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^ P(%' _K c% ^ P(%' _ B) *).+ 2. 1(%8-%( '%81+ B%.-( +% P-D%( +2( $) +2(P)"% *% $) 8%83().% 



S.'(#*2"'-#. 

 

>F 

"%$$2$)-(%H 12-+ "%$$%Y"- B) "#88%."%( J +% *0P#(8%( 1#2( P#(8%( 2.% -.B)4-.)'-#. 1#2( )3#2'-( J 

$C-.'%(.)$-+)'-#. *2 8)'0(-%$ %.'#2(0 1)( 2. 8#("%)2 *% $) 8%83().% 1$)+8-92% ZM()2++ ).* 

j)2"N%H >?@@[K c%+ *-PP0(%.'+ 80").-+8%+ *C%.*#"L'#+%H "$)'7(-.%Y*01%.*).'% Z$% 1$2+ "#..2[H 

)(3-'(0 1)( *%+ "$)'7(-.%+H ")B0#$-.%Y*01%.*).'%H )(3-'(0 1)( *%+ ")B0#$-.%+H 17)4#"L'#+%H 

8)"(#1-.#"L'#+%H *01%.*%.' *% $) ')-$$% %' *2 'L1% *% ^ P(%' _ J -.'%(.)$-+%( Z6#..%( ).* ,"78-*H 

>??F[ Zh-4K f[K 

 

"

#$%&'("["*"\0"S1$("67(.6129/1-("6$??='("(."?1.2/$1."6("80"/0$88("6(-"S,-$2&8(-"(.6129/1/$5&(-E"6("80".0/&'("6&"

?'(/"H8$%0.6-E"',2(+/(&'-E"8$+$6(-N"(/"6&"4,20.$-4("6("?1'40/$1."6(-"S,-$2&8(-:"H]1..('"0.6"K234$6E";LL@N:"

 

PH D2; 59VV<4281; @/5N62; 57/4?=89;=19/8 @2@>4=8=942 

c%+ $-1-*%+ )++#"-0+ )2D 1(#'0-.%+ 8%83().)-(%+ Z-.'(-.+O92%+ #2 )++#"-0%+[ P#(8%.' $% 

+92%$%''% *%+ 8%83().%+ 3-#$#4-92%+ Z<)4)'#$$- %' )$KH >?@?[K ;)-+ $C#(4).-+)'-#. %D)"'% *% $) 

8%83().% (%+'% -."#..2%H $%+ 1(#'0-.%+ ^ P$#''%()-%.' _Y%$$%+ -.*-B-*2%$$%8%.' *).+ 2.% 3-"#2"7% 

$-1-*-92%H #2 3-%. 1$2'd' %. "$2+'%( { c%+ $-1-*%+ +#.'Y-$+ (%4(#210+ %. P#."'-#. *% $%2( 1(#1(-0'0 

17L+-"#Y"7-8-92%H #2 3-%. 2. 80$).4% *%+ *-PP0(%.'+ $-1-*%+ "#81#+).' $) 8%83().% %+'Y-$ "(00 {  

 

PHQH D2; =80928; @/5N62; @2@>4=8=942; 21 62 @/5N62 =01326 

c%+ 1(%8-O(%+ %D1$#()'-#.+ 8%83().)-(%+ (%8#.'%.' J $) P-. *2 @f% +-O"$% 1)( tB%('#.K 

<)+0% +2( $%+ 0'2*%+ *2 1)++)4% J '()B%(+ $) 8%83().% *% *-PP0(%.'%+ 8#$0"2$%+H tB%('#. 08%' 

2.% 1(%8-O(% 7L1#'7O+% *).+ $)92%$$% -$ -.*-92% 2.% +-8-$-'2*% %.'(% $%+ 8%83().%+ "%$$2$)-(%+ %' 

$%+ 72-$%+ "#88% $C72-$% *Ct$-B%K 6%(')-.%+ 8#$0"2$%+ "#88% $%+ $-1-*%+ 1)( %D%81$% )2()-%.' $) 

")1)"-'0 *% +% ^ *-++#2*(% _ *).+ $% "|2( *% $) 8%83().%K i2%$92%+ )..0%+ 1$2+ ')(*H 2. 



S.'(#*2"'-#. 

 

>b 

"7%("7%2( %. "7-8-% 17L+-92%H c).482-(H P)-' 0')' *% $C#(-%.')'-#. B%('-")$% *%+ )"-*%+ 4()+ 1$#.40+ 

*).+ $C%)2H )B%" $) "7)-.% )$NL$% $#-. *% $C%)2 %' $%+ 'a'%+ 1#$)-(%+ )2 "#.')"' *% $C%)2 %' 1(#1#+% 

$C#(4).-+)'-#. *% $) 8%83().% %. 8#.#Y"#2"7% $-1-*-92% Zc).482-(H @f@e[K 

U#('%( %' U(%.*%$ #.' (02++- J %D'()-(% $%+ $-1-*%+ *% "%$$2$%+ +).42-.%+ Z4$#32$%+ (#24%+[ 

92%$92%+ )..0%+ 1$2+ ')(*H %. 2'-$-+).' *%+ +#$B).'+ #(4).-92%+K S$+ #.' #3+%(B0 92% $) +2(P)"% 

"#2B%('% 1)( $%+ $-1-*%+ %D'()-'+ *%+ "%$$2$%+ +).42-.%+ 0')-' *%2D P#-+ +210(-%2(% J "%$$% *% $) 

"%$$2$%K S$+ #.' )$#(+ (0)$-+0 "%+ %D10(-%."%+ +2( *%+ 4$#32$%+ (#24%+ 1(#B%.).' *% *-PP0(%.'+ 

).-8)2D %' #.' (02++- J 1(#2B%( 92% $%+ $-1-*%+ 0')-%.' ")1)3$%+ *% +C)(().4%( %. *#23$% "#2"7% 

$-1-*-92% Z3-Y"#2"7%[H "%$) "#21$0 J $%2( #3+%(B)'-#. +2( $%+ "%$$2$%+ +).42-.%+H $%+ #.' "#.*2-'+ J 

1(#1#+%( $) 3-Y"#2"7% $-1-*-92% "#88% 8#*O$% *C#(4).-+)'-#. *% $) 8%83().% ZU#('%(H @f>A[K 

].% *0"%..-% 1$2+ ')(*H 2. 8#*O$% )""%1'0 1)( '#2'% $) "#882.)2'0 +"-%.'-P-92%H ) 0'0 1(#1#+0 

1)( &).-%$$- %' &)B+#.K S$+ *0"$)(%.' 92% $) 8%83().% *C2.% "%$$2$% %+' "#88% 2. ^ +).*l-"7 _ *% 

$-1-*%+H )(().40 %. 3-Y"#2"7% $-1-*-92%H *#.' "7)92% "d'0 %+' (%"#2B%(' *% 1(#'0-.%+ Z&).-%$$- ).* 

&)B+#.H @fFA[K c%+ 17#+17#$-1-*%+ +C#(4).-+%.' *% '%$$% +#('% 92% $%+ 'a'%+ 1#$)-(%+ +% (%'(#2B%.' J 

$C%D'0(-%2( ').*-+ 92% $%+ "7)-.%+ 7L*(#17#3%+ +% P#.' P)"% J $C-.'0(-%2( *% $) 8%83().%K 6% 

8#*O$% %+' (%+'0 1%.*).' 1$2+-%2(+ )..0%+ $% 8#*O$% 2'-$-+0 1)( $%+ 3-#$#4-+'%+ 1#2( *0"(-(% 

$C#(4).-+)'-#. *% $) 8%83().%K ]. )2'(% +"-%.'-P-92% %+' )((-B0 )2 8a8% 8#*O$% 92% &).-%$$- %' 

&)B+#.H %. +% 3)+).' +2( *%+ #3+%(B)'-#.+ )2 8-"(#+"#1% 0$%"'(#.-92%K E#3%('+#. #3+%(B) 2.% 

)11)(%."% ^ '(-$)8%$$)-(% _ *% $) 8%83().%H *%2D V#.%+ )11)()-++).' +#83(%+ )2 8-"(#+"#1% 

0$%"'(#.-92% %' 2.% 1$2+ "$)-(% %.'(% $%+ *%2D 1)('-%+ +#83(%+K &C)1(O+ $2- $%+ V#.%+ +#83(%+ 

"#((%+1#.*()-%.' )2D "#2"7%+ *% 1(#'0-.%+ )$#(+ 92% $) V#.% "$)-(% "#((%+1#.*()-' J $) 3-Y"#2"7% 

17#+17#$-1-*-92% ZE#3%('+#.H @fAe[K 

&).+ $%+ )..0%+ 92- +2-B-(%.'H *% .#2B%$$%+ 0'2*%+ *% $) 8%83().% #.' 0'0 (0)$-+0%+ %' 

"%(')-.%+ *%+ .#2B%$$%+ #3+%(B)'-#.+ )11#('0%+ 1)( "%+ 0'2*%+ (%+'%.' -.%D1$-")3$%+ 1)( $% 8#*O$% 

8%83().)-(% %. B-42%2( "%+ )..0%+ $JK :2 *032' *%+ )..0%+ @fe?H ,-.4%( %' \-"#$+#. 1(#1#+%.' 

2. .#2B%)2 8#*O$% Z,-.4%( ).* \-"#$+#.H @fe>[K S$+ 1)('%.' *2 8#*O$% *% U#('%( %' U(%.*%$ %' L 

)I#2'%.' *%2D )PP-(8)'-#.+ 5 @[ $% "|2( $-1-*-92% *% $) 8%83().% %D-+'% *).+ 2. 0')' P$2-*% ")1)3$% 

*% 8#2B%8%.' *L.)8-92% R >[ $%+ 1(#'0-.%+ +#.' "#.+-*0(0%+ "#88% 4$#32$)-(%+ %' P$#''%.' *).+ 

$) 3-"#2"7% $-1-*-92% %' $) 10.O'(%.' J *-PP0(%.'+ *%4(0+ Zh-4K @?[K !. "$)-(H $%+ 1(#'0-.%+ P#(8%.' 

2.% 8#+)r92% J $) +2(P)"% 8%83().)-(% %' *%12-+ "% 8#*O$% "#..2 "#88% ^ P$2-* 8#+)-" 

8#*%$ _ %+' $% 8#*O$% 1(0P0(%.'-%$ 1#2( *0"(-(% $) +'(2"'2(% *% $) 8%83().%K 



S.'(#*2"'-#. 

 

>A 

 

"

#$%&'(")L"*"\("416=8("6("41-0>5&("+'1/,$.("%81<&80$'( 8$+$6("0S(2"&.("40/'$2("8$+$6$5&("H/3("?8&$6"41-0$2"

416(8NHK$.%('"0.6"^$218-1.E")[Y;N:"

"

PHPH D= 14=8;919/8 52 IM=;2 5=8; 62; @2@>4=82; 69I959T32; 

].% *%+ 1(#1(-0'0+ $%+ 1$2+ -81#(').'%+ *%+ 3-"#2"7%+ $-1-*-92%+ %+' $) 8#3-$-'0 (%$)'-B% *%+ 

17#+17#$-1-*%+ ZP$2-*-'0[ )2 +%-. *% "%''% +'(2"'2(% )-.+- 92% $% "#81#('%8%.' *% "%''% P$2-*-'0 %. 

P#."'-#. *% $) '%810()'2(%K 6%''% (01#.+% J $) '%810()'2(% %+' "#..2% "#88% '().+-'-#. *% 

17)+%+ *%+ 8%83().%+ $-1-*-92%+K !. %PP%' -$ %D-+'% *%2D 'L1%+ *% 17)+%+ 8)I#(-')-(%+H $) 17)+% 4%$ 

Z#2 +#$-*%[ %' $) 17)+% "(-+')$ $-92-*%K c) 1(%8-O(% %+' "#.+'-'20% *% $-1-*%+ +)'2(0+ 8)I#(-')-(%8%.' 

%' 1#++O*% 2. 1#-.' *% '().+-'-#. Z#2 '%810()'2(% *% '().+-'-#. *% 17)+%[ "$)-(% $2- 1%(8%'').' *% 

1)++%( J $C0')' *% 17)+% "(-+')$ $-92-*%K c) +%"#.*% 92).' J %$$%H %+' 8)I#(-')-(%8%.' "#.+'-'20% *% 

17#+17#$-1-*%+ -.+)'2(0+ %' (%+'% *).+ $C0')' *% 17)+% "(-+')$ $-92-*%K Zh-4K @@[ c% 8#*O$% 

8%83().)-(% *% 8#+)r92% P$2-*% +244O(% 92% $%+ 8%83().%+ "%$$2$)-(%+ +#.' *).+ 2. 0')' *% 

17)+% P$2-*% Z}"(-+')$ $-92-*%[ 1$2'd' 92% *).+ 2. 0')' *% 17)+% 4%$ "(-+')$$-. *).+ *%+ "#.*-'-#.+ 

17L+-#$#4-92%+K c) 8%83().% "%$$2$)-(% %+' "#81#+0% *C2.% 4().*% B)(-0'0 *% 8#$0"2$%+ "#88% 

$%+ 17#+17#$-1-*%+H $%+ 1(#'0-.%+H $% "7#$%+'0(#$H "%+ "#81#+).'+ 8#.'(%.' 2. "#81#('%8%.' *% 

"(-+')$ $-92-*% *y $) 1(0+%."% *C2.% 17)+% P$2-*% )B%" 2.% *-PP2+-#. $)'0()$% 0$%B0%K c) "#83-.)-+#. 



S.'(#*2"'-#. 

 

>= 

*C2.% +'(2"'2(% #(-%.'0%H *C2.% P$2-*-'0 %' *C2.% $)3-$-'0 -81#(').'% +#.' *%+ ")()"'0(-+'-92%+ 

-81#(').'%+ 1#2( $% 3#. P#."'-#..%8%.' *C2.% 8%83().% 1$)+8-92%K  

67)18). (0)$-+) %. @feA 2. .#83(% -81#(').' *C%D10(-8%.')'-#.+ *).+ $% 32' *% 

*0'%(8-.%( $) '().+-'-#. *% 17)+% *).+ $%+ 8%83().%+ "%$$2$)-(%+K c2- %' +#. 4(#21% %. #.' "#."$2 

92% $) 8#*2$)'-#. *% $) P$2-*-'0 8%83().)-(% %.'()-.0% 1)( 2.% '().+-'-#. *% 17)+% +#$-*%YP$2-*%H 

-.*2-+)-' 2. "7).4%8%.' *).+ $) 1%(80)3-$-'0 8%83().)-(%H )-.+- 92% *).+ $) "$2+'%(-+)'-#. *% 

(0"%1'%2(+ %' *).+ $) '().+*2"'-#. *2 +-4.)$ Z67)18).H @feA[K E%8)(92)3$%8%.'H 2.% 4().*% 

+-8-$-'2*% ) 0'0 #3+%(B0% %.'(% $) '%810()'2(% *% '().+-'-#. *% 17)+% *%+ 8%83().%+ 8#*O$%+ %' 

"%$$% *%+ 8%83().%+ "%$$2$)-(%+K 

&%+ 0'2*%+ (0"%.'%+ P#.' $% 1#+'2$)' 92% "%(')-.%+ 1)('-%+ *% $) 8%83().% .% +% '(#2B%.' 

1)+ %. 17)+% P$2-*%H %$$%+ 1#++O*%.' *-PP0(%.'%+ '%810()'2(%+ *% '().+-'-#. *% 17)+%H 92- B#.' 

I#2%( 2. (d$% -81#(').' *).+ $) B-% "%$$2$)-(% Zj#$$H >??g[K c) '().+-'-#. *% 17)+% 1(-."-1)$% B) 

1%(8%''(% J $) 8%83().% 2. 1)++)4% *C2.% 17)+% +#$-*% )B%" *%+ "7)-.%+ 4()++%+ #(*#..0%+ J 

2.% 17)+% P$2-*% )B%" *%+ "7)-.%+ 4()++%+ *0+#(*#..0%+K  

"

#$%&'("))"*"K23,40"'(+',-(./0./"&.("+30-("?8&$6("(/"&.("+30-("-18$6("67&.("<$21&23("8$+$6$5&(:"

"

PHRH D= 1M</492 52; 4=52=3J 69I959T32; 

].% +0(-% *C%D10(-%."%+ 8%.0%+ 1)( T2 %' ,'(%"N %. @feFH #.' 8#.'(0 -.*-(%"'%8%.' $) 

1(0+%."% *C70'0(#40.0-'0 *).+ $) 8%83().%K S$+ #.' 0'2*-0 $C)"'-#. *% *0'%(4%.'+ .#. -#.-92%+ 

+2( *%+ "%$$2$%+ +).42-.%+ Z4$#32$%+ (#24%+[ ZT2 %' )$KH @feF[K ,#2+ $C)"'-#. *% *0'%(4%.'+H $) 

8%83().% 1$)+8-92% B) +% +#$23-$-+%( 8)-+ 1)+ %.'-O(%8%.'H *%+ 1%'-'+ 8#("%)2D *% 8%83().%+ 

(0+-+').'+ )2D *0'%(4%.'+ Z&E;+[ B#.' )$#(+ a'(% #3+%(B0+ Z<(#l. ).* c#.*#.H >???R k)'() %' )$KH 

@fffR ,"7(#%*%( %' )$KH @ffb[K c%+ &E;+ +#.' 1(01)(0+ 1)( $C)"'-#. *2 *0'%(4%.' G(-'#. ~Y@?? %' 

+#. )"'-#. +2( *%+ 8%83().%+ "%$$2$)-(%+ J b�6 1(#*2-' $) P#(8)'-#. *% 1%'-'%+ 8-"%$$%+H "#.'%.).' 



S.'(#*2"'-#. 

 

>e 

$) P()"'-#. +#$23$% *% $-1-*%+ Z"7#$-.%+ -.+)'2(0%+[ )-.+- 92% *%+ 1(#'0-.%+H %' *%+ 1)('-"2$%+ 1$2+ 

$)(4%+H $%+ &E;+K S$+ 1%2B%.' a'(% -+#$0+ 1)( "%.'(-P24)'-#. %' $C0'2*% *% $%2( "#81#+-'-#. %+' )++%V 

+2(1(%.).'%K !. %PP%'H "%2DY"- +#.' "#81#+0+ *C2. %.(-"7-++%8%.' %. "7#$%+'0(#$ ZFYH AYP#-+[ %' *% 

+17-.4#$-1-*%+ %' +#.' 1$2'd' 1)2B(%+ %. 4$L"%(#17#+17#$-1-*%+ Zk-N% %' )$KH >??>[K 6%(')-.+ 

17#+17#$-1-*%+ +% 8#.'().' -.+#$23$%+ )2 G(-'#. ~Y@?? *).+ $) 17)+% 4%$ ZE-3%-(# ).* &%..-+H 

@febR ,"7(#%*%( %' )$KH @ffg[H $) +244%+'-#. 92% $%+ &E;+ +#.' P#(80+ 1)( $) +01)()'-#. *% 17)+% 

*).+ $) 8%83().% ) )$#(+ 0'0 P)-'%K 

6%+ 1(%2B%+ *% $C%D-+'%."% *C2.% 70'0(#40.0-'0 #.' )8%.0 ,-8#.+ %' SN#.%. J (%B-+-'%( $% 

8#*O$% *% ,-.4%( %' \-"7#$+#. %. @ffeK S$+ 1(-(%.' %. "#81'% *).+ $%2( 8#*O$% $) '().+-'-#. 

*L.)8-92% *% 17)+% *% $) 8%83().% 1$)+8-92%H +2440().' $C%D-+'%."% *% *#8)-.%+ $-1-*-92%+ 

Z^ ()*%)2D _H ^ ()P'+ _[ +2( $) 8%83().% Z,-8#.+ ).* SN#.%.H @ffe[K c) '70#(-% *%+ ()*%)2D 

$-1-*-92%+ 0')-' .0%K c% .#83(% -81#(').' *% 123$-")'-#.+ +2( $% +2I%' *%12-+ @ffe Z�b???[ -.*-92% 

$% P#(' -.'0(a' *% $) "#882.)2'0 +"-%.'-P-92% 1#2( "% 8#*O$% %' *% $) (0%$$% -81#(')."% *% $) 

'().+-'-#. *% 17)+% *).+ $%+ 8%83().%+ "%$$2$)-(%+K c) '70#(-% 1(#1#+0% 1)( ,-8#.+ %' SN#.%. 

1(0*-' $) "#%D-+'%."% *% $-1-*%+ %' *% 8-"(#Y*#8)-.%+ 1(#'0-92%+ Zh-4K @>[ Z$%+ ()*%)2D[K 6%+ 

()*%)2DH %.(-"7-+ %. +7-.4#$-1-*%+ %' %. "7#$%+'0(#$+H 8#.'(%.' 2. (d$% -81#(').' *).+ 1$2+-%2(+ 

1(#"%++2+ "%$$2$)-(%+ "#88% $) +-4.)$-+)'-#. #2 %."#(% $% '().+1#(' 8%83().)-(%K c%+ ()*%)2D 

$-1-*-92%+ #.' 0'0 )2I#2(*C72- *0P-.-+ "#88% 0').' (%$)'-B%8%.' 1%'-'+ Z@?Y>?? .8[ *L.)8-92%+ %' 

70'0(#4O.%+ %' "#81)('-8%.'%.' $%+ 1(#"%++2+ "%$$2$)-(%+K S$+ 1%2B%.' )2++- a'(% +')3-$-+0+ 1#2( 

P#(8%( *%+ *#8)-.%+ 1$2+ 4().*+ Zk-N%H >??=[K 

c%+ 17#+17#$-1-*%+ +)'2(0+ %D-+'%.' 40.0()$%8%.' *).+ 2.% 17)+% 4%$ J 3)++% '%810()'2(%H 

8)-+ 2.% P#-+ )2Y*%++2+ *% $) '%810()'2(% *% '().+-'-#. *% 17)+% ZG8H +10"-P-92% J "7)92% $-1-*%[H 

-$+ B#.' )*#1'%( $% "#81#('%8%.' *C2. "(-+')$ $-92-*%K &).+ $% ")+ *C2.% 3-"#2"7% "#81#+0% *% 

*%2D 'L1%+ *% $-1-*%+ *#.' $) G8 *-PPO(%H -$ B) a'(% 1#++-3$% *C#3+%(B%( $) "#%D-+'%."% *% *%2D 

17)+%+K !. 1(0+%."% *% "7#$%+'0(#$H "%+ *%2D 17)+%+ "7).4%.' *% P)�#. *()+'-92%H 8)-+ %$$%+ 

1(0+%(B%.' 2.% +01)()'-#. *).+ $%+ 8%83().%+ 8#*O$%+K c%+ '%(8%+ *0+-4.).' "%+ 17)+%+ +#.' 

$-92-*% #(*#..0 Zc#[ %' $-92-*% *0+#(*#..0 Zc*[ Z<(#l. ).* c#.*#.H @ffg[K G).*-+ 92% $%+ 17)+%+ 

c* +#.' 40.0()$%8%.' P#(80%+ 1)( *%+ 17#+17#$-1-*%+ -.+)'2(0+H *%+ *0(-B0+ +)'2(0+ +#.' 

40.0()$%8%.' $%+ (%1(0+%.').'+ *%+ 17)+%+ c#H )-.+- 92% $) +17-.4#8L0$-.%K c%+ 7)2'%+ 

'%810()'2(%+ B#.' P)B#(-+%( $) P#(8)'-#. *% 17)+%+ c* )$#(+ 92% *%+ '%810()'2(%+ 3)++%+ B#.' 

P)B#(-+%( $%+ 17)+%+ c#K c%+ 17)+%+ c# )++-8-$)3$%+ )2D ()*%)2D $-1-*-92%+ *% ,-8#.+ %' SN#.%.H 

B#.' 8#.'(%( *%+ "7)-.%+ )"L$%+ *%+ 17#+17#$-1-*%+ '(O+ #(*#..0%+ %' 2.% *-PP2+-#. $)'0()$% 1$2+ 



S.'(#*2"'-#. 

 

>g 

-81#(').'% )$#(+ 92% $%+ 17)+%+ c* Z;#2(-'+%.H @ff@[ B#.' )B#-( *%+ 1(#1(-0'0+ +-8-$)-(%+ )2D 

17)+%+ P$2-*%+K 

 

"

#$%&'(");"*"!(+',-(./0/$1."-23,40/$5&("67&."'06(0&"8$+$6$5&("60.-"80"4(4<'0.("+80-4$5&(:"

"

\0).8#-.+ $) 1(0+%."% *% &E;+H 92- "#.'-%..%.' *2 "7#$%+'0(#$ )-.+- 92% *%+ $-1-*%+ 

+)'2(0+H .% 1%2' 1)+ J %$$% +%2$% 1(#2B%( $C%D-+'%."% *% ()*%)2D 8%83().)-(%+H $C)"'-#. *2 

*0'%(4%.' +2( $) 8%83().% 1#2(()-' '(O+ 3-%. 1(#B#92%( $) P#(8)'-#. *%+ &E;+ *% P)�#. 

)('0P)"'2%$$% ZM2(V"7)$-) %' )$KH @ffA[K &% .#2B%$$%+ *#..0%+ -.*-92%.' 92% $C#(4).-+)'-#. *%+ 
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P$2#(%+"%."% Z� #2 iT[H +#-' $% ()'-# *2 .#83(% *% 17#'#.+ 08-+ +2( $% .#83(% *% 17#'#.+ 

)3+#(30+K 6% 1)()8O'(% 1%(8%' *% *0"(-(% $C%PP-")"-'0 *% P$2#(%+"%."% *% $) 8#$0"2$% J $)92%$$% -$ 

)11)('-%.'H +#-' $) 92).'-'0 *C0.%(4-% 1%(*2% 1)( '().+-'-#.+ .#. ()*-)'-B%+ $#(+ *2 (%'#2( J $C0')' 

,?K 67)92% P$2#(#17#(% 1#++O*% *C)2'(%+ 1)()8O'(%+ 92- $2- +#.' 1(#1(%+ "#88% $) $#.42%2( 

*C#.*% J $)92%$$% $C)3+#(1'-#. *% 17#'#.+ +%() 8)D-8)$ Z�8)D )3+[H $) $#.42%2( *C#.*% J $)92%$$% $% 

1$2+ *% 17#'#.+ +%(#.' (008-+ Z�8)D %8[ )-.+- 92% +#. "#%PP-"-%.' *C%D'-."'-#. 8#$)-(% Z�[ 92- 

"#((%+1#.* J $) 1(#3)3-$-'0 *% $) 8#$0"2$% J )3+#(3%( 2. 17#'#. Z1$2+ -$ %+' 4().* 1$2+ $) 

1(#3)3-$-'0 92% $) 8#$0"2$% )3+#(3% 2. 17#'#. %+' 4().*%[ )-.+- 92% $% '%81+ *% B-% *% 

P$2#(%+"%."% +#-' $% '%81+ *2().' $%92%$ $% P$2#(#17#(% (%+'%() J $C0')' %D"-'0K cC-.'%.+-'0 *% 

P$2#(%+"%."% #2 3(-$$)."% 92- ")()"'0(-+% 2. P$2#(#17#(% %+' *0P-.-% 1)( $% 1(#*2-' *% +#. 

"#%PP-"-%.' *C%D'-."'-#. 8#$)-(% %' *% +#. (%.*%8%.' 92).'-92% Z�× iT[ Zc)B-+ ).* E)-.%+H >??g[K 

S$ %D-+'% *-PP0(%.'+ 1)()8O'(%+ *% P$2#(%+"%."% %D1$#-')3$%+ %. +1%"'(#+"#1-% %' 

8-"(#+"#1-% "#88% $C-.'%.+-'0H $% '%81+ *% B-% Z*2(0% *% B-% J $�0')' %D"-'0[H $% '().+P%(' *C0.%(4-% 

1)( (0+#.)."% *% 'L1% h`(+'%( Z%' )2'(%+ +L+'O8%+ ()'-#.80'(-92%+[H $C).-+#'(#1-% #2 %."#(% $% 

+#$B)'#"7(#8-+8%K  6%+ *%2D *%(.-%(+ 170.#8O.%+ +#.' "#2((%88%.' 2'-$-+0+ 1#2( $) "(0)"'-#. 

*% +%.+%2(+ %.B-(#..%8%.')2DK c% 1(%8-%(H $C).-+#'(#1-% *% P$2#(%+"%."%H %+' $) 1)('-"2$)(-'0 

*C2.% 8#$0"2$% J (008%''(% $) $28-O(% *% P)�#. .#. 04)$% $% $#.4 *% *-PP0(%.'+ )D%+ *% 

1#$)(-+)'-#.K c% 8).92% *% 8#2B%8%.' *%+ P$2#(#17#(%+H +#2+ )11$-")'-#. *C2.% $28-O(% 

1#$)(-+0% 1#2( $C%D"-')'-#.H -.*2-() $) (008-++-#. *C2.% $28-O(% 92- +%() %$$% )2++- 1#$)(-+0%K 6C%+' 

"% 170.#8O.% 92% $C#. )11%$$% $C).-+#'(#1-% *% P$2#(%+"%."% ZQ)7.-4H @fefR ;)-'- %' )$KH @ffg[K c% 

+%"#.* 170.#8O.% %+' $) ")1)"-'0 *C2. P$2#(#17#(% ) "7).40 +) $#.42%2( *C#.*% *C08-++-#. %. 

P#."'-#. *2 +#$B).' *).+ $%92%$ -$ +% '(#2B%K 6%(')-.+ P$2#(#17#(%+ 1(0+%.'%.' 2. 8#8%.' 

*-1#$)-(% 1$2+ 4().* *).+ $C0')' %D"-'0 -.*2-' 1)( 2. *01$)"%8%.' *% "7)(4% 17#'# -.*2-' Zk6G[H %' 

+2-B).' $C%D"-')'-#.H $% +#$B).' 1%2' )$#(+ -.'%()4-( )B%" $) 8#$0"2$% %. (0*2-+).' $C0.%(4-% *% $C0')' 



S.'(#*2"'-#. 

 

b> 

%D"-'0 1)( 2.% +')3-$-+)'-#. *% "%$2-Y"- 1)( $%+ 8#$0"2$%+ *2 +#$B).'K c% *-1d$% *% "%$$%Y"- B) 1#2B#-( 

+% (0#(-%.'%( #2 )$#(+ +% (%$)D%( +2-B).' $% *-1d$% *2 P$2#(#17#(%H 170.#8O.% 92- B) )-.+- (0*2-(% 

$C0.%(4-% *% $C0')' %D"-'0 *% $) 8#$0"2$% P$2#(%+"%.'%K 6% 170.#8O.% %+' )11%$0 (%$)D)'-#. *2 

+#$B).' Zh-4K >?[ ZT%7 %' )$KH >?@b[K k$2+ $% +#$B).' +%() 1#$)-(%H 1$2+ $C0.%(4-% *C08-++-#. +%() P)-3$% 

Z$#.42%2( *C#.*% *C08-++-#. 1$2+ -81#(').'%[K 

"

#$%&'(";L"*"!(80B0/$1."6&"-18S0./"0&/1&'"67&.("-1.6("0S(2"&."414(./"6$+180$'("+8&-"$4+1'/0./"60.-"87,/0/"

(B2$/,"5&("60.-"87,/0/"?1.604(./08"Hj(3"(/"08:E";L)FN:"

"

&).+ "%(')-.%+ "#.*-'-#.+H -$ %+' 1#++-3$% *% P)-(% 08%''(% *% $) $28-O(% J 2. P$2#(#17#(% %. 

2'-$-+).' 2. +%"#.* P$2#(#17#(% 92- B) *#..%( $C0.%(4-% 92C-$ ) %88)4)+-.0% )2 1(%8-%( 

P$2#(#17#(%K 6% 170.#8O.% %+' )11%$0 '().+P%(' *C0.%(4-% 1)( (0+#.)."% *% 'L1% h`(+'%( ZhE!G[K 

6% 170.#8O.% 1%2' )B#-( $-%2 %.'(% *%2D P$2#(#17#(%+ )L).' 2. (%"#2B(%8%.' %.'(% $% +1%"'(% 

*C08-++-#. *2 1(%8-%( P$2#(#17#(% )11%$0 *#..%2( %' $% +1%"'(% *C)3+#(1'-#. *2 +%"#.* )11%$0 

)""%1'%2(K c) *-+')."% %.'(% $%+ *%2D P$2#(#17#(%+ .% *#-' 1)+ *01)++%( 1$2+ *% @HgD E?K E? %+' $% 

()L#. *% h`(+'%( %' "#((%+1#.* J $) *-+')."% J $)92%$$% $% hE!GH %.'(% *%2D P$2#(#17#(%+ *#..0+H ) 

2.% %PP-")"-'0 *% A?qK &% 1$2+ $C#(-%.')'-#. *2 *-1d$% %.'(% $% *#..%2( %' $C)""%1'%2( %+' 

-81#(').'%H $C).4$% %.'(% $%+ *%2D .% *#-' 1)+ a'(% 04)$ J f?� +#2+ 1%-.% *% .% 1)+ )B#-( *% 



S.'(#*2"'-#. 

 

bF 

'().+P%(' *C0.%(4-% Zh-4K >@[K 6% 170.#8O.% %+' '(O+ 2'-$% *).+ $%+ 0'2*%+ *% "7).4%8%.'+ *% 

"#.P#(8)'-#.+ *% 1(#'0-.%+ #2 %."#(% 1#2( $C0'2*% *% $-)-+#.+ %.'(% *-PP0(%.'%+ 8#$0"2$%+ Z,%N)( 

).* k%(-)+)8LH >??F[K  

"

#$%&'(";)"*"]1.6$/$1.".,2(--0$'("0&"/'0.-?('/"67,.('%$("+0'"',-1.0.2("6("/9+("#k'-/('"H#!AWN:"

"

 ;#"$!*1,&"*&$-!#.!#>(2&,!"*!0*!#/#

cC0'2*% *%+ 170.#8O.%+ *% P$2#(%+"%."% 1%2' +% P)-(% *-(%"'%8%.' 1)( +1%"'(#+"#1-%H %' 

)-.+- ")()"'0(-+%( $%+ .#2B%)2D P$2#(#17#(%+K t. 1%2' )-.+-  *0P-.-( $% +1%"'(% *C)3+#(1'-#. ZJ $C)-*% 

*% +1%"'(#17#'#8O'(% ]/YB-+-3$%[H $% +1%"'(% *C08-++-#. ZJ $C)-*% *C2. +1%"'(#P$2#(-8O'(%[ )-.+- 

92% *% ")$"2$%( $%+ *-PP0(%.'+ 1)()8O'(%+ -.'(#*2-'+ *).+ $% 1)()4()17% 1(0"0*%.' Z�H �H �8)D 

)3+#(1'-#. %' 08-++-#.H %'"n[K c% +2-B- *%+ 170.#8O.%+ 3-#17L+-92%+ #2 3-#"7-8-92%+ %+' 

(0)$-+)3$% *-(%"'%8%.'H 8)-+ "%$) (%92-%(' +#-' $% 8)(92)4% *% 1(#'0-.%+ #2 *% '#2' "#81#+0 

*C-.'0(a' 1)( 2. P$2#(#17#(% *% 'L1% ^ 4(%%. P$2#(%+"%.'% 1(#'%-. _ ZUhk[ ZG+-%.H @ffg[H +#-' 

$C2'-$-+)'-#. *% +#.*%+ 8#$0"2$)-(%+ )*)1'0%+ )2 170.#8O.% 92% $C#. B%2' #3+%(B%(K S$ %+' 1#++-3$% 

1)( %D%81$% *% +2-B(% $C)4(04)'-#. *% "%(')-.%+ 8#$0"2$%+ Z;)-'- %' )$KH @ffg[H $C#(*(% $-1-*-92% 

*C2.% 8%83().% Z/). <$-''%(+l-IN %' )$KH @fg@R Q)7.-4H @fef[H *% +2-B(% $) B-+"#+-'0 *C2. 8-$-%2 

Zj)-*%NN%( ).* G7%#*#()N-+H >??e[H #2 %."#(% *% +2-B(% $% "#81#('%8%.' *C2.% +%2$% %' 2.-92% 

8#$0"2$% Zo%-++H @fff[K 



S.'(#*2"'-#. 

 

bb 

 ;#B-*,&"*&$-!#.!#>(2&,!"*!0*!#/#

cC2'-$-+)'-#. *% +#.*%+ +10"-P-92%+ #2 $% 8)(92)4% *% 1(#'0-.%+ J $C)-*% *% P$2#(#17#(%+ 

1%(8%''%.' *% B-+2)$-+%( *-(%"'%8%.' 1)( 8-"(#+"#1-% #1'-92% $%+ V#.%+ *C2. 0"7).'-$$#. 8-+%+ %. 

0B-*%."% J $C)-*% *% "%+ 8)(92%2(+ 5 $) 8-"(#+"#1-% *% P$2#(%+"%."%K S$ %. %D-+'% *%2D 'L1%+H $) 

8-"(#+"#1-% *% P$2#(%+"%."% *-'% ^ "$)++-92% _ %' "%$$% *-'% *% ^ 7)2'% (0+#$2'-#. _K 

c) 8-"(#+"#1-% *% P$2#(%+"%."% "$)++-92% (%4(#21% $%+ '%"7.-92%+ *% 8-"(#+"#1-%H 

01-P$2#(%+"%.'% Z"#.P#")$%H *%2DY17#'#.+H GSEhn[H *% *0'%"'-#. J "7)81 $)(4% %' %. 8#$0"2$% 

2.-92%K 6%+ '%"7.-92%+ +#.' )2I#2(*C72- 2'-$-+0%+ *% P)�#. (#2'-.-O(% *).+ $%+ $)3#()'#-(%+ %' 

1%(8%''%.' *% +2-B(% 2.% 82$'-'2*% *% 170.#8O.%+ 3-#$#4-92%+ "#88% $) $#")$-+)'-#. *% 

1(#'0-.%+H $) (042$)'-#. *% $C%D#"L'#+%H #2 %."#(% *% +2-B(% $C#(4).-+)'-#. *%+ $-1-*%+ *).+ $) 

8%83().% Z<%VV- %' )$KH >??bR &-%'(-"7 %' )$KH >??@R &#24$)++ ).* /)$%H >??AR j%$8"7%. ).* &%.NH 

>??AR \42L%. ).* j-$*(%'7H >???R ,%N)( ).* k%(-)+)8LH >??F[K 

c) 8-"(#+"#1-% *% +21%( (0+#$2'-#. Z#2 7)2'% (0+#$2'-#.[ %+' 2.% '%"7.-92% *% 8-"(#+"#1-% *% 

P$2#(%+"%."% (%$)'-B%8%.' (0"%.'%K !$$% 1%(8%' *% +C)PP()."7-( *%+ $-8-'%+ *% (0+#$2'-#. *2 

8-"(#+"#1% 01-P$2#(%+"%.' %' *#." *% B-+2)$-+%( *%+ #3I%'+ 1$2+ 1%'-'+K k#2( "% P)-(%H *%2D 

)11(#"7%+ #.' 0'0 2'-$-+0%+K c) 1(%8-O(%H 8-+% )2 1#-.' 1)( ,K j%$$ Zk(-D \#3%$ *% 67-8-% >?@b[H 

.#880% 8-"(#+"#1-% J *01$0'-#. 1)( 08-++-#. +'-82$0% Z,G!&H +'-82$)'%* %8-++-#. *%1$%'-#.[ %+' 

3)+0% +2( $C2'-$-+)'-#. *% *%2D P)-+"%)2D )P-. *% P#("%( $%+ 8#$0"2$%+ J $C%D'0(-%2( *2 "7)81 J +% 

*0+%D"-'%( %' )-.+- .% "#.+%(B%( 92% $%+ -.P#(8)'-#.+ 1(#B%.).' *2 "%.'(%H +#-' 2.% (04-#. *% 

92%$92%+ .).#8O'(%+ Zj%$$H >??eH >??fR j%$$ ).* o-"78)..H @ffbR o-$$-4 %' )$KH >??=[K c) +%"#.*% 

80'7#*%H *0B%$#110% 1)( <%'V-4 %' ;#%(.%( %+' 3)+0% +2( $) 8-"(#+"#1-% %. 8#$0"2$% 2.-92% %' 

1%(8%' $) *0'%"'-#. *% $28-O(% 08-+% 1)( 2.% +%2$% %' 2.-92% 8#$0"2$%K &%2D '%"7.-92%+ +21%( 

(0+#$2'-#. 8)I#(-')-(%+ #.' *0"#2$0 *% "%+ '()B)2D R k:c; %' ,GtE; Z<)'%+ %' )$KH >??eR <%'V-4 %' 

)$KH >??=R ;).$%L %' )$KH >??gR ;#%(.%( ).* M)*#(H @fgfR E2+' %' )$KH >??=R ,7(#PP %' )$KH >??g[K c%+ 

'%"7.-92%+ *% +21%( (0+#$2'-#. +#.' 1)('-"2$-O(%8%.' 1(#8%''%2+%+ 1#2( $%+ (%"7%("7%+ +2( $%+ 

()*%)2D $-1-*-92%+ 4(m"% J $) 1#++-3-$-'0 *% *%+"%.*(% J $C0"7%$$% .).#+"#1-92%K ;)$4(0 '#2'H $%+ 

B-'%++%+ *C)"92-+-'-#. (%+'%.' (%+'(-.'%+H "% 92- %+' 2.% $-8-')'-#. -81#(').'% 1#2( $) *0'%"'-#. *% 

+'(2"'2(%+ $-1-*-92%+ )2++- *L.)8-92%+K 

c%+ '%"7.-92%+ *% P$2#(%+"%."% +#.' 2. *#8)-.% *% "7#-D 1#2( $C0'2*% *%+ ()*%)2D 

$-1-*-92%+ %' *% $C#(4).-+)'-#. *% $) 8%83().% 1$)+8-92% *C2.% "%$$2$%H 8)-+ "%+ '%"7.-92%+ 

.0"%++-'%.' $C2'-$-+)'-#. *% 8)(92%2(+ +10"-P-92%+ 1#2( 8%''(% %. 0B-*%."% $%+ ()*%)2D #2 

"%(')-.%+ 1(#1(-0'0+ 8%83().)-(%+K 



S.'(#*2"'-#. 

 

bA 

XH D2; ;/852; V63/42;02812; I/34 67<1352 52 6= @2@>4=82 

I6=;@9T32 

c%+ *-PP0(%.'%+ (%"7%("7%+ 8%.0%+ +2( $C0'2*% *% $) 8%83().% %' *%+ ()*%)2D $-1-*-92%+ 

#.' -.'(#*2-' 2. 4().* .#83(% *% 8)(92%2(+ *-PP0(%.'+H )11%$0+ +#.*%+H )2 "#2(+ *%+ )..0%+K 

67)"2.% *% "%+ +#.*%+ 1(0+%.'% +%+ -.'0(a'+ %' +%+ $-8-')'-#.+H *01%.*).' *2 'L1% *% 8%83().% 

0'2*-0% Z.)'-B% B%(+2+ 8#*O$%[ )-.+- 92% *% $) '%"7.-92% 2'-$-+0%K !$$%+ 1%2B%.' a'(% *-B-+0%+ %. 

'(#-+ "$)++%+K 

c) 1(%8-O(% "$)++% (%4(#21% $%+ +#.*%+ 92- 8)(92%.' +10"-P-92%8%.' $%+ "#81#+).'+ *%+ 

()*%)2D $-1-*-92%+ "#88% $%+ 4).4$-#+-*%+ ZU;@ 1)( %D%81$%[ #2 $% "7#$%+'0(#$K c) +%"#.*% 

"$)++%H 92).' J %$$%H (%4(#21% $%+ +#.*%+ 92- B#.' +C)B0(%( +0$%"'-B%+ J 2. *#8)-.%H c# #2 c*K !. 

(%B)."7%H $%+ +#.*%+ +%.+-3$%+ J $%2( %.B-(#..%8%.' 1#2B).' *-+'-.42%( $%+ 17)+%+ c# %' c* 

Z1(#3)3$%8%.' $) "$)++% *% +#.*% $) 1$2+ (0"%.'%[ +% (%'(#2B%.' )PP-$-0%+ J $) '(#-+-O8% "$)++%K ].% 

*%+"(-1'-#. 1$2+ *0')-$$0% *%+ *-PP0(%.'%+ "$)++%+ B) +C%.+2-B(% %' $% ')3$%)2 @ (0+28% $%+ 

1(#1(-0'0+ +1%"'(#+"#1-92%+ )-.+- 92% $) 1(0P0(%."% *% 17)+% *% +#.*%+ 8#$0"2$%+ %' $-1-*-92%+ 

ZM$L8"7%.N# ).* M(%*%(H >?@b[K 

  



S.'(#*2"'-#. 

 

b= 

"

W0<8(0&")"*"]0'02/,'$-/$5&(-"-+(2/'08(-"(/"+',?,'(.2("6("+30-("6("-1.6(-"?8&1'(-2(./(-"

4(4<'0.0$'(-"Hb89423(.c1"0.6"b'(6('E";L)FN:"

  



S.'(#*2"'-#. 

 

be 

XHQH D2; ;/852; 69I959T32; 

k)(8- "%''% "$)++% *% +#.*%+H -$ %. %D-+'% 2.%H "0$O3(% %' 3-%. *#"28%.'0%H '(O+ 2'-$-+0% 

*).+ $%+ (%"7%("7%+ +2( $%+ ()*%)2D $-1-*-92%+H $) '#D-.% "7#$0(-92% < 8)(920% 1)( 2. P$2#(#17#(% 

Z6GY<H 67#$%() G#D-. <[K 6%''% +#2+Y2.-'0 1(#'0-92% Z*% @>N&)[H +0"(0'0% 1)( $) 3)"'0(-% /-3(-# 

"7#$%()H %+' ")1)3$% *% $-%( +#2+ P#(8% 1%.')80(-92% $% 4).4$-#+-*% U;@ Z;%((-'' %' )$KH @ffb[H 

U;@ 92- %+' "#.+-*0(0 "#88% $% "#81#+).' "$0 *%+ *#8)-.%+ $-1-*-92%+ Z,-8#.+ ).* SN#.%.H 

@ffe[K c% 1(-."-1)$ *0P)2' *% 6GY< %+' +#. 8).92% *% +10"-P-"-'0H "%''% 1(#'0-.% %+' ")1)3$% *% 

8)(92%( *C)2'(%+ +2"(%+ 1(0+%.'+ J $) +2(P)"% *% $) 8%83().% 1$)+8-92% "#88% $% 4)$)"'#+% 

Z;2.(#H >??FR ]%+)N) %' )$KH @ffb[K &% 1$2+H 6GY< -.*2-' $) P#(8)'-#. *% *#8)-.%+ $-1-*-92%+ %. 

+C)4(04%).' J $) +2(P)"% *% $) 8%83().% %. 1(0+%."% *% U;@ Zo).4 %' )$KH >??b[K cC2'-$-+)'-#. *% 

6GY< .% *#-' 1)+ +% P)-(% J $) $04O(% %' 2.% )''%.'-#. -81#(').'% *#-' a'(% )11#('0% $#(+ *% 

$C%D10(-8%.')'-#.K &% 1$2+H $%+ (0+2$')'+ #3'%.2+ *#-B%.' a'(% "#81)(0+ )B%" *C)2'(%+ +#.*%+ %' 

'%"7.-92%+ *% *0'%"'-#.K 

].% )$'%(.)'-B% %+' $C2'-$-+)'-#. *C).'-"#(1+ P$2#(%+"%.'+ ")1)3$%+ *% $-%( +10"-P-92%8%.' 

"%(')-.+ $-1-*%+ "#88% $% "7#$%+'0(#$ Z<�(� %' )$KH >??eR k%($YG(%B%+ %' )$KH @ff=[K cC2'-$-+)'-#. 

*C).'-"#(1+ P$2#(%+"%.'+ *).+ "% "#.'%D'% %+' "7#+% 1$2'd' ()(%H $% "7#$%+'0(#$ 0').' 1(0+%.' *).+ 

$%+ *%2D 'L1%+ *% *#8)-.%+ $-1-*-92%+H c# %' c*K c% +%2$ %D%81$% "#..2H J "% I#2(H *C2.% 1%'-'% 

8#$0"2$% +10"-P-92% )2D "#81#+).'+ $-1-*-92%+ %+' $) P-$-1-.%K 6%''% 8#$0"2$% %+' '(O+ 2'-$-+0% 

"#88% 8)(92%2( 7-+'#"7-8-92% 1#2( $% "7#$%+'0(#$ *).+ $%+ 8%83().%+ "%$$2$)-(%+ Zj)(V%( ).* 

M2+'%(8)..YM27.H >??@[K ;)$4(0 '#2'H +#. )11$-")'-#. 1#2( $% 8)(92)4% $-1-*-92% %+' P-.)$%8%.' 

1%2 2'-$-+0%H *% 1)( +%+ P)-3$%+ 1(#1(-0'0+ P$2#(%+"%.'%+H +) '#D-"-'0 -.'(-.+O92% %' +) ")1)"-'0 J 

1%('2(3%( $%+ ()*%)2D Zt($).*- ).* h-+78).H @ffg[K cC-.'0(a' *% 1%'-'%+ 8#$0"2$%+ #(4).-92%+ 

")1)3$%+ *% (%"#..)-'(% *%+ "#81#+).'+ $-1-*-92%+ +10"-P-92%+ .C%+' 1$2+ J *08#.'%(H 8)-+ %$$%+ 

(%+'%.' 8).92).'%+ J "% I#2(K 

 

XHPH D2; ;/852; ;<62019:2; 57382 IM=;2S D/ /3 D5 

cC)11(#"7% $) 1$2+ *-(%"'% 1#2( $C0'2*% *%+ *#8)-.%+ $-1-*-92%+ (%+'% $C2'-$-+)'-#. *% +#.*%+ 
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8)(92%2(+ *).+ $%+ 17)+%+ c# %' c* *%+ 8%83().%+ 1$)+8-92%+ Z;2N7%(I%% %' )$KH @fff[K ;)$4(0 

'#2'H *y J $%2( P#('% 17#'#+')3-$-'0H &-SY6@g %' +%+ ).)$#42%+ (%+'%.' *%+ #2'-$+ -.*-+1%.+)3$%+ 1#2( 

$%+ 0'2*%+ +2( $%+ ()*%)2D $-1-*-92%+ %. 8-"(#+"#1-% *% P$2#(%+"%."%H %. 1)('-"2$-%( *).+ $%+ 0'2*%+ 

*% *-PP2+-#. $)'0()$% 1)( 8-"(#+"#1-% *% "#((0$)'-#. *% P$2#(%+"%."% Zh6,[ ZU-%$%. %' )$KH >??fR 

U#83#+ %' )$KH >??gR M)7L) %' )$KH >??F[K !'#..)88%.'H 2. ).)$#42% *% &-SY6@g )B%" 2.% 

"#.I24)-+#. 0'%.*2%H &-&Y6@gH %+' %D"$2 *% $) 17)+% c# )2 1(#P-' *% $) 17)+% c* *).+ *%+ U]/+ %' 

Uk;/, Zh-4K >Fh %' >Fj[ ZQ %' )$KH >?@?R ,%V4-. %' )$KH >?@>[K E7#*)8-.%Y6@g ZE@g[H 2. )2'(% 

8)(92%2( "#882. *%+ $-1-*%+H 1#('% 2.% 2.-92% $#.42% "7)-.% 7L*(#")(32(% )-.+- 92C2. 

P$2#(#17#(% "7)(40 1#+-'-B%8%.'K S$ 8#.'(% 2.% .%''% 1(0P0(%."% 1#2( $%+ 17)+%+ c* Z<)284)(' %' 

)$KH >??e)[H "% 92- "#.P-(8% $) '%.*)."% 40.0()$% 92% $%+ 8)(92%2(+ 8%83().)-(%+ 3)+0+ +2( 

(7#*)8-.% +#.' %D"$2+ *%+ 17)+%+ c#K 

 

"

#$%&'(";M"*"a0'5&(&'-"8$+1+3$8$5&(-"(/"8(&'"',+0'/$/$1."(./'("8(-"+30-(-"\1"(/"\6"6("T_R-:"HQN"K/'&2/&'(-"

23$4$5&(-"6(-"40'5&(&'-"8$+1+3$8$5&(-:"Hd #N"O40%(-"6("T_R-"H80"?8=23("$.6$5&0./"8(-"+30-(-"\6N:"Hd AN"A??(/"

6("80"81.%&(&'"6("80"230$.("6(-"40'5&(&'-"G$O"-&'"8(&'"',+0'/$/$1."(./'("8(-"+30-(-:"D'1C(2/$1."3,4$-+3,'$5&("

67$40%(-"21.?1208(-"6("T_R-"HGKD]VG`D]V2318(-/,'18N"40'5&,(-"+0'"8(-"-1.6(-"G$O:"H#N"!(40'5&0<8("

+',-(.2("6&"40'5&(&'"^QD"60.-"8(-"+30-(-"\1"6("T_R-"HKaVG`D]V2318(-/,'18N:"\(-"$40%(-",5&0/1'$08(-"6("

T_R-"1./",/,"1</(.&(-"+0'"4$2'1-21+$("6(&B"+31/1.-"e"&.("81.%&(&'"671.6(-"67(B2$/0/$1."6("YML".4:"Hd #N"

Q60+/,"6("Hd0&4%0'/"(/"08:E";LLY<N:"
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Z1#2( \:k B#-( h-4K >Ah[ Z<)284)(' %' )$KH >??e)R Q %' )$KH >?@?[K c%2( +'(2"'2(% 1$).)-(%H +-8-$)-(% )2 

"7#$%+'0(#$H $%2( "#.PO(% $) ")1)"-'0 *% +C-.'%(")$%( %PP-")"%8%.' %.'(% $%+ $-1-*%+ *% $) 17)+% c#K 

&C)2'(%+ 8)(92%2(+ k:j "#88% $% 10(L$O.% %' $% (23-"O.%H .% B#.' 1)+ 8#.'(%( *% 1(0P0(%."% 

1#2( 2.% 17)+% 1)('-"2$-O(% *).+ 2. 80$).4% *% ,;X&tk6X"7#$%+'0(#$ Z<)284)(' %' )$KH >??e)[H 

)$#(+ 92% *).+ 2. 80$).4% *% &,k6X&tk6X"7#$%+'0(#$H $% 10(L$O.% 8#.'(% 92%$92%+ 1(0P0(%."%+ 

1#2( $%+ 17)+%+ c# Zs7)# %' )$KH >??e[K cC)11$-")'-#. *% "% 'L1% *% 8)(92%2(+ (%+'%H 8)$4(0 '#2'H 

$-8-'0% J *%+ 8%83().%+ 8#*O$%+K 6%+ 8)(92%2(+ +#.' '(O+ 0$#-4.0+ +'(2"'2(%$$%8%.' *%+ $-1-*%+ 

#2 *C)817-17-$%+H "% 92-H *).+ 2. "#.'%D'% "%$$2$)-(%H B) 1(#B#92%( 2.% P)-3$% +10"-P-"-'0 )2D 

8%83().%+ 1$)+8-92%+K S$+ 1%2B%.' +% $-%( J .C-81#('% 92%$$% 3-#8#$0"2$% 1#++0*).' 2. +-'% *% 

$-)-+#. )1#$)-(%K ].% "#83-.)-+#. -.'0(%++).'%H *%+ 8)(92%2(+ c6j %' *% k:jH +#.' $%+ *0(-B0+ 

&kj Zc"G;:Y&kj R h-4K >A:[ 1#(').' 2. 4(#21%8%.' "7)(40 )2 3#2' *C2.% $#.42% "7)-.% 

7L*(#")(32(% Z<%"N %' )$KH @ffF[K 6#.'()-(%8%.' J +%+ "#81#+0+ 1)(%.'+H -$ $-% )B%" 2.% 7)2'% 

+10"-P-"-'0 $) 17)+% c# Zj)$2+N) %' )$KH >??gR ~2 %' )$KH >??@[H 8#.'().' )-.+- $C-81#(')."% *% $) 

"7)-.% )$NL$% 1#2( $C)""#88#*)'-#. *2 8)(92%2( *).+ "%''% 17)+% P#('%8%.' "#81)"'%K c) 

1(0+%."% *2 4(#21%8%.' "7)(40 1#2(()-' 1%(8%''(% J "% 8)(92%2( *% 8#.'(%( 2.% +10"-P-"-'0 )2D 

8%83().%+ "%$$2$)-(%+ .%''%8%.' 1$2+ -81#(').'% 92% $%+ 8)(92%2(+ k:jH 8)-+ $C)11$-")'-#. 
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#3+"2(%+ ")( $%2( (01)('-'-#. %.'(% $%+ 17)+%+ c# %' c* *01%.* P#('%8%.' *% $) .)'2(% *%+ $-1-*%+ 

"#.+'-'2).'+ "%+ 17)+%+K :P-. *C0B-'%( "% 1(#3$O8% *C-81(0"-+-#. *% (01)('-'-#.H -$ %+' "#.+%-$$0 

*C)B#-( (%"#2(+ J *%+ +#.*%+ (%"#..)-++).' $%+ 1(#1(-0'0+ *%+ 17)+%+ Z<)4)'#$$-H >??=[H %. 

"7).4%).' 1)( %D%81$% $%2( "#2$%2( *C08-++-#.H $%2( '%81+ *% B-% #2 %."#(% $%2( -.'%.+-'0K 6%$) 

%+' 1#++-3$% %. 2'-$-+).' $%+ +#.*%+ +%.+-3$%+ J $%2( %.B-(#..%8%.'K !$$%+ 1#++O*%.' $) ")1)"-'0 *% 

8#*-P-%( $%2( 1(#1(-0'0+ +1%"'(#+"#1-92%+ %. (01#.+% )2D 1)()8O'(%+ %.B-(#..%8%.')2D "#88% 
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1%2B%.' a'(% 8%.'-#..0%+H $%+ +#.*%+ +#$B)'#"7(#8%+ %' $%+ +#.*%+ +%.+-3$%+ J $) B-+"#+-'0 Z(#'#(+ 

8#$0"2$)-(%+[K c) 1(%8-O(% "$)++% "7).4% +) "#2$%2( %. (01#.+% J $) 1#$)(-'0 *% $C%.B-(#..%8%.' 

)$#(+ 92% $) +%"#.*% "7).4% +#. -.'%.+-'0 *% P$2#(%+"%."% %' +#. '%81+ *% B-% %. P#."'-#. *% $) 

B-+"#+-'0 *2 8-$-%2K c) 17)+% c# %+' ")()"'0(-+0% 1)( 2.% "#81)"-'0 1$2+ -81#(').'% *% "%+ $-1-*%+ 

"#81)(0+ )2D 17)+%+ c*H "%$) +-4.-P-% )2++- 2.% 1$2+ 4().*% B-+"#+-'0 %' 2.% 7L*()')'-#. 8#-.*(% 

Z8#-.+ *C%+1)"% 1#2( $%+ 8#$0"2$%+ *C%)2[ *% "%+ 17)+%+ Z;C<)L% %' )$KH >??g[K k)( "#.+092%.' $%+ 
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XHRHQH D2; ;/852; ;/6:=1/0M4/@2; 

c%+ +#.*%+ +#$B)'#"7(#8%+ P#.' 1)('-% *%+ 8-%2D "#..2%+ %' *%+ 1$2+ )."-%..%+ +#.*%+ 

8%83().)-(%+H 8)-+ $%2( )11$-")'-#. )2D (%"7%("7%+ +2( $%+ ()*%)2D $-1-*-92%+ %+' )++%V (0"%.'%K 

6%+ 8)(92%2(+ 8#.'(%.' *% P#('+ "7).4%8%.'+ *% 8#8%.' *-1#$)-(% +#2+ 2.% %D"-')'-#. 

0$%"'(#.-92%K c%+ -.'%()"'-#.+ *-1d$%Y*-1d$% %' +10"-P-92%+ *% "%+ +#.*%+ )B%" $%2( %.B-(#..%8%.' 

B#.' 1(#B#92%( *%+ "7).4%8%.'+ )2 .-B%)2 *% $C0.%(4-% *% '().+-'-#. 0$%"'(#.-92% *2 8)(92%2( 

%' )-.+- )PP%"'%( $% 8)D-828 *C08-++-#. %' *C%D"-')'-#. 1)( 2. *01$)"%8%.' *% "%+ $#.42%2(+ 

*C#.*%+K cC%D%81$% $% 1$2+ "$)++-92% %+' $% 8)(92%2( c)2(*). Zh-4K >=:[ Z<)4)'#$$-H >??=[H 92- %+' 

1)(8- $%+ 1(%8-%(+ 8)(92%2(+ J )B#-( )11#('%( 2.% -8)4% *%+ 17)+%+ c# %' c* *).+ *%+ 

8%83().%+ 8#*O$%+ Z&-%'(-"7 %' )$KH >??@[K c)2(*). +% *-+'(-32% 092-')3$%8%.' %.'(% $%+ 17)+%+ 

c# %' c*H 8#.'().' 2. P#(' *01$)"%8%.' B%(+ $% 3$%2 *% +#. 08-++-#. *).+ $%+ 17)+%+ c# *% 

8%83().%+ 8#*O$%+H "% 92- 1%(8%' *C-8)4%( *%+ *#8)-.%+ +01)(0+ +2( *%+ U]/+ "#81#+0+ *% 

$-1-*%+ +L.'70'-92%+ )-.+- 92% *% +2(P)"').'+ 12$8#.)-(%+ .)'2(%$+ Zh-4K >=<[ Z<)4)'#$$-H >??=R 

&-%'(-"7 %' )$KH >??@R k)()+)++- %' )$KH @ffe[K E0"%88%.'H "%''% +#.*% ) 0'0 )11$-920% J *%+ 0'2*%+ 

+2( $%+ ()*%)2D 8%83().)-(%+ *).+ *%+ "%$$2$%+ B-B).'%+ ZU)2+ %' )$KH >??FR tl%. %' )$KH >?@>)[H 

8)-+ $C).)$L+% *% "%+ (0+2$')'+ (%+'% "#81$-920% *y J $C-.'%(.)$-+)'-#. ()1-*% *% "% 8)(92%2(K :P-. 

*C)80$-#(%( $) $#")$-+)'-#. 8%83().)-(% *% c)2(*). *).+ $) "%$$2$%H 2. *0(-B0 ")(3#DL$-92% ) 0'0 

(0)$-+0 Z6Yc)2(*).[ ZM-8 %' )$KH >??e[H %' 2'-$-+0 *).+ $C0'2*% *% $C#(4).-+)'-#. $)'0()$% *% 

8%83().%+ 3-#$#4-92%+K Z&#*%+ G()-). %' )$KH >?@>R ,%V4-. %' )$KH >?@>[K !'#..)88%.'H k)'8).H 

2. ).)$#42% ")'-#.-92% *% c)2(*). *0B%$#110 3-%. )B).' 1#2( $%+ 0'2*%+ *%+ 17)+%+ 

8%83().)-(%+ Zc)N#l-"V %' )$KH @fgF[ ) 0'0 '(O+ 1%2 2'-$-+0 1#2( $%+ (%"7%("7%+ +2( $%+ ()*%)2D 

$-1-*-92%+K 
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#$%&'(";X"*"K1.6(-"-18S0/123'14(-"+1&'"8(-"'06(0&B"8$+$6$5&(-"(/"8(&'"0++8$20/$1."60.-"8(-"4(4<'0.(-"

416=8(-"(/"2(88&80$'(-:"HQN"D'$.2$+("6("-1.6(-"-18S0/123'14(-"+1&'"8(-"'06(0&B"8$+$6$5&(-"H%0&23(N"(/"

(B(4+8(-"6("8(&'"-/'&2/&'("23$4$5&("H6'1$/N:"Hd) d@N"Q++8$20/$1."6("\0&'60."+1&'"8(-",/&6(-"6("-,+0'0/$1."

6("+30-("-&'"6(-"4(4<'0.(-"416=8(-:"K+(2/'("6("?8&1'(-2(.2("6("\0&'60."60.-"6(-"4(4<'0.(-"416=8(-"6("

+30-(-"\1"HR$18(/N"(/"6("\6"Hd8(&N"Hd)NE"$40%("'0/$14,/'$5&("6("T_R-"+',-(./0./"8(-"6(&B"+30-(-"H4,80.%("

6("KaVG`D]V2318(-/,'18N"Hd;N"(/"60.-"6(-"4(4<'0.(-"6("-&'?02/0./"+&841.0$'(E"0S(2"$.-('/"41./'0./"8(-"

-+(2/'(-"6("?8&1'(-2(.2("60.-"8(-"6(&B"+30-(-"Hd@N"Hd)N"`J(."(/"08:E";L);"Hd; d@N"d0%0/188$E";LLX:"H]) ]FN"

Q++8$20/$1."6("80"-1.6("^!);K"0&B",/&6(-"6(-"+30-(-"60.-"6(-"4(4<'0.(-"416=8(-"(/"2(88&80$'(-:"K+(2/'("

6("?8&1'(-2(.2("6("^!);K"60.-"6(-"S,-$2&8(-"6("4(4<'0.(-"416=8(-"'(+',-(./0./"8(-"+30-(-"\1"

HKaV2318(-/,'18N"(/"\6"HG`D]V2318(-/,'18N"H])N:"O40%(-"'0/$14,/'$5&(-"1</(.&(-"+0'"(B2$/0/$1."6(&B 

+31/1.-"HZ@L".4N"6("T_R-E"40'5&,"+0'"^!);KE"+',-(./0./"8(-"+30-(-"\1"(/"\6"60.-"8(&'"4,80.%("

HKaVG`D]V2318(-/,'18N"H];N:"]30.%(4(./"60.-"871'6'("8$+$6$5&("60.-"6(-"4(4<'0.(-"2(88&80$'(-"H_ZYaTE"

2(88&8("6("%8$1<80-/14("3&40$.NE"+0'"6,+8,/$1."6&"2318(-/,'18"e"870$6("4,/398 l 292816(B/'$.("H]@"(/"]FNE"

1<-('S,"+0'"$40%("'0/$14,/'$5&("6("80"-1.6("^!);K:"Q60+/,"6("b&23('0c"(/"08:E";L)L:"

"
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&).+ $% 32' *% *0B%$#11%( *%+ +#.*%+ +#$B)'#"7(#8%+ 1#2( $%+ ()*%)2D $-1-*-92%+H 2.% 
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$) 8%83().% 1$)+8-92% %' .% 8)(92).' 92C2. +%2$ P%2-$$%' Z&%8"7%.N# %' )$KH >??fR M$L8"7%.N# 

%' )$KH >??>R M2"7%()N %' )$KH >?@?[ R $%+ 8)(92%2(+ FY7L*(#DL"7(#8#.% +#.' 1)('-"2$-O(%8%.' 
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)2D 1(#1(-0'0+ *% $C%.B-(#..%8%.' Z&%8"7%.N# %' )$KH >??fH >?@FR M$L8"7%.N# %' )$KH >?@F[K k#2( 

"(0%( $) +#.*% 8%83().)-(% h>\@>,H $% "#81#+0 3)+-92% b�YZ*-0'7L$)8-.#[YFY7L*(#DLP$)B#.% ) 
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$-1-*-92%H 8#.'().' 2.% )80$-#()'-#. *% $) +%.+-3-$-'0 J $C#(*(% $-1-*-92% %' J $C)1#1'#+% Z&)(l-"7 

%' )$KH >?@F)[K !. "#81)()-+#. *% *-YbY:\!kk&jiH h>\@>, %' "%+ ).)$#42%+ (%92-%(' 2.% 
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B-#$%''% *2 +1%"'(% *2 B-+-3$% Zb?? .8[ #2 1)( 2. $)+%( *%2DY17#'#.+ %' $%2( 17#'#+')3-$-'0 %+' 

$-8-'0%K 
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Zh-4K >=:[K !. 2'-$-+).' $) 1(#1(-0'0 2.-92% *C-.'%((21'%2( *% \E@>, %. 1(0+%."% *C-#.+ *-#'7-#.-'%+ 

Z(0*2"'-#. (0B%(+-3$% *% \-$% E%* 92- -.*2-' 2.% +211(%++-#. *% $) P$2#(%+"%."% *% $) 8#$0"2$%[H -$ ) 

0'0 1#++-3$% *% 8%''(% %. 0B-*%."% 2.% $-)-+#. +10"-P-92% *% "%''% +#.*% +2( $% P%2-$$%' %D'%(.% *% 

8%83().%+ $-1-*-92%+ )B%" 2. ')2D *% P$-1YP$#1 $%.' Z*% $C#(*(% *% 1$2+-%2(+ 7%2(%+[ ZM2"7%()N %' 

)$KH >?@?[K ,) $#.42%2( *C#.*% *C08-++-#. "7).4% %.'(% =?A .8 1#2( $%+ 17)+%+ c* %' Ae? .8 1#2( 

$%+ 17)+%+ c#H 1%(8%'').' )-.+- *% *-+'-.42%( $%+ 17)+%+ 1)( "#2$%2( Zh-4K >=6>[K 6%''% +#.*% 

1%(8%' *% +2-B(% $C#(*(% $-1-*-92% )1(O+ %D'()"'-#. *2 "7#$%+'0(#$ Zh-4K >=6F[ )-.+- 92% $C7L*(#$L+% 

*% ,; Z&)(l-"7 %' )$KH >?@>R M2"7%()N %' )$KH >?@?[K E%8)(92)3$%8%.' $) +#.*% \E@>, 8#.'(% 92% 

$) 1%('% *% $C)+L80'(-% 8%83().)-(% *2% J $C)1#1'#+% *0"(#-' $C#(*(% $-1-*-92% *).+ *%+ 

8%83().%+ 1$)+8-92%+ *% "%$$2$%H %. $-%. *-(%"' )B%" $%+ *#..0%+ 1(0"0*%88%.' #3'%.2%+ J 

$C)-*% *% h>\@>, Zt."2$ %' )$KH >?@?)[ )-.+- 92C)B%" "%$$%+ #3'%.2%+ (0"%88%.' )B%" k:G;:\ 

ZU-33#.+ %' )$KH >?@F[K c% $-%. '(#2B0 %.'(% $C#(*(% $-1-*-92% %' $C)1#1'#+% '-(% 1(#3)3$%8%.' +#. 

#(-4-.% *2 '().+P%(' *% ,; *2 P%2-$$%' %D'%(.% B%(+ $% P%2-$$%' -.'%(.% ZG%11%( %' )$KH >???[ %' +#. 

(%81$)"%8%.' 1)( *%+ $-1-*%+ -.+)'2(0+ *2 P%2-$$%' -.'%(.%K ;)-+ 1$2+ -81#(').' %."#(%H \E@>, .% 

.0"%++-'% 92C2.% "#."%.'()'-#. *% $C#(*(% *% >? .; 1#2( %PP%"'2%( *% $C-8)4%(-% "%$$2$)-(%H "% 92- 

%+' '(O+ P)-3$% "#81)(0 )2D )2'(%+ +#.*%+ +#$B)'#"7(#8%+ 2'-$-+0%+ I2+92CJ 1(0+%.'K 

;)$7%2(%2+%8%.' $) 17#'#+')3-$-'0 *% "%''% +#.*% %+' %$$% )2++- 1$2'd' $-8-'0%K 

 

XHRHPH D2; 4/1/4; @/6<036=942; 

c%+ (#'#(+ 8#$0"2$)-(%+ +#.' *%+ P$2#(#17#(%+ 92- 8#.'(%.' 2.% P#('% B)(-)'-#. *% $%2( 

(%.*%8%.' 92).'-92% *% P$2#(%+"%."% %. P#."'-#. *% $%2( (#')'-#. -.'()8#$0"2$)-(%H 92- B) 

*01%.*(% *% $) B-+"#+-'0 *2 8-$-%2 *).+ $%92%$ -$+ +#.' Zj)-*%NN%( ).* G7%#*#()N-+H >??eR 

M2-8#B)H >?@>[K !. %PP%' *).+ *%+ 8-$-%2D 1$2+ B-+92%2DH $%+ (#')'-#.+ 8#$0"2$)-(%+ +#.' 1$2+ 

$%.'%+H "% 92- B) )248%.'%( -"- $% (%.*%8%.' 92).'-92% *% P$2#(%+"%."% *2 8)(92%2(K !. 0').' 

-."#(1#(0+ *).+ 2.% 8%83().% $-1-*-92%H "%+ P$2#(#17#(%+ #3+%(B%.' $) 8-"(#B-+"#+-'0 *%+ $-1-*%+ 

)$%.'#2(+ Zj)-*%NN%( ).* G7%#*#()N-+H >??eR M2-8#B)H >?@>[K &%+ %D%81$%+ 'L1-92%+ *% "%+ 

+#.*%+ +#.' h6/QH "%+ ).)$#42%+ %' "%(')-.+ ).)$#42%+ *% k(#*). %' <t&SkT (0"%88%.' 

*0B%$#110+ Zh-4K >e[K &2 P)-' 92% $) 17)+% c# 1(0+%.'% 2.% B-+"#+-'0 1$2+ -81#(').'% 92% $) 17)+% 

c*H $%+ (#'#(+ 8#$0"2$)-(%+ 8#.'(%.' 2. (%.*%8%.' 92).'-92% *% P$2#(%+"%."% 3%)2"#21 1$2+ 

-81#(').' *).+ "%+ 17)+%+K ]. ).)$#42% 0'%.*2 *% c)2(*).H (0"%88%.' *0B%$#110H 6Yc)2(*).Y> 



S.'(#*2"'-#. 

 

=? 

Zh-4K >e[ ZM-8 %' )$KH >??g[H 1(0+%.'% 2.% P#('% )248%.')'-#. *% +) 3(-$$)."% $#(+92C-$ +% $-% )2D 

17)+%+ c# *% 8%83().%+ 8#*O$%+ %' ) 0'0 1(#1#+0 "#88% 2.% +#.*% ^ '2(.Y#. _ 1#2( B-+2)$-+%( 

$%+ ()*%)2D $-1-*-92%+ *).+ $) 8%83().% 1$)+8-92% "%$$2$)-(%K c% 1(#3$O8% *C-.'%(.)$-+)'-#. *% 6Y

c)2(*).Y> ) 0'0 (0+#$2 1)( 2.% +23+'-'2'-#. *2 4(#21%8%.' ")3#DL$)'% 1)( 2. 4(#21%8%.' 

+2$P#.)'% Z,Yc)2(*).Y>H h-4K >e[ Zc-8 %' )$KH >?@@[K \0).8#-.+H "#88% )2"2.% 0B)$2)'-#. *2 

170.#8O.% *% P$-1YP$#1 *% "%''% +#.*% ) 0'0 (0)$-+0%H 2.% 92%+'-#. (%+'% %. +2+1%.+H "% 8)(92%2( 

+C)*(%++%Y'Y-$ J 2. #2 )2D *%2D P%2-$$%'+ *% $) 8%83().% "%$$2$)-(%K c% (#'#( 8#$0"2$)-(% <t&SkTY

k7Y6@>H 92- 1#++O*% $%+ %D"%$$%.'%+ 1(#1(-0'0+ *% P$2#(%+"%."% *% $) P)8-$$% *%+ <t&SkTH ) 8#.'(0 

(0"%88%.' 2. 3#. "#.'()+'% 1#2( $C-8)4%(-% *% ()*%)2D *).+ *%+ 8%83().%+ 8#*O$%+ %. 

2'-$-+).' $) '%"7.-92% *% 8-"(#+"#1-% 1)( -8)4%(-% *% '%81+ *% B-% *% P$2#(%+"%."% ZhcS;H 

h$2#(%+"%."% c-P%'-8% S8)4-.4 ;-"(#+"#1L[ Zo2 %' )$KH >?@F[K &%+ %D%81$%+ *C)11$-")'-#.+ *% "%+ 

8)(92%2(+ *).+ $) (%"7%("7% +2( $%+ ()*%)2D $-1-*-92%+ (%+'%.' ()(%+ %' .% +#.' )11)(2+ 92% 

(0"%88%.'H 8#.'().' 92%$92%+ $)"2.%+ *).+ $% *#8)-.%K &% 1$2+H $) 1$21)(' *%+ (#'#(+ 

8#$0"2$)-(%+ ()11#('0+ I2+92CJ )2I#2(*C72-H -."$2).' h6/Q %' $%+ *0(-B0+ *% <t&SkTH .% +#.' 1)+ 

(0%$$%8%.' )*)1'0+ )2D 0'2*%+ +2( *%+ 8%83().%+ 1$)+8-92%+ *% "%$$2$%+H "#88% $%2(+ 

+'(2"'2(%+ +C)BO(%.' '(O+ *-PP0(%.'%+ *% "%$$%+ *C2. $-1-*%K c#(+92C-$+ +#.' )I#2'0+ J *%+ "%$$2$%+ 

B-B).'%+H -$+ 8#.'(%.' 2.% P$2#(%+"%."% -.'()"%$$2$)-(% )B%" +%2$%8%.' 2.% P$2#(%+"%."% 

8%83().)-(% '(O+ $-8-'0% Zj)-*%NN%( %' )$KH >??@R M2-8#B)H >?@>R M2-8#B) %' )$KH >??gR k%.4 %' )$KH 

>?@@[K cC%D-+'%."% *C).)$#42%+ *% h6/QH )'')"70+ )2++- 3-%. )2D 'a'%+ 1#$)-(%+ #2 )2D "7)-.%+ 

)"L$%+ *% $-1-*%+H *#-' )2++- a'(% 8%.'-#..0% Zh-4K >e[K c% 1(%8-%( .% 1(0+%.'% )2"2.% *01%.*)."% 

J $) B-+"#+-'0 8%83().)-(%H 1(#3)3$%8%.' *2 P)-' *% +) $#")$-+)'-#. J $) +2(P)"% *% $) 8%83().%H 

)$#(+ 92% $% +%"#.*H -88%(40 *).+ $) 3-"#2"7% $-1-*-92%H %+' $2- 1)(P)-'%8%.' ")1)3$% *% +2-B(% $) 

B-+"#+-'0 *% $) 8%83().% Zj)-*%NN%( %' )$KH >??>[K ;)$4(0 '#2'H $C)11$-")'-#. *% "%''% 8#$0"2$% J $) 

(%"7%("7% +2( $%+ ()*%)2D $-1-*-92%+ (%+'% J %D1$#(%(K S$ %+' "$)-( 92% "%''% "$)++% *% +#.*%+ 1%2' 

*%B%.-( 2. #2'-$ '(O+ 12-++).' 1#2( $C0'2*% *% $C#(*(% $-1-*-92% *).+ $%+ 8%83().%+ "%$$2$)-(%+H 

8)-+ %$$% .0"%++-'% 2. *%+-4. 8#$0"2$)-(% )11(#1(-0 )-.+- 92% *%+ 0'2*%+ +L+'08)'-92%+ +2( $%+ 

8%83().%+K 

 



S.'(#*2"'-#. 

 

=@ 

"

#$%&'(";Y"*"D'$.2$+("6(-"'1/1'-"418,2&80$'(-"+1&'"8(-"'06(0&B"8$+$6$5&(-"(/"(B(4+8(-"6("8(&'-"-/'&2/&'(-"

23$4$5&(-:"

 

c%+ '%"7.-92%+ *C).)$L+%+ 1)( P$2#(%+"%."% +#.' 1(#3)3$%8%.' )2I#2(*C72- $%+ '%"7.-92%+ 

$%+ 1$2+ 2'-$-+0%+ 1#2( $%+ 0'2*%+ 3-#$#4-92%+ %' +2('#2' *).+ $% ")+ *% $C0'2*% *%+ ()*%)2D 

$-1-*-92%+K !. %PP%' "%+ 80'7#*%+ 1%(8%''%.' $C#3'%.'-#. *% *#..0%+ ()1-*%+ %' *-(%"'%+ 1)( 

#3+%(B)'-#. *2 #2 *%+ 170.#8O.%+ *C-.'0(a'+K &).+ $% *#8)-.% *C0'2*%+ *%+ ()*%)2D $-1-*-92%+H 

$% *0B%$#11%8%.' *% .#2B%)2D 8)(92%2(+ %+' 1(-8#(*-)$H -$ 8).92% )2I#2(*C72- *%+ +#.*%+ 

3(-$$).'%+H +10"-P-92%+ J "%(')-.%+ 17)+%+ Z92- .% +% (%*-+'(-32%.' 1)+ *).+ '#2'% $) 8%83().%[K S$ 

1#2(()-' a'(% -.'0(%++).' *C)B#-( *%+ +#.*%+ 8%83().)-(%+ $-0%+ J *%+ 1(#'0-.%+ *C-.'0(a'+ #2 *%+ 

$-4).*+ 1#2( 0'2*-%( $C%.B-(#..%8%.' $-1-*-92% 1(#"7% *% $) 1(#'0-.% #2 *2 (0"%1'%2( )++#"-0 )2 

$-4).*K  

\#2+ )B#.+ B#2$2 "(0%( *% .#2B%$$%+ +#.*%+ 82$'-P#."'-#..%$$%+H 17)+% +10"-P-92% %' 17)+% 

+%.+-3$% *).+ 2. 1(%8-%( '%81+ 12-+ +10"-P-92%+ J "%(')-.+ (0"%1'%2(+K k#2( $%+ +#.*%+ 17)+% 

+10"-P-92% %' 17)+% +%.+-3$%H $C-*0% %+' *C)B#-( 2. I%2 *% +#.*%+ .% +% $#4%).' 92% *).+ 2. 'L1% *% 

17)+% 8%83().)-(% Zc# #2 c*[ '#2' %. 0').' ")1)3$% *% $) *-+"(-8-.%( 1)( 2. "7).4%8%.' *% 

"#2$%2(K 6%$) *).+ $% 32' *% 1#2++%( $C0'2*% *%+ ()*%)2D *).+ $%+ 8%83().%+ "%$$2$)-(%+K k#2( $%+ 

+#.*%+ +10"-P-92%+ J 2. (0"%1'%2( *#..0H $% 32' -"- %+' *% 1#2B#-( 0'2*-%( $C%.B-(#..%8%.' 1(#"7% 

*C2. (0"%1'%2( )P-. *C%. "#..)-'(% $) .)'2(%K 

\#2+ .#2+ +#88%+ %.+2-'% 1%."70+ +2( $% *%+-4. *% .#2B%$$%+ +#.*%+ 8%83().)-(%+ J 

1)('-( *% P$2#(#17#(%+ 1%2 2'-$-+0+K \#2+ )B#.+ "7#-+- *%+ P$2#(#17#(%+ *#.' $) "#2$%2( %+' 1%2 



S.'(#*2"'-#. 

 

=> 

(%1(0+%.'0% )"'2%$$%8%.' Z3$%2 %' (#24% $#-.')-.[ %' )L).' *% 3#..%+ 1(#1(-0'0+ 17#'#17L+-92%+ 

Z1$2+ 3(-$$).'+ %' 1$2+ 17#'#+')3$%+[K 

 



 

 

 

 

 

 

 

 

 

 

&%'!D(*(' %( )#'E!''#,"' 

 

  



 

 

 

 

 



E0+2$')'+ %' *-+"2++-#.+ 

 

=A 

##H &%'!D(*(' %( )#'E!''#,"' 

QH "/3:2=3J 5<49:<; "962 &25 

QHQH "/3:2662 ;/852 "962 &25 21 F&%(b_3280M24 ;I<09V9T32 =3J IM=;2; D5 

c) *0'%"'-#. %' $) 8-+% %. $28-O(% *%+ 8-"(#Y*#8)-.%+ $-1-*-92%+ Z()*%)2D[ +2( $%+ 

8%83().%+ "%$$2$)-(%+ (%+'%.' 2. *0P- *% ')-$$% 8)$4(0 $%+ (%"7%("7%+ -.'%.+-B%+ *).+ $% *#8)-.%K 

k#2( +% P)-(%H *%2D 'L1%+ *% +#.*%+ +#.' 2'-$-+0+H $C2. 8)(92).' +10"-P-92%8%.' 2.% 17)+% *#..0% 

Z$-92-*% #(*#..0H c# #2 $-92-*% *0+#(*#..0H c*[H $C)2'(%H +%.+-3$% J $C#(*(% $-1-*-92%H 8)(92).' $%+ 

*%2D 17)+%+ *C2.% "#2$%2( *-PP0(%.'%K S"-H .#2+ )B#.+ B#2$2 "#83-.%( $%+ *%2D '%"7.-92%+ "-'0%+ 

1(0"0*%88%.'H %. *0B%$#11).' 2.% +#.*% +%.+-3$% )2D 17)+%+ ")1)3$% *% +% $-%( +10"-P-92%8%.' 

*).+ $%+ 17)+%+ c* %' 2. 92%."7%( +10"-P-92% $2- )2++- )2D 17)+%+ c* Zh-4K >g[K cC#3I%"'-P %+' *% 

*0B%$#11%( 2. 4(#21% *C#2'-$+ .#2+ 1%(8%'').' *% B-+2)$-+%( +10"-P-92%8%.' $%+ 17)+%+ c# #2 c* 

%. 4)(*).' $%2( +%.+-3-$-'0 J $C#(*(% $-1-*-92% Z1)( +#$B)'#"7(#8-+8%[ %' *% 1#2B#-( 8)(92%( $%+ 

*%2D 17)+%+ 8)-+ *% "#2$%2(+ *-PP0(%.'%+K 

 

"

#$%&'(";Z"*"K23,40"6&"+'$.2$+("6("87$.S(-/$%0/$1."6(-"'06(0&B"8$+$6$5&(-"-&'"80"4(4<'0.("+80-4$5&(:"HQN"

K1.6("-(.-$<8("e"-1."(.S$'1..(4(./"40'5&0./"8(-"+30-(-"\1"(/"\6"+0'"&.("21&8(&'"6$??,'(./("H2144("

^!);KN:"HdN"K1.6("-,8(2/$S("0&B"+30-(-"(B28&("6&"6140$.("\1:"H]N"h&(.23('"(B28&"6("80"+30-("\1E"20+0<8("

67,/($.6'("80"?8&1'(-2(.2("67&.("-1.6("-(.-$<8("e"-1."(.S$'1..(4(./"60.-"8(-"+30-(-"\6:"

"

c) "#."%1'-#. *% $) .#2B%$$% +#.*% )-.+- 92% *2 92%."7%( %+' 3)+0% +2( $) +#.*% \E@>, 

Zh-4K >f[K &).+ $) +#.*% \E@>,H $% P$2#(#17#(% \-$% E%* %+' "#21$0 J 2. 4(#21%8%.' Vl-''%(-#.-92% 

%' 2.% $#.42% "7)-.% 7L*(#")(3#..0%H +%(B).' *C)."(%H 1)( $C-.'%(80*-)-(% *C2. %+1)"%2( "#2('K 



E0+2$')'+ %' *-+"2++-#.+ 

 

== 

:P-. *C#3'%.-( 2. ).)$#42% *% \E@>, 1#2B).' +% 1)('-'-#..%( +10"-P-92%8%.' *).+ $) 17)+% c*H 

.#2+ )B#.+ +23+'-'20 $% 4(#21%8%.' *#*0"L$% 1)( 2. 4(#21%8%.' FHeY*-80'7L$#"'L$%H ()8-P-0K c) 

+L.'7O+% ) 0'0 %PP%"'20% %. 1)(').' *% @Y3(#8#YFHeY*-80'7L$#"').%H "#.B%('- %. )8-.%H 12-+ 

2'-$-+0 +%$#. $% 8a8% 1(#'#"#$% 92% \E@>, 1#2( #3'%.-( $) +#.*% 3\E@?, *0+-(0%K c% 92%."7%( 

3i@?, ) 0'0 "#.�2 "#88% 2. ).)$#42% *% 3\E@?, %. +2-B).' $) 8a8% +'()'04-%H %. (%81$)�).' $% 

P$2#(#17#(% \-$% E%* 1)( <$)"N j#$% i2%."7%(Y> Z<jiY>[K <jiY> ) 0'0 +0$%"'-#..0 1#2( $% 

(%"#2B(%8%.' *% +#. +1%"'(% *C)3+#(1'-#. %' "%$2- *C08-++-#. *% \E@>,H 1%(8%'').' )-.+- 2. 

92%."7-.4 %PP-")"% 3)+0 +2( $% hE!GK c) +L.'7O+% *% 3i@?, ) 0'0 (0)$-+0% *% $) 8).-O(% +-8-$)-(% 

92% 1#2( 3\E@?,H 8)-+ "%''% P#-+ %. 1)(').' *% $C-.'%(80*-)-(% "#88%("-)$ <jiY> )"-*% 

")(3#DL$-92%K 

 

"

#$%&'(";["*"K23,40"6(-"-/'&2/&'(-"23$4$5&(-"6(-"-1.6(-"^!);K"(/"<^!)LK"0$.-$"5&("6&"5&(.23('"<h)LK"

0$.-$"5&("8(&'"81208$-0/$1."39+1/3,/$5&("+0'"'0++1'/"0&B"8$+$6(-"H(."<8(&N:"\(-"0.2'(-"6("2(-"418,2&8(-"-1./"

'(+',-(./,(-"(."'1&%(:"

 

&).+ 2. 1(%8-%( '%81+H $) +#.*% 3\E@?, ) 0'0 ")()"'0(-+0% 1)( +1%"'(#+"#1-% %' 

8-"(#+"#1-% *% P$2#(%+"%."% +2( *%+ 8%83().%+ 8#*O$%+ R c]/+ Zc)(4% ].-$)8%$$)( /%+-"$%+[ %' 

U]/+ ZU-).' ].-$)8%$$)( /%+-"$%+[ *% *-PP0(%.'%+ "#81#+-'-#.+ 1#2( P)-(% B)(-%( $C#(*(% *% $) 

"#81#+-'-#. $-1-*-92%K \E@>, ) 0'0 2'-$-+0 %. 1)()$$O$% )P-. *% B0(-P-%( $) +10"-P-"-'0 *% 17)+%+ *% 

"%''% +#.*%K c%+ (0+2$')'+ #3'%.2+ 8#.'(%.' 92% 3\E@?, 1#++O*% 2.% P#('% 1(0P0(%."% 1#2( $) 

17)+% c*K !. %PP%'H -$ %+' 1#++-3$% *C#3+%(B%( 1)( +1%"'(#+"#1-%H J 1)('-( *C2.% +2+1%.+-#. *% c]/+ 

8)(920+ 1)( "%''% +#.*%H 2. +1%"'(% 'L1-92% *%+ 17)+%+ c*K !. 1$2+H *%+ -8)4%+ 8-"(#+"#1-92%+ 



E0+2$')'+ %' *-+"2++-#.+ 

 

=e 

*% U]/+ *% 17)+%+ 8-D'%+ Zc# %' c*[ 8)(920%+ 1)( 3\E@?, 8#.'(%.' 2.% )3+%."% *% P$2#(%+"%."% 

*).+ $%+ 17)+%+ c# *2 U]/+ Zh-4K F?[K c%+ 0'2*%+ +1%"'(#+"#1-92%+ 8%.0%+ +2( *%+ +2+1%.+-#.+ 

"%$$2$)-(%+ *% F $-4.0%+ *-PP0(%.'%+ Zj%c)H j!MH 6jt[ J $C)-*% *% $) +#.*% 3\E@?, #.' 8#.'(0 *%+ 

+1%"'(%+ 'L1-92%+ *% 17)+% c*H +1%"'(%+ *-PP0(%.'+ *% "%2D #3'%.2+ )B%" \E@>,H 92- $-%.' $%+ *%2D 

'L1%+ *% 17)+%+ c# %' c*K 

c%+ ).)$L+%+ +1%"'(#80'(-92%+ .#2+ P#2(.-++%.' *%+ 1(%2B%+ *-(%"'%+ *% $C%D-+'%."% *% 

17)+%+ 70'0(#4O.%+ *).+ $) 8%83().% 1$)+8-92% *% "%$$2$%+ B-B).'%+K ;)$7%2(%2+%8%.'H $%+ 

'%+'+ 8-"(#+"#1-92%+ (0)$-+0+ J $C)-*% *% "%''% .#2B%$$% +#.*% +2( *%+ "%$$2$%+H .% 1%(8%''%.' 1)+ 

*% B-+2)$-+%( $%+ *-PP0(%.'%+ 17)+%+ *% $) 8%83().% 1$)+8-92%H $% "#.'()+'% *% "#2$%2( .C0').' 1)+ 

+2PP-+).'K  

\#2+ )B#.+ )$#(+ ")()"'0(-+0 $% 92%."7%( *).+ $%+ 8a8%+ "#.*-'-#.+ 92% 1(0"0*%88%.'K 

<jiY> ) 0'0 +0$%"'-#..0 %. ()-+#. *2 P#(' (%"#2B(%8%.' *% +#. +1%"'(% *C)3+#(1'-#. )B%" $% 

+1%"'(% *C08-++-#. *% \E@>,K c%+ 0'2*%+ +1%"'(#+"#1-92%+ 8%.0%+ +2( *%+ 8#*O$%+ #.' 8#.'(0 

92% "% 92%."7%( ) 2.% P#('% 1(0P0(%."% 1#2( $%+ 17)+%+ c*H "#88% 3\E@?,K &% 1$2+H -$ 1#++O*% 

2.% 3#..% ")1)"-'0 J 92%."7%( $) +#.*% \E@>,K c%+ %D10(-%."%+ *% 8-"(#+"#1-% +2( U]/+ #.' 

8#.'(0 92% 3i@?, 1#++O*% $C)1'-'2*% *C0'%-.*(% +10"-P-92%8%.' \E@>, *).+ $) 17)+% c* Zh-4K F?[K 

c%+ 0'2*%+ "%$$2$)-(%+ #.' "#.P-(80 1)( +1%"'(#+"#1-% $) 1(0+%."% *% 17)+%+ 70'0(#4O.%+ *).+ $%+ 

'(#-+ $-4.0%+ "%$$2$)-(%+K 

 

#$%&'("@L"*"O40%(-"4$2'1-21+$5&(-"+0'"(B2$/0/$1."; +31/1.-"6("T_R-"40'5&,-"+0'"HQN"<^!)LK"(/"HdN"^!);K"

HL:)"maN:"O40%(-"'0/$14,/'$5&(-"6("T_R-"40'5&,-"+0'"^!);K"HL:)"maN"-(&8"H]N"(/"0S(2"HGN"<h)LK"HL:;maN:"

 

!. "#."$2+-#.H .#+ .#2B%$$%+ +#.*%+ #.' 1%(8-+ 1#2( $) 1(%8-O(% P#-+ *% 8%''(% %. 

0B-*%."% $) 1(0+%."% *% 17)+%+ +01)(0%+ *).+ *%+ 8%83().%+ 1$)+8-92%+ *% "%$$2$%+ B-B).'%+K 

!$$%+ #.' )2++- 1%(8-+ *% 8#.'(%( 92% "%+ 17)+%+ +#.' 1(#"7%+ *% "%$$%+ *%+ 8%83().%+ 8#*O$%+K 



E0+2$')'+ %' *-+"2++-#.+ 

 

=g 

c% *0')-$ *% "% '()B)-$ %+' 1(0+%.'0 *).+ $% 8).2+"(-' "-Y*%++#2+K S$ %+' )"'2%$$%8%.' "#.+-*0(0 1)( 

:6, 67%8-")$ <-#$#4L )1(O+ (0B-+-#. 8)I%2(%K 



E0+2$')'+ %' *-+"2++-#.+ 

 

=f 

',D$*(,E.&,C#E "#D% &%) G&,+%' K#(. F&%( _!%"E.%& 'G%E#F#E*DDL (*&-%( 

*") #)%"(#FL '%G*&*(% C%C+&*"% G.*'%' #" D#$#"- *") *G,G(,(#E E%DD' 

 

E08L M(%*%(H@ ML(L$# :K kL(+7%BH@H> s%-.)3 &)(l-"7H@ t$%N+).*( :K M2"7%()NH@ TB%+ ;0$LH@ :.*(%L 

,K M$L8"7%.N#@H� 

@c)3#()'#-(% *% <-#17#'#.-92% %' k7)(8)"#$#4-%H ];E e>@F 6\E,H ].-B%(+-'0 *% ,'()+3#2(4H 

h)"2$'0 *% k7)(8)"-%H ebH E#2'% *2 E7-.H =eb?@ SccMSE6jH h()."%K  

> c)3#()'#(L #P \).#3-#'%"7.#$#4-%+H &%1)('8%.' #P ;#$%"2$)( -882.#$#4LH k)$$)*-. S.+'-'2'% #P 

3-#"7%8-+'(L #P '7% \:,]H M-%BH ?@=?@H ]N()-.% 

 

*+'(&*E(g &%'%"'-.4 ).* -8)4-.4 $-1-* 8-"(#*#8)-.+ Z()P'+[ -. "%$$ 8%83().%+ (%8)-. ) "7)$$%.4% 

*%+1-'% -.'%.+-B% (%+%)("7 -. '7% P-%$*K Gl# 'L1%+ #P P$2#(%+"%.' 1(#3%+ )(% 2+%* P#( '7-+ 12(1#+%5 

#.% +1%"-P-")$$L $)3%$+ ) 4-B%. 17)+% Z$-92-* #(*%(%*H c# #( $-92-* *-+#(*%(%*H c*[H l7-$% '7% #'7%(H 

3%-.4 %.B-(#.8%.'Y+%.+-'-B% Z+#$B)'#"7(#8-"[H +')-.+ '7% 'l# 17)+%+ -. *-PP%(%.' %8-++-#. "#$#(+K 

j%(%H l% "#83-.%* '7% 'l# )11(#)"7%+ 3L *%+-4.-.4 ) 17)+%Y+%.+-'-B% 1(#3% #P '7% c* 17)+% ).* ) 

92%."7%( #P '7% c* 17)+%K G7% P#(8%( -+ ). ).)$#42% #P '7% (%"%.'$L *%B%$#1%* \-$% E%*Y3)+%* 

1(#3% \E@>,H 3%)(-.4 ) 32$NL 7L*(#17#3-" "7)-. Z3\E@?,[H l7-$% '7% $)''%( -+ 3)+%* #. <$)"N j#$% 

i2%."7%(Y> *%+-4.%* )+ 3\E@?, Z3i@?,[K h$2#(%+"%."% +1%"'(#+"#1L #P $)(4% 2.-$)8%$$)( B%+-"$%+ 

).* 8-"(#+"#1L #P 4-).' B%+-"$%+ +7#l%* '7)' '7% 3\E@?, 1(#3% "). 1)('-'-#. +1%"-P-")$$L -.'# c* 

17)+%H l7-$% 3i@?, "). +1%"-P-")$$L 92%."7 \E@>, 1(#3% -. '7% c* 17)+%H +# '7)' #.$L -'+ P()"'-#. -. 

'7% c# 17)+% (%8)-.+ P$2#(%+"%.'K G72+H '7% '##$N-' #P 'l# 1(#3%+ l-'7 92%."7%( "). +1%"-P-")$$L 

')(4%' c* ).* c# 17)+%+ ).* -*%.'-PL '7%-( $-1-* #(*%( P(#8 '7% %8-++-#. "#$#(K :11$-")'-#. #P '7-+ 

'##$N-' -. $-B-.4 "%$$+ Zj%c)H 6jt ).* >fFG "%$$ $-.%+[ (%B%)$%* '7% "#%D-+'%."% #P +%1)()'%* c#Y ).* 

c*Y$-N% 17)+%+ l-'7 B)(-%* (%$)'-B% "#.'(-32'-#.+ *%1%.*%.' #. '7% "%$$ $-.%K S. j%c) "%$$+ 

2.*%(4#-.4 )1#1'#+-+H #2( '##$N-' +7#l%* P#(8)'-#. #P +%1)()'% *#8)-.+ #P '7% c*Y$-N% 17)+% -. 

P#(8 #P 3$%3+K G7% *%B%$#1%* '##$+ (%B%)$%* 17)+% +%1)()'-#. -. 1$)+8) 8%83().%+ #P $-B-.4 ).* 

)1#1'#'-" "%$$+H #1%.-.4 .%l *-(%"'-#.+ -. '7% $-1-* ()P' (%+%)("7K 



E0+2$')'+ %' *-+"2++-#.+ 

 

e? 

#"(&,)!E(#," 

c-1-* *#8)-.+H *%P-.%* )+ $-92-*Y#(*%(%* 17)+% Zc#[ %.(-"7%* -. "7#$%+'%(#$H +17-.4#8L%$-. 

Z,;[ ).* 4$L"#+17-.4#$-1-*+H "). 3% #3+%(B%* -. 8#*%$ $-1-* 8%83().%+ ).* 1$)+8) 

8%83().% B%+-"$%+ )+ �()P'+� P$#)'-.4 -. ) +%) #P $##+%$LY1)"N%* 17)+% %.(-"7%* -. 

2.+)'2()'%* 17#+17#$-1-*+H +#Y")$$%* $-92-* *-+#(*%(%* ZP$2-*[ 17)+% Zc*[ Z) M[K h#( 8#(% '7). 

) *%")*% '7%+% *#8)-.+ l%(% ) +23I%"' #P -.'%.+-B% (%+%)("7H 3%")2+% '7%L 8)L 3% 

)++#"-)'%* -. "%$$ 8%83().%+ l-'7 +%B%()$ N%L P2."'-#.+H +2"7 )+ +-4.)$ '().+*2"'-#.H $-1-* 

'()PP-"N-.4 ).* )"'-B-'L #P 8%83().% 1(#'%-.+ ZX [[K &%+1-'% +-4.-P-").' 1(#4(%++%+ -. '7% 

P-%$*H '7% %D-+'%."% #P $-1-* ()P'+ -+ +'-$$ *%3)'%*H )+ '7% *-(%"' #3+%(B)'-#. #P +%1)()'%* $-1-* 

17)+%+ -. $-B-.4 "%$$ (%8)-.+ ) "7)$$%.4% ZYE")L );[K : B)(-%'L #P '%"7.-92%+H +2"7 )+ -8)4-.4 

8)++ +1%"'(#8%'(L Z)@[H )'#8-" P#("% 8-"(#+"#1L Z)F[H %$%"'(#. 1)()8)4.%'-" (%+#.)."% 

Z)M[ ).* #1'-")$ +1%"'(#+"#1L ).* 8-"(#+"#1L 7)B% 3%%. )11$-%* '# )**(%++ '7-+ 1(#3$%8K 

t1'-")$ '%"7.-92%+ )(% 1)('-"2$)($L +2-')3$% -. '7-+ "#.'%D'H )+ '7%L )$$#l .#.Y-.B)+-B% $."-$/& 

+'2*-%+ #. $-B-.4 "%$$+ l-'7 %D92-+-'% +1)'-)$ ).* '%81#()$ (%+#$2'-#.K h#( -.+')."%H +-.4$% 

1)('-"$% '()"N-.4 Z)X[H h`(+'%( E%+#.)."% !.%(4L G().+P%( ZhE!G[ Z)Y )[[H P$2#(%+"%."% 

"#((%$)'-#. +1%"'(#+"#1L Zh6,[ Z;LE";)[ ).* +21%((%+#$2'-#. -8)4-.4 Z;; ;F[ %.)3$%* ).)$L+-+ 

#P #$-4#8%(-V)'-#.H '().+-%.' "#.P-.%8%.' ).* *-PP2+-#. #P 8%83().% 1(#'%-.+H +244%+'-.4 

'7%-( .).#+")$% #(*%(-.4 l-'7-. 12')'-B% $-1-* ()P'+K j#l%B%(H #'7%( (%1#('+ )(42% '7)' '7% 

#3+%(B%* 1(#'%-. "#.P-.%8%.' -+ *2% '# "#81$%D 8%83().% '#1#4()17L Z;M[ #( -.'(-.+-" 

")1)"-'L #P 1(#'%-.+ '# P#(8 .).#"$2+'%(+ Z-+$).*+[ Z;X[ ).* -.'%()"' l-'7 )"'-. "L'#+N%$%'#. 

Z;Y[K ;#(%#B%(H P)( P%l%( (%1#('+ +7#l%* *-(%"'$L )' '7% $-1-* $%B%$ '7% "#Y%D-+'%."% #P 

+%1)()'% 17)+% *#8)-.+ -. $-B-.4 "%$$+ Z)ME";Z @L[H l7-"7 +'-82$)'%* '7% *%B%$#18%.' #P .%l 

P$2#(%+"%.' 8%83().% 1(#3%+ P#( $-1-* ()P'+ Z@)[K 

G7%+% 1(#3%+ "#2$* 3% +1$-' -.'# 'l# 8)-. "$)++%+K 6$)++ S 1(#3%+ +')-. +%$%"'-B%$L '7% c#Xc* 

17)+% -. 8#*%$ 8%83().%+K G7-+ "$)++ -."$2*%+ '7% P$2#(%+"%.'$L $)3%$%* "7#$%() '#D-. <Y

+232.-' Z6GY<[ Z)[E"@;[H +)'2()'%*X2.+)'2()'%* 17#+17#$-1-*+ ).* "7#$%+'%(#$ Z@@E"@F[ )+ l%$$ 

)+ *L%+ l-'7 $#.4 )$NL$ "7)-.+H +2"7 )+ c"G;:Y&kj Z@M[ ).* "L).-.%+Z;ZE"@@[H #( 1#$L"L"$-" 

)(#8)'-" 7L*(#")(3#.+ Z@@E" @X[K 6$)++ SS "#83-.%+ %.B-(#.8%.'Y+%.+-'-B% 1(#3%+H +2"7 )+ 

c)2(*). Z;[E"@YE"@Z[ ).* -'+ *%(-B)'-B%+ Z@[[H *-YbY:\!kk&ji Z@ZE"FL[ ).* *%(-B)'-B%+ #P FY

7L*(#DLP$)B#.% ZF)E"F;[ ).* \-$% E%* ZF@E"FF[K G7%+% 1(#3%+ 1)('-'-#. -.'# 3#'7 '7% c* ).* c# 

17)+%+ ).* 1(#B-*% "#$#( #( -.'%.+-'L "#.'()+' *2% '# *-PP%(%."%+ -. '7% $#")$ 

1#$)(-'LX7L*()'-#. #( P$2-*-'L #P '7%+% 17)+%+ Zh-42(% @:[ Z@)E"FM[K G7% 1(#3%+ #P "$)++ S ).* SS 

)(% "#81$%8%.')(LH )+ '7% P#(8%( 1(#B-*%+ '7% +1%"-P-"-'L '# '7% 17)+%H l7-$% '7% $)''%( "). 

-*%.'-PL '7% 17)+% '7(#247 '7% +1%"'(#+"#1-" (%+1#.+%K :$'7#247 '7%+% 1(#3%+ )(% B%(L 

2+%P2$ '# +'2*L 8#*%$ 8%83().%+H '7%L )(% 82"7 $%++ %PP-"-%.' P#( +'2*L-.4 $-1-* ()P'+ -. 

$-B-.4 "%$$+K 



E0+2$')'+ %' *-+"2++-#.+ 

 

e@ 

 

Figure 1. Concepts for probing lipid domains in cell membranes. (A) Environment-sensitive probe that stains Lo 

and the Ld phases in different colors (such as NR12S). (B) Phase-selective probe excluded from the Lo phase. 

(C) Quencher excluded from the Lo phase, which quenches the fluorescence of the environment-sensitive probe 

selectively in the Ld phase. Thus, (B) and (C) approaches allow probing the Ld and Lo phases, respectively. (D) 

Chemical structure of NR12S and bNR10S probes together with bQ10S quencher. Lipid anchor groups are in 

red. 

 

o% 7L1#'7%+-V%* '7)' "#83-.-.4 17)+%Y+1%"-P-"-'L l-'7 +%.+-'-B-'L '# '7% %.B-(#.8%.' "#2$* 

3(-.4 '7% )11$-")'-#. #P '7%+% 1(#3%+ -. "%$$+ '# ) .%l $%B%$K ,# P)(H '7%(% )(% .# 

%.B-(#.8%.'Y+%.+-'-B% Z"$)++ SS[ 1(#3%+ +7#l-.4 +'(#.4 1(%P%(%."% '# '7% c#Xc* 17)+%+K G# 

)"7-%B% +1%"-P-"-'L '# '7% c* 17)+% Zh-42(% @<[H '7% P$2#(#17#(% "). 3% 8#*-P-%* l-'7 32$NL #( 

2.+)'2()'%* )$NL$ "7)-.+H )+ -' l)+ (%)$-V%* P#( "$)++ S 1(#3%+ Z@)E"@@E"@M[K G)(4%'-.4 '7% c# 

17)+% -+ 8#(% "#81$-")'%*H 3%")2+% 8#+' *L%+ '%.* '# 3% %D"$2*%* P(#8 '7-+ 7-47$L #(*%(%* 

17)+% Z@@[K G7-+ 1(#3$%8 "). 3% +#$B%* 3L 2+-.4 ) 1(#3% '7)' 3-.*+ 3#'7 17)+%+ -. 

"#83-.)'-#. l-'7 ) 92%."7%( 1)('-'-#.-.4 +%$%"'-B%$L '# '7% c* 17)+%K :+ ) "#.+%92%."%H '7% 

1(#3% +7#2$* P$2#(%+"% 8)-.$L P(#8 '7% c# 17)+% Zh-42(% @6[H )+ -' l)+ 1(%B-#2+$L 1(#1#+%* 

P#( "$)++ S 1(#3%+ Z;ZE" @ME" FX[K j#l%B%(H '7-+ "#."%1' 7)+ .%B%( 3%%. (%)$-V%* l-'7 



E0+2$')'+ %' *-+"2++-#.+ 

 

e> 

%.B-(#.8%.'Y+%.+-'-B% Z"$)++ SS[ 1(#3%+K ;#(%#B%(H '7% %D-+'-.4 92%."7%(+ #P '7% c* 17)+% 

")..#' 3-.* +%$%"'-B%$L '7% #2'%( $%)P$%' #P "%$$ 1$)+8) 8%83().%+ ).* 92%."7 ) 1(#3% )' 

$#l "#."%.'()'-#.+K hE!G +7#2$* 3% '7% 3%+' 92%."7-.4 8%"7).-+8 P#( '7-+ 12(1#+%H )+ -' 

"). )"' )' +2PP-"-%.'$L $#.4 *-+')."% ZFYE"FZ[H -. "#.'()+' '# +1-.Y3)+%* 92%."7%(+ '7)' (%92-(% 

()'7%( 7-47 92%."7%( "#."%.'()'-#.+ Z@ME"F[[K 

S. '7% 1(%+%.' l#(NH '# *%B%$#1 1(#3%+ '7)' "#83-.% %.B-(#.8%.'Y+%.+-'-B-'L l-'7 17)+%Y

+1%"-P-"-'LH l% 3)+%* #2( *%+-4. #. '7% (%"%.'$L *%B%$#1%* \-$% E%* 1(#3% \E@>, ZFF[K G7-+ 

1(#3%H l7-"7 l)+ +1%"-)$$L 8)*% P#( "%$$ 1$)+8) 8%83().%+H 1)('-'-#.+ -.'# '7% c* ).* c# 

17)+%+ #P 8#*%$ 8%83().%+ +7#l-.4 *-PP%(%.' %8-++-#. "#$#(+K S81#(').'$LH '7-+ 1(#3% 

*-+'-.42-+7%+ l%$$ '7% c# ).* c* 17)+%+ %B%. )' 7-47 "7#$%+'%(#$ "#.'%.' -. 3#'7 17)+%+ ZFF[H 

l7-"7 -+ $%++ %B-*%.' P#( #'7%( 1(#3%+ #P "$)++ SSK k(%+%.'$LH l% +L.'7%+-V%* ) �32$NL� 

).)$#42% #P \E@>, )3$% '# 3-.* +%$%"'-B%$L '7% c* 17)+%K ;#(%#B%(H '# *%'%"' +%$%"'-B%$L '7% 

c# 17)+%H l% *%+-4.%* ) 8%83().% 92%."7%( '7)' '2(.+ #PP '7% P$2#(%+"%."% #P \E@>, 

+%$%"'-B%$L -. '7% c* 17)+%K G7% "#83-.)'-#. #P %.B-(#.8%.'Y+%.+-'-B-'L l-'7 17)+%Y

+%$%"'-B-'L )$$#l%* 2+ '# -*%.'-PL "$%)($L *-+'-."' c#Y ).* c*Y$-N% 17)+%+ -. '7% 1$)+8) 

8%83().%+ #P '7(%% *-PP%(%.' "%$$ $-.%+ ).* '# +7#l '7)' '7% c#Xc* ()'-# *%1%.*+ #. "%$$ 

'L1%K S. j%c) "%$$+ 2.*%(4#-.4 1(#4()88%* "%$$ *%)'7 Z)1#1'#+-+[ ZML[H '7% 1(#3%+ 

%B-*%."%* P#(8)'-#. #P +%1)()'% *#8)-.+ #P '7% c*Y$-N% 17)+% -. P#(8 #P 3$%3+K G7% 

*%B%$#1%* '##$N-' #P 1(#3%+ l-'7 92%."7%( #1%.+ ) .%l )B%.2% P#( +'2*-%+ #P $-1-* 

#(4).-V)'-#. ).* 17)+% 7%'%(#4%.%-'L -. $-B% "%$$+ 2+-.4 #1'-")$ '%"7.-92%+K 

&%'!D(' *") )#'E!''#," 

G4/>2 52;9?8H G7% *%+-4. #P '7% .%l 1(#3% ).* 92%."7%( -+ 3)+%* #. \E@>, Zh-42(% @&[K S. 

\E@>,H '7% \-$% E%* P$2#(#17#(% -+ )'')"7%* '7(#247 ) +7#(' +1)"%( '# ) $#.4 7L*(#")(3#. 

"7)-. ).* ) Vl-''%(-#.-" 4(#21H l7-"7 +%(B% )+ ). )."7#( '# P-D '7% P$2#(#17#(% )' '7% 

-.'%(P)"% ).* 1(%B%.' '7% P$-1YP$#1 #P '7% 1(#3% 3%'l%%. '7% $%)P$%'+ ZFF[K G# #3')-. ). 

).)$#42% #P \E@>, '7)' "). +1%"-P-")$$L 1)('-'-#. -.'# '7% c* 17)+%H l% +23+'-'2'%* -'+ 

*#*%"L$ 4(#21 l-'7 ) 32$NL FHeY*-8%'7L$#"'L$ 4(#21K G7% +L.'7%+-+ l)+ +')('%* P(#8 @Y

3(#8#YFHeY*-8%'7L$#"').%H l7-"7 l)+ "#.B%('%* -.'# "#((%+1#.*-.4 )8-.% ).* P2('7%( 2+%* 

'# #3')-. '7% *%+-(%* 1(#3% 3\E@?,H +-8-$)($L '# '7% 1(#'#"#$ P#( \E@>, Z+211$%8%.')(L 

,"7%8%+ ,@HF[K G7% 92%."7%( 3i@?, l)+ *%+-4.%* )+ ) "$#+% ).)$#42% #P 3\E@?,H 3%)(-.4 ) 

<$)"N j#$% i2%."7%(Y> Z<jiY>[ 2.-' -.+'%)* #P \-$% E%*K <jiY> l)+ +%$%"'%* )+ -'+ 

)3+#(1'-#. +1%"'(28 #B%($)1+ 1%(P%"'$L l-'7 \-$% E%* P$2#(%+"%."%H )$$#l-.4 %PP-"-%.' hE!GY

3)+%* 92%."7-.4 #P \-$% E%* 1(#3%+ -. $-1-* 8%83().%+K G7% +L.'7%+-+ #P 3i@?, l)+ *#.% 

+')('-.4 P(#8 '7% "#88%("-)$$L )B)-$)3$% <jiY> ")(3#DL$-" )"-* ).* ). )8-.% 3%)(-.4 FHeY

*-8%'7L$#"'L$ 4(#21 Z+211$%8%.')(L ,"7%8% ,>[K 

%:=63=19/8 98 @/526 @2@>4=82;H ,-8-$)($L '# 1)(%.' \E@>,H '7% .%l 1(#3% 3\E@?, 

%D7-3-'%* +'(#.4 3-.*-.4 '# 8#*%$ $-1-* 8%83().%+ #P $)(4% 2.-$)8%$$)( B%+-"$%+ Zc]/+[ 

"#81#+%* #P &tk6 Z'7% c* 17)+%[H l7-"7 l)+ )""#81).-%* 3L �>??YP#$* -."(%)+% -. '7% 

P$2#(%+"%."% -.'%.+-'L Z,211$%8%.')(L h-42(% ,@[K G7% '-'()'-#. "2(B%+ P#( 3\E@?, ).* 



E0+2$')'+ %' *-+"2++-#.+ 

 

eF 

\E@>, $##N%* .%)($L '7% +)8% Z,211$%8%.')(L h-42(% ,@[H -.*-")'-.4 '7)' '7%L %D7-3-'%* B%(L 

+-8-$)( )PP-.-'L '# '7% c* 17)+% 8%83().%+K ;#(%#B%(H '7% %8-++-#. 8)D-8) -. &tk6 

B%+-"$%+ P#( '7% 'l# 1(#3%+ l%(% -*%.'-")$ Z=?f .8[ ).* '7%-( P$2#(%+"%."% 92).'28 L-%$*+ 

l%(% B%(L "$#+% ZFf ).* b@ q P#( \E@>, ).* 3\E@?,H (%+1%"'-B%$L[K G7%+% (%+2$'+ "#.P-(8 

'7)' '7% 8#*% #P 3-.*-.4 #P \E@>, ).* 3\E@?, '# '7% c* 17)+% -+ '7% +)8%K o% )$+# 

"7%"N%* l7%'7%( '7% 92).'28 L-%$* *%1%.*%* #. '7% 1(#3%+ )**-'-#. 8%'7#*H .)8%$L 

*-(%"' )**-'-#. '# )$(%)*L 1(%1)(%* c]/+ B+K 1(%8-D-.4 #P '7% 1(#3%+ l-'7 &tk6 3%P#(% c]/+ 

1(%1)()'-#.K <#'7 8%'7#*+ #P 1(#3% )**-'-#. 4)B% '7% +)8% 92).'28 L-%$* B)$2%+5 Ff B+K 

b>q P#( \E@>, ).* b@ B+K b>q P#( 3\E@?,K G7%+% B)$2%+ )(% )+ 7-47 )+ '7#+% -. #(4).-" 

+#$B%.'+ ZFF[H +244%+'-.4 ) .%)($L "#81$%'% 3-.*-.4 #P '7% 1(#3%+ '# c]/+K h$-1YP$#1 #P '7% 
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8-D'2(% #P &tk6H ,; ).* 67#$ Z@X@X?Ke[K /-#$%' 1)('+ "#((%+1#.* '# '7% c* 17)+% ).* U(%%.XT%$$#l 1)('+ 

"#((%+1#.* '# '7% c# 17)+%K 
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92%."7%( '().+P#(8%* '7% 3(#)* +1%"'(28H ) +-4.)'2(% #P 3#'7 c# ).* c* 17)+%+H -.'# ) 3$2% 
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P$2#(%+"%."% +1%"'() #P \E@>, l-'7#2' ).* l-'7 3i@?, 92%."7%( Z@=? .;[ ).* 3\E@?, -. j%c) Z<[H 6jt Z6[ 
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l7%'7%( '7% 3-.*-.4 #P '7% 1(#3% '# '7% "%$$+ 1(#*2"%* ) +')3$% 4(%%.X(%* ()'-# +-4.)$K 

:**-'-#. #P \E@>, '# '7% "%$$+ (%+2$'%* -. '7% 4(#l'7 #P '7% P$2#(%+"%."% -.'%.+-'L ).* '7% 

4(%%.X(%* ()'-# l-'7 '7%-( +')3-$-V)'-#. )P'%( A 8-. #P -."23)'-#. )' (' Z,211$%8%.')(L h-42(% 

,e[K <L "#.'()+'H P#( 3\E@?, '7% -.'%.+-'L ).* '7% ()'-# +')3-$-V%* -88%*-)'%$LH -.*-")'-.4 

'7)' '7-+ 1(#3% 3-.*+ 82"7 P)+'%(K G7-+ ()1-* 3-.*-.4 "#2$* 3% "#..%"'%* l-'7 +%$%"'-B-'L #P 

3\E@?, '# c* 17)+%K t. '7% #'7%( 7).*H \E@>, "). )$+# 1)('-'-#. -.'# c# 17)+%H l7-"7 8)L 

')N% +-4.-P-").'$L $#.4%( '-8%K G72+H '7%+% +-81$% N-.%'-"+ %D1%(-8%.'+ )$(%)*L +7#l '7)' 

'7%+% 'l# 1(#3%+ 8)L 1)('-'-#. -.'# 'l# *-+'-."' 17)+%+ l-'7-. "%$$ 1$)+8) 8%83().%+K o% 

P2('7%( P#2.* '7)' b? .; l)+ 8)D-8)$ "#."%.'()'-#. #P \E@>, l7%(% '7% P$2#(%+"%."% 

+1%"'(28 (%8)-.%* .%)($L "#."%.'()'-#.Y-.*%1%.*%.' Z,211$%8%.')(L h-42(% ,g[K :""#(*-.4 

'# #2( %)($-%( %+'-8)'-#. '7)' )++28%+ +17%(-")$ "%$$+ l-'7 P$)' 1$)+8) 8%83().% ZF@[H @?= 

j%c) "%$$+ 1%( 8c +7#2$* "#.')-. �>K> �; $-1-*+ )' '7% #2'%( 1$)+8) 8%83().% $%)P$%'H 

l7-"7 "#((%+1#.*+ '# ) +'-$$ )""%1')3$% $-1-*X1(#3% ()'-# �AAX@ Z'7% (%)$ ()'-# -+ 1(#3)3$L 

7-47%( )+ '7% 8%83().% +2(P)"% -+ .#' P$)'[K G7%.H l% +'2*-%* '7% P$2#(%+"%."% +1%"'() #P 

'7% 1(#3%+ l-'7 ).* l-'7#2' 3i@?, 92%."7%( -. "%$$ +2+1%.+-#.+ #P '7(%% "#88#. "%$$ $-.%+H 

j%c)H 6jt ).* >fFG Zh-42(%+ A ).* =:[K G7% %8-++-#. 8)D-828 #P \E@>, B)(-%* l-'7 '7% 

"%$$ $-.% 3%'l%%. Ag? ).* Af? .8H l7-"7 l)+ 3%'l%%. '7% c# Z�Ae? .8[ ).* c* Z�=@? .8[ 

17)+%+ #P 8#*%$ 8%83().%+K o7%. 3i@?, l)+ )**%* '# "%$$+ +')-.%* l-'7 \E@>,H '7% *(#1 

-. '7% P$2#(%+"%."% -.'%.+-'L l)+ )""#81).-%* 3L ) 3$2% +7-P' -. '7% +1%"'(28 Zh-42(% A:H 

,211$%8%.')(L h-42(% ,f[H +# '7)' '7% #3')-.%* +1%"'() 3%")8% "$#+%( '# '7)' #3+%(B%* P#( 

\E@>, -. '7% c# 17)+% Zh-42(% >[K G7-+ 3$2% +7-P' l)+ (%1(#*2"%* -. )$$ '7(%% "%$$ $-.%+ Zh-42(% 

A<Y&[H +244%+'-.4 '7)' -.*%1%.*%.'$L #P '7% "%$$ $-.%H 3i@?, 92%."7%+ +1%"-P-")$$L \E@>, 

P$2#(%+"%."% P(#8 +%1)()'%* c*Y$-N% 17)+% *#8)-.+H +# '7)' '7% %8-++-#. -+ %D"$2+-B%$L 

#3+%(B%* P(#8 c#Y$-N% 17)+%K :+ '7% 92%."7%( 1(#*2"%* '7-+ +7-P' )$(%)*L )' A .; 

"#."%.'()'-#. Zh-42(% A:[H -'+ 3-.*-.4 '# "%$$ 1$)+8) 8%83().%+ +7#2$* 3% %PP-"-%.'H l7-$% -'+ 

*-(%"' %PP%"' #. '7% #3+%(B%* 7%'%(#4%.%-'L +7#2$* 3% 8-.-8)$K t. '7% #'7%( 7).*H '7% 

+1%"'(28 #P 3\E@?, l)+ +-4.-P-").'$L (%* +7-P'%* l-'7 (%+1%"' '# \E@>, Zh-42(% A<Y&[H ).* 

l)+ B%(L "$#+% '# '7)' #3+%(B%* -. '7% c* 17)+% #P 8#*%$ 8%83().%+ Zh-42(% >[K E%8)(N)3$LH 

'7% +1%"'(28 #P \E@>, -. "%$$+ "#2$* 3% %D1(%++%* )+ ) +21%(1#+-'-#. #P '7% +1%"'() #P 

3\E@?, ).* \E@>, l-'7 3i@?, 92%."7%( Z,211$%8%.')(L h-42(% ,@?[K G7-+ (%+2$' "#.P-(8+ 

'7% 8#*%$ #P '7% *-+'-."' c#Y ).* c*Y$-N% 17)+%+ -. '7% "%$$ 1$)+8) 8%83().%+K G7% ).)$L+-+ 

#P '7% 4(%%.X(%* -.'%.+-'L ()'-# +7#l%* %B%. 8#(% -81(%++-B% *-PP%(%."%+ 3%'l%%. \E@>, 

).* 3\E@?, Zh-42(% =<[K ;#(%#B%(H l7-$% )**-'-#. #P 3i@?, 1(#*2"%* ) +'(#.4 -."(%)+% -. 

'7-+ ()'-# P#( \E@>,H P#( 3\E@?,H '7% ()'-# "7).4%+ l%(% .%4$-4-3$%K G7%+% +7)(1 *-PP%(%."%+ 

3%'l%%. \E@>, ).* 3\E@?,H '#4%'7%( l-'7 '7%-( ()'-#8%'(-" -8)4%+ -. j%c) "%$$+ Zh-42(% b[H 

+7#l '7)' 3\E@?,H 2.$-N% \E@>,H -+ $#")'%* 8)-.$L -. '7% +%1)()'%* '7% c*Y$-N% 17)+% #P '7% 

1$)+8) 8%83().%+ -.*%1%.*%.'$L #P '7% "%$$ $-.%K G72+H #2( .%l 1(#3%+ (%B%)$%* 17)+% 

7%'%(#4%.%-'L -. "%$$ 8%83().%+H +244%+'-.4 '7)' '7% c#Y ).* c*Y$-N% 17)+%+ *# %D-+' )+ 

+%1)()'% %.'-'-%+ -. '7% '7(%% "%$$ $-.%+K S.*%%*H ) "#.'-.2#2+ 17)+% #P -.'%(8%*-)'% 

1(#1%('-%+ l#2$* 1(#*2"% '7% -*%.'-")$ +1%"'() P#( 3\E@?,H \E@>, l-'7#2' ).* l-'7 3i@?,H 
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ef 

l7-"7 -+ .#' '7% ")+%K ;#(%#B%(H '7% 1(#3%+ )$+# +7#l '7)' '7% 'l# +%1)()'% 17)+%+ )(% B%(L 

"$#+% '# '7% c# ).* c* 17)+%+ -. 8#*%$ B%+-"$%+K 
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F9?342 YH i2%."7-.4 #P \E@>, ).* 3\E@?, 1(#3%+ 3L 3i@?, -. +2+1%.+-#.+ #P *-PP%(%.' "%$$ $-.%+K 67).4%+ -. 

'7% -.'%4()$ -.'%.+-'L Z:[ ).* U(%%.XE%* ()'-# Z<[ #P 1(#3%+ Zb? .;[ -. '7% 1(%+%."% #P @=? .; #P 3i@?,K 

 

E%8)(N)3$LH '7% 92%."7-.4 #P 3#'7 1(#3%+ *%1%.*%* #. '7% "%$$ $-.% 3%-.4 '7% $#l%+' P#( 

j%c) ).* '7% 7-47%+' P#( >fFG "%$$+ Zh-42(% =:[K o% "#2$* +1%"2$)'% '7)' '7%+% *-PP%(%."%+ 

)(% (%$)'%* '# '7% P()"'-#. #P '7% c#Y$-N% 17)+% -. '7% 1$)+8) 8%83().%+ #P '7%+% "%$$ $-.%+H 

l7%(% j%c) ).* >fFG "%$$+ 1(%+%.' '7% $)(4%+' P()"'-#. #P '7-+ 17)+%H (%+1%"'-B%$LK h2('7%( 

).)$L+-+ #P '7% 4(%%.X(%* -.'%.+-'L ()'-#H l7-"7 -+ 1(#1#('-#.)$ '# '7% P()"'-#. #P c# 17)+%H 

"#.P-(8%* '7-+ 7L1#'7%+-+H )+ '7-+ ()'-# l)+ '7% 7-47%+' P#( j%c) "%$$+ ).* '7% $#l%+' P#( 

>fFG "%$$+ Zh-42(% =<[K :+ '7% 'l# +%1)()'% 17)+%+ -. "%$$ 8%83().%+ )11%)( B%(L "$#+% '# 

'7% c# ).* c* 17)+%+ #P 8#*%$ B%+-"$%+H l% "#2$* )++28% '7)' '7% +1%"'(28 #P \E@>, -. "%$$+ 

-+ ) +21%(1#+-'-#. #P '7% +1%"'() -. '7% 8#*%$ c# ).* c* 17)+%+ ).* -'+ 17)+% 1)('-'-#.-.4 -. 

"%$$+ -+ '7% +)8% )+ -. $-1-* B%+-"$%+ Z@X@>[K G7%+% )++281'-#.+ )$$#l%* 2+ '# (%")$"2$)'% '7% 

"#.'%.' #P '7% c#Y$-N% 17)+% )' '7% #2'%( 8%83().% $%)P$%' #P %)"7 "%$$ $-.%K ,2(1(-+-.4$LH l% 

P#2.* '7)' '7% "#.'%.' #P '7% c#Y$-N% 17)+% -+ B%(L $)(4% P#( )$$ '7(%% "%$$ $-.%+H .)8%$L f?±@H 

f>±@ ).* f=±@qH P#( >fFGH 6jt ).* j%c) "%$$+H (%+1%"'-B%$LK : +-8-$)( "#."$2+-#. l)+ 

(%"%.'$L 8)*% 2+-.4 17)+%Y+%.+-'-B% 1(#3% c)2(*). -. j%c) "%$$+ Z;[[H h>\@>, -. ]ge;U 

728). 4$-#3$)+'#8) "%$$+ ZF)[H )+ l%$$ )+ 2+-.4 17)+%Y1)('-'-#.-.4 *L%+ -. B%+-"$%+ "#81#+%* 

#P 1$)+8) 8%83().% $-1-*+ ZM@[K S' "). 3% ()'-#.)$-V%* ')N-.4 -.'# )""#2.' '7)' 

+17-.4#8L%$-. -+ '7% 8)I#( "#81#.%.' #P "%$$ 1$)+8) 8%83().%+ -. '7%-( #2'%( $%)P$%'K 
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g? 

\%B%('7%$%++H '7% #3')-.%* B)$2%+ )(% 1(#3)3$L #B%(%+'-8)'%*H 3%")2+% '7% 1(#3% 

1)('-'-#.-.4 -. 8#*%$ 8%83().%+ "#2$* 3% *-PP%(%.' P(#8 '7)' -. 1$)+8) 8%83().%+ Z@F[K 

 

 

F9?342 OH /%+-"2$)( *#8)-.+ #P '7% c*Y$-N% 17)+% -. "%$$ 8%83().%+ #P )1#1'#'-" "%$$+ B-+2)$-V%* 3L '7% 

1(#3%+K h$2#(%+"%."% ()'-#8%'(-" -8)4%+ #P -.')"' j%c) "%$$+ Z: ).* <[ ).* "%$$+ '(%)'%* l-'7 

)1#1'#+-+Y-.*2"-.4 )4%.' Sk:YF ZMF[ Z>A �;[ P#( bg 7 Z6 ).* &[K G7% "%$$+ l%(% +')-.%* l-'7 \E@>, Z: 

).* 6[ ).* 3\E@?, Z< ).* &[ 1(#3%+ Zb? .;[K :**-'-#. #P 3i@?, 92%."7%( Z@?? .;[ '# )1#1'#'-" 

"%$$+ '2(.+ #PP '7% c*Y$-N% 17)+% (%4-#.+ -. 4(%%. P#( \E@>, Z![ ).* 3\E@?, Zh[K ,")$% 3)( -+ @?�8K G7% 

1+%2*#Y"#$#( "#*%+ '7% 4(%%.X(%* ()'-#K 

 

h-.)$$LH l% %B)$2)'%* #2( .%l '##$N-' -. "%$$+ 2.*%(4#-.4 )1#1'#+-+K k(%B-#2+$LH -' l)+ +7#l. 

'7)' )1#1'#+-+H *2% '# '7% $#++ #P '().+8%83().% )+L88%'(L ZMM[ ).* +17-.4#8L%$-. 

7L*(#$L+-+ -.'# "%()8-*% ZMX[H 8)L *%"(%)+% '7% $-1-* #(*%( #P "%$$ 1$)+8) 8%83().% ZF)E"

F@[K j%(%H 2+-.4 #2( 1(#3%+ l% +'2*-%* '7% +1)'-)$ *-+'(-32'-#. #P '7% $-1-* #(*%( -. '7% 

)1#1'#'-" "%$$+ 1(#*2"%* 3L Sk:YF ZMF[ '(%)'8%.' Z,211$%8%.')(L h-42(% ,@@[K S' "). 3% +%%. 

'7)' -. "#81)(-+#. '# '7% -.')"' "%$$+H '7% )1#1'#'-" #.%+ +')-.%* l-'7 \E@>, ).* 3\E@?, 

1(%+%.' +8)$$ B%+-"$%+ '7)' )11%)( -. *-PP%(%.' "#$#( Z4(%%.[ P(#8 '7% 8)-. 1$)+8) 

8%83().% Z(%*[ Zh-42(% e:Y&[K G7%+% B%+-"$%+ l%(% *%+"(-3%* %)($-%( )+ )1#1'#'-" 3$%3+ ZMYE"
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g@ 

MZ[H '7#247 '7%-( $-1-* #(*%( (%8)-.%* 2."$%)(K :+ '7% 4(%%. "#$#( "#((%+1#.*+ '# $#l 

4(%%.X(%* ()'-#H '7% (%+2$'+ +244%+' '7)' '7% )1#1'#'-" 3$%3+ )(% "7)()"'%(-V%* 3L $#l%( $-1-* 

#(*%( "#81)(%* '# '7% 1$)+8) 8%83().%K S. '7% ")+% #P 3\E@?,H '7%+% B%+-"$%+ l%(% 82"7 

3(-47'%( '7). '7% (%+' #P '7% "%$$ 8%83().%H l7-"7 -+ .#' '7% ")+% #P \E@>,H l7%(% '7% 

*-PP%(%."%+ l%(% .#' 1(#.#2."%*K G72+H *2% '# +1%"-P-"-'L #P 3\E@?, '# '7% c* 17)+%H -' 

3-.*+ +'(#.4$L )1#1'#'-" 3$%3+ "#.P-(8-.4 '7% $#l $-1-* #(*%( -. '7%-( 8%83().%+K G7%(%P#(%H 

-. )**-'-#. '# "#$#( "7).4%+ 3\E@?, %D7-3-'+ +'(#.4 P$2#(%+"%."% %.7)."%8%.' -. )1#1'#'-" 

"%$$+H l7-"7 -+ ) B%(L 2+%P2$ 1(#1%('L P#( )1#1'#+-+ *%'%"'-#. ZM[[K :**-'-#. #P 3i@?, 

92%."7%( (%+2$'%* -. .%)($L "#81$%'% *-+)11%)()."% #P '7%+% 4(%%. B%+-"$%+ Zh-42(% e!Hh[H 

l7-"7 "#.P-(8+ '7)' .%l B%+-"$%+ 1(%+%.' '7% c*Y$-N% 17)+%K S.*%%*H 3i@?,H *2% '# -'+ 

+1%"-P-"-'L '# '7% c* 17)+%H +7#2$* 3-.* 1(%P%(%.'-)$$L '7% )1#1'#'-" 3$%3+H '72+ 1(#B-*-.4 

'7%-( 92%."7-.4 l-'7#2' +'(#.4 %PP%"' #. '7% (%+' #P '7% 1$)+8) 8%83().%K G72+H #2( '##$N-' 

1(#B-*%* ) '(-1$% %B-*%."% +211#('-.4 P#(8)'-#. #P +%1)()'%* *#8)-.+ #P '7% c*Y$-N% 17)+% -. 

P#(8 #P )1#1'#'-" 3$%3+ *2(-.4 )1#1'#+-+K S' +7#2$* 3% .#'%* '7)' '7% #3+%(B%* 17)+% 

"7).4%+ )(% (%$)'%* '# '7% #2'%( $%)P$%' #P '7% 1$)+8) 8%83().%H 3%")2+% 3#'7 \E@>, ).* 

3\E@?, 1(#3%+ *# .#' 2.*%(4# P$-1YP$#1 -. '7% 8#*%$ 8%83().%+K S. '7-+ #2'%( $%)P$%'H 

-.-'-)$$L *#8-.)'%* 3L '7% c#Y$-N% 17)+%H '7% $#++ #P '().+8%83().% )+L88%'(L ).* '7% 

+17-.4#8L%$-. 7L*(#$L+-+ *2(-.4 %D%"2'-B% +')4% #P )1#1'#+-+ "). 4%.%()'% $)(4% *#8)-.+ #P 

'7% c*Y$-N% 17)+%H l7-"7 "#2$* P2('7%( 3% "#.B%('%* -.'# %D#+#8)$ +'(2"'2(%+ #3+%(B%* -. 

#2( +'2*-%+KS. +288)(LH ) '##$N-' #P 1(#3%+ ).* 92%."7%( l)+ *%B%$#1%* P#( +'2*L-.4 $-1-* 

8-"(#*#8)-.+ Z()P'+[ -. 8#*%$ ).* "%$$ 8%83().%+K G7% "#."%1' l)+ '# "#83-.% +%.+-'-B-'L 

#P *L%+ '# +%1)()'%* 17)+% *#8)-.+ l-'7 +%$%"'-B% 1(#3-.4 #P %)"7 17)+%K G# '7-+ %.*H ). 

).)$#42% #P (%"%.'$L *%B%$#1%* \-$% E%*Y3)+%* 1(#3% \E@>,H 3%)(-.4 ) 32$NL 7L*(#17#3-" 

"7)-. Z3\E@?,[ l)+ +L.'7%+-V%*K S' "). 1)('-'-#. +%$%"'-B%$L -.'# '7% c* 17)+%H l7-"7 l)+ 

%B-*%."%* 3L +1%"'(#+"#1L #P $)(4% 2.-$)8%$$)( B%+-"$%+ ).* 8-"(#+"#1L #P 4-).' B%+-"$%+K t. 

'7% #'7%( 7).*H ) <$)"N j#$% i2%."7%(Y> l)+ 8#*-P-%* l-'7 ). )."7#( 4(#21 3%)(-.4 ) 32$NL 

7L*(#17#3-" "7)-. +-8-$)($L '# 3\E@?,K G7-+ 8#$%"2$% %.)3$%* +1%"-P-" 92%."7-.4 #P \E@>, 

1(#3% -. '7% c* 17)+%H +# '7)' #.$L -'+ P()"'-#. -. '7% c# 17)+% (%8)-.+ P$2#(%+"%.'K G72+H '7% 

'##$N-' #P 'l# 1(#3%+ ).* 92%."7%( "). +1%"-P-")$$L ')(4%'H B-+2)$-V% ).* -*%.'-PL '7% c# ).* 

c* 17)+%+K :11$-")'-#. #P '7-+ '##$N-' -. $-B-.4 "%$$+ Zj%c)H 6jt ).* >fFG "%$$ $-.%+[ (%B%)$%* 

'7% "#%D-+'%."% #P +%1)()'%* c#Y ).* c*Y$-N% 17)+%+ ).* '7%-( (%$)'-B% "#.'(-32'-#. l)+ 

P#2.* '# *%1%.* #. '7% "%$$ $-.%K ;#(%#B%(H -. )1#1'#'-" "%$$+H #2( '##$N-' %B-*%."%* 

P#(8)'-#. #P +%1)()'% *#8)-.+ #P '7% c*Y$-N% 17)+%+ -. P#(8 #P 3$%3+K G7% (%+2$'+ +7#l '7% 

-81#(')."% #P '7% *%B%$#1%* '##$N-' P#( (%+%)("7 #. $-1-* ()P'+H l7-"7 *2% '# '7%-( %$2+-B% 

.)'2(% (%8)-. ) 8)''%( #P -.'%.+-B% *%3)'%+K 
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g> 

C%(.,)' 

,%% ,211#('-.4 S.P#(8)'-#. P#( ) *%')-$%* *%+"(-1'-#. #P '7% %D1%(-8%.')$ 8%'7#*+K 

 

*'',E#*(%) E,"(%"(  

'3II/4198? #8V/4@=19/8K &%+"(-1'-#. #P %D1%(-8%.')$ 8%'7#*+K G7-+ 8)'%(-)$ -+ )B)-$)3$% P(%% 

#P "7)(4% B-) '7% S.'%(.%' )' 7''15XX123+K)"+K#(4K  

*!(.,& #"F,&C*(#," 

E/442;I/8598? *31M/4 

� G7% "#((%+1#.*%."% +7#2$* 3% )**(%++%* '# :K ,K M$L8"7%.N#R '%$5 ZzFF[ Ff? >b b> AAR P)D5 

zFF Ff? >b bF @FR %Y8)-$5 ).*(%LKN$L8"7%.N#�2.-+'()KP(K 

 

*EB",KD%)-C%"(  

G7-+ l#(N ).* EM l%(% +211#('%* 3L :\E Q6Q6 Z:\EY@@YQ,?eY?@bY?@[K s& )"N.#l$%*4%+ 

+211#(' P(#8 6\E, ).* E%4-#. :$+)"%K &(K U�3#( 6+�"+ Z!Gj s2(-"7[ -+ )"N.#l$%*4%* P#( 

1(#B-*-.4 "#.P#")$ 8-"(#+"#1L P)"-$-'-%+ ).* P(2-'P2$ *-+"2++-#.+K o% '7).N '# &(K 6L(-$ 

:.'7%)28% ).* &(K k)'(-"N o%7(2.4 P#( \;E ).* ;)++ 8%)+2(%8%.'+ ).* '# EK /)2"7%$$%+ 

P(#8 kSi -8)4-.4 1$)'P#(8 P#( 7%$1 l-'7 P$2#(%+"%."% 8-"(#+"#1L -8)4% ).)$L+-+K 

 

&%F%&%"E%' 

@K &-%'(-"7H 6KH <)4)'#$$-H cK :KH /#$#BLNH sK \KH G7#81+#.H \K cKH c%B-H ;KH Q)"#3+#.H MKH 

).* U()''#.H !K Z>??@[ c-1-* ()P'+ (%"#.+'-'2'%* -. 8#*%$ 8%83().%+H d$1+39-:"i: ZLH 

@b@eK 

>K <)284)('H GKH j%++H ,K GKH ).* o%33H oK oK Z>??F[ S8)4-.4 "#%D-+'-.4 P$2-* *#8)-.+ -. 

3-#8%83().% 8#*%$+ "#21$-.4 "2(B)'2(% ).* $-.% '%.+-#.H ^0/&'( F;MH g>@Yg>bK 

FK /%)'"7H ,K cKH ).* M%$$%(H ,K cK Z>??F[ ,%1)()'-#. #P c-92-* k7)+%+ -. U-).' /%+-"$%+ #P 

G%(.)(L ;-D'2(%+ #P k7#+17#$-1-*+ ).* 67#$%+'%(#$H d$1+39-:"i: ZMH F?ebYF?gFK 

bK <)284)('H GKH j)88#.*H :K GKH ,%.421')H kKH j%++H ,K GKH j#$#lN)H &K :KH <)-(*H <K :KH 

).* o%33H oK oK Z>??e[ c)(4%Y+")$% P$2-*XP$2-* 17)+% +%1)()'-#. #P 1(#'%-.+ ).* 

$-1-*+ -. 4-).' 1$)+8) 8%83().% B%+-"$%+H D'12:"^0/:"Q206:"K2$:"_KQ )LFH F@=AYF@e?K 

AK /%)'"7H ,K cKH 6-"2')H kKH ,%.421')H kKH j#.%(N)81Y,8-'7H :KH j#$#lN)H &KH ).* <)-(*H 

<K Z>??g[ 6(-'-")$ P$2"'2)'-#.+ -. 1$)+8) 8%83().% B%+-"$%+H Q]K"]3(4:"d$18: @H >geY

>fFK 

=K ,-8#.+H MKH ).* SN#.%.H !K Z@ffe[ h2."'-#.)$ ()P'+ -. "%$$ 8%83().%+H ^0/&'( @ZYH 

A=fK 

eK c-.4l##*H &KH ).* ,-8#.+H MK Z>?@?[ c-1-* ()P'+ )+ ) 8%83().%Y#(4).-V-.4 1(-."-1$%H 

K2$(.2( @;YH b=YA?K 
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gF 

gK <(#l.H &K :KH ).* c#.*#.H !K Z>???[ ,'(2"'2(% ).* P2."'-#. #P +17-.4#$-1-*Y ).* 

"7#$%+'%(#$Y(-"7 8%83().% ()P'H i:"d$18:"]3(4: ;YMH @e>>@K 

fK ,')23)"7H ,KH ).* j).-+"7H hK UK Z>?@@[ c-1-* ()P'+5 ,-4.)$-.4 ).* +#('-.4 1$)'P#(8+ #P 

"%$$+ ).* '7%-( (#$%+ -. ")."%(H AB+('/"!(S:"D'1/(14$2: ZH >=FY>eeK 

@?K ;2.(#H ,K Z>??F[ c-1-* E)P'+5 !$2+-B% #( S$$2+-B%{H ](88 ))MH FeeK 

@@K j)."#"NH QK hK Z>??=[ c-1-* ()P'+5 6#.'%.'-#2+ #.$L P(#8 +-81$-+'-" +').*1#-.'+H ^0/&'("

!(S$(J-"a18(2&80'"](88"d$181%9 YH bA=Yb=>K 

@>K G(2#.4Yi2).4H <K :KH ).* c%..%H kK hK Z>?@b[ ;%83().% 8-"(#*#8)-.+5 h(#8 +%%-.4 

'# 2.*%(+').*-.4H #'1./:"D80./"K2$: MK 

@FK c#V).#H ;K ;KH c-2H sKH ,2..-"NH !KH Q).+7#PPH :KH M28)(H MKH ).* <#D%(H ,K UK Z>?@F[ 

6#$#")$-V)'-#. #P '7% 4).4$-#+-*% U;@ ).* "7#$%+'%(#$ *%'%"'%* 3L +%"#.*)(L -#. 

8)++ +1%"'(#8%'(LH i:"Q4:"]3(4:"K12: )@MH A=>?YA=F?K 

@bK U#N+2H !K SKH /).%4)+H QK ;KH <$)."7%''%H 6K &KH c-.H oK 6KH ).* c#.4#H ;K cK Z>??f[ :h; 

P#( +'(2"'2(% ).* *L.)8-"+ #P 3-#8%83().%+H d$123$4:"d$1+39-:"Q2/0 )YZZH >AbY>==K 

@AK ,l)8LH ;K QKH 6-).-H cKH U%H ;KH ,8-'7H :K MKH j#$#lN)H &KH <)-(*H <KH ).* h(%%*H QK jK 

Z>??=[ 6#%D-+'-.4 *#8)-.+ -. '7% 1$)+8) 8%83().%+ #P $-B% "%$$+ "7)()"'%(-V%* 3L 

+1-.Y$)3%$ !,E +1%"'(#+"#1LH d$1+39-:"i: [LH bbA>Ybb=AK 

@=K ,2V2N-H MK UK \KH h2I-l)()H GK MKH ,).%8)'+2H hKH S-.#H EKH !*-*-.H ;KH ).* M2+28-H :K 

Z>??e[ UkSY)."7#(%* (%"%1'#( "$2+'%(+ '().+-%.'$L (%"(2-' cL. ).* Uu P#( '%81#()(L 

"$2+'%( -88#3-$-V)'-#. ).* cL. )"'-B)'-#.5 ,-.4$%Y8#$%"2$% '()"N-.4 +'2*L @H i:" ](88"

d$18: )YYH e@eYeF?K 

@eK U#+l)8-H &KH U#l(-+7).N)(H MKH <-$4()8-H ,KH U7#+7H ,KH E)4721)'7LH EKH 67)**)H EKH 

/-+7l)N)(8)H EKH E)#H ;KH ).* ;)L#(H ,K Z>??g[ \).#"$2+'%(+ #P UkSY:."7#(%* 

k(#'%-.+ :(% h#(8%* 3L 6#('-")$ :"'-.Y&(-B%. :"'-B-'LH ](88 )@MH @?gAY@?feK 

@gK <)*%(H :K \KH j#%'V$H ,KH j#P8).H !K UKH /##('8).H QKH /). <%(4%. !. j%.%4#2l%.H kK 

;K kKH /). ;%%(H UKH ).* U%((-'+%.H jK 6K Z>?@@[ j#8#YhE!G -8)4-.4 )+ ) '##$ '# 

92).'-PL 1(#'%-. ).* $-1-* "$2+'%(-.4H ]3(4D39-]3(4 );H beAYbgFK 

@fK M%.l#('7LH :K MKH k%'().#B)H \KH ).* !*-*-.H ;K Z>???[ j-47Y(%+#$2'-#. hE!G 

8-"(#+"#1L #P "7#$%() '#D-. <Y+232.-' ).* UkSY )."7#(%* 1(#'%-.+ -. "%$$ 1$)+8) 

8%83().%+H a18:"d$18:"](88 ))H @=bAY@=AAK 

>?K c)++%((%H EKH U2#H ~K QKH 6#."7#.)2*H hKH j)8#.H TKH j)l"7)(H tKH <%(.)(*H :K ;KH 

,#2*I)H ,K ;K jKH c%..%H kK hKH E-4.%)2$'H jKH t$-B%H &KH <-+82'7H UKH \2.O+H QK :KH 

k)L()+'(%H <KH ;)(42%'H &KH ).* j%H jK GK Z>??g[ E)P' .).#*#8)-.+ "#.'(-32'% '# 

:N'XkM< 1$)+8) 8%83().% (%"(2-'8%.' ).* )"'-B)'-#.H ^0/:"]3(4:"d$18: FH AFgYAbeK 

>@K <)"-)H MKH ,"7%(P%$*H &KH M)7L)H \KH ).* ,"7l-$$%H kK Z>??b[ h$2#(%+"%."% "#((%$)'-#. 

+1%"'(#+"#1L (%$)'%+ ()P'+ -. 8#*%$ ).* .)'-B% 8%83().%+H d$1+39-:" i: ZYH @?FbY

@?bFK 

>>K !44%$-.4H 6KH E-.4%8)..H 6KH ;%**)H EKH ,"7l)(V8)..H UKH ,).*7#PPH MKH k#$L)N#B)H ,KH 

<%$#BH /K \KH j%-.H <KH /#. ;-**%.*#(PPH 6KH ,"7`.$%H :KH ).* j%$$H ,K oK Z>??f[ &-(%"' 

#3+%(B)'-#. #P '7% .).#+")$% *L.)8-"+ #P 8%83().% $-1-*+ -. ) $-B-.4 "%$$H ^0/&'( 

FMYH @@AfY@@=>K 

>FK ,%.421')H kKH Q#B).#B-"YG)$-+8).H GKH ,N#N#H &KH E%.VH ;KH /%)'"7H ,K cKH ).* 

c-11-."#''Y,"7l)('VH QK Z>?@@[ k(#3-.4 1(#'%-. 7%'%(#4%.%-'L -. '7% 1$)+8) 

8%83().% 2+-.4 k:c; ).* 1)-( "#((%$)'-#. ).)$L+-+H ^0/:"a(/316- ZH f=fYfeAK 

>bK o-$8%+H ,KH ,')2P%.3-%$H ;KH c-�%H &KH E-"7'%(H 6K kKH <%2'%$H tKH <2+"7H MK <KH j%++H ,K GKH 

).* k-%7$%(H QK Z>?@>[ G(-1$%Y"#$#( +21%(Y(%+#$2'-#. -8)4-.4 #P $-B% "%$$+5 E%+#$B-.4 
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gb 

+238-"(#+"#1-" (%"%1'#( #(4).-V)'-#. -. '7% 1$)+8) 8%83().%H Q.%(J:" ]3(4:" O./:"

A6: M)H bg=gYbge@K 

>AK :*$%(H QKH ,7%B"72NH :K SKH \#B)NH kKH M#("7%BH TK !KH ).* k)(8(L*H SK Z>?@?[ k$)+8) 

8%83().% '#1#4()17L ).* -.'%(1(%')'-#. #P +-.4$%Y1)('-"$% '()"N+H ^0/:"a(/316- YH 

@e?Y@e@K 

>=K c-$$%8%-%(H <K hKH ;`('%$8)-%(H ;K :KH h#(+'.%(H ;K <KH j211)H QK <KH U(#B%+H QK GKH ).* 

&)B-+H ;K ;K Z>?@?[ G6E ).* c)' )(% %D1(%++%* #. +%1)()'% 1(#'%-. -+$).*+ #. G "%$$ 

8%83().%+ ).* "#.")'%.)'% *2(-.4 )"'-B)'-#.H ^0/:"O44&.18: ))H f?Yf=K 

>eK M2+28-H :KH \)N)*)H 6KH E-'"7-%H MKH ;2()+%H MKH ,2V2N-H MKH ;2()N#+7-H jKH M)+)-H EK ,KH 

M#.*#H QKH ).* h2I-l)()H GK Z>??A[ k)()*-48 +7-P' #P '7% 1$)+8) 8%83().% "#."%1' 

P(#8 '7% 'l#Y*-8%.+-#.)$ "#.'-.228 P$2-* '# '7% 1)('-'-#.%* P$2-*5 j-47Y+1%%* +-.4$%Y

8#$%"2$% '()"N-.4 #P 8%83().% 8#$%"2$%+H Q..&:" !(S:" d$1+39-:" d$1418:" K/'&2/: @FH 

FA@YFegK 

>gK ,%.421')H kKH j#$#lN)H &KH ).* <)-(*H <K Z>??e[ h$2#(%+"%."% (%+#.)."% %.%(4L 

'().+P%( 3%'l%%. $-1-* 1(#3%+ *%'%"'+ .).#+"#1-" 7%'%(#4%.%-'L -. '7% 1$)+8) 

8%83().% #P $-B% "%$$+H d$1+39-:"i: [;H FA=bYFAebK 

>fK tl%.H &K ;KH o-$$-)8+#.H &K QKH ;)4%.)2H :KH ).* U)2+H MK Z>?@>[ ,23Y(%+#$2'-#. $-1-* 

*#8)-.+ %D-+' -. '7% 1$)+8) 8%83().% ).* (%42$)'% 1(#'%-. *-PP2+-#. ).* 

*-+'(-32'-#.H ^0/:"]144&.: @H @>A=K 

F?K <()8%+723%(H ;KH o%4723%(H QKH E21(%"7'H /KH U#83#+H SKH j#(B�'7H SKH /-47H cKH 

!"N%(+'#(P%(H kKH M-++H !KH ,'#"N-.4%(H jKH ).* ,"7�'VH UK QK Z>?@?[ S8)4-.4 #P 8#3-$% 

$#.4Y$-B%* .).#1$)'P#(8+ -. '7% $-B% "%$$ 1$)+8) 8%83().%H i:"d$18:"]3(4: ;ZMH b@e=AY

b@ee@K 

F@K M$L8"7%.N#H :K ,KH ).* M(%*%(H EK Z>?@b[ h$2#(%+"%.' k(#3%+ P#( c-1-* E)P'+5 h(#8 

;#*%$ ;%83().%+ '# c-B-.4 6%$$+H ]3(4:"d$18: ;)H feY@@FK 

F>K &-%'(-"7H 6KH T).4H <KH h2I-l)()H GKH M2+28-H :KH ).* Q)"#3+#.H MK Z>??>[ E%$)'-#.+7-1 #P 

$-1-* ()P'+ '# '().+-%.' "#.P-.%8%.' V#.%+ *%'%"'%* 3L +-.4$% 1)('-"$% '()"N-.4H 

d$1+39-:"i: Z;H >ebY>gbK 

FFK <)284)('H GKH j2.'H UKH h)(N)+H !K EKH o%33H oK oKH ).* h%-4%.+#.H UK oK Z>??e[ 

h$2#(%+"%."% 1(#3% 1)('-'-#.-.4 3%'l%%. c#Xc* 17)+%+ -. $-1-* 8%83().%+H d$123$4:"

d$1+39-:"Q2/0 )YXZH >@g>Y>@fbK 

FbK ,%V4-.H !KH c%B%.')$H SKH U(VL3%NH ;KH ,"7l)(V8)..H UKH ;2%$$%(H /KH j#.-48)..H :KH 

<%$#BH /K \KH !44%$-.4H 6KH 6#+N2.H �KH ,-8#.+H MKH ).* ,"7l-$$%H kK Z>?@>[ k)('-'-#.-.4H 

*-PP2+-#.H ).* $-4).* 3-.*-.4 #P ()P' $-1-* ).)$#4+ -. 8#*%$ ).* "%$$2$)( 1$)+8) 

8%83().%+H d$123$4:"d$1+39-:"Q2/0 )Z)ZH @eeeY@egbK 

FAK ~2H ~KH <-''8).H EKH &21#(')-$H UKH j%-++$%(H &KH /-$"7%V%H 6KH ).* c#.*#.H !K Z>??@[ 

!PP%"' #P '7% +'(2"'2(% #P .)'2()$ +'%(#$+ ).* +17-.4#$-1-*+ #. '7% P#(8)'-#. #P 

#(*%(%* +17-.4#$-1-*X+'%(#$ *#8)-.+ Z()P'+[K 6#81)(-+#. #P "7#$%+'%(#$ '# 1$).'H 

P2.4)$H ).* *-+%)+%Y)++#"-)'%* +'%(#$+ ).* "#81)(-+#. #P +17-.4#8L%$-.H 

"%(%3(#+-*%+H ).* "%()8-*%H i:"d$18:"]3(4: ;YXH FFAb?YFFAb=K 

F=K &#B)$H &K :KH h-.H :KH G)N)7)+7-Y]8%3)L)+7-H ;KH E-%V8).H jKH E#2DH :KH ,)N)-H \KH ).* 

;)'-$%H ,K Z>?@>[ :817-17-$-" *L.)8-" \&S ).* k&S 1(#3%+5 S8)4-.4 8-"(#*#8)-.+ -. 

4-).' 2.-$)8%$$)( B%+-"$%+H `'%:"d$1418:"]3(4: )LH =?geY=?fFK 

FeK <)4)'#$$-H cK :K Z>??=[ G# +%% #( .#' '# +%%5 c)'%()$ #(4).-V)'-#. #P 3-#$#4-")$ 

8%83().%+ ).* P$2#(%+"%."% 8-"(#+"#1LH d$123$4:"d$1+39-:"Q2/0 )YMZH @Ab@Y@AA=K 
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gA 

FgK tl%.H &K ;KH E%.'%(#H 6KH ;)4%.)2H :KH :32Y,-.-L%7H :KH ).* U)2+H MK Z>?@>[ 

i2).'-')'-B% -8)4-.4 #P 8%83().% $-1-* #(*%( -. "%$$+ ).* #(4).-+8+H ^0/:"D'1/12: YH 

>bYFAK 

FfK jl).H ;K MKH <L%#.4H jK QKH jL#.H QK TKH ;L#2.4H QK :KH ;2.H ,K ,KH Q-.H jK jKH c%%H MK QKH 

672$H jK MKH Q##H GKH j#.4H ,K 6KH ).* <#.4H EK 6K Z>??g[ Gl#Y17#'#. P$2#(%+"%.' '2(.Y

#. 1(#3% P#( $-1-* ()P'+ -. $-B% "%$$ ).* '-++2%H i:"Q4:"]3(4:"K12: )@LH b>b=Yb>beK 

b?K Q-.H cKH ;-$$)(*H :K 6KH o2+N%$$H QK kKH &#.4H ~KH o2H &KH 6$)(NH jK :KH ).* c#%lH cK ;K 

Z>??=[ 67)()"'%(-V)'-#. ).* )11$-")'-#. #P ) .%l #1'-")$ 1(#3% P#( 8%83().% $-1-* 

*#8)-.+H d$1+39-:"i: [LH >A=FY>AeAK 

b@K t."2$H ,KH M$L8"7%.N#H :K ,KH M2"7%()NH tK :KH &%8"7%.N#H :K kKH ;)('-.H ,KH 

&#.'%.l-$$H ;KH :(.'VH TKH &-*-%(H kKH &21#(')-$H UKH ).* ;%$LH TK Z>?@?[ c-92-* #(*%(%* 

17)+% -. "%$$ 8%83().%+ %B-*%."%* 3L ) 7L*()'-#.Y+%.+-'-B% 1(#3%5 !PP%"'+ #P 

"7#$%+'%(#$ *%1$%'-#. ).* )1#1'#+-+H d$123$4"d$1+39-"Q2/0 )Y[ZH @bF=Y@bbFK 

b>K M$L8"7%.N#H :K ,KH t."2$H ,KH &-*-%(H kKH ,"7)23H !KH <)4)'#$$-H cKH &21#(')-$H UKH ).* 

;0$LH TK Z>??f[ /-+2)$-V)'-#. #P $-1-* *#8)-.+ -. 4-).' 2.-$)8%$$)( B%+-"$%+ 2+-.4 ). 

%.B-(#.8%.'Y+%.+-'-B% 8%83().% 1(#3% 3)+%* #. FY7L*(#DLP$)B#.%H d$123$4:"

d$1+39-:"Q2/0 )YZZH bfAYbffK 

bFK &)(l-"7H sKH M$L8"7%.N#H :K ,KH M2"7%()NH tK :KH E-"7%('H cKH ).* ;0$LH TK Z>?@>[ 

&%'%"'-#. #P )1#1'#+-+ '7(#247 '7% $-1-* #(*%( #P '7% #2'%( 1$)+8) 8%83().% $%)P$%'H 

d$123$4:"d$1+39-:"Q2/0 )Z)ZH F?bgYF?AbK 

bbK M2"7%()NH tK :KH t."2$H ,KH &)(l-"7H sKH T2+7"7%.N#H &K :KH :(.'VH TKH &-*-%(H kKH ;%$LH 

TKH ).* M$L8"7%.N#H :K ,K Z>?@?[ ,l-'"7)3$% .-$% (%*Y3)+%* 1(#3% P#( "7#$%+'%(#$ ).* 

$-1-* #(*%( )' '7% #2'%( $%)P$%' #P 3-#8%83().%+H i:"Q4:"]3(4:"K12: )@;H bf?eK 

bAK &%8"7%.N#H :K kKH ;0$LH TKH &21#(')-$H UKH ).* M$L8"7%.N#H :K ,K Z>??f[ ;#.-'#(-.4 

3-#17L+-")$ 1(#1%('-%+ #P $-1-* 8%83().%+ 3L %.B-(#.8%.'Y+%.+-'-B% P$2#(%+"%.' 

1(#3%+H d$1+39-:"i: [XH Fb=@YFbe?K 

b=K c#.*#.H !K Z>??>[ S.+-47'+ -.'# $-1-* ()P' +'(2"'2(% ).* P#(8)'-#. P(#8 %D1%(-8%.'+ -. 

8#*%$ 8%83().%+H ]&'':"`+$.:"K/'&2/:"d$18: );H bg?Ybg=K 

beK c#2()H cK ;K ,KH ).* k(-%'#H ;K Z>?@@[ hE!G -. 8%83().% 3-#17L+-"+5 :. #B%(B-%lH 

#'1./:"D39-$18: ;"^`RH )('K .#K g>K 

bgK ,)1+P#(*H MK !KH <%('-H cKH ).* ;%*-.'VH SK cK Z>??=[ ;)'%(-)$+ P#( P$2#(%+"%."% 

(%+#.)."% %.%(4L '().+P%( ).)$L+-+5 <%L#.* '()*-'-#.)$ *#.#(Y)""%1'#( "#83-.)'-#.+H 

Q.%(J:"]3(4:"O./:"A6: FMH bA=>YbAggK 

bfK :78%*H ,K \KH <(#l.H &K :KH ).* c#.*#.H !K Z@ffe[ t. '7% #(-4-. #P 

+17-.4#$-1-*X"7#$%+'%(#$Y(-"7 *%'%(4%.'Y-.+#$23$% "%$$ 8%83().%+5 k7L+-#$#4-")$ 

"#."%.'()'-#.+ #P "7#$%+'%(#$ ).* +17-.4#$-1-* -.*2"% P#(8)'-#. #P ) *%'%(4%.'Y

-.+#$23$%H $-92-*Y#(*%(%* $-1-* 17)+% -. 8#*%$ 8%83().%+H d$123(4$-/'9 @XH @?fbbY

@?fAFK 

A?K j%.4)('.%(H ;K tK Z>???[ G7% 3-#"7%8-+'(L #P )1#1'#+-+H ^0/&'( FLYH ee?Yee=K 

A@K ,).N)()8H ;K <KH ).* G7#81+#.H GK !K Z@ff?[ S.'%()"'-#. #P "7#$%+'%(#$ l-'7 B)(-#2+ 

4$L"%(#17#+17#$-1-*+ ).* +17-.4#8L%$-.H d$123(4$-/'9 ;[H @?=e?Y@?=eAK 

A>K &)(l-"7H sKH M$L8"7%.N#H :K ,KH &2I)(*-.H &KH ).* ;0$LH TK Z>?@b[ S8)4-.4 $-1-* #(*%( 

"7).4%+ -. %.*#+#8% 8%83().%+ #P $-B% "%$$+ 3L 2+-.4 ) \-$% E%*Y3)+%* 8%83().% 

1(#3%H !K]"Q6S: FH gbg@YgbggK 

AFK c%B%.')$H SKH <LP-%$*H hK QKH 67#l*72(LH kKH U)-H hKH <)284)('H GKH ).* Q).8%LH kK :K 

Z>??f[ 67#$%+'%(#$Y*%1%.*%.' 17)+% +%1)()'-#. -. "%$$Y*%(-B%* 4-).' 1$)+8)Y

8%83().% B%+-"$%+H d$123(4:"i: F;FH @=FY@=eK 
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g= 

AbK t.4H 6K 6KH Q233H :K ;KH j)B%('LH kK ;KH s7#2H oKH G().H /KH G(2#.4H GKH G2($%LH jKH 

t�<(-%.H GKH /2"-"H &KH j)((-+H :K cKH <%$B-.H ;KH h(-%*8).H cK ,KH <$)"Nl##*H !K ;KH 

M#%11%.H jKH ).* j#%P$-"7H MK kK Z>?@@[ G)(4%'-.4 1>@Y)"'-B)'%* N-.)+% @ Zk:M@[ '# 

-.*2"% )1#1'#+-+ #P '28#( "%$$+H D'12:"^0/:"Q206:"K2$:"_KQ )LZH e@eeYe@g>K 

AAK sl))$H EK hK :KH ).* ,"7(#-'H :K QK Z@ffe[ k)'7#17L+-#$#4-" -81$-")'-#.+ #P 8%83().% 

17#+17#$-1-* )+L88%'(L -. 3$##* "%$$+H d8116 Z[H @@>@Y@@F>K 

A=K G%11%(H :K &KH E22(+H kKH o-%*8%(H GKH ,-8+H kK QKH <#(+'H QKH ).* /). <$-''%(+l-INH oK QK 

Z>???[ ,17-.4#8L%$-. 7L*(#$L+-+ '# "%()8-*% *2(-.4 '7% %D%"2'-#. 17)+% #P )1#1'#+-+ 

(%+2$'+ P(#8 17#+17#$-1-* +"()83$-.4 ).* )$'%(+ "%$$Y+2(P)"% 8#(17#$#4LH i:"](88"d$18: 

)MLH @AAY@=bK 

AeK 6#$%8).H ;K cKH ,)7)-H !K :KH T%#H ;KH <#+"7H ;KH &%l)(H :KH ).* t$+#.H ;K hK Z>??@[ 

;%83().% 3$%33-.4 *2(-.4 )1#1'#+-+ (%+2$'+ P(#8 ")+1)+%Y8%*-)'%* )"'-B)'-#. #P 

Et6M SH ^0/:"](88"d$18: @H FFfYFbAK 

AgK ,%33)47H ;KH E%.B#-V0H 6KH j)8%$-.H QKH E-"70H \KH <%('#4$-#H QKH ).* <(0)(*H QK Z>??@[ 

6)+1)+%YFY8%*-)'%* "$%)B)4% #P Et6M S -.*2"%+ ;c6 17#+17#(L$)'-#. ).* )1#1'#'-" 

8%83().% 3$%33-.4H ^0/:"](88"d$18: @H Fb=YFA>K 

AfK M(L+N#H &K /KH /).*%. <%(47%H GKH &�j%(*%H MKH ).* /).*%.)3%%$%H kK Z>??g[ :1#1'#+-+ 

).* .%"(#+-+5 &%'%"'-#.H *-+"(-8-.)'-#. ).* 17)4#"L'#+-+H a(/316- FFH >?AY>>@K 

 

'3II/4198? 98V/4@=19/8 

'/6:=1/0M4/@90 "962 &25 G4/>2; h91M F&%( _3280M24 'I209V90=66A (=4?21 =85 #52819VA 

'2I=4=12 C2@>4=82 GM=;2; 98 D9:98? =85 *I/I1/190 E266; 

 

E08L M(%*%(H ML(L$# :K kL(+7%BH s%-.)3 &)(l-"7H t$%N+).*( :K M2"7%()NH TB%+ ;0$LH :.*(%L 

,K M$L8"7%.N# 

 

C21M/5; 

:$$ "7%8-")$+ ).* +#$B%.'+ P#( +L.'7%+-+ l%(% P(#8 ,-48)Y:$*(-"7H :$P) :%+)( #( G6S !2(#1%K 

\;E +1%"'() l%(% (%"#(*%* )' >?�6 #. <(2N%( :B)."% SSS b?? ;jV +1%"'(#8%'%(K ;)++ 

+1%"'() l%(% #3')-.%* 2+-.4 ). :4-$%.' iYGth =A>? 8)++ +1%"'(#8%'%(K 
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'A81M2;9; >"&Qi' I4/>2 =85 >_Qi' T3280M24 

 

'0M2@2 'QH ,L.'7%+-+ #P '7% -.'%(8%*-)'% )8-.%+ P#( 3\E@>, ).* 3i@?,K Z-[ GjhH EG #B%(.-47' R Z--[ M>6tFH &;hH 

7%)'-.4 Z@@? �6[ >7 Zb?q[ R Z---[ jL*()V-.%H !'tjH (%P$2D F 7 Zg>q[K 

"SRSOb149@21MA6/01=8bQb=@982 MA54/>4/@952 eQfK G# '7% +#$2'-#. #P j>\;% Z>KA %9H >A 8c[ 

-. GjhH @Y3(#8#YFHeY*-8%'7L$#"').% Z@K?A %9H b 8c[ l)+ )**%* +$#l$LK G7% 8-D'2(% l)+ 

+'-((%* #B%(.-47' )' (##8 '%81%()'2(%K G7% +#$B%.' l)+ (%8#B%* 2.*%( B)"228 '# 4-B% '7% 

*%+-(%* 1(#*2"' )+ ) l7-'% 1(%"-1-')'%K G7% (%+-*2% l)+ 2+%* *-(%"'$L -. '7% .%D' +'%1 

l-'7#2' P2('7%( 12(-P-")'-#. @j E;\ Zb?? ;jVH *-#D).%[ x FKFF Z+H >j[H >Kgg Z8H >j[H >KAAZ'H Q 

} AK>jVH Fj[H >KFe Z9H Q } = jVH >j[H @K=>Y@K?e Z8R @?j[H ?KgA Z*H Q } =KgjVH fj[K jEYc6Y;,5 8XV 

6@@j>A\ 6)$"*K @e@K@fgeH P#2.* @e@K@fgFK 

PbeRbeeRSOb59@21MA6/01A6fe@21MA6f=@98/fI4/IA6f9;/985/6982bQSRb59/82 eRfK \@YZFHeY

*-8%'7L$#"'L$[Y \HFHeY'(-8%'7L$#"').Y@Y)8-.% 7L*(#3(#8-*% Q Z@K?A %9H @K@ 4[ ).* \YZFY

3(#8#1(#1L$[17'7)$-8-*% P Z@ %9H @K? 4[ l%(% *-++#$B%* -. &;h '7%.H M>6tF Zb %9H >K@= 4[ 

l)+ )**%* '# '7% (%)"'-#.K G7% 8-D'2(% l)+ '7%. 7%)'%* '# @@?�6 P#( >7K G7% +#$B%.' l)+ 

(%8#B%* 2.*%( B)"228 ).*H )P'%( )**-'-#. #P l)'%(H '7% 1(#*2"' l)+ %D'()"'%* 3L !'t:" 
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8%). *-)8%'%( #P ?K@@ �8 )+ 8%)+2(%* l-'7 ) ;)$B%(. s%')8)+'%( F?? Z;)$B%(.[K c]/+ 

l%(% $)3%$%* 3L )**-.4 )$-92#'+ Z4%.%()$$L > �c[ #P 1(#3% +'#"N +#$2'-#.+ -. *-8%'7L$ 
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Z@~[ z U$2');)DH U-3"#YS.B-'(#4%.[ +211$%8%.'%* l-'7 @?q ZBXB[ P%')$ 3#B-.% +%(28 Zh<,H 

c#.V)[H ).* @q ).'-3-#'-" +#$2'-#. Z1%.-"-$$-.�+'(%1'#8L"-.H U-3"#Y-.B-'(#4%.[ -. ) 728-*-P-%* 
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l%(% "#2.'%* 1%( +)81$%K t3')-.%* *)') l)+ ).)$LV%* l-'7 h6, %D1(%++ +#P'l)(%K 
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h)$"#. '23%+ ).* "%.'(-P24%* )' f?? (18 P#( A 8-.K G7% l)+7-.4 1(#"%*2(% l)+ (%1%)'%* 
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Z�@ 8-.[ P#( "%$$ +')-.-.4H 3%")2+% #P '7% +$#l )44(%4)'-#. #P '7% 1(#3% -. l)'%(K <%P#(% 
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2)''04)./)0* 09 705E,/%E5,*)<)*,ARKW 40<75,=,' ;E /30 7%0/0* 95&06,'4,*4, 

4066,5./)0* '7,4/60'407E( ./)0&12!" ! 5=( @HIN]@HIZ> 
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@NL 

3.:. ;<$="##"9 9<7'"9 ;*#" 5"' 6*>%?#"9 "( 8<@A%(*?#"9 %="8 '$ 

9B&$@ 

:. '0*2, <,<;6.*.)6, '05?./04%60<, KF@LM !b&4%,6.8 ,/ .5>( LN@N# 2G?,5077G, 

76G.5.;5,<,*/ .& 5.;06./0)6,( 70''h2, 2i,=4,55,*/,' 4.6.4/G6)'/)-&,' 70&6 5,' 6,4%,64%,' '&6 

5,' 6.2,.&= 5)7)2)-&,' B ;6)55.*4, 4066,4/,( ;0* 6,*2,<,*/ -&.*/)-&,( 504.5)'G, 2.*' 5. 

<,<;6.*, ,/ 9.);5, ,99,/ 2, j 95)7]9507 k !504.5)'G 2.*' 5, 9,&)55,/ ,=/,6*, 2, 5. <,<;6.*,# ,/ 

'&6/0&/ &*, ,=4,55,*/, ',*');)5)/G l '0* ,*?)60**,<,*/> D55, 7,&/ 9.4)5,<,*/ 2)99G6,*4),6 5,' 

7%.',' :0 ,/ :2 '&6 2,' <,<;6.*,' <02h5,' 2, <G5.*+, /,6*.)6, !RY\XAMJA4%05,'/G605 7.6 

,=,<75,#( .?,4 &* 2G75.4,<,*/ 2, 5i0626, 2, "N *< ,*/6, 5,' 2,&= /E7,' 2, 7%.','( I@N *< 

70&6 5, m,< <.= 2,' 7%.',' :2 ,/ CUN 70&6 4,5&) 2,' 7%.',' :0> R, 75&'( ,55, 70''h2, 5. 

4.7.4)/G l 6,'/,6 G/,)*/, 2.*' &* <)5),& .-&,&= ,/ l 'i.55&<,6 &*, 90)' 5)G, l 5. <,<;6.*,> 

J.)' 4,//, '0*2, 70''h2, 4,6/.)*,' 5)<)/./)0*'> [5 ,'/ )<70'');5, 2, 5i&/)5)',6 ,* 76G',*4, 2, 

'G6&< !*G4,''.)6, 70&6 5. 4&5/&6, 4,55&5.)6,# 0& '&6 2,' G4%.*/)550*' 9)=G'> D* 76G',*4, 2, 

'G6&<( ,55, ?. 'i.+6G+,6 l 5i.5;&<)*, ,/ ?. 'i.55&<,6 2.*' 5, <)5),& '&)/, l '. 5).)'0* .?,4 

4,//, 760/G)*, ,/ .)*') 6,*26, 5,' 40*2)/)0*' 2i&/)5)'./)0* /6h' 40<75)-&G,' !6.7706/ ')+*.5 '&6 

;6&)/ /6h' 9.);5,( ;,.&40&7 2, 95&06,'4,*4, 2& <)5),&( 2)99)4&5/G l 2)99G6,*4),6 5. <,<;6.*, 

2& <)5),&( ,/4n#> :i&/)5)'./)0* 2, KF@LM '&6 2,' G4%.*/)550*' 4,55&5.)6,' 9)=G' ?. 40*2&)6, l &* 

<.6-&.+, 2, /0&/ 4, -&) ,'/ 5)707%)5, 2.*' 5. 4,55&5,( <,<;6.*,( 6G/)4&5&< ,*2075.'<)-&,( 

0& ,*406, 5E'0'0<,'> :. 9)=./)0* ?. 46G,6 &*, 7,6<G.;)5)'./)0* 2, 5. <,<;6.*, ,/ 

7,6<,//6, 5i,*/6G, 2, 5. '0*2, 2)6,4/,<,*/ 2.*' 5. 4,55&5,( 4, -&) ,'/ 7.6/)4&5)h6,<,*/ 

2G6.*+,.*/> :. '0*2, ,'/ 2,'/)*G, l &* &'.+, <,<;6.*.)6, ,/ 5i&/)5)'./)0* 2iG4%.*/)550*' 

9)=G' ,* ;)050+), ,'/ -&,5-&, 4%0', 2, 40<<&* !M.;./)*)( @HI1#> R, 75&'( 5. 9)=./)0* 2, 5. 

<,<;6.*, 75.'<)-&, 7,&/ 'i.?G6,6 &/)5, 2.*' 5,' 6,4%,64%,' '&6 5,' 6.2,.&= 5)7)2)-&,'( 

4,&=]4) G/.*/ 7,/)/' !o@NN *<# ,/ .E.*/ &*, 2E*.<)-&, 6.7)2, !b&'&<) ,/ .5>( LNN"#( )5 7,&/ 

p/6, )*/G6,''.*/ 2, 9)=,6 5. <,<;6.*, .9)* 2, ?0)6 -&,5 ?. p/6, 5, 40<706/,<,*/ 2, 4,55,]4) l 

5. 9)=./)0*> 

K0&' .?0*' .506' ?0&5& 46G,6 2,&= *0&?,55,' '0*2,' ;.'G,' '&6 5, 95&0607%06, K)5, 

F,2> :. 76,<)h6,( 4.7.;5, 2ip/6, j )*?)');5, k .&= 2)99G6,*/' 40<70'.*/' 2& 'G6&< ( ', 

40<706/.*/ 40<<, KF@LM( ,/ 5. ',40*2, 4.7.;5, 2ip/6, 9)=G, 2.*' 5. <,<;6.*, ,* <p<, 

/,<7' -&, 4,55,]4) ,/ .)*') 2i)<.+,6 &*, <,<;6.*, 75.'<)-&, 9)=G,( '0)/ 70&6 5iG/&2, 2,' 
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@N1 

6.2,.&= 5)7)2)-&,' '0)/ 70&6 2i.&/6,' G/&2,' ;)050+)-&,'( 5,' '0*2,' <,<;6.*.)6,' 9)=.;5,' 

G/.*/ 75&/q/ 6.6,'> K0&' .?0*' .506' 6,76)' 5. <p<, '/6&4/&6, +G*G6.5, 2, 5. '0*2, KF@LM ,/ 

5i.?0*' <02)9)G, 2.*' &* 76,<),6 4.' ,* .r0&/.*/ &*, 4%.)*, 705EG/%E5h*, +5E405 Z !\DS!Z## 

l 5. 75.4, 2& K]<G/%E5 2, 5. 4%.)*, .5)7%./)-&, 2, 5. '0*2,> :,' +60&7,<,*/' \DS 

.<G5)06,*/ 5. '05&;)5)/G 2& 40<70'G 2.*' 5,' <)5,&= .-&,&= ,* 5&) 7,6<,//.*/ &*, <,)55,&6, 

4)64&5./)0* 2.*' 5,' <)5),&= ;)050+)-&,'( 5, 6,*2.*/ .)*') j )*?)');5, k .& 'G6&<> R.*' &* .&/6, 

4.' &*, 06*)/%)*, . 76)' 5. 75.4, 2& K]<G/%E5 2, 5. 4%.)*, .5)7%./)-&, 2, 5. '0*2,> :, 6G')2& 

06*)/%)*, !2)'70*);5, .& 5.;06./0)6,# 20)/ 90&6*)6 5,' +60&7,<,*/' KOL *G4,''.)6,' l 5. 

9)=./)0* 4,55&5.)6, 7.6 &* .52G%E2, !705E<G6)'./)0* 2, 4,5&)]4) .?,4 5,' 90*4/)0*' KOL 

76G',*/,' 2.*' 5iG4%.*/)550* ;)050+)-&,#> X,' 2,&= *0&?,55,' '0*2,' 0*/ G/G .77,5G,' 9KF@LM 

70&6 5, 2G6)?G 9)=.;5, .?,4 06*)/%)*, ,/ 7KF@LM 70&6 5, 2G6)?G .?,4 5. 4%.)*, \DS 40<7./);5, 

.?,4 5, 'G6&<> 

\0&6 5. 40*4,7/)0* 2, 4,' '0*2,'( *0&' .?0*' 6G.5)'G &* 76,<),6 )*/,6<G2).)6, 

40<<&* .&= 2,&= <.6-&,&6'> X,/ )*/,6<G2).)6, 2,?.)/ 40*',6?,6 5. <p<, '/6&4/&6, -&, 

KF@LM( 4i,'/]l]2)6, 5, 95&0607%06, 40&75G 7.6 &* 7,/)/ ,'7.4,&6 l &*, 4%.)*, %E2604.6;&6, 

,/ l &* +60&7,<,*/ T3)//,6)0*)-&,( /0&/ ,* G/.*/ 70&6?& 2i&* +60&7,<,*/ .)'G<,*/ 

<02)9).;5,> :. '/6./G+), 5. 75&' ')<75, 70&6 0;/,*)6 5. <05G4&5, 2G')6G, G/.)/ 2, 6,<75.4,6 5, 

+60&7,<,*/ K]<G/%E5 2, KF@LM 7.6 &* +60&7,<,*/ ]KOL> K0&' .?0*' .506' <02)9)G 5. 

'/6&4/&6, 2, 5i.*46, 2, 5. '0*2,( 75&/q/ -&, 2, 7.6/)6 2, K]<G/%E5202G4E5.<)*,( *0&' .?0*' 

'E*/%G/)'G &*, *0&?,55, <05G4&5, !<05G4&5, 34( Q)+> 1@# ,* .58E5.*/ 5. 90*4/)0* ]KOL 2, K]

V04]G/%E5h*,2).<)*, 7.6 @])020202G4.*,> X,//, <05G4&5, . ,*'&)/, G/G 40&75G, .& 

95&0607%06, K)5, F,2( 706/.*/ &* 2G6)?G 4%5060.58E5, 70&6 0;/,*)6 5, 40<70'G 33> X, 2,6*),6 

. G/G -&./,6*)'G l 5i.)2, 2, @(1]7607.*,'&5/0*, 70&6 20**,6 5, 40<70'G 3:> s*, 90)' 5, 

+60&7,<,*/ 760/,4/,&6 V04 6,/)6G( 5. <05G4&5, !3CD . G/G 40&75G,( &*, 76,<)h6, 90)' .?,4 

V04]Y6*!V04#]YO 7.6 40&75.+, 7,7/)2)-&, !3ED> X,//, <05G4&5,( &*, 90)' 2G760/G+G,( . .)*') 

20**G 5. '0*2, 9KF@LM !3-#> :, 40<70'G 3: . .&'') G/G 40&75G .?,4 &* \DS!Z# 20*/ 5. 

90*4/)0* YO . G/G .4/)?G, 7.6 2& "]*)/607%G*E5 4%5060906<./, !4.6;0*./, .4/)?G#( 4, -&) . 

20**G *.)''.*4, l 5. '0*2, 7KF@LM !31#> 
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)# XO1XK( ZNtX I% !U1u# v ))# XO1XK( b[( bLXY1( HNtX( L"% !IUu#tv )))# @(1]\607.*,'&5/0*,( bLXY1( 

XO1XK( 6,95&= @L%( !"@u#tv )?# XOLX5L $QW( $W "C <)*' !HUu#> 

>/?@8'",+"A"(1B3&C2'":D@B"08E*@82'@8":'2"B)@F'4@G":E8/FE2"9/H'"I':!"
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@NC 

"

)# V04]Y6*!V04#]YO( OV$s( OYV/( R[DW( RXJARJQ !@A@# "C <)*( $W !L@u#v ))# $QW( "C <)*( $W !H@u#v 

)))# "]*)/607%,*E5 4%5060906<./,( 7E6)2)*,( RXJ( 1%( $W !"Lu# v )?# R[DW( RJQ( "C <)*( ZNtX !"Lu#"

>/?@8'",-"A"(*&E$4":'"21B3&C2'":'2":'@G"B)@F'4@G":E8/FE2":'"9I+-("J"K9I+-2"'3"09I+-("

"

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

X,' *0&?,55,' '0*2,' 0*/ G/G 40<7.6G,' .?,4 5,&6 40<70'G 7.6,*/ KF@LM ,/ *0&' .?0*' 

4%,64%G l 4.6.4/G6)',6 4,' *0&?,55,' <05G4&5,'> R.*' &* 76,<),6 /,<7'( 5,' 6,*2,<,*/' 

-&.*/)-&,' .)*') -&, 5,' <.=)<. 2iG<)'')0* ,/ 2i,=4)/./)0* 2.*' 2& /.<70* 7%0'7%./,( 2, 
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@NI 

5iG/%.*05( 2& 2)0=.*, .)*') -&, 2.*' &*, '&'7,*')0* 2, ?G')4&5,' 2, RY\X 2, 4,' <05G4&5,' 

0*/ G/G 4.6.4/G6)'G'> 

 

  F %?9 G7@D F "@ G7@D HI 

;53:,
G%D

 

$.<70* CL@ ICU N(L 

R)0=.*, CLI CHL U" 

D/%.*05 CCN ILI CL 

:s^' RY\X C1N INZ "Z 

6;53:, 

$.<70* CLU IIN @(U 

R)0=.*, CLU CZC IZ 

D/%.*05 CC@ ILC I1 

:s^' RY\X C1@ I@L "1 

A;53:, 

$.<70* CLH ICZ @>N 

R)0=.*, CL1 CZ" "" 

D/%.*05 C"H ILI "@ 

:s^' RY\X C1" I@@ 1@ 

L4MH'4@"-"A"N)B?@'@8":D)B:'":DE$/22/)B"'3":D4M2)803/)B"$4G/$4H"4/B2/"O@'"H'2"8'B:'$'B32"O@4B3/O@'2"

:'2"2)B:'2"9I+-(P"K9I+-("'3"09I+-(":4B2":@"34$0)B"0&)20&43'P":@":/)G4B'":'"HDE3&4B)H"'3"@B'"

2@20'B2/)B":'"N;Q2":'"RS7%!"
T4U

R)BBE'2":'"V@*&'84W"'3"4H!P"-<+<!"

"

:. 4.6.4/G6)'./)0* 2,' <.=)<&<' 2iG<)'')0* ,/ 2i.;'067/)0* .)*') -&, 2& 6,*2,<,*/ 

-&.*/)-&, !$.;5, @# 2,' *0&?,55,' '0*2,' *0&' .7706/, -&,5-&,' )*906<./)0*' )*/G6,''.*/,'> 

D* ,99,/( 5,' <.=)<&<' 2iG<)'')0* ,/ 2i.;'067/)0* 2, 9KF@LM ,/ 7KF@LM '0*/ /6h' 7604%,' 

2, 4,&= 2, KF@LM !-&,5-&,' *.*0<h/6,' 2iG4.6/# !$.;5, L ,/ Q)+> 11#> :, 6,<75.4,<,*/ 2& 

+60&7,<,*/ K]<G/%E5 7.6 &* +60&7,<,*/ \DS 0& 06*)/%)*, *, 760?0-&, 7.' 2, 

2G75.4,<,*/ 2,' <.=)<&<' ,/ 7,6<,/ 2, +.62,6 5,' <p<,' 76076)G/G' 2.*' 4, 20<.)*, 

-&, KF@LM> D* 6,?.*4%,( 2.*' 5, 4.' 2, 7KF@LM( 0* 0;',6?, &*, 2)<)*&/)0* ?.6).;5, !2, @L 

l LNu ,* 90*4/)0* 2& '05?.*/# 2& 6,*2,<,*/ -&.*/)-&, 2, 4,//, '0*2, 7.6 6.7706/ l KF@LM> 

KG.*<0)*'( 5, 6,*2,<,*/ -&.*/)-&, 2.*' 5,' '05?.*/' 06+.*)-&,' 6,'/, G5,?G( )*2)-&.*/ -&, 

5, +60&7,<,*/ \DS *, 760?0-&, -&, 2,' ,99,/' <)*,&6' '&6 5. 95&06,'4,*4, 2, K)5, F,2> D* 

4, -&) 40*4,6*, 9KF@LM( 5,' 6,*2,<,*/' -&.*/)-&,' '0*/ 7604%,' 2, 4,&= 2, KF@LM 2.*' 5, 

4.' 2& 2)0=.*, ,/ 2, 5. '&'7,*')0* 2, ?G')4&5,' 2, RY\X> \.6 40*/6,( 2.*' 5i,.&( 0* 0;',6?, 

&*, .&+<,*/./)0* 2& 6,*2,<,*/ -&.*/)-&, 7.6 6.7706/ l KF@LM> X,5&)]4) 6,'/, 9.);5, 2.*' 

5i,.& !oLu#( 5. <05G4&5, 40*',6?, 20*4 '0* ,99,/ j /&6*]0* k !95&060+G*G4)/G#( <.)' )5 ,'/ /0&/ 

2, <p<, 76,'-&, @N 90)' 75&' )<706/.*/ -&, KF@LM 2.*' 5,' <p<, 40*2)/)0*'> :i.r0&/ 2& 
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@NU 

+60&7,<,*/ 06*)/%)*,( /6h' 705.)6,( ',<;5, 9.?06)',6 5. '05&;)5)/G 2, 4,//, <05G4&5, 2.*' 

5i,.&> :. 75&' +6.*2, '05&;)5)/G 2, 5. <05G4&5, 6G2&)/ 5, -&,*4%)*+ )*2&)/ 7.6 5i.+6G+./)0* 2, 

4,55,]4) ,/ .&+<,*/, -&,5-&, 7,& 5i,99)4.4)/G 2, 95&06,'4,*4,> 
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Longueur d'onde (nm)

A

550 600 650 700

0,0

0,5

1,0

Longueur d'onde (nm)

 NR12S (0,4 µM)

 fNR12S (0,4 µM)

 pNR12S (0,4 µM)

>/?@8'",,"A"(0'*38'2":D4M2)803/)B"T#U"'3":DE$/22/)B"B)8$4H/2E2"T.U":'2"2)B:'2"9I+-(P"K9I+-("'3"

09I+-(":4B2"@B'"2@20'B2/)B":'"N;Q2":'"RS7%"T-<<XYU"Z"@B'"*)B*'B3843/)B":'"<P="XY!"ND4*O@/2/3/)B"

:'"*'2":)BBE'2"2D'23"K4/3'"Z"@B'"H)B?@'@8":D)B:'":'"[-<"B$"0)@8"HD'G*/343/)B"'3"\<<"B$"0)@8"

HDE$/22/)B"'3"Z"@B'"*)B*'B3843/)B"'B"2)B:'":'"=<"BY!"

"

K0&' .?0*' ,*'&)/, 6G.5)'G 2,' /,'/' 2, 5).)'0* 2, 4,' <05G4&5,' ,* /)/6.*/ &*, 

2)'7,6')0* 2, :s^' 2, RY\X 2, 40*4,*/6./)0* LNN _J 7.6 4,' '0*2,' !40*4,*/6./)0* ?.6).*/ 

2, N>NC _J l " _J# !Q)+> 1"W ,/ 1"V#> \0&6 4%.4&*, 2,' '0*2,'( 5i.&+<,*/./)0* 2, 

5i)*/,*')/G *i,'/ 75&' 760706/)0**,55, l 5. 40*4,*/6./)0* l 7.6/)6 2, @(L _J( 4, -&) 7,&/ p/6, 

40<76)' 4.6 4,5. 4066,'70*2 .& 6./)0 '0*2,A5)7)2, @(LA@NN !70&6 5, 9,&)55,/ ,=/,6*,#> D* ,99,/( 

l &*, 40*4,*/6./)0* .&]2,5l 2& 6./)0 '0*2,A5)7)2 @A@NN( 5. '0*2, 20)/ .?0)6 &*, /,*2.*4, l 

5i.&/0-&,*4%)*+( 4, -&) .99,4/, 5. 5)*G.6)/G 2, 5. 40&6;, 2, /)/6./)0*> R, 75&'( .&]2,''&' 2, 

4,//, 40*4,*/6./)0*( 5, <.=)<&< 2, 95&06,'4,*4, ,'/ 2G75.4G ?,6' 5, 60&+,( )*2)-&.*/ 2, 4, 

9.)/ -&, 5i,=4h' 2, '0*2, ', 5), 760;.;5,<,*/ l 5. 7.6/), 5. 75&' '&7,69)4),55, 2, 5. '&69.4, 

<,<;6.*.)6,> K0&' .?0*' .&'') G/&2)G 2,' 4)*G/)-&,' 2, 5).)'0* 2, 4,' <05G4&5,' '&6 &*, 

2)'7,6')0* 2, 4,55&5,' XDJMM !@=@N
I
 4,55&5,'A<:# !Q)+> 1"X#> 
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>/?@8'",="A"T#].U"%)@8M'2":'"H/4/2)B":'2"2)B:'2"09I+-("T.U"'3"K9I+-("T#U"2@8"@B'":/20'82/)B"

:'"FE2/*@H'2":'"RS7%"T-<<"BYU"Z"@B'"*)B*'B3843/)B"*8)/224B3'!"ND'G*/343/)B":'2"2)B:'2"4"'@"

H/'@"Z"[-<"B$!"T%U"%/BE3/O@'":'"H/4/2)B":'2"2)B:'2"9I+-(P"K9I+-("'3"09I+-("T=<"BYU"2@8":'2"

*'HH@H'2"%^Y(("T+G+<
\
"*'HH@H'2_$NU!"ND'G*/343/)B":'2"2)B:'2"4"'@"H/'@"Z"[-<"B$P"HDE$/22/)B"Z"

\<<"B$!"

 

Ri.76h' 4,' 6G'&5/./'( 0* 6,<.6-&, -&, 5. '0*2, 9KF@LM 70''h2, &*, 4)*G/)-&, 2, 

5).)'0* 6,<.6-&.;5,<,*/ 6.7)2, !2, 5i0626, @ <)* 1N# .506' 7KF@LM 70''h2, &*, ?)/,'', 2, 

5).)'0* l 5. <,<;6.*, ')<)5.)6, l KF@LM !5, 75./,.& 2, 95&06,'4,*4, .77.6.)/ ,*/6, I ,/ U 

<)*# !Q)+> 1"W#>  

:06' 2, 5iG5.;06./)0* 2, 4,' '0*2,'( &* 7.6.<h/6, )<706/.*/ 20)/ p/6, 40*',6?G B 5,&6 

'05?./04%60<)'<, 2.*' 5,' <,<;6.*,'> Xi,'/ 70&6-&0) *0&' .?0*' .&'') /,'/G 4,' '0*2,' 

2.*' 2,' ?G')4&5,' 2, RY\XA4%05,'/G605 !@AN(H v 70&6 <)<,6 5,' 7%.',' :2# ,/ 2,' ?G')4&5,' 

2, MJA4%05,'/G605 !@AN(H v 70&6 <)<,6 5,' 7%.',' :0#> Y* 6,<.6-&, -&, 4,' '0*2,' 

40*',6?,*/ 7.69.)/,<,*/ 5,&6 76076)G/G '05?./04%60<, ,/ '0*/ /0&r0&6' 4.7.;5,' 2, 

2)'/)*+&,6 5,' 7%.',' :0 ,/ :2 '&6 2,' <,<;6.*,' <02h5,'> :. 2)99G6,*4, 2, 50*+&,&6 2i0*2, 

,*/6, 5, <.=)<. 2.*' 5,' 7%.',' :0 !IN1 *<# ,/ 2.*' 5,' 7%.',' :2 !CUN *<# ,'/ 5. <p<, 

-&, 70&6 KF@LM B 11 *< !Q)+> 1C# !b&4%,6.8 ,/ .5>( LN@N#> 
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 DOPC/Cholestérol fNR12S

 SM/Cholestérol fNR12S

 DOPC/Cholestérol pNR12S

 SM/Cholestérol pNR12S

 SM/Cholestérol NR12S

 DOPC/Cholestérol NR12S

 

>/?@8'",["A"(0'*38'2":DE$/22/)B":'2"2)B:'2"K9I+-("'3"09I+-("T<P=XYU":4B2":'2"2@20'B2/)B2"

:'"N;Q2":'"RS7%_%&)H'23E8)H"T+_<!=[U"'3":'"(Y_%&)H'23E8)H"T+_<!=[U!"

'

12"3&+-&'2-)+,%),(-./&'0'

K0&' .?0*' ,*'&)/, ,*/6,76)' 2i.*.5E',6 4,' '0*2,' 7.6 <)460'407), .9)* 2, ?0)6 ') 

,55,' 6,<75)''.),*/ ;),* 5, 6q5, .&-&,5 ,55,' G/.),*/ 2,'/)*G,'> $0&/ 2i.;062 4,' '0*2,' 0*/ 

G/G /,'/G,' '&6 2,' Ss^' 2, 40<70')/)0* ')<75, !RY\X# .9)* 2, ?0)6 5,&6 4.7.4)/G l <.6-&,6 

&*, <,<;6.*,> :,&6 40<706/,<,*/ ,* 76G',*4, 2, 'G6&< 2, ?,.& 9w/.5 !QVM B Qw/.5 

V0?)*, M,6&<# . .&'') G/G G?.5&G l 5i.)2, 2, 4,' <02h5,'> :,' )<.+,' 0*/ G/G 76)',' l 5i.)2, 

2i&* <)460'407, 2,&=]7%0/0*' !Q)+> 1I#> X,' ,=7G6),*4,' *0&' <0*/6,*/ -&, 5,' '0*2,' 

<.6-&,*/ ,99,4/)?,<,*/ 5,' <,<;6.*,' 5)7)2)-&,' !Q)+> 1IW ,/ 1IV# <.)' 5i,99,/ 2, 5. 

76G',*4, 2, QVM ,'/ .'',T 2)99)4)5, l 2G/,6<)*,6( 5, <)5),& ',<;5, 75&' j 60&+, k l 5iw)5 

!76G',*4, 2, 95&06,'4,*4, 2, 5. '0*2, 2.*' 4,5&)]4)#( <.)' 4,5. *, 7.6.)/ 7.' '&6 5,' )<.+,' 

)''&,' 2& <)460'407, !Q)+> 1IX ,/ 1IR#> [5 ,'/ .&'') 2)99)4)5, 2, 9.)6, &*, 40*45&')0* 2& 9.)/ 

-&i,* 76G',*4, 2, 'G6&< 5,' *0&?,55,' '0*2,' ', 40<706/,*/ 2, 9.x0* ')<)5.)6, l 5,&6 

7.6,*/ KF@LM !Q)+> 1I#> 
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@@N 

"

>/?@8'",\"A"`;Q2":'"RS7%"$48O@E"048"H'2"2)B:'2"9I+-("T#U"T<P+"XYUP"K9I+-("T.U"T<P+"XYU"'3"09I+-("

T%U"T<P+"XYU"4F'*"">.("T>.("A">a34H".)F/B'"('8@$U"+<b"TR]^U"'3"24B2"T#]%U")M2'8FE2"048"$/*8)2*)0'"

:'@G]0&)3)B2"TH4"H)B?@'@8":D)B:'":D'G*/343/)B"'23"5,<"B$U!"

"

D* 7.6.55h5,( 2,' ,=7G6),*4,' 0*/ G/G <,*G,' '&6 2,' 5)+*G,' 4,55&5.)6,' O,:. .9)* 2, 

?0)6 5, 40<706/,<,*/ 2, 4,' '0*2,' 2.*' &* <)5),& ;)050+)-&,>  

:,' 76,<),6' 6G'&5/./' 2, <.6-&.+,' 4,55&5.)6,' '0*/ ,*40&6.+,.*/' 2.*' &* 4.' ,/ 

/6h' '&676,*.*/' 2.*' 5i.&/6,> :. '0*2, 9KF@LM ', 40<706/, 40<<, 76G?&, 2.*' 5, 4.' 2, 

4,55&5,' O,:. '/.*2.62' ?)?.*/,'( 4,55,]4) <.6-&, ;),* 5. <,<;6.*, 4,55&5.)6, !Q)+> 1UW]1UX# 

,/ 6,'/, 76)*4)7.5,<,*/ 504.5)'G, 2.*' 4,55,]4) <p<, .76h' 75&'),&6' <)*&/,' 

2i,=7G6)<,*/./)0* !5G+h6, )*/,6*.5)'./)0* .76h' &*, 2)T.)*, 2, <)*&/,'#> M0* 40<706/,<,*/ 

,'/ /6h' 7604%, 2, *0/6, '0*2, 2, 6G9G6,*4, KF@LM !b&4%,6.8 ,/ .5>( LN@N#> D* 4, -&) 

40*4,6*, 5. '0*2, 7KF@LM( 5,' 6G'&5/./' '0*/ 75&' '&676,*.*/'> D* ,99,/( )5 ',<;5,6.)/ -&, 

4,//, '0*2, 7G*h/6, 5. <,<;6.*, 75.'<)-&, /6h' 6.7)2,<,*/ !/ o C<)*# ,/ -&i,55, .)55, 

<.6-&,6 2,' ?G')4&5,' .& ',)* 2, 5. 4,55&5, !Q)+> 1UR]1UQ#> Y* 0;',6?, /0&/,90)' &* 5G+,6 

<.6-&.+, 2, 5. <,<;6.*, <.)' 5. 95&06,'4,*4, 76)*4)7.5, 760?),*/ 2, 7,/)/' 70)*/' 2.*' 5, 

4E/075.'<, 4,55&5.)6,> 



FG'&5/./' ,/ 2)'4&'')0*' 

 

@@@ 

 

>/?@8'",6"A"c$4?'2":'"$/*8)2*)0/'"*)BK)*4H'":'"*'HH@H'2"d'N4"$48O@E'2"048"H'2"2)B:'2"K9I+-("T#]%U"'3"

09I+-("TR]>U"Z"@B'"*)B*'B3843/)B":'"=<"BY!"%4B4H"MH'@"A"HD'G*/343/)B"2'"K4/3"Z"=<["B$"'3"HDE$/22/)B"

'B38'"=,<"'3"=5<"B$"Td)'2*&3U!"%4B4H"F'83"A"HD'G*/343/)B"2'"K4/3"Z"=55"B$"'3"HDE$/22/)B"'B38'"[,<"'3"[5["

BB!"

"

:,' 6G'&5/./' ,*40&6.+,.*/' 2, 5. '0*2, 9KF@LM *0&' 0*/ 70&''G' l /,'/,6 5. '0*2, 

,* 40*2)/)0* 2, 9)=./)0* 4,55&5.)6,> :,' 4,55&5,' 0*/ G/G 9)=G,' l 5i.)2, 2i&* <G5.*+, 

+5&/.6.52G%E2,A906<.52G%E2, 2, 40*4,*/6./)0* ?.6).;5, !NuA"u( @uA@u( @uA"u ,/ 

CuA@Nu#> :, /,<7' 2i)*4&;./)0* 2, 5. '0*2, .?.*/ 9)=./)0* . .&'') G/G ?.6)G .9)* 2, ?0)6 ') 

4,5. 70&?.)/ )*95&,*4,6 5. 4.7.4)/G 2, 5i.+,*/ l 9)=,6 5. '0*2, '&6 5. <,<;6.*,> R.*' &* 

76,<),6 4.'( *0&' .?0*' 9)=G 5,' 4,55&5,' r&'/, .76h' 5, <.6-&.+, ,/ 2.*' &* ',40*2 4.'( ,55,' 

0*/ G/G 9)=G,' U <)* .76h' .r0&/ 2& <.6-&,&6> [5 '&99)/ 2, -&,5-&,' <)*&/,' !yHN ',4# l 5. 

'0*2, 9KF@LM 70&6 .//,)*26, &* 75./,.& 2, 95&06,'4,*4, <.)'( 7.6 'G4&6)/G( *0&' .?0*' 

.//,*2& C <)* '&775G<,*/.)6,'> 

:,' 6G'&5/./' 0;/,*&' ,* 90*4/)0* 2,' 2)99G6,*/,' 40*2)/)0*' -&, *0&' .?)0*' 9)=G,' 

*, '0*/ 7.' 4,&= l -&0) *0&' *0&' .//,*2)0*'> R.*' 2,' 40*2)/)0*' '/.*2.62 2, 9)=./)0* .?,4 



FG'&5/./' ,/ 2)'4&'')0*' 

 

@@L 

NuA"u 2, <G5.*+, +5&/.6.52G%E2,A906<.52G%E2,( 5, <.6-&.+, 6G.5)'G 7.6 *0/6, '0*2, 2, 

6G9G6,*4, KF@LM *0&' 20**, -&,5-&, 4%0', 2i)*,=750)/.;5, !<.6-&.+, 2, 5. <,<;6.*, 

60<7&,( 6G/)4&5&< ,*2075.'<)-&, !FD#( ,/4# !Q)+> 1ZW#> R.*' 5, 4.' 2i&* <.6-&.+, 7.6 

9KF@LM 2.*' 5,' <p<,' 40*2)/)0*'( *0&' 0;',6?0*' &* 5G+,6 <.6-&.+, <,<;6.*.)6, .)*') 

-&i&* 5G+,6 <.6-&.+, 2& FD !FD B FG/)4&5&< ,*2075.'<)-&,#> R& +5&/.6.52G%E2, . G/G .r0&/G 

2.*' 5, <G5.*+, 2, 9)=./)0* .9)* 2, 7602&)6, &*, 9)=./)0* 75&' 6.7)2, ,/ 75&' 2&6.;5,> 

$0&/,90)'( 5, <.6-&.+, <,<;6.*.)6, 6,'/, 5G+,6 ,/ 5. 76G',*4, 2i&*, 95&06,'4,*4, 

760?,*.*/ 2& FD 2,<,&6,( -&, 5i0* .)/ .//,*2& 0& *0*( 5,' -&,5-&,' <)*&/,' 2i)*4&;./)0* 

*G4,''.)6,' l 5. '0*2, 70&6 'i)*'G6,6 2.*' 5. <,<;6.*, !Q)+> 1ZD ,/ 1ZO#> :. 

7,6<G.;)5)'./)0* 2, 5. <,<;6.*, ',<;5, .?0)6 5),& 75&' 6.7)2,<,*/ -&, 5. 9)=./)0* 2, 5. 

4,55&5, 7.6 5, <G5.*+, 2, 9)=./)0* 4, -&) ,*/6.)*, &*, )*/,6*.5)'./)0* 2, 5. '0*2, 2.*' 5, 

4E/075.'<, 2, 5. 4,55&5,> M) 5i0* ,''.E, 2, 9.)6, ?.6),6 5,' 40*4,*/6./)0*' 2& <G5.*+, 9)=./,&6 

,* 5,' .&+<,*/.*/ !CuA@Nu# .9)* 2, 9.?06)',6 5. 9)=./)0* 2, 5. '0*2, '&6 5. <,<;6.*,( 0* *, 

9.)/ -&i.<75)9),6 5, 7%G*0<h*, 0;',6?G 76G4G2,<<,*/ !Q)+> 1ZQ ,/ 1Z[#> D* ,99,/( 5. /0/.5)/G 

2, 5. '0*2, ', 6,/60&?, l 5i)*/G6),&6 2, 5. 4,55&5,( 5. 95&06,'4,*4, <,<;6.*.)6, . /0/.5,<,*/ 

2)'7.6&> R, 75&'( 0* 0;',6?, 2.*' 5, <)5),&( 2,' 7,/)/' 70)*/' 2, 95&06,'4,*4, -&) ',<;5,*/ 

p/6, 2, 7,/)/,' 7.6/)4&5,' 2, '0*2, .+6G+G,'> R.*' 5, 4.' )*?,6',( 0z 5i0* ,''.E, 2, 4%.*+,6 

5,' 40*2)/)0*' 2, 9)=./)0* 2, 5. 4,55&5, .9)* 2i.?0)6 -&,5-&, 4%0', 2, 75&' 20&= ,* 2,'4,*2.*/ 

l &* 6./)0 @uA@u 2, <G5.*+, +5&/.6.52G%E2,A906<.52G%E2,( 0* *i0;',6?, 75&' -&, 2,' 

7.6/)4&5,' 2, '0*2,' 95&06,'4,*4,' 760?,*.*/ 2, 5i.+6G+./)0* 2, 4,55,']4) '0&' 5i.4/)0* 2& 

<G5.*+, 2, 9)=./)0*> :, +5&/.6.52G%E2, ',<;5, .?0)6 &*, 906/, /,*2.*4, l .+6G+,6 5,' 

<05G4&5,' 2, '0*2,' ,*/6, ,55,' ,/ *0* 7.' .?,4 5. <,<;6.*, ,*?)60**.*/,> 
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@@1 

>/?@8'",5"A"c$4?'2":'"$/*8)2*)0/'"*)BK)*4H'":'"*'HH@H'2"d'N4"K/GE'P"$48O@E'2"048"H'2"2)B:'2"9I+-("

T=<BYU"T#U"'3"K9I+-("T=<"BYU"T.]cU!"N'2"*)B:/3/)B2":'"K/G43/)B"F48/'B3":'"<b_=b"T#]%U"+b_+b"TR"'3"`UP"

+b_=b"T^"'3"dU"'3"[b_+<b"T>"'3"cU":'"?H@3484H:E&1:'_K)8$4H:E&1:'!"N4"K/G43/)B"4"'@"H/'@"

/$$E:/43'$'B3"408C2"H'"$48O@4?'"T#]>U")@"408C2"6"$/B":D/B*@M43/)B":'"H4"2)B:'"Z"HD4M8/":'"H4"

H@$/C8'"T#]%U!"N'2"8E?H4?'2":@"$/*8)2*)0'"2)B3"H'2"$e$'2"O@'"0)@8"H4">/?!",6!"

"

D* 40*45&')0*( 2.*' 5, 4.' 2, *0/6, '0*2, 7KF@LM 5,' 2)99G6,*/' 6G'&5/./' 0;/,*&' *0&' 

)*2)-&,*/( -&i)5 ',<;5,6.)/ -&, 5i.r0&/ 2& +60&7,<,*/ \DS 7,6<,/ l 5. '0*2, 5. 906<./)0* 2, 

<)4,55, *0* 95&06,'4,*/, 6,40&?,6/, 2i&* <.*/,.& \DS -&) .<G5)06, '. '05&;)5)/G !Pd 75&' 

)<706/.*/ 2.*' 5,' <)5),&= .-&,&=# .)*') -&, '. '/.;)5)/G !)*',6/)0* 2, 5. '0*2, 75&' 2)99)4)5, 

2.*' 5,' ?G')4&5,' 2, RY\X( Pd 75&' 9.);5, 2.*' 5,' '05?.*/' 06+.*)-&,'#> X,/ .'',<;5.+, ,* 
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@@" 

<)4,55, ',<;5, 9.4)5)/,6 5i,*/6G, 2, 5. '0*2, 2.*' 5,' 4,55&5,' ?)?.*/,' ,/ ,*/6.)*, .)*') 5, 

<.6-&.+, 2, 4, -&) ',<;5,6.)/ p/6, &*, ?G')4&5, 4,55&5.)6,> D* 4, -&) 40*4,6*, 5i,99,/ 2& \DS 

,* 76G',*4, 2, 'G6&< QVM( 5,' 6G'&5/./' 0;/,*&' *, '0*/ 7.' 40*45&.*/'> :i.77.6,)5 &/)5)'G )4) 

*, ',<;5, 7.' p/6, 5, 75&' 07/)<.5 !)<70'');)5)/G 2, 6,/60&?,6 5. 95&06,'4,*4, 2& <)5),& '&6 

5,' )<.+,' 0;/,*&,'#> [5' ',6.),*/ l 6,9.)6, l 5i.)2, 2& <)460'407, 40*904.5 2)'70*);5, .& 

5.;06./0)6,> J.)' .?.*/ /0&/( )5 ',6.)/ )*/G6,''.*/ 2iG/&2),6 0z ', 6,/60&?, 4,//, '0*2, 2.*' 

5,' 4,55&5,' ?)?.*/,'( 5,' 70)*/' ;6)55.*/' '0*/])5' 2,' ?G')4&5,' 2i,*204E/0',' { R,' j 5)7)2 

26075,/' k!S6,,*'7.* ,/ .5>( @HZC# { :i&/)5)'./)0* 2, <.6-&,&6' '7G4)9)-&,' 2, 4,' 906<./)0*' 

4,55&5.)6,' *0&' 7,6<,//6.)/ 2i,99,4/&,6 &* 40]<.6-&.+, ,/ .)*') ?0)6 0z ', 6,/60&?, 

6G,55,<,*/ *0/6, '0*2,> [5 70&66.)/ .&'') p/6, )*/G6,''.*/ 2, 6G2&)6, 5. 50*+&,&6 2, 5. 4%.)*, 

\DS .9)* 2, ?0)6 5i,99,/ 2, 4,55,]4) '&6 5, 40<706/,<,*/ 2, 5. '0*2,> 

\0&6 9KF@LM( 5,' 76,<),6' 6G'&5/./' 4,55&5.)6,' 0;/,*&' '0*/ ,*40&6.+,.*/' 

40<7.6./)?,<,*/ .& 40<706/,<,*/ 2, 5. '0*2, KF@LM 2.*' 2,' 40*2)/)0*' )2,*/)-&,'> :, 

4%0)= 2, 5i.+,*/ 9)=./,&6 ',<;5, .?0)6 &* 6q5, 76)<062).5 .9)* 2, 70&?0)6 6G.5)',6 &* j 460'']

5)*8)*+ k ,*/6, 5,' +60&7,<,*/' ]KOL ,=/6.]<,<;6.*.)6, 2, 5. '0*2, ,/ 5,&6 7,*2.*/ 

<,<;6.*.)6,> :i&/)5)'./)0* 2i&* j 460'']5)*8,6 k 75&' 50*+ 70&66.)/ *0&' 20**,6 2,' 6G'&5/./' 

)*/G6,''.*/' 40<<, 7.6 ,=,<75, 5, j 460'']5)*8,6 k V)']'&590'&44)*)<)2E5 '&;,6./, !VM1#> 

P&0) -&i)5 ,* '0)/( 4,' 76,<),6' 6G'&5/./' '0*/ 75&/q/ ,*40&6.+,.*/' 70&6 5, 2G?,5077,<,*/ 

2, *0&?,55,' '0*2,' '05?./04%60<,' l 7.6/)6 2& 95&0607%06, K)5, F,2> :,' <02)9)4./)0*' 

.7706/G,' l *0/6, '0*2, 2, 6G9G6,*4, KF@LM( *, <02)9),*/ ,* 6),* 5,' 76076)G/G' '7,4/6.5,' 

2& 95&0607%06, ,/ 5,' 76076)G/G' 7%0/07%E')-&,' 6,'/,*/ /6h' ;0**,' !40*',6?./)0* 2, 5. 

',*');)5)/G .&= 7%.','( ;0* Pd( 7%G*0<h*, j /&6*]0* k /0&r0&6' 0;',6?G( ,/4n#> R, 75&'( 

*0&' .?0*' 7& 2G/,6<)*,6 2, *0&?,55,' 7)'/,' )*/G6,''.*/,' -&.*/ l 5i.<G5)06./)0* 2, *0/6, 

76,<)h6, +G*G6./)0* 2, '0*2,'( 7)'/, -&) 70&66.)/ ;),* *0&' 7,6<,//6, 2i.;0&/)6 l 

5iG5.;06./)0* 2, '0*2,' '05?./04%60<,' 9)=.;5,' 0& &/)5)'.;5,' ,* 76G',*4, 2, 'G6&<> 
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@@C 

:. ,<7'"9 9AB8*6*J$"9 K $7 &B8"A("$& '<77B 

:.3. ,<7'" 6#$<&"98"7(" ?%9B" 9$& ;*#" 5"' K "66"( L ($&7M<7 N A<$& 

=*9$%#*9"& "( J$%7(*6*"& '"9 &B8"A("$&9 8<$A#B9 %$> A&<(B*7"9 O 

'%79 '"9 8"##$#"9 =*=%7("9 

:,' 'E'/h<,' 95&06,'4,*/' j /&6*]0* k 7,6<,//,*/ &*, ?)'&.5)'./)0* 2i&* G4%.*/)550* 

;)050+)-&, ,* ', 7.''.*/ 2,' G/.7,' 2, 5.?.+, *0* *G4,''.)6,> X,' 'E'/h<,' '0*/ 

7.6/)4&5)h6,<,*/ )*/G6,''.*/' 70&6 5iG/&2, 2,' 6G4,7/,&6' 40&75G' .&= 760/G)*,' S !FX\S#> 

W4/&,55,<,*/ 5,' /,4%*)-&,' 2i.*)'0/607), 2, 95&06,'4,*4, ,/ 2, QFD$ '0*/ '&6/0&/ &/)5)'G,' 

70&6 4,' G/&2,'( <.)' ,55,' 70''h2,*/ 4,6/.)*' )*40*?G*),*/' 'G6),&=> :. 76,<)h6, . &*, 

',*');)5)/G 9.);5,( .506' -&, 5. ',40*2, *G4,'')/, 5, <.6-&.+,  2& 5)+.*2 ,/ 2& 6G4,7/,&6> 

R.*' 5i07/)-&, 2, '&6<0*/,6 4,' 5)<)/./)0*'( *0&' .?0*' <)' .& 70)*/( ,* 4055.;06./)0* .?,4 

5iG-&)7, 2& R6> V0**,/ 2& :.;06./0)6, 2i[**0?./)0* $%G6.7,&/)-&, !sJF ULNN s2M XKFM#( 5. 

76,<)h6, '0*2, 60&+, j /&6*]0* k( ;.'G, '&6 K)5, F,2( 70&6 5,' G/&2,' 2,' FX\S !6G4,7/,&6 

l 5i04E/04)*,# l 5. '&69.4, 2,' <,<;6.*,' 75.'<)-&,' !Q)+> 1H#> 

 

"

>/?@8'",f"A"(*&E$4":'"08/B*/0'":@"K)B*3/)BB'$'B3":'"H4"2)B:'"8)@?'"g"3@8B])B"h"0)@8"HDE3@:'":'2"

8E*'03'@82"*)@0HE2"4@G"08)3E/B'2"`"TV480'BW)"'3"4H!P"-<+=U!"

"

:, 7,7/)2, 4.6;G/04)*, !XV$ B X.6;G/04)*,#( .+0*)'/, 2, 5i04E/04)*,( . G/G 40*r&+&G l 

&* ,=4,55,*/ 95&0607%06, '05?./04%60<,( K)5, F,2> X,5&)]4) 70''h2, &*, ,=4,55,*/, 4.7.4)/G l 

'i.55&<,6 2.*' 5i,*?)60**,<,*/ %E2607%0;, 2& 6G4,7/,&6> R)99G6,*/' 5)+.*2' 0*/ G/G 

2G?,5077G' '&6 4, <02h5,( 5i&* 40&75.*/ K)5, F,2 2)6,4/,<,*/ l XV$( &* .&/6, 9.)'.*/ 

)*/,6?,*)6 &* 5)*8,6 04/.!G/%E5h*, +5E405# ,*/6, 5, 95&0607%06, ,/ XV$ ,/ &* 2,6*),6 75&' 
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Red Fluorescent Turn-On Ligands for Imaging and
Quantifying G Protein-Coupled Receptors in Living Cells

Iuliia A. Karpenko,[a] R�my Kreder,[b] Christel Valencia,[c] Pascal Villa,[c] Christiane Mendre,[d]

Bernard Mouillac,[d] Yves M�ly,[b] Marcel Hibert,[a] Dominique Bonnet,*[a] and
Andrey S. Klymchenko*[b]

Classical fluorescence-based approaches to monitor ligand–

protein interactions are generally hampered by the back-

ground signal of unbound ligand, which must be removed by

tedious washing steps. To overcome this major limitation, we

report here the first red fluorescent turn-on probes for a G

protein-coupled receptor (oxytocin receptor) at the surface of

living cells. The peptide ligand carbetocin was conjugated to

one of the best solvatochromic (fluorogenic) dyes, Nile Red,

which turns on emission when reaching the hydrophobic envi-

ronment of the receptor. We showed that the incorporation of

hydrophilic octa(ethylene glycol) linker between the pharma-

cophore and the dye minimized nonspecific interaction of the

probe with serum proteins and lipid membranes, thus ensur-

ing receptor-specific turn-on response. The new ligand was

successfully applied for background-free imaging and quantifi-

cation of oxytocin receptors in living cells.

Fluorescence turn-on systems are probably the most powerful

tools in biological sensing, as they enable direct quantification

of an analyte without removal of unreacted probe and provide

the possibility of in vivo monitoring of molecular interac-

tions.[1, 2] Turn-on probes are of particularly high interest in the

study of G protein-coupled receptors (GPCRs),[3] the largest and

most diverse group of membrane receptors in eukaryotes. Cur-

rently, fluorescence anisotropy[4] and FRET[5] are well-estab-

lished fluorescence techniques for GPCR studies without re-

moval of the non-interacted ligand (homogeneous conditions).

However, the first method suffers from low sensitivity, and the

second requires fluorescent labeling of both ligand and recep-

tor. Therefore, efforts have been made to achieve a turn-on re-

sponse based exclusively on fluorescent labeling of the ligand.

In one approach, the ligand was designed in the form of a non-

fluorescent nanostructure complex; it disassembles after inter-

action with the target receptor and thus turns on fluores-

cence.[6] Even though this concept is highly innovative it is not

quantitative, because it suffers from poor control of the effec-

tive ligand concentration and requires a large excess of the

ligand. The second approach, which is still largely under-

explored, involves environment-sensitive dyes[1c–e] that are not

fluorescent in aqueous medium but turn on in a hydrophobic

environment (“fluorogenic” dyes). Few GPCR ligands bearing

fluorogenic dyes have been reported to date.[7] In addition,

they suffer from limited efficacy because of nonspecific inter-

actions[8] or the requirement to perform studies on isolated

membranes (not living cells).[9] Moreover, all these examples

were limited to blue dyes, whereas red dyes are advantageous

for cellular studies because of lower sample photodamage,

light scattering, and autofluorescence. Among known fluoro-

genic dyes, Nile Red (NR) is probably the best represented, and

features red emission and excellent sensitivity to solvent polar-

ity.[1e,10] It has been successfully applied to study apolar envi-

ronments in micelles,[11] lipid nanoparticles,[12] and biomem-

branes,[10b] but it has never been used in receptor studies.

Our strategy was to covalently link the NR fluorophore to a

ligand of the oxytocin receptor (OTR)[13] through an inert polar

spacer. Then, ligand–receptor interaction would change the

fluorophore environment from aqueous to apolar, thus turning

on the fluorescence (Scheme 1). As the OTR endogenous

ligand oxytocin lacks in vivo enzymatic stability,[14] its stable an-

alogue carbetocin (CBT)[15] was used. To functionalize CBT, a Lys

residue was introduced at position 8, by following a previously

described approach for oxytocin analogues.[16]

Thus, Lys8-carbetocin obtained by solid-phase peptide syn-

thesis (Scheme S1 in the Supporting Information), was coupled

to the NR derivative with a PEG(8) linker to yield the fluores-

cent ligand NR-PEG-CBT (Scheme 1). To investigate the impor-

tance of the PEG spacer, Lys8-carbetocin was also coupled di-

rectly to the NR carboxyl derivative to provide NR-CBT. Finally,

a conjugate (LRh-CBT) of CBT with Lissamine Rhodamine B, a

classical nonfluorogenic dye, was synthesized as a control. Fol-

lowing the preparation of NR-labeled ligands, their binding af-

finities for OTR were determined by competition experiments

against [3H]AVP (labeled arginine vasopressin) as described pre-

viously[17] (Figure S1). Interestingly, both NR-PEG-CBT and NR-
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CBT conjugates showed high affinity for OTR (Ki=0.54 and

0.55 nm, respectively). In addition, the activities of NR-PEG-CBT

and NR-CBT were evaluated by measuring intracellular calcium

release[18] (Figure S2). NR-CBT inhibited oxytocin-induced calci-

um release in a dose-dependent manner, thus highlighting its

antagonistic character (IC50=74 nm) ; however, NR-PEG-CBT in-

duced calcium release in a dose-dependent manner, thus

showing its agonistic character (EC50=244 nm). These results

demonstrate the crucial role of the linker to preserve the func-

tional activity of the ligand.

The turn-on properties of the fluorescent ligands were first

studied in organic solvents. For both NR conjugates, the fluo-

rescence spectrum (Figures 1 and S4) blue-shifted and the fluo-

rescence intensity increased with decreasing solvent Reichardt

polarity index[19] (Table S1) ; this is consistent with the solvato-

chromism of NR and its derivatives.[10b,20] Good correlation was

observed between quantum yield and position of the emission

maximum (Figure 1). Remarkably, the change from polar aque-

ous environment to apolar 1,4-dioxane results in ~104-fold

fluorescence enhancement at 580 nm.

Turn-on ligands applied in cellular studies should exhibit

minimal nonspecific binding. As NR and its derivatives have

shown relatively high affinity to lipid membranes[10b] and

serum albumins,[21] we assessed the behavior of our ligands. In

the presence of large unilamellar vesicles (cell membrane

models), we observed no change in the fluorescence spectrum

for NR-PEG-CBT and only a little intensity increase for NR-CBT,

whereas the parent NR showed a blue shift and an intensity

increase typical for membrane binding (Figure 1). Very similar

data were obtained in the presence of bovine serum albumin

or blood serum (Figure S6). It thus appears that the hydrophilic

PEG spacer decreases non-specific binding to lipid membranes

and serum constituents, and this makes NR-PEG-CBT highly

promising for cellular studies.

The ligands were further evaluated in suspensions of

HEK293 cells overexpressing the oxytocin receptor (OTR+). In

the presence of unlabeled CBT (a competitor that saturates all

the receptors), the emission of NR-PEG-CBT had a very low in-

tensity (Figure 2A, dotted line) with a maximum corresponding

to that in aqueous medium. In cells without the competitor

(Figure 2A, solid line), we observed a 250-fold intensity in-

crease at 580 nm, thus demonstrating the receptor-specific

turn-on response of the ligand. Remarkably, the blue-shifted

maximum (585 nm) corresponds to a rather apolar environ-

Scheme 1. Fluorescent ligands for the oxytocin receptor.
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ment,[10b] thus suggesting that after ligand–receptor interac-

tion, the NR moiety protrudes into the lipid environment of

the receptor. Similar results were obtained with NR-CBT (Fig-

ure S7), though the turn-on response was somewhat weaker

(15-fold) as a result of the broader emission band in the pres-

ence of CBT. Thus, the turn-on response of the slightly more

lipophilic NR-CBT is likely compromised by nonspecific binding

to cell membranes. LRh-CBT (NR-CBT analogue with a non-

fluorogenic dye) exhibited no significant spectral change be-

tween cells with and without available OTR receptors (Fig-

ure 2B). Thus, the ligand bearing a classical fluorophore did

not show a turn-on response upon binding to the receptor, as

it always was in the “on” state.

We then performed confocal microscopy studies of adherent

OTR+ and OTR� (wild-type) HEK293 cells in the presence of

the turn-on ligands. Clear fluorescence staining at the plasma

membrane of OTR+ cells was observed with just 20 nm NR-

PEG-CBT (Figure 2C) or NR-CBT (Figure S8), whereas in control

(OTR�) cells the intensity was close to the autofluorescence

level (Figure S8). Moreover, both fluorescent ligands were read-

ily substituted by unlabeled CBT, which led to disappearance

of membrane staining (Figures 2D and S7C). These results con-

firm that the developed ligands bind to the cell surface in a re-

ceptor-specific manner. The comparative ligand LRh-CBT also

showed good membrane staining (Figure S8). However, in con-

trast to the turn-on ligands, it presented non-negligible back-

ground fluorescence, particularly strong at higher ligand con-

centrations (Figures 2F and S9) due to the fluorescence of un-

bound ligand in the cellular medium. These results show that

although the turn-on response is not mandatory for imaging

applications,[22] it improves the image quality by decreasing

the background fluorescence. Incidentally, even in the pres-

ence of 10% serum (typical concentration in cell culture

medium), no background fluorescence was observed for either

NR derivative (Figure S10). This is crucial for the development

of probes for in vivo imaging, as high nonspecific fluorescence

is the main reason for their failure.

Microscopy also revealed particular differences in the phar-

macological profiles of the dyes. OTR is rapidly internalized

after agonist stimulation.[13] NR-PEG-CBT induced OTR internali-

zation, whereas the ligand without a spacer remained at the

cell surface regardless of incubation time (Figure 3). Moreover,

receptor internalization by NR-PEG-CBT was even faster at

higher ligand concentrations (compare Figure 2C and 2E). This

difference in behavior of two CBT derivatives is in accordance

with their functional activity profiles, described above.

Finally, the successful turn-on ligand NR-PEG-CBT was evalu-

ated as a tool to rapidly estimate the number of receptors

available for ligand binding at the cell surface. Currently, quan-

tification of receptors at the cell surface uses either radioli-

Figure 1. Fluorescence properties of the turn-on ligands. A) Fluorescence spectra of NR-PEG-CBT in 1) 1,4-dioxane, 2) acetone, 3) CH3CN, 4) EtOH, 5) MeOH,

6) H2O, and 7) HEPES buffer; inset: correlation between quantum yield and emission maximum for NR-PEG-CBT. B) Fluorescence intensity at 580 nm as a func-

tion of the liposome concentration in HEPES buffer; *: Nile Red, &: NR-CBT, ~: NR-PEG-CBT. C) Fluorescence spectra of NR (thin line) and NR-PEG-CBT (bold

line) in HEPES buffer (solid line) and in the presence of liposomes (200 mm lipid; dotted line).

Figure 2. Binding of the ligands to OTRs on HEK293 cells. Fluorescence spec-

tra of A) NR-PEG-CBT and B) LRh-CBT at 10 nm in suspensions of OTR+ cells

in the absence (solid line) or the presence (dotted line) of 1 mm CBT. Substi-

tution experiments: confocal images of C) OTR+ cells with 20 nm NR-PEG-

CBT and D) the same cells following the addition of 1 mm CBT. E) OTR+ cells

with 100 nm NR-PEG-CBT, and F) OTR+ with 100 nm LRh-CBT.

Figure 3. Receptor internalization. OTR+ cells in the presence of A) 20 nm

NR-PEG-CBT or B) 20 nm NR-CBT after 30 min incubation at 37 8C in 5% CO2.
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gands[23] (which require protective equipment and result in ra-

dioactive waste) or fluorescently labeled antibodies (expensive

specialized equipment is needed).[24] Moreover, in both tech-

niques a wash step is required. Turn-on ligands present a sim-

ple and inexpensive alternative to these established methods.

Because of the clear turn-on response of NR-PEG-CBT, the

fluorescence detected at 580 nm originates mainly from the

ligands bound to the receptor. Titration of the OTR+ cells

showed that all available receptors are saturated below 20 nm

ligand (Figure 4A and B). The obtained saturation intensity al-

lowed us to calculate the concentration of the bound fluores-

cent ligand with a calibration curve in organic solvent (1,4-di-

oxane, Figure 4C) that is thought to mimic the environmental

polarity of the bound ligand (i.e. , similar emission maximum

and quantum yield). Thus, a value of 29000�5000 available

receptors per cell was obtained (see the Supporting Informa-

tion). This value is in good agreement with that we deter-

mined for the same cell line by a classical radioactive binding

assay ((46000�8000) receptors per cell ; see the Supporting

Information), thus suggesting that turn-on ligands are a very

promising alternative tools for receptor quantification without

radioactive handle.

In conclusion, we present the concept of turn-on ligands to

study wild-type receptors without requiring removal of un-

bound ligand, and without the need for expensive and time-

consuming fluorescence techniques or the use of radioactive

ligands. It is potentially interesting for the development of

a high-throughput screening assay for GPCRs at the cell sur-

face as well as for background-free in vivo molecular imaging.
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+,-+(-%2&%*,-',9'8'�'.O8R.Od'+($$"T60D'E%'"5,#$)'@('-,%()'%5&%',-$;'92("5$;'32(3&2()'",$#%*,-"'

,9' %5(' 32,@("' *-' Y`XX' "5,#$)' @(' #"()' Av.' 6*-C' 9,2' +($$' "%&*-*-1B' @(+&#"(' ,9' %5(' "$,r'
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645(22;D'_D.O8'Y(0&'+($$"'r(2('"(()()'*-'_8'66'1$&""'+,>(2"$*3"'A�RJ*"5'E`EJEB'I(26&-;C'*-'

JZHZ' "#33$(6(-%()' r*%5' .Ob' L`X' &-)' &-%*@*,%*+"' A3(-*+*$$*-' .OO' gET6$B' "%2(3%,6;+*-'

.OOgET6$C' &-)' [(3%' &%' _7e4' *-' &' 8b' 4aN'&%6,"35(2(D' F2&-"9(+%*,-' r&"' 3(29,26()' &%' NM'

5,#2"' 3,"%R"(()*-1' r*%5' .' µ1' ,9' 3+JPV_D.' 645(22;' 3$&"6*)' #"*-1' f(%WHE�' AW,$;W$#"'

%2&-"9(+%*,-B'L2&-+(C'&++,2)*-1'%,'"#33$*(2�"'2(+,66(-)&%*,-"D'V$$',@"(2>&%*,-"'r(2('),-('

@(%r((-' .dRNM' 5,#2"' 3,"%' JPV' %2&-"9(+%*,-D' F,' "%&*-' $;",",6("' *-' 12((-B' 0;",F2&+[(2�'

I2((-'JPJRNd' A0*9(' %(+5-,$,1*("C'r&"'&))()'%,'%5('+($$"'&%'8O'-Z'9*-&$'+,-+(-%2&%*,-'&-)'

*-+#@&%()'9,2'_O'6*-'&%'_7e4D'F5(-'LNP.NXZ'r&"'&))()'&"')("+2*@()'&@,>(D'

 !U!'E-0#*&91&$1&'"2&13*#91#2@'+$%'N,1*#91#2@'

V@",23%*,-' "3(+%2&' r(2(' 2(+,2)()' ,-' &' 4&2;' M' "3(+%2,35,%,6(%(2' Ah&2*&-C' &-)'

9$#,2("+(-+('"3(+%2&',-'&'L$#,2,$,1' A�,@*-'y>,-B'Y,2*@&C' "3(+%2,9$#,2,6(%(2D'L$#,2("+(-+('

(6*""*,-' "3(+%2&' r(2(' ";"%(6&%*+&$$;' 2(+,2)()' &%' M.O' -6' (G+*%&%*,-' r&>($(-1%5' &%' 2,,6'

%(63(2&%#2(B' #-$(""' *-)*+&%()D' V$$' "3(+%2&' r(2(' +,22(+%()' 9,2' %5(' 9$#,2("+(-+(' ,9' %5('

+,22("3,-)*-1'@$&-['A"#"3(-"*,-',9'+($$"',2'$*3*)'>("*+$("'r*%5,#%'%5('32,@(C'&-)'r&>($(-1%5R

)(3(-)(-%'"(-"*%*>*%;',9'%5(')(%(+%,2D'L$#,2("+(-+('=#&-%#6';*$()'r(2('6(&"#2()'#"*-1'M:R

A)*6(%5;$&6*-,CR_R5;)2,G;9$&>,-('*-'6(%5&-,$'&"'&'2(9(2(-+('AN7'bCD__'

4,-9,+&$' 6*+2,"+,3;' (G3(2*6(-%"' r(2(' 3(29,26()' @;' #"*-1' &' 0(*+&' F4X' XWHREE'

6*+2,"+,3('r*%5'Y�4'W0'VWa'd_GT.DMO'aE0'4X',@f(+%*>(D'F5('(G+*%&%*,-'r&"'32,>*)()'@;'MO8'

&-)'M\\'-6'$&"(2'&-)'%5('*6&1("'r(2('32,+(""()'r*%5'%5('E6&1('�'",9%r&2(D'
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LNP.NXZ' *"'&-'&-&$,1#(',9'LNP.NXB'r5(2('%5('_R5;)2,G;'12,#3' *"'6(%5;$&%()' AL*1D'

.CD' E%'r&"'32(3&2()'@;')*2(+%'6(%5;$&%*,-',9'LNP.NX'r*%5'6(%5;$' *,)*)('*-'&+(%,-*%2*$('AL*1D'

X.' *-' XECD' F,' 32(3&2(' L4.NXZ' AL*1D' .CB' dRA)*(%5;$&6*-,C@(-m,9#2&-RNR+&2@&$)(5;)(_O' r&"'
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,G*)*m()' *-'%5('32("(-+(',9'5;)2,1(-'3(2,G*)(' *-%,' %5('+,22("3,-)*-1'_R5;)2,G;+52,6,-('

)(2*>&%*>('AL*1D'XN'*-'XECD'E%'r&"'%5(-'2(&+%()'r*%5'PR6(%5;$R),)(+;$&6*-('&-)'%5(',@%&*-()'

%(2%*&2;' &6*-(' r&"' =#&%(2-*m()' r*%5' .B_R32,3&-("#$%,-(D' F5(' _R5;)2,G;' 12,#3' ,9' %5('

+52,6,-('r&"'%5(-'6(%5;$&%()'%,',@%&*-'%5(''L4.NXZ'32,@(D'F5('9*-&$'32,@("'r(2('3#2*9*()'
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E,:!'4!'45(6*+&$'"%2#+%#2("',9'LNP.NX'&-)'%5('-(r'6(6@2&-('32,@("B'LNP.NXZ'&-)'L4.NXZB'&-)'

%5(*2'5;3,%5(%*+'$,+&%*,-'r*%5'2("3(+%'%,'&'$*3*)'A@$&+[C',9'%5('6(6@2&-('@*$&;(2D'

'

5! !'E-0#*&91&$1&'92&13*#91#2@',$'(#%&-'(&()*+$&9'

LNP.NXZ' &-)' L4.NXZ' "5,r()' >(2;' 3,,2' 9$#,2("+(-+(' *-%(-"*%;' *-' &=#(,#"'6()*&'

A~y'v'OD8b'9,2'@,%5'32,@("CB'@#%'%5(;'r(2('5*15$;'(6*""*>('*-',21&-*+'",$>(-%"'AF&@$('.CD'a-'

&))*%*,-',9'$&21('#-*$&6($$&2'>("*+$("'A0gh"CB'%5('9$#,2("+(-+('*-%(-"*%;',9'@,%5'32,@("'12(r'

2&3*)$;'r*%5'$*3*)'+,-+(-%2&%*,-'&-)'2(&+5()'"%&@$('>&$#("'&%'$*3*)T32,@('2&%*,"'≥.N8'AL*1D'NCB'

*-)*+&%*-1' %5&%' &@,>(' %5*"' 32,@(T$*3*)' 2&%*,' -(&2$;' &$$' );('6,$(+#$("'r(2(' @,#-)' %,' $*3*)"D'

F5("(')&%&'*-)*+&%('&-'(99*+*(-%'@*-)*-1',9'%5('32,@("'%,'$*3*)'6(6@2&-("D' (6&2[&@$;B'%5('

9$#,2("+(-+('*-%(-"*%;'*-+2(&"()'|NOOR9,$)'&-)'%5('(6*""*,-'@&-)'"5*9%()'@;'_O'&-)'d8'-6'%,'

%5('@$#('9,2'LNP.NXZ'&-)'L4.NXZB'2("3(+%*>($;'AL*1D'NCD'F5('3,"*%*,-',9'%5('(6*""*,-'@&-)'

&$",' "%&@*$*m()' &%' $*3*)T32,@(' 2&%*,"'≥.N8B' +,-9*26*-1' %5&%',3%*6&$'@*-)*-1'r&"' &+5*(>()' *-'

%5("(' +,-)*%*,-"D' F5(' ,@%&*-()' =#&-%#6' ;*($)"' *-' JaW4' >("*+$("' r(2(' __' &-)' _7bB' 9,2'

LNP.NXZ' &-)' L4.NXZB' 2("3(+%*>($;B' r5*+5' +,-9*26()' %5(*2' (99*+*(-%' @*-)*-1' %,' %5(' $*3*)'

>("*+$("D'F5('9$#,2,1(-*+'2("3,-"(',9'LNP.NXZ'&-)'L4.NXZ'%,'6(6@2&-('@*-)*-1'+&-'5&>('

%r,'6(+5&-*"6"D' a-' ,-(' 5&-)B' %5(*2' _R6(%5,G;+52,6,-('6,*(%*("B' ,r*-1' %,' %5(' +5&21('

%2&-"9(2' +5&2&+%(2B' (G5*@*%' (99*+*(-%' =#(-+5*-1' *-' 3,$&2' 6()*&B' 3&2%*+#$&2$;' *-' r&%(2DN/'

F5(2(9,2(B'%5('%2&-"9(2',9'%5('32,@("'92,6'3,$&2'&=#(,#"'6()*#6'%,'&3,$&2'$*3*)'6(6@2&-('

"5,#$)')2&"%*+&$$;'*-+2(&"('%5('9$#,2("+(-+('(99*+*(-+;',9'%5('32,@("D'a-'%5(',%5(2'5&-)B',#2'

r,2["',-'P*$(' ()R@&"()'32,@('P .NX._'&-)'*%"'&-&$,1#(B_M'32("(-%*-1'"*6*$&2'"%2#+%#2(B'&"'

r($$'&"',%5(2'2(+(-%'2(3,2%"_8B'_d'"#11("%'%5&%'6(6@2&-('32,@("'+&-'@('"($9R=#(-+5()')#('%,'

&112(1&%*,-'*-'r&%(2'&-)'%5(-')*"&112(1&%('&9%(2'@*-)*-1'%,'$*3*)'6(6@2&-(D'}('(G3(+%'%5&%'
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E,:!'  !' L$#,2("+(-+(' *-%(-"*%;' A,3(-' ";6@,$"C' &-)' (6*""*,-'6&G*6#6' A9*$$()' ";6@,$"C' ,9' LNP.NXZ'

A"=#&2("C'&-)'L4.NXZ'A%2*&-1$("C'*-'$*3*)'>("*+$("'A+,63,"()',9'JaW4C'&%')*99(2(-%'+,-+(-%2&%*,-"',9'

$*3*)"D'W2,@('+,-+(-%2&%*,-'r&"'ODM'iZB'r5*$('%5('$*3*)'+,-+(-%2&%*,-'r&"'>&2*()D'

'
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E,:!' 5!' P,26&$*m()' &@",23%*,-' &-)' 9$#,2("+(-+(' "3(+%2&' ,9' LNP.NXZ' &-)' L4.NXZ' *-' $*3*)' >("*+$("'

+,63,"()',9'JaW4D'W2,@('&-)'$*3*)'+,-+(-%2&%*,-"'r(2('ODM'&-)'NOO'iZB'2("3(+%*>($;D'

'

E-' $*3*)' >("*+$("' +,63,"()' ,9' )*,$(,;$35,"35&%*);$+5,$*-(' AJaW4CB' LNP.NXZ' &-)'

L4.NXZ' "5,r()' &-' &@",23%*,-' 6&G*6#6' &2,#-)' MOO' &-)' M8O' -6B' 2("3(+%*>($;' AL*1D' _CD'

F5#"B' @,%5' 32,@("' r(2(' +,63&%*@$(' r*%5' %5(' MO8' -6' $&"(2' ",#2+(B' +,66,-$;' #"()' *-'

9$#,2("+(-+('6*+2,"+,3;D'Z,2(,>(2B' %5(;'(G5*@*%()'&'"*-1$('(6*""*,-'@&-)B'+(-%2()'&%'M\O'

&-)' 8MM' -6' AL*1D' _CB' +,-9*26*-1' %5&%' 6(%5;$&%*,-' ,9' %5(' _R5;)2,G;' 12,#3' 32(>(-%()' %5('

9,26&%*,-',9'%5('%&#%,6(2'9,26',@"(2>()'9,2'LNP.NXDN8'V++,2)*-1'%,',#2'(&2$*(2'"%#)*("',9'

%5(' +,22("3,-)*-1' _R6(%5,G;+52,6,-("' *-' ,21&-*+' ",$>(-%"BN/' %5("(' (6*""*,-' 6&G*6&'

*-)*+&%('&'2($&%*>($;'&3,$&2'(->*2,-6(-%'"*6*$&2'%,'%5(',-(',9''(%5;$'&+(%&%(R)*+5$,2,6(%5&-('

A)*($(+%2*+'+,-"%&-%'ε'x'dR/CB'"#11("%*-1'%5('*-"(2%*,-',9'%5('9$#,2,35,2("',9'@,%5'32,@("'*-%,''

&3,$&2'("%(2'2(1*,-',9'%5(' $*3*)'@*$&;(2D' E-'+,63&2*",-'r*%5'%5('+,66(2+*&$$;'&>&*$&@$('@$#('

);("' ,9' %5(' +,#6&2*-' A&6*-,6(%5;$+,#6&2*-' &+(%&%(B' VZ4VC' ,2' 3;2(-(' A4&"+&)(' `$#(C'

9&6*$*("B',#2'32,@("'(G5*@*%'"*1-*9*+&-%$;'$&21(2'X%,[("'"5*9%"B'r5*+5'&2(',9'[(;'*63,2%&-+('9,2'

6*-*6*m*-1' +,-%2*@#%*,-' ,9' %5(' &#%,R9$#,2("+(-+(' *-' 6*+2,"+,3;' &33$*+&%*,-"D' F5("(' $&21('

X%,[("'"5*9%"',2*1*-&%('92,6'%5(')*3,$&2'-&%#2(',9'%5("('+52,6,-(')(2*>&%*>("B'r5*+5'(-"#2("'

"*1-*9*+&-%' ",$>(-%' 2($&G&%*,-' ,9' %5(' 9$#,2,35,2("D_7' V"' %5("(' );("' &2(' ",$>&%,+52,6*+B' r('

+5(+[()' %5(*2' "(-"*%*>*%;' %,' +5&-1("' *-' %5(' $*3*)' +,63,"*%*,-D' X#232*"*-1$;B' %5(' -(r' );("'

"5,r()'2($&%*>($;'"6&$$'>&2*&%*,-',9'%5(*2'(6*""*,-'6&G*6#6'9,2')*99(2(-%'$*3*)'+,63,"*%*,-"'

+,22("3,-)*-1' %,' $*=#*)' +2;"%&$$*-(' AJaW4CB' $*=#*)')*",2)(2()' AJaW4T+5,$("%(2,$C' &-)' $*=#*)'

,2)(2()' A"35*-1,6;($*-T+5,$("%(2,$C' 35&"("' AL*1D' MCD' F5*"' 3,,2' "(-"*%*>*%;' %,' $*3*)'

+,63,"*%*,-' *"' *-' +$(&2' +,-%2&"%' r*%5' LNP.NX' ,2' ,%5(2' ",$>&%,+52,6*+' 6(6@2&-(' 32,@("'

@&"()',-'P*$(' ()._'&-)'0&#2)&-DN_B'_\'P(>(2%5($(""B'%5*"'32,3(2%;'*"',9'*-%(2("%'9,2'"%&-)&2)'

*6&1*-1'&-)'L HF'&33$*+&%*,-"B'r5*+5'2(=#*2('"%&@$('3,"*%*,-',9'%5('(6*""*,-'6&G*6#6D'
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E,:!'U!'P,26&$*m()'9$#,2("+(-+('"3(+%2&',9'32,@('LNP.NXZ'AVC'&-)'L4.NXZ'A`C'*-'>("*+$("',9')*99(2(-%'

$*3*)'+,63,"*%*,-"'&-)' *-'Y(0&'+($$"D'W2,@('+,-+(-%2&%*,-"'r(2('ODM'iZ'&-)'NO'-Z'*-' $*3*)'>("*+$("'

&-)'Y(0&'+($$"B'2("3(+%*>($;D'
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F5(-B'r('(>&$#&%()'%5('35,%,"%&@*$*%;',9'%5('-(r'32,@("'@,#-)'%,'$*3*)'6(6@2&-("'

*-' +,63&2*",-' %,' %5(*2' 3&2(-%' &-&$,1#(' LNP.NXD' V9%(2' .5' ,9' *$$#6*-&%*,-' A$*15%' 9$#G' ,9' j.'

6}T+6NCB' %5(' 9$#,2("+(-+(' )(+2(&"()' ,-$;' @;' .db' &-)' .Mb' 9,2' LNP.NXZ' &-)' L4.NXZB'

2("3(+%*>($;B'r5(2(&"'9,2'LNP.NX'%5('+,22("3,-)*-1' 9$#,2("+(-+(' $,""'r&"'&"'5*15'&"'\\'b'

AL*1D'8CD'F5*"'"%2,-1$;'*632,>()'35,%,"%&@*$*%;'*"'*-'&12((6(-%'r*%5',#2'32(>*,#"'2(3,2%',-'_R

6(%5,G;+52,6,-("' *-',21&-*+' ",$>(-%"N/' &-)' *"'(G3$&*-()'@;' %5('&@"(-+(' *-' %5("(');("',9'

%5('(G+*%()'"%&%('*-%2&6,$(+#$&2'32,%,-'%2&-"9(2'1(-(2&%*-1'%5('$(""'35,%,"%&@$('%&#%,6(2*+'

9,26D'

' '
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E,:!' V!' W5,%,"%&@*$*%;' ,9' %5(' -(r' 32,@("' *-' JaW4' >("*+$("' +,63&2()' %,' %5(' 3&2(-%' LNP.NX' 32,@(D'
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@3*0(<+,;$(B0,cFn.,

E&,S5P,6G88,5&]+,LAB3<3?3<"%A:,p,c.7H,60+,B,q,7.J,&]+,E&:+,H.Hc,I,H.HJ,6"+,E&:+,H.9H,60+,B,q,

EE.7,&]+,7&:+,H.F8,60+,B,q,c.H,&]+,E&:+,9.cc,6'+,E&:+,9.cE,I,9.H9,6"+,E&:+,G.9J,6'+,7&:+,J.Gc,6o+,B,q,

H.8,&]+,G&:+,E.79,64+,B,q,H.8,&]+,9&:.,

0234-315+,6"g]:,L77&78C<ShG,L!B=.,GGE.8FH9+,?32/0,GGE.8Fc7.,

,

 !"#!"$%&'()*+,%-./0&-1.234+-! !)*/!#!""$.$&9)*",&'()*/+,%-./,&'()*/!5!()$4.6)!78!

9(4.,&-!7!.-&:"5/:

9%6><3"3"(4A;B:%7%69%60$(4A;B!"$/3:>(/]3?2<!/%7%;B:%J%A;0<3f;%G&%=A<3"(/%G%3/(, 67:, 6E,

(o+, EF8, "):, $', 0$''3BQ(0, $/43, 1&N, 6E8, "a:, !/0, S%"(4A;B030(=;B!"$/(, 67.F, (o+, 7E8ra:, $',

!00(0,2@3/,'4$<<$/).,-?4(<,7A,3?,'4$<<$/),4A(,"$f42<(,$',!/!B;](0,>;,1aL+,?2BB,=3/Q(<'$3/,*!',

3>'(<Q(0., 1A(, =<20(, @<302=4, $', 4A(/, 0<$(0, 2/0(<, Q!=22", !/0, @2<$?$(0, >;, =3B2"/,

=A<3"!43)<!@A;,*$4A,L&7LB7g5(h&,6`FgF:,A!',(B2(/4.,C<3*/,3<!/)(,3$B+,;$(B0,7Fn.,



-//(f(,

,

7F8,

/
0 "12,6G88,5&]+,LAB3<3?3<"%A:,p,c.8J,60+,B,q,7.8,&]+,E&:+,H.9H,600+,B,q,c.G+,7.8,&]+,E&:+,H.FF,

64+,B,q,G.G,&]+,7&:+,H.G8,60+,B,q,c.H,&]+,E&:+,9.H`,6'+,E&:+,9.9c,600+,B,q,c.H+,7.7,&]+,E&:+,J.FE,6'+,

7&:+,J.Jc,6o+,B,q,H.8,&]+,F&:+,7.J7,64+,B,q,c.8,&]+,7&:+,7.EJ,6'+,J&:+,E.GF,6@+,B,q,H.H+,9.`,&]+,7&:+,

E.EH,6o+,B,q,9.H,&]+,JG&:+,8.cG,I,8.HJ,6"+,9&:.,

0234-315+,6"g]:,LJF&GcS7hG,L!B=.,F98.J9EG+,?32/0,F98.J9J7.,

,

5!""" !"#!"$%&'()*+,%-./0&-1.234+-! !)*/!5!()$4.6)!7!.6.!78!9(4.,&-!#!

)*/,&'()*/"$.$&9)*/",&'()*/+,,.-%./<4.<+-&!;!=3*2.-+'&:"7/:

7%69%60$(4A;B!"$/3:>(/]3?2<!/%7%;B:%9%66030(=;B6"(4A;B:!"$/3:"(4A;B:%J%A;0<3f;%G&%

=A<3"(/%G%3/(,6J:,6E,(o+,F8,"):, $',0$''3BQ(0,$/43,L&JLS,6F,"a:,!/0,E+J%@<3@!/('2B43/(,6J,

(o+,7J,ra:, $', !00(0., 1A(,"$f42<(, $', A(!4(0, 43, <(?B2f, ?3<, 7GA., 1A(, '3BQ(/4, $', 4A(/, <("3Q(0,

2/0(<,Q!=22",!/0,4A(,=<20(,@<302=4,$','3BQ(0,$/,L&7LB7,!/0,*!'A(0,*$4A,!,><$/(,'3B24$3/,J,

4$"('.,\4,$',2'(0,*$4A324,?2<4A(<,@2<$?$=!4$3/,0$<(=4B;,$/43,4A(,/(f4,'4(@.,R!<T,3<!/)(,3$B+,;$(B0,

JJn.,

,

5!""" !"#!"$%&'()*+,%-./0&-1.234+-! !)*/!5!,&'(.6)!7!.6.!78!9(4.,&-!#!

)*/,&'()*/"$.$&9)*/",&'()*/+,,.-%./<4.<+-&!;!=3*2.-+'&:">/:

J%6667%69%60$(4A;B!"$/3:>(/]3?2<!/%7%;B:%J%A;0<3f;%G%3f3%G&%=A<3"(/%9%

;B:"(4A;B:6030(=;B:6"(4A;B:!""3/$3:@<3@!/(%E%'2B?3/!4(, 6G:, 6E, (o,l, EF, "):, $', ?$<'4B;,

0$''3BQ(0,$/43,5(h&,6F,"a:+,4A(/,e7LhJ,6G,(o,l,E7,"):,!/0,L&J\,6E8,(o,l,JE.`7,"):,!<(,!00(0,

43,4A(,"$f42<(.,1A(,<(!=4$3/,$','4$<<(0,3Q(</$)A4,!4,<33",4("@(<!42<(.,-?4(<,3/(,/$)A4,F,(o,

3?, e7LhJ, 6EF"):, !/0, !, B!<)(, (f=('', 3?, L&J\, 6E.EG, ):, $', !00(0, 43, 4A(,"$f42<(., -?4(<, !, ?(*,

A32<'+, '3BQ(/4, $', <("3Q(0,2/0(<, Q!=22",!/0, 4A(, =<20(,@<302=4, $',@2<$?$(0,>;,@<(@!<!4$Q(,

1aL,2'$/),L&7LB7g5(h&,6cg7:,!',(B2(/4., (BB3*,3<!/)(,@3*0(<+,;$(B0,cFn.,,

/
0 "12,6G88,5&]+,5(4A!/3B%AG:,p,c.79,60+,B,q,7.E,&]+,E&:+,H.c9,600+,B,q,c.9+,7.7,&]+,E&:+,H.HG,

60+,B,q,c.H,&]+,E&:+,H.9F,6'+,E&:+,H.GG,60+,B,q,c.9,&]+,E&:+,9.H9,60+,B,q,`.F,&]+,7&:+,G.9E,6'+,7&:+,

J.`G,6'+,J&:+,J.GH,I,J.JH,6"+,c&:+,7.`F,6'+,J&:+,7.cE,64+,B,q,9.H,&]+,7&:+,E.G9,I,E.JH,6"+,7&:+,E.JG,

I,E.EE,6"+,78&:+,8.cH,I,8.H9,6"+,`&:.,

0234-315+,65s&s:,LJ`&F9S7hHK,L!B=.,9`9.Jc8c+,?32/0,9`9.JH`J.



-//(f(,

,

7FE,

!(()*) #+ a$'4(,0(',@2>B$=!4$3/'.,

E., e!<@(/T3+, \.-.+, e<(0(<+, P.+, b!B(/=$!+, L.+, b$BB!+, D.+,5(/0<(+, L.+,532$BB!=+, C.+,5iB;+,  .+,

&$>(<4+, 5.+, C3//(4+, R.+, !/0, eB;"=A(/T3+, -.K., 678EG:., P(0, ?B23<('=(/4, 42</%3/, B$)!/0', ?3<,

$"!)$/),!/0,o2!/4$?;$/),_,@<34($/%=32@B(0,<(=(@43<', $/, B$Q$/),=(BB'.,LA(">$3=A(","C+,JF`I

J9J.,

7., eB;"=A(/T3+, -., K., t, e<(0(<+, P., NB23<('=(/4, @<3>(', ?3<, B$@$0, <!?4'd, ?<3", "30(B,

"("><!/(',43,B$Q$/),=(BB'.,>619@&D-:E@,7E6,`HIEEJ,678EG:.,

J., ,R!<*$=A+, W.l, e2=A(<!T+, h., -.l, e<(0(<+, P.l, P$=A(<4+, a.l, b!2=A(BB('+, P.l, 5iB;+,  l,

eB;"=A(/T3+,-.,K.,P!4$3/!B,0('$)/,3?,?B23<('=(/4,"("><!/(,@<3>(',?3<,!@3@43'$',>!'(0,3/,J%

A;0<3f;?B!Q3/(.,5-N,M32</!B,78EJ+,E+,87F887.,

G., e<(0(<+, P.+, D;<'A(Q+, e., -.+, R!<*$=Al, W.+, e2=A(<!T+h.-.+, 5iB;+,  .+eB;"=A(/T3, -.K.,

K3BQ!43=A<3"$=, @<3>(', *$4A, NPm1, o2(/=A(<, '@(=$?$=!BB;, 4!<)(4, !/0, $0(/4$?;, '(@!<!4(,

"("><!/(,@A!'(',$/,B$Q$/),!/0,!@3@434$=,=(BB'.,-==(@4i,!@<j',<iQ$'$3/,"!#(2<,@!<,-LK,LA(".,

C$3B3);.,

F., e<(0(<+P.+,h/=2B+,K.+,D;<'A(Q+,e.+,P(!B+,m.+,5(B;+, .+,eB;"=A(/T3+,-.K.,CB2(,?B23<3)(/$=,

@<3>(',3?,@B!'"!,"("><!/(',?3<,$"!)$/),!/0,NPm1%>!'(0,o2!/4$?$=!4$3/,3?,=(BB2B!<,'2<?!=(.,

-==(@4i,!@<j',<iQ$'$3/,"$/(2<,@!<,PKL,-0Q!/=(.,

4789) :)8 ;<==>(7;?97<(8 <@?A)8 

E., DA!'(%'@(=$?$=, ?B23<('=(/=(, o2(/=A(<, ?3<, '420;$/), B$@$0, 03"!$/', $/, "30(B, !/0, =(BB,

"("><!/('.,-/0<(;,K.,eB;"=A(/T3+,Pi";,e<(0(<+,W($/!>,R!<*$=A+,hB(T'!/0<,-.,e2=A(<!T+,

 Q(',5iB;., R$#3/, R3"!$/', 78E7+, \/4(</!4$3/!B, L3/?(<(/=(, 3/, 5("><!/(, R3"!$/'+, 7H%J8,

S3Q("><(,78E7,R\MhS+,NP-SLm,

7., DA!'(%'@(=$?$=,?B23<('=(/=(,o2(/=A(<,!/0,@<3>(,?3<,'420;$/),B$@$0,03"!$/',$/,"30(B,

!/0, =(BB, "("><!/('., Pi";, e<(0(<+, W($/!>, R!<*$=A+, hB(T'!/0<, -., e2=A(<!T+,  Q(', 5iB;+,

-/0<(;, K., eB;"=A(/T3.,5(4A30', !/0,-@@B$=!4$3/',3?, NB23<('=(/=(d, K@(=4<3'=3@;, 65-NEJ:+,

\"!)$/),!/0,D<3>(',c%EE,K(@4("><(,78EJ,_uSmK+,\1-a\m,6@3'4(<:.,

J., K3BQ!43=A<3"$=,@<3>(',*$4A,NPm1,o2(/=A(<,0(4(=4,'(B(=4$Q(B;,3<0(<(0,!/0,0$'3<0(<(0,

@A!'(', $/, @B!'"!, "("><!/(', 3?, B$Q$/), =(BB'., Pi";, e<(0(<+, W($/!>, R!<*$=A+, hB(T'!/0<, -.,

e2=A(<!T+,  Q(',5iB;+, -/0<(;, K., eB;"=A(/T3., M32</i(, L!"@2', \BBT$<=A, 78EG, H%c, -Q<$B, 78EG,

\aae\PL&+,NP-SLm,6@<i'(/4!4$3/,3<!B(:.,
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2B8>=B +, L3/Z2(', v, @!<4$<, 0w2/(, !@@<3=A(, <!4$3//(BB(+, /32', !Q3/', =<ii, 0(, /32Q(BB(', '3/0(',
"("><!/!$<(',@(<"(44!/4,Bw$"!)(<$(,0(,Bw3<)!/$'!4$3/,0(,B!,"("><!/(,@B!'"$o2(,=(BB2B!$<(.,R!/',=(,
4<!Q!$B+,/32',!Q3/',0w!>3<0,0iQ(B3@@i,2/,)<32@(,0w324$B'+,v,@!<4$<,02,?B23<3@A3<(,'3BQ!43=A<3"(,S$B(,
P(0, (4, 0(, CB!=T, &3B(, O2(/=A(<%7+, =!@!>B(, 0(,"!<o2(<, '@i=$?$o2("(/4, B(', 03"!$/(', 3<03//i', (4,
0i'3<03//i',6<!0(!2f:,(/,B(',$0(/4$?$!/4,@!<,B(2<,=32B(2<,0wi"$''$3/.,a(',i420(',=(BB2B!$<('+,v,Bw!$0(,
0(,=(','3/0('+,'2))j<(/4,o2(,B!,"("><!/(,@B!'"$o2(,('4,=3"@3'i(,0(,0(2f,@A!'(',0$'4$/=4('.,D2$',
0!/',B(,>24,0(,=<i(<,0(,/32Q(BB(','3/0(',>!'i(','2<,S$B(,P(0,=3"@!4$>B(',!Q(=,B(,'i<2",(4,?$f!>B(',
@!<, ?3<"!B0iA;0(g)B24!<!B0iA;0(+,/32',!Q3/',"30$?$i, B!,'3/0(+,@<i!B!>B("(/4,0iQ(B3@@i(+,SPE7K,
!Q(=, 2/, )<32@("(/4, Dm_, 32, !"$/3+, <('@(=4$Q("(/4., m43//!""(/4+, B!, '3/0(, Dm_;Bi(, ('4,
<!@$0("(/4,$/4(</!B$'i(,0!/',B!,=(BB2B(,(4,B(,0i<$Qi,!/$"3,!)<j)(,!Q(=,Bw!)(/4,?$f!/4.,Rw2/,!24<(,=x4i+,
>!'i(, '2<, S$B(, P(0+, /32', !Q3/', =3/Z2, 2/(, '3/0(, =!@!>B(, 0(, 0i4(=4(<, 2/, <i=(@4(2<, 03//i, (4, 0(,
Q$'2!B$'(<, '3/, (/Q$<3//("(/4, B$@$0$o2(., \/$4$!B("(/4+, /32', !Q3/', 3>4(/2, 0(', '3/0(', =!@!>B(',
0w!BB2"(<, B(2<, ?B23<('=(/=(,(/,'(, B$!/4,'2<, B(,PLD_,v, Bw3=;43=$/(.,D2$'+,/32',!Q3/',=3/#2)2i,SPE7K,
@!<, Bw$/4(<"i0$!$<(,0w2/,('@!=(2<,Dm_6E7:,!2, B$)!/0,0(, Bw$/4i)<$/(+,P_R., a(', <i'2B4!4',@<iB$"$/!$<(',
"3/4<(/4, o2(, B!,"3Bi=2B(, @(24, '(, B$(<, v, B!,"("><!/(, (4, 0i4(=4(<, Bw3<0<(, B$@$0$o2(+, =(@(/0!/4, B(',
i420(', =(BB2B!$<(', /i=(''$4(/4, 2/, !=AjQ("(/4., S32', !Q3/', !2''$, 4<!Q!$BBi, '2<, 0(', '3/0(',
"("><!/!$<(',?B23<3)i/$o2(',642</%3/:,@32<,0(,Bw$"!)(<$(,"2B4$%=32B(2<'.,C!'i(','2<,B(,?B23<3@A3<(,
J%"i4A3f;=A<3"3/(+, /32', !Q3/', 3>4(/2, 0(', '3/0(', @B2', ><$BB!/4(', (4, @B2', @A343'4!>B(', o2(, B!,
'3/0(, 0iQ(B3@@i(, 3<$)$/(BB("(/4, v, @!<4$<, 0(, J%A;0<3f;=A<3"3/(, 6N7SE7K:., _<y=(, v, Bw$"@3<4!/4,
0i@B!=("(/4, 0(, K43T('+, (BB(', @(<"(44(/4, 2/(, $"!)(<$(, 0(, B!,"("><!/(, =(BB2B!$<(, !Q(=, 2/(, !243%
?B23<('=(/=(,"$/$"!B(,0!/',B!,<i)$3/,'@(=4<!B(,>B(2(+,=3"@!4$>B(,!Q(=,B(',"!<o2(2<',=3""2/',Q(<4',
(4, <32)('., D32<, ?$/$<+, >!'i(', '2<, B(, ?B23<3@A3<(, 'o2!<!$/(+, /32', !Q3/', 0iQ(B3@@i, 4<3$', /32Q(BB(',
'3/0(',3@i<!/4,0!/',B!,<i)$3/,<32)(,B3$/4!$/+,o2$,('4,@!<4$=2B$j<("(/4,$/4i<(''!/4(,@32<,Bw$"!)(<$(,-5&
F-)0:,(4,-5&F-F:.,L(','3/0(',"3/4<(/4,2/(,3<$(/4!4$3/,@!<!BBjB(,!Q(=,B!,"("><!/(,B$@$0$o2(+,!B3<',o2(,
B(',(f@i<$(/=(',=(BB2B!$<(', $/0$o2(/4,o2(,'(2B(, B!,'3/0(,!Q(=,0(2f,!/=<(', B$@$0$o2(',('4,=!@!>B(,0(,
"!<o2(<,0(,?!Z3/,'4!>B(,B!,"("><!/(,@B!'"$o2(.,L(','3/0(',0iQ(B3@@i(',$=$,'3/4,@<iQ2(',@32<,z4<(,
24$B$'i(',0!/',B!,<(=A(<=A(,0(',<!0(!2f,B$@$0$o2(',!2''$,>$(/,o2(,@32<,Bw$"!)(<$(,'2@(<%<i'3B24$3/,(4,
"2B4$%=32B(2<',0(,=(BB2B(',Q$Q!/4('.,

!C89@?;9+, C!'(0, 3/, <!4$3/!B, "3B(=2B!<, 0('$)/+, *(, 0('$)/, /(*, "("><!/(, @<3>(', 4A!4, (/!>B(,
?B23<('=(/=(,$"!)$/),3?,=(BB,@B!'"!,"("><!/(,3<)!/$]!4$3/.,\/,4A$',*3<T+,*(,?$<'4,';/4A('$](0,!,433B,
T$4+, >!'(0, 3/, '3BQ!43=A<3"$=, S$B(, P(0, 0;(, !/0, CB!=T, &3B(, O2(/=A(<%7+, 4A!4, =!/, '4!$/, '@(=$?$=!BB;,
3<0(<(0,!/0,0$'3<0(<(0,B$@$0,03"!$/',6<!?4':,!/0,$0(/4$?;,4A(",>;,4A(,("$''$3/,=3B3<.,L(BB2B!<,'420$(',
*$4A,4A('(,@<3>(','2))('4(0,4A!4,4A(,@B!'"!,"("><!/(,$',=3"@3'(0,3?,4*3,0$'4$/=4,@A!'('.,1A(/+,
*$4A, 4A(, $0(!, 43, "!T(, S$B(, P(0%>!'(0, @<3>(', =3"@!4$>B(, *$4A, '(<2", "(0$2", !/0, ?$f!>B(, >;,
?3<"!B0(A;0(g)B24!<!B0(A;0(+,*(,"30$?$(0,@<(Q$32'B;,0(Q(B3@(0,@<3>(,SPE7K,*$4A,Dm_,!/0,!"$/3,
)<32@'+,<('@(=4$Q(B;.,K2<@<$'$/)B;+,4A(,Dm_;B!4(0,@<3>(,$',o2$=TB;,$/4(</!B$](0,$/'$0(,4A(,=(BB,!/0,4A(,
!"$/3%0(<$Q!4$Q(, !))<()!4(', *$4A, 4A(, ?$f$/), !)(/4., h/, 4A(, 34A(<, A!/0+, >!'(0, 3/, S$B(, P(0, *(,
0('$)/(0,@<3>(',=!@!>B(,43,0(4(=4,!,)$Q(/,<(=(@43<,!/0,Q$'2!B$](, $4', B$@$0,(/Q$<3/"(/4., \/$4$!BB;+,*(,
3>4!$/(0,@<3>(',4A!4,=!/,42</%3/,?B23<('=(/=(,3/,>$/0$/),43,4A(,3f;43=$/,_DLP,<(=(@43<.,1A(/+,*(,
=3/#2)!4(0,SPE7K,4A<32)A,!,Dm_6E7:,'@!=(<,43,4A(,B$)!/0,3?,$/4(<)<$/+,P_R.,1A(,?$<'4,0!4!,'A3*,4A!4,
4A(,"3B(=2B(,=!/,>$/0,43,4A(,"("><!/(,!/0,0(4(=4,4A(,B$@$0,3<0(<+,4A32)A,=(BB2B!<,'420$(',A!Q(,43,>(,
=3"@B(4(0., ^(, !B'3, *3<T(0, 3/, ?B23<3)(/$=, 642</%3/:, "("><!/(, @<3>(', ?3<, "2B4$%=3B3<, $"!)$/).,
C!'(0, 3/, >B2(, J%"(4A3f;=A<3"3/(, 0;('+, *(, 3>4!$/(0, @<3>(', 4A!4, !<(, ><$)A4(<, !/0, "3<(,
@A343'4!>B(, 4A!/, 4A(, 3<$)$/!BB;, 0(Q(B3@(0, @<3>(, >!'(0, 3/, J%A;0<3f;=A<3"3/(, 6N7SE7K:., R2(, 43,
B!<)(,K43=T','A$?4+, 4A(;,(/!>B(0,=(BB,"("><!/(, $"!)$/),*$4A,"$/$"!B,!243%?B23<('=(/=(, $/,4A(,>B2(,
'@(=4<!B, <()$3/+, =3"@!4$>B(,*$4A, =3""3/, )<((/, !/0, <(0, @<3>('., -4, 4A(, (/0+, >!'(0, 3/, 'o2!<!$/(,
?B23<3@A3<(+, *(, 0(Q(B3@(0, 4A<((, /(*, @<3>(', 3@(<!4$/), $/, 4A(, ?!<, <(0, <()$3/+, *A$=A, $', !B'3, Q(<;,
$/4(<('4$/), ?3<, -5& F-)0:, !/0, -5& F-F:, $"!)$/)., 1A('(, 0;(', 'A3*, !, @!<!BB(B, 3<$(/4!4$3/, *$4A, 4A(, B$@$0,
"("><!/(+,*A$B(,4A(,=(BB2B!<,(f@(<$"(/4',@3$/4,324,4A!4,3/B;,4A(,@<3>(,*$4A,4*3,!/=A3<,)<32@',$',
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