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�	a[b_dlv``	 ]f`gl	 ]b`	 u[v`	 if^	 ded'
bad][a^^	cif[]q`au`bm^o	f`y`a^h	]	m[u`'
b_]`	 [qr_`fa[_^]n	 cbqd]^lg	 a`dif`k`q`a'
adb_^	 ^bidqr\ct_bl	 f[\q^uan`	 bo`gn
bce|`m_^]ano	 if`kidu_`a^h�	 �ka[md�	 a`'
bgd_fl	a[	[m_c[qradb_r	k[aadsd	idkodk[	^
f[\addef[\^`	`sd	bo`g�	]	if[m_^m`	dedbad'
][a^l	 id	 if`^gcv`b_]c	 ^bidqr\ct_bl	g`'
_dkn	^\	dkadsd	^	_dsd	j`	k[]ad	^\]`b_adsd
a[edf[�	dbad]c	md_dfdsd	bdb_[]ql`_	ifdb_d`
f[aj^fd][a^`�	e[qqrad`	dx`a^][a^`	^	i[f'
an`	bf[]a`a^l�	�b`g�	m_d	\a[mdg	b	ifdx`'
kcf[g^	wmbi`f_adsd	dx`a^][a^l�	^\]`b_ad�
u_d	kq^_`qrad`	]f`gl	w_d_	a[edf	a`	ididq'
al`_bl	 ad]ng^	g`_dk[g^�	�	 w_d�	 a[	 a[y
]\sqlk�	a`	bqcu[had�


q[]a[l	 dbde`aadb_r	 k[aano	g`_dkd]	 ]
_dg�	 u_d	 kql	 u^bqd]dsd	 if`kb_[]q`a^l	id'
qcu[`gno	f`\cqr_[_d]�	]	dbad]adg�	^bidqr'
\ct_bl	adg^a[qran`	^	f[asd]n`	ym[qn�	�
w_^o	ym[q[o	̂ 	mfd`_bl	_d_	mdab`f][_^\g�	md'
_dfnh	c_]`fk^qbl	]	d_ady`a^^	g`_dkd]	de'
f[ed_m^	wmbi`f_adh	^apdfg[x^^�	�sd	if^'
fdk[	du`]^ka[�	a^\m[l	f[\f`y[tv[l	bidbde'
adb_r	wmbi`f_d]�	bqcj[v[l	a`if`dkdq^gng
e[fr`fdg	kql	id]ny`a^l	_duadb_^	wmbi`f_'
ano	dx`adm�	�d\a^m[`_	`b_`b_]`aanh	]difdb�
z�[mdh	bgnbq	]	f[\f[ed_m`	ad]no	idkodkd]	^
edq``	_duano	g`_dkd]�	`bq^	da^	^\'\[	cm[\[a'
adsd	e[fr`f[	a`	if^]dkl_	m	 c_dua`a^t	p^'
a[qrano	f`\cqr_[_d]U{	�fckad	]d\f[\^_r	w_d'
gc	_`\^bc�	�	]b`	j`	bgnbq	`b_r�	�a	idl]ql`_'
bl	]	_`o	bqcu[lo�	mdsk[	g`al`_bl	if^]nuad`
if`kb_[]q`a^`	d	bc_^	f`y[`gno	\[k[u�
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�d]nh	]\sqlk	a[	ifdeq`gc	wmbi`f_adsd
dx`a^][a^l	l]ql`_bl	_dh	d_if[]adh	_dumdh�

]	md_dfdh	a[u^a[t_bl	̂ bbq`kd][a^l	id	pdf'
g^fd][a^t	 f`\cqr_[_d]	 wmbi`f_adsd	 difd'
b[	]	bdd_]`_b_]^^	b	w_^g	]\sqlkdg�	�bad]'
a[l	̂ k`l	idkdeano	̂ bbq`kd][a^h	]	_dg�	u_d'
en		dedbad][_r	a`deodk^gdb_r	^	idq`\adb_r
idqcu`a^l	 f`\cqr_[_d]	 difdb[	 a`	 ]	 f[asd'
]no	^	adg^a[qrano	ym[q[o�	m[m	w_d	if^al'
_d�	 [	 ]	 ]^k`	gdk`q`h�	mdax`a_f^fctv^o	]
b]d`h	 [a[q^_^u`bmdh	 b_fcm_cf`	 bce|`m_^]'
an`	 if`kidu_`a^l	 wmbi`f_d]�	 �	 m[u`b_]`
if^g`f[�	 k`gdab_f^fctv`sd	ad]nh	 ]\sqlk
a[	def[ed_mc	wmbi`f_adh	^apdfg[x^^�	f[b'
bgd_f^g�	b_[]yct	mq[bb^u`bmdh�	\[k[uc	f[a'
j^fd][a^l	idm[\[_`q`h	id	^o	b_`i`a^	]q^'
la^l	 a[	 ]d\gdjadb_r	 idl]q`a^l	 m[mdsd'
q^ed	bden_^l�

�[k[u[	f[aj^fd][a^l	l]ql`_bl	dkadh	^\
a[^edq``	f[bifdb_f[a`aano	]	if[m_^m`	wm'
bi`f_adsd	dx`a^][a^l�	�`	f`y`a^`	gdjad
idqcu^_r	 b	 idgdvrt	 qtedsd	 ^\	 ]ny`a[\'
][aano	g`_dkd]�	�ka[md�	a`bgd_fl	a[	gad'
sddef[\^`	g`_dkd]�	bc_r	̂ bidqr\c`gdsd	]	a^o
idkodk[	 dka[	!	 a`idbf`kb_]`aad`	 dx`a^'
][a^`	idm[\[_`q`h�	�[flkc	b	ifdb_d_dh	f`'
[q^\[x^^	w_d_	idkodk	^g``_	^	flk	a`kdb_[_'
md]�	�u`]^kad�	 u_d	 `sd	 if^g`a`a^`	 ^g``_
bgnbq	_dqrmd	]	q^a`hadg	bqcu[`�	mdsk[	b_`'
i`ar	]q^la^l	a`	\[]^b^_	d_	b_fcm_cfn	dx`'
a^][`gdsd	a[edf[	idm[\[_`q`h�

�	f`[qrano	b^_c[x^lo	]b`	sdf[\kd	bqdj'
a`h�	�f`kb_[]q`a^`	d	q^a`hadg	]\[^gdk`h'
b_]^^	 bmdf``	 [eb_f[mx^l�	 idgds[tv[l	 ci'
fdb_^_r	\[k[uc�	bk`q[]	``		]b`sk[	f`y[`gdh�
ad	 b	 a`md_dfdh	 dy^emdh�	 md_dfdh	gdjad
if`a`ef`ur�	 �ds^m[	 idqcu`a^l	 f`\cqr_[_d]
id	_[mdh	bo`g`	dx`a^][a^l	e`\	cu`_[	bd]g`'
b_ano	 wpp`m_d]	 ]idqa`	 de|lba^g[�	 `y`'
a^`	̂ v`_bl	kql	mdamf`_adh	b^_c[x^^	b	p^m'
b^fd][aadh	 b_fcm_cfdh	 idm[\[_`q`h�	 md_d'
f[l	 od_l	 ^	 a`	 cm[\n][`_bl	 ]	 \[k[a^^	 wmb'
i`f_c�	ad�	m[m	if[]^qd�	if^bc_b_]c`_	]	`sd
if`kb_[]q`a^lo	d	f`y[`gdh	\[k[u`�	�d	m[m�	�[]a^b	��	���	�^almd][	��	���	�����
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_dqrmd	b_fcm_cf[	a[u^a[`_	^\g`al_rbl�	bf['
\c	j`	idl]qlt_bl	a`cu_`aan`	wpp`m_n	]\['
^gdk`hb_]^l	^	a[k`jadb_r	wmbi`f_ano	dx`'
adm	f`\md	ba^j[`_bl�	�dw_dgc	bo`gc	a`idb'
f`kb_]`aadsd	 dx`a^][a^l	 idm[\[_`q`h	 a`'
deodk^gd	 \[g`a^_r	kfcsdh�	dbad][aadh	a[
gdk`qradg	if`kb_[]q`a^^	f`\cqr_[_d]	]	\['
]^b^gdb_^	 d_	 b_fcm_cfn�	 ad	 e`\	 cbqdja`'
a^l	b[gdh	ifdx`kcfn	difdb[	wmbi`f_d]�	�f^
w_dg	gdk`qr�	d_f[j[tv[l	]\[^gdb]l\r	g`j'
kc	]d\gdjadb_rt	idl]q`a^l	^a_`f`bctv`'
sd	a[b	bden_^l	^	a[edfdg	dx`a^][`gno	id'
m[\[_`q`h�	kdqja[	en_r	id	]b`h	]`fdl_adb'
_^	a`q^a`hadh	^�	mfdg`	_dsd�	wmdadg`_f^'
u`bmdh�	_[m	m[m	^a_`f`b	]n\n][`_	a`	_dqrmd
g`o[a^\g	]\[^gdk`hb_]^l�	ad	^	[k`m][_ad`
d_f[j`a^`	 mdq^u`b_]`aadh	 dx`am^	 b^qn
w_dsd	]\[^gdk`hb_]^l�	�dqcu`aan`	dx`am^
]	]^k`	mdwpp^x^`a_d]	f`sf`bb^^�	m[m	f[\	^
bdk`fj[_	^apdfg[x^t	d	f[asd]dh	b_fcm_c'
f`	idm[\[_`q`h�	�fdg`	d_g`u`aadsd�	 ]	id'
kdeadg	 idkodk`	 f`[q^\c`_bl	 `b_`b_]`aad`
j`q[a^`	 \[g`a^_r	 id]_dfan`	 wmbi`f_an`
difdbn	ifdsad\ang^	dx`am[g^�	�dbq`ka``
l]ql`_bl	 ][jadh	 dbde`aadb_rt�	 �g`aad
w_dh	 ]d\gdjadb_rt	 a`	 deq[k[t_	 iflgn`
g`_dkn	wmbi`f_adsd	dx`a^][a^l�

�[m^g	def[\dg�	bgnbq	f[bbg[_f^][`gd'
sd	\k`br	idkodk[	]	 _dg�	u_den	wmbi`f_act
^apdfg[x^t	^bidqr\d][_r	kql	idb_fd`a^l
gdk`q^�	b	idgdvrt	md_dfdh	eckc_	idqcu`'
an	^a_`f`bctv^`	a[b	dx`am^�	[	a`	kql	a`'
idbf`kb_]`aadsd	 idqcu`a^l	 b[g^o	 dx`adm�
�d\a^m[`_	`b_`b_]`aanh	]difdb�	m[m^g	de'
f[\dg	 wmbi`f_a[l	 ^apdfg[x^l	 gdj`_	 ^b'
idqr\d][_rbl	]	w_^o	x`qlo�	�d	]b`h	]^k^gd'
b_^�	 gdjad	 if`kqdj^_r	 a`bmdqrmd	 idkod'
kd]�	de`bi`u^][tv^o	f`[q^\[x^t	debcjk['
`gdh	\k`br	^k`^�	�[y`	if`kqdj`a^`	\[mqt'
u[`_bl	]	_dg�	u_den	^a_c^x^t	^	\a[a^l	wm'
bi`f_d]	if^g`a^_r	kql	pdfg^fd][a^l	bi`'
x^[qrano	 ]nedfduano	 bd]dmciadb_`h�	 md'
_dfn`	gn	 eck`g	 a[\n][_r	 ib`]kd]nedfm['
g^�	�[aan`	 bpdfg^fd][aano	 ib`]kd]ned'
fduano	 bd]dmciadb_`h	 ^bidqr\ct_bl	 kql
dx`a^][a^l	mdwpp^x^`a_d]	f`sf`bb^daadh
gdk`q^�	if`kb_[]qltv`h	bdedh	^ab_fcg`a_
gadsdiq[ad]dsd	if^g`a`a^l�	[a[q^\�	dx`a'
m[	 \a[u^gdb_^	p[m_dfd]�	 ifdsad\	 dj^k[`'
gno	bden_^h	^	_�i�	�b_`b_]`aad�	w_d	\a[u^'
_`qrad	f[by^fl`_	deq[b_r	if^g`a`a^l	wmb'
i`f_ano	f`y`a^h�

$dfg[qra[l	f`[q^\[x^l	k[aadsd	idkod'
k[	 if`kidq[s[`_	 ]]`k`a^`	 e^a[fadh	 i`f`'
g`aadh	bd	bq`kctv^g	bgnbqdg�

�� 	`bq^	id	ga`a^t	wmbi`f_[	bden_^`

					kdqjad	ifd^\dh_^�

�� 	]	ifd_^]adg	bqcu[ �̀

K
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(ck`g	bu^_[_r�	u_d	\a[u`a^`	w_dh	i`f`g`a'
adh�	 o[f[m_`f^\ctv`h	idl]q`a^`	^a_`f`bc'
tv`sd	a[b	bden_^l�		\[]^b^_	d_	dx`a^][`gd'
sd	a[g^	a[edf[	idm[\[_`q`h	 � �� � � � �� T� � �
^	bcv`b_]c`_	a`md_dfd`	gadj`b_]d	f[\q^u'
ano	][f^[a_d]	 � �� � � Rw w w� 	w_^o	a[edfd]

� �} � � � � �� ~G G G GT� � �=w �	d_q^u[tv^obl	kfcs
d_	kfcs[	]b`g^	̂ q^	a`md_dfng^	b]d^g^	mdg'
ida`a_[g^	 }dx`a^][`gng^	 idm[\[_`qlg^~�
�f`kidq[s[`_bl�	u_d	c	m[jkdsd	wmbi`f_[	̀ b_r
if`kb_[]q`a^`	d	_dg�	if^	f`[q^\[x^^	m[m^o
][f^[a_d]	dj^k[`gd`	 bden_^`	eck`_	^g`_r
g`b_d�	 [	if^	f`[q^\[x^^	m[m^o	a`_�	�[_`'
g[_^u`bm^	w_d	if`kidqdj`a^`		\[i^bn][`_'
bl	]	]^k`	\[]^b^gdb_^

� �} � � � ~ �W W
G G G GT GK � � � � ε= +� }�~

sk`	 W
GK 	!	dj^k[`gd`	\a[u`a^`	e^a[fadh	\['

]^b^gdh	i`f`g`aadh�	md_dfd`	W 'nh	wmbi`f_
b]l\n][`_	b	G 'ng	a[edfdg	dx`a^][`gno	id'
m[\[_`q`h�	 � �} � � � ~G G GT� � � �� 	!	^ak`mba[l
pcamx^l�	_�`�	pcamx^l�	if^a^g[tv[l	]b`'
sd	k][	\a[u`a^l	�	^	��	 W

Gε 	!	dy^em[�	md_d'
fct	gdj`_	 kdicb_^_r	 W 'nh	 wmbi`f_�	 dx`'
a^][l	 ]q^la^`	 G 'sd	 a[edf[	 a[	 idl]q`a^`
dj^k[`gdsd	 bden_^l�

�`i`fr	b_[ad]^_bl	idal_adh	f`[q^\[x^l
dbad][aadh	 a[	 gdk`qradg	 idkodk`	 ^k`^
idqcu`a^l	wmbi`f_ano	f`y`a^h�	�a[u[q[	]
f`\cqr_[_`	x`q`]dsd	difdb[	wmbi`f_d]	pdf'
g^fc`_bl	 ib`]kd]nedfm[�	 de|`k^altv[l	 ]
b`e`	bce|`m_^]an`	ga`a^l	id	id]dkc	^a_`'
f`bctv^o	 a[b	 \[mdadg`fadb_`h�	 if`kidu'
_`a^h�	f`h_^asd]�	ifdsad\ano	dx`adm	^	_�i�
�[_`g	id	 k[aang	ib`]kd]nedfm^	 b_fd^_bl
f`sf`bb^daa[l	 \[]^b^gdb_r	 }�~�	 b]l\n][t'
v[l	bce|`m_^]an`	ga`a^l	b	dkad]f`g`aang
^o	cbf`ka`a^`g	]	̀ k^act	pdfg[q^\d][aact
\[]^b^gdb_r�	�db_fd`aa[l	 _[m^g	 def[\dg
gdk`qr�	id	bc_^�	l]ql`_bl	mdax`a_f^fd][a'
ang	]nf[j`a^`g	dedev`aadsd	ga`a^l	wm'
bi`f_d]	 id	 ^\cu[`gdh	 ifdeq`g`	 ^	 gdj`_
^bidqr\d][_rbl	 kql	 [a[q^\[	 ^	 idqcu`a^l
]b`]d\gdjano	 dx`adm�
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�f[m_^u`bm[l	f`[q^\[x^l	w_dh	ifdx`kc'
fn	 _f`ec`_	 f[bbgd_f`a^l	 x`qdsd	 flk[	 kd'
]dqrad	bqdjano	]difdbd]�

�~	�[m	 idb_fd^_r	 f`sf`bb^t	a[	 e^a[f'
act	i`f`g`aactU

�~	�[m^g^	bidbde[g^	wmbi`f_n	kdqjan
pdfg^fd][_r	 ]nedfduact	 bd]dmciadb_r
}ib`]kd]nedfmc~	kql	idb_fd`a^l	f`sf`bb^^
b	e^a[fadh	\[]^b^gdh	i`f`g`aadhU

&~	�[m	dx`a^_r	mdgi`_`a_adb_r	wmbi`f'
_[	^	[k`m][_adb_r	idb_fd`aadh	_[m^g	def['
\dg	gdk`q^U

-~	�[m^g	def[\dg	ifd]`f^_r	bdsq[bd][a'
adb_r	 ga`a^h	 dif[y^][`gdh	 sfciin	 wmb'
i`f_d]U

�~	 �[m	 dx`a^_r	 a[k`jadb_r	 f[bu`_ano
o[f[m_`f^b_^m�	idqcu[`gno	b	idgdvrt	f`s'
f`bb^^	bce|`m_^]ano	if`kidu_`a^hU

/~	�[mct	 bdk`fj[_`qract	 ^a_`fif`_['
x^t	^g`t_	 dx`am^�	 idqcu`aan`	 ]	 f`\cqr'
_[_`	gdk`q^fd][a^l	wmbi`f_ano	if`kidu_`'
a^hU

,~	�djad	q^�	[	`bq^	gdjad�	_d	m[m	^b'
idqr\d][_r	b_[_^b_^u`bm^`	g`_dkn	kql	ifd'
]`fm^	 f[\q^uadsd	 fdk[	 s^id_`\�	 ]nk]^s[`'
gno	d_adb^_`qrad	dx`a^][`gno	i[f[g`_fd]
^	de|`m_d]U

�d	bc_^�	]	w_^o	]difdb[o	a`_	a^u`sd	ad'
]dsd�	�b`	da^	]	_dh	^q^	^adh	b_`i`a^	if^'
bc_b_]ct_	 ]	 \[k[u[o	 iflgdsd	 wmbi`f_adsd
dx`a^][a^l�	de`bi`u^][l	a[k`jadb_r	idqc'
u[`gno	 f`\cqr_[_d]�	 �d	 f[bu`_	 ^	 [a[q^\
o[f[m_`f^b_^m�	 [	 _[mj`	 bdd_]`_b_]ctv^`
]n]dkn	a[	^o	dbad]`	]	ad]dg	idkodk`	d_q^'
u[t_bl	d_	_dsd�	m[m	w_d	k`q[`_bl	]	_f[k^x^'
daadg�	 ^	 idw_dgc	 _f`ect_	 bi`x^[qradsd
f[bbgd_f`a^l�
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`[q^\[x^l	 wmdadg`_f^u`bmdsd	 idkodk[
_f`ec`_	c_dua`a^l	]^k[	̂ ak`mbadh	pcamx^^
}�~�	�u^_n][l	deq[b_r	\a[u`a^h	^ak`mbadh
pcamx^^	̂ 	]`fdl_adb_act	if^fdkc	wmbi`f_'
ano	 bcjk`a^h�	 if`kb_[]^g	 ``	 bq`kctv^g
def[\dg�

�� `bq^ B} ~ ����

�� `bq^ B} ~ ����
G

G

G

K
>

=  ≤

w x

w x
}�~

sk`	B} ~Gw x 	!	pcamx^l	f[bif`k`q`a^l	]`fd'
l_adb_^	 _dsd�	 u_d	 if^	 k[aadg	 mdgiq`mb`
cbqd]^h		 Gw 	bden_^`	ifd^\dhk`_�	_�`�	 �GK = �

�dsk[	wmdadg`_f^u`bmct	gdk`qr	gdjad
eck`_	if`kb_[]^_r	]	]^k`	\[]^b^gdb_^	g`j'
kc	e^a[fadh	i`f`g`aadh�	d_f[j[tv`h	p[m_
idl]q`a^l	 bden_^l�	 ^	 if`kbm[\[aadh	 a[
dbad]`	bcjk`a^h	wmbi`f_d]	]`fdl_adb_^	`sd
f`[q^\[x^^

B} ~ �G G GK ε= +w x }&~

�	if[m_^m`	f`y`a^l	if^mq[kano	\[k[u	]
m[u`b_]`	 B	 u[v`	 ]b`sd	 ^bidqr\ct_bl	 k]`
pcamx^^�	 �bq^	 _[mdh	pcamx^`h	 l]ql`_bl
b_[ak[f_a[l	adfg[qra[l	]`fdl_adb_a[l	pca'
mx^l	f[bif`k`q`a^l

( )
�

�
�

�
�

G
]

G I \]
π

−

−∞

Φ = ∫
w x

w x }-~

_d	 f`sf`bb^daa[l	 \[]^b^gdb_r	 a[\n][`_bl
ifde^_'gdk`qrt�	�	bqcu[`�	mdsk[	^bidqr\c'
`_bl	qds^b_^u`bm[l	pcamx^l

( ) �
�

� G
G

I−
Λ =

+ w x
w x }�~

\[]^b^gdb_r	a[\n][`_bl	qds^_'gdk`qrt�
�db_fd`a^`	 f`sf`bb^daano	 gdk`q`h	 b

^bidqr\d][a^`g	a`q^a`hano	 \[]^b^gdb_`h
idkdeadsd	_^i[	if[m_^u`bm^	̂ bmqtu[`_	if^'
g`a`a^`	g`_dk[	a[^g`ary^o	m][kf[_d]�	id'
w_dgc	 f[bbgd_f^g	 w_d_	 ]difdb	 idkfdea`h�
�ql	dx`a^][a^l	gdk`q`h	e^a[fadsd	]ned'
f[	 ckdead	 ^bidqr\d][_r	 g`_dk	g[mb^g[qr'
adsd	if[]kdidkde^l�	�f^g`a`a^`	w_dsd	g`'
_dk[	dbcv`b_]ql`_bl	]	if`kidqdj`a^^�	u_d
m[jkd`	a[eqtk`a^`	gdj`_	_f[m_d][_rbl	m[m
dkadmf[_anh	]nedf	^\	f[bif`k`q`a^l	(`f'
acqq^�	�dk`qr	b	]`fdl_adb_rt	cbi`o[	B} ~Gw x
^	a`\[]^b^gng^	a[eqtk`a^lg^	 }wmbi`f_n
dif[y^][t_bl	 a`\[]^b^gd	 kfcs	 d_	 kfcs[~
if`kb_[]ql`_	bdedh	]`fdl_adb_r	bd]g`b_ad'
sd	idl]q`a^l	]b`h	bd]dmciadb_^	dj^k[`gno
bden_^h
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difdb[�	]`q^u^a[	]`fdl_adb_^	\[]^b^_	d_	]`m'
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�	k[aadh	pdfg`	\[i^b^	gadj^_`q^	ifd'
^\]`k`a^l	b`q`m_^fct_bl	b	idgdvrt	mdg'
ida`a_	]`m_df[	 K �	if^a^g[tv^o	]b`sd	k][
\a[u`a^l	�	^q^	��

�kdea``	^	g[_`g[_^u`bm^	ifdv`	g[mb^'
g^\^fd][_r	 qds[f^pg^u`bmct	 pcamx^t
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g[qrad`	f[bif`k`q`a^l�	idqcu[`g		b^b_`gn
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�`q^a`hadb_r	 idqcu`aano	 b^b_`g	 _f`'
ec`_	if^g`a`a^l	u^bq`aano	g`_dkd]�	�f`j'
k`	u`g	if^b_ci^_r	m	u^bq`aadgc	f`y`a^t
idm[j`g�	 u_d	 qds[f^pg^u`bm[l	 pcamx^l
if[]kdidkde^l	 b_fdsd	 ]dsac_[	 ^�	 bq`kd]['
_`qrad�	^g``_	`k^ab_]`aanh	g[mb^gcg�

�bad]ang	if^\a[mdg	b_fdsdh	]dsac_db'
_^	l]ql`_bl	d_f^x[_`qradb_r	]_dfdh	ifd^\'
]dkadh�	�ql	qds^b_^u`bmdh	pcamx^^	^g``_
g`b_d	du`]^kad`	a`f[]`ab_]d
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�	 bqcu[`	 adfg[qradsd	 f[bif`k`q`a^l
idqcu[`_bl	_d_	j`	b[gnh	f`\cqr_[_�	�[m^g
def[\dg�	 f`y`a^`	 b^b_`gn	 }��~	 ^q^	 }��~
if^]dk^_	m	idqcu`a^t	dx`adm�	g[mb^g^\^'
fctv^o	bdd_]`_b_]ctv^`	pcamx^^	if[]kd'
idkde^l�	_�`�	kfcs^g^	bqd][g^�	bcv`b_]c`_
g`_dk�	 de`bi`u^][tv^h	 idb_fd`a^`	gdk`'
q^	bce|`m_^]ano	if`kidu_`a^h	]	_[mdh	id'
b_[ad]m`�

/+��'�
(��%(�	(n(�'(
�	�1�(�'��0	�17%0%7%_')

�ql	f`y`a^l	cf[]a`a^l	if[]kdidkde^l

PN;} ~
�

∂ =
∂

x
x

}�&~

ckdead	^bidqr\d][_r	g`_dk	�rt_da[![p'
bda[�	�i^b[a^`	]nu^bq^_`qradh	bo`gn	ifd'
]`k`g	kql	dev`sd	bqcu[l	e`\	c_dua`a^l�	a[
dbad]`	m[mdsd	f[bif`k`q`a^l	enq[	idb_fd'
`a[	pcamx^l	if[]kdidkde^l�

�u^_[l	q`]ct	u[b_r	b^b_`gn	}�&~	k^pp`'
f`ax^fc`gdh	]`m_df'pcamx^`h	}kql	^bbq`kc'
`gno	\k`br	f[bif`k`q`a^h	w_d	k`hb_]^_`qrad
_[m~�	\[i^y`g	d_f`\dm	flk[	�`hqdf[�	l]qlt'
v`sdbl	q^a`hadh	[iifdmb^g[x^`h	w_dh	pca'
mx^^	]	dmf`b_adb_^	a`md_dfdh	_dum^	 �x
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a`hadh	f`sf`bb^^	b	idgdvrt	g`_dk[	a[^'
g`ary^o	m][kf[_d]�

�ed\a[u^]	ifd^\]dqract	_dumc	dmf`b_'
adb_^	u`f`\	 �x 	^	idgal�	u_d	a[y`h	x`qrt
l]ql`_bl	 a[odjk`a^`	 _[mdsd	 ]`m_df[	 i[f['
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]q`]d	uq`a�	bdk`fj[v^h	x��	[	\[_`g�	cgad'
j[l	de`	u[b_^	cf[]a`a^l	a[	def[_act	g[_'
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odjk`a^l	^bmdgdsd	f`y`a^l

��

�

PN;} ~ PN;} ~
�W W

W W

−

+

 ∂ ∂
= −  ′∂ ∂ ∂ 

x x
x x

x x x
}�/~

�dbq`kd][_`qradb_r	 ¡ ¢Wx 	bodklv[lbl�	^
gdjad	idm[\[_r�	u_d	``	if`k`q	l]ql`_bl	f`'
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�fd]`fm[	 b_[_^b_^u`bmdh	 \a[u^gdb_^
mdwpp^x^`a_d]	 gdk`q^	 dbcv`b_]ql`_bl	 b
idgdvrt	 b_[_^b_^m^	�[qrk[�	 idb_fd`aadh
b	 idgdvrt	 b_[ak[f_ano	 dy^edm	 mdwpp^'
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x^`a_d]	gdk`q^�	]	m[u`b_]`	md_dfno	̂ bidqr'
\ct_bl	mdfa^	m][kf[_an`	^\	k^[sda[qrano
wq`g`a_d]	md][f^[x^daadh	g[_f^xn	dx`adm
�x �	�d][f^[x^daa[l	g[_f^x[	dx`adm	gdk`'
q^	 e^a[fadsd	 ]nedf[	 f[]al`_bl	 g[_f^x`�
def[_adh	m	^apdfg[x^daadh	g[_f^x`	$^'
y`f[�	 md_df[l	if`kb_[]ql`_	 bdedh	g[_`g['
_^u`bmd`	 dj^k[a^`	 
`bb^[a[�	 ]\l_d`	 b	 de'
f[_ang	\a[mdg
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g[_f^x[	 md][f^[x^^	 \[]^b^_	 d_	 a`^\]`b_'
adsd	i[f[g`_f[	x�	�dw_dgc	a`idbf`kb_]`a'
ad`	^bidqr\d][a^`	 ``	 ]	if[m_^u`bm^o	f[b'
u`_[o	^bmqtu`ad�	`mdg`ak[x^^	\k`br	_`	j`
b[gn`�	 u_d	 ^	 if^	 ^bidqr\d][a^^	 denuadh
f`sf`bb^^�	a`^\]`b_an`	i[f[g`_fn�	if^bc_'
b_]ctv^`	]	g[_f^x`	bq`kc`_	\[g`a^_r	bdd_'
]`_b_]ctv^g^	 dx`am[g^�	 cmd]dkb_]clbr
w_^g	dev^g	if[]^qdg�	gdjad	\[i^b[_r
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�bq^	u`f`\	 WW: 	ded\a[u^_r	b_[ak[f_an`
dy^em^	bdd_]`_b_]ctv^o	dx`adm	 � Wx �	_d	b_['
_^b_^m[	�[qrk[	\[i^bn][`_bl	]	]^k`
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�f[]a`a^`	 ``	 b	 _[eq^uang	 \a[u`a^`g
�
1��} �~Rχ − 	id\]dql`_	cb_[ad]^_r	\a[u^gdb_r

mdwpp^x^`a_d]	gdk`q^	e^a[fadsd	]nedf[�
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�difdb	 if^g`a`a^l	 kql	 a[y^o	 x`q`h
gdk`q`h	e^a[fadsd	]nedf[	̂ g``_	m[m	en	k][
[bi`m_[�	 �`f]nh�	 b]l\[aanh	 b	 g`_dk[g^
idb_fd`a^l	w_^o	gdk`q`h�	bd	]b`g^	k`_[ql'
g^	enq	f[bbgd_f`a	]ny`�	^	a`	l]ql`_bl	[m'

_c[qrang�	�k^ab_]`aad`	_f`ed][a^`	!	mdf'
f`m_adb_r	if^g`a`a^l�	�_dfdh	[bi`m_	_f`'
ec`_	dedbad][a^l	if^ax^id]	pdfg^fd][a^l
ib`]kd]nedfduano	 bd]dmciadb_`h�

�gnbq	dbad]adh	\[k[u^�	b_dlv`h	i`f`k
wmbi`f_[g^�	pdfg^fctv^g^	ib`]kd]nedf'
mc�	 ]	 _dg�	 u_den	 a[	 k[aan`	 ]nedfduadsd
gadj`b_][	i`f`a`b_^	bdeb_]`aan`	if`kb_[]'
q`a^l	 d	g`o[a^\g[o	if`kidq[s[`gno	 \[md'
adg`fadb_`h	 g`jkc	 de|lbaltv^g^	 i`f`'
g`aang^	 ^	 dj^k[`gng^	 bden_^lg^�	 �ds'
k[�	`bq^	ifd]`k`a^`	_[mdh	ifdx`kcfn	enqd
cbi`yang�	_d	id	\[gnbqc	idb_fd`aa[l	gd'
k`qr	 kdqja[	 d_f[j[_r	 _c	 \[mdadg`fadb_r�
fcmd]dkb_]clbr	 md_dfdh	 wmbi`f_	 dx`a^][q
b_`i`ar	]d\k`hb_]^l	]nedfduano	\a[u`a^h
a[	 ]d\gdjan`	 ifdl]q`a^l	 ^a_`f`bctv`sd
a[b	bden_^l�	3�'�*��7����*(� �!��#�����!�n
9���5 ������7��'�������7��'������*(�9����
�����##��� ����6�� +��#p��*�"�+(�'����&m
l' 5����� &*�!���7#��&6��2��� �+���2� ��n
�*��  &7��'���#�*���"�#'�*��  �� �#�9�#�+*�
���� �*�.�5���*�##�.$

�idbden	pdfg^fd][a^l	ib`]kd]nedfm^
\[]^bl_	 d_	 bgnbqd]dsd	 bdk`fj[a^l	 f`y[`'
gdh	\[k[u^�	�_d	a`	bd]b`g	b_fdsd	pdfg[q^'
\d][aan`	ifdx`kcfn	^	idw_dgc	kql	^o	cb'
i`yadsd	if^g`a`a^l	]	m[jkdg	mdamf`_adg
bqcu[`	_f`ec`_bl	[k[i_^]ad`	]g`y[_`qrb_]d�
[bbgd_f^g	_^id]n`	b^_c[x^^�	md_dfn`	]d\'
a^m[t_	]	if[m_^m`	 [a[q^\[	^	ifdsad\^fd'
][a^l	 e^\a`b	 ifdx`bbd]�	�djad	 ]nk`q^_r
_f^	b^_c[x^^�	md_dfn`	d_q^u[t_bl	if^ax^'
i[g^	pdfg^fd][a^l	ib`]kd]nedfm^�

�	i`f]dh	 b^_c[x^^	ib`]kd]nedfmc	pdf'
g^fct_	a`idbf`kb_]`aad	^\	]nedfduadh	bd'
]dmciadb_^	 b	^\]`b_ang^	 \a[u`a^lg^	 \[]^'
b^gdh	 }k^od_dg^u`bmdh~	 ^	 a`\[]^b^gng^
i`f`g`aang^�	�_d	_d_	bqcu[h�	mdsk[	]\[^gd'
b]l\r	g`jkc	 GK 	^	a[edf[g^	 Gw 	} ��G R= ~	bcv`'
b_]c`_�	ad	wmbi`f_n	bdga`][t_bl	]	[ebdqt_'
adh	if[]dg`fadb_^	^	a[k`jadb_^	_[mdh	b]l'
\^�	�f^g`all	if^ax^i	& �!�#�+�����*� �+��.
 &7��'���#�*��*#�#�+*��	 da^	 b]d^g^	dx`a'
m[g^	c_dualt_	]d\gdjadb_r	idl]q`a^l	bdd_'
]`_b_]ctv`sd	\a[u`a^l		 GK 	if^	\[k[aadg	a['
edf`	 Gw �	�_dualtv^`	dx`am^	ckdead�	od_l	^
a`	del\[_`qrad�	idqcu[_r	]	e[qq[o�	�[jad	_dqr'
md�	u_den	f`\cqr_[_n	wmbi`f_adsd	difdb[	gdj'
ad	enqd	^a_`fif`_^fd][_r	m[m	u[b_d_c	}u^b'
qd	bqcu[`]~�	b	md_dfdh	k[aad`	a[eqtk`a^`	_^'
f[j^fc`_bl	]	]nedfduadh	bd]dmciadb_^�
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�_df[l	b^_c[x^l�	md_dfct	gn	a[g`f`an
f[bbgd_f`_r�	 if`kcbg[_f^][`_	 bqcu[^�	 mds'
k[	]nedfduad`	gadj`b_]d	bdb_d^_	_dqrmd	̂ \
de|lbaltv^o	 i`f`g`aano�	 ^	 _f`ec`_bl	 a[
dbad]`	if^ax^i[	 &7��'���#�.����#��p�'�n
"�������*� �+��.	]dbb_[ad]^_r	\a[u`a^l	e^'
a[fadh	\[]^b^gdh	i`f`g`aadh�	�	bdd_]`_'
b_]^^	b	w_^g	if^ax^idg	wmbi`f_	m[jkdgc
a[edfc	de|lbaltv^o	i`f`g`aano	]nedfdu'
adh	 bd]dmciadb_^	 b_[]^_	 ]	 bdd_]`_b_]^`
dkad	^\	]d\gdjano	\a[u`a^h	�	^q^	�	\[]^'
b^gdh	i`f`g`aadh�

�	bpdfg^fd][aadh	_[m^g	def[\dg	ib`]'
kd]nedfm`�	m[m	a`_fckad	idal_r�	bdk`fj^_bl
^apdfg[x^l�	 d_f[j[tv[l	 bce|`m_^]ad`
ga`a^`	id	id]dkc	_dsd�	m[m^`	cbqd]^l�	di^'
bn][`gn`	 de|lbaltv^g^	 i`f`g`aang^�
eq[sdif^l_b_]ct_	 idl]q`a^t	 bden_^l�	 [
m[m^`	!	a`_�	�fcs^g^	bqd][g^�	wmbi`f_[g^
bs`a`f^fd][an	\a[u`a^l	e^a[fadh	i`f`g`a'
adh	]	\[]^b^gdb_^	d_	\a[u`a^h	de|lbalt'
v^o	i`f`g`aano�	�b_`b_]`aad�	gdk`qr�	id'
b_fd`aa[l	id	k[aang	_[m	bpdfg^fd][aadh
ib`]kd]nedfm^�	 eck`_	 l]ql_rbl	 kd]dqrad
sfceng	if^eq^j`a^`g	m	 _dh	 \[]^b^gdb_^�
md_dfct	wmbi`f_n	in_[q^br	di^b[_r	b]d^'
g^	 if`kidu_`a^lg^	 ]	 ifdx`bb`	pdfg^fd'
][a^l	 k^bmf`_adh	 \[]^b^gdh	 i`f`g`aadh�
�dw_dgc	 j`q[_`qrad	 ifd]`b_^	 a`md_dfn`
c_dua`a^l�	^bidqr\cl	kql	w_dsd�	a[if^g`f�
if^ax^i	& �!�#�+�����*� �+��.� &7��'���#�n
*��*#�#�+*��

	 	�bde`aadb_r	 _f`_r`h	b^_c[x^^	]	 _dg�
u_d	^bbq`kc`gn`	de|`m_n	^g`t_	a`	_dqrmd
di^b[a^`	]	]^k`	a[edf[	idm[\[_`q`h�		ad	^
a[^g`ad][a^l�	�[if^g`f�	 w_d	 gdsc_	 en_r
sdfdk[�	f[hdan	deq[b_^�	p^fgn�	 _d][fn	^
_�i�	�f`kidq[s[`_bl�	 u_d	 c	 wmbi`f_d]	 bqd'
j^qdbr	idqad`	if`kb_[]q`a^`	de	de|`m_[o�
^	da^	bidbdean�	̂ bidqr\cl	if^ax^i	 &7��'n
���#���5���5�9��#�.	cb_[ad]^_r	\a[u^gdb_r
d_adb^_`qrad	^o	idq`\adb_^	if^	^bidqr\d'
][a^^	]	dif`k`q`aano	x`qlo�

�bq^	de|`m_d]	a`	edq``	k]co'_f`o	k`bl_'
md]�	 _d	if^ax^i	 bce|`m_^]ano	if`kidu_`'
a^h	ckdead	f`[q^\d][_r	b	idgdvrt	^\]`b_'
adsd	 g`_dk[	 i[fano	 bf[]a`a^h�	�f^u`g�
bf[]a^][_r	g`jkc	bdedh	bq`kc`_	de|`m_n�	[
a`	^o	^apdfg[x^daan`	di^b[a^l�	�_d	\a['
u^_`qrad	 cifdv[`_	 f[ed_c	 wmbi`f_d]�	 ad
_dqrmd	 ]	 _dg	 bqcu[`�	 `bq^	 c	 a^o	 k`hb_]^'
_`qrad	̂ g`t_bl		̂ a_`sf^fd][aan`	if`kb_[]'

q`a^l	de	de|`m_[o�	�	w_dg	bqcu[`	\a[u`a^l
e^a[fadh	i`f`g`aadh	dif`k`qlt_bl	id	f`'
\cqr_[_[g	wmbi`f_adsd	difdb[�	d_f[j`aang
]	 g[_f^x`	 i[fano	 bf[]a`a^h�	 �e|`m_[g�
md_dfn`	idqcu^q^	edqry`	idqd]^an	if`k'
idu_`a^h�	if^i^bn][`_bl	��	[	idqcu^]y^g
g`ary`	 idqd]^an	!	 ��	 �kad]f`g`aad	 b
pdfg^fd][a^`g	g[bb^][	\a[u`a^h	e^a[fadh
i`f`g`aadh	gdjad�	fcmd]dkb_]clbr	i`f]ng
if^ax^idg�	dbcv`b_]^_r	cb^q`a^`	if`kid'
q[s[`gno	b]l\`h�
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�b`]kd]nedfm[�	bpdfg^fd][aa[l	dka^g
^\	 ]ny`di^b[aano	 bidbded]�	 id\]dql`_
idb_fd^_r	 f`sf`bb^daact	gdk`qr�	 d_f[j['
tvct	 g`o[a^\g	 bce|`m_^]adsd	 ]nedf[
^a_`f`bctv^o	a[b	[qr_`fa[_^]�	�_d_	g`o['
a^\g	gdj`_	d_f[j[_r	m[m	^ak^]^kc[qract
_dumc	 \f`a^l�	 _[m	 ^	 sfciid]d`	 ga`a^`�	 ]
\[]^b^gdb_^	 d_	 _dsd�	 m[m[l	 ifdx`kcf[	 ^b'
idqr\d][q[br	 if^	pdfg^fd][a^^	 ]nedfm^�
"_den	 idkdeact	 gdk`qr	 ^bidqr\d][_r	 ]
if[m_^u`bmdh	k`l_`qradb_^�	acja[	c]`f`a'
adb_r	]	a[k`jadb_^	idqcu[`gno	b	``	idgd'
vrt	 f`\cqr_[_d]	 [a[q^\[	 ^	 ifdsad\[�	�['
k`jadb_r	 if^	 ^bidqr\d][a^^	 idkdeadsd
idkodk[	fdjk[`_bl	 _dqrmd	^\	dx`adm�	 b]^'
k`_`qrb_]ctv^o	d	mdgi`_`a_adb_^	wmbi`f'
_d]	^	bdsq[bd][aadb_^	^o	ga`a^h�

�f[\c	 bdsq[b^gbl	 b	 _`g�	 u_d	 wmbi`f_
^g``_	if[]d	a[	bdeb_]`aad`	ga`a^`�	d_q^u'
ad`	 d_	 kfcs^o	 wmbi`f_d]�	�[	 a[y	 ]\sqlk�
df^s^a[qradb_r	]	dx`am[o	a`	ba^j[`_	cfd'
]`ar	 mdgi`_`a_adb_^�	 a`bgd_fl	a[	 _d�	 u_d
`b_r	_dum[	\f`a^l	����	]	bdd_]`_b_]^^	b	md'
_dfdh	dx`am[	mdgi`_`a_adb_^	_`g	]ny`�	u`g
eq^j`	̂ ak^]^kc[qran`	dx`am^	m	sfciid]ng�
�	 w_dh	 _dumdh	 \f`a^l	gdjad	 bdsq[b^_rbl
_dqrmd	if^	cbqd]^^�	u_d	sfciid]n`	dx`am^
bd]i[k[t_	^q^	idu_^	bd]i[k[t_	b	^b_^aan'
g^�	�idqa`	]d\gdja[	b^_c[x^l�	mdsk[	]di'
f`m^	a[y^g	dj^k[a^lg	sfciid]n`	dx`am^
k[q`m^	 d_	^b_^aano	 \a[u`a^h�	 ^	 \[mqtu`'
a^`	 d	 mdgi`_`a_adb_^	a[	 dbad]`	 eq^\db_^
^ak^]^kc[qradh	dx`am^	m	sfciid]dh	_`fl'
`_	bgnbq�

�`\[]^b^gd	d_	bk`q[aadsd	 \[g`u[a^l	^
a`	 ]\[g`a	 dev`if^al_dsd	 idkodk[�	 ]]`k`g
]	 f[bbgd_f`a^`	 `v`	 dkac	 bdb_[]qltvct
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mdgi`_`a_adb_^�	�x`am[	w_dh	bdb_[]qltv`h
dbad][a[	a[	idqdj`a^^�	bgnbq	md_dfdsd	]
_dg�	u_d	wmbi`f_	a`	gdj`_	en_r	mdgi`_`a_'
ang�	`bq^	`sd	dx`am^	ifd_^]df`u^]n�	�d\'
a^m[`_	 `b_`b_]`aanh	 ]difdb�	 m[m	 dx`a^_r
cfd]`ar	ifd_^]df`u^]db_^	wmbi`f_ano	bcj'
k`a^h�

	�dk`fj[_`qranh	bgnbq	f`y[`gdh	\k`br
\[k[u^	 id\]dql`_	 if`kqdj^_r	 bq`kctv^h
idkodk�	�pdfg^fd][aa[l	wmbi`f_[g^	ib`]'
kd]nedfm[	if`kb_[]ql`_	bdedh	k[aan`�	md'
_dfn`�	 id	 bc_^�	 bs`a`f^fd][an	 ]	 bdd_]`_'
b_]^^	b	if`kb_[]q`a^`g	wmbi`f_[	d	]\[^gd'
b]l\^	 if`kidu_`a^h	 e^a[fadsd	 ]nedf[	 b
p[m_dfang	 ifdb_f[ab_]dg�	 �bq^	 gdk`qr
odfdyd	idksdal`_bl	m	w_dgc	a[edfc	k[aano�
_�`�	 ^g``_	 kdb_[_duad	 ]nbdm^h	 ^ak`mb	 d_'
ady`a^l	 if[]kdidkde^l	 }mdwpp^x^`a_
�[mp[kk`a[~�	_d	bq`kc`_	if^\a[_r�	u_d	bcj'
k`a^l	wmbi`f_[	a`	ifd_^]df`u^]n�	`gc	k`h'
b_]^_`qrad	 ck[qdbr	 bpdfg^fd][_r	 gdk`qr
bdeb_]`aano	bcjk`a^h	^	idw_dgc	da	gdj`_
en_r	 d_a`b`a	 m	 sfcii`	 mdgi`_`a_ano	 bi`'
x^[q^b_d]�

�ql	w_^o	j`	x`q`h	gdjad	^bidqr\d][_r
wa_fdi^hanh	mdwpp^x^`a_	if`kbm[\n][t'
v^o	 ]d\gdjadb_`h	 idb_fd`aadh	 gdk`q^�
�_d_	mdwpp^x^`a_	^g``_	bq`kctv^h	]^k�
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�ql	 bqcu[l�	 mdsk[	 f[bu`_an`	 \a[u`a^l
gdk`q^	 ]	 _duadb_^	 bd]i[k[t_	 b	p[m_^u`b'
m^g^	\a[u`a^lg^	k^od_dg^u`bmdh	i`f`g`a'
adh�	 \a[u`a^`	 mdwpp^x^`a_[	 f[]ad	 acqt�
_�`�	 ]d	 ]b`o	 bqcu[lo	 gdk`qr	 de`bi`u^][`_
e`\dy^eduanh	]nedf�	a`	db_[]qll	g`b_d	kql
bdga`a^h	 ]	 idqr\c	 [qr_`fa[_^]n�	�[mb^'
g[qrad`	\a[u`a^`	mdwpp^x^`a_[	}@ �= ~	id'
qcu[`_bl	]	bqcu[`�	mdsk[	kql	]b`o	f[bbgd_'
f`aano	b^_c[x^h	 � �B} ~ ���G GK = =w x �	�d	]b`o
db_[qrano	bqcu[lo	 � @ �< < �	�`q^u^a[	wa'
_fdi^hadsd	mdwpp^x^`a_[	idm[\n][`_	bf`k'
a^h	 cfd]`ar	 a`dif`k`q`aadb_^	 ]	 m[jkdg
bqcu[`	e^a[fadsd	]nedf[�	dbcv`b_]ql`gdsd
b	idgdvrt	gdk`q^�

�qcu[h�	mdsk[	idb_fd`aa[l	gdk`qr	dm['
\n][`_bl	 a`[k`m][_adh�	 b]^k`_`qrb_]c`_	 d
a`mdgi`_`a_adb_^	 wmbi`f_[�	 _[m	 m[m	 `sd

]\sqlkn	 a[	 ^bbq`kc`gct	 ifdeq`gc	 enq^
ifd_^]df`u^]n�	�`o[a^\g�	 _f[abpdfg^fc'
tv^h	ifd_^]df`u^]db_r	]\sqlkd]	]	a`[k`m'
][_adb_r	gdk`q^�	gdjad	if`kb_[]^_r	bq`kc'
tv`h	 bo`gdh	 f[bbcjk`a^h�	�fd_^]df`u^'
]db_r	 l]ql`_bl	 bq`kb_]^`g	 a`c]`f`aadb_^
wmbi`f_[	]	bdeb_]`aano	bcjk`a^lo�	�	b]dt
du`f`kr�	 a`c]`f`aadb_r	 a[fcy[`_	 qds^mc�
md_dfdh	da	kdqj`a	if^k`fj^][_rbl	]	ifd'
x`bb`	 f`[q^\[x^^	 b]d^o	 if`kidu_`a^h	 a[
]nedfduadg	gadj`b_]`�	�	b^qc	w_dsd	]	ib`]'
kd]nedfmc	 idi[k[t_	 k[aan`�	 bq[ed	 bdsq['
bd][aan`	bd	\a[u`a^lg^	e^a[fadh	i`f`g`a'
adh�	u_d	̂ bmqtu[`_	]d\gdjadb_r	]dbb_[ad]'
q`a^l	 _dh	 \[]^b^gdb_^�	 md_dfdh	 lmden
idqr\d][qbl	 wmbi`f_�

�[m^g	 def[\dg�	 k`hb_]^_`qrad	 gdk`qr
^g``_	iqdoct	_duadb_r	]	_`o	bqcu[lo�	mdsk[
ib`]kd]nedfm[		pdfg^fd][q[br	a`mdgi`_`a_'
ang	def[\dg�	�dw_dgc	cfd]a`g	[k`m][_ad'
b_^	gdk`q^	 ^g``_	 bgnbq	 ^\g`fl_r	 mdgi`'
_`a_adb_r	wmbi`f_[�	"`g	]ny`	cfd]`ar	[k`m'
][_adb_^	 }mdwpp^x^`a_	�[mp[kk`a[~	 ^q^
a^j`	 db_[_dua[l	 wa_fdi^l	 }wa_fdi^hanh
mdwpp^x^`a_~�	 _`g	mdgi`_`a_a`h	k`hb_]d'
][q	 wmbi`f_�	 f[bif`k`qll	 b]d^	 if`kidu_`'
a^l	g`jkc	a[eqtk`a^lg^	]nedfduadh	bd'
]dmciadb_^�

�`f`odkl	m	f[bbgd_f`a^t	]difdb[	d	bd'
sq[bd][aadb_^	dx`adm�	 bf[\c	 \[g`_^g�	u_d�
m[m	^	]	bqcu[`	iflgdsd	wmbi`f_adsd	difdb[�
]	 f[bbg[_f^][`gdg	 idkodk`	 k`hb_]c`_	 _`'
\^b !	kd]`f^`	m	sfciid]ng	dx`am[g	]ny`�
u`g	m	̂ ak^]^kc[qrang�	�`hb_]^`	_`\^b[	]d\'
gdjad	 _dqrmd	 if^	 bdsq[bd][aadb_^	 ^ak^'
]^kc[qrano	dx`adm�	�q`kd][_`qrad�	a`	qt'
e[l	sfciid][l	dx`am[	deq[k[`_	]nbdmdh	a['
k`jadb_rt�	�[	i`f]nh	]\sqlk	gdj`_	idm['
\[_rbl�	 u_d	 kql	 ifd]`fm^	 bdsq[bd][aadb_^
gdjad	]dbidqr\d][_rbl	k]cgl	idkodk[g^�	]
bdd_]`_b_]^^	 b	 i`f]ng	ifd]`fl_r	 bdsq[bd'
][aadb_r	kd	idb_fd`a^l	gdk`q^�	]	bdd_]`_'
b_]^^	bd	]_dfng	!	idbq`	idb_fd`a^l	id	f`'
\cqr_[_[g	gdk`q^fd][a^l�

�_	 i`f]dsd	 idkodk[	 bf[\c	 acjad	 d_m['
\[_rbl�	�`qd	]	_dg�	u_d	ib`]kd]nedfm[�	bpdf'
g^fd][aa[l	b	df^`a_^fdg	a[	bdsq[bd][aad`
ga`a^`	 wmbi`f_d]�	 a`	 ]b`sk[	 s[f[a_^fc`_
idb_fd`a^`	[k`m][_adh	gdk`q^�	�_d	en][`_
]	_dg		bqcu[`�	mdsk[	bdsq[bd][aang^	dm[\['
q^br	 ga`a^l	 a`mdgi`_`a_ano	 wmbi`f_d]�
�dkdea[l	b^_c[x^l	a`	]d\a^m[`_	]	\[k[u[o
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iflgdsd	 wmbi`f_adsd	 dx`a^][a^l�	 �	 a^o
mdgi`_`a_adb_r	dx`a^][`_bl	q^ed	wm\ds`a'
ad�	^	 _dsk[	da[	a`	 b]l\[a[	 b	f`\cqr_[_[g^
difdb[�	 q^ed	 ]	 \[]^b^gdb_^	 d_	 _dsd�	 a[
bmdqrmd	 bdd_]`_b_]ctv``	 ^ak^]^kc[qrad`
ga`a^`	idodj`	a[	sfciid]d`�

�_dfdh	idkodk	if`kb_[]ql`_	bdedh	[]_df'
bmd`	f`y`a^`	\[k[u^�	]	f[gm[o	md_dfdh	ifd'
]`fl`_bl	 bdsq[bd][aadb_r	 wmbi`f_ano	 bcj'
k`a^h�	�[m	^	]	bqcu[`	iflgdsd	wmbi`f_adsd
dx`a^][a^l	]	if`kq[s[`gdg	idkodk`	if`kcb'
g[_f^][`_bl	ifd]`fm[	bdsq[bd][aadb_^	ga`'
a^h	k]co	wmbi`f_d]	^	ifd]`fm[	bdsq[bd][a'
adb_^	ga`a^h	]b`h	sfciin	wmbi`f_d]�	if^'
al]y^o	cu[b_^`	]	wmbi`f_^\`�	�e`	ifd]`f'
m^	dbad][an	a[	dkadh	̂ 	_dh	j`	̂ k``�	�gnbq
w_dh	^k`^	]	_dg�	u_d	wmbi`f_n	b	eq^\m^g^
ga`a^lg^	f[bif`k`qlt_	b]d^	if`kidu_`a^l
id	 ]nedfduadh	 bd]dmciadb_^	 _[m^g	 def['
\dg�	 u_d	idqcu`aan`	ib`]kd]nedfm^	de`b'
i`u^][t_	 idb_fd`a^`	 idu_^	 ^k`a_^uano
gdk`q`h�	�[m^g	def[\dg�	ifd]`fm[	bdsq[bd'
][aadb_^	b]dk^_bl	m	b_[_^b_^u`bmdh	ifd]`f'
m`	\a[u^gdb_^	cfd]al	̂ k`a_^uadb_^�	�nidq'
a^_r	 _[mct	 ifd]`fmc	 gdjad	 a`bmdqrm^g^
bidbde[g^�

�[	 a[y	 ]\sqlk�	 a[^edq``	 if^`gq`gng
bq`kc`_	bu^_[_r	bidbde�	md_dfnh	id\]dql`_
a`	 _dqrmd	 dx`a^_r	 b_[_^b_^u`bmct	 \a[u^'
gdb_r�	ad	^	idqcu^_r	bdk`fj[_`qrad	^a_`f'
if`_^fc`gct	 ]`q^u^ac�	 o[f[m_`f^\ctvct
cfd]`ar	^k`a_^uadb_^	gdk`q`h	^�	bq`kd]['
_`qrad�	cfd]`ar	bdsq[bd][aadb_^	wmbi`f_d]�
�	m[u`b_]`	_[mdh	]`q^u^an	ckdead	^bidqr'
\d][_r	 mdwpp^x^`a_	)q[�	 md_dfnh	 ^\g`'
fl`_	_`bad_c	b]l\^	g`jkc	k]cgl	k^od_dg^'
u`bm^g^	i`f`g`aang^�

$dfg[qrad	 b	 idgdvrt	 w_dsd	 mdwpp^'
x^`a_[	 gn	 gdj`g	 dx`a^_r	 _`bad_c	 b]l\^
g`jkc	if`k^m_dfang^	]d\gdjadb_lg^	k]co
gdk`q`h	 e^a[fadsd	 ]nedf[�	 �ql	 w_dsd	 ^b'
idqr\c`_bl	_[eq^x[	bdiflj`aadb_^	 � �× �

	�f[]^qd	\[idqa`a^l	_[eq^xn	bdiflj`a'
adb_^	 kd]dqrad	 ifdb_d`�	 �	 ]`foa`h	 q`]dh
mq`_dum`	 b_d^_	 u^bqd	 bqcu[`]�	 mdsk[	if`k'
bm[\[a^l	 id	 de`^g	 gdk`qlg	 bd]i[k[q^	 ^
enq^	 f[]an	 ��	 ]	 a^ja`h	 if[]dh	!	 u^bqd
bqcu[`]�	mdsk[	de`	gdk`q^	if`kbm[\[q^	��	�
db_[qrano	mq`_dum[o	 b_d^_	u^bqd	a`bd]i['
k[tv^o	 if`kbm[\[a^h�	�dwpp^x^`a_	)q[
f[bbu^_n][`_bl	id	pdfgcq`
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�f^	idqadg	bd]i[k`a^^	if`kbm[\[aano
\a[u`a^h	 ��¤ �= 	 ^	 gn	 a[eqtk[`g	 bqcu[h�
mdsk[	 ga`a^l	 wmbi`f_d]	 ^k`a_^uan�	 if^

��¤ �= − 	 ga`a^l	 wmbi`f_d]	 ifd_^]didqdj'
an�	[	if^	 ��¤ �= 	!	a`\[]^b^gn�	"`g	eq^'
j`	\a[u`a^`	mdwpp^x^`a_[	m	��	 _`g	]ny`
cfd]`ar	 bdsq[bd][aadb_^	 wmbi`f_ano	ga`'
a^h�

�ql	 ifd]`fm^	 sfciid]dh	 bdsq[bd][aad'
b_^	a`_	idkodklv`sd	^\g`f^_`ql�	�d	gdj'
ad	if`kqdj^_r	k]cow_[iact	ifdx`kcfc�

�[	i`f]dg	w_[i`	kql	m[jkdh	i[fn	wmb'
i`f_d]	 ]nu^bql`_bl	 mdwpp^x^`a_	 bdifl'
j`aadb_^	)q[	 W¥¤ �	^	]b`	wmbi`f_n	k`ql_bl
a[	k]`	sfciin�	�	i`f]ct	sfciic	]mqtu[t_'
bl	_dqrmd	_`	wmbi`f_n�	if`kbm[\[aan`	\a['
u`a^l	id	gdk`qlg	md_dfno	^g`t_	idqdj^'
_`qract	b]l\r	g`jkc	bdedh�	�\	mdwpp^x^'
`a_d]	bdiflj`aadb_^	w_dh	sfciin	pdfg^'
fc`_bl	g[_f^x[	 W¥¤=[ �

�[_f^x[	[ 	deq[k[`_	]b`g^	b]dhb_][g^�
a`deodk^gng^	kql	_dsd�	u_den	b	idgdvrt
denuadh	 ^_`f[x^daadh	 ifdx`kcfn	 ]nu^b'
q^_r	g[mb^g[qrad`	bdeb_]`aad`	\a[u`a^`	λ �
md_dfd`	 l]ql`_bl	 k`hb_]^_`qrang	 u^bqdg�
�dsk[	]	m[u`b_]`	g`fn�	dif`k`qltv`h	cfd'
]`ar	bdsq[bd][aadb_^	wmbi`f_d]�	gdjad	^b'
idqr\d][_r	 ]`q^u^ac
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; �
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]	\a[g`a[_`q`	md_dfdh	b_d^_	bq`k	g[_f^xn
e`\	`k^a^xn�

�[m	 dif`k`q`aanh	mdwpp^x^`a_	 bdsq['
bd][aadb_^	eck`g	a[\n][_r	o[f[m_`f^b_^u`b'
m^g�	�a	 f[]`a	 ��	 mdsk[	g`jkc	 ]b`g^	 wmb'
i`f_[g^	 sfciin	 a[eqtk[`_bl	 [ebdqt_ad`
bdsq[b^`�	 ^	 f[]`a	 ��	 `bq^	 f`\cqr_[_n	 wmb'
i`f_adsd	difdb[	b_[_^b_^u`bm^	a`\[]^b^gn�

�	d_ef[md][aadh	a[	i`f]dg	w_[i`	sfci'
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x^^�	 a`	 cbi`]y^`	 ifdl]^_rbl	 ]	 b_[_^b_^'
u`bm^o	a[eqtk`a^lo�	`\cqr_[_n	_[mdsd	gd'
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a^l	 bqdjano	 ifdsad\ano	 \[k[u	 bd]f`g`a'
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��������

��	���'�#(��$%�	�fdeq`g[	sfciid]dsd	]ned'
f[	�	(�	
�	�^fm^a�	!	��	�	�[cm[�	�1,-�	!	��/	b�

��	DLIIR(��$e�	4VINI�MXZWV	:NKP��W��	-X�	M��	�
C� @� =ZMMN�	!	5M�	FIZH	�	EKV�WPPWKN	8G�PW��WNO
DI��KN��	�����	!	���-	f�

�����������
��
���	���������




