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Z[\ ]^_``a]_^ b_c_daef gh e_f\ i[\gcj _``kf\` i[\ hk ^^ c_iagl_^aij gh ali\c_]m
ian\ _e\li` o pl b_cia]k ^_c q ai ghi\l _``kf\` kl^af ai\d ]gfbki_iagl_^ b gr\c o
sgr\n\c q i[\c\ _c\ f_lj e_f\` r[\c\ ai a` afbg``at ^\ ig _``kf\ i[_i i[\
b ^_j\c` ]_l afb^\f\li _^^ `ic_i\ea\` o pl h_]i q i[\ lkft\c gh `ic_i\ea\` gh i[\
c\b \_i\d e_f\ ecgr ` _i _ dgkt ^\ \ub gl\lia_^ c_i\ al i[\ lkft\c gh c\b \iam
iagl` q _ld f_lj gh i[\ `ic_i\ea\` _c\ lgi afb^\f\li_t^\ tj c\_`gl_t ^\m`av\d
]gfbkiale _e\li` o

w ]\lic_^ xk\`iagl i[_i _ca`\` a` [gr dg\` i[\ gki]gf \ gh _ ean\l alm
i\c_]iagl d\b \ld gl i[\ _e\li` y ]gfbki_iagl_^ b gr\c o zn\c i[\ ^_`i irg
d\]_d\` f _lj b_b \c` [_n\ d\n\^gb \d _ i[\gcj i[_i \l_t^\` gl\ ig xk_lm
iahj i[\ afb_]i gl i[\ gki]gf \ gh `k][ ^af ai` gl afb^\f\li_t^\ `ic_i\ea\` o
Z[\ e\l\c_^ hc_f\rgc{ gh i[a` i[\gcj ]gl`ad\c` c\b \_i\d e_f\` r[\c\ \_][
b^_j\c a` c\`ica]i\d ig _ `kt ]^_`` gh `ic_i\ea\` i[_i _c\ afb^\f\li_t^\ tj
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f_][al\` r ai[ bc\`]cat \d tgkld` gl ai` ]gfb^\u aijo �gc al`i_l]\ q �\l �gm
c_i[ ��� q � _^_a ��� q � _^_a _ld �i_lhgcd �	� q 
 \eaddg _ld � ade\c`gl �±�� q
\jf_l �±±� �±�� q  \jf _l _ld z{_d_ �±�� q �_b_daf aicagk _ld �_ll_{_{ a`
�±�� `ikdj c\b \_i\d e_f\` r ai[ t gkld\d _kigf_i_ q �\[c\c ��� q ��� `ikdj c\m
b \_i\d e_f\` r ai[ t gkld\d c\]_^^ q _ld �g``l\c ��� `ikda\` c\b \_i\d e_f\`
b ^_j\d tj bg^jlgf a_^ iaf \ Zkcale f _][al\` o

Z[\ `ikdj gh \xk a^atca_ gh i[\ c\`k ^iale `ic_i\ea] djl_f a] ali\c_]iagl`
^\_d` ig b[\lgf\l_ i[_i _c\ _t`\li al i[\ �kl]gl`ic_al\d � c\b \_i\d e_f\ o
�gc al`i_l]\ q ]gl`ad\c _ �mb ^_j\c c\b \_i\d e_f\ al r[a][ b^_j\c` � _ld
� hgcf _ i\_f q b ^_j\c ± a` c\`ica]i\d ig ][gg`ale _ b \cagda] `\xk\l]\ gh
b \cagd � _ld b^_j\c` � _ld � _c\ c\`ica]i\d ig _kigf_i_ gh `av\` �� _ld
�� c\`b \]ian\^jo � \`k^i` dk\ ig �\l �gc_i[ ��� _ld  \jf_l �±�� `[gr
i[_i q r[\l\n\c �� � \ub �� � � hgc � `k� ]a\li^j ^_ce\ q _ld �� � � �^ge � � q
]gfb^\u aij t gkld` afb^j i[\ `\xk\l]\ ]_l t \ hk^^j d\]gd\d tj b^_j\c � q
r[\c\_` ai c\f_al` ]gfb^\i\^j klbc\da]i_t ^\ hgc b ^_j\c � o s\l]\ q ai f _j
t\ bcg i_t ^\ hgc i[\ i\_f i[_i b ^_j\c � `[_c\` b_ci gh ai` {lgr ^\de\ gh i[\
`\xk\l]\ r ai[ b^_j\c � o Z[\ gl^j r_j i[_i b ^_j\c � ]_l `\ld alhgcf_iagl ig
b ^_j\c � a` tj i[\ b_cia]k ^_c ][ga]\ gh _]iagl dkcale i[\ ]gkc`\ gh i[\ e_f\ o
Z[a` a` r[_i r\ c\h\c ig _` !"#$" % &!''("$&)*$!" i[cgke[ _]iagl` q gbb g`\d
ig !+ $"% &!''("$&)*$!" i[cgke[ `gf\ gki`ad\ ]gffkla]_iagl ][_ll\^ o �\
aln\`iae_i\ i[\ t \`i f\_l` hgc i[\ i\_f ig _][ a\n\ i[a` ]gffkla]_iagl q
r[a][ ^\_d` ig i[\ `ikdj gh gl ^al\ ]gffkla]_iagl tj tgkld\d^j c_iagl_^
_e\li` o

pl gcd\c ig `ale^\ gki i[\ bcgt ^\f gh \� ]a\li gl^al\ ]gffkla]_iagl q
r\ ]gl`ad\c _l _ku a^a_cj �mb ^_j\c e_f\ q ]_^^\d i[\ �mb ^_j\c gl^al\ f_i][ale
b\lla\` o pi` _l_^j`a` a` gh ald\b \ld\li ali\c\`i _ld ai \l_t^\` ig d\can\
c\`k^i` c\e_cd ale c\b \_i\d e_f\` r ai[ t gkld\d _kigf_i_ _ld,gc t gkld\d
c\]_^^ o

Z[\ �mb ^_j\c f_i][ale b \lla\` a` _ v\cgm`kf e_f\ al r[a][ \_][ gl\ gh
i[\ � b ^_j\c` ][gg`\` _l _]iagl al -� . ±/ q _ld i[\ b_jg0 ig b ^_j\c` � _ld � a`
± ah i[\ � _]iagl` ]gal]ad\ _ld � gi[\cr a`\ o pl i[\ 1 m`i_e\ n\c`agl gh gl^al\
f_i][ale b \lla\` q b ^_j\c ±  c`i ][gg`\` _ `\xk\l]\ gh _]iagl` al -� . ±/2 q
r[a][ a` i[\l _llgkl]\d ig b ^_j\c � o Z[\ c\b \_i\d e_f\ i[\l bcg ]\\d` q
al r[a][ b^_j\c ± b ^_j` i[\ ][g`\l `\xk\l]\ q b ^_j\c � b^_j` _]]gcdale ig
ai` {lgr ^\de\ gh i[\ `\xk\l]\ _ld ai` gt`\cn_iagl gh b ^_j\c � y` _]iagl` q _ld
b^_j\c � b^_j` gl^j ]gldaiagl_^ ig b_`i _]iagl` o 3 ^\_c^jq i[\ bcgt ^\f h_]\d
tj i[\ i\_f al i[\ e_f\ gh gl ^al\ f_i][ ale b \lla\` a` i[\ `_f\ _` al i[\
bc\n agk`^j d a`]k``\d e_f\ b^_j\d tj  lai\ _kigf_i_ q l_f\^j ig \� ]a\li^j
k`\ gl^al\ ]gffkla]_iagl hcgf b^_j\c � ig b ^_j\c � o

Z[\ b \chgcf_l]\ gh _ `ic_i\ej hgc i[\ i\_f ]_l t \ f\_`kc\d kld\c
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da0\c\li _``kfbiagl` gl [gr i[\ `\xk\l]\ a` ][g`\l o pl b_cia]k ^_c q i[\
`\xk\l]\ f_j t \ c_ldgf aoa od o � �� . �� � q gc ai f _j t \ i[\ rgc`i bg``at ^\ _e_al`i
i[a` e an\l `ic_i\ejo pl t gi[ ]_`\` q r\ `ikdj i[\ gbiaf av_iagl bcgt ^\f gh i[\
i\_f o zkc f_al c\`k^i `[gr ` q `gf \r[_i `kcbca`ale^jq i[_i i[\ n_^k\ q a o\ oq
i[\ f_u af_^ b_jg0 i[_i i[\ i\_f ]_l ek_c_li\\ q al t gi[ ]_`\` ]gal]ad\ o
_f\^jq r\ bcgn\ i[\ \u a`i\l]\ gh _ n_^k\ � � `k][ i[_i i[\c\ \u a`i bkc\
`ic_i\ea\` gh i[\ i\_f i[_i ek_c_li\\ � � al i[\ ^gle ckl _e_al`i _^^ `\xk\l]\` q
_ld hkci[\cfgc\ q lg `ic_i\ej gh i[\ i\_f ]_l gti_al fgc\ i[_l � � _e_al`i
_l a oa od o � �� . �� � `\xk\l]\ o �\ _^`g ean\ _l _l_^jia]_^ hgcfk^_ hgc � � q _ld
d\`ael �mgbiaf _^ `ic_i\ea\` o

�\ alicgdk]\ hgcf_^^j i[\ fgd\^ gh gl ^al\ f_i][ale b \lla\` al �\]iagl � q
_ld a^^k`ic_i\ ai r ai[ \u_fb^\` gh `ic_i\ea\` al �\]iagl � o �\]iagl � bc\`\li`
i[\ f _al c\`k^i q bcgnad\` i[\ hgcfk^_ hgc � � q _ld alicgdk]\` ig g^` hgc i[\
bcggh` o pl �\]iagl � q r\ t gkld i[\ b_jg0 i[_i i[\ i\_f ]_l gti_al _e_al`i
_ c_ldgf `\xk\l]\ tj � � o 
 gc\gn\c q r\ ]gl`ick]i �mgbiaf _^ `ic_i\ea\` i[_i
ek_c_li\\ � � � � _e_al`i _^^ `\xk\l]\` al ^gle e_f\` al �\]iagl 	 o � al_^^jq r\
]gl]^kd\ al �\]iagl � r ai[ _bb^a]_iagl` ig c\b \_i\d e_f\` b ^_j\d tj  lai\
_kigf_i_ q gc tj b^_j\c` r ai[ t gkld\d c\]_^^ o

� � UV�� � 	R �YR� 
�SX� YR ��RRY��
� �� ��� �������� ����
�\ ]gl`ad\c _ �mb ^_j\c e_f \ gh f_i][ale b \lla\` o � ^_j\c` ±q � q _ld � ][gg`\� q � q _ld  al -� . ±/ q _ld i[\ b_jg0 ig b ^_j\c` � _ld � a` e an\l tj !

" �� . � .  � � #± �$ � � � �  
� gi[\cr a`\

_ld ]_l t \ c\bc\`\li\d tj i[\ b_jg0 f_ica]\` !
± �
� �

� �
� ±

r[\c\ b ^_j\c ± ][gg`\` i[\ cgr q b ^_j\c � ][gg`\` i[\ ]g^kfl q _ld b^_j\c �
][gg`\` i[\ f_icau o Z[\ b_jg0 ig b ^_j\c ± a` �" �� . � .  � o

� ^_j\c � a` ]_^^\d i[\ bcgb[\i q _ld b^_j\c � i[\ hg ^^gr\c o � al]\ i[\j [_n\
_ ]gffgl b_jg0 hkl]iagl q b ^_j\c` � _ld � hgcf _ i\_f o
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� �� ��� ��� ����� ����
w �bkc\ � `ic_i\ej hgc i[\ bcgb[\i a` _ f_bbale � ! -� . ±/� � -� . ±/� r ai[ ]gm
gcdal_i\` ��2 �2 o w �bkc\ � `ic_i\ej � hgc i[\ hg ^^gr\c a` _ f_bbale � ! -� . ±/� �
-� . ±/� � -� . ±/� r ai[ ]ggcd al_i\` ��2 �2 `k][ i[_i �2 d\b \ld` gl i[\ _]miagl` gh b ^_j\c` ± _ld � hcgf `i_e\` ± ig 1 � ±o

s\l]\ q b ^_j\c ± ][gg`\` _ `\xk\l]\ gh _]iagl` q _ld dg\` lgi c\_]i ig i[\
i\_f y` _]iagl` o � ^_j\c � [_` {lgr ^\de\ al _dn_l]\ gh i[\ _]iagl` gh b ^_j\c
±q _ld ]_l b^_j _]]gcdale^jo � ^_j\c � y` _]iagl` d\b \ld gl i[\ b_`i _]iagl`
gh b ^_j\c` ± _ld � o

� an\l _ `\xk\l]\ � 	 -� . ±/� _ld `ic_i\ea\` � . � hgc i[\ i\_f q i[\ alm
dk]\d `\xk\l]\` gh _]iagl` �
2 �2 _ld ��2 �2 gh i[\ bcgb[\i _ld i[\ hg ^^gr\c_c\ ean\l tj i[\ c\^_iagl` ! �
2 �2 � � �� � q ��2 �2 � � �� . � � o wlj bcgt_ta^aij� gl -� . ±/� ige\i[\c r ai[ `ic_i\ea\` �� . � � aldk]\` _ bcgt_ta^aij da`icatkm
iagl � �� gl i[\ `\i gh `\xk\l]\` ��� . 
� . �� � al �-� . ±/ � -� . ±/ � -� . ±/�� o
� �� ����� ����
�\ _ddc\`` i[\ hg ^^gr ale xk\`iagl` !

� � [_i a` i[\ t \`i \ub \]i\d b_jg0 i[_i i[\ i\_f ]_l ek_c_li\\ _e_al`i
_ � � %� da`icatkiagl gn\c `\xk\l]\` gh b ^_j\c ±�

� � [_i a` i[\ t \`i b_jg0 i[_i i[\ i\_f ]_l ek_c_li\\ _e_al`i )# # `\m
xk\l]\` gh b ^_j\c ±�

�\ i[\c\hgc\ alicgdk]\ i[\ hg ^^gr ale lgi_iagl` !
� an\l _ bcgt_ta^aij � gl -� . ±/2 q ^\i

�2 �� � � f_u �� ±
1 ��� � 

2!
�" � " ��� . 
� . �� �

_ld ^\i �2 � fal� �2 �� � os\l]\ q _``kf ale � # � q �2 �� � a` i[\ t \`i \ub\]i\d b_jg0 i[\ i\_f ]_l
gti_al al i[\ 1 m`i_e\ e_f\ q _ld �2 a` i[\ t \`i \ub \]i\d b_jg0 _e_al`i i[\
rgc`i da`icatkiagl � o

Z[\ f alaf_^ b_jg0 i[_i `ic_i\ea\` � . � gh i[\ i\_f ek_c_li\\ _e_al`i
_^^ `\xk\l]\` a` f al $% & '& �2 ( 2�" � " ��� . 
� . �� � al i[\ 1 m`i_e\ n\c`agl o w bckm
d\li ][ga]\ gh `ic_i\ea\` hgc i[\ i\_f rgk^d f_u af av\ i[ a` f alafkf b_jg0 o
s\l]\ q e an\l 1 	 ) q r\ ^\i

* 2 � f_u �� fal$% & '& ±1
2!

�" � " ��� . 
� . �� � +
�



� al]\ _ `ic_i\ej i[_i ek_c_li\\` * 2 _e_al`i _^^ `\xk\l]\` gh b ^_j\c ± _^`gek_c_li\\` * 2 _e_al`i _lj da`icatkiagl gh `\xk\l]\` q * 2 � �2 �� � hgc _lj �
_ld i[\c\hgc\ * 2 � �2 o
� ��RVYV�S� �ST�S� Y��
�\ bc\`\li irg `ic_i\ea\` hgc i[\ i\_f _ld _l_^jv\ i[\ac b_jg0 ` tgi[ _e_al`i
i[\ da`icatkiagl � � �±�� . ±����2 q _ld hgc i[\ rgc`i ]_`\ o

�����	
 �� 3gl`ad\c i[\ `ic_i\ea\` ean\l tj 
 � � hgc i[\ bcgb[\i _ld tj
_l _ct aic_cj `\xk\l]\ gh _]iagl` � � �� � . + + + . �2 � hgc i[\ hg ^^gr\c o

� we_al`i � q i[\ _n\c_e\ \ub \]i\d b_jg0 a` � +� o
� Z[\ rgc`i bg``at ^\ `\xk\l]\ a` � � �± � � � . + + + . ± � �2 � q _ld i[\ ]gcmc\`bgldale b_jg0 a` � o

�����	
  � w``kf\ i[\ bcgb[\i b ^_j` gl gdd `i_e\` i[\ l\ui _]iagl ghb ^_j\c ± _ld gl \n\l `i_e\` i[\ hg ^^gr\c _ld i[\ bcgb[\i b ^_j i[\ bc\nagk`
_]iagl gh i[\ bcgb[\i o Z[\ hg^^gr\c b ^_j` _l _ct aic_cj `\xk\l]\ gh _]iagl`
gl i[\ gdd `i_e\` o

Z[\ c\`k^iale `\xk\l]\` gh _]iagl` _c\ !
� � �� � . � � . � � . �� . + + + . �2 �
 � �� � . � � . � � . �� . + + + . �2 �� � �� � . � � . �� . �� . + + + . �2 � +

� we_al`i _ `\xk\l]\ da`icatki\d _]]gcdale ig � q i[\ i\_f gti_al` !
� ± _i \n\l `i_e\` �
� _l \ub \]i\d b_jg0 gh �� _i gdd `i_e\` �
� c\`k^iale al _l _n\c_e\ \ub \]i\d b_jg0 gh � +	�� o

� we_al`i i[\ rgc`i b g``at ^\ ]_`\ q i[\ b_jg0 ` _c\ !
� ± _i \n\l `i_e\` �
� � _i gdd `i_e\` �
� c\`k^iale al _l _n\c_e\ b_jg0 gh � o� o

Z[\ `ic_i\ea\` al �u_fb^\ ± dg lgi alng^n\ _lj ]gffkla]_iagl o �ic_i\m
e a\` gh �u_fb^\ � q r[a][ alng^n\` ]gffkla]_iagl _i gdd `i_e\` q afbcgn\
tgi[ al i\cf ` gh \ub \]i\d b_jg0 _e_al`i � _ld _e_al`i i[\ rgc`i ]_`\ o

�



� � � YR T��W �S
�\ ^\i � � t \ i[\ �klaxk\ � `g ^kiagl gh i[\ \xk_iagl

� �� � � �± � � � ^ge � � � ±
r[\c\ � a` i[\ \licgbj hkl]iagl � �� � � �� ^ge � � � �± � � � ^ge � �± � � � hgc� 	 �� . ±� o
��
��
� � �� % 	 )' % !
 !"#$" % ' )*&� $"	 � %""$%� �)� )#( % � � $" *� % 
 !#�#!� $"	 �%"�%�

�� �$*� � � � �� . �� ��� � 
 !� )# # � *�)*%	 $%� � . � !
 *� % *%)' )"� 
 !� )# #
1 	 ) �

±
1

2!
�" � � �� � " ��� . 
� . �� � � � � +

�� �� %�% %� $� * � *�)*%	 $%� � . � !
 *� % *%)' �(&� *�)*� 
 !� )# # � � � *� %�%%� $� *� � �(&� *�)* 
 !� )# # 1 � � )"� 
 !� )# # � �
±
1

2!
�" � � �� � " ��� . 
� . �� � � � � � � +

� �� ����� ���� ��� ��� ��
�\ alicg dk]\ i[\ igg^` l\\d\d hgc i[\ bcggh gh Z[\gc\f ±o

� �� �� �
 
��	  �!�!"� #
� an\l _  lai\ `\i �gc _ f\_`kc_t ^\ `b_]\ � � r\ d\lgi\ tj $ �� � i[\ `\i gh
bcgt_ta^aij f\_`kc\` gl � o

�gc � 	 % q r\ ^\i �� � _ld &�' d\lgi\ i[\ ali\e\c b_ci _ld i[\ `kb \cagc
ali\e\c b_ci gh � c\`b \]ian\^j �� � ± ( �� � � � _ld � � &�' ( � � ±� o � an\l
_  lai\ `\i � q )� ) d\lgi\` i[\ ]_cdal_^aij gh � o

� an\l irg `\xk\l]\` * � �*2 �2 _ld + � �*2 �2 gh b g`aian\ lkft\c` q r\rcai\ * +� + r[\l\n\c ^af2,- ./0 12 3./0 422 � � o

� �� � � !���5 � 6 7� 6 "!"� �	 
 !���5
�\i � t \ _ c_ldgf n_ca_t ^\ gn\c _  lai\ `\i 8 r ai[ da`icatkiagl 9 o Z[\
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