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$^a[abd]nh	mda_fdqr	l]ql`_bl	if[m_^'
u`bm^g	 ]diqdv`a^`g	 mda_fdqradh	pcam'
x^^�	if^bcv`h	p^a[ab[g	m[m	wmdadg^u`b'
mdh	m[_`sdf^^�	$^a[abd]nh	mda_fdqr	if`k'
b_[]ql`_	bdedh	b_fdsd	f`sq[g`a_^fd][aact
k`l_`qradb_r	 bi`x^[qrad	 bd\k[aano	 mda_'
fdq^fctv^o	 dfs[ad]	 \[	 bdeqtk`a^`g	p^'
a[abd]dsd	 \[mdadk[_`qrb_][	 ^	p^a[abd]dh
k^bx^iq^an	]b`o	wmdadg^u`bm^o	bce|`m_d]�
�[m	j`	m[m	p^a[abn	l]qlt_bl	dbad]dh	qt'
edh	 bp`fn	 dev`b_]`aadh	 k`l_`qradb_^	 ^
d_f[j[t_	 ^o	 g[_`f^[qract	 f`\cqr_[_^]'
adb_r�	_[m	^	p^a[abd]nh	mda_fdqr	l]ql`_'
bl	m[m	en	q[mgcbd]dh	ecg[sdh�	a[	md_dfdh
f`[qrad	ifdl]ql`_bl	]`br	ifdx`bb	k]^j`a^l
p^a[abd]no	 f`bcfbd]�	 a[u^a[l	 d_	 b_[k^^
pdfg^fd][a^l	p^a[abd]no	f`bcfbd]�	a`de'
odk^gno	kql	a[u[q[	dbcv`b_]q`a^l	k`l_`qr'
adb_^	]	qtedh	bp`f`�	^	mdau[l	idqcu`a^`g
p^a[abd]no	f`\cqr_[_d]	w_dh	k`l_`qradb_^�
�	 cbqd]^lo	 a`if`fn]adh	 od\lhb_]`aadh	 ^
p^a[abd]dh	k`l_`qradb_^	if`kif^l_^h	a[^'
edq``	if^]q`m[_`qrang	l]ql`_bl	a`if`fn]'
anh	p^a[abd]nh	mda_fdqr�	_�`�	a`if`fn]'
ad`	 bq`j`a^`	 \[	ifd_`m[tv^g^	ifdx`bb['
g^�	�ka[md	qtedh	mda_fdqr	b]l\[a	b	f[bod'
kdg	p^a[abd]no	bf`kb_]	̂ 	]f`g`a^	wmbi`f_'
adh	sfciin�	dbcv`b_]qltv`h	mda_fdqr�	id'
w_dgc	 ]	 f`[qrano	 cbqd]^lo	 f[ed_n	 b^b_`g
p^a[abd]dsd	mda_fdql	a`if`fn]anh	mda_'
fdqr	 a`]d\gdj`a�	�`if`fn]anh	 mda_fdqr
\[g`al`_bl	k^bmf`_ang�	if^	w_dg	_f`ect_'
bl	 bi`x^[qran`	 g`_dkn	 iq[a^fd][a^l	 ^
ifd]`k`a^l	mda_fdqrano	g`fdif^l_^h�	�_^
g`_dkn	kdqjan	de`bi`u^][_r	g^a^g[qract
id_`ft	̂ apdfg[x^^	d	p^a[abd]dh	̂ 	od\lh'
b_]`aadh	k`l_`qradb_^	ifd]`fl`gdsd	if`k'

if^l_^l�	 a`	 kdicbm[_r	 ]d\a^mad]`a^l	 bc'
v`b_]`aano	 p^a[abd]no	 a[fcy`a^h	 a[
if`kif^l_^^�

�	 k[aadh	 b_[_r`	 if`kqdj`an	 b_do[b_^'
u`bm^`	gdk`q^	iq[a^fd][a^l	 mda_fdqrano
g`fdif^l_^h	]	b^b_`g[o	p^a[abd]dsd	mda'
_fdql�	 e[\^fctv^`bl	 a[	 g`_dk[o	 _`df^^
g[bbd]dsd	debqcj^][a^l�	di_^g^\[x^^�	mq['
b_`fadsd�	f`sf`bb^daadsd	^	k^bmf^g^a[a_'
adsd	 [a[q^\[�	 �[aan`	 gdk`q^	 id\]dqlt_
f[\f[ed_[_r	^ak^]^kc[qran`	 sf[p^m^	mda'
_fdqrano	g`fdif^l_^h	kql	sfcii	if`kif^'
l_^h	 b	 dif`k`q`aang^	 mdwpp^x^`a_[g^
k`qd]dh	[m_^]adb_^	^	bqdjadb_^	dfs[a^\['
x^daadh	 b_fcm_cfn�	 �nk`q`a^`	 sfcii	 �GΩ

��G R= 	 if`kif^l_^h�	 dkadfdkano	 b	 _dum^
\f`a^l	 k`qd]dh	 [m_^]adb_^�	 dbcv`b_]ql`_'
bl	g`_dk[g^	mq[b_`fadsd	[a[q^\[	a[	dbad'
][a^^	 bq`kctv^o	 dev`if^al_no	 mdwpp^'
x^`a_d]	k`qd]dh	[m_^]adb_^�

�	 �Y 	!	mdwpp^x^`a_	dev`h	dedf[u^]['
`gdb_^	m[i^_[q[�	 �Y 	d_f[j[`_	bmdfdb_r	ded'
fd_[	}]	mdq^u`b_]`	dedfd_d]	\[	i`f^dk~	]b`'
sd	m[i^_[q[	if`kif^l_^l�	db_	 �Y 	d\a[u[`_
cbmdf`a^`	mfcsddedfd_[	m[i^_[q[	^q^	^ap'
qlx^daanh	fdb_	x`a	}]	bqcu[`	ba^j`a^l	 �Y
^q^	 &Y ~�

�	 �Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
gde^qrano	bf`kb_]�	 �Y 	idm[\n][`_	bmdfdb_r
dedfd_[	gde^qrano	}m[m	g[_`f^[qrano�	_[m
^	 a`g[_`f^[qrano~	 bf`kb_]	 if`kif^l_^l�
db_	 �Y 	o[f[m_`f^\c`_bl	idqdj^_`qrad�	̀ bq^
bdu`_[`_bl	b	fdb_dg	 &Y �	^	!	d_f^x[_`qrad�
`bq^	 &Y 	cg`ary[`_bl~�

�	 &Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
g[_`f^[qrano	dedfd_ano	bf`kb_]�	 &Y 	d_f['
j[`_	u^bqd	dedfd_d]	\[i[bd]	^	\[_f[_	if`k'
if^l_^l	\[	[a[q^\^fc`gnh	i`f^dk�	�a^j`'
a^`	 &Y 	 b]^k`_`qrb_]c`_	 de	 d_adb^_`qradg
c]`q^u`a^^	 ifd^\]dkb_]`aano	 \[i[bd]	 ^

�	�\[fad][	��	���	(`fmdq[hmd	��	���	�`fs``]	�� ���
�����



��/ �������	�
��	�����	���������	�	����������	�����	� �

a`\[]`fy`aadsd	ifd^\]dkb_][	^q^	d	ba^j`'
a^^	bifdb[	a[	 sd_d]ct	ifdkcmx^t	}]	bqc'
u[`	cg`ary`a^l	 -Y ~�

�	 -Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
sd_d]dh	ifdkcmx^^�	 -Y 	idm[\n][`_	bmdfdb_r
dedfd_[	sd_d]dh	ifdkcmx^^�	db_	 -Y 	d\a['
u[`_	c]`q^u`a^`	bifdb[	a[	ifdkcmx^t	if`k'
if^l_^l�	 ba^j`a^`	 -Y 	!	 \[_d][f^][a^`
sd_d]dh	ifdkcmx^`h	]	b]l\^	bd	ba^j`a^`g
bifdb[�

�	 �Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
k`e^_dfbmdh	\[kdqj`aadb_^�	 �Y 	idm[\n]['
`_	f[by^f`a^`	̂ q^	ba^j`a^`	mdgg`fu`bmdsd
mf`k^_[�	 if`kdb_[]ql`gdsd	 if`kif^l_^`g�
�bq^	mdwpp^x^`a_	f[bbu^_n][`_bl	id	 ]n'
fcum`	d_	f`[q^\[x^^�	pdfg^fc`gdh	id	g`f`
diq[_n	bu`_d]�	fdb_	 �Y 	d\a[u[`_	bdmf[v`'
a^`	ifdk[j	]	mf`k^_�	�a^j`a^`	]	w_dg	bqc'
u[`	 b]^k`_`qrb_]c`_	 de	 c]`q^u`a^^	 de|`g[
if`kdb_[]ql`gdsd	 mf`k^_[�

�	 /Y 	!	bf`ka^h	bfdm	dedfd_[	k`e^_dfb'
mdh	\[kdqj`aadb_^�	 /Y 	o[f[m_`f^\c`_	bf`k'
a^h	bfdm	ids[y`a^l	k`e^_dfbmdh	\[kdqj`a'
adb_^�	�dqdj^_`qrad	 dx`a^][`_bl	 ba^j`'
a^`	w_dsd	idm[\[_`ql�

�	 ,Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
mf`k^_dfbmdh	 \[kdqj`aadb_^�	 ,Y 	 o[f[m_`'
f^\c`_	f[by^f`a^`	^q^	ba^j`a^`	mdgg`f'
u`bmdsd	mf`k^_[�	if`kdb_[]ql`gdsd	if`kif^'
l_^t�	db_	 ,Y 	d\a[u[`_	c]`q^u`a^`	bmdfdb'
_^	diq[_n	\[kdqj`aadb_^	if`kif^l_^l�	ba^'
j`a^`	!	fdb_	idmcidm	]	mf`k^_�

�	 .Y 	!	bf`ka^h	bfdm	dedfd_[	mf`k^_df'
bmdh	\[kdqj`aadb_^�	 .Y 	d_f[j[`_	bf`ka^h
bfdm	 ]d\]f[_[	 kdqsd]	 if`kif^l_^l	 }\[	 ^b'
mqtu`a^`g	 del\[_`qrb_]	 i`f`k	 e[am[g^	 ^
ifdu^g^	\[hg[g^~�

�	 1Y 	!	pdakdd_k[u[	dbad]ano	bf`kb_]
^	ifdu^o	]a`dedfd_ano	[m_^]d]�	 1Y 	o[f[m'
_`f^\c`_	wpp`m_^]adb_r	^bidqr\d][a^l	db'
ad]ano	bf`kb_]	^	ifdu^o	]a`dedfd_ano	[m'
_^]d]�	̂ \g`fl`gct	]`q^u^adh	ifdk[j�	if^'
odklv^obl	a[	`k^a^xc	b_d^gdb_^	bf`kb_]�

�	 ��Y 	!	mdwpp^x^`a_	dedf[u^][`gdb_^
bdeb_]`aadsd	m[i^_[q[�	 ��Y 	idm[\n][`_	bmd'
fdb_r	 dedfd_[	 bdeb_]`aadsd	 m[i^_[q[�	 �c'
v`b_]`aad`	ba^j`a^`	 ��Y 	d_f[j[`_	_`ak`a'
x^t	 m	 e`\k`hb_]^t	 u[b_^	 bdeb_]`aano
bf`kb_]�

�cv`b_]c`_	x`qnh	flk	g`_dkd]	mq[b_`f'
adsd	[a[q^\[�	md_dfn`	gdsc_	^bidqr\d][_r'
bl	kql	f`y`a^l	k[aadh	\[k[u^	mq[bb^p^m['

x^^�	�	k[aadh	f[ed_`	if`kq[s[`_bl	^bidqr'
\d][_r	 g`_dk	 zW 'bf`ka^o{�	 �u^_[`_bl�	 u_d
mdq^u`b_]d	mq[bbd]	 W 	 \[f[a``	a`^\]`b_ad�
a[	 acq`]dh	 ^_`f[x^^	 f[bbg[_f^][`_bl	 _f^
mq[bb[	}mq[bb	b	a^\mdh�	bf`ka`h	^	]nbdmdh
k`qd]dh	 [m_^]adb_rt~�	 \[	 w_[qdaan`	gad'
j`b_][	 a[u[qrano	 mq[bbd]	 if^a^g[t_bl
if`kif^l_^l�	md_dfn`�	id	ga`a^t	wmbi`f'
_d]�	d_adbl_bl	m	if`kif^l_^lg	bdd_]`_b_]`a'
ad	 b	 a^\mdh�	 bf`ka`h	 ^	 ]nbdmdh	 k`qd]dh
[m_^]adb_rt�	�[u`b_]d	mq[bb^p^m[x^^	gdj'
ad	dx`a^_r	b	idgdvrt	f[\q^uano	pcamx^'
da[qd]	m[u`b_][	mq[bb^p^m[x^^	^	b	idgd'
vrt	g`_dkd]	k^bmf^g^a[a_adsd	[a[q^\[�

�	_dum^	\f`a^l	bqdjadb_^	dfs[a^\[x^'
daadh	 b_fcm_cfn	 ]nk`qlt_bl	 sfciin	 �UΤ

��U c= 	if`kif^l_^h	b	q^a`hadh�	pcamx^d'
a[qradh�	 q^a`had'pcamx^da[qradh	^	g[_'
f^uadh	b_fcm_cf[g^�

�f^a[kq`jadb_r	if`kif^l_^l	m	dif`k`'
q`aadh	 sfcii`	 GΩ 	 id	 k`qd]dh	 [m_^]adb_^
id\]dql`_	 bck^_r	 d	 bmdfdb_^	 a[mdiq`a^l
^apdfg[x^^	^	a`dif`k`q`aadb_^	]	`sd	p^'
a[abd]dh	 ^	 od\lhb_]`aadh	 k`l_`qradb_^�
�f^a[kq`jadb_r	j`	m	dif`k`q`aadh	sfcii`

UΤ 	 sd]df^_	d	bqdjadb_^	ifd]`k`a^l	mda_'
fdqradsd	g`fdif^l_^l	a[	k[aadg	if`kif^'
l_^^�

(ck`g	bu^_[_r�	u_d	`b_r	a`md_dfd`	p^m'
b^fd][aad`	 gadj`b_]d	 @ 	 if`kif^l_^h�
idkq`j[v^o	f`scqlfadgc	k^bmf`_adgc	mda'
_fdqt�	�f`kif^l_^l	f[\e^_n	a[	sfciin	id
k`qd]dh	[m_^]adb_^	 �GΩ 	 ��G R= 	^	a[	sfciin
id	 bqdjadb_^	 dfs[a^\[x^daadh	 b_fcm_cfn

�UΤ 	 ��U c= �	�ed\a[u^g	 u`f`\	 �GU@ 	 �� �G R=
��U c= 	 mdq^u`b_]d	 if`kif^l_^h�	 bdd_]`_'

b_]ctv^o	 bdu`_[a^t	 } � ~G UΩ Τ �	 �ql	 m[jkdh
i[fn	} � ~G UΩ Τ 	_f`ec`_bl	dif`k`q^_r	if[]^qd
ifd]`k`a^l	 mda_fdqrano	 g`fdif^l_^h	 ]d
]f`g`a^�	�f`kidq[s[`_bl�	u_d	mda_fdqran`
g`fdif^l_^l	gdsc_	 ifd]dk^_rbl	 ]	 bqcu[h'
an`	gdg`a_n	]f`g`a^	^�	u_d	id_dm	ifd]`'
fdm	 l]ql`_bl	 ifdb_`hy^g	 }deq[k[`_	 b]dh'
b_][g^�	 b_[x^da[fadb_^�	 dfk^a[fadb_^	 ^
d_bc_b_]^l	idbq`k`hb_]^l~	b	i[f[g`_fdg	 GUλ �
�[f[g`_f	 GUλ 	 o[f[m_`f^\c`_	 ^a_`ab^]adb_r
id_dm[	 ifd]`fdm�	 _�`�	 bf`ka``	 mdq^u`b_]d
ifd]`fdm	]	`k^a^xc	]f`g`a^	 }a[if^g`f�	]
sdk	^q^	]	_f^	sdk[~�	�g`aad	i[f[g`_fn	id'
_dmd]	 GUλ 	 kql	m[jkdh	i[fn	 } � ~G UΩ Τ 	idkq`'
j[_	 dif`k`q`a^t	 ]	 di_^g^\[x^daadh	gd'
k`q^�	if`kq[s[`gdh	]	k[aadh	b_[_r`�
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�ql	 ifdb_`hy`sd	 id_dm[	 ]`fdl_adb_r
ifd]`k`a^l	W 	ifd]`fdm	\[	]f`gl	 Q 	dif`k`'
ql`_bl	id	pdfgcq`
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GU

W

GU Q

W

Q
a Q I

W

λλ −=

[	ifdg`jc_dm	]f`g`a^	 GUξ 	g`jkc	bdb`ka^g^
ifd]`fm[g^	 f[bif`k`q`a	 id	 idm[\[_`qrad'
gc	\[mdac
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} ~ } ~
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Q

λ
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b	i[f[g`_fdg	 GUλ �
�fdg`	 if`kidqdj`a^h	 d	 b]dhb_][o	 id'

_dm[	ifd]`fdm	]	gdk`q^	if^bc_b_]c`_	_[mj`
if`kidqdj`a^`	d	_dg�	u_d	]f`gl	ifd]`fm^
kql	if`kif^l_^h	^\	mq[bb[	 UΤ 	`b_r	bqcu[h'
a[l	]`q^u^a[	 Uζ �	f[bif`k`q`aa[l	id	idm['
\[_`qradgc	 \[mdac

� � 	 �
} ~ } ~

�� 	 �
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U

Q

U
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^ Q a Q

Q

µ

ζ ζ
− − >= < = 
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b	i[f[g`_fdg	 Uµ �	o[f[m_`f^\ctv^g	^a_`a'
b^]adb_r	 debqcj^][a^l	 if`kif^l_^h	 ^\
mq[bb[	 UΤ �	�`q^u^a[	 � �RcU UE µ= 	idm[\n][`_
bf`ka``	 ]f`gl	ifd]`fm^	 dkadsd	 if`kif^l'
_^l	^\	mq[bb[	 UΤ �	da[	dif`k`ql`_bl	a[	db'
ad][a^^	def[ed_m^	b_[_^b_^u`bm^o	k[aano
id	mq[bbc	 UΤ �

�dbmdqrmc	^	^a_`f][qn	]f`g`a^	g`jkc
bdb`ka^g^	ifd]`fm[g^	^	]f`gl	ifd]`k`a^l
ifd]`fm^	 l]qlt_bl	 bqcu[hang^	 ]`q^u^a['
g^�	^bbq`kc`gct	b^b_`gc	ckdead	di^bn][_r
]	 _`fg^a[o	 bqcu[hano	 ifdx`bbd]�	 �]`k`g
idal_^`	bdb_dla^l	b^b_`gn	^	]n]`k`g	b^b'
_`gc	k^pp`f`ax^[qrano	cf[]a`a^h	kql	]`'
fdl_adb_`h	f[\q^uano	bdb_dla^h	^bbq`kc`'
gdh	b^b_`gn�

�db_dla^l	 b^b_`gn	 eck`g	 di^bn][_r
cidflkdu`aang^	 a[edf[g^	 i[f	 ^ak`mbd]
]^k[	 � � � �}} � ~�} � ~�����} � ~~W WG U G U G U �	�dg`f	W 	cm['
\n][`_	a[	_d�	u_d	b`hu[b	]	b^b_`g`	a[odk^_'
bl	W 	if`kif^l_^h�	if`kif^l_^l	o[f[m_`f^'
\ct_bl	 _dqrmd	 i[fdh	 ^ak`mbd]	 } � ~G U �	 G 	!
adg`f	mq[bb[	id	k`qd]dh	[m_^]adb_^�	 U 	!
adg`f	mq[bb[	id	bqdjadb_^	b_fcm_cfn�	i[f[

� �} � ~G U �	b_dlv[l	]	cidflkdu`aadg	a[edf`	a[
i`f]dg	g`b_`	d_adb^_bl	m	if`kif^l_^t�	a[
md_dfdg	 dbcv`b_]ql`_bl	 ifd]`fm[�	 ]b`	 db'
_[qran`	i[fn	 � �} � ~� �} � ~W WG U G U… 	!	w_d	if`k'

if^l_^l�	b_dlv^`	]	\[k[aadg	idflkm`	]	du`'
f`k^	a[	ifd]`k`a^`	ifd]`fm^�

�^g]dqdg	
� � � �}} � ~�} � ~� �} � ~~} ~

W WG U G U G Ua Q… 	ded\a[u^g
]`fdl_adb_r	_dsd�	u_d	u`f`\	]f`gl	 Q 	idbq`
a[u[q[	pcamx^da^fd][a^l	b^b_`g[	eck`_	a['
odk^_rbl	 ]	 bdb_dla^^	 � � � �}} � ~�} � ~�����G U G U
} � ~~W WG U �	]	u[b_adb_^	b^g]dqdg	 �} ~a Q 	ded\a['
u[`_bl	 ]`fdl_adb_r	 _dsd�	 u_d	 b^b_`g[	 icb'
_[l�	_�`�	a`_	if`kif^l_^h�	]	md_dfno	ifd]d'
k^_bl	ifd]`fm[�	̂ 	a`_	if`kif^l_^h�	b_dlv^o
]	du`f`k^	a[	ifd]`k`a^`	ifd]`fm^�	�ql	a['
u[qradsd	gdg`a_[	 ]f`g`a^	 �Q = 	 k`q[t_bl
bq`kctv^`	 if`kidqdj`a^l�

� � � �}} � ~�} � ~�����} � ~~

� � � � �

}�~ �� 	 	 �� � 	

	}} � ~�} � ~�����} � ~~� 	 }�~ ��
W WG U G U G U

W W

a W c
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