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ÓÄÊ 005.5:004.94

 !"#$%&#!'()*+*,(
 !"!#!$%&'()#*% +,!%-)#)&.-)#*+%

/%0012%345%/-!%6!6!%0)7#/ '8+$%
9:;<=>?@!ABC$
-!.$%!(/*0*,(

+DE/F+#*$
%GHIAGJK:G@ILG=MG:II!9I;

ФОРМИРОВАНИЕ МЕТОДОЛОГИИ АГЕНТНО-ДИНАМИЧЕСКОГО 
МОДЕЛИРОВАНИЯ

 !!"#$%&' ! "#$%&'&(! )&$#&)*+&,-*.! /(/-
0*1! 2$'3$'$%! *4*)/5*$(($6$! 4$'&0*#$%/(*78!
9*,)&4/)*1*#$%/(:!4&)$':!*()&6#/5**!,*,)&4-
($.! '*(/4*-*! *! /6&()($6$! 4$'&0*#$%/(*78! -/-!
#&1;0<)/)!,=$#4*#$%/(/!4&)$'$0$6*7!/6&()($>'*-
(/4*+&,-$6$!2$'3$'/ !"#$/(/0*1*#$%/(:!,=&#:!
&6$! 2#*4&(&(*7! %! #/1#&1&! ;#$%(&.! ;2#/%0&(*7!
-$42/(*74* 

()*+,-.,/0)"-$?!/6&()8!/6&()($&!4$'&0*#$%/-
(*&8!,*,)&4(/7!'*(/4*-/8!/6&()($>'*(/4*+&,-$&!
4$'&0*#$%/(*&8!;2#/%0&(*&!2#&'2#*7)*74* 

1"0#$!"-2$/34"5),6./-/"57,6/-&8, !@!,$%#&-
4&((:3!'*(/4*+(:3!;,0$%*73!*(=$#4/5*$(($.!2&-
#&(/,:A&(($,)*!'&7)&0<($,)<!2#&'2#*7)*.!,)/($-
%*),7!%,&!,0$B(&&8!/!%4&,)&!,!)&4!;,0$B(7C),7!*!
%$1(*-/CA*&!2#$D0&4: !E'(*4!*1!,2$,$D$%!/(/0*-
1/!2#$D0&4!,0$B(:3!,*,)&48!-$)$#:&!(&%$14$B($!
#&F*)<!/(/0*)*+&,-*8!7%07&),7!,$1'/(*&!4$'&0*!,!
*,2$0<1$%/(*&4!$2#&'&0&((:3!*(,)#;4&()$%!*4*-
)/5*$(($6$!4$'&0*#$%/(*78!/!*4&(($!,*,)&4($.!
'*(/4*-*!GHIJ!*!/6&()($6$!4$'&0*#$%/(*7!GKLJ !

 !$)&9/&00),8"-$!&:/&/3;5)&2$%&:/3"0),8-
!&</),# !M,,0&'$%/(*7!2$!HI!*!KL!%&';),7!%$!
4($6*3!$)&+&,)%&((:3!*!1/#;D&B(:3!;(*%&#,*-
)&)/3 ! E,$D&(($,)*! HI! #/,,4$)#&(:! %! )#;'/3! 
I !N$##&,)&#/8!I !H)&#4/(/8!O !P$00<8!O !Q*+/#'-
,$(/8!R !L/-/0/!*!'# !@$2#$,/4!KL!2$,%7A&(:!
#/D$):!L !LS.,*8!Q !K-,)&00/8!I !T/)/0&%,-$6$8!
U ! "$2-$%/! *! '# ! "#$D0&4:! *()&6#/5**! HI! *!
KL! #/1#/D/):%/0*,<! %! )/-*3! ,=&#/3! '&7)&0<-
($,)*8!-/-!4&'*5*(/!G@ !@&.-0/('8!O !N*6;#&'$8!
V !K*-&0*(J8!S-$($4*-/!*!;2#/%0&(*&!D*1(&,$4!
GT ! T*-3&=&#8! I ! W/.(,8! I ! W/;,8! U ! X$#&(58! 
K !Y/,,*8!Q !Y/##&.#$,8!Q !"#$)*08!T !W/,,&0<-
4/(J8!0$6*,)*-/!GZ !P*#*58!K !O#$,0&#8!K !Y$#-
A&%8!K !N*0*22$%J!*!'# 

=.8,),!&,/ !,4,>,!!":/ +$0#&/ 34"5),6..  
@!)$B&!%#&47!%!;-/1/((:3!#/D$)/3!(&!#/,,4$-
)#&(!#7'!2#$D0&4!4&)$'*+&,-$6$!3/#/-)&#/8!$)-
#/B/CA*3!,2&5*=*-;!*()&6#/5**!HI!*!KL !T!
)/-*4!2#$D0&4/4!4$B($!2#*+*,0*)<?!(&'$,)/)$+($! 

=$#4/0*1$%/((:.!2$'3$'!2#*!$2#&'&0&(**!,2$,$-
D/!*()&6#/5**!2$'3$'$%[!$),;),)%*&!;(*=*5*#$-
%/(($.!4&)$'$0$6**!2$!*()&6#/5**!HI!*!KL!'07!
4$'&0*#$%/(*7!,*,)&4[!(&'$,)/)$+(;C!2#$#/D$)-;!
%$2#$,$%!2#*-0/'($6$!3/#/-)&#/!'07!4$'&0*#$-
%/(*7!,*,)&4!%!,=&#&!;2#/%0&(*7 

@:F&,-/1/(($&!$2#&'&07&)!%,)?/8$!!":/4$-
5"#.8!-$)$#/7!,$,)$*)!%!,*,)&4/)*1/5**!4&)$'$%!
-$4D*(*#$%/(*7!HI!*!KL!'07!=$#4*#$%/(*7!4&-
)$'$0$6**!/6&()($>'*(/4*+&,-$6$!2$'3$'/8!/!)/--
B&!/(/0*1!,=&#!&6$!2#*4&(&(*7!%!#/1#&1&!;#$%(&.!
;2#/%0&(*7!-$42/(*74* 

@9)"A,!&,/"0!"-!"B"/6$#,4&$)$. 
HI!7%07&),7!$'(*4!*1!(/*D$0&&!,)/#:3!2$'-

3$'$%!*4*)/5*$(($6$!4$'&0*#$%/(*7 !\&!$,($%$-
2$0/6/CA*&!2#*(5*2:!D:0*!#/1#/D$)/(:!%!L/,-
,/+;,&),-$4! )&3($0$6*+&,-$4! *(,)*);)&! %! ]^>3!
6$'/3!*(B&(&#$4!IB&&4!N$##&,)&#$4 !L&B';(/-
#$'(/7!$#6/(*1/5*7!_EDA&,)%$!,*,)&4($.!'*(/-
4*-*`!$2#&'&07&)!HI!-/-!_/%)$4/)*1*#$%/((:.!
2$'3$'!-!/(/0*1;!2$0*)*-`!abcd !@!;1-$4!,4:,0&!
HI!2#&',)/%07&)!,$D$.!(/D$#!*(,)#;4&()$%8!-$-
)$#:.!2$1%$07&)!*1;+/)<!,)#;-);#;!*!'*(/4*-;!
2#$5&,,$%!,0$B(:3!,*,)&4!acd !R/A&!%,&6$!HI!
*,2$0<1;&),7!'07!4$'&0*#$%/(*7!*!/(/0*1/!'*-
(/4*+&,-*3!,$5*$>S-$($4*+&,-*3!,*,)&4 !HI!(/-
3$'*)!,%$&!2#*4&(&(*&!%!,/4:3!#/1($$D#/1(:3!
,=&#/38!)/-*3!-/-!S-$($4*-/8!;2#/%0&(*&!D*1(&-
,$48!6$,;'/#,)%&(($&!;2#/%0&(*&8!2#/%$%/7!,=&#/8!
)#/(,2$#)(:&!2&#&%$1-*8!*(B&(&#*78!4&'*5*(/8!
D*$0$6*78! S-$0$6*78! /()#$2$0$6*78! 2,*3$0$6*78!
,$5*$0$6*78!$D#/1$%/(*&!*!'# !abe8!bfd !H)#$&(*&!
4$'&0*!HI!%:1:%/&)!$,$D:.!*()&#&, !H*,)&4;!
$-#;B/&)! 1/-#:)/7! 6#/(*5/! G9ghijk! lhmnkopqJ8!
D0/6$'/#7!-$)$#$.!,*,)&4/!(&!2$'%&#B&(/!%0*-
7(*C!%(&F(*3!#/1'#/B*)&0&. !@(;)#*!1/-#:)$.!
6#/(*5:!(/3$'7),7!$,($%(:&!S0&4&():!,)#;-);#:!
r!2&)0*!$D#/)($.!,%71* !T/B'/7!2&)07!$D#/)($.!
,%71*!%-0C+/&)!'%/!%*'/!2&#&4&((:38!$)$D#/B/-
CA*3! '&7)&0<($,)<! %(;)#*! 2&)0*?! 2&#&4&((:&!
;#$%(7!Ggjsjg!soptolgjiJ!*!'*(/4*+&,-*&!2&#&4&(-
(:&!Gpouj!soptolgjiJ !"&#&4&((:&!;#$%(7!$)#/B/C)! 
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,$,)$7(*&!,*,)&4:!%!$2#&'&0&((:.!4$4&()!%#&4&-
(*!*!2#&',)/%07C)!,$D$.!1/2/,:8!*0*!(/-$2*)&0*!
Giuh9viJ8!/!'*(/4*+&,-*&!2&#&4&((:&!$Dw&'*(7C)!
S0&4&():! 2#$5&,,/! 2#*(7)*7! #&F&(*7! *! 2#&'-
,)/%07C)!,$D$.!2$)$-*!GxghyiJ!ab]d !HI!*1;+/&)!
(&! *('*%*';/0<(:&! $Dw&-):8! #&F&(*7! *0*! ,$-
D:)*78!/!)$0<-$!*3!/6#&6*#$%/((:&!2$-/1/)&0* !
"$S)$4;!1/2/,:!7%07C),7!$'($#$'(:4*!$Dw&-)/-
4*!*0*!6#;22/4*!$Dw&-)$%8!-$)$#:&!$)$D#/B/C)!
-$0*+&,)%$!,!)&+&(*&4!%#&4&(*8!(/2#*4&#8!1/2/,:!
2#$';-5** !@!,%$C!$+&#&'<8!2$)$-*!$)$D#/B/C)!
2&#&3$'!$)!1/2/,/!-!1/2/,;!*!$D&,2&+*%/C)!,%71<!
4&B';!(*4* !N$#4*#$%/(*&!,0$B($6$!2$%&'&(*7!
,*,)&4:!2#$*,3$'*)!%!#&1;0<)/)&!%1/*4$'&.,)%*7!
2&)&0<!$D#/)($.!,%71*!2$0$B*)&0<($.!*!$)#*5/-
)&0<($.!2$07#($,)*8!-$4D*(*#;7!-$)$#:&!4$B($!
,$1'/%/)<!%,&%$14$B(:&!,$+&)/(*7!2#$5&,,$%!#/1-
0*+(:3!,*,)&4!abcd 

U/-*4!$D#/1$48!%!4$'&0*!HI!#&/0<(:&!,*,)&-
4:!$2*,:%/C),7!+&#&1!1/2/,:!*!2$)$-*!,!2$4$-
A<C!2&)&0<!$D#/)($.!,%71*8!%!#&1;0<)/)&!+&6$!
=$#4*#;&),7!,)#;-);#/!,*,)&4: !@!,%$C!$+&#&'<!
,)#;-);#/!,*,)&4:!=$#4*#;&)!2$%&'&(*&!,*,)&4: 

M,3$'7!*1!S)$6$8!60/%(/7!1/'/+/!/(/0*1/!4$-
'&0*#;&4$.! ,*,)&4:! ,$,)$*)! %! *'&()*=*-/5**!
,)#;-);#(:3!1/%*,*4$,)&.8!2#/%*0!*!1/-$($4&#-
($,)&.!=;(-5*$(*#$%/(*7!,*,)&4:8!/!)/-B&!%!#/1-
#/D$)-&!=$#4/0<($.!,)#;-);#:8!-$)$#/7!,4$B&)!
%$,2#$*1%&,)*!$,($%(:&!3/#/-)&#*,)*-*!#/,,4/-
)#*%/&4$.!,*,)&4: 

R/A&!%,&6$!HI!2#*4&(7&),78!-$6'/!'07!D$0&&!
-/+&,)%&(($6$!;2#/%0&(*7!,0$B($.!,*,)&4$.!(&-
$D3$'*4$!*4&)<!+&)-$&!2#&',)/%0&(*&!$!4&3/(*14&!
=;(-5*$(*#$%/(*7!S)$.!,*,)&4: !E'(/-$8!&,0*!
2$%&'&(*&!,*,)&4:!=$#4*#;&),7!%!#&1;0<)/)&!%1/-
*4$'&.,)%*7!4($6$+*,0&((:3!,;Dw&-)$%8!$D0/'/-
CA*3!*('*%*';/0<(:4*!2$%&'&(+&,-*4*!3/#/-)&-
#*,)*-/4*8!)$!%!S)$4!,0;+/&!'07!4$'&0*#$%/(*7!
,0$B(:3!,*,)&4!*,2$0<1;&),7!/6&()(:.!2$'3$' 

K6&()($&!4$'&0*#$%/(*& 
M,)$+(*-$4!%$1(*-($%&(*7!/6&()(:3!,*,)&4!

,+*)/C)!,0$B(:&!/'/2)*%(:&!,*,)&4:!G9hz{gj|!
oko{utsj!iqiujziJ8!$,($%(/7!1/'/+/!-$)$#:3!,$,)$-
*)!%!$2#&'&0&(**!2#*+*(!=$#4*#$%/(*7!,0$B($6$!
2$%&'&(*7!%!2#*#$'&!/%)$($4(:4*!/6&()/4*!aed 

H=&#/!2#*4&(&(*7!'*,-#&)(:3!/6&()(:3!4$-
'&0&.!(&!4&(&&!#/1($$D#/1(/8!+&4!(&2#&#:%(:3!
4$'&0&.!HI !T!(&.!$)($,*),7!S-$($4*-/8!,$5*$-
0$6*78!2,*3$0$6*78!/()#$2$0$6*78!D*$0$6*78!S-$-
0$6*78!)#/(,2$#)($&!'%*B&(*&8!/(*4/5*$(($&!*!
*()&#/-)*%($&!4&'*/8!%$&((/7!,=&#/8!*,-;,,)%&(-
(:.!*()&00&-)8!)&$#*7!,0$B(:3!,*,)&48!)&$#*7!
*6#!*!'# !abe8!}~d

�&0<!KL!,$,)$*)!%!_*1;+&(**!60$D/0<(:3!2$-
,0&',)%*.!*('*%*';/0<(:3!%1/*4$'&.,)%*.!-/-!%$1-
(*-/CA*3!Gjzjp�jnuJ!3/#/-)&#*,)*-!,*,)&4:`!acd ! 

O0/%(/7!1/'/+/!/6&()(:3!4$'&0&.!1/-0C+/&),7!%!
$D0&6+&(**!2$(*4/(*7!#/1#/D$)+*-$4!G*0*!2#$-
&-)($.!6#;22$.J!2#*#$':!,0$B(:3!,$5*/0<($>S-$-
($4*+&,-*3!7%0&(*.!%!,*,)&4/3!a}�d 

@!KL!4/-#$2$%&'&(*&!,*,)&4:!(&!1/'/&),7!
*1(/+/0<($8!-/-!%!HI8!/!=$#4*#;&),7!2$,)&2&(-
($!%!#&1;0<)/)&!%1/*4$'&.,)%*7!*('*%*';/0<(:3!
,;Dw&-)$%8!(/1:%/&4:3!/6&()/4*8!(/!4*-#$;#$%(& !
U/-*4!$D#/1$48!/6&()$%!4$B($!(/1%/)<!$,($%$2$-
0/6/CA*4*!-*#2*+*-/4*!2#*!2$,)#$&(**!/6&()($.!
4$'&0*!ab�d 

K6&()(/7!4$'&0<!%-0C+/&)!%!,&D7!$-#;B/CA;C!
,#&';!GjnstphnzjnuJ!*!%1/*4$'&.,)%;CA*3!%!(&.!
$Dw&-)$%!r!/6&()$%!a~8!]8!bed !

@!#&1;0<)/)&!2#$%&'&(($6$!/%)$#$4!*,,0&'$%/-
(*7!D:0$!,=$#4;0*#$%/($!-$420&-,($&!$2#&'&0&-
(*&!2$(7)*7!_/6&()`!r!S)$!_/%)$($4(:.!$Dw&-)8!
5&0&(/2#/%0&(($!=;(-5*$(*#;CA*.!%!-$(-#&)($.!
,#&'&!2$!$2#&'&0&(($4;!(/D$#;!2#/%*08!%1/*4$-
'&.,)%;CA*.!,!'#;6*4*!/6&()/4*!*!/'/2)*#;C-
A*.,7!%!2#$5&,,&!=;(-5*$(*#$%/(*7`!a}�d 

T/B':.!/6&()!'&.,)%;&)!,$60/,($!&6$!2$%&-
'&(*C8! -$)$#$&! 2#&',)/%07&)! ,$D$.! (/D$#! $,-
($%(:3!2#/%*0!*!3/#/-)&#*1;CA*3!2/#/4&)#$% !
T/B':.!/6&()!*4&&)!,%$*!,$,)$7(*7! GiuoujiJ!*!
2#/%*0/!2$%&'&(*7!a~d !I07!=$#4*#$%/(*7!/6&()-
($.!4$'&0*!2#*4&(7C),7!'*/6#/44:!,$,)$7(*.!
Giuouj9�opuiJ8!3$)7!(&!*,-0C+&($!*,2$0<1$%/(*&!
'#;6*3!*(,)#;4&()$%!a}ed !I#;6!,!'#;6$4!/6&():!
%1/*4$'&.,)%;C)!+&#&1!2&#&'/+;!,$$DA&(*.!*0*!
'/((:3!%!,&)<!a}^d 

K6&():!2#&',)/%07C)!$Dw&-):!#&/0<(:3!,*-
,)&48!(/2#*4&#8!+&0$%&-/8!-$42/(*C8!B*%$)($6$!
*!) ' !ab]d !K6&():!%0*7C)!'#;6!(/!'#;6/!*!#&/-
6*#;C)!%!$)%&)!(/!#/1'#/B*)&0*8!%!#&1;0<)/)&!
+&6$!=$#4*#;&),7!S4&#'B&()($&!*0*!%$1(*-/C-
A&&!2$%&'&(*&!afd !"#*+&48!2$0;+&(($&!2$%&'&(*&!
,*,)&4:!(&!#/%($!,;44&!2$%&'&(*.!%,&3!/6&()$%!
a}8!]8!bed8!) - !%!'/(($4!,0;+/&!2#$7%07&),7!,*-

(&#6*+&,-*.!S==&-) !
K6&():!4$6;)!/'/2)*#$%/)<,7!*!*14&(7)<!,%$&!

2$%&'&(*&8!,$1'/%/)<!*!;(*+)$B/)<!'*(/4*+&,-*&!
$)($F&(*7!,!'#;6*4*!/6&()/4*!aed !I#;6*4*!,0$%/-
4*8!-/B':.!/6&()!%!4$'&0*!%:2$0(7&)!,%$C!,$D-
,)%&((;C!=;(-5*C!'07!'$,)*B&(*7!$DA&.!5&0* 

H$%$-;2($,)<! /6&()$%! *! '#;6*3! S0&4&()$%!
/6&()($.!,*,)&4:!2#&',)/%07&)!,$D$.!-$()*(;;4!
/6&()$%!G9hnutnmmz!hx!o�jn9qJ !V#$%&(<!#/1%*)*7!
-$()*(;;4/!/6&()$%!$2#&'&07&),7!;#$%(&4!#/1-
%*)*7!3/#/-)&#*,)*-!/6&()$%!ab]d 

"$%&'&(*&!/6&()$%!#&6;0*#;&),7!*3!,$D,)%&(-
($.!,3&4$.!Gi9�jzoJ8!) & !_-$6(*)*%($.!,)#;-);-
#$.8!-$)$#/7!$2#&'&07&)8!-/-$&!'&.,)%*&!/6&()!
2#&'2#*(*4/&)! %! 4$4&()! %#&4&(*! u8! ,! ;+&)$4!
&6$!%$,2#*7)*7!$-#;B/CA&.!,#&':`! ab�d !I#;-
6*4*!,0$%/4*8!,3&4/!2#&',)/%07&)!,$D$.!(/D$#! 
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/06$#*)4*+&,-*3!2#/%*08!-$)$#:&!;2#/%07C)!2$-
%&'&(*&4!/6&()/!a}bd !E'($.!*1!%/B(&.F*3!$,$-
D&(($,)&.!)/-$.!,3&4:!7%07&),7!&&!,2$,$D($,)<!
/'/2)*#$%/)<,7!-!$-#;B/CA&.!,#&'&!%!#&1;0<)/)&!
S%$0C5**!ab~8!b�d !U/-*4!$D#/1$48!,3&4/!/6&()/!
2#&'$2#&'&07&)! &6$! 2$%&'&(*&! *! %! #&1;0<)/)&!
%1/*4$'&.,)%*7! 4($B&,)%/! )/-*3! /6&()$%! =$#-
4*#;&),7!4/-#$;#$%&(<!,*,)&4: 

M,3$'7!*1!S)$6$8!'07!,$1'/(*7!/6&()($.!4$'&0*!
(&$D3$'*4$!,$,)/%*)<!'07!-/B'$6$!)*2/!/6&()$%!
$2*,/(*&!,%$.,)%8!2#/%*0!2$%&'&(*7!*!%1/*4$-
'&.,)%*7!,!'#;6*4*!/6&()/4*!*!,!$-#;B/CA&.!
,#&'$.!abbd 

V+*):%/7!,2&5*=*-;!/6&()(:3!,*,)&48!KL!%$!
4($6*3!,0;+/73!7%07&),7!D$0&&!2#&'2$+)*)&0<(:4!
4&)$'$4!4$'&0*#$%/(*78!/!*($6'/!*!&'*(,)%&((:4 !

KL! 7%07&),7! $'(*4! *1! 0;+F*3! 4&)$'$%! *,-
,0&'$%/(*7! ,0$B(:3! /'/2)*%(:3! ,*,)&4! abd8! ,!
'&,7)-/4*8!,$)(74*!*0*!):,7+/4*!%1/*4$'&.,)%;-
CA*3!/6&()$% 

U/-B&!KL!2#&'$,)/%07&)!%$14$B($,)<!*1;+/)<!
#/10*+(:&! 7%0&(*7! *! 2#$5&,,:! 2$%&'&(+&,-$.!
S-$($4*-*!*!,$5*/0<(:3!,*,)&48!(/2#*4&#8!*#-
#/5*$(/0<(:&!4$4&():!2#*(7)*7!#&F&(*.!a~8!}�d !
"$,-$0<-;!'/B&!S0&4&()/#(:&!2#/%*0/!2$%&'&(*7!
/6&()$%!%!#&1;0<)/)&!)&,)*#$%/(*7!4$'&0*!4$6;)!
2#*%&,)*!-!(&%&#$7)(:4!2$,0&',)%*74!a}d 

KL!7%07&),7!;(*-/0<(:4!4&)$'$4!*,,0&'$%/-
(*7!,*,)&48!%!-$)$#:3!/6&():!/'/2)*#;C),7!%!,$-
$)%&),)%**!,!2#$F0:4!$2:)$4!*!S%$0C5*$(*#;C)8!
/!)/-B&!%!)&3!,0;+/738!-$6'/!(&)!%$14$B($,)*!
2#$%&,)*!4/)&4/)*+&,-*.!/(/0*1!a}d 

Y$0&&! )$6$8! /6&()(:&! 4$'&0*! ,2$,$D(:! (&!
)$0<-$!'&0/)<!2#$6($18!($!*!*,,0&'$%/)<!/0<)&#-
(/)*%(:&!D;';A*&!%/#*/():!#/1%*)*7!,$D:)*.!
2#*!*,2$0<1$%/(**!/6&()$%>2#*1#/-$%!abbd 

M!(/-$(&58!/6&()(:&!4$'&0*!7%07C),7!2#&-#/,-
(:4!*(,)#;4&()$4!)&,)*#$%/(*7!2#*!2#$%&'&(**!
(/;+(:3!*,,0&'$%/(*. !K-,&0<#$'!*!U&,=/5*$(!
'/B&! ,+*)/C)! KL! $'(*4! *1! 4&)$'$%! (/;+($6$!
*,,0&'$%/(*78!(/#7';!,!*(';-5*&.!*!'&';-5*&.!
a�d !"#*!*,2$0<1$%/(**!KL!%!(/;+(:3!*,,0&'$-
%/(*73!4$B($!,)#$*)<!2#&'2$0$B&(*7!$!2$%&'&-
(**!/6&()$%!*!*3!%1/*4$'&.,)%**8!*!%!#&1;0<)/-
)&!2$0;+/)<!60$D/0<($&!2$%&'&(*&!,*,)&4:!a}]d !
@/B(:4!2#&*4;A&,)%$4!7%07&),7!)$8!+)$!*,,0&-
'$%/)&0<!*4&&)!%$14$B($,)<!%!2#$5&,,&!#/D$):!
,!6$)$%$.!4$'&0<C!%/#<*#$%/)<!1/'/((:&!2/#/-
4&)#:!*!;,0$%*78!2$0;+/78!)/-*4!$D#/1$48!D$0<-
F$&!+*,0$!/0<)&#(/)*%(:3!%/#*/()$%!#/1%*)*7! 
,$D:)*. 

K6&()($>'*(/4*+&,-$&!4$'&0*#$%/(*&!GKILJ 
T$6'/!,*,)&4;!)#&D;&),7!#/,,4$)#&)<!,!D$0&&!

60$D/0<($.!)$+-*!1#&(*78!*0*!-$6'/!#/1($#$'(:&!
S0&4&():!,*,)&4:!'$0B(:!#/,,4/)#*%/)<,7!%!-$4-
20&-,&8!*,2$0<1$%/(*&!)$0<-$!$'($6$!*1!2$'3$'$%!

(&!2#*(&,&)!#&1;0<)/)/ !"$,-$0<-;!%!S)$4!,0;+/&!
(&$D3$'*4$!*()&6#*#$%/)<!HI!*!KL !T$4D*(*-
#$%/((/7!4$'&0<!2$1%$0*)!(&!)$0<-$!*1D&B/)<!
(&-$)$#:3!,0$B($,)&.8!-$)$#:&!4$6;)!%$1(*-/)<!
%!,*,)&4($>'*(/4*+&,-$.!*0*!/6&()($.!4$'&0*8!($!
*!2$>($%$4;!%1607(;)<!(/!,*,)&4;!*!2#$*,3$'7A*&!
%!(&.!2#$5&,,: 

Z/!,$1'/(($.!4$'&0*!4$B($!)&,)*#$%/)<!#/1-
0*+(:&!,5&(/#**!#/1%*)*7!*0*!-/-*&>0*D$!2#/-
%*0/8!+)$D:!$)%&)*)<!(/!%$2#$,:!_+)$8!&,0*�`!*!
_2$+&4;�`! ab^d !@!#&1;0<)/)&!)&,)*#$%/(*7!'&-
0/C),7!,$$)%&),)%;CA*&!%:%$':!*!1/-0C+&(*78!
(/2#*4&#8!$!(&$D3$'*4$,)*!2#*4&(&(*7!-$(-#&)-
(:3!2$0*)*- 

"#*!2#*4&(&(**!KIL!-!;2#/%0&(*C!'&7)&0<-
($,)<C!2#&'2#*7)*.!2#&',)/%07&),7!%$14$B($,)<!
(&!)$0<-$!2#$)&,)*#$%/)<!,$$)%&),)%;CA;C!4$-
'&0<8!($!*!2$(7)<!4&3/(*14:8!0&B/A*&!%!$,($%&!
4&(&'B4&()/!4$'&0*#;&4$6$!2#$&-)/ 

U/-*4!$D#/1$48!2#&B'&!+&4!2#$%$'*)<!*14&(&-
(*7!%!#&/0<($.!,*,)&4&8!4$B($!,(/+/0/!*,,0&'$-
%/)<!*3!(/!4$'&0*!S)$.!,*,)&4: !"#&'%/#*)&0<($&!
)&,)*#$%/(*&!1/20/(*#$%/((:3!*14&(&(*.!(/!4$-
'&0*!,*,)&4:!2$1%$0*)!*1D&B/)<!2$)&#<!#&,;#,$%8!
2#$/(/0*1*#$%/)<!#*,-*8!2#$,+*)/)<!%$14$B(:&!
%/#*/():!#/1%*)*7!,$D:)*.8!2$(7)<!-/-*&!2#/%*0/!
%&';)!-!$2)*4*1/5**!,*,)&4:8!/!-/-*&8!(/$D$#$)8!
4&F/C)!&&!=;(-5*$(*#$%/(*C 

"#*!*()&6#/5**!HI!*!KL!;+*):%/&),7!D$0<-
F&&! -$0*+&,)%$! =/-)$#$%8! D0/6$'/#7! +&4;! -/-
+&,)%$!2$0;+&(($.!4$'&0*8!/8!,0&'$%/)&0<($8!*!
2#*(7):3!(/!&&!$,($%/(**!#&F&(*.8!1(/+*)&0<($!
2$%:F/&),7 

M()&6#/5*7! 2$'3$'$%! 2#*($,*)! )/-B&! '%/!
$+&%*'(:3! 2#&*4;A&,)%/ ! @$>2&#%:38! 2$'3$':!
'$2$0(7C)! '#;6! '#;6/?! _*()&6#/5*7! ,*,)&4($.!
'*(/4*-*!*!/6&()($6$!4$'&0*#$%/(*7!4$B&)!D:)<!
20$'$)%$#($.!2#*!$Dw&'*(&(**!0;+F*3!,%$.,)%/!
-/B'$.!*1!-$(5&25*.`!a�d !@$>%)$#:38!%!2#$5&,-
,&!*()&6#/5**!HI!*!KL!(&-$)$#:&!(&'$,)/)-*8!
,%$.,)%&((:&! $'($4;! 2$'3$';8! 2&#&-#:%/C),7!
1/!,+&)!2#&*4;A&,)%!*0*!$,$D&(($,)&.!'#;6$6$!
2$'3$'/! *0*! 2#$,)$! *,+&1/C) ! M8! 2$,-$0<-;! ;!
-$4D*(*#$%/(($6$! 2$'3$'/! $D#/1;&),7! D$0<F&!
2#&*4;A&,)%8!+&4!;!HI!*!KL!%4&,)&!%17):38!)$!
%$1(*-/&)!,*(&#6*+&,-*.!S==&-) !

L&)$'$0$6*7!KIL 
I07! *'&()*=*-/5**! 2#/-)*+&,-*3! 4&)$'$%!

-$4D*(*#$%/(*7! HI! *! KL! /%)$#$4! D:0*! 2#$-
/(/0*1*#$%/(:!,-$4D*(*#$%/((:&!4$'&0*!*1!#/1-
0*+(:3!$D0/,)&.!'&7)&0<($,)*8!/!)/-B&!*1;+&(:!
*,2$0<1$%/((:&! ,2$,$D:! ,$&'*(&(*7! 2$'3$'$%!
a}}d ! @! #&1;0<)/)&! D:0*! %:'&0&(:! 27)<! 4&)$-
'$%8!-$)$#:&!-$420&-,($!$)$D#/B/C)!%$14$B(:&!
,2$,$D:!*()&6#/5**!HI!*!KL!%!&'*(:.!/6&()($>
'*(/4*+&,-*.!2$'3$' !
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b ! L&)$'!2#$,)$.!%1/*4$,%71* 
L$'&0*#$%/(*&!/6&()$%!GKLJ!*!,*,)&4($>'*-

(/4*+&,-*3!$Dw&-)$%!GHIJ8!-/-!$)'&0<(:3!,)#;--
);#8!-$)$#:&!2#*!(&$D3$'*4$,)*!$D4&(*%/C),7!
*(=$#4/5*&. 

C&0D/ED!L&)$'!2#$,)$.!%1/*4$,%71*

} ! L&)$'!'$4*(*#$%/(*7!/6&()/ 
L$'&0*#$%/(*&!$'($6$!/6&()/!(/!4/-#$;#$%(&!

GKLJ!*!&6$!%(;)#&((&.!,*,)&4($>'*(/4*+&,-$.!
,)#;-);#:!(/!4*-#$;#$%(&!GHIJ 

C&0D/FD!L&)$'!'$4*(*#$%/(*7!/6&()/

~ ! L&)$'!'$4*(*#$%/(*7!4($B&,)%/!/6&()$% 
L$'&0*#$%/(*&!%1/*4$'&.,)%*7!'%;3!*!D$0&&!

/6&()$%!(/!4/-#$;#$%(&!GKLJ!*!*3!%(;)#&((&.!
,*,)&4($>'*(/4*+&,-$.!,)#;-);#:!(/!4*-#$;#$%-
(&!GHIJ 

C&0D/GD/L&)$'!'$4*(*#$%/(*7!4($B&,)%/!
/6&()$%

� ! L&)$'!'$4*(*#$%/(*7!,*,)&4($>'*(/4*-
+&,-$.!,)#;-);#: 

L$'&0*#$%/(*&!$'($.!,*,)&4($>'*(/4*+&,-$.!
,)#;-);#:! G$Dw&-)/J! (/! 4/-#$;#$%(&! GHIJ! *! 

(&-$)$#$6$!+*,0/!%1/*4$'&.,)%;CA*3!%!(&.!/6&(-
)$%!(/!4*-#$;#$%(&!GKLJ 

C&0D/HD!L&)$'!'$4*(*#$%/(*7! 
,*,)&4($>'*(/4*+&,-$.!,)#;-);#:

] ! L&)$'!'$4*(*#$%/(*7!4($B&,)%/!,*,)&4-
($>'*(/4*+&,-*3!,)#;-);# 

L$'&0*#$%/(*&!'%;3!*!D$0&&!,*,)&4($>'*(/-
4*+&,-*3! ,)#;-);#! G$Dw&-)$%J! (/! 4/-#$;#$%(&!
GHIJ!*!(&-$)$#$6$!+*,0/!%1/*4$'&.,)%;CA*3!%!
(*3!/6&()$%!(/!4*-#$;#$%(&!GKLJ 

C&0D/ID/L&)$'!'$4*(*#$%/(*7!4($B&,)%/!
,*,)&4($>'*(/4*+&,-*3!,)#;-);#

H=&#/!2#*4&(&(*7!KIL 
K6&()($>'*(/4*+&,-*&!4$'&0*!4$6;)!*,2$0<1$-

%/)<,7!(/!#/10*+(:3!;#$%(73!*&#/#3**!%!-$42/-
(**?!,)#/)&6*+&,-$48!)/-)*+&,-$4!*!$2&#/)*%($4 !

Z/!,)#/)&6*+&,-$4!;#$%(&!4$B&)!D:)<!,$1'/(/!
4$'&0<!'07!2#&'%/#*)&0<($6$!)&,)*#$%/(*7!#/1-
0*+(:3!,)#/)&6*.!*0*!60$D/0<(:3!#&F&(*.!*!2$0*-
)*- !"#&*4;A&,)%/!)/-$6$!4$'&0*#$%/(*7!(/0*5$ !
@$>2&#%:38!,(*B/&),7!#*,-!2#*(7)*7!2#$%/0<(:3!
#&F&(*.8!%&';A*3!-!(&6/)*%(:4!2$,0&',)%*74!%!
-$42/(** ! @$>%)$#:38! ;! #;-$%$',)%/! -$42/(**!
;0;+F/&),7!2$(*4/(*&!%1/*4$,%71*!-/-!$)'&0<-
(:3!2$'#/1'&0$%!*!2#$5&,,$%!%!-$42/(**8!)/-!*!
=;(-5*$(*#$%/(*7!-$42/(**!%!5&0$4 

Z/!)/-)*+&,-$4!*!$2&#/)*%($4!;#$%(738!2#$-
*,3$'*)!$,$1(/(*&!#/D$)(*-$4!%/B($,)*!%:2$0-
(7&4$6$!-$(-#&)($!*4!2#$5&,,/8!1(/+*4$,)*!*3!
;+/,)-/!#/D$):!%!,$,)/%&!2#$5&,,$%!%,&.!-$42/-
(** !@!#&1;0<)/)&!2$%:F/&),7!0*+(/7!4$)*%/5*7!
,$)#;'(*-$%8!-$#2$#/)*%(/7!$)%&),)%&(($,)<!*!
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2#$*1%$'*)&0<($,)<!)#;'/!*8!,0&'$%/)&0<($8!%,&.!
-$42/(** 

=.-"8./&/3,403,2#&-./8$)?!,:>&</4$94$5"-
#"2 !M,2$0<1$%/(*&!/6&()($>'*(/4*+&,-*3!4$'&-
0&.!%!2#$&-)(:3!6#;22/3!-$42/(**!2#&'$,)/%07&)!
%$14$B($,)<!*,,0&'$%/(*7!#/10*+(:3!%/#*/()$%!
#/1%*)*7!,$D:)*.!,!S-$($4*&.!#&,;#,$% !T$6'/!
2#$&-)(/7!6#;22/!,$,)$*)!*1!,2&5*/0*,)$%!*1!#/1-
0*+(:3!$D0/,)&.8!(/2#*4&#8!S-$($4*,)$%8!=*1*-
-$%8!/#3*)&-)$#$%!*!2# 8!)$!*,2$0<1$%/(*&!)/-$.!
4$'&0*! (&! )$0<-$! $D0&6+/&)! %1/*4$2$(*4/(*&!
4&B';!;+/,)(*-/4*8!($!*!2$1%$07&)!-/B'$4;!*1!
,2&5*/0*,)$%!D:,)#$!%:7%*)<!(&'$+&):!*!$F*D-*8!
,%71/((:&!,!&6$!,=&#$.!'&7)&0<($,)* !@!*)$6&!
2$0;+/&),7! -$420&-,(/7! 4$'&0<8! ;+*):%/CA/7!
4(&(*7! %,&3! S-,2&#)$%8! /! 1/)&48! %! #&1;0<)/)&!
2#$*6#:%/(*7!#/10*+(:3!,5&(/#*&%!$,;A&,)%0&-
(*7!2#$&-)/8!%:D*#/&),7!(/*D$0&&!S==&-)*%(:.!
%/#*/() !U/-B&!,$1'/((;C!/6&()($>'*(/4*+&,-;C!
4$'&0<!4$B($!*,2$0<1$%/)<!%!-/+&,)%&!(/607'($.!
'&4$(,)#/5**!2#*!2#&1&()/5*738!2$,-$0<-;!$(/!
$D0&6+/&)!2$(*4/(*&!2#$D0&4: 

I07!)$6$8!+)$D:!2$(7)<8!-/-$.!*1!2$'3$'$%8!
HI8!KL!*0*!KIL8!0;+F&!2#*4&(*)<8!(&$D3$'*4$!
)A/)&0<($!*1;+*)<!4$'&0*#;&4;C!,*,)&4; 

KIL!2#&'2$+)*)&0<(&&!2#*4&(7)<!%!,0;+/738!
-$6'/?

�! ,*,)&4/!%-0C+/&)!%!,&D7!-/-!6$4$6&((:&8!
)/-!*!6&)&#$6&((:&!S0&4&():8!) & !S0&4&():!(/-
,)$0<-$! #/1($#$'(:8! +)$! ,6#;22*#$%/)<! *3! 2$!
-/-*4>0*D$! 2#*1(/-/4! (&! 2#&',)/%07&),7! %$1-
4$B(:4[!

�! S0&4&():!$'($.!,*,)&4:!$)($,7),7!-!#/1-
0*+(:4!;#$%(74!/D,)#/-5**[

�! *,2$0<1$%/(*&!'%;3!2$'3$'$%!%!$'($.!4$-
'&0*!$D0&6+/&)!$2*,/(*&!*!,$1'/(*&!S)$.!4$'&0* 

U/-*4!$D#/1$48!/6&()($>'*(/4*+&,-/7!4$'&0<!
2$%:F/&)!;#$%&(<!2$(*4/(*78!-/-!,)#;-);#:!4$-
'&0*#;&4$.!,*,)&4:!*!&&!'*(/4*+&,-*3!2#$5&,,$%8!
)/-!*!%1/*4$'&.,)%*7!&&!S0&4&()$%!%!-$420&-,& !@!
#&1;0<)/)&!+&6$!%$1(*-/&)!%$14$B($,)<!(&!)$0<-$!
2$%:,*)<!-/+&,)%$!;2#/%0&(+&,-*3!#&F&(*.8!($!
*!,(*1*)<!1/)#/): 

I07!$2#&'&0&(*7!(/*D$0&&!$2)*4/0<($6$!4&-
)$'/!KIL!'07!-$(-#&)($.!,*,)&4:8!(&$D3$'*4$!
2#$/(/0*1*#$%/)<!&&!,)#;-);#;!*!;#$%&(<!'*(/4*-
-*8!-$0*+&,)%$!S0&4&()$%!,*,)&4:8!*3!,%$.,)%/8!
/!)/-B&!3/#/-)&#!*3!%1/*4$$)($F&(*. !M,3$'7!
*1!2$0;+&(($.!-$420&-,($.!*(=$#4/5**!'&0/&),7!
%:%$'!$!2#*4&(*4$,)*!)$6$!*0*!*($6$!4&)$'/ 

1234.!35.!
b ! �vvjpzoni! � ! �zjp�jnu! �m{{gq! �juyhpvi?!

�qiujz!�qnozt9i!�tzmgouthn!hx!�ko{utsj!�m{{gq!��jnui 
�!�vvjpzoni!� !��!�n!�ph9jjktn�i!hx!u�j!~�u�!�nnmog!
�oyott!�nujpnouthnog!�hnxjpjn9j!hn!�qiujz!�9tjn9ji !r!
�oi�tn�uhn !r!}^^b 

} ! �|jgphk!� !�mtkj!xhp!�jy9hzjpi!uh!��jnu>loijk!
zhkjgtn�!tn!u�j!�h9tog!�9tjn9ji!�!�|jgphk!� 8!�jiuxouithn!� � ! 
r!�mnj!}e8!}^^] 

~ ! �|ujgg!� !��q!��jnui�!�n!u�j!soptjk!�hutsouthni!
xhp!��jnu!�hz{mutn�!tn!�h9tog!�9tjn9ji!�!�|ujgg!� !�� 
�jnujp!hn!�h9tog!onk!�9hnhzt9!�qnozt9i !r!�hpvtn�!
�o{jp!�h be !r!�hsjzljp8!}^^^ 

� ! �oppjtphi! � ! � ! �ph{hiog! hx! o! �upouj�t9!
�ono�jzjnu! �tzmgouthn! �hkjg! xhp! ��ph>�nkmiuptog!
�hh{jpoutsji!�!�oppjtphi!� !� 8!�phutg!� !� !r!}^b^ 

] ! �hnoljom!� !��jnu>loijk!zhkjgtn�?!zju�hki!
onk!uj9�nt�mji!xhp!itzmgoutn�!�mzon!iqiujzi!�!�hnoljom!
� !��!�n!�ph9jjktn�i!hx!u�j!�outhnog!�9okjzq!hx!�9tjn9ji !
r!�hg !cc !r!�oq!b�8!}^^} !r!Q e}f^re}fe 

� ! �jvuomjpi! � ! �hzltnjk! �mgut>�9ogj! �qiujz!
�qnozt9i!onk!��jnu>�oijk!�pozjyhpv!xhp!�miuotnolgj!
�hzzmntuq! �hkjggtn�! �! �jvuomjpi! � 8! �pmitni! � !
��! �9tjnutxt9! �hmpnog! hx! �t�o! �j9�nt9og! �ntsjpituq ! 
r!�hg !} !r!}^bb !r!� }~>}c 

e ! �o9og!� � !�muhptog!hn!��jnu>�oijk!�hkjggtn�!
onk!�tzmgouthn!�!�o9og!� � 8!�hpu�!� � !��!�n!�ph9jjktn�i!
hx!u�j!}^^]!�tnujp!�tzmgouthn!�hnxjpjn9j !�jnujp!xhp!
�hz{gj|!�ko{utsj!�qiujzi!�tzmgouthn !r!�p�hnnj8!��� !
r!}^^] 

f ! �o9q! � � ! �phz! �o9uhpi! uh! �9uhpi?!
�hz{muouthnog!�h9thgh�q!onk!��jnu>�oijk!�hkjgtn�!�!
�o9q!� � 8!�tggjp!� !r!�hpnjgg!�ntsjpituq !r!�m�miu8!}^^b 

c ! �oputnj�>�hqonh! � ! �jit�n! xhp! o! �mgutgoqjp!
�hkjg!hx!�tnon9tog!�uoltgtuq?!�|{ghptn�!u�j!�nuj�pouthn!hx!
�qiujz!�qnozt9i!onk!��jnu>loijk!�hkjgi!�!�oputnj�>
�hqonh!� 8!�oggo9�!� 8!�po�jn!� !��!�qiujz!�qnozt9i !
r!}^^e !r!� brb�

b^ ! �oputi9�nt�!� !�hkjgtn�!uyh!iuo�j!{pjsjnutsj!
zjkt9og!9�j9vm{!iqiujzi!ytu�!ih9tog!i9tjn9j!o{{pho9�ji!�!
�oputi9�nt�!� 8!�hjiinjp!� 8!�uopv!� !��!�hzzmnt9outhni!
tn!�hz{mujp!onk!�nxhpzouthn!�9tjn9j !r!�hg !�e !r!}^b^ !
r!� }�^>}�c 

bb ! �opmnov!� !� !� !�pjkt9uthn!�hpt�hni!tn!��jnu!
�hkjgi!�!�opmnov!� !� !� 8!��jhkhpj!� !� 8!�pmj9vnjp!� !� ! 
��!�j9umpj!tn!�hz{mujp!�9tjn9j !r!�hg !]^�c !r!}^^f !
r!�ff>b^} 

b} ! �onk!� � !��jnu>�oijk!zhkjgtn�!tn!�opvjutn�?!
�mtkjgtnji! xhp! �t�hp! �! �onk! � � 8! �miu! � � ! ��!
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