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�`hu[b	 cj`	a`	 ]n\n][`_	 bidfd]	g`_d'
kdqds^l	b^b_`gadsd	idkodk[�	dmdau[_`qr'
ad	 bpdfg^fd][]y[lbl	 ]	 b`g^k`bl_no	 sd'
k[o	ifdyqdsd	]`m[�	�`bqdjad	cm[\[_r	bi^'
bdm	 q^_`f[_cfn�	 ]mqtu[tv^h	 gadj`b_]d
b_[_`h	^	k[j`	cu`ea^md]�	]	md_dfno	bpdf'
gcq^fd][an	f[\f[ed_[aan`	dbad]an`	id'
qdj`a^l	b^b_`gadsd	[a[q^\[	]	b[gdg	de'
v`g	 ]^k`�	 �ka[md�	 ]	 if[m_^u`bm^o	 \[k['
u[o	^bidqr\d][a^`	b^b_`gadsd	[a[q^\[	u['
b_d	 adb^_	 k`mq[f[_^]anh	 o[f[m_`f�	 [	 f`'
\cqr_[_n	 dx`a^][t_bl	 a[	 m[u`b_]`aadg
cfd]a`�

�[k[uc	 idb_fd`a^l	 mq[bb^p^m[x^^	 a`'
f`kmd	f[bbg[_f^][t_	m[m	\[k[uc	idb_fd`a^l
b^b_`gadsd	if`kb_[]q`a^l	de|`m_[	^bbq`kd'
][a^l�	�	w_dg	iq[a`	d_g`_^g�	u_d	kd]dqrad
u[b_d	k[j`	_`fg^an	zmq[bb^p^m[x^l{	̂ 	zb^'
b_`g[_^\[x^l{	 cid_f`eqlt_bl	 m[m	 b^ada^'
gn�	�[	 b[gdg	 k`q`	 mq[bb^p^m[x^daan`	 ^
b^b_`gan`	 if`kb_[]q`a^l	 bdbcv`b_]ct_	 ^
]\[^gad	 kdidqalt_	 kfcs	 kfcs[	 a[b_dqrmd
u[b_d�	 u_d	 ifd^bodk^_	 a`f`kmd	 bg`y`a^`
mq[bb^p^m[x^daano	 ^	 b^b_`gano	g`_dkd]
^bbq`kd][a^l�

�qsdf^_gn	mq[bb^p^m[x^^	m[m	_[md]n`
a`	b]l\[an	b	b^b_`gang^	if`kb_[]q`a^l'
g^	 bd]dmciadb_^	 de|`m_d]�	 ad	 mf^_`f^^
dx`am^	 f`\cqr_[_d]	 if^g`a`a^l	 [qsdf^_'
gd]	 cj`	 kdqjan	 cu^_n][_r	 b^b_`gan`
if`kb_[]q`a^l	ded	]b`h	bd]dmciadb_^�	�['
k[u[	a[y`h	f[ed_n	\[mqtu[`_bl	]	_dg�	u_d'
en	idm[\[_r�	u_d	]	f[gm[o	b^b_`gadsd	idk'
odk[	 ^g``_bl	 ]d\gdjadb_r	 k[_r	 de|lba`'
a^`	a`md_dfng	\[mdadg`fadb_lg�	b]l\[a'
ang	 b	 mdq^u`b_]`aang^	 dx`am[g^	 idqc'
u`aano	 mq[bb^p^m[x^daano	 f[\e^`a^h�
md_dfn`	]nf[j[t_bl	u`f`\	i[f[g`_fn	f[a'
sd]no	 f[bif`k`q`a^h�
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�bad]an`	if^ax^in	b^b_`gadsd	idkod'
k[	ck[qdbr	bpdfgcq^fd][_r	idu_^	dkad]f`'
g`aad	]	a`bmdqrm^o	k^bx^iq^a[o�	�ka^g^
^\	 i`f]no	 ]]`q^	 ]	 f[bbgd_f`a^`	 idal_^`
b^b_`gn	 ^	 b^b_`gadsd	 idkodk[	 e^dqds^�
md_dfn`	if^k`fj^][q^br	]\sqlk[	a[	j^]dh
dfs[a^\g	m[m	̂ a_`sf^fd][aad`	x`qd`�	�k`^�
]nk]^ac_n`	e^dqds[g^�	bidbdeb_]d][q^	id'
l]q`a^t	ad]dsd	bidbde[	[a[q^\[�	!	b^b_`g'
adsd	[a[q^\[�	di^f[tv`sdbl	a[	b]l\adb_r	^
]\[^gdd_ady`a^l	d_k`qrano	wq`g`a_d]	b^'
b_`gn�	�dsq[bad	w_dgc	idkodkc	bcv`b_]`a'
ang^	b]dhb_][g^	dfs[a^\g[	^q^	j^]dh	b^'
b_`gn�	l]qlt_bl	 b]dhb_][	x`qdsd�	md_dfn'
g^	a`	deq[k[`_	a^	dka[	^\	`sd	u[b_`h�	�[m^`
b]dhb_][	 ]d\a^m[t_	 ^\	 ]\[^gdk`hb_]^h	 ^
b]l\`h	g`jkc	u[b_lg^�	�_^	b]dhb_][	a[fc'
y[t_bl�	 mdsk[	 b^b_`g[	 f[bb`m[`_bl	 a[	 d_'
k`qran`	^\dq^fd][aan`	wq`g`a_n�

�e`jk`a^l�	u_d	]	qtedh	bqdjadh	b^b_`'
g`	id]`k`a^`	x`qdsd	}]b`h	b^b_`gn~	gdj`_
en_r	idqadb_rt	idal_d	a[	dbad]`	b]dhb_]
`sd	 u[b_`h�	 enqd	 mf[`csdqrang	 m[ga`g	 ]
g`o[a^b_^u`bmdh	 i[f[k^sg`�	 �	 b^b_`gadg
idkodk`	if^df^_`_	^g``_	x`qdb_adb_r	b^b'
_`gn�	[	cj	\[_`g	f[bbg[_f^][t_bl	̀ `	bdb_[]'
qltv^`	 wq`g`a_n�	 0[sdg	 ]i`f`k	 enqd
bpdfgcq^fd][aad`	c_]`fjk`a^`�	u_d	b^b_`'
gc	a`qr\l	idal_r	_dqrmd	idbf`kb_]dg	[a['
q^\[	̀ `	u[b_`h�	�f^	b^b_`gadg	idkodk`	b]dh'
b_][	u[b_`h	gdsc_	en_r	]n]`k`an	_dqrmd	^\
dfs[a^\[x^^	 x`qdsd�	�]dhb_][	 u[b_`h	 b^b'
_`gn	a`	l]qlt_bl	̂ o	]ac_f`aa^g^	b]dhb_]['
g^�	^	da^	gdsc_	en_r	idal_n	^	dbgnbq`an
q^yr	 ]	 mda_`mb_`	 ]b`sd	 x`qdsd�	 �dd_]`_'
b_]`aad�	 b^b_`ganh	 [a[q^\	 [mx`a_^fc`_
]a^g[a^`	]	i`f]ct	du`f`kr	a[	dfs[a^\[x^^
gadj`b_][��	(cod]`x	��	
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�[k[u[	mq[bb^p^m[x^^�	bpdfgcq^fd][a'
a[l	a[	dev`_`df`_^u`bmdg	cfd]a`�	]nf[j['
`_bl	m[m	\[k[u[	f[\k`q`a^l	\[k[aadsd	gad'
j`b_][	 de|`m_d]	 a[	 m[u`b_]`aad	 dkadfdk'
an`	sfciin	}mq[bbn~�	�d]dmciadb_r	sfcii�
idqcu`aano	]	f`\cqr_[_`	if^g`a`a^l	mq[b'
b^p^m[x^daano	 ifdx`kcf�	 if^al_d	 a[\n'
][_r	f`\cqr_^fctv^g	f[\e^`a^`g�	�	a`md'
_dfno	 bd]f`g`aano	 a[cuano	 idb_fd`a^lo
sdbidkb_]ctv^g	l]ql`_bl	if`kb_[]q`a^`	d
mq[bb^p^m[x^^	 m[m	 b^b_`g`	 \a[a^h�	 k[t'
v`h	 dkad]f`g`aad	 b^b_`gad`	 if`kb_[]q`'
a^`	de|`m_d]�	�q[bb^p^m[x^l	f[bbg[_f^]['
`_bl	 m[m	 _[md`	 cidflkdu`a^`	 gadj`b_][
de|`m_d]�	md_dfd`	id\]dql`_	k`q[_r	\[mqt'
u`a^l	 d_adb^_`qrad	p[m_d]�	 a`	 bdk`fj[]'
y^obl	 ]	 i`f]^uadg	 if`kb_[]q`a^^	 w_^o
de|`m_d]�	 �a[qds^uang	 l]ql`_bl	 ^	 _[md`
c_]`fjk`a^`�	 z�[\a[u`a^`	 ]blmdh	 mq[bb^'
p^m[x^^	�	 \[mqtu[`_bl�	 if`jk`	 ]b`sd�	 ]
_dg�	u_den	en_r	bf`kb_]dg	qcuy`sd	id\a['
a^l	^\cu[`gno	de|`m_d]�	d	md_dfno	`v`	a`
^g`qdbr	bpdfg^fd][]y^obl	idal_^h{	}$df'
g[qra[l	qds^m[�	�u`ea^m	kql	p^qdbdpbm^o
p[mcqr_`_d]	 ca^]`fb^_`_d]�	!	���	 �1,,�
�� �-�~�

�\	]b`o	ifdeq`g�	]d\a^m[tv^o	if^	^b'
idqr\d][a^^	if^ax^id]	b^b_`gadsd	idkod'
k[	]	odk`	idb_fd`a^l	_^idqds^\[x^^�	gn	]
b]d`h	 f[ed_`	 dsf[a^u^gbl	 ]	 idqadh	g`f`
f[bbgd_f`a^`g	_dqrmd	dkadsd	[bi`m_[�	b]l'
\[aadsd	b	̂ bbq`kd][a^`g	idqcu[tv^obl	if^
mq[bb^p^m[x^^	f[asd]no	f[\e^`a^h�

�dk	f[asd]ng	f[bif`k`q`a^`g	ida^g['
t_	 \[]^b^gdb_r	 u^bq`aadb_^�	 bdd_]`_b_]c'
tv`h	k[aadgc	wq`g`a_c�	d_	`sd	idflkmd]d'
sd	 adg`f[	 }f[as[~	 if^	 f[bidqdj`a^^	 wq`'
g`a_d]	 id	 cen][a^t	 w_dh	 u^bq`aadb_^�	 �
f[ed_[o	 bdx^[qrad'wmdadg^u`bmdsd	 o[f[m'
_`f[�	_[m	^q^	^a[u`	b]l\[aano	b	_^idqds^'
\[x^`h�	 a`	 ck`ql`_bl	 kdqjadsd	 ]a^g[a^l
[a[q^\c	 f`\cqr_[_d]	mq[bb^p^m[x^^	 b	 _du'
m^	 \f`a^l	 ^bbq`kd][a^l	 f[asd]no	 f[bif`'
k`q`a^h�	�g`b_`	 b	 _`g	f[bif`k`q`a^`	u^b'
q`aadb_`h	 mq[bbd]	 ]	 idb_fd`aadg	 mq[bb^'
p^m[x^daadg	f[\e^`a^^	gdj`_	bqcj^_r�	m[m
eck`_	idm[\[ad	a^j`�	a`md_dfng	u^bqd]ng
idm[\[_`q`g	x`qdb_adb_^	b^b_`gn�	�bde`a'
ad	bq`kc`_	idku`fmac_r�	u_d	w_d_	idm[\[_`qr
a`	l]ql`_bl	a`idbf`kb_]`aad	^\g`f^gng�	[
idqcu`a	]	f`\cqr_[_`	def[ed_m^	i`f]^uadh
^apdfg[x^^�	!	if[m_^u`bm^	da	b]l\[a	bd

b_fcm_cfang^	dbde`aadb_lg^	gadsdg`fano
k[aano	^	ifdl]q`a^`g	w_^o	dbde`aadb_`h	]
u^bqd]dh	 o[f[m_`f^b_^m`	 idb_fd`aadsd
mq[bb^p^m[x^daadsd	 f[\e^`a^l�


[asd]n`	f[bif`k`q`a^l	a`\[]^b^gd	kfcs
d_	 kfcs[	 ^bbq`kd][q^br	 ]	 f[\q^uano	 a[cu'
ano	deq[b_lo�	�k^]^_`qrang	dm[\[qdbr	_d�
u_d	 if^	 ]`brg[	 dev^o	 dsf[a^u`a^lo�	 b]l'
\[aano	bd	b]dhb_][g^	b^b_`gadb_^	f[bbg[_'
f^][`gno	bd]dmciadb_`h�	f[asd]n`	f[bif`'
k`q`a^l	idku^alq^br	dkadgc	̂ 	_dgc	j`	_^ic
\[]^b^gdb_`h�	�	a[^edq``	ifdb_dh	pdfg`	w_[
\[]^b^gdb_r	 gdj`_	 en_r	 if`kb_[]q`a[	 s^'
i`fedqdh�	^	idw_dgc	]	g[_`g[_^u`bmdh	b_['
_^b_^m`	 _[m^`	 \[mdan	 idqcu^q^	 a[\][a^`
s^i`fedq^u`bm^o	\[mdad]	f[bif`k`q`a^l�	�
g[_`g[_^u`bmdh	pdfg`	w_[	\[]^b^gdb_r	a[^'
edq``	ifdb_d	gdj`_	en_r	]nf[j`a[	]	bq`kc'
tv`g	]^k`�
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sk`	 �� ��G Y= � 	!	 f[as	 }idflkmd]nh	ad'
g`f~	 mq[bb[�	�	 �	 idb_dlaa[l	 ]`q^u^a[�
denuad	 f[]a[l	 de|`gc	 a[^edqry`sd	 }gd'
k[qradsd~	mq[bb[	} �> R≈ ~�	 GR 	!	de|`g	}u^b'
q`aadb_r�	u[b_db_r~	mq[bb[	G'sd	f[as[�	α 	!
a`md_df[l	idb_dlaa[l	idqdj^_`qra[l	]`q^'
u^a[�	denuad	a`	if`]dbodklv[l	`k^a^xn�

�f^]`k`g	a`md_dfn`	a[^edq``	̂ \]`b_an`
if^g`fn	f[asd]no	f[bif`k`q`a^h�	if`kb_[]'
q`aano	]	cm[\[aadh	]ny`	pdfg`�

��	�	s`dsf[p^^	!	f[bif`k`q`a^`	sdfdkd]
id	u^bq`aadb_^	a[b`q`a^l	]	a`md_dfno	\[g'
mac_no	f`s^da[o	}sdbck[fb_][o~�

��	�	e^dqds^^	!	f[bif`k`q`a^`	e^dqd'
s^u`bm^o	fdkd]	id	u^bqc	]^kd]	]	a^o�	[	_[m'
j`	 f[bif`k`q`a^`	 ]^kd]	 id	 \[a^g[`gdgc
^g^	[f`[qc�

&�	�	 wmdadg^m`	!	f[bif`k`q`a^`	a[b`'
q`a^l	id	cfd]at	kdodkd]�

-�	 �	 q^as]^b_^m`	!	 f[bif`k`q`a^`	 d_'
k`qrano	bqd]	id	u[b_d_`	̂ o	idl]q`a^l	]	q`m'
b^u`bm^	if[]^qradg	_`mb_`�

��	�	a[cmdg`_f^^	!	f[bif`k`q`a^`	a['
cuadh	ifdkcm_^]adb_^	cu`ano�	f[bif`k`q`'
a^`	 ^ak`mb[	 x^_^fc`gdb_^�	 f[bif`k`q`a^`
u^bq[	 iceq^m[x^h	 id	 a`md_dfdh	 _`g[_^m`
id	jcfa[q[g�

/�	�	^apdfg[_^m`	!	f[bif`k`q`a^`	^a'
pdfg[x^daano	id_`fr�	idicqlfadb_r	]`e'b[h'
_d]�
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,�	�	idq^_dqds^^	!	sdqdbd][a^`	^\e^f['
_`q`h	]	bqcu[`	b]dedkadsd	]dq`^\|l]q`a^l�

.�	 �	 b`qrbmdg	 od\lhb_]`	!	 f[bif`k`q`'
a^`	cfdj[hadb_^	a`md_dfno	b`qrbmdod\lh'
b_]`aano	 mcqr_cf�	 f[bif`k`q`a^`	 x`iadsd
^ak`mb[	 cfdj[hadb_^�

�bnqm^	a[	cm[\[aan`	p[m_n	if^]dkl_bl
]	f[ed_[o	�.!����

�[]^b^gdb_^	 cm[\[aadsd	 ]ny`	 ]^k[	 ]
wmdadg^m`	 denuad	a[\n][t_	 \[mdadg	�['
f`_d�	]	s`dsf[p^^	!	\[mdadg	�^ip[�	]	e^d'
qds^^	!	\[mdadg	�^qmb[�	]	^apdfg[_^m`	!
\[mdadg	(f`kpdfk[�	]	q^as]^b_^m`	!	\[md'
adg	�^ip[!�[ak`qrefd_[�	
[\q^u^l	]	a['
\][a^lo	d_f[j[t_	q^yr	_d_	p[m_�	u_d	idqc'
u^]y^`	b_[_cb	wgi^f^u`bmdsd	\[mda[	\[]^b^'
gdb_^	enq^	idqcu`an	f[\ang^	^bbq`kd][_`'
qlg^	a`\[]^b^gd	kfcs	d_	kfcs[	]	f[\q^uano
deq[b_lo�	�f^	 w_dg	�^ip	 �=� R� >W�Y�	 enq
dka^g	^\	i`f]no�	m_d	a`	 _dqrmd	dea[fcj^q
]nidqa`a^`	a[	 wgi^f^u`bmdg	 cfd]a`	 w_dsd
\[mda[�	ad	^	if`kqdj^q	de|lba`a^`	`sd	g`o['
a^\g[	pdfg^fd][a^l	�����	�dw_dgc	]	q^_`f['
_cf`	f[asd]n`	f[bif`k`q`a^l	_[mdsd	]^k[	u[v`
]b`sd	a[\n][t_	x^ipd]ng^�	(ck`g	if^k`f'
j^][_rbl	w_dsd	_`fg^a[	]	k[qra`hy`g	^	gn�

�[mda	�^ip[	 m[m	 dev`b^b_`ga[l	 ca^'
]`fb[qra[l	o[f[m_`fa[l	\[mdadg`fadb_r	enq
if^al_	]d	gads^o	deq[b_lo�	�[m�	]	q^as]^b'
_^m`�	enqd	idm[\[ad�	u_d	kql	\[mdau`aano
_`mb_d]�	 def[\ctv^o	 a`md_dfct	 q`mb^u`b'
mct	`k^a^xc	^	a`bcv^o	bgnbqd]ct	a[sfc\'
mc�	]nidqal`_bl	\[mda	�^ip[�	��	a[dedfd_�
a[	d_k`qrano	pf[sg`a_[o	_`mb_[�	^q^	a[	bd'
]dmciadb_^	f[\q^uano	_`mb_d]�	w_[	\[mdad'
g`fadb_r	a[fcy[`_bl�	�nidqa`a^`	x^ipd'
]dsd	 f[bif`k`q`a^l	 enqd	 ^bidqr\d][ad	 ]
m[u`b_]`	mf^_`f^l	kql	dx`am^	x`qdb_adb_^
a`md_dfno	b_[f^aano	_`mb_d]�

�	a[cmdg`_f^^	dka^g	^\	mf^_`f^`]	a['
q^u^l	bpdfg^fd][]y`sdbl	a[cuadsd	a[if[]'
q`a^l	 if`kq[s[`_bl	 bu^_[_r	 ]nidqa`a^`
x^ipd]dsd	f[asd]dsd	f[bif`k`q`a^l	a[	bd'
]dmciadb_^	iceq^m[x^h	id	 _`g[_^m`	 w_dsd
a[cuadsd	 a[if[]q`a^l�

�	idbq`ka``	]f`gl	enqd	if`kqdj`ad	dx`'
a^][_r	cfd]`ar	p[qrb^p^m[x^^	f`\cqr_[_d]
]nedfd]	id	g`f`	d_mqda`a^l	if`kb_[]q`a'
ano	dp^x^[qrad	f`\cqr_[_d]	d_	x^ipd]dsd
f[bif`k`q`a^l�

�cv`b_]d][a^`	\[mdadg`fadb_^�	]nf[j['
tv`hbl	 dk^a[md]dh	g[_`g[_^u`bmdh	 \[]^'

b^gdb_rt	 kql	 b_dqr	 f[\q^uano	 deq[b_`h�
id\]dq^qd	 ]nk]^ac_r	 if`kidqdj`a^`�	 u_d
w_[	 \[]^b^gdb_r	gdj`_	if`kb_[]ql_r	a`md'
_dfnh	dev`b^b_`ganh	if^ax^i�	_dua``	!
l]ql_rbl	 bq`kb_]^`g	 ]nidqa`a^l	 _[mdsd
if^ax^i[	 kql	 b^b_`gadh	 bd]dmciadb_^
de|`m_d]�	�[m	^\]`b_ad�	]b`	\[gmac_n`	b^b'
_`gn	o[f[m_`f^\ct_bl	a[q^u^`g	a`md_dfno
^a][f^[a_�	 ]nf[j`aano	 denuad	 ]	 pdfg`
\[mdad]	bdof[a`a^l�	�[mda	�^ip[�	i`f`i^'
b[aanh	]	pdfg`	 �

GR G >α+ = �	gdjad�	du`]^k'
ad�	^a_`fif`_^fd][_r	m[m	a`md_dfnh	\[mda
bdof[a`a^l�	 f`[q^\c`gnh	 ]	 k[aadh	 b^b_`'
g`�	�b_[_^�	\[g`_^g�	u_d	]	_[mdh	pdfg`	\['
mda	i`f]da[u[qrad	^	enq	bpdfgcq^fd][a�

�[m^g	def[\dg�	]	m[u`b_]`	a`deodk^gd'
sd	pdfg[qradsd	if^\a[m[	b^b_`gadb_^	}x`'
qdb_adb_^~	 bd]dmciadb_^	 de|`m_d]	 a[g^
if`kq[s[`_bl	^bidqr\d][_r	a[q^u^`	x^ipd'
]dsd	f[bif`k`q`a^l	a[	 w_dh	 bd]dmciadb_^�
�u`]^kad�	 u_d	 w_d_	 if^\a[m	 a`	 l]ql`_bl
`k^ab_]`aang	^	kdb_[_duang�	!	da�	e`\cb'
qd]ad�	kdqj`a	en_r	kdidqa`a	m[u`b_]`aang
[a[q^\dg	b^b_`gddef[\ctv`h	bd]dmciadb_^�

�[mda	�^ip[	gdjad�	mda`uad�	f[bbg[_'
f^][_r	 ]	 m[u`b_]`	 [mb^dgn	 kql	 a`md_dfno
x`qdb_ano	 b^b_`g	 ^	 a`	 b_[]^_r	 ]difdb	 d
g`o[a^\g[o	 `sd	 ]d\a^mad]`a^l�	�d	 _[mdh
idkodk	\[]`kdgd	b_[ad]^_bl	p`adg`adqds^'
u`bm^g	 ^	 a`	 gdj`_	 if`_`akd][_r	 a[	 fdqr
de|lba`a^l	idqcu`aano	f`\cqr_[_d]�	(dq``
if^]q`m[_`qrang	 if`kb_[]ql`_bl	 idkodk�
if^	 md_dfdg	 ^g``_bl	 ]d\gdjadb_r	 de|lb'
a^_r	wgi^f^u`bmct	\[mdadg`fadb_r�	^bod'
kl	^\	m[m^o'_d	edq``	ifdb_no�	dev^o	b^b'
_`gano	if^ax^id]�	�fdg`	w_dsd�	gn	od_^g
def[_^_r	]a^g[a^`	a[	_d�	u_d	a[g^	if`kq['
s[`_bl	f[bbg[_f^][_r	f[asd]n`	f[bif`k`q`'
a^l�	 md_dfn`	 idqcu[t_bl	 ]	 f`\cqr_[_`	 ^b'
bq`kd][a^l	b_fcm_cfn	gadsdg`fano	k[aano
g`_dk[g^	gadsdg`fadh	mq[bb^p^m[x^^�	_�`�
f[bbg[_f^][_r	 f[asd]d`	 f[bif`k`q`a^`	 m[m
a`md_dfct	o[f[m_`f^b_^mc	b[gdh	gadsdg`f'
adh	b_fcm_cfn�	_[mct�	a[if^g`f�	m[m	pf[m'
_[qra[l	f[\g`fadb_r�

�+�%�&(^��'\&�^�2%	&'	%1��')
8'02%1%,%� 	��0	(7(
(�')

�	\[k[u[o	mq[bb^p^m[x^^�	m[m	if[]^qd�
a`	dsd][f^][t_bl	b]dhb_][	^bbq`kc`gno	bd'
]dmciadb_`h�	!	 eckr	 _d	 s`a`f[qrano	 ^q^
]nedfduano�	�enuad	a`	cm[\n][`_bl�	l]ql'
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`_bl	 q^	 f[bbg[_f^][`g[l	 bd]dmciadb_r
de|`m_d]	gadj`b_]dg	}mdasqdg`f[_dg~�	d_'
ady`a^`	m	md_dfdgc	dif`k`ql`_bl	a[q^u^'
`g	 c	 de|`m_[	 m[mdsd'q^ed	 dkadsd	 ^q^	 a`'
bmdqrm^o	b]dhb_]�	^q^	j`	]nef[aa[l	bd]d'
mciadb_r	 l]ql`_bl	 b^b_`gdh�	 _�`�	 bd]dmci'
adb_rt	 de|`m_d]�	 ]\[^gdk`hb_]^`	 md_dfno
]n\n][`_	 idl]q`a^`	 ad]no	 ^a_`sf[qrano
m[u`b_]�	a`	b]dhb_]`aano	d_k`qrad	]\l_ng
de|`m_[g�	�[m	bq`kb_]^`�	a`	^bbq`kct_bl	^
]	k[qra`hy`g	a`	^bidqr\ct_bl	gads^`	b^b'
_`gan`	}wg`fkj`a_an`~	b]dhb_][�	̂ apdfg['
x^l	d	md_dfno	gdj`_	dm[\[_rbl	]`brg[	id'
q`\adh	if^	if^al_^^	f`y`a^h�

�]dhb_]d	 b^b_`gadb_^	 ^bbq`kc`gdh	 bd'
]dmciadb_^	de|`m_d]	a[sqlkad	ifdl]ql`_bl
if^	 idb_fd`a^^	 _^idqds^h�	 l]qltv^obl�
m[m	^\]`b_ad�	dka^g	^\	bidbded]	di^b[a^l
b^b_`g�	
[bbgd_f`a^`	dev`h	}s`a`f[qradh~
bd]dmciadb_^	 mq[bb^p^x^fc`gno	 de|`m_d]
]	m[u`b_]`	a`md_dfdh	b^b_`gn	^q^	``	u[b_^�
a`l]ad	 bq`kc`_	 ^\	 _dsd�	 u_d	 ]b`	 de|`m_n�
cu[b_]ctv^`	]	f[bbgd_f`a^^	kdqjan	en_r
di^b[an	dka^g	^	_`g	j`	a[edfdg	if^\a['
md]�	!	 dbde`aad	 w_d	 m[b[`_bl	 [qsdf^_gd]
mq[bb^p^m[x^^�	 ^bidqr\ctv^o	 s`dg`_f^'
u`bm^h	idkodk�	�f^\a[m^	if^	w_dg	^giq^'
x^_ad	idq[s[t_bl	 bcv`b_]`aang^�	 _�`�	 _['
m^g^�	u_d	m[jknh	^\	a^o�	]\l_nh	]	d_k`qr'
adb_^	a`deodk^g�	 [	 ]b`	 ]g`b_`	 da^	 kdb_['
_duan�	 u_den	 b	 ^o	 idgdvrt	gdjad	 enqd
d_q^u^_r	k[aanh	de|`m_	d_	]b`o	db_[qrano
id	_dh	`sd	b_dfda`�	id\a[a^`	md_dfdh	]n'
k]^s[`_bl	m[m	dbad]a[l	\[k[u[	̂ bbq`kd][a^l�
�	bqcu[`�	`bq^	de|`m_n	deq[k[t_	f[\q^uan'
g^	if^\a[m[g^�	]	f[bbgd_f`a^`	]]dkl_bl	_�a�
^ak^m[_dfan`	if^\a[m^�	id\]dqltv^`	ic'
_`g	 k^od_dg^^	 a[q^u^l	 b]dhb_]	 if^]`b_^
di^b[a^`	 de|`m_d]	 m	 `k^adgc	 kql	 ]b`o
de|`m_d]	a[edfc	if^\a[md]�	�	w_dg	cj`	gdj'
ad	cbg[_f^][_r	ifdl]q`a^`	a`md_dfdsd	de'
v`sd	]\sqlk[	a[	bd]dmciadb_r	de|`m_d]	m[m
gadj`b_][�	de|`k^a`aadsd	w_^g	b]dhb_]dg�

�fdeq`g[	pdfg^fd][a^l	x^ipd]no	f[b'
if`k`q`a^h	kd	a[b_dlv`sd	]f`g`a^	a`	^g`'
`_	dkad\a[uadsd	f`y`a^l�	�cv`b_]ct_	f[\'
q^uan`	idkodkn�	id\]dqltv^`	if^	_`o	^q^
^ano	 if`kidqdj`a^lo	 idqcu[_r	 f[asd]n`
f[bif`k`q`a^l�	bdd_]`_b_]ctv^`	}�~�	�	q^'
_`f[_cf`	 ^\]`b_ad	 a`bmdqrmd	 ][f^[a_d]
de|lba`a^l	 }_�a�	 z]n]dkd]{~	 w_dsd	 bdd_ad'
y`a^l�

�a[u^_`qra[l	u[b_r	]n]dkd]	s^i`fedq^u`b'
m^o	f[bif`k`q`a^h	enq[	idqcu`a[	ic_`g	if`'
k`qradsd	i`f`odk[�	�dw_dgc	mf^]ct�	bdd_]`_'
b_]ctvct	bdd_ady`a^t	}�~	^adsk[	f[bbg[_'
f^][t_	m[m	dkac	̂ \	mf^]no	b`g`hb_][	�^fbd'
a[	}�	^q^	 L	_^id]~�	md_dfn`	idqcu[t_bl	]
f`\cqr_[_`	if`k`qradsd	i`f`odk[	^\	s^i`fs`d'
g`_f^u`bmdsd	f[bif`k`q`a^l	�����

�adsk[	 f[bif`k`q`a^`	�[f`_d	 f[bbg[_'
f^][t_	m[m	]nfdjk`aanh	bqcu[h	e`_['f[b'
if`k`q`a^l�	�	�1�	kql	]n]dk[	f[asd]dsd	f[b'
if`k`q`a^l	 enq^	 ^bidqr\d][an	 idkodkn�
[a[qds^uan`	\[mda[g	_`fgdk^a[g^m^	̂ 	b_['
_^b_^u`bmdh	p^\^m^�	if^g`al`gn`	kql	di^'
b[a^l	f[]ad]`badsd	f[bif`k`q`a^l	gdq`mcq
]	s[\`�	�_g`_^g�	u_d	_[mdsd	fdk[	idkodkn�
a[	a[y	]\sqlk�	iqdod	bdd_adbl_bl	b	idal'
_^`g	 b^b_`gadb_^	 de|`m_d]�	 a`	 cu^_n][t_
if^ax^i^[qradh	mda`uadb_^	u^bq[	wq`g`a'
_d]	 b^b_`gn	^	 ]b_ci[t_	 ]	 ifd_^]df`u^`	 b
a[q^u^`g	b^b_`gano	b]l\`h	g`jkc	d_k`qr'
ang^	wq`g`a_[g^�	�fdeq`g[_^uang	]nsql'
k^_	 ^	 ]nidqa`a^`	 b_[_^b_^u`bm^o	if`kid'
bnqdm�	 md_dfn`	 if^	 w_dg	 ^bidqr\ct_bl�
�ka[md	 a`md_dfn`	 ][jan`	 dbde`aadb_^
pcamx^da^fd][a^l	 bqdjano	 b^b_`g	 _[m^`
idkodkn	kd]dqrad	odfdyd	d_f[j[t_�	�	m['
u`b_]`	if^g`f[	 f[bbgd_f^g	pdfg^fd][a^`
f[bif`k`q`a^l	 bqcu[hadh	 ]`q^u^an�	 md_d'
f[l	di^bn][`_	ifdx`bb	fdb_[	^a_`ab^]adb'
_^	a`md_dfdsd	^b_dua^m[�	]f`gl	bcv`b_]d'
][a^l	md_dfdsd	l]ql`_bl	a`md_dfdh	bqcu[h'
adh	]`q^u^adh	�����

�cb_r	^g``_bl	a`md_dfnh	^b_dua^m�	id'
fdjk[tv^h	de|`m_n�	if^u`g	̂ a_`ab^]adb_r
λ w_dsd	 ^b_dua^m[	 ifdidfx^da[qra[	 cj`
kdb_^sac_dgc	 cfd]at	 \a[u`a^l	 ]`q^u^an
y �	�[m	^\]`b_ad�	_[md`	if`kidqdj`a^`	g['
_`g[_^u`bm^	gdjad	if`kb_[]^_r		k^pp`f`a'

x^[qrang	 cf[]a`a^`g	
\y

y
\Q

λ= �	 �bq^	 \['

k[ad	 \a[u`a^`	 ]`q^u^an	 � �} ~y y Q= 	 ]	 a['
u[qranh	gdg`a_	 ]f`g`a^	 �Q �	 _d�	 ^a_`sf^'
fcl�	idqcu^g	bdd_ady`a^`	 �} ~ Qy Q y Iλ= �

�bq^	if`kidqdj^_r�	u_d	]f`gl	bcv`b_]d'
][a^l	^	f[ed_n	^b_dua^m[	l]ql`_bl	bqcu[h'
adh	]`q^u^adh�	̂ g`tv`h	wmbida`ax^[qrad`
f[bif`k`q`a^`	b	i[f[g`_fdg	 µ �	_d	iqd_adb_r
f[bif`k`q`a^l	]f`g`a^	j^\a^	^b_dua^m[	ec'
k`_�	dif`k`ql`_bl	pdfgcqdh	 } ~ Qc Q I µµ −= �		�ds'
k[�	kql	_dsd	u_den	a[h_^	 } ~� � 	!	iqd_adb_r
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f[bif`k`q`a^l	 bqcu[hadh	 ]`q^u^an	 y �
]nf[\^g	 \a[u`a^`	 Q 	 ^\	 bdd_ady`a^l	 kql

} ~y Q �	 f[]ad`	 ��
PN

y
Q

yλ
 =   

	 ^	 idkb_[]^g	 ]

]nf[j`a^`	 } ~ } } ~~ �� � c Q � Q ′= ��mdau[_`qrad
idqcu^g
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   =      

^q^�	 `bq^	 ded\a[u^_r	
µα
λ

= �	 _d	 idqcu^g

odfdyd	^\]`b_ad`	f[bif`k`q`a^`	�[f`_d
�

�

�

} ~ �
y

� �
y y

αα +   =      

md_dfd`	if^	 � �α< < 	gdjad	f[bbg[_f^][_r
m[m	a`if`fn]anh	[a[qds	x^ipd]dsd	f[bif`'
k`q`a^l�


[bbgd_f`aanh	idkodk	m	g`o[a^\gc	pdf'
g^fd][a^l	s^i`fedq^u`bmdsd	f[bif`k`q`a^l
a[sqlkad	k`gdab_f^fc`_�	u_d	da	a`	l]ql`_'
bl	a^	u^b_d	k`_`fg^a^b_bm^g�	a^	u^b_d	b_d'
o[b_^u`bm^g�	[	if`kb_[]ql`_	bdedh	de|`k^'
a`a^`	w_^o	k]co	ifd_^]didqdjano	_`ak`a'
x^h�	�f^u`g	\[	x`qdb_adb_r	^	\[gmac_db_r
b^b_`gn	 d_]`u[`_	 k`_`fg^a^b_bm[l	 bdb_[]'
qltv[l	\[mda[�	[	b_do[b_^u`bm[l	bdb_[]ql'
tv[l	m[m	en	a[mq[kn][`_bl	a[	k`_`fg^a^'
b_bmct�	�_d	b]dhb_]d	s^i`fedq^u`bm^o	f[b'
if`k`q`a^h	 idbq`ka``	 ]f`gl	 if^]q`m[`_
dbded`	]a^g[a^`	if^	[a[q^\`	f[\adsd	fdk[
a`q^a`hano	ifdx`bbd]	]	b^a`fs`_^m`�

�	 �1�	 idm[\[ad�	 u_d	 ^\]`b_an`	 \[mdad'
g`fadb_^	f[asd]no	f[bif`k`q`a^h	l]qlt_'
bl	 bq`kb_]^`g	 a`md`sd	 dev`b^b_`gadsd
if^ax^i[	g[mb^gcg[	 k^bb^gg`_f^^�	�_d_
u^b_d	g[_`g[_^u`bm^h	 ]n]dk	 k[`_	 a`md_d'
fn`	dbad][a^l	idq[s[_r�	u_d	\[mdadg`fad'
b_^	f[asd]no	f[bif`k`q`a^h	k`hb_]^_`qrad
^g`t_	 b^b_`ganh	 o[f[m_`f�	 �[g�	 sk`	 da^
ifdl]qlt_bl	a[	wgi^f^u`bmdg	cfd]a`�	̂ g`'
`_	bgnbq	^bm[_r	ifdl]q`a^`	^	kfcs^o	b^b'
_`gano	\[mdadg`fadb_`h�	�fcs^g^	bqd][g^�
_[m^`	 \[mdadg`fadb_^	 l]qlt_bl	a`deodk^'
gng	cbqd]^`g	]a`ya`h	b^b_`gn�	a`]nidq'
a`a^`	w_dsd	cbqd]^l	d\a[u[`_�	u_d	f[bbg[_'

f^][`_bl	a`md_dfnh	mdasqdg`f[_	b_^o^had
d_def[aano	de|`m_d]�	[	]nidqa`a^`	_[mdsd
cbqd]^l	 `v`	 a`	 s[f[a_^fc`_�	 u_d	 f[bbg[_'
f^][`g[l	bd]dmciadb_r	de|`m_d]	del\[_`qr'
ad	l]ql`_bl	b^b_`gdh	bd	]b`g^	]n_`m[tv^'
g^	^\	w_dsd	dif`k`q`a^l	bq`kb_]^lg^�

�v`	dkad	bddef[j`a^`	]	idqr\c	]nidqa`'
a^l	f[asd]dsd	f[bif`k`q`a^l	]	pdfg`	}�~	if^'
]dk^_bl	 a[g^	 ]	 �&��	 sk`	 \[k[u^	idb_fd`a^l
mq[bb^p^m[x^^	b]dk^_bl	m	a[odjk`a^t	f`y`'
a^l	b_[x^da[fadsd	cf[]a`a^l	0f`k^as`f[�

�ev``	 f`y`a^`	 ]]`k`aadsd	 ]	 f[bbgd_'
f`a^`	cf[]a`a^l	gdj`_	en_r	if`kb_[]q`ad

]	 ]^k`	 flk[	 R R
R

>Ψ = Ψ∑ �	 ^�	 if^a^g[l	 ]d

]a^g[a^`	 cbqd]^`	 df_dadfg^fd][aadb_^
bdeb_]`aano	pcamx^h	\[k[u^�	gdjad	]^k`_r�

u_d	 � �} � ~ R
R

>Ψ Ψ = ∑ �	 �_d	 id\]dql`_	 ^a_`f'

if`_^fd][_r	mdwpp^x^`a_n	 �
R> 	m[m	^a_`a'

b^]adb_^	 mq[bbd]�	 _�`�	 ]`q^u^an�	 ifdidf'
x^da[qran`	 ^o	 u^bq`aadb_^�	 �f`ed][a^`
mda`uadb_^	pcamx^^	 Ψ 	 if^]dk^_	 m	 _dgc�
u_d	flk�	 bdb_[]q`aanh	^\	mdwpp^x^`a_d]�
kdqj`a	 en_r	 bodklv^gbl�	 ^�	 bq`kd][_`qr'
ad�	 � �R> → �	�bq^	if`kidqdj^_r�	u_d	mdwp'
p^x^`a_n	w_dsd	flk[	]	ifdb_`hy`g	bqcu[`
def[_ad	ifdidfx^da[qran	idflkmd]ng	ad'
g`f[g	mq[bbd]�	_�`�	]nidqal`_bl	bdd_ady`'

a^`	 �
R c

>
>

R
= �	sk`	�(�c	�	a`md_dfn`	mdab_[a'

_n�	�dsk[	kql	bodk^gdb_^	flk[�	uq`an	md_d'
fdsd	\[k[t_bl	_[m^g	bdd_ady`a^`g�	du`]^k'
ad�	 kdqjad	 ]nidqal_rbl	 _f`ed][a^`	 c���
u_d	[]_dg[_^u`bm^	if^]dk^_	m	_dgc�	u_d	f[a'
sd]d`	 f[bif`k`q`a^`	 u^bq`aadb_^	 mq[bbd]
kdqjad	adb^_r	s^i`fedq^u`bm^h	o[f[m_`f�

�d']^k^gdgc�	gdjad	`v`	a[h_^	^	kfcs^`
bddef[j`a^l	]	idqr\c	w_dh	wgi^f^u`bm^	de'
a[fcj`aadh	 \[mdadg`fadb_^�	�d	 ]	 qtedg
bqcu[`	 w_d_	idm[\[_`qr	 b_fcm_cf^fd][aadb_^
gadj`b_][	a`	kdqj`a	db_[][_rbl	e`\	]a^g['
a^l	 if^	 ^bbq`kd][a^^	 bqdjano	 de|`m_d]�
dbde`aad	]	f[gm[o	b^b_`gadsd	idkodk[�
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�	m[u`b_]`	if^g`f[	idb_fd`a^l	_^idqd'
s^^	]	bdx^[qrad'wmdadg^u`bm^o	^bbq`kd]['
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a^lo	 if`kq[s[`_bl	 f[bbgd_f`_r	 f`\cqr_[_n�
idqcu`aan`	[]_dfdg	bd]g`b_ad	b	��	��	
[br'
md]ng	]	�ab_^_c_`	bdx^dqds^u`bm^o	^bbq`'
kd][a^h	 ]	 �1,,!�1,.	 ss�	 
[ed_[	 enq[	 ]n'
idqa`a[	a[	g[_`f^[q[o	(cfl_bmdh	���
�	kql
od\lhb_][	 md_dfdh	 if^]q`u`a^`	 ^	 \[mf`i'
q`a^`	m[kfd]	^g`qd	edqryd`	if[m_^u`bmd`
\a[u`a^`�	(dq``	idkfdead`	di^b[a^`	f`\cqr'
_[_d]	gdjad	a[h_^	]	iceq^m[x^lo	}bg��	a['
if^g`f	�-�~�

�_d	^bbq`kd][a^`	enqd	b]l\[ad	b	^\cu`'
a^`g	b_fcm_cfn	c]dqraltv^obl	b	ifdgny'
q`aano	 if`kif^l_^h	 b	 x`qrt	 ]nl]q`a^l
mq[bbd]	g^sf[a_d]�	deq[k[tv^o	f[\q^uan'
g^	_^i[g^	_fckd]dh	gde^qradb_^�	�dk	_^'
idg	 _fckd]dh	 gde^qradb_^	 gn	 ida^g[q^
bd]dmciadb_r	f`[qradsd	^	if`kidq[s[`gdsd
k]^j`a^l	_fckdbidbdeadsd	a[b`q`a^l	g`j'
kc	f`s^da[g^	b_f[an�	md_dfd`	l]ql`_bl	bc'
v`b_]`aang	kql	k[aadh	bd]dmciadb_^	f`b'
idak`a_d]�	 (nq^	 ]nk`q`an	 k][	 dbad]ano
_^i[	id]`k`a^l�	bdd_]`_b_]ctv^o	gdg`a_c
^bbq`kd][a^l�	 _`ff^_df^[qra[l	 b_[e^qr'
adb_r	}c]dqraltv^`bl	i`f`odkl_	a[	kfcs^`
if`kif^l_^l	]	if`k`q[o	a[b`q`aano	icam'
_d]~	̂ 	_`ff^_df^[qra[l	gde^qradb_r	}c]dqr'
altv^`bl	 ]n`\j[t_	 ]	 kfcs^`	 a[b`q`aan`
icam_n~�	�k^a	^	_d_	j`	_^i	id]`k`a^l	gd'
j`_	 en_r	 b]dhb_]`a`a	 bd]dmciadb_^	 mq[b'
bd]�	m[jknh	^\	md_dfno	de|`k^al`_	sfciic
f`bidak`a_d]	 bd	 bodkang^	 q^uadb_ang^
o[f[m_`f^b_^m[g^�

�	m[u`b_]`	if^\a[md]�	def[\ctv^o	ifd'
b_f[ab_]d�	 ]	 md_dfdg	 ifd]dk^q[br	 mq[bb^'
p^m[x^l�	enq^	]nef[an	_[m^`	i`f`g`aan`
m[m	]d\f[b_�	def[\d][a^`�	kq^_`qradb_r	ifd'
j^][a^l	f`bidak`a_[	]	k[aadg	a[b`q`aadg
icam_`�	 [	 _[mj`	 cfd]`ar	j^\a^	 ]	 f[hda[o
fdjk`a^l�	idqcu`a^l	def[\d][a^l�	]nen_^l
^	 if`kidq[s[`gdsd	 ]b`q`a^l�	 
lk	 kfcs^o
idm[\[_`q`h�	 _[m^`�	 a[if^g`f�	 m[m�	 b_[j
f[ed_n	 a[	 if`kif^l_^^�	 ^bidqr\d][q^br
_dqrmd	a[	b_[k^^	^a_`fif`_[x^^	mq[bb^p^'
m[x^daano	 f[\e^`a^h�

�odkadh	 ^apdfg[x^`h	 kql	 idb_fd`a^l
mq[bb^p^m[x^^	idbqcj^q^	k[aan`	[am`_ad'
sd	difdb[	c]dqraltv^obl	b	ifdgnyq`aano
if`kif^l_^h	 s�	 �q[a'�k`�	 ifd]`k`aadsd	 ]
�1,,	s�	�\	]b`sd	mda_^as`a_[	c]dqraltv^o'
bl	enq[	def[\d][a[	bqcu[ha[l	]nedfm[�	bd'
b_[]^]y[l	�	�	de|`g[	s`a`f[qradh	bd]dmci'
adb_^�

�`br	g[bb^]	^bodkano	k[aano	enq	if`k'
][f^_`qrad	 f[\e^_	 a[	 k]`	 sfciin�	�`f][l
sfcii[	 o[f[m_`f^\d][q[br	 _`ff^_df^[qradh
b_[e^qradb_rt�	�	 ``	 bdb_[]	 ]dyq^	 [am`_n
_`o�	m_d	i`f`odk^q	a[	kfcs^`	if`kif^l_^l	]
if`k`q[o	 sdfdk[�	�_dfct	 sfciic	 bdb_[]^q^
[am`_n	 f`bidak`a_d]�	 md_dfn`	 bde^f[q^br
]n`o[_r	^\	sdfdk[	�q[a'�k`	^	cm[\[q^	f[hda
ad]dsd	 ]b`q`a^l�	�_[	 sfcii[	 o[f[m_`f^\d]['
q[br	 _`ff^_df^[qradh	gde^qradb_rt�	�am`'
_n	 bpdfg^fd][aano	 _[m^g	 def[\dg	 sfcii
def[e[_n][q^br	i`f]da[u[qrad	d_k`qrad�

�f^	idb_fd`a^^	_^idqds^^	enq[	̂ bidqr'
\d][a[	bd]dmciadb_r	[qsdf^_gdg	gadsdg`f'
adh	 mq[bb^p^m[x^^	 ]	 bdd_]`_b_]^^	 b	 if`'
qdj`aadh	 a[g^	g`_dk^mdh	 ���	 ���	 �[m�	 a[
i`f]dg	 w_[i`	 if^g`alqbl	 [qsdf^_g	 ^_`f['
_^]adsd	 g`_dk[	 mq[bb^p^m[x^^	 z$dfwqr{�
�a[u`a^`	 cif[]qltv`sd	 i[f[g`_f[�	!	 f['
k^cb[	s^i`fbp`fn�	]ne^f[qdbr	̂ bodkl	̂ \	bd'
k`fj[_`qrano	 dx`adm	 idqcu`aano	 f[\e^`'
a^h�	�	a[y`g	bqcu[`	da	]ne^f[qbl	_[m^g�
u_den	if^	a`g	]nk`qlq^br	m[u`b_]`aad	f[\'
q^uan`	lkf[	mq[bbd]�

�[	 bq`kctv`g	 w_[i`	 enq	 ^bidqr\d][a
^`f[fo^u`bm^h	 [sqdg`f[_^]anh	 [qsdf^_g�
f[ed_[tv^h	id	if^ax^ic	zeq^j[hy`sd	bd'
b`k[{�	�ql	ckdeb_][	bf[]a`a^l	f`\cqr_[_d]�
idqcu`aano	 f[\ang^	 [qsdf^_g[g^�	 enq[
^bidqr\d][a[	 gdk^p^m[x^l	 w_dsd	 g`_dk[�
id\]dqltv[l	 idqcu[_r	 dkad	 f[\e^`a^`	 a[
\[k[aadg	cfd]a`	b]l\adb_^�

�f`_^h	w_[i	^bbq`kd][a^l	g[bb^][	gad'
sdg`fano	k[aano	\[mqtu[qbl	]	if^g`a`a^^
[qsdf^_g[�	 ^bidqr\ctv`sd	 idal_^`	 a`u`_'
m^o	gadj`b_]�	�	m[u`b_]`	pcamx^^	if^a[k'
q`jadb_^	ef[qdbr	u^bqd	_du`m	]	s^i`fbp`'
f`	]nef[aadsd	f[k^cb[�	
`\cqr_[_n	f[ed_n
w_dsd	 [qsdf^_g[	 ^bidqr\d][q^br	 kql	 c_du'
a`a^l	 iqd_adb_^	 f[bif`k`q`a^l	 ^	 dx`am^
gdk	d_k`qrano	mq[bbd]�

�ql	 idqcu`a^l	 b]l\ano	 a[	 ]nef[aadg
cfd]a`	mq[bbd]	a[	u`_]`f_dg	w_[i`	if^g`'
alqbl	[qsdf^_g	gdk[qradsd	[a[q^\[�	̂ bidqr'
\ctv^h	 sf[k^`a_act	 ifdx`kcfc�	 �_d_	 [q'
sdf^_g�	m[m	^	if`knkcv^h�	kql	idb_fd`a^l
mq[bb^p^m[x^daadsd	f[\e^`a^l	bcv`b_]`a'
ad	 ^bidqr\c`_	 pcamx^t	 if^a[kq`jadb_^�
l]qltvctbl	]	a[y`g	bqcu[`	dx`amdh	iqd_'
adb_^	 f[bif`k`q`a^l�	 
`\cqr_[_n	 f[ed_n
w_dsd	[qsdf^_g[	^	bdb_[]^q^	dbad]c	f`\cqr'
_^fctv`sd	mq[bb^p^m[x^daadsd	f[\e^`a^l�
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�f^g`a`a^`	g`_dkd]	gadsdg`fadh	mq[b'
b^p^m[x^^	 id\]dq^qd	 ]nk`q^_r	 ]	 bdb_[]`
i`f]dh	sfciin	1	mq[bbd]�	 [	]	bdb_[]`	]_d'
fdh	!	��	mq[bbd]	f[\q^uano	de|`gd]�	�mda'
u[_`qran`	f`\cqr_[_n	mq[bb^p^m[x^^	if`k'
b_[]q`an	]	_[eq^x[o	�	^	�	bdd_]`_b_]`aad�

(dq``	idkfdean`	di^b[a^l	mq[bbd]�	id'
qcu`aano	]	f`\cqr_[_`	if^g`a`a^l	g`_dkd]
mq[b_`fadsd	[a[q^\[�	if^]`k`an	]	 �-��	�d'
k`fj[_`qranh	[a[q^\	f`\cqr_[_d]	mq[bb^p^'
m[x^^	idm[\n][`_�	u_d	m[jknh	mq[bb	deq['
k[`_	o[f[m_`fang^�	if^bcv^g^	_dqrmd	`gc
dbde`aadb_lg^�	�nl]q`aa[l	b_fcm_cf[	sfcii
c]dqraltv^obl	 dea[fcj^][`_	 a`deodk^'

gdb_r	 k^pp`f`ax^fd][aadsd	 idkodk[	 if^
^\cu`a^^	if^u^a	^	gd_^]d]	 ]	ifd]`k`a^^
g^sf[x^daadh	 idq^_^m^	 ^	 ]	 k[qra`hy`g
idbqcj^q[	 e[\dh	 kql	 f`y`a^l	 flk[	 \[k[u
ifdsad\^fd][a^l�

.+�'��
(7%1��'(�	��,%1�^
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	�ka[md	a[flkc	b	w_^g	]d\a^m[`_	]difdb
d	kdb_[_duadb_^	idqcu`aadh	^apdfg[x^^	d
b_fcm_cf`	 ]b`h	 bd]dmciadb_^	g^sf[a_d]�	�
u[b_adb_^�	]d\a^m[`_	]difdb	d	x`qdb_adb_^
]b`h	bd]dmciadb_^�	gdjad	q^	f[bbg[_f^][_r
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a[	idbq`ka`g

if`kif^l_^^�	q`_


[hda
fdjk`a^l�


[hda
]nen_^l�

�f`gl
ifdj^'
][a^l	]

sdfdk`�	q`_
�`b_an`	cfdj`axn

� ���� �&!�� .!�� �!- ��� ! !
� &�� &-!&. ,!1 ��!�� ��� ! !
& ��� �,!�1 �� .!�� ��� ! !
- ��� -&!-. ,!�� �!/ ��� ! !
� &�� �-!�/ �f`k�	bi`x� �!& ��� ! !

/ &�� &�!-� �f`k�	bi`x�
^	]nby`` �!& ��� ! !

�^sf[a_n
, -�� ��!�. .!�� �!/ ���!��� ���!��� �!��
. -�� ��!�� .!�� &!/ ���!��, ���!��, &!.
1 -�� &�!-� /!1 �!�� ��-!��� ��-!��� ��!��

�[eq^x[	�
0���'���� ��'�� '!�  ��� ��7��#�'��(� 5����� 5����!+mo�� +

*�6�&�5���5��+��+*��������

�[eq^x[	�
0���'���� ��'��'!�  ����� � �����&��!2#+mo�� +(�����6�mo������5����!��������

�
mq[bb[

�k`qranh	]`b
mq[bb[	]	bdb_[]`
c]dqraltv^obl�

�

�d\f[b_�
q`_

�ef[\d'
][a^`

�_[j	f[ed_n
a[	idbq`ka`g

if`kif^l_^^�	q`_


[hda
fdjk`a^l�


[hda
]nen_^l�

�f`gl
ifdj^'
][a^l	]

sdfdk`�	q`_
�`b_an`	cfdj`axn

� ���� �1!�� .!�� �!& ��� ! !
� ��� ��!�- �� �!/ ��� ! !
& &�� �-!�/ �� �!- ��� ! !

- &�� �/!&� �f`k�	^
bf`k�	bi`x� -!�� ��� ! !

� ��� &�!-� �� .!�� ��� ! !
/ ��� &�!&& ,'. �!& ��� ! !

�^sf[a_n
, -�� ��!�. �� �!& ���!��, ���!��, �!&
. &�� ��!�� �� �!� ��� ��� �!�
1 -�� &�!-� �� �!� ���!��1 ���!��� �!�

�� &�� �f`k�	^
bf`k�	bi`x� �!- ���!��� ���!��& �!-

�� ��� �f`k�	^
bf`k�	bi`x� �!& ��.!��� ��.!��� �]ny`	��

�����������

��

���	������
���



�&,�������	�
��	��
���	���������	�	��
��������	�����	� �

w_c	bd]dmciadb_r	m[m	a`md_dfct	b^b_`gc	bd
]b`g^	 ]n_`m[tv^g^	 d_btk[	 bq`kb_]^lg^�
^q^	!	 f[bbgd_f`aa[l	 bd]dmciadb_r	 if`k'
b_[]ql`_	bdedh	d_k`qran`�	a`\[]^b^gd	pca'
mx^da^fctv^`	sfciin�	�q^	f[bbgd_f`aa[l
bd]dmciadb_r	if`kb_[]ql`_	bdedh	u[b_r	m['
mdh'_d	edq``	y^fdmdh	b^b_`gn	^	_dsk[	if^
if^al_^^	f`y`a^h	bq`kc`_	cu^_n][_r	]q^'
la^`	 kfcs^o	 p[m_dfd]�	 a`	 cu_`aano	 w_^g
^bbq`kd][a^`g�	�ql	 d_]`_d]	a[	idb_[]q`a'
an`	]difdbn	bq`kc`_	i`f`h_^	m	idb_fd`a^t
^	 ^bbq`kd][a^t	 f[asd]no	 f[bif`k`q`a^h
idqcu`aano	mq[bb^p^m[x^daano	f[\e^`a^h�

�ql	idb_fd`a^l	f[asd]no	f[bif`k`q`a^h
a[g^	 enq[	 ^bidqr\d][a[	 b^b_`g[	 ?6:6 ?'
6 D:�	 �	 bdd_]`_b_]^^	 b	 f`\cqr_[_[g^	 _[e'
q^x �	^	�	idb_fd`aan`	f[asd]n`	f[bif`k`'
q`a^l	if`kb_[]q`an	a[	f^bcam[o	�	̂ 	��	�bded
d_g`_^g�	if^	idb_fd`a^^	f[asd]no	f[bif`'
k`q`a^h	enq^	_[mj`	cu_`an	^	a`	d_a`b`a'
an`	a^	]	m[m^`	mq[bbn	de|`m_n�	deq[k[t'
v^`	ca^m[qrang^	o[f[m_`f^b_^m[g^	^	bd'
d_]`_b_]d][]y^`	 a`_^i^uadgc	g^sf[x^da'
adgc	 id]`k`a^t�	�fdg`	 w_dsd�	 enqd	 f[b'
bgd_f`ad	^	 f[asd]d`	 f[bif`k`q`a^`�	 idb_'
fd`aad`	id	]b`gc	g[bb^]c	̂ bodkano	k[aano�
�_g`_^g�	u_d	mq[bbn�	bdd_]`_b_]ctv^`	f[\'
q^uang	 _^i[g	gde^qradb_^	^	 ]odklv^`	 ]
f[\q^uan`	 f`\cqr_^fctv^`	 f[\e^`a^l�	 a`
gdsc_	en_r	de|`k^a`an	]	b^qc	_dsd�	u_d	^a'
_`f][qn	^\g`a`a^l	if^\a[md]	 kql	 f[\q^u'

ano	 mq[bbd]	 f[\q^uan�	�_d	 odfdyd	 ]^kad
if^	[a[q^\`	_[eq^x	�	^	��

�fd]`fm[	]nidqa`a^l	\[mda[	�^ip[	a[
f[bbg[_f^][`gdg	 gadj`b_]`	 a`	 l]ql`_bl
_[mdh	cj	ifdb_dh	\[k[u`h�	m[m	gdj`_	idm['
\[_rbl	a[	i`f]nh	]\sqlk�	�_[	ifdeq`g[	y^'
fdmd	 debcjk[q[br	 ]	 q^_`f[_cf`�	 ad	 kd	 b^o
idf	db_[`_bl	[m_c[qradh�	�[gnh	zifdb_dh{�
^�	m[m	gdj`_	idm[\[_rbl�	idal_anh	bidbde�
b]dk^_bl	 m	 idb_fd`a^t	 f`sf`bb^daadh	 \['
]^b^gdb_^	 ]	 k][jkn	qds[f^pg^u`bm^o	md'
dfk^a[_[o�	�ql	w_dsd	qds[f^pg^fct_	]nf['
j`a^`	}�~	̂ 	idqcu[t_	q^a`had`	d_adb^_`qr'
ad	]b`o	i`f`g`aano	cf[]a`a^`

PN} ~ PN PN} ~�GR > Gγ= + }�~

�_g`_^g�	u_d	dbad][a^`	qds[f^pg[	if^
w_dg	a`	^g``_	a^m[mdsd	\a[u`a^l	kql	dif`'
k`q`a^l	]`q^u^an	i[f[g`_f[	γ �	�[_`g	b_[a'
k[f_ang	 bidbdedg	 ifd^\]dk^_bl	 dx`am[
i[f[g`_fd]	f`sf`bb^daadsd	 cf[]a`a^l�

�ka[md�	 m[m	 if[]^qd�	 _[mdh	 idkodk	 a`
k[`_	j`q[`gdsd	f`\cqr_[_[�	]^\c[qrad	p^m'
b^fc`_bl	\a[u^_`qrad`	d_mqda`a^`	d_	s^i`f'
edq^u`bmdsd	 x^ipd]dsd	 f[bif`k`q`a^l�	 [
cf[]a`a^`	f`sf`bb^^	b]^k`_`qrb_]c`_	d	_dg�
u_d	bdd_]`_b_]^`	]idqa`	if^`gq`gd`�	!	cf[]'
a`a^`	 f`sf`bb^^	 \a[u^gd	 a[	 b_[ak[f_adg
cfd]a`�	 mdwpp^x^`a_	 \a[u^gd	 if`]ny[`_
`k^a^xc�	mdwpp^x^`a_	k`_`fg^a[x^^	]`br'
g[	eq^\dm	m	`k^a^x`�	�qdj^]y[lbl	b^_c['

�� $�j�	
[asd]d`	f[bif`k`q`a^`	mq[bb^p^m[x^daadsd	f[\e^`a^l	_[eq^xn	�
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x^l	ifdlbal`_bl	idbq`	ifd]`fm^	]nidqa`'
a^l	cbqd]^h	_`df`gn	
[cbb[!�[fmd][�	md'
_df[l	 idm[\n][`_�	 u_d	 idu_^	 ]b`	 cbqd]^l
dm[\n][t_bl	a[fcy`aang^�	�[m�	^	w_d	bq`'
kc`_	d_g`_^_r	]	i`f]ct	du`f`kr�	f[aj^fd'
][a^`	 mq[bbd]	 id	 ^o	 u^bq`aadb_^	 ]adb^_
bcv`b_]`aact	 \[]^b^gdb_r	 ]	 b[g^	 a[eqt'
k`a^l�	 
`u^	 d	a`\[]^b^gdb_^	 dy^edm	 }d_'
mqda`a^h~	a`	gdj`_	en_r�	�	w_dg	q`smd	ce`'
k^_rbl�	^bbq`kcl	db_[_m^	b	idgdvrt	mf^_`'
f^l	�[fe^a[!�d_bda[�	�]_dmdff`qlx^l	db'
_[_md]�	]adb^g[l	f[aj^fd]mdh	de|`m_d]�	id'
u_^	]b`sk[	\a[u^g[	a[	b[gdg	b_fdsdg	cfd]a`�

�[fcy`a^`	 s^i`fedq^uadb_^	 f[asd]dsd
f[bif`k`q`a^l	u[b_d	odfdyd	\[g`_an	]^\c'
[qrad�	ad	b	edqry^g	_fckdg	p^mb^fct_bl
a[	cfd]a`	mdq^u`b_]`aano	idm[\[_`q`h�	�[m�
`bq^	 ifd[a[q^\^fd][_r	 sf[p^u`bmd`	 if`k'
b_[]q`a^`	 f`\cqr_[_d]�	 idqcu`aano	if^	^b'
bq`kd][a^^	_fckd]dh	gde^qradb_^	}bg� f^b� �
^	�~�	_d	q`smd	ce`k^_rbl	]^\c[qrad	}a[	m[u`'
b_]`aadg	cfd]a`~�	u_d	m[jkd`	^\	f[asd]no
f[bif`k`q`a^h�	 idb_fd`aano	 d_k`qrad	 id
bd]dmciadb_lg	 c]dqraltv^obl�	 deq[k[t'
v^o	f[\q^uang^	_^i[g^	_fckd]dh	gde^qr'
adb_^�	\[g`_ad	d_q^u[`_bl	d_	x^ipd]no�

�ka[md�	[a[q^\	f`sf`bb^daano	cf[]a`a^h�
idb_fd`aano	]	k][jkn	qds[f^pg^u`bm^o	md'
dfk^a[_[o�	a`	idk_]`fjk[`_	w_dsd�	�bq^	ded'
\a[u^_r	u`f`\	`� 	 \a[u`a^l	qds[f^pgd]	u^b'
q`aadb_`h	mq[bbd]�	[	u`f`\	0	!	\a[u`a^l	qd'
s[f^pgd]	 bdd_]`_b_]ctv^o	 f[asd]�	 _d	 kql
k[aano	 _[eq^xn	 �	 idb_fd`aad`	 cf[]a`a^`

f`sf`bb^^	eck`_	̂ g`_r	]^k	 &���/ ��&1� �` y= −
�} ��..~< = �	 [	 kql	 k[aano	 _[eq^xn	 �	 !
��/-� ����& �` y= − 	 �} ��.&~< = �	�e[	if^]`'

k`aano	 f`sf`bb^daano	 cf[]a`a^l	 \a[u^'
gn	 a[	 b_[ak[f_adg	 � �	 cfd]a`�	 �f[]a`'
a^`	f`sf`bb^^�	idb_fd`aad`	id	de|`k^a`a'
ang	k[aang�	_[mj`	\a[u^gd	^	^g``_	]^k

&�&-. ����, �` y= − 	 �} ��.,~< = �	�[m	]^k^g�
bf[]a`a^`	f`\cqr_[_d]	f`sf`bb^daadsd	[a['
q^\[	a`	id\]dql`_	d_]`_^_r	a[	]difdb	d	a['
q^u^^	f[bif`k`q`a^l	�^ip[�	̂ �	bq`kd][_`qr'
ad�	d	x`qdb_adb_^	b^b_`gn�	�b`	w_d	l]ql`_bl
bq`kb_]^`g	a[fcy`a^l	cbqd]^h	_`df`gn	
['
cbb[!�[fmd][�	^	]	k[aadg	bqcu[`	if^]dk^_
m	a`mdff`m_adb_^	_f[k^x^daadsd	[a[q^\[�

�dkodk�	if`kq[s[`gnh	a[g^�	dbad][a	a[
ifd]`fm`	c_]`fjk`a^l�	u_d	idqcu`aad`	f[b'
if`k`q`a^`	 k`hb_]^_`qrad	 x^ipd]ng�	 _�`�
d_q^u[`_bl	 d_	 bqcu[had	 bpdfg^fd][aadsd
f[]adg`fadsd	 f[asd]dsd	 f[bif`k`q`a^l�
�f[]a`a^`	b	f[]adg`fang	f[bif`k`q`a^`g�
md_dfd`	]ne^f[`_bl	]	k[aadg	bqcu[`	]	m['
u`b_]`	 f[bif`k`q`a^l	 acq`]dh	 s^id_`\n�
b]l\[ad	 b	 _`g�	 u_d�	 m[m	 ^\]`b_ad�	 ^g`aad
w_d	 f[bif`k`q`a^`	 kdb_[]ql`_	 g[mb^gcg
wa_fdi^^�	!	pcamx^^�	 o[f[m_`f^\ctv`h
b_`i`ar	 cidflkdu`aadb_^	 f[bbg[_f^][`gd'
sd	gadj`b_][�

�ql	ifd]`fm^	w_dsd	if`kidqdj`a^l	enq
^bidqr\d][a	g`_dk	b_[_^b_^u`bm^o	^bin_['
a^h�	md_dfnh	\[mqtu[qbl	]	_dg�	u_d	b	id'
gdvrt	k[_u^m[	bqcu[hano	u^b`q	b_fd^qdbr
f[\e^`a^`	gadj`b_][	 a[	 \[f[a``	 \[k[aad`

�� $���	
[asd]d`	f[bif`k`q`a^`	mq[bb^p^m[x^daadsd	f[\e^`a^l	_[eq^xn	�
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u^bqd	mq[bbd]�	u^bq`aadb_^	md_dfno	f[bif`'
k`q`an	]	bdd_]`_b_]^^	b	f[]adg`fang	f[b'
if`k`q`a^`g�	�e|`gn	mq[bbd]�	]nf[j`aan`
]	ifdx`a_[o�	f[aj^fd][q^br�	[	\[_`g	id	id'
qcu`aadgc	_[m^g	def[\dg	f[asd]dgc	f[bif`'
k`q`a^t�	ifd^\]dk^q[br	dx`am[	i[f[g`_fd]�
�_[	 ifdx`kcf[	 id]_dflq[br	 dif`k`q`aad`�
kdb_[_duad	 edqryd`	 u^bqd	 f[\�	 a[if^g`f
�����	�dqcu`aan`	 \a[u`a^l	 i[f[g`_fd]	 ]
k[qra`hy`g	f[bbg[_f^][q^br	m[m	bqcu[han`
]`q^u^an�	�[	dbad][a^^	idqcu`aadh	]	wm'
bi`f^g`a_`	 s^b_dsf[ggn	gdjad	idkdef[_r
pcamx^t	f[bif`k`q`a^l	^q^	iqd_adb_r�	�['
k[][lbr	 cfd]a`g	 \a[u^gdb_^�	 dx`a^][qbl
^a_`f][q�	]	md_dfdg	a[odk^qbl	^a_`f`bct'
v^h	a[b	i[f[g`_f	f[asd]dsd	f[bif`k`q`a^l
b	\[k[aadh	]`fdl_adb_rt�	�q^�	kfcs^g^	bqd'
][g^�	dif`k`ql`_bl	mf^_^u`bm[l	deq[b_r	kql
ifd]`fl`gdh	 s^id_`\n�

�[qra`hy[l	 ifd]`fm[	 s^id_`\n	 d	 _dg�
u_d	 idb_fd`aad`	 f[asd]d`	 f[bif`k`q`a^`
k`hb_]^_`qrad	d_q^uad	d_	bqcu[hadsd�	ifd'
^\]dk^_bl	b_[ak[f_ang	bidbdedg�	�bq^	f[b'
bu^_[aan`	a[	dbad][a^^	wgi^f^u`bm^o	k[a'
ano	 i[f[g`_fn	 f[asd]no	 f[bif`k`q`a^h
bdd_]`_b_]ct_	\a[u`a^lg�	idqcu`aang	̂ g^'
_[x^daang	 bidbdedg�	 _�`�	 idi[k[t_	 ]	 de'
q[b_r	 if^al_^l	 acq`]dh	 s^id_`\n�	 _d	 w_d
d\a[u[`_�	u_d	a`_	kdb_[_duano	dbad][a^h	kql
_dsd�	u_de	d_m[\[_rbl	d_	acq`]dh	s^id_`\n�
�fcs^g^	 bqd][g^�	 d_q^u^`	 wgi^f^u`bmdsd
f[asd]dsd	 f[bif`k`q`a^l	 d_	 f[]adg`fadsd
a`	l]ql`_bl	\a[u^gng�	[	adb^_	bqcu[hanh
o[f[m_`f�

�	a[dedfd_�	 `bq^	 wgi^f^u`bm^`	 \a[u`'
a^l	 i[f[g`_fd]	 f[asd]no	 f[bif`k`q`a^h
idi[k[t_	]	mf^_^u`bmct	deq[b_r�	_d	w_d	b]^'
k`_`qrb_]c`_	 d	 _dg�	 u_d	 f[bbg[_f^][`gd`
f[asd]d`	f[bif`k`q`a^`	]flk	q^	gdjad	if^'
\a[_r	 bqcu[hang�	�a[u`	 sd]dfl�	 idqcu`a'
ad`	 f[asd]d`	 f[bif`k`q`a^`	 bq`kc`_	 if^'
\a[_r	 x^ipd]ng	 b	 \[k[aang	 cfd]a`g	 a['

k`jadb_^�	�dbq`ka``	 ]q`u`_	 \[	 bdedh	 flk
dev`^\]`b_ano	bq`kb_]^h�	cm[\[aano	]ny`�
dbad]ang	^\	md_dfno	l]ql`_bl	c_]`fjk`a^`
d	x`qdb_adb_^	b^b_`gn�

�ql	f`[q^\[x^^	w_dsd	idkodk[	a[g^	enq[
bdb_[]q`a[	ifdsf[gg[	]	bf`k`	EKX�DK��	id'
\]dqltv[l	 kql	 \[k[aadsd	 u^bq[	 mq[bbd]
b_fd^_r	f[asd]n`	f[bif`k`q`a^l�	]	md_dfno
u^bq`aadb_^	 mq[bbd]	 idku^alq^br	 f[]ad'
g`fadgc	f[bif`k`q`a^t�	�ql	idqcu`aano	]
f`\cqr_[_`	 wmbi`f^g`a_[	 k[aano	 ]	 k][jkn
qds[f^pg^u`bmdg	g[by_[e`	b_fd^qdbr	cf[]'
a`a^`	 i[fadh	 f`sf`bb^^	 ]	 bdd_]`_b_]^^	 b
}�~�	 
[bbu^_[aan`	 id	 w_^g	 k[aang	 \a[u`'
a^l	 mdwpp^x^`a_d]	 f`sf`bb^^	 f[bbg[_f^'
][q^br	 m[m	 \a[u`a^l	 bqcu[hadh	 ]`q^u^an�
�[	 dbad][a^^	 idqcu`aano	 _[m^g	 def[\dg
k[aano	]	k[qra`hy`g	b_fd^q^br	kd]`f^_`qr'
an`	 ^a_`f][qn�	 id\]dqltv^`	 b	 \[k[aang
cfd]a`g	a[k`jadb_^	dx`a^_r	\a[u`a^`	i['
f[g`_f[	f[asd]dsd	f[bif`k`q`a^l�

�	odk`	wmbi`f^g`a_[	enqd	cb_[ad]q`ad�
u_d	 if^	 bf[]a^_`qrad	 a`edqry^o	 de|`g[o
id]_df`a^l	}]	if`k`q[o	d_	���	kd	���~	idqc'
u`aad`	f[bif`k`q`a^`	odfdyd	[iifdmb^g^'
fc`_bl	adfg[qrang	f[bif`k`q`a^`g�	#[f[m'
_`fanh	bqcu[h	if`kb_[]q`a	a[	f^b�	&�

�	w_dg	bqcu[`	 sf[a^xn	deq[b_^	if^al'
_^l	acq`]dh	s^id_`\n	dif`k`qlq^br	a[	db'
ad]`	iqd_adb_^	adfg[qradsd	f[bif`k`q`a^l
b	 bdd_]`_b_]ctv^g^	i[f[g`_f[g^�	 dx`am^
md_dfno	enq^	idqcu`an	]	odk`	wmbi`f^g`a'
_[�	 
`\cqr_[_n	 wmbi`f^g`a_d]	 if`kb_[]q`'
an	]	_[eq^x`	&�

�	 _dg	 bqcu[`�	 mdsk[	 u^bqd	 ^bin_[a^h
if`]ny[qd	�����	a[eqtk[qdbr	d_q^u^`	id'
qcu`aadsd	 f[bif`k`q`a^l	 d_	 adfg[qradsd�
�^i^uanh	bqcu[h	gdjad	]^k`_r	a[	f^bca'
m` -�	sk`	if`kb_[]q`ad	f[bif`k`q`a^`	i[f['
g`_f[�	idqcu`aad`	]	odk`	������	b_[_^b_^'
u`bm^o	^bin_[a^h�

� "^bq`aadb_^
mq[bbd]


[bu`_ad`
\a[u`a^`
i[f[g`_f[

�dfg[qra[l	[iifdmb^g[x^l	}R	�	���~

�f`ka``
\a[u`a^`

�_[ak[f_�
d_mqda`a^` �`][l	sf[a^x[ �f[][l

sf[a^x[
� �/ ���&1� ���..1 ���/, ���-�� ���&/,
� &� �����& ���.-� ���/, ����,� �����.
& -/ �����, ���,-. ����� ���1/. �����1
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�	 w_dg	 bqcu[`	 idb_fd`a^`	 mf^_^u`bmdh
deq[b_^	 ifd]dk^qdbr	 idbf`kb_]dg	 dif`k`'
q`a^l	bdd_]`_b_]ctv^o	ifdx`a_^q`h	wgi^'
f^u`bmdsd	f[bif`k`q`a^l�	�k^a	^\	f`\cqr'
_[_d]	 _[mdsd	 wmbi`f^g`a_[	 if`kb_[]q`a	 ]
_[eq^x`	-�

�a[q^\	if`kb_[]q`aano	f`\cqr_[_d]	id'
m[\n][`_�	u_d	]	k`hb_]^_`qradb_^	f[asd]d`
f[bif`k`q`a^`�	 idb_fd`aad`	 ]	 d_k`qradb_^

id	k[aang	m[jkdh	sfciin	a`qr\l	if^\a[_r
x^ipd]bm^g�	_�m�	da^	a`\a[u^gd	d_q^u[t_'
bl	d_	bqcu[hano	f[bif`k`q`a^h�	u^bq`aad'
b_^	 mq[bbd]	 md_dfno	 ^g`t_	 f[]adg`fad`
f[bif`k`q`a^`�	�_d_	]n]dk	bq`kc`_	^\	_dsd�
u_d	 \a[u`a^l	 bdd_]`_b_]ctv^o	i[f[g`_fd]
f[bif`k`q`a^l	 a`	 ]nodkl_	 \[	 sf[a^xn	 de'
q[b_^	if^al_^l	acq`]dh	s^id_`\n�	�	_[eq^'
x`	 &	 gdjad	 ]^k`_r�	 u_d	 \a[u`a^`	 ���&1�

�� $� f�	 
^b_dsf[gg[	mdwpp^x^`a_[	 f[asd]dsd	f[bif`k`q`a^l	 �/	mq[bbd]	 ]	 ]nedfm`	de|`gdg
��� `k^a^x

�� $� h�	 
^b_dsf[gg[	mdwpp^x^`a_[	 f[asd]dsd	f[bif`k`q`a^l	 �/	mq[bbd]	 ]	 ]nedfm`	de|`gdg
������	`k^a^x
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if^a[kq`j^_	^a_`f][qc	}���-���	���&/,~�	[
\a[u`a^`	 �����&	!	 ^a_`f][qc	 }����,��	 �
����.~�	�	_[eq^x`	-	idb_fd`aan`	^a_`f][qn
}���--��	 ���-.�~	 ^	 }����-��	 ����/1~	 _[mj`
]mqtu[t_	]	b`el	w_^	\a[u`a^l�	�f[m_^u`b'
m^	w_d	d\a[u[`_�	u_d	w_^	bd]dmciadb_^	g^s'
f[a_d]	]flk	q^	b_d^_	f[bbg[_f^][_r	m[m	x`'
qdb_an`	\[gmac_n`	b^b_`gn�	�fcs^g^	bqd'
][g^�	ifd]`k`a^`	g^sf[x^daadh	idq^_^m^
_dqrmd	 ]	 d_ady`a^^	 dkadh	 ^\	 w_^o	 sfcii
e`\	cu`_[	^a_`f`bd]	kfcsdh	sfciin	a`	if`k'
b_[]ql`_bl	x`q`bddef[\ang�	[	f[bbgd_f`a^`
]	 d_k`qradb_^	 if`kb_[]^_`q`h	 f[\q^uano
sfcii	 g^sf[x^^	 a`	 id\]dql`_	 bdb_[]^_r
if`kb_[]q`a^`	d	]b`h	bd]dmciadb_^	m[m	̀ k^'
adg	x`qdg�

�	kfcsdh	b_dfdan�	de|`k^all	k[aan`	]
dkac	bd]dmciadb_r	gdjad	idqcu^_r	b^b_`g'
anh	de|`m_�	kql	md_dfdsd	o[f[m_`fang	l]'

ql`_bl	x`qdb_adb_r	}b^b_`gadb_r~�	
f[p^u`b'
m^`	f`\cqr_[_n	_[mdsd	de|`k^a`a^l	gdjad
]^k`_r	a[	f^b�	��	sk`	kql	bf[]a`a^l	if^]`'
k`an	 ^	 f[bu`_an`	 \a[u`a^l	 u^bq`aadb_`h
d_k`qrano	mq[bbd]�

�n]dk	 d	 ]nidqa`a^`	 \[mda[	�^ip[	 a[
bd]g`b_adg	 f[asd]dg	 f[bif`k`q`a^^	gdj'
ad	bk`q[_r	^\	_dsd�	u_d	\a[u`a^`	f[bu`_adsd
mdwpp^x^`a_[�	f[]ad`	�����,	a`	if^a[kq`'
j^_	a^	^a_`f][qc	}���1/.�	�����1~	_[eq^xn
&�	 a^	 ^a_`f][qc	 }����&/�	 ������~�	 �a[u^_�
bq`kc`_	if^\a[_r�	u_d	f[asd]d`	f[bif`k`q`'
a^`�	idb_fd`aad`	id	]b`h	^bbq`kc`gdh	bd'
]dmciadb_^�	l]ql`_bl	x^ipd]ng�	�_d	d\a['
u[`_�	u_d	_dqrmd	]bl	̂ bbq`kc`g[l	gdj`_	en_r
if`kb_[]q`a[	 m[m	 b^b_`g[�	 [	 d_k`qran`	 ``
u[b_^	w_^g	b]dhb_]dg	a`	deq[k[t_�

�[m^g	 def[\dg�	 m[m	 enqd	 cb_[ad]q`ad
if^	^bbq`kd][a^^	f[asd]no	f[bif`k`q`a^h�

�[eq^x[	-
���&!2������"�#���#�+��#�9�#�+�5���*�������#��������� 5����!�#�+
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sf[a^x[
� �/ ���&1� ���.1& ���-, ���--� ���-.�
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if^	bd]g`b_adg	f[bbgd_f`a^^	]b`h	bd]dmci'
adb_^	m	a`h	bq`kc`_	idkodk^_r	m[m	m	a`md'
_dfdh	 bqdj^]y`hbl	 x`qdb_adh	 b^b_`g`�
pcamx^da^fd][a^`	md_dfdh	]	\a[u^_`qradh
b_`i`a^	dif`k`ql`_bl	g`b_ang^	cbqd]^lg^
^	]\[^gdk`hb_]^`g	d_k`qrano	``	bdb_[]ql'
tv^o�	�dqcu`aan`	 ]n]dkn	 enq^	 ^bidqr'
\d][an	]	if[m_^u`bmdh	k`l_`qradb_^	id	ifd'
]`k`a^t	k`gdsf[p^u`bmdh	^	g^sf[x^daadh
idq^_^m^	]	f[hda[o	�^e^f^	^	�[qra`sd	�d'
b_dm[�

\�$
l�(�'(

�bidqr\d][a^`	 if^ax^id]	 b^b_`gadsd
idkodk[	l]ql`_bl	][jang	wq`g`a_dg	gdk`'
q^fd][a^l	 bdx^[qrad'wmdadg^u`bm^o	 ifd'
x`bbd]�	 �ka[md�	 mdff`m_ad`	 if^g`a`a^`
dbad]ano	 idqdj`a^h	 b^b_`gadsd	 [a[q^\[
a`]d\gdjad	e`\	if`k][f^_`qradsd	cb_[ad]'
q`a^l	 x`qdb_adb_^	 b^b_`gn�	 �adsk[	 w_c
ifdeq`gc	pdfgcq^fct_	m[m	\[k[uc	]nk`q`'
a^l	 b^b_`gn�	 dif`k`q`a^l	 ``	 sf[a^x�	�k'
a^g	^\	g`_dkd]	f`y`a^l	w_dh	\[k[u^	l]ql'
`_bl	f[bbgd_f`aanh	idkodk�	dbad][aanh	a[
^bbq`kd][a^^	f[asd]no	f[\e^`a^h�	md_dfn`
idqcu[t_bl	 ]	 odk`	 idb_fd`a^l	 _^idqds^h�
�	f[gm[o	if`kqdj`aadsd	idkodk[	ck[`_bl	a`
_dqrmd	 idqcu^_r	 bdk`fj[_`qrad	 ^a_`fif`'
_^fc`gn`	mq[bb^p^m[x^^	wq`g`a_d]	b^b_`'
gn�	ad	^	d_]`_^_r	a[	]difdb	d	x`qdb_adb_^
f[bbg[_f^][`gdh	 bd]dmciadb_^�

�f^al_^`	f`y`a^h	id	cif[]q`a^t	b^b'
_`gang	de|`m_dg	_[mj`	kdqjad	cu^_n][_r
dbde`aadb_^	 `sd	pcamx^da^fd][a^l�	 �[m�
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