD!;$3,& !

?5/# /&/:.2%:,&# K78/2# 7B.KB.' # 7Q#&%OB%># P/.,&# P,4-/.75C>27>C-,P%:# W3$$UVX#

:7-T/2./2'#'.B>%/>#%-#.5/#K,'.#:7-T/24/#.7#.5/#:722/'K7->%-4#N%-/.%:#/-/24C#:5,-4/#%-#.5/#:5,--/&#

,'#4%T/-#AC#2/K2/'/-.,.%T/#MO"#W*_X#7Q#L/%-A/24#,->#U,C/'#a(Gb"##U78/T/2)#,#T/2C#'P,&&#Q2,:.%7-#

7Q#.5/#.5/2P,&#K78/2#7Q#.5/#:722/'K7->%-4#'7B2:/#:7BK&/'#.7#K27K/&&%-4#.5/#872N%-4#Q&B%>#&%OB%>#

P/.,&#.7#4%T/#,#-/.#N%-/.%:#/-/24C#Q72#,#:&7'/>#:C:&/"##9-#.5%'#2/K72.)#8/#,-,&CR/#,#3$$UVY.CK/#

:C:&/#85/2/AC# ,#K78/2QB&)#5%45&CY:7->B:.%T/#d/.#Q&78#Q72P'# :7PK2%'%-4# ,-#7ZC4/-# ,-># '%&T/2#

-,-7K,2.%:&/#,/27'7&#.5,.#%'#Q,:%&%.,./>#AC#.87#B-%OB/#K27K/2.%/'#7Q#'%&T/2#,->#7ZC4/-#,.#'%&T/2S'#
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P/&.%-4#K7%-."##9-# .5/#K2/'/-:/#7Q#7ZC4/-)#P7&./-# '%&T/2#Q72P'#-,-7K,2.%:&/'# ,.#5%45#2,./'# .5,.#

A/5,T/# '%P%&,2&C# .7# &,24/# P7&/:B&/'# .5,.# ,KK27Z%P,./&C# 7A/C# .5/# %>/,&# 4,'# &,8"# # ?5/# ,/27'7&#

Q72P'# ,.# .5/# P/&.%-4# K7%-.# 7Q# '%&T/2# W<_*# e@Xk# .5B')# ,# P7&/:B&,2# 4,'# 5,T%-4# .5/2P7>C-,P%:#

K27K/2.%/'#,N%-#.7#'%&T/2#,.7P'#:,-#Q72P#,.#,#./PK/2,.B2/#8/&&#A/&78#.5/#'%&T/2#A7%&%-4#K7%-.#7Q#

*(_*#e@"##?5%'#B-%OB/#K27K/2.C#7Q#'%&T/2#Q,:%&%.,./'#,#.5/2P7>C-,P%:#:C:&/#,T7%>%-4#.5/#%-KB.#7Q#

.5/#T/2C#5%45#5/,.#7Q#T,&72%R,.%7-#7Q#*G;#ND[P7&/# .5,.#%'#&7'.# ,.# .5/# /->#$UV#:5,--/&#>B2%-4#

:7->/-',.%7-#,->#2/:C:&%-4#%-#,#.2,>%.%7-,&#4,'#/ZK,-'%7-#:C:&/"##$72/7T/2)#P7&./-#'%&T/2#,.#%.'#

P/&.%-4#K7%-.#./PK/2,.B2/#:,-#,A'72A#,-#/-72P7B'#,P7B-.#7Q#7ZC4/-#4,'#.5,.#P,C#>%''7&T/#%-#

.5/#P/&.#,.#.5/#/->#7Q#$UV#:5,--/&#,->#A/#/&/:.27P,4-/.%:,&&C#WM$X#KBPK/>#8%.5#.5/#P7&./-#

'%&T/2#.7#A/#2/:%2:B&,./>#.7#.5/#2/,:.%7-#:/&&#:5,PA/2"##?5/#5%45#./PK/2,.B2/#%-#.5/#2/,:.%7-#:/&&#

:5,PA/2#:,B'/'#.5/#7ZC4/-#.7#A/#2/&/,'/>#.7#'/2T/#,'#.5/#,::/&/2,.72#4,'#7Q#.5/#2/'B&.%-4#7ZC4/-#

,-># '%&T/2# ,/27'7&"# # ?5/# .5/2P,&# K78/2# 2/&/,'/># AC# .5/# 5C>2%-7# 2/,:.%7-# %-# .5/# 2/,:.%7-# :/&&#

:5,PA/2#:,B'/'#,#5%45#K2/''B2/#.7#2%'/)#,->#,#5%45YK78/2#'%&T/2#K&,'P,#d/.#/Z%.'#.5/#$UV#-7RR&/#

,->#/-./2'#.5/#$UV#:5,--/&#85/2/%-#$UV#N%-/.%:#.7#/&/:.2%:#K78/2#:7-T/2'%7-#7::B2'"##VB/#.7#

.5/#'P,&&#K,2.%:&/#'%R/#.5/2/#'57B&>#A/#-7#4,'#'&%KK,4/#,'#.5/#7ZC4/-#4,'#,::/&/2,./'#.5/#,/27'7&#

7Q#'%&T/2#-,-7K,2.%:&/'#K,2.%:&/'#,'#/T%>/-:/>#%-#j%4B2/#F#7Q#L/%-A/24#a(;b"##?5/2P,&#/OB%&%A2%BP#

7Q#.5/#P%Z.B2/#'57B&>#A/#P,%-.,%-/>#,'#.5/#P%Z.B2/#K27K,4,./'#.527B45#,#P%Z%-4#:5,PA/2#,->#.5/#

-7RR&/# >B/# .7# .5/# 2,K%># /&/:.27-# 5/,.%-4# AC# .5/# K&,'P,# 85%:5# 8%&&# 5,T/# ,# '%-4&/# A&,:NA7>C#

./PK/2,.B2/"##?5/#/QQ%:%/-:C#:,-#A/#T/2C#5%45#'%-:/#W%X#:7-T/2'%7-#7Q#.5/2P,&#/-/24C#%-.7#N%-/.%:#

/-/24C#AC#/ZK,-'%7-#7Q#,#57.#4,'#%-#,#>%T/24%-4#:7-T/24%-4#-7RR&/#:,-#,KK27,:5#,-#/QQ%:%/-:C#7Q#

(EE^)#W%%X#.5/#:5,--/&#/QQ%:%/-:C#,KK27,:5/'#.5/#&7,>%-4#Q,:.72#,'#'578-#AC#MO'"#W(X̀#,->#W(FX)#

W%%%X#.5/#2/'%>B,&#N%-/.%:#/-/24C#.5,.#%'#>%''%K,./>#%-#.5/#:5,--/&#5/,.'#.5/#'%&T/2Y7ZC4/-#,/27'7&#

.5,.#%'#:7-'/2T/>#,'#,-#,>>%.%7-#.7#.5/#.5/2P,&#/-/24C#%-T/-.72C#7Q#.5/#,/27'7&)#W%TX#.5/#'%&T/2#%'#

:7->/-'/>#72#:7,&/':/ ># ,.# .5/# /->#7Q#.5/#$UV#:5,--/&)# .5/#7ZC4/-#%'# ,A'72A/>#AC#.5/#&%OB%>#

'%&T/2)#,->#A7.5# ,2/#2/.B2-/># .7# .5/#2/,:.%7-# :/&&# :5,PA/2#8%.5# .5/#:7-'/2T/ ># :5,--/&# .5/2P,&#

%-T/-.72C)#,->#WTX#.5/#,::/&/2,.72#4,'#%'#2/.B2-/>#AC#T/2C#&78#K78/2#/&/:.27P,4-/.%:#KBPK%-4#

WMO"#WG*XX#7Q#.5/#P7&./-#P/.,&#:,22C%-4#.5/#4,'#%-#'7&B.%7-#2,.5/2#.5,-#AC#T/2C#/-/24C#%-./-'%T/#

PB&.%'.,4/#%-./2:77&/>#4,'#:7PK2/''%7-#7Q#.5/#4,'"###

?5/# '7&BA%&%.C# 7Q# ,.P7'K5/2%:# K2/''B2/# 7ZC4/-# %-# '%&T/2# %-:2/,'/'# ,'# .5/# ./PK/2,.B2/#

,KK27,:5/'#.5/#P/&.%-4#K7%-.#85/2/%-#.5/#'7&BA%&%.C#%'#BK#.7#,A7B.#;E#.7#GE#T7&BP/'#7Q#7ZC4/-#

Q72# T7&BP/# 7Q# '%&T/2"# # $72/7T/2)# .5/# '7&BA%&%.C# 7Q# 7ZC4/-# %-# '%&T/2# %-:2/,'/'# 8%.5# 7ZC4/-#

,.P7'K5/2%:#K2/''B2/#%-#/OB%&%A2%BP#8%.5#.5/#>%''7&T/>#7ZC4/-"##J#5%45#P7&/#Q2,:.%7-#7Q#7ZC4/-#

%-#'%&T/2#P,C#A/#,:5%/T/>#,.#5%45#=*#K2/''B2/#,'#'578-#AC#J'',&#/.#,&"#a*;b"##j72#/Z,PK&/)#.5/2/#

%'#,#/B./:.%:#A/.8//-#J4#,->#J4*=#,.#,#./PK/2,.B2/#7Q#FE;#g)#,-#7ZC4/-#K,2.%,&#K2/''B2/#7Q#G*_#

A,2#WG"*_#h(E`#6,X)#,->#,-#7ZC4/-#P7&/#Q2,:.%7-#%-#.5/#&%OB%>#K5,'/#7Q#E"*G"#
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?5/# %-:72K72,.%7-# 7Q# 7ZC4/-# ,.7P'# %-.7# '%&T/2# %'# >2,P,.%:,&&C# %-:2/,'/># A/C7-># .5,.#

85%:5#P,C#A/#,:5%/T/>#AC#4,'/7B'#'7&T,.%7-#,.#,#4%T/-#7ZC4/-#K2/''B2/#,->#'%&T/2#./PK/2,.B2/#

AC# :7-T/2.%-4#.5/#P7&/:B&,2# 7ZC4/-# .7# ,.7P%:# 7ZC4/-# a*Gb"# # ?5/# 2/&,.%7-'5%K# 7Q# 7ZC4/-#

'7&BA%&%.C#%-#&%OB%>#'%&T/2#%'#,A7B.#K27K72.%7-,&#.7#.5/#4,'/7B'#7ZC4/-#K2/''B2/#.7#.5/#m#K78/2#

'%-:/#7ZC4/-#,A'72A'#%-.7#'%&T/2#,'#,.7P%:"##L5/-#=#,.7P'#%-'./,>#7Q#=*#P7&/:B&/'#,2/#%-T7&T/>#

%-#.5/#7Z%>,.%7-#2/,:.%7-#8%.5#'%&T/2)#J4=#,'#8/&&#,'#J4*=#,2/#.5/2P7>C-,P%:,&&C#'.,A&/#/T/-#,.#

T/2C#&78#=*#K2/''B2/')#J4=#%'#P72/#'.,A&/#.5,-#J4*=)#,->#%.#%'#.5/2P7Y>C-,P%:,&&C#K7''%A&/#.7#

7Z%>%R/# J4*=# .7# J4=)# 85%:5# P,C# A/# %PK7''%A&/# 8%.5# =*#P7&/:B&/'"# # ?7# /ZK&7%.# .5/# 'BK/2%72#

'7&BA%&%.C#7Q#=#,.7P'#>B2%-4#.5/#$UV#:C:&/)#.5/#$UV#:5,--/&#K&,'P,#d/.#P,C#A/#P,%-.,%-/>#AC#

.5/#5C>2%-7#2/,:.%7-#.7#P,%-.,%-#.5/#Q72P,.%7-#7Q#=#,.7P'#Q27P#=*#P7&/:B&/'"##J#:7PK7'%.%7-#

'B:5#,'#.5/#/B./:.%:#:7PK2%'%-4#E"*G#P7&/#Q2,:.%7-#7ZC4/-#%-:72K72,./>#%-#P7&./-#'%&T/2#P,C#A/#

Q72P/>#,.#.5/#/->#7Q#.5/#$UV#:5,--/&#,->#KBPK/>#.7#.5/#2/,:.%7-#:/&&#:5,PA/2#.7#2/:C:&/#.5/#

'%&T/2#,->#7ZC4/-"##?5/#$UV#:C:&/#QB2.5/2#:7PK2%'/'#.5/#2/&/,'/#7Q#.5/#7ZC4/-#%-#.5/#2/,:.%7-#

:/&&# :5,PA/2# 8%.5# ,# >2,P,.%:# ./PK/2,.B2/# ,-># K2/''B2/# %-:2/,'/# >B/# .7# .5/# 5C>2%-7# K&,'P,#

2/,:.%7-#Q7&&78/>#AC#%'/-.5,&K%:#/ZK,-'%7-#%-#.5/#$UV#-7RR&/#'/:.%7-#.7#Q72P#,-#,/27'7&#d/.#,->#

-/,2&C#%'7A,2%:#Q&78#7Q#.5/#d/.#%-#.5/#$UV#:5,--/&"##

?7#'B::/''QB&&C#:7-T/2.#.5/#.5/2P,&#,->#K2/''B2/YT7&BP/#/-/24C#%-T/-.72C#%-#.5/#2/,:.%7-#

:/&&#:5,PA/2#%-.7#N%-/.%:#/-/24C#%-#.5/#$UV#:5,--/&#AC#%'/-.27K%:#/ZK,-'%7-)#.5/#7ZC4/-#PB'.#

/QQ/:.%T/&C# ,::/&/2,./# .5/# '%&T/2# %-# .5/#:7-T/24%-4Y>%T/24%-4# -7RR&/"# # =-/# 7Q# .5/# P,%-# Q,%&B2/#

P7>/'#7Q#3$$UV#%'#'&%KK,4/#7Q#.5/#,::/&/2,.72#4,'#K,'.#&,24/#&%OB%>#P/.,&#K,2.%:&/'"##9>/,&&C#.5/#

P/.,&#K,2.%:&/'#A/5,T/#,'#P7&/:B&/')#,->#.5/#:7-T/2'%7-#7Q#.5/2P,&#/-/24C#%-.7#.5/#N%-/.%:#/-/24C#

7Q#.5/#K&,'P,#d/.#.5,.#Q&78'#%-.7#.5/#$UV#:5,--/&#,KK27Z%P,./&C#7A/C'#.5/#%>/,&#4,'#&,8'#Q72#

%'/-.27K%:#/ZK,-'%7-)#.5/#P7'.#/QQ%:%/-.#P/,-'#K7''%A&/"##@7-'%>/2#.5/#:,'/#85/2/%-#.5/#2/,:.%7-#

:/&&#:5,PA/2#,.P7'K5/2/#%'#7ZC4/-)#.5/#%-d/:./>#P7&./-#P/.,&#%'#'%&T/2)#,->#.5/#7ZC4/-#K27P7./'#

.5/# Q72P,.%7-# 7Q# ,-# ,/27'7&# 7Q# '%&T/2# -,-7K,2.%:&/'"# # ?5/# '%&T/2# -,-7K,2.%:&/'# ,2/# %-# .5/# Q2//#

P7&/:B&,2#2/4%P/#85/-# .5/C#,2/# 'P,&&#:7PK,2/>#.7#.5/#P/,-#Q2//#K,.5#7Q#.5/# 'B'K/->%-4#4,'"##
$,.5/P,.%:,&&C)#.5/#g-B>'/-#-BPA/2# #4%T/-#AC##
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%'# 'B:5# .5,.# #85/2/%-# #%'# .5/#P/,-#K,.5#7Q#.5/# 'B'K/->%-4#7ZC4/-#4,'# ,->##%'# .5/#

>%,P/./2#7Q#.5/#'%&T/2#K,2.%:&/"##JQ./2#3/T%-/#a*_b)#.5/#P/,-#K,.5# #7Q#,#4,'#J#7Q#>%,P/./2##
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7Q#3$$UV#85/2/%-#.5/#$UV#872N%-4#P/>%BP#%'#>/-'/#,->#.2,T/&'#,.#&78#T/&7:%.C#2/&,.%T/#.7#

4,'/7B'#/ZK,-' %7-"##922/'K/:.%T/#7Q#.5/#-,.B2/#7Q#,-#%>/,&#4,')#,#2/,'7-,A&/#&%P%.#.7#.5/#/QQ%:%/-:C#

7Q#.5/#:7-T/2'%7-#7Q#.5/2P,&YK2/''B2/#K78/2#%-T/-.72C#7Q#.5/#2/,:.%7-#:/&&#:5,PA/2#%-.7#N%-/.%:#

/-/24C#K78/2#,.#.5/#%-&/.#.7#.5/#$UV#:5,--/&#%'#>/./2P%-/>#AC#.5/#/QQ%:%/-:C#7Q#,#:7-T/24%-4Y

>%T/24%-4# -7RR&/# 85/2/%-# .5/# &7'/'# ,2/# Q2%:.%7-,&# %-# -,.B2/"# #L%.5# .5/# K27K/2#>/'%4-)# -7RR&/#

/QQ%:%/-:%/'#:,-#A/#T/2C#5%45"##+7RR&/#/QQ%:%/-:%/'#7Q#<<^#5,T/#A//-#2/,&%R/>#a*<b"##

#

IL>L!B0.&'2F!M0.3&!(')! 90:&. !

J# :7->B:.%-4# Q&B%>#/-./2'# .5/# $UV# :5,--/&# 8%.5# T/&7:%.C# BE#,.# ./PK/2,.B2/# ?E#,->#

K2/''B2/#KE)#,'#'N/.:5/>#%-#j%4B2/#0"##?5/#:5,--/&#:27''#'/:.%7-#%'#'OB,2/)#8%.5#'%>/#&/-4.5#>#]#

>WZX)# ,-># .5/# :5,--/&# &/-4.5# %'# 3"# # ?5/# Q&78# %'# ,>%,A,.%:# ,-># T,2%,.%7-'# %-# .5/# :27''Y:5,--/&#

>%2/:.%7-#,2/#%4-72/>o#?5/#Q&78#%'#,''BP/>#7-/Y>%P/-'%7-,&"###

#

T =
T0

1+
(k ! 1)

2
Ma2

,      p =
p0

1+
(k ! 1)

2
Ma2"

#
$

%

&
'

k/(k! 1)
,     !  =

p
RvT

c = kRvT ,     u = cMa,      A =
m
! u



! "%!

j%4B2/#0"##$UV#:5,--/&#7K/2,.%7-#W':5/P,.%:X"#

#
#

1/:,B'/# 7Q# .5/# Q&B%># :7->B:.%T%.C)#! )# ,# B-%Q72P# P,4-/.%:# Q%/&># 7Q# P,4-%.B>/# 1# ,:.%-4#

-72P,&#.7#.5/#:5,--/&#,Z%'#%->B:/'#,#:27'' Y:5,--/&#:B22/-.#%-#.5/#Q&B%>)#85%:5#K,''/'#.527B45#,#

2/'%'.%T/# &7,># :7--/:.%-4# .5/# :5,--/&# 8,&&')#85%:5# ,2/# K,2,&&/&# .7# .5/# Q%/&>"# # 1/:,B'/# 7Q# .5/#

:B22/-.#K,''%-4#.527B45#.5/#&7,>#,-#/&/:.2%:#Q%/&>#G#%'#/'.,A&%'5/>#:7B-./2#.7#.5/#:B22/-.#Q&78#%-#

.5/#Q&B%>"##?5%'#2/'B&.'#%-#.5/#:B22/-.#>/-'%.C#N#]#! O@!" #P###GX"##?5/#P,4-%.B>/#7Q#.5/#:B22/-.#

>/-'%.C#%'###
# WX̀#

85/2/#L#]#M[WB1X#%'#.5/#:7-'.,-.#&7,>%-4#Q,:.72#85%:5#2,-4/'#Q27P#R/27#Q72#,# '572.#:%2:B%.#.7#

B-%.C# Q72# ,-# 7K/-# :%2:B%."# # ?5/# Q&B%># T/&7:%.C# B)# /&/:.2%:# Q%/&># M)# ,-># :B22/-.# >/-'%.C# d# ,2/# ,&&#

QB-:.%7-'#7Q#,Z%,&#K7'%.%7-#Z#%-#.5/#:5,--/&"##?5/#72.5747-,&#P,4-/.%:#Q%/&>#,->#:B22/-.#2/'B&.#%-#,#

Q72:/#85%:5# ,:.'# ,&7-4# .5/# :5,--/&# ,Z%'#7KK7'%-4# .5/#Q&78"##?5/#Q72:/#K/2#B-%.#T7&BP/#%'# .5/#

372/-.R#Q72:/#MB#]#N!" !P#8%.5#P,4-%.B>/#

# WFX#

?5/#2,./#,.#85%:5#/-/24C#%'#/Z.2,:./>#Q27P#.5/#Q&B%>)#K/2#B-%.#T7&BP/)#%'#
# W<X#

85/2/#$ WZX#%'#.5/#&7:,&#$UV#K78/2#K/2#B-%.#T7&BP/"###

#

ILA!!;0'5&.-(2+0'!B(:5!(')!;0'52('2!9.&55@.&!M,0:!+'!27&!; 7(''&, !

9-# T%/8# 7Q# .5/# 372/-.R# Q72:/# ,-># $UV# K78/2# K/2# B-%.# T7&BP/)# :7-'/2T,.%7-# 7Q# P,'')#

P7P/-.BP#,->#/-/24C#%-#.5/#Q&B%>#2/OB%2/#
# W(EX#

# W((X#

j = ! (uB ! E) = ! uB(1! W)

FL = ! uB2(1! W)

! ! "# $ " $!" # = " $! " # # $%! "

! uA = ! ud2 = !m

! u
du
dx

+
dp
dx

= ! ! uB2(1! W) = ! FL



! "&!

# W(*X#

85/2/#%#,->#5#,2/#.5/#Q&B%>#>/-'%.C#,->#/-.5,&KC#K/2#B-%.#P,''#,->##%'#.5/#P,''#Q&78#2,./"##9.#%'#

,''BP/># .5,.# .5/# :5,--/&# :27''# '/:.%7-# JWZX# T,2%/'# %-# 'B:5# ,# 8,C# .5,.# .5/# K2/''B2/# 42,>%/-.#

T,-%'5/'#/T/2C85/2/#%-#.5/#:5,--/&o#>K[>Z#]#E"##?5/-#Q27P#MO"#W((X#.5/#T/&7:%.C#PB'.#>/:2/,'/o#

>B#v#E"##jB2.5/2)#.5/#/-.27KC#K/2#B-%.#P,''#'#PB'.#%-:2/,'/#%-#.5/#Q&78#>%2/:.%7-#A/:,B'/#.5/#Q&78#

%'# ,>%,A,.%:# 8%.5# :B22/-.# Q&78# .527B45# .5/# Q%-%./# :7->B:.%T%.C# Q&B%>"# # ?5/-# ?>'# ]# >5# ]# @K>?#

2/OB%2/'# .5,.# ./PK/2,.B2/# %-:2/,'/'# %-# .5/# Q&78# >%2/:.%7-o# >?# u# E"# # J-># '%-:/# .5/# K2/''B2/# %'#

:7-'.,-.#> %#v#E#'7#P,''#:7-'/2T,.%7-#

# W(0X#

2/OB%2/'#.5,.#.5/#:27''#'/:.%7-#%-:2/,'/o#>J#u#E"#

#

ILE!!;0'-&.5+0'!0K!Q+'&2+3!G'&.%$!20!6CD!90:& .!K0.!;0'52('2!9.&55@.&!M,0: !

j27P#MO'"#W(EX#,->#W((X)#

# W(;X#

?5/-#%-./42,.%-4#Q27P#.5/#:5,--/&#%-&/.#.7#K7'%.%7-#Z#

# W(GX#

85/2/#6$UV #%'#.5/#$UV#K78/2#7B.KB.#Q27P#.5/#:5,--/&#A/.8//-#.5/#%-&/.#,->#K7'%.%7-#Z"##6$UV #

%'#.5/#Q2,:.%7-#L#.%P/'#.5/#2,./#7Q#N%-/.%:#/-/24C#>/:2/,'/#Q27P#:5,--/&#%-&/.#.7#Zo#

# W(_X#

9-./42,.%-4#/-/24C#:7-'/2T,.%7-#MO"#W(*X#%-#.5/#',P/#8,C#C%/&>'#

# W(X̀#

85/2/# 5# %'# .5/# Q&B%># /-.5,&KC# ,.# Z"# # MO"# W(`X# %'# ,# .5/2P7>C-,P%:# 2/'B&.#.5,.#%'# T,&%># Q72# ,-C#

K2/''B2/# >%'.2%AB.%7-# %-# .5/# :5,--/&)# 578/T/2)#MO"# W(_X# 57&>'# 7-&C# Q72# :7-'.,-.# K2/''B2/# Q&78"##

j27P#MO'"#W(_X#,->#W(X̀)#.5/#2,./#7Q#/-.5,&KC#%-:2/,'/#Q27P#:5,--/&#%-&/.#.7#Z#%'#.5/#Q2,:.%7-#W(#\ #

LX#.%P/'#.5/#2,./#7Q#N%-/.%:#/-/24C#>/:2/,'/o#

2
2 2 (1 )

2
æ ö
+ = - - = -Pç ÷

è ø

d uu h u B W W
dx

r s

!m

dρ
ρ

+ du
u

+ dA
A

= 0

2
2 2(u /2) (1 ) ( )= - - = -P!

dmW u B W W A x A
dx

s

!mW u2

2
−
u0
2

2
⎛

⎝⎜
⎞

⎠⎟
= − Π(φ)A(φ)dφ

0

x

∫ = −PMHD

PMHD =W !m
u0
2

2
− u

2

2
⎛

⎝⎜
⎞

⎠⎟

Rate of kinetic 
energy decrease

" #$ %$

PMHD = !m
u0
2

2
− u

2

2
⎛

⎝⎜
⎞

⎠⎟

Rate of kinetic 
energy decrease

" #$ %$
− !m(h − h0 )

Rate of enthalpy 
increase

"#$ %$



! "' !

# W(FX#

?5/'/#2/'B&.'#,2/#T,&%>#%->/K/->/-.#7Q#.5/#-,.B2/#7Q#.5/#872N%-4#Q&B%>"#

#

I LH!!"#$%&'R*+,-&.!/('01(.2+3,&!S(5!6+#2@.&!

@7-'%>/2# ,# 4,'# P%Z.B2/# 7Q# P7&/:B&,2# 7ZC4/-# ,-># '%&T/2# -,-7K,2.%:&/'# ,.# .5/# P%Z.B2/#

./PK/2,.B2/#?#,->#K2/''B2/#K"##?5/#'%&T/2#-,-7K,2.%:&/')#5/2/#>/-7./>#AC#.5/# 'CPA7&#J4+)#,2/#

/,:5# :7PK2%'/># 7Q# +# '%&T/2# ,.7P'"# # ?5/# P7&/# Q2,:.%7-'# 7Q# 7ZC4/-# ,-># -,-7K,2.%:&/'# %-# .5/#

P%Z.B2/#,2/#C=* #,->#CJ4+ #]#(#\ #C=* )#2/'K/:.%T/&C"##?5/#P7&/:B&,2#8/%45.'#7Q#,.7P%:#'%&T/2#,->#

7ZC4/-# ,2/# $J4#]# (E`"<# ,-># $=* #]# 0*"EE# 4[P7&)# 2/'K/:.%T/&C)# .5/# P7&/:B&,2# 8/%45.# 7Q# .5/#

-,-7K,2.%:&/#4,'#%'#$J4+ #]#+$ J4#,->#.5/#P7&/:B&,2#8/%45.#7Q#.5/#=*[J4+#4,'#P%Z.B2/#%'#
# W(<X#

?5/# P%Z.B2/# P7&/:B&,2# 8/%45.# >/K/->'# &%-/,2&C# 7-# A7.5# .5/# 7ZC4/-# P7&/# Q2,:.%7-# ,->#

-,-7K,2.%:&/#'%R/#+)#%-:2/,'%-4#8%.5#+#,->#>/:2/,'%-4#8%.5#C=* "###

9.#%'#,''BP/>#.5,.#.5/#7ZC4/-)#/Z%'.%-4#,&7-/#,.#.5/#P%Z.B2/#./PK/2,.B2/#?#,->#K2/''B2/#

KC=* )#,->#.5/#-,-7K,2.%:&/')#/Z%'.%-4#,&7-/#,.#?#,->#K2/''B2/#KCJ4+ )#/,:5#A/5,T/#,'#%>/,&#4,'/'"##

?5/#'%&T/2#-,-7K,2.%:&/'#,2/#.2/,./>#,'#2%4%>#K,2.%:&/'#8%.5#-7#%-./2-,&#'.2B:.B2/#,->#.5/2/Q72/#.5/#

/-.%2/# /-/24C# 7Q# ,#-,-7K,2.%:&/# %'# >B/# .7# .2,-'&,.%7-"# # ?5/# -,-7K,2.%:&/# 4,'# P7&,2# :7-'.,-.#

K2/''B2/#'K/:%Q%:#5/,.#%'#

# W*EX#

85/2/# ]# F"0(;G(# D[P7&Yg# %'# .5/# B-%T/2',&# 4,'# :7-'.,-."# # ?5%'# P7&,2# 'K/:%Q%:# 5/,.# %'# ,# KB2/#

:7-'.,-.)# %->/K/->/-.# 7Q# .5/# -,-7K,2.%:&/# '%R/# +"# # ?5/# 7ZC4/-# P7&/:B&/'# 5,T/# .2,-'&,.%7-,&)#

27.,.%7-,&#,->#T%A2,.%7-,&#/-/24C"##9-#T%/8#7Q#.5/#/ZK,-'%7-#./PK/2,.B2/#2,-4/'#:7-'%>/2/>#&,./2)#

.5/#7ZC4/-#P7&,2#:7-'.,-.#K2/''B2/#'K/:%Q%:#5/,.#%'#,''BP/>#:7-'.,-.#,.#.5/#T,&B/#:722/'K7->%-4#

.7#(GEE#g"##?5/#P7&,2#:7-'.,-.#K2/''B2/#'K/:%Q%:#5/,.#7Q#7ZC4/-#%'#4%T/-#AC#T,-#LC&/-#/.#,&"#a0Eb#

,'##
# W*(X#

85/2/ #
# W**X#

j72#?#]#(GEE#g)#MO'"#W*(Y**X#C%/&>#0_"GF#D[P7&Yg"#
# W*0X#

?5/#:7-'.%.B/-.#4,'/'#,2/#K/2Q/:.#4,'/'#A/:,B'/#.5/C#A/5,T/#%>/,&&C#,->#5,T/#:7-'.,-.# 'K/:%Q%:#

5/,.')# ,-># .5/2/Q72/# .5/# P%Z.B2/# %'# ,&'7# ,# K/2Q/:.# 4,'"# # U/-:/# .5/# 7ZC4/-# P7&/:B&/'# ,->#

-,-7K,2.%:&/'#%-#.5/#P%Z.B2/#5,T/#.5/#',P/#,T/2,4/#N%-/.%:#/-/24C"##

!m(h − h0 ) = (1−W ) !m
u0
2

2
− u

2

2
⎛

⎝⎜
⎞

⎠⎟

M = yO2MO2 + (1− yO2 )MAgN = yO2MO2 + (1− yO2 )NMAg

CpAgN = 5
2
R = 20.786 J/mol-K

R

CpO 2 [J/mol-K] = 37.432+ 0.020102θ
3/2 −178.57θ −3/2 + 236.88θ −2

 θ = T[K]/100,  300 < T < 3500 K

CpO2 = 36.58 J/mol-K



! "( !

?5/#4,'# :7-'.,-.)#P7&,2# 'K/:%Q%:#5/,.# ,->#P,''Y8/%45./># 'K/:%Q%:#5/,.#Q72# .5/#=*[J4+#

4,'#P%Z.B2/#,2/#
# W*;X#

,->#.5/#P%Z.B2/#'K/:%Q%:#5/,.#2,.%7#%'#

# W*GX#

L5%&/#.5/#P%Z.B2/#P7&,2#'K/:%Q%:#5/,.#,->#'K/:%Q%:#5/,.#2,.%7#>/K/->#7-&C#7-#.5/#7ZC4/-#P7&/#

Q2,:.%7-)#.5/#P%Z.B2/#P7&/:B&,2#8/%45.)#4,'#:7-'.,-.#,->#P,''Y8/%45./>#'K/:%Q%:#5/,.#>/K/->#7-#

A7.5#.5/#7ZC4/-#P7&/#Q2,:.%7-#,->#.5/#'%R/#7Q#.5/#-,-7K,2.%:&/')#+)#,'#'578-#%-#j%4B2/#; "##+7./#

.5/#>2,P,.%:#%-:2/,'/#,->#>/:2/,'/#%-#P%Z.B2/#P7&/:B&,2#8/%45.#,->#P,''Y8/%45./>#'K/:%Q%:#5/,.)#

2/'K/:.%T/&C)#Q72#%-:2/,'%-4#-,-7K,2.%:&/#'%R/#,.#:7-'.,-.#7ZC4/-#P7&/#Q2,:.%7-"#

#

j%4B2/#; "##$%Z.B2/#P7&/:B&,2#8/%45.)#'K/:%Q%:#5/,.#,->#'K/:%Q%:#5/,.#2,.%7"#

#
#

ILI! !6+#2@.&!G#1('5+0'!+'!27&!; 7(''&, !

#

ILI4!! J&81&.(2@.&!

R = R /M ,     Cp = yO2CpO2 + (1− yO2 )CpAgN ,     Cp =Cp /M

γ =
Cp
Cv

=
Cp

Cp − R



! ") !

j27P#P7P/-.BP#,->#/-/24C#:7-'/2T,.%7-#

# W*_X#

?5/-##

# W*X̀#

,->#%-./42,.%-4#Q27P#.5/# :5,--/&#%-&/.# .7#K7'%.%7-#Z#8%.5#>5# ]#@K>?#Q72# .5/#%>/,&#4,'#P%Z.B2/#

C%/&>'#

# W*FX#

!/,22,-4%-4)#.5%'#A/:7P/'#

# W*<X#

85/2/ #

# W0EX#

%'# ,# 2/&,.%T/# P/,'B2/# 7Q# .5/# 4,'# N%-/.%:# /-/24C# ,-># /-.5,&KC# ,.# .5/# :5,--/&# %-&/."# # j72# ,# 4,'#

P%Z.B2/# 8%.5# GE^# 7ZC4/-# P7&/# Q2,:.%7-# ,-># -,-7K,2.%:&/'# /-:7PK,''%-4# (EE# '%&T/2# ,.7P'#

/-./2%-4#.5/#:5,--/&#,.#*EEE#g#8%.5#(EEE#P['#T/&7:%.C)#&#w#;`"##?5%'#',P/#P%Z.B2/#5,'#&#]#(#%Q#

.5/#%-&/.#T/&7:%.C#%'#,A7B.#(;_#P['"##

#

ILIP!!T&,03+2$!

j27P#P7P/-.BP#:7-'/2T,.%7-)#8%.5#>/-'%.C#%#]#KE[W!?X)#

# W0*X#

IBA'.%.B.%-4# Q72# ./PK/2,.B2/# Q27P#MO"# W*<X)# 2/,22,-4%-4# ,-># %-./42,.%-4# Q27P# .5/# /-.2,-:/# .7#

K7'%.%7-#Z#%-#.5/#:5,--/&#C%/&>'#

# W0*X#

I%PK&%QC%-4#.5/#%-./42,&#2/'B&.'#%-#

# W00X#

85/2/ #

d
dx

h + u
2

2
⎛
⎝⎜

⎞
⎠⎟
=Wu du

dx
=W d (u2/2)

dx

d
dx

h + u
2

2
(1−W )

⎛
⎝⎜

⎞
⎠⎟
= 0

T −T0 =
(1−W )
Cp

(u0
2 − u2 )
2

T
T0

=1+ (1−W )β 1− u
2

u0
2

⎛

⎝⎜
⎞

⎠⎟

β =
u0
2

2CpT0

du
dx

= −σB2 (1−W )
RT0
p0

T
T0

dν
1+ (1−W )β (1−ν 2 )ν=1

ν=u/u0

∫ = −
σB2 (1−W )RT0

u0 p0
x

dν
η2 −ν 2ν=1

ν=u/u0

∫ = −
σB2 (1−W )2βRT0

u0 p0
x



! "* !

# W0;X#

,->#.5/- #

# W0GX#

?5/#:7-'.,-.#4#%-#.5/#/ZK7-/-.)#85%:5#5,'#>%P/-'%7-'#7Q#2/:%K27:,&#&/-4.5)#%'#

# W0_X#

I7&T%-4#Q72#.5/#T/&7:%.C#2,.%7#2/'B&.'#%-##

# W0X̀#

85/2/##

# W0FX#

J&.57B45#.5/#T/&7:%.C#T,2%,.%7-#>/K/->'#7-#.5/#/ZK7-/-.%,&#>/:,C#./2P'#/Y4Z)#.5/#T/&7:%.C#>/:,C#

5,'#&%..&/#2/'/PA&,-:/#.7#,-#/ZK7-/-.%,&#>/:,C"##!,.5/2)#BWZX#4/-/2,&&C#5,'#>78-8,2>#:7-:,T%.C"#

?5/#4,'#>/:/&/2,./'#/T/2C85/2/#%-#.5/#:5,--/&#WI/:.%7-#G"*X#,->#%'#,22/'./>#85/2/#

# W0<X#

85%:5#:722/'K7->'#.7#.5/#,Z%,&#K7'%.%7-#

# W;EX#

?5%'# >%'.,-:/# %'# &,24/2# Q72# 'P,&&/2# T,&B/'# 7Q# )# 85%:5# %'# .5/# 372/-.R# Q72:/# ,.# .5/#

:5,--/&#%-&/.)#,->#Q72#&,24/2#K2/''B2/"##n,'/'#,.#5%45/2#K2/''B2/#,->#.5/2/Q72/#42/,./2#>/-'%.C#:,-#

'B'.,%-# Q728,2># P7.%7-# ,4,%-'.# .5/# ,>T/2'/# 372/-.R# Q72:/# Q72# ,# 42/,./2# >%'.,-:/"# # J&'7)# .5/#

>%'.,-:/#ZJ22/'.#8%&&#A/#'//-#.7#>/:2/,'/#8%.5#%-:2/,'%-4#%-&/.#T/&7:%.C#BE)#,#:7B-./2Y%-.B%.%T/#2/'B&.#

.5,.#%'#/ZK&72/>#QB2.5/2#%-#I/:.%7-#G"_"#

#

ILI;!!;7(''&,!;.055!* &32+0'!

j27P#P7P/-.BP#,->#P,''#:7-'/2T,.%7- #

# W;(X#

IBA'.%.B.%-4#Q72#.5/#T/&7:%.C#,->#-7.%-4#.5/#T/&7:%.C#>/2%T,.%T/#

# W;*X#

8%.5# #&/,>'#.7#.5/#&7:,&#:27''#'/:.%7-#,2/,#

η2 = 1+ (1−W )β
(1−W )β

η + (u /u0 )
η − (u /u0 )
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