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[�\$]*^`_�a!b cPde^!f$gihGjkdilnm�_*jBlnoPjpde^'deqphrjpdelnm
s _�qutvqujk]w^`_wqyxwln^`o$ge_�zP_wq

{}|klr~�_*jy�MoOhKge_
�,hGo$o�lK|uj s _�|k_*x�\$_w|ux�\$_�m=�Iana$�Z��b ��hK|kq,�K�K����b �n��oOhK�n_*q

�(�1�*�Z���O�K�n� � _�xwlKm$qkd s _w|�jk\$_���|u_w_��;lnf$m s hK|ut/d s _wm�jkde OxwhGjpdelnm�o$|uln�$ge_w^ dim¡h¢qujp_wh s t
£ deqkx*lno$gihKqujkdix`¤OlZ¥�¦`[�\$_§¤Of$d s ^`lKjkdilnm5deq��nl £ _w|um$_ s ��t¨jp\$_§dem$x*ln^`o$|k_*qkqkde�$ge_(©Bln|ujklnmPª¬«BlK­
^`l s _wg®x*lnf$o$ge_ s ¥�dejk\�jk\$_�\$_Ehrj,_*¯@fOhGjpdelnm°¦N[�\$_ £ diquxwlnqudej±t�lK��jp\²_�¤$f$d s deqB^`l s _wge_ s ��t0jp\$_
³ |k|u\$_wm$def$qBg´hE¥�¦
�Mf$|�o;lndem�j�lK� £ de_*¥µdiq¶jkl`jk|k_whGj�jp\$_·o²|kln�$ge_w^¸hKq�h§qk\OhKo;_�qk_*m$qkd¹jpd £ dej±t
lK�Ih§xwlnq�j���f$m$x�jpdelnmOhKg
��lK|k^!f²g´hGjk_ s lnm'jk\$_���|k_*_,�;lnf$m s hK|ut`hGm s �Kl £ _w|um$_ s ��t§jk\$_B©,ln|�jplnmPª±«,lK­
q�j�hGjk_K¦N�Mm$_�lK��jp\$_
^'hKdem¨|u_wqkf²gejkqMlK�ºjk\$diq,oOhKo;_w|,diqBjpl�o²|kl £ d s _!h�qk\$hKo�_�qk_*m$qkd¹jpd £ dej±t�|k_wquf$g¹jMjpl'jp\$_�xwlnm$qud s _w|k_ s
x*lnquj���f$m²x*jpdelnmOhGgX¦
»�¼�½¿¾kÀ!Á �GÂ��K� Ã |u_w_Ä��lnf²m s hK|�tnÅ�d s _wm�jpd¹ OxEhrjpdelnm°Å £ deqkx*lGª±o²g´hKq�jpdexÆ¤Of$d s Å ³ |u|k\$_*m$dif²q¨g´hE¥�Å
dem £ _*|kqk_�o$|klK�$gi_*^
ÅOqk\OhKo;_�lno²jpde^`diÇwhGjpdelnm°Å$��f²m$x*jkdilnm$hKg°xwlKqujE¦
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�� � � �Mm q�� dem�j��*|k_wquqk_ s hKm$q x*_ oOhKo$de_w|��	g����*jpf s _ s f o$|klK�$gi]*^`_ dim £ _*|kqu_ s _
g�� d s _*m�jpd¹ OxEhGjkdilKm s _*q®��|klnm�jpde]w|u_wq�gedi�$|u_wq s hKm²q®gi_*q��wxwlKf$gi_*^`_wm�jpq £ deqkx*lGª±o²g´hKq�jpde¯@f$_wq*¦������*xwlnf$ge_w^`_*m@j
s f ¤Of$d s _ _wq�j��nlnf £ _w|um�� oOhK|)gi_ ^`l s _*gi_ s _¢©,ln|�jplnmvª¬«,lG­ dim²xwln^`o$|u_wqkqudi�²gi_ x*lnf$o$g����
g����w¯@fOhGjkdilnm s _�x�\OhKge_wf$|`h £ _*x
xwlnm s dejkdilnm s _
�Bln�²dim°¦���h £ deqkxwlKqkd¹j�� s f�¤Of$d s _0_*quj§^`l s �wged¹ª
q��w_�oOhK|�gih'gelnd s � ³ |k|k\²_wm$def$qw¦
�®_¨�²f²j(o$|udix*dio$hKg s _�xw_¨oOhGo$di_*|(_wq�j s _���lKf$|km$de|�f²m | �wquf$g¹j�hGj s _¨qk_*m$qkde�$degid¹j��5o;_w|k^`_�jkj�hGm@j
s � d s _wm�jkde O_*|,gih§��|klnm�jpde]w|u_�gide�$|k_G¦
! Á ��� ¾ �#" � �)� Ã |ulnm�jpde]w|u_�gede�$|k_GÅ¶d s _wm�jpd¹ OxEhrjpdelnm°Å ¤Of²d s _ £ diquxwlGª o$gihKqujkdixGÅ�gilnd s � ³ |k|k\²_wm$def$qwÅ
o²|kln�$ge]w^`_�dim £ _w|kqu_KÅ;lno²jkdi^`deqphGjkdilnm s _·��ln|u^'_GÅ$��lnm$x�jpdelnm$_wgege_�x*l%$²jw¦
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; <>= �Z� Á Â 
1�K�@? Á = � = Â ! Á �+?�A²�²�+? Á = B

C D � ¼@¼FE�Á 
 = Â��²� ½HG � Á ��" ¼ � ? = �+I ¼KJ �Z�²�+?J�ML��O� ¼ N
�P¦e� [�\$_�©Bln|ujklnmPª¬«BlK­5«B_EhGj,cvjphGjpdex�{}|kln�$ge_w^ ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦ O

�P¦e�n¦e� «,_whGjQP}¯vf$hGjpdelnm0¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦ �
�P¦e�n¦ � ©,lnm�«Bln^`ln�n_wm²_wlnf$q,©,lK|ujplKmPª¬«BlK­ {}|klK�$gi_*^ ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦ R

�P¦ � Ã |k_*_TS lnf$m s hK|ut0{N|uln�$ge_w^ ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�Z�
�P¦ �P¦e� U±m £ _w|uqk_!{N|uln�$ge_w^ ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�n�
�P¦ �P¦ � V lnquj Ã f$m$x�jpdelnmOhKg!¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�n�
�P¦ �P¦ 9 {1_*mOhKgediÇ*_ s¨Ã f$m²x*jpdelnmOhGg ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�n�
�P¦ �P¦ a PIz²dequjk_wm$x*_!lK�º��dem$de^ h ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸���
�P¦ �P¦ � V lnm £ _*|k�n_*m$xw_�lK�1jk\$_�{1_*mOhKgediÇ*_ s Ã f$m$x�jpdelnmOhKg4¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸� 9

W �(�1�*�Z���O�K� 
(¼ � 
 "��Z� ;!X
9 ¦e� [�\$_ZYN_*gilvxwd¹j±t���_*jk\$l s ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸���
9 ¦ � P}f$ge_w|ud´hKm\[y_*|kd £ hrjpd £ _�lK�}h]V gihKqkqBlK�ºcP\OhKo;_ Ã f$m$x*jkdilKmOhKgeq ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�@O

B ^ ¼ �`_ ¾
a ?7b ¼ � ¼ = �+?J�²� ?�"-? � ½�ÁdcZJ �Z�P� ¼ea0¼1f}¼ = Â ¼ = � D 
 = �K�@? Á = � " ;!g
a$¦e� [yd¹­�_w|k_*m�jpdihK�$degid¹j±t�lK�1jk\$_�{1_*mOhKgediÇ*_ s¨Ã f$m²x*jpdelnmOhGg ¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦�¦¸�@R
a$¦ � � _EhihjPNf²gi_*|kdihKmM[,_w|kd £ hGjpd £ _�lK�ºcvj�hGjk_T[y_wo;_wm s _wm�j Ã f$m²x*jpdelnmOhGg)¦�¦�¦�¦�¦�¦�¦��n�

9



a � � ������6)/
��6 /
��� � � � ��� ������8����

� 	 �` ����'��

67 � �!� ���
� 
 �� ��� �· � ���

� _�xwlKm$qkd s _w|NhM|u_w�nf²g´hK| s ln^'hKdem§lPx*xwf$o$de_ s ��t§h £ deqkx*lno$gihKqujkdix�¤Of$d s ¥�\$lnqu_¶jp\$_¶�;lnf$m s hK|ut!diq
quo$gedej,dim
jp\²|k_w_�oOhG|ujpq�
}jp\$_ [yde|kdex�\$ge_*jM�;lnf$m s hK|ut(l £ _w|�¥�\$dex�\�jp\²_ £ _wgelPx*dej±t�hGm s h`\$_whGj�¤OfPz
|khGjp_·|u_wgihGjp_ s jpl§jp\$_���ln�$dem
xwlnm s dejkdilKm�hG|k_·qko;_wx*de $_ s ÅOjp\²_·lnf²jk¤$l�¥µ��lKf$m s hK|�t(deq�h s dihK�OhGjkdix
hGm s l £ _w|M¥�\$dex�\5jp\$_ £ _wgelPx*dej±t deq�hKgeqkl
qko;_wx*de $_ sÄÃ dim$hKgig¹t�jp\$_���|u_w_§�;lnf$m s hG|ut¨quf$�P~�_*x*j�jp\$_
x*g´hGqkqkdexEhGg�x*lnm s d¹jpdelnm$q�
NÇw_w|ul m²ln|k^'hKg £ _wgelPx*dej±t
x*ln^`o�lnm²_wm�jEÅ=qujk|k_*qkq,hKm s \$_EhrjB¤$fPz�|phGjk_K¦
�Mm�jk\$deq s ln^'hKdem°Å=¥ _���ln|k^�f$g´hrjp_�jk\$_�©Bln|ujklnmPª±«,lK­ \$_whGjyq�jp_wh s t�o$|kln�²gi_*^ quf$�P~�_*x*j·jpl'jp\$_
hG��l £ _��;lnf$m s hK|ut0x*lnm s d¹jpdelnm$q*¦
� _`m$lKjkdix*_�jp\OhGj�\²_w|k_§jk\$_`xwlnf$o²gidem$�
lPx*xwf$|uq���_�j±¥ _*_wm�h0m$lKm \²ln^`ln�n_wm²_wlnf$q�©Bln|ujklnmPª¬«BlK­
_*¯@fOhGjpdelnm hKm s jp\²_�\$_EhGj _*¯vf$hGjpdelnm§¥�dejk\���ln�$dem`xwlnm s dejkdilKm°¦º[�\$deqNqk_*jujpdem$��hMm$l £ _wg=_ z²dequjk_wm$x*_
|u_wquf$gej�jkl(jp\$_§x*ln|k|u_wqko;lnm s dim$��xwlKf$o$gedim$�
o$|uln�$ge_w^ ¥�\$_wm5jp\$_§�K_wln^`_*jk|ut lG� jk\$_ s ln^'hKdem5diq
quo�_*xwd¹ O_ s ¦jU±m �JhGx*jEÅ�d¹j�diq�qkf$fP Oxwde_wm�j!jkl
o$|kl £ _ _�zPdequjp_*m$xw_�hKm s f$m$de¯@f$_wm$_*qkq�|u_wquf$gej�jpl
_whKx�\
_*¯@fOhGjpdelnm�qu_woOhG|phGjk_wg¹tn¦ [yf²_ jplBjp\$deq1¥7_ o$|ul £ _¶_ z²dequjk_wm$x*_¶jplBjp\$_7\$_EhGjI_w¯@fOhGjkdilKm £ d´h,jk\$_ ��hrz@ª
��dige�n|phG^ jp\$_*ln|k_*^��Jqu_w_�� ����� ¦ � _�o$|kl £ d s _!h§o;lnqkd¹jpd £ dej±t
|u_wqkf²gejBjpl`jp\$_�\$_whGjB_w¯@fOhGjkdilKm�hKm s
¥7_�_*quj�hG�$gideqk\¨jk\$_!lKo²jpde^'hKg1|u_w�nf²g´hK|udej±t�lK�Ijp\$_�qklngef²jpdelnm�jphih@dim²�(dim¨hKxwx*lnf$m�jMjp\²_!|k_*�nf$gihK|kd¹j±t
lG��jk\$_5hKqkqulPx*d´hrjp_ s |kde�n\�j
\OhKm s qud s _KÅyjk\$_ o$|klvlK��q
hK|u_¨qkde^`digihK|0jp\$hKm jp\$_ lnm²_wq
�nd £ _wm dem
�¹�n���X¦ S _wqud s _wqwÅº¥7_(quf$o$o$g¹t�hGmÆ_�zPdequjk_wm$x*_0|k_wquf$g¹j!jpl�jp\$_ m$lnmPª \$ln^`ln�n_*m$_wlKf$q�©Bln|ujklnmPª¬«BlK­
o²|kln�$ge_w^ jk\$|klnf²�n\ h £ hK|ud´hrjpdelnmOhKg�^`_*jk\$l s £ d´h�h |k_*�nf$gihK|kd¹j±t)|k_wquf$g¹j(gedim`hG_ s jpl jp\$_�qkxwhKge_
�JhGx*jplK|w¦ � \$_w|u_EhKq*Å s f$_ jpl jp\²_ _ zPdiq�jp_wm²xw_Æ|u_wquf$gej�o$|ul £ d s _ s Å·dim¢h)�K_wm$_*|phKg·qu_*jkjkdim²�$Åy¥7_
|u_wx*l £ _w|�jp\$_ s _*qkde|kde_ s |k_wquf$g¹jE¦
[�\²_���|k_w_!��lnf²m s hK|�t�d s _wm�jkde OxwhGjpdelnm5o$|uln�$ge_w^ xwhKm �;_�xwlnm²qkd s _w|u_ s hKq·hKm¨dem £ _*|kqk_'o$|uln�$ge_w^
x*lnm$qudiq�jpdem$�5dim�qu_EhK|ux�\$dem$� ��ln|�h s ln^'hKdim��¡quf$x�\3jp\OhGj�jp\$_�xwln^`o$ge_w^`_wm�jphK|phK|�t�lK��d¹jpq���|k_w_
�;lnf$m s hK|ut'deq h@m$lZ¥�m°¦7�Mf$| o;lndem�j lK� £ de_*¥ deq7jpl�jp|u_EhGj7jp\$_,o$|kln�²gi_*^ hGq¶h�qu\OhKo;_Mqk_*m$qkd¹jpd £ dej±t
lG� h�xwlnq�jy��f$m²x*jpdelnmOhGg1��ln|u^!f$gihGjp_ s lnm�jk\$_���|u_w_��;lnf$m s hK|ut�hKm s �Kl £ _w|um$_ s ��t�jk\$_�©Bln|ujklnmPª
«BlK­¨q�j�hGjk_K¦ Ã |klK^ h!\²_wf$|udiq�jpdex�o;lndem�j�lK� £ di_�¥�ÅOgilvl	h@dem$����ln|7jk\$_Mqu\OhKo;_·qk_wm²qkd¹jpd £ d¹j±t
xwlKm$qkdequjkq
dem'ln�$qk_*| £ dem$�!jp\²_Bo;_w|�jpf$|u�OhGjkdilnm'_*­�_wx�j lKm'jk\$_�qklngef²jpdelnm s _* Om²_ s dem h�^`l £ dim$� s ln^'hKdem���qk_*_
� R��XÅ�� �K������¦y«,lZ¥7_ £ _*|wÅ�©Bln|ujklnmPª¬«BlK­5^`l s _wgIdeqym²lnmPª±gedem$_EhK|yhKm s m²lKjM|u_w�nf$gihK|,_wm$lnf²�n\�¥�\$dex�\
de^`o$gedi_*q§h�m@f$^!�;_w|!lK�¶jp_*x�\$m$dexEhKg s d �'x*f$gejkdi_*q�
'^'hKdim²getKÅI¥ _(hK|k_ m$lKj!hK�$ge_�jpl s de­�_w|u_wm�jpdihGjk_
jk\$_�xwlnm$qud s _w|k_ s xwlKquj'��f$m$x*jkdilKmOhKgJ¦ �M� £ delnf$qugetKÅ�m@f$^`_w|klKf$q ^'hKm�t s d¹­¿_*|k_*m@jkd´hrjpdelnm |u_wqkf²gejkq
_ zPdiq�j¨xwlKm$xw_*|km$dem$��m$lKmPª±gedim²_EhK|�o$|klK�$gi_*^`qwÅ�dim¢oOhK|�jpdexwf$gihK|0��ln|
jp\$_ qujk_Eh s t ©,h £ de_w|¬ª�cvjkl	hK_*q
_*¯@fOhGjpdelnm$q*Å`dim�¥�\$dex�\ jp\²_)gedem$_EhK|udiÇ*_ s o$|kln�²gi_*^ diq ¥7_wgeg'o;lnqu_ s hKm s |k_w�Kf$g´hG|!��qk_*_"� a#����¦
«BlZ¥ _ £ _w| lnf$| xwln|u|k_wquo�lKm s dem$��gedim$_whK|kdeÇw_ s o$|klK�$gi_*^�diq m$_wd¹jp\²_w|7¥7_wgeg¿o;lnqu_ s m²ln|7|u_w�nf²g´hK|*¦ [�\²_
^'hKdem5d s _Eh(deqMjpl
h £ lnd s5s d¹­¿_*|k_wm�jkd´hGjkdim²�
jk\$_§xwlKqujM��f$m²x*jpdelnmOhGg £ d´h0h s d¹­�_w|k_*m�jpdihGjpdelnm5lK�Njp\$_
q�j�hGjk_K¦ U±m$qujk_Eh s Å ¥7_0dim�jk|kl s f$xw_
h¨x*ln^!�²dimOhrjpdelnm ��_�j±¥ _*_wm jp\$_0^`demPª±^'hrz s _w|ud £ hGjkdilnm$��qk_*_
� �����·hKm s h�o$hK|phK^`_�jp_w|�o;_wmOhGgideÇEhGjkdilKm°¦ U±m �JhKx�jEÅ°jk\$_'©,ln|�jplnmPª±«,lK­�_w¯@fOhGjkdilnm deq�m²lnmPª±gedem$_EhK|
�²f²j�dejMdiq £ hK|ud´hrjpdelnmOhKgJÅ¿¥7_§o�_*mOhKgediÇ*_'d¹jM¥�d¹jp\ jp\²_�qklGª xEhKgege_ s xwln^`o$gedihKm$xw_���f²m$x*jkdilnm$hKgI¥�\$dex�\
deq7jk\$_y^`dem$de^!f$^ lK�®jp\²_MhKquqklvxwdihGjp_ s _wm$_*|k�KtK¦ ³ q jk\$_y\²_EhGj7_w¯@fOhGjkdilKm0diq7gidem$_EhG|7jp\²diq7_wmOhK�²gi_*q
f²qMjpl(��ln|u^!f$gihGjp_`h(^`demPª±^'hrz�¥�\$_*|k_§jp\$_§\²_EhGj·_*¯@fOhGjpdelnm5o$gihEtPq·jk\$_�|klKgi_§lK� h(x*lnm$q�jp|phGdim�jE¦
[�\²_w|k_���ln|k_GÅv¥7_�_wq�j�hK�$gedeqk\(h·oOhG|phK^`_*jk_w|No;_wmOhKgedeÇw_ s ��f$m$x�jpdelnmOhKg$��lK|k^!f²g´hGjk_ s hKq hKm`dimP��_w^!f²^�¦
Ã di|uqujEÅ°¥7_`o$|kl £ _`jk\OhGj·jk\$_§oOhK|khK^`_*jp_*|·dimP��_w^!f²^ diq�|u_EhKx�\$_ s Å�qk_*xwlnm s jp\$hGj·jp\$_§o;_wm$hKgideÇw_ s
��f²m$x*jkdilnm$hKg1x*lnm £ _*|k�n_*qyjplZ¥ hK| s qBjp\$_�xwlKqujMlKm$_�¥�\²_wm¨jp\²_�oOhG|phK^`_*jk_w|,�nlP_*qBjkl�Ç*_w|kl²¦�[�\$_wm°Å
¥7_¨�nd £ _¨hKm hK�$q�jp|khKx*j s de­�_w|u_wm�jpdihGjkdilnm |u_wquf$gej(xwlnm$x*_w|um$dim²� hÆxwgihKqkq�lK��qk\OhGo�_���f²m$x*jkdilnm$hKgiq

a
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��lK|k^!f²g´hGjk_ s hKq1^`dim$de^!f²^�¦}[�\@f$qº¥7_¶�n_�jIjk\$_¶qk\$hKo�_ �n|ph s di_*m@jIlK�Ojp\²_¶o�_*mOhKgediÇ*_ s ��f$m²x*jpdelnmOhGgX¦
Ã dimOhGgig¹tnÅ$¥7_�o²|kl £ d s _�h§¥ _whih(_ z²dequjk_wm$x*_!lK��jp\²_�qu\OhKo;_��K|ph s de_wm�jBlK��jp\$_�x*lnquj���f$m$x�jpdelnmOhKgJ¦
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�����	����! "�#���#$&%(')��
�*,+&	.-
� _Nxwlnm²qkd s _w|1h0/21pª s ln^'hKdem �Älvxwxwf²o$di_ s ��t�h £ diquxwlno$gihKq�jpdex7¤Of$d s ¦*U jpq���lKf$m s hK|�t·deq1quo$gid¹jkjkdim²�
dem
jp\$|u_w_�oOhK|�jpq�

jk\$_Q[yde|kdex�\$gi_�j ��lnf²m s hK|�t43�57lnm§¥�\$dex�\°Åvlnm§jp\$_�lKm$_�\OhKm s Ånjk\$_ £ _*gilvxwd¹j±t`diq}�Kd £ _wm hKm s _w¯@fOhKg
jkl4675ZÅ²lnm(jk\$_MlKjk\$_w|7\OhKm s ¥7_·de^'o;lnqu_·h!\$_whGj¶¤OfPz�|k_*g´hrjp_ s jkl!jp\$_M�Bln�²dim(x*lnm s d¹jpdelnm°¦}[�\²_
lKf²jN¤OlZ¥ ��lKf$m s hK|�t43�8Ilnm`¥�\$dex�\ jp\²_,|khGjp_�lK��\$_Ehrj7deq7h s dihK�OhGjkdixGÅ@jk\$_ £ _*gilvxwd¹j±t'diq}jplvl�_w¯@fOhKg
jkl9675;:@jp\$_BgihKquj7xwlnm s dejkdilKm�deq7o$|ul £ d s _ s ��t'^ h hvdem$�!h�q�jplno$o;_w|*¦ Ã demOhKgeget�jk\$_���|k_w_B�;lnf$m s hG|ut
_*m s lZ¥7_ s ��t jk\$_yx*g´hKquqkdexEhKg;��|k_*_y�;lnf$m s hG|ut xwlnm s dejkdilnm²q<:²lKm�¥�\$dex�\(jp\$_Mm²ln|k^'hKg=xwlK^'o;lnm$_*m�j
lG� jk\$_ £ _wgelPx*dej±t¨ $_wg s hGm s lK�Njp\$_§q�jp|u_wqkq·lKm$_`hK|k_!_w¯@fOhKgIjkl0Çw_*|kl(¥�d¹jp\ hKm5h s dihK�Ohrjpdex�|phGjk_K¦
[�\²_���|u_w_���lnf²m s hK|�t3o$|klK�$gi_*^ xwlnm²qkdequjpq'jpl qk_whK|kx�\)��ln|'h £ _wgelPx*dej±t  O_*g s Å¶h5jk_w^`o�_*|phGjkf$|k_
��f²m$x*jkdilnm�hKm s jp\²_��K_wln^`_*jk|ut0lG�ºh§�;lnf$m s hG|ut=3�> ��f$geg¹ Ogidem$�`jp\$_�\$_*|k_whG� jp_*|B_*¯@fOhGjpdelnm$q*¦

?A@
BCCD CCE
FHGJI#GLKNMPORQSQ�T U#GL6VQ;T WYX�Z�U#GL6VQ\[ @^] _ ` dem �a
bdcfe G ` Q _ g dem �bdcfe GL6VQ _ h dem �aibdcfe GfjlkmInQ _ ` GL6RQpoqorU#Gs6RQ dem �

�¬���

¥�d¹jp\
jp\²_��;lnf$m s hK|ut(xwlnm s dejkdilnm²q�


t /
BCCCCCCCD CCCCCCCE

6 _ 675 lnm 3�5�uv3�8w Iwyx _ h lnm 3�>
z Ii[ w Iwyx _ a0{}| lnm 3�5G ` o x MP~7Q _ h lnm 3�>G ` o x M x Q _ �}� lnm 3�>

�X� �

¥�\²_w|k_ �N� diqBhKm�f$m`h@m$lZ¥�m�xwlnm$q�j�hKm�jw¦ � d¹jp\
jp\²_���|u_w_��;lnf$m s hG|ut0x*g´hKquqkdexEhKg�x*lnm s d¹jpdelnm$q�


� 6mo x _ h lKm 3�>G ` o x M x Q _ h lKm 3�>� 9 �

¥�d¹jp\ w � _ 3�5�u�3�8�u�3�>;Å$¥�\$_*|k_3�57diq}jp\²_ [,di|udix�\$ge_*j7�;lnf$m s hG|utnÅq3�8Ideq}jp\$_�ge_Eh £ dim$����lKf$m s hK|�t§lnm§¥�\$dex�\ ¥7_,^'hihG_yh·q�jplno$o;_w|
¥�\²dix�\ ln�$gedi�K_�jp\$_¨¤$f$d s jkl�¤OlZ¥ ¥�d¹jp\ jk\$_ qphK^`_ £ _wgelPx*dej±t!675ZÅ�3�> s _*qkde�nmOhGjk_wq(jp\²_¨��|k_w_
�;lnf$m s hK|ut0hKm s z deqBjk\$_���ln�$dem�x*lP_�� x*di_*m�jE¦

O
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Symetrical Axe

= u.n = 0σn

u = ud
u = ud

Ω

γL

 

grad .n = 0θ

  grad

γd

γs

θ.   = 0                  n
Incompressible Fluid

Viscoplastic

ρθ + grad θ .n= − qi

Ã di�Kf$|k_§� 
 YydiquxwlGª o$g´hGqujpdex Ã gef$d s

� _
��_*�ndem���t dem £ _wq�jpde��hGjp_
jp\²_�hKquqklvxwdihGjp_ s \²_EhGj'_w¯@fOhrjpdelnm)¥�d¹jp\ �BlK�$dim x*lnm s d¹jpdelnm°¦ � _
o²|kl £ _�hKm0_ z²dequjk_wm$x*_�|u_wquf$gej s f²_Mjpl�jp\²_ ��h�zvª¬��degi�n|khK^ jk\$_wlK|k_w^
Å²¥7_�_wq�j�hK�$gedeqk\�hKm0lno²jkdi^'hKg
|u_w�nf²g´hK|udej±t(hKm s h�o;lnqkd¹jpd £ dej±t0|u_wquf$gej�¥�\²dix�\
¥�digeg°�;_Mm$_*_ s _ s jkl§|k_wx*l £ _w|Bh�|u_w�nf$gihK|udej±t�|k_wquf$g¹j
gedem`hK_ s jpl§jk\$_�qkxEhGgi_��JhKx*jkln|�deqkqkf²_���|uln^ jk\$_ ³ |k|u\$_wm²dif$qBgihZ¥�¦

C���;���; � ¼ �²����� 
��²�+? Á =BCCCD CCCE
aibdcfe GfjlkmInQ _ ` Gs6RQ	�
� U#GL6VQ dim �w Iwyx _ h lnm 3#>
z Ii[ w Iwyx _ a
{ | lnm 3�5��a �

G � Ádf}Á �4?��+? Á = C���;���
���
�����������������������
 ��!"�#�$����������!%��&'�(�)�����*�+�-,/. G ��Q�021 �435�+
��	67��98:�;!	�+! U=< h !	��>?
@�A
 ���B�A
���!%��&'�(�������DC	�	&;���FEG!H�I�KJ ZSXFLNM Z G ��Q�0
Ã ln|¶jk\$_�o$|klvlK��d¹j,deq�_wm$lKf$�n\
jpl`|k_���_w|�jpl �¹�n���X¦
G � Ádf}Á �4?��+? Á = C���CO��
���!%��&'�(�)�����5�QPH�+
���
������R���������������S�;!H�T����UI�T�)EF�����+V��

I#GLORQRW h XZY �\[:�
G � Á°Ádc�Á�cQf � Ádf}Á � ? �+? Á =

U±m s _w_ s Åvjk\$_�\$_Ehrj7o²|kln�$ge_w^ diq £ hK|kdihGjkdilnm$hKg 
�jp\$_�qulngifPjpdelnm ^`dem$de^'deÇw_�jp\²_,hGqkqklvxwdihGjk_ s _wm$_*|k�Kt
¥�\²dix�\�diq�xwlv_w|uxwd £ _�dim ,/. G ��Q�hKq z < h Å

I _]YF^�_(` c x G�ab ced j�T kgf�T Z Q�[hab z cFiQj f Z a c(k _ f�[ cFiQj { | fpQ
qudim²xw_ a0{}| hGm s _ hK|k_·m²lnmPª±m²_w��hGjkd £ _�jk\$_wm
¥7_��n_�j���ln|�hKgeglf�dim , . G ��Q}:
ab c k j�T kgf�T Z [ z c i j f Z a c k _ f�[ c i j { | fmW ab c k j�T k)Tnf
T T Z [ z c i j Tnf
T Z a c k _ Tof
Tr[ c i j { | Tnf
T

�
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\²_wm$x*_�¥7_�x�\²_wx�h I�W T I7T XmY M?[
¥�\²dix�\�hKx�\$de_ £ _*q,jk\$_�o$|klvlK�

U±m jk\$_�qk_*¯@f$_wgJÅ®¥ _ s _whKg1¥�d¹jp\ jk\$_§m$lnm \$lK^'lK�n_wm$_*lnf$q�©Bln|ujklnmPª¬«BlK­Äo$|kln�²gi_*^�¦ � _�o$|kl £ _
hGm _�zPdiq�jp_*m$xw_'|k_*qkf$g¹j £ d´h0h £ hK|ud´hGjkdilKmOhKgIq�jpf s t�jp\²|klnf$�K\5hKm _wq�j�hK�$gedeqk\$_ s |k_*�nf$gihK|kd¹j±t�|k_wquf$g¹j
|u_wgihGjp_ s jkl§jp\$_�qkxwhKge_��JhKx�jpln|*¦

C���;���C � Á =*� Á � Á��=¼ = ¼vÁ 
�� � Á �Z� Á = ¾ � Á b G � Á � " ¼ �
BCCCCD CCCCE
F��YT U#Gs6RQ�T W;X�Z U#Gs6RQ [ @^] _ ` dem �a
b�cJe G ` Q _ g dem �bdcfe Gs6RQ _ h dem �6 _ 6l5 lKm 3�5pu�3�8G ` � x MP~7Q _ h lKm w �

�X� �

D 
 = �K�@? Á = � " J¿¼ �E�+? = � ��_�j

� 5 |�� _	� e�
 J . M W G ��Q X bdcfe G e Q _(h
�
� G ��Q _	� e�
 � 5 |�� X e _ 675�� x 3�5�u�3#8 �

� deqBh`x*gilKqk_ s xwlnm £ _�z�qkf$�²qk_*j,lK��jp\$_ S¶hGmOhKx�\Pª qkoOhKx*_�� 5 |�� ¦


�¼�� 
 "J�²� ? � ½ Ádc �@I ¼ �(�r��I ¼ = ?�
1���N� À

G � Ádf}Á �4?��+? Á = C���W	� �	� F _ F��H[<O�� G i
���������! Q C	�	�+�FE �+
���!%>���&;� P �(>	�I��6 ��!?!%�%>	�����I��3 �Q� �+
��

" ��6 �Q����U$# ��% &
�'&)(*& 
��	67� F+� �;!��+
�� >?��� !	�;!	�Q�	�T>-,S�QP �A
���. ���I�	6 ����&/( I �;!��+
�� !%��&'�$������� �QP�+
���
������ ���������������D���43 I10 �;!K� !	��6 ��>	� �T����UI�T�)EF�����+V�� P �(�T>	�)����� 0 ��
��	�
F C	�	&;���FEG!��Q�3254 G ��Q

G � Á°Ádc�Á�cQf � Ádf}Á � ? �+? Á = C��)W
U±m0�JhKx�jEÅPdej�deq�_wm²lnf$�n\(jkl§^'_*m�jpdelnm0jp\OhGj jp\$_·x*lnm$qkdequjk_wm$x�t�F�� hKm s jk\$_M\$_whGj�qulngifPjpdelnmvI�hK|k_
m²lnmPª±m²_w��hGjkd £ _wq�hKm s £ dih0jk\$_��JhKx�jMjp\Ohrj·jp\$_���f$m²x*jpdelnm I10�diq·q�jp|udix�j�m²lnmPª±m²_w��hGjkd £ _KÅ°jk\$_wm ¥7_
�K_*j�jp\$_�o$|ulPlG�¬¦
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���2?X��� ¼ = � ¼ 
(¼ � 
 "��
G � Ádf}Á �4?��+? Á = C���B ��
�� �T����U�
�� .g�9E$�	�T�?���F! " ��6 �Q����U$# ��%��46?��C�&;�-. 
 ��!R���$��������� !%��&'�(��������+�S�+
��=>?����V��98 !	� C	!%�	� � 0
G � Á°Ádc�Á�cQf � Ádf}Á � ? �+? Á = C���B
�®_�j,f²qBdem�jp|ul s f²xw_·jp\$_·��lngegel�¥�dem$�'^'hKo$o$dem$� :$��ln|�hGm@t(�nd £ _wm g dem ���

�	� � 
 ]��
e 
 c k F

� T U#G e Q�T W a g e��O �

[�\²_���f$m$x*jkdilKmOhKg
� diq·x*lnm £ _ z¿Å�gel�¥7_w|·qu_w^`d ª±xwlKm@jkdim@f$lKf$qwÅ�xwlv_w|uxwd £ _'hKm s�� hGjp_whKfPz s de­�_w|u_wmPª
jkd´hG�$gi_G¦ U jpq � hrjp_EhGfPz s _*|kd £ hrjpd £ _�hGj�6�dem s di|u_wx*jkdilKm e diq

� � Gs6 X e Q _ c k F T U#GL6VQ;T WYX�Z U#GL6VQ � � U#G e Q a g e
¥�\²_w|k_ jp\$_ _�zPo$|u_wquqkdelnm T U#Gs6RQ;T WYX�Z&U#GL6VQ � � U#G e Q�\OhKq jpl/��_ f$m s _w|kq�jplvl s hKq)xwlnm�jpdem@f$lnf$quget
_ zvjp_wm s _ s ¥�d¹jp\ h hGjBhKm�t0o;lndem@j�O�¥�dejk\ T U GL6RQ�T G ORQ _ h �
U j,|k_*^'hKdim²q,jpl o$|kl £ _�jp\$hGj��µdeqBxwlv_w|kx*d £ _K¦QU±m s _*_ s Å�gi_�j 6��'��_�h qu_w¯@f$_*m$xw_§dem � qkf$x�\¨jk\OhGj
� 6�� ��� j ��� jk_wm s qBjpl dim² $m$dej±tKÅ;jk\$_w|u_*��|uln^ gi_�j��/�;_!h`|phKdeqkdem$� lK��6��'dim � hGm s e � _ 6�� a �
\²_wm$x*_ e �`��_*gilKm$�nq�jpl J . M W0 Å$jp\²_wm

� Gs6�� Q _ GNT F � T��� T U#G e ��[�� Q;T > � Q W a c k g G e �
[��,Q
qul

� Gs6��qQ W � T T e �7T a T �mT T W a � _ � > ��� � e � � > �
jk\$_wm T e �lT > �� G!� Gs6��qQ�[ /#" � _ � > � � T e �lT > � Q$��
¥�\²dige_KÅPde��6��·jk_wm s q7jpl�dim² $m$dej±t'jp\²_wm%� GL6l8PQ}\OhKqNjpl s l�jklPl$Å@lKjk\$_w|�¥�diqu_yd¹j deq de^`o�lKqkqkde�$ge_ s f$_
jkl§jp\$_�gihKqujBdem$_w¯@fOhKged¹j±tn¦
[�\@f$q*ÅOjp\$_*|k_�_�zPdiq�jpq,h§f$m$de¯vf²_96�dim � qkf$x�\�jp\OhGj

� Gs6RQ _'&)(+*
�-,/.

� G e Q
� \²dix�\�_wm s q�jp\²_�o²|klvlK�¬¦


�¼ �Ä�$�+_ C���;10?� V��	6 ��� �QP �+
��@�98:�;!	�I�	�T>?� 67�?!	�$&'� �Q�"�+
���.g���T����
 ��!	��> " ��6 �I����U$# ��% 
������
�467��C�&;�-. !	�2�3�4&'����3S�+��4!576 ( &h� !?
 ��&+&Z�T���)��>?� 
��	67�g�+
 ���8�467��C�&;�-. 9;:�< ()9>=?<@
 ��!�����&;����!	���!%��&'�(������� & 
��	� �A
�� E$�?� .g�	�)6 ,��QP 3(� . ���+�"�;!�@��T� & � 0
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���f� �
�#	�	�� 
�� ��� ����� ')�#
�*,+&	.-
� _�gilvl	h'��ln|�h s ln^'hKdim �4¥�dejk\��;lnf$m s hK|ut w � _ 3�5puv3�8 u�3#> qkf$x�\�jp\OhGj�
6 o x _ G ` o x M x Q _(h � x 3�>
[�\²_'\²_w|k_whG� jp_*|�gi_*^'^'h0¥�digegº�;_`qkl
f$qk_���f$gs:1d¹j�hKgegilZ¥�q�f$q·jpl
gedi�n\�jk_wm5jp\$_§_*¯vf$hGjpdelnm$q�lK� jp\$_
��|u_w_��;lnf$m s hG|ut0o$|uln�$ge_w^
¦
" ¼ � �Æ� C���; 1 !?!	��.g� �+
 ��� 6 o x _�h ��� 3�> (Z�A
��	�"!	�+�T>?�6 _ 675�� x 3�5�u�3�8
��	�T>?� ` � _ G ` o x M x Q _ h � x 3�>��
G � Á°Ádc�Á�c " ¼ � �Æ�

U±m
�JhKx�jEÅ²¥7_�\$h £ _���lK|�hKgig e dim0jk\$_�xwlnm £ _ z�qkf$�$qu_*j / G ��Q}:c(k T U#Gs6RQ;T WYX�Z U#GL6VQ oqorU#G e2a 6RQ a g G e9a 6RQRW h
� |k_*_wm � q���ln|k^�f$g´h�tvde_wg s qwÅO��ln|�hKgeg e dem / G ��Q

a c(k bdcfe G ` Q<G e2a 6RQ a g G e a 6RQ�[ c
	

k ` o x G e9a 6RQ W h
cvdim$x*_�jk\$_·��|kdex*jkdilnm
deq�Çw_w|ul'¥7_��n_*jwÅ$��ln|�hKgeg e dem /mG ��Qc

	

k G ` o x M x Q G e a 6VQpo x _(h
�²f²j e a 6 _(h lnmv3�5puv3�8�ÅOqkl


 e 
 / X c i
�
G ` o x M x Q<G e a 6RQpo x _�h

hGq 6 � x _(h lnm23�>�hGm s bdcfe G e�a 6RQ _ h ÅG\$_wm²xw_7��lK|IhKgeg e dim / : c i
�
G e�a 6RQ�o x _ c i

�
e o x _�h Å

hGgiqul c i
�
G ` o x M x Q e o x _�h ¦¶[�\$deqy^`_EhGm$qBjk\OhGj G ` o x M x Q¶��_*gilnm²�nq,jkl'jk\$_ s fOhKg�lK�Ijk\$_�qk_*j

lG�º��f$m$x�jpdelnm$q,¥�\²ln^ jp\$_�^`_EhKm¨lKm 3�>0diq £ hGm$diqu\$_ s Å;jk\$_wm�jk\$_w|u_!_ z²dequjkq·h x*lnm$q�j�hKm�j � quf$x�\
jk\OhGj�
 G ` o x M x Q _ G
� F T U#GL6VQ;T WYX�Z U GL6RQ [ ���7o x M x Q _ �N�
S7f²jÆjk\$_�o$|u_wqkqudilKm @ deq s _� Om$_ s dem 2 W��§jplµ¥�d¹jp\$dem�hµx*lnm$qujphKm�jE¦ �·m²_�^'hZt x�\$lvlnqk_@�_�@ � [ �}� Å$¥�\$_*m$xw_ G ` o x M x Q _ h
¥�\²dix�\�hKx�\$de_ £ _*q,jk\$_�o$|klvlK�¬¦

U±m�h��n_wm$_*|phKg�qk_�jkjpdem$�$Å!hKm d s _wm�jkde OxwhGjpdelnm�o$|uln�$ge_w^ xEhKm �;_�xwlKm$qkd s _w|u_ s hKq hGm dim £ _w|kqu_
o²|kln�$ge_w^
¦

�Z�
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C���C���; <>= A ¼ �r� ¼MG � Á � " ¼ �
³ x*xwln| s dem$�ng¹tnÅGjk\$_}dem £ _w|uqk_ o²|kln�$ge_w^µxwlnm$qudiq�jpq�jpl�gelPl	hB��ln|®h s ln^'hKdem �5¥�d¹jp\$dem�jp\$_N�;lnf$m s hG|utw � _��3�5pu �3 � u �3�>�quf$x�\�jk\OhGj 
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