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()(*+*,- ./ 0.12- 345/-6*27,)8

9:327,)8;<*+=*63(>,3(?���@3+A**

<*-4.2.6.<3(-2..(3116-,3(.2.(;<-(-8�

�*;*<7-16<3,3=.5B345/-6*27,-5+.1C.;�

2.,-><-(,3;<-(,-51+<A@.=.*16*16(*,�

,3�,-A0,)=.;<*+=*6-=.DE./.:3F>8.=.�

*F>4.323@.*F>=-6*=-6.:3F>@*3@<-E.*F�

$6336<-+,3>;31:327:A(3(1*8<-/(.6)8

16<-,-8/,-,.*-16<3,3=..10.6-*615,*�

;<*=*,,3F0-167G:A276A<)13(<*=*,,3@3

0*23(*:-��*=432**H63(-I,3+25,-9*F

16<-,)B<3+.,):31=3,-(6.:.�

�3;35(2*,.*,3(3@39:327,3@3;<*+=*�

6- (1*@+- ()/)(-*6 (3;<31)� �-: 2. 3,

,AI*, AI* ;*<*@<AI*,,)= /-,56.5=.

9:327,.:-=J�63,3(3@33,+-16,-E3,*

+*F16(AGK.8+.1C.;2.,J�*+316-630,3

2. 34K.8 /,-,.F 3�1*2*,,3F> :363<)*

A0*,.:;32A0-*6./1<*+16(=-113(3F.,�

E3<=-C..J

�;<*+*2*,,)F<*/3,(H63=*167��<*+�

16(-=-113(3F.,E3<=-C..2G456-16<3�

,3=.0*1:AG6*=-6.:A.0-163:,*F34<-�

K-G615� �GI*6) E-,6-16.0*1:.8 <3=-�

,3(.E.27=3(63I*0-1631(5/-,)1:31�

=.0*1:.=.;A6*9*16(.5=.>-6*2*(./.3,�

,)* 34<-/3(-6*27,)* :-,-2) 343I-G6

�:31=.0*1:AG =A/):A��1*H6316.=A2.�

<A*62G43/,-6*27,3167>,3;306.,*+-*6

,3()8/,-,.F�

�/-+-0-9:32)B;3+@363(.674A+AK.8

<-436,.:3(>1;3134,)816-(.67/-+-0..

<*9-67.8>(63=0.12*.(342-16.,-A:.>

:363<-51*@3+,55(25*615=3K,3F;<3./�

(3+.6*27,3F 1.23F� �3H63=A (-I,3> ,*

6*<55<3=-,6.0*1:.FH2*=*,6-16<3,3=..

L(*+716-<9*:2-11,.:BH63*K*.G,)F

3<@-,./= 1 5<:3F E-,6-/.*FMN> 1(5/-67

�,*4*1,AG,-A:A 1432**;<./*=2*,,)=.

;<*+=*6-=.>,*;31<*+16(*,,3;.6-GK.=.

6*8,.:A.,-94)6>6�*�1E./.:3F>8.=.*F

.6�;��*@3+,51+*2-67H63,*123I,3>;3�

1:327:A13(<*=*,,-5-16<3,3=.5>(4327�

9*F1(3*F16*;*,.>H63-16<3E./.:->-16�

<38.=.5.+-I*-16<34.323@.5�
-/A=**6�

15>�/*=,)* ,-A:.1(5/-,)1H:1;*<.=*,�

63=(:3,6<32.<A*=)8A123(.58>063,*�

(3/=3I,331AK*16(.671,*4*1,)=.6*2-�

=.� �3 H:1;*<.=*,6 =3I,3 16-(.67 ,*

6327:3(2-43<-63<..D;<.<3+-;31635,,3

16-(.6H:1;*<.=*,6)4*/,-9*@3A0-16.5�

�AI,32.97,-A0.6715 /- ,.=.,-42G�

+-67��*12.2-43<-63<,)FH:1;*<.=*,6B

H63630,3167>63-16<3,3=.0*1:.*,-42G�

+*,.5BH63+.-;-/3,�

3�'���

�(3F16(-(*K*16(-30*,71.27,3/-(.156

36*@3;236,316.D1<-(,.6*(3+A(131635�

,..;-<->I.+:316..27+-��,3@.*1(3F�

16(- -63=3( =3I,3 ./A0-67 6327:3 ;<.

:<-F,*,./:.8;236,31658>:3@+-:-I+)F

-63=�1-=;31*4* .,*(/-.=3+*F16(A*61

131*+5=.��2-43<-63<..;<*+*27,3,./�

:.* ;236,316. ,-/)(-G6 1(*<8()13:.=

(-:AA=3=O1*@3+,5H63
�

�� 0-16.C(:A4.�

���������	
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0*1:3= 1-,6.=*6<*� � ,-1:327:3 ,./:.*

;236,316.+316.I.=)(�:31=.0*1:3F2-�

43<-63<.. J

�3(<*=5132,*0,3@3/-6=*,.5=)(.+.=

1.5GKAG :3<3,A �32,C-O ** ;236,3167

P � Q
�� �� 1=

-- ��-�*=2* H63 1(*<8()13�

:.F(-:AA=>-(:31=31*B(*17=-3KA6.�

=-51<*+-��+-2551736�32,C->=)(.+.=>

:-:132,*0,-5:3<3,->;<*(<-K-517(;3�

63:132,*0,3@3(*6<->16-,3(.615(1*=*,**

.=*,**;236,3F��3<4.6)�*=2.;236�

,3167 132,*0,3@3 (*6<- 1,.I-*615 +3
Q

�� 1=
-
��<.=*<,3 6-:AGI* ;236,3167

.=*G6342-:-=*I/(*/+,3@3@-/->-=*I+A

H6.=. 342-:-=. =*I/(*/+,3* ;<316<-,�

16(3*K*<-/<*I*,,**B(1*@32.97
Q

� 1=
-
>

-63.=*,79*�$63(=.22.-<+<-/=*,79*

;236,316.1-=3@3()13:3@32-43<-63<,3@3

(-:AA=-��63=)(6-:.8A123(.58=3@A6

+32@3316-(-6715(3+.,30*16(*>,*(/-.=3�

+*F16(A5 1 +<A@.=. -63=-=.� �<. H63=

;<35(25G615 .8 1(3F16(-> ,*+316A;,)*

./A0*,.G ( 2-43<-63<..> ,-;<.=*< (3/�

4AI+*,,)* 131635,.5 1 43279.= (<*=*�

,*=I./,.��*<*83+)./6-:.8131635,.F

(131635,.51=*,79*FH,*<@.*F�/-;<*K*�

,) >6�*�;<3.183+56:<-F,*<*+:3>;3H63�

=A1336(*616(AGK.*2.,..(1;*:6<*./2A�

0*,.5 63I* ,-/)(-G6 /-;<*K*,,)=.� �

2-43<-63<.. 6-:3F (3/4AI+*,,)F -63=

345/-6*27,31632:,*6151131*+3=.;*<*�

+-16*=AH,*<@.G4*/./2A0*,.5��(<-/�

<*I*,,3=:31=31*-63=+32@3=3I*62*�

6-67 4*/ 1632:,3(*,.5> ;3:- ,* ./2A0.6

/-;<*K*,,AG2.,.G��3H63=A.=*,,3 (

1;*:6<-8=*I/(*/+,)8342-:3(4)2.34�

,-<AI*,)../A0*,)/-;<*K*,,)*;*<*�

83+)( -63=-8> 063 /-=*6,3;<3+(.,A23

-63=,AGE./.:A�

�3 =*I/(*/+,-5 1<*+- B H63 *K* ,*

;<*+*2;A1636)��*I@-2-:6.0*1:.F@-/(

1:3;2*,.58 @-2-:6.: .=**6 ;236,3167
R ? Q

�� �� 1=
- - -- > ( ;<316<-,16(* =*I+A

1:3;2*,.5=.(*K*16(-B*K*=*,79*��

1<*+,55:3,C*,6<-C.5-63=3((3�1*2*,�

,3FB3:323
� Q

Q �� 1=
- -◊ >.,)=.123(-=.

B3+.,-63=L(3+3<3+-N(:A43=*6<*;<3�

16<-,16(-��36H63-16<3,3=).,-/)(-G6

1(*<8()13:.=(-:AA=3=D(=.22.3,=.2�

2.-<+3(<-/2A09*>0*=(2-43<-63<..M

�*;*<7 34<-6.=15 : ()13:.= ;236,31�

65=��/A0-67(*K*16(3;<.1.27,3=1I-�

6..30*,7(-I,3B83654)+2563@3>0634)

;3,567>:-:3,3(*+*61*45(,*+<-8�*=2.�

�/;<.<3+,)8=-6*<.-23(()13:3F;236�

,316.=)/,-:3=)131(.,C3=L
Q

�� @ 1= N>

/32363=L
Q

�� @ 1= N>31=.*=L
Q

?Q @ 1= N�

�-:1.=-27,)*;236,316..+-(2*,.5>+3�

16.@,A6)* ( 2-43<-63<.58 ,- ;<*11-8 1

-2=-/,)=.,-:3(-27,5=.>42./:.:6*=>

:363<)*=).=**=(5+<*�*=2.��3A123�

(.F>C-<5K.8(,*+<-8;2-,*6�@.@-,63(>

2-43<-63<,)*A16-,3(:.*K*,*+365@.(-�

G6��63AI@3(3<.6735+<*�32,C->@+*

;2-/=-1I-6-+3;236,316.
Q

�S� @ 1= .=)

.=**=(3/=3I,3167./A0-67**;3(*+*,.*>

<*@.16<.<A5;<.83+5K.*366A+-,*F6<.�

,3��/(*/+);316-<9*,-9*@3�32,C->AI*

/-(*<9.(9.*1(3GH(32GC.G>316-(25G6

;312*1*45316)(-GK.*5+<-B4*2)*:-<�

2.:.� �236,3167 .8 (*K*16(- 1 6<A+3=

A:2-+)(-*615 ( ,-9*F E-,6-/..D
S P Q

�� �� @ 1=- �$63I*���63,,(,-;*<�

16:*M�6-:.834T*:63((3:<A@,-1=,3@3O

-16<3,3=)./A0-G6.8AI*(63<3*1632*�

6.*�

�3316-6:.H(32GC..=-11.(,)8/(*/+

*K*A+.(.6*27,**BH63,*F6<3,,)*/(*/�

+)>.=*GK.*;236,3167
�Q �R Q

�� �� @ 1=- �

�A6AI*,-9-E-,6-/.53:3,0-6*27,31+-�

*615B(*+7H63���=2,63,,(,-;*<16:*M

�.:3@+-,-�*=2*=),*;32A0.=(*K*16(3

;<.6-:3F;236,316.(=-:<31:3;.0*1:.8

���������	������	�	 ����
�	�����������

����
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:32.0*16(-8��./A0-67*@3(:31=31*(;32�

,*(3/=3I,3��4,-<AI*,)I*6)150.,*F�

6<3,,)8/(*/+>.=)=3I*=12*+.67/-.8

;3(*+*,.*=.,-42G+-67.8;3(*<8,3167�

�16-6.>(42./..8;3(*<8,316.1AK*16(A�

G6E-,6-16.0*1:.*=-@,.6,)*;3251.,�

+A:C.*F+3
��

�� �1>63@+-:-:(2-43<-63�

<..=)=3I*613/+-(-672.97+3
R

�� �1�


-/<)( ( ��=.22.3,3( <-/M�<5+2. (

343/<.=3*(<*=5*@3A+-1615;<*3+32*67�

�./A0-67;3(*+*,.*(*K*16(-(=-@,.6�

,)8;3258,*F6<3,,)8/(*/+=)=3I*=

AI* 1*@3+,5�� H63 ;3(*+*,.* ;3.16.,*

A+.(25*6��-;<.=*<>-63=(3+3<3+->;3�

=*K*,,)F(6-:3*;32*>./9-<.:-;<*(<-�

K-*615(,.630:AL(1;3=.,-*=1.2A�3�

<*,C-N��*12.()0.12.67;236,3167=-11)

=-@,.6,3@3;3251.,+A:C.*F
��

��� = �1>

63 ;32A0.= ,* =*,** A+.(.6*27,)F <*�

/A276-6D ( )? ? Q

�
? R� 6 1=� � �ρ µ= = � �)

6327:3;3+A=-F6*DR�63,,=-11)(:-I+3=

:A4.0*1:3= 1-,6.=*6<* ;A1636)> ;<3,.�

/-,,3F=-@,.6,)=;32*=M�H6.A123(.5

+316A;,)+25./A0*,.5>:31=31+-<.6.8

,-=� �*F6<3,,)* /(*/+) 1 <*:3<+,)=.

=-@,.6,)=.;325=.>6-:,-/)(-*=)*=-@�

,.6-<)>1*F0-1-:6.(,3.112*+AG615-16�

<3E./.:-=.�

�K*3+.,�:31=.0*1:.F43,A1 +25E.�

/.:.BH630-16.C)()13:3FH,*<@..>:363�

<)*E./.:..1;327/AG6+25/3,+.<3(-,.5

(,A6<*,,*F16<A:6A<)H2*=*,6-<,)80-1�

6.C . <3I+*,.5 ,3()8 .8 6.;3(> <-,**

,*./(*16,)8A0*,)=��*=()9*H,*<@.5

0-16.C)�A+-<,.:->6*=.,6*<*1,**<*/A27�

6-6)�&32793F-+<3,,)F:322-F+*<1;3�

134*, <-/@3,567 ;<363,) +3 H,*<@..
�Q

�� H���<3*:6�0*,7432793@3-+<3,,3�

@3:322-F+*<-LUVWXN;<*+A1=-6<.(-*6

H,*<@.G
�R

�� H�� �<5+ 2. ( 343/<.=3*

(<*=54A+*613/+-,3063�2.43432**=3K�

,3*��./:31=31-(1316-(*@-2-:6.0*1:.8

:31=.0*1:.82A0*F:,-=;<.2*6-G6;<3�

63,)1H,*<@.*F+3
?�

�� H�>(=.22.3,)

<-/H,*<@.0,**6*8>063<-/@3,5*6:322-F�

+*<��1:3<.6*2716-:3FH,*<@.*F(334K*

,*27/5;316<3.67,-�*=2*>;31:327:A*@3

<-/=*<4)24)43279*>0*=A1-=3F;2-,*�

6)��*@3(3<5AI*3*@3163.=316.��./

:31=31- 4)16<)* 0-16.C) ;<.2*6-G6 :

,-=4*1;2-6,3��:-+*=.:	:3(&3<.13(.0

�*27+3(.0@3(3<.2>063�1*2*,,-5BH63

A1:3<.6*27+254*+,)8��3>:-:(.+.=>.

1-=)*43@-6)*,*1;3134,)13/+-676-:3F

A1:3<.6*27>:363<)F4):3,:A<.<3(-213

�1*2*,,3F�

�����������	����������	���	������
	��������

�� ��	������� 	�����!"	�	#�����	
�������

��$������	��	��$����������	����	�	�� �����

���	������

%������
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)��������	������



� � � � � � � � � 	 
 � � � �  � � � � 
 � 
 � � � �  �

�,-:3,*C>.=*,,3-16<3,3=.5A:-/-2-

E./.:-=,-1AK*16(3(-,.*(;<.<3+*+(A8

6-.,16(*,,)81AK,316*FB 6*=,3F=-6*�

<...6*=,3FH,*<@..��3.1:-=.6*=,3F

=-6*<.. L- 630,** B 6*=,3@3 (*K*16(-N

-:6.(,3 /-,56) 1*F0-1 E./.:.�H:1;*<.�

=*,6-63<)� �3,567 -,6.@<-(.6-C.3,,AG

1AK,31676*=,3FH,*<@..;)6-G615E./.�

:.�6*3<*6.:.� &*/ -16<3,3=.0*1:.8 ,-�

42G+*,.F =) 4) ,.:3@+- ,* A/,-2. 3

1AK*16(3(-,..H6.8+(A8/-@-+30,)834T*:�

63( ;<.<3+)> /-;32,5GK.8 �1*2*,,AG

1(3*F =-113F�H,*<@.*F ,- �SY� �3I,3

2.97(318.K-67156*=>063>,-42G+-5?Y

=-11)�1*2*,,3F L/(*/+)> =*I/(*/+,)F

@-/>;2-,*6)N>-16<3,3=)1=3@2.A/,-673

1AK*16(3(-,...,*:363<)81(3F16(-8,*�

(.+.=)8�PY=-11)�1*2*,,3F�$6336�

:<)(-*6 ;*<*+E./.:3F /-8(-6)(-GKAG

;*<1;*:6.(AD ./A0*,.* ,-9*@3 =.<-> ;3

1A6.>6327:3,-0.,-*615M

,�-����

�16<3,3=.5> :-: . +<A@.* (*6(. *16*�

16(3/,-,.5> .1;327/A*6 1-=)* 13(<*=*,�

,)* 6*8,323@.. . 1-=- 16.=A2.<A*6 .8

<-/(.6.*��3I,3(1;3=,.67>063/-;AK*,�

,)F(����@3+A,-3<4.6A:31=.0*1:.F

6*2*1:3;�"-442 1,-0-2-+-(-2,*:-0*�

16(*,,)* ./34<-I*,.5> ;31:327:A *@3

34T*:6.(16<-+-21.27,3F-4*<<-C.*F��25

.1;<-(2*,.5H63@3,*+316-6:-.(3116-,3(�

2*,.5:-0*16(-./34<-I*,.54)2.<-/(.6)

=3K,)*=-6*=-6.0*1:.*=*63+)<*9*,.5

34<-6,3F/-+-0.>(+-27,*F9*=,-9*+9.*

;<.=*,*,.*(:3=;7G6*<,3F63=3@<-E..�

�25A2A09*,.5:-0*16(-./34<-I*,.F>

;32A0*,,)8,-/*=,)=.3;6.0*1:.=.6*2*�

1:3;-=.>1*F0-1<-/(.(-G615=*63+)-:�

6.(,3F.-+-;6.(,3F3;6.:.�
*/A276-6)

;3<-/.6*27,)D.1;3<0*,,3*,*3+,3<3+,3F

-6=31E*<3F�*=2../34<-I*,.*:31=.0*1�

:3@334T*:6-A+-*615(<*-27,3=(<*=*,.

(3116-,3(.67;306.+3.+*-27,3@3131635�

,.5> :-: 4A+63 4) 6*2*1:3; <-436-*6 /-

;<*+*23=-6=31E*<)>-,*,-+,*(3/+A9�

,3@33:*-,-�

�/A0*,.*�32,*0,3F1.16*=)1*@3+,5(

/,-0.6*27,3F16*;*,.3;.<-*615,-:31=3�

,-(6.:A.-(63=-6.0*1:.*=*I;2-,*6,)*

/3,+)� $63 16-23 ,*36T*=2*=3F 0-167G

-16<3,3=..��<.H63=:31=.0*1:.*A123�

(.516-(56;*<*+6*8,.:3F,*4)(-2)*/-�

+-0.��3/+-,)/3,+)><-436-(9.*,-;3�

(*<8,316.�.6-,-;<.6*=;*<-6A<* �P� �- ∞
.,-;3(*<8,316.�*,*<)16*=;*<-6A<3F

RZ� �+ ∞ ��-<1383+�[\\]^_`ab_c LdefeN

AI*�R2*6;A6*9*16(A*64*/<*=3,6-;3

�<-1,3F;2-,*6*>-,*:363<)*=*I;2-,*6�

,)*-;;-<-6)(A123(.58()13:3F:31=.�

0*1:3F<-+.-C...1;<-(,3,*1A612AI4A

AI*432**R�2*6M�-+*I,3167.=.,.-6G<�

,316713(<*=*,,3F4)63(3FH2*:6<3,.:.(

/,-0.6*27,3F16*;*,.345/-,-6*8,323@.�

5=><-/(.6)=;<.13/+-,..H6.8:31=.0*1�

:.8/3,+3(�

�3 -16<3,3=) ,* 316-,-(2.(-G615 ,-

;<5=3=.112*+3(-,..;2-,*6�32,*0,3F

1.16*=)��-;312*+,.*@3+)36:<)6)6)�

150.;2-,*6A131*+,.8/(*/+>.:,*:363�

*����$��	&+,,-./012/3'
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<)= ./ ,.8 63I* 836*2317 4) ;312-67

-(63=-6.0*1:.8<-/(*+0.:3(��K*,*+-(�

,3 H63 :-/-2317 0.163F E-,6-/.*F> ;3�

1:327:A =*I/(*/+,)* ;*<*2*6) 6<*4AG6

3:3231(*63()81:3<316*F��3(H63=,-�

;<-(2*,..AI*(*+*615;<-:6.0*1:-5<-�

436-��<3*:6g^hij_k^]`lkf_i^mk]_;<*+�

;32-@-*613/+-,.*1(*<8=-23@3.112*+3(-�

6*271:3@3 -;;-<-6->:363<)F36;<-(.615

13 1:3<3167G �nS 36 1:3<316. 1(*6- :

;2-,*6-=42.I-F9.8/(*/+Lα �*,6-(<-.

+<�N1;3=3K7G1(*63(3@3;-<A1->�,-+A�

(-*=3@3  ./2A0*,.*= 3@<3=,3F 1.16*=)

2-/*<3(>.1;327/AGK.8-+-;6.(,AG3;6.�

:A�$63AI*,*E-,6-/.5>-;<-:6.0*1:-5

<-436->34T*+.,.(9-5(1*4*-16<3,3=.G>

:31=3,-(6.:A.,-,36*8,323@..�

��(���(���

�-/-23174)>1(5/7=-6*=-6.:.1-16<3�

,3=.*F30*(.+,-D=-6*=-6.0*1:.F-;;-<-6

B H63 .,16<A=*,6 *16*16(3/,-,.5� �*F�

16(.6*27,3>(43279.,16(*12A0-*((-16�

<3,3=.. =-6*=-6.:- .@<-*6 12AI*4,AG

<327D-16<3,3=>;<30*1)(-5,*436*2*1:3�

;3=> 36:<)(-*6 ,3()* 34T*:6)> - /-6*=

=-6*=-6.:-;3=3@-*6*=A()0.12.673<4.�

6A34,-<AI*,,3@36*2-��34)(-*6.;3�

+<A@3=A��<-,CA/1:.F=-6*=-6.:�<4*,

�*(*<7*L�P��B�P��N>-,-2./.<A5+(.I*�

,.* ;2-,*6) �<-,> 12A0-F,3 36:<)63F

�.275=3=�*<9*2*=L��QPB�P??N>;3,52>

063 (�32,*0,3F 1.16*=* *167 *K* 3+,3

=-11.(,3*6*23>.;<*+1:-/-21AK*16(3(-�

,.*,3(3F;2-,*6),-;*<.E*<..�32,*0�

,3F1.16*=)��1,3()(-517,-36:23,*,..

�<-,-36<-10*6,3F6<-*:63<..>�*(*<7*

()0.12.2;323I*,.*,*./(*16,3F;2-,*�

6)>.;3*@3A:-/-,.G-16<3,3=)6A6I***

34,-<AI.2.D�*;6A,4)236:<)6?Q1*,�

654<5�PRZ@3+->:-:@3(3<.2.63@+->�,-

:3,0.:*;*<- �

�3(63<523172.;3+34,3*=-6*=-6.0*1�

:3* 0A+3 ( .163<.. -16<3,3=..J �3:-

,*6��-I*;3;)6:-1-=3@3�*(*<7*;<*+�

1:-/-67*K*3+,A;2-,*6A<5+3=1�32,�

C*=>(,A6<.3<4.6)�*<:A<.5>3:-/-2-17

4*/A1;*9,3FD;2-,*6-�A2:-,L6-:**/-�

<-,**,-/(-2.N,*1AK*16(A*6>-�,*;<-�

(.27,316. (+(.I*,..�*<:A<.534T51�

,.2-34K-56*3<.536,31.6*27,316.$F,�

96*F,-� �3> :-I*615> 1*F0-1 =) (,3(7

163.=,-;3<3@*=-6*=-6.0*1:3@336:<)�

6.5 432793F;2-,*6)O ,- 1*F <-/ ,* ,-

:3,0.:* ;*<-> - ,- =3,.63<* :3=;7G6*�

<-� �112*+3(-6*2. ./ �-2.E3<,.F1:3@3

6*8,323@.0*1:3@3.,16.6A6-�-F:&<-A,

.�3,16-,6.,&-6)@.,(?��Z@3+A3;A4�

2.:3(-2. 16-67G> (o:363<3F ()1:-/-2.

@.;36*/A 3o1AK*16(3(-,.. (o�32,*0,3F

1.16*=*;2-,*6)=-113F432**��/*=,)8

.o<-/=*<3= ;<.=*<,3 1o�*;6A,� �3(-5

;2-,*6->:363<AG.112*+3(-6*2.,-/)(-�

G6�*(563F;2-,*63F>=3I*634<-K-6715

(3:<A@�32,C-1o;*<.3+3=(o+*156:.6)�

1502*6��-**1AK*16(3(-,.*A:-/)(-*6

-,-2./3<4.634,-<AI*,,)8/-;312*+,.*

@3+):<A;,)8-16*<3.+3(.:-<2.:3()8

;2-,*6,-+-2*:3F;*<.E*<..�32,*0,3F

1.16*=)> ( ;351* �3F;*<-� �8 3<4.6)

<-1;<*+*2*,) ,* 8-36.0,3> - ( 3;<*+*�

2*,,3= ;3<5+:*� �-6*=-6.0*1:3* =3+*�

2.<3(-,.* ;3:-/-23> 063 �+.<.I.<A*6 

.8+(.I*,.*=,*./(*16,3*=-11.(,3*6*23

B�*(56-5;2-,*6-�

�*3<4.6-;<.42./.6*27,3./(*16,->,3

;323I*,.*;2-,*6),-3<4.6*=-6*=-6.�

0*1:-5=3+*27;<*+1:-/-67,*=3I*6��I*

+(-@3+--16<3,3=).KA6H6A;2-,*6A>,3

/-+-0- ,*;<316-5D ./�/- A+-2*,,316. 36

�32,C-�*(56-5;2-,*6- +32I,- ()@25�

+*67(*17=-6A1:23��25**;3.1:-,AI,)

1-=)*/3<:.*6*2*1:3;)>-3,.(+*E.C.�

6*��3>:-:./(*16,3>:63.K*6>636(1*@+-

,-F+*6�
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�@3<7 �*+3<3(.0 !-<)@., L��Q�B

?��RN 3;A42.:3(-2 ( ��(-,6*  16-67G

��)83+ ( ;<316<-,16(3  L16-675 4)2-

;*<*;*0-6-,-(��(-,6* p�/-?���@�N�

�,*F3,134<-2/-=*0-6*27,AG:322*:C.G

;2-,.=*6<.0*1:.8/-+-0>(<*9*,..:363�

<)8 .1;327/3(-2.17 6<*8=*<,)* :3,16�

<A:C..��:-I+3F./H6.8/-+-0>;*<*E<-�

/.<A5./(*16,3*./<*0*,.*�+-=-<->42.�

I-F9.F ;A67 =*I+A +(A=5 .16.,-=. (

;231:316. 2*I-2 0*<*/ 6<*8=*<,3* ;<3�

16<-,16(3� � ( ���Qo@3+A ()9*2 ,3()F

(-<.-,6H63F16-67.;3+,-/(-,.*=��*3�

=*6<.0*1:.F 16*<*31:3; > +3;32,*,,)F

,3()=..,6*<*1,)=..;3<3F,*3I.+-,�

,)=.;<.=*<-=.L-(63<)16-67.B���A4�

<3(1:.F>��!-<)@.,N��-;<39*+9.*1

6*8;3<0*6(*<67(*:-=,3@3*4)2336:<)63

.;*<*31=)12*,3��35(.2.17,3()*/-+-�

0.>./=*,.2317;3,.=-,.*16-<)8��3@+-

34T*=1(*I*@3=-6*<.-2-;<*()1.2:<.6.�

0*1:AG36=*6:A>=)<*9.2.(*<,A6715:

H63F6*=*��,-/(-,.*316-(.2.;<*I,.=

L-(63<A,*A+-2317;<.+A=-67432**A+-0�

,)F /-@323(3:N> 2.97 +34-(.( : ,*=A

C.E<A ?> :-: +*2-G6 ( 6-:.8 12A0-58

:.,*=-63@<-E.16)>(3/(<-K-517:;32G�

4.(9.=151GI*6-=�

���
'�����

�-0,*=1+(A813(*<9*,,3<-/,)8/-�

+-0>1(5/-,,)83+,3F.+**F��*<(-55(�

25*615 3434K*,.*= ./(*16,3F /-+-0. 3

9*16.1;.0:-8�

������
���������	�	
�����	�������
�	��� ������������� ��� �����������	�
���������	������������������������	��
�	��	�
�*<(3*>063;<.83+.6(@323(A>B123�

I.676<.6<*A@327,.:->3+,-1;.0:-;<.

H63=316-,*615��3I,3H:3,3=.671;.0:.>

1:2-+)(-56<*A@327,.:.134K.=.163<3�

,-=.��-;<.=*<> 1+*2-67 +(* ;-<) 6<*�

A@327,.:3(L<.1��>�N��36<-6.=<3(,3��
1;.0*:> ,3 6<*A@327,.:3( ;3�;<*I,*=A

=-23��3*+.,.=H6.;-<)(3+,AE.@A<A>

;<. H63= 31(343+.615 3+,- 1;.0:-

L<.1��> N� �*;*<7 =3I,3 ()F6. ( ;<3�
16<-,16(3.13@,A67H6AE.@A<A>13(=*16.(

630:.!."LA123(.*/-+-0.H63,*/-;<*�
K-*6N>31(343+.(*K*3+,A1;.0:AL#"N�
�<*A@327,.:3(;3�;<*I,*=A0*6)<*��63

+-279*J�12.630:.�.$13*+.�
,.67 3+,3F ./ +(A8 1(343+,)8

1;.0*:>63;32A0-*615E.@A<-./

+(A8;.<-=.+L<.1��>�N��0.6-*=
6<*A@327,.:.B;32A0-*=�M�+,-

1;.0:-316-*615��12.4)*F=3I�

,34)2313*+.,.67630:.!.%>63
+34-(.2.174)*K*6<.6<*A@327�

,.:-L%!�>%!$.%!#N./-+-0-
4)2- 4) <*9*,-� �) ;306. A

C*2.M�3A()M
-11635,.*!%>:-:

,*123I,3;3+10.6-67><-(,3
? ?

Q
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H6343279*���-:=3I,32.123I.67��

6<*A@327,.:3(J

�3(63<3F/-+-0*6<*4A*615123I.67./

;231:3@32.16-4A=-@.;3(*<8,3167����
BE.@A<)>;383I*F,-4A42.:L<.1�?N�

������
���������	�����������&���
������'���	�� ����	��������� '������
�	��������()�����	����&�	����� �����

����*���&�� ������ ������� �����	�
����+,
�<5=3A@327,)F2.162*@:31(*<,A67(

�6<A430:A > 6�*� ( C.2.,+<��3 +-279*

1(*<,A67H636C.2.,+<(63<>.+-I*;<3�

163 13@,A67 *@3> ,* ;32A0-*615� �.2-0

=3I*613@,A67I*2*/,AG6<A4A>,3;3(*<8�

,3167 6<A4) ;<. H63= <-165,*615> 6-:

+*2-67,*27/5��3I,3;<5=3A@327,)F2.16

1(*<,A67(:3,A1L8365;<.H63=316-,*615

,*.1;327/3(-,,)F:A13:N��(63<J

�- =-6*=-6.0*1:3= 5/):* H6- /-+-0-

/(A0.66-:D

�������	������-�.	������������	��
���� 	
�����	���	�� ���� ��
����	���
�������������&�����	�'������	�	����
���������	�
�-:=)(.+*2.>A0-16:.;231:316.=3I�

,3./3=*6<.0*1:.;<*34<-/3(-67(C.2.,+<

.(:3,A1�

�/3=*6<.0*1:3* ;<*34<-/3(-,.* :A1:-

;231:316. ( :A13: 1E*<) B =*06- (1*8

:-<63@<-E3(M �<. H63= ;231:.* :-<6)

=3I,3 4)23 4);*<*(3+.67 ,- @234A1 1

138<-,*,.*=(1*8<-11635,.F��3A()>H63

,*(3/=3I,3��E*<-+-I*23:-27,3,*./3�

=*6<.0,-;231:316.��3:-/-67H63;<3163�

�3/7=*=1E*<A<-+.A1-�>630:A/,-,*F

.<-11=36<.==,3I*16(3(1*8630*:1E*<)>

A+-2*,,)836/,-=-2*,7:3*<-11635,.*

0�
-11635,.*,-1E*<*BH63+2.,-+A@.
432793@3:<A@->;<383+5K*@30*<*/C*,6<

1E*<)��/ ;<3./(327,3F 630:.! H63@3
=,3I*16(-3;A16.=;*<;*,+.:A25<!1,-
;<5=AG#/L<.1�QN�	1,3>063*@3+2.,-

2=*,79*>0*=0L+2.,-+A@.!/N��-9*

=,3I*16(3B3:<AI,3167<-+.A1-21C*,�
6<3=1>**+2.,-<-(,- ? 2π ��12.:A13:

1E*<)=3I,3 ./3=*6<.0*1:. 3634<-/.67

,-;231:3167>63H6-3:<AI,3167;*<*F+*6

( 3:<AI,3167 <-+.A1- 0 . +2.,3F ? 0π �

�2.,-3:<AI,316.A(*2.0.2-17>/,-0.6>

H63B,*./3=*6<.5�

�6-:>1E*<-,*./3=*6<.0,-;231:316.�

�63<J�3:-/-676-:I*;<3163>:-:+25

1E*<)>,*;32A0-*615��3I,3;3H:1;*<.�

=*,6.<3(-671(*231.;*+,3F;3:<)9:3F�

�<3+*>,.:-:3F**:A13:,*<-/(3<-0.(-*6�

15,-;231:3167��6*=,*=*,**���

�-:,.16<-,,3>=*I+A+(A=5H6.=./-+-�

0-=.*16734K**��-,.=.163.63+,-.6-I*

.+*5��)(*<,*=15:,.=(:3,C*16-67.>-

1,-0-2-<-11=36<.=,*1:327:3(-I,)8;<.�

=*<3(./@*3=*6<..>:363<)*<*9-G6151

;3=3K7G()83+-(;<316<-,16(3�
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�,3(-,-0,*=1/-+-0.>,3**>(362.0.*

36+(A8;<*+)+AK.8><*9.=1<-/A�

������
 ��3��������	� ���'� ���� ��
�������-*	�&������+�3���	���������
����������1������4��	����	����������
�'��	
������'��������'��������������

����������	���5�6���(�	+7,+

�-I*0-16,)*12A0-.H63F/-+-0.(*17=-

.,6*<*1,)� �-;<.=*<> *12. :-I+-5 ./

3:<AI,316*F()<3I+-*615(630:A��H63=

12A0-*+2.,-:-1-6*27,3F;<*(<-K-*615(

<-11635,.*+3H63F630:.��32A0-*==,3�

I*16(3 630*:> 36,39*,.* <-11635,.F 36

:363<)8+3+(A8+-,,)8630*:<-(,35�
$63B3:<AI,3167�;3223,.5L3,*F=3I�

,3;<30.6-67>,-;<.=*<> ( 16-67*���.�

2.;;3(1:3@3��317* ,-3:<AI,3167�;32�

23,.5 (��(-,6* pR/-?��R@�N��12.

5q�>63+252G43F;-<):<A@3(+-,,3*
=,3I*16(3 B ;<5=-5> ;*<;*,+.:A25<,-5

.82.,..C*,6<3(L<-+.:-27,-5317N��

:-:3(36(*6(34K*F1.6A-C..J

�-I*�83<39.* 0-16,)*12A0-.,*;<3�

51,5G6+*23��-;<.=*<>:-:3F4A+*636(*6

+25<-(,)8:<A@3(;<.;<3./(327,3=5J
�2.+25630:..:<A@-J�-=3**16*16(*,,3*

<*9*,.*B=*63+3=:33<+.,-6L;3;<34AF�

6*MN��3(1*I*@*3=*6<.0*1:3*<*9*,.**167M

�,-0-2*1+*2-*=,*43279.*;<.@363(2*�

,.5��);*<*F+*=:432**34K*F/-+-0*>

:3@+-:<A@.=3@A6;*<*1*:-6715��36,39*�

,.*+2.,:-1-6*27,)8/-=*,.=,-36,39*�

,.*16*;*,*F630:.36,31.6*27,33:<AI�

,316*F��-;3=,.=>06316*;*,7630:./
36,31.6*27,3 3:<AI,316. <-(,-

? ?8 2− >

@+*2B<-+.A13:<AI,316.>-8B<-11635�
,.*36**C*,6<-+3/� �12./2*I.6

(,A6<.3:<AI,316.>63**16*;*,736<.C-�

6*27,->-*12.(,*B;323I.6*27,-.<-(,-

:(-+<-6A+2.,):-1-6*27,3F./630:./�

�6-:>/-+-0-;<.,.=-*66-:3F(.+�
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0.123;<3./(327,)��<*9*,.*4A+*6;<3�

K*M�-I*615;-<-+3:1-27,)=>,3/-H6.=

163.6(-I,)F;<.,C.;D*12.,*;32A0-*6�

15+3:-/-67A6(*<I+*,.*>;3;<34AF6*1,-�

0-2-*@33434K.67.A1.2.67>-AI;363=

+3:-/-67��-:;.1-2./(*16,)F=-6*=-6.:

�7r<+7�3F5D��3:-/-6743279*.,3@+-

;<3K* �

�K*,-=;3,-+34.6156-:-52*==-�
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1/=1<�>�9+�?�����1���	'�����������
������������&*�-�����
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