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�V�]Za]^O�aO[]UV[ha]c�^VPQV`Q]aa]c�^OPZQQ�WOX]\V��R_ia]^Vy4WQ\XV�Q�Om]�]b]bkO,
aQc�^�^Q\O�aO[QaOcade�PQX`O^ZUQe�V__P]UZQWV`Qc�SiaU`Q]aV[]^�\OcZX^Qc�]_QZVa�_]\e]\
U�PVTPVb]XUO�V[m]PQXW]^�aO[]UV[ha]m]�VaV[QTV�aO[QaOcade�^VPQV`Q]aade�TV\Vl�WVXOWV,
XQlOZU]c�SQTQUQ�

�Za]^adO�\]ZX]QaZX^V�_PO\[]qOaa]m]�_]\e]\V�u�^]TW]qa]ZXh�\]ZXQqOaQR�ZU][h�im]\,
a]�b][hg]c�X]la]ZXQ�V__P]UZQWV`QQ�pUZXPOWV[Oc�_PQ�V_PQ]PQ�TVSQUZQP]^Vaa]W�aVb]PO
bVTQZade�SiaU`Qc�'Q[Q*�lX]�pU^Q^V[OaXa]*�_PQ�V_PQ]PQ�]mPVaQlOaa]W�U][QlOZX^O�ZXO_O,
aOc�Z^]b]\d�V__P]UZQWQPijkOc�ZQZXOWd)�Q�_PQa`Q_QV[haVR�^]TW]qa]ZXh�]ZikOZX^[OaQR
U]W_hjXOPa]m]� Z]_P]^]q\OaQR*� Z]lOXVjkOm]�^]TW]qa]ZXQ�ZQW^][hade�_PO]bPVT]^VaQc�Q
^dZ]U]�pSSOUXQ^ade�POV[QTV`Qc�ZXVa\VPXade�lQZ[Oaade�_P]`O\iP�^�Z]^POWOaade�WVXO,
WVXQlOZUQe�pUZ_OPXade�ZQZXOWVe�'XQ_V�D���v���{��*�D�f&v�Q�\P�)�

�Va]�XVUqO�XO]POXQlOZU]O�]b]Za]^VaQO�_]\e]\i�^�^]_P]ZO�PV^a]WOPa]c�nJ,Ze]\QW]ZXQ
_PQb[QqOaade�POgOaQc�_]�_VPVWOXPVW�'^WOZXO�Z�_P]QT^]\adWQ�_]�_VPVWOXPVW�\]�_]PR\,
UV� �	 ≥ )���VZZW]XPOad�XVUqO�Z[ilVc�X]la]�QaXOmPQPiOWde�iPV^aOaQc�

�PQ^O\Oad�Q[[jZXPQPijkQO� _PQWOPd�

DD'A'�"'

�� ZXVXhO� ]_QZVa� _]\e]\� U� aO[]UV[ha]Wi
VaV[QTi� bQSiPUV`Qc� pUZXPOWV[Oc*� ]Za]^Va,
adc� aV� aO[]UV[ha]c� ^VPQV`Q]aa]c� ^OPZQQ
WOX]\V��R_ia]^Vy4WQ\XV�� �Za]^a]O� \]ZX],
QaZX^]� _PO\[]qOaa]m]� _]\e]\V�u� ^]TW]q,
a]ZXh�\]ZXQqOaQR�ZU][h�im]\a]�b][hg]c�X]l,
a]ZXQ�V__P]UZQWV`QQ�pUZXPOWV[Oc�_PQ�V_PQ,
]PQ�TVSQUZQP]^Vaa]W�aVb]PO�bVTQZade�Sia,
U`Qc� Q[Q*� lX]� pU^Q^V[OaXa]*� _PQ� V_PQ]PQ
]mPVaQlOaa]W� U][QlOZX^O� ZXO_OaOc� Z^]b]\d
V__P]UZQWQPijkOc� ZQZXOWd�� �]UVTVa]*� lX]
\Vaadc� _]\e]\� W]qOX� Z[iqQXh� ]Za]^]c� \[R
^dlQZ[OaQR�]b]bkOaade�PQX`O^ZUQe�V__P]U,
ZQWV`Qc�pUZXPOWV[Oc�Q�\[R�Z]T\VaQR�V[m]PQX,
W]^�U]W_hjXOPa]m]�Z]_P]^]q\OaQR�bQSiPUV,
`Q]aa]m]� VaV[QTV�

�dZ[h� ]� X]W*� lX]� Wa]mQO� SQTQlOZUQO
pSSOUXd� ^� ZQZXOWVe� Z� bOZU]aOladW� lQZ[]W
ZXO_OaOc� Z^]b]\d� \]_iZUVjX� V\OU^VXa]O� UV,
lOZX^Oaa]O� ]_QZVaQO� aV� ]Za]^O� U]aOla]m]
aVb]PV� ZikOZX^Oaade� '_]^O\OalOZUQe)� _OPO,
WOaade�^dZUVTd^V[VZh�^�X]c�Q[Q�Qa]c�S]PWO
Wa]mQWQ� Z_O`QV[QZXVW� _]� aO[QaOcadW� _P],
b[OWVW� s�tus0t��
\OR�QZZ[O\]^VaQR�aO[QaOc,
a]m]� ]_OPVX]Pa]m]� iPV^aOaQR� lOPOT� V__P]U,
ZQWV`Qj�iPV^aOaQR�PVT^OX^[OaQR�bd[V�ZS]P,

Wi[QP]^VaV�Q�\]ZXVX]la]�_]\P]ba]�]bZiq\O,
aV�^�W]a]mPVSQQ�s�t�

�Z[Q�]XbP]ZQXh�w[QgaQOx�_]\P]ba]ZXQ*�X]
_OPOe]\�U�ZikOZX^OaadW�_OPOWOaadW�W]qa]
_PO\ZXV^QXh�Z[O\ijkQW�]bPVT]Wn�^�QZZ[O\i,
OWij� bOZU]aOla]WOPaij� ZQZXOWi� ^^]\QXZR
U]aOladc�aVb]P�\]_][aQXO[hade�wSQUXQ^adex
Z^RTOc*� _PQ^]\RkQc� ZQZXOWi�U� O\QaZX^Oaa],
Wi� iZX]clQ^]Wi� Z]ZX]RaQj*� TV^QZRkOWi� ]X
_VPVWOXP]^�Z^RTOc*�V�TVXOW�]Za]^adO�iZX]c,
lQ^dO�Z]ZX]RaQR�PVTdZUQ^VjXZR�\]_][aQXO[h,
a]c� WQaQWQTV`QOc�SiaU`Q]aV[V� paOPmQQ� _]
_VPVWOXPVW� Z^RTOc� 'aV� Wa]qOZX^O� iZ[]^a]
iZX]clQ^de�Z]ZX]RaQc)���VU]c�WOX]\�QZ_][h,
TiOXZR� ^� ZXVXQUO� i_PimQe� ZXOPqaOc� s�t*� i_,
PimQe�]b][]lOU�s1t*�s5t�Q�\PimQe�PVT\O[Ve�WO,
eVaQUQ�Z_[]gade�ZPO\��	e]\adO�WVXOWVXQlOZ,
UQO� Q\OQ� _PQWOaRjXZR� ^� XO]PQQ� aO[QaOcade
^][a�Q�\PimQe�PVT\O[Ve�aO[QaOca]c�SQTQUQ�s8t�

%eOWd�X]lade�PO\iU`Qc�bOZU]aOla]WOPade
ZQZXOW� U� U]aOla]WOPadW� bd[Q� _PO\[]qOad
'^�WVXOWVXQlOZUQ�ZXP]m]c�S]PWO)��� �� �R_i,
a]^dW�s6t*����4WQ\X]W�s� t�Q�����]PZ]W�s��t*
s��t��	eOWV����]PZV� bd[V� TVXOW�iZ]^OPgOa,
ZX^]^VaV����]XX]W�'ZW��_]\P]ba]O�]_QZVaQO�^
s��t)��%eOWVW��R_ia]^Vy4WQ\XV�Q��]PZVy�]X,
XV�_PO\gOZX^]^V[�[]UV[hadc�WOX]\��iVaUV,
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PO�_]aQqOaQR�PVTWOPa]ZXQ�^�U]aOla]WOPa]c
pUZXPOWV[ha]c� TV\VlO� s��t�

�_]Z[O\ZX^QQ�_]R^Q[QZh�aO[]UV[hadO�̂ OP,
ZQQ�ZeOWd��R_ia]^Vy4WQ\XV�Q�OO�a]^dO�_PQ,
WOaOaQR�^�Z]^POWOaade�^VPQV`Q]aade�TV\V,
lVe� s�0t*� s��t*� s�1t�

�� UPi_aOcgQW�Sia\VWOaXV[hadW� \]ZXQ,
qOaQRW�WOX]\V�U]aOla]WOPa]c�PO\iU`QQ�]X,
a]ZQXZR� ]ZikOZX^[OaQO� _][a]m]� _OPOa]ZV� aV
U[VZZ�m[V\UQe�SPO\m][hW]^de�SiaU`Q]aV[]^
^ZOe�]Za]^ade�_][]qOaQc�U]aOla]WOPa]c�XO,
]PQQ�]Z]bOaa]ZXOc�m[V\UQe�SiaU`Qc�s�5t*�s�8t�
	eOWd�U]aOla]WOPade�PO\iU`Qc�_PO\ZXV^[R,
jX� Q� b][hg]c� _PQU[V\a]c� QaXOPOZ*� UVU� pS,
SOUXQ^adc�V__VPVX�QZZ[O\]^VaQR�Wa]mQe�_],
XOa`QV[hade�SQTQlOZUQe� ZQZXOW� Z� aOO\Qa,
ZX^Oaa]ZXhj�Z]ZX]RaQc����XVU]^dW�]Xa]ZRXZR*
aV_PQWOP*� i_PimQO� U]aZXPiU`QQ� ^� TVUPQXQ,
lOZUQe�PV^a]^OZade�Z]ZX]RaQRe�s0tus5t�Q�UPQ,
ZXV[[QlOZUQO�ZOmaOX]p[OUXPQUQ�^�_]ZXUPQXQ,
lOZUQe�SVTVe�s�6tus��t�

	[O\iOX�]XWOXQXh�XVUqO�PVb]Xd��� �]cXO,
PV�_]�VaV[QTi�TVUPQXQlOZUQe�PV^a]^OZQc�i_,
PimQe�ZQZXOW�'ZW�*�aV_PQWOP*�s��t)*�^�U]X]Pde
SVUXQlOZUQ�QZ_][hT]^V[VZh�'bOT�WVXOWVXQlOZ,
U]m]� ]b]Za]^VaQR)� ZeOWV��R_ia]^Vy4WQ\XV�
�� �]cXOP�]XXV[UQ^V[ZR�]X�i_]WRaiX]m]�^dgO
WOX]\V��� �iVaUVPO�Q�PQX`O^ZUQe�U]aOla]WOP,
ade�V__P]UZQWV`Qc�s��t�

�QX`O^ZU]c�V__P]UZQWV`QOc�s�0t*�s��t�Sia,
U`Q]aV[V�� � aV� bVaVe]^]W� _P]ZXPVaZX^O� 0
aVTd^VOXZR�SiaU`QR
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m\O� � �. 3 ., , �u�aOU]X]Pdc�[QaOca]�aOTV^QZQ,
Wdc�aVb]P�^OUX]P]^�^� � �'bVTQZ�V__P]UZQWV,
`QQ)���UZXPOWV[RW� �� ���3ξ ξ ξ= , , �SiaU`QQ�2
Z]]X^OXZX^ijX� X]lUQ�
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= ∑ *� aVTd^VO,

WdO� PQX`O^ZUQWQ� V__P]UZQWV`QRWQ� pUZXPO,
WV[Oc�� �� �]la]ZXh� PQX`O^ZUQe� V__P]UZQWV,
`Qc�_]^dgVOXZR�TV�ZlOX�i^O[QlOaQR�U][QlO,
ZX^V�bVTQZade�^OUX]P]^���Z[Q*�]b]bkVR*�PVZ,
ZW]XPOXh�aO[QaOcadO�V__P]UZQWV`QQ�^Q\V
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^�� ⊥ �']PX]m]aV[ha]O�\]_][aOaQO�U�L*�aV_PQ,
WOP*�^�WOXPQUO�_P]ZXPVaZX^V�SiaU`Qc�Z�ZiW,
WQPiOWdW�U^V\PVX]W)*�X]�^]�Wa]mQe�TV\VlVe
W]qa]�\]ZXQmaiXh�ZU][h�im]\a]�b][hg]c�X]l,

a]ZXQ�V__P]UZQWV`QQ�pUZXPOWV[Oc�_PQ�V_PQ,
]PQ�TVSQUZQP]^Vaa]W�aVb]PO�bVTQZade�Sia,
U`Qc� Q*� Z[O\]^VXO[ha]*� V_PQ]PQ� ]mPVaQlOa,
a]W� U][QlOZX^O� ZXO_OaOc� Z^]b]\d� V__P]UZQ,
WQPijkOc�ZQZXOWd�

��VaV[]mQladW�POTi[hXVXVW�W]qa]�_PQc,
XQ*� ]X_PV^[RRZh� ]X� U]aOla],p[OWOaXade� V_,
_P]UZQWV`Qc� s��t�

�VUQW�]bPVT]W*�ZeOWd�U]aOla]WOPade�PO,
\iU`Qc� _]T^][RjX� aO� X][hU]� ]ZikOZX^[RXh
PVT^QXQO�XO]PQQ�]Z]bOaa]ZXOc�m[V\UQe�SPO\,
m][hW]^de�SiaU`Q]aV[]^*�a]�Q�\VjX�pSSOU,
XQ^a]O� ZPO\ZX^]� \[R� QTilOaQR� U]aUPOXade
SQTQlOZUQe�ZQZXOW�Z�bOZU]aOladW�lQZ[]W�ZXO,
_OaOc�Z^]b]\d�

�VqaOcgQW� \]ZX]QaZX^]W� WOX]\V� U]aOl,
a]WOPade� PO\iU`Qc� R^[ROXZR� _PQa`Q_QV[h,
aVR�^]TW]qa]ZXh�]ZikOZX^[OaQR�Om]�U]W_hj,
XOPa]m]� Z]_P]^]q\OaQR*� Z]lOXVjkOm]� ^]T,
W]qa]ZXQ�ZQW^][hade�_PO]bPVT]^VaQc�Q�^d,
Z]U]� pSSOUXQ^adO� POV[QTV`Qc� ZXVa\VPXade
lQZ[Oaade�_P]`O\iP�^�Z]^POWOaade�WVXOWV,
XQlOZUQe�pUZ_OPXade�ZQZXOWVe� 'XQ_V�D���v,
���{��*�D�f&v� Q� \P�)�� �VTPVb]XUQ� V[m]PQXW]^
^QTiV[QTV`QQ�_]T^][RjX�_][ilVXh�aVm[R\aij
QaS]PWV`Qj�]�bQSiP`QPijkQe�pUZXPOWV[Re*
Qe�Qa\OUZVe��]PZV�Q�]�WOXVW]PS]TVe�_]^OP,
ea]ZXOc� iP]^aOc� SiaU`Q]aV[]^� paOPmQQ�� �
UVU]W,X]� ZWdZ[O� W]qa]� m]^]PQXh� ]� TVP]q,
\OaQQ� a]^]m]� pXV_V� ^� VaV[QTO� aO[QaOcade
iPV^aOaQc� _]ZPO\ZX^]W� _PRW]m]� aVb[j\OaQR
POgOaQc�Q�Qe�Z^]cZX^�aV�]Za]^O�U]W_hjXOP,
a]m]� Z]_P]^]q\OaQR�

	PO\Q�XO]POXQlOZUQe�_P]b[OW*�Z^RTVaade
Z�_PQWOaOaQOW�Q�PVT^QXQOW�WOX]\V�U]aOla],
WOPade� PO\iU`Qc*� ^d\O[RjXZR*� UVU� ]Za]^,
adO*� Z[O\ijkQO� \^On� _P]b[OWV� aO[]UV[ha]c
_P]\][qQW]ZXQ�U[jlO^de�_VPVWOXP]^�Q�_P],
b[OWV�ZPV^aOaQR�U[jlO^de�SiaU`Qc����_OP,
^ij�QT�aQe�^U[jlVOXZR�TV\VlV�aO[]UV[ha]m]
ZikOZX^]^VaQR�U[jlO^de�_VPVWOXP]^�Q�TV\V,
lV� X]la]m]� Q[Q� _PQb[QqOaa]m]� _PO\ZXV^[O,
aQR�WVPmQaV[hade�]X]bPVqOaQc�Q�U[jlO^de
SiaU`Qc� '^]TW]qa]ZXh� X]la]m]� _PO\ZXV^[O,
aQR� _]R^[ROXZR*� aV_PQWOP*� ^� aOU]X]Pde� Qa,
XOmPQPiOWde�iPV^aOaQRe�s�1t*�s�5t)���]\�ZPV^,
aOaQOW�U[jlO^de�SiaU`Qc�_]\PVTiWO^VOXZR
ZPV^aOaQO� VaV[QXQlOZUQe� Q� X]_][]mQlOZUQe
Z^]cZX^� U[jlO^de�SiaU`Qc*� _][ilOaade� ^
]\a]c� ^VPQV`Q]aa]c� TV\VlO� _]� PVT[QladW
PO\i`QPijkQW� ZeOWVW�� �OgOaQO� pXQe� _P],
b[OW�aO]be]\QW]�\[R�XO]POXQlOZU]m]�]b]Za],
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^VaQR� _PQWOaQc� WOX]\V� U]aOla]WOPade� PO,
\iU`Qc�'^Vqa]�TaVXh�iZ[]^QR�_PV^]c�X]_][],
mQlOZU]c� pU^Q^V[OaXa]ZXQ� U[jlO^de�SiaU,
`Qc*�]_PO\O[Oaade�^�PVT[Qlade�ZeOWVe)���R\
Sia\VWOaXV[hade�POTi[hXVX]^�̂ �pX]W�aV_PV^,
[OaQQ�bd[�_][ilOa�^�PVb]XVe�s�5t*�s�8t�

�PQ� PVTPVb]XUO� _P]`O\iP� ^QTiV[QTV`QQ
bQSiPUV`Q]aade�R^[OaQc�̂ �aOQaXOmPQPiOWde
iPV^aOaQRe�̂ ]TaQUVOX�aO]be]\QW]ZXh�]bPVkO,
aQR� U� _PQb[QqOaadW�WOX]\VW� QaXOmPQP]^V,
aQR�\QSSOPOa`QV[hade�iPV^aOaQc� s�5t*� s� t*
s��t����pX]c�Z^RTQ�̂ ]TaQUVOX�OZXOZX^Oaadc�̂ ]_,
P]Z�]�PV^a]WOPa]c�nJ,Ze]\QW]ZXQ�_PQb[QqOa,
ade� POgOaQc� _]� _VPVWOXPVW� '^WOZXO� Z� _P],
QT^]\adWQ�_]�_VPVWOXPVW�\]�_]PR\UV� �	 ≥ )�

�V^a]WOPaVR�nJ,Ze]\QW]ZXh�_]T^][ROX�iZ,
XVaV^[Q^VXh� \[R� V__P]UZQWQPijkOm]� iPV^,
aOaQR�XPVaZ^OPZV[ha]ZXh�U�]Z]bOaa]ZXRW*�OZ[Q
]aV� QWO[V� WOZX]� \[R� QZe]\a]m]� iPV^aOaQR�
�PVaZ^OPZV[ha]ZXh�RV^[ROXZR�]\aQW�QT�iZ[],
^Qc�ZXVbQ[QTV`QQ�\QZUPQWQaVaXade�Wa]qOZX^
Q� ,+�� PVZU[V\]^*� lX]�\VOX�^]TW]qa]ZXh�U]W,
_hjXOPa]m]� VaV[QTV� ZOlOaQc� \QZUPQWQaVaX,
ade�Wa]qOZX^� Q� PVZU[V\]^� UPQXQlOZUQe� X],
lOU� 'Z]]X^OXZX^ijkQe� Z^RTadW�U]W_]aOaXVW
\]_][aOaQc�U�\QZUPQWQaVaXadW�Wa]qOZX^VW
^� _P]ZXPVaZX^Ve� TaVlOaQc� _VPVWOXP]^)� aV
]Za]^O� V__P]UZQWV`Qc�U[jlO^de�SiaU`Qc�

�XWOXQW*�lX]�Q�^�Z[ilVRe�X]la]�QaXOmPQ,
PiOWde�iPV^aOaQc�\[R�\]^]\UQ�V[m]PQXW]^�\]
iP]^aR*�_]T^][RjkOm]�_][ilVXh�TVU]alOaadO
POTi[hXVXd*� `O[OZ]]bPVTa]*� UVU� _]UVTd^VOX
]_dX*�]bPVkVXhZR�U�_PQb[QqOaa]Wi�QaXOmPQ,
P]^VaQj�

fG��'
?$�
Q��'�	'A�$Z""
"�?@?@P'���'�	"&Z'D�$"'

�EE	?$�"%�Z""

������bkVR�PO\i`QPijkVR�ZeOWV
�O\i`QPijkQO� ZeOWd� ^� ^VPQV`Q]aade

TV\VlVe� i\]ba]� _PQWOaRXh*� ]XXV[UQ^VRZh� ]X
]bkOm]� ]_OPVX]Pa]m]� iPV^aOaQR

� � �� � = ,
^�U]X]P]W� � �u�_]XOa`QV[ha]O�SPO\m][hW]^]
]X]bPVqOaQO�ai[O^]m]�Qa\OUZV*�\OcZX^ijkOO
^� _VPO� bVaVe]^de� _P]ZXPVaZX^���]XOa`QV[h,
a]ZXh� ]TaVlVOX*� lX]� \Vaa]O� iPV^aOaQO� pU^Q,
^V[OaXa]� pUZXPOWV[ha]c� TV\VlO

�� � ��5� � � �→ , ∈ , '�)

^�U]X]P]c��
�
u�m[V\UQc�SiaU`Q]aV[�'_]XOa,

`QV[�]X]bPVqOaQR� � )�aV�bVaVe]^]W�_P]ZXPVa,
ZX^O�Q[Q�m[V\U]W�bVaVe]^]W�Wa]m]]bPVTQQ�� �

�V_PQWOP*�POgOaQO� � � 
 �iPV^aOaQR��c[O,
PVy�VmPVaqV

� �
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i\]^[OX^]PRjkOO�mPVaQladW�iZ[]^QRW� = ,��� �
= ,� � � + � W]qa]� ]XdZUQ^VXh� UVU� pUZXfOWV[h

SiaU`Q]aV[V� \OcZX^QR�
�
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�

�  #   
= ,∫ � � aV

VSSQaa]W�bVaVe]^]W�_f]ZXfVaZX^O� ,�" Sia,
U`Qc� 
� � � �: , → 
 *�i\]^[OX^]PRjkQe�TV\Va,
adW�mPVaQladW�iZ[]^QRW�

�V\VlV� '�)�^OZhWV�lVZX]�\]_iZUVOX�Z^O\O,
aQO� U� VaV[]mQla]c� TV\VlO� ^� U]aOla]WOPa]W
_P]ZXPVaZX^O� � � ��5 �2 ξ ξ→ , ∈ .


�]la]O�]_QZVaQO�XVU]m]�_OPOe]\V�^�]bkOW
^Q\O�W]qa]�\VXh�Z[O\ijkQW�]bPVT]W���iZXh
� �� � �u� m[V\UQc�SiaU`Q]aV[*� TV\Vaadc� aV

m[V\U]W�bVaVe]^]W�Wa]m]]bPVTQQ�� *�Q�_iZXh
aV� ]XUPdX]W�_]\Wa]qOZX^O� �⊂ ,� � QWOaiO,
W]W�^�\V[haOcgOW�]b[VZXhj*�TV\Va�U]aOladc
aVb]P� m[V\UQe�SiaU`Q]aV[]^� � !�� 3 �= , , ,�

_OP^dO� \QSSOPOa`QV[d� U]X]Pde� ^� UVq\]c
X]lUO� � ∈� � ]bPVTijX�[QaOca]� aOTV^QZQWij
ZQZXOWi� ^OUX]P]^� '^� Z]_PRqOaa]W� UVZVXO[h,
a]W�_P]ZXPVaZX^O)���PO\_][]qQW�XVUqO*�lX]
ZikOZX^iOX� m[V\U]O� ]X]bPVqOaQO� ϕ : →� �

' � � u� ]bPVT� ]X]bPVqOaQR� : → ,�
�� 


:= , ,�� � � � � � ���� � � 3 � �� *� \[R� U]X]P]m]

��� ����� � �� � � ��
� �� 3 � 3 �ϕ ξ ξ ξ ξ ξ= ∀ = , , ∈ , = , , ,�

Q�^d_][aRjXZR�Z[O\ijkQO�iZ[]^QR
�)� � �ϕ ξ �u� O\QaZX^OaaVR� pUZXPOWV[h� \[R

]mPVaQlOaQR� �� �
� ξ ξ−| ∀ ∈ ;

�
�

�)� � �ϕ ξ �u�aO^dP]q\OaaVR�X]lUV�VbZ][jX,
a]m]�WQaQWiWV�\[R�]mPVaQlOaQR�

ξ ξ−| ∀ ∈ ��� �
�

�
�

�]m\V� aVb]P� � � aVTd^VOXZR� *�*�"-�,
+%/)"���� ���-"�����\[R�SiaU`Q]aV[V�G�aV
]b[VZXQ�� �

�iaU`QR

� �
� � � � �� ��5 � �

� �
2 � � �

ξ
ξ ϕ ξ

: =
:= =

�

aVTd^VOXZR�+%/)"��,�

WOOX� WOZX]� Z[O\ijkOO�Sia\VWOaXV[h,

a]O�iX^OPq\OaQO� s�1tn���)+�� � ∈� �#�%#"�6
*#�+����)"*+�,��%#�� �����������%&+�����6
���� +����� *({"*��("�� +����)"*+�#���)+�
ξ ∈ � �.(!+3���2 , ���+�#��)��� � �� ϕ ξ= . �4��6
)"-�!"����k�"!!�*�&� � ��%#�� ����!�*�%&!�
!"����k�"!!�*���ξ ��%#�2 .

�[VZZQlOZUQO�_PQWOPd�U]aOla]WOPade�PO,
\iU`Qc�u� []UV[haVR� PO\iU`QR� �R_ia]^Vy
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4WQ\XV�'^�^VPQV`Q]aa]c�W]\QSQUV`QQ)�Q�PO,
\iU`QR��]PZVy]XXV�QT�̂ VPQV`Q]aa]c�XO]PQQ
mO]\OTQlOZUQe�

�ZO� X]_][]mQlOZUQO� Q� VaV[QXQlOZUQO� _],
aRXQR*� XVU�Q[Q�QaVlO�eVPVUXOPQTijkQO� XQ_
ZXV`Q]aVPa]c� X]lUQ� 'UPVXa]ZXh*� []UV[ha]O
U][h`]�]Z]bOaa]ZXQ*�^OPZV[haVR�\OS]PWV`QR*
bQSiPUV`Q]aaVR�\QVmPVWWV�Q�X�_��s�5t*�s0t)�\[R
XVUQe�SiaU`Q]aV[]^*�^^]\RXZR�lOPOT�U[jlO,
^dO�SiaU`QQ�

������Z[]^QO�aO[]UV[ha]c�_P]\][qQW]ZXQ
U[jlO^]c�SiaU`QQ

�iZXh� � 0 $: → �u� m[V\U]O�SPO\m][hW],
^]�ai[O^]m]�Qa\OUZV�]X]bPVqOaQO�bVaVe]^de
_P]ZXPVaZX^�� �X]� ]TaVlVOX*� lX]� � 0∀ ∈ � _P],
QT^]\aVR� � �� �′ � QWOOX� U]aOla]WOPadO� R\P]

� � ��.	 � �′ � Q� U]R\P]� � �� � � �"��.	 � � $ �� � �′ ′= / *
_PQlOW� � � � �� � � ��� �.	 � � �� "��.	 � �′ ′= ���iZXh
� �Z]bZX^Oaa]�'_P]]bPVT�[jb]m]�U]W_VUXV�U]W,
_VUXOa)�Q�_]XOa`QV[ha]n

� � � �
�

� � , � ,
�

∂, ≡ ,
∂ '�)

m\O�� �u�m[V\UQc�SiaU`Q]aV[�aV� 0 �'_]XOa,
`QV[�]X]bPVqOaQR� � �)*�� ⋅, ⋅ �u�ZUV[RPa]O�_P],
QT^O\OaQO� ^� aOU]X]P]W� mQ[hbOPX]^]W� _P],
ZXPVaZX^O� % *� Z]\OPqVkOW� 0 � Q� $ � UVU� aO,
_POPd^a]�Q�_[]Xa]�^[]qOaadO�_]\_P]ZXPVa,
ZX^V�� �PO\_][VmVOXZR� XVUqO*� lX]� 0 � aO_PO,
Pd^a]�^[]qOa]�^�$ ���d�bi\OW�m]^]PQXh*�lX]
SiaU`Q]aV[�� �]b[V\VOX�mPV\QOaXa]c�POV[Q,
TV`QOc�^�XP]cUO�_P]ZXPVaZX^�  !0 $ %, , �Q�QZ,
_][hT]^VXh�]b]TaVlOaQR� � �	�� �= = ∇ �

�Z[Q� ^d_][aOa]� iZ[]^QO� _][]qQXO[ha]Z,
XQ� 'W]a]X]aa]ZXQ)

��� � � � � � 6 ��
�

� , , � , 0 0
�

∂ , > ∀ , ∈ × ,
∂

'�)

X]� iPV^aOaQO
� � �� � = '0)

]\a]TaVla]�PVTPOgQW]���X]�^OPa]�^�ZQ[i�XO,
]POWd�VaVeVy�VTiPVy�VllQ]_][Q�'ZW�� s��t*
s��t)�� �lO^Q\a]*� lX]� POgOaQO� pX]m]� iPV^aO,
aQR�R^[ROXZR�Q� X]lU]c� m[]bV[ha]m]�WQaQWi,
WV�� � aV� 0 �� 
T� '�)� Z[O\iOX*� lX]� Wa]qOZX^]
POgOaQc� iPV^aOaQR� '0)� Z]^_V\VOX� Z� Wa]qO,
ZX^]W�UPQXQlOZUQe�X]lOU�SiaU`Q]aV[V�� ���
ZVW]W�\O[O*�iZ[]^QO�� � � �� �′ = ��^�ZQ[i�S]PWi,
[d� '�)� PV^a]ZQ[ha]� iZ[]^Qj� � � �� � 0 ⊥∈ *� a]

 �!0 ⊥ = *�^^Q\i�_[]Xa]ZXQ�0 �^�% �
�PV^aOaQO�'0)�R^[ROXZR�VbZXPVUXadW�VaV,

[]m]W�iPV^aOaQR��c[OPVy�VmPVaqV�QT�U[VZ,
ZQlOZU]m]� ^VPQV`Q]aa]m]� QZlQZ[OaQR�

�Z[Q�'�)�TVWOaQXh�b][OO�Z[VbdW�iZ[]^QOW

��� � � � � � 6 ��
�

� , , � , 0 0
�

∂ , > ∀ , ∈ × ,
∂

� '�)

m\O� �� ��0 0 � � #�� . 3 . �⊥ ⊥= ∩ , = , , ,� �u� ]PX],
m]aV[ha]O�\]_][aOaQO�U� � � ^� % *� � �. 3 ., , �u
aOU]X]PVR� ]PX]a]PWQP]^VaaVR� ^� % � ZQZXOWV
^OUX]P]^�^� 0 *� X]�W]qa]�]_PO\O[QXh�U[jlO,
^ij�SiaU`Qj��R_ia]^Vy4WQ\XV

�� �� � ��5 � � � �
� �

�
�

� � . �
2 � � 3

ξ
ξ ξ ξ ξ

: , = ∀
:= , = , , , '1)

w]X^OlVjkijx�TV�_]^O\OaQO�SiaU`Q]aV[V�� �
�Z[]^QO� Z]bZX^Oaa]ZXQ� � � W]qa]� ]Z[VbQXh*
TVWOaQ^�Om]�iZ[]^QOW�Z]bZX^Oaa]ZXQ�_PQ�UVq,
\]W� ξ �]X]bPVqOaQR

� �� 0 $ξ⋅, : → ,� � � '5)

m\O

�

�

� � � � � � � � � �

� �

�

� �
�

�

� �
�

$ $ �

� � � � � . � � � .

� .

ξ ξ ξ

ξ ξ

⊥

=

=

= ∩ ,

, := + − , + ,

= .

∑

∑

�

� '8)

�PQ� ^d_][aOaQQ� iZ[]^Qc� '�)*� '5)� iPV^aO,
aQO

� � �� , ξ, =� '6)

]\a]TaVla]� PVTPOgQW]� _PQ� ^ZOe� � ξ *� Q� Om]
POgOaQO� � � �, ξ � � m[V\U]�TV^QZQX�]X� � ξ �u�_]
XO]POWO� ]� aOR^a]c�SiaU`QQ��
T� '�)� Z[O\iOX*
lX]

� � � � � � ��2 � � ,ξ ξ ξ≡ + . '� )

�[R� U[jlO^]m]� iPV^aOaQR

��� � � �θ ξ ξ= , ∈ ,
 '��)

^�U]X]P]W

��� � � � � � �� � � � � � � ���
� � �3 � � , .θ ξ θ ξ θ ξ θ ξ ξ ξ= , , , = + ,

QWOOW

� � � ��	�2θ ξ ξ= .

�_OP^dO�iZ[]^QO�Z]bZX^Oaa]ZXQ�^�_P]b[O,
WO�PO\iU`QQ�bd[]�QZ_][hT]^Va]�^�PVb]XO�s�0t*
^�U]X]P]c�ZS]PWi[QP]^Va]�Z[O\ijkOO�iX^OP,
q\OaQOn

&�I����fG�4(*�&�������k"!�"�|t}�#�%#6
"�*#�*��*��"!!�-��� (*�&� ���l��-��� �%6
!#"�*#�(*%���"� �%�k��"%&!�*���|f}������
-����!�%&!�"�������k"!�"� � � � �� ,ϕ ξ ξ ξ: + ,�
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��"� � �, ξ �� �"�"%"!��(���!"!�"-�|h}��(*��!��6
%���"�� ����-!�� ��!��!�)!�"� *����"�*���"
-"k�(� +����)"*+�-����)+�-�� +%/)"��,
.(!+3���|r}�������!!����.(!+3��!�%��� ��4��
l��-�%�+�%&!�"�+�%&3���*��"!!�*�",��*���6
�"�*��(/{���.(!+3�,�����)+��� ξ ��� � �ϕ ξ
���-��.!�������*����"�*��(/{�����(����(�(
��!�+���!��� +����)"*+�����)+��� �-""�
-"*���*�� ��"!�"��!�"+*������*���

�VWOXQW*� lX]� \]UVTVXO[hZX^]� QT]W]PSa],
ZXQ�[]UV[hade�U][O`�_P]^]\QXZR�ZXVa\VPXad,
WQ�_PQOWVWQ*�PVTPVb]XVaadWQ�^�U]aOla]WOP,
a]c� XO]PQQ� ]Z]bOaa]ZXOc� m[V\UQe�SiaU`Qc
s�5t*� s�8t�� �XQ� _PQOWd� [OmU]� _OPOa]ZRXZR� aV
bOZU]aOla]WOPadO� bVaVe]^d�Wa]m]]bPVTQR� ^
Z[ilVO�SPO\m][hW]^de�SiaU`Q]aV[]^�

	[O\ijkQc�gVm� ^� PVT^QXQQ� \Vaa]c� ZeO,
Wd u� TVWOaV� [QaOcade�SiaU`Q]aV[]^� � �� ,

� �� �� � � .= , � 'ZW�� '1))*� aV� b][OO� Z[]qadO�[Q,
aOcadO�Q�aO[QaOcadO*�UVU*�aV_PQWOP*�^�ZeO,
WO��]PZVy]XXV�

�Z[]^QO� Z]bZX^Oaa]ZXQ� ]X]bPVqOaQc� '5)
W]qa]� TVWOaQXh� aV� [jb]O� \Pim]O*� mVPVaXQ,
PijkOO� ZikOZX^]^VaQO� iZ[]^ade� pUZXPOWV,
[Oc�^�Z[]Re� �

�� � � � � � � � ����� � � � � 3 � �ξ− , = , , ���V,
_PQWOP*� OZ[Q� _P]ZXPVaZX^]� 0 � POS[OUZQ^a]*
X]�\]ZXVX]la]�_]XPOb]^VXh�U]pP`QXQ^a]ZXh��
'aVPR\i�Z�^d_iU[]ZXhj)�^\][h�UVq\]m]�Z[]R�
��pXQe�qO�`O[Re�W]qa]�_PQWOaRXh�Q�QT^OZX,
a]O� iZ[]^QO� � �� ��V[Oy	WOc[V� s��t*� s�1t�

�Z[Q�aV� % �TVSQUZQP]^Va]�]PX]m]aV[ha]O
\OcZX^QO�aOU]X]P]c�mPi__d�( �Z�iZ[]^QOW�Qa,
^VPQVaXa]ZXQ� _]\_P]ZXPVaZX^� 0 $, , � � =

�� ��#�� . 3 ., , �Q�SiaU`Q]aV[V�� �]Xa]ZQXO[ha]
pX]m]�\OcZX^QR*�X]�U[jlO^VR�SiaU`QR�'1)�bi,
\OX� Qa^VPQVaXa]c� ]Xa]ZQXO[ha]� \OcZX^QR�(
aV�� �s�8t�

������O\iU`QR*�UVU�QZX]laQU�V[m]PQXW]^
�]PWi[V� U[jlO^]c� SiaU`QQ� ξ =� �2

( )ξ ξ
=

= + Φ ,∑ �
� �

�

� ��
� . ��Z[iqQX�_POUPVZa]c�]Za],

^]c�\[R�Z]T\VaQR�V[m]PQXW]^�̂ dlQZ[OaQR�]b]b,

kOaade� PQX`O^ZUQe� V__P]UZQWV`Qc� Q*� Z[O,
\]^VXO[ha]*�\[R�Z]T\VaQR�V[m]PQXW]^�U]W_h,
jXOPa]c� ^QTiV[QTV`QQ�

�_QgOW�]\ai�QT�^]TW]qade�_P]`O\iP�Z],
T\VaQR�V[m]PQXWV�

�PO\_][]qQW*� lX]� \[R�� � ^d_][aOa]� iZ,
[]^QO�';)*�Z]ZX]RkOO�QT�Z[O\ijkQe�lOXdPOe
XPOb]^VaQcn

�)�0 $= �'U]aSQmiPV`Q]aa]O�_P]ZXPVaZX^]
Q�_P]ZXPVaZX^]�TaVlOaQc�mPV\QOaXV�Z]^_V\V,
jX)z

�)�\[R�mPV\QOaXV�QWOOX�WOZX]�_PO\ZXV^[O,
aQO� � � � �� � � * �λ λ, = + , *� m\O� * �u� ^_][aO� aO,
_POPd^a]O� ]X]bPVqOaQO�QT� 0 × Λ � ^� 0 � 'mPV,
\QOaX�_PO\ZXV^QW�^�S]PWO��OPOy4Vi\OPV)z

�)� ZikOZX^iOX� XVUVR� _]Z[O\]^VXO[ha]ZXh
U]aOla]WOPade� _]\_P]ZXPVaZX^

= ⊂ ⊂ ⊂ ⊂ ⊂ ,� � � �0 � 0 0 3 0 3

lX]� _]Z[O\]^VXO[ha]ZXh� ]PX]_P]OUX]P]^

� �1 % 0: → � ZQ[ha]� Ze]\QXZR� U� O\QaQ`O� aV
_P]ZXPVaZX^O� 0 z

0)�]mPVaQlOaQO�
�0� | �R^[ROXZR�U]pP`QXQ^,

a]c�SiaU`QOc�
�Za]*� lX]� ]X]bPVqOaQO� '8)� X]m\V� X]qO

_PO\ZXV^QW]� ^� S]PWO� �OPO� y�4Vi\OPVn
� � � �� � � � * � �λ λ, , = + , ,� � ��	[O\]^VXO[ha]*�iPV^aO,

aQO� '6)�W]qa]�POgVXh� '_PQb[QqOaa])� aV� ]Z,
a]^O� mV[OPUQaZUQe� V__P]UZQWV`Qcn

��� � �

� � � �

� �

� �

� � � � 0*

� � 1 * � �*

λ

λ λ

+ , , = , ∈ ,

, , := ⋅ , ,

�

��
'��)

'ZW��s��t*�s�5t)���PV^aOaQO�'��)�W]qa]�_PQb[Q,
qOaa]�POgVXh�aV� ]Za]^O�PVTa]]bPVTade�^d,
lQZ[QXO[hade� _P]`O\iP*� PVTPVb]XVaade� \[R
U]aOla]WOPa]m]� Z[ilVR� s��t*� s�8t�� �OPOe]\� U
mV[OPUQaZU]c� V__P]UZQWV`QQ� pXQW� Q� ]_PV^,
\Va��][hgQaZX^]�Z]^POWOaade�_P]mPVWWade
ZPO\ZX^� XVUqO� Z]T\Va]� \[R� U]aOla]WOPade
iPV^aOaQc�

��aOU]X]Pde�Z[ilVRe�QWOOXZR�̂ ]TW]qa]ZXh
_PRW]m]� _PQb[QqOaa]m]� ^dlQZ[OaQR� WVPmQ,
aV[ha]m]� ]X]bPVqOaQR*� aV_PQWOP*� WOX]\]W
UPVXlVcgOm]� mPV\QOaXa]m]� Z_iZUV���[m]PQXW
^dlQZ[OaQc�'Om]�ZikOZX^OaaVR�lVZXh)�TVU[j,
lOa�^�Z[O\ijkQe�Z]]Xa]gOaQRen
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� � � � �
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� �� � . . 3 .
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ξ ξ ξ= := + + + ,

= − ∇ , ∇ :=
' �
 �^dbQPVOXZR�Z�`O[hj�WQaQWQTV`QQ�aV�_PR,
W]c� � �� � 
�= − ∇ � TaVlOaQR�SiaU`Q]aV[V��
Q[Q�a]PWd�mPV\QOaXV� � ��	�� �∇ := )*

���]UV[ha]O�U][h`]�]Z]bOaa]ZXQ�m[V\U]m]�SiaU`Q],
aV[V�G�^�UPQXQlOZU]c�X]lUO�:�]_PO\O[ROXZR�UVU�SVUX]P
U][h`V� P]ZXU]^� � m[V\UQe�SiaU`Q]aV[]^� ^� X]lUO� :� � _]
Q\OV[i*� _]P]q\Oaa]Wi�SiaU`Q]aV[VWQ� ^Q\V� � � ��� �α *
m\O� � α �u�_P]QT^][hadc� m[V\UQc�SiaU`Q]aV[*� TV\Va,
adc�aV�_P]QT^][ha]c�]UPOZXa]ZXQ��ai[R�^�_P]ZXPVaZX^O
o�' %� �	� �= )�

��
a\OUZ��]PZV�^�bOZU]aOla]WOPa]W�Z[ilVO�]_PO\O,
[ROXZR��UVU�WVUZQWV[haVR�PVTWOPa]ZXh�_]\_P]ZXPVaZX^V*
aV�U]X]P]W�]XPQ`VXO[ha]�]_PO\O[Oa�^X]P]c�\QSSOPOa,
`QV[�
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�= − ∇ �TaVlOaQR�� �Q[Q�a]PWd�mPV,
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��Z]]Xa]gOaQQ� �� � � �� � 
 �+ = − ∇ �W]qa]�^d,
bQPVXh�\PimQO�aV_PV^[OaQR�Z\^QmV� 'mPV\QOa,
Xd�^�\Pim]c�WOXPQUO)�

�� Z[ilVO� m[V\U]c� TV^QZQW]ZXQ�SiaU`Q],
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b[QqOaQc� U� U[jlO^]c�SiaU`QQ*� a]� pXV� Ze],
\QW]ZXh�W]qOX�]ZikOZX^[RXhZR�Z[QgU]W�WO\,
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�[V\Uij�PV^a]WOPaij�Ze]\QW]ZXh�ahjX],
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��s�0t�bd[�_]ZXV^[Oa�OZXOZX^Oaadc�^]_P]Zn
bi\iX�[Q�U[jlO^dO�SiaU`QQ�2 �Q�! �m[]bV[h,
a]� m[V\U]� pU^Q^V[OaXadWQ� 'X]� OZXh*� aVc\OX,
ZR� [Q� XVU]c� \QSSO]W]PSQTW� � �ψ : →
 
 *
lX]� � � �� � �2 � ! �ψ ≡ )¡� �� PVb]XO� s�5t� iZXVa]^,
[OaV�m[V\UVR�pU^Q^V[OaXa]ZXh�U[jlO^de�Sia,
U`Qc�_PQ�iZ[]^QQ�m[V\U]c�\OS]PWQPiOW]ZXQ
Z]]X^OXZX^ijkQe�PO\i`QPijkQe�ZeOW�\Pim�^
\PimV�Z�Z]ePVaOaQOW�U]pP`QXQ^a]ZXQ�U[jlO,
^de�SiaU`Qc����UVlOZX^O�Z[O\ZX^QR�_][ilOaV
XO]POWV�]�m[]bV[ha]c�m[V\U]c�pU^Q^V[OaXa],
ZXQ�U[jlO^de�SiaU`Qc*�^dlQZ[Oaade�_]�PO,
\i`QPijkQW� ZeOWVW� �R_ia]^Vy4WQ\XV� Q
�]PZVy]XXV�^�\^ieX]lOla]c�UPVO^]c�TV\VlO
\[R�aVXiPV[ha]c�WOeVaQlOZU]c�ZQZXOWd�\]Z,
XVX]la]�]bkOm]�^Q\V���Za]^i�pXQe�POTi[hXV,
X]^� Z]ZXV^Q[� _PQTaVU� aO[]UV[ha]c� m[V\U]c
pU^Q^V[OaXa]ZXQ�SiaU`Qc*�_][ilOaadc�^�s�8t
aV� ]Za]^O� m]W]X]_QlOZU]m]�WOX]\V��]WV�


XVU*� ^� Z[ilVO� QaXOmPQPiOW]c� TV\VlQ
W]qa]� _dXVXhZR� ^dPVTQXh� U]aZXVaXd� QaXOm,
PQP]^VaQR�lOPOT�_VPVWOXPd��]PZVy]XXV���[R
PVZZWVXPQ^VOWde�iPV^aOaQc�'WVRXaQU]^]m]�Q
�iSSQamV)� TV\VlV� QaXOmPQPiOWV� [Qgh� \[R
UPVO^de� iZ[]^Qc*� ]X^OlVjkQe� POgOaQRW*
]mPVaQlOaadW�ZO_VPVXPQZ]c�aV�SVT]^]c�_[]Z,
U]ZXQ���OW�aO�WOaOO*� ]_QPVXhZR� aV�S]PWi[i
POgOaQR� W]qa]*� _]ZU][hUi� ^ZO� pUZXPOWiWd
POV[QTijXZR� X][hU]� aV� XVUQe� POgOaQRe�
�PQa`Q_QV[ha]c� _]WOe]c� OO� QZ_][hT]^VaQR
R^[ROXZR� ]XZiXZX^QO�S]PWV[ha]c� ^]TW]qa],
ZXQ� ]bPVkOaQR� ^dPVqOaQR� � 	 �� �� �λ⋅ / , � _]
_VPVWOXPi� � �� 
� ^ZO�qO*� ^� aOQWOaQQ� R^a]m]
^dPVqOaQR�\[R�U[jlO^]c�SiaU`QQ�aVW�]ZXV,
OXZR� \]ZXi_adW� lQZ[Oaadc� pUZ_OPQWOaX� Q
POTi[hXVXd� Om]� ^QTiV[QTV`QQ�

	[O\ijkQc�SPVmWOaX�D�f&v,U]\V�POV[QTi,
OX�PO\iU`Qj�_]�ZeOWO��]PZVy]XXV�U�\^iWOP,
a]c�U[jlO^]c�SiaU`QQ�\[R�SiaU`Q]aV[V�paOP,
mQQ�_P]\][ha]� ZqVX]m]� ZXOPqaR�_PQ� TaVlOaQ,
Re�_VPVWOXPV�]ZO^]c�aVmPiTUQ� � �� �π λ π< < n
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P]^][a�Q�X��_��	�_]W]khj�_PO\ZXV^[OaQc��V,
[¢PUQaV�bd[Q�_P]^O\Oad�QZZ[O\]^VaQR�]bdU,
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�P]QZe]q\OaQO� WOX]\V� ]bdla]� Z^RTd^V,
OXZR�Z]�ZXVXhOc��V[¢PUQaV�s�6t*�_]Z^RkOaa]c
i_Pim]Wi�PV^a]^OZQj�ZXOPqaOc�Q�X]aUQe�_[V,
ZXQa���O[QaOcadc�VaV[]m� pX]m]�WOX]\V�^]TaQU
aV�aOZU][hU]�[OX�PVahgO�^�PVb]XVe��� �� �R,
_ia]^V�Q����4WQ\XV�s6t*�s� t�

	� ZVW]m]� aVlV[V� ZikOZX^OaadW� XPOb]^V,
aQOW*� _PO\rR^[ROWdW� U� WOX]\i� �V[¢PUQaV*
bd[]� X]*� lX]bd� ]a� ]bOZ_OlQ^V[� \]ZXVX]laij
X]la]ZXh� POgOaQc� _PQ� WQaQWiWO� wPiladex
^dlQZ[OaQc���Za]*�lX]�̂ �W]WOaX�Z]T\VaQR�\Va,
a]m]� WOX]\V� Q� ^� _]Z[O\ijkQO� \OZRXQ[OXQR
^ZO� PVZlOXd�\O[V[QZh� [Qb]� ^Pilaij*� [Qb]� Z
_]W]khj�_P]ZXOcgQe�̂ dlQZ[QXO[hade�WVgQa�

�Xa]ZQXO[haVR� \]ZXi_a]ZXh� U]W_hjXOP]^
'aVlQaVR�Z�1 ,e�m]\]^)�QTWOaQ[V�VU`OaX�̂ �_PQ,
WOaOaQQ�WOX]\]^��V[¢PUQaV���brOW�^dlQZ[O,
aQc�_]lXQ�_OPOZXV[�XO_OPh�QmPVXh�ZikOZX^Oa,
aij�P][h*� V�_]pX]Wi�XPOb]^VaQO�X]m]*� lX]bd
WOX]\�]bOZ_OlQ^V[�_]^dgOaaij�X]la]ZXh�PO,
gOaQc*� ZXV[]� Z]lOXVXhZR� aO� ZX][hU]� Z� iZ[],
^QOW� WQaQWiWV� Pila]c� PVb]Xd*� ZU][hU]� Z
iZ[]^QOW�WQaQWiWV�WVgQaa]m]� ^POWOaQ�

�]\lOPUaOW*� lX]� X]la]ZXh� [QaOcade� mV,
[OPUQaZUQe� V__P]UZQWV`Qc� _]^dgVOXZR� TV
ZlOX�i^O[QlOaQR�U][QlOZX^V�bVTQZade�^OUX],
P]^�� �dlQZ[QXO[hadO� V[m]PQXWd*� Z]T\VaadO
aV�]Za]^O�X]lade�ZeOW�U]aOla]WOPade�PO\iU,
`Qc*�_]T^][RjX�\]ZXQmVXh�[jb]c�V__P]UZQWV,
XQ^a]c�X]la]ZXQ�_PQ�V_PQ]PQ�TVSQUZQP]^Va,
a]W�aVb]PO�bVTQZade�SiaU`Qc�Q*�Z[O\]^VXO[h,
a]*�_PQ�V_PQ]PQ�]mPVaQlOaa]W�U][QlOZX^O�ZXO,
_OaOc�Z^]b]\d�V__P]UZQWQPijkOc�ZQZXOWd�

������PV^aOaQO�bOT�_VPVWOXPV
�VZZW]XPQW�iPV^aOaQO

� � �� � = , '�6)

m\O� � 0 0: → �u�aO[QaOcadc�m[V\UQc�]_OPV,
X]P*� 0 �u�bVaVe]^]�_P]ZXPVaZX^]�

	�k��,� ��"+3��!!�,�-"����TVU[jlVjX,
ZR�^�_OPOe]\O�U�_PQb[QqOaa]Wi�iPV^aOaQj
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^�aOU]X]P]W�̂ Z_]W]mVXO[ha]W�_P]ZXPVaZX^O�0�

'UVU� _PV^Q[]*� U]aOla]WOPa]W)�� �OgOaQR� &∗

iPV^aOaQR�'� )�]brR^[RjXZR�_PQb[QqOaadWQ
POgOaQRWQ�iPV^aOaQR�'�6)�

�Z[Q� ^^]\QXZR� ^� PVZZW]XPOaQO� aO� ]\a]
iPV^aOaQO� '� )�Q�_P]ZXPVaZX^]� 0� *� V� aOU]X],
PVR�Qe�_]Z[O\]^VXO[ha]ZXh
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e]XR�bd*�iPV^aOaQR�Z�b][hgQWQ�a]WOPVWQ� �
QWOjX� POgOaQR� � ��&∗ � 'pX]� _PO\_][VmVOXZR)*
_PQlOW� _PO\_][VmVOXZR*� lX]
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→∞
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m\O�ℜ �u�Wa]qOZX^]�POgOaQc�iPV^aOaQR�'�6)�
��pX]W�Z[ilVO�m]^]PRX*�lX]�\Vaadc�_P]OU`Q,
]aadc�WOX]\�Ze]\QXZR�

�VZZW]XPQW�XO_OPh�iPV^aOaQO�^Q\V

� �� * �= , '��)

'Q[Q� � � �� � �� * �− = )� � Z� ^_][aO� aO_POPd^adW
]_OPVX]P]W�* *�\OcZX^ijkQW�^�0 �QT�TVWdUV,
aQR� Ω �]mPVaQlOaa]c�]b[VZXQ� 0Ω ⊂ �

�V_QgOW�iPV^aOaQO�'��)�^�^Q\O

���� � � � 	�� * � � 3= = , , , . '��)

�PQlOW� UVq\dc� ]_OPVX]P� �" � ZlQXVOXZR� TV,
\VaadW�aV�Ω �Q�\OcZX^ijkQW�^�0 �

�Z[Q� � � � �� �* � 1 �= 	 � *� m\O� �1 �u�[QaOcadc
_P]OUX]P�aV�U]aOla]WOPa]O�_]\_P]ZXPVaZX^]*
X]�iPV^aOaQO�'�)�aVTd^VOXZR�iPV^aOaQOW��V,
[¢PUQaV*�V�_OPOe]\�U�XVU]Wi�iPV^aOaQj�aV,
Td^VOXZR�WOX]\]W��V[¢PUQaV�Q[Q�]bkQW�_P],
OU`Q]aadW�WOX]\]W�s�t�

�� s�t� iUVTVa� _PQa`Q_� Ze]\QW]ZXQ�WOX]\V
�V[¢PUQaV� Z� QZ_][hT]^VaQOW� X]_][]mQlOZU]c
ZXO_OaQ�]_OPVX]PV� � *− �aV�Wa]qOZX^O� Ω �

�d�^�\V[haOcgOW�bi\OW�ZlQXVXh*�lX]�PVZ,
ZWVXPQ^VOW]O�iPV^aOaQO�'0)�QWOOX�aO^dP]q,
\Oaa]O�Q�O\QaZX^Oaa]O�POgOaQO�^�]b[VZXQ�Ω *
lX]�mVPVaXQPiOX�_PQWOaQW]ZXh�_PQa`Q_V�Ze],
\QW]ZXQ�WOX]\V��V[¢PUQaV�s�t�

	[O\iR� s�t*� bi\OW� m]^]PQXh*� lX]� �*%"��6
���"%&!�*�&�  ��"+������ �1 � *��%�*���!�� *
� �%!"� !" �"���!�-� � "������-� � �* � �� "*%�
�%#� � "�������� � � � �� �� �* � 1 * �= 	 � �� �%!"!�
(*%���"j

,�� �0� � � � � ��
� �

* � * �
→∞ ∈Ω

− = .

�lO^Q\a]*� lX]�_]Z[O\]^VXO[ha]ZXh� �1 � Z],
m[VZ]^VaV� Z�[jbdW�^_][aO�aO_POPd^adW�]_O,
PVX]P]W*�OZ[Q�_]Z[O\]^VXO[ha]ZXh� � �!�1 � �ZQ[h,
a]�Ze]\QXZR�U� � n� �� � � � �� 0

1 � � � 0− → ∀ ∈ �s�t�
&�I�����G�ZW��s� t�4(*�&�� �%!"�!" �"���6

!�,� � "������ � �* � � !"� �-""�� !" ����k!��
��)"+�!�����!�3"� ∂Ω �����!�)"!!�,���%�*��
Ω ���!������ ��*���!*����0 ����-""����!(
!"����k�"!!(/� !" ����k!(/� ��)+(� � ∗

�!(���� Ω �� 4(*�&� %�!",!�"� !" �"���!�"
 ��"+����� �1 �*��%�*���!��*� � �* � �������-"6


��5�������+����
��
��2"-"�+���5������� ��!��
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����0�%��+�!��|�g}� ���%�k"!!�����"�"!�#
(���!"!�#�|��}�*�����*#�

�]UVTVXO[hZX^]� b[QTU]m]� iX^OPq\OaQR*
]Za]^Vaa]O� aV� _]aRXQQ� ^PVkOaQR� ^_][aO� aO,
_POPd^a]m]�^OUX]Pa]m]�_][R*�_PQ^]\QXZR�^� s�t�

�O_OPh�TVWOXQW*�lX]�iZ[]^QO� � � �� 0
1 � �− →

\VOX�Z]m[VZ]^Vaa]ZXh�_P]OUX]P]^� �1 �Z�]_OPV,
X]P]W� � �* � �� 	[O\]^VXO[ha]*� W]qa]� iX^OPq,
\VXh*� lX]� \[R� [jb]m]� U]W_VUXV� ℵ � ^d_][aO,
a]� Z[O\ijkOOn

,����� � � � � ��
� �

* � * �
→∞ ∈ℵ

− = ,

X]�OZXh*� � � � ��* � * �→ �PV^a]WOPa]�_]� � �aV� ℵ �
�OXPi\a]�TVWOXQXh*�lX]�\[R�_P]QT^]\ade

^dZgQe�_]PR\U]^�ZQXiV`QR�bi\OX�VaV[]mQla]c�
&�I���� �G�4(*�&� 0 � �� ��!������  ��6

*���!*����� * 0 0: Ω ⊂ → ��� � �%!"� !" �"6
���!�,�� R6���� !" �"���!�� ��.."�"!3��("6
-�,�� "��������-"/{�,�"��!*��"!!(/�!"6
����k�"!!(/�!" ����k!(/���)+(� � ∗ �

4(*�&�  �*%"�����"%&!�*�&� +�!")!�-"�6
!��� %�!",!��� !" �"���!���  ��"+�����
 !� �1 0 0: → � *�%&!�� *�����*#� +� ��k�"6
*��"!!�-(�� "�����(� � ����"�

,�� � � �� 0�
1 � �

→∞
− = .

�����*����"�*��(/{�"�!" ����k!�"���)6
+�� ��

∗� � "�������� � ��* � � | ���%�k"!!�"��"�"6
!�#}�*���#�*#�+���)!�-(����!��%/��-�+�- �+6
�"�� ��*��"�k�{"-�-!�k"*����  !  !�

�
� �∗ ∗ℵ = ∪ ∪ �

�-""��-"*��� ���!�-"�!�#�  �� � �∈ � *����6
-�*�&�|�-"*�"�*� �������!�-����� ��#�+��� }j

��

� � � � � �

� � � � � � �

� �

� � �

� �� � �

* � 1 * � * �

* � 1 * � * � � �
� � �

= →

∂ ∂ ∂= → , = , .
∂ ∂ ∂

	

	

������PV^aOaQO�Z�_VPVWOXP]W
�iZXh� XO_OPh� TV\Va]� iPV^aOaQO� Z� _VPV,

WOXP]W�

� � � � �* � λ λ, = , '�0)

m\O� λ �u� ^OUX]Padc� _VPVWOXP� ' λ ∈ Λ ⊂ ,�

Λ u�U]W_VUX)�� �aV[]mQladW� _PO\d\ikOWi
_iaUXi�]bPVT]W�^^O\OW�_PQ�UVq\]W�λ �_]Z[O,
\]^VXO[ha]ZXh�_PQb[QqOaade�iPV^aOaQc

���� � � � � � � � 	 ��* � � 3λ λ, = = , , , . '��)

��iZ[]^QQ�XO]POWd���aVW�aO]be]\QWV�_][aVR
aO_POPd^a]ZXh�]X]bPVqOaQR� � �" 0⋅, ⋅ : Ω × Λ → �


T�_][a]c�aO_POPd^a]ZXQ�pX]m]�]X]bPVqO,
aQR� '_]� Z]^]Ui_a]ZXQ� _OPOWOaade)� Z[O\iOX*
lX]�\[R�UVq\]m]� λ ∈ Λ � ]_OPVX]P

�� ��� � � � � �* 0 * � * � �λ λ λ⋅ : Ω → , = , , ∈ Ω
R^[ROXZR� ^_][aO� aO_POPd^adW�� �bPVXa]O*
^]]bkO� m]^]PR*� aO^OPa]*� X]� OZXh*� OZ[Q� QWO,
OXZR�ZOWOcZX^]�^_][aO�aO_POPd^ade�]X]bPV,
qOaQc� � �* 0λ ⋅ : Ω → *� X]� QT� pX]m]� aO� Z[O\iOX*
lX]� ]X]bPVqOaQO� � �* 0⋅, ⋅ : Ω × Λ → � R^[ROXZR
^_][aO�aO_POPd^adW��	]]X^OXZX^ijkQc�_PQ,
WOP�_PQ^O\Oa�^�s�t*�ZXP����6�

�[R�^dR^[OaQR�_][a]c�aO_POPd^a]ZXQ�_]
Z]^]Ui_a]ZXQ� _OPOWOaade�W]qa]� ^]Z_][hT],
^VXhZR�iX^OPq\OaQOW*�_PQ^O\Oaa]Wi�^� s0�t�

E���Ih�M��G�1�����k"!�"� λ, : Ω × Λ →� �" �
→ 0 �#�%#"�*#�� �%!"�!" �"���!�-��"*%����6
 �%!"!��*%"�(/{�"�(*%���#j

i}�" � !" �"���"!� �� *���+( !�*��� "�"6
-"!!��x

�}�  ��� +�k��-�.�+*�����!!�-� �!�)"!��
λ ∈ Λ�������k"!�"� λ λ λ: Ω → , = , ,�� � � � � �* � 0 * � * �

∈ Ω� �#�%#"�*#�� �%!"�!" �"���!�-����"�� "6
�"���#{�-�+�k��"�����!�)"!!�"�-!�k"*���
����!�*��"%&!��+�- �+�!�"x

g}� ������k"!�"� * � !" �"���!��  �� λ ∈ Λ
���!�-"�!����!�*��"%&!�� � x���"���%#�%/��6
��� �ε > � �� �λ ∈ Λ � *({"*��("�� δ 6�+�"*�6
!�*�&� �� �!δ λ ���+�#��)������ ��!��%"k!�*6
��� �� �!δλ λ∈ �*%"�("�� �� � � �* � * �λ λ ε, − , < ��%#
�*"�� � ∈ Ω �

�OXPi\a]� TVWOXQXh*� lX]� _]R^[OaQO� _VPV,
WOXPV�λ�^�ZQ[i�Om]�U]aOla]c�PVTWOPa]ZXQ�aQ,
UVU�aO� ZUVqOXZR�aV� Z]m[VZ]^Vaa]ZXQ�_P]OUX],
P]^� !�1 �Z�]_OPVX]P]W� � �* � λ, ��' � � � � � �� �1 � 1 �λ λ, := , *
� � � � � � � ��� �1 � � 1 � �λ λ, − , = − , )�
�VUQW�]bPVT]W*�aVe]\RZh�^�iZ[]^QRe�_][,

a]c�aO_POPd^a]ZXQ�_]�Z]^]Ui_a]ZXQ�_OPOWOa,
ade*� Q� ZlQXVR� ]_OPVX]P� � �* � λ, �R,PVT� aO_PO,
Pd^a]� \QSSOPOa`QPiOWdW� _]� Z]^]Ui_a]ZXQ
_OPOWOaade�Q�QWOjkQW�_PQ�UVq\]W�λ �O\Qa,
ZX^Oaaij�aO^dP]q\Oaaij�aO_]\^Qqaij�X]l,
Ui� � �� λ∗ *�Wd�_][ilVOW�PV^a]WOPaij�_]� � �Q
λ � Ze]\QW]ZXh� � � � � � � � ��* � * �λ λ λ λ, → , � Z�_P]QT,
^]\adWQ� Q*� Z[O\]^VXO[ha]*� PV^a]WOPaij� _]
λ �Ze]\QW]ZXh� � � � ��� �λ λ∗ ∗→ �

�iZXh� XO_OPh� _P]ZXPVaZX^]� 
 �
	
� +0 " ,= � Q

� � � �* � λ λ, �QWOOX�_PQ�UVq\]W� λ �O\QaZX^Oaaij
aO^dP]q\Oaaij�aO_]\^Qqaij�X]lUi� � �� λ∗ �

�P]\QSSOPOa`QP]^V^� � �� λ∗ � _]� λ *� _][i,
lQW�Z]]Xa]gOaQR*�\VjkQO�aVW�PV^a]WOPaij
_]� λ �Ze]\QW]ZXh� � � � ��� �

λ λλ λ
∗ ∗∂ ∂

∂ ∂→ �
�PQ� _]Z[O\ijkQe� \QSSOPOa`QP]^VaQRe

PV^a]WOPaVR� Ze]\QW]ZXh� ZXVPgQe� _P]QT^]\,
ade� �* �bi\OX�]bOZ_OlQ^VXh�PV^a]WOPaij�Ze],
\QW]ZXh� � � � �

	 	
�
	 	

� �
λ λλ λ

∗ ∗∂ ∂
∂ ∂→ �

$"%�!",!�"����3"�*+�"��  ��+*�-�3��������(�%���3�����.(�+�3�,�l+*��"-�%",
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&�I����iG�4(*�&�0 �����!������ ��*���!6
*����� 0Ω ⊂ �������!�)"!!�#���%�*�&�� �Λ ⊂ 
 �
+�- �+��� � �" � 0λ, : Ω × Λ → ���� �%!"�!" �"6
���!�,�� R6���� !" �"���!�� ��.."�"!3��("6
-�,� ��*���+( !�*��� "�"-"!!���� "������
�-"/{�,� ���+�k��-� λ � "��!*��"!!(/�!"6
����k�"!!(/�!" ����k!(/���)+(� � �� λ∗ �

4(*�&�  �*%"�����"%&!�*�&� +�!")!�-"�6
!��� %�!",!��� !" �"���!���  ��"+�����
 !� �1 0 0: → � *�%&!�� *�����*#� +� ��k�"6
*��"!!�-(�� "�����(� � ����"�

,�� � � �� 0�
1 � �

→∞
− = .

�����!��Λ � ���%�k"!!�"��"�"!�#� � �!�� λ∗

���!�-"�!�� ��λ�*���#�*#�+���)!�-(�������%""
�������-""��-"*������!�-"�!�#� �� λ �*����6
-�*�&� �������!��� � � � �

	 	
�
	 	

� �
λ λλ λ

∗ ∗∂ ∂
∂ ∂→ �� � 	 �≤ ≤ �

�����PVO^VR�TV\VlV
\[R�iPV^aOaQR��iSSQamV

�VZZW]XPQW� �,X]lOlaij� UPVO^ij� TV\Vli
\[R�iPV^aOaQR��iSSQamVn

	� � � �� � � � �  
λ= + − =�� '�1)

_PQ�UPVO^de�iZ[]^QRe

��� ��� �� �= = . '�5)

�PV^aOaQO�'�1)�_]XOa`QV[ha]�Z�_]XOa`QV,
[]Wn

� � ��

�

� �
� � �

� ��
� �  � 


λ = − + + 
 ∫ �

aV�bVaVe]^]W�_P]ZXPVaZX^O

�� �
� ��
� �� �  � � �
� �� � ��� ��� � !0 " � � 
 " � � �= , , := ∈ , , ; = = , .

��\Vaa]c�ZXVXhO�QZ_][hTiOXZR�XP]cUV�_P],
ZXPVaZX^�0 $ %, , , �m\O

� � � � �
� �� � ��� ��� �!0 � 
 " � �= ∈ , , : = =


u�_P]ZXPVaZX^]�\^Vq\d�aO_POPd^a]�\QSSO,
POa`QPiOWde� aV� ]XPOTUO� 
� ��, � ^OkOZX^Oaa]c
_PRW]c�SiaU`Qc*� i\]^[OX^]PRjkQe� UPVO^],
Wi� iZ[]^Qj� '�5)*� � � � � �
� �� �!$ & 
 "= ∈ , ,
 �u
_P]ZXPVaZX^]�aO_POPd^ade�aV� 
� ��, �SiaU`Qc�

� �
� 
� �� �!% ' #= ∈ , ,
 �u�_P]ZXPVaZX^]�SiaU`Qc

Z�ZiWWQPiOWdW�U^V\PVX]W�aV� 
� ��, .
�OP^]c�W]\]c�bQSiPUV`QQ�^�TV\VlO�'�1)y

'�5)�Z[iqQX�SiaU`QR� � � ���� �. 
π= � 'aVPR\i�Z
b][OO ^dZ]UQWQ W]\VWQ� � ���� ��. �
π= *��}��	�)�

��0��[VZZQlOZUVR�PQX`O^ZUVR
V__P]UZQWV`QR

�QaOca]c� PQX`O^ZU]c� V__P]UZQWV`QOc
SiaU`Q]aV[V�� � _]� _OP^dW�\^iW�W]\VW�R^,
[ROXZR�SiaU`QR

� � � �

� � � � � � �
� � � �

� � � �

� � � �

� � �
� �

�2 � . .

�

ξ ξ ξ

ξ ξ ξ ξ δξ π δ ξ ε ξ ε ξ

:= + =

+ + + += − + +

'_]Z[O�Z]]X^OXZX^ijkQe�TVWOa�_OPOWOaade�Q
_VPVWOXP]^)�

�VQb][OO� eVPVUXOPadO� mPVSQUQ� pX]c
SiaU`QQ�_PO\ZXV^[Oad�aV�PQZ�����

��*���

���PVSQUQ�QTm]X]^[Oad�_]ZPO\ZX^]W�^QTiV[QTVX]PV
	�����	OWOa]^V�


��5�������+����
��
��2"-"�+���5������� ��!��
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�G�?@?@P'���'�	"&Z'D�$"'
�EE	?$�"%�Z""G� 	'�
"#�Z"N

�
R?	"&%�

�O[QaOcaVR� PQX`O^ZUVR� V__P]UZQWV`QR
SiaU`Q]aV[V�� �_]�_OP^dW�\^iW�W]\VW�^dm,
[R\QX�Z[O\ijkQW�]bPVT]W

� � � �

� � � � � �
� � � � � � � � � �

� �

� � � �

� � � � ��

�
� 	
� �
�

2 � . .

� * *

+
3

ξ ξ ξ ξ

ξ ξ ξ ξ ξ ξ ξ ξ

δξ δ ξ ε ξ ε ξ

:= + + Φ =

+ + += + −

+ +− + + +

'_]Z[O�Z]]X^OXZX^ijkQe�TVWOa�_OPOWOaade�Q
_VPVWOXP]^)�

�O[QaOcaVR�\]bV^UV
��� �	�� � � � � � 3ξ ξ ξΦ = Φ + Φ +

ZXP]QXZR� UVU� _PQb[QqOaQO� \[R� Z[VmVOW]m]
� �, ξ �^�S]PWi[O�'� )�
�� UVlOZX^O� _OP^]m]� _PQb[QqOaQR� XPV\Q,

`Q]aa]� ^dbQPVOXZR� �2 �u� PQX`O^ZUVR� V__,
P]UZQWV`QR�

�_QZVaadc�^dgO�_]\e]\�POV[QT]^Va�aVWQ
^�ZPO\O�K��vL&���D�f&vn

�� ��������	
�������������������&7=?��

���� !����(-%&
�

��	������.��++@����		������.��++@���

��#���)��#�� ��*-����*-���

��#���)(�#�� ��*-����*-���

��
��*�3)���)
���)�5,��)
(��)(5,�

��8��*�3)(������A���A�

�� #�������/���(�%�
��&
%���#(�����

���/���(�%�
��(%&
%���

��BCDEFGHHIG�DHJGKLDLIMNHDG�OGJIPIO�QDOREIHN

E�*@�STFNOD�LNTUDGHDV�IJLGTWN��-1��

�� ��������)1.����"��#��
 �����)%.1��-++�1*@���

�� X��))���"��#�))�������#����1))�%#�����

������#(���1))�%#(�����

�� ��������)
�%#����3)
(%#(����

��!���A!�Y�

�� !��������"��#��� !��%X��
�����������5(���

���/���A�/�Y�

�� �/���0�
##�.���1�2(��!����1.�-��-1.����-4�

������A��A�

�� ��������"���/�1.���1�.����� ��
�1

��������
�������������

������A��Y�

�������������(���

��!(��A!(Y�

�� #�������/���(�%�
��&
%���#(�����

�/���(�%�
��(%&
%���

�X��))���"��#�))�������#����1))�%#�����

������#(���1))�%#(�����

�!(�������"��#��� !��%X��
��������3��������5(���

��/(��A�/(Y�

�� �/(��0�
##�.���1�2(��!(���1.�-��-1.����-4�

������A��A�

��BOGJIPN�ZSHKG[\SJJN[]GF^UGLKN�LG_GHDV�WLNGM`a�TNPNC�bcd

�� ��������"���/(1.���1�.����� ��
�1

��������
�������������

���(��A�(Y���(��A��(Y�

�� �(���������(�����(���������*���

��		�8���-�

�� 		�8����"��#��
 ������5(%�
##�������1��'(3

�
##�������1��%��(���3�5(%��(���'(3

�� !��%�����������3�(�������

��5(%�������3�(����1��-++�1*@���

�� ��
���
181		�8�1�
 ����9���

�� ���������������1���(	�1���"����
1���
�:�1�+������

#���#����������1;<6=>��

	�
�������#�1���"����		1�
�����#������#������

�VaaVR� _P]mPVWWV� ^dlQZ[ROX� TaVlOaQR
U[jlO^]c�SiaU`QQ

� � �
� � � � � � � �� � � � �� � �2 � � . . �λ λ λξ ξ ϕ ξ ξ ξ ξ, = , = + +� � �
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