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]8^�_�^�`3a3_1b�c�d�eJf�g�^3d1a3_1b�h�hib�j�bkfGh1^�_�j�^�a�l�m�^�`�d�b1j�bO`3n�^3d�o
aG_�epnS_�lq`GrE^G_tsunS_�b�rEb�viwtxy^3z{nt^G_i^3sSb�v�^|nS_�lSr�b�vSl�a}d
~ z�^�hu���k^�h�lu� `�l�g)� f3gS^Gdia3_�b�huhib�j�b a�b�_tz�b���^GhSl1w
vur�lt� ~ x�l�sS`�w�vult`3g�b�d�e��tluc������p`�b�v�h�b�r�_t^3z�^GhSh��8z
~ r�^�gultm�^�hul�^�z l�hta�^Ght`�l�r�htb�`�aGl j�^Ghi^G_�e1��lSl
`3a�_ ~ d1a ~ _Sh��Ps�v�^G��^Gdia3b�r������G�Zm�a�b�n�_�lSr�b�vSl�a�d��1b�gt^3^`Gltgu��hib�z ~ v�^���b�_�zRe��Sl�b�huh�b�z ~�~ nu_�b1m�h�^�h�lS�	z'^3a�e�gSguer `�r�^�_�s)n�_�b�r�b1v�wux�^�z `�b�`3a�b�wuhSl�l ���)��� �Jg�w
hue���gu��v�^GhSl1w lt�3z�^Ght^Ghtluc `�ltgu� f3gS^�d�a�_�b�h�htb�j�b
a3b�_�z'b��k^Gh�liw vul�`�gub�d�e��ulSc r �Ge�r1l�`�l�z'b�`�aGl b�a
~ `3gtbir1l�c f�d�`�n�^�_�l�z'^�h�a�e l `3b1`3a�b1wuh�l�w b����S^Gd1a�e
b����8m�h�b lt`Gnib�gS��� ~ ��a �Sl�d�gultm�^3`�d ~ � `3z'^�h ~h�b�_�z'e�gu�1h�b�j�b�l�`GrE^G_isunu_ibirEb�v�wux�^�j�b�`3b1`3a�b�wuhSl�c�r
nu_�b���^�`�`3^�e�d�a�l�r1h�b1j�b|h�e�j3_ ~ �O^�h�liwZ�Jntb�gS� ~ m�^�`�aGlpl�g)l_�^�gue�d�`�e��ulSl�hSe�n�_iw��K^�hSl�c b�vuh�b�j�b�l¡a�b�j�b¡�K^�b���_te��3�Se
���G���
¢£e�g)l�m�l�^JvSl�hue�zRl�m�^�`Gdtl�s¤n�_ibi�t^�`3`�b�r¥��`�r�w��Ge�hthu�Ps¡`

z¦htb�j�b�d�_�e�a�hS�Pz¦l n�^�_�^�sub1vue�zRl f�g�^�d�aG_ib�hSh�b�c
n�b1v�`Glt`�a�^3zR�k�§r1d�g)�8m�^Ghtl�^�zRo�r1�8d�gu��m�^�huli^3z¨r�ht^G�Ohi^3j�b
z¦e�j�h�l�a�h�b�j�b ntb�gtwZ�©ni^G_Sl�b�v�l�m�^�`Gd�ltz¦l `�d�e�m�d�e�zRl
zZ^�s)e�h�l�m�^�`Gd1b�j�bªhSe�nS_1w��K^�hSl1w«lpa��!n��¬�Ka�e�d��O^�zZb1�O^�a
bidte��Ge�a���r�guliwuh�lt^h�e�nt_�b1mihib�`�a�h��P^l®n�g¥e�`�a�l�m�^3`�d�l�^
s¥e�_�e1d1a3^�_�lt`3a�l�d�l z'^�a3e�gtg¥et� ¯ n�b�gu�E� ~ f3a�b�j�b
`Gr1l�v�^�a�^�g¥��`�a�r ~ ��a°r1�JrEb�vu��_�e���b�a����¬±)��b	a�b�z��Om�a3b
v�^G��b�_�z'lu_�b�r1e�h�l�^ z'^3a�e�g�g)e ` z'h�b1j�b�d�_te�a3hS�PzRl
l���z�^�h�^�h�liw�z¦l�`�r�^�_�sunS_�b�r�b1v�wux�^�j�b²l�h�b�_�zRe�g¥��htb�j�b
`3b�`�a3bEwthSl�c¦�³nib�`�g�^�v ~ ��x�^Gc´_�e���j3_ ~ ��d�b�c´l¨b�a3�Oltj�b�z

nS_�l�r�b�vuliaµd `�b���vue�hSl�� v�^���^Gd1a�h�b�c `3a3_ ~ d�a ~ _t�k�b���g)e�vue��Jxk^�c n�b�h�lt��^GhSh��Pz r�b1�Gr1_�e�a�b�z l
ntb�r��8�k^�h�hu�Pz ~ n�_�b1m�h�^GhSl�^�z¶nS_�l a3^�zRn�^�_�e�a ~ _�^£r��8�y^d�_�lta3ltm�^3`�d1bic¸·�¹���¯�`GrGwi��l `�f3a�l�z¶�i^3g)���	hue�`�a�b�wuxO^�c
_�eE��b�a3� �i�Pgtb r��PwurEg�^GhSl�^ ��e�d1b�h�b�zZ^�_�h�b�`�a3^�c
v�^���b�_�zRlS_�b�r1e�h�liw z'^3a�e�gSgue r ~ `3gSb�r1l�w�s�Sl�d�g)l�m�^3`�d�b�cº`�zZ^�hS��h�b�_�zRe�gu�1h�b�j�b´l�`�r�^�_�sunS_�b�r�b�o
v�wux�^�j�b�`3b�`�a3bEwuhul�c�nt_ul»a3^�zRn�^�_ue�a ~ _�^{l�`�n���a3e�h�lSc·�¼p·�½O�
¾O���S^Gd�a�e�zZl lt`3`�g�^�v�b�r1e�h�lSc `�g ~ �£l�g)lz'b�htb�d�_tl�`�aGe�gtg¥�º`Gntgue�rEbir�¿�À�Á¸Â|e�a��$ÃÅÄÇÆ�È�Â

= É�Ê�Ë�ÌÍ m�lt`3a�b�a�b�c l�`�sub1vuhu�Ps d1b�zRn�b�h�^�hta�b�rSÎÏ¿�À Á
Ð�ÐÑ�ÒÐ1Ð�Ð��tÃÓl®ÄAÆ«ÁÔÐ�ÐÑ�ÒÐ�Ð1Ð�Ã³�§¾O��_ue������´r;r1l�v�^;nigub�o
`�d�b�nSe�_�e�gtgu^�gu��ht�Ps n�g¥e�`�a�l�h �

× Ë ×� É z�z
v�^���b�_�zRlS_�b�r1e�gul _ue�`�a�w���^�hul�^�z n�_�l ±Ñ�Ò� Õ `�b
`�d�b�_tb�`�aG��� ��� Ë ⋅ � É − Ö Í − ò � ]Jb�jL_i^G��h�b�`3a�� r
b�nt_�^�v�^�g�^Gh�l�l�h�e�n�_1w���^3htl�w�`�b�`�a3e�r�giw�gue

±
�
⋅
� É Ö ]�et��ev�^���b�_�zRe��Slul×Á

± É �¬�3Ã¡��ØPz'^Gh ~ h�b�_�zRe�g)��h�b1j�bÙl`�r�^�_�s¥nt_�b�r�b�v1wtxk^�j�b�`3b�`�a3bEwuhul�c°`;m�e�`�a3b1a3b�c|���ulSd1g¥e
hSe���Ã«b�a�h�b�`Glia3^�gu��hib�j�b ~ v�g)l�ht^Ghtl�w;b�` ~ x�^3`�a�r�gtwigSl�`ntb�z'b�x����qz¦e�j�hSl�a�h�b1j�b¤ntb�gtw�`Bl�htv ~ d���lt^�c Ú =

� Û�g¦�
¾O`�aGe�a�b�m�htb�^�`3b�n�_�b�a�l�r�gS^�h�l�^�z�^�a�e�gugue¡r h�b�_�zRe�g¥��htb�z
`�b�`�a�b1wuh�lSl lt�3z�^G_iw�gul n�b m�^�aG�8_i^3sSa3b1m�^3m�h�b�c
z'^3a�b�vSl�d�^�`Om ~ rE`3a�r�lia3^�g¥��htb�`�a����	± ⋅ � É −

òA+ ¾Oz
⋅
z��

ÜKlSd1g¥lim�^�`�d�l z'^Gh1wu��x�^�^3`�w z�^�s¥e�hSl�m�^3`�d�b1^
hSe�n�_�w���^�hul�^�hue»b���_Se��G��^�n�_�lÞÝ�ÝßÕ `�b���vue�r�e�g)l
zRe�j3h�lta�b�`3a�_�l�dt�ul�b�h�hS�Pz l���z'^�h�^�h�lt^3z v�g¥lthu�

à á)â�ã)â�äuå�æ�å�ç�å�è�é�áuâ�ê�â�ëGì�ítî�ï�è�ð�ñ�ò1ó�é�áuâ�ôJâ�ãiò1õ�ö�ï�êuò1÷�ï�å�ð�éEøúù�ù�û



hul�di^3gS^GrEb�c n�g)e�`3a�l�hS� È�� É�É z'z Ì r ��^�nSl
hue�j3_ ~ ��e��Jxk^3j�b ~ `�aG_ibici`3a�r�et�¾O��x�^Gc �Ge�dibihib�z�^G_Sh�b�`�a3��� n�_�b�r�^�v�^�h�hS�Ps
fGd�`�nt^G_�lizZ^�hta�b�r	���PgSb«hte�gultm�lt^ ~ z'b�htb�d�_�lt`�aGe�g�gSb�r`Gr1luh��Sepl ^�j�b	`Gntgue�rEbir®`|luhivul�^�zÅ��b�g�^�^|r���`3b�d�b�j�b
~ _�b�r1h�w�`3vSr�l�j�b�r�b�j�b h�e�nS_1w��O^�h�liw

τ
¹qÈ�`�j�gueE��^GhSh�e�w

d�_�lSr�e�w�`3v�r1l�j�b�r�b1^Bh�e1n�_1w��O^�h�lt^;Á²v�^���bi_iz¦e��Sl1w
τ(γ)nu_�b�rEb�vul�g)e�`�� nib hSe�nS_1w��K^�hSl�� r htb�_tzZeEgu��hib�z

`3b�`�a3bEwthSl�l Ì nu_tl vS^���bi_tz�e1�ul)l ` �Sludtg¥ltm�^�`�d�b�c
`�zR^GhSb�c hSb�_tz¦eEg���htb�j3b l `�r�^�_�s¥nt_�b�r�b�viwtxy^3j�b
`3b�`�a3bEwthSl�cqn�bp`G_te�r�ht^Gh�lS�»` ~ _�b�r�h�^�zÅhue�nS_1w���^GhSl1w
τ � n�_ul v�^��Jb�_�zRe��ulSl a�b�g)��d�b r htb�_tzZeEgu��hib�z
`3b�`�a3bEwthSl�l¦��]Jb�`�d�b�g)��d ~ ��lSd�gulS_�b�r1e�h�lt^�`�b�`�a�b1wuh�lSc
hue�m�l�hSe�g¥l ^Gx�^�r ~ n�_ ~ j�b�c¸b1��gSe�`3a�l�h�eEjL_ ~ ��b�d��¥rE`3^�j�vuehue���gu��v�e�gulº��b�g�^�^ r��P`�b�dtluc�nS_�^�v�^�gÙa�^�d ~ m�^3`�a�l�n�b`G_Se�r�h�^�hSl���`}nu_i^3v�^�g�b�z{a�^�d ~ m�^�`�aGl�r	htb�_tzZeEgu��hib�z`3b�`�a3bEwthSl�l¦�
¢£e�_Sl�`t�£�;nS_�l�r�^�v�^�hu�Ådt_�lur1�P^ ~ nS_�b�m�ht^Ghtl�w τ(γ)v�g�w�z'b�h�b�d�_Sl�`�aGe�gSg�b�r�`�n�gSe�r�e ¿�À�Á Ë e�at� Ã ÄAÆ�`

b�vSl�hue�dib�r�b�c³bi_tl�^Ghta�e��ul�^�c È ~ d�eE�3e�hteOr£htl��Oht^Gc³mie�`�a�l_ul�` ~ hudte Ì � vt^G��b�_iz¦lS_�b�r�e�hthu�Ps r _�e���g)l�m�hS�Ps
_�^��Ol�z'e�s'Î � Á h�b�_�zRe�g¥��htb�^ l � Á
`GrE^G_tsunS_�b�rEb�viwtxy^3^´`3b1`3a�b�wuhSl1w����ÔÁ �tlud�gSl�m1^3`�d�e�w
`3z'^�hueÅhtb�_tzZeEgu��h�b�j�b²l²`�r�^�_�s)n�_�b�r�b1v�wux�^�j�b�`3b1`3a�b�o
w¥hul)c¦��ÕKe1d ~ `�a�e�htb�r�gS^�htb	�Se�ht^�^ �A�����³hSe�j�_ ~ �k^�hulS^zZ^�a�e�gugueq`¨�JlSd�`Glt_�b�r�e�hSh��Pz ��h�e�m1^3h�l�^�z n1g�b1a3h�b�`�a3l
h�b�_1zZe�gS�3h��Ps�f�g�^�d�a�_�b�h�b�r n�_�l�r�b�v�lta²È�nu_�e�diaGl�m�^�`Gdtl
`G_Se�� ~ ��^ ��e nu_i^3v�^�g�b�z a�^�d ~ m�^3`�aGl Ì d �1b�gt^3^
r��8`�b�dib�z ~}~ _tb�r1hu��vt^G��bi_iz¦lt_ ~ �Jxk^�j�bphue�nS_1w���^GhSl1w

rº`GrE^G_tsunS_�b�rEb�viwtxy^3z�`�b�`�a3b1wuh�lSl{ntbÅ`G_te�r�ht^Gh�lS�Þ`
htb�_�zRe�g)��hu�Pz

(τ 
�� τ � ) � ¯ `�b�b�a�r�^�a3`�a3r�lSl `
nS_�l�z'^Ghiw�^3z�b�c `�s�^3z'b�c v�^���bi_iz¦e��Sl�l `
nt^G_�lib�vSl�m�^3`�d�b�c `�z�^�h�b�c h�b�_�zRe�gu��h�b�j�b l
`�r�^�_�s¥nt_�b�r�b�v1wtxk^�j�b `�b�`3a�b1wuh�lSc��©d�b1j�v�e b���_�eE��^��
hSe�s�b�vul�a�`�w�r�d�e���v�b�z¶li�Bh�lts�nu_tl�z�^G_Sh�b�b1vulSh�e�d�b�r�b1^
r�_i^3z�w'�Kd�_ul�r1e�w � v�b�gS�Ohue����Pgue ��� _�e�`Gntb�g)e�j3e�a���`�w
z'^3��v ~ dt_�lur1�PzRl � l � È�_ul�`t�{� Ì ��¾OvuhSe�d�b�Sl�d�g)l�m�^3`�d�e�w `3z'^�h�e `�b�`�a�b�wuhultc n�_tlurEb�vulta d
ntgue�`3a�ltm�^�`Gd�b�z ~ a3^�m�^�hult� n�_Sl ��b�gS^3^ r��P`�b�d�lts
��h�e�m1^GhSl1w�s v�^G��b�_�zRl�_ ~ �Jx�^�j�b hSe�n�_�w���^�hul1w
τ
¹ � τ
 � τ � �ÔÕ�_tb�z'^ a3b�j�b�� hSe r�`�^�s `�aGe�vSl�w�s
v�^���b�_�zRlS_�b�r1e�h�liw hSe���g)�8vSe�g¥l v�gtw{d�b�f����Klt�ult^GhiaGe
~ nu_ib�m�h�^�h�liw θ

¹ � θ � �¦n�_�^�v�^�g¥e¸n�_ib�m�h�b�`�a3l τ  ¹ � τ  �l r�b��3_Se�`3a�e�h�lt^ ntgue�`�a3ltm�h�b�`3a3l hSe
≈
� É Ãµn�_Sl

hSe�jL_ ~ ��^GhSl�l�r�htb�_tzZeEgu��h�b�z�`�b�`3a�b�wuh�lSl�������`�b�g)�8a�h�b1^
τ
¹

− τ� l b�a�h�b�`Gl�a�^�g¥��htb�^ (τ
¹

− τ � ) � τ � _Se��3gSl�m�l�w{r`�vur�l�j�b�r�b�z hte�nu_1w��O^�h�lSl z'b�h�b1a3b�h�htb
~ r�^�g¥limilSr�e���a3`�w'� v�b�`�a3ltjLeGw nt_ul

γ ≈
�3� Ë Ã`�b�b1aGrE^3a�`�a3r�^�huhib r�^�g¥limilth É ��� �°]Ke l � Ë Ã��¾Oa�h�b���^GhSl�^

τ
¹

− τ � d rE^3g)l�m�l�ht^{l��3b�gulS_�b�r�e�hth�b1j�b
`�d�e�m�d�e£hSe�nS_1w��K^�hSl1w

δτ � 
 _Se�r�h�b � É �ÕJe�dqlqv�^G��b�_�z'e���ltb�hSh��8^Vv�^���^Gdia3���£nS_�l�z�^3`�hS�P^
e�a�b�z'� `�n�b1`3b���`�a�r ~ ��a ��b�g�^�^ fG����^Gd�a�l�r1h�b1z ~r�b���vt^Gct`3a�r�lS�Ù_�^��£l�zRe��tlud�gSlu_�b�r�e1h�l�w�`�b�`�a3b1wuh�lSc�hue
nS_�b��t^3`�` ~ nu_ib�m�h�^�h�liw zZ^�a�e�g�g¥e�o `�r�^�_�s¥nt_�b�r�b�v�hul�dtet�
¢£e�_�lt`t�J�¸ÈLrE`3a�e�r�d�e Ì ntb�d�e���e�htb;r�b���_�e�`3a�e�hSl�^ τ

¹
− τ �ntbÅg¥l�ht^�c�h�b1z ~ ��e�d�b�h ~ b�a�d�b�h��t^Gh�a�_�e1��lul�eEa�b�zZb�r

lSh�vul1w;r�`�n�gue1r�^t�
��a3e�dÑ� ��lSd�gultm�^�`Gd�b�^ l��3z'^�h�^�hul�^ `3b�`�a3bEwuhul1w

f�gu^�d1aG_�b�h�htb�c `Glt`3a�^�zZ� z'^3a�e�g�g)e r�`�g�^�v�`3a�r�li^
`�r�^�_�s¥nt_�b�r�b�v1wtxk^�j�bVn�^�_�^�s�b�vue�n�b1�GrEb�gtwi^�a;h�^�a�b�gu�1d�b
b�n�_�^�v�^�g¥l�a�� rE^3g)l�m�l�h ~ `Gl�g)� f�g�^�d�aG_ibihth�b1j�b
a�b�_tz�b���^GhSl1w;v�r�lt� ~ x�^�c�`�w vSl�`�g�b�d�e���lSl��������Ñhib l �Ge`�m�^�a vul�hSe�zRl�m�^3`�d�l�s nS_�b���^�`3`�b�r nu_�l `�z'^Ghi^
`�b�`�a�b1wuh�lSc hue��1g¥��vue�a�� _�b1`3a vt^G��b�_tzZlS_ ~ ��x�^�j�bhSe�n�_�w���^�hul1wpÈ3_�lt`��O� Ì ��nt_�^Gr1�J�Oe���xOltc ~ r�^�g¥l�m�^�huli^`�vur�l�j�b�r�b�j�b h�e�nS_1w��O^�h�liw vSe��O^ÓnS_�l»v�^��Jb�_�zRe��ulSl
a�b�g)��d�b¶r `GrE^G_�s)n�_tb�rEb�v1wuxk^3zq`3b�`�a�b1wthtlul	�¬�)�����'b�g�^�^
lSh�a3^�h�`�lur1h�b�^ nS_�b�a�^�d�e�hSl�^ n�_�b��t^3`�`3b�r
v�^���b�_�zRe��Sl�b�huh�b�j�b ~ n�_�b�m�h�^�hul1w z'b1�O^3a ���PaG�
b�� ~ `�gtb�r�g�^3hib ~ r�^3g�l�m1^3h�l�^�z d1b�h���^3h�a�_�e��tl�l®`�a3_ ~ d1a ~ _�ohS�PsÙv�^���^Gd1a�b�r l´l�sÅ_�e�`�nu_�^�v�^�g�^�hul�^�z n�b¨b����S^�z ~d�_�lt`�a3e�g�g)et�
�JgtwÙb���^�hud�lÅlt`Gd�eE�K^�hSh�b�`3a3lÅdt_�l�`�a3eEg�g¥e `Gr1luht�ue

È3Ð�ÐS�!Ð�Ð�Ð��iÃ Ì l���z�^�_�w�gul b�`3a�e�a3b1m�h�b�^ ~ v�^�g¥��htb�^Vf�g�^Gdtoa�_�b�`3b�nu_�b1aGlSr�gt^GhSl�^
ρ

n�b�`�g�^ h�e�j3_ ~ �k^Gh�liw r
htb�_�zRe�g)��h�b1zßl»`�r�^�_�sunS_�b�r�b�viwtxy^3zÔ`�b�`�a3b1wuh�liwis¦� e
a�e�d���^ r _�^��Ol�z�^ �Sl�d�gSl�m�^�`Gd1b�c `�z�^�hu� f�aGlts
`�b�`�a�b1wuh�lSc�� �O�3z�^G_t^Ghtl�^

ρ
nu_�b�l���r�b1vultgul n�_Sl

b�a�` ~ a�`�aGr1lul|r1h�^��Oh�lts}hSe�nu_�wi��^�hultc}h�e�b���_�e��3�t^�l|rzRe�j3h�lta3htb�z n�b1gu^ r��8�y^ d�_tl�a�l�m�^3`�d�b1j�b
( � � � ½ � � ¹ ð ) ��¯Rb��3_Se�`3a�e�h�lt^ ρ

` ~ rE^3gultm�^�hSl�^3z`�a3^�n�^�hul³b�a�h�b�`Gl�a�^�g¥��htb�j�b ~ vtg¥l�ht^�h�l�w ε
nS_�l�r�^�v�^�h�b�hue

��¦¢¤¥¾�» ¾ � ë���ä¬ê�ø à�î	ç�ä¬ü	ü���ë í¢ê�ç�é���ë
τ(γ)

ø�ä¬ü	ä¬í¢ê�ç¢å�ß à¥è�è¢ä¢éªå¥ãµè	à�é|à��
��8, à�ß¢Ñ ��ÕÚ ö å¥ä¬ä¬ß é¬ë ß å ß é�æ	ï�ÿ�ç	ëuüµä¢ê¢ø�à¥è�á¥ü�ä¬ø�æ � » � ç
å¥é¥ë�ê���ã	ê�ä¬é|ä�ì¢â�ÿ3ë¥ø¶æ � ! �Aå�ä|å ß ä�â	ü�çµâ§ø�ö^àzß à¥í��3ë î	ç�í¢è�ç	þ¬ë å í¢ä��
å¥ø�ë ü�ë#"�ß ç�� å ä¢å ß ä�â	ü�ç��$� º �¬Ñ�%�à é¬å ß à¬é¥íµë&�µ� à�é¬ç	å ç�ø�ä¢å ß á
ì	ä¢ã¢ä¢èµü	ç�ß ë è	á�ü	ä¬õ®ä ã	ê�ç�ê¢ä¢å ß à ü	à�ã	ê¬â��3ë ü�ç¢â

τ ' − τ ( ä¬ß
í¢ä¢ü¢î�ë¥ü¢ß ê�à¥î�ç�çªç	üµì	çµâ é�å ã�è�à¥é¬ë)�

γ =
ô�,*���¥Ñ
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_ul�`t�y�ªÈ
ρ(ε)

vtg�w�b���_�e����uet�;v�^���bi_iz¦lt_�b�r�e�hSh�b�j�b{r
`GrE^G_tsunS_�b�rEb�viwtxy^3z `3b1`3a�b1wthtlul���hue _uli` ~ hSd�^ h�^
n�b�d�e��Ge�htb Ì �Å�Jgiw©r�`�^3j�b lSh�a3^�_�r1e�gueÔvt^G��b�_tzZe1��lSc
ρ
½ � ρ � l

ρ
½

− ρ � z'b�htb�a�b�hSh�b r�b���_�e�`3a�e�^�a `
~ r�^�gultm�^�hul�^�z ε

�O�8gtw ~ d�e���e�h�h�b�cqÈLrVhSl��£h�^�c®mie�`�a�l_ul�` ~ hudte Ì b�_�l�^�h�a�e��Sl�l´z'b�htb�d�_�lt`�aGe�g�g)e	`�r�lSh��Se¨h�e~ _1b�r�h�^ ε =
� É Ã rE^�g�l�m�l�h�e

ρ
¹

− ρ� = É ���1� ⋅ � É −
òA- ¾�z

⋅
z

l
(ρ
¹

− ρ � ) � ρ � =
� É Ã³��8gtw _�e���g¥l�m�h���s z'b1v�^3gS^�c `�aG_ ~ dia ~ _�htb�j�b

~ n�_�b�m�h�^�hul1wV`3gt^3v ~ ^�a�� Ë � τ(γ) = τ - + α ��� √
���q��j�v�^

τ - l τ(γ)
Á `�vur�lij�b�rEb�^|hSe�n�_iwi��^�huli^°lt`�s�b�vuh�b�j�b l

v�^G��b�_�z'lu_1b�r�e�hth�b1j�b©d�_�l1`3a�e�g�gSe��
α = É �A� Ê ��� � Á

z�b�v ~ g��O`�vir1l1j3e ������Á�n�gSb�a�h�b1`3a���vul�`�gSb�d�e��Sl�c¦��]y_tl
_ue�r1h�b���^�h�htb�z r�digue�v�^ a�b�m�^�m�hS�Ps l g¥lth�^�c�hS�Ps
v�^G��^�d�a�b�r´rÅn�_�lS_�b�`3a¨f�g�^GdiaG_�b1`3b�n�_tb�a�l�rEgu^�h�liw{v�g�w
`Gr1luh��Se�ntbÓnS_�lSr�^�v�^GhSh��8z���e�r�lt`Gl�z'b�`�a�w�z¦l

ρ
¹
(ε)

l
ρ � (ε)

È3_�lt`�� � Ì z�b��yhtb b���^�h�ltaG� r�^�g¥l�m�lSh ~l������Pa�b�m�htb�c n�g�b�a�h�b�`3a�l vult`�g�b�d�e1��lSc
�	�

= (ρ(ε) − ρ - ) � � ρ 
 � j�v�^
ρ - `3b�b�a�r�^�a�`3a3r ~ ^�ah�^�v�^��8b�_�zRl�_tb�r�e�hSh�b�z ~ d�_Sl�`�aGe�gSg ~ �ie ρ

� Á ~ v�^�g¥��htb�^f3gS^Gdia3_�b1`3b�n�_ib�a�l�rEgu^�h�lt^ vul�`�gub�d�e��Sl�c ^�vul�hSl�m�h�b�c
n�g�b�a�h�b�`3a�l'� �O`�n�b�gu��� ~ w n�_ultr�^�v�^Ghth�b1^ r1�J��^¨`�b�b�a3o
h�b��O^�hSlS^}vSgtw

τ(
���

)
��nSb�g ~ m����z²g¥lSht^�cuh ~ � `�rEwu�G�

zR^��Ov ~ v�b�n�b�guhSl�a3^�gu�1h��8z ~ nu_�b1m�h�^�h�lt^3z (τ
¹

− τ � ) l�g)l
(τ
 − τ � ) l|rE^3gultm�lSh�b�c (ρ

¹
− ρ � ) ��� ð lig¥l (ρ
 − ρ � ) ��� ðÈ3_�l�`t�Ó�¥�Ór�`�aGe�r1d�e Ì ���Ze���gultm�hS�P^ ~ j�gu� hue�dig�b�h�e

nu_1w�zR�Ps �}l��V`�b�b1aGrE^3a�`�aGr ~ ��a�n�b�r��8�k^Ghtlu��lSh�a3^�h�o
`GlSr�h�b�`�aGl®j�^�h�^�_ue��Sl�lpv�b�n�b1g¥h�lta�^�g¥��htb�j�b°dib�gSl�m1^3`�aGr1e
v�^G��b�_�z'e���ltb�hSh��8s×v�^��8^�d�a�b�rÔl `�b��3v�e1h�lu� �1b�gt^3^
fG����^Gdia3lur1h�b�c `�^3a�d�l nu_�^�niwia�`3a�r�lSc `�aG_ ~ dia ~ _�htb�j�b

s)e�_�e�d�a�^G_�e�h�e�n ~ aGl®v�r�lt� ~ xOl�sS`�w|vult`�g�b�d�e1��lSc}n�_Sl�Sl�d�g)l�m�^3`�d�b�c´`�z�^�ht^	`3b1`3a�b�wuhSl�cÅn�b¨`G_Se�r�hi^GhSl��Ô`�b
`�r�^�_�s¥nt_�b�r�b�v1wtx�l�zVl�h�b�_�z'e�gu�1h��PzV`3b1`3a�b�wuhSl1w�zRl'�
¾Ovuhtb�c�lt��r�b���z'b��£ht�8s nS_�ltm�lSh�h�e���gu��vue�^3z'b1j�b

r�b���vt^Gct`3a�r�liw �tlud�gSl�m1^3`�d�b�c¸`�zZ^�h��p`�b�`�a3b1wuh�lSc¸z�b���^�a
���PaG�qr�g)l1wuhuli^ l���z'^�h�^�h�liw ~ _�b�r1h�w´z�^�s¥e�hSl�m�^3`�d�b1j�bhSe�n�_�w���^�hul1w h�e b���_te��3�t^ r�`�g�^�v�`3a�r�li^
`�r�^�_�s¥nt_�b�r�b�v1wtxk^�j�b�nt^�_�^3stb�vSe�È�`Gdte�mid�lVhSe�n�_�w���^�hul1w
δσ� 
�Ì �¡�§gtw«n4��b�rE^ �Sd�l f�a�b�cqj3l�ntb�a�^3����`�n�g)e�r	¿�ÀPÁ
Ë e�at�!ÃµÄAÆÅv�^���b�_tzZlS_�b�r�e�gul nu_�l Ý�ÝÅÕ b1�i�Pm�h��Pz
`�n�b1`3b���b�z l�r²_i^��Ol�z�^{��l�d1gul�m1^�`3d1b�j�b²l���z�^3h�^3htl1w
h�e�n�_1w��K^�h�lEw¶È�h�l�d�^�gu^�r��8c z¦e�j�h�l�a�b�`�a�_�lud1a�b�_�v�gulSh�b�c
� É�É z'z r hue�j3_ ~ ��e��Jxk^Gc �t^�n�l b���_Se��G�te Ì � ntbr�^�g)l�m�l�h�^¨`�b�b�a3rE^3a�`3a�r ~ ��x�^�j�bÅ`Gd�e�m�d ~ hSe�n�_�w���^�hul1wnS_�lÅ`�r�^�_�s)n�_�b�r�b1v�wux�^3z�ni^G_�^�sSb�v�^t�;ØPbinib�`�a3e1r�g�^�huli^
ntb�g ~ m�^�h�hS�Ps d�_�lSr��Ps ~ n�_�b�m�h�^3h�l�w n�b�d�e��3e�g�b)��m1a�b
n�b1vie�m�e¡hi^���b�gu����b1j�b¸n ~ gS��`3l�_ ~ ��x�^�j�b z�^�s¥e�hSl�m�^3`�d�b1j�bhSe�n�_�w���^�hul1w�È3e�zRn�g)l�a ~ vSe É �¬� Ê�É � Ë �V]Ke¡l¸m�e�`�a3b�a3e¡��Sl�d�g)e hue©�GÃ b�a�h�b�`Glia3^�g¥��htb�j�b ~ v�g)l�ht^Gh�liw Ì hue
b���_�eE��^��{r¨nu_ibi�i^3`�`3^¨_�e�`�a�w��O^�h�liwÓh�^ nS_�l�rEb�vul�a d
r�b��3_Se�`�aGe�h�lS�	^�j�b�v�^���b�_tzZlS_ ~ ��x�^3j�b¤h�e�nS_1w��O^�h�l�w'�¢¡e�l���b�gS^3^ r�^�_�bEwia�hS�Pz z'^�sue�h�lt��z'b�z f����8^�d�a�et�
nS_�l�r�b�v�wux�^�j�b d ~ r�^�gultm�^�hult� dib�hS��^�h�a�_�e��ulSl
v�^���b�_�zRe��Sl�b�huh��Ps v�^G��^�d�a3b�rOl�`�b���vue�hult�|`�a3_ ~ dia ~ _��` ntb�r1�J��^�h�hS�Pzµ`�bint_�b�aGl�rEgu^�h�lt^3z n�g)e�`3a�l�m�^3`�d�b1z ~a�^3m�^�h�lu�B�8wur�gtwt��a3`�w}b�`�b���^Ghth�b1`3a�l|`�e�z�b�j�bpn�_�b���^�`�`Ge
`�r�^�_�s¥nt_�b�r�b�v1wix�^�j�b|n�^�_�^�s�b�v�et��]K_�l®f�a�b�z�l���z�^3h�^�h�l�^
`�b1`�a�b�w�h�l1w¸f3gS^Gdia3_�b�huhibic `Glt`3a�^�zZ� nt_�b�l�`3sSb�vSl�aOm�^�_�^��
nS_�b�z'^�� ~ a�b�m�h�b1^ l�gul `�z�^3��e�h�h1b1^ `�b�`�a�b�w�h�l�^
`3rE^3_1sun�_1b�r�b1vihtl�d�e�� ]K_�l lt��z�^�h�^�h�lSl r�hi^G��h�^�j�b
zRe�j3h�lta3htb�j�b}nib�giw rVlSh�a3^�_�r1e�g�^ É ≤ � ≤ � ¹ � � ¹ ð rz'^3a�e�g�gS^¶rEb���h�ludte�^3a�vulSh�e�zRltm�^�`Gd�b�^�nS_�b�z�^�� ~ a3b1m�h�b1^ltgul¸`�zZ^��Oe�hSh�b�^O`�b�`�a3bEwthSl�^O`kvur�lt� ~ xk^�c�`�w¸`Glt`�a�^3z'b�cv�b1zZ^�htb�r¸l�gSl�r�l�s)_�^�c�zRe�j3h�lta�h�b�j�b�n�b�a�b�d�et�Z¢¡e�gultmili^
r���e�ltz�b�v�^�c�`3a�r�l�w�j3_�e�hSl��Ô_�e��3vt^3gue»h�b�_�zRe�g¥��htb�cÔl
`�r�^�_�s¥nt_�b�r�b�v1wtxk^�c ��e�� ` v�^���^GdiaGe�zRl
d�_�lt`�a3e�g�g)l�m�^�`Gd�b�c _�^���^�aGd�l ���Ñ�!Ý�� z�b���^�a
`�n�b1`3b���`�a�r�b�r1e�a3� ��b1gu^�^©lSh�a�^Ghi`GlSr�h�b�z ~ v�^Gci`3a�r�lS�
vul�`�gSb�d�e��Sl�b�huht�Ps lt`�a�b�mihtlud1b�r l `3b���v�e�h�lS�
vul�`�gSb�d�e��Sl�b�huht�Ps `3a�_ ~ d�a ~ _ ` nibir1�8��^�huh��Pz
`�bint_�b�aGl�rEgu^�h�lt^3z�nS_�b���^�`3`�e�z¶nig¥e�`�aGlim�^�`�d�b�j�b¡a�^3m�^�hul1w
z'^3a�e�g�g)et�

�ZeE��b�a3e�r��8n�b�guht^Ghte�n�_�l×n�b�v�v�^�_��Od�^�h�e ~ m�h�b�cnS_�b�j3_te�zZz'b�c�¿������BÄ ���!��Ä��
ò¢Ñ¸��Ñ�"�ÑNÞ ß à¬ê¢î�ë¥é�ö���Ñ$#�Ñ	"�è�á¥ç�þ¬ë¥é�ö���Ñ¤��Ñ�%�æ�å ß ä|é¬à�è	ä¬é·ö&�À	�¢¤¥±�¦('¢³¢¡�¤¥±3�W¦ý¿��	¡)'¢³¬¡¬¤¥±3�+*�²¥±��¬À¢À¢¡¬£A¦z¤¥¿�À	�µ£¥¡¬£ ¿��·¦³¢¦(,¥�§¦(-�±�².*�¿¬²®�·�§±�	���)- ö�/Që ß à¬è¢èµæ	ê�õ ç§â ö0/Qä¬å í¢é¬à �¥ò ó¢ô�,-�¬Ñð�Ñ���Ñ1%"Ñ�2�ë ÷µë®ì	ë é·ö���Ñ�Þ3Ñ�3�ê���è¢ä¢é¥å�í¢ç���ö54�67698;:�ö�+=< Ö * �|ò®ó	ô)<-�¥Ñ+�Ñ���Ñ1%"Ñ�2�ë ÷µë®ì	ë é·ö���Ñ�Þ3Ñ�3�ê���è¢ä¢é¥å�í¢ç���ö 4�676!>)> ö�ð¢ó¬ó Ö �|ò®ó¢ó·ò>�¥ÑÖ Ñ � Ñ@?3Ñ � çµì	ë ü�í¢ä·ö���Ñ���Ñ�%�æ	å ß ä¬é|à�è	ä¬é·ö 4BA�6 8¢ö�ò Ö ð�* �¥ò ó¢ô�,-�|Ñ,�ÑDCWÑ7E�ê	ç§ì	ë¥è¢á·öDF ¦µ¤®À	¡|�µ�)G	¦¢¦�¸ /Qç�ê�ö0/Qä¬å í¢é¬à �¬ò óD<|ô �¥Ñ<·Ñ���Ñ1%"Ñ�2�ë ÷µë®ì	ë é·ö���Ñ0"ªÑ7H�ä¬ß í¢ë é¬ç	þ·ö 4IAJ6LK ö�*¢ó �|ò®ó	ô�ó6�¥Ñô·Ñ���Ñ1%"Ñ�2�ë ÷µë®ì	ë é·ö�2�ë�H�à¥í�H�á¬ë ã ö74�656LM K ö·ð¬ð�* �|ò®ó�*�+6�¥Ñ

��¦¢¤¥¾ !µ¾ "R� øë ü	ë ü�ç�ë "¥è¢ë�í¢ß ê¢ä¢å ä¬ã�ê	ä¬ß ç�é¥è�ë ü	çµâ
ρ

ä¬ß å¥ß ë ã�ë ü�ç
ä¢ß ü¢ä¢å ç�ß ë è	á�ü	ä��zì	ëA��ä¬ê	øà¥î�ç	ç

ε
ì	èµâýø�ä¬ü	ä¬í¢ê�ç�å ß à¥è�è	ä¬éwå é¬ç¢ü�î	à

� ó¢ó·ö óµó|óµð2� � ã�ä¬å è	ë�ü	à�õ êµæ3�3ë ü�çµâ[éýü	ä¬ê�ø�à¬è¢á¬ü	ä¬ø � » �Sç ã�ê�ç
î	ç�í¢è�ç	þ¬ë å í¢ä�� å ø�ë ü	ë�å ä¬å�ß ä¥â�ü¢ç3� � ! �¬Ñ %�à"é¬å ß à|é�í¢ë �|� à�é¬ç	å ç�ø�ä¢å ß á
τ ' − τ ( ä¬ß (ρ ' − ρ ( ) N O P � º ��ç τQ − τ ( ä¬ß (ρQ − ρ ( ) N O P � Ä �¬Ñ

ø�ø ;6? + ò-,�ò�ñ/.Zõ�ò0,�ñ�ò>1Sö�å�÷43�å65-.�ö87*5�é�øAù3ù�û�é¬ö3â:9<;�é>=¨ø:?



������� �	��
 �������������������
 � ����������������������������
 ����!
" ��#���$������!�����%&� �	� " %'�(%)� " ����!����*�����+�(%,� �����(�

-�.0/21 ����
 
 �(� "

3�4�-5406��7.0�!7�98;:(3�4�<�4=5�>�7
 ��8 "0? �@� :
�A��!B3�4CD47-��@�	%)�E<F� �G�;� "

)H�Ê Ò5IÌÖ¬Ù	Ú�Ï�H«Ý�ÉJHAH Ý	ÜFK®ÔLK¥ËÈÊMK5K¥ÝµÉ|ÚON¢Ü ÖPI�Ú¢Ö¢Ð«Ç�É|Ë�É�Ú	Ï
Ò«Ù�ñ	Ü Ð�K ÖµÚ¢Ï	Ù�K2H Ê Ú�NªÒ�H«ÉQH«Ü ÒAK Ö¬Ú�H«Ð Ê 
�ÙLHÕÜ¥Ò�H ÖRH«Ý�Ü�Ò�H«Ð«Ü�ÚPNPH«Ý�Ü Ú�Æ

Ê Ú�N^ÖPI8��
�Æ  ÚHÉ¢ËÈËÛÖ¥Ô�Ò�Ò Ê Ú�N¢ËÈÜ�K�ÐÕÔ	Ò�HÕÉ¢Ë×Ò¥Ñ�S ÝµÜ]Ê ÚLK Ð Ü¥É¥Ò ÜúÊÛÚ
Ò�H Ð«É|Ê Ú·Ê ÚLN�Ò�H«Ð«Ü Ò Ò�Ê ÚEH«Ý·Ê Ò�K É¥Ò ÜsÇ�É Ô¤
�ÜsÏ¢Ù�ÜGH«ÖTH Ý¢Ü]Ê×ÚµÆ
K Ð«Ü�É¥Ò«Ü�Ê ÚªÒ�H Ð«ÙLK2H Ù	Ð«É¬Ë�Ï�ÜJIÈÜ2K2H Ò�Ï¢Ü¥Ú¢Ò®Ê@HÌÔ Ñ

+ ò-,Lò�ñ/.Zõ�ò0,�ñ�ò21uö�åG÷43�å65-.�ö87*5�é�øAù3ù�û�é¬ö3â:9<;�é>=¨ø:? ø�ø:;tø


