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� ^�yk^�acix^�ikl �&^3oBl_jug Z~[ lcwBju�"ikjmle��z�bc�sj � �v� � ) $��3���2) ��jmf~oBl  6� b ikfhz|ju� b	l$��o r ^3fPl=-BwPaci r ^ bcjul -Bac�hghjmf~b	le^`l���j&yky
^�l Z ika	gPl  � �v� �") $	� ���2) �"� �v�&� +s�3� �2)0- ��= �u��� ����- �3= $ � � �v��^�fPg �3= )C�%�v�3� ������^�acj�b	�sj z|��osa r ^3ikf ��o r ^3f wP^�a	^`l_ivbcjul
��ivbc��b	�sj��~ika	osyvjmf~b �3= �"�%�k�"� +P� � �2)Vi r wsykik�m^ b	jmg�ikf�b	�sj>� ^�l_b r ^ ]8�`acivb [ �3z���o r ^3f ivfhz|ju� b	iv�`fPl  (\6�Pj � �v� � )�$	� ���2)
z�^ r iky [GZ j&yk��fs�~l�b	�4^Cyx^3a	��j!- r ��fs�`ws� [ ykj"b	ik�(��a	��oswG�3z��`ac�~^3fsixl r l��m^3ykyvjug9^3wsix�"� r wsyvj*�s^3fPl= e\6�sj&ika gsikl_bcikfs��oPiklc�sikfs�
z|jm^3bcosa	j$ixlb	�sj/wsacjul_jmfP�"j$�3z�^3f ^�wsix�&^3y ��a	�`^�fsj&ykyx^3a��"� r wsyvj*� z|�`a�ikf�� ^�ghikfs��b	�sj$�s�~l8b6�"jmyvy  dewsix�"� r wPyvj*�h^�fPl�ikfP�&yvoPgsj
��j&yky #�fs�A��f9��a	�`^�fsixl r lelcoP����^�l?>�� �#+ � $ � +,$3� � � ���2)A@CB $�� $#+ �k� � )>�G^�fPgDB �s�&���v�&� ��� %���ik��osa	j �  �FE d$a	^ ��ikfPg �"�e� � = @
�3�`�!C - q �sj&a r ^3f �HGIG � ' = \6�sj&a	j>^3a	j lc� r j�gsikl	^3�`acjmj r j&f~b	l ^�l bc�;bc�Pj��`acik��ikfPl �3z r ^�yk^�acix^  � �~l8b���z�bc�sjCl_bcoPgsivjullcoswsw ��acb	l!bc�sj6ixghjm^$bc�B^ b �3= �"�%�k�"� +P� � �2) ��a	iv�`ivfB^ bcjug�ikf�dez|acix�&^/^3fPg(bc�sjmf j*�hwP^3fPgsjmgKbc��l_�`ohbc�sju^�l_b�d l_ix^/^3fPg q ��osbc�
d r jmacix�&^ Z osbebc�sj(gP^ bcjK�3z�bc�sixlej*��wB^3fPlciv�`f;� ^�acikjml�z|a	� r � �C���`��[ jm^�a	l6^����>osf~bciky!^ r ^%�hi r o r �3z D`�`�>����� [ ju^3a�l
^3�`��% 1 ^3acbcy - �3�`�ED '  /� i � jmacjmf`b(lcjm�~osjmfP�"juleb	j&yky�gsi �{j&a	j&f~b/b	^3ykjml= �n�a	�3bcjmivf ; �&��gsivfs�;��jmfsjml/l_oP����jul8b bc�sj��h�&�&osaca	j&fB�"j
�3z�^Ga�^3wsixg�j*�hwP^3fPlcik��f�% z|a	� r ^Iz|j=�Q��osfBghacjug�ivfPgsiv��ixghoP^3yxl '/�3z�bc�sj ��= �"�%�v�&� +s�3� �2) wB�`wsosyx^ b	iv�`f �ED� 3��� ;   �  ����
%|oPwswBjma(yki r ivb ' [ jm^3a�l/^3���.��ivbc� ^Iwsa	� Z ^ Z yvj>�"� r>r �`f�^�fP�"jul8b	��a(^ Z �`ohb � �G���`�4[ jm^3a�l�^3�`� % 3�ik��� �&�/� � = @ �JGFG ��'  
\6�sj�lc^ r j wsa	�3b	j&ikf ;��"�hghikfs�K�`j&fsjul�oBl_jug Z�[ 3�ix�����&���%� = % �JGIG ��')��jmacj�^3fP^�y [ lcjmgCoBl_ikfs��/��`^3ykjml	�"jmf~b#bc�Pj&��a [ -����six���
a	j&w ��acbcjmg ^ �"� r�r �`f ^3fP�&jml_bc��a ^ Z ��ohb C���������� ; D~���I���`�9[ ju^3a�l(^3�`�9z|ac� r ^�wB�`wsosyx^ b	iv�`f �3z$^ Z ��osb�^ � ���9�`���
wP^�a	^`l_ivbcjul0% 1eos�`�sjml �&�/� � = @ �3�`� � '  K\6�sj>��a	jm^3b�gsi �{j&a	j&fP�&j Z j&b"��jmj&f bc�sjul_j�b"���;jul8b	i r ^ b	jml��6^�l/fP^�aca	�A��jug9gh�A��f
bc�4bc�sj�^3�`jK^3fPg�^��&�&osa�^�� [ �3z#gs^3b	^ lcj"b�l����Pik���9b	�sj(b"��� �`ac�`oswPleoBl_jug % 1$^�a_b	y - �����ED '  ed$fs�3b	�sj&a�^3wswPac�~^����GoPlcjmg
ikf`b	ac�`fPl ivf ��j&fPjml ��f ���Pac� r �~l_� r j � ^�fPg C  (\6�sj ikf~bca	��fPl$z|��a����sa	� r �`lc� r j � ivfBghik�m^ b	jmg�^I�"� r>r �`f�^3fB�"jml_bc�`a
^3f [ bc�Pivfs� z|a	� r G  3��� ; � � ���`�e[ jm^3a�l�^���� Z ohb�^ l_bcoBg [ �3z �3�ED �"�hghikfs��^3fPg fs��f ; �&��gsivfs� acjm��ik��fPl�z|a	� r ���sa	� r �`lc� r j
C l_oP����jul8b	jmg�^G�"� r>r ��f ^3fB�"jml_bc�`a � ���G�`��� ; � � � ���`�4[ jm^�a	l�^3�`� % 1$^�a_b	y - �3���!D '  ��f ^�f j�� �`a_b�b	�Ggsjm�"a	jm^`l_j bc�Pj
osfP�&j&acb	^�ivf~b [ ikfIbc�sj(jul8b	i r ^3bcjml6��z!b	�sj�w ��wsosyx^ b	iv�`fGj �hwP^3fBl_ik��fI�3z �3= �"� �v�"� +P� � �2)A@�ivb���^`l�ghjm�&ikghjug;bc�Cikf~�`jml_bcik�`^3bcj
bc�Pj r ivbc�h���s��fBghacix^3y!��jmfs� r j(��z�bc�sj wP^3a�^�lcivbcj! /\6�sj ��= �"� �v�"� +P� � �2) r itb	�����P��fPgha	ix^3y��`j&fs� r j(ikl �!# Z ikf lci �&j ^�fPg
ikfs�sj&a	ivbcjmgG-�^�l ivf r �~l8b r ^ r>r ^3yxl -{��fPy [ z|a	� r bc�PjKz|j r ^�yvj�wP^�acjmf`b  /\6�Pj a	jmlcosyvb	l/l_�s�A��jmg9bc�P^3b�^4a	^�wsikg�d�z|a	ik�m^3f
j �hwP^�fPlciv�`f��h�&�"oPaca	jmg9^ Z �`ohb � � ���`� [ jm^3a�l$^���� Z ohb�lc� r j yvikfsjm^���jul ^�acj r �`acj�^3fP�&ivjmf`b>%  ��;�`��� ; � �`�>����� [ jm^�a	l '
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\W�4{Ku7Z[N��4��Z�R2VWP@u7{H\�Z[{�V[\WP��B{Kp�\���PF\�]$VWP!� Zt\YR2VWZ��4u$�7�4v�R2\WP {�VWq R�u��4Z[��Z��£{�V���N��4vYN¡REv!{H����T4PF\WP?qKP!u7{K��P?Z[P�Á�p�P!u7v!P@R2VWP PF�4\WN7PFV
�$u7�4Z[N�P��"{�VO�4u�\WN�P �$u$R�T�Zt\YR�qKP!Z�{��	��VW{�v!P!Z[Z[�4u�q���LON�P�\WN��4u»R�V[VW{!��ZO�4u$���Uv!R�\WPsZ[P!v!{Ku���R2V[��P!u$��{KZt���@�7�4{H\W�4v�P!/ P!u�\WZ�Z[p�vYNERHZ \WN7P
RHv!Á+p7�4Z[�4\W�4{HuS{H�<\WN7P�v�N7T4{HVW{K�7TURHZt\�� �s�7RH��\WP��E�6VW{K� �sVYR�/+�4u$� ��
�`K_U� ��mH�H�Ky��

bc�B^ b$lcwsacju^�g;bc� q ��ohb	�Gd r j&a	ik�m^C^3fPgGlc��ohb	�sjm^`l8bed$lcix^ Z j&z|��a	j�bc�sj(dez|acix�&^�fIj*�hwP^3fPlcik��f % �`� [ �&�6� � = @ �3�`�!C '  �\6�sixl
gs^3b	^C�`�~jule^3�~^3ikfPl_bebc�sj r ��gsj&a	f Z jmyvikj"zb	�P^ b bc�sjKlcyx^ ��j�bca�^�gsjK^3fPg ��osa	��w jm^3fBl�ivf~b	ac�hghoP�&jmg r ^3yx^3a	ix^>ivf~bc� q ��osbc�
d r jmacix�&^ % q �sj&a r ^3f �JGFG � '  � �~l8b(��z�b	�sj4l_bcoPghikjml(��f�bc�sjCw ��wPosyk^3bcik��f ^3fBg �`j&fsj&bcix�>��a	iv�`ivfBl��3z �3= �"�%�k�"� +P� � �2)lcoswsw ��acb	l�bc�Pj�ikghju^ bc�P^3b$^ a�^3wPikg;j �hwP^�fPl_ik��fI�3z �3= �"� �v�"� +P� � �2)S�h�&�&osaca	jmg;ikfGdez|acix�&^>^ Z �`ohb � �>���`�K[ jm^3a�l6^3�`�  

\6�sjG}Pa�l_b>�Pikl_bc�`acix�&^�y�j&��ikgsj&fP�&j9�3z r ^�yk^�acix^��"� r jul�z|ac� r ��� [ wsbcix^3f r o r>r ikjml ^�fPg�gh�h�"o r j&f~b�l  � ^�yk^�acix^l [~r whb	� r l ��jmacj;acjmwB�`a_b	jmg z|a	� r ��� [ whb.% �   � �����	��� ' -n�j&a�l_ix^ % �3�`�������	��� ' -</��sikfP^ % � � ���
���	��� 'Q^�fPg Z�[ bc�Pj
�/a	j&j #hl0% 1e� r j&a �  3�����	��� E dea	ixl8b	�3bcykj C � D ; C`�`������� E n�yx^ b	� D�� �A; CED � ���	��� '  $\6�sj ghiklcjm^`l_j �&^ r j�b	� wsa	� r ikfsj&fP�&j
ghosa	ikfs��bc�sj 3�� r ^3f4jma	^>^�fPg4ivb	l6fB^ r j��P^3ikykl�z|a	� r bc�sjB� b�^3ykik^�f;fP^ r j z|�`a��+3e� r ^3f4z|j&��jma�� )>� ��� � � ��� %	� Z ^�gG^�iva��"'  
d�z b	j&a bc�P^3b(bc�Pj4ghixl_ju^�lcj4l_wPacju^�g l_yk�A��y [�Z ohb�l_osa	j&y [ ^��"a	�`l	l r �`l_bK�3z ��oPac�`wBj4^�fPg ikf`b	��3�oPl	lcik^  Gp [ bc�sj;jm^3a	y [
� � ����� l r ^3yx^3a	ix^;�B^�g ^.����a	ykg ��ixghj ghixl_bca	i Z osbcik��f % q �sj&a r ^3fG- �JGFG ��'  
��f b	�sj � � � ��� l,/��B^3a	yvjul �) �d  �!^ ��jmacfP^�fG-
/�^ r ikyvyk� �/�`yv�`i!^�fPg�� ikyvykik^ r �  � ^�� /�oPyvyko r wsa	� ��jmg;b	�P^ b r ^3yx^3a	ik^>�6^�l �&^3oBl_jug Z�[ ^4l_ikfs��ykj ;��"jmyvykjmg���a	�`^3fPikl r
���six���9ivfsz|jm� b�leb	�sjKjma [ b	�sac�h� [ b	jml���zbc�sj ��o r ^3f9�s�~l8b  e\6�sjKjmfPg9�3z�b	�sj � � G ��� l�l	^:� 3���fB^3yxg&3��`l	le^3fBg9n^ bca	ix� #
� ^�fPl_�`fCwsa	� ��j6bc�B^ b r ^�yk^�acix^��6^�lb	a	^�fPl r ivb_b	jmg Z�[ bc�Pj r �`l	�~ositb	�  93��`l	l�acju�"j&ik��jug bc�sj��e� Z jmyBwsa	i �&j$ikf �HG �`� ^�fPg
��^ �`j&a	fP^3f4acju�"j&ik��jug b	�sj(�e� Z jmyAwsa	i �mj�ivf �JG � ��z|��a6bc�Pj&ika����`a$#C�`f r ^�yk^�acix^
% q �sjma r ^3f - �JGIG ��'  

� �v� � )�$	� ���2)-�P^`l^�yvivz|j$� [ �&yvj@���six���>ikl#ghiv��ixghjmg>ikf~bc��b	�sacjmj�wP^3acb	l@%���iv�`osacj �  � '  q w ��a	� �&�`itb	jml�ikfhz|jm�"b�bc�Pjeyvik��jma
% b	�sj/j �h��j&a [ b	�sa	��� [ bcix��l8b�^3��j:'5���sjmacj$bc�sj [ ghj&�`j&yk��wCikf`b	� r j&a	� �m��ivbcjul -����sik���Il_wPacju^�g�bc�Kbc�sj Z yk�~�hg %|j&a [ bc�sa	�h� [ bcix�
l_b	^3�`j '  (\6�sj r jmac��&��ivbcjul$ghjm��jmyv�`w�ivf~b	�4b	ac�`ws�s� �m��ivbcjul - ���six��� ghjm��jmyv�`w�ivf~b	�Il	���si �&��f~b�l  �\6�sj>lc���Pi �m��f~b/ghjm��jmyv�`wPl

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku C
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ikf`b	��b	ac�`ws�s� �m��ivbcjul -9���six��� ghjm��jmyv�`w ivf~bc� r ^3ykjI^�fPg z|j r ^�yvj;�`^ r j&bc�h� [ bcjul  \6�sj;�`^ r j&bc�h� [ bcjul(b	�sj&f fsj&jug bc�Pj
r �`l	�~ositb	�Cbc�I�"� r wPyvj&bcj(ivb	l yvivz|j>� [ �"ykj Z�[ z|�`a r ikfs�;^ � [ ����bcj!- ���six����ghj&�`j&yk��wPl$ivf~b	�4l_w ��a	� �m��ivbcjul�ivf�bc�sj�lc^�yvik� ^3a [
��yx^3fBg9�3zb	�sj r �~lc�~osivbc� % r �`l	�~ositb	�4l_b	^3�`j '  (��f�bc�sj��&^�lcjK��z �3= �"�%�v�&� +s�3� �2)Wb	�sj wB^3a�^�lcitb	j(ikl r �`l_bcy [ �&^3a	a	ivjug Z~[
bc�Pj�� � $#+ �s�*�v�"� �`� ) �&����� r �`l	�`oPitb	�.% q �sjma r ^3f - �JGFG ��'  

� ^�yk^�acix^4ixl���fPjC�3z�bc�sj r �`l_b(ghj&� ^`l8b�^ bcikfs�9ghixl_ju^�lcjml���z�b	�sj r ��gsj&a	f ����a	yxg7 C\6�sj ���`a	l_b�^ �{jm� b	jmg�a	j&��ik��f�ixllco Z ; q ^3�P^�a	^�f/dez|acix�&^6��ivbc��b	�sj)����a�l8b�^ � ju� bcjug��"�`osf~bca	ivjul�l_o � jmacikfs�e^ �  C�� jm�&��fs� r ix� �8�`ac�A�6b	� w j&fB^3yvb [ �jm^`��� [ jm^�a
^�l���jmyvy�^�l l_oBl8b�^3ikfsivfP�4^3fsf�oP^�y!ju�"�`fs� r ix��yv�~lclcjmleosw���^�a	gsl$�3z#� q�� �>Z ivykyvik��f�% *�ikyk^ r ^ - ������C E ��ik��osa	j �  C '  ��^����
[ ju^3a r ^�yk^�acix^eikfhz|ju� b	l Z j"b"��j&jmf C��`� ^�fPg  3�`�er ikyvykiv�`fKw j&�`wsyvj�a	jmlcosytb	ivfP�$ikf r ��a	j�b	�P^3f �   �r ikyvykiv�`f ghju^ b	�Pl - r �~l8b��3z
���s� r ^3a	j����sikykgsacjmfKosfPgsj&a�bc�Pj�^���j��3zs}P�`j % � 1 F � ^3yx^3a	ik^�z�^�� b�lc�sj&j&b
	 G D - �~b_b	w����:�@�@�B ���s�  ikf`b� r jmgsik^`�"j&f~b	acj
uz�^`� b�l_�sjmj"b�l� z�l � G D  j&f�!'  � �`l_b �3z/bc�sjGz|a�^3�`ivykj9d�z|a	ik�m^3f jm�&��fs� r ikjmlC�m^3fsfP�3b4�&^�aca [ bc�Pj9jm�"�`fs� r ix�G^3fPg�lc���&ik^�yZ osa�ghjmf �3z�b	acju^ b	ivfs� r ^3yx^3a	ik^  �d$ytb	j&a	fP^ b	iv�`j;�`whbcik��fPlKbc���"�`f`b	ivfP��oPlKbca	jm^3b r j&f~bC^3a	j Z jmivfP���&��fPlcikgsj&a	jmg lcoP��� ^`l
� ^��m�"ikfsjml=-�i r wsa	� ��ivfs� lc^�fsitb�^ b	iv�`f ^3fPg ykik�~ikfs���&��fPgsitb	iv�`fPl ^�fPg ikf���jml_bcik�`^3bcikfs�9yk�A�6; �&�`l_b=-�wsacjm��jmf`b�^ b	iv�`j r j"bc�P��gPl
lcoP��� ^�l Z jmgsfsj"b�l#^3fBg>a	^�iklcjmg��s�`oPl_jul�% *�ikyx^ r ^ - �3����C E /��B^3a	y ������g9�&���%� = @ ������C '  �\6�sj$�&osaca	j&f~b#l_b	^3bcoPl��z r ^�yk^�acix^
� ^��m�"ikfsjml6��ikyvy Z j(ghix�"oBlclcjmg;ivf9lcjm�"bcik��f �  �  

\6�sjei r wP^��"b���z r ^�yk^�acix^���f>b	�sj dez|acix�&^�fCjm�"�`fs� r [ ixl#ghjm� ^�l_b	^ b	ivfP�  �deyvbc�s�`os���4^ r ^3]8��a�wB^3acb#�3z{bc�Pj$wsa	� Z ykj r
ixl�bc�sj9�"�~l8b>�3z bca	jm^3bcikfs� ikfhz|ju� bcik��fBl -#bc�sj�ghixlcjm^�lcjG^3yxl_� acjul_osyvb	l>ikf�^�yk�`l	l��3z ikfP�&� r jI^`lC^�ghoPytb�l�^�acjIosfP^ Z ykj;b	�
����a #  \6�Pikl�ikf�bcosa	f�z|��a��"jul�^�gh�`yvjulc�&j&f~b	l/b	�I�`��l_ju^3a����sikfs�4z|�`aB���`a$#�bc�9jm^�acf r ��fsj [ ^3fBg ���Pj&f ivfsz|jm� b	jmg7-!bc�Pj
l	^ r j$z�^3bcj Z j&z�^3ykykl�b	�sj r  �\6�sj/fsjm��j&a6jmfPghikfs��� [ �"ykj ��z!ikfhz|jm�"bcik��fG-�b	acju^ b r jmf`b�^3fBg a	jm�"� �`j&a [ gsa	^�ivfPl#bc�Pj/ju�"�`fs� r [
^3fBg �P^ r w j&a�l>^3f [ ^3b_b	j r whb	l>^3b�ju�"��fP� r ik�4acju�"� �`j&a [ % q ^ rKZ ^ - �3�`�ED '  \6�Pj;ikfhz|jm�"bcik��f �3z$���sikykgsacjmf acjul_oPytb�lKikf
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� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku D
[ �`osfs� -�z|j r ^�yvj�^`gh��ykjml	�"jmf`b�l��P^ ��ivfs� bc��b�^E#�j9�m^3a	jI��z$b	�sj����sikykgha	j&f  \6�sikl>a	jmgsoP�"jul�bc�sj9ju^3a	fsivfP���m^3wP^`�"ivb [ �3z
bc�Pj [ �`osfs��^`gh��ykjml	�"jmf`b�l(^�l,��jmyvy�^�lKwsacjm��jmf`b	ivfP�9bc�sjI���sikykgha	j&f z|a	� r ^ bcbcjmfPghikfs��l	���s����y  �d l_bca�^ bcjm� [ b	^3a	��j&bcikfs�
[ �`osfs�I^�gh�`yvjulc�&j&f~b	l$�P^�l Z j&j&f yk^`� #�ivfs� -{jmlcwBju�"ix^3yky [9[ ��osfs�4z|j r ^3ykjml wsa	iv�`a$b	�I�&��fP�&j&whb	iv�`f ^�fPg�ghoPacikfs�;^�fPg�^3z bcjma
wsa	j&�`fP^3fP� [ %�p�a�^ Z ikf �&���%� = @ �3�`�`  '  

q � r j wsa	j&��jmf~bcik��f l_bca�^ bcjm��ikjml4�P^ ��j Z j&jmf ikf~bca	��gsoP�"jug Z ohbG�P^ ��j r j&b ��ivbc� yvi r itb	jmg l_oP�m�"julcl= Q\6�sj r �`l_b
fs��b	^ Z yvj �6^�l�b	�sj ikf~bca	��gsoP� b	iv�`f �3z�ivfBl_ju� bcix�"ixghj ;�b	acju^ bcjug Z jughfsj"b�l  9\6�sj>b	acju^ b	jmg Z jmghfsj&b	lKacjughoP�"jug ivfsz|jm� b	iv�`f �3z
ikfhz�^3f~b	l Z~[ C�� �  �\6�sj r ^3ikf>wsa	� Z ykj r ��itb	�>bc�sixl�^3wPwsac�~^�����iklbc�P^3bbc�sjeikfPlcjm�"bcix�"ixghj���fsy [ yx^�l_b	l#^$z|j=� r �`f~bc�Pl�^�fPg
yk���m^3y��"� r�r osfsivbcikjml/gh�4fP�3b��P^ ��j(jmfs��oP���9}PfB^3fP�&ik^�y!a	jmlc��osa��"jul6bc�;� Z b�^3ikf�fsj=� ivfBl_ju� bcix�"ixghj % q fs�A�S�"�$� � = @ �HGIG � E
�sa	ikjmg r ^3f �&�6� � = @ �3����C '  

def ^�ytb	j&a	fP^ b	iv�`jIl_bca�^ b	j&� [ ixl>b	� b�^3a	��j&b�b	�sj r ^3yx^3a	ik^��&^�aca	ikj&a - � � $"+,�s�*�v�"�4�`� ) �&����� = \6�siklCb [ w jG�3z���ju� bc�`a
�"�`f~bca	��y��B^�l r j&b8��ivbc� yvi r itb	jmg�l_oB�&�"julcl!^�l � = �~�%) �"���`�6�P^�l�ghjm��j&yk��w jmg(acjul_ixl8b�^3fP�&j�^��`^3ikfPl_b�w j&a r j&bc�sa	ikfG- bc�sj r �`l_b
�"� r>r �`f9ivfBl_ju� bcix�"ixghj(oBl_jug�% 3e^�fPlc��f �"�$� � = @ �����ED '  �� ik���syk��a	�E;�ghikws�sjmf [ y ;�b	acix���syk��a	��j"bc�B^3fsj %��/� \�' l_wPa	^ [ ikfs� ��^`l
bc�Pj r j&bc�s�hg �3zB���s�`ik�&j#z|�`a [ jm^�a	l Z ohb�ghoPj�b	�$b	�sj�^��m�"o r osyk^3bcik��f �3zB�/� \ ivf>^3fPi r ^3yxl�itb�l�oPlcj<�6^�l Z ^�fsfsjmgKivf r �`l_b
�"�`osf~bca	ivjul  93�ju�"j&f~b	y [ b	�sj j�� ju� b��3z�w [ a	j"bc�Pac�`ikg ^�fPg �`ac�~^3fs�`ws�s�~l_ws�B^ bcj r i ��bcosa	jml#b	^�ac�`j"bcikfs� � = �`� ) �&�����(wsac� �`jmg
bc� Z jCz|ju^�lci Z yvj4^�fPg r ^ [ Z jCbc�Pj���^ [ z|��a ��^�a	g ikf ��jm�"bc�`aK�"�`f`b	ac�`y�^3�~^3ikfPl8b(w j&a r j"b	�sacikf ; acjul_ixl_b	^3f~b�� = �`� ) �&�����
%�p��`fsfsj"b6�"���%� = @ �3�`�ED '  ��jm�"bc�`a��"�`f`b	ac�`y bc�sa	��oP���/yvi r itb	jmg��"�`f~b	^��"b Z j&b"��jmj&f���o r ^3fPl�^3fPg�wP^�a	^`l_ivbcjulA^3a	j��P^ r w j&a	jmg
Z�[ bc�Pj����m�"osa	a	j&fP�&j ��z�� ^�l_b=-h��o r ixg;bca	��wsix�&^�y�^3a	jm^�l�ikfIdez|acix�&^  

defP�3bc�Pj&a�wsac� Z ykj r ivf4wsacjm��jmf`b	ivfP��bc�sj�lcwsacju^�gC��z r ^3yx^3a	ik^�ixl#bc�sj r iv�`a	^3bcik��fC�3z!wBjm��wsykj Z j"b"��j&jmf4^3a	jm^`l  � ��a	j^3fBg r �`acj�yx^3fPgIixl Z jmivfP�Cj �hwsyk��a	jmgI^3fPgI��w j&fPjmgGoswIz|��a$jm�"�`fs� r ix�&^�y j*�hwsyv�`itb�^ b	iv�`fG^`l r ivfsjul���aez|��ae^3�`acix�"oPytb	osacj� 
\6�sixl��m^3oPlcjml!^3f�ikf��Po2��^3fPg r ik��a�^ b	iv�`f��3z ���`a$#`j&a�l{acjul_oPytb	ivfs�$ivf r ^3yx^3a	ix^ Z jmivfs�/�&^�aca	ivjug bc�efsj=� ^3a	jm^�l Z~[ bca�^ ��jmyvykj&a�l
^3fBg�����a #�j&a�l�% /�aco � � ^�a	�~osjul - �JG � �!'  �\6�sj��Bo2� �3z8���`a$#`j&a�l Z j&b"��jmj&fI^3a	jm^�l r ^E#`jml�itb r ��a	j ghi�� �"osyvb6bc�>�"�`f`b	ac�`ybc�Pj���jm�"bc�`a= 

d lc� r j"b	i r jml6� �`j&a	yv����#�jmgCz�^�� b	��a�ikfGacjul_ixl8b�^3fP�&j ixl6b	�sj��h�&�"oPaca	j&fP�&j��3z�fs��f ;��"� r wsyvix^3fB�"j ��itb	� r ^�yk^�acix^ bca	jm^ b$;
r j&f~b= \6�Pikl�ixl�jmlcw jm�"ix^3yky [ wsa	j&� ^3ykj&f~bB���sj&a	j>yv�`fs��jma/bca	jm^ b r j&f~b�wBjmacik�hgsl�%|oPw b	�9^
��j&j=# '�^3a	j ikf�����yk��jug7 >n�ikf`b	�
�&�/�%� = % �����!C '$lc�s�A��jmg�bc�P^3bK^;lcivfP��ykj�� ����r �Ggh�~l_j��3z6���syv�`ac�h�~osikfsj�ikl�^`l�j �{jm� b	iv�`jC^�l � �`�3r �4z|�`yvyk�A��jmg Z�[ b"���
gs^�ivy [ D� 3��r �9gh�~l_jul(ikf bc�sj4bca	jm^3b r j&f~bK��z6oPfP�"� r wPyvix�&^3bcjmg ��= �u��� ���! d l_ikfs�`yvj4gs�`lcjCbca	jm^3b r j&f~b,��ikyvy�ivfB�"a	jm^�lcj
�"� r wsyvix^3fB�"j/ivfI�"� r wP^�acixlc��f ��ivbc� r osyvbcikwsykj�gs�`lcjebca	jm^3b r j&f~b�l  \6�sj�fsj*�~b�lcjm� b	iv�`f ��ikyvy z|�h�"oBl6��f4gha	os��acjul_ixl_b	^3fB�"j
ikf r ^�yk^�acix^ ^�fPg4bc�sjB�6^ [ z|��a ��^�a	gG 

��	�3��
 ������ 	 ! � !F�"�����6	D��� ��������� ���

\6�sj }Pa�l8b(gha	os�IoPl_jug9z|�`a r ^�yk^�acix^��6^�l��~osikfsivfPj!-G���six�����6^�l/ixl_�`yk^3bcjug�ikf � � �3� z|ac� r bc�sj Z ^�a$#9��z6/�ikfP���sikfP^
bca	j&jul(ikf q �`ohbc� d r j&a	ik�m^  /��syk��a	�h�`oPivfsj ��^`l�}Pa�l8b�l [ f~bc�sjul_i �&jug ivf �/j&a r ^�f [ ^�fPg ivf~b	ac�hghoP�&jmg ^3bKbc�Pj4j&fBg �3z
����a	ykg � ^3a �$�/^`l(^GwB��bcjmf`b�^3f~bci r ^3yx^3a	ik^�y  � b(a	j r ^3ikfsjug�b	�sj4gha	os�G�3ze���s�`ik�&j�z|��a D~�;[ jm^�a	l % q �sj&a r ^3fG- �JGFG ��'  
� �sjmf acjul_ixl8b�^3fP�&jGj r j&a	��jug ^3z bcjma ��fsy [ b	j&f [ jm^3a�l��3z�oPlcj!-�bc�Pj�ghj&�`j&yk��w r jmf`b ��z�gsacos�~l lcoP��� ^�l r j��B���~osikfsj�-
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z(�4qKp�VWP�JH� y �'LON�P'�7�4Zt\[VW�4��p7\W�4{Hu {��s�ERHTUR�VW�UR �Uu m��K�Km+�.rsP��.Z[N�RK�7�4u7q��4u��7�4v�R�\WPFZ�R�VWP�R�Z"{H�s�ER�T6R2VW�UR \[VYR�u�Z[���4Z[Z[�4{Ku	]¢��PFTUT4{!�
Z[N$RH�7�4u�q@�Uu��7�4v�R2\WP!ZsR�VWP�R�Z ���9\WNBR@T4�4���9\WP��»VW�4Z[��� ��{Hp7VWv!P��¢N�\[\W��� � � ������� ��P��-� Z[vH� P!�7p � }K� � ��R�VYR�Z[�4\W{HT4{KqH� � ��T4{�{+�����7VW{�\W{7� N�\W�S�

lcosytz�^`gh���hivfPj ; w [ a	i r j&bc�P^ r ikfsj6^3fPg>^�a_b	j r iklcikf>gsj&a	iv� ^ b	iv�`jml9��j&a	j6ivfsivbcix^ b	jmg7 � �sjmfCacjul_ixl_b	^3fB�"j�bc�(lc� r j��3z bc�sj$fsj �
gha	os�`l$j r j&a	��jug7- itb�l_ik��fB^3ykyvjugIbc�sj Z jm��ikfsfsikfs�4��z r osyvbcixgha	os�E; acjul_ixl_b	^3f~b ��= �"�%�k�"� +P� � �2) % ����fs�~l_a	ik���B^3fP^�yk^�i#�"�$� � = @
�3�`�`� ' = d lelc�~�`fI^`le^�fsj � gha	os� �6^�l�ivf~b	ac�hghoP�&jmg7-Pacjul_ixl8b�^3fP�&j�ghj&�`j&yk��w jmg
��itb	�sivf � � ; �3� [ ju^3a�l��`a�ivf9lc� r j(�&^`l_jul
j&�`j&f;z�^�l_bcjma % *�a	j r l_fPj&a(�"���%� = @ �����!D E \!^ Z ykj �  � '  

\6�sjGj r jmac�`j&fP�&j4�3z r osyvbcixgha	os�E; a	jmlcikl_b	^�f`b�wP^3a�^�lcivbcjml��P^`l>�"� r wsykix�&^ b	jmg bc�sjIb	acju^ b r jmf`bC��z r ^3yx^3a	ik^�%���ik��osa	j
�  D '  /��syk��a	�h�~osivfPj acjul_ixl_b	^3fB�"j ixlKfP�A� �"� r>r ��f ikf q ��ohb	� d r j&a	ix�&^ -�dez|acix�&^ ^3fPg l_�`ohbc�sju^�l_b d$lcix^ % q �sj&a r ^3f
�JGFG � '  q oPytz�^`gh���hivfsj ; w [ a	i r j"b	�P^ r ikfsjGacjul_ixl_b	^3f~bCwP^�a	^`l_ivbcjul>fs�A� �h�m�"osa ikf���^ Z ��f % � ^:��ivyki ; � Z ��o rKZ ^ �&��� � = @�3�`� � ' -s\�^3f,�u^3fsix^.% � ohb�^ Z ikfs����^��&�6� � = @ �3�`� � ' - *�jmf [ ^
%�� �mivyx^��&�6� � = @ �3�`��� ' -��$ikj"b	fP^ r % � ^`l_i r iva	j r Z ��^9�&�6� � = @
�JGFGIG ' -�p�a�^ �mivy(% ��^�l	�"�`fP�"jmyv�~l4�&��� � = @ �3���`� ' - q �`ohbc� d�z|a	ik�m^�% 3��`wBjmaI�&�(�%� = @ �3�`�!C ' b	�sj � ikgsgsyvj �#^�l_b
% � ^3fP� �&��%� = @ �JGFG �E' ^3fBg \6�P^�ivyx^3fBg�% � �`fs�`lcacix���P^�fP^3yx^3ie�&�/�%� = @ �3���~� '  � j��P�h�~osikfsjCacjul_ixl_b	^3fB�"j����m�"osa�l�ikf \6�B^3ikyk^�fPg ^�fPgd�z|a	ix�&^ % ����fP�`lcacix���P^3fB^3yx^3i��&�� � = @ �����`� '  ��$ju�"a	jm^�lcjmg��~osikfsivfPj$l_jmfPlcitb	iv��ivb [ �h�&�&osa�l�ivf q �`ohbc� d r j&a	ik�m^�^3fPgCdez|acix�&^ -
^3acbcjul_oPfP^ b	j�a	jmlcixl8b�^3fP�&j�ikf \6�P^�ivyx^3fPg�^3fBg�gsiv� [ gha	�`^3acbcj r iklcivfPivf�acjul_ixl_b	^3fB�"j>ivf dez|acix�&^ % � �`fs�`lca	ik���P^�fP^3yx^3i��&��� � = @
�3�`�`� '  

\6�sj4�m^3oPlcj ��z$l_osyvz�^�gs����ikfsj ; w [ aci r j"b	�P^ r ikfsj>acjul_ixl8b�^3fP�&j �P^`l Z j&j&f j&ykoP�"ixgs^ b	jmg ^�fPg ixlKghosj4bc��w ��ikf~b r ohb	^E;
bcik��fBl(ikf bc�sjIghik� [ gha	��wsbcj&a	�`^3bcj l [ f`b	�P^�lcj�%��(1$n q ' ^3fPg � 1$�93 jmf,� [�r jml=-�acjul_w jm�"bcik��jmy [ %�\!acik��ykix^ �"�(� � = @ �HGIG � E
��os� ^3fPi [ ^ r ^ �"�>�%�  - �3�`�!C '  ���f �(1 �83 oPw�bc� z|��oPa r ohb�^ bcik��fBl �"�`fhz|j&a a	jmlcixl8b�^3fP�&jI^��`^3ikfPl_bCw [ a	i r j&bc�P^ r ikfsj� 
\6�sjul_j r ohb�^ b	iv�`fPl>ivfB�"ykoPghj9deyx^ � � ��^3y -#d l_f   � ��ykj!-2/ [ l   G dea	� - q jma � � ��d l_f ^3fPg���yvj � � D ��jmoG /�� rKZ ikfP^ b	iv�`fPl��3z
bc�Pjmlcj r ohb�^ b	iv�`fPl��h�&�&osa)��ixghj&y [ ^�l)��j&ykyB^`likf4�"� rKZ ikfP^ b	iv�`f>��itb	� r ohb�^ b	iv�`fPlikf4�(1$n q  ��f4� 1en q b	�sj&a	j$^�acj6}P�`j
#�fs�A��f�a	jmlcixl8b�^3fP�&j �&^�oPlcivfs� r osb	^ b	iv�`fPl ���six�����&��fhz|jma/a	jmlcixl8b�^3fP�&jKb	�Ilcosyvz�^�gh���hikfsj! �\6�sjmlcj�^�acj q jma D C ��d$yk^  n��Pj!-
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L(R���T4P'JH�UJ ��n�VWp7qE�Uu�\[VW{+��p�vF\W�4{Ku�R�u$�SVWP!Z[�4Zt\YRHu7v!P"�4u¡�ER�TUR�VW�UR����%{H\WPw\WN�P?Z[N�{HV[\�\W�U��PFZ���PF\��OP!P!u \WN�P���VWZt\��4u+\[VW{+��p�vF\W�4{Hu¡{��
\WN�P���VWp�q"RHu$�»P!��PFVWqHP!u�v!P�{H�<VWP!Z[�4Zt\YRHu7v!PK������R��7\WP��E��VW{K� � {Ku7qKZtVW�4v�N�RHu�RHTURH����
�`K_U� ��mH�K�Km+�

���������
	��	�����	���������� ������������������� � ���!��"���$#%�&�������'����!���!(�)	����$�

� osikfsivfPj � � C`� �JG�� �
/��syk��a	�h�~osivfPj �HG D~  �JG   �n�a	���`oP^3fPivy �HG D � �JG D Gq osyvz�^�gh���hikfsj ; w [ a	i r j&bc�P^ r ivfsj �HG � � �JG � �
� j��P�h�~osikfsj �HG � � �JG � �d�bc� � ^��~os�`fsj �HGIG � �JGFG �

z(�4qHp7VWP"JK� x �OLON7P�{�v!v!p7V[VWPFu�v!P�{��¢��VWp7qH��VWP!Z[�4Zt\YRHu�\�^s��g!`H_4iFe j�`HkYf�b ������RH��\WP�����VW{K� � {Ku�qHZtVW�4v�N�RHu$R�TURH����
O`K_U� �Gm��K�Km+�

deyx^ D C � �/y [ -9� [ l  ED`� �/ykoG-deyx^   � � �/y [ ^3fPg deyx^ � � C q j&a� \6�sa  ��ew bc� z|��osa r osb	^ b	iv�`fPl �P^ ��j Z j&jmf � Z l_jmac�`jmg ikf
��fPj ��j&fP�3b [ wBj ^�fPg bc�Pjmlcj �&^3f �&� r Z ivfPj ��itb	� osw bc��z|�`osa r ohb	^3bcik��fPl9ikf bc�Pj �(1 �93 ��jmfsj! \6�sikl r ^E#�jul
lcosytz�^`gh���hivfPj ; w [ a	i r j&bc�P^ r ikfsj4bca	jm^ b r j&f~bC�~ikacbcoP^�yvy [ oPlcj&ykjml	l>ivf acjul_ixl_b	^3f~b>��jmfs�3b [ w jml.% ����fs�~l_a	ix���P^3fP^�yk^�i��&� � � = @
�3�`�`� '  

\!acik��ykik^��"��%� = % �HGIG D 'Ajul8b�^ Z ykiklc�sjug(b	�P^ b��jmfsj6^ r wsykit}B�m^ b	iv�`f0�6^�l�fs��b�a	jmlcw ��fPlci Z yvj�z|��alcosytz�^`gh���hivfPj�a	jmlcikl_b	^�fP�"j� 
3�ju�"j&f~b	y [ �eika r ^3yx^3f �&���%� = % �3���!D ' lc�s�A��jugeb	�P^ bAb	�sj#^�f`b	itz|�`yk^3bcj�gha	os��b	^�ac�`j"b�ghik� [ ghac��z|��yx^ b	j�a	jmgsoP� b�^�lcj ; bc� [�r ixghikyk^3bcj
l [ f~b	�P^�lcj %�� 1$�936;�\ q '$j �hwsa	jml	l_ik��fGixleoswPacjm��osyx^ b	jmgGikf�wP^3a�^�lcivbcjml����sj&f�wPohb/oPfPghj&a/l_jmyvju� b	iv�`j(wsa	jml	l_osa	j Z�[ ���P^3y ;
ykj&fs�`ivfs� bc�sj�\ q wB�`a_b	iv�`f9�3z�� 1$�936;�\ q ��itb	� �Pos�`ac�!; lco Z l_bcivbcosbcjmg Z ^�lcjml= ed z�^��"bc�`a����six���9wsa	j&��jmf~b	l$^�f~bcivz|��yx^ bcjul
z|a	� r Z jmivfP�;^4gsj&w j&fPgs^ Z ykjKb	acju^ b r jmf`b -{ikl$bc�sj��h�&�&osaca	j&fB�"j(��zz|��yx^ bcj�lc^�yv� ^���jK^�fPgGbca�^3fBl_w ��acbez|a	� r bc�sj��s�~l8b Z~[
bc�Pj �3= �"� �v�&� +s�3� �2) wP^3a�^�lcivbcj! � ^3fs� �&�(�%� = % �����!D '�lc�s�A��jug bc�P^3b �3= �"� �v�&� +s�3� �2) wP^3a�^�lcivbcjml��B^ ��j>bc�Pj;^ Z ivykitb [
bc� lc^�yv� ^3�`jCwsa	j ; z|��a r jug z|��yx^ bcj z|ac� r b	�sj �s�~l8bK�`a(z|a	� r ��a	�A�6bc� r jmghiko r  �\6�sixl(a	jmghoB�"jml(bc�sj4j �{jm� b	iv�`j&fsjulclK�3z

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku �

^3f [ ^�f~bcivz|��yx^ bcjCgha	os��^`l/bc�sj>z|�`yk^3bcjCwP^3bc����^ [ ixl(�&iva��"o r ��jmf`b	jmg7 d$f ikghju^3y#^�f~bcivz|��yx^ bcjCgha	os�.����osyxg Z yv�h� #���ivb	^�y
z|��yx^ b	j ; r j"b	^ Z �`yvi �&ikfs��j&f,� [�r jule^�l2��j&yky�^�l Z yv�h� #Cb	�sj�bca�^3fPlcw ��acb���z!z|�`yk^3bcj Z�[ bc�sj�wB^3a�^�lcitb	j! 

\6�sj���ixghje�h�m�"osa	acjmfP�"j6��z{a	jmlcixl8b�^3fP�&je^3�`^�ivfBl8bb	�sj$�"yx^�l	lcik��z|�`yk^3bcj r j"b�^ Z ��ykikl r b	^3a	��j&b	l�lcwsosa	a	jmg�ivf��`jml_bcik�`^ b	iv�`fPl
ikf`b	� ^�ytb	j&a	fP^ b	iv�`j r ^3yx^3a	ik^Gb�^3a	��j&b	l= �\6�sjIosytb	i r ^3bcj;lc��ykohb	iv�`f bc��bc�sj r ^3yx^3a	ik^GwP^�fPghj r ix������oPykg Z j;bc�sjGghj&�`j&y ;
��w r jmf~b(�3ze^G� ^��&�&ivfPj! G\6�siklK^3wswsa	�`^`��� ixl Z j&ikfs�9�P^ r wBjmacjug Z~[ bc�sj4yk^`� #��3z6ikf`b	j&a	jml_b�z|ac� r ikfPghoPl_bca [ ^3fPg bc�Pj
yx^�� #>�3z!lcoswsw ��acb�z|��a�fs��f ; ��osa	��w jm^�f4^ �Cykik^3bcjug4�"�`osf~bca	ivjul  )/�osa	acjmf~b r ^3yx^3a	ik^(� ^`�&�&ivfsj b	^�ac�`j"b�l#ikfP�"ykoPghj r j&a	� �m��ivbcj
lcosa_z�^`�"j�wsa	�3b	j&ikf � ^3fPg C ^3fPg>�`yvohb�^ r ikfsj ; acix����wsac��bcjmivf4% *�ivyx^ r ^ - �3�`�!C '  9F a	�`^�fsikl r l�bc�P^3b#j&ykix�"ivb�i r�r osfsivb [ ^3z bcjma
^Klcikfs��ykj$ikfhz|jm�"bcik��f4^�acj ikgsjm^3yBz|��a�� ^��&�&ivfPj ghjm��j&yk��w r jmf~b= �efhz|�`a_b	osfP^3bcj&y [ -~ikf bc�Pj/�m^�lcje�3z r ^3yx^3a	ix^ -�wB^3acbcix^3y i r>r o ;
fsivb [ ��fPy [ ghjm��jmyv�`wPl�^ z bcjma�l_jm��j&a�^3y [ ju^3a�l$��z�j*��w �`lcosa	j! K\6�Pikl��P^`l Z jmj&f ^�l	�"a	i Z jmg�bc�9^3f~bcik��jmfsix�(w ��y [~r �`acws�Pikl r -
^3f~b	iv�`j&fsix�6l+��ivb	���sikfs�(^�fPgKw ����a#^�f~bcik��j&f�i r�r osfs�`��j&fPik�&itb [  �n���y [�r �`acwP�sikl r l�ivf �3= �"�%�v�&� +s�3� �2)-���m�"osa�bc�sa	��os�`��^3b
ykjm^�l_b$b	�sa	j&j r ju���P^3fsixl r l=- fP^ r j&y [ ivfBl_jma_b	iv�`fPl�3ghj&ykj"b	iv�`fPl���z�acjmwBju^ bcikfs�;osfsivb	l=- w ��ikf~b r ohb	^3bcik��fPl/^3fPg�ivf~bca�^3�`j&fsix�
a	jm�"� rKZ ikfP^3bcik��fG ��f � q n); � wB�`y [�r ��a	ws�sixl r l#�P^ ��j Z j&jmf;^ bcbca	i Z ohbcjug>bc�Kbc�sj ivfPlcj&acbcik��f4�3z�ghi � jmacjmf~b�f�o rKZ j&a�l���z�^
G Z wGb�^3fPghj r a	j&w jm^3beivf~bc� ^>a	j&�`iv�`f
#�fs�A��f9^`lep�yv�h� # � ikfGbc�sjK��j&fPj! #\6�sjKivfPlcj&acbcik��fG��z!b	�sjmlcj�acjmwBju^ b�le�"�`oswsykjmg
��ivbc� ikf~bca�^3��jmfsix�6acju�"� r Z ikfP^ b	iv�`f jmfP^ Z ykjml�bc�sj$wP^3a�^�lcitb	j6bc�K�&��f~bcikf�oP^3yky [ ���P^�fs��j6b	�sj$^�f`b	iv�`j&fsix�6j&wPitb	��w jml�^3fPg�b	�~oBl
j&� ^`ghj(b	�sj>�s�`l_b � l$i r>r osfPj�l [ l8b	j r % q ^!#�iv�P^ r ^ �&� �%� = @ �3�`�ED E �Pj&a	acjmiva�^��&� �%� = @ �3�`�!C '  �/�~�hg�% �3�`�`  '$l_oP����jul8b	jmg
bc�B^ b�^ r ^3yx^3a	ik^�� ^��m�"ikfsj lc�s�`osykg>ikfP�&��a	wB�`a	^3bcj r osytb	ivwPyvj/^3f~bcik��jmfPlb	�Kj&ykix�"ivb�^ r ^%�hi r ^3y acjul_w ��fPlcj! �def;^3yvbcj&a	fP^3bcik��j
^3wPwsac�~^����(ixl�oPlcivfP�(���s�`yvj6�`ac�~^3fsixl r l�bc��j&ykik�&itb�^�f i r>r osfsj6a	jmlcwB�`fPlcj % �/�~�hg7- �3���~  '  8F fsj r ^3yx^3a	ik^�y`� ^��m�"ikfsj6oPlcjmg
r j&a	� �m��ivbcj>l_osacz�^��&j wPac��bcj&ikf � ^�fPg � % � q n5; � ^3fPg � q n5; � '/^`l�^3f~bcik��jmfPl>% �/j&f~b	��f �"� � � = @ �3�`�`� ' Z osb/b	�sixlB��^`li r wPac� �`jmg Z�[ ivfB�"ykoPghikfs� a	ikfs�E; ivfsz|jm� b	jmgCjma [ b	�sac�h� [ b	j lcosacz�^��"j/^3f~bcik��jmf�% 3 � q d(' - � q n5; � ^3fPg � q n5; � % �/j&f~bc�`f��&�
�%� = @ �3�`�!C '  !\6�Pj l_bcoPghikjml�lc�s�A��jug>^3fCikfP�"a	jm^`l_jeikfCb	�sj$��o r ��a�^3yPacjul_w ��fPlcj$^��`^3ikfPl_bbc�sj$bc�sa	j&j/^3f~bcik��jmfPl�^�fPg lc�s�A�el
wsa	� r ixl_j�^�l�^�w �3b	j&f~bcix^3yA� ^��m�"ikfsj�^3�~^3ikfPl8b r ^3yx^3a	ix^  

d-a	jm�"jmf~bcy [ wsa	��w �`lcjmg�ghacoP�E; b	^3a	��j&b�ikl�b	�sjC�sj*���~l_j�b	a	^�fPl_w ��acbcjma��3z �3= �"� �v�"� +P� � �2) = \6�sj ikf~bca�^3jma [ bc�Pac�h� [ b	ik�
l_b	^3�`jml���z ��= �"�%�v�&� +P� � �2) ^3a	je�"� r wsyvj&bcjmy [ ghj&w j&fPgsj&f~b#��fC^��`yvoP�&�`lcjel_oPwswsy [ z|a	� r b	�sje�s�~l8b)���Pik���Cixl�b	^!#�jmf�oPw Z~[
^>z�^`�"ikyvivb	^3bcik��j��sj*���~l_j�b	a	^�fPlcwB�`a_b	j&a  �\6�sj Z yv�h� #�ikfs�C�3zb	�siklebca�^3fPlcw ��acbcj&a Z�[ yv�`fs�E;����P^�ivf���; C ; �sj*���~l_j�ghjmacik� ^ bcik��jul
ikf �"osyvbcosa	jmg r jmgsivo r -�a	jmlcosyvbcjmg ikf�bc�sj ghjm^3bc���3z �3= �"� �v�"� +P� � �2) wB^3a�^�lcitb	jml= \6�sjmlcj9yk��fs�!; ���P^�ivf���; C ; �sj �h�~l_j
ghjmacik� ^ bcik��jul$a	j&wPacjul_jmf`b�^;wB��bcj&f~b	ik^�yfsj � Z ac�~^�g�lcw jm� b	aco r gha	os�I^��`^�ivfPl_b/gsi �{j&a	j&f~b � �v� �") $	� ���2)W� ++ = % ���

ë
b4�"�

�%�  - �3�`�ED ' = � itb�^ r osa	^(�&���%� = % �3�`�!C 'PwPacjul_jmf`b	jmg bc�Pj#ykivwsixg r j"b�^ Z ��ykikl r ��z �3= �"� �v�"� +P� � �2) ^`l�^�w �3b	j&f~bcix^3y3fPj � gha	os�
b	^�ac�`j"b  ��^3a	ik��oPl^�wswsa	�`^����Pjml!�P^ ��j6fs�A� ��j&a	iv}PjmgKbc�sj�j*�hikl_bcjmfP�"j6�3zAlcj&��jma	^�y ��� � $ ��$�ykikwsikg>l [ f`b	�sjmlcixl_ikfs��wP^ b	����^ [ l
%|�`y [ �&j&a	��ws�s�~l_wP�s��ykivwPikgsl=-�z�^ bcb [ ^`�"ixgsle^�fPgGiklc��wPacjmfs��ixgsl '�^�fPgIbc�Pj&ika l_bcoPg [ lc�s��osyxgIwsa	jmlcj&f~b$^>z|j � fsj=� b	^3a	��j&b	l6ikf
bc�Pj�}P���~b$^3�~^3ikfPl_b r ^�yk^�acix^
% ���

ë
b �&�6� � = @ �3�`�!C '  F fsj��3z�bc�sj r �~l8bew �3b	j&f~b$^3f~bci r ^3yx^3a	ik^�ykl�ixledeacbcj r iklcivfPivf.���six���

b	^�ac�`j"b�lKb	�sj9lc^�a	�&�  j&fPgh�`wsyx^�l r ix�>a	j"bcix�"oPyvo r /�^ 2+ ; d\6n^�lcjI�3z ��= �"� �v�&� +s�3� �2) = � j&a	ik� ^3bcik��jul ��z/d$a_b	j r iklcikfsivfBl
�"�`osyxg wPac� ��ixghjC^GwB��bcj&f~bKfPj �-^3f~bci r ^3yx^3a	ik^�y�% �#� #hl_bcj&ikf ; ��oPg ��iv� �&��� � = @ �����!C '  ��^�ikg [ ^ % �����!D ' �sik���sykiv�`�~b	l/bc�Pj
��itb�^3y�i r w ��acb	^�fP�"j;�3z�bc�Pj r itb	�h���s��fPgsacix^3y6^3fPg wsyk^`l8b	ikg ��j&fP� r jmlKivf b	�sj r j&b	^ Z �`yvixl r ��z �3= �"� �v�&� +s�3� �2) = \6�sj
r itb	�h���s��fPgsacik��f�^�fPg9b	�sj>wsyx^�l_bcixg�^3a	jK��ivb	^�y!b	�4b	�sj�wP^3a�^�lcitb	j ^`l$b	�sj&ika�ivf~b	j&a	acoswsbcik��f4�6^�l/l_�P�A��f�bc� Z jKz�^3b	^3y�z|�`a
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bc�PjewP^3a�^�lcivbcj! �p [ l_bcoPg [ ikfs��b	�sjewsa	�h�"julclcjml�a	j&�`osyk^3bcjug Z�[ bc�sje�`j&fsjul�3z{b	�sj r itb	�h���s�hghacik��fC^�fPg>wsyx^�l_bcixg>��j&fP� r jml=-
fsj=� gha	os��b	^�ac�`j"b�l��&��osyxgI^3yxl_� Z j�ikghjmf~bciv}Pjmg % ��^�ikg [ ^ - �����!D '  

\6�sj�fsj ��b9l_ju� b	iv�`f ��ikyvy�z|�h�"oBl;�`f z|�`yk^3bcj r j&b	^ Z �`yvixl r ^�fPg bc�sj ^3f~bcivz|��yx^ b	jmlG^�l
��j&yky�^`l;bc�sjmivaIb	^�ac�`j"b�l4ikf
�3= �"� �v�"� +P� � �2) =

����3�����$�����"	 !

���
	������ ��� �	���� �
� �)	� � ��!)�

��^3a	ik��oPlAwPac�h�"julclcjml{ikf�b	�sj��&j&yky�a	jm�~osikacj�ghi �{j&a	j&f~b��&�E; z�^�� b	��a�l  F fPj��3z�bc�Pj r �`l_b�i r w ��acb	^�f~b!�"�!;�z�^`� bc�`a	l{ixlAz|�`yk^3bcj� 
�s�`yk^3bcj/^3fPgCivb	l6ghjmacik� ^ b	iv�`jml�w j&acz|��a r � ^3a	iv�`oPlz|osfB� bcik��fBl#ikf b	�sj �&j&yky �@% � '�ivb�gs��fP^3bcjml�^ r j&bc� [ yB�`ac�`osw4ghosa	ikfs��bc�Pj
�"�`f���j&a�lciv�`f���z��s� r �h� [ l_bcjmivfPjebc� r j"bc�Piv�`fsivfPj!-G% � '�^`�&�"jmwhb	l6^ r j&bc� [ yB�`ac�`osw4ghoPacikfs�(b	�sj��"��f��`j&a�l_ik��f>�3z�l_jmacikfsjeb	�
��y [ �"ikfsj!-7% C '�gh��fP^3bcjul�^ r j&bc� [ yvjmfsj/��a	��oswCb	��^`lclcixl8b�ivfIl [ f~bc�sjul_ixl��3z�b	� [�r ixghivyx^ b	j!-7% D '#bcj"b	a	^�� [ gsac��z|��yx^ bcje^`�&�&j&whb�l
^>z|�`a r i r ikfs�;��a	��osw9ghosa	ikfs�Cbc�PjKwsa	�hghoP� b	iv�`f��3z�`yvohb�^ r ix�K^��&ikgIz|a	� r z|�`a r i r ikfs�`��ykohb	^ r ix��^��&ikgG-8%   'egs��fP^3bcjml ^
r j"b	� [ y��`ac�`osw gsosacikfs�Ibc�Pj l [ f~bc�sjul_ixl��3z�w [ a	i r ixghikfsjml�^�fPg % ��'��m^3f���jmfsj&a�^ b	jKz|�`a r ^ b	j&% �/iky r ^3f �&�/� � = @ �3�`� � '  
�/�$d acjmwsykik�m^ bcik��f;^3yxl_��ghj r ^3fBgsl�w [ a	i r ixghikfsjml�^3fPg4wsosa	ivfPjml= ��P��yx^ b	j r j"b�^ Z ��ykikl r �&^�f wsa	� ��ikghj$bc�sj/w [ aci r ikghikfsjul
fsjmjmghjug4z|�`a�acjmwsykik�m^ bcik��f  

\6�sj���o r ^�f��s�`l_b��&^�fsfs�3b!wsac�hghoB�"jz|�`yk^3bcj�^3fBg/bc��oPl�ivb!ixl�^6��ivb	^�y�ikfs��a	jmghikj&f~b�ikf���o r ^3f(ghikj"b�l  ��s�`a�bc�Pj�wP^3a�^�lcivbcj
bc�Glcosac��ik��j>^3fPg�acjmwsa	��gsoP�"j�itb�fsjmjmgsl z|�`yk^3bcj! ��s�`yk^3bcj�wsacju�"osa�lc��a�l$^3a	j�wsac�hghoB�"jmg�ivf bc�Pj�wB^3a�^�lcitb	j Z�[ �"� rKZ ikfsikfs�
��oB^3fsikfsjb	acikws�s�~l_ws�B^ bcj(% ��\6n<' -*+��|^ r ikfs� Z j&f,�m��ix��^��&ikg�^�fPg��`yvohb�^ r ^ b	j�%���ik��osa	j �    '  !� ik� [ gha	��wsbcj&a	�`^3bcj�l [ f`b	�P^�lcj
%�� 1en q '(ixl ivf����`yv�`jmg ivf wsac�hghoB�"ikfs� ��- �A;�ghik� [ gsac�`whbcjmac�~^ bcj�-G���six��� ivf b	osa	f ikl �"�`f~�`j&acbcjug�b	��ghik� [ gsac��z|��yx^ bcjC��ix^
ghik� [ gsac��z|��yx^ bcjCl [ f`b	�P^�lcj4%�� 1$� q '  �� ik� [ gha	�3z|�`yk^3bcjCixl(a	jmghoB�"jmg b	�9bcj&bca�^3� [ ghac��z|��ykik��^��&ikg ��ix^Ibc�sj;ghiv� [ gha	�3z|�`yk^3bcj
a	jmghoP�"b	^`l_j %�� 1$�93�'!j&f,� [�r j� �\!j"b	a	^�� [ gsac��z|��ykik��^`�"ixg�ixl�b	�sj&f r j"bc� [ yx^ bcjug Z�[ l_jmacikfsj�� [ gsac��� [�r j"bc� [ y3b	a	^�fPl_z|j&a�^�lcj! 
\6�sj�a	jmlcosytb	ivfP� r j"b	� [ yvbcj&bca�^3� [ gha	�3z|��yx^ b	j$ixl6oPlcjmg4^`l6^ r j&bc� [ y�gh��fs�`a6ivf;bc�sj �`��� $ ��$>l [ f~bc�sjul_ixl��3z!w [ a	i r ixghivfPjml= 
� j&bc� [ ytb	j"bca�^3� [ gha	�3z|�`yk^3bcj�b	a	^�fPl8z|jma	l�ivb	l r j"bc� [ y{��a	��osw bc�>ghj&��� [ osa�^��"iky r �`fs��ws�P�`lcws�P^ b	jeb	�Kz|�`a r ghjm��� [ b	� [~r ikfsj
r ��fs�`ws�s�~l_ws�B^ bcj/��ik^ b	� [�r ixg [ yk^3bcj(l [ f~b	�P^�lcj %�\ q 'B% �/ivy r ^3f �"�6�%� = @ ����� � '  

��f bc�sj � �v� � )�$	� ���2)-l_w jm�&ivjul�(1$n q ixl^ Z itz|osfB� bcik��fB^3yhj&f � [�r j�b	���`j"bc�Pj&a9��itb	�>� [ gha	��� [�r j&bc� [ ykgsiv� [ gha	��whb	j&a	i ;
ghikfsj4w [ a	��ws�s�~l_wP�s�!#�ikfP^�lcj&%|n�n�n<* ' -�bc�Pj;jmf,� [�r j ���six��� wsa	�hghoP�&jml�b	�sj;lco Z l_bca�^ b	j z|�`a � 1en q %�\!acik��ykix^ �"�(� � = @
�JGFG D '  e� 1$�93 ^3fBg�\ q ^3a	j(^3yxlc� yvikf #`jmg9ikf�^ Z ivz|osfP�"bcik��fP^�y!jmf,� [�r jK�&� r wsykj ��%?��fPlcj&y Z osa	� �&�e�%� = @ �JG ���'6^`l���j&yky
^�l�� 1$� q ^�fPg b	j"b	a	^�� [ gha	�3z|�`y [ ykwB�`y [ �`yvohb�^ r ^ b	j l [ f`b	�P^�lcj>%���n'� q 'B% q ^3yx�"jugh���"���%� = @ ����� � '  

d$l�z|��yx^ bcjKikle^ �~ivb	^�y�ikfs��a	jmghikj&f~b�z|�`a$l_oPac��ik� ^�y - ^Cl_��ohb�gh�A��fG�3z�bc�Pj(wP^ b	����^ [ ����oPykgIykjm^�gIb	�CwP^3a�^�lcivbcj(ghju^ bc�  
��^3a	ik��oPl�gha	os�`lKb	^�ac�`j"bKb	�sj;z|��yx^ bcjIwP^3bc����^ [ ^3fBg bc�Pjmlcj
��ikyvy Z j9ghikl	�"oBlclcjmg ikf bc�sjIfsj ��bCl_ju� b	iv�`fG �F fsj4��zebc�Pj
wsa	� Z ykj r l
��itb	� b�^3a	��j"b	ivfP� bc�sj z|��yx^ b	j r j"b�^ Z ��ykikl r ivf �3= �"� �v�&� +s�3� �2) ixl4b	�sj�j*�hikl_bcjmfP�"j��3zK^ z|��yx^ bcj�lc^�yv� ^���j
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z(�4qKp�VWP»JH� � �sz�{KTUR2\WP ��PF\YR���{KT4�4Z[���Uu ^���gF`K_4iFe j�`HkYf+bE��L�PF8+\��4uSVWP��S�4u��7�4v�R�\WPFZ�v!p�V[VWP!u�\WT4�+��p�Z[P!�S��VWp7qKZ%RHu$��\WN7P!�9V%\YR2VWqKPF\WZ��Uu
�ERHTUR2VW�6R+� ��{Kp�VWv!P���N�\[\W� � ��� Z[�9\WP!Z!� N�p��t��� RHvK� �4T � �ER�T6R2VW�UR��

wP^3bc����^ [  !\6�sixl�wP^ b	� �6^ [ �m^3fCi r w ��acb#z|�`yk^3bcj�z|a	� r bc�Pj r jmghiko r ^3a	��oPfPg�itb�%|ikfCbc�sj �&^�lcje��z ��= �"� �v�"� +P� � �2)A@Pz|a	� r
bc�Pj�j&a [ b	�sa	��� [ bcj '�^�fPg b	��oPl -sbc�C^>�"j&acb	^�ivfIj ��b	j&f~b=-P�&iva��"o r ��jmf~b�b	�sj�j �{jm�"be�3z^3f~bci ;�z|�`yk^3bcjul % ��^�fs���&���%� = @ �����!D '  

���
	���� � � ���)��� � �	 �)� !

def~b	itz|�`yk^3bcjmlAb	^3a	��j&b��"jma_b�^3ikf jmf,� [�r jml�ivf/bc�Pjz|��yx^ b	j�wP^ b	����^ [ ��ivbc��b	�sj�ikf~bcj&f~b	iv�`f/��z~ikf~bcjmaca	oswhb	ivfs�6b	�sj�wP^3bc���6^ [
^3fBg wPacjm��j&f~b	ivfs�Gb	�sj>z|��a r ^ b	iv�`f���z��~ivb	^�y#�"� r wB�`osfPgsl= .F ykyvix^3a	� % ����� � ' �P^�l(gsiv��ixghjmg�b	�sj4^3f~b	itz|�`yk^3bcjml�ikf~bc�9b"���
��a	��oPwPl -6\ [ w j ; � ^3fPg�\ [ wBj ; �  \ [ w j ; � ^3f~bcivz|��yx^ b	jml>ikfP�"ykoPghj�lcosyvz|��fsj�^�fPg�l_oPytz|�`fP^ r ixghj�gha	os�`l>���six��� r i r ix�
+��|^ r ivfs� Z jmf,�&�`ik��^��&ikg7 �\6�sjul_j�ghacoP�`l r ^3ikfsy [ b�^3a	��j"b!bc�sj�� 1en q j&f � [�r j�^�fPg(ikfP�"ykoPghj6gha	os�`l�lcoP���K^`l�lcosyvz�^�gh���hikfsj
^3fBg�gs^�wPl_�`fsj! (\ [ wBj ; � ^3f~b	itz|�`yk^3bcjml ikfs�si Z itb�b	�sjC�(1 �83Qj&f � [�r j�^�fPg�ikfP�&yvoPgsj�gha	os�~l/lcoP����^�l w [ a	i r j&bc�P^ r ikfsj�-
�~osikfP^ �m��ykivfsjul6^3fPg4bca	ik^ �&ikfsj r j&b	^ Z �`yvivbcjulB% F ykyvix^3a	� ����� � '  �\6�sj�l_bca	oP� b	osacjul��3z�b	�sj r �`l_b@��ikghjmy [ oPl_jug;^�f~bcivz|��yx^ bcjul
^3a	j�l_�P�A��f4ikfG��ik��osa	j �  �  

\ [ w j ; � gha	os�`l Z yv�h� #(b	�sj$l [ f`b	�sjmlcixl�3z ��- �A;�ghik� [ gha	��wsbcj&a	�`^3bcj�- ^���ivb	^�yPwsa	jm�&osa	lc��a�ikf ���/� $ �%$/z|��yx^ b	jel [ f~bc�sjul_ixl=-
Z�[Kr i r ix� #�ivfP� +��|^ r ikfs� Z j&f,�m��ix��^��&ikg7-`^�l_o Z l8b	a	^3bcj6�3zA�(1$n q  ~\ [ w j ; � gsacos�~lwsa	j&�`j&f~b�bc�sj�a	jmghoB� bcik��f>��z 1

2
z|��yx^ b	j

bc�.1
4
z|��yx^ b	j Z�[ � 1$�93-^3fPg�bc��oPl�wsa	j&�`j&f~b$b	�sj>acju� [ �"ykikfs�;��z#��itb�^3y�z|��yx^ b	jCghj&a	iv� ^3bcik��jml= q osyvz�^�gs����ikfsj�-{bc�sj r �`l_b

��ixghj&y [ oPlcjmgG^3f~b	itz|�`yk^3bcj/b [ wBj ; � gha	os� -hixl�oPlcoP^3yky [ ��ik��j&fIikfG�&� r Z ivfB^ bcik��f
��itb	�Gw [ a	i r j&bc�P^ r ikfsj %�^ b [ w j ; � gsacos��'
^3fBgGikl/�"� r�r jma	�&ik^�yvy [ #�fs�A��f�^`l$�P^�fPlcikgs^�a,% *�^`l_j=# ^3a	f �&�$�%� = @ �3�`�ED '  (F fsj(��z�b	�sj gsa	^:� Z ^`� #hl��3z�bc�Pj lcosytz�^`gh����;
ikfsj  w [ a	i r j&bc�P^ r ikfsj/�"� r Z ikfP^ b	iv�`f4ixl#b	�sj/a	^�wsikg4j r j&a	��jmfP�"j �3z�acjul_ixl8b�^3fP�&jeb	� Z �3b	�;�"� r wB�`osfPgsl= d$l r j&f~bcik��fPjmg
ikf l_ju� bcik��f �  � a	jmlcixl8b�^3fP�&j>bc��lcosyvz�^�gh���hikfsj ^3fPg w [ a	i r j"b	�P^ r ikfsjCixlKghosj4bc� r ohb	^3bcik��fPlKivf � 1en q ^3fPg � 1$�93B-
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z(�4qKp�VWP JK� ¦ � LON7P���{HZt\����U�7P!T9�Ep�Z[P!�»R�u�\W�4��{KTUR�\WPFZs�4uE\WN�P�\[VWP�R�\W��PFu+\ORHu��»��VWP!/ P!u�\W�4{Ku�{��(�ERHTUR2VW�6R»�� wRHZ[P!�HR�VWu ��
 `K_U� �$mH�H�Hx����

a	jmlcwBju� bcik��jmy [  \6�sj�fsj ��b�b"����lcjm�"bcik��fPl6��ikyvy{z|�h�&oPl���f4bc�sj��`j&fsjma	^�yAl8b	acoP�"bcosa	jml=-s���P^�a	^`� bcjmacixl_bcix�&l#^�fPg r jm���P^�fsikl r l
�3z^��"bcik��fI�3z�n�n�n *-^3fBg;� 1en q  

�������
 � ������� �����
	�� �����"	 !�� �$� ����! 	�� 

	D����

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

\6�sj nz��(1$n q l_ju�~osj&fP�&j(�6^�l�wso Z yvixl_�Pjmg ikf �HGIG D %�\!acik��ykix^;�&���%� = @ �JGFG D '#^3fPg acjm��jm^�yvjug>bc�B^ b6itb6��^`l�^ Z ivz|osfP� ;
bcik��fB^3y�j&f,� [�r j�b	����j&bc�sjma(��ivbc��n�n�n<*> �\6�sj>nz|n�n�n<* ; � 1en q jmf,� [�r jC�"� r wPyvj*���"��fBl_ixl8b�l/�3z�� � �4^ r ivfs�G^��&ikgPl
��ivbc� b	�sj/n�n�n *,j&f,� [~r j % C � �K^ r ikfs��^��"ixgsl '�h�&�&osa	acikfs�(}Ba	l_b�ikf b	�sj/lcjm�~osjmfP�"j$z|��ykyv�A��jmg Z�[ b	�sj/� 1en q jmf,� [�r j
% C~� � ^ r ivfs�I^��&ikgsl '  /\�a	ik��ykik^��&�$�%� = % �JGFG D '6yv�h�m^3yki �mjmg9nz|n#n�n * ;��(1$n q bc�;^4l_ikfs��ykj �&��w [ ��f����sa	� r �~l_� r j��4�3z
bc�Pj �3= �"�%�k�"� +P� � �2) ��jmfs� r j� Cnz��(1$n q ^�yklc�9�"��f~b�^3ikfPl�^3f ivf~b	ac�`f ikf�bc�sj4lcjm�~osjmfP�"j&% � �3��Z w�ivf ykj&fs��bc� ' - ���six���
�"�`f~b	^3ikfPl��"��fBl_jmac�`jmg r ^3yx^3a	ik^�yPl_wPyvix�"j/^��&�&j&whb	��a#^�fPg gh�`fs��a�l_ivbcjul  �n�n�n<* ; � 1en q j �hwsa	jml	lciv�`f>^�wsw jm^3a�lb	�(�P^�wswBjmf
bc�Pac�`os���s�`ohb�bc�sj�ykitz|j�� [ �&yvj��3z!bc�sj�wP^�a	^`l_ivbcj Z ohbew jm^!#�l6ghoPacikfs� bc�sj/bca	��wP�s� �m��ivbcj�l8b�^3��j� �sa	� r i r�r osfs� Z yv��b	l�bc�Pj
lci �mj��3znz|n�n�n<* ; � 1en q ^3wPwBju^3a�l�bc� Z j � �!#h� ^.% b	�sj lci �&j(ghjughoP�"jugIz|ac� r b	�sjK^ r ikfs�4^`�"ixgIlcjm�~osjmfP�"j�ixl � C #h�/^�'
Z ohb fP^ b	iv�`j/jmf,� [�r j(ixl_�`yk^3bcik��fIwB�`ivf~b�l6bc� ^Clci �mj Z j&b"��jmj&f �JG � ; �� �� #h� ^ -sikfPghix�&^ b	ivfP�>bc�P^3benz|n�n�n * ;�� 1en q r ^ [
�h�&�&osae^�l�^ r oPytb	i r j&a	ix� jmf,� [�r j�%�\!a	iv�`yvix^9�"�6�%� = @ �JGFG D '  

� 1en q ^`lclco r jmlebc�sj�\�a	ik�`lcj&ws�s�~l_wP�P^ b	jB�8l_� r jma	^`l_j/z|�`ykg�%�\6� � ; Z ^3a	acjmyAz|��yxg 'eivf�^�yvy8#�fs�A��f-,�; a	^ [ l_bca	oP� b	osacjul^3fBg>bc��oPl�itb�ikl�a	jm^3ykixl8b	ik�ebc�Kj*�hwBju� b#b	�P^ b�nz�� 1en q ^3yxl_�K���m�"osa�l�^�l#^ \6� � ; Z ^3a	acjmy  �\6�sj$fPj ��b�lcjm�"bcik��f���ikyvy{ghixlc�&oPl	lbc�Pj(\6� � ; Z ^3a	acjmyBz|�`ykgG 
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����� ������������� � � �����  	 ������� � � ���

N C

N C

N T R H

Substrate pyrophosphate
binding site

Substrate pyrophosphate
binding site

z(�4qKp�VWPSJK� À � LON�P�Zt\[VWp7vF\Wp7VWP@{H��\WN�P"LO�[Q'���$R2V[VWP!T���{KTU�G����P!T4T4{ �¾�4u$���4v�R�\WP!Z
β
��Z[N�P!PF\WZ!]	VWP�� �4u$���4v�R�\WP!Z

α
�¿N7P!T4�4v!P!Z?RHu��¡qHVWPFP!u

�4u$���Uv!R�\WP!Z"\WN7P'T4{�{K�7ZE��PF\�� P!P!uÃ\WN�P'Z[P!v!{Ku���R2V[�«Zt\[VWp�vF\Wp�VYRHT�P!T4P!��P!u�\WZ!� LON�P'���U���7T4P �$qHp7VWP�Z[N7{!��ZER�T4�4u�P�R2V�VWP!�7VWPFZ[P!u�\YR��
\W�4{KuÃ{��s\WN7PE{HVY�7P�V@�4u ��N��4vYN.\WN�PEZ[P!v!{Hu$�7R�V[�.Zt\[VWp7vF\Wp7VYR�TOP!T4P!��P!u�\WZ��£{HT4TU{!��{Hu�P'RHu7{H\WN�P�V"R�u$� \WN�P���{�\[\W{K�	�$qHp7VWPEZ[N�{!��Z
\WN�P�{�VW�4P!u�\YR�\W�4{Ku«{H��\WN7P�Z[P!v!{Hu$��R2V[�.Zt\[VWp7vF\Wp7VWP!Z?�4uÃRBLO�[Q'����R�V[VWP!T�P!u F����PK��X<VW{+�7p�vFP������9\WN«X	��Q � �I��n�P �	RHu�{�]�mH�H� m�

N�\[\W� � ��� ������� �+����{HT�� {�VWq���RHu$�'L�{K�7n�VYR �¾� � {Ku��G]$mH�K�Hy ���

\6�sj/\6� � ; Z ^3a	acjmy % β/α
Z ^�aca	j&y '�z|�`ykg4ikl#��fsj �3zAbc�Pj r �`l_b��&� r>r ��f>z|��yxgsl�ivf bc�sj/wsa	�3bcjmivf ����a	yxgC^3fPg lcj&a	��jul�^�l

^�lc�m^ �{��yxg(z|�`a� ^3a	iv�`oPl�j&f,� [~r ^3bcix��z|osfP� b	iv�`fPl= �d lcjm^�a	��� �3z bc�sj(/�d\@1 gs^3b	^ Z ^�lcj % F acjmfs���C�&��� � = @ �JGFG �E'�a	j&��ju^3ykjmg
bc�B^ b$^ b�ykjm^`l8b � � � � wsa	�3bcjmivfBl r ^3b	���;bc�sj(\6� � ; Z ^�aca	j&y b	��w ��yk��� [ %|}P��j���z�b	�sj(l_i � �6/�z�^ r ikykivjul�^3a	j/a	j&wPacjul_jmf`b	jmg '  
�$^��`^�fs���&� �%� = % �3���~� '$ghikg�^3f j ��bcjmfPlciv�`jKa	j&��ivj=� �3z�\6� � ; Z ^3a	acjmy!jmf,� [�r jml/^3fPg�z|��osfBg � � �s� r �`yv�`���`oPl$lcosw j&a$;z�^ r ikyvikjml ^3fPg �%��z�^ r ikyvikjml a	j&yx^ bcjug Z~[ lcjm�~osj&fB�"j! e\6�Pj \6� � ; Z ^3a	a	j&y�wsa	�3b	j&ikfPle^�y r �`l_b ^�y �6^ [ l��h�&�"oPa$^�l$j&f,� [~r jul
%|ikfC�"�`f`b	a	^`l8b�b	�(l8b	acoP�"bcosa�^3yhwPac��bcj&ikfPl '�^3fPg bc�Pje�"�E; z�^��"bc�`a 3l_o Z l8b	a	^3bcj#oBl_oP^�yvy [ ikfP�"ykoPghjul�^/ws�s�~l_ws�B^ bcj r �`ivj&b [  �\6�sj
^��"bcik��j�l_ivbcj�^3y �6^ [ l��h�&�"oPa	l�^ b�bc�sj�/ ; bcjma r ikfP^3y~j&fPg �3zPbc�sj Z ^3a	a	j&y�l_�sjmj"b�l�^�fPgKlc� r j r j rKZ j&a�l!�3zPb	�sj�z�^ r ivy [ j �hi Z ivb
^9l_bca	oP� b	osa	^�yvy [ �&��fPlcj&a	��jug�wP�s�`lcws�P^3bcj Z ikfPghikfs��lcivbcj! 9\6�sj Z ^�lcik�C\6� � ; Z ^�aca	j&y�b	��w ��yk��� [ %���ik��osa	j �  ��E'(�"��fBl_ixl8b�l�3z��

β
; lc�sjmj"b	l�^�fPg �

α
; �sj&ykik�&jml=-G���six����z|�`ykg�ikf~bc�9^ Z ^3a	acjmy�l_bca	oP�"bcosa	j>��itb	� b	�sj

α
; �sjmyvix�"jul���f bc�sjC�`ohb	lcikgsj>^�fPg

bc�Pj
β
;�lc�sj&j&b	l ��f b	�sj;ikfPlcikgsj %��$^3�~^3fs� �"�K� � = @ �3���~� '  \6�sj Z ^3a	a	j&yxl r ^ [ ^3yxl_���&��f~b	^�ivf �G��a G

β
; lc�sj&j&b	l0��itb	�

lcjm�"�`fPgs^�a [ l_bca	oP�"bcosa�^3yjmyvj r jmf~b	l Z j&ikfs��f�o r Z jmacjug�z|a	� r bc�sj;�@; bcj&a r ivfB^3y�jmfPg7 G\6� � ; Z ^3a	acjmykl�oPlcoP^�yvy [ �"�`f~b	^3ikf
^3a	��oPfPg �� �� a	jmlcikgsosjml Z ohb r ^ [ �"�`f`b�^3ikfK^�l!ykitbcbcykj6^`l �3��� acjul_ixghosjul<%�\�a�^3osb��&��� � = @ �3���`� '  �\6� � ; Z ^3a	acjmykl!^3yxl_� �P^ ��j�^osfsix�~osj6wsa	��w j&acb [ ikf bc�P^3b!b	�sj

β
; lc�sjmj"b	l�oPlcoP^�yvy [ j �h�si Z ivb^/�"� r wsyvj&bcj�acikfs�/�3zP� [ gha	���`j&f Z ��fPgPl2% � ivjmacjmfs�`^ - �3�`� � '  

� ikj&a	j&fs�~^ % �3�`� � '�^3yxl_��� Z l_jmac�`jmg bc�B^ b�b	�sj$yk����wPl�^3b�bc�Pj�/ ; bcj&a r ivfB^3yPjmfPg>�3z{b	�sj lc�sj&j&b	l�^3a	j�oPl_oB^3yky [ yv�`fs��jmabc�B^3f
bc�P�`lcj�^3b�bc�sj(��;�b	j&a r ivfP^�yAj&fPgI��z�bc�Pj(l_�sjmj"b�l�^3fPgG�"�`osyxg b	�~oBle�"�`f`b	aci Z ohb	j/bc��bc�sj(^`� b	iv�`j�lcivbcj(lcwBju�"iv}B�"ivb [  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku � �

H2N
NH2 H2N

HN

O

O

O OOH OH

OH
N

NN

COOH

HN

O

N

NN

N

COOHPPi

7,8−dihydropteroate

H

6−hydroxymethyldihydropterin pyrophosphate

1
2

3
4 5

6

7
8

pABA

O
P P

H2N

NH2
..

HN

O

O

O OOH OH

OH
N

NN

COOH

O
P P

z(�4qKp�VWP.JK� } � LON�PSVWP�R�vF\W�4{Ku���R�\WN���R!� {H�wn���X ����L�{K��� ¦2��N+�7�+VW{28+����PF\WN���TU�7�4N����+VW{K��\WPFVW�4u.����VW{H��N7{KZ[��N�R�\WP.��n���X��"RHu$�
j-� �O��v!{Ku��7P!u7Z[P�\W{S�£{HVW�ÂÀ+] }2� ���4N+�7�+VW{K�7\WP�VW{ R�\WP ���9\WN.\WN�PE�7VW{+��p�vF\W�4{HuÃ{H�%{Ku�PE���+VW{K�7N�{KZ[�7N$R2\WP�qHVW{Kp7�	� � {�\[\W{K����LON7P
��P!vYN$R�u��4Z[��{H�(n���X RHu��'j-� � �|v!{Hu$�7PFu�ZWR�\W�4{Hu.� �ORH��{KRHqHTUp ��
O`K_U� �Gm��K��x����

\6�sj ��ikgsj � ^3a	ikj"b [ �3z�\6� � ; Z ^3a	acjmyBwsa	�3b	j&ikfPl�yvjug b	�Kb	�sj�^�l	l_o r whb	iv�`fCbc�B^ be^3ykyA\6� � ; Z ^3a	acjmykl�^3a	j jm����ykohb	iv�`fP^3a [a	j&yx^ bcjug7 ��!^3fs���"���%� = % �3�`��� '(wsa	��w �`lcjmg b	�P^ b>b	�sjG��a	iv�`ivfP^�y��`j&fsjI��fPy [ �&�hghjmg z|��aC^��P^3yvz
β/α

Z ^3a	acjmy  \6�sikl
^3fB�"jml_bca�^3y ��jmfsj bc�sjmf;osfBghj&a ��jmf~b��`j&fsj�ghoswsykix�&^ b	iv�`fI^�fPgCz|oBl_ik��f;bc�>�"a	jm^3bcj�^(z|osyky

β/α
Z ^3a	acjmy -����six���4osfBghj&a ��jmf~b

z|osacbc�sjma(��jmfsjCghoswsykix�&^ b	iv�`f ^�l���j&yky#^�l/z|osfB� bcik��fB^3y#^�fPg l8b	acoP�"bcosa�^3y�^`gs^3wsb	^ b	iv�`fPl=-�acjul_oPytb	ivfs�Gikf ^ ��ikghjCa�^3fP��j>�3z
^��"bcik��itb	ivjul/^�fPg9z|oPfP� b	iv�`fPl  /���wsykj [ �&� � � = % ������� '�wsa	� ��ikgsjml �_l_b	^3bcixl8b	ik�m^3yky [ a	j&ykik^ Z ykj jm�~ixghjmfP�"j � -7���six����ikfPghix�&^3bcjul
bc�B^ b4^ b ykjm^`l8b � � �3z/bc�sj �!C�Z ^3a	acjmyel_oPwBjma_z�^ r ikykivjul l_�B^3a	jI^ �&� r>r ��f���a	iv�`ivf  \6�sikl4gs^ b�^ ^3yxl_� lcoswsw ��acb	l�bc�Pj
j&f � [�r jCacju�"a	ositb r j&f~b�bc�sjm��a [ - ���sik��� l_b	^3bcjml�bc�P^3bKj&f,� [�r jul(�&^�f Z j a	jm�&acoPitb	jmg Z j&b"��jmj&f wP^3bc����^ [ l=-�^�l���j&yky#^`l
lcoswsw ��acbcikfs��bc�sj�ixghju^�b	�P^ b�#`j [ r j&b	^ Z ��ykivbcj ; Z ikfPghikfs� j&f � [�r jmlClcj&a	��jmg ^�lC�&� r>r ��f�^3fP�&jml_bc�`a	l�z|�`a r j&b	^ Z �`yvix�
wP^3bc����^ [ j&�`��ykohbcik��fG e\6�Pj,����a #;gh�`fsj Z�[ /��`wsykj [ �"�$� � = % �3�`��� '6^3yxl_� lc�s�A�ele�P�A� �`fsjKl	�&^ � �`ykg9�m^3f�^�gP^3whb ^�fPg
z|osyv}Pyky�� ^3a	iv�`oPl�z|osfP�"bcik��fPl= 

� 1en q ivf ��= �"�%�v�&� +P� � �2) j*��i Z ivb	lI^ �"�`fPlcj&a	��jmg ws�P�`lcws�P^ b	j Z ikfPghikfs� lcivbcj ^�fPg bc�Pj lco Z l_bca�^ bcj�ivfP�&yvoBghjmlI^
ws�s�~l_wP�P^ b	j���a	��oswG �\6�sixl�ixl��"�`fPl_ixl_bcj&f~b)��ivbc�>b	�sjea	jmlcosytb�l�z|��a�bc�sje� 1en q z�^ r ivy [ z|��osfPg Z�[ �$^3�~^3fs� �&��� � = % �3�`�`� '  
\6�sj�fsj*��b�lcjm�"bcik��f.��ikyvy�ghixl	�"oPl	l�bc�sj�z|oPfP� b	iv�`fG^�fPg r jm���P^�fsikl r Z j&�sikfPg �3= �"� �v�&� +s�3� �2)S� 1en q  

����� ��� � ������� ����� � 	&��� � � � � 	����!)� � � & (+* �

\6�sj�z|osfP�"bcik��f �3z6�(1$n q ikl/b	�Gwsac� ��ixghj>^;wPacju�"osa�l_�`a$z|�`a�bc�sjCl [ f`b	�sjmlcixl��3z#z|�`yk^3bcj&%�lcj&jClcjm�"bcik��f �  C  � '  >�ef ;
ghjma�bc�sj �#f,� [�r j
/�� r>r ikl	lciv�`f % �2/6'��"yx^�l	lcit}B�m^ b	iv�`f � 1en q z�^�yvyxl�ikf lco Z �"yx^�l	l �     �  �   %?�8� p � p �JGFG � '  C\6�sixllco Z �&yk^`lcle�3z�j&f,� [~r jule^3a	j�ivf����`yv�`jmg;ivfIb	�sj�bca�^3fBl8z|jma��3z^3y # [ y��`ae^3a [ y���a	��oswBl -h��bc�sjma6bc�P^�f r j&bc� [ y���a	��oPwPl  �\6�sj
r jm���P^�fsixl r �3z$^`� bcik��f ��z$�(1$n q ixl Z ^�lcjmg �`f ^��"�`fPghj&fBlc^3bcik��f a	jm^��"bcik��f Z j"b"��j&jmf + ;�^ r ivfP� Z j&f,�m��ix�4^��&ikg ^�fPg
�A; � [ ghac��� [�r j"b	� [ yxghik� [ gha	�E; whb	j&a	ivf�w [ ac�`ws�s�~l_ws�B^ bcj�bc�(z|��a r ghik� [ gha	��wsbcj&a	��ix�6^��&ikg.%���ik��osa	j �  ��' ��ivbc� ^ � � 2+ ik��f

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  DDee  BBeeeerr,,  TT  AA  PP    ((22000055))  



� N$R��7\WPFVwJH��� u�\[VW{+�7p7vF\W�4{Ku � C
^�l��"�!;�z�^`� b	��a  �\6�sj��"�`fPghjmfPlc^3bcik��f a	jm^`� b	iv�`f �h�&�"oPa	l#bc�sa	��oP���;^ q �

2
f�oP�&yvjm��ws�sikykik�/^ bcb	^�� #>��z�bc�sj/fsivbca	���`j&f4�`fCbc�Pj

�&^�a Z ��f�^�fPg9b	�sjKa	j&ykjm^`l_jK�3z�^Cw [ a	��ws�s�~l_wP�P^ b	j(��a	��osw  \6�sixl$a	jm^`� b	iv�`f9wsac�hghoB�"jml/ghik� [ gsac�`whbcjmac�`ik�(^`�"ixg&���six����ixl
oPlcjmg Z�[ ghik� [ gsac��z|��yx^ bcj�l [ f~b	�P^�lcj$b	�Cwsa	��gsoP�"jB1

2
z|�`yk^3bcj %�p6^ Z �~^3��yko �"�6�%� = @ �3�`�ED '  

�� � � 	 � ��� ��� ��� 	/� � ��� ��� � � ��� �����"	 ��� � ����	 � �3� ��� � �$! � � ���3������!F	 �J�(� ��� 

���
	 ������� �(������������� � ����������������� �"!�#%$'* * *��

�3= �"� �v�&� +s�3� �2) n�n�n * ixl(wB^3acbK�3z6bc�Pj Z ivz|osfP�"bcik��fP^�y#n�n�n<* ; � 1en q �"� r wPyvj*� ^�fPg �"�`f`b�^3ikfPl��`fsj ikf`b	ac�`f �3z
�JG D4Z w ivf�ykj&fs��bc��%�\�a	ik��ykik^��"� � � = @ �JGFG D '  �nz|n�n�n *S�"�`fPlcikl_b	l �3z C �%�;^ r ivfP�;^��&ikgPl/^�fPg��B^�l b"���;ivfBl_jma_b�l(���Pj&f
�"� r wP^3a	jmg bc�C�3b	�sj&a6n�n#n * j&f,� [~r jul  \!acik��ykik^9�&��� � = % �JGFG D '#�P^`l�l_�s�A��f;bc�B^ b�bc�Pjmlcj/ikfPlcj&acb	l�^�acj/fs�3beikf~bca	��fPl6^`l
�&�/�$d ^ r wsykit} �&^ b	iv�`fC�3z{bc�Pj �B^�f #�ivfs� ^3a	jm^�l�&��a	acjul_w ��fBgKb	��bc�Pj$��jmfs� r ix�e�/�$d lcjm�~osjmfP�"j� !n#n�n * ixl#�&��fsfsju� b	jmg
bc� � 1en q b	�sac�`os��� ^��Pivfs�`jGacjm��ik��f Z osbCbc�sixl>�sikfs��jIacjm��ik��f l_�s�A�el fs� �s� r �`yv�`� [ bc��b	�sjG��fsy [ �3b	�sj&a>#�fs�A��f
Z ivz|osfP�"bcik��fP^�yn�n�n * ;��(1$n q j&f � [�r j���z �3= ��� � � �B� �0%�\�a	iv�`yvix^ �"���%� = @ �JGFG D '  �Pac� r �s� r �`yv�`� [ bc�G�3b	�sj&a�n#n�n *
��jmfsjml�ivb(ixl�j&��ixghj&f~b�bc�P^3b(nz|n�n�n<*Sz|��yxgsl�ikf`b	�9^I�Pj&a	ac�hgh���hikf ; yvi #�j z|��yxg�%���iv�`osacj �  G�E n�n#n *Sikl(^�yklc� #~fP�A��f�^`l
1en#n * E p�yk^`l��u� � [ #��&���*� = @ �����`� E 1ej&fPfsiv���&���%� = @ �HGIGFG E q b	^ r�r jma	l��&���%� = @ �JGFGIG '  �\6�sikl6��ikyky Z j�ghixlc�&oPl	l_jug ikf bc�Pj
fsj*�~b$lcjm�"bcik��fG 
���
	 ������������� � ��� ����� ���� �� � ���� � � � ��

\6�sj��Pj&a	ac�hgh���hikf ; yvi #�jGz|�`ykg�z�^�yvyxl ikf b	�sj ^�yvwP�P^ ^3fBg Z j&b	^ �"yx^�l	l �3z�wsa	�3b	j&ikfPl;ivf q /@F n % 1$o ZsZ ^�a	g,�&�C�%� = -
�JGFGIG '  � b6ixl�ghjulc�&aci Z jmgC^�l�^3f

α

β
lc^�fPg ��ix��� ��itb	�;^�f ^3f~bcikwP^3a�^3ykykj&y

β
; lc�sj&j&b= \6�sj/�sj&a	a	��gs����ikf ; yvi #�j�z|�`ykg;�"��fBl_ixl8b�l

�3z  
α
; �sj&ykix�"jml ^3fPg D

β
; lc�sjmj"b	l= �\6�sj4j&f,� [~r j4z|��yxgsl(ikf~bc��^Gz|�`osa l_bca�^3fBghjmg ^�f`b	i ; wP^�a	^�yvykj&y

β
; wsyx^ b	j �B^�f #�jug ��f

��fPj lcikghj Z�[ �
α
; �sjmyvix�"jul;^�fPg �`f bc�sj �3b	�sj&aGl_ixghj Z~[�C

α
; �sj&ykix�"jml= -\6�sj�lcjm�&��fPgP^3a [ l_bca	oP� b	osacjul;^`lclco r jml;^

β1α1β2β3α2β4α3α4α5
^3a	a	^�fs��j r jmf~b= \6�sj

βαββαβ
; r �3bcivz ixlI�"� r>r ��f�b	� �3b	�sj&a;f�oP�"ykj&�~l_ixghj�ghikws�s�~l_wP�P^ b	j

#�ivfB^�lcjml Z ohb�n�n�n *Q�"�`f`b�^3ikfPl�^3f j*�~b	a	^Kbc�Pacjmj
α
; �sjmyvix�"jul�% q b�^ r>r j&a�l��&��� � = @ �HGIGFG '  ��eoB�"ykj&�`lcixghj�#�ikfP^�lcjml�oPlcoP^3yky [

Z ikfPg�d$� n Z j"b"��j&jmf�b	�sj
α2 − β4

^�fPg�b	�sj
β2 − β3

ikf`b	j&a��"�`fsfsjm�"bcikfs�Iyv����wBl Z ohb�n�n�n * Z ikfPgsl�d\6n Z j&b"��jmj&f
bc�Pj>�&��fsfPjm� b	ivfP�Iyk����wPl/��z

α2 − β4
^3fPg�bc�Pj�ikfsivbcix^3yyk����w��3z#b	�sj / ;�b	j&a r ivfP^�yacjm��ik��f % q b	^ r>r jma	l �&�/� � = @ �JGFGIG '  

\6�sj�fsj*��b�lcjm�"bcik��f.��ikyvy�ghjulc�&aci Z j b	�sj r jm���P^�fsixl r Z j&�PivfPgGn#n�n *> 

���
	 ��� � ������� ����� � 	&��� � � � � 	����!)� � � * * *��

d��&�&��a�ghikfs�Cbc�;bc�Pj �#f,� [�r j /�� r>r ixl	l_ik��f % �2/6'/�"yx^�l	l_iv}B�m^ bcik��f - n#n�n * z�^�yvyxl/osfPghjma�l_o Z �"yx^�l	l �  ��� �  C  �\6�sixl
lco Z �&yk^`lcl�ikl!�"yx^�l	l_iv}Pjug�^�l�gsivws�P�`lcws�s�3b	a	^�fPl_z|j&a�^�lcjml5%?�8� p � p �HGIG � '  �n�n�n * �m^ b�^3y [ lcjmlAbc�sj#bca�^3fPl_z|j&a���zP^�w [ ac�`ws�s�`l+;ws�P^3bcj6��a	��oPw(z|a	� r d\6n�bc���E; � [ gha	��� [~r j&bc� [ y ;���- �A;�ghik� [ gha	��wsbcj&a	ikf0% 1$n<'�b	� z|�`a r �(1$n %���iv�`osa	j �  � � E p�yx^�l �m� � [ #
�&�/�%� = @ �3�`��� '  C�(1$n ikl�oBl_jug Z�[ � 1en q bc�Iz|��a r wsbcj&a	��ix�>^��&ikg7-�^Iwsacju�"osa�lc��a/bc�Gz|�`yk^3bcj! \6�PjCn�n�n *Sa	jm^��"bcik��f
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N C
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C

z(�4qKp�VWPSJK� � �?L�{H� �wLON7P"Zt\[VWp�v�\Wp7VWP@{��O\WN�P"z�PFV[VW{+�7{�8��4u7��T4�4� P ��{KTU�G�ELON7P"���U����TUP��$qHp7VWP"�4u$���4v�R�\WP!Z�\WN7P@Z[P�Á�p�PFu�v!P"�4u ��N��4v�N
\WN�P%Z[P!v!{Hu$��R2V[�EP!T4P!��P!u�\WZ���{KT4T4{!�I{Hu�P�R�u�{�\WN�PFV���LON7P���{H\[\W{H� �$qHp7VWP%�Uu��7�4v�R2\WP!Z \WN�Ps\W{K��{HTU{HqH�»{H�	\WN�P�z�PFV[VW{+�7{�8��4u7��T4�4� Ps��{KTU�G�
X<VW{+�7p�vFP�� ���9\WNBX �wQ � � ��n�P ��R�u�{Em��K� m�]$N�\[\W� � � � ������� ���7��{HT�� {�VWq���RHu���L�{H��n�VYR �¾� � {Ku��BmH�H�KyK���

�P^`l#b"��� � � 2+ ik��fPl6^�l6�&�E; z�^�� b	��a�l - ���six���4�sjmyvwBl�bc�>^3fP���s�`a#b	�sj�w [ a	��wP�s�`lcws�P^3bcje�`ac�`oswPl6ghosa	ivfP���m^ b	^�y [ lcikl= �\6�sj
a	jm^��"bcik��f>�h�&�&osa	l�ikf ^�b	iv�`�`b	y [ �"yk�`lcjmg�jmf,� [�r j@��itb	� yk�~�`wPl � ; C �"yk�`lcikfs��� ��jma�bc�sj$^`� b	iv�`jel_ivbcj� 9������w � ^3fPg C lcj&j r l
bc�I�"yk�`lcj�� ��jma�bc�sj�^3a	jm^ ���Pj&a	j�bc�sjKb"���;�&^ b�^3y [ bcix� � � 2+ iv�`fPl$^�acjKyv�h�&^3bcjug7 ���f9b	�sj �&yv�~l_jug9l8b	acoP�"bcosa	j�b	�sj(b	�sacjmj
yk�~�`wPle^`lclc�h�"ix^ bcj ��ivbc�9��fPj(^3fs��bc�sjma6bc�sa	��os�`�9^ fPj"b"����a # �3z�� [ gsac�`��j&f Z ��fPgsl=- ���six����l_b	^ Z ivykiklcjml�b	�sj(ikf~bcj&a�^��"bcik��f
Z j"b"��j&j&f;bc�Pj�yv����wBlB%�p�yk^`l��u� � [ #��"�6�%� = @ �3�`��� '  

����3��� � � !

\6�sjCnz|n#n�n * ;��(1$n q �&� r wsykj � �"�`f`b�^3ikfPl���fPj �3z6bc�Pj j&f,� [�r jul(^3�~^3ikfPl_b ���sik��� ^�f~bci ;�z|�`yk^3bcjCa	jmlcikl_b	^�fP�"j>�P^`l
ghjm��j&yk��w jmgG 8��fI��a�ghjma#b	� ikf���jml_bcik�`^3bcj$bc�sj r jm���P^�fsixl r-Z j&�sikfPgGl_oPytz�^E; gha	os� acjul_ixl8b�^3fP�&j ^�l8b	acoB� bcoPa	^�y r �hghj&yA��z�bc�Pj
�"� r wsyvj*�Kixl�fsj&jughjmg7 )/�a	jmghi Z ykj r �hghjmykllc�s��oPykg��"�`f`b�^3ikf ^/a	j&ykik^ Z yvj6a	j&wsa	jmlcj&f~b�^ bcik��fK�3zPb	�sje^��"bcik��j6l_ivbcjul^3fPg�^3yky�bc�Pj
a	jmlcikghoPjml ivf����`yv�`jmg9ikf�a	jmlcixl8b�^3fP�&j! q oP��� r �hghjmykl�lc�s��osyxg�^�ikg�j �hwsyx^3fP^3bcik��fPl �3z�b	�sj�j �{jm� b���z�acjul_ixl8b�^3fP�&j ;��&^�oPl_ikfs�
r osb	^ b	iv�`fPle�`f�lco Z l_bca�^ bcj Z ivfBghivfP� -Agha	os� Z ikfPghikfs�;^�fPgGwsa	�3b	j&ikf r � ��j r jmf`b  $\!� �`^�ivf�^ r �`acj �"� r wsykj"b	j(osfPgsj&a$;
l_b	^3fBghivfP� ��z�bc�sj�nz|n#n�n * ;��(1$n q �"� r wPyvj*� -�b	�sj�^�� b	iv�`j/lcivbcjml6^`l<��j&ykyA^�l�bc�Pj/ikf~bcjma	^`� bcik��f Z j&b"��jmj&f;bc�sj/wsa	�3bcjmivfBl
^3fBgIbc�sjmiva/fP^ b	osa�^3y�lco Z l_bca�^ b	jmlefPj&jmgIb	� Z j(ikf~�`jml_bcik�`^3bcjmgIb	� a	j&��ju^3y�^�f [ w �`l	l_i Z ykjKl_i r ivyx^3a	ivb [ ikf�ykiv�~^3fPg Z ikfPghikfs�  
\!�>^`���sikj&��j bc�Pjmlcj(^3i r l�b	�sj�z|��ykyk�A��ivfs�Cl_bca�^ b	j&� [ �6^�l�i r wsyvj r j&f~bcjug �
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•

1e� r ��yk��� [Cr �hghjmykl6��z �3= �"� �v�&� +s�3� �2)Sn#n�n *-^3fPgI� 1en q ��j&a	j��"��fBl8b	acoP�"bcjug;lcj&wP^�a	^3bcjmy [ b	��ikf���jul8b	iv�~^ bcj bc�Pj
l_bca	oP� b	osa	^�yA���P^3a�^��"bcj&a	ixl8b	ik�ml#��z!b	�sj�b"���>jmf,� [�r jmlB%�� � 	 #���� � � '  

•

\6�sjIfP^ b	osa�^3y�l_o Z l8b	a	^3bcjul0��j&a	jGgh�h� #�jmg ivf~b	� b	�sj9^��"bcik��jGl_ivbcjG�3z nz��(1$n q bc� ikf���jml_bcik�`^3bcj;bc�sjGikf~bcj&a�^��"bcik��f
Z j"b"��j&j&f�nz��(1$n q ^3fPgGb	�sj lco Z l_bca�^ b	jml= \6�sj ivf~b	j&a�^�� b	iv�`fPl Z j"b"��j&jmf�l_oPytz�^E; gha	os� a	jmlcixl8b�^3f~b l_bca�^3ikfPl$^�fPgGbc�Pj
fP^3bcosa�^3yAlco Z l_bca�^ bcjul6��jmacj�^3yxlc��ikf���jul8b	iv�~^ bcjug�%�� � 	 #���� � � '  

•

q osyvz�^�gs����ikfsj<��^`l!gh�h� #`jmg(ikf~bc� bc�sj6^��"bcik��j6l_ivbcj��3z ��ivyxg(b [ w j�� 1en q -�^�l ��j&yky�^`l!bc�sj6ghi � jmacjmf`ba	jmlcikl_b	^�f~b�l_bca�^3ikfPl
bc�>ikf���jml_bcik�`^3bcj bc�sj r ju���P^3fsixl r Z jm�sikfPgGl_osyvz�^A;�gha	os�>ivf~b	j&a�^�� b	iv�`f4ikfGnz��(1$n q %�� � 	 #���� � � '  

•

\6�sj j �{jm� b�l#��zAbc�sj r ohb�^ b	iv�`fPl#�`f>bc�sj Z ikfPghikfs� ^�fPg r � ��j r j&f~b#�3zAb	�sj lco Z l_bca�^ b	jml�^�l)��j&yky{^�l���f lcosytz�^E; gha	os�~l
ikf4b	�sj�nz�� 1en q ^`� b	iv�`j�lcivbcj!- ��jmacj/ivf��`jml_bcik�`^ b	jmg ��itb	�;b	�sj�oPlcj��3z � ��ykjm�&osyk^�ae� [ fP^ r ik�mlB%�� � 	�#��)�$� 	 '  

•

\6�sj j*��bcj&f~bK��z�yv����w r � �`j r j&f~b(ikf nz�� 1en q ^3fPg nz|n#n�n *>-�^�l ��jmyvy�^�l�b	�sj4j�� ju� bK��z�acjul_ixl8b�^3fP�&j ;��&^�oPl_ikfs�
r osb	^ b	iv�`fPl6��f;bc�Pjmlcj/yk����w r � ��j r jmf~b	l=- ��j&a	j�ivf��`jml_bcik�`^ b	jmg ��itb	� � ��ykjm�"oPyk^�a6� [ fP^ r ix�&l %�� � 	 #���� � 	 '  

/��P^�whbcjma D ��ikyky�wsa	� �~ixghj�^ Z acikj"zlco r>r ^�a [ ^�l6��j&yky�l_� r j��&��fP�&yvoPgsivfs�>a	j r ^3a #hl  
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