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nujQk%m"v�j#~}���bxQk�j>m#nJ� sVwBq6��j#yNypj�x"vGs¡v��dnV�¢t4�0v�vJt��dj�yNmQnSz�t4nJj
j#s�sJj#��vGq%m�kJ�£���Bj{v�t�sN|Bz{z�j"vGnu|¤nJj#���dq%nuj>z�j#�BvVs"�£i�|B~dnutQoBj#�
m#�B~@~Bj"�BvJj>nJq��dz¥ibm"�Bj�v�¦�t�sVw�j"x#q�j>s>§�wbm#n�m��N���Om#�b~�t�n�vVi�tB�
� � x"t4nVnNj#sVw�t4�b~�vJt�vGi�jSj"�Bj#��nJtQvVm"vGq�tB�Bm�k£���'m#��v��'z¥�0�dz{�
�Bj#n�¨©�d¦�i0j>nuj>m#s�t4nJvVi�tB�N� � m#�b~�wBmQnJm#�N� � x"t4nVnNj#sVw�tB�B~�vJt
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= µ �p�Q��¶'�p�p� ��m#�B~vVnVm#�BsVq%�vVq�tB�Bs��dj"v�¦Sj"j>�¢m�kpk£tBy�vViBj#z¬m#nJj�m�kpkXt�¦�j#~T�
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vViBj�x"j>�0v�j#n��6tByN�%x#iBm#nuoBjB�MnJt�vGm#vVq�t��0sStBy:vGi�j�zStbk�j�x"�'k�j>s�m#nuj
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m#�B~ »Bq kX��j#nGm � �B�¾j"·dwBj#n�q6z�j#��vGm�kpk�|Âsuv��'~Bq�j#~ÅvGi�jl�O»bÎ
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= µ Á¥tBy'! * ≈
�(��� µ � ± ¶ � ��Î�m0��h�i0jÄz{q%�Bq%z��dzÅw�tB�
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x"tQ�dw�k%qX��o¹v�j#n�z{sq%��vVi�j¬qX�0v�j#n�z�tbkXj"x"�'kgm#nq%��vJj>nVm"x"vGq�t��
w�t�v�j#�BvVq%m�kJ�dvGi0j�x#n�|BsJvGm�k%�pyNq�jQk%~�vJj>nJz���¶B�

� ô = −
Ï

π� ∑
δ

,
( ( δ) � � * (Ωδ) ��È �

t�nGqêo¸q��bm"v�j#sSyNn�t�z�s�q%��o'kXj#�pz�t0kXj"x���kgm�nOvJj>nJz�sSq%�¢vGi�j�q%��v�j#nV�
zStbk�j�x"�'k%m#n�w�tQv�j#�0vGq%m�kJ����j#nNj ,

(( δ)
q6sSvGi0j�nVm#~Bq%m�k©yp�b�Bx#�

vVq�tB� x>ibm#n�m�x�vJj>nJq�Ð�q���oÀvGi�j m#�bq%sut4vVnNtBwBq�x´wBm�qXn w0tQvJj>�b�
vVqXm�k��N¶b�)�+*

δ
q%s vViBj�nVm#~Bq��dsV�6�4j"x"v�tBn t4yªvVi�j¹��j#mQnuj>sJv

�0j>qXo0i��dt�nGs>�
Ωδ =

*
δ
Ê ( δ

�Äm#�b~
δ
m#nJj�q6�B~dqgx�j#s±tBy�vVi�j

�0j>m#nJj#sNvS��j>qXo0i0�Bt�nGs>�
h�i�j�t4nVq�j#��vGm"vVq�tB�Bm�k�s�vVm"v�j�t4y¤vGi�j�sJ|BsNv�j#z q�s�~0j�vJj>nJ�

z{q%��j#~ �d|ª�dm�k��Bj#s}mQ�B~lsVqêo¸�Bs±tBy�vVi�j�zStbk�j�x"�'k%m#n}m#�d~
x#nJ|�sJvVm�k�x"t4�bsNvGm#�0vGs>� m#�b~±x>m#�®�Bj�~�j>sJx#n�q��Bj#~±�B|}w�tBs�q�vVq���j
m��B~}�Bjfodm"vGq��0j�t�nJ~Bj#n�wBm#nVm#z�j�vJj>nJs���« �±vGi0j�x#mQsNj@t4y

α
�-, �

m��B~�vViBj�kXt�¦��%vJj>z{w�j#nVm"v��dnJj�w0idm#suj�t�y � �u� � � � * > µ m#�d~
� ô = µ ��z�t�n�j}wBnJj"x>q%sujQk�|T�OvGi�j}sJj�x"t4�b~B�p~BjfodnJj�j±v�j#n�z�q%s
Ð�j#nJt'���d�Bv{idqêo¸i�j#nV� ~�j�odnJj�j@v�j#n�z{s�~�t�j"·dq%suv � � yptBn

β
��8 � �

� * < µ m#�b~ � ô > . � * . m#�d~�vViBj±tBn�~0j>n@wdm#nJmQzSj"v�j#n�q%sw0t4sVq�vGq��0jB��<¸t�n
γ
� 8��{�B�Bt�vGi�z�tBk�j"x��Tkgm#n�m#�b~�x#n�|BsuvGm�k'yNq�j�kg~

x"tB�BsJvGm#�0vGs{mQnNj��0j�odm"vVq���jB��m±��j�odm�vGq��Bj�t4nV~�j#n�wBm#nVm#z�j"v�j#n
~0j>sux>nVq��0j>slwbnNj"x�j#sVs�q�t���t4y¥~bq%sux>�ukgq6¿�j¹z�t0kXj"x"�£k�j>s>�¼h�i�j
sJvGm"vJj>s¾¦�q�vVilvGi0jr��j�odm#vVq��Bj�t�nV~�j>n¾wdm#nJmQzSj"v�j#n¾x>m#� �Bj
vVn�j#m"v�j#~¹m#s vGi0j¥tBnJq�j>��vGm#vVq�t��0m�k�m#�bm�k�t#o¹t4y�vGi�j j>m�sN|B�
w�kgm#��j>�6v�|dw�j�tBn�~0j>nJq%��o�q%��z{mfod�Bj"vGs>�
°©s}sVi�t�¦�� q%� ��j#yf��¶QÍ���j��Bj#� ��j>nJ|¥sVz�m�kpk�x>nu|dsNvVm�k

yNq�j�k%~dsSx#mQ�}sJ�B�bs�vVm#�BvVq�m�kpkX|±x>ibm#��odj@vGi�j��Bj#iBm���qgt4n�t�y�vVi�j
sJ|BsJv�j#z@� <'tBn�w�tBs�q�vVq���j � ô ��vGi0j¤z{m#q%��~bq%yNypj>nuj>�0x"j�¦{q�vGivViBj�x#m#sJj�t�y � ô = µ kgq�j#sSq%�±vGi�j�yNm"x"v�vVidm"vSvViBj�t�nGqgj>��vVm#�vVq�tB�Bm�k£wdiBm#sJjSvGnJmQ�BsVq�vGqgt��0s#�dq��bsNv�j#mQ~Ñt4y�sJj#wBm#nVm"vGq%�4o�t�nJq�j#�B�
vVm#vGq�tB�Bm�k k�|�t4nV~�j#nJj>~@m#�d~@~Bq%sJt4nV~�j#nJj>~@sNvGm"vJj>s�ibm"�dq���o�oBj#�B�
j#nVm�k k�|�s�w�j>m�¿Bq%��or~0q%yNypj>nuj>�0v�su|dz�z�j�vVnJ|£�OsNj#wbm#n�m#vJj�z¡t�nuj
m��B~¢kXj#s�s�t�nG~�j>nJj#~�sJvGm"vJj>s
tBy�vGi�j�sVm#z�j¡su|Bz�z�j�vVnN|��Bh�iB�ds>�
vViBj#sNj�wBibm#sNj{vGn�m��BsVq�vGq�tB�Bs�m#n�j�t�y
vGi0j�tBn�~0j#n��6t�nJ~Bj#n:vJ|Bw�jB�
h�i�j�zStBsNv{x>iBm�n�m"x"v�j#nVq%sNvVq�x�ypj#m"v��'nNj@t�y�vViBj�sN|dsuv�j#z¹m"v

�0j�odm"vVq��Bj{�dm�kX�0j>s�t4y�vGi�j{x#n�|BsJvGm�k�yNq�j�kg~®�Vx�tBz{wBm#nJj>~�¦{q�vGi
vVidm"v�m"v � ô = µ � q%s�vGibm"v�sJvGm"vJj>s�¦�qgvGi�m@��j�o'm"vGq���j{t�nJ~Bj#nwbm#n�m�zSj�vJj>n¾x#mQ�lj"·'q%sNv�mQs}vViBj#n�z�tB~�|B�dm#z{q�x#m�k k�|¬sJvGm"�'k�j
sJvGm"vJj>s¡t4y�vGi�j�sJ|BsJv�j#z�m�kXt���o±¦�q�vGi±vVi�j�sJvGm"vJj>sSibm"�dq���o�m
w0t4sVq�vGq��0j�t4nV~�j#n{wBm#nVm#z�j"v�j#n"��hMi�j�wBibm#sJj�vGnVm#�dsJq�vGqgt4�bsStQx#�
x"�¸nJnVqX��o³q%�}vVi�j�sN|BsJv�j#z¹m"v��0j�odm"vVq��Bj�x#nN|bsNvGm�kOyNq�j�kg~bs�m#nuj
vViBj vGnVm#�BsVq�vGq�tB�Bs �Bj"v�¦�j"j>� v�¦�t ~dq%yNypj#nNj#�0v t4nV~�j#nJj>~
sJvGm"vJj>s��SvGi0j¼j#m#sN|b� m"·dq6s�tBn�qgj>�0vGm"vVq�t4�bm�k�sNvGm"vJj>s¢¦�q�vViªvVi�j
w0t4sVq�vGq��0jOtBn�~0j>n�wBm�n�m#z�j�vJj>n�mQ�B~ÑvGi0jOj#mQsu|��pw�kgm#��jSt�nGqgj>��vVm#�
vVq�tB�Bm�k suvGm�v�j#s:¦�q�vGi

η < µ �« �lwBnVq%��x#q%wbk�j0��vGi�j x>nu|�sJvVm�kg�pyNq�j�kg~ v�j#n�z x#mQ�½�dj�~�j#�
~0�Bx"j>~±yNnNtBzÅÃ��T����È � ��« v�q6s�w0nNtBw�tBnNvVq�t4�bm�kMvJt�m�wbnNtB~��Bx"v
tBy{s��0x>i����¸m#��vVq�vGqgj>s@m#s

ξ¢ =
É0/�Ì

− √
Í Ê È��:vGi�j±~Bj"�Bq%m#�

vVq�tB�¯tBy¹ÉËÊ�Ì¯yNnJt4z vViBj q�~0j>m�k i0x>w �Bm�kX�bj1�
ξ � =

=
��Ê�Ì

− √
È:�BvViBjS~Bj"�Bq%m"vGq�tB�Ñt4y2��Ê©Ì�yNnut�z½vGi0j�q%~0j#m�k�i�x>w

�dm�k��Bj�q��}vViBj@x>m#suj�tBy�vGi�j�z�tB��t�x�kgq��bq�x�~Bq6sNv�tBnuvGq�tB�T��m#�d~
! �

(
x�tBs

θ * ) =
(
⁄
�'3�465 �

θ * − 7 / ¶b�£¦�i0j>nuj θ* q�sSvGi�j�w�tdk%m#nm���o'kXj@t4y�vGi�j@x�j#��vVnGm�k:zStbkXj"x"�'kXj�nNj#sVw�j�x"vGqg�4j@vGi�j�É��pm"·dq%s��
,:tB��j�tBy�vGi0j#sNj����'m#��vVq�vGq�j#s}m#nJj�¿B��t�¦�� vJt¥sN�dyNyNq�x#q�j#��v
m�x�x"�dn�m�x�|±j#q�vViBj#n�yNnJt4zÇj�·bw�j>nVq%z¡j>�0v�t4n¡vGi0j�t�n�|T��hMi0m"v�q%s
¦�i0|�vGi�j�nNj#~0�Bx�j#~�x#nJ|�sJvVm�k yNq�j�kg~¢¦�qpk k��Bj{vGnuj>m�v�j#~�q%��vVi�j
wbnNj#sJj>��vSsNvJ�d~B|�m#s�m�wBm#nVm#z�j"v�j#n:t�y�vGi�j"tBnN|T�

8'Z * �9��a;:g]0�<�Q\B`�`Te=��c�a;�>��eg_�\
hTtÄyNq��b~�vGi�j¡w0idm#suj¡~0q%mfo¸n�m#z t�y�vGi�j�su|�sJvJj>z½t�y�nut4vJt4nVs

~0j>sux>nVq��0j>~ �B|�vVi�j���m#z�q kXvJt4�bq%m#�¥�JÃ��T�S��� � �"�:¦�j±�dsJj>~
vViBj�sVm#z�j�x"t�z{w��BvVm"vGq�tB�Bm�k�sNx#i0j>z�j�m#s�q6� ��j#yNs"�{� µ �p�4���<£q%nVsNv��4vViBj�j>��j#nuoB|ÄsVw�j"x�vVnN�'ztBy£vVi�j�k%q%�0j>m#n
n�t�v�tBn�s�q%�{vVi�j
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yNq�j�kg~ " � � * ¦�m#s x#m�kXx"�'k%m#vJj>~T� ¦�iBj#nNj "
=

= − ( ��� η + ��� ) � 
ªj¬�bs�j#~ÆvGi�j �dm#sVqXstBy�sJwdi�j>nVq�x>m�k
yp�d��x�vVq�tB�Bs � Õ§� q6��¦�ibq�x>i±vVi�j�¿bqX�0j"vGq�x�j#��j#nNoB|�tBw�j#n�m�v�t�n� � q%s:~bq�m"oBt4�bm�kJ�¸h�i�j��dm#sVq%s:suj�v:¦�m#s:nJj#sNvVnGqgx�vJj>~@v�t��

= � �¦�ibq�x>iM��¦�q�vViBq%�ÆvGi0j sNvJ�¸~0q�j>~ nVm#��o�j t4y "��¤j#�bsN�'nNj#s
su�dyNyNq�x#q�j>��v�m"x�x"�¸nJm"x�|¾tBy�x#m�kXx"�'k%m"vGq�tB�Bs�yptBn@k�t�¦�j#n�k�j"�4j�k%s
t�y£vVi�j�sJ|BsNvJj>z¤�;�}m�¿Bq%��o��dsJj:tBy'vViBjOsVw�j"x�vVnN�'ztQ�bvGm#q%��j>~ �
¦Sj�i0m#��j�x#m�kXx"�'k%m"v�j#~±vGi0j�yNnJj�j�j#��j#nNoB|	�¥m#s�m�yp�b�Bx"vGq�t��
t�y�vGi�j}t�nJ~Bj#n�wBm#nVm#z�j"v�j#n�m#�d~ tBy{vGi0j�vJj>z{w�j#nVm"v��dnJj}m#v
odq���j#���Bm�kX�bj>s�tBy
vGi�j{z�t0kXj"x��Tk%m#n:yNq�jQk%~�m#�d~@x#nJ|�suvGm�k�yNqgjQk%~
x"t4�bsNvVm#�BvVs � * m#�B~ � ô �MhMi�j>�±¦�j�ypt��d�0~±vGi0j�v�j#z�w�j#n�m��vJ�dnNj�~�j#w�j#�d~�j#�0x�j¾t4y@vGi0j³t�nG~�j>n±wBm#nVm#z�j"v�j#n�yNnJt4z vGi0j
x"t4�b~Bq�vVq�t4�vVidm"v�vVi�j¼yNnJj"j}j>�0j#npoB|�tByÑvGi0j³s�|Bsuv�j#z q�s�m
z�q6�dq�z��dz �:1
��Ê+1

η = µ � ���¡m"vVm�tB�ªvGi�j¼�Bm#nVq%m"vVq�t4�½t�yvVi�j�t4nV~�j#n�wBm#nVm#z�j�vJj>n�¦�q�vGi®v�j#z�w�j>nJm#v��bnNj�m#�B~³z�tBk�j"x��'�
k%m#n}yNq�j�kg~ x"t��0s�vVm#��v � * m�kpkXt�¦ v�t¥nNj"x"j>q��0j¼vViBj�wBibm#sJj
vVn�m#�bs�q�vVq�t4� k%q%��j�ypt�n±vGi�j¾odq��Bj#�ª�dm�k��Bj�tBy�vGi�j¼x#nJ|BsNvGm�k
yNq�j�kg~@x"t��0s�vVm#�Bv:q%�@vGi�j�x�t�tBn�~bq%�Bm"v�j#s � * � ���¸h�i�j�k�t�x��bs�t�yj#���dm"vVq�tB�41

η
Ê�1 �

= ∞
ypt�n:~Bq%yNypj#nNj#�Bv � * q%s
vGi�j�x"�dnJ��jSt�ym"�dsJt0kX�BvJj�qX�bsNvVm#�dq kgq�v�|ªt�y�vGi�j³tBn�q�j#�0vGm"vGqgt4�bm�k k�|�tBnJ~Bj#nNj#~

wBi0mQsNj0��h�i�j�k�tQx"�ds@t�y{j#�0�dm"vGq�t����
(η Â\½ ) =

�
(η = µ ) ypt�n~Bq6yNypj>nuj>�0v � * q%s�vViBj{x��'nN�0j�tBy:vVi�j�vGi�j>nVz�t4~0|��0mQz�q�x#m�kpkX|j#���dqpk%q��dnJq��dz vGnJmQ�BsVq�vGqgt��0s:�

ηÂ\½ q%s
vGi0j��Bm�kX�BjSt�y�vGi0jSt4nV~�j#nwBm#nVm#z�j�vJj>nSyptBnS¦�ibq�x>i¢vGi0j�yNnJj�j�j#��j#nuo�|¢t�y�vGi�j�tBnJ~Bj#nNj#~
wBi0mQsNjl�bj�x"t4z�j#sj>���bm�k³v�tÅvGi0j¬yNn�j"jlj>��j>nuoB|¹t�y�vGi0j
~Bq6sNtBn�~0j>nuj>~¢wdiBm#sJj � �
��sVq���o �Bm#� Á�nJm#�Bj#�B~0t4�b¿�ês m#�dm�k�|�vGq�x#m�kÀnJj>wBnJj#�

suj>�0vGm"vVq�t4�¾�"�Q��¶b�:tBy�vGi0j�s�i0t4nJvG�pn�m#��oBj��Bm�kXj#�Bx"j�wBt�v�j#�BvVqXm�k
t�y���j"j�m#�d~ ��j>�B~0j#n³��¶ �b����¦�j�ibm"��j¼x#m�k�x��Tkgm"vJj>~½vGi0j
zStbk�j�x"�'k%m#n�yNqgjQk%~�x"t4�bsNvVmQ��v � * m#s�m�yp�d��x"vGqgt��Ñt4y�nujQk%m"vGqg�Bjx"t4z{wBnJj>sJsVq�tB� ( * Ê ( �d¦�i�j#nJj ( * mQ�0~ ( m#nuj�vGi0j���j#mQnuj>sJv
��j#q�odi0�Bt4n�~0q%sJvGm#��x"j>s�m"v�Ðfj>nut�wBnJj>sJsJ�dnNj�m��B~�wbnNj#sVsN�dnJj !{�
nuj>sVw�j"x�vVq���jQk�|T�O« v�¦�m�s�m#s�sJ�dz�j>~¾vGi0m#v{vGi0j��O»¾wBiBmQsuj�q%�
sutdk%q�~l���´idm#s�vViBj³sVm#z�j³sJ�dwBw0t4sJj>~¸kX| kXt�¦�j#s�v�j#�Bj#npoB|
suvGnJ�Bx"v��dnJj������#¶ ô m#s¡¦�m#s�wBnJj#~Bq�x"v�j#~}ypt4n�sutdk%q%~®� � �N¶�¶Q²¶ �d�f� <£q��dm�kpk�|£�OvJt�z�m#w vGi�j¾�O»bÎ¥vVn�mQ�0sGq�vVq�tB�kgq6�Bj}q%��vJt
!O� �ªsJwBm#x"j0�M¦�j�z��dsNv{�dsJj�vGi�j�wBnJj#s�sJ�dnNj#�6�BtBk��¸z¡j�j#���dm��
vVq�tB��t�y�sJvVm"v�j0��°SkXvVi�t���odi��0t�!"#0"Âj"·dw0j>nJq%z�j>��vVm�k¡~0m"vGm
iBm"�0j��dj"j#��nNj#w�tBnNvJj>~�yptBn�sNtbkgq6~±��� m"v:vViBj#sNj�wBnuj>sVsN�'nNj#s��
q�sJtQvJt�w0q�x�~bq�yNypj>nJj#��x�j#s���m"v:kXj#mQsuv��bj�vJ¦�j"j#��� � mQ�0~�� �#� q%�
vVi�j�z�j�odm#�bm#nOn�m#��oBj�m#nJj���j>nJ|�sGz�m�kpk��dh�iB�bs#�b¦�j��¸suj�vGi0j
nuj�x"j>�0v�·'� nJm#|�wBnNj#sVsN�'nNj#�%�0tBk��dz�j±j#���dm#vVq�t���t�y{sJvGm"vJj�ypt�n
� � m#�b~�� � z�j>m#sJ�dnJj#~��b|%�'t4�0�Bj�|bnNjSj�vOm�kJ�£�N¶'�Q�����Sq%�Bj"v
yp�d��x�vVq�tB�Bm�k ypt�nVz � �
°Os�j�·bw�j�x"v�j#~ �dvGi0j�wbiBm#sJj�vGnVm#�bs�q�vVq�t4��w0n�j#s�sJ�dnJj�x#m�k�x��'�

k%m"v�j#~¬�b�d~�j#n¾vGi0jrm�s�sJ�dz{w�vGqgt4� t�y±Ðfj>nut x#nJ|Bs�vVm�k¤yNqgjQk%~
�d�0~Bj#nNj#sJvGq%z�m�v�j#s{vGi0j�j"·¸w�j#n�q6z�j#��vGm�kO�Bm�k��Bj��B|�m±yNm#x"v�t�n
t�y:yptQ�dn��d°Os:sVi�t�¦���q%��t��¸n:sJvJ�d~B|@tBy�vVi�jÄz¡t�~�jQk�sN|BsJv�j#z
odq���j#���B|�vViBjÑ��m#z�qpk�v�t��dq�m����J�#Ã��T�'��� � �O�N¶�ÍB�"�d�0j�odm"vGqg�Bj
�Bm�k��dj#s�yptBn
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