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'J"#;/1*$'/?(1('2A*/+-*4..-*&J";(&/1*'.1"#/+&"*/$$.&(/'"-*<('J*/+*.%"#/'(.+/1*1.<*'";%"#/'L#"*OlSVV*m0TF*

])(-"+'12A*.'J"#*%#.&"$$"$*?/$"-*.+*%J.'.&/'/12$($*/#"*/1$.*&.+$(-"#"-*/$*/+*(+'"#"$'(+4*#.L'"*.5*

"8%1.#/'(.+F*a.*$L%%.#'*'J"$"*%#.&"$$"$*O$"+$(+4A*&/%'L#"A*/+-*6ES`C0P*&/'/12$($TA*;/+2*;/'"#(/1$*J/)"*

?""+*'"$'"-A*$L&J*/$*%.#.L$*&/#?.+A*;(8"-*.8(-"A*.#*B".1('"$F[ASS*6")"#'J"1"$$A*%..#*$"1"&'()('2A*1.<*

"55(&("+&2*&.;?(+"-*<('J*J(4J*"+"#42*&.+$L;%'(.+*5.#*#"4"+"#/'(.+*/#"*.?$"#)"-*<J(&J*$'#.+412*1(;('*'J"(#*

%#/&'(&/1*L$"F*

3"'/1−.#4/+(&*5#/;"<.#=$*O37:$T*/#"*/*#"1/'()"12*+"<*&1/$$*.5*;/'"#(/1$*1.&/'"-*/'*'J"*5.#"5#.+'*.5*$.1(-`

$'/'"*;/'"#(/1$F*N+'"+$()"*#"$"/#&J*/&'()('2*(+*'J($*5("1-*(+*'J"*1/$'*'<.*-"&/-"$*J/$*-";.+$'#/'"-*%#.;($"$*(+*

;/+2*-(55"#"+'*/#"/$*.5*/%%1(&/'(.+A*$L&J*/$*4/$*$'.#/4"A*4/$*$"%/#/'(.+A*$"+$(+4A*&/'/12$($A*</'"#*

J/#)"$'(+4A*/+-*%#.'.+*&.+-L&'(.+A*/;.+4*.'J"#*5("1-$FSUASQ*37:$*/#"*-"5(+"-*/$*'J"*&.++"&'(.+*L$(+4*

(.+.&.)/1"+'*?.+-$*?"'<""+*/+*(+.#4/+(&*%/#'*O($.1/'"-*;"'/1*&/'(.+A*&1L$'"#A*.#*(+5(+('"*&J/(+$T*/+-*.#4/+(&*

1(+="#$F*aJ"*&.+$(-"#/?1"*-()"#$('2*.5*1(+="#$*/$$.&(/'"-*<('J*/11*%1/L$(?1"*;"'/1*+.-"$*;/2*1"/-*'.*/+*/1;.$'*

(+5(+('"*+L;?"#*.5*+"<*37:*;/'"#(/1$F*aJ"*#"$L1'(+4*37:$*/#"*%.#.L$*;/'"#(/1$*<('J*%.#"*$(B"$*#/+4(+4*5#.;

/*5"<*'.*'"+$*.5*/+4$'#.;$F*N'*($*(;%.#'/+'*'.*+.'"*'J/'*(+)"$'(4/'(.+$*5#.;*;/+2*4#.L%$*J/)"*-";.+$'#/'"-*

'J"*%1/L$(?1"*&.+'#.1*.5*?.'J*'J"*$'#L&'L#"$*O'.%.1.42T*/+-*%.#"*$(B"$*.5*37:$*/+-*/1$.*'J"(#*5L+&'(.+/1(B/'(.+*

L$(+4*eL-(&(.L$*&J.(&"$*.5*.#4/+(&*1(+="#$*.#*(+'#.-L&'(.+$*.5*&/'(.+$d&1L$'"#$*<('J*.%"+*;"'/1*$('"$*O73C$TF*

,$*/+*"8/;%1"A*5(+"`'L+(+4*'J"*%.#"*/%"#'L#"*$(B"A*<J(&J*($*.5*;/e.#*(+'"#"$'*(+*4/$*$"%/#/'(.+*/+-*&/%'L#"A*($

+.<*%.$$(?1"*&.+'#/#2*'.*.'J"#*(+.#4/+(&*$.1(-*/-$.#?"+'$A*$L&J*/$*B".1('"$A*(+.#4/+(&*.8(-"$A*/+-*%.#.L$*
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&/#?.+`?/$"-*;/'"#(/1$F*7)"#/11A*'J"*)"#$/'(1"*%#.%"#'("$*.5*37:$*;/="*'J";*J(4J12*&.;%"'('()"*;/'"#(/1$*(+*

;/+2*5("1-$*/+-A*(+*%/#'(&L1/#A*'.*/--#"$$*$.&("'/1*/+-*"+)(#.+;"+'/1*($$L"$FSZAS\AS[nUQAUZnQcA*

aJ"*L$"*.5*37:$*/$*%.'"+'(/1*/-$.#?"+'$A*$"+$.#$A*/+-*&/'/12$'$*5.#*678*($*$'(11*(+*('$*(+5/+&2*?"&/L$"*'J"2*

/#"*/*#"1/'()"12*+"<*&1/$$*.5*$.1(-`$'/'"*;/'"#(/1$F*C.;"*/#"*$L55"#(+4*5#.;*-#/<?/&=$*$L&J*/$*'J"#;/1*

/+-d.#*&J";(&/1*$'/?(1('2A*?L'*#"&"+'12*$.;"*"+&.L#/4(+4*$'L-("$*J/)"*-";.+$'#/'"-*$L%"#(.#*$'/?(1('2*

%#.%"#'("$*'J/'*"+/?1"*37:$*'.*#"%#"$"+'*/+*/1'"#+/'()"*'.*?"+&J;/#=*;/'"#(/1$*5.#*'J"*&/%'L#"*/+-*

&.+)"#$(.+*.5*678F*,&&.#-(+412A*/*1('"#/'L#"*#")("<*$L;;/#(B(+4*'J"*#"&"+'*#"$L1'$*.?'/(+"-*.+*'J($*$%"&(5(&*

'.%(&*<.L1-*?"*.5*J(4J*(+'"#"$'FQR*N'*($*<.#'J*+.'(+4*'J/'*$.;"*#")("<$*/#"*/)/(1/?1"*5.#*'J"*5("1-*.5*-"'"&'(.+*

/+-*#";.)/1*.5*'.8(&*4/$"$*(+&1L-(+4*/;;.+(/A*C7RA*ERCA*/+-*67RA[AQS−QZ*/+-*$.;"*.'J"#$*#"%.#'*'J"*L$"*.5*

37:$*/$*&/'/12$'$FQ\*E.<")"#A*'.*'J"*?"$'*.5*.L#*=+.<1"-4"A*'J"#"*($*+.*#")("<*#"1/'"-*$%"&(5(&/112*'.*'J"*

$%"&(5(&*/-$.#%'(.+*/+-*&/'/12'(&*&.+)"#$(.+*.5*678*L$(+4*37:$F*N+*RVcQA*P"B/"(*"'*/1FQ[*$L;;/#(B"-*$.;"*

%.'"+'(/1*$.1(-*/-$.#?"+'$*$L&J*/$*B".1('"$A*/&'()/'"-*&/#?.+$A*/+-*37:$*5.#*&/%'L#(+4*C78d678*5#.;*51L"*

4/$*$'#"/;$F*C(+&"*'J"+A*1.'$*.5*#"$"/#&J*%#.4#"$$*J/)"*?""+*;/-"*(+*'J"*-")"1.%;"+'*.5*/-)/+&"-*37:$*

5.#*678*&/%'L#"*/$*<"11*/$*(+*'J"*L+-"#$'/+-(+4*.5*'J"*/-$.#%'(.+*;"&J/+($;$F*

aJ"*5(#$'*%/#'*.5*'J($*#")("<*-"/1$*<('J*37:$*/$*/-$.#?"+'$*5.#*678*&/%'L#"*/+-*;.#"*$%"&(5(&/112*5.#*67*/+-*

67R*&/%'L#"$F*aJ"*$"&.+-*%/#'*($*-").'"-*'.*37:$*/$*%.'"+'(/1*&/'/12$'$*5.#*678*-"4#/-/'(.+*)(/*$"1"&'()"*

C0P*;/(+12*L$(+4*6ES*.#*)(/*%J.'.&/'/12$($F*N'*($*(;%.#'/+'*'.*+.'"*'J/'*/;.+4*/)/(1/?1"*#")("<$*-"/1(+4*<('J

&/'/12$($*.5*678*.+12*/*5"<*.5*'J";*;"+'(.+*'J"*"8%1.#/'(.+*.5*37:$*/$*%.'"+'(/1*&/'/12$'$FQW−ZR*,&&.#-`*(+412A

'J($*#")("<*5.&L$"$*.+12*.+*'J"*L$"*.5*37:*;/'"#(/1$*/+-*")"+'L/112*37:*&.;%.$('"$A*?L'*"8&1L-"$*.8(-"*

;/'"#(/1$*%#"%/#"-*5#.;*37:$*%#"&L#$.#$*5.#*/%%1(&/'(.+$A*(+*678*/-$.#%'(.+*/+-*&/'/12$($FZSAZU*

RF*67*:7P*MN7Y7GN0,Y*,!!YN0,aN76C*

aJ"*1/#4"*;/e.#('2*.5*(+)"$'(4/'(.+$*&/##("-*.L'*.+*"8%1.('(+4*/-$.#%'()"*&/%/?(1('("$*.5*37:$*5.#*67*J/)"*

?""+*%"#5.#;"-*<('J*'J"*.?e"&'()"*.5*-")"1.%(+4*?(.1.4(&/1*/%%1(&/'(.+$F*a<.*;/(+*%/'J</2$*J/)"*?""+*

"8%1.#"-F*aJ"*5(#$'*.%'(.+*($*?/$"-*"('J"#*.+*'J"*%J2$($.#%'(.+*;"&J/+($;*L$(+4*%.#.L$*;/'"#(/1$*/+-d.#*'J"*
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&J";($.#%'(.+*%#.&"$$*#"$L1'(+4*5#.;*'J"*#"/&'(.+*?"'<""+*67*/+-*/&&"$$(?1"*.%"+*;"'/1*$('"$*1.&/'"-*.+*

'J"*(+.#4/+(&*%/#'*.5*'J"*&.;%.L+-F*aJ"*$"&.+-*.%'(.+*($*'J"*/-$.#%'(.+*.5*67*.+'.*/+*/;(+"*5L+&'(.+/1*

4#.L%*'J/'*($*4#/5'"-*"('J"#*.+*/+*.%"+*;"'/1*$('"*.#*1.&/'"-*.+*'J"*1(4/+-*5.11.<(+4*/*&J";(&/1*#"/&'(.+*

?"'<""+*'J"*5L+&'(.+*%#"$"+'*O(F"FA*/;(+"T*/+-*'J"*67*;.1"&L1"*'.*5.#;*'J"*$.`&/11"-*6767/'"$FZQ*aJ"*67*

#"1"/$"*(+*?(.1.4(&/1*;"-(/*($*%1/L$(?1"*L%.+*&.+'/&'*<('J*</'"#*'J/'*&/+*#"%1/&"*67*/+-*&.+$"gL"+'12*.55"#$*

/*5"/$(?1"*&.+'#.1*.+*'J"*-"$.#%'(.+*%#.&"$$F*

RFcF*!J2$($.#%'(.+d0J";($.#%'(.+*.+*7%"+*3"'/1*C('"$*O73CTF*RFcFcF*37:$*,-$.#?"+'*5.#*67F*a.*'J"*?"$'*.5

.L#*=+.<1"-4"A*'J"*5(#$'*(+)"$'(4/'(.+*#"1/'"-*'.*67*/-$.#%'(.+*L$(+4*37:*</$*&/##("-*.L'*.+*'J"*&.%%"#`

?"+B"+"*'#(&/#?.8`*21/'"*O0L`Ma0T*37:A*E>9Ca`cAZZ*(+*RVV\FZ\*67*/-$.#%'(.+*($.'J"#;$*<"#"*&.11"&'"-*/'*

cWZ*/+-*RW[*>*L+'(1*c*?/#*<('J*&/%/&('("$*.5*∼W*/+-*S*;;.1*4−cA*#"$%"&'()"12*O:(4L#"*cTF*N'*($*(;%.#'/+'*'.*

+.'"*'J/'*'J"*.?'/(+"-*4#/)(;"'#(&*/-$.#%'(.+*&/%/&('2*.5*E>9Ca`c*</$*J(4J"#*'J/+*/+2*.'J"#*L%'/="*)/1L"$*

#"%.#'"-*L$(+4*%.#.L$*$.1(-$*O"F4FA*B".1('"A*&/#?.+T*(+*'J"*?"4(++(+4*.5*'J"*RVVV$F*aJ"*#"&"+'12*%L?1($J"-*

#")("<*?2*EL/+4*"'*/1FZ[*.+*'J"*#";.)/1*.5*'2%(&/1*(+-L$'#(/1*4/$".L$*%.11L'/+'$*OERCA*678A*C7RA*b70$T*?2*

/-$.#%'(.+*.+*B".1('"A*&/#?.+*;/'"#(/1$A*/+-*37:$*&.+5(#;$*'J($*J(4J*/?(1('2*'.*/-$.#?*?L'*/1$.*'.*#"1"/$"*

678*/'*;.-"#/'"*'";%"#/'L#"A*&.;%/#"-*'.*.'J"#*;/'"#(/1$F*f"*&/+*;"+'(.+*'J"*$'L-2*.5*CL+*"'*/1FA*<J.*

$J.<"-*'J/'*0L`Ma0*</$*'J"*?"$'*/-$.#?"+'*/;.+4*cR*#"%#"$"+'/'()"*%.#.L$*;/'"#(/1$A*(+&1L-(+4*$(1(&/'"*

B".1('"$Fcc*aJ"*&/#"5L1*/+/12$($*.5*'J"*67*/-$.#%'(.+*($.'J"#;*$J.<"-*/*$(4+(5(&/+'*4/%*?"'<""+*/-$.#%'(.+*

/+-*-"$.#%'(.+*&L#)"$*.&&L##(+4*-L#(+4*'J"*-"$.#%'(.+*$'"%F*aJ($*?"J/)(.#*(+-(&/'"$*/*$'#.+4*(##")"#$(?1"*

/-$.#%'(.+*.5*$.;"*67*;.1"&L1"$*1.&/'"-*.+*'J"*.%"+*&.%%"#*$('"$*.?'/(+"-*/5'"#*-"J2-#/'(+4*E>9Ca`c*/+-

</$*&.+5(#;"-*?2*NP*$%"&'#.$&.%2*O:(4L#"*cTFZW*

I("'B"1*"'*/1F*&.11"&'"-*67*/-$.#%'(.+*($.'J"#;$*L$(+4*0!7`*R\O6(T*/1$.*=+.<+*/$*37:`\UO6(TA*/*SI*

J.+"2&.;?*1(="*6(`*RAQ`-(J2-#.82'"#"%J'J/1/'"*37:*%.$$"$$(+4*cI*J"8/4.+/1*&J/++"1$F\V*,-$.#%'(.+*'"$'$*

&.11"&'"-*L$(+4*/*;(&#.&/1.#(;"'"#*(+$'#L;"+'*"gL(%%"-*<('J*/*&/1(?#/'"-*41/$$*4/$`).1L;"'#(&*/%%/#/'L$*

$J.<"-*/*;/8(;L;*L%'/="*.5*ZFc*;;.1*67*%"#*4#/;*.5*37:*/'*SVS*>*/+-*UR*;?/#*"gL(1(?#(L;*%#"$$L#"F*
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aJ"*/L'J.#$*L$"-*/*$"'*.5*&.;%1";"+'/#2*$%"&'#.$&.%(&*'"&J+(gL"$*'.*(+)"$'(4/'"*'J"*/-$.#%'(.+*

;"&J/+($;F*aJ"2*J/)"*-";.+$'#/'"-*'J"*5.#;/'(.+*.5*1(+"/#d'(1'"-*6(ONNTooo67*$%"&("$A*$J.<"-*'J/'*'J"*

67−6(*-($'/+&"*($*)"#2*$J.#'*<('J*/*-($'/+&"*.5*cF[Q−cF[\*p*L$(+4*]q,:CA*/+-*%#.)"-*'J"*(+$'/+'/+".L$*

?"J/)(.#*.5*'J"*;.1"&L1/#*/-$.#%'(.+*%#.&"$$*?2*&/1.#(;"'#2F\c*N+*'J"*;"/+'(;"A*3&>(+1/2*"'*/1F*%L?1($J"-*

/+.'J"#*$'L-2*L$(+4*0!7`R\O6(T*/+-*('$*/+/1.4L"*)"#$(.+*0!7`R\O0.TF*,-$.#%'(.+*($.'J"#;$*-($%1/2*$(;(1/#*

)/1L"$*<('J*\*;;.1*4nc*.5*67*/-$.#%'(.+*5.#*'J"*6(`?/$"-*37:*/+-*/#.L+-*ZFQ*;;.1*4nc*5.#*'J"*0.*)"#$(.+*

O:(4L#"*RTF*N'*($*(+'"#"$'(+4*'.*+.'"*'J/'*'J"*-"$.#%'(.+*/#;$*$J.<*/*J2$'"#"$($*"8%1/(+"-*?2*'J"*%#"$"+&"*.5*

67*;.1"&L1"$*1.&/'"-*.+*'J"*.%"+*;"'/1*$('"$*<('J*/*#/'(.*.5*rc*67*%"#*73C*/$*%#.)"-*?2*P("')"1-*

#"5(+";"+'F*3.#".)"#A*'J"*/L'J.#$*-";.+$'#/'"-*'J"*$'/?(1('2*.5*'J"*5#/;"<.#=$*/5'"#*67*"8%.$L#"*?2*L$(+4*

!qPI*/+-*$'L-("-*'J"*"55"&'*.5*'(;"F*aJ"2*&.;%1"'"-*'J"(#*$'L-2*?2*$J.<(+4*'J"*(;%/&'*.5*JL;(-('2*<J"#"*

</'"#*;.1"&L1"$*&/+*#"%1/&"*&..#-(+/'"-*67*/5'"#*$'.#/4"*5#.;*R*'.*RV*<""=$*.5*'J"*67`1./-"-*37:A*<J(&J

;/="$*'J($*;/'"#(/1*(+'"#"$'(+4*5.#*'J"*&.+'#.11"-*#"1"/$"*.5*67*(+*;"-(&/1*/%%1(&/'(.+$F\R**q(/.*"'*/1F*

$2+'J"$(B"-*/+-*&J/#/&'"#(B"-*/*&..#-(+/'()"12*51"8(?1"*&.%%"#*$L15.($.%J'J/1/'"*37:*O0LRO7ETO0[ES7\CT`*

OER7ToRER7TA*-"+.'"-*0L`CN!`SoSER7A*'J/'*J/$*?""+*L$"-*5.#*67*/-$.#%'(.+F*,$*")(-"+&"-*?2*)/#(/?1"`

'";%"#/'L#"*%.<-"#*q`#/2*-(55#/&'(.+*;"/$L#";"+'$A*'J"*;/'"#(/1*</$*$L?e"&'*'.*#")"#$(?1"*$'#L&'L#/1*

'#/+$5.#;/'(.+$*.+*J2-#/'(.+*/+-*-"J2`*-#/'(.+A*<('J*$(4+(5(&/+'*&J/+4"$*.&&L##(+4*(+*'J"*&.++"&'()('2*/+-*

&..#-(+/'(.+*.5*'J"*&.%%"#*(.+$F*,5'"#*-"J2-#/'(+4*'J"*37:A*/+*"8'#";"12*J(4J*$"1"&'()('2*'.*67*/'*1.<*

%#"$$L#"$*J/$*?""+*.?$"#)"-*.%%.$('"*.5*.'J"#*&.;;.+*4/$"$A*<J(&J*</$*"8%1/(+"-*?2*/*&..#-(+/'(.+`

-#()"+*4/'(+4*;"&J/+($;F*67*$'.#/4"*&/%/&('2*.5*0L`CN!`S*($*5.L+-*'.*?"*/#.L+-*cFc*;;.1*4nc*/'*c*?/#A*

"gL()/1"+'*'.*/%%#.8(;/'"12*VF[[*67*;.1"&L1"$*%"#*5.#;L1/*L+('F*3.#".)"#A*'J"*67`1./-"-*;/'"#(/1*&/+*

#"1"/$"*67*(+*/*&.+'#.11"-*;/++"#*?2*</'"#*/--('(.+*1"/-(+4*'.*'J"*.#(4(+/1*J2-#/'"-*%J/$"*O:(4L#"*STF\S*

N+*RVcSA*3(11"#*"'*/1F\U*#"%.#'"-*/*&/1&(L;`?/$"-*37:A*+/;"-*M(.3NY`SA*%#"$"+'(+4*&..#-(+/'()"12*

L+$/'L#/'"-*0/Rj*Y"<($*/&(-*$('"$*'J/'*/#"*/?1"*'.*'#/%*/+-*#"1"/$"*+('#(&*.8(-"*/'*/*?(.1.4(&/1*1")"1F*,5'"#*/*

%#"'#"/';"+'*/'*URS*>A*67*/-$.#%'(.+*($.'J"#;$*J/)"*?""+*&.11"&'"-*.+*'J"*37:*/+-*4/)"*/*'.'/1*67*

L%'/="*.5*VF[*;;.1*4−c*/'*c*?/#*O:(4L#"*UTF*,$*.?$"#)"-*5.#*'J"*/?.)"`;"+'(.+"-*37:$A*'J"*-"$.#%'(.+*
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&L#)"*"8J(?('$*/*1/#4"*J2$'"#"$($A*(+*/4#"";"+'*<('J*'J"*#"1/'()"12*$'#.+4*?(+-(+4*.5*&J";($.#?"-*67*.+'.*

&..#-(+/'()"12*L+$/'L#/'"-*&/1&(L;*$('"$F*aJ($*.?$"#)/'(.+*($*$L%%.#'"-*?2*NP*$%"&'#.$&.%2*<J"#"*/*sO67T*

?/+-*/'*c[WV*&;−c*(+-(&/'"$*'J"*5.#;/'(.+*.5*-V*OJ"#"*0/RjT−67*&.;%1"8"$F*3.#".)"#A*'J"*/L'J.#$*&1/(;"-*

'J/'*'J"*'.'/1*/;.L+'*.5*67*/-$.#?"-*$J.L1-*?"*;L&J*J(4J"#*'.*?"*&.;%/#/?1"*<('J*'J"*'J".#"'(&/1*+L;?"#*

.5*L+$/'L#/'"-*$('"$*.5*0/Rj*OUFZ*;;.1*4−cTA*/+-*'J"2*$L%%.#'"-*'J($*J2%.'J"$($*?2*'J"*/?$"+&"*.5*/*%1/'"/L*

(+*'J"*/-$.#%'(.+*&L#)"*$L44"$'(+4*/*%.$$(?1"*J(4J"#*/-$.#%'(.+*/'*J(4J"#*%#"$$L#"F*

aJ"*51"8(?1"*($.#"'(&L1/#*(#.+`?/$"-*37:$A*3NY`[[A\Q*'J/'*J/)"*?""+*%#"%/#"-*5#.;*1(+="#$*.5*-(55"#"+'*1"+4'J$

/+-*5L+&'(.+/1('("$A*<"#"*/1$.*$'L-("-*?2*3&>(+1/2*"'*/1F*5.#*'J"(#*67*/-$.#%'(.+*%"#5.#;/+&"$*O:(4L#"*QTF*67*

$.#%'(.+*($.'J"#;$*<"#"*%"#5.#;"-*/5'"#*%#"'#"/';"+'*/'*cQV*m0*L+-"#*%#(;/#2*)/&LL;*O"8&"%'*5.#*'J"*1"$$*

$'/?1"*3NY`[[M`R7E*/'*[V*m0TF*aJ"*1/#4"$'*/;.L+'*.5*67*($*/-$.#?"-*5.#*3NY`[[,O:"TA*?/$"-*.+*/*5L;/#(&*

/&(-*1(4/+-A*<('J*/*'.'/1*L%'/="*.5*RFQ*;;.1*4−cA*<J(1"*3NY`[[M*O:"`'"#"%J'J/1(&*/&(-T*/+-*3NY`[[M$*O:"`

/;(+.`*'"#"%J'J/1(&*/&(-*.#*RAQ`-(J2-#.82'"#"%J'J/1(&*/&(-T*/-$.#?*∼cFZ*/+-*∼c*;;.1*4−cA*#"$%"&'()"12F*,$*

-"$&#(?"-*%#")(.L$12*5.#*.'J"#*37:$A*'J"*-"$.#%'(.+*/#;$*.5*'J"*($.'J"#;$*$J.<*/*1/#4"*J2$'"#"$($A*<J(&J*

<.L1-*?"*&.+$($'"+'*<('J*'J"*?(+-(+4*.5*&J";($.#?"-*67*.+'.*.%"+*(#.+`/&&"$$(?1"*;"'/1*$('"$F*N+*$('L*NP*

$%"&'#.$&.%2*</$*%"#5.#;"-*(+*.#-"#*'.*5.11.<*'J"*/-$.#%'(.+*/+-*-"$.#%'(.+*.5*67A*"$%"&(/112*'J"*

&J";($.#%'(.+*.+*:"Sj*/+-*:"Rj*.%"+*;"'/1*$('"$A*"8J(?('(+4*)/1L"$*"gL/1*'.*VFRA*VFc[A*/+-*VFVZQ*;;.1*.5*67

4−c*5.#*3NY`[[MA*3NY`[[M`67RA*/+-*3NY[[,A*#"$%"&'()"12F*C2+&J#.'#.+*!qPI*J/$*?""+*L$"-*'.*/+/12B"*

%.'"+'(/1*&J/+4"$*(+*'J"*5#/;"<.#=$*.5*3NY`[[M`67R*/+-*3NY`[[M`R7EF*aJ"*.?'/(+"-*!qPI$*/#"*/1;.$'*

(-"+'(&/1*/5'"#*67*"8%.$L#"*-";.+$'#/'(+4*/*)"#2*1(;('"-*?#"/'J(+4*.5*'J"*$'#L&'L#"$F*E.<")"#A*$(4+(5(&/+'*

&J/+4"$*(+*'J"*#"1/'()"*(+'"+$('2*.&&L#A*<J(&J*($*(+*/4#"";"+'*<('J*'J"*/-$.#%'(.+*.5*67*;.1"&L1"$F\Z*

N+*RVcUA*C"##"*/+-*&.`<.#="#$*#"%.#'"-*'J"*/-$.#%'(.+*.5*67*L$(+4*'J#""*.'J"#*#"%.#'"-*37:*;/'"#(/1$A*

+/;"12A*3NY`cVVO:"*/+-*0#T\\*/+-*3NY`cR\O:"TF\[*,11*.5*'J"$"*37:$*/#"*?L(1'*L%*5#.;*/+*(+.#4/+(&*?L(1-(+4*

?1.&=*-"5(+"-*/$*/*'#(;"#*/+-*%#"$"+'(+4*.%"+*;"'/1*$('"$*O:(4L#"*ZTF*,-$.#%'(.+*($.'J"#;$*J/)"*?""+*

#"&.#-"-A*/+-*'J"*#"%.#'"-*)/1L"$*5.#*3NY`cVVO:"*/+-*0#T*/5'"#*/*%#"'#"/';"+'*/'*URS*>*L+-"#*)/&LL;*/#"*

<('J(+*'J"*RF\−SFR*;;.1*4−c*#/+4"*/'*c*?/#F*:.#*3NY`cR\A*(+*'J"*$/;"*&.+-('(.+$A*'J"*/-$.#?"-*/;.L+'*($*
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/#.L+-*cFR*;;.1*4−cF*N'*</$*%#")(.L$12*-"$&#(?"-*'J/'*/+*/&'()/'(.+*$'"%*/'*/*J(4J"#*'";%"#/'L#"*5.#*(#.+`

?/$"-*37:$*1"/-$*'.*/--('(.+/1*/&&"$$(?1"*:"ONNT*$('"$*'JL$*/)/(1/?1"*5.#*/*$'#.+4"#*(+'"#/&'(.+*'J#.L4J*/*

?/&=`-.+/'(.+*"55"&'*<('J*L+$/'L#/'"-*4L"$'*;.1"&L1"$A*$.*'J"*/L'J.#$*%#"'#"/'"-*3NY`cVV*/+-*3NY`cR\*/'*

QRS*>F*,&&.#-(+412A*'J"*/;.L+'$*.5*67*/-$.#?"-*(+&#"/$"-*'.*UFQ*/+-*RFR*;;.1*4−cF*,$*(+*'J"*&/$"*.5*

37:$*#"%.#'"-*"/#1("#A*/*%#.+.L+&"-*J2$'"#"$($*.&&L#$*(+*'J"*-"$.#%'(.+*/#;A*&.+5(#;(+4*'J/'*67*($*?"(+4*

#"'/(+"-*.+*'J"*Y"<($*/&(-*$('"$F\W*

N'*($*(;%.#'/+'*'.*+.'"*'J/'*$.1(-`$'/'"*63P*'"&J+(gL"$*J/)"*?""+*L$"-*?2*>J/+*"'*/1F*'.*-"'"#;(+"*'J"*+/'L#"

.5*'J"*(+'"#/&'(.+$*.&&L##(+4*?"'<""+*/-$.#?"-*67*/+-*.%"+*;"'/1*$('"$*1.&/'"-*(+*3NY`cVV*O,1TA[V*E>9Ca`

cA*/+-*('$*;.-(5("-*)"#$(.+*0LSO6E]'Ma0TRF*cQ6A*cEA*/+-*cS0*63P*$%"&'#/*'.4"'J"#*<('J*/+/12$($*.5*'J"*cE*

$%(+−1/''(&"*#"1/8/'(.+*'(;"*OacT*/11.<"-*'J";*'.*&.+&1L-"*'J/'*'J"*;"&J/+($;*.5*/-$.#%'(.+*($*5.11.<(+4*?.'J

/*%J2$($.#%'(.+*/+-*&J";($.#%'(.+*.5*+('#(&*.8(-"*/+-*/1$.*-";.+$'#/'"-*'J"*5.#;/'(.+*.5*6`*-(/B"+(L;*

-(.1/'"*O6767/'"T*/$*'J"*%#(;/#2*;.-"*.5*67*/-$.#%'(.+*(+*'J"*;.-(5("-*E>9Ca`cF[c*3"+-'*"'*/1F*/1$.*L$"-*

%L1$"-*"1"&'#.+*%/#/;/4+"'(&*#"$.+/+&"*$%"&'#.$&.%2*/+-*-"+$('2*5L+&'(.+/1*'J".#2*OI:aT*$(;L1/'(.+$*'.*

$'L-2*'J"*67*/-$.#%'(.+*.5*3NY`cVV*O,1T*/'*1.<*'";%"#/'L#"$F[R*

,*&.;%/#/'()"*$'L-2*.5*67*$.#%'(.+*/+-*#"1"/$"*L$(+4*9(7`*ZZA*9(7`ZZ`6ERA*aN:CNq`R`0L`(A*aN:CNq`U`0L`(A*

aN:CNq`S`6(*O'J#""*J2?#(-*L1'#/;(&#.%.#.L$*;/'"#(/1$*OE93$T*<('J*%.#"*/%"#'L#"*lU*pTA*/+-*/+*(;(-/B.1"`

?/$"-*%.#.L$*.#4/+(&*%.12;"#*O!7!T*J/)"*?""+*&.+-L&'"-*?2*E/(=/1*"'*/1F*O:(4L#"*\TF[S*N'*($*(;%.#'/+'*'.*

+.'"*'J/'*9(7`ZZ`6ER*J/$*?""+*$"1"&'"-*5.#*('$*/?(1('2*'.*5.#;*6`-(/B"+(L;-(.1/'"$*<('J*67A*<J(1"*'J"*E93$*

.55"#*'J"*.%%.#'L+('2*'.*L+-"#$'/+-*'J"*)/1L"*.5*67−`;"'/1*(.+*&..#-(+/'(.+*)"#$L$*%.'"+'(/1*$'#.+4*%J2$(&/1*

(+'"#/&'(.+$*<('J(+*'J"*;(&#.%.#"$*.5*'J"*$.1(-$F*,-$.#%'(.+*($.'J"#;$*.5*"/&J*$/;%1"*J/)"*?""+*&.11"&'"-*

<('J*/*;/8(;L;*67*L%'/="*.5*\Fc*;;.1*4−c*5.#*9(7`ZZ`6ERF*,+*(+&.;%1"'"*#"1"/$"*.5*67*</$*.?$"#)"-*/$*

&.+5(#;"-*?2*'J"*%#"$"+&"*.5*J2$'"#"$($*(+*'J"*($.'J"#;F*7+*'J"*&.+'#/#2A*'J"*'J#""*E93$*"8J(?('*'2%"`N*

($.'J"#;$*(+*'J"*%#"$$L#"*#/+4"*.5*V−c*?/#A*-";.+$'#/'(+4*/*5L112*#")"#$(?1"*%J2$($.#%'(.+*.5*67*;.1"&L1"$*

<('J(+*'J"*&/)('("$F*,$*/*#"%#"$"+'/'()"*E93A*'J"*J"/'*.5*/-$.#%'(.+*Oi$'T*5.#*67*(+*aN:CNq`R`0L`N*J/$*?""+*
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")/1L/'"-*'.*?"*(+*'J"*#/+4"*.5*SQ−S\*=t*;.1−cA*/+-*'J"*1(+"/#*$J/%"*.5*'J"*i$'*%1.'*.)"#*'J"*"+'(#"*L%'/="*

#/+4"*(+-(&/'"-*5/(#12*J.;.4"+".L$*/-$.#%'(.+*$('"$*5.#*67*(+$(-"*'J"*;/'"#(/1F*aJ"*$'/?(1('("$*.5*'J"*$'L-("-*

37:$*/5'"#*67*/-$.#%'(.+*J/)"*?""+*"$'(;/'"-*?2*!qPIF*7+12*9(7`ZZ`*6ER*%#"$"+'*/*!qPI*%/''"#+*$(;(1/#

'.*'J/'*.5*'J"*/$`*$2+'J"$(B"-*$/;%1"*/5'"#*67*$.#%'(.+F*!qPI*.5*'J"*'J#""*E93$*(+-(&/'"-*%..#*&#2$'/11(+('2*

/+-d.#*%J/$"*&J/+4"$*/5'"#*67*$.#%'(.+*/$*%"/=$*-.*+.'*;/'&J*<('J*'J"*%/#"+'*;/'"#(/1$’ %/''"#+$F[S*

RFcFRF*,-$.#%'(.+*3"&J/+($;F*,1'J.L4J*/*5"<*37:*;/'"#(/1$*<"#"*(+)"$'(4/'"-*5.#*'J"*/-$.#%'(.+*.5*67A*'J"*

-(55"#"+'*&.+-L&'"-*$'L-("$*#")"/1"-*/+*/$$.&(/'"-*&J";($.#%`*'(.+*;"&J/+($;*"/&J*'(;"*/+*.%"+*;"'/1*$('"

</$*/)/(1/?1"*/5'"#*/+*/&'()/'(.+*%#.&"$$F*N+-""-A*'J"*1('"#/'L#"*#")("<*$J.<$*'J/'*.+12*<"11`=+.<+*37:$*

<('J*73C$A*+/;"12A*E>9CaA*37:`\UA*3NY$A*/+-*9(7`ZZA*J/)"*?""+*L$"-*5.#*$L&J*/%%1(&/'(.+$F*aJ"2*<"#"*

<"11*=+.<+*'.*&..#-(+/'"*%.1/#*.#*gL/-#L%.1"*;.1"&L1"$F*aJ"#"5.#"A*'J"*%#")(.L$*-"$.#%'(.+*.5*$L&J*

;.1"&L1"$A*<('J*/+*/-"gL/'"*/&'()/'(.+A*#"1"/$"$*&..#-(+/'(.+*$('"$*<J(&J*/11.<*'J"*/-$.#%'(.+*.5*67*

;.1"&L1"$*'J#.L4J*'J"(#*L+%/(#"-*"1"&'#.+$*5.#;(+4*'JL$*;"'/1*+('#.$21*&.;%1"8"$F*:.#*"8/;%1"A*'J"*#.1"*.5*

'J"$"*73C$*J/$*?""+*J(4J1(4J'"-*?2*M/#'J*"'*/1F[U*.+*3`3NY`*cVV*O3*k*,1A*:"TA*?2*q(/.*"'*/1FZ\*.+*E>9Ca`cA*

.#*?2*t"+$"+*"'*/1F[Q*.+*a(`37:`\UF*aJ"*/+/12$($*.5*'J"(#*/-$.#%'(.+*($.'J"#;$*$J.<$*/*1/#4"*4/%*?"'<""+*

'J"*/-$.#%'(.+*/+-*-"$.#%'(.+*&L#)"$A*(+*/4#"";"+'*<('J*'J"*#"1/'()"12*$'#.+4*?(+-(+4*.5*&J";($.#?"-*67*

.+'.*.%"+*;"'/1*$('"$F*aJ($*4/%*J/$*?""+*&.+5(#;"-*L$(+4*/*$"'*.5*&.;%1";"+'/#2*$%"&'#.$&.%(&d/+/12'(&/1*

'"&J+(gL"$*$L&J*/$*q`#/2*-(55#/&'(.+A*]q,:CA*(+*$('L*(+5#/#"-A*&/1.#(;"'#2A*/+-*$.1(-`$'/'"*63PF*a.*'J"*?"$'*

.5*.L#*=+.<1"-4"A*.+12*.+"*$"#("$*.5*37:$*+/;"12A*a(:CNq`8`3*O8*k*RASAU*/+-*3*k*0LA*6(TA*<('J*+.*.%"+*

;"'/1*$('"$*J/$*?""+*")/1L/'"-*5.#*67*/-$.#%'(.+F[Z*aJ"*/+/12$"$*.5*'J"*/-$.#%'(.+*($.'J"#;*/+-*'J"*J"/'*.5

/-$.#%'(.+*#")"/1*/*5L112*#")"#$(?1"*%J2$($.#%'(.+*.5*67*;.1"&L1"$*<('J(+*'J"*&/)('("$F*

RFcFSF*37:*C'/?(1('2*/5'"#*67*]8%.$L#"F*,1'J.L4J*;/+2*(+)"$'(4/'(.+$*J/)"*-";.+$'#/'"-*'J"*%.'"+'(/1*.5*

37:$*5.#*67*/-$.#%'(.+A*$'/?(1('2*/5'"#*"8%.$L#"*J/$*?""+*#/#"12*$'L-("-F*N'*($*<.#'J*;"+'(.+(+4*'J/'*'J($*

%/#/;"'"#*($*+.'*.5*%#(;"*(;%.#'/+&"*5.#*?(.1.4(&/1*/%%1(&/'(.+$*/$*'J"*;/(+*.?e"&'()"*($*'J"*#"1"/$"*.5*67*

<('J(+*'J"*?.-2F*E.<")"#A*(5*37:$*/#"*"+)($(.+"-*'.*?"*L$"-*5.#*&/%'L#(+4*'.8(&*4/$*5#.;*/(#*.#*/*4/$*$'#"/;A

'J($*$'/?(1('2*%/#/;"'"#*($*.5*"8'#";"*(;%.#'/+&"F*E(4J12*$'/?1"*37:*;/'"#(/1$*$L&J*3NY*5/;(1("$*J/)"*
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-";.+$'#/'"-*$L%"#(.#*&J";(&/1*$'/?(1('2*'.</#-*67*$%"&("$X*'J($*?"J/)(.#*J/$*?""+*&.+5(#;"-*?2*&.;%/#(+4

!qPI*%/''"#+$*.5*'J"*$/;%1"$*?"5.#"*/+-*/5'"#*67*"8%.$L#"F*N'*($*(;%.#'/+'*'.*;"+'(.+*'J/'*(+*'J"*&/$"*.5*

'J"*a(:CNq*5/;(12A*'J"*/+/12$($*.5*'J"(#*!qPI$*/5'"#*"8%.$L#"*#")"/1"-*/;.#%J(B/'(.+*.5*'J"*;/'"#(/1$*/+-*($*

$L%%.#'"-*?2*'J"*$(4+(5(&/+'*&J/+4"$*(+*'J"*%/''"#+$F[Z*

RFRF*:.#;/'(.+*.5*6767/'"$*C%"&("$F*RFRFcF*I"5(+('(.+F*aJ"*37:*&.;;L+('2*J/$*-")"1.%"-*/+*/1'"#+/'()"*

$'#/'"42*'.*$"1"&'()"12*&/%'L#"*67*$%"&("$*?/$"-*.+*'J"*5.#;/'(.+*.5*/*6`*-(/B"+(L;*-(.1/'"$*L+('A*<J(&J*($*/*

<"11`=+.<+*.#4/+(&*&J";(&/1*#"/&'(.+*'J/'*#"$L1'$*5#.;*'J"*&.;?(+/'(.+*?"'<""+*/+*/;(+"*5L+&'(.+*/+-*67*

;.1"&L1"$*O:(4L#"*[TF*

RFRFRF*C.;"*]8/;%1"$F*a.*'J"*?"$'*.5*.L#*=+.<1"-4"A*'J"*5(#$'*#"%.#'*?/$"-*.+*'J($*$'#/'"42*($*/''#(?L'"-*'.*

N+41"$.+*"'*/1FA*<J.*J/)"*%.$';.-(5("-*E>9Ca`c*?2*/*$"&.+-/#2*/;(+"*(+*.#-"#*'.*&J";(&/112*/-$.#?*67*

&#"/'(+4*6`-(/B"+(L;*-(.1/'"$*$%"&("$A*/1$.*&/11"-*6767/'"*O:(4L#"*WTF[\*aJ($*"8/;%1"*($*(+'"#"$'(+4*

?"&/L$"*'J"*?(5L+&'(.+/1*$"&.+-/#2*/;(+"A*+/;"12A*U`*O;"'J21/;(+.T%2#(-(+"*OU`;/%TA*'J/'*&.+'/(+$*/*6*$%R*

1.+"*%/(#*<J(&J*#"/&'$*<('J*67A*</$*(+'#.-L&"-*.+*'J"*.%"+*;"'/1*$('"$*.5*E>9Ca`c*?2*%.$'`$2+'J"'(&*

(;%#"4+/'(.+*L$(+4*)/%.#`*%J/$"*-(55L$(.+*/'*UcS*>F*E>9Ca`c*($*-"5(+"-*?2*'<.*'2%"$*.5*&/)('("$A*/*1/#4"*/+-

/*$;/11A*5.#*<J(&J*.+12*'J"*1/#4"#*&/+*/&&"%'*'J"*-(55L$(.+*.5*/*U`;/%F*,1'J.L4J*'J"*U`;/%`(;%#"4+/'"-*

E>9Ca`c*J/$*?""+*5.L+-*+.+%.#.L$*'.*6R*O\\*>TA*$.;"*%.#.$('2*'.*$;/11*;.1"&L1"$*$L&J*/$*</'"#*J/$*?""+

-";.+$'#/'"-*L$(+4*aG,*/+-*"1";"+'/1*;(&#./+/12$($F*6.*/-$.#%'(.+*($.'J"#;$*<"#"*%"#5.#;"-A*?L'*'J"*

/L'J.#$*"8%.$"-*'J"*;.-(5("-`E>9Ca`c*'.*R*?/#*.5*67*5.#*\R*J*/'*RWS*>A*/+-*'J"*5.#;/'(.+*.5*6`-(/B"+(L;*

-(.1/'"*5L+&'(.+/1('("$*J/$*?""+*L+/;?(4L.L$12*(-"+'(5("-*?2*'J"*/%%"/#/+&"*.5*-(/4+.$'(&*$'#"'&J(+4*?/+-$*(+

'J"*NP*$%"&'#L;F*,+*/;.L+'*.5*67*%"#*0L*/'.;$*.5*RSu*J/$*?""+*gL/+'(5("-*)(/*"1";"+'/1*;(&#.`*/+/12$($F*

,&&.#-(+4*'.*'J"(#*!qPI*/+/12$($A*+.*1.$$*.5*&#2$'/11(+('2*($*.?$"#)"-*/5'"#*67*/-$.#%'(.+F*:(+/112A*'J"*/?(1('2*

.5*</'"#*;.1"&L1"$*'.*/&'*/$*"55(&("+'*'#(44"#$*5.#*67*#"1"/$"*J/$*?""+*-";.+$'#/'"-F[\*N'*($*(;%.#'/+'*'.*+.'"*

'J/'*$(4+(5(&/+'*1"/&J(+4*.5*U`;/%*.&&L##"-*-L"*'.*0L−6%2*?.+-*?#"/=/4"*<J"+*'J"*6767/'"*5L+&'(.+/1(B"-*

E>9Ca`c*</$*$L$%"+-"-*(+*</'"#*<J(&J*&.+$"gL"+'12*%#"$"+'$*.+"*$J.#'&.;(+4*.5*'J"*+.+&.)/1"+'*
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/%%#./&JF*aJ"*(+$'/?(1('2*.5*'J"*0L−6%2*?.+-*L%.+*ER7*/''/&=*#"$'#(&'$*'J"*/%%1(&/?(1('2*.5*'J"*;/'"#(/1*5.#*67

-"1()"#2A*/$*#")"#$(?1"*67*$'.#/4"*)(/*6`-(/B"+(L;*-(.1/'"$*($*(+&.;%/'(?1"*<('J*;"'/1−1(4/+-*&..#-(+/'(.+*

?.+-F*

a.*.)"#&.;"*'J($*($$L"A*0.J"+*"'*/1F*-"&(-"-*'.*;.-(52*'J"*$'#/'"42*?2*L$(+4*'<.*-(55"#"+'*37:$*&.+'/(+(+4*

%"+-/+'*%#(;/#2*/;(+"$A*+/;"12A*NP37:`S*/+-*9303`c`6ER*O:(4L#"*cVTF*aJ"*37:$*<"#"*"8%.$"-*'.*/*67

51L8*/'*cVV*%$(*5.#*RU*JF*aJ"*%#"$"+&"*.5*6767/'"*$%"&("$*</$*%#.)"-*?2*:aNP*/+-*9b−)($*$%"&'#.$&.%("$F*

!.<-"#*/+-*$(+41"*&#2$'/1*q`#/2*-(55#/&'(.+$*&.+5(#;"-*'J/'*'J"*&#2$'/11(+('("$*.5*'J"*?L1=*;/'"#(/1$*/#"*

%#"$"#)"-*<('J*&"11*%/#/;"'"#$*(-"+'(&/1*'.*'J.$"*.5*%#($'(+"*37:$F[[*67*#"1"/$"*(+*/gL".L$*;"-(/*J/$*?""+*

(+)"$'(4/'"-*/+-*-";.+$'#/'"-*5.#*?.'J*;.-(5("-*NP37:`S*/+-*9303`cF*N'*($*(;%.#'/+'*'.*+.'"*'J/'*$.;"*

(+$'/?(1('2*.5*'J"*6767/'"$*5L+&'(.+/1('2*</$*.?$"#)"-*/5'"#*cV*-/2$A*<J(&J*($*+.'*$L#%#($(+4*/$*6767/'"$*

/#"*&"#'/(+12*%#"$"+'*(+*'J"(#*%#.'.+/'"-*5.#;*/$*$'/'"-*?2*'J"*/L'J.#$F*

Y.<"*"'*/1F*J/)"*(+)"$'(4/'"-*'J"*L$"*.5*$"&.+-/#2*/;(+"$*5.#*'J"*5.#;/'(.+*.5*6767/'"$*5L+&'(.+/1('("$*

<('J(+*37:*;/'"#(/1$F*N+-""-A*('*($*<"11*=+.<+*'J/'*6767/'"$*-"#()"-*5#.;*%#(;/#2*/;(+"$*/#"*+.'*/$*$'/?1"

/$*$"&.+-/#2*/;(+"`?/$"-*6767/'"$F*a.*(11L$'#/'"*'J($*?"J/)(.#A*/*0L`aI!,a*37:*OEZaI!,a*k*RAUAZ`

'#($OSAQ`-(&/#?.821%J"+21`/;(+.T`cASAQ`'#(`*/B(+"T*J/$*?""+*";%1.2"-*5.#*'J"*&/%'L#"*.5*67*$%"&("$*/$*

;"+'(.+"-*(+*:(4L#"*ccF*aJ"*6767/'"*5.#;/'(.+*J/$*?""+*%#.)"-*?2*NP*/+-*P/;/+*$%"&'#.$&.%("$F*qPI*
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/-$.#?"-*?2*'J"*37:*L+-"#*/*;.($'*&.+-('(.+*<('J*</'"#*;.1"&L1"$*?1.&=(+4*'J"*/&&"$$*.5*D#n7*?.+-$*'.*

67R*&.L1-*?"*/''#(?L'"-*'.*'J"*-#/$'(&*-(55"#"+&"$*?"'<""+*'J"*(;%/&'$*.5*'J"*'"$'*&.+-('(.+$*.+*'J"*%.#.$('2F*

N'*($*(;%.#'/+'*'.*+.'"*'J/'*/*%/#'(/1*1.$$*.5*&#2$'/11(+('2*($*.?$"#)"-*/$*&.+5(#;"-*?2*!qPI*/+/12$($FWc*

aJ"*"55"&'*.5*0"Sj*-.%(+4*.+*'J"*67R*/-$.#%'(.+*%"#5.#;/+&"$*.5*9(7`ZZ*/+-*9(7`Z\*L+-"#*/;?("+'*

&.+-('(.+$*J/$*/1$.*?""+*(+)"$'(4/'"-FWR*,&&.#-(+4*'.*]Iq*/+-*N0!*#"$L1'$A*'J"*/;.L+'*.5*&"#(L;*($*cSFSu*

/+-*\FVWu*(+*0"`9(7`ZZ*/+-*0"`*9(7`Z\A*#"$%"&'()"12F*7<(+4*'.*'J"*5.#;/'(.+*.5*&#2$'/1*-"5"&'$A*-.%(+4*



16 

9(7`ZZ*/+-*9(7`Z\*<('J*0"Sj*#"$L1'"-*(+*/*J(4J"#*M]a*$L#5/&"*/#"/*'J/+*'J"*L+-.%"-*&.L+'"#%/#'$*'J/'*($*

5/).#/?1"*5.#*67R*#"/&'()"*/-$.#%'(.+A*<('J*WQ*/+-*[Z*;4*4−c*/-$.#%'(.+*&/%/&('("$*L+-"#*/*-#2*&.+-('(.+A*

#"$%"&'()"12A*<J(&J*/#"*$L%"#(.#*'.*'J"*\S*/+-*\W*;4*4−c*L%'/="$*.5*'J"*L+-.%"-*9(7`ZZ*/+-*9(7`Z\A*

#"$%"&'()"12A*L+-"#*'J"*$/;"*&.+-('(.+$F*aJ"*/L'J.#$*/1$.*&.+&1L-"-*'J/'*'J"*(+&#"/$"*(+*67R*/-$.#%'(.+*($*

&.##"1/'"-*'.*'J"*jSdjU*.8(-/'(.+*$'/'"*.5*&"#(L;*&/'(.+$A*<J(&J*(;%1("$*;.#"*/&'()"*&"+'"#$*5.#*67R*?(+-(+4F*

aJ"*(;%/&'*.5*-#2*/+-*JL;(-*&.+-('(.+$*.+*'J"*67R*/-$.#%'(.+*/+-*%.#.$('("$*/5'"#*"8%.$L#"*<"#"*5.L+-*'.*

5.11.<*$(;(1/#*'#"+-$*'.*'J"*L+-.%"-*/+/1.4L"$*-"$&#(?"-*/?.)"*

aJ($*9(7`ZZ*%1/'5.#;*J/$*/1$.*?""+*L$"-*/$*/+*/-$.#?"+'*5.#*678*&/%'L#"FWS*aJ"*/L'J.#$*'#/+$1/'"-*'J"*

$'#/'"42*/%%1("-*(+*(+-L$'#2*<('J*1(gL(-*/;(+"*L$(+4*"('J"#*L#"/*.#*;"1/;(+"F*aJ"*#"$"/#&J"#$*L$"-*L#"/*/+-*

;"1/;(+"*<('J*6ER*4#.L%$*'.*;.-(52*9(7`ZZ*/+-*9(7`Z\*/+-*"8%1.#"-*'J"*67R*#";.)/1*"55(&("+&2*.5*'J"*

;.-(5("-*37:$*(+*?.'J*-#2*/+-*;.($'*"+)(#.+;"+'$F*,&&.#-(+4*'.*'J"*"8%"#(;"+'/1*#"$L1'$A*'J"*;.-(5("-*

/-$.#?"+'’$*/-$.#%'(.+*&/%/&('2*</$*1/#4"#*L+-"#*JL;(-*'J/+*-#2*&.+-('(.+$F*3.#".)"#A*L+-"#*<"'*

&.+-('(.+$A*'J"*/-$.#%'(.+*&/%/?(1('("$*.5*?.'J*9(7`ZZ*/+-*9(7`Z\*;.-(5("-*<('J*L#"/*<"#"*;L&J*J(4J"#*'J/+*

'J.$"*.5*%L#"*9(7`ZZ*/+-*9(7`Z\F*3"1/;(+"A*.+*'J"*.'J"#*J/+-A*J/-*/*+"4/'()"*(;%/&'*.+*'J"*/-$.#%'(.+*

%"#5.#;/+&"*.5*9(7`ZZ*/+-*9(7`Z\*5.#*67RF*aJ"*-(55"#"+&"$*(+*'J"*$'#L&'L#"$*.5*L#"/*/+-*;"1/;(+"*<"#"*

J2%.'J"$(B"-*'.*/1'"#*'J"*%.#.$('2*/+-*&J";($'#2*.5*'J"*5(+/1*%#.-L&'$*/+-*J"+&"*'J"*#"/&'()"*/-$.#%'(.+*.5*

67RF*N+*4"+"#/1A*'J"*?"$'*/-$.#%'(.+*&/%/&('("$*O(F"FA*cVcncQU*;4*4ncT*/#"*.?'/(+"-*<('J*L#"/A*/+-*/&&.#-(+4*

'.*'J"*/L'J.#$A*'J"*&.;%"'('()"*/-$.#%'(.+*.5*</'"#*($*"1(;(+/'"-FWS*

,+*(+)"$'(4/'(.+*.+*/*;.-(5("-*)"#$(.+*.5*/*9(7`ZZ*%1/'5.#;*J/$*/1$.*?""+*&.+-L&'"-*?2*L$(+4*

;(&#.?#"/='J#.L4J*"8%"#(;"+'$F*aJ"*$'L-2*&.;%/#"-*%#($'(+"*9(7`ZZ*'.*('$*;($$(+4*1(+="#*5.#;*'J/'*

%.$$"$$"$*)/&/+&("$*/'*'J"*'"#"%J'J/1/'"*$('"$*O9(7`ZZ`*)/&T*/+-*'.*/+*.8/1(&*/&(-*;.-(5("-*5.#;*.5*9(7`ZZ`

)/&*O9(7`*ZZ`.8T*O:(4L#"*cRTF*,*$L?$'/+'(/1*(+&#"/$"*.5*'J"*67R*/-$.#%'(.+*&/%/&('("$*($*.?$"#)"-*<('J*/*'.'/1*

L%'/="*.5*[FU*;;.1*4−c*5.#*9(7`ZZ`.8*&.;%/#"-*'.*9(7`ZZ*/+-*9(7`ZZ`)/&*OSF[*/+-*SFW*;;.1*4−cA*

#"$%"&'()"12TA*<J(&J*&.L1-*?"*/''#(?L'"-*'.*'J"*#"/&'(.+*.5*67R*'.*'J"*5#""12*/)/(1/?1"*&/#?.821(&*/&(-$*<('J(+*

'J"*%.#"$F*9+5.#'L+/'"12A*'J"*/+/12$($*.5*'J"*!qPI*%.<-"#*%/''"#+*$J.<"-*$'#L&'L#/1*-"4#/-/'(.+*.5*'J"*



17 

;/'"#(/1$*/5'"#*67R*"8%.$L#"A*<J(&J*($*/1$.*5L#'J"#*&.+5(#;"-*?2*(+5#/#"-*$%"&'#.$`*&.%2*$J.<+*(+*:(4L#"*

cRFWU*

N+*/--('(.+*'.*'J"*-(55"#"+'*67R*/-$.#?"+'*37:$*-($&L$$"-*/?.)"A*;.$'*.'J"#*<"11`=+.<+*37:$*<"#"*/1$.*

$J.<+*'.*?"*L+$'/?1"*'.</#-*67R*"8%.$L#"*/$*-";.+$'#/'"-*?2*'J"*#"&"+'*#"%.#'*<J"#"*'J"*"55"&'$*.5*-#2*

/+-*JL;(-*67R*4/$*.+*'J#""*#"%#"$"+'/'()"*B".1('(&*(;(-/B.1"*5#/;"<.#=$A*DN:`\cA*DN:`\RA*/+-*DN:`WVA*<"#"*

(+)"$'(4/'"-F*aJ"*1.$$*.5*&#2$'/11(+('2*/+-*-"&#"/$"*(+*M]a*$L#5/&"*/#"/*%#.)"-*'J"*(+$'/?(1('2*.5*'J"$"*

5#/;"<.#=$*L+-"#*67R*"8%.$L#"FWQ*

SFSF*f/'"#*C'/?1"*37:*5.#*67R*,-$.#%'(.+F*Y/'"#A*'J"*/%%1(&/'(.+*.5*/*9(7`ZZ*%1/'5.#;*<('J*/*;.-(5("-*1(4/+-*

5.#*67R*#";.)/1*</$*#"%.#'"-*?2*!"'"#$.+*"'*/1F*<('J*/*#"&.#-*/-$.#%'(.+*&/%/&('2*.5*cFU*4*4−c*.5*67R*OL+-"#*

JL;(-*&.+-('(.+$T*&.;?(+"-*<('J*/*1(;('"-*+('#(&*.8(-"*5.#;/'(.+F*aJ"*.?'/(+"-*L%'/="*($*?2*5/#*J(4J"#*'J/+*

'J"*/-$.#%'(.+*&/%/&('("$*5.#*'J"*<"11`*=+.<+*;/'"#(/1*5.#*$L&J*%L#%.$"A*/&'()/'"-*&/#?.+*M!Y*O0/14.+*

0/#?.+*0.#%.#/'(.+T*OVF\R*4*4−cT*/+-*9(7`ZZ*OVFZc*4*4−cTA*L+-"#*'J"*$/;"*"8%"#(;"+'/1*&.+-('(.+$F*:#.;*

&J/#/&'"#(B/'(.+*#"$L1'$*.?'/(+"-*5#.;*IPN:aCA*q!CA*/+-*.'J"#*'";%"#/'L#"`*-"%"+-"+'*-/'/A*'J"*%1/L$(?1"*

;"&J/+($;*.5*67R*/-$.#%'(.+*</$*$L44"$'"-*'.*?"*?2*'J"*(+'"#%1/2*.5*%J2$(&/1*/-$.#%'(.+*<('J(+*'J"*%.#"$*

/+-*-(55"#"+'*&J";(&/1*#"/&'(.+$*.5*'J"*67R*<('J*'J"*/;(+.'"#"%J'J/1/'"*;.("'2*/'*-(55"#"+'*$('"$*O:(4L#"*cSTF*

N+*/11*'J"*&/$"$A*'J"*/;(+"*4#.L%*($*5.L+-*'.*%1/2*/*$(4+(5(&/+'*#.1"A*'J"*%.'"+'(/1*#"-L&'(.+*.5*67R*'.*6R*)(/*'J"

-(/B.'(B/'(.+*#.L'"*?"(+4*/*%/#'(&L1/#12*(+'"#"$'(+4*5"/'L#"F*!qPI*/+/12$($*/+-*'J"*M]a*)/1L"*/1$.*$J.<"-*

'J/'*'J"*;/'"#(/1*($*$'/?1"*/5'"#*"8%.$L#"FWZ*

,$*;"+'(.+"-*%#")(.L$12A*)"#2*5"<*#"$"/#&J*4#.L%$*/#"*/?1"*'.*&.11"&'*67R*/-$.#%'(.+*($.'J"#;$F*aJ"*5(#$'*

.+"*#"%.#'"-*</$*%"#5.#;"-*.+*3:3`SVVO,1T*O/1$.*&/11"-*67aa`SVVTFW\*9+-"#*/;?("+'*'";%"#/'L#"A*'J"*

L%'/="*/'*c*?/#*($*cUFc*;;.1*4−c*O:(4L#"*cUTF*aJ($*67R*L%'/="*($*5L112*#")"#$(?1"A*/+-*/&&.#-(+4*'.*!qPI*

/+/12$($A*/5'"#*5()"*67R*/-$.#%'(.+*&2&1"$A*&#2$'/11(+('2*/+-*L%'/="*&/%/&('2*#";/(+*L+&J/+4"-*$J.<(+4*'J"*

#.?L$'+"$$*.5*3:3`SVVO,1T*L+-"#*'J($*J/#$J*&.+-('(.+F*aJ"*/L'J.#$*/1$.*-";.+$'#/'"*'J"*J(4J*$"1"&'()"*

#";.)/1*.5*1.<`&.+&"+'#/'(.+*67R*(+*-#2*/+-*<"'*&.+-('(.+$*/+-*5#.;*4/$*;(8'L#"$*O67Rd*07R*.#*67RdC7RT*



18 

)(/*?#"/='J#.L4J*"8%"#(;"+'$*O:(4L#"*cUTFW[*aJ"*(+51L"+&"*.5*'J"*$2+'J"$($*&.+-('(.+$*.+*'J"*/-$.#%'(.+*

%#.%"#'("$*</$*")/1L/'"-F*!#"&($"12A*/*;(&#.</)"`/$$($'"-*;"'J.-*J/$*?""+*L$"-*'.*%#.-L&"*3:3`SVVO,1T*

(+*cV*;(+*(+$'"/-*.5*'J"*S*-/2$*#"gL(#"-*<('J*'J"*&1/$$(&/1*$.1).'J"#;/1*#.L'"F*,*-#/$'(&*67R*/-$.#%'(.+*

&/%/&('2*(+&#"/$"*?2*WVu*/'*RW[*>dVFVc*?/#*</$*.?$"#)"-*5.#*'J"*37:*%#"%/#"-*?2*;(&#.</)"`*/$$($'"-*

$2+'J"$($*<('J*cFW*;;.1*4−c*L%'/="*&.;%/#"-*'.*'J"*c*;;.1*4−c*/-$.#?"-*/;.L+'*?2*'J"*37:*$2+'J"$(B"-*

L$(+4*'J"*&.+)"+'(.+/1*</2FWW*3.#"*(;%.#'/+'12A*'J"*%.$$(?(1('2*'.*/$$";?1"*?"''"#*gL/1('2*;/'"#(/1*<('J*

$J.#'"+"-*#"/&'(.+*'(;"$*"+/?1"-*?2*&.+'#.11"-*J"/'(+4*/+-*<('J*+.*/1'"#/'(.+*(+*'J"*%.#.$('2*/''#(?L'"$*/+-*

'J"#;/1*$'/?(1('2*($*&.+$(-"#"-*'.*?"*/*$(4+(5(&/+'*;.)"*(+*'J"*'#/+$('(.+*5#.;*?/'&J*'.*'J"*(+-L$'#(/112*(;%.#'/+'

&.+'(+L.L$*%#.&"$$(+4F*Y/'"#A*'J"*($.$'#L&'L#/1*#"-.8`*/&'()"*37:A*3:3`SVVObTA*</$*/1$.*(+)"$'(4/'"-*5.#*

'J"*%.'"+'(/1*#";.)/1*.5*67RFcVV*,$*%#.)"+*?2*$2+&J#.'#.+*q`#/2*-(55#/&'(.+*/+-*-(55"#"+'*&J/#/&'"#(B/'(.+*

'"&J+(gL"$A*'J"*/-$.#%'(.+*.5*67R*?2*3:3`SVVObT*#"$L1'$*(+*'J"*.8(-/'(.+*.5*bONNNT*'.*bONbT*&"+'"#$A*<('J*

$(;L1'/+".L$*#"-L&'(.+*.5*67R*'.*67F*,'*RW[*>*/+-*cFV*?/#A*'J"*37:*</$*5.L+-*'.*"8J(?('*/*J(4J*($.'J"#;/1*

67R*/?$.#%'(.+*.5*cSFV*;;.1*4nc*<('J*/*&.;%1"'"12*#")"#$(?1"*?"J/)(.#*5.#*;/+2*/-$.#%'(.+d-"$.#%'(.+*

&2&1"$F*

N'*($*/1$.*(+'"#"$'(+4*'.*J(4J1(4J'*.'J"#*"8/;%1"$*.5*$'/?1"*37:$*L+-"#*JL;(-*67R*"8%.$L#"A*(F"FA*#/#"`"/#'J*

J"8/+L&1"/#*.8.&1L$'"#`?/$"-*37:$*/$$";?1"-*5#.;*#/#"*"/#'J*&/'(.+$*OKSjA*K?SjA*a?SjA*/+-*]LSjT*/+-*/*

RAQ`-(J2-#.82'"#"%J'J/1(&*/&(-*OI7MI0T*1(+="#A*<('J*/*9(7`ZZ*1(="*'.%.1.42F*!#"&($"12A*'J"*$/;%1"$*<"#"*

"8%.$"-*'.*Q*%%;*.5*678*$'#"/;*<('J*ZVu*#"1/'()"*JL;(-('2A*/+-*'J"*$'/?(1('2*</$*)"#(5("-*L$(+4*!qPI*/+-*

:a`NP*/+/12$($FcVc*,$*$L?$'/+'(/'"-*?2*"8%"#(;"+'/1*&J/#/&'"#(B/'(.+$*/+-*-"+$('2*5L+&'(.+/1*'J".#2*OI:aT*

$(;L1/'(.+$A*</'"#*;.1"&L1"$*/#"*1(+="-*'.*'J"*;"'/11(&*&1L$'"#*;.#"*$'#.+412*'J/+*67RA*<J(1"*67R*;.1"&L1"$*

/#"*%#"5"#"+'(/112*?.L+-*'.*'J"*I7MI0*1(4/+-*)(/*J2-#.4"+*?.+-(+4*(+'"#/&'(.+$F*:L#'J"#`*;.#"A*'J"*

;.-"1(+4*$'L-2*&.+5(#;"-*'J"*/?$"+&"*.5*-(55"#"+&"$*(+*'J"*?(+-(+4*"+"#42*/;.+4*'J"*($.$'#L&'L#/1*P]`

I7MI0*37:$F



19 

UF*0,a,YKaN0*P]I90aN76*7:*67q*

UFcF*C"1"&'()"*0/'/12'(&*P"-L&'(.+*!#.&"$$*OC0PTF*,$*;"+'(.+"-*(+*'J"*N+'#.-L&'(.+A*'J"*$"1"&'()"*&/'/12'(&*

#"-L&'(.+*.5*678*&/+*?"*%"#5.#;"-*L$(+4*-(55"#"+'*#"-L&(+4*/4"+'$F*f('J*%L#"*37:*.#*<('J*;.-(5("-*37:A*

.+12*$'L-("$*L$(+4*6ES*.#*07*.#*ERA*/$*'J"*#"-L&'/+'A*<"#"*#"%.#'"-F*

UFcFcF*6ES*/$*P"-L&(+4*,4"+'F*UFcFcFcF*3NY`cVVA*3NY`cRQF*

a.*'J"*?"$'*.5*.L#*=+.<1"-4"A*'J"*5(#$'*$'L-2*/?.L'*37:$*L$"-*/$*&/'/12$'$*5.#*6ES`C0P*</$*#"%.#'"-*?2*

f/+4*"'*/1FcVR*aJ"*/?(1('2*.5*3NY`cVVO:"T*'.*%1/2*'J"*#.1"*.5*&/'/12$'*&.;"$*5#.;*'J"*%#"$"+&"*.5*L+$/'L#/'"-*

;"'/1*$('"$A*'J"*#"-.8*%#.%"#'("$*.5*:"Sj*/+-*'J"*37:’$*'J"#;/1*$'/?(1('2F*N+*'J"*'";%"#/'L#"*#/+4"*.5*

RUQ−SVV*m0A*3NY`cVVO:"T*"8J(?('$*?"''"#*%"#5.#;/+&"*(+*6ES`C0P*'J/+*'J"*&.+)"+'(.+/1*bR7Q−f7Sda(7R*

&/'/12$'*<('J*/*678*&.+)"#$(.+*.5*;.#"*'J/+*W\u*O:(4L#"*cQTF*aJ"*#"$"/#&J"#$*/1$.*")/1L/'"-*('$*-L#/?(1('2*(+

'J"*%#"$"+&"*.5*C7R*/+-*ER7*/+-*-";.+$'#/'"-*'J"*5L11*#"4"+"#/'(.+*.5*'J"*&/'/12$'*/5'"#*&L''(+4*.55*'J"*

%.($.+(+4F*,&&.#-(+4*'.*qPIA*C]3A*/+-*NP*/+/12$"$A*'J"*$'#L&'L#"*.5*3NY`cVVO:"T*($*#"'/(+"-*/5'"#*C0P*

?"1.<*SVV*m0FcVR*

,*5"<*2"/#$*1/'"#A*DJ/+4*"'*/1F*;.-(5("-*'J($*3NY`cVV*%1/'5.#;*?2*$L?$'('L'(+4*$.;"*.5*'J"*(#.+*<('J*

;/+4/+"$"*&/'(.+$F*,*;/8(;L;*678*&.+)"#$(.+*.5*WZu*/'*RZV*m0*5.#*'J"*?(;"'/11(&*3NY`cVVO:"−3+T*</$*

.?$"#)"-A*<J(1"*(+*'J"(#*&.+-('(.+$*.+12*\[u*/+-*QSu*/#"*#"/&J"-*5.#*3NY`cVVO:"T*/+-*3NY`cVVO3+TA*

#"$%"&'()"12F*N+*'J($*$'L-2A*'J"*'J#""*;/'"#(/1$*;/(+'/(+*4..-*&/'/12'(&*/&'()('2*(+*'J"*%#"$"+&"*.5*RQV*%%;*.5*

C7R*/+-*Qu*.5*</'"#F*:(+/112A*'J"*/L'J.#$*$L44"$'"-*/+*]1"2−P(-"/1*;"&J/+($;A*?/$"-*.+*'J"(#*(+*$('L*NP*

"8%"#(;"+'$*(+*<J(&J*'J"*/?$.#?"-*6ER*$%"&("$A*-"#()"-*5#.;*/-$.#?"-*6ESA*#"/&'*-(#"&'12*<('J*4/$".L$*

67FcVS*aJ".#"'(&/1*(+)"$'(4/'(.+$*?2*-"+$('2*5L+&'(.+/1*'J".#2*OI:aT*J/)"*?""+*&.+-L&'"-*.+*3NY`cVVO:"T*

<('J*'J"*Y/+4;L(#−E(+$J"1<..-*;"&J/+($;FUU*aJ"*/L'J.#$*%#.%.$"-*/*'<.`$'"%*;"&J/+($;*<('J*67*

.8(-/'(.+*5.11.<"-*?2*/*5/$'*C0P*#"/&'(.+F*aJ"2*/1$.*&.+5(#;"-*'J"*"$$"+'(/1*#.1"*.5*Y"<($*/&(-*$('"$*'.*

/-$.#?*6ES*$%"&("$*'J/'*&/+*5L#'J"#*#"/&'*<('J*/-$.#?"-*67RFUU*



20 

f/+4*"'*/1FA*(+*.#-"#*'.*%#.;.'"*'J"*6ES`C0P*.5*67*/&'()('2*/'*1.<*'";%"#/'L#"A*$'L-("-*'J"*"55"&'*.5*'J"*

/;.L+'*.5*&"#(L;*-"%.$('"-*.+*3NY`cVVO:"TFcVU*0"#(L;A*-"%.$('"-*?2*(;%#"4+/'(.+A*</$*(+*'J"*5.#;*.5*

&"#(L;*.8(-"*+/+.%/#'(&1"$*/+-*</$*%.$('(.+"-*(+*'J"*%.#"$*.5*3NY`cVVO:"TF*aJ"*/L'J.#$*&1"/#12*$J.<"-*'J"*

?"+"5('*.5*'J"*/--('(.+*.5*&"#(/*+/+.%/#'(&1"$*.)"#*3NY`cVVO:"T*'.*(+&#"/$"*'J"*67*&.+)"#$(.+*(+*'J"*

'";%"#/'L#"*#/+4"*.5*QV−c[V*m0*O:(4L#"*cZTF*aJ($*(+&#"/$"*</$*"8%1/(+"-A*5#.;*q!C*/+-*(+*$('L*IPN:aC*

/+/12$($A*?2*'J"*5/&'*'J/'*&"#(/*%#.;.'"$*'J"*67*.8(-/'(.+*(+'.*67R*/+-*'J"#"5.#"*5/).#$*'J"*5/$'*#"/&'(.+F*

aJ($*(-"/*.5*L$(+4*37:*/$*/*$L%%.#'*5.#*/+*.8(-"A*(F"FA*;/+4/+"$"*.8(-"A*'.*%#.;.'"*'J"*6ES`C0P*#"/&'(.+A*

</$*'/="+*L%*?2*'J"*$/;"*4#.L%FcVQ*

3NY`cRQOa(T*</$*&J.$"+*5.#*('$*J(4J*'J"#;/1*$'/?(1('2*<('J*('$*1/#4"*$L#5/&"*/#"/*/+-*/&&"$$(?1"*%.#"*

-(/;"'"#$F*aJ"*&/'/12$'*.?'/(+"-A*3+78_3NY`cRQOa(TA*"8J(?('"-*#";/#=/?1"*&/'/12'(&*/&'()('2*<('J*67*

&.+)"#$(.+$*4#"/'"#*'J/+*WVu*(+*'J"*'";%"#/'L#"*#/+4"*5#.;*c\Q*'.*URQ*m0*L+-"#*'J"*$/;"*&.+-('(.+$*/$*

'J.$"*%#"$"+'"-*(+*'J"(#*%#")(.L$*<.#=FcVRAcVU*aJ"*#"$($'/+&"*'.*</'"#*/--('(.+*OQ*).1*uT*/'*RVV*m0*($*

#";/#=/?1"F*E.<")"#A*'J"*/--('(.+*.5*RVV*%%;*.5*C7RA*(+*'J"*%#"$"+&"*.5*</'"#A*1"/-*'.*/*#/%(-*-"&1(+"*.5*'J"

&.+)"#$(.+*5#.;*W[u*'.*ZVu*?L'*#";/(+$*5L#'J"#*&.+$'/+'*<('J*'(;"`.+`$'#"/;*$'L-("$*O:(4L#"*c\TF*aJ($*67*

#"-L&'(.+*%"#5.#;/+&"*</$*/''#(?L'"-*'.*'J"*J(4J*-($%"#$(.+*.5*3+78A*'J"*J(4J*3+Ujd3+Sj*#/'(.A*/+-*'J"*

$(4+(5(&/+'*/;.L+'*.5*$L#5/&"*&J";(&/1*.824"+F*aJ"*/L'J.#$*%#.%.$"-*/*#"/&'(.+*$&J";"A*/$*/*5L+&'(.+*.5*

'";%"#/'L#"A*<J"#"*'J"*C0P*#"/&'(.+*%#.&""-$*)(/*/*Y/+4;L(#−E(+$J"1<..-*;"&J/+($;*?"1.<*RVV*m0*

(+).1)(+4*/-$.#?"-*6EUj*/+-*/-$.#?"-*+('#('"*/+-*+('#/'"*$%"&("$A*/$*<"11*/$*/+*]1"2−P(-"/1*;"&J/+($;*5.#*

'";%"#/'L#"$*/?.)"*RVV*m0F*

UFcFcFRF*37:`\UF*aJ"*.'J"#*37:*'"$'"-*/$*/*&/'/12$'*5.#*1.<`*'";%"#/'L#"*-"+('#(5(&/'(.+*</$*0.`37:`\UF*,*

;/8(;L;*67*&.+)"#$(.+*.5*Z[u*/'*RRV*m0*<('J*cVVu*6R*$"1"&'()('2*</$*#"%.#'"-AcVZ*<J(1"*'J"*3+*/+/1.4L"*

1"-*'.*WWu*.5*&.+)"#$(.+*/'*RRV*m0FcV\*aJ"*&/'/12'(&*'"$'$*.)"#*3+*/+-*0.`37:`\U*&/'/12$'$A*&/##("-*.L'*(+*

'J"*%#"$"+&"*.5*C7R*/+-d.#*ER7A*$J.<"-*/*-"&#"/$"*.5*678*&.+)"#$(.+*<('J*/+*/1;.$'*5L11*#"&.)"#2*/5'"#*



21 

&L''(+4*.55*'J"*51.<*.5*'J"$"*%.($.+.L$*#"/&'/+'$F*7+12*'J"*0.`37:`\U*&/'/12$'*</$*+.'*/55"&'"-*?2*'J"*

%#"$"+&"*.5*C7R*/+-*J"+&"*;/(+'/(+"-*'J"*678*&.+)"#$(.+*/#.L+-*Z[uF*,&&.#-(+4*'.*a!I*/+-*IPN:aC*

"8%"#(;"+'$*&.;?(+"-*<('J*I:a*&/1&L1/'(.+$A*'J"*/L'J.#$*$L44"$'*'J/'*?.'J*Y/+4;L(#n*E(+$J"1<..-*/+-*

]1"2nP(-"/1*;"&J/+($;$*.&&L#F*3.#".)"#A*'J"*"55"&'*.5*$2+'J"$($*&.+-('(.+$*.5*0.`37:`\U*($*$'L-("-*(+*'J"*

1.<`'";%"#/'L#"*6ES`C0PF*,&&.#-(+4*'.*'J($*#"%.#'A*0.`37:`*\U*$2+'J"$(B"-*(+*($.%#.%/+.1*$J.<$*'J"*

J(4J"$'*67*&.+)"#$(.+*.5*W\F[u*/'*RSV*m0F*:L11*#"&.)"#2*/5'"#*ER7*%.($.+(+4*($*.?$"#)"-A*/+-*C7R*/--('(.+*

(+*'J"*(+1"'*51.<*J/$*.+12*/*$;/11*(+51L"+&"*.+*'J"*&/'/12'(&*%"#5.#;/+&"A*#")"/1(+4*67*&.+)"#$(.+*.5*[Qu*/'*

'J"*?"4(++(+4*/+-*WSu*/5'"#*U*J*O:(4L#"*c[TF*

,$*-";.+$'#/'"-*?2*a!IA*'<.*=(+-$*.5*/&(-(&*$('"$*/#"*%#"$"+'*(+*'J($*$/;%1"A*#"$L1'(+4*(+*"+J/+&"-*6ES*

/-$.#%'(.+*1"/-(+4*'.*/+*/&&"1"#/'(.+*.5*J(4J*678*&.+)"#$(.+$FcV[*N+*RVc[A*?(;"'/11(&*3+d0.`37:`\U*</$*

5/?#(&/'"-*(+*.#-"#*'.*&.;?(+"*'J"*J(4J*678*&.+)"#$(.+*.5*'J"*3+*$(+41"*%J/$"*/+-*'J"*#"$($'/+&"*'.</#-*

C7R*.5*'J"*0.*)"#$(.+F*3+VFZZ0.VFSU`37:`\U*"8J(?('$*'J"*?"$'*%"#5.#;/+&"*<('J*WWFSu*.5*67*&.+)"#$(.+*/'*

RVV*m0F*aJ($*&/'/12$'*($*/1$.*J(4J12*#"$($'/+'*'.*C7R*'J/+=$*'.*'J"*%#"$"+&"*.5*0.*'J/'*(+$'(4/'"$*/''"+L/'(.+*

.5*'J"*C7R*/-$.#%'(.+*$'#"+4'J*.+*'J"*$L#5/&"*O67*&.+)"#$(.+*($*;/(+'/(+"-*/'*WZu− WWuTFcVW*f/+4*"'*/1FccV*

(+)"$'(4/'"-*-(55"#"+'12*;.-(5("-*3+`*37:`\U*5.#*1.<`'";%"#/'L#"*6ES`C0PF*aJ"*/L'J.#$*/$$L;"-*'J"*

%#"$"+&"*.5*"('J"#*%.12O"'J21"+"*.8(-"T`%.12%#.%21"+"`*%.12O"'J21"+"*.8(-"T*O!cRST*.#*%.12)(+21%2##.1(-.+"*

O!b!T*.+*'J"*$L#5/&"*.5*3+`37:$F*aJ"*'J(#-*$'L-("-*&/'/12$'*</$*;.-(5("-*?2*J2-#.%J.?(&*4#.L%$*O−0ESTF*

,;.+4*'J"*'"$'"-*;/'"#(/1$A*3+`37:`\U*/#&J()"-*'J"*J(4J"$'*67*&.+)"#$(.+*.5*+"/#12*cVVu*5#.;*RRV*'.*

RUV*m0*(+*'J"*6ES`C0P*<('J.L'*'J"*%#"$"+&"*.5*</'"#*)/%.#F*9+5.#'L+/'"12A*'J"*(+'#.-L&'(.+*.5*ER7*(+*'J"*

5""-*$'#"/;*4"+"#/'"-*/*JL4"*-#.%*.5*UUu*(+*67*&.+)"#$(.+*.?$"#)"-*5.#*'J"*$'L-("-*3+`37:`\UF*aJ"*

!cRS`*;.-(5("-*)"#$(.+*.5*'J"*3+*/+/1.4L"*O!cRS`3+`37:`\UT*$J.<"-*"+J/+&"-*</'"#*#"$($'/+&"A*

;/(+'/(+(+4*WRFcu*.5*67*&.+)"#$(.+*?"5.#"A*/5'"#A*/+-*-L#(+4*</'"#*5""-(+4*5.#*S*JF*aJ($*$2+'J"$($*$'#/'"42*

4()"$*/*+"<*(+$(4J'*.+*'J"*</2*'.*-"$(4+*+.)"1*1.<`'";%"#/'L#"*6ES`C0P*&/'/12$'$FccV*3.#"*#"&"+'12A*q("*"'*

/1F*J/)"*#"%.#'"-*/+*6ES`C0P*$'L-2*.+*37:`\UO3T*<('J*3*k*3+A*0.A*6(A*D+A*3+0.A*3+6(A*/+-*3+D+Fccc*

:#.;*'J"*&/'/12$'*$&#""+(+4A*'J"*?"$'*&/'/12'(&*/&'()('2*</$*.?$"#)"-*5.#*37:`\U`*3+A*<J(&J*($*/''#(?L'"-*'.*



22 

'J"*"8($'"+&"*.5*)/#(.L$*)/1"+&"*$'/'"$*.5*3+*?"(+4*/?1"*'.*$'#"+4'J"+*'J"*#"-.8*%#.%"#'("$*+"&"$$/#2*5.#*'J"

67*.8(-/'(.+*$'"%F*,&&.#-(+4*'.*(+*$('L*IPN:aC*/+/12$($A*'J"*/L'J.#$*%#.%.$"-*/*%.$$(?1"*#"/&'(.+*

;"&J/+($;*5.#*37:`*\U`3+0.*/+-*37:`\U`3+A*(+*<J(&J*'J"*]1"2nP(-"/1*;.-"1*-.;(+/'"$*/'*1.<*

'";%"#/'L#"$*<J(1"*'J"*Y/+4;L(#nE(+$J"1<..-*;"&J/+($;*&.+'#.1$*'J"*#"/&'(.+*/'*J(4J*'";%"#/'L#"$F*

UFcFcFSF*E>9Ca`cF*E>9Ca`c*.#*37:`cWW*/$*/*5/;.L$*37:*J/$*?""+*")/1L/'"-*/$*/*+.)"1*&/'/12$'*5.#*1.<`

'";%"#/'L#"*C0P*.5*67*<('J*6ESF*,5'"#*%#"'#"/';"+'*(+*/+*(+"#'*/';.$%J"#"*/'*RSV*m0A*+"/#12*cVVu*.5*67*

&.+)"#$(.+*($*#"/&J"-*5#.;*RRV*'.*R[V*m0*5.11.<(+4*/*5/$'*-"&#"/$"*-L"*'.*$'#L&'L#"*&.11/%$"*O:(4L#"*cWTF*N+*

$('L*:a`NP*&.+5(#;"-*'J"*5.#;/'(.+*.5*/*0LONNT− 6ES*<J(&J*($*'J"*#"$L1'*.5*'J"*(+'"#/&'(.+*?"'<""+*6ES*/+-*

'J"*.%"+*Y"<($*/&(-*$('"$*.5*'J"*5#/;"<.#=FccR

3/+2*(+)"$'(4/'(.+$*<"#"*&.+-L&'"-*'.*")/1L/'"*'J"*(;%/&'*.5*'J"*.%"+*;"'/1*$('"$*.+*'J"*&/'/12'(&*

"8%"#(;"+'$F*P";/#=/?1"*#"$L1'$*<"#"*.?'/(+"-*?2*(+)"$'(4/'(+4*/*$"#("$*.5*0L`Ma0*;.-L1/'"-*?2*/&"'(&*

/&(-*O,,TA*/+-*'J"*?"$'*&/'/12'(&*%"#5.#;/+&"*</$*.?'/(+"-*5.#*'J"*RQu`,,`0L`Ma0*<('J*WQFQu*67*

&.+)"#$(.+*/'*R[V*m0FccS*7+*'J"*.'J"#*J/+-A*/*$"#("$*.5*3+_0L`Ma0`q*Oq*-"%"+-(+4*.+*'J"*3+Rj*

&.+&"+'#/'(.+TA*.?'/(+"-*/5'"#*(;;"#$(.+*.5*0L`Ma0*(+*/*3+Rj*$.1L'(.+*5.#*R*J*5.11.<"-*?2*$.1).'J"#;/1*

'#"/';"+'*/'*WV*m0*5.#*RU*JA*J/$*?""+*$'L-("-F*,5'"#*/&'()/'(.+*/'*RSV*m0*5.#*ZV*;(+*(+*/*E"*51.<A*/*

#";/#=/?1"*#"$L1'*</$*.?'/(+"-*5.#*3+_0L`*Ma0`VFVQ*<('J*/*&.+)"#$(.+*"55(&("+&2*&1.$"*'.*cVVu*(+*'J"*

'";%"#/'L#"*#/+4"*.5*RRVnRZV*m0*/+-*6R*$"1"&'()('2*+"/#*cVVuF*IPN:aC*"8%"#(;"+'$*<"#"*%"#5.#;"-*

$J.<(+4*'J/'*6ES*($*/-$.#?"-*.+*Y"<($*$('"$A*/+-*+.*%"/=$*&.##"$%.+-(+4*'.*67*<"#"*.?$"#)"-F*aJ"*

/L'J.#$*$L44"$'*'J/'*'J"*&.;?(+/'(.+*.5*%#.%"#*%.#"*$(B"$A*"+J/+&";"+'*.5*#"-.8*/&'()('2*)(/*(+&.#%.#/'(.+*.5

3+Uj*(.+$A*/+-*'J"*$2+"#4($'(&*"55"&'*?"'<""+*3+Rj*/+-*0LRj*#"$L1'$*(+*$L%"#(.#*I"678*%"#5.#;/+&"FccU*aJ"*

&.;;"#&(/1*E>9Ca`c*OM/$.1('"*0SVVT*</$*"8/;(+"-*L+-"#*6ES`C0P*&.+-('(.+$*(+*'J"*$'L-("$*.5*Cv<(#=*"'*

/1FccQAccZ*IL#(+4*'J"*%#"'#"/';"+'*$'"%*&/##("-*.L'*(+*J"1(L;*5#.;*cUQ*'.*RQV*m0A*'J"*/L'J.#$*.?$"#)"-*/*

4#/-L/112*(+&#"/$(+4*5.#;/'(.+*.5*&/#?.+*-(.8(-"*<('J*/*J"/'(+4*#/;%A*J(4J1(4J'(+4*'J"*&#L&(/1*#.1"*.5*'J"*

'";%"#/'L#"F*aJ"*'";%"#/'L#"*.5*c[Q*m0*($*#"&.4+(B"-*/$*'J"*J(4J"$'*%.$$(?1"*/+-*&/#?.+`5#""*"8%"#(;"+'/1*

/-eL$';"+'A*/11.<(+4*'J"*/L'J.#$*'.*%#")"+'*/*%/#'(/1*-"&.;%.$('(.+*.5*'J"*.#4/+(&*5#/;"<.#=F*aJ"*?/#"*



23 

M/$.1('"*0SVV*$J.<"-*+.*/&'()('2*(+*6ES`C0PA*/+-*'J"*-($/%%"/#/+&"*.5*67*($*/$&#(?"-*'.*'J"*/-$.#%'(.+*

%J"+.;"+.+F*M2*$'L-2(+4*-(55"#"+'*%#.;.'"#$*ObA*6?A*/+-*3+T*(+'#.-L&"-*?2*'J"*5/&(1"*(;%#"4+/'(.+*;"'J.-A

('*</$*#"%.#'"-*'J/'*'J"*;/+4/+"$"*;.-(5("-*M/$.1('"*0SVV*OE>9Ca`c`3+T*&/+*#"/&J*'J"*J(4J"$'*67*/+-*

6ES*&.+)"#$(.+$*.5*[Vu*/+-*cVVuA*#"$%"&'()"12A*/'*c[Q*m0FccQ*

,5'"#*$'/?(1(B(+4*'J"*/&'()('2*)/1L"$A*'J"*67*/+-*6ES*&.+)"#$(.+$*/#"*#"%.#'"-*'.*?"*\[u*/+-*\Sun[UuA*

#"$%"&'()"12F*I(55"#"+'*1./-(+4$*.5*3+*ORFQA*SF\QA*QFVA*\FQA*/+-*cVFV*<'*uT*<"#"*/+/12B"-A*/+-*$'#L&'L#/1*/+-*

'"8'L#/1*;.-(5(&/'(.+$*<"#"*")(-"+&"-*?2*'J"*&#"/'(.+*.5*+"<*;"$.%.#"$FccZ*,&&.#-(+4*'.*'J"*/L'J.#$A*'J"*

;"$.%.#.$('2*&.L1-*%#.;.'"A*'.*$.;"*"8'"+'A*'J"*-(55L$(.+*%#.%"#'("$A*/11.<(+4*"/$2*/&&"$$*.5*;.1"&L1"$*'.*

"+J/+&"*'J"*&/'/12'(&*/&'()('2*(+*'J"*6ES`C0P*%#.&"$$F*3.#".)"#A*5.#*'J"*5(#$'*'(;"A*Cv<(#=*"'*/1FccQAccZ*

"8/;(+"-*'J"*&.;;"#&(/1*E>9Ca`c`$L%%.#'"-*&/'/12$'$*(+*'J"*%#"$"+&"*.5*ER7*OSFQ*).1*uT*/+-*C7R*OcVV*

%%;T*(+*6ES`C0PF*M.'J*#"/&'/+'$*<"#"*(+'#.-L&"-*$"%/#/'"12F*,*#/%(-*-"&#"/$"*</$*#"%.#'"-*5.#*E>9Ca`c`

3+SF\Q*/5'"#*'J"*(+'#.-L&'(.+*.5*</'"#*)/%.#*$J.<(+4*'J"*&.+)"#$(.+$*-#.%%(+4*5#.;*Z[u*'.*RQu*/+-*ZQu*'.

SVu*5.#*67*/+-*6ESA*#"$%"&'()"12F*7+&"*'J"*ER7*5""-(+4*</$*'"#;(+/'"-A*'J"*(+('(/1*&.+)"#$(.+$*/#"*/1;.$'*

5L112*#"&.)"#"-*/+-*$'/?1"*/5'"#*WV*;(+*.5*'(;"`.+`$'#"/;*$'L-("$F*aJ"*(+51L"+&"*.5*C7R*J/$*/*;.#"*

#";/#=/?1"*"55"&'*.+*&/'/12'(&*%"#5.#;/+&"A*#")"/1(+4*/*-"&#"/$"*.5*67*&.+)"#$(.+*5#.;*Z[u*'.*U[u*<('J*+.

#"&.)"#2*<J"+*'J"*C7R*51.<*($*$'.%%"-F*aJ"*&.+)"#$(.+*.5*6ES*(+&#"/$"-*-L#(+4*'J"*C7R*5""-(+4A*$L44"$'(+4

'J/'*"('J"#*/+*(;%#.)";"+'*.5*/&(-(&*%#.%"#'("$*(+*&.+'/&'*<('J*C7R*.&&L##"-*.#*/;;.+(/*#"/&'"-*<('J*$L15L#*

-(.8(-"*'.*5.#;*6EUEC7U*O/;;.+(L;*?($L15/'"T*/+-d.#*O6EUTRC7U*O/;;.`*+(L;*$L15/'"T*?1.&=(+4*'J"*%.#"$*

.5*'J"*&/'/12$'F*aJ"*1/''"#*J2%.'J"$($*;/2*$L%%.#'*'J"*?"J/)(.#*.5*'J"*E>9Ca`c`3+SF\Q*<J(&J*J/$*?""+*

%"#;/+"+'12*-"/&'()/'"-*/5'"#*'J"*(+'#.-L&'(.+*.5*C7RF*

P"&"+'12A*G/.*"'*/1Fcc\*5/?#(&/'"-*'J#""*-(55"#"+'*E>9Ca`c*$/;%1"$*<('J*"('J"#*.&'/J"-#/1A*&L?(&A*.#*

'"'#/=/(-"=/J"-#/1*;.#%J.1.4("$F*aJ"*/$`$2+'J"$(B"-*E>9Ca`c`7A*E>9Ca`c`0A*/+-*E>9Ca`c`a*&/'/12$'$*

<"#"*'"$'"-*(+*'J"*6ES`C0P*%#.&"$$*'.*L+-"#$'/+-*'J"*#.1"*.5*&/'/12$'*$'#L&'L#"*.+*&/'/12'(&*?"J/)(.#F*M.'J*

&L?(&*/+-*'"'#/=/(-"=/J"-#/1*5.#;$*$J.<"-*/?L+-/+'*0LONT*-"5"&'()"*$('"$A*#"$L1'(+4*(+*'J"*"+#(&J;"+'*.5*



24 

1.<`$'#"+4'J*Y"<($*/&(-*$('"$F*N+*'J"*&/'/12'(&*'"$'A*E>9Ca`c`a*#")"/1"-*'J"*?"$'*%"#5.#;/+&"*(+*'J"*

'";%"#/'L#"*#/+4"*.5*RVV−RUV*m0*<('J*/*;/8(;L;*.5*WSu*67*#";.)/1F*

UFcFcFUF*7'J"#*37:$F*,*&.;%/#/'()"*$'L-2*.5*;/+4/+"$"− &"#(L;`-.%"-*9(7`Z\`?/$"-*37:$*</$*

&.+-L&'"-*5.#*C0P*"8%"#(;"+'$F*aJ"$"*3+d0"*37:`?/$"-*&/'/12$'$*<"#"*%#"%/#"-*)(/*'<.*-(55"#"+'*

$2+'J"$($*;"'J.-$^*%.$'$2+'J"'(&*(;%#"4+/'(.+*/+-*.+"`%.'*$2+'J"$($F*aJ"*/L'J.#$*5.L+-*'J/'*'J"*37:*

%#"%/#"-*?2*'J"*$(;%1"*(;%#"4+/'(.+*;"'J.-*#"$L1'"-*(+*'J"*J(4J"$'*&/'/12'(&*"55(&("+&2*<('J*;.#"*'J/+*W[u*

.5*67*&.+)"#$(.+*5#.;*RVV*'.*SVV*m0F*aJ"*/L'J.#$*/1$.*(+)"$'(4/'"-*'J"*"55"&'*.5*C7R*/+-*ER7*.+*'J"*67*

&.+)"#$(.+F*,$*%#"$"+'"-*(+*:(4L#"*RVA*'J"*3+0"_37:*&/'/12$'*$'(11*%"#5.#;"-*<('J*/+*/&&"%'/?1"*'.1"#/+&"

'.*?.'J*#"/&'/+'$*L+-"#*6ES`C0P*&.+-('(.+$Fcc[*

9$(+4*;/+4/+"$"*.8(-"A*DJ/+4*"'*/1F*"8/;(+"-*'J"*"55"&'*.5*3+78*&.+'"+'A*-"%.$('"-*.+*9(7`ZZ*?2*/+*(+*

$('L*;"'J.-A*.+*'J"*6ES`C0P*/&'()('2FccW*,*;(+(;/1*gL/+'('2*.5*3+78*($*#"gL(#"-*'.*/&J(")"*J(4J*67*

&.+)"#$(.+*(+*'J"*QV−cQV*m0*'";%"#/'L#"*<(+-.<F*,;.+4*'J"*&/'/12$'$*%#"%/#"-A*'J"*[FQ*<'*u`3+78d9(7`ZZ

&/'/12$'*"8J(?('"-*'J"*?"$'*%"#5.#;/+&"*<('J*/*WVu*67*&.+)"#$(.+*?"'<""+*cVV*/+-*RWV*m0F*aJ($*&/'/12$'*

$J.<"-*4..-*#"$($'/+&"*(+*'J"*%#"$"+&"*.5*cVV*%%;*.5*C7R*/+-*Qu*ER7*/+-*;/(+'/(+"-*('$*J(4J*/&'()('2*

-L#(+4*/*RU*J*$'/?(1('2*'"$'*%"#5.#;"-*/'*RVV*m0*O:(4L#"*RcTF*3.#".)"#A*'J"*L$"-*$/;%1"*#"'/(+"-*;.$'*.5*('$*

$'#L&'L#"*/+-*%.#.$('2*/5'"#*-(55"#"+'12*&.+-L&'"-*&/'/12'(&*'"$'$F*aJ"$"*/L'J.#$*$'#"$$"-*'J"*(;%.#'/+&"*.5*

'J"*;"'J.-*.5*/--('(.+*.5*;/+4/+"$"*.8(-"*'.*'J"*;/'"#(/1F*

6(&="1`?/$"-*37:$*J/)"*?""+*$'L-("-*?2*CL+*"'*/1FcRV*/+-*"8J(?('*+"/#12*WRu*67*&.+)"#$(.+*5.#*/*$/;%1"*

%#"'#"/'"-*/'*RRV*m0*<('J*/*1/#4"*.%"#/'(+4*'";%"#/'L#"*<(+-.<*5#.;*R\Q*'.*UUV*m0F*,&&.#-(+4*'.*'J"*6ES`

a!I*"8%"#(;"+'$A*/*&.;?(+/'(.+*.5*%J2$(&/1*/+-*&J";(&/1*/-$.#%'(.+*.5*6ES*.+*M#.+$'"-*.#*Y"<($*/&(-*$('"$*

($*.?$"#)"-*5.#*6(`37:$F*6ES*(.+$*/#"*/-$.#?"-*.+*'J"*+(&="1*$('"$*(+*'J"*5.#;*.5*(.+(&*6EUj*/+-*&..#-(+/'"-

n6ERF*aJ"*1/''"#*($*=+.<+*'.*?"*/+*(;%.#'/+'*(+'"#;"-(/'"*.5*'J"*]1"2nP(-"/1*;"&J/+($;F*aJ($*/11.<"-*'J"*

/L'J.#$*'.*-#/<*'J"*&.+&1L$(.+*'J/'*6(`37:*5.11.<$*'J"*/?.)"`;"+'(.+"-*;"&J/+($;FcRV*



25 

b"#2*#"&"+'12A*&"#(L;`?/$"-*37:$A*(F"F*0"`9N7`ZZ*/+-*0"`*0,9`RUAcRc*/+-*;(8"-*&"#(L;dB(#&.+(L;*0"8dD#`

0,9`RUA*<"#"*")/1L/'"-*/$*6ES`C0P*&/'/12$'$*O:(4L#"*RRTF*aJ"*&.;?(+/'(.+*.5*/&(-(&*.%"+*B(#&.+(L;*$('"$*

<('J*#"-.8`/&'()"*&"#(L;*$('"$*#"$L1'$*(+*/*J(4J"#*C0P*/&'()('2A*-"$%('"*/*%/#'(/1*1.$$*.5*&#2$'/11(+('2*.5*$%"+'*

&/'/12$'$*/$*$L%%.#'"-*?2*!qPIF*0"`*9(7`ZZ*</$*5.L+-*'.*?"*;.#"*/&'()"*(+*6ES`C0P*&.;%/#"-*'.*0"`

0,9`RUF*aJ"*5.#;"#*/&J(")"-*&/F*\[u*67*&.+)"#$(.+*/'*RSV*m0A*<J"#"/$*'J"*/--('(.+*.5*Q*).1*u*.5*</'"#*

)/%.#*&/L$"-*/*#")"#$(?1"*/&'()('2*-#.%*.5*SVu*?"&/L$"*.5*'J"*J2-#.%J(1(&('2*.5*.%"+*;"'/1*$('"$FcRR*

N'*$J.L1-*?"*L+-"#1(+"-*'J/'*;.$'*.5*'J"*1.<`'";%"#/'L#"*6ES`C0P*.5*67*#"%.#'"-*(+*'J"*5.11.<(+4*'/?1"*.+*

37:`?/$"-*&/'/12$'*<"#"*%"#5.#;"-*L$(+4*<"(4J'*J.L#12*$%/&"*)"1.&('2*OfECbT*"gL()/1"+'*'.*'J"*'"$'$*

&/##("-*.L'*<('J*;(8"-*.8(-"$*.#*B".1('"`?/$"-*&/'/12$'$FR\AcRSAcRU*aJ"*;"&J/+($;$*/$$.&(/'"-*<('J*'J"$"*

&/'/12$'$*/#"*$(;(1/#*'.*'J.$"*#"%.#'"-*4"+"#/112*5.#*;(8"-*.8(-"*&/'/12$'$FR\*aJ"*C0P*$'L-("$*&/##("-*.L'*.+*

L+;.-(5("-*/+-*;.-(5("-*37:$A*#"%.#'"-*$.*5/#A*&1"/#12*$J.<*'J"*%.'"+'(/1*.5*'J($*'2%"*.5*;/'"#(/1$F*a.*

5/&(1('/'"*/*gL(&=*.)"#)("<*.5*/11*'J"*<.#=A*a/?1"*c*$L;;/#(B"$*'J"*&/'/12'(&*%"#5.#;/+&"$*L$(+4*6ES*/$*'J"*

#"-L&(+4*/4"+'F*

UFcFRF*07*/$*P"-L&(+4*,4"+'F*7+12*/*5"<*"8/;%1"$*.5*C0P*L$(+4*07*/$*'J"*#"-L&(+4*/4"+'*<"#"*#"%.#'"-*(+

'J"*1('"#/'L#"F*a.*'J"*?"$'*.5*.L#*=+.<1"-4"A*'J"*5(#$'*")/1L/'(.+*J/$*?""+*&.+-L&'"-*<('J*/*$"#("$*.5*

?(;"'/11(&*37:`\U`0.c−8d3+8*O<J"#"*8*#"%#"$"+'$*'J"*;.1/#*#/'(.*.5*0.*'.*3+TF*aJ"*?"$'*#"$L1'*</$*.?'/(+"-

5.#*37:`\U`0.c3+R*<('J*/*&/'/12'(&*#"-L&'(.+*.5*67*<('J*07*&1.$"*'.*cVVu*<('J(+*/*'";%"#/'L#"*#/+4"*.5*

c\Q−R\Q*m0FcRQ*,*5"<*.'J"#*37:*;/'"#(/1$*<"#"*";%1.2"-*/$*&/'/12$'$*5.#*07`?/$"-*C0P*&/'/12$($F*,48`

0L`Ma0*</$*;/-"*'J#.L4J*/*%#"/$$";?1"-*;"'J.-*/+-*'"$'"-*(+*07`*C0P*5.#*67*#"-L&'(.+F*,5'"#*'J"*

/$$L;"-*%#"'#"/';"+'*.5*,4VFQ`*0L`Ma0*O6R*51.<A*S*J*/'*RUV*m0TA*/*5L11*&.+)"#$(.+*.5*67*</$*#"%.#'"-*/'*RS[

m0FcRZ*,1'"#+/'()"12A*/*&"#(L;`?/$"-*0L`Ma0*37:*$J.<"-*Wcu*(+*67*&.+)"#$(.+*/'*RQV*m0F*N+*$('L*IPN:aC*

"8%"#(;"+'$*J/)"*?""+*%"#5.#;"-*/11.<(+4*'J"*/L'J.#$*'.*&.+&1L-"*'J/'*'J"*&/'/12'(&*&.+)"#$(.+*5.11.<$*/*

Y/+4;L(#− E(+$J"1<..-*;"&J/+($;*(+*<J(&J*/-$.#?"-*67*/+-*07*$%"&("$*#"/&'*'.*4"+"#/'"*6R*/+-*07R*

/$*$J.<+*(+*:(4L#"*RSFcR\*



26 

:(+/112A*3"`DN:`Z\_0L78*O<('J*3"*k*3+A*:"A*,1A*.#*D+T*J/)"*?""+*$'L-("-*/$*1.<*'";%"#/'L#"*07`C0P*

&/'/12$'$FcR[*3"DN:`Z\_0L`Ma0*</$*$2+'J"$(B"-*/+-*'#"/'"-*/'*SRV*m0*5.#*c*J*(+*/*;(&#.#"-L&'(.+*

/';.$%J"#"*'.*.?'/(+*/*&./'"-*3"`DN:`Z\F*N+*'J($*$"#("$A*,1`DN:`Z\_0L78*"8J(?('"-*'J"*?"$'*%"#5.#;/+&"*

<('J*/*-"+('#(5(&/'(.+*.5*WWu*/'*RVV*m0A*<J"#"/$*'J"*3+`-.%"-*)"#$(.+*$J.<"-*?"''"#*#"$($'/+&"*(+*'J"*

%#"$"+&"*.5*C7RF*:(4L#"*RU*%#"$"+'$*/*%#.%.$"-*#"/&'(.+*$&J";"*(+*<J(&J*'J"*-.%"-*"1";"+'$*%1/2"-*/*

-L/1`&J/++"1*$2+"#4($'(&*&/'/12'(&*#.1"*<('J*'J"*0.Rj*5#.;*'J"*(+('(/1*5#/;"<.#=F*aJ"*/L'J.#$*/1$.*$L44"$'*/*

Y/+4;L(#nE(+$J"1<..-*;"&J/+($;F*

P"&"+'12A*?(;"'/11(&*6(c−83+8`37:`\U*O8*k*VFcA*VFRA*VFSQA*/+-*VFQT*&/'/12$'$*<"#"*(+)"$'(4/'"-*(+*07`C0P*?2

CJ(*"'*/1FcRW*6(VFZQ3+VFSQ`37:`\U*</$*5.L+-*'.*?"*'J"*;.$'*/&'()"*;/'"#(/1A*/&J(")(+4*67*&.+)"#$(.+*.5*&/F*

cVVu*(+*'J"*'";%"#/'L#"*#/+4"*5#.;*c\Q*'.*SVV*m0*O:(4L#"*RQTF*aJ($*5/&'*</$*/$$(4+"-*'.*'J"*5.#;/'(.+*.5*

;.#"*/&'()"*6(Sj*/+-*3+Uj*&.;%.+"+'$A*?"(+4*?"+"5(&(/1*5.#*'J"*5.#;/'(.+*.5*;.#"*.824"+*)/&/+&("$*/+-*

;"'/1*/&'()"*$('"$F*aJ"*#"$L1'$*.5*(+*$('L*:a`NP*/11.<"-*'J"*/L'J.#$*'.*/$$L;"*/*Y/+4;L(#−E(+$J"1<..-*

;"&J/+($;A*/$*'J"*/&&"1"#/'(.+*.5*07d67*/-$.#%'(.+*/+-*/&'()/'(.+*/?(1('2*<"#"*-";.+$'#/'"-F*

aJ"*C0P*$'L-("$*&/##("-*.L'*.+*L+;.-(5("-*/+-*;.-(5("-*37:$A*#"%.#'"-*$.*5/#A*&1"/#12*$J.<*'J"*%.'"+'(/1*.5

'J($*'2%"*.5*;/'"#(/1F*a.*5/&(1('/'"*/*gL(&=*.)"#)("<*.5*/11*'J"*<.#=A*a/?1"*R*$L;;/#(B"$*'J"*&/'/12'(&*

%"#5.#;/+&"$*L$(+4*07*/$*'J"*#"-L&(+4*/4"+'F*

UFcFSF*ER*/$*P"-L&(+4*,4"+'F*qL"*"'*/1F*%#.%.$"-*/+*.#(4(+/1*$'L-2*-"/1(+4*<('J*'J"*ER`C0P*%#.&"$$*.)"#*

!'d3NY`WZO,1T*37:*&/'/12$'$FcSV*aJ"*/L'J.#$*$J.<"-*'J/'*!'*%/#'(&1"$*&/+*?"*L+(5.#;12*-($%"#$"-*.+*3NY`WZ*

)(/*/*$(;%1"*J2-#.'J"#;/1*;"'J.-F*,--('(.+/112A*'J"*&/'/12$'$*<"#"*")"+12*$%#/2"-*.+*'J"*&/#?.+*%/%"#*O0!TA

/+-*'J"*$.`%#"%/#"-*$%"&(;"+$*<"#"*'"$'"-*/+-*&.;%/#"-*(+*ER`C0P*&.+-('(.+$F*aJ"*#.1"*.5*&/#?.+*%/%"#*

($*'.*%#.)(-"*/*;"&J/+(&/1*$L%%.#'*1/2"#F*aJ"*#"$L1'(+4*;/'"#(/1$*/#"*)"#2*"55(&("+'*(+*67*#";.)/1*L$(+4*/*

$(;L1/'"-*51L"*4/$*&/##("-*.L'*(+*/*4/$*-(55L$(.+*#"/&'.#*<('J*/*$J.#'*#"$(-"+&"*'(;"F*aJ"*"8%"#(;"+'$*<"#"*

&.+-L&'"-*(+*/*)"#2*+/##.<*'";%"#/'L#"*<(+-.<A*(F"FA*?"'<""+*RV*/+-*WV*m0F*:(4L#"*RZ,*$J.<$*'J"*#"%.#'"-*

&/'/12'(&*%"#5.#;/+&"A*/+-*!'Q3NY`WZd0!*</$*5.L+-*'.*?"*'J"*?"$'*%"#5.#;(+4*&/'/12$'*$%#/2"-*.+*

J2-#.%J.?(&*&/#?.+*%/%"#F*aJ"*J(4J*#";.)/1*"55(&("+&2*($*#"1/'"-*'.*'J"*!'*&.+'"+'A*'J"*&.+'#.1*.5*!'*



27 

-"%.$('(.+A*/+-*'J"*$2+"#4($'(&*"55"&'*?"'<""+*!'*%/#'(&1"$*/+-*3NY`WZF*aJ($*$2+"#42*</$*"8%1/(+"-*?2*'J"*

5/&'*'J/'*'J"*3NY`WZ*$L%%.#'A*<('J*/*J(4J*$L#5/&"*/#"/A*($*<(1-12*#"&.4+(B"-*/$*ER*$'.#/4"*;/'"#(/1F*

:L#'J"#;.#"A*'J"*/L'J.#$*/+/12B"-*-(55"#"+'12*$L%%.#'"-*!'`&.+'/(+(+4*&/'/12$'$*O:(4L#"*RZMTF*7+12*!'Q3NY`WZ

O67*&.+)"#$(.+*.5*cVVu*/'*ZV*m0T*/+-*!'da(7R*O67*&.+)"#$(.+*.5*cVVu*/'*[V*m0T*&/+*&.;%1"'"12*#";.)"*

67*(+*'J"*(+1"'*4/$*L+-"#*'J"*$'L-("-*&.+-('(.+$F*

UFRF*!J.'.&/'/12$($F*!J.'.&/'/12$($*($*'J"*1/$'*$'#/'"42*'J/'*#"$"/#&J"#$*J/)"*&.+$(-"#"-*5.#*&.+)"#$(.+*.5*

678*$%"&("$F*a<.*(+)"$'(4/'(.+$*<"#"*#"%.#'"-*(+*'J"*1('"#/'L#"*L$(+4*3NY*$"#("$*;/'"#(/1$^*3NY`[[MA*3NY`QSA*

/+-*3NY`cVcFcScAcSR*C/;%1"*-($J"$*<"#"*&./'"-*?2*37:$A*%1/&"-*(+*/*#"/&'.#A*/+-*'J"+*$L?;(''"-*'.*/+*(+1"'*

4/$*51.<*.5*67*/+-*/(#*<('J*/*67*&.+&"+'#/'(.+*.5*SQV−UVV*%%?*/+-*#"1/'()"*JL;(-('2*/?.L'*QVuF*

]8%"#(;"+'$*<"#"*%"#5.#;"-*/'*#..;*'";%"#/'L#"*<('J*$.1/#*1(4J'*$.L#&"*$(;L1/'"-*?2*/*8"+.+*/#&*1/;%A*

<J(1"*'J"*.L'1"'*4/$"$*<"#"*-"'"&'"-*?2*/*678*/+/12B"#F*aJ"*?"$'*%J.'.&/'/12'(&*/&'()('2*5.#*678*#";.)/1*

L+-"#*$.1/#*(##/-(/'(.+*</$*5.L+-*5.#*3NY`cVc*<('J*/*'.'/1*&.+)"#$(.+*.5*\Zu*O:(4L#"*R\TF*,&&.#-(+4*'.*'J"*

/L'J.#$A*'J($*J(4J*"55(&("+&2*.5*I"678*%"#5.#;/+&"*($*-L"*'.*'J"*#(4(-('2*.5*'J"*5#/;"<.#=A*'J"*1/#4"*$%"&(5(&*

$L#5/&"*/#"/A*'J"*%#"$"+&"*.5*.%"+*;"'/1*$('"$A*/+-*+/+.$(B"-*&1L$'"#$*(+*'J"*+"'<.#=*(+J(?('(+4*'J"*

#"&.;?(+/'(.+*.5*1(4J'`-#()"+*&J/#4"$F*

DN:`[*</$*/1$.*'"$'"-*5.#*%J.'.&/'/12'(&*#";.)/1*.5*67cSS*/+-*&.;%/#"-*<('J*('$*&.;%.$('"$*&.+'/(+(+4*

&/#?.+*gL/+'L;*-.'$*O0iI$TF*aJ"*0iI$*<"#"*5.L+-*'.*?"*"55"&'()"*'.*?..$'*'J"*)($(?1"`1(4J'*%J.'.&/'/12'(&*

/&'()('2*.5*DN:`[*O:(4L#"*R[TA*(;%#.)(+4*'J"*)($(?1"*1(4J'*L'(1(B/'(.+*/+-*&/##("#*$"%/#/'(.+*"55(&("+&2F*aJ"*?"$'*

%"#5.#;(+4*&/'/12$'*</$*VFQ`0iI$dDN:`[*<('J*c[FSu*67*&.+)"#$(.+*/'*'J"*'"$'(+4*&.+-('(.+$*L$"-*?2*'J"*

/L'J.#$F*aJ"*/L'J.#$*#"%.#'"-*.+12*\Fcu*.5*67*#";.)/1*5.#*DN:`*[*L+-"#*SZQ*+;*9b*1(4J'*(##/-(/'(.+F*

CL#%#($(+412A*%#($'(+"*DN:`[*$J.<"-*+"41(4(?1"*.#*/1;.$'*+.*/&'()('2*L+-"#*)($(?1"*;.+.&J#.;/'(&*1(4J'*

(##/-(/'(.+*.5*SZQA*QVVA*QQVA*ZVVA*/+-*\VV*+;F*

P"&"+'12A*0J"+*"'*/1FcSU*"8/;(+"-*6ER`9(7`ZZOD#T*5.#*67*&.+)"#$(.+*?2*%J.'.&/'/12$($F*aJ"*/L'J.#$*

(+'#.-L&"-*0LNd0LNN*$%"&("$*.+*6ER`9(7`ZZ*OD#T*)(/*(+*$('L*%/#'(/1*#"-L&'(.+*.5*&.%%"#*-L#(+4*('$*&..#-(+/'(.+*

<('J*−6ER*4#.L%$*/+-*.824"+*-.+.#$*(+*37:$F*9%.+*'J"*(+'#.-L&'(.+*.5*&.%%"#*$%"&("$A*/*1(4/+-*'.*1(+="#*



28 

;"'/1*&J/#4"*'#/+$5"#*OYY30aT*%/'J</2*</$*5.#;"-A*/11.<(+4*'J"*"1"&'#.+*'#/+$5"#*5#.;*.#4/+(&*1(+="#$*'.*0L

&"+'"#$*O:(4L#"*RWTF*aJ"*YY30a*%/'J</2*"55"&'()"12*%#.;.'"-*'J"*"1"&'#.+*'#/+$5"#*#/'"A*(+J(?('(+4*'J"*

#"&.;?(+/'(.+*.5*%J.'.4"+"#/'"-*"1"&'#.+`J.1"*%/(#$F*aJ"*0LNd0LNN`;.-(5("-*37:$*%#"$"+'"-*$(4+(5(&/+'*

%J.'.&/'/12'(&*?"J/)(.#*<('J*[[u*.5*67*#";.)/1*L+-"#*)($(?1"*1(4J'*(##/-(/'(.+*Ow*x*URV*+;TF*CL&J*J(4J*

/&'()('2*</$*&.;%1";"+'"-*?2*4..-*$'/?(1('2*OL%*'.*RU*JT*/+-*$"1"&'()('2*O/1;.$'*+.*67R*$(-"*%#.-L&'*</$*

5.#;"-TF*

QF*0E,YY]6G]C*,6I*!]PC!]0aNb]C*

3"'/1−.#4/+(&*5#/;"<.#=$*/#"*/%%"/1(+4*&/+-(-/'"$*5.#*678*/-$.#%'(.+A*$"%/#/'(.+A*/+-*&.+)"#$(.+F*,+*

(+&#"/$(+4*+L;?"#*.5*#"%.#'$*.+*'J($*'.%(&*?"&/;"*/)/(1/?1"*(+*#"&"+'*2"/#$F*N+*/--('(.+*'.*"8&"11"+'*'"8'L#/1*

%#.%"#'("$A*(+&1L-(+4*J(4J*$%"&(5(&*$L#5/&"*/#"/A*%.#"*$(B"A*%.#"*).1L;"A*/+-*&J";(&/1*'L+/?(1('2A*37:*

;/'"#(/1$*$'(11*5/&"*'J"*%#.?1";*.5*'J"#;/1*$'/?(1('2*/'*'";%"#/'L#"$*J(4J"#*'J/+*RQVnSVV*m0F*3.#".)"#A*'J"*

1/&=*.5*"+J/+&"-*#"$($'/+&"*(+*'J"*%#"$"+&"*.5*ER7*/+-*C7R*;/2*%#")"+'*'J"*L$"*.5*37:$*(+*(+-L$'#(/1*

/%%1(&/'(.+$*5.#*&.+)"#$(.+*.5*"8J/L$'*4/$"$F*E.<")"#A*(+*'J"*/?$"+&"*.5*</'"#*/+-*$L15L#*.8(-"A*'J"*

&/'/12'(&*%"#5.#;/+&"*($*)"#2*%#.;($(+4F*M"&/L$"*-"J2-#/'(.+*/+-*-"$L15L#(B/'(.+*/#"*&.$'12*%#.&"$$"$A*

$")"#/1*#"$"/#&J*4#.L%$*/#"*&L##"+'12*<.#=(+4*.+*'J"*-")"1.%`*;"+'*.5*J(4J12*$'/?1"*37:*;/'"#(/1$F*aJ"*

"55.#'$*'.*-")"1.%*'J"$"*'2%"$*.5*&/'/12$'$*/+-*/-$.#?"#$*5.#*678*#";.)/1*$J.L1-*&.+'(+L"F*,+*(;%.#'/+'*

"55.#'*;L$'*?"*-").'"-*'.*5/?#(&/'"*L1'#/J(4J*$'/?1"*37:$F*!#/&'(&/112A*;/'"#(/1*&J";($'$*$J.L1-*'/="*(+'.*

&.+$(-"#/'(.+*/*1/#4"*%/+"1*.5*%/#/;"'"#$*'J/'*/#"*5.L+-*'.*(;%/&'*'J"#;/1*/+-*&J";(&/1*$'/?(1('2*%#.%"#'("$*

$L&J*/$*'J"*&..#-(+/'(.+*"+)(#.+;"+'A*;"'/1*&.;%.$('(.+A*.8(-/'(.+*$'/'"A*+/'L#"*.5*'J"*.#4/+(&*1(+="#A*

(+'"#%"+"'#/'(.+A*51"8(?(1('2A*/+-*5#/;"<.#=*-(;"+$(.+/1('2F*,+.'J"#*&J/11"+4"*<('J*'J"*L$"*.5*37:$*($*'J"*1/&=

.5*=+.<1"-4"*/?.L'*'J"*'.8(&.1.42*.5*'J"*L$"-*;/'"#(/1$*/5'"#*"8%.$L#"*'.*4/$".L$*678F*,&&.#-(+412A*

#"$"/#&J"#$*$J.L1-*-"-(&/'"*(;%.#'/+'*(+)"$'(4/'(.+$*'.*'J($*/#"/F*6")"#'J"1"$$A*'J"*"55"&'()"+"$$*.5*37:$*(+

/(#*%L#(5(&/'(.+A*$L&J*/$*678*/-$.#%'(.+A*$"1"&'()"*&/'/12'(&*#"-L&'(.+*<('J*/*#"-L&(+4*/4"+'A*.#*(+*

%J.'.&/'/12$($A*($*)"#2*/''#/&'()"*/+-*%#.;($(+4F*aJ"*-")"1.%;"+'*.5*"&.`5#("+-12A*'J"#;/1A*/+-*&J";(&/1*

37:*;/'"#(/1$*<(11*%/)"*'J"*</2*5.#*/*+"<*4"+"#/'(.+*.5*&/'/12$'$*5.#*678*#";.)/1F*



29 

ZF*0760Y9CN76*

aJ($*#")("<*.55"#$*/+*.)"#)("<*.+*'J"*#"&"+'*%#.4#"$$*;/-"*(+*'J"*678*5("1-*/+-*%#.)(-"$*(+'"#"$'(+4*#.L'"$*

.+*'J"*L$"*.5*37:$*5.#*'J"(#*$"1"&'()"*/-$.#%'(.+A*#"1"/$"A*/+-d.#*&/'/12'(&*&.+)"#$(.+F*N+-""-A*37:*

;/'"#(/1$*/#"*(+'"#"$'(+4*%1/'5.#;$*5.#*&/%'L#(+4*678*;.1"&L1"$*L$(+4*;/(+12*'J"*&J";($.#%'(.+*;"&J/+($;*

-L"*'.*'J"*%#"$"+&"*.5*.%"+*;"'/1*$('"$F*N'*$J.L1-*?"*;"+'(.+"-*'J/'*&J";(&/1*$'/?(1('2*'.*ER7*.#*C7R*($*/+*

(;%.#'/+'*%/#/;"'"#*'.*&.+$(-"#*?"5.#"*/$$"$$(+4*/+2*37:*&/+-(-/'"F*,1'J.L4J*J(4J*$"1"&'()('2*</$*

.?'/(+"-*<('J*$.;"*<"11`=+.<+*%1/'5.#;$A*$L&J*/$*E>9Ca`cA*3NY`cVcA*.#*37:`\UA*('*<.L1-*?"*.5*%/#'(&L1/#*

(+'"#"$'*'.*&.+$(-"#*37:$*<('J*$;/11*%.#"$*5.#*$"1"&'()"*&/%'L#"*.5*678*L$(+4*/*%J2$($.#%'(.+*;"&J/+($;*'.*

#"-L&"*'J"*'";%"#/'L#"*.5*#"4"+"#/'(.+F*7+*'J"*.'J"#*J/+-A*37:*;/'"#(/1$*&/+*/&'*/$*&/'/12$'$*L$(+4*

%J.'.&/'/12'(&*.#*$"1"&'()"*&/'/12'(&*#"/&'(.+$*(+*'J"*%#"$"+&"*.5*6ESA*07A*.#*ERF*N'*($*'.*J(4J1(4J'*J(4J*

$"1"&'()('2*OxWWuT*/+-*&.+)"#$(.+*OxWQuT*#"$L1'$*.?'/(+"-*(+*'J"*#/+4"*.5*RVV−SVV*m0*?2*eL-(&(.L$12*

$"1"&'(+4d&.;?(+(+4*/%%#.%#(/'"*;"'/11(&*&/'(.+$A*$L&J*/$*3+RjA*0.RjA*6(RjA*/+-*")"+*0"UjF*aJ($*'";%"#/'L#"*

&/+*?"*5L#'J"#*1.<"#"-*(5*'J"*37:*%1/'5.#;*($*.%'(;(B"-*?2*/--(+4*+/+.%/#'(&1"$*<('J(+*'J"(#*%.#.$('2F*,;.+4*

'J"*#")("<"-*$'L-("$A*'J"*;.$'*%#.;($(+4*37:$*'"$'"-*(+*6ES`C0P*/#"*3NY`cVVA*37:`\UA*/+-*E>9Ca`

cO0L`Ma0TF*7+*'J"*.'J"#*J/+-A*4..-*<.#=(+4*;/'"#(/1$*(+*07`C0P*<"#"*?/$"-*.+*37:`\UA*0L`*Ma0A*.#*

DN:`Z\F*,*-(#"&'*&.;%/#($.+*.5*'J"(#*&/'/12'(&*%"#5.#;/+&"*($*(;%.$$(?1"*/$*'J"*'"$'*&.+-('(.+$*/#"*-(55"#"+'F*N+

$L;;/#2A*'J"*37:*%1/'5.#;*($*/*="2*&J.(&"*5.#*&/%'L#(+4*/+-*&.+)"#'(+4*J/#;5L1*678F*aJ"*-")"1.%;"+'*.5*

+"<*;"'/1− .#4/+(&*5#/;"<.#=$A*/$$.&(/'"-*<('J*$2$'";/'(&*$'#L&'L#"− %#.%"#'2*#"1/'(.+$J(%$*/$$($'(+4*<('J*

'J".#"'(&/1*&/1&L1/'(.+$A*<.L1-*%/)"*'J"*</2*5.#*"55(&("+'*/-$.#?"+'$F*

,0>67fY]IG3]6aC*

aJ"*/L'J.#$*/&=+.<1"-4"*'J"*!#.4#/;;"*-’(+)"$'($$";"+'$*-’/)"+(#*O!N,T*(+*:#/+&"*5.#*5L+-(+4*<('J*G#/+'*

,6P`c[`*■37!G,`VVVW*/+-*'J"*7&&('/+("*P"4(.+F*



30 

P]:]P]60]C*

OcT*>L;/#A*!FX*>(;A*>F*EFX*P/#.'#/A*CFX*G"A*YFX*Y($/=A*GF*aJ"*,-)/+&"-*C"+$(+4*C2$'";$*5.#*678*M/$"-*.+*3"'/1`7#4/+(&
:#/;"<.#=$^*,%%1(&/'(.+$*/+-*:L'L#"*7%%.#'L+('("$F*a#,0*`*a#"+-$*,+/1F*0J";F*RVRVA*cRR*ORTA*ccQ\SVF*

ORT*01"/+*,(#*,&'A*C"&'(.+*UV\A*9C,A*RVVUA*J''%$^dd<<<F4.)(+5.F4.)d*&.+'"+'d%=4d9C07I]`RVcc`'('1"URdJ';1d9C07I]`
RVcc`'('1"UR`*&J/%[Q`$L?&J/%Nb`,`$"&\ZQc5FJ';F*

OST*GM*cSRRS`RVccA*0J(+/A*RVccA*J''%$^dd<<<F&J(+"$"$'/+-/#-F+"'d*!I:F/$%8dGMcSRRS`RVccF*

OUT*GM*c[SQRFZ`RVcZA*J''%$^dd<<<F&J(+"$"$'/+-/#-F+"'d!I:F/$%8d*GMc[SQRFZ`RVcZF*

OQT*f"+A*3FX*Y(A*GFX*Y(LA*EFX*0J"+A*tFX*,+A*aFX*K/;/$J('/A*EF*3"'/1`*7#4/+(&*:#/;"<.#=`M/$"-*6/+.;/'"#(/1$*5.#*
,-$.#%'(.+*/+-*!J.'.`*&/'/12'(&*I"4#/-/'(.+*.5*G/$".L$*!.11L'/+'$^*P"&"+'*!#.4#"$$*/+-*0J/11"+4"$F*]+)(#.+F*C&(F*
6/+.*RVcWA*Z*OUTA*cVVZ−cVRQF*

OZT*Y(A*KFX*q(/.A*,F`CFX*D.LA*MFX*DJ/+4A*EF`qFX*K/+A*>F`YFX*Y(+A*KF*,-)/+&"$*.5*3"'/1−7#4/+(&*:#/;"<.#=$*5.#*G/$*
C"+$(+4F*!.12J"-#.+*RVc[A*cQUA*[S−W\F*

O\T*>J/+A*3F*,F*EFX*P/.A*3F*bFX*Y(A*iF*P"&"+'*,-)/+&"$*(+*]1"&'#.&J";(&/1*C"+$.#$*5.#*I"'"&'(+4*a.8(&*G/$"$^*67RA*
C7R*/+-*ERCF*C"+$.#$*OC<('B"#1/+-T*RVcWA*cW*OUTA*WVQF*

O[T*f/1"$A*IF*tFX*G#/+-A*tFX*a(+4A*bF*!FX*ML#="A*PF*IFX*]-1"#A*>F*tFX*M.<"+A*0F*PFX*3(+'.)/A*CFX*ML##.<$A*,F*IF*G/$*C"+$(+4*
9$(+4*!.#.L$*3/'"#(/1$*5.#*,L'.;.'()"*,%%1(&/'(.+$F*0J";F*C.&F*P")F*RVcQA*UU*OcSTA*URWV−USRcF*

OWT*C&JL1BA*3FX*G"J1A*,FX*C&J1"+=#(&JA*tFX*C&JL1B"A*EF*,FX*D(;;"#;/++A*CFX*C&J//'"A*,F*,*0/1(8/#"+"`M/$"-*
3"'/1−7#4/+(&*:#/;"<.#=*5.#*E(4J12*C"1"&'()"*67R*I"'"&'(.+F*,+4"<F*0J";("*`*N+'F*]-F*RVc[A*Q\*OSWTA*cRWZc−cRWZQF*

OcVT*DJ.LA*qFX*CLA*DFX*0J"+A*EFX*q(/.A*qFX*i(+A*KFX*K/+4A*YFX*K/+A*DFX*CL+A*fF*0/%'L#"*.5*!L#"*a.8(&*G/$"$*'J#.L4J*
!.#.L$*3/'"#(/1$*5#.;*3.1"&L1/#*C(;L1/'(.+$F*3.1F*!J2$F*RVc[A*ccZ*OcQ−cZTA*RVWQ−RcV\F*

OccT*CL+A*fFX*Y(+A*YF`0FX*!"+4A*qFX*C;('A*MF*0.;%L'/'(.+/1*C&#""+(+4*.5*!.#.L$*3"'/1`7#4/+(&*:#/;"<.#=$*/+-*D".1('"$*
5.#*'J"*P";.)/1*.5*C7R*/+-*678*5#.;*:1L"*G/$"$F*,N0J]*tF*RVcUA*ZV*OZTA*RScU−RSRSF*

OcRT*D/5(#.)/A*DFX*CJ""J/+A*0FX*E.$$"(+(/+A*YF*9%-/'"*.+*6('#.L$*78(-"*/+-*N'$*9$"*(+*,+"$'J"$(/*!#/&'(&"F*M"$'*!#/&'F*
P"$F*01(+F*,+/"$'J"$(.1F*RVc[A*SR*ORTA*ccS−cRSF*

OcST*MLJ#"A*fFX*I($;/A*6FX*E"+-#(&=8A*tFX*I"E"#'A*CFX*E.11;/++A*3F*fFX*ELJ+A*PFX*t/=.?$$.+A*tFX*6/4"1"A*!FX*!"2'.+A*!FX*
bL'$=('$A*YF*]L#.%"/+*C.&("'2*.5*,+/"$'J"$(.1.42*a/$=*:.#&"*.+*6('#.L$*78(-"^*,*6/##/'()"*P")("<*.5*N'$*P.1"*(+*01(+(&/1*
!#/&'(&"F*M#F*tF*,+/"$'JF*RVcWA*cRR*OQTA*Q[\−ZVUF*

OcUT*G.%/1/=#($J+/A*,FX*M.1"A*PFX*Y(%<.#'JA*PFX*t(;?.A*3FX*E"1.A*CFX*>.J1"#A*aFX*D("4"1;/++A*3F*9$"*.5*6('#.L$*78(-"*(+*
755(&"`M/$"-*9#.1.4(&*!#.&"-L#"$^*,*P")("<F*9#.1.42*RVRVA*cUSA*SS−UcF*

OcQT*I"+($.)/A*>F*7FX*N12(+A*,F*,FX*PL;2/+'$")A*PF*6FX*N12(+A*,F*!FX*b.1=.)/A*,F*bF*6('#.L$*78(-"^*!#.-L&'(.+A*,%%1(&/'(.+A*
/+-*!#.'"&'(.+*.5*'J"*]+)(#.+;"+'F*PL$$F*tF*G"+F*0J";F*RVcWA*[W*OZTA*cSS[−cSUZF*

OcZT*Y"<A*bFX*3&>/2A*]FX*3/B"A*3F*!/$'A*!#"$"+'A*/+-*:L'L#"*.5*6('#.L$*78(-"F*M#F*3"-F*ML11F*RVc[A*cRQ*OcTA*cVS−ccWF*

Oc\T*Y(LA*KFX*Y(LA*YFX*f/+4A*KF*,*0#('(&/1*P")("<*.+*P";.)/1*.5*G/$".L$*!.11L'/+'$*9$(+4*CL15/'"*P/-(&/1`M/$"-*
,-)/+&"-*78(-/'(.+*a"&J+.1.4("$F*]+)(#.+F*C&(F*a"&J+.1F*RVRcA*QQ*OcUTA*WZWc−W\cVF*

Oc[T*K/+A*tFX*DJ.LA*:FX*DJ.LA*KFX*fLA*qFX*DJLA*iFX*Y(LA*EFX*YLA*EF*f"'*78(-/'(.+*/+-*,?$.#%'(.+*!#.&"-L#"*5.#*678*
P";.)/1F*]+)(#.+F*a"&J+.1F*N++.)F*RVc[A*cc*O8TA*Uc−U[F*



31 

OcWT*!/1;/A*bFX*0.#'"$"A*3FX*P"+-/A*CFX*PL.&&.A*0FX*3/#'(+.A*3FX*3"1.+(A*]F*,*P")("<*/?.L'*'J"*P"&"+'*,-)/+&"$*(+*
C"1"&'"-*6.+'J"#;/1*!1/$;/*,$$($'"-*C.1(-−G/$*!J/$"*0J";(&/1*!#.&"$$"$F*6/+.;/'"#(/1$*RVRVA*cV*O[TA*cQWZF*

ORVT*DJ/+4A*KFX*0/.A*GFX*K/+4A*qF*,-)/+&"$*(+*I"`678*3"'J.-$*/+-*0/'/12$'$*5.#*I(#"&'*0/'/12'(&*I"&.;%.$('(.+*.5*67^*
,*P")("<F*]+"#42*:L"1$*RVRcA*SQ*O[TA*ZUUS−ZUZUF*

ORcT*DJ/+4A*0FX*DJ/.A*tFX*CL+A*0FX*Y(A*CFX*DJ/+4A*IFX*GL.A*aFX*Y(A*fF*a<.`C'/4"*0J";(&/1*,?$.#%'(.+−M(.1.4(&/1*
P"-L&'(.+*C2$'";*5.#*67*P";.)/1^*C2$'";*C'/#'`L%*/+-*7%'(;/1*7%"#/'(.+*3.-"F*]+"#42*:L"1$*RVc[A*SR*O\TA*
\\Vc−\\V\F*

ORRT*DJ/+4A*IFX*P"+A*YFX*K/.A*DFX*f/+A*qFX*YLA*!FX*DJ/+4A*qF*P";.)/1*.5*6('#.4"+*78(-"*M/$"-*.+*,+/;;.8*'J#.L4J*
:"ONNT]Ia,*,?$.#%'(.+F*]+"#42*:L"1$*RVc\A*Sc*O\TA*\RU\−\RQQF*

ORST*0J".+A*CFX*>(;A*CF*EFX*K..+A*EF*0FX*E/+A*tF`NF*P"$($'()"*78(-/'(.+*>(+"'(&$*.5*N#.+ONNT*aJ(.&J"1/'"*9$"-*/$*/*6('#(&*
78(-"*,?$.#?"+'*(+*:1L"*G/$F*]+"#42*:L"1$*RVRVA*SU*O[TA*WWUV−WWU\F*

ORUT*CL+A*KFX*f"(A*GFX*a/+'/(A*qFX*EL/+4A*DFX*K/+4A*EFX*DJ/+4A*YF*E(4J12*]55(&("+'*6('#(&*78(-"*,?$.#%'(.+*?2*
]+)(#.+;"+'/112*:#("+-12*I""%*]L'"&'(&*C.1)"+'$*M/$"-*.+*cAS`I(;"'J21'J(.L#"/F*]+"#42*:L"1$*RVc\A*Sc*OccTA*
cRUSW−cRUUQF*

ORQT*G#/+4"#A*!F*0J/11"+4"$*/+-*M#"/='J#.L4J$*(+*!.$'`0.;?L$'(.+*0/'/12$($^*E.<*'.*3/'&J*:L'L#"*C'#(+4"+'*
P"4L1/'(.+$F*0/'/1F*C&(F*a"&J+.1F*RVc\A*\*ORRTA*QcWQ−QRccF*

ORZT*,#5/.L(A*tFX*GJ.#?"1A*,FX*!"'(''.A*0FX*I"1/J/2A*GF*6.)"1*bR7Q`*0"7R`a(7R`C7UR`*6/+.$'#L&'L#"-*,"#.4"1*0/'/12$'*
5.#*'J"*Y.<*a";%"#/'L#"*C"1"&'()"*0/'/12'(&*P"-L&'(.+*.5*67*?2*6ES*(+*]8&"$$*7RF*,%%1F*0/'/1F*M*]+)(#.+F*RVc[A*RRUA*
RZU−R\QF*

OR\T*I/;;/A*IFX*]''(#"--2A*!F*PFX*P"--2A*MF*3FX*C;(#+(.'($A*!F*GF*,*P")("<*.5*Y.<*a";%"#/'L#"*6ES*`C0P*5.#*P";.)/1*
.5*678F*0/'/12$'$*RVcWA*WA*SUWF*

OR[T*DJ.LA*tFX*GL.A*PFX*DJ/+4A*qFX*Y(LA*KFX*IL/+A*0FX*fLA*GFX*!/+A*fF*0"#(L;*78(-"`M/$"-*0/'/12$'$*5.#*Y.<`
a";%"#/'L#"*C"1"&'()"*0/'/12'(&*P"-L&'(.+*.5*678*<('J*6ES^*,*P")("<F*]+"#42*:L"1$*RVRcA*SQ*OUTA*RW[c−RWW[F*

ORWT*Y(LA*KFX*DJ/+4A*tFX*!/+A*tFX*a/+4A*,F*N+)"$'(4/'(.+*.+*'J"*P";.)/1*.5*67*5#.;*C7R`0.+'/(+(+4*C(;L1/'"-*:1L"*G/$*
?2*/+*91'#/)(.1"'d*:"+'.+`Y(="*P"/&'(.+F*]+"#42*:L"1$*RVcRA*RZ*OWTA*QUSV−QUSZF*

OSVT*Y(LA*KFX*f/+4A*KFX*K(+A*KFX*!/+A*tFX*DJ/+4A*tF*78(-/'(.+*P";.)/1*.5*6('#(&*78(-"*5#.;*:1L"*G/$*9$(+4*/+*91'#/)(.1"'*
Y(4J'*/+-*E"/'*0./&'()/'"-*78.+"*C2$'";F*]+"#42*:L"1$*RVc[A*SR*ORTA*cWWW−RVV[F*

OScT*Y(LA*KFX*CJ(A*CFX*f/+4A*KF*P";.)/1*.5*!.11L'/+'$*5#.;*G/$*C'#"/;$*9$(+4*:"+'.+*O`1(="T`M/$"-*78(-/'(.+*C2$'";$^*,
P")("<F*tF*E/B/#-F*3/'"#F*RVRcA*UcZA*cRQWR\F*

OSRT*f/+4A*KFX*f/+4A*DFX*Y(LA*KF*P")("<*.+*P";.)/1*.5*C7RA*678A*3"#&L#2A*/+-*,#$"+(&*5#.;*:1L"*G/$*9$(+4*G#""+*
78(-/'(.+*,?$.#%'(.+*a"&J+.1.42F*]+"#42*:L"1$*RVRcA*SQ*OcRTA*W\\Q−W\WUF*

OSST*,=J'/#A*:FX*,+-"#$$.+A*YFX*74L+<L;(A*CFX*E"-(+A*6FX*M"#4$'#y;A*YF*C'#L&'L#(+4*,-$.#?"+'$*/+-*0/'/12$'$*?2*
!#.&"$$(+4*.5*!.#.L$*!.<-"#$F*tF*]L#F*0"#/;F*C.&F*RVcUA*SU*O\TA*cZUS−cZZZF*

OSUT*DJ.LA*EF`0FX*>('/4/</A*CF*3"'/1−7#4/+(&*:#/;"<.#=$*O37:$TF*0J";F*C.&F*P")F*RVcUA*US*OcZTA*QUcQ−QUc[F*

OSQT*,-(1A*>FX*M"1;/?=J.L'A*KFX*!(11/(A*PF*CFX*0/-(/LA*,FX*MJ/''A*!F*3FX*,$$"+A*,F*EFX*3/L#(+A*GFX*]--/.L-(A*3F*G/$db/%.L#*
C"%/#/'(.+*9$(+4*91'#/`3(&#.%.#.L$*3"'/1`7#4/+(&*:#/;"<.#=$^*N+$(4J'$*(+'.*'J"*C'#L&'L#"dC"%/#/'(.+*P"1/'(.+$J(%F*
0J";F*C.&F*P")F*RVc\A*UZ*OccTA*SUVR−SUSVF*

OSZT*:L#L=/</A*EFX*0.#-.)/A*>F*]FX*7z>""55"A*3FX*K/4J(A*7F*3F*aJ"*0J";($'#2*/+-*,%%1(&/'(.+$*.5*3"'/1`7#4/+(&*
:#/;"<.#=$F*C&("+&"*O[V`FTF*RVcSA*SUcA*ZcUW*I7N^*cVFccRZd$&("+&"FcRSVUUUF*



32 

OS\T*DJ/+4A*aFX*Y(+A*fF*3"'/1`7#4/+(&*:#/;"<.#=$*5.#*,#'(5(&(/1*!J.'.$2+'J"$($*/+-*!J.'.&/'/12$($F*0J";F*C.&F*P")F*
RVcUA*US*OcZTA*QW[R−QWWSF*

OS[T*,+'2%.)A*IFX*CJ=L#"+=.A*,FX*MJ/''A*!F*3FX*M"1;/?=J.L'A*KFX*,-(1A*>FX*0/-(/LA*,FX*CL2"'(+A*3FX*]--/.L-(A*3FX*
P.$$"(+$=2A*3F*tFX*I2"#A*3F*CF*I(55"#"+'(/1*GL"$'*Y.&/'(.+*?2*E.$'*I2+/;(&$*]+J/+&"$*!#.%21"+"d*!#.%/+"*C"%/#/'(.+*
(+*/*3"'/1`7#4/+(&*:#/;"<.#=F*6/'F*0.;;L+F*RVRVA*cc*OcTA*c−[F*

OSWT*qLA*KFX*Y(A*iFX*qL"A*EFX*!/+4A*EF*3"'/1`7#4/+(&*:#/;"<.#=$*5.#*I(#"&'*]1"&'#.&J";(&/1*,%%1(&/'(.+$F*0..#-F*0J";F*
P")F*RVc[A*S\ZA*RWR−Sc[F*

OUVT*3/$.+A*tF*,FX*7='/<("&A*tFX*a/21.#A*3F*>FX*EL-$.+A*3F*PFX*P.-#(4L"BA*tFX*M/&J;/+A*tF*]FX*G.+B/1"BA*3F*NFX*0"#)"11(+.A*
,FX*GL/41(/#-(A*,FX*M#.<+A*0F*3FX*"'*/1F*3"'J/+"*C'.#/4"*(+*:1"8(?1"*3"'/1`7#4/+(&*:#/;"<.#=$*<('J*N+'#(+$(&*aJ"#;/1*
3/+/4";"+'F*6/'L#"*RVcQA*QR\*O\Q\[TA*SQ\−SZcF*

OUcT*0J"+A*DFX*aJ(/;A*DFX*CJ=L#"+=.A*,FX*f"$"1(+$=(A*YF*tFX*,-(1A*>FX*t(/+4A*EFX*,1"B(A*IFX*,$$"+A*,F*EFX*7’>""55"A*3FX*
]--/.L-(A*3F*]+#(&J(+4*'J"*P"'(&L1/#*0J";($'#2*P"%"#'.(#"*<('J*3(+(;/1*]-4"`a#/+$('()"*P"1/'"-*6"'$^*,&&"$$*'.*E(4J12*
0..#-(+/'"-*3"'/1`7#4/+(&*:#/;"`*<.#=$*M/$"-*.+*I.L?1"*C(8`3";?"#"-*P(+4$*/$*6"'`0.-"-*ML(1-(+4*9+('$F*tF*,;F*
0J";F*C.&F*RVcWA*cUc*OQcTA*RVU[V−RVU[WF*

OURT*ELA*DFX*I"(?"#'A*MF*tFX*Y(A*tF*YL;(+"$&"+'*3"'/1`7#4/+(&*:#/;"<.#=$*5.#*0J";(&/1*C"+$(+4*/+-*]8%1.$()"*I"'"&'(.+F*
0J";F*C.&F*P")F*RVcUA*US*OcZTA*Q[cQ−Q[UVF*

OUST*3.L;"+A*]FX*,$$"+A*,F*EFX*,-(1A*>FX*M"1;/?=J.L'A*KF*b"#$/'(1('2*)$*C'/?(1('2F*,#"*'J"*,$$"'$*.5*3"'/1−7#4/+(&*
:#/;"<.#=$*I"%1.2/?1"*(+*,gL".L$*,&(-(&*/+-*M/$(&*3"-(/{*0..#-F*0J";F*P")F*RVRcA*UUSA*RcUVRVF*

OUUT*DJ/+4A*3FX*f/+4A*fFX*0J"+A*KF*aJ".#"'(&/1*N+)"$'(4/'(.+*.5*C"1"&'()"*0/'/12'(&*P"-L&'(.+*.5*67*.+*3NY`cVV`:"F*
!J2$F*0J";F*0J";F*!J2$F*RVc[A*RV*OUTA*RRcc−RRcWF*

OUQT*3(1".A*!F*GF*3FX*,-(1A*>FX*I/)($A*YFX*0/-(/LA*,FX*M"1;/?=J.L'A*KFX*,44/#</1A*EFX*3/L#(+A*GFX*]--/.L-(A*3FX*I")/L'.L#`
b(+.'A*CF*,&J(")(+4*CL%"#%#.'.+(&*0.+-L&'(.+*<('J*/*RI*:1L.#(+/'"-*3"'/1`*7#4/+(&*:#/;"<.#=F*tF*,;F*0J";F*C.&F*
RVc[A*cUV*OUcTA*cScQZ−cScZVF*

OUZT*3.+-1.&JA*tF*]FX*>/'BA*3F*tFX*N$1"2A*fF*0FX*GJ.$JA*!FX*Y(/.A*!FX*ML#2A*fFX*f/4+"#A*GF*fFX*E/11A*3F*GFX*I"&.$'"A*tF*MFX*
!"'"#$.+A*GF*fFX*"'*/1F*I"$'#L&'(.+*.5*0J";(&/1*f/#5/#"*,4"+'$*9$(+4*3"'/1`7#4/+(&*:#/;"<.#=$F*6/'F*3/'"#F*RVcQA*cU*
OQTA*QcR−QcZF*

OU\T*M"1;/?=J.L'A*KFX*DJ/+4A*DFX*,-(1A*>FX*MJ/''A*!F*3FX*0/-(/LA*,FX*C.1.)2")/A*bFX*q(+4A*EFX*]--/.L-(A*3F*E2-#.&/#?.+*
P"&.)"#2*9$(+4*91'#/`3(&#.%.#.L$*:1L.#(+/'"-*37:*!1/'5.#;*<('J*/+-*<('J.L'*9+&..#-(+/'"-*3"'/1*C('"$^*N`*C'#L&'L#"*
!#.%"#'("$*P"1/'(.+$J(%$*5.#*0RERd0REU*/+-*07Rd0RER*C"%/#/'(.+F*0J";F*]+4F*tF*RVcWA*SQWA*SR−SZF*

OU[T*K/+4A*IFX*G/'"$A*MF*0F*0/'/12$($*?2*3"'/1*7#4/+(&*:#/;"<.#=$^*!"#$%"&'()"*/+-*CL44"$'(.+$*5.#*:L'L#"*P"$"/#&JF*
,0C*0/'/1F*RVcWA*W*OSTA*c\\W−c\W[F*

OUWTqL"AIFqFX0/-(/LA,FXf"$"1(+$ ́=(A|FtFXt(/+4AEFXMJ/''A!F3FX*CJ=L#"+=.A*,FX*f.e'/$A*YFX*DJ(e("A*0FX*M"1;/?=J.L'A*KFX*,-(1A*
>FX*"'*/1F*a.%.1.42*3""'$*37:*0J";($'#2*5.#*!.#"`,%"#'L#"*:(+"*aL+(+4^*:'<*`37:*!1/'5.#;*5.#*]+"#42`]55(&("+'*
C"%/#/'(.+$^*b(/*,-$.#%'(.+*>(+"'(&$*.#*3.1"&L1/#*C(")(+4F*0J";F*0.;;L+F*RVc[A*QU*OUWTA*ZUVU− ZUV\F*
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Table 1. Catalytic Performance of Various MOF Catalysts Analysed in Selective Catalytic 
Reduction Using NH3

   

Best performing catalyst  Reaction conditions  Catalytic performance Ref

MIL-100(Fe) NO]=500ppm,[NH3]=500ppm,O2 =4vol%,totalflowrate=315 mL min−1, GHSV = 30,000 h−1 102

MIL-100(Fe-Mn) [NO]=500ppm,[NH3]=500ppm,O2 =5vol%,totalflowrate=100 mL min−1, GHSV = 15,000 h−1 103

0.08IM-CeO2/MIL-100(Fe) [NO]=500ppm,[NH3]=500ppm,O2 =4vol%,totalflowrate=315 mL min−1, GHSV = 30,000 h−1 104

20 wt %-MnOx@MIL-125(Ti) [NO]=500ppm,[NH3]=500ppm,O2 =3vol%,totalflowrate=no information, GHSV = 30,000 h−1 105

Co-MOF-74 [NO] = 1000 ppm, [NH3] = 1000 ppm, O2 = 2 vol %, total flow rate = 100 mL min−1, GHSV = 50,000 h−1 107
(dried in N2 at 300 °C)

Co-MOF-74 [NO] = 1000 ppm, [NH3] = 1000 ppm, O2 = 2 vol %, total flow rate = 100 mL min−1, GHSV = 50,000 h−1 108
(synthesized in isopropanol)

Mn0.66Co0.34-MOF-74 [NO]=500ppm,[NH3]=500ppm,O2 =5vol%,totalflowrate=100 mL min−1, GHSV = 50,000 h−1 109

Mn-MOF-74 [NO] = [NH3] = 500 ppm, [O2] = 5 vol %, total flow rate = 100 mL min−1, GHSV = 50,000 h−1 110

MOF-74-Mn [NO] = [NH3] = 500 ppm, [O2] = 5 vol %, total flow rate = 100 mL min−1, WHSV = 60,000 mL h−1 g−1 111

HKUST-1 (pretreated at 230 °C) [NO] = [NH3] = 500 ppm, [O2] = 5 vol %, total flow rate = 100 mL min−1, GHSV = 30,000 h−1 Max NO conversion of 100% from 220  to 280°C 112

25%-AA-Cu-BTC [NO]=[NH3]=1000ppm,[O2]=2vol%,totalflowrate=100mL min−1, GHSV = 50,000 h−1 113

Mn@Cu-BTC-0.05 [NO]=[NH3]=500ppm,[O2]=5vol%,totalflowrate=no information, GHSV = 30,000 h−1 114

HKUST-1-Mn [NO]=[NH3]=1000ppm,[O2]=8vol%,totalflowrate=100mL min−1, WHSV = 80,000 mL h−1 g−1 115

 HKUST-1-Mn3.75 [NO]=[NH3]=1000ppm,[O2]=8vol%,totalflowrate=100mL min−1, WHSV = 96,000 mL h−1 g−1 116

HKUST-1-T [NO] = [NH3] = 0.1%, [O2] = 5 vol %, total flow rate = 1250 mL min−1, WHSV = 50,000 mL h−1 g−1 117

MnCe@MOF (Mn-Ce-UiO-67) [NO] = [NH3] = 500 ppm, [O2] = 5 vol %, total flow rate = 450 mL min−1, GHSV = 45,000 h−1 118

 Mn-UiO-66 [NO]=500ppm,[NH3]=500ppm,O2 =5vol%,totalflowrate=100 mL min−1, GHSV = 50,000 h−1 80

Ni-MOF (pretreated at 220 °C) [NO]=500ppm,[NH3]=500ppm,O2 =5vol%,totalflowrate=100 mL min−1, GHSV = 15,000 h−1 120

Ce-UiO-66 [NO]=500ppm,[NH3]=500ppm,O2 =10vol%,totalflowrate=30 mL min−1, GHSV = 9000 h−1 122

NH3 as reducing agent

NOx conversion above 97% from  245 to 300 °C

Max NOx conversion of 96% at 260 °C

NOx conversion above 90% from 196 to 300 °C

NOx conversion above 90% from 175 to 425 °C

Max NO conversion of 68% at 220 °C

Max NO conversion of 97.8% at 230 °C

Max NO conversion of 99.3% at 200 °C

NO conversion of ca. 100% from 220 to 240 °C 

Max NO conversion of 95% at 250 °

Max NO conversion of 95.5% at 280 °C

Max NO conversion of 100% from 220 to 260 °C

Max NO conversion of 80% and NH3 conversion of 100% at 185 °C

NO conversion of 68% and NH3 conversion of 65% at 185 °C

NO conversion of 93% at 240 °C

NO conversion of 98% from 200 to 300 °C

NO conversion 90% from 100 and 290 °C

NO conversion of 92% from 275 to 440 °C

Max NO conversion of ca. 78% at 230 °C
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Table 2.*0/'/12'(&*!"#5.#;/+&"*.5*b/#(.L$*37:*0/'/12$'$*,+/12$"-*(+*C"1"&'()"*0/'/12'(&*P"-L&'(.+*9$(+4*
07*

CO as reducing agent

Best performing catalyst  Reaction conditions  Catalytic performance Ref

MOF-74-Co1Mn2 125

Ag0.5-Cu-BTC NO conversion of 100% from 238 to 280 °C 126

Ce-Cu-BTC 127

Al-ZIF-67@CuOx 128

Ni0.65Mn0.35-MOF-74 Max. NO conversion of ca. 100% from 175 to 300 °C 129

[NO] = 500 ppm, [CO] = 1000 ppm, total flow rate = 200 mL min−1, GHSV = 30,000 h−1 NO conversion 100% from 175 to 275 °C

[NO] = 1000 ppm, [CO] = 1000 ppm, [O2] = 5 vol %, total flow rate = no information, GHSV = no information NO conversion of 91% at 250 °C

[NO] = 300 ppm, [CO] = 900 ppm, total flow rate = no information, GHSV = no information NO conversion of 99% at 200 °C

[NO] = 500 ppm, [CO] = 1000 ppm, O2 = 10 vol %, total flow rate = no information, GHSV = 30,000 h−1
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Figure Caption
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