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��_]Z[O\aOO�^POWR�\[R�Wa]mQe�iPV^aOaQc
aO[QaOca]c�\QaVWQUQ�]baVPiqQ[QZh�XVU�aV,
Td^VOWdO� eV]XQlOZUQO� POgOaQR*� U]X]PdO
]ZXVjXZR� ]mPVaQlOaadWQ� ^]� ^POWOaQ*� a]� aO
^de]\RX�aQ�aV�ZXV`Q]aVPadc*�aQ�aV�_OPQ]\Q,
lOZUQc*� aQ�aV�_]lXQ,_OPQ]\QlOZUQc�POqQWd
'_]� UPVcaOc�WOPO*� ^� XOlOaQO� \][m]m]� ^POWO,
aQ*� s�t)���PQlQa]c�XVU]m]�_]^O\OaQR�R^[RjX,
ZR� ^e]\RkQO� ^� Z]]X^OXZX^ijkOO� iPV^aOaQO
aO[QaOca]ZXQ��"O[h�aVZX]RkOc�PVb]Xd�u�QTi,
lQXh� ^]TW]qa]ZXh� aV[QlQR� eV]XQlOZUQe� PO,
gOaQc�i�iPV^aOaQR�Z�aO[QaOca]ZXhj�^�^Q\O
UiZ]la],[QaOca]c�SiaU`QQ����UVlOZX^O�QTi,
lVOW]m]�iPV^aOaQR�bd[]�^dbPVa]�Z[O\ijkOO

�

�
�
�� � � �
� ��� �


 � 
�
� � 




 


δ+ + = '�)

m\O� �δ �u�UiZ]la],[QaOcaVR�SiaU`QR*� QWOj,
kVR�_OPOmQbd�̂ �X]lUVe�� �δ= �'T\OZh�δ u�SQU,
ZQP]^Vaadc�_VPVWOXP*� � �u�_P]QT^][ha]O�`O,
[]O�lQZ[])*�Q�i\]^[OX^]PRjkVR�^�pXQe�X]lUVe
iZ[]^Qj� 	� �� � �δ = . ��PQ� �δ → � iPV^aOaQO� '�)
_OPOe]\QX�̂ �U[VZZQlOZU]O�iPV^aOaQO��jSSQamV
Z�_VPVWOXPVWQ*�Z]]X^OXZX^ijkQWQ�eV]XQlOZU],
Wi�VXXPVUX]Pi��O\d�'ZW��s�t�Q�PQZ���V)���]pX]Wi*
OZXOZX^Oaa]�]qQ\VXh*�lX]�_PQ�WV[de� �δ > �PO,
gOaQR�iPV^aOaQR�'�)�XVUqO�bi\iX�eV]XQlOZUQ,
WQ��
][OO�QaXOPOZadW�R^[ROXZR�^]_P]Z�]�X]W*
UVU�bi\iX�̂ OZXQ�ZObR�POgOaQR�iPV^aOaQR�'�)�_PQ
i^O[QlOaQQ� �δ > .��VU]O�QZZ[O\]^VaQO�_P]^],
\QXZR�^�aVZX]RkOc�PVb]XO�lQZ[OaadW�WOX]\]W�

	ikOZX^iOX�\^V�]Za]^ade�Z_]Z]bV�_P]^OP,
UQ� POgOaQR� iPV^aOaQR� '�)� aV� eV]XQla]ZXhn

QTilOaQO� ZXP]b]ZU]_QlOZU]c� _]Z[O\]^VXO[h,
a]ZXQ� �iVaUVPO� � �� �� �!  �� �! �� �� � � �π π∞ ∞
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VaV[QT�lVZX]Xa]m]� Z_OUXPV��iPhO�\Vaa]m]�PO,
gOaQR�� . ��PVUXV[haVR�ZXPiUXiPV�]bPVTV�ZXP],
b]ZU]_QlOZU]c�_]Z[O\]^VXO[ha]ZXQ�Q�aO_POPd^,
a]ZXh�lVZX]Xa]m]�Z_OUXPV��iPhO�R^[RjXZR�Qa,
\QUVX]PVWQ�eV]XQla]ZXQ�POgOaQR�'ZW��s�t)���PQ
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 �, �,  � 5*� �, �, 1� 8�Q�mPVaX]W�FJ, � �:�-�%/CA�Q
�QaQZXOPZX^V�]bPVT]^VaQR����

��*��i��
T]bPVqOaQO�ZXP]b]ZU]_QlOZU]c�_]Z[O,
\]^VXO[ha]ZXQ�iPV^aOaQR�'�)�_PQ�PVT[Qlade�TaV,
lOaQR�_VPVWOXPV�V__P]UZQWV`QQn�V)�δ} �'VXXPVU,
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OXZR� b][OO�_P]ZXdW�Q� b][OO� X]ladW*� _]pX]Wi
]a�bd[�^dbPVa�\[R�aVZX]RkOm]�QZZ[O\]^VaQR�
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�VU� Q� ]qQ\V[]Zh*� ]bPVT� ZXP]b]ZU]_QlOZ,
U]c�_]Z[O\]^VXO[ha]ZXQ�aO�TV^QZQX�VZQW_X],
XQlOZUQ� ]X� X]m]*� UVU]O� QT� POgOaQc� iPV^aO,
aQR� '�)�^dbPVa]�\[R�VaV[QTV��
d[]�iZXVa]^,
[Oa]*�lX]�_PQ�δ , �QTWOaRjkOWZR�]X�� �\]�� ��. ,
ZXP]b]ZU]_QlOZUVR�_]Z[O\]^VXO[ha]ZXh�Z]ePV,
aROX�ZXPVaaij�ZXPiUXiPi�'ZW��PQZ���)*�Q�Z]]X,
^OXZX^ijkOO� POgOaQO� W]qa]� ZlQXVXh� eV],
XQlOZUQW�� �PQ� � ���δ = . � ZXP]b]ZU]_QlOZUVR
_]Z[O\]^VXO[ha]ZXh�_PO\ZXV^[ROX�Z]b]c�U]aOl,
a]O� lQZ[]� UPQ^de*� U]X]PdO� _PQ� i^O[QlOaQQ
δ � \]� � �. � ^dP]q\VjXZR�^�U]aOla]O�lQZ[]�X],
lOU���]pX]Wi*�WV[dWQ�\[R�iPV^aOaQR�'�)�Z�X]l,
a]ZXhj�\]� � ��. �OZXOZX^Oaa]�aVT^VXh� � �δ < . .

�VZZW]XPQW�XO_OPh�_]^O\OaQO�ZXP]b]ZU]_Q,
lOZU]c�_]Z[O\]^VXO[ha]ZXQ� ^� Z[ilVO*� U]m\V� δ
aO�R^[ROXZR�Wd[dW�^�iUVTVaa]W�ZWdZ[O���UV,
TV[]Zh*� lX]� _PQ� � ���δ = . � ZXP]b]ZU]_QlOZUVR
_]Z[O\]^VXO[ha]ZXh�[jb]m]�POgOaQR�iPV^aOaQR
'�)�̂ a]^h�_PQ]bPOXVOX�ZXPVaaij�ZXPiUXiPi*�_PQ,
lOW�_]e]qij�aV�aVb[j\VOWij�_PQ� �� � ���δ ∈ , . .
�V�PQZiaUO� ��_PQ^O\Oa]�QTWOaOaQO� pX]c�_]Z,
[O\]^VXO[ha]ZXQ�_PQ� �� ��� � �����δ ∈ . , . .

�XWOXQW*�lX]�_PQ� � ���	δ = . �ZXP]b]ZU]_Q,
lOZUVR�_]Z[O\]^VXO[ha]Zh�iqO�Z]ZX]QX�QT�U],
aOla]m]� lQZ[V� X]lOU*� XVUVR� qO� ZXPiUXiPV
Z]ePVaROXZR�Q�\]� �δ = .

�OXV[hadc�VaV[QT�_]UVTd^VOX*�lX]�QZlOT,
a]^OaQO�ZXPVaa]c�ZXPiUXiPd�ZXP]b]ZU]_QlOZ,
U]c�_]Z[O\]^VXO[ha]ZXQ�_PQ�i^O[QlOaQQ�δ �]X
� ��. �\]� � ���. �Q�]X�� ����. �\]�� ���	. �Z]_P]^]q,
\VOXZR�iX]alOaQOW�OO�]bPVTV���X]�R^[ROXZR�]\,
aQW�QT�lVZX]�aVb[j\VOWde�_OPOe]\]^�]X�eV],
XQlOZU]m]�U�POmi[RPa]Wi�POgOaQj�'ZW��s�t)�
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XVU*� ^� PVb]XO� _]UVTVa]*� lX]� aO[QaOc,
a]ZXh�iPV^aOaQR*�Z^RTVaaVR�Z�̂ e]\RkOc�̂ �aOm]
UiZ]la],[QaOca]c�SiaU`QOc*� XVUqO� W]qOX
R^[RXhZR�_PQlQa]c�ZikOZX^]^VaQR�eV]XQlOZ,
UQe� POgOaQc��
T� ]mPVaQlOaa]ZXQ� ZXP]b]ZU],
_QlOZU]c�_]Z[O\]^VXO[ha]ZXQ�POgOaQR�iPV^,
aOaQR� '�)� Z[O\iOX� ]mPVaQlOaa]ZXh� POgOaQR
iPV^aOaQR�'�)�aV�bOZU]aOla]W�_][]qQXO[ha]W
QaXOP^V[O� ^POWOaQ���]pX]Wi*� \[R�iPV^aOaQR
'�)� W]qa]� iUVTVXh� UiZ]la],[QaOcadO�SiaU,
`QQ*� Z]\OPqVkQO� U]aOla]O� lQZ[]� _OPOmQb]^
Q� \]_iZUVjkQO� eV]XQlOZUQO� POgOaQR�� �]Z,

[O\aOO� TVWOlVaQO� iZXVaV^[Q^VOX� _PQa`Q_Q,
V[haij�̂ ]TW]qa]ZXh�aVb[j\OaQR�eV]XQlOZUQe
POgOaQc� ^� UiZ]la],[QaOcade� iPV^aOaQRe� Z
U]aOladW�lQZ[]W�_OPOmQb]^����X]X�SVUX*�lX]
eV]XQlOZU]O� _]^O\OaQO� POgOaQc� iPV^aOaQR
'�)�QWO[]�WOZX]�aO�X][hU]�\[R�WV[de� �δ > ,
iUVTd^VOX� aV� X]*� lX]� eV]XQlOZUQO� POgOaQR
W]miX�^]TaQUVXh�^�UiZ]la],[QaOcade�iPV^aO,
aQRe�Z�aOb][hgQW�lQZ[]W�_OPOmQb]^��
WOaa]*
\V[haOcgOc�TV\VlOc�T\OZh�R^[ROXZR�QZZ[O\],
^VaQO�̂ ]TW]qa]ZXQ�ZikOZX^]^VaQR�eV]XQlOZUQe
POgOaQc�i�UiZ]la],[QaOcade�iPV^aOaQc�Z�lQZ,
[]W�_OPOmQb]^*�PV^adW�\^iW�Q[Q�XPOW�

�^X]Pd�^dPVqVjX�b[Vm]\VPa]ZXh�_P]SOZZ],
Pi����
���OP]^V�Q�VZ_QPVaXi��������]PXa]^i�TV
_]W]kh�^�PVTPVbXUO�QZ_][hTiOW]c�^�aVZX]RkOc
PVb]XO� _P]mPVWWd�lQZ[Oaa]m]�W]\O[QP]^VaQR
VXXPVUX]P]^�iPV^aOaQR��jSSQamV�
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TaVlOaQR� _VPVWOXPV� V__P]UZQWV`QQn� V)� δ} �6�8*
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