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ZZ[O\]^V[ZR�_P]`OZZ�ZQaXOTV�]b]c\Oaade�R\OP�'f,R\OP)�^�UQZ[]P]\a]W�Z[]O�^]�^POWR
^Z_dgUQ�Z^OPea]^]c�Z�WVZZ]c� ���� ���[R�WVZZ]^de�\][Oc�R\OP�POgV[QZh�Z]]X^OXZX^ij,
kQO�UQaOXQlOZUQO�iPV^aOaQR*� m\O� ]Za]^a]c� ZQaXOTQPijkOc�POVU`QOc�bd[]�S]X]^dbQ^V,
aQO� aOcXP]aVn� � ��γ , � Q� m\O� TVP]\dgO^dWQ� _][VmV[QZh� o,R\PV�� �OgOaQR� pXQe� iPV^aOaQc
QZ_][hT]^V[QZh�TVXOW�\[R�PVZlOXV�VbZ][jXade�PVZ_P]ZXPVaOaa]ZXOc�]b]c\Oaade�R\OP���b,
aVPiqOaV�Z^RTh�WOq\i�_P]`OZZ]W�ZQaXOTV�]b]c\Oaade�R\OP�Q�_P]`OZZ]W�bdZXP]m]�aOcX,
P]aa]m]�TVe^VXV�'L,_P]`OZZ]W)�Q�_]UVTVa]*�lX]�bOT�\]ZXVX]la]c�QaS]PWV`QQ�]b�L,_P]`OZZO
Z[]qa]�\O[VXh�\]ZX]^OPadO�^d^]\d�]�_P]`OZZO�ZQaXOTV�f,R\OP���Vc\Oa]*�lX]�_PQ�]_PO\O,
[Oaade�SQTQlOZUQe�iZ[]^QRe�W]qa]�]brRZaQXh�aVb[j\VOWij�PVZ_P]ZXPVaOaa]ZXh�_PVUXQ,
lOZUQ�^ZOe�f,R\OP�^�	][aOla]c�ZQZXOWO�

DD'A'�"'

�V�_]Z[O\aQO�aOZU][hU]�\OZRXQ[OXQc�bd[
Z\O[Va�b][hg]c�gVm�^�_]aQWVaQQ�_P]`OZZ]^*
_P]QZe]\RkQe�^�aO\PVe�T^OT\��
d[Q�]_QZVad
]Za]^adO� pXV_d� p^][j`QQ� T^OT\� Q� R^[OaQO
aiU[O]ZQaXOTV�p[OWOaX]^�_OPQ]\QlOZU]c�ZQZ,
XOWd��Oa\O[OO^V*� ]\aVU]� Wa]m]O� OkO� ]ZXV,
OXZR�aO^dRZaOadW�

	lQXVOXZR*� lX]� VbZ][jXa]O� b][hgQaZX^]
ZPO\aQe�Q�XRqO[de�R\OP�'TV�qO[OTadW�WVU,
ZQWiW]W)�ZQaXOTQPiOXZR�̂ �aO\PVe�T^OT\�̂ �_P],
`OZZVe�TVe^VXV�aOcXP]a]^*�^�lVZXa]ZXQ�^�PO,
VU`QQ�� �� γ, ���d\O[RjXZR�\^V�XQ_V�pX]m]�_P],
`OZZVn� WO\[Oaadc� 'o,_P]`OZZ)� Q� bdZXPdc
'L,_P]`OZZ)� s�*� �t�

�O\[Oaadc�TVe^VX�aOcXP]a]^�Z^RTd^VjX�Z
U^VTQZXV`Q]aVPa]c�ZXV\QOc�^�p^][j`QQ�T^OT,
\d*�X]�OZXh�Z�pXV_]W�m]POaQR�[OmUQe�p[OWOa,
X]^�^�OO�U]PO���X]X�_P]`OZZ�eVPVUXOPQTiOXZR
iWOPOaadWQ�TaVlOaQRWQ�_]X]UV�aOcXP]a]^�Q
XOW_OPVXiPd���VP]\dgO^]O�R\P]� TVe^VXd^V,
OX�aOcXP]a�Q�_]Z[O�pX]m]�_P]QZe]\QX�`O_]lUV
β −,PVZ_V\]^� \]� _]R^[OaQR� ZXVbQ[ha]m]� QT],
X]_V*�TVXOW�pX]�R\P]�Za]^V�TVe^VXd^VOX�aOc,
XP]a� Q� _P]`OZZ� _]^X]PROXZR�� �� o,_P]`OZZO
β ,PVZ_V\d�Q\iX�bdZXPOO�aOcXP]aa]m]�TVe^V,
XV���POWOaa]c�WVZgXVb�\Vaa]m]�_P]`OZZV�\],
^][ha]�_P]\][qQXO[Oa� 'b][OO� � �� [OX)�

�\PV*�aVQb][OO�b]mVXdO�aOcXP]aVWQ*�ZQa,
XOTQPijXZR� ^� _P]`OZZO� bdZXP]m]� aOcXP]aa],

m]� TVe^VXV�� %OclVZ� ZlQXVOXZR*� lX]� pX]X� _P],
`OZZ�_P]QZe]\QX�aV�TV^OPgVjkOc�ZXV\QQ�p^],
[j`QQ�WVZZQ^ade�T^OT\�'Z�WVZZ]c�b][OO� ��� *
m\O��� �u�WVZZV�	][a`V)*�V�QWOaa]*�^]�^POWR
U][[V_ZV� R\PV� T^OT\d�Q� ^TPd^Ve� Z^OPea]^de
s�u1t���VUQO�_P]`OZZd� Z]_P]^]q\VjXZR� b][h,
gQWQ�U]a`OaXPV`QRWQ�aOcXP]a]^�' ����� ≥ ZW,�)
Q�TaVlQXO[hadWQ�XOW_OPVXiPVWQ�' ���� ≥ �I)
T^OT\a]c�ZPO\d�s0t����L,_P]`OZZO�VX]Wa]O�R\P]
]lOah� bdZXP]� 'bdZXPOO� ZU]P]ZXQ� β ,PVZ_V\V)
TVe^VXd^VOX� b][hg]O� U][QlOZX^]� aOcXP]a]^*
V�TVXOW�_POXOP_O^VOX�`O_]lUi�_]Z[O\]^VXO[h,
ade� β − ,PVZ_V\]^� XVUqO� \]� _]R^[OaQR� ZXV,
bQ[ha]m]� QT]X]_V�

	]^OPgOaa]� ]lO^Q\a]*� lX]� R\PV*� ]bPVTi,
jkQOZR� ^� POTi[hXVXO� aOcXP]aade� TVe^VX]^*
QWOjX�]Xa]ZQXO[ha]�b][hg]O�U][QlOZX^]�aOc,
XP]a]^*� ]\aVU]� ZikOZX^ijX� ZXVbQ[hadO� QT],
X]_d*�aVlQaVR�Z�QT]X]_V�50-v�'^ZOm]�Qe���)*�i
U]X]Pde� U][QlOZX^]� aOcXP]a]^� WOahgO� '_]
]Xa]gOaQj� U� lQZ[i� _P]X]a]^)*� lOW� i� R\OP*
ZQaXOTQP]^Vaade�^�POTi[hXVXO�TVe^VXV�aOcX,
P]a]^���XQ�]bO\aOaadO�aOcXP]aVWQ�R\PV�aV,
Td^VjXZR�w]b]c\OaadWQx�'Q[Q�f,)�R\PVWQ���aQ
]UVTd^VjXZR�^�ZX]P]aO�]X�_iXOc�aOcXP]aa]m]
TVe^VXV�Q�_]pX]Wi�aO�W]miX�bdXh�]bPVT]^Vad
^� o,� Q[Q� L,_P]`OZZVe��
T^OZXa]� QT� aVb[j\O,
aQc*�lX]�PVZ_P]ZXPVaOaa]ZXh�XVUQe�QT]X]_]^
aV��u��_]PR\UV�aQqO*�lOW�i�Z]ZO\aQe�R\OP*
]bPVT]^Vaade�^�o,�Q�L,_P]`OZZVe�s�u1t���P],
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b[OWV�ZQaXOTV�f,R\OP�R^[ROXZR�]\a]c�QT�ZXV,
Pde� _P]b[OW� VZXP]SQTQUQ� Q� \]� ZQe� _]P� aO
QWOOX� ]bkO_PQaRX]m]� POgOaQR�

	ikOZX^iOX�aOZU][hU]�mQ_]XOT�\[R�]brRZ,
aOaQR�_P]QZe]q\OaQR�f,QT]X]_]^�'ZW��s�*�5u
�0t)���VQb][OO�QaXOPOZadWQ�R^[RjXZR�PVb]Xd
s5y6t*� m\O� PVZZWVXPQ^VOXZR� ZQaXOT� f,R\OP� ^]
^POWR� ^TPd^a]m]� m]POaQR� UQZ[]P]\a]m]� Z[]R
Z^OPea]^]c�TV�ZlOX�POVU`QQ�� ��γ , ����aQe�bd[Q
_][ilOad� aO_[]eQO� POTi[hXVXd� \[R� ]Xa]ZQ,
XO[hade�PVZ_P]ZXPVaOaa]ZXOc�f,R\OP�'_]�]X,
a]gOaQj�\Pim�U�\Pimi)*�a]�^�VbZ][jXa]W�^d,
e]\O�aVb[j\V[]Zh�TVWOXa]O�aO\]_P]QT^]\ZX^]
']Z]bOaa]� \[R� aOU]X]Pde� f,R\OP)�� �XWOXQW
XVUqO�Q�PVb]Xi� s� t*� m\O�_P]QT^]\ZX^]� ]b]c,
\Oaade�R\OP�Z^RTd^VOXZR�Z�aOcXPQaadWQ�_P],
`OZZVWQ����aOc�XVUqO�_P]QT^]\Q[QZh�PVZlOXd
]Xa]ZQXO[hade� PVZ_P]ZXPVaOaa]ZXOc� f,R\OP*
ZQaXOTQP]^Vaade� _PQ� TVe^VXO� aOcXPQa]� lO,
POT� mVW]^,XO[[OP]^ZUQO� Z]ZX]RaQR� \]lOPaQe
R\OP���\aVU]�Q�T\OZh�]ZXVOXZR�_P]b[OWV�VbZ],
[jXade� ^de]\]^� f,R\OP*� POgOaQO� U]X]P]c
bi\OX� TV^QZOXh� ]X� \OXV[Oc� U][[V_ZQP]^VaQR
T^OT\d�Q�^]TW]qa]ZXQ�_]R^[OaQR�\]ZXVX]la]
QaXOaZQ^ade�aOcXPQaade�_]X]U]^�Z�paOPmQOc
^dgO�� u����p��

�]qa]�U]aZXVXQP]^VXh*� lX]�_P]b[OWV� ]b,
PVT]^VaQR�]b]c\Oaade�R\OP�_]UV�OkO�\V[OUV
]X�POgOaQR���a]m]O�TV^QZQX�]X�\]ZX]^OPa]ZXQ
]`Oa]U�ZOlOaQc�^ZOe�^]TW]qade�POVU`Qc*�U],
X]PdO�W]miX�\VXh�^U[V\�^�ZQaXOT�f,R\OP���P],
WO�X]m]*� ^ZO�PVZlOXd�Z[O\iOX�\O[VXh*� U]aOl,
a]*� Z� ilOX]W�POV[hade�VZXP]SQTQlOZUQe�iZ,
[]^Qc*�^]TaQUVjkQe�^�T^OT\Ve��
T^OZXa]*�lX]
^� T^OT\a]W�^OkOZX^O� ]\a]^POWOaa]�_P]XOUV,
OX� ]mP]Wa]O� U][QlOZX^]� PVT[Qlade� R\OPade
POVU`Qc���[R�\]ZXVX]la]m]�aVU]_[OaQR�]b]c,
\Oaade�R\OP�aO]be]\QW]*�lX]bd�ZU]P]ZXh�PO,
VU`Qc*� ^� U]X]Pde� ]aQ� ZQaXOTQPijXZR� 'wb[V,
m]_PQRXadO� POVU`QQx)*� bd[V� bd� aO� WOahgO
'Q[Q� _]� UPVcaOc� WOPO� aO� aVWa]m]� WOahgO)
ZU]P]ZXQ�POVU`Qc*�^�U]X]Pde�]aQ�iaQlX]qV,
jXZR�

��\Vaa]c�PVb]XO�Z�ilOX]W�POV[hade�SQTQ,
lOZUQe�iZ[]^Qc�bd[�_P]^O\Oa�_]QZU�aVQb][OO
^OP]RXa]m]�WOZXV�\[R�ZQaXOTV�f,R\OP�Q�VaV,
[QT� POVU`Qc*� ]X^OXZX^Oaade� TV� pX]X� ZQaXOT�
�UVTV[]Zh*�lX]�Wa]mQW�XPOb]^VaQRW�i\]^[OX,
^]PROX�_P]`OZZ�m]POaQR�UQZ[]P]\ade�Z[]O^�^]
^POWR� ^TPd^V� Z^OPea]^]c*� lX]� Z]m[VZiOXZR� Z
^db]P]W�^�s5u6t����pX]W�Z[ilVO�m[V^a]c�ZQaXO,
TQPijkOc�POVU`QOc�^dZXi_VOX�POVU`QR� � ��γ , �

?��?D��'�A"��%"�'�$"'
E�	�%'&	���D'	B�?D?�

�VZZW]XPQW�\QaVWQUi�̂ TPd^V���PQ�pX]W�aVZ
aO� bi\iX� QaXOPOZ]^VXh� ^ZO� X]aU]ZXQ� pX]m]
_P]`OZZV*� ^� lVZXa]ZXQ*� aVW� bi\OX� aO^VqaV
_PQlQaV� ^TPd^V*� Zi\hbV� U][[V_ZQPijkOm]
R\PV�Q�_P����_]ZXV^[Oaa]c�TV\VlO�bi\OW�Qa,
XOPOZ]^VXhZR� X][hU]� \^iWR� _VPVWOXPVWQn
_[]Xa]ZXhj�Q�XOW_OPVXiP]c�^�^OkOZX^O�T^OT,
\d�TV�SP]aX]W�i\VPa]c�^][ad�

�]�^POWR�^TPd^V�_]�T^OT\O�aVPiqi�aVlQ,
aVOX�PVZ_P]ZXPVaRXhZR�W]kaVR�i\VPaVR�^][,
aV*�PVTm]aRjkVR�^OkOZX^]����^OkOZX^O�T^OT,
\d� ^]TaQUVOX� ZQ[hadc� PVTPd^*� ZUVl]U�� �VU
QT^OZXa]*�_PQ�pX]W�\][qad�^d_][aRXhZR�TV,
U]ad� Z]ePVaOaQR� WVZZd*� U][QlOZX^V� \^QqO,
aQR�Q�_]X]UV�paOPmQQ��	[O\]^VXO[ha]*�W]qa]
TV_QZVXh� Z]]X^OXZX^ijkQO� iZ[]^QR� s��*� �1t

� � � �� � � �� � � �ρ ρ− = − , '�)

� �
� � � � � �� � � �� � � � � �ρ ρ− + = − + , '�)

�� � �� �
� �

� �

� �
� � � �

� � �� � � ��
� �

� � � �
γ γ

γ ρ γ ρ
− + = − + .

− −
'�)

�XQ�iPV^aOaQR�aV_QZVad�\[R�Q\OV[ha]m]�mVTV�

a\OUZ���]XWOlVOX�^O[QlQad�_OPO\�i\VPadW
SP]aX]W*� Qa\OUZ� ��u� TV� i\VPadW�SP]aX]W*
� �u�ZU]P]ZXh�^OkOZX^Vz� � �u�\V^[OaQOz� ρ �u
_[]Xa]ZXhz�γ �u�_]UVTVXO[h�V\QVbVXd*�V�� �u
ZU]P]ZXh�i\VPa]c�^][ad���ZO�ZU]P]ZXQ�]_PO,
\O[Oad�]Xa]ZQXO[ha]�̀ OaXPV�T^OT\d���][]qQW

� �� = �Q�_OPO_QgOW�iPV^aOaQR�'�)u'�)�^�^Q,
\O s��tn

�
�

� �

�
�

�
�

� �
�γ

 = − , +  
'0)

��
�

� � �

��
�

� � ��
�

�

γρ ρ
γ γ

−
 += + , − − 

'�)

�
� �

� � �

� ���
�

� �
�

� �
�

γρ
γ γ

 −= − , +  
'1)

m\O� �
� � �� �γ ρ= / �u�ZU]P]ZXh�T^iUV�^�aO^]TWi,

kOaa]W�^OkOZX^O�s1t����Z[ilVO�ZQ[ha]c�i\VP,
a]c� ^][ad� ^d_][aROXZR� Z]]Xa]gOaQO� s��tn

�� �� *�Q�S]PWi[d�'0)u'1)�i_P]kVjXZRn

�

�
�

� �
γ

= ,
+

'5)

� �

�
�

γρ ρ
γ

+= ,
−

'8)

���������������������	� ���!
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�
� �

�
�

� �ρ
γ

= .
+

'6)

�[R�XOW_OPVXiPd�W]qa]�^]Z_][hT]^VXhZR�QT,
^OZXa]c�S]PWi[]c�\[R�aO^dP]q\Oaa]m]� mVTV
s1*� �5tn

� 	� � ρ /= , '� )

m\O� � �u� ^O[QlQaV*� TV^QZRkVR� ]X� eQWQlOZ,
U]m]� Z]ZXV^V� ^OkOZX^V� T^OT\d� 'ZW�� s1t)�� �X]
_]T^][ROX�_][ilQXh�Z]]Xa]gOaQOn

	� �

�
�

� �
γ
γ

+=
−

'��)

�]Z[O�_P]e]q\OaQR�i\VPa]c�^][ad�^OkO,
ZX^]� aVlQaVOX� \^QmVXhZR� Z� b][hg]c� ZU]P]Z,
Xhj*� V� Om]� _[]Xa]ZXh� Q� XOW_OPVXPV� QTWOaR,
jXZRn� ZPO\V� PVZgQPROXZR� Q� ]e[Vq\VOXZR�
�[]Xa]ZXh� ���ρ �Q�XOW_OPVXiPi� ���� �^]�^POWR
PVZgQPOaQR�W]qa]�TV_QZVXh�^�^Q\On

��� �� � � � � �	 
 	 � 	 
ρ ρ, = , , '��)

��� �� � � � � �� 	 
 � 	 � 	 
, = , '��)

Z� aVlV[hadWQ� iZ[]^QRWQn� ��� �� �� � �	 	ρ ρ, = *

��� �� �� � �� 	 � 	, = ���iaU`QQ� � �� 	 
, �Q� � �� 	 
, �]_Q,
Zd^VjX�\QaVWQUi�Z]]X^OXZX^Oaa]�PVZgQPOaQR
Q�]e[Vq\OaQR���]\ZXV^[RR�'8)�Q�'��)�^�'��)�Q
'��)� Z]]X^OXZX^Oaa]*� ]U]alVXO[ha]� _][ilQWn
\[R�_[]Xa]ZXQ

��� �

�
� � � � � �

�
	 
 	 � 	 


γρ ρ
γ

+, = , ,
−

'�0)

\[R�XOW_OPVXiPd

��� 	 �

�
� � � � � �

�
� 	 
 � 	 � 	 


γ
γ

+, = , .
−

'��)

�Q\�SiaU`Qc� � �� 	 
, �Q� � �� 	 
, �]_PO\O[ROXZR�QT
SQTQlOZUQe�Z]]bPVqOaQc���d\O[QW�aV�PVZZX],
RaQQ� 	 �]X�`OaXPV�T^OT\d�Z[]c�X][kQa]c� 
	 �
�m]� ZU]P]ZXh� _]Z[O� _P]e]q\OaQR� i\VPa]c
^][ad�bi\OX� �� �� 	 ����aVlV[hadc�W]WOaX� �
 =
]brOW�Z[]R�PV^Oan

�
�� �� �
� 	 	 
	π, = . '�1)

�OPOT�^POWR� 
 �]a�i^O[QlQXZR�Q�ZXVaOX�PV^,
adW

	 	
� �

�
�

�
� � 
� � � � �

	
� � �


� 	 
 	 
	 � 
 	 
	

	 � 
 
	

π

π

, = + + − + =

= + .
'�5)

�XZj\V�_][ilVOWn

�
� �

�
� � �

� � � ��
� �� � � � �


� 	 
 	 	


� 	 	 
 	 � 


ρ
ρ

, ,= = .
, , +

'�8)

�]Z[O\aOO� ^dPVqOaQO� ]_PO\O[ROX�SiaU`Qj
PVZgQPOaQR� � �� 	 
, *�V�QT�'�8)*�Z�QZ_][hT]^VaQ,
OW� '� )*� aVe]\QXZR� Q� SiaU`QR� ]e[Vq\OaQR
� �� 	 
, ����POTi[hXVXO�_][ilQWn

�

�
�

� �
� �

	
� 	 


	 � 

, = ,

+
'�6)

�

	
�

�

� �
� �

	
� 	 


	 � 

, = .

+
'� )

�XWOXQW*�lX]�W]miX�bdXh�Q�\PimQO�SiaU`QQ*
]_QZd^VjkQO� \QaVWQUi� \^QqOaQR� ^OkOZX^V
T^OT\d�^�POTi[hXVXO�^TPd^V�'ZW�*�aV_PQWOP*�s�t)�

�"�&'#�?@?�A'���B�NA'	
D?�D#	�D�OP"B�N�$"�
?	?A��B

�
?NB

�[R� QZZ[O\]^VaQR� _P]`OZZV� ZQaXOTV� R\OP
aO]be]\QW]� POgQXh� ZQZXOWi� UQaOXQlOZUQe
iPV^aOaQO� ^Q\Vn

� �

� � � � � � � �

� �

� � � � � � � � � �
� ��



� � �





� � � � � � � � � �λ λ

, =

= − , , + , , ,∑ ∑
'��)

m\O� � �� �� � �, �u� U]a`OaXPV`QR� R\OP� � �� �� �, *
� �� � �� �λ , �u� ZU]P]ZXQ� PVT[Qlade� POVU`Qc� Z

ilVZXQOW�^TVQW]\OcZX^ijkQe�lVZXQ`� � �� �� �,
Q� � ��	iWWQP]^VaQO�Q\OX�_]�^ZOW�POVU`QRW*�^
U]X]Pde�lVZXQ`V� � �[Qb]�iaQlX]qVOXZR*�[Qb]
]bPVTiOXZR���]�]_PO\O[OaQj�QWOOW�s1t

� �
� �

�
� � � �

� � �

��

� � � �
� �

σ
λ

δ
,

, = ,
+

'��)

m\O� � �� � �� � �σ , �u� iZPO\aOaa]O� _]� WVUZ^O[,
[]^ZU]Wi�PVZ_PO\O[OaQj�_P]QT^O\OaQO�ZOlO,
aQR�POVU`QQ� � �� � �� �σ , �WOq\i�R\P]W�� �� �� �, �Q
lVZXQ`Oc�Z]PXV� � �aV�Qe�]Xa]ZQXO[haij�ZU],
P]ZXh� � *� ��δ �u�ZQW^][��P]aOUOPV�

�]PWV[ha]� aOXPi\a]� ^d\O[QXh� R\OPadO
POVU`QQ*� U]X]PdO�W]m[Q� bd� ZdmPVXh� Z]TQ\V,
jkij� P][h� \[R� ZQaXOTV� f,R\OP*� aV_PQWOPn
� ��γ , *� � �� γ, *� � �� �, � Q� \P�*� a]� POV[haij� P][h
bi\iX�QmPVXh�X][hU]�XO�QT�aQe*�ZU]P]ZXh�U]X],
Pde�aVQb][hgVR�^�PVZZWVXPQ^VOWde�iZ[]^QRe�

�]� ^POWR� ^TPd^a]m]� m]POaQR� UQZ[]P]\V
XOW_OPVXiPV�ZVWde�^aiXPOaaQe�Om]�Z[]O^�\],

$(+%"�*�!�"�����,�"!!���l%"-"!���� ��������"�*�"��!���,���"���
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ZXQmVOX�WVUZQWV[hade�TaVlOaQc� �
� 	 � ��� ≈ , ⋅ I

'_VPVWOXPd� PVZlOX]^� ZW�� aQqO)�� �PQ� XVUQe
XOW_OPVXiPVe� POVU`QQ� Z� ilVZXQOW� TVPRqOa,
ade�lVZXQ`�\[R�b][hgQaZX^V�QT]X]_]^�bi\iX
_]\V^[Oad�s�8t*�a]�^�X]�qO�^POWR�aOU]X]PdO
POVU`QQ� W]miX� Q\XQ� \]ZXVX]la]� bdZXP]*� ^
lVZXa]ZXQ�S]X]POVU`QR�� ��γ , ���]pX]Wi�̂ �iPV^,
aOaQRe�'��)�]ZXV^QW�ZVWdO�^OP]RXadO�^�\Va,
ade�iZ[]^QRe�POVU`QQ� � ��γ , �Q� � �� γ, � '_]Z[O,
\aRR� QaXOaZQ^a]� Q\OX� _PQ� [jbde� iZ[]^QRe
_PQ� aV[QlQQ� ^� ^OkOZX^O� Z^]b]\ade� aOcXP],
a]^)���]m\V�ZQZXOWV�iPV^aOaQc�_PQWOX�^Q\n

� � � � � � � �

� � � � � �


 � � � �� � �

�

�



� � � � � � � �





� � � � �

� � � � � � �

γ

γ

λ

λ

λ λ

, = − , − , +

+ + , + , +

+ − , − , , .

'��)

�\OZh� � �� � �, �u� U]a`OaXPV`QR� R\OP� � �� �, *
� �� � �λ , �Q� � �� �γλ , �u�Z]]X^OXZX^Oaa]�ZU]P]Z,

XQ�POVU`Qcn

� � � � �� � � � � γ, + → + , + ,

� � � � �� � � � �γ, + → − , + .

�� PVZlOXVe� m]PVT\]� i\]baOO� PVb]XVXh� aO� Z
VbZ][jXadWQ� U]a`OaXPV`QRWQ� � �� � �, *� V� Z
WVZZ]^dWQ�\][RWQ� � �� � �, *� U]X]PdO�]_PO\O,
[RjXZR�^dPVqOaQOW� s0*�1tn

� �
� � �

� � �
� � � �

�
ρ ,, = , '�0)

m\O� ρ �u�_[]Xa]ZXh� ZPO\d�Q*� _]ZU][hUi�PVZ,
ZWVXPQ^VOXZR�^TPd^a]c�aiU[O]ZQaXOT*� ρ ρ= ��� *

��� ��� ���� = , ⋅ � UW][hy��u� lQZ[]� �^]mV\P]�
�]m\V�Z�ilOX]W�'��)�Q�'�0)�ZQZXOWi�iPV^aOaQc
'��)�W]qa]�_PO\ZXV^QXh�^�^Q\On

���

���

� �

� � � � � �
�

� � � � � �
�


 � � � �� � �


� � �

� � �



� � �




�

� � � � � � � �
�

�
� � � � �

�

� � � � � � � � � �

γ

γ

ρ σ

λ

ρ σ λ

, =

= − , − , +
−

+ + , + , +
+

+ − , − , ,

m\O� �� �u�WVZZ]^VR�\][R�aOcXP]a]^�^�^OkO,
ZX^O*� � �� � �σ , �u� ZOlOaQO� POVU`QQ� PV\QV`Q,
]aa]m]� TVe^VXV� aOcXP]aV� R\P]W� � �� �, �� �XV
ZQZXOWV�R^[ROXZR�]Za]^]c�\[R�PVZlOXV�ZQaXO,
TV�]b]c\Oaade�R\OP�̂ ]�̂ TPd^a]W�m]POaQQ�UQZ,
[]P]\V���Q\a]*� lX]� ^� '��)� lQZ[]� � � aO�WOaR,

OXZR*� X]� OZXh� ^ZO� QTWOaOaQR�_P]e]\RX� ZPO\Q
QT]X]_]^� ]\a]m]� p[OWOaXV� Q� Z]]X^OXZX^Oaa]
WVZZ]^]O� lQZ[]� � � WOaROXZR� ]X�WQaQWV[ha],
m]�\]�WVUZQWV[ha]�^]TW]qa]m]�TaVlOaQR�_PQ
\Vaa]W�� ���]pX]Wi�ZQZXOWi�iPV^aOaQc�W]q,
a]� POgVXh� ]X\O[ha]� \[R� UVq\]m]� p[OWOaXV�
�]m\V� ^� UVlOZX^O� aVlV[hade� iZ[]^Qc� 'TVP],
\dgO^de� R\OP)� bi\iX� ^dZXi_VXh� QT]X]_d� Z
\VaadW� � *� ]bPVT]^VaadO� aV� U^VTQPV^a]^OZ,
ade�ZXV\QRe�p^][j`QQ�T^OT\d�'UVU�_PV^Q[]*
pX]� o,QT]X]_d)�� �b]TaVlQW� Z]]X^OXZX^ijkQO
WVZZ]^dO�\][Q�UVU� �� �

�iZXh� � �� � �� � �, �u�PVZ_P]ZXPVaOaa]ZXh�TV,
P]\dgO^]m]� o,R\PV� � �� �� �, � ^� Z][aOla]c� ZQZ,
XOWO*�V� ��� ��� �u�PVZ_P]ZXPVaOaa]ZXh�p[OWOa,
XV� ��� �� 
i\OW� ZlQXVXh*� lX]� ]b]mVkOaQO� mV,
[VUXQUQ� UQZ[]P]\]W� Q� o,p[OWOaXVWQ� _P]QZ,
e]\QX�^�POTi[hXVXO�^Z_dgUQ�Z^OPea]^]c���]m,
\V�QWOOX�WOZX]�Z]]Xa]gOaQOn

= =�� ��

� � � �
� � � �

� � � � � �� � � � � �

� �

, ,= , '�1)

m\O� � �� � �� � �, �Q� =��� �� �u�]bkQO�WVZZd�Z]]X,
^OXZX^Oaa]� R\OP� p[OWOaX]^� � �� �� �, � Q� UQZ[],
P]\V*�̂ dbPVZd^VOWde�̂ Z_dgU]c��	�\Pim]c�ZX],
P]ad*�pXQ�WVZZd�W]qa]�]_PO\O[QXh�UVU�_P],
QT^O\OaQO� Z]]X^OXZX^ijkQe�WVZZ]^de� \][Oc
aV� WVZZi� ]b[VZXQ� T^OT\d*� m\O� pXQ� p[OWOaXd
Z]\OPqVXZR����lVZXa]ZXQ*

� � � � � �� � � � � � � � �� � � � � � � � �, = , , , '�5)

= = =�� �� ��� � � � � �� � �= . '�8)

�\OZh� �� �u�]bkVR�WVZZV�]b[VZXQ*�m\O�Z],
\OPqVXZR� o,R\PV� _PQ� ^dbP]ZO� Q� m\O� ]aQ� aO
_]\^OPmVjXZR� ZikOZX^OaadW� ^]T\OcZX^QRW*

��� ��� �u�WVZZV�UQZ[]P]\a]m]�Z[]R*� ��� ��� u
WVZZ]^VR�\][R�p[OWOaXV� ��� ����'�5)�_PO\_][V,
mVOXZR*� lX]� p[OWOaXd� o,_P]`OZZV� PVZ_PO\O,
[Oad� PV^a]WOPa]� ^� ]b[VZXQ� �� *� V� ^� '�8)�u
lX]� UQZ[]P]\� ^� ]Za]^a]W� ^dbPVZd^VOXZR� QT
UQZ[]P]\a]m]�Z[]R�'e]XR�lVZXh�Om]�^dm]PVOX�^
ZVW]W� ^aiXPOaaOW� Z[]O� ^]� ^POWR� ^Z_dgUQ*
pXV�\][R�aOTaVlQXO[haV)��
adWQ�Z[]^VWQ�_PO\,
_][VmVOXZRn� ZU][hU]� UQZ[]P]\V� ]bPVT]^V[]Zh
^]� ^POWR� PV^a]^OZa]m]� m]POaQR*� ZX][hU]�qO
Q�^dbP]ZQ[]Zh�^TPd^]W��
T�S]PWi[� '�1u�8)
W]qa]�^dPVTQXh� �� n

= =

=

�� ��

��

� � � � � �
� �

� � � �
� � �

� � �

� � �

� � � � �
� � �

� � � �

,, = .
,

'�6)

�XQ�WVZZ]^dO�\][Q�bi\iX�QZ_][hT]^VXhZR
^�PVZlOXVe�^�UVlOZX^O�aVlV[hade�iZ[]^Qc�\[R

���������������������	� ���!
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iPV^aOaQc�'��)���X]�]TaVlVOX*�lX]�\[R�o,R\OP
Z]PXV� � �� �� �, �aV�ZXV\QQ�_PO\Z^OPea]^]c�WVZ,
Z]^dO�\][Q� � �� � �� � �, �]\QaVU]^d�aO�X][hU]�^
]b[VZXQ� �� *� a]� XVUqO� Q� ^]� ^ZOW� UQZ[]P]\,
a]W�Z[]O�

�OgOaQO� UQaOXQlOZUQe� iPV^aOaQc� _]T^],
[ROX�aVcXQ�WVZZ]^dO�\][Q�f,R\OP�_]Z[O�̂ TPd,
^Vn� �� ���bkVR�WVZZV�f,R\OP�Z]PXV� � �� �, �bi,
\OX�PV^aVn

=��� �

�

� � � �
�

� �� � � � � � 
�, = , ,∫ '� )

m\O�QaXOmPQP]^VaQO�Q\OX�_]�^ZOWi�UQZ[]P]\,
a]Wi�Z[]j���aVR�PVZ_P]ZXPVaOaa]ZXh�p[OWOa,
XV�UQZ[]P]\V� ��� ��� *�W]qa]�aVcXQ� � ��� � �, u
VbZ][jXaij�PVZ_P]ZXPVaOaa]ZXh�f,R\PV�� �� �,
_]�S]PWi[On

=

= =

��

�� ��

� � � �
� �

� � � �
�

�

� � � �
� � �

� �

,
, = . '��)

�Q\a]*�lX]�pXV�S]PWi[V�VaV[]mQlaV�S]P,
Wi[O� '�1)�

�B'%���"�
'���B�	���'&?D

�[R�PVZlOXV� ZU]P]ZXQ�POVU`QQ�S]X]]X\O,
[OaQR� aOcXP]aV� � ��γ , *� ^e]\RkOc� ^� '��)*� QZ,
_][hT]^V[ZR� _PQa`Q_� \OXV[ha]m]� PV^a]^OZQR
'_PQa`Q_�^TVQWa]ZXQ)��	]m[VZa]�OWi�ZU]P]ZXh
]bPVXa]c�POVU`QQ� γλ �]_PO\O[ROXZR�lOPOT�ZO,
lOaQO�_PRW]c�POVU`QQ� � �� γ, � Z[O\ijkQW�]b,
PVT]W� s1*� �5tn

�

	 �

	 �

�

	 �
�� 	 �

�

�
� �

� � � � �
� �

� �

� � � ���� �
�

� � � � �
� ����� ��

� �

� � � ���� ��� ��� � � 
� ��

�

�

�

�

� � � �
� �

� � � �

��
� � � � �

�

� � � �
� �

� � � �

� � � � �

γλ

σ
π

σ

/

/

/
/

−

− , − , = × ,  

 
× − , − / = 

 
− , − = , ⋅ × ,  

× − , −

�

'��)

m\O� �� �u� paOPm]^d\O[OaQO� _PRW]c� POVU`QQ
^��p�z� �

� ��� �= / �Iz� � �u�_]ZX]RaaVR�
][h`,
WVaVz� � � � � � �� � � � � �, = , + *�m\O� � �� � �, �u�Z_Qa
]Za]^a]m]� Z]ZX]RaQR� R\PV� � �� �, z� �� aVgOW
Z[ilVO�_]\�� �_]aQWVOXZR�^O[QlQaV� ���� �� 	 
, �

�aVlOaQR�^O[QlQa� � �� �� � � �σ , �\[R�PVT,
[Qlade�XOW_OPVXiP�bPV[QZh�QT�bVTd�\Vaade
s�8t*� Z]ZXV^[Oaa]c� �]e[Va]W� Q��Vi[OP]W� ^
�688�m]\i�


T�'��)�^Q\a]*�lX]�ZU]P]ZXh�POVU`QQ� � ��γ ,
ZQ[ha]�TV^QZQX�]X�XOW_OPVXiPd�Q�_PQ� ���� < I
pXV�POVU`QR�aVlQaVOX�̂ dW]PVqQ^VXhZR�'^�\Oc,
ZX^QXO[ha]ZXQ� OkO� PVahgO)���]pX]Wi� ZQaXOT
f,R\OP� bi\OX� _P]QZe]\QXh� aO� _]� ^ZOWi� UQZ,
[]P]\a]Wi�Z[]j*�V�X][hU]�^�Om]�ZVW]c�^aiX,
POaaOc� ]b[VZXQ*� lX]� Z]]X^OXZX^iOX� WVZZ]^]c
U]]P\QaVXO� �� �≈ � �� 	[O\]^VXO[ha]*� QaXOm,
PQP]^VaQO� ^� '�)� Z[O\iOX� _P]^]\QXh� \]� pX]c
^O[QlQad�

�]aOladc�POTi[hXVX�^� TaVlQXO[ha]c�ZXO,
_OaQ� ]_PO\O[ROXZR� \][Oc� aOcXP]a]^� ^� ZPO\O

�� ����PVTade�V^X]P]^�^O[QlQad� �� �]X[QlV,
jXZR�aV�aOZU][hU]�_]PR\U]^���d�XVUqO�Z\O,
[V[Q�]`OaUi�pX]c�^O[QlQad��	�pX]c�`O[hj�PO,
gV[QZh�Z]]X^OXZX^ijkQO�UQaOXQlOZUQO�iPV^,
aOaQR�^Q\V�'� )����UVlOZX^O�]Za]^ade�QZX]l,
aQU]^� aOcXP]a]^� PVZZWVXPQ^V[QZh� POVU`QR
m]POaQR�UQZ[]P]\V�Q�POVU`QR� � ��γ , *� Q\ikVR
_PVUXQlOZUQ� aV� ^ZOe� R\PVe�� �]m[]XQXO[RWQ
aOcXP]a]^�XVUqO�W]miX�bdXh�PVT[QladO�R\PV
'lOPOT� POVU`Qj� � �� γ, )�� 	� ilOX]W� ZUVTVaa]m]*
QZ_][hTiR�'��)�Q�'�0)*�_][ilQW�iPV^aOaQRn

���

���

=�� �

���

� � �

� �
� � �


 � ��
��� ��

���

�

� �

� � �

� �


�
� �





� � �
� � � � �

�

�
� � �

γλ

σ ρ

σ ρ

= , −

,− , +

+ , ,

∑∑

'��)

���

= =�� �� �� � 
 � ��
��� ��

	�� �


� �
� �




σ ρ= − , , '�0)

m\O� ��� ���σ , �u�_][a]O�ZOlOaQO�POVU`QQ�Z[QR,
aQR�\^ie�R\OP� ��� *� ���� �u�^OP]RXa]ZXh�]bPVT],
^VaQR�aOcXP]aV�_PQ�Z[QRaQQ�\^ie�R\OP�UQZ[]P],
\V���O[QlQai� ���� �W]qa]�aVcXQ*�PVZZW]XPO^�]Z,
a]^adO�UVaV[d�POVU`QQ�m]POaQR�UQZ[]P]\V�s1tn

�

�

�

B �

= = - �

-{ �

	�

�� �� 	�

��

��� ���

��� ���

��� ��


�

�

α

 +
+ → +


+

�Q\a]*�lX]�^OP]RXa]ZXh�]bPVT]^VaQR�aOcXP],
aV�Z]ZXV^[ROX��0�|�Q*�Z[O\]^VXO[ha]�R

E??
} *�0�

�QZ[V� ���� Q� ��� ^� TaVWOaVXO[Re� ]XPVqVjX
SVUX*� lX]� WVZZ]^]O� lQZ[]� UQZ[]P]\V� ��� = �
�[R� iPV^aOaQc� '��)� Q� '�0)� ^dbQPV[QZh� Z]]X,
^OXZX^Oaa]� Z[O\ijkQO� aVlV[hadO� iZ[]^QR
s�5tn� ��� ��� = *� =��� � � �� = , �

$(+%"�*�!�"�����,�"!!���l%"-"!���� ��������"�*�"��!���,���"���
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�V^QZQW]ZXh�TaVlOaQc� �� �]X�^POWOaQ�_PQ
PVTade�XOW_OPVXiPVe� �� �_PQ^O\OaV�aV�PQZ� ��
�Q\a]*� lX]� U]a`OaXPV`QQ� aOcXP]a]^� bdZXP]
\]ZXQmVjX� Z^]Om]� WVUZQWiWV� Q� aV� _P]XRqO,
aQQ� ]_PO\O[Oaa]m]� ^POWOaQ� ]ZXVjXZR� _]lXQ
_]ZX]RaadWQ*� TVXOW� bdZXP]� iWOahgVjXZR�
�VPVUXOP�pX]m]�iWOahgOaQR�TV^QZQX�]X�^Q\V
SiaU`Qc�PVZgQPOaQR�Q�]e[Vq\OaQR�'ZW��'�6)*
'��))�� �O[QlQad� �� *� _][ilOaadO� aVWQ*� aV
_]PR\]U� b][hgO�_PQ^O\Oaade�^� s6t� Q� ^�_RXh
PVT�WOahgO*�lOW�^�s5t�

�VlV[ha]O�PVZ_PO\O[OaQO�_[]Xa]ZXQ�_PO\,
Z^OPea]^]c� _VPVWOXPQT]^V[]Zh� Z[O\ijkQW

]bPVT]W� s��tn� �
�� �	

	ω
ρρ = �� �]aZXVaXd� �ρ � Q� ω

^dbQPV[QZh�\[R�UVq\]m]�Z[]R�^�]X\O[ha]ZXQ
']aQ�_]\bQPV[QZh�XVU*�lX]bd�_[]Xa]ZXh�^�QX],
mO�^dPVqV[VZh�^�Um~Wy�*�OZ[Q� 	 �^dPVqVOXZR�^
W)���VU�UVU�_[]Xa]ZXh�Q�XOW_OPVXiPV�Z^RTVad
Z]]Xa]gOaQOW� '� )*� X]� VaV[]mQlaVR� TV^QZQ,
W]ZXh�]X� 	 �QZ_][hT]^V[VZh�Q�\[R�XOW_OPVXi,
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^V[QZh� Z[O\ijkQO�TaVlOaQR�_VPVWOXP]^n

WQaQWV[hadc� PV\QiZ� 'ZlQXVR� ]X� `OaXPV
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XOTQPijXZR�f,R\PV*�W]qa]�_PQb[QqOaa]�]`O,
aQXh� QT� XO]PQQ� PVTWOPa]ZXQ*� TaVR� paOPmQj
^TPd^V�Z^OPea]^]c�'ZW��s��t)���PQ�̂ dgOiUVTVa,
a]c�TV^QZQW]ZXQ�_[]Xa]ZXQ� �ρ �]X�PVZZX]RaQR
	 �Q�^dbPVade�_VPVWOXPVe�\[R�aOO�_][ilVOX,
ZR�TaVlOaQO� �

� � ��� = ⋅ �W�Z� 'pX]�Z]]X^OXZX^i,
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�VPVWOXP� �� � bi\OW� ^VPhQP]^VXh*� XVU� UVU
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\O[Oaa]ZXh�Z^RTVaV�Z�ilVZXQOW�^�ZQaXOTO�p[O,
WOaX]^� XVUqO�Q� L,_P]`OZZV��
T^OZXa]*� lX]� ^]
^POWR� ^Z_dgUQ� Z^OPea]^]c� _]WQW]� ZQaXOTV
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U]X]P]W�XVUqO�W]miX�iaQlX]qVXhZR�TVP]\dgO,
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WOXPV� �� �bi\OX�TV^QZOXh�]X�]b[VZXQ�_P]XOUV,
aQR�L,_P]`OZZV���Z[Q�_PO\_][]qQXh*�lX]�_]Z[O
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[QlQaV� �� � ZikOZX^Oaa]�iWOahgQXZR���aV[QT
_]UVTd^VOX*�lX]�_PQ�O\Qa]W�_VPVWOXPO� �� �\[R
o,R\OP�^ZOe�Z]PX]^�e]P]gOO�Z]m[VZQO�Z�aVb[j,
\VOWdWQ�PVZ_P]ZXPVaOaQRWQ�f,R\OP�_][ilQXh
aO� i\VOXZR���]pX]Wi�_PO\_][VmVOXZR*� lX]� ��
W]qOX�QWOXh�PVT[QladO�TaVlOaQR�\[R�PVTade
TVP]\dgO^de�o,R\OP���V�PQZ����_PQ^]\RXZR�^O,
[QlQad� �� �\[R�PVT[Qlade�� *�Z�U]X]PdWQ�\[R
PVZ_P]ZXPVaOaa]ZXOc�f,R\OP�_][ilVjXZR�aVQ,
[ilgQO�POTi[hXVXd���Q\a]*�lX]�PVTbP]Z�^O[Q,
lQad� � �� �/ *� m\O� �� �u�iZPO\aOaa]O�_]� ^ZOW
f,R\PVW�TaVlOaQO*�aVe]\QXZR�^�_PO\O[Ve�U]pS,
SQ`QOaXV���

�P]WO�^O[QlQad� �� *�^VPQV`QQ�_]\^OPmV,
[QZh� XVUqO� Q� WVZZ]^dO� \][Q� aOcXP]a]^� �� �
�UVTV[]Zh*� lX]� aVQ[ilgQO� POTi[hXVXd� _],
[ilVjXZR�_PQ�^O[QlQaVe� �� *�aV�_]PR\]U�WOah,
gQe�XOe*�lX]�_PQ^O\Oad�aV�PQZ������X]�_PQb[Q,
TQXO[ha]�Z]]X^OXZX^iOX�TaVlOaQRW� �� �QT s6t�

?@���A'�"'�	'#�
Q&�&?D�	���'&�

�][ilOaadO�Z�QZ_][hT]^VaQOW�_P]`O\iPd
^VPhQP]^VaQR�_VPVWOXP]^� �� � Q� �� � aVQ[il,
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gQO�POTi[hXVXd�\[R�PVZ_P]ZXPVaOaa]ZXOc� ��
f,R\OP� _PO\ZXV^[Oad� aV� PQZ�� ��� �Q\a]*� lX]
i\V[]Zh�\]bQXhZR�e]P]gOm]�Z]m[VZQR�pXQe�^O,
[QlQa�Z�aVb[j\VOWdWQ�_PVUXQlOZUQ�\[R�^ZOe
]b]c\Oaade� R\OP*� UP]WO� QT]X]_]^� ��/�� '_O,
PO_P]QT^]\ZX^])�Q� ���<L�'aO\]_P]QT^]\ZX^])���
_]Z[O\aOW� Z[ilVO� aO\]_P]QT^]\ZX^]� W]qa]
]brRZaQXh�XOW*�lX]�^]TW]qa]�lVZXh�R\OP� ���<L
ZQaXOTQPiOXZR� ^� o,_P]`OZZO*� lX]� ^� PVZlOXVe
aO� ilQXd^V[]Zh� 'aVlV[hadO� \][Q� pX]m]� p[O,
WOaXV� ZlQXV[QZh� PV^adWQ� ai[j)�� �� _OP^]W
Z[ilVO� ZQXiV`QR� aO]_PO\O[OaaOO*� aO� QZU[j,
lOa]*�lX]�^�[QXOPVXiPO�_PQ^O\Oad�aO^OPadO
aVlV[hadO� U]a`OaXPV`QQ� TVP]\dgO^de� o,
R\OP�� �XWOXQW*� lX]� \VaaVR� W]\O[h� aO_[]e]
^]Z_P]QT^]\QX� PVZ_P]ZXPVaOaa]ZXQ� aiU[Q\]^
��D�*� ��D�� Q� ��/�*� \[R� U]X]Pde� ^� PVb]XVe
s5*� 8t� _][ilV[]Zh� TaVlQXO[ha]O� Qe� aO\]_P],
QT^]\ZX^]�

�PQ^O\OaadO�POTi[hXVXd�Z[O\iOX�PVZZWVX,
PQ^VXh� UVU� _PO\^VPQXO[hadO*� XVU� UVU� OZXh
aO]_PO\O[Oaa]ZXQ�^�TaVlOaQRe� �� *� �� �Q�aV,
lV[ha]m]� eQWQlOZU]m]� Z]ZXV^V� _PO\Z^OPea],
^]c���OZW]XPR�aV� pX]*� i\V[]Zh�_]UVTVXh*� lX]
_PQ� ]_PO\O[Oaa]W� ^db]PO� iUVTVaade� _VPV,
WOXP]^� W]qa]� _][ilQXh� e]P]gOO� Z]m[VZQO
PVZZlQXVaade�PVZ_P]ZXPVaOaa]ZXOc�f,R\OP� Z
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L,_P]`OZZO*� XVU� UVU� pXQW� ^]� Wa]m]W� ]_PO\O,
[ROXZR�_VPVWOXP� �� *�V�Z[O\]^VXO[ha]�Q�WVZ,
Z]^dO�\][Q�TVP]\dgO^de�R\OP���VUqO�aO]b,

e]\QWd� b][OO� X]ladO� Z^O\OaQR� ]b� aOcXP]a,
ade�\][Re� �� ����Q\OV[O�Z[O\]^V[]�bd�_P]^O,
ZXQ�PVZlOXd�^de]\]^�aO�X][hU]�f,*�a]�XVUqO
Q�L,R\OP*�^�O\Qa]W�Z]bdXQQ�^TPd^V�Z^OPea],
^]c�Q�XOW�ZVWdW�_]_dXVXhZR�_][ilQXh�]\a],
^POWOaa]� aVb[j\VOWdO� PVZ_P]ZXPVaOaa]ZXQ
o,*� L,� Q� f,R\OP*� X]� OZXh� Z]m[VZ]^VaadO� PO,
Ti[hXVXd�� �� XVU]W� Z[ilVO� aO]be]\QW]ZXh� ^
_VPVWOXPO� �� � ]X_V\OX*� XVU� UVU� ]a� ]_PO\O,
[QXZR� V^X]WVXQlOZUQ�� �VUVR� Z]m[VZ]^Vaa]ZXh
POTi[hXVX]^�bi\OX�R^[RXhZR�UPQXOPQOW�X]m]*
lX]� _PQaRXVR� W]\O[h� V\OU^VXa]� ]_QZd^VOX
T^OT\adO� _P]`OZZd�

�d�PVZZWVXPQ^V[Q�ZQaXOT�f,R\OP�TV�ZlOX
POVU`QQ� � ��γ , �� �\aVU]*� ZikOZX^ijX� OkO� aO,
ZU][hU]�QaXOPOZade�̂ ]TW]qa]ZXOc���V_PQWOP*
QT^OZXa]*� lX]� ^]� ^POWR� U][[V_ZV� R\PV� T^OT,
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m]�]b[ilOaQR�^OkOZX^V�'ZOlOaQO�^dgOiUVTVa,
a]c�POVU`QQ�WV[])*�XVU�Q�Om]�Z_OUXP]W�

�]PWV[ha]� OkO� ]\aV� POVU`QR� _]\e]\QX
\[R� _P]QT^]\ZX^V� ]b]c\Oaade� R\OP�u� pX]
_]P]m]^VR�POVU`QR� � � �� �, ���O�ZOlOaQO�\]ZXV,
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� �� γ, � s�6t)*� ]\aVU]� \[R� OO� POV[QTV`QQ� aO]b,
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��*������V^QZQW]ZXh�WVZZ]^]m]�_VPVWOXPV� �� *
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