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/+-d.#*&J";(&/1*$'/?(1('2A*?L'*#"&"+'12*$.;"*"+&.L#/4(+4*$'L-("$*J/)"*-";.+$'#/'"-*$L%"#(.#*$'/?(1('2*
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%.'"+'(/1*$.1(-*/-$.#?"+'$*$L&J*/$*B".1('"$A*/&'()/'"-*&/#?.+$A*/+-*37:$*5.#*&/%'L#(+4*C78d678*5#.;*51L"*
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$J.<"-*/*;/8(;L;*L%'/="*.5*ZFc*;;.1*67*%"#*4#/;*.5*37:*/'*SVS*>*/+-*UR*;?/#*"gL(1(?#(L;*%#"$$L#"F*



8 
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-"$&#(?"-*%#")(.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"*/-$.#?"-*/;.L+'*($*



10 

/#.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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$(4+(5(&/+'*&J/+4"*(+*%.#.$('2*(+*/*JL;(-*&.+-('(.+F*aJ"*"+J/+&"-*#"/&'()"*/-$.#%'(.+*.5*67R*?2*'J"*$;/11"#*

%.#"$*<('J(+*9(7`ZZ*5/&(1('/'(+4*D#n7*?.+-*&1"/)/4"*L+-"#*/*-#2*&.+-('(.+*/+-*'J"*$;/11*/;.L+'*.5*67R*
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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

Figure 1F*0#2$'/1*$'#L&'L#"*#"%#"$"+'/'(.+*.5*E>9Ca`c*O,TF*,-$.#%'(.+*O5(11"-*$2;?.1$T*
/+-*-"$.#%'(.+*O.%"+*$2;?.1$T*($.'J"#;$*/'*cWZ*>*O$gL/#"$T*/+-*RW[*>*O&(#&1"$T*5.#*+('#(&*
.8(-"*.+*E>9Ca`c*OMTF*N+'"#/&'(.+*<('J*67*;.+('.#"-*?2*NP*$%"&'#.$&.%2*O0TF*P"-*&L#)"^*
E>9Ca`c*.L'4/$$"-*/'*c[V*m0F*M1L"*&L#)"^*"55"&'*.5*SV*a.##*.5*67F*M1/&=*&L#)"$^*"55"&'*.5*
(+&#"/$(+4*%L;%(+4A*#"$(-L/1*%#"$$L#"*cV−S*a.##F*ON+$"'T*M/&=4#.L+-`$L?'#/&'"-*$%"&'#/*(+
'J"*#"4(.+*.5*67*$'#"'&J(+4*O$/;"*&.1.#*&.-"TF*N+*'J"*L%%"#*%/#'*.5*'J"*(+$"'*O?1L"*-/$J"-*
&L#)"TA*'J"*$%"&'#L;*.5*67*/-$.#?"-*/'*#..;*'";%"#/'L#"*.+*/*0L`DC3`Q*B".1('"*($*
#"%.#'"-*5.#*&.;%/#($.+F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*ZWF*0.%2#(4J'*RVV\A*
,;"#(&/+*0J";(&/1*C.&("'2F*

Figure 2.*0#2$'/1*$'#L&'L#"*.5*67`1./-"-*0.`37:*5#.;*P("')"1-*#"5(+";"+'*.5*q`#/2*
-(55#/&'(.+*-/'/F*O,T*M(+-(+4*.5*67*'.*'J"*09C$*(+*0.`37:F*aJ"*+('#.4"+*/+-*.824"+*
/'.;$*.5*67*<"#"*1.&/'"-*5#.;*-(55"#"+&"*:.L#("#*;/%$F*OMT*]+1/#4"-*)("<*.5*67*?.L+-*
'.*'J"*&.?/1'*/'.;$*(+*67`1./-"-*0.`37:*$J.<(+4*'J"*?"+'*;.-"*.5*67*?(+-(+4F*O0T*
,-$.#%'(.+d-"$.#%'(.+*($.'J"#;$*/'*RQ*m0*5.#*67*.+*0.`37:*/+-*6(`37:F*aJ"*J2$'"#"$($*
(+*'J"*($.'J"#;$*($*'2%(&/1*.5*;/'"#(/1$*(+*<J(&J*'J"*67*?(+-$*#"1/'()"12*$'#.+412*'.*'J"*
;"'/1$F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*\RF*0.%2#(4J'*RVV[A*,;"#(&/+*0J";(&/1*
C.&("'2F*

Figure 3. 0#2$'/1*$'#L&'L#"*.5*0L`CN!`SFSER7*O1"5'TF*7+12*67*ORW[*>T*($*/-$.#?"-*?"1.<*
/;?("+'*%#"$$L#"*/+-*'J"+*.+12*$(4+(5(&/+'12*/?.)"*'J"*4/'"`*.%"+(+4*%#"$$L#"*.5*rR\Q*
;?/#F*aJ"*-"$.#%'(.+*($.'J"#;*5.#*67*$J.<$*'J"*1/#4"*J2$'"#"$($*'J/'*(+-(&/'"$*$'#.+4*
&..#-(+/'(.+*.5*67*<('J*;"'/1$*(+*'J"*5#/;"<.#=F*6.*/-$.#%'(.+*($*$""+*5.#*07R*OR\S*>TA*
07*ORW[*>TA*ER*O\\*>TA*/+-*6R*O\\*>T*L%*'.*cV*?/#*O#(4J'TF*P"%#.-L&"-*<('J*%"#;($$(.+*
5#.;*#"5*\SF*0.%2#(4J'*RVVWA*C%#(+4"#*6/'L#"F

Figure 4.*0#2$'/1*$'#L&'L#"*.5*M(.3NY`S*O1"5'TF*67*($.'J"#;$*.5*M(.3NY`S*/'*RW[*>*O#(4J'TF*
P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*\UF*0.%2#(4J'*RVcSA*aJ"*P.2/1*C.&("'2*.5*0J";($'#2F

Figure 5. Oa.%T*b("<*.5*'J"*'#(;"#$*5#.;*3NY`[[$*O1"5'T*/+-*'J"*&.+$'('L'()"*1(+="#$*
O;(--1"TF*OM.''.;T*b("<*.5*'J"*$'#L&'L#"*.5*3NY`[[MA*/1.+4*'J"*&`/8($A*(+*('$*-#("-*5.#;*O1"5'TA
/+-*3NY`[[M*(+*('$*.%"+*5.#;*O;(--1"TF*67*/-$.#%'(.+n-"$.#%'(.+*($.'J"#;$*/'*SVS*>*.5*
$"1"&'"-*3NY`[[*$/;%1"$*O#(4J'TF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*\ZF*0.%2#(4J'*RVcSA
,;"#(&/+*0J";(&/1*C.&("'2F

Figure 6.*P"%#"$"+'/'(.+*.5*'J"*/$$";?12*.5*'J"*#(4(-A*%.#.L$A*'J#""`%"#(.-(&*3NY`cVVO:"T
/+-*3NY`cR\O:"TF*67*/-$.#%'(.+d-"$.#%'(.+*($.'J"#;$*/'*RW[*>*.5*3NY`cVVO0#T*O'.%A*#(4J'T*
/+-*3NY`cVVO:"T*O?.''.;A*#(4J'TA*/&'()/'"-*/'*rURS*>*O/-$.#%'(.+A*.%"+*$2;?.1$X*
-"$.#%'(.+A*&1.$"-*$2;?.1$TF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*\WF*0.%2#(4J'*RVcUA*
,N!*!L?1($J(+4F



42 

Figure 7. Oa.%T*0#2$'/1*$'#L&'L#"*.5*9(7`ZZ`6ER*O1"5'TA*&#2$'/1*$'#L&'L#"*.5*aN:CNq`R`0L`(*
O;(--1"TA*/+-*/*4".;"'#(&/112*.%'(;(B"-*;.-"1*5.#*/*'"+'/'()"*#"%"/'*L+('*(+*'J"*(;(-/B.1"`
!7!*O#(4J'TF*OM.''.;T*67*$.#%'(.+*($.'J"#;$*5.#*'J"*&.;%.L+-$*$'L-("-*J"#"(+*O,T*/+-*'J"
)/#(/?1"*'";%"#/'L#"*$.#%'(.+*($.'J"#;$*5.#*aN:CNq`R`0L`N*OMTF*P"%#.-L&"-*<('J*
%"#;($$(.+*5#.;*#"5*[SF*0.%2#(4J'*RVc\A*,;"#(&/+*0J";(&/1*C.&("'2F

Figure 8. P")"#$(?1"*6767/'"*5.#;/'(.+*.+*/*$"&.+-/#2*/;(+"F*P"%#.-L&"-*<('J*
%"#;($$(.+*5#.;*#"5*[WF*0.%2#(4J'*RVcSA*]1$")("#*MFbF

Figure 9.*O,T*C%/&"`5(11(+4*-(/4#/;*.5*'J"*E>9Ca`c*5#/;"<.#=*$J.<(+4*'J"*1/#4"#*%.#"*
<(+-.<$F*OMT*0L?.&'/J"-#.+*%.#"A*/*$%J"#"*.5*cQ*p*(+$"#'"-*'.*";%J/$(B"*'J"*%.#"*
$%/&"F*O0T*,%%#.8(;/'"*-(;"+$(.+$*.5*U`;/%F*OIT*!qPI*?"5.#"*/+-*/5'"#*"/&J*
5L+&'(.+/1(B/'(.+*OR�*#/+4"*k*QnRQTF*O]T*C&J";"*$L;;/#(B(+4*'J"*/-$.#%'(.+*%#.'.&.1F*
P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*[\F*0.%2#(4J'*RVVW*,;"#(&/+*0J";(&/1*C.&("'2F

Figure 10.*C2+'J"$($*.5*NP37:`S`6767*O1"5'T*/+-*9303`c`*6767*O#(4J'TF*P"%#.-L&"-
<('J*%"#;($$(.+*5#.;*#"5*[[F*0.%2#(4J'*RVcVA*aJ"*P.2/1*C.&("'2*.5*0J";($'#2F

Figure 11.*O,T*0L`aI!,a*5#/;"<.#=*&/1&L1/'"-*L$(+4*'J"*&#2$'/11.4#/%J(&*-/'/F*OMT*
EZaI!,a*6767/'"*5.#;/'(.+F*O0A*IT*P"1"/$"*%#.5(1"*.5*67*5#.;*0L`aI!,a*/'*[Qu*PE*
)$*S\*m0*$J.<+*(+*O1"5'T*J.L#$*/+-*O#(4J'T*-/2$F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*[WF*
0.%2#(4J'*RVcSA*]1$")("#*MFbF

Figure 12. C2+'J"$($*.5*9(7`ZZA*9(7`ZZ`)/&LL;A*/+-*9(7`ZZ`.8/1/'"*O'.%TF*,aP`:aNP*
$%"&'#/*.5*9(7`ZZ`.8*"8%.$"-*'.*C7R*/+-*67R*5#.;*RVVV*'.*ZVV*&;ncA*&.;%/#"-*'.*'J"*
9(7`ZZ`.8*$%"&'#L;*O?.''.;TF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*WUF*0.%2#(4J'*RVcQA*
aJ"*P.2/1*C.&("'2*.5*0J";($'#2F

Figure 13.*O,T*C'#L&'L#"*.5*9(7`ZZ*/+/1.4L"$A*OMT*+('#/'(.+*.5*'J"*?"+B"+"*#(+4A*O0T*
-(/B.+(L;*(.+*5.#;/'(.+A*/+-*OIT*IPN:aC*$%"&'#/*5.#*9(7`ZZ`*6ER*"8%.$"-*'.*67R*/$*/*
5L+&'(.+*.5*'(;"F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*WZF*0.%2#(4J'*RVcZA*t.J+*f(1"2*/+-*
C.+$F

Figure 14F*O,A*MT*b("<$*.5*'J"*$'#L&'L#/1*;.-"1*5.#*3:3`SVVO,1ToO67RTRoO6R7TR*
-"'"#;(+"-*?2*J(4J*#"$.1L'(.+*$2+&J#.'#.+*q`#/2*%.<-"#*-(55#/&'(.+*-/'/*/'*RW[*>F*O0T*
,-$.#%'(.+*($.'J"#;$*.5*67R*(+*3:3`SVVO,1T*/'*RW[*>F*OIT*b/#(/'(.+*.5*'J"*'J"#;.-2+/;(&
%/#/;"'"#$*.5*($.$'"#(&*J"/'*.5*/-$.#%'(.+*Oi$'T*/+-*"+'#.%2*O�CT*5.#*67R*L%'/="$*(+*
3:3`SVVO,1TF*7)"#/11A*�C*-"&#"/$"$*$1.<12*<('J*(+&#"/$(+4*$L#5/&"*&.)"#/4"F*
P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*W[F*0.%2#(4J'*RVc[A*C%#(+4"#*6/'L#"F

Figure 15.*O,T*C'/?(1('2*'"$'$*.5*C0P*#"/&'(.+*/'*RQV*m0*.)"#*3NY`cVVO:"TF*P"/&'(.+*
&.+-('(.+$^*QVV*%%;*.5*67A*QVV*%%;*.5*6ESA*QVV*%%;*.5*C7R*O<J"+*L$"-TA*Qu*ER7*
O<J"+*L$"-TA*Uu*7R*/+-*6R*?/1/+&"A*GECb*k*SVAVVV*Jnc*/+-*OMT*678*&.+)"#$(.+$*.)"#*



43 

3NY`cVVO:"T*/+-*bR7Qnf7Sda(7RF*P"/&'(.+*&.+-('(.+$^*QVV*%%;*.5*67A*QVV*%%;*.5*
6ESA*Uu*7R*/+-*6R*?/1/+&"A*GECb*k*SVAVVV*JncF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*
cVRF*0.%2#(4J'*RVcUA*aJ"*P.2/1*C.&("'2*.5*0J";($'#2F

Figure 16. O,T*67*&.+)"#$(.+*'.*67R*.)"#*VFV[*N3`0"7Rd3NY`cVVO:"TA*CG`0"7Rd3NY`
cVVO:"TA*/+-*3NY`cVVO:"T*&/'/12$'$F*P"/&'(.+*&.+-('(.+$^*�67�*k*QVV*%%;A*�7R�*k*Uu*/+-*
6R*?/1/+&"A*GECb*k*SVAVVV*Jnc*/+-*OMT*6ES*.8(-/'(.+*.)"#*VFV[*N3`0"7Rd3NY`cVVO:"TA*
CG`0"7Rd3NY`*cVVO:"TA*/+-*3NY`cVVO:"T*&/'/12$'$F*P"/&'(.+*&.+-('(.+$^*�6ES�*k*QVV*
%%;A*�7R�*k*Uu*/+-*6R*?/1/+&"A*GECb*k*SVAVVV*JncF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*
#"5*cVUF*0.%2#(4J'*RVcZA*]1$")("#*MFbF

Figure 17.*O,T*678*&.+)"#$(.+*/$*/*5L+&'(.+*.5*'";%"#/'L#"*(+*'J"*6ES`C0P*#"/&'(.+*
.)"#*3+78_3NY`cRQOa(T*/+-*3+78da(7RF*P"/&'(.+*&.+-('(.+$^*�6ES�*k*QVV*%%;A*�67�*k*
QVV*%%;A*�7R�*k*Su*/+-*6R*?/1/+&"A*GECb*k*SVAVVV*JncF*OMT*C7R*'.1"#/+&"*/+-*Q*).1*u*
ER7*#"$($'/+&"*.)"#*3+78_3NY`cRQOa(T*/'*RVV*m0F*P"/&'(.+*&.+-('(.+$^*�6ES�*k*QVV*
%%;A*�67�*k*QVV*%%;A*�C7R�*k*cVV*%%;*O<J"+*L$"-TA*�ER7�*k*Qu*O<J"+*L$"-TA*�7R�*k*Su
/+-*6R*?/1/+&"A*GECbk*SVAVVV*JncF*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cVQF*0.%2#(4J'
RVcWA*]1$")("#*MFbF

Figure 18.*O,T*C'/?(1('2*'"$'*.5*C0P*#"/&'(.+*/'*O/T*RRV*m0*.)"#*3+`37:`\U*/+-*OMT*RVV*
m0*.)"#*0.`37:`\UF*P"/&'(.+*&.+-('(.+$^*cVVV*%%;*.5*67A*cVVV*%%;*.5*6ESA*cVV*%%;*.5
C7R*O<J"+*L$"-TA*Q*).1*u*ER7*O<J"+*L$"-TA*Ru*7RA*/+-*,#*?/1/+&"F*P"%#.-L&"-*<('J*
%"#;($$(.+*5#.;*#"5*cV\F*0.%2#(4J'*RVcZA*,;"#(&/+*0J";(&/1*C.&("'2F

Figure 19.*O,T*C&J";/'(&*.5*5#/;"<.#=*-"J2-#/'(.+*5.#*0L`Ma0*O0LA*.#/+4"X*7A*#"-X*0A*
4#/2X*EA*<J('"X*6A*?1L"TF*OMT*67*&.+)"#$(.+$*5.#*)/#(.L$*0L`Ma0*$/;%1"$*%#"'#"/'"-*/'*
-(55"#"+'*'";%"#/'L#"$F*P"/&'(.+*&.+-('(.+$^*�67���6ES�*k*QVV*%%;A*�7R�*k*Q*).1*uA*6R*
/$*?/1/+&"*4/$A*'.'/1*4/$*51.<*#/'"*cVV*;Yd;(+A*/+-*GECb*k*SVAVVV*JncF

Figure 20.*O,T*67*&.+)"#$(.+*;"/$L#"-*5.#*'J"*3+0"37:*/+-*3+0"_37:*&/'/12$'$F*
OMT*]55"&'*.5*C7R*/+-*ER7*.+*67*&.+)"#$(.+*#"%.#'"-*5.#*3+0"_37:F*P"%#.-L&"-*<('J*
%"#;($$(.+*5#.;*#"5*ZcF*0.%2#(4J'*RVc[A*t.J+*f(1"2*/+-*C.+$F

Figure 21.*C'/?(1('2*'"$'$*/'*RVV*m0*.)"#*'J"*[FQ*<'*u`3+78d9(7`ZZ`I!*&/'/12$'F*
P"/&'(.+*&.+-('(.+$^*QVV*%%;*.5*67A*QVV*%%;*.5*6ESA*QFV*).1*u*7RA*cVV*%%;*.5*C7R*
O<J"+*L$"-TA*Q*).1*u*ER7*O<J"+*L$"-TA*/+-*,#*?/1/+&"F*P"%#.-L&"-*<('J*%"#;($$(.+*
5#.;*#"5*ccWF*0.%2#(4J'*RVc\A*C%#(+4"#*6/'L#"F

Figure 22.*0.;%/#($.+*.5*0"cVdD#`37:$*<('J*%J2$(&/1*0"`37:dD#`37:*;(8'L#"$^*67*
&.+)"#$(.+*O1"5'T*/+-*6ES*/-$.#%'(.+*O#(4J'TF*aJ"*37:$*/#"*'"$'"-*L%*'.*'J"(#*'J"#;/1*
$'/?(1('2*1(;('F*aJ"*6ES*/-$.#%'(.+*.5*/11`0"*&/'/12$'$*($*/1$.*-($%1/2"-*/$*/*#"5"#"+&"F*
P"/&'(.+*&.+-('(.+$^*�67�*k*�6ES�*k*QVV*%%;A*�7R�*k*cVuX*SV*;Y*;(+nc*OGECb*�*WVVV*



44 

JncTF*,-$.#%'(.+*&.+-('(.+$^*�6ES�*k*QVV*%%;F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cRRF*
0.%2#(4J'*RVRVA*aJ"*P.2/1*C.&("'2*.5*0J";($'#2F

Figure 23.*C%/#$"12*1./-"-*!'d3NY`WZO,1T*37:$*&/'/12$'*<('J*"+J/+&"-*/&'()('2*5.#*ER`
C0P*(+*/*4/$*-(55L$(.+*#"/&'.#*L+-"#*[V*m0F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cR\F*
0.%2#(4J'*RVRVA*]1$")("#*MFbF

Figure 24.*aJ"*&/'/12'(&*%#.&"$$*.5*3"`DN:`Z\_0L7F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*
#"5*cR[F*0.%2#(4J'*RVRVA*]1$")("#*MFbF

Figure 25. O,T*67*&.+)"#$(.+*.)"#*6(cn83+8`37:`\U*&/'/12$'$*O8*k*VA*VFcA*VFRA*VFSQA*
VFQA*/+-*cTF*OMT*]55"&'$*.5*ER7*.#d/+-*C7R*.+*678*&.+)"#$(.+*.5*6(VFZQ3+VFSQ`37:`\U*
/'*RRQ*m0F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cRWF*0.%2#(4J'*RVRcA*]1$")("#*MFbF

Figure 26. O/T*67*#";.)/1*"55(&("+&2*.5*3NY`WZd0!*/+-*!'83NY`WZd0!F*O?T*67*#";.)/1*
"55(&("+&2*.5*!'Q3NY`WZA*!'da(7RA*!'dC(7RA*!'dC(A*/+-*!'d*,1R7SF*P"/&'(.+*&.+-('(.+$^*�67�*
k*VFcuA*�ER�*k*RuA*�7R�*k*RuA*L$"*6R*/$*4/$F*0!*#"%#"$"+'$*&/#?.+*%/%"#F*P"%#.-L&"-*
<('J*%"#;($$(.+*5#.;*#"5*cSVF*0.%2#(4J'*RVc[A*]1$")("#*MFbF*

Figure 27. 67*-"&#"/$"A*678*&.+)"#$(.+A*/+-*67R*$"1"&'()('2*/5'"#*c*J*%J.'.&/'/12'(&*
'"$'*(+*'J"*%#"$"+&"*.5*3NY$*O:"T*L+-"#*$.1/#*1(4J'*O,T*/+-*9b*&L'.55*1(4J'*OMT*(##/-(/'(.+F*
P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cSRF*0.%2#(4J'*RVc[A*]1$")("#*MFbF*

Figure 28.*O/T*!J.'.&/'/12'(&*67*-"4#/-/'(.+*"55(&("+&2*.5*DN:`[A*!RQA*0iI$A*/+-*
0iI$dDN:`[*&.;%.$('"$*L+-"#*)($(?1"*1(4J'*(##/-(/'(.+*O1*x*URV*+;TF*O?T*aJ"*&.##"$%.+-(+4*
67R*2("1-F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cSSF*0.%2#(4J'*RVcWA*]1$")("#*MFbF

Figure 29.*!#.%.$"-*;"&J/+($;*5.#*%J.'.&/'/12'(&*67*.8(-/'(.+*(+*4/$*%J/$"*/+-*
J2-#.4"+*").1L'(.+*(+*1(gL(-*%J/$"F*P"%#.-L&"-*<('J*%"#;($$(.+*5#.;*#"5*cSUF*0.%2#(4J'*
RVRVA*]1$")("#*MFbF



45 

        

Figure 1. 



46 

  

Figure 2.**



47 

Figure 3. 



48 

     

               
                                           

                                           

                 
Figure 4.*



49 

     

Figure 5. 
 



50 

        

Figure 6. 



51 

Figure 7. 



52 

Figure 8. 



53 

*************

Figure 9.*



54 

Figure 10. 



55 

***************

Figure 11. 



56 

Figure 12. 



57 

**

Figure 13. 



58 

Figure 14. 



59 

Figure 15. 



60 

Figure 16.



61 

        

Figure 17. 



62 

Figure 18.



63 

Figure 19. 



64 

Figure 20. 



65 

Figure 21. 



66 

Figure 22. 



67 

                                                              

Figure 23. 



68 

Figure 24



69 

 

Figure 25. 



70 

Figure 26. 



71 

 

Figure 27. 



72 

                                                              

Figure 28. 



73 

                                                               

Figure 29. 


