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-.DDB/6-316./!/.C,@!1+31!,E1,/C!F50@!-.//,-16?61G!29.D!1+,!
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09.1.-.7 !39-+61,-1B9,#!:,-16./ !"f! -./16/B,@!=61+!3!9,?6,=!.2!
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@1316@16-37!193226-!,/?,7.0,@!2.9!1+,!193226-!3996?37!.2!1+,!G1+!27.=!
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=677 ! @../ ! 3-+6,?, ! C313 ! 931,@ !5,1=,,/ !TX !450@! 2.9 ! 03@@6?,!
1,9D6/37@!3/C!IHPY!F50@!2.9!3-16?,!1,9D6/37@J!./!C6@13/-,@!2.9!
B0 ! 1. ! +B/C9,C@ ! .2 ! >67.D,1,9@ ! 2.9 ! 76/>@ ! C,07.G,C ! 31 ! +6A+!
37161BC,@ !=+,9, ! 3C?,9@, ! 31D.@0+,96- ! ,22,-1@ ! 39, !D6/6D37# !K!
1+.9.BA+!9,?6,=!.2!,D,9A6/A!1,-+/.7.A6,@!9,7,?3/1!1.!4'8:!
/,1=.9>@!3/C!@B00.91,C!5G!(K&LK!6@!A6?,/!6/!OIQ#
]+,/!3!76/>!6@!.5@-B9,C!5G!-7.BC@!.9!1,9936/J!3/!3695.9/,!

9,73G!/.C,!9,9.B1,@!193226-!./!3/.1+,9!76/>!379,3CG!,@13576@+,C#!
"2 !/.!371,9/31,!76/>@!39,!3?367357,J ! 1+,!9,73G!/.C,!0.6/1@! 1+,!
73@,9 ! 5,3D ! 1. ! 3/.1+,9 ! /.C, ! =61+6/ ! 76/,H.2H@6A+1 ! ;`':< ! 1.!
,@13576@+ ! 3 ! /,= ! -.//,-16./# ! %+, ! /,1=.9> ! 1.0.7.AG!
-./26AB9316./!09.-,@@!3/C!1+,!LK%!09.-,CB9,!39,!-./CB-1,C!
=61+ ! 3 ! @,-./C39G ! &8 ! /,1=.9># ! %+, ! /,1=.9> ! 3?367356761G!
6/-9,3@,@!=61+!+6A+,9!-.//,-16?61GJ!=+6-+!6@!,/357,C!5G!9,73G!
/.C,@!=61+!DB71607,!30,91B9,@#!:.D,!3695.9/,!/.C,@!D3G!+3?,!
1+,!D36/!D6@@6./!.2!9.B16/A!193226-# !%+,69!276A+1! 193[,-1.9G!6@!
073//,C ! 1. ! 6D09.?, ! `': ! -.//,-16?61G ! 3/C ! 1. ! 3?.6C ! 5,3D!
.5@-B9316./# ! K69-9321 ! 03@@6/A ! 1+9.BA+ ! 1+, ! 39,3 ! .2 ! /,1=.9>!
.0,9316./!-3/!1,D0.93967G!3@@6@1!9,73G6/A!C313!62!,RB600,C!=61+!
-.D031657,!.016-37!1,9D6/37@#!&,2#!OPZQ !09,@,/1@!3/!3009.3-+!
2.9!1.0.7.AG!-./19.7!6/!4'8:!/,1=.9>@#!
%+,!3CD6@@6./!-./19.7!37A.961+D!/,,C@!3--,@@!1.!9.B1,@!3/C!86A#!I#!$.16./37!4'8:!/,1=.9>!1.0.7.AG#
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76/>!@131,#!"/!.B9!6D07,D,/1316./!U"F&L!OPdQ!,E0.91@!9.B1,@!
3/C! 9,0.91@ !/.C,! 9,3-+356761G! 1. ! 1+, !53/C=6C1+!59.>,9# !%+,!
V.:!39-+61,-1B9,!6@!-30357,!1.!@B00.91!.1+,9!9.B16/A!09.1.-.7@#

*E,*MU(*Q60*W69(3
%+6@ ! @,-16./ ! C,@-965,@ ! +.=!03->,1 ! 27.=@ ! 39, ! 09.?6@6./,C!

V.:!6/!1+,!4'8:!/,1=.9>!=61+!$,1UE#!],!@1391!5G!C,26/6/A!3!
2,=!1,9D@#!K!H4.4:(9*27.=!6@!3!03->,1!27.=!1+31!=,/1!1+9.BA+!
3CD6@@6./ ! -./19.7 ! 3/C ! 2.9 ! =+6-+ ! 1+, ! /,1=.9>@ ! 09.?6C,@!
@1316@16-37 ! C,73G ! AB393/1,,@# !K !3(:485 *30076-316./ ! 6@ ! 0.91,C!
29.D ! ,E6@16/A ! /,1=.9>@ ! 1. ! 1+, ! 4'8: ! /,1=.9> ! =61+.B1!
D.C626-316./@!6/!-.C,#!K!Q60D4V4'(*30076-316./!9,RB69,@!9,37H
16D, ! -.DDB/6-316./ ! @,9?6-,@ ! 29.D ! 1+, ! /,1=.9> ! 3/C ! 6@!
C,0,/C,/1 ! ./ ! 5.B/C@ ! 1. ! ,/CH1.H,/C ! 03->,1 ! C,73G ! 3/C!
53/C=6C1+#!

K/!3CD6@@6./!9,RB,@1!9,RB,@1!+3@!3!@,96,@!.2!0393D,1,9@!1.!
5,!09.-,@@,C!5G!1+,!53/C=6C1+!59.>,9h
.!!09.1.-.7!1G0,!;%*LJ!)(L<
.!!@.B9-,J!C,@16/316./!"L!3CC9,@@,@
.!!27.=!096.961G
.!!3!C,@-9601.9!2.9!,/CH1.H,/C!/,1=.9>!V.:h

H!D3E6DBD!5B9@1!@6c,!W
H!C,73G!6/1,9?37!O2H$.C*2H4&Q
H!3?,93A,!193/@D6@@6./!931,!6/1,9?37!OOH$.C*OH4&Q
HC,73G!?6.7316./!09.5356761G!6/1,9?37!O%H$.C*%H4&Q#

%+, ! C,73G ! ?6.7316./ ! 09.5356761G ! ;(fL< ! 6@!
<@2

$
'2

H4&
A+;%

H$.
C %

H4&
< ! #!)@6/A!6/1,9?37@!2.9!V.:!377.=@!

1+, ! 3CD6@@6./ ! -./19.7 ! 37A.961+D! 1. !5, ! 27,E657, ! 6/ ! 3@@6A/6/A!
9,@.B9-,@J !3@!D.@1! 9,37H16D,!30076-316./@ ! 1.7,931,!3 !93/A,!.2!
/,1=.9>!0,92.9D3/-,!3/G=3G#!%+,@,!30076-316./@!39,!-30357,!
1.!494"#!1.!3!?396316./!6/!53/C=6C1+!3/C!C,73G!3/C!1.!-./16/B,!
1.!.0,931,!@316@23-1.9G#!%+, !8;''(.#*6"('4#$6.43*"6$.#! ;*'L<J!
C,26/,C!5G!^WJ!2C*OC*%mJ!C,@-965,@!1+,!6/@13/13/,.B@!?37B,@!.2!
1+,!27.=!V.:!D,3@B9,@!0,9-,6?,C!5G!1+,!30076-316./#!
%+,!/,1=.9>!D3/3A,9!C,26/,@!1+,!@,1!.2!193226-!-73@@,@!3/C!

3@@6A/@!2.9!,3-+!-73@@!3/!.0,9316./37!0.6/1!6/!V.:!0393D,1,9!
@03-,!;WC*2C*O!3/C!%<#!K/!"L!RB,B6/A!0.76-G!6@!@,1!1+31!D30@!
1+, ! 03->,1 ! -73@@ ! ;(:*L< ! 1. ! 3 ! @-+,CB76/A ! 096.961G# ! 8.9 ! 1+,!
@6DB7316./!@1BCGJ!=,!3@@6A/,C!+6A+,9!096.961G!2.9!193226-!-73@@,@!
1+31 ! 9,RB69, ! 7.=,9 ! C,73G# ! K@ ! 3 ! -./C616./ ! 2.9 ! 09.?6C6/A!
09.535676@16- !C,73G!AB393/1,,@J ! -.//,-16./! 3CD6@@6./!-./19.7!
3@@6@1,C!5G!193226-!0.76-6/A!31! 1+,!/,1=.9>!,CA,!9.B1,9@!>,,0!

1+,!1.137!D3/3A,C!193226-!C313!931,!29.D!-73@@!$!5,7.=! !ν α$*>/*
./!,3-+!76/> !/J!=+,9, ! B834)) $

8
$
$P J !>/* 6@!1+,!;B/6C69,-16./37<!

76/> !/! C313 ! 931,!-303-61GJ ! 6/-7BC6/A!,22,-1@! 29.D!-.C6/A!3/C!

K&VJ!3/C !ν/ 6@!1+,!@32,!53/C=6C1+!B1676c316./!5.B/C396,@!2.9!
76/>!/#!%+,!C622,9,/-,!1.!P!6@!3?367357,!2.9!5,@1!,22.91!193226-#!K!
@3D07,!193226-!-73@@!-./26AB9316./!6@!@+.=/!6/ !%357,! ", *"L?W!
03->,1@!739A,9!1+3/!WTq_!;G;H76:'4H)@*39,!C,@-965,C!6/!OPeQ#

*>,*+9H$))$6.*4.9*+94"#4#$6.
K0076-316./@ ! .9 ! /,1=.9> !D3/3A,D,/1 ! -.D0./,/1@ ! @B5D61!

3CD6@@6./! 9,RB,@1@ ! 1. ! 1+, !53/C=6C1+!59.>,9# !%+, !3CD6@@6./!
-./19.7 ! 37A.961+D! @,7,-1@ ! ./, ! -73@@ ! 29.D! 1+, ! @,1 ! .2 ! -73@@,@!
=+.@,!-.99,@0./C6/A!^WC*2C*OC*%m!0393D,1,9@!2377!=61+6/!1+,!
9,RB,@1,C!V.:!9,A6./#!"2!/.1!@B-+!-73@@!,E6@1@J!1+3/!3CD6@@6./!

-./19.7!@,7,-1@!3!-73@@ !$! =61+ !O$*≥* OH$.C *2$*≤* 2H4&C *%$*≤* %H4&C *
W$*≥*WC*3/C!2.9!=+6-+!1+,9,!,E6@1@!53/C=6C1+!3?367357,!=61+6/!
να$*>/*2.9!377!76/>@!/!./!1+,!@.B9-,!1.!C,@16/316./!031+#!"/!-3@,!
/.!-73@@!,E6@1@!=61+!1+,@,!0393D,1,9@J!3CD6@@6./!6@!C,/6,C!3/C!
1+,!/,A.16316/A!0391G!-3/!9,@B5D61!1+,!9,RB,@1!=61+!3!C622,9,/1!
V.:!C,D3/C#!"2!3CD6@@6./!-./19.7!-3//.1!26/C!3!2,3@657,!-73@@!
=61+!,/.BA+!53/C=6C1+!3?367357,!37./A!1+,!@.B9-,HC,@16/316./!
031+J ! 1+,/ ! @.D,!.1+,9 ! 27.=@ !=61+ ! 3 ! 7.=,9 ! 096.961G !D3G!5,!
09,,D01,C!.9!@=61-+,C!1.!.1+,9!-73@@,@#!%+,!V.:!39-+61,-1B9,!
0,92.9D@!1+6@!494"#4#$6.*6/!.9C,9!1.!3--.DD.C31,!D.9,!27.=@!
.2!+6A+,9!096.961G#!%+,!30076-316./@!;.9!/,1=.9>!D3/3A,D,/1!
3A,/1@<!.=/6/A!1+,!D.C626,C!27.=@!39,!5,6/A!/.1626,C!.2! 1+,!
3C301316./!3/C!-3/!9,3-1!3--.9C6/A7G#!K/!3CD6@@6./\3C301316./!
@-,/396.!6@!@+.=/!6/!86A#!S#!
%+,!3CD6@@6./!9,RB,@1!6@!?376C!2.9!3!@0,-626-!16D,!6/1,9?37!

3/C!DB@1!5,!9,/,=,C!B@6/A!3!7,3@,!D,-+3/6@D#!K!/,A.1631,C!
27.=!2.9 !=+6-+! 1+, ! 7,3@,!,E069,@ !-,3@,@ ! 1. ! 9,-,6?, !V.:# ! "1@!
03->,1!-73@@626-316./!0.76-G!=677!5,!9,?.>,C!29.D!1+,!6/A9,@@!
9.B1,9!3/C!61!=677!5,!D39>,C!=61+!3!5,@1!,22.91!096.961G#!
KCD6@@6./!3/C!3C301316./!39,!-./19.77,C!5G!3!@,1!.2!0.76-6,@!

C,@6A/,C!1.!D,,1!-,9136/!.5[,-16?,@#!8.9!6/@13/-,J!@,7,-16./!.2!
27.=@!1.!3C301\09,,D01!6/!.9C,9!1.!3CD61!3!+6A+,9!096.961G!27.=!
-3/ ! 5, ! 53@,C ! @196-17G ! ./ ! 096.961GJ ! .9 ! ./ ! 3 ! -.D56/316./ ! .2!
096.961GJ ! ,/C0.6/1 ! 3CC9,@@J ! 3/C ! 03->,1 ! -./1,/1 ! 1G0,# ! %+,@,!
0.76-6,@ !C,0,/C!./! 1+, !/,1=.9>i@ !D36/!D6@@6./! 3/C!39, !/.1!
3CC9,@@,C!6/!1+6@!030,9#

*2,*<'6#6863*+'8U$#(8#;'(
%+, !$,1UE !V.: ! 39-+61,-1B9, !=.9>@ !=61+ ! 1+, ! @13/C39C ! "L!

09.1.-.7 ! @13-> ! 3/C ! 9.B16/A ! 09.1.-.7@# !*.9, ! 9.B1,9@ ! 39, ! /.1!
C69,-17G ! -.//,-1,C ! 1. !D3/3A,C ! 193226- ! ,/C0.6/1@# ! %+, ! ./7G!86A#!S#!V.:!D3006/A!1.!193226-!-73@@!3/C!3C301316./#
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@0,-626-!9,RB69,D,/1!2.9!1+,D!6@!1.!+3?,!@1316-H096.961G!03->,1!
@-+,CB76/A ! 31 ! 1+, ! "L ! 73G,9# !86A# ! T! 677B@1931,@ ! 1+, ! 09.1.-.7!
39-+61,-1B9, ! .2 ! 3 ! /.C, ! 6/ ! 1+, !4'8: ! /,1=.9> ! 6/?.7?,C ! 6/!
9.B16/A!3/C!37@.!,E,-B16/A!D3/3A,C!30076-316./@#!:B-+!3!/.C,!
-.B7C!5,!35.39C!.2!3/!369-9321J!3@@6@16/A!=61+!193226-!9,73G!3/C!
37@.!193/@D6116/A!@,/@.9!C313!1.!A9.B/C!/.C,@#!

%+,!G&*HI'J&3"7.+&'!,0,5&4&0*'-.D0./,/1!!6/-7BC,@h
C 3/!KL"! 765939G!2.9 !/,A.16316./!3/C!3C301316./!=61+!1+,!

53/C=6C1+!59.>,9#!
C 0.76-6,@ ! 3/C ! -./26AB9316./ ! 2.9 ! -./19.776/A ! "L ! 03->,1!

-73@@626-316./J!0.76-6/A!3/C!RB,B6/A#!#
C D./61.96/A ! .2 ! 76/> ! 3/C ! 9.B16/A ! @131,# ! $./H193/@6,/1!

-+3/A,@!1.!/.C,!-.//,-16?61G!;,#A#!/,=!76/>!,@13576@+,CJ!.9!
76/>!C.=/<!39,!9,0.91,C!1.!1+,!53/C=6C1+!59.>,9!1.!@0,,C!
B0!V.:!9,-./26AB9316./#
%+, !$,1UE !-.D0./,/1@ ! -.DDB/6-31, !=61+! 1+, !53/C=6C1+!

59.>,9!B@6/A!%*L!-.//,-16./@#

%+, !G&*1".2'!,0,5&4&0* '-.D0./,/1 !' 6/1,923-,@!$,1UE!
=61+ ! /,1=.9> ! D3/3A,D,/1 ! 30076-316./@J ! .9 ! .1+,9 ! V.:!
-./26AB9316./!07312.9D@#!*./26AB9316./!13@>@!6/-7BC,!3!@,116/A!
0.76-6,@ ! ;,#A# ! 2.9 ! 3CD6@@6./\3C301316./< ! 3/C ! -./26AB9316./!
;-73@@!27.=!@0,-@J!76/>!-303-61G!0391616./!0,9!-73@@<#!K!/,1=.9>!
D3/3A,9 ! .9 ! 3/ ! o30076-316./ ! D3/3A,9p ! -3/ ! @B5D61 ! 27.=!
3CD6@@6./!9,RB,@1@!./!5,+372!.2!7,A3-G!30076-316./@!1+31!/,,C!
C,73G!AB393/1,,@#!

%+,!K))%$+,*$"03'-.D0./,/1!9,09,@,/1!3/G!30076-316./!1+31!
193/@D61@ !D3/3A,C ! 27.=@# !V.:H3=39,J ! 3C3016?, ! 30076-316./@!
39, ! C,@6A/,C ! 1. ! 6/1,923-, ! =61+ ! $,1UE# ! `,A3-G ! V.:H3=39,!
30076-316./@J ! @B-+ ! 3@ ! N#SIS ! ?6C,. ! -./2,9,/-6/AJ ! 39,!
09.?6@6./,C!D3/3A,C!27.=@!1+9.BA+!30076-316./!-./26AB9316./!
1..7@!1+31!193/@731,!30076-316./!@0,-626-!V.:!D,196-@!;,#A#!293D,!
931,J!?6C,.!293D,!@6c,<!6/1.!1+,!V.:!0393D,1,9@!B/C,9@1..C!5G!
$,1UE# !&,2# ! OIYQ ! 09,@,/1@ ! 3/ ! ,E3D07, ! 2.9 !V.: ! 193/@7316./#!
K0076-316./@!-.DDB/6-31,!B@6/A!1+,!@13/C39C!@.->,1!7659396,@#

%+, !=C '-.D0./,/1 !! 6/-7BC,@ ! -73@@626-316./J ! 0.76-6/A ! 3/C!

@-+,CB76/A# ! %+, !+%,33$>$&. '6@ ! B@,C ! 1. ! D39> ! 03->,1@ ! 29.D!
D3/3A,C ! 27.=@ ! 31 ! /,1=.9> ! 6/A9,@@ ! =61+ ! 1+, ! 96A+1 ! (:*L!
-.99,@0./C6/A!1.!1+,!/,A.1631,C!-73@@!.2!@,9?6-,# !%+,!03->,1!

)"%$+&.',/2.9-,@!27.=!53/C=6C1+!3--.9C6/A!1.!1+,!7,3>G!5B->,1!
@0,-626-316./!3@@.-631,C!1.!1+,!27.=!-73@@!;3!03->,1!D,1,96/A!

-.D0./,/1 ! 6@ ! /.1 ! @+.=/<# ! %+, ! 03->,1 !3+6&97%$05 '57.->!
6D07,D,/1@!3!@1316-H096.961G!@-+,CB76/A!0.76-G#

%+,!=C'J"7*$05'C."*"+"%!C.,@!9.B16/A!3/C!,E0.91@!9.B16/A!
6/2.9D316./!1.!1+,!53/C=6C1+!59.>,9#!&.B1,@!39,!B@,C!5.1+!2.9!
-.D0B16/A ! 1+, ! @32, ! B1676c316./ ! 7,?,7 ! CB96/A ! V.:!
9,-./26AB9316./J !3/C! 2.9 ! 3CD6@@6./!-./19.7J !=+,/!53/C=6C1+!
3?367356761G!6@!-+,->,C!37./A!1+,!27.=!@.B9-,HC,@16/316./!031+#!
*B99,/17GJ!.B9!39-+61,-1B9,!./7G!@B00.91@!@6/A7,H031+!9.B16/A#!
4B716H031+!9.B16/A!=61+!7.3C!5373/-6/A!=.B7C!9,RB69,!3!16A+1,9!
6/1,A9316./!.2!.B9!39-+61,-1B9,!=61+!1+,!9.B16/A!09.1.-.7#

$.1!@+.=/!6/!86A# !T! 6@!1+,!53/C=6C1+!59.>,9!;__<#!%+6@!6@!
,E,-B1,C!3@!3!%*L!@,9?6-,J!09,2,9357G!./!3!9.B1,9!/.C,!=61+!
+6A+H53/C=6C1+!3/C!A..C!-.//,-16?61G#!%+,!__!/,,C@!-B99,/1!
9.B16/A! 6/2.9D316./! 1. !C,1,9D6/,! 1+,!/,1=.9>! 1.0.7.AG#!%+,!
/,E1 ! @,-16./ ! 09.0.@,@ ! 3009.3-+,@ ! 2.9 ! 6D09.?6/A ! 53/C=6C1+!
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