
!"#$#%&'()*+&'*'*"

44

2010/ 4

!"#$%&'()*+,-,.*/$#0"11)$()*/,2,.*340)567'()*/,8,.*90":;$()*+,/,

<9=89>/9+?@*8A?9B9<*9C?3DA+-9E*-9!AFA/?/9E*?989!F2G33*
3*=F3?AH@/IJ*<I=<2//IJ*C9?A/K32H9<*<*B32!/9+?3-A*
3*89/3?9F3/!A*=F3?AH@/IJ*/2FLMA/3E*L*C2K3A/?9<*+*
F2++AN//I8*+-HAF9=98*3*9+?FI8*9B/9+?9F9//38*9C?3DA+-38*
/A<F3?98

!"#$%&"'(&)*+,-&./+01."'(2%'%3$$+$2-&$+"4"5-2$4"+6"/$1)+7'$-8%*9+3:;"4<9+7=-/>"*5?"&:

!"#$%&'%( )"*&+,( :6)5&'#O6P)* 0)##$Q&&'5'* #P1$0'R).* 'SO6T$#P6%* &$(06O.* (UR()&&U$* S'O$&V6)1U.*
'SO6T$#P)Q*P'5$0$&O&)Q*O'7'50)W6Q

9#&'('%*S)O'1'56T$#P'5'*S0'V$##)*S06*0)##$Q&&'7*#P1$0'R$*XF+Y*Q(1Q$O#Q*:$76$16&6R)V6Q*6*(#1$:#O(6$*
ZO'5'* "[":\$&6$* S0'($:$&6Q* )WW$0$&O)V66* S'* &$0()7*6* #$&#'0&U7*S"OQ7*7'R5),*C'* :)&&U7*0Q:)* )(O'0'(*
'SO6T$#P6%*&$(06O*X9/Y*(*]^_*#1"T)$(*Q(1Q$O#Q*S$0(U7*#67SO'7'7*0)##$Q&&'5'*#P1$0'R)*`a.bc,*C'0);$&6$*
R06O$1d&'5'*&$0()*(*aefbg_*#1"T)$(*('R&6P)$O*";$*&)*W'&$*67$hi$%#Q*&$(0'1'56T$#P'%*#67SO'7)O6P6* X(*
#0$:&$7*'O*a*5':)*:'*j*1$OY*̀ ac,*=06O$1d&U$*0)##O0'%#O()*(U0);)hO#Q*(*'#O0'7*616*S':'#O0'7*#&6;$&66*R0$&6Q*
&)*':6&*51)R.*0$;$*f*&)*'4).*#'S0'(';:)hO#Q*4'1Q76*(*'41)#O6*51)R&'5'*Q41'P)*6*(*51"46&$*'046OU,*C)V6$&OU*
;)1"hO#Q*&)*"[":\$&6$*R0$&6Q*6*4'16*(*51)R)[.*:6S1'S6h.*5'1'('P0";$&6$,*C06*'4#1$:'()&66*'4&)0";6()$O#Q*
#S'&O)&&U%* ($0O6P)1d&U%* &6#O)57* #* 0'O)O'0&U7* P'7S'&$&O'7.* P'O'0U%* Q(1Q$O#Q* O6S6T&U7* S0'Q(1$&6$7*
S'0);$&6Q*($0[&6[*'O:$1'(*#O('1)*7'R5),*?)P;$*&)41h:)hO#Q*'50)&6T$&6$*:(6;$&6%*51)R.*(Q1'#Od*R0)TP'(U[*
0$)PV6%*&)*#($O.*S)0$R*(R'0)*(($0[.*'4"#1'(1$&&U%*S)O'1'56$%*)##'V660'()&&U[*:(6;$&6%*51)R&U[*Q41'P*`ec,*

+&6;$&6$*R0$&6Q*(UR()&'*('R&6P&'($&6$7*41'P)*S0'(':67'#O6*(#1$:#O(6$*&)0"\$&6Q*S0'&6V)$7'#O6*
5$7)O'Z&V$W)16T$#P'5'* 4)0d$0)* 4$R* :$76$16&6R)V66* 616* )P#'&)1d&'%* :$5$&$0)V66* `kc,* =):$0;P)*
S0'($:$&6Q* 67S"1d#)* '4"#1'(1$&&)* ('#S)16O$1d&U76* 6R7$&$&6Q76* R06O$1d&'5'* &$0()* 6* T)#O6T&'%*
:$76$16&6R)V6$%*&$0(&U[*('1'P'&,

/$#7'O0Q*&)*O'.*TO'*"*4'1d\6&#O()*S)V6$&O'(*'SO6T$#P6%*&$(06O*(*'#O0'%*#O):66*4U()$O*':&'#O'0'&&67.*
S06* Oi)O$1d&'7* '4#1$:'()&66* (O'0'5'* 51)R)* &$0$:P'* &)41h:)$O#Q* #"4P16&6T$#P)Q* #O):6Q* S'0);$&6Q*
R06O$1d&'5'*&$0()`]c,*

-)P*'O7$T)hO*lmnopnqr*s,t,*6*:0,*[)0)PO$0*6R7$&$&6Q*S'1Q*R0$&6Q*R)(6#6O*'O*1'P)16R)V66*41Q\P6*`uc,*
<*#(QR6*#*0)R(6O6$7*7$O':)*(UR()&&U[*S'O$&V6)1'(*X<CY*S'Q(61)#d*('R7';&'#Od*6R"T)Od*S)O'*W6R6'v

1'56*T$#*P6$*7$[)&6R7U*:$76$16&6R60"hi$5'*S0'V$##).*#*P'O'0U7*#(QR)&U*&$P'O'0U$*'#'4$&&'#O6*O$T$&6Q*
wx* `gc,* B$76$16&6R)V6Q* &$0(&U[* ('1'P'&* '4"#1'(16()$O* &)0"\$&6$* S0'($:$&6Q* &$0(&'5'* 67S"1d#).*
S06*ZO'7*"($16T6()$O#Q*(0$7Q*6*#&6;)$O#Q*#P'0'#Od*S0'($:$&6Q,*=)7$:1$&6$*S0'($:$&6Q*67S"1d#'(*S'*
&$0(&U7* ('1'P&)7* S06* S'0);$&66* 76$16&)* #T6O)$O#Q* ':&67* 6R* '#&'(&U[* 7$[)y&6R7'7* R):$0;P6* <C*
`j.zc,*{'1d\'$*R&)T$&6$*67$hO*<C*6.*(*T)#O&'#O6*R06O$1d&U$*(UR()&&U$*S'O$&V6)1U*X=<CY*S06*&)T)1d&'%*
S'#O)&'(P$*:6)5&'R).*:1Q*P'&O0'1Q*W"&PV6'&)1d&'5'*#'#O'Q&6Q*:$76$16S6R60'&)&&U[*&$0(&U[*('1'P'&.*
'V$&P$*0)#S0'#O0)&$&&'#O6*S)O'1'56T$#P'5'*S0'V$##)*6*0)#S0'#O0)&$&6Q*R)4'1$()&6Q*&)*:0"56$*#6#O$7U.*
:1Q*7'&6O'060'()&6Q*#O)O"#)*4'1d&'5'*`z.a^c,

<*azza*5':"*4U1*0)R0)4'O)&*6*(&$:0$&*(*P16&6T$#P"h*S0)PO6P"*7$O':*'SO6T$#P'%*P'5$0$&O&'%*O'7'50)W66*
X9-?Y,*|O'*'O&'#6O$1d&'*&'(U%*7$O':.*(*'#&'($*P'O'0'5'*1$;6O*6#S'1dR'()&6$*#($O'('%*6*('1'P'&&'%*'SO6P6,*
B)&&U%*7$O':*'#&'()&*&)*S06&V6S)[*"1dO0)R("P'('5'*6##1$:'()&6Q.*&'*6#S'1dR"$O*6&W0)P0)#&U$*#($O'(U$*
('1&U.* P'O'0U$* 'O0);)hO#Q* 'O* (&"O0$&&6[* #O0"PO"0* 46'1'56T$#P'%* OP)&6,* F)R0$\)hi)Q* #S'#'4&'#Od*
:)&&'5'*7$O':)*:'#O)O'T&'*(U#'P)*X'O*k*:'*b^*76P0'&Y*S'*#0)(&$&6h*#*O0):6V6'&&U76*(6R")16R60"hi676*
O$[&6P)76*`aac,*9-?*:)$O*('R7';&'#Od*S'1"T6Od*O'T&U$*'4}$PO6(&U$*:)&&U$*'*#'#O'Q&66*#1'Q*&$0(&U[*
('1'P'&*#$OT)OP6*6*O'S'50)W66*:6#P)*R06O$1d&'5'*&$0()*#*(U#'P'%*0)R0$\)hi$%*#S'#'4&'#Odh*`abc,*

~m����* 6* P'11$56* 'V$&616* 0'1d* 9-?* :1Q* (6R")16R)V66* #1'Q* &$0(&U[* ('1'P'&* #$OT)OP6* Xsl��Y* "*
S)V6$&O'(*#*F+*6*R:'0'('%*P'&O0'1d&'%*50"SS'%,*?'1i6&)*sl��*4U1)*R&)T6O$1d&'*#&6;$&)*"*S)V6$&O'(*
#*F+*S'*#0)(&$&6h*#*P'&O0'1d&'%*50"SS'%*6*$i$*4'1$$*#&6;$&)*"*S)V6$&O'(*#*9/*(*)&)7&$R$,*=06O$1d&U$*
W"&PV66*P'00$160'()16*#*O'1i6&'%*sl��*`a^.ab.aec,

-%".* :)&&'%* 0)4'OU* 'S0$:$16Od* ('R7';&'#Od*7$O':'(*9-?*6* =<C* (* :6)5&'#O6P$* 6* (*7'&6O'06&5$*
R06O$1d&U[*&)0"\$&6%*"*S)V6$&O'(*#*:6)5&'#O60'()&&U7*0)##$Q&&U7*#P1$0'R'7*6*'#O0U7*':&'#O'0'&&67*
'SO6T$#P67*&$(06O'7*,



!"#$#%&'()*+&'*'*"

45

2010/ 4

/+0%12+"(2(3%0*4'5
94#1$:'()&'*b]*S)V6$&O'(*X]^*51)RY*#*':&'#O'0'&&67*'SO6T$#P67*&$(06O'7*6*:6)5&'#O60'()&&U7*F+,*

3R*&6[*a^*7";T6&*6*a]*;$&i6&,*+0$:&6%*('R0)#O*S)V6$&O'(*#'#O)(1Q1*bb.z*1$O,
8$O':U* 6##1$:'()&6Q* S0$:#O)(1$&U* (6R'7$O06$%.* P'7SdhO$0&'%* S$067$O06$%* 6*

'WO)1d7'46'76P0'#P'S6$%,*+S$V6)1d&U$*7$O':U*6##1$:'()&6Q�*=<C*&)*\)[7)O&U%*S)OO$0&*6*(#SU\P"*
6*9-?,*C06*6##1$:'()&66*=<C*6R7$0Q16#d*#1$:"hi6$*S)0)7$O0U�*1)O$&O&'#Od*6*)7S16O":"*S6P'(*Fa^^*
6*Fb*('*(#$[*'O($:$&6Q[.*O)P;$*'V$&6()1)#d*W'07)*S6P'(*Fa^^*6*Fb,*3##1$:'()&6$*=<C*S0'(':61'#d*&)*
)SS)0)O$* �/$%0'v|F!�* W607U* /$%0'#'WO* XF'##6QY,* 9SO6T$#P)Q* P'5$0$&O&)Q* O'7'50)W6Q* S0'(':61'#d*
&)*'SO6T$#P'7*P'5$0$&O&'7*O'7'50)W$*�xt*�q�mq�o*e^^^*Xxm��*��noo*���nq��*���Y,*C'#1$:&$$*(P1hT)1'*(*
#$4Q* 6##1$:'()&6$* 6R7$0$&6$* #1'Q* &$0(&U[* ('1'P'&* #$OT)OP6* 6* S0'(':61'#d* e* V60P"1Q0&U76* #P)&)76*
:6)7$O0'7*e.k*77*f*sl��*trn����oo*e.k*���q����,

B6)5&'R*0)##$Q&&'5'*#P1$0'R)*S':O($0;:)1#Q*:)&&U76*7)5&6O&'v0$R'&)&#&'%*O'7'50)W66*X8F?Y,
6%78".0+0'(2(*9)8:4%;2%5
9#O0'O)*R0$&6Q*&)*51)R)[*#*9/*P'1$4)1)#d*(*S0$:$1)[*^.^a*v*a.^*X^.jf*a.^*f*aa*51)R*Xbb_Y.*^.g*f*^.b*f*j*

51)RXau_Y.*^.a*f*ab* 51)R* Xbk_Y.*�^.a*f*az* 51)R* Xe^_Y,*/)*S)0&U[*51)R)[*'#O0'O)* R0$&6Q*('*(#$[*#1"T)Q[*
#'#O)(1Q1)*a.^,*<#1$:* R)*&)T)1d&U7*S$06':'7*"[":\$&6Q* R0$&6Q*&)#O"S61*S$06':*"1"T\$&6Q.* P'O'0U%*
'4"#1'(1$&*'40)O&U7*0)R(6O6$*#P1$0'O6T$#P6[*41Q\$P*#*('##O)&'(1$&6$7*76$16&),*C06*6##1$:'()&66*
S'1$%*R0$&6Q*&)*51)R)[*#*9/*4U16*(UQ(1$&U*'O&'#6O$1d&)Q*V$&O0)1d&)Q*#P'O'7)*Xab*51)R*v*bk_Y.*)4#'1hO&)Q*
V$&O0)1d&)Q*#P'O'7)*Xag*51)R*f*ek_Y.*S)0)V$&O0)1d&)Q*#P'O'7)*Xz*51)R*vaj_*Y*6*P'&V$&O06T$#P'$*#";$&6$*
Xab*51)Rv*bk_Y,*J)0)PO$0&'*4U1'*P)P*&)0"\$&6$*('#S06QO6Q*(#$5'*#S$PO0)*V($O'(.*O)P*6*S0$67"i$#O($&&'$*
#&6;$&6$* P0)#&'vR$1$&'5'* V($O'('5'* R0$&6Q.* TO'* &)41h:)1'#d* &)76*&)* j* 51)R)[,*/)* S)0&U[* 51)R)[* "* b*
S)V6$&O'(* (UQ(61)#d* 'O&'#6O$1d&)Q* V$&O0)1d&)Q* #P'O'7)* &)* (#$* V($O).* "* b* S)V6$&O'(* v* 'O&'#6O$1d&)Q*
V$&O0)1d&)Q*#P'O'7)*&)*P0)#&U%*6*R$1$&U%*V($O),*

C06* S0'($:$&66* 8F?* 5'1'(&'5'* 7'R5)* 4'1d\6&#O('* 'T)5'(* 1'P)16R'()1'#d* (* '4'6[* S'1"\)06Q[*
5'1'(&'5'*7'R5)*#"4P'0O6P)1d&'*X]g_Y.*(*S$0$:&$%*'41)#O6*[6)R7U.*S$06($&O06P"1Q0&'*v*ae*_.*'41)#O6*
R06O$1d&U[*&$0('(*&)*'#&'()&66*T$0$S)* Xz*_Y.*('*(&"O06'046O)1d&'7*'O0$RP$*=/* Xk_Y,*L*S)V6$&O'(*#*
)4#'1hO&U76* 6* 'O&'#6O$1d&U76* V$&O0)1d&U76* 616* S)0)V$&O0)1d&U76* #P'O'7)76* S'* :)&&U7* 8F?*
41Q\P6*1'P)16R'()16#d*(*6&O0)P0)&6)1d&'%*T)#O6*R06O$1d&'5'*&$0(),*

*8';&'*'O7$O6Od.*TO'*'WO)1d7'#P'S6T$#P)Q*P)0O6&)*R)(6#$1)*'O*:)(&'#O6*R)4'1$()&6Q.*(U0);$&&'#O6*
('#S)16O$1d&'5'*S0'V$##)*6*1'P)16R)V66*'T)5)*S'0);$&6Q,*<*&)T)1$*R)4'1$()&6Q*51)R&'$*:&'*7'51'*4UOd*
&'07)1d&U7.* &$#P'1dP'* T)i$* 'O7$T)1)#d* 1$5P)Q* :$P'1'0)V6Q* (6#'T&'%* S'1'(6&U* :6#P)* R06O$1d&'5'*
&$0().*)*S06*(O'06T&'7*S0'50$##60'()&66*R)4'1$()&6Q*&)41h:)1'#d*(U0);$&&'$*(6#'T&'$*S'41$:&$&6$*
:6#P)*R06O$1d&'5'*&$0(),*C06*6##1$:'()&66*51)R&'5'*:&)*(UQ(1Q16#d*56S$0$76Q*6*'O$P*:6#P)*R06O$1d&'5'*
&$0()*Xbj*51)R*f*]u_Y.*#O"\$()&&'#Od*50)&6V*:6#P)*Xak*51)R*f*bj_Y.*S'41$:&$&6$*:6#P).*S0$67"i$#O($&&'*
(6#'T&'%*S'1'(6&U.*6R7$&$&6$*7)P"1Q0&'%*'41)#O6*0)R16T&'5'*[)0)PO$0)*f*'O#"O#O(6$*0$W1$P#'(.*'O$P.*
P0)ST)O'#Od.* &$0)(&'7$0&)Q* S657$&O)V6Q* Xj* 51)R* f* au_Y,* /$0$:P'* S'* P0)h* :6#P)* R06O$1d&'5'* &$0()*
(UQ(1Q16#d*i$1$(6:&U$*:$W$POU*#$OT)OP6.*"P)RU()hi6$*&)*&)16T6$*)O0'W66*#1'Q*&$0(&U[*('1'P'&,

*C06*6##1$:'()&66*=<C*&)*\)[7)O&U%*S)OO$0&*"* u*S)V6$&O'(Xbk_Y* #*9/*1)O$&O&'#Od*wa^^*4U1)* (*
S0$:$1)[* &'07U.* "* aa* Xkk_Y* S)V6$&O'(* 'O7$T)1'#d* ":16&$&6$* 1)O$&O&'#O6* Fa^^* 0)R16T&'%* #O$S$&6*
XF6#,a.bY*(*S0$:$1)[*aab*:'*ake7#*X&'07)*a^^*�*e*7#Y,*L*]*S)V6$&O'(*Xb^_Y*'O7$T)1'#d*6R7$&$&6$*S6P)*
Fa^^*XFbY*S'*�*O6S"*XF6#,eY.*TO'*#(6:$O$1d#O("$O*'*50"4U[*&)0"\$&6Q[,*L*e*S)V6$&O'(Xab_Y*(UQ(61'#d*
#&6;$&6$*)7S16O":U*wa^^*(*S0$:$1)[*'O*]*:'*b7P<*X&'07)*gvab*7P<Y.*TO'*($0'QO&'*#(QR)&&'*#*41'P'7*
S0'($:$&6Q*67S"1d#)*(*0$R"1dO)O$*('#S)16O$1d&U[*6R7$&$&6%*R06O$1d&'5'*&$0()*XF6#*eY,

C06* 6##1$:'()&66* =<C* &)* \)[7)O&U%* S)OO$0&* S)0&U[* 51)R* "* e* S)V6$&O'(* Xab_Y* &)41h:)1'#d*
&$R&)T6O$1d&'$*":16&$&6$*1)O$&O&'#O6*:'*a^j*7#.*"*k*Xau_Y*v*#&6;$&6$*)7S16O":U*:'*u*7P<,*

C06* 6##1$:'()&66* =<C* &)* (#SU\P"* "* e* S)V6$&O'(* Xab_Y* 'O7$T)1'#d* R)7$:1$&6$* S0'($:$&6Q*
('R4";:$&6Q* (* (6:$* ":16&$&6Q* 1)O$&O&'#O6* S6P)* XF6#,kY* Fb* (* S0$:$1)[* abbvakg* 7#* X&'07)* a^e�a]7#Y,*
+&6;$&6$*)7S16O":U*Fb*:'*a.]*ve*7P<*X&'07)*a^�a]7P<Y*&)41h:)1'#d*"*k4'1d&U[Xau_Y,*<*':&'7*#1"T)$*
"*S)V6$&O)*#'*R0$&6$7*^.^a*R06O$1d&U$*(UR()&&U$*S'O$&V6)1U*&$*0$56#O060'()16#d,

9-?* 6##1$:'()&6$* 4U1'* S0'($:$&'* "* a]* S)V6$&O'(* #* 'SO6T$#P67* &$(06O'7,* L* ]* S)V6$&O'(* Xee_Y.*
S'#O"S6(\6[*(*S$0(U$*&$#P'1dP'*#"O'P*#*7'7$&O)*#&6;$&6Q* R0$&6Q.*'O7$T)1'#d*"7$0$&&'$*"O'1i$&6$*
sl��.*TO'*($0'QO&'*#(QR)&'*#*'O$P'7*('1'P'&*R06O$1d&'5'*&$0()*XF6#,kY,/)*S)0&U[*51)R)[*6R7$&$&6%*&$*
'4&)0";$&',*L*e*S)V6$&O'(*Xb^_Y*sl��*4U1)*(*S0$:$1)[*&'07U.*"*g*Xkg_Y*v*&)41h:)1'#d*"7$&d\$&6$*
O'1i6&U*sl��*('*(#$[*O0$[*0$O6&)1d&U[*#$PO'0)[*S'0);$&&'5'*51)R)*(*S0$:$1)[*'O*gb*7P&*:'*j]*7P&,*/)*
S)0&U[*51)R)[*9-?*'4#1$:'()&6$*S'P)R)1'*#&6;$&6$*sl��*'O*a^e*7P&*:'*a^z*7P&*(*g*#1"T)Q[*XF6#,uY,*<*



!"#$#%&'()*+&'*'*"

46

2010/ 4

P)T$#O($*P'&O0'1Q*4U16*(RQOU*S'P)R)O$16*O'1i6&U*#1'Q*&$0(&U[*('1'P'&*#$OT)OP6*Xaek*�*k7P7Y*a^*16V*
7'1':'5'*('R0)#O)*4$R*#'S"O#O("hi$%*R06O$1d&'%*S)O'1'566,*

<+="#$%;2%5
?,',.*S06*6##1$:'()&66*=<C*b]*S)V6$&O'(*#*9/*(UQ(1$&U*6R7$&$&6Q*(*(6:$*":16&$&6Q*1)O$&O&'#O6*6*

#&6;$&6Q*)7S16O":U*Fa^^*XFbY*(*aj*#1"T)Q[*Xgb_Y.*(*u*#1"T)Q[*Xbk_Y*Z1$PO0'W6R6'1'56T$#P6$*:)&&U$*
'#O)16#d*(*S0$:$1)[*&'07U.*(*a*#1"T)$*'O($O*&$*0$56#O060'()1#Q,*9-?*6##1$:'()&6$*S'P)R)1'*"7$0$&&'$*
"O'1i$&6$* sl��* (* ]* #1"T)Q[* Xee_Y* "* S)V6$&O'(.* S'#O"S6(\6[* (* S$0(U$* &$#P'1dP'* #"O'P* #* 7'7$&O)*
#&6;$&6Q*R0$&6Q.*(*g*#1"T)Q[*Xkg_Y*v*"7$&d\$&6$*O'1i6&U*sl��*&)*51)R)[*#*'SO6T$#P67*&$(06O'7.*(*
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G+0%;0;*)02 H3F"2084'
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левый 20 мс   

правый 20 мс 

50 мс 5 мкВ
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6\I5O(C!d(2))"%4*&+;2%(F+@2%;0+()(*)01'3(*F02$%)=23(;%&120*35

H3?AF2?LF2
a,* !"#$()* 8,F,* 9SO6T$#P6%* &$(06O* (* P16&6P$* 0)##$Q&&'5'* #P1$0'R)* 6* #'(0$7$&&U$* P06O$066* 1$T$&6Q* �*

8)O$06)1U*kv'%*8'#P'(#P'%*&)"T&'vS0)PO6T$#P'%*&$%0''WO)1d7'1'56T$#P'%*P'&W$0$&V66.*b^^^.*#,,b]veg,
b,* -)01'()* =,3,* -16&6P'v677"&'1'56T$#P6$* '#'4$&&'#O6* 'SO6T$#P'5'* &$(06O)* S06* 0)##$Q&&'7*

#P1$0'R$,*2(O'0$W$0)O*:6##$0O)V66*P)&:6:)O)*7$:6V6&#P6[*&)"P.*azzg
e,* �����qq*sx.*~����*� ,*x�����q*������qo*�¡* qr�*�mqr�����ono*�¡*��qn�*����nqno*moo��nmq��*�nqr*p��qn���*

o�����ono*��*���¢�£*��rqrm�p����£.*b^^b,
k,* C$0$#$:'()* 2,<,.* {)%:6&)* A,<,.* ?06W'&'()* 9,<,.* {)0[)O'()* <,C,.* !&$R:6VP6%* <,<,* 6* :0,*

C)O'W6R6'1'56Q* :$76$16&6R60"hi$5'* S0'V$##)* S06* 0)##$Q&&'7* #P1$0'R$,* <* P&,�* F)##$Q&&U%*
#P1$0'R*6*:0"56$*:$76$16&6R60"hi6$*R)4'1$()&6Q,*C':*0$:)PV6$%*A,3,!"#$().*3,2,=)()16\6&).*
2,/,{'%P',*3R:,*8,�*86P1'\*b^^k�*a^jvab^,

],* �m�����m*�np¤.*w¥q��*~m�on*.�o��om��m*¦�§�£n*,w���n�qn¢�*����*�¡*�¢����*��q��qnm�*�¨mpn�mqn��o*n�*�mqn��qo*
�nqr*��n�n�m��£*no��mq��*��qn�*����nqno*n�*�n�rq*�¡*qr�*��¢no��*�����m��*��nq��nm*��*���qn���*������ono.*b^^j.*
���,*ak.*l�,*k.*0,kgbvkgj,

u,* lmnopnqr*s,t,.* �q* m�,*tr�* �mqr�����ono* �¡*p��qn���* o�����ono* ��¢nonq��* ��*tr�*  ����m�* s�£m�* x������* �¡*
wr£on�nm�o*�¡*©�n�ª���rb^^b«*eb�bkkfbu]

g,* !&$R:6VP6%*<,<,*<UR()&&U$*S'O$&V6)1U*(*P16&6T$#P'%*S0)PO6P$.*azzg*
j,* =$&P'(*H,F,.*F'&6&*8,2,*G"&PV6'&)1d&)Q*:6)5&'#O6P)*&$0(&U[*4'1$R&$%,*8�8$:6V6&).*b^^e.*uk^#,*
z,* ~��o�*�,.x�m�¡���* ,*¦��nq��£*�¢��qv���mq��*��q��qnm�o*n�*p��qn���*o�����ono*��*¦p, ,�q��,*vazzu,v���,ag,vl*

a,vw,*au]vag^,
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a^,*¬�noq�����*¦,.* �q* m�,*���qn¡��m�*�©w*m��*�xt* n�*��qn�*����nqno�* m* q�����m�rn�m�* oq��£*�¡* qr�* oq���q���f
¡���qn��*���mqn��orn�*��*����p��qm*��rqrm�p����n�m.*b^^z.*���,aaj.*­b.*�,abzvaeg,

aa,* *lmnopnqr*s,*t,.*�q*m�,*��qn�m�*��r������*q�p���m�r£*�n¡¡��o*n�*�����p£��nqno*��qn�m*��p�m���*�nqr*p��qn���*
o�����ono*��*l�������£.*b^^z.a^ggva^jb,*

ab,* �nor��*  ,~,.*  m��ªo*�,¦,.*�m����nq�*x,©,* �q* m�,*s��mqn��* �¡* ¢no�m�* ¡���qn��* q�* ��qn�m�* ���¢�*®ª��* �m£��*
qrn����oo*n�*p��qn���*o�����ono*����rqrm�p����£.*b^^u.*w,ebkveeb,

ae,* ���rpm�*©.*x�oq����*�.*�n¢m�n��¢*s.*�q�¢�*�.*x�����*¦.*�n�o���*¯.*t�n�*¦.*���rpm�*t.*~m����*�,*��qn�m�*
��r������*q�p���m�r£*n�*p��qn���*o�����ono*��*�m���q*l�����,*b^^u*��q«*]Xa^Y�j]evue,

¯°o�£��¢m*�,¬,.*l±o����m£�¢m*l,¦,.*²ª�mrnp�¢m*l,�,.*�����¢m*�,l,

�wt²¬*¬�¯©s©lt*t���³s¦�² ¦́l�l*�µ*¶¦·s����¸*¹ºs�µ*
w�t©l�²¦��¦s�l�l*¬µ�¬²l*~²stµsµ��²*�wt²¬*l©�s²t*²�µ*
�¦¹�l�³*�¬�©s����*»µ�tµ�µs²l*�²¦³l��t²¬¦��l�¦*�µ*¹ºs�µ*
w�����¦�¦s�l*��l²t�s²l³²l�µ*²�¬¦l�¦s�,*
@ABCDEFA+GHIFJH+KLFMDNB+BCOPB+QFLLF+RJSBLETLTUFMB+QHIAHVF9+WBAO+XHY:9+@VHIZBM[BP:

efgh(ijklmh,*�m¼½�½¾*o��������*�nm¾��oqn�mo½.*��qn�*��¢�nq.*¿m¼�½�p½À*��q��onm��m�.*��qn�*��r����q*q�p�¾�m®£m*

»Á�¦�µ
~�* nÀn�*p±¾o±�n* �m¼½�½¾* o�������* X��Y* ¢±* ªn�q±�±Ân* ��qn�* ��¢�nqn* X�lY* ��m�* ¨±oq±�±�n�* �nm¾��oqn�mo½��m* ¢±*

�Ã�p±*�����pm�m�½�*p��nq��n�¾n��±*�¬t*¢±*�©w*p°m£n�±*p�q���m�½�½�*np�m��m�½�½*p°±££±��±À�n�p±�,
�l* ��m�* b]* ¨±oq±* X]^* �Ã�Y*p°m£n�±* ��n�pnÀ�n�,* ��qm* £mÀ* r±��n* bb.z* ��p�À���,* ¸mrpmq* �mqq���n* ¿m¼�½�p½À* �Ã�p±*

��q��onm��m�½�½�*X¶¹wY*p°m£n�±on*�mpm�½*�l*��m�*a]*̈ ±oq±�±*wa^^*�mq��q�n£n*���pm*�m¨n�n��±*n�n.ab*̈ ±oq±�±*wa^^*�mq��q�n£n*
aabvake*po*¾±�±�*��m�pmo½.*e*¨±oq±�±*no±*wa^^*mp��nq��m�½�*]p��v�m�*b*p��v±*�±�±�*m�m�pmo½*��£�*��n�pnÀ�n�,

�°m£n�±*�mpm�½*e*�mon��q�±*�n�±�*�Ã��±*�mq��q�n£n*a^j*po*�±�±�*�°�n*��m�pmo½.*k*�mon��q�±*no±*mp��nq��m�½�*
u*p��*�±�±�*m�m�pmo½*p°Àmrn�±*��½�p½À�n�,

²o½¼m*�©w*e*¨±oq±�±*wb*�mq��q�n£n�n�*��m�½�pmo½*XabbvakgpoY*¢±*k*¨±oq±�±*wb*mp��nq��m�½�*m�m�pmo½*X*a.]ve*
p�¢Y*p°Àmrn�±*����p�À���,

~n�q±�±Ân*�±o�n�*�l*��m�*a]*¨±oq±�±��±*�¬t*p°m£n�±on*m�m�½�p½À�½�,*]*¨±oq±�±*sl��vn�*¾m�½��½¼½*��qm*�±�±�±�±*
¾m�½��mÀ½ª,*�n�±�*�Ã��±*ª�*�Ãoq±�n�n�n�*���pm*�m¨n�n��±*��pmo½*p°±££±�*��n�pnÀ�n�,*g*rm��m*sl��*gbvj]p��*m�mo½��m*
��£�*����p�À���,*x°q*�Ã��±��±*�¬t*p°m£n�±on*sl��vn�*ae^*pov�m�*a^z*pov£m*¾±�±�*��p±on�n*�Ãoq±�pnÀ�n�,

��* ¡�����m* �l* ��m�* ¨±oq±�±��±* m�m�½�m�* �¬t* ¢±* ����q��®�n���Än* q±�¾n¾mq�m�½.* ¨°o�o±�* �©w.* ªn�* ªn�n�n*
qmpmp�m£m�.*p°m�n�±*¢±*p°Àmrn�±*���o�on��±*¢m�nª�n£n�n* o°ª�q* ��n�,*��* ¡�����m*�l*��m�*¨±oq±�±��±* m�m�½�m�*
�¬t*¢±*�©wvn�*ªn��±*noqn¡m�±*����pmo½*�nm¾��oqn�*�±r±q�±�*p±¾o±�±�£¼�����,

¯�o�£��¢m*�,¬,.*l�o����m£�¢m*l,¦,.*�ª�m�np�¢m*l,�.*����Ä�¢m*�,l,

t¯©*x¦w¦x�t´*��*�wt�x¦�*x�¯©s©lx©*t���¹s¦�´*¦l�*����¦�*
©��¬©�*w�t©lt�¦�*�l*t¯©*��¦¹l����*¦l�*��l�t�s�l¹*��*����¦�*
����s�©s�*�l*w¦t�©lt�*��t¯*���t�w�©*�x�©s����*¦l�*¦x�t©*
�l��¦t©s¦�*�wt�x¦�*l©�s�t��,

\BSFTPBL+R]YSYBLETLTUM+^DPSID+PBEDC+BJSDI+B[BC:+GBIFJB+@LFMDNB9+WBA_9+@VDIZBF`BP:+

nop(qrhsi,(¢no�m�*�¢����*��q��qnm�.*p��qn���*o�����ono.*��qn�m�*����nqno.*��qn�m�*��r������*q�p���m¡£

����¦s´
tr�*�����o�*�¡*qrno*oq��£*no*q�*��q��pn��*qr�*�m�m�nq£*�¡*�xt*m��*�©w*n�*qr�*�nm���ono*m��*p��nq��n��*�¡*¢no�m�*

np�mn�p��q*mq*qr�*�mqn��qo*�nqr*�nm���o��*p��qn���*o�����ono*X��Y*m��*m��q�*��n�mq��m�*��qn�*����nqno*X�lY,*tr���*
����*b]*�mqn��qo*X]^*�£�oY*��n�mq��m�*�����*qr�*��o�m��r*�nqr*��qn�m�*����nqno*m��*�nm���o��*p��qn���*o�����ono,*tr�*
m¢��m��*m��*�¡*�mqn��qo*�mo*bb,z*£�m�o,
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�rn��*oq��£n��*�r�oo*�mqq���o*q�oq*��*�©w*n�*aa*�mqn��qo*�nqr*�mqr����n�m�*�������mqn��*�¡*qr�*�l*��*�ªo��¢��*
wa^^*�mq���£*n�*qr�*�m���*aab*q�*akepo.*e*�mqn��qo*or����*�����n��*n�*wa^^*mp��nq���*n�*qr�*�m���*�¡*]*q�*bp��,*
��* qr�* n�¢�oqn�mqn��*�¡*�©w*mq*�r�oo*�mqq���*�¡*�mn���*�£�o* n�*e*�mqn��qo* qr���*�mo*m*o�n�rq*�������mqn��*�¡* qr�*
�mq���£*q�*a^j*po.*n�*k*v*q�*u*�����qn��*n�*qr�*mp��nq���*�¡*p�,*��*qr�*oq��£*�¡*qr�*�©w*q�*�n�rq*��qª��m�*n�*e*
�mqn��qo*qr���*�mo*��q��*o���n��*�¡*������qn��*�¡*�¨�nqmqn��*n�*qr�*¡��p*�¡*����qr��n��*qr�*�mq���£*�¡*��m�*wb*n�*
qr�*�m���*abbvakg*po*m��*�����mo�*�¡*qr�*mp��nq���*�¡*wb*q�*a,]*v*e*p�*�mo*�ªo��¢��*n�*k*�mqn��qo,

*��*rm¢�*�ªo��¢��*�xt*oq��£*�¡*a]*�mqn��qo*�nqr*��n�mq��m�*��qn�*����nqno,*��*]*�mqn��qo*m�pnqq��*n�*qr�*®�oq*¡��*
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