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053 $%$&*$F&*&D- 'G &EI&%&I($* )"A(*DA H#"E D#" )"#$=
F&*&D$D&'E B)',)$L H$A B)'B'A"I D' $ ,)'(B 'G
B$D&"EDAP

0W3 )"B')D 'G B")G')L$EC" F$A"*&E" F"G')" )"#$F&*&=
D$D&'EP

0/3 )"B')D 'G D#" )"#$F&*&D$D&'E '(DC'L"P $D *"$AD O($=
*&D$D&%"*-:

KCC')I&E, D' D#"A" &EC*(A&'E C)&D")&$P 5V AB""C# B)'=
I(CD&'E )"#$F&*&D$D&'E AD(I&"A H")" A"*"CD"I D' F" &E=
C*(I"I &E '() L"D$=$E$*-A&A 0A"" b$F*" 23: b#" )"$=
A'EA 'G $)D&C*" "QC*(A&'E H")" D#" G'**'H&E,J E'D $
H')I )"#$F&*&D$D&'E AD(I- 0N = 523P E' &EI&%&I($* I$D$
0N = d3P E' I"D$&*A C'EC")E&E, D#" D#")$B- (A"I 0N =
23P B$D&"ED H&D# #&,# %$)&$F&*&D- 'G B")G')L$EC" I()&E,
B)"D"AD 0N = .3P E' $CC"AA D' D#" $)D&C*"A 0N = d3:
bH' A"B$)$D" &E%"AD&,$D')A I&I D#" )"%&"H&E, B#$A" $EI
D#" &EC*(A&'E B#$A": 8%")$**P D#"A" AD(I&"A )"B)"A"ED
$ D'D$* 'G 2.W &EI&%&I($* B$D&"ED )"#$F&*&D$D&'E )"A(*DA
0A'L" AD(I&"A #$%" A"%")$* B$D&"EDAP $EI A'L" B$D&"EDA
$)" A(Ff"CD D' A"%")$* )"#$F&*&D$D&'E B)'C"I()"A3: 7"=
AB&D" D#&A A"*"CD&'EP DH' I&G!C(*D&"A )"L$&E H#&C# #$L=
B") D#" (A" 'G D#" AD$EI$)I )(*"A 'G L"D$=$E$*-A&A &E=
%'*%&E, C'LB(D&E, $E '%")$** L"D$="GG"CD A&Y": a&)ADP
L$E- B$B")A I&I E'D )"B')D "GG"CD A&Y"AP $EI A'L" 'G
D#"L H")" "%"E *$CZ&E, E(L")&C$* )"A(*DA: ?"C'EIP F"=
C$(A" D#" B")G')L$EC" (EI") AC)(D&E- &A H')I B)'I(C=
D&'E 0H#&C# &LB*&"A $ I&G!C(*D D' $AA"AA lC#$EC"m *"%"*
G') B")G')L$EC"3P $EI D#$D D#" *&ADA 'G H')IA (A"I G')
D"AD %$)- H&I"*- $C)'AA AD(I&"AP &D &A %")- I&G!C(*D D'
C'LB$)" D#" )"*$D&%" AD)"E,D# 'G )"#$F&*&D$D&'E F"DH""E
AD(I&"A 0C'ED)'* A(Ff"CDA F"&E, $D C"&*&E,3:

b#(AP H" )"A')D"I D' D#" (A" 'G $ F&E$)- C)&D")&'E
'G )"#$F&*&D$D&'E A(CC"AA 0A(CC"AA %A: G$&*()"3P $EI D#"
A&,E$* I"D"CD&'E D#"')- &E ')I") D' D"$A" $B$)D D#" (E=
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\4.] !S @&CD()" E$L&E, +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E

N7 S"B"D&D&'E +
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E
S"B"D&D&'E

[? S"B"D&D&'E +
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E
S"B"D&D&'E

!! @&CD()" E$L&E, +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E

Ua @&CD()" E$L&E, +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E

Xi @&CD()" E$L&E, +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E

\W.] Sa @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A +
S"B"D&D&'E −
S"$I&E, $*'(I +

iS @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A +
S"B"D&D&'E −
S"$I&E, $*'(I +

\W/] N8X X)&DD"E E$L&E, −
7"*$-"I C'B-
K(I&D')- H')I B&CD()" L$DC#&E, +
7"*$-"I C'B-&E,

\45] 1.=151 @&CD()" E$L&E, +
K(I&D')- B")C"BD&'E 'G D#" C'))"CD B&CD()" E$L"
S"B"D&D&'E

15=152 @&CD()" E$L&E, +
K(I&D')- B")C"BD&'E 'G D#" C'))"CD B&CD()" E$L"
S"B"D&D&'E

11=11> @&CD()" E$L&E, +
K(I&D')- B")C"BD&'E 'G D#" C'))"CD B&CD()" E$L"
S"B"D&D&'E
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@$B") @$D&"ED b)"$DL"ED D$AZ S"#$F&*&D$D&'E
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1.=15d @&CD()" E$L&E, +
K(I&D')- B")C"BD&'E 'G D#" C'))"CD B&CD()" E$L"
S"B"D&D&'E

15=11W @&CD()" E$L&E, −
K(I&D')- B")C"BD&'E 'G D#" C'))"CD B&CD()" E$L"
S"B"D&D&'E

\W4] i! S"$I&E, $*'(I +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
K(I&D')- H')I B&CD()" L$DC#&E,

+8 S"$I&E, $*'(I +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
K(I&D')- H')I B&CD()" L$DC#&E,

@` S"$I&E, $*'(I +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
K(I&D')- H')I B&CD()" L$DC#&E,

?[ S"$I&E, $*'(I +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
K(I&D')- H')I B&CD()" L$DC#&E,

\W>] ni @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

K? @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

!i @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

<R @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

<n @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

SU @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A +
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* $EI H)&DD"E )"AB'EA"

\4W] bk @&CD()" E$L&E, +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA
<*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()"
@&CD()" E$L&E, H&D# A"L$ED&C C("A
+$L&E, D' $(I&D')- I"!E&D&'E

\2>] i! X')I *"E,D# f(I,L"ED 'E $(I&D')- H')IA +
?B'Z"E=D'=H)&DD"E B#'E"L" L$DC#&E,
@'&ED D' &E&D&$*;!E$* *"DD") 'G $(I&D')- H')IA
@'&ED D' H)&DD"E H')I D#$D )#-L"A H&D# $(I&D')- H')I
K(I&D')- H')I B&CD()" L$DC#&E, +
K(I&D')- H')I B&CD()" L$DC#&E, + B&CD()" E$L&E, D$AZ
@&CD()" E$L&E, H&D# "))') f(I,L"ED

AU
TH

O
R 

CO
PY



4> .P Q"+65(A$& (& "4P M R$%) @%$)5+&'$, %(3"#'4'&"&'$,

b$F*" 2P C'ED&E("I

@$B") @$D&"ED b)"$DL"ED D$AZ S"#$F&*&D$D&'E
'(DC'L"

\4/] +? @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA −
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A −
S"B"D&D&'E

<n @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A +
S"B"D&D&'E

MU @&CD()" E$L&E, H&D# B#'E'*',&C$* C("A 0*"DD")P A-**$F*"P H')I3 $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A +
S"B"D&D&'E

\/] ?? +$L&E, D' $(I&D')- I"!E&D&'E +
S"B"D&D&'E
@&CD()" E$L&E, H&D# A"L$ED&C C("A +
<*&C&D C$D",')-P %&A($* G"$D()"AP A&Y" G)'L B&CD()"
S"B"D&D&'E
S"B"D&D&'E H&D# B&CD()" −

iS +$L&E, D' $(I&D')- I"!E&D&'E +
S"B"D&D&'E
@&CD()" E$L&E, H&D# %&A($* A"L$ED&C C("A +
<*&C&D C$D",')-P %&A($* G"$D()"AP A&Y" G)'L B&CD()"
S"B"D&D&'E
S"B"D&D&'E H&D# B&CD()" −

\WV] Ui @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

@U @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

?M @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA −
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

7M @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

8R @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

9[ @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

+[ @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

[S @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

\/1] iU @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

U@ @&CD()" E$L&E, H&D# ')D#',)$B#&C C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA +
S"B"D&D&'E
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A *"DD")P A-**$F*"P H')I $EI I&AD)$CD')A H')IA

\./] NN K(I&D')- H')I B&CD()" L$DC#&E, +
S"$I&E, $*'(I −
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@$B") @$D&"ED b)"$DL"ED D$AZ S"#$F&*&D$D&'E
'(DC'L"

UX K(I&D')- H')I B&CD()" L$DC#&E, −
S"$I&E, $*'(I +
@&CD()" E$L&E, +
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* )"AB'EA"
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
S"B"D&D&'E

[< @&CD()" E$L&E, +
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* )"AB'EA"
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A
S"B"D&D&'E

\4] Un X)&DD"E B&CD()" E$L&E, H&D# $E$,)$LP ')D#',)$B#&C C("A +
X)&D&E, D' I&CD$D&'E
7"*$-"I C'B-
@&CD()" E$L&E, +
X)&DD"E B&CD()" E$L&E,
S"$I&E, $*'(I
o("AD&'E $F'(D G(ECD&'E 'G 'Ff"CD B&CD()"A
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* )"AB'EA"
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A

\W1]e
\5PW/P4d]

N8X @'&ED D' &E&D&$* *"DD") 'G $(I&D')- H')IA
@&CD()" E$L&E, H&D# B#'E'*',&C$* C("A

+

@&CD()" E$L&E,
S"B"D&D&'E

\W2] @7 S"B"D&D&'E −
S"$I&E, $*'(I +
K(I&D')- A"ED"EC" C'LB*"D&'E ')$* )"AB'EA" −

\44] @n X)&DD"E E$L&E, +
S"$I&E,

KU X)&DD"E E$L&E, +
S"$I&E,

bi X)&DD"E E$L&E, +
S"$I&E,

\>] RS K(I&D')- H')I B&CD()" L$DC#&E, +
R&AD"E&E, ')$* I"!E&D&'E
@&CD()" E$L&E, H&D# ')D#',)$B#&C C("A
S"$I&E, $*'(I

\W5] @2 <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"

@. <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"

@5 <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"

@W <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"

@/ <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"

@d <*&C&D )#-L"AP &E&D&$* $EI !E$* B#'E"L"AP E(LF") 'G A-**$F*"A 'E B&CD()" +
@&CD()" E$L&E,
S"B"D&D&'E H&D# B&CD()"
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@$B") @$D&"ED b)"$DL"ED D$AZ S"#$F&*&D$D&'E
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$ H""Z: KGD") 2. L'ED#AP #" AD&** C'LB*$&E"I D#$D #"
I&I E'D )"C'%") #&A G')L") AB""C# B)'I(CD&'E *"%"*: a')
D#&A )"$A'EP H" B)'B'A"I D' "E)'** #&L &E $ )"#$F&*&D$=
D&'E AD(I-: X" !)AD $AA"AA"I #&A B")G')L$EC" &E E$L=
&E, B)'I(CD&'EP )"$I&E, $EI C'EC"BD($* ZE'H*"I," &E
')I") D' "EA()" D#$D 7@9 AD&** A(GG")"I G)'L $ B#'E'*',=
&C$* '(DB(D *"Q&C'E I"!C&D: U&A B")G')L$EC" &E E$L=
&E, H$A *'H") D#$E F"G')" 0d>p 'G "))')AP C&)C(L*'C(=
D&'E ') E'E=)"AB'EA"AP N = 21V3 H#")"$A #&A C'EC"B=
D($* ZE'H*"I," H$A AD&** &ED$CD 0"))')*"AA B")G')L$EC"
'E D#" !%" B)"%&'(A C'EC"BD($* ZE'H*"I," D$AZA3P #&A
H')I C'LB)"#"EA&'E $A H"** 0"))')*"AA B")G')L$EC" 'E
$E $(I&D')- H')I 6 B&CD()" L$DC#&E, D$AZP N = W>3 $EI
#&A H')I )"$I&E, B")G')L$EC" )"L$&E (EC#$E,"I 021p
'G "))')A3: a') D#" I()$D&'E 'G '() AD(I-P D#" '(D=C*&E&C
AB""C# D#")$B- H$A A(AB"EI"I:

UPHP D(&3$)

X" I"A&,E"I D#" )"#$F&*&D$D&'E B)',)$L &E ')I") D'
&E%"AD&,$D" D#)"" &AA("A C'EC")E&E, D#" )"#$F&*&D$D&'E
'G $E $E'L&C B$D&"ED: a&)AD*-P H" H$ED"I D' G()D#")
D#" )"A(*DA 'G D#" L"D$=$E$*-A&A F- I"D")L&E&E, &G D#"
$CD&%$D&'E 'G D#" C'EC"BD($* ZE'H*"I," C'(*I &EI(C"
$E- &LB)'%"L"ED &E H')I B)'I(CD&'E: ?"C'EI*-P H"
H$ED"I D' $AA"AA H#"D#") D#" $CD&%$D&'E 'G D#" &LB$&)"I
*"%"* C'(*I F" L')" "G!C&"ED C'LB$)"I D' D#" $CD&%$=
D&'E 'G E'E=&LB$&)"I *"%"* H&D#&E D#" DH' *"%"*A 'G D#"
H')I B)'I(CD&'E A-AD"L 6 B#'E'*',&C$* '(DB(D *"Q&C'E
') B#'E'*',&C$* '(DB(D: a&E$**-P D$AZA &E%'*%&E, D#" $C=
D&%$D&'E 'G D#" B#'E'*',&C$* &EB(D #$%" F""E "QD"EA&%"=
*- (D&*&Y"I &E )"#$F&*&D$D&'E B)',)$LAP F(D D#" )"A(*DA 'G
D#" L"D$=$E$*-A&A A(,,"AD D#$D D#"- I' E'D &LB$CD B'A=
&D&%"*- D#" H')I B)'I(CD&'E B")G')L$EC": b#")"G')"P
H" H$ED"I D' B)'AB"CD&%"*- %")&G- H#"D#") D#"- C'(*I
F" A(CC"AAG(* &E H')I B)'I(CD&'E )"#$F&*&D$D&'E: b#(AP
7@9 H$A A(FL&DD"I D' W B#$A"A 'G )"#$F&*&D$D&'EP "$C#

'G D#"L &E%'*%&E, D#" $CD&%$D&'E 'G $ AB"C&!C AB""C#
*"%"*J C'EC"BD($* ZE'H*"I,"P B#'E'*',&C$* '(DB(D *"Q=
&C'E $EI B#'E'*',&C$* '(DB(DP $EI B#'E'*',&C$* &EB(D
0a&,: 53: X" G'**'H"I D#" L"D#'I'*',- B)'B'A"I F-
+&CZ"*A \W]J

? `A" 'G $ B)"=D#")$B- F$A"*&E" D#$D A#'(*I F" $A=
A"AA"I 'E L')" D#$E 'E" 'CC$A&'E D' "AD$F*&A# I"=
,)"" 'G AB'ED$E"'(A )"C'%")- $EI;') %$)&$F&*&D-P

? `A" 'G &I"ED&C$* A"DA &E D")LA 'G E$L&E, I&G!C(*D-
G') D#" I&GG")"ED )"#$F&*&D$D&'E B#$A"AP

? `A" 'G D#" A$L" D$AZ G') $AA"AA&E, B$D&"ED_A B")=
G')L$EC" F"G')" $EI $GD") D#")$B-P

? `A" 'G $ D$AZ D#$D C'ED$&EA "E'(,# &D"LA D' $**'H
C#$E," D' F" I"L'EAD)$D"IP

? `A" 'G AD$D&AD&C$* C'LB$)&A'EA A(C# $A iC+"L$)_A
b"AD D' &I"ED&G- H#"D#") $E- C#$E," &E B")G')=
L$EC" &A ,)"$D") D#$EL&,#D F" "QB"CD"I F- C#$EC":

UPHPHP K"-(4',( $V @(%V$%A",+(
b' I"L'EAD)$D" D#" "G!C$C- 'G $ )"#$F&*&D$D&'E B)'=

,)$LP &D &A &LB')D$ED D' $AA"AA H#"D#") D)$&E"I &D"LA
$)" F"DD") E$L"I $GD") D#" )"#$F&*&D$D&'E D#$E D#"- H")"
F"G')"P D#(A C'LB$)&E, D#" L$,E&D(I" 'G C#$E," $D=
D)&F(D$F*" D' AB'ED$E"'(A )"C'%")- $EI D#" L$,E&D(I"
'G C#$E," $DD)&F(D$F*" D' D#")$B-: X#")"$A C'LB$)&E,
B")G')L$EC" 'G I&GG")"ED ,)'(BA 'G B$D&"EDA &AL$))"I F-
D#" ,)"$D %$)&$F&*&D- &E &EI&%&I($* B$D&"EDA_ B)'!*"A \/dP
/4]P $ B'AA&F*" $*D")E$D&%" D' '%"))&I" D#" #"D")',"E"=
&D- F"DH""E ,)'(BA &A D' C'EI(CD $ A&E,*" C$A" AD(I-:
9D C'EA&ADA &E C'LB$)&E, B")G')L$EC" 'G $ A&E,*" B$=
D&"ED $GD") $EI F"G')" D#" )"#$F&*&D$D&'E: @")G')L$EC"
F$A"*&E" &A I"!E"I F"G')" F",&EE&E, D#" )"#$F&*&D$D&'E
B)',)$L $EI C'EAD&D(D"A D#" C'ED)'* B")G')L$EC" $A 'B=
B'A"I D' B")G')L$EC" $GD") &ED")%"ED&'E: b#&A F$A"=
*&E" &A ,"E")$**- "%$*($D"I F- D"AD&E, D#" B$D&"ED A"%=
")$* D&L"A 'E D#" A$L" A"D 'G &D"LA $EI F- O($ED&G-=
&E, #&A AB'ED$E"'(A B")G')L$EC" %$)&$F&*&D- \WP4P21]:
U")"P H" "AD$F*&A#"I D#" B")G')L$EC" F$A"*&E" F- $AZ=
&E, 7@9 D' E$L" D#" A$L" A"D 'G B&CD()"A D#)"" I&GG")"ED
D&L"A: 2/d B&CD()"A H")" D"AD"I $EI E' G""IF$CZ H$A
B)'%&I"I: b#" D#)"" A(CC"AA&%" A"AA&'EA H")" A"B$)$D"I
F- DH' H""ZA: b#"A" A"AA&'EA H")" (A"I D' O($ED&G-
7@9_A B")G')L$EC" %$)&$F&*&D- $EI C'EAD&D(D" D#" D#)""
B)"D"ADA:

UPHPOP *(4(+&'$, $V &3( @'+&5%( -&'A54'
KL'E, D#" 2/d B&CD()"A B)"A"ED"I &E B)"D"ADAP H" A"=

*"CD"I D#" B&CD()"A E"%") C'))"CD*- E$L"I: X" 'FD$&E"I
21d B&CD()"A D#$D H")" I&%&I"I &E G'() "QB")&L"ED$* A"DA
'G "O($* I&G!C(*D-: b#" A"DA H")" C'LB'A"I 'G .4 B&C=
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V1 .P Q"+65(A$& (& "4P M R$%) @%$)5+&'$, %(3"#'4'&"&'$,

a&,: 5: 0$3 ?&LB*&!"I L'I"* 'G H')I B)'C"AA&E, G)'L a&,: 2: b#&A L'I"* &EC*(I"A H')I C'LB)"#"EA&'E $EI H')I B)'I(CD&'E: 0F3 R"%"*A $CD&%$D"I
D#)'(,# "$C# )"#$F&*&D$D&'E B#$A":

D()"A 0?"D 23 ') .d B&CD()"A 0A"DA .P 5 $EI W3 L$DC#"I G')
H')I G)"O("EC-P H')I *"E,D#P H')I ,"EI") $EI A"L$E=
D&C C$D",')&"A 0$BB)'Q&L$D"*- /1p 'G B&CD()"A I"B&CD"I
$)D&G$CDAP 2Vp %","D$F*"AP .4p $E&L$*AP $EI Wp F'I-
B$)DA3:

UPHPUP <(3"#'4'&"&'$, @%$+()5%(
b#" G'() G'**'H&E, *"%"*A 'G H')I B)'C"AA&E, H")"

D)$&E"I I()&E, G'() A"B$)$D" B#$A"A 0A"" a&,: 53J C'E=
C"BD($* ZE'H*"I,"P B#'E'*',&C$* &EB(DP B#'E'*',&C$*
'(DB(D $EI B#'E'*',&C$* '(DB(D *"Q&C'E: a') "$C#
B#$A"P H" (A"I 'E" 'G D#" W "QB")&L"ED$* A"DA 'G B&C=
D()"A D' C'EAD)(CD D#" D)$&E&E, L$D")&$*: b#" W A"DA H")"
)$EI'L*- $AA&,E"I D' D#" W )"#$F&*&D$D&'E B#$A"A: a""I=

F$CZ $EI C'))"CD )"AB'EA"A H")" B)'%&I"I D' D#" B$D&"ED
I()&E, D#" )"#$F&*&D$D&'E B#$A"A:

13"-( HW .$,+(@&5"4 T,$X4()/( %(3"#'4'&"&'$,
M'EC"BD($* ZE'H*"I," C'))"AB'EIA D' $ E'E=%")F$*

,"E")$* ZE'H*"I," 'G D#" H')*I: ?"%")$* E'E=$(I&D')-
D$AZA &E%'*%&E, B&CD()" C'LB)"#"EA&'E $EI C'EC"BD($*
ZE'H*"I," B)'C"AA&E, H")" B)'B'A"IJ $E'L$*'(A;E'E
$E'L$*'(A B&CD()" C$D",')&Y$D&'EP B&CD()" C'LB*"D&'EP
C$D",')&C$* &ED)(I") I"D"CD&'EP G(ECD&'E$* L$DC#&E,P
C'))"CD C'*') I"D"CD&'EP B&CD()" C$D",')&Y$D&'E &E A"%=
")$* A"L$ED&C C$D",')&"AP $EI ZE'H*"I," $AA"AAL"ED
0A"" \//]3: 7"D$&*A 'G D#" B)'C"I()" $)" B)'%&I"I &E
D#" ?(BB*"L"ED$)- i$D")&$* A"CD&'E: 9E $** D#"A" D$AZAP
'E*- -"A;E' )"AB'EA"A ') B'&ED&E, H")" "QB"CD"I 0"Q=
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.P Q"+65(A$& (& "4P M R$%) @%$)5+&'$, %(3"#'4'&"&'$, V2

a&,: W: 0$3 <Q$LB*" 'G $E'L$*'(A $EI C'))"CD B&CD()"AP 0F3 "Q$LB*" 'G B&CD()" C'LB*"D&'E D$AZP 0C3 "Q$LB*" 'G &ED)(I") I"D"CD&'E D$AZP 0I3 "Q$LB*"
'G G(ECD&'E$* L$DC#&E, D$AZ:

$LB*"A $)" B)'%&I"I &E a&,: W3: 7@9 H$A &EAD)(CD"I D'
E"%") E$L" D#" B&CD()"P E"&D#") I&I D#" "Q$L&E"):

13"-( OW 13$,$4$/'+"4 ',@5& %(3"#'4'&"&'$,
b' $%'&I $CC"AA 'G A"L$ED&C &EG')L$D&'E )"*$D"I D'

D#" B&CD()" E$L"A 'G D#" ?"D .P BA"(I'H')IA H")" C'E=
AD)(CD"I (A&E, D#" AB""C#=A'(EI 'G D#" B&CD()" E$L"A
'G D#" ?"D .: b#)"" *&ADA 'G BA"(I'H')IA H")" C)"$D"I
&E ')I") D' B)"%"ED F')"I'L $EI "GG"CD&%" BA"(I'H')I
*"$)E&E,: b#" !)AD *&AD H$A C'EAD)(CD"I F- &ED)$=H')I
A-**$F*"A C)'AA=B*$C&E, &E L(*D&A-**$F&CH')IA 0":,: l$)=
D&C#$(Dm ;$SD&∫'; 0$)D&C#'Z"3 -&"*I"I D' ;∫'D&$S;3 $EI
&ED")=H')I B#'E"L"A C)'AA=B*$C&E, &E L'E'A-**$F*"
H')IA: b#")"G')"P D#" E(LF") 'G A-**$F*"A H$A A&L&*$)
G') BA"(I'H')I $EI )"$* H')I: b#" A"C'EI *&AD H$A
C'EAD)(CD"I F- A-**$F*" C)'AA=B*$C&E, &ED")=H')I $EI
F- B)"A")%&E, D#" )&L" 'G D#" A'()C" H')IA 0":,e l$)=
D&C#$(Dm $EI lC")&A"m ;A S&Y; 0C#"))-3 -&"*I"I D' ;A ∫';
$EI ;$SD&S&Y;3: b#" D#&)I *&AD H$A C'EAD)(CD"I F- &ED")=
H')I B#'E"L"A C)'AA=B*$C&E,: b#&A *&AD C'ED$&E"I "Q=
$CD*- D#" A$L" B#'E"L"A $EI B)"A")%"A D#" I&AD)&F(D&'E
'G L'E'=P F&=P D)&= $EI O($I)&A-**$F*"A G)'L D#" ')&,&=
E$* *&AD 0":,:J ;∫ A'S&Y; $EI ;D&$S; G') l$)D&C#$(Im $EI
lC")&A"m3: b#" "Q$L&E") B)'E'(EC"I D#" BA"(I'H')I $D
)$EI'L $EI 7@9 H$A $AZ"I D' B")G')L A"%")$* D$AZA &E=
%'*%&E, AB""C#=A'(EI $E$*-A&A A(C# $A A-**$F*"P )#-L"P
B#'E"L" I&AC)&L&E$D&'E $EI I"D"CD&'E D$AZAP $(I&D')-=
H)&DD"E A-**$F*" L$DC#&E, D$AZ 'E A-**$F*" $EI )#-L"P
$EI BA"(I'H')I $EI A-**$F*" C'(ED&E,: 7"D$&*A $)" B)'=
%&I"I &E D#" KBB"EI&Q A"CD&'E: K,$&EP 'E*- -"A=E'
)"AB'EA"A $EI !E,") B'&ED&E, H")" )"O(&)"I:

13"-( UW 13$,$4$/'+"4 $5&@5& %(3"#'4'&"&'$,
b#&A B#$A" H$A F$A"I 'E AB""C#=A'(EI B)'I(CD&'E:

9E ')I") D' )"I(C" $CD&%$D&'E 'G F'D# C'EC"BD($* ZE'H*=
"I," $EI B#'E'*',&C$* '(DB(D *"Q&C'E *"%"*A H" (A"I $
D-B" 'G )"F(A: b#" )"F(A H" (A"I C'EA&AD"I 'G B&CD')&$*
A-LF'*A D#$D )"B)"A"ED A-**$F&C ') B#'E"L&C A'(EIA:
<$C# B&CD()" E$L" 'G ?"D 5 H$A I"C'LB'A"I &E A-**$=
F*"A 0"QC"BD G') L'E'=A-**$F*"A3 $EI "$C# A-**$F*" ')
B#'E"L" H$A )"B)"A"ED"I F- $ B&CD')&$* A-LF'* D#$D
H'(*I "*&C&D D#" C'))"AB'EI&E, A-**$F*" ') B#'E"L"
A'(EIP G') &EAD$EC" D#" A'(EI \Z&J] H$A "*&C&D"I H&D# $
B&CD()" 'G $ Z"- $EI A' 'E: b#" B$D&"ED H$A $AZ"I D'
B)'I(C" D#" AB""C#=A'(EI C'))"AB'EI&E, D' D#" B&CD'=
)&$* A-LF'* 0A"" a&,: /3: b#" B&CD')&$* A-LF'*A H")"
B)"A"ED"I "&D#") &E &A'*$D&'E D' L$Z" D#" B$D&"ED B)'=
I(C" L'E'A-**$F*"A ') I&%")A"*- $AA'C&$D"I D' L$Z" D#"
B$D&"ED B)'I(C" BA"(I'H')IA 'G &EC)"$A&E, C'LB*"Q&=
D-: 7"D$&*A $)" B)'%&I"I &E D#" KBB"EI&Q A"CD&'E: a')
D#" L'E'A-**$F&C H')IAP D#" B&CD()" (A"I H$A E'D D#"
D$),"D B&CD()" F(D $E'D#") B&CD()" D#$D "*&C&D"I D#" A$L"
AB""C#=A'(EI: a') &EAD$EC"P D#" H')I lB'q"*"m ;BH$*;
G)-&E, B$E H$A &EAD$ED&$D"I F- $ B&CD()" 'G $ lB'&*m ;BH=
$*; #$&): a') D#" /W A-**$F*"A &AA("I G)'L D#" B&CD()"
E$L"A 'G D#" ?"D 5P H" (A"I $ D'D$* 'G .. B&CD')&$* A-L=
F'*A: 8() $&L H$A D' &EI(C" $E $(D'L$D&C *&EZ F"DH""E
$ B&CD')&$* A-LF'* $EI $ AB""C#=A'(EI $EI D#"E D' D)&,=
,") D#" $CD&%$D&'E 'G B#'E'*',&C$* '(DB(D %&$ D#" L'AD
I&)"CD L"$EAP B)"%"ED&E, D#" $CD&%$D&'E 'G D#" 'D#") *"%=
"*A &E%'*%"I &E H')I B)'I(CD&'E: 8G C'()A"P D#" (A"
'G $FAD)$CD A-LF'* L&,#D #$%" F""E L"D#'I'*',&C$**-
B()")P F(D H'(*I #$%" F""E )"O(&)"I 7@9 D' *"$)E D'
$AA'C&$D" $ ,&%"E $FAD)$CD A-LF'* $EI $ AB""C#=A'(EIP
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V. .P Q"+65(A$& (& "4P M R$%) @%$)5+&'$, %(3"#'4'&"&'$,

a&,: /: <Q$LB*" 'G )"F(A G') A-**$F*"A 0S$D &E a)"EC# &A B)'E'(EC"I ;S$; $EI AD"B ;B$;3:

a&,: d: <Q$LB*" 'G D#" E$L&E, D$AZ H&D# D#" B&CD()" $EI D#" )"F(A G') A-**$F*"A: k$C((L C*"$E") &A ;$A; ;B&; ;)$; ;Dr); &E a)"EC#:

H#&C# H$A I""L"I D' F" D'' I&G!C(*D: b#" B$D&"ED H$A
$*H$-A #"*B"I H#"E #" C'(*I E'D !EI D#" $AA'C&$D"I
A'(EI D' $ ,&%"E B&CD')&$* A-LF'* $EI )$B&I*- F"C$L"
G$L&*&$) H&D# D#"L:

13"-( YW 13$,$4$/'+"4 $5&@5& 4(Z'+$, %(3"#'4'&"&'$,
a'() I&GG")"ED AD)$D",&"A C'(*I F" (A"I D' $CD&%$D" D#"

B#'E'*',&C$* '(DB(D *"Q&C'EJ D#)'(,# D#" )"B"D&D&'E 'G $
B")C"&%"I H')IP D#)'(,# D#" )"$I&E, 'G $ H)&DD"E H')IP
D#)'(,# D#" B)'I(CD&'E 'G AB""C# '(DB(D F- D#" (A" 'G
$ %")F$* "("EC- D$AZ ') $ E$L&E, D$AZ: 9E D#&A )"#$F&*=
&D$D&'E B#$A"P $CD&%$D&'E 'G D#" AB""C# B")C"BD&'E A-A=
D"L $EI 'G D#" )"$I&E, A-AD"L H$A $%'&I"I: i')"'%")
H" H$ED"I D#" B$D&"ED D' $CD&%$D" AB"C&!C B#'E'*',&C$*
H')I=G')LAP D#" 'E"A D#$D C'LB'A"I D#" B&CD()" E$L"A
'G D#" ?"D W: 9D &A &E D#"')- #$)I*- C'EC"&%$F*" D' $CD&=
%$D" D#" B#'E'*',&C$* '(DB(D *"Q&C'E H#")" D#" B#'E'=
*',&C$* H')I=G')LA $)" )"D)&"%"I H&D#'(D $CD&%$D&E, D#"

C'EC"BD($* ZE'H*"I," $EI D#" B#'E'*',&C$* '(DB(D $A=
A'C&$D"I D' D#"A" H')I=G')LA: b#")"G')"P H" I"C&I"I
D' (A" $ E$L&E, D$AZ D#$D H'(*I $CD&%$D" D#" C'EC"BD($*
*"%"*P D#" B#'E'*',&C$* '(DB(D *"Q&C'E $EI D#" B#'E'=
*',&C$* '(DB(D $EI D' A(FD)$CD D#" "GG"CD 'G D#" $CD&%$D&'E
'G D#" C'EC"BD($* *"%"* 'FD$&E"I I()&E, D#" @#$A" 2 $EI
D#" "GG"CD 'G D#" $CD&%$D&'E 'G D#" B#'E'*',&C$* '(DB(D
'FD$&E"I I()&E, D#" @#$A" 5: b#(AP 7@9 H$A &EAD)(CD=
"I D' E$L" D#" B&CD()"A 'G D#" ?"D W: b',"D#") H&D#
D#" B&CD()"P D#" B&CD')&$* A-LF'*A C'))"AB'EI&E, D' D#"
A-**$F*"A 'G D#" B&CD()" E$L" H")" B)"A"ED"I D' 7@9:
KA &E D#" B)"%&'(A B#$A"P "$C# A-**$F*" H$A A-LF'*&Y"I
F- $ B&CD')&$* A-LF'*P $EI D#" B&CD')&$* A-LF'*A H")"
B)"A"ED"I F"*'H D#" D$),"D B&CD()" 0a&,: d3:

UPHPYP S(-&',/ -(--'$,
KD D#" "EI 'G "$C# )"#$F&*&D$D&'E B#$A"P H" )$E $ D"AD=

&E, A"AA&'E: X" (A"I $ C)'AA='%") I"A&,E G') $AA"AA&E,

AU
TH

O
R 
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PY
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a&,: 4: a*'H C#$)D ') )"#$F&*&D$D&'E B)',)$L: 9E D#" B)"D"ADP ,)"- )"CD$E,*"A )"B)"A"ED D#" A"D 'G &D"LA C'))"CD*- E$L"I $EI H#&D" )"CD$E,*"A
)"B)"A"ED D#" G'() A"DA 'G (EA(CC"AAG(**-=E$L" &D"LA:

7@9_A B")G')L$EC": KGD") "$C# )"#$F&*&D$D&'E B#$A"P
7@9 H$A $AZ"I D' E$L" D#" $** 2/d B&CD()"A H&D#'(D $E-
G""IF$CZ: b#&A &EC*(I"I D#" B&CD()"A 'G D#" A"D (A"I &E
$ ,&%"E )"#$F&*&D$D&'E B#$A" &:": D#" D)$&E"I AD&L(*&P B*(A
D#" B&CD()"A 'G D#" D#)"" 'D#") "QB")&L"ED$* A"DA &:": D#"
(ED)$&E"I AD&L(*&P B*(A D#" B&CD()"A D#$D D#" B$D&"ED #$I
A(CC"AAG(**- E$L"I I()&E, D#" B)"D"ADA $EI D#$D H")"
E'D &EC*(I"I )"#$F&*&D$D&'EL$D")&$*: b#"A" *$AD B&CD()"A
H")" (A"I D' C#"CZ G') AB'ED$E"'(A %$)&$F&*&D-:

b#" "Q$L&E") H#' "%$*($D"I D#" B$D&"ED_A B")G')=
L$EC" &E D#" D"AD A"AA&'EA H$A F*&EI D' D#" $AA&,EL"ED
'G D#" B&CD()"A &E D#" W "QB")&L"ED$* A"DA: a&E$**-P
B$D&"ED $EI )"*$D&%"A H")" &ED")%&"H"I &E $E &EG')L$*
L$EE") $F'(D D#"&) A(Ff"CD&%" G""*&E,A )",$)I&E, D#"
)"#$F&*&D$D&'E B)',)$L:

UPHPGP <(3"#'4'&"&'$, !$X:+3"%&
!"C$(A" U&**&A 02VV>P A"" $*A' \/>]3 #$A A#'HE D#$D

A#')D=D")L F(D &ED"EA&%" D)$&E&E, B)',)$L 0/ I$-A B")
H""Z I()&E, . H""ZA3 &EI(C"A F"DD") &LB)'%"L"ED D#$E
*'E, D")L E'E=&ED"EA&%" D)$&E&E, B)',)$L 0. I$-A B")
H""Z I()&E, / H""ZA3P '() B$D&"ED H$A D)$&E"I I$&*-
$CC')I&E,*-: b#" I()$D&'E 'G "$C# )"#$F&*&D$D&'E B#$A"
H$A 'G DH' H""ZA 0a&,: 43: b)$&E&E, H$A B)'%&I"I 'E"
#'() B") I$- "QC"BD 'E H""Z"EIA: <$C# )"#$F&*&D$D&'E
B#$A" H$A G'**'H"I F- 'E" D' DH' H""ZA 'G )"AD:

UPOP <(-54&-

?D$D&AD&C$* $E$*-A&A H$A B")G')L"I H&D# D#" iC+"=
L$) D"AD \WP21P2.] D' C'LB$)" 7@9_A )"A(*DA F"G')" $EI
$GD") D#" I&GG")"ED )"#$F&*&D$D&'E B#$A"A: b#)"" D-B"A 'G
$E$*-A"A H")" C'EI(CD"IJ

@")G')L$EC" $GD") "$C# B)"D"AD $EI $GD") "$C# 'G D#"
G'() )"#$F&*&D$D&'E B#$A"A H$A $AA"AA"I &E $** B&CD()"A
&E ')I") D' $AA"AA H#"D#") D#" )"#$F&*&D$D&'E B)',)$L
&A A(CC"AAG(* $EI I"D")L&E" H#&C# B#$A" &A D#" L'AD
A(CC"AAG(*e

@")G')L$EC" &E "$C# D)$&E"I A"D 0L$D")&$* A"D 'G $
)"#$F&*&D$D&'E B#$A"3 F"G')" $EI $GD") D#" )"#$F&*&D$=
D&'E B#$A" H$A $AA"AA"I &E ')I") D' &E%"AD&,$D" H#"D#")
D)$&E"I &D"LA H")" A(CC"AAG(**- E$L"I $D D#" "EI 'G D#"
B#$A": +'D" D#$D "$C# D)$&E"I A"D H$A I&GG")"ED G') "$C#
)"#$F&*&D$D&'E B#$A"P &" ?"D 2 H$A D#" D)$&E"I A"D G') D#"
@#$A" 2P ?"D . H$A D#" D)$&E"I A"D 'G D#" @#$A" . $EI A'
'E:

@")G')L$EC" G') (ED)$&E"I A"DA 0D#$D &AP G') "$C#
B#$A"P D#" 5 A"DA D#$D H")" E'D (A"I $A D)$&E"I A"D I()&E,
D#" )"#$F&*&D$D&'E B#$A"3 F"G')" $EI $GD") D#" )"#$F&*&D$=
D&'E B#$A" H$A $AA"AA"I &E ')I") D' &E%"AD&,$D" H#"D#")
D#" A(CC"AAG(* "GG"CD 'G $ B#$A" &A ,"E")$*&Y"I D' (E=
D)$&E"I B&CD()" E$L"A: +'D" D#$D (ED)$&E"I A"DA H")"

AU
TH
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a&,: >: +$L&E, B")G')L$EC" G') "$C# A(FA"D $GD") D#" G'() )"#$F&*&D$D&'E B#$A"A: K))'HA &EI&C$D" D#" D)$&E"I A"D G') "$C# )"#$F&*&D$D&'E B#$A":

I&GG")"ED G') "$C# )"#$F&*&D$D&'E B#$A"P &" A"DA .P5PW H")"
D#" (ED)$&E"I A"DA G') D#" @#$A" 2P A"DA 2P5PW H")" D#"
(ED)$&E"I A"DA 'G D#" @#$A" . $EI A' 'E:

UPOPHP [4$#"4 @(%V$%A",+(W L44 @'+&5%(- 0N = HG\3
b#" $E$*-A"A H")" C'EI(CD"I H&D# $** D#" 2/d B&C=

D()"A: b#&A &EC*(I"A D#" B&CD()"A D#$D H")" A(CC"AAG(*=
*- E$L"I I()&E, D#" B)"D"ADA 0N = /.3P D#" B&CD()"A
D#$D C'LB'A"I D#" D)$&E"I A"D G') "$C# )"#$F&*&D$D&'E
B#$A" 0N = .d6.43 $EI D#" B&CD()"A D#$D C'LB'A"I
D#" (ED)$&E"I A"D G') "$C# )"#$F&*&D$D&'E B#$A" 0N =
4V6>13: 9E D#" B)"D"ADAP B")G')L$EC" H$A )"L$)Z$F*-
AD$F*" 0@)"D"AD 5J W.;2/d C'))"CD %A @)"D"AD 2J 54;2/d
C'))"CDe iC+"L$) χ2 = 1:VP p = 1:553: M'LB$)&A'E
'G )"A(*DA F"G')" $EI $GD") D#" )"#$F&*&D$D&'E B)',)$L
A#'HA $ A&,E&!C$ED "GG"CD 'G D#" )"#$F&*&D$D&'E 0@#$A" W
'G )"#$F&*&D$D&'EJ dW;2/d C'))"CD %A @)"D"AD 5J W.;2/de
iC+"L$) χ2 = 2/:>P p < 1:1123: X#"E C'LB$)&E,
D#" )"A(*DA F"G')" $EI $GD") "$C# B#$A" 'G )"#$F&*&D$=
D&'EP B")G')L$EC" I'"A E'D &LB)'%" $GD") D#" !)AD D#)""
B#$A"A 0@#$A" 2J 5V;2/d C'))"CDP @#$A" .J 54;2/d C')=
)"CDP @#$A" 5J 5V;2/d C'))"CDe iC+"L$) χ2 < 2P p >
1:23 F(D &LB)'%"A $GD") D#" @#$A" W 0@#$A" WJ dW;2/d
C'))"CDe iC+"L$) χ2 = 24:5dP p < 1:1123:

@")G')L$EC" G') D#" A(CC"AAG(**- E$L"I B&CD()"A
0N = /.3H$A O(&D" $CC()$D" $EI C'EAD$ED $*'E, D#" I&G=
G")"ED B#$A" 0@)"D"AD 2J 54;/. C'))"CDP @)"D"AD .J 5V;/.
C'))"CDP @)"D"AD 5J W.;/. C'))"CDP @#$A" 2J 5/;/. C')=
)"CDP @#$A" .J 55;/. C'))"CDP @#$A" 5J 5/;/. C'))"CDP
@#$A" WJ 5V;/. C'))"CD3:

S%"',() -(& @(%V$%A",+(
b#" $E$*-A"A H")" C'EI(CD"I C'EA&I")&E, D#" .d ')

.4 B&CD()"A 'G "$C# D)$&E"I A"D: 7"D$&*"I )"A(*DA $)"
B)'%&I"I &E a&,: >: @")G')L$EC" )"L$&EA AD$F*" $GD")
D#" !)AD D#)"" )"#$F&*&D$D&'E B#$A"A 0iC+"L$) χ2 <

2P p > 1:23 H#")"$A &D I)$L$D&C$**- &LB)'%"A $GD") D#"
@#$A" W 0?"D WJ 2d;.d C'))"CD %A .;.d C'))"CDe iC+"L$)
χ2 = 22P p < 1:1123:

UPOPOP E,&%"',() -(&- ",) /(,(%"4']"&'$,
@")G')L$EC" G') D#" (ED)$&E"I A"DA I'"A E'D &LB)'%"

$GD") D#" !)AD D#)"" B#$A"A 0iC+"L$) χ2 < 2P p > 1:23
H#")"$A &D &LB)'%"A $GD") D#" @#$A" W 0?"D 2 + . +
5J 25:Vp C'))"CD %A: .:/pe iC+"L$) χ2 = 4:22 p =
1:1143:

K B'AD=#'C $E$*-A&A 'G B")G')L$EC" &E D#" (ED)$&E"I
A"DA $GD") D#" @#$A" W H$A B")G')L"I $CC')I&E, D' D#"
A"L$ED&C C$D",')-: @")G')L$EC" &LB)'%"I $GD") D#"
@#$A" W &E D#" $)D&G$CD C$D",')- 0A"" b$F*" WP iC+"L$)
χ2 = /e p = 1:1./3 F(D E'D G') D#" 'D#") A"L$ED&C C$D"=
,')&"A 0$E&L$*AP %","D$F*"A $EI F'I- B$)DAP iC+"L$)
χ2 < 2P p > 1:23:

a&E$**-P 7@9 )"B')D"I D#$D #" H$A L')" C'E!I"ED &E
AB"$Z&E, H&D# 'D#")A: b#&A &EG')L$* "%$*($D&'E A(,=
,"ADA $ B'A&D&%" &LB$CD 'G D#" )"#$F&*&D$D&'E B)',)$L 'E
"%")-I$- *&G":

UPUP >'-+5--'$,

X" C'EI(CD"I $ A#')D $EI &ED"EA&%" )"#$F&*&D$D&'E
B)',)$L H&D# $ AD$F*" *'E, AD$EI&E, $B#$A&C B$D&"EDP
7@9: U&A I"!C&D #$A F""E I"D$&*"I &E $ B)"%&'(A AD(I-
$EI &A *'C$*&Y"I $D D#" B#'E'*',&C$* '(DB(D *"Q&C'E \/W]:
a'() I&GG")"ED B#$A"A 'G )"#$F&*&D$D&'E D#$D A(CC"AA&%"=
*- $CD&%$D" C'EC"BD($* ZE'H*"I,"P B#'E'*',&C$* &EB(DP
B#'E'*',&C$* '(DB(DP $EI D#" B#'E'*',&C$* '(DB(D *"Q&=
C'E H")" D"AD"I:

7@9_A ,*'F$* B)'I(CD&'E B")G')L$EC" &LB)'%"I $D
D#" "EI 'G D#" )"#$F&*&D$D&'E B)',)$L: b#&A C'E!)LA
D#$D $E &ED"EA&%" )"#$F&*&D$D&'E B)',)$L C$E #$%" $ A&,=
E&!C$ED*- B'A&D&%" "GG"CD 'E B$D&"ED_A B)'I(CD&'E B")G')=
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b$F*" W
7&AD)&F(D&'E 'G C'))"CD )"AB'EA"A 'G (ED)$&E"I
&D"LA $CC')I&E, D' D#"&) A"L$ED&C C$D",')-
F"G')" $EI $GD") D#" @#$A" W

!"G')" KGD")

K)D&G$CD 0N = W13 2 0.:/p3 d 0./p3
KE&L$* 0N = .13 1 01p3 2 0/p3
k","D$F*" 0N = 2W3 1 01p3 . 02Wp3
!'I-=B$)D 0N = /3 2 0.1p3 . 0W1p3

L$EC" *'E, $GD") #&A F)$&E *"A&'E \WP4P/V]: K*D#'(,#
D#" F"E"!DA 'G )"#$F&*&D$D&'E $BB"$)"I 'E*- $D D#" *$AD
B#$A"P &D &A (E*&Z"*- D#$D D#"- $BB"$) A'*"*- F- B)$CD&C"
"GG"CDA: @)$CD&C" "GG"CDA H'(*I #$%" &EI(C"I $ ,)$I($*
&EC)"$A" 'G B$D&"ED B")G')L$EC" $*'E, D#" G'() B#$A"A
)$D#") D#$E $E "GG"CD )"AD)&CD"I D' D#" B#$A" W: i')"'%")P
F"G')" F"&E, "E)'**"I &E D#" )"#$F&*&D$D&'E B)',)$LP D#"
B$D&"ED H$A A""&E, $ AB""C# D#")$B&AD DH' D&L"A $ H""Z
H&D# E' "GG"CD 'G #&A AB""C# B)'I(CD&'E B")G')L$EC":
a') D#"A" DH' )"$A'EAP &D A""LA )"$A'E$F*" D' $DD)&F(D"
D#" B'A&D&%" '(DC'L" $GD") D#" G')D# B#$A" "AA"ED&$**- D'
D#" D)"$DL"ED 'CC())&E, I()&E, D#&A B#$A":

b#&A "QB")&L"ED$* I$D$ C'E!)L D#$D $** D$AZA $)" E'D
"O(&%$*"ED &E D#")$B-: ?B"C&!C$**-P D#" @#$A" 2 D#$D
&EI(C"A D#" $CD&%$D&'E 'G D#" C'EC"BD($* ZE'H*"I,"
I&I E'D B'A&D&%"*- $GG"CD D#" B$D&"ED B)'I(CD&'E B")G')=
L$EC"P A(,,"AD&E, D#$D D#" $CD&%$D&'E 'G D#" C'EC"BD($*
*"%"* B") A" &A E'D "G!C&"ED &E D")LA 'G AB""C# )"#$=
F&*&D$D&'E: X&D#&E D#" H')I B)'I(CD&'E B$D#H$-P DH'
D-B"A 'G )"#$F&*&D$D&'E H")" D"AD"I: b#" !)AD 'E" A"=
*"CD&%"*- $CD&%$D"I D#" B#'E'*',&C$* '(DB(D B)'C"I()"A
0B#'E'*',&C$* B*$EE&E,P $)D&C(*$D&'E3P &E D#" $FA"EC" 'G
*"Q&C$* B)'C"AA"A: b#" )"A(*D A#'H"I E' &LB)'%"L"ED
&E D#" B$D&"ED_A B")G')L$EC": b#" A"C'EI 'E" $CD&%$D"I
D#" B#'E'*',&C$* '(DB(D *"Q&C'E H#&C# &A D#" &LB$&)"I
*"%"* &E 7@9: S"A(*DA A#'H"I A&,E&!C$ED &LB)'%"L"ED
'G 7@9_A B)'I(CD&'E B")G')L$EC"P L"$E&E, D#$D G') )"=
#$F&*&D$D&E, D#" B)'I(CD&'E 'G *"Q&C$* G')LAP D#" L')"
"G!C&"ED H$- &A D' D)$&E D#" B$D&"ED D' B)'I(C" D#" H')IA
$EI E'D 'E*- D#" C'LB'E"EDA 'G D#"A" H')IA: a&E$**-P
D#" G'C(A"I )"#$F&*&D$D&'E 'G &EB(D B#'E'*',- I&I E'D
-&"*I $E- &LB)'%"L"EDC'E!)L&E, D#$D D#" $CD&%$D&'E 'G
(E&LB$&)"IB)'C"AA"AP E$L"*- &EB(D $EI '(DB(D B#'E'*=
',- I&I E'D &EI(C" $E- B'A&D&%" "GG"CD 'G 7@9_A AB""C#
B)'I(CD&'E B")G')L$EC": b#"A" "QB")&L"ED$* )"A(*DA
%$*&I$D"I $EI C*$)&!"I D#" L"D$=$E$*-A&A )"A(*DA A#'H=
&E, D#$D )"#$F&*&D$D&'E D$AZA D#$D AB"C&!C$**- D$B &ED' D#"
I$L$,"I *"%"*P &:":P H')I B)'I(CD&'EP C'(*I L$Z" D#"
B$D&"ED B")G')L$EC" &E B)'I(CD&'E &LB)'%": 8G C'()A"P
D#" )"#$F&*&D$D&'E B#$A" D#$D H')Z"I H$A $*A' $ B#$A"
&E%'*%&E, L(*D&B*" *"%"*AP &:":P C'EC"BD $CD&%$D&'EP *"Q&=
C$* $CD&%$D&'E $EI B#'E'*',&C$* '(DB(D: M'(*I &D F" D#$D
D#&A $AB"CD 'G D#" D$AZ H$A )"AB'EA&F*"P $D *"$AD &E B$)DP

G') D#" )"A(*DAs 9D &A I&G!C(*D D' C'LB*"D"*- I&AC$)I D#&A
#-B'D#"A&AP F(D &A &D H')D#H#&*" L"ED&'E&E, D#$D $** 'G
D#" )"#$F&*&D$D&'E B#$A"A &EC*(I"I L(*D&B*" *"%"*AJ G')
&EAD$EC"P D#" C'EC"BD($* B#$A" )"O(&)"I F'D# B&CD()"
$E$*-A&A $EI C'EC"BD($* A-AD"LAP $A H"** $A H')Z&E,
L"L')- $EI "Q"C(D&%" G(ECD&'EA: 9E%'*%&E, L(*D&B*"
*"%"*A C$E D#")"G')" E'D F" D#" 'E*- "QB*$E$D&'E D' D#"
B)"A"ED )"A(*DA:

S"#$F&*&D$D&'E &A B)'B'A"I D' &LB)'%" D#" B$D&"ED_A
"%")-I$- *&G"P $EI $E &LB')D$ED &AA(" H&D# )"#$F&*&D$=
D&'E B)',)$LA &A D' $AA"AA H#"D#") B")G')L$EC" &L=
B)'%"L"ED ,"E")$*&Y"A D' (ED)$&E"I &D"LA ') H#"D#") &D
&A )"AD)&CD"I D' D)$&E"I &D"LA I()&E, D#" )"#$F&*&D$D&'E
B)',)$L: U")"P D#" B'A&D&%" "GG"CD 'G @#$A" W &A E'D
)"AD)&CD"I D' D#" D)$&E"I A"D 'G &D"LA F(D AB)"$IA D' "E=
C'LB$AA A'L" 'D#") (ED)$&E"I B&CD()"A: 9E B)"%&'(A
B$B")AP ,"E")$*&Y$D&'E &A &EC'EA&AD"ED*- 'FA")%"I $EI
D#" G$CD')A D#$D C'(*I "QB*$&E D#&A %$)&$F&*&D- $)" AD&**
(EZE'HE: 9D #$A F""E B)'B'A"I D#$D D#" ,"E")$*&Y$D&'E
L$- F" I)&%"E F- A"L$ED&C G$CD')A: 9EI""IP i&C"*& $EI
C'**$F')$D')A \21] I"AC)&F"I DH' B$D&"EDA H&D# B#'E'=
*',&C$* '(DB(D *"Q&C'E I"!C&D H#' D$Z" A&,E&!C$ED*- $I=
%$ED$," G)'L AB""C# )"#$F&*&D$D&'E F(D 'E*- D' E$L"
D)$&E"I &D"LA: b#"- B)'B'A"I D#$D ,"E")$*&Y$D&'E L$-
'CC() H#"E (ED)$&E"I &D"LA $)" A"L$ED&C$**- )"*$D"I D'
D#" D)$&E"I 'E"A: 9E '() AD(I-P B&CD()"A H")" A"*"CD=
"I G)'L G'() A"L$ED&C C$D",')&"AJ $E&L$*P F'I-=B$)DP
$)D&G$CD $EI %","D$F*" $EI D#"A" G'() C$D",')&"A H")"
"O($**- I&AD)&F(D"I H&D#&E D#" G'() A"DA: 9G $E- "GG"CD 'G
A"L$ED&C B)&L&E, &A "QB"CD"IP 'E" C'(*I B)"I&CD D#$D &D
H'(*I F" ,)"$D") G') &D"LA F"*'E,&E, D' $ #'L',"E'(A
C$D",')-P $A G') &EAD$EC"P D#" F'I-=B$)D C$D",')-: M'E=
A&I")&E, D#" G'() C$D",')&"A &E '() AD(I-P D#" $)D&G$CD
C$D",')- &A D#" *$),"AD 'E" $EI D#" L'AD I&%")A&!"I: 9D
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