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kik�clk�o p vWf
r�f
kik�cnk�m p d#v pqh c h o j�p s%o�aWcbd�c�f j |Wr5clw
mlf
k p r _ d�cno�r _ m�o�r�f hWjG� cnr j c�d p d�c h o�|Wd . ��_ o�aNr�c j v%clmno�o p o�aWc�w _ r�cnmno _�pqhNp s�o�aWc�m�f
k p r _ d#c�o�r _ mo�r�f h�j5� cnr j c�d p d�c h o�|Wd . p
h�������� f h w pqh o�aWc�clkiclmno�r pqh���_�h cndgf�o _ m j-� clr5c}f
vWv�k _ cnw _ih o�aWc
SUH f h f
kit j�_�j . � a _ m�azf
r5c h�p o r�clv p rGo�clw _�h o�a�c�o�f
�Wk�c��#`ba pqj cgf
wWw _ o _�p
h f
kImn|�o j r�cnwW|Wmnclwzo�aWc�Wf
m �¡y r p | h wTd#f _�h k!tus¢r p d¤£�¥§¦ \p6 c � c h o j f h w&o�a¡| j m p d�v%c hWj f�o�cnwzs p r�o�aWc#k p�� clr ml|�o pqh
�������� �¨`If
��k�c HKF � D�j |�d#d#f
r _ij c j o�aWc}c � c h o�t _ cnk�w j s¢r p d©o�aWc SUH}j clf
r�m�a�s p r _�j5p k{f�o�clw�k�cnv�o pqh�j

ª:«�¬G­®«�¯�°²± ³�´ µW¶3·b¸
¶~°²±B¹�º$¬�»�¼ ½#¾�»�¼ ¶~°²±B¹�º$¬�»�¼ ½#¾�»�¼

¿nÀÂÁ¢Ã�Ä Å�ÆbÇ�¿nÀÂÁ¢Ã�ÄIÇ ´�È�É�Ê ´�Ë Æ�Ç�¿nÀÂÁ¢Ã�ÄIÇ ´�´ Å Ê
Ì ÀÂÁÍÃ5Ä� Î ´�É3ÏS±�ª Î Å ÏS±Gª
Ì ������ Î ´BÐ:ÏS±�ª Î Ð�É3ÏS±$ªÑ/Ò Á¢Ä Î ´�ÓÔÉ Î ´�ÓÔÉÑ ÄiÕ�Ö Î ÉqÓ Å�× »�¬ ¿nØÚÙÜÛ È Å Ê Î ÉqÓ Å Î ÉqÓ ÅÝ�ÞZß¢à Ã�À Î Ð�É�Ê Î ´�É�Ê Î�á Ê â

ã~äæåLç�èeé�êÜë(é¡ì-í »�î�ïæ«�¬5­®ð$»�¼�» × º�ñ�±¨î�«�­!¼�ð$±B°²±B¹�º�­®»�¼�¬�±Bò
¾¡­²¬G±Bî�±B¼�º�ð × »�¬S³�´¨«�¼æógµW¶~·/¸�­®¼
º�ñ�±�±B°²±B¹�º$¬�»�¼#«�¼¡ó�î�¾�»�¼�¹Gñæ«�¼¡¼�±B°®ð�ô

��_ o�axd _�j5j^_ihWy o�r�f h�j5� cnr j ced p d�c h o�|Wd _�hxõ�öæ�÷j mlf�o�o�clr _ihWy f h wYo�aWcum p d�v�f
r _�j�p
hø��_ o�aøo�aWc
j�_�yqh f
k%s¢r p d 6ZY l f h w�ùúvWr p wW|Wm�o _�p
heû98R= � � s(o�cnr/f
kik j clkiclmno _�pqh r�clü¡| _ r�cnd#c h o j . ��|�o ��_ o�a p |�of�ml|�o pqh o�aWc)aWf
wWr p
hZ_ m�o�r�f hWj5� clr j c}d p d�c h o�|Wd . �Wý ÞZþ Õ� . HKF cnk�cnmno�r pqh mlf h w _ w�f�o�c c � c h o j¨� cnr�cp � j cnr � cnw . � a _ k�c¨ÿ�� D�� H � D c � c h o j�� cnr�c-c M v>cnmno�clwgs¢r p d o�a�c j�_�yqh f�k p s l �If h wgù��ZvWr p wW|Wm�o _�p
h
f h w D � ;���� F � L�� c � c h o j�� clr�c)c M v>cnmno�clw�s¢r p d �Wf
m �¡y r p | h w j�p |�r�mlc j � \$h o�aWc�d}| pqh m�a�f hWh cnk
� c � c h o jb� cnr�c p � j clr � clw _�h o�aWc�wWf�o�f . � a _ k�c D � DG�	��F � LQ� c � c h o jb� clr5c�c M v>cnmno�clw�s¢r p d j^_iyqh f
k
v�r p mlc j5j c j f h w F � �:�
� F � F�� s¢r p d ��f
m �¡y r p | h w j�p |Wr5mlc j � � o �Wý ÞZþ Õ� � D:8�
 c�� o�a�c�f y r�cncld�c h o
�%cno � clc h o�aWc p � j cnr � clwzc � c h o j f h weo�aWc 6ZY c M v%clm�o�f�o _�pqh _�j�yqp�p w . � a _ k�c�s p r�k{f
r y clr � f�k�|Wc jp s �Wý ÞZþ Õ� f h c M mlc j�j�p s�w�f�o�f�c � c h o j f�� p�� c�o�aWc j^_iyqh f
k-f h wY��f
m �¡y r p | h wYc M v>cnmno�f�o _ipqhY� f j
p � j cnr � cnw�� HPF k�cnv�o pqh c � c h o j�� cnr�c p � j clr � clwøf�o � ý ÞZþ Õ� � D:8�
 c�� . � a _ k�c D � ��� F � 8 c � c h o j
� clr5c�c M v>cnmno�clw&s¢r p d f�k�k 6IY j5p |Wr5mlc j ��� p r �Wý ÞZþ Õ� � LQF�
 c�� . j^_NM k�cnv�o pqh c � c h o j � clr5c j clc h .� a�clr�c H � F���� F � DGD c � c h o j � clr5c/c M v%clm�o�clw�s¢r p d f
k�k 6ZY[j5p |Wr5mlc j � `baWc/v�r p ��f�� _ k _ o$t�s p r3o�aWc 6ZY
c M v>cnmno�f�o _�p
h o p�� |Wmno�|�f�o�c)o p o�aWc p � j cnr � clw h |Wd}�%clr p s�c � c h o j�p r¨d p r�c _�jUHKF�� s p r�o�aWc s¢|Wk�k

��� ��~��U~y� u! ��z#"%$����/~&� u qR{&�K�K�R��sy�'� u)(+*&,)-.* " (/-103205476845v �/~C��� u ~y���Kz�{yz^� ��~t�U~y�  /u �k� q�{&�K�pz�~}~5� u syx�z�5�C� u �k���K~ ��~p��93x�z5��� u s}{y�����Ks}�:� u �O{&�<;�syxR��~ q�{&�K�pz�~}~ v �/~3�=��� u �7s&� �Gz5��z^~y~�syxR� u#>@? ��A u syxRz5q�{}z�~yz u sCB�DWoCE� u �����K~y��~ syxRz	"m��� u s}{y�����Ks}�:� u sF� syx�z�EHG �R�/�JI  {F��� u � z�KKqGz�� s��ws}�:� u ��~ u z  ��z�� s}z��Q�
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��ý ÞZþ Õ� r�f hWy c . F � H�8�� s p r �Wý ÞZþ Õ� � D:8�
 c���f h w F � H�D�� s p r �Wý ÞZþ Õ� � LQF�
 c��}��`baWc�| h mlclrGo�f _ih o _ c j
p
h o�a�c 6ZY vWr�cnw _ m�o _ipqhWjb� cnr�c�o�f � c hm_ih o p f
mlm p | h o _ih m�f
kiml|Wk�f�o _ihWy o�aWc j c vWr p �Wf
� _ k _ o _ c j �+`baWc
ü¡| p o�clw B3p:_�j5j�pqh vWr p ��f
� _ k _ o _ c j m p r5r�c j v pqh w�f
vWvWr pPMI_ dgf�o�clk!t�o p f ��� wWc �`_ f�o _�p
h s¢r p d o�a�c 6ZY
c M v>cnmno�f�o _�p
h �
� p r+o�a�c õ�
¡� wWf�o�f j f
d�vWk�c . � a _ m�a _ijShWp o _�h mlk�|�wWclw _ih o�aWc¨o�f
�Wk�c . p
h c�cnk�clm�o�r pqh f h w hWp d}| pqhc � c h o j�� clr5c p � j cnr � cnw _ih o�aWc�w�f�o�f . � a _ k�c H � ;���� F � D:D clk�cnmno�r pqh c � c h o j f h w F � � ÿ � F � F:;
d)| pqh c � c h o j-� cnr�c c M v>cnmno�clwus¢r p d f
kik 6ZY vWr p mlc j�j c j �
` p sÍf
m _ k _ o�f�o�c-m p d#v�f�r _�j5pqh �>c�o � cnc h o�aWc�o ��p c M v%clr _ d�c h o j . SXH a�f j r�cnv>clf�o�cnwuf�vWr5clk _ d _�h f
rGt� clr j^_�p
h÷p s�o�a�c�f h f�kit j^_ij���_ o�aYo�aWc�f
w�w _ o _�pqh f�kbr�clü¡| _ r�cnd#c h o#o�a�f�o#o�aWc�v p k{f
r�f h�y k�c p s�o�aWc
_ij�p k�f�o�cnw�kiclv�o pqh�� f j r�c j o�r _ m�o�cnwuo p o�aWc 03254@6 f hWy |Wk�f
r�r�f h�y c ûOHKF ÿ = � � k�kVc � c h o j s p r �Wý ÞZþ Õ� �DG8�
 c��[s¢r p dPo�aWc hWp d _�h f
k f h f
kit j^_ij�� cnr�c�f
k j�p s p | h w ��_ o�aeo�aWc�r5c j o�r _ mno�cnwzf hWy |Wk�f
r�r�f hWy c
�
`ba�c 6 o�f h w�f�r�w Y�p wWclkVc M v%clm�o�f�o _�pqh�� f j r5clwW|�mlclw���t DGF���D:8�� �
� ö Ì ó¡«�º�«�� ¶3°®±B¹�º$¬�»�¼¡ð ½#¾�»�¼¡ð
´�É�È�Ó Ë>ï¡¯ 
 V »�¯æð�ô ¸�½ ±��qïÜô ¸�½[ð�­���¼¡«�° »�¯æð�ô ¸�½ ±��qïÜô ¸�½ ðG­���¼¡«�°
Ì ý ÞZþ Õ� Ç ´BÐ:ÏS±$ª Å � ÓÂÈ�É��eÉqÓ Ë�� È�ÓÂÈ Å ��ÉqÓ ËlÉ â â â
´BÐ:ÏS±Gª Ç Ì ý ÞZþ Õ� Ç Ð Å ÏS±Gª ´ ´�Ó�� � �eÉqÓ Ð�Ë ´�ÓÂÈ Å ��ÉqÓ ÐlÈ Ð ´�Ó®´�´���ÉqÓ®´�� ÉqÓ��lÈ���ÉqÓ®´ áÐ Å ÏS±Gª Ç Ì ý ÞZþ Õ� Ç È�É3ÏS±Gª ´ ÉqÓ�� Å �eÉqÓ®´�È ÉqÓ á Ð���ÉqÓ®´�� � ÉqÓ á � ��ÉqÓ®´�È ÉqÓ Ë�Ë!��ÉqÓ®´�È
Ì ý ÞZþ Õ� Î È�É3ÏS±$ª � ÉqÓ Å È"�eÉqÓ®´�´ ÉqÓÂÈ Å ��ÉqÓ®´�´ � ÉqÓ Å�Å ��ÉqÓ®´BÐ ÉqÓ Å ´#��ÉqÓ®´BÐ

ã~äæåLç�è�é�êÜë%$�ì & ¯æð$±�¬('�±Bó�«�¼¡ó�ïæ¬�±Bó¡­®¹�º$±Bó ±)'�±B¼�º ¬G«�º$±Bð × »�¬I±B°²±B¹�º$¬�»�¼)«�¼¡ó�î¨¾�»�¼)¹�«�¼¡ó¡­!ó¡«�º$±Bð
­®¼}º�ñ�±-³�´�«�¼¡«�°�*qð�­®ð » × «�°®° � ö Ì ó¡«�º�«,+ × ¬�»�î.- Å0/21 ô
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� d p r�c�r�c j o�r _ m�o _!� c j clkiclm�o _�p
hD� f j f
vWvWk _ clw o p o�a�c j f
d#v�k�c p s _ij�p k�f�o�cnw k�clv�o pqh c � c h o j . _ihp r�wWcnr�o p�_ij�p k�f�o�cgc � c h o j s¢r p d j�_�hWy kicgo p v��$ü¡|�f
r � vWr p wW|Wm�o _ipqh �N`baWc�s p k�k p���_�hWy w�c j mnr _ v�o _ipqh
p s�o�a _�j�j c�f�r�m�axm p r�r5c j v pqh w j o p vWr5clk _ d _ih f
rGtzr5c j |�kio j . � a _ m�a � clr�c�vWr�c j c h o�clw÷f�o#o�aWc 25BC6m pqh s¢cnr�c h mlc _�h�DGFGFQDNû L<= � `baWc � � p s�o�aWc�a _iy aWc j o5� � �:9 cno�aWf
wNo p c M mnclclw D:8�
 c��<; �:8�
 cJ�
s p r¨f�v p k{f
r�f hWy k�c>= Ò Á(Ä � �:8 Ê)? . o�a¡| j f j5j |Wr _�hWy f�k{f
r y c�a�f
wWr pqhZ_ m f
m�o _!� _ o$t . f j c M v%clm�o�cnw�s¢r p do�aWc j |W� j clü¡|Wc h o�wWcnm�f�t p s�o�aWcA@��$ü¡|�f�r � s¢r p d o�aWc�o p v wWcnm�f�tq�N`baWc�m p r�r�c j v pqh w _ihWy ml|�o _ih
o�aWc 03254@6 f h f
kit j�_�j r5clü¡| _ r�clw�o�aWc}a�f�wWr pqhI_ m�o�r�f h�j5� cnr j c�d p d�c h o�|�d@o p c M mnclclw LQF�
 c��}� �
v pqj�_ o _!� cbkiclv�o pqh m�a�f
r y c . f j c M v%clmno�clw�s¢r p d o�aWc/o p v#wWcnm�f�tCBED l ö @�D F öHG . � f j r5clü¡| _ r�clwL�` p r�clw�|Wmlc�o�aWc�m pqh o�r _ �W|�o _�pqh s¢r p d vWr p mnc j�j c j���_ o�a p
� � j aWclkik l � pqj5pqhWj . o�aWceo�r�f hWjG� clr j cd#f j5j .JI � . a�f
wøo p c M mnclcnw HPF 
 c<�}�S£ p r�c j o�r _ mno _�pqhøpqh o�aWc�k�cnv�o p
h m�a�f
r y cef h w pqh o�aWc
o�r�f h�j5� cnr j cedgf j5j#� f j d#f
wWc _�h o�aWc 0325476LK�h f
k�o p væ�$ü¡|�f
r �Dj clkiclmno _�pqh � `baWc 032C476MK�h f�k
j clkiclmno _�pqh f
wWw _ o _ipqh f
kikit�r�cnü¡| _ r5clw � �&�Ü�Th�p o�o p c M mlcnclw L ÿ 
 c�� _ih o�aWc�clkiclmno�r pqh m�a�f h�h clk .� a _ k�c�o�aWc�m p r�r5c j v pqh w _�hWy ml|�o �^���Ü� � 8GF�
 c�� � f j f
kir�clf
w�t�f
v�vWk _ clw�o p o�aWc vWr�c j cnk�clm�o _ipqh
p s _ij�p k�f�o�cnwucnk�clm�o�r pqh c � c h o j?_�h m�f j c p s�o�aWc SUH f h f�kit j^_ij � � p r¨o�aWc � a p k�c S 2C[ � \ w�f�o�f j c�o
p s H:HK8 � D vW� 
 V . � clk�cnmno�r pqh f h w D d}| pqh c � c h o j � clr5c�s p | h w&��t SUH f�s(o�cnr�o�aWc j c#f
wWw _ o _�p
h f
kmn|�o j . � a _ k�c H � � c � c h o j/� cnr�c¨c M v>cnmno�clw�s¢r p d 6ZY ��f�m �æy r p | h w���`baWc�c�N�m _ c h mnt�s p r+wWc�o�cnmno _ihWy
c � c h o j s¢r p d�o�aWc j^_�y
h f
k Y ¥O;QPSRUTWV ? � f je� � � ÿ � _�h o�aWcbclkiclm�o�r p
h m�a�f hWh clk�f h w L � ÿ ;��&_�h o�aWc
d)| pqh m�a�f hWh clk ��`baWc B3p:_�j5j�pqh v�r p ��f�� _ k _ o$t�o p�p � j clr � c 8#p r-d p r�c)c � c h o j . � aWc h�H � � c � c h o j
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	 ­®ð�º$¬G­²¯æ¾�º�­®»�¼¡ð�» × º�ñ¡±:¬�±B¹�»�¼¡ð$º$¬5¾¡¹�º$±Bó¨­!¼ '�«�¬G­®«�¼�ºÜî�«�ð�ð�» × º�ñ�±I°²±�ï¡º$»�¼qâ
¼�±B¾¡º$¬G­®¼�»�âÍñ¡«�ó¡¬�»�¼�ð(*
ð$º$±Bî × »�¬�º�ñ�±�³¨´)º$»�ï�¹�«�¼¡óæ­®ó¡«�º$±Bð�­®¼�º�ñ�±}±B°²±B¹�º$¬�»�¼e¹5ñ¡«�¼¡¼�±B°
+{¾�ïæï�±�¬�ïæ°®»�º 1 «�¼æó�­®¼�º�ñ�±+î¨¾¡»�¼�¹Gñ¡«�¼¡¼¡±B° +{°²»��I±�¬:ïæ°²»�º 1 ��¹�»�î�ïæ«�¬�±Bó�º$»b±��qïW±B¹�º�«�º�­²»�¼¡ð
× ¬�»�îY¸¡½�
P¯W»�ð$»�¼bïæ¬�»
óæ¾¡¹�º�­²»�¼/«�¼¡ó-«6ñ *
ïW»�º�ñ�±�º�­®¹�«�°�ð�­!¼���°²±�º$»�ï�âÍò
¾¡«�¬��/ï¡¬�»qó¡¾¡¹�º�­²»�¼
ð�­%��¼¡«�°��¡¼�»�¬Gî «�°®­���±Bó}º$»�»�¼�±b±)'�±B¼�º + × ¬�»�î - È /21 ô

f�r�c�c M v>cnmno�cnw . _ij D � ;�� � `baWc p � j cnr � cnw�c M mlc j�j _�j aWc h mlc�kic j�j�j^_iyqhZ_ K m�f h o6o�a�f h o�aWc pqh c _ih o�aWcd p wWclk _ih wWcnv>c h wWc h o j clf
r�m�a�r�clv p rGo�clw _�h o�aWc�vWr�c � _ip | j�j cnmno _�pqh �

� j�j�_�yqhZ_ihWy o�aWc�d _�j5j^_ihWy o�r�f hWj5� clr j c d p d�c h o�|Wd[o p f�a�tæv p o�aWc�o _ mlf
k h cn|�o�r _�hWp f h w�f j�j |�d _ihWy
o�aWc�kiclv�o pqh � h cl|�o�r _�h�p � j t j o�cnd o p�p r _iy:_�h f�o�c�s¢r p d f l � pqj5pqh wWclmlf�t . o�aWc#k�cnv�o pqh � h cn|�o�r _�hWp �
aWf
wWr p
hm_�h�� f
r _ f h o�d#f j5j I Ù���� p s�o�aWc SXH mlf h w _ w�f�o�c j�� f j m p d#vW|�o�clwL��`baWc h cl|�o�r _�h�p���_�h cB�
d#f�o _ m j�� cnr�c p ��o�f _�h cnwNc _ o�aWclr}s¢r p d m pqhWj o�r�f _�hZ_ihWy o�aWc _ih¡� f
r _ f h o)dgf j5j�p s�o�aWc�k�cnv�o p
h f h w
h cl|�o�r _�h�p o p o�aWc l d#f j�j+p r�s¢r p dRo�a�c-c h clr y t��$d p d�c h o�|Wd��$�Wf
k{f h mlc . _ s>o�aWc j mlf�o�o�clr�cnwgkiclv�o pqh� f j�p � j clr � clw _�h o�aWc�m�f
k p r _ d#c�o�cnrl� ` �Sp d#f j�j�j5p k�|�o _�pqh�j)� cnr�c p ��o�f _�h clwNs p r}clf
m�aøc � c h ol�
� p r¨o�aWr5clc p s+o�aWc�mlf h w _ w�f�o�c�c � c h o j pqh kit pqh c j5p k�|�o _�p
hm_�j m p d#vWf�o _ �Wk�c ��_ o�a�o�aWc ��_�h cndgf�o _ m
m pqhWj o�r�f _�h o j . � a _ kic�s p r�o�a�c p o�a�clr�o �Sp mlf h w _ w�f�o�c j � p o�a j�p ki|�o _ipqhWj f
r�c�f
mnmlclv�o�f
�Wkic
� `baWc
r5clm pqhWj o�r�|Wm�o�cnw�d#f j�j _�j m p d#vWf�o _ �Wk�c ��_ o�a�o�a�f�o p sVo�aWc�o p v�ü¡|�f
r � s p rSd pqj o p s:o�aWc�c � c h o j . f jj a p���h _ih � _�y � HPF � H �
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`ba�c SUH m p k�k�f
� p r�f�o _�pqh a�f j f
k j�p v%clr5s p r�d�clw f j c�f�r�m�a&s p r j^_�h�y k�c)o p v��Züæ|Wf
r � v�r p wW|Wmno _�pqh�_ih
o�aWc�a�f
w�r pqhZ_ m�wWclmlf�tem�a�f hWh clk p s6o�aWc l � pqj�pqh f h w v�r�c j c h o�cnw&o�aWc�vWr�cnk _ d _ih f
r5t�r5c j |�kio j f�o
o�aWc 2CBC6�DGF:FQD m p
h s¢clr5c h mnc û LG= �#`baWc�c � c h o j cnk�cnmno _ipqh r�clü¡| _ r�cnw&o�a�r�clc 9 cno j ��_ o�aeo�r�f hWjG� clr j cc h clr y:_ c j)��� Ø�� V� � LQF�
 c�� . ��� Ø�� 0� � D:8�
 cJ� f h w ��� Ø��	�� � DGF�
 cJ���#`baWc�vWa p o p vWr p wW|Wm�o _ipqh
�Wf
m �¡y r p | h w � f j r5clwW|WmnclwD��tTr�cnü¡| _ r _�hWy�p
h c p s�o�aWc D � 9 c�o�dgf j�j c j f h wTo�aWc � � 9 c�o�d#f j�j o p�%cgm p d�v�f�o _ �Wk�c ��_ o�a o�aWc l � p
j�pqh dgf j5j f h w&o�aWc#o p vzd#f j�j . r5c j v%clm�o _!� clk!tq��`baWc h |�d}�>cnrp s p � j clr � clw÷c � c h o j _�h o�aWc�aWf
wWr p
hZ_ m�m�a�f h�h clk � f j s p | h wDo p �%c _ih f y r�cncld�c h o ��_ o�a 6ZY
c M v>cnmno�f�o _�p
hWj . f j5_�h o�a�c-m p r�r5c j v pqh w _�hWy 03254@6 f h f
k!t j^_�j � `baWc j c hWj^_ o _i�`_ o$t p s>o�aWc j clf
r�m�a�c j _iho�aWc�a�f
wWr pqhZ_ m�m�a�f hWh cnk _�j a p�� c � cnr�k p�� clrbo�a�f h s p r/o�aWc�kiclv�o pqhZ_ m�m�a�f hWh cnk . wW|�c o p o�aWc�k{f
r y clrc M v>cnmno�cnw���f
m �¡y r p | h wL�
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`ba�c SXH r�c j |Wkio j s¢r p d o�aWc�k�cnv�o pqhI_ m�f h wøo�aWcuaWf
wWr p
hZ_ m�m�a�f hWh clk j#� cnr�c . f j _�h o�aWc 03254@6f h f
kit j�_�j . | j cnw�o p�p ��o�f _ih f h |�vWv>cnr�� p | h w p
h o�aWc j^_�h�y k�c�o p v�mlr pqj�j-j cnmno _ipqh . � a _ m�a _ij��
� ; õ�� D õ B G���� ��� �IHH��
 c�� ? � F � LQ� vW� f�o �Q8�� ¥ ��� �+�

`ba�c¨m p r�r5c j v pqh w _�hWy |WvWv%clr6k _ d _ o pqh o�a�c�f h�p dgf�k p | j B ������� m p |WvWk _�hWy . f j�j |Wd _ihWy f
k�k p o�aWcnrf hWp d#f
k p | j �3¥/£�¥ m p |WvWk _�hWyqj o p �>c��nclr p f h w TWV ;�BED @ l ? � HKFGF�� . � f j��
� �! #" � F � D:D �

`ba�c�c M mnk�| j�_�pqh k _ d _ o j f
r�c k�c j�j�j o�r _�h�y c h o�o�a�f h o�a�c m p r�r5c j v pqh w _�hWy 03254@6 k _ d _ o jSp s � ; õ�� D
õ B G�� � ��� �IHH��
 cJ� ? � F � D:D:8 vW��f h w � �! #" � F � H ÿ L . wW|Wc�o p o�aWc�c M mnc j�j-p � j clr � clw���t SXHc_iho�aWc�k�cnv�o pqhI_ m�m�a�f h�h clk �
`ba�c SUH k _ d _ oSm pqh o�f _ihWj � p o�a j o�f�o _�j o _ mlf
kVf h w j t j o�cld#f�o _ m�| h mnclr5o�f _�h o _ c j s p kiwWclw _�h m�a�f h�h clk®�
��t��$m�aWf hWh cnkÚ� \$h o�aWcSvWr5c j c h o 03254@6 f h f�kit j^_ij o�aWc/| h mnclrGo�f _ih o$t pqh o�aWc�o p v}d#f j�j~� f j s p | h w)o p
�%c�o�aWc�w p d _�h f�o _ihWy}pqh c��S`baWc k _ d _ o/mlf
k�mn|Wk{f�o _�pqh#� f j v%clr5s p r�d�clw�s p rbo�aWr5clc�w _i� clr5c h o � f�k�|Wc j
p s~o�aWc�o p v�dgf j�j . h c y kiclm�o _�h�y�p o�aWcnr j5p |Wr5mlc j-p s~| h mnclr5o�f _�h o$t
�
`ba�c �Q8�� ¥����+�:|Wv�v>cnr k _ d _ o pqh o�aWc j^_ihWy kic}o p v��Zü¡|�f
r � vWr p wW|Wm�o _�p
h mnr pqj5j�j clm�o _�p
h s¢r p dPo�aWc
aWf
wWr p
hZ_ m�m�a�f hWh cnk p s�o�aWc SXH f h f
k!t j�_�j m p r5r�c j v p
h w j o p f h |WvWv%clr�k _ d _ o p s 8 � L c � c h o j s¢r p d
j�_�hWy k�c�o p v ü¡|�f
r � wWclmlf�t j _ih o�aWcecnk�cnmno�r pqh f h w d}| pqh m�a�f hWh clk j�p s o�aWc õ ö � w�f�o�f j cno û LG= �
`ba�clr�c�s p r�c-o�aWc _�h o�clr�v�r�cno�f�o _ipqh�p sLo�aWc K�� c p � j cnr � cnw�k�cnv�o pqh c � c h o j f j f hWp d#f
k p | j o p v��Zü¡|�f
r �
v�r p wW|Wmno _�pqh _ijbhWp o-r�|Wkiclw p |�o���t�o�aWc SXH f h f
k!t j^_�j _ih o�aWc�a�f
w�r pqhZ_ m�m�a�f hWh clkÚ�
`ba�c 03254@6 |�vWv>cnr)� p | h w pqh o�aWc j�_�hWy k�c��Úo p v�mnr pqj5j)j cnmno _�pqhz��p |Wkiwzm p r�r5c j v pqh w&o p f�dgf M �
_ d}|Wd p s D � FNp � j clr � clwúo p v c � c h o j _�h o�aWcek�cnv�o pqhI_ mem�a�f h�h clk p s o�a�c SUH f h f
k!t j�_�j � `baWc
p � j cnr � cnw h |Wd)�>cnr p s 8 c � c h o jA_ih o�a�c SXH f h f
kit j�_�j _ij m p d#vWf�o _ �Wk�c ��_ o�a p r _iy:_�h f�o _ihWy s¢r p d
o�aWc�c M v%clm�o�f�o _�pqh�� f
k�|�c p s H � � ��f
m �¡y r p | h w�c � c h o j vWk�| j f h f
wWw _ o _�p
h f
k j^_�y
h f
k p s D � F c � c h o j �
`ba�c _ih o�clr5vWr�c�o�f�o _�pqh)p sÜo�aWc p � j clr � cnwgc M mnc j�j5_ih o�aWc SUH k�clv�o pqhZ_ mbf h f�kit j^_ij f j f h�p dgf�k p | j o p væ�
ü¡|�f�r � vWr p wW|�mno _ipqh1_�j o�aWclr5cns p r5c�f�k j�p�h�p o-r�|Wkiclw p |�o-��t�o�a�c r5c j |Wkio p s3o�aWc 03254@6 f h f
kit j^_ij �
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�
\$h o�aWc�s p k�k p���_ihWy o�aWc p � j clr � clw�c � c h o�t _ clkiw j _�h o�aWc SXH f h w 03254@6 f h f
kit j c j f
r�c�m p d�v�f
r�cnw
o p o�a�c)c M v%clm�o�f�o _�pqh s¢r p d©a�tæv p o�aWcno _ mlf
k j�_�yqh f
k:vWr p mlc j�j c j �>c�t pqh w�o�aWc 6ZY �L`ba�c)w _ij ml| j�j^_ipqh
f�k�k p���j f h c � f
ki|�f�o _ipqh p s�o�aWc�r5c j v>cnmno _!� c j^_�y
hZ_ K mlf h mnc p s�o�aWc�wWc � _ f�o _ipqhWj _�h o�a�c�m�a�f hWh clk j
v�r�c j c h o�cnw�� \$hDj cnmno _�pqh HKF � D � H f y c h clr�f
kbd p wWcnkbf j5j |Wd _�hWy f h�p dgf�k p | j vWr p wW|Wm�o _�p
hDp s l
� pqj5pqhWji_ij m pqhWj^_ wWclr5clwNf j fuv pqj�j�_ �Wkic j5p |Wr5mlc p s/a _�y aæ� � � k�clv�o pqh c � c h o j � 6`_�hWy kic�o p v��Zü¡|�f
r �v�r p wW|Wmno _�pqh _�j m�a pqj c h f j f�d p r�c j v%clm _ K m/d p w�clk _�h}j clmno _�pqh HKF � D � D � 6 cnmno _ipqh HKF � D � � m pqhWj^_ wWclr j
o�aWc�f hWp d#f
k p | j vWr p w�|Wmno _�pqh p s¨o�f
| k�cnv�o p
hWj f j f j5p |Wr5mlc�s p r}o�aWc�c M mnc j5j _�h � p o�a o�a�c SUH
cnk�cnmno�r pqh � d)| pqh f h f
k!t j^_�j f h w�o�aWc 03254@6 o�f
|�f h f�kit j^_ij �
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� hWp d#f
k p | j vWr p wW|Wm�o _�p
h�p s l � p
j�pqhWj _�h f�o�aWc p r5t��>c�t pqh wuo�aWc 6ZY � f j m pqhWj�_ wWcnr�cnwef j f h
c M vWk{f h f�o _ipqh&p s/o�aWc p � j clr � clwNc M mnc j5j�p sbclkiclm�o�r p
h f h w&d}| pqh c � c h o j f�o�k{f�r y c �Wý ÞZþ Õ� _ih o�aWc
d p wWclk _ih wWcnv>c h wWc h o j clf
r�m�a�s p r _�j5p k{f�o�clw�kiclv�o pqh c � c h o j v>cnr5s p r5d#cnw��¡t)o�aWc SXH m p k�k�f
� p r�f�o _�pqh
û98R= � \$h o�aWc¨s p kik p���_�h�y o�aWc�c M v>cnmno�cnw�c � c h o/t _ cnk�w j s¢r p d j |Wm�a�f j�_�yqh f
kÜvWr p mlc j�j f�r�c�m p d�v�f
r�cnw
o p o�aWc p � j cnr � f�o _�pqhWj5_ih o�aWc SXH clk�cnmno�r pqh f h w#d}| pqh m�a�f h�h clkÜs p r �Wý ÞZþ Õ� � LQF�
 c�� ; ; c � c h o j ? ._ih o�aWc 03254@6 clkiclm�o�r p
h f h w�d}| pqh m�a�f h�h clk�s p r �Wý ÞZþ Õ� � LQF�
 c�� ; F c � c h o j ? f h w _�h o�aWc 03254@6
o�f
|}m�a�f hWh clk¡s p r �Wý ÞZþ Õ� � D:8�
 cJ� ; D c � c h o j ? � \ o � f j f j�j |Wd�clw)o�a�f�o3o�aWc j^_�y
h f
k¡vWr p mlc j�jI��p |Wkiw
kic�f
w�o p o�aWc�vWr p wW|Wm�o _ipqh�p s+f l � pqj5pqh���_ o�a�f�mlr pqj�j¨j cnmno _ipqh �%$'& (*),+ f h w j |�� j cnüæ|�c h o 6ZY
w�clm�f�t p s-o�a�c l � p
j�pqh � � p r�o�a _ij�j mlc h f
r _�p o�aWc�c�N#m _ c h mnt _ih o�aWc 03254@6 o�f
| m�a�f hWh clk _ij
f�vWvWr pPM _ d#f�o�clkit H:H o _ d#c j k p�� clrbo�a�f hT_ih � p o�a�o�aWc 03254@6 f h w SXH clkiclmno�r pqh-� d}| pqh m�a�f hWh clk �
`ba�c h c y f�o _!� c k pqy �Zk _i� clk _ a pæp wgs¢| h m�o _�p
h/. s p rbo�aWc�m p d)� _�h f�o _�p
h�p s�0 _ih wWclv%c h wWc h o�m�a�f hWh clk j
_ij wWc KWh clwuf j��

. ; �%$1& (*),+ ? � �3254 k h�6 4 ;87
4
à <:9 � 7

4
(*;�< 7

4
Á>=5Ã ; �%$1& (*),+ ? ? � ; HPF � H ?

� a�clr�c 6 4 ;?7
4
à <:9 � 7

4
(*;�< 7

4
Á>=5Ã ; �%$1& (*),+ ? ? _ij o�aWc B3p:_�j5j�pqh vWr p ��f
� _ k _ o$tgs p rbo�aWc p � j cnr � clw h |Wd��

�%clr p s¨c � c h o j 7
4
à <:9 _ih m�aWf hWh cnk@0 . _ s�7

4
(*; �Wf
m �¡y r p | h wYc � c h o j f h wA7

4
ÁB=5Ã ; �%$'& (*),+ ? j^_iyqh f
k

c � c h o j s¢r p d fTa�t�v p o�aWcno _ m�f�k j^_iyqh f
k-vWr p mnc j�j���_ o�a÷mnr pqj5j�j clm�o _ipqh �%$1& (*),+ f�r�c�c M v%clm�o�cnw � �
`ba�c�wWcno�clm�o _�p
h c � clm _ c h m�t&s p r�o�a�cga�tæv p o�aWcno _ mlf
k l j^_iyqh f
k _ih o�aWc#w _i� clr5c h o�m�a�f hWh clk j)� f j
c j o _ d#f�o�cnw�s¢r p d[o�aWc�m p r5r�c j v pqh w _ihWy c0N�m _ c h m _ c j s p r 6IY¤j�_�hWy kic l �$� pqj�p
h v�r p wW|Wmno _�pqh ��`baWc
| h mlcnr5o�f _�h o _ c j+pqh o�aWc 6ZY �Wf
m �¡y r p | h wgc M v%clm�o�f�o _�pqh�j6� clr5c-o�f � c h _�h o p f�mlm p | h o _ih#p ��o�f _ihZ_�hWy
o�aWc B~p:_ij�j5pqh v�r p ��f�� _ k _ o _ c j �
� _�y |Wr5c HPF � D f ? j a p���j�. ; �%$1& (*),+ ? s p r � f
r _�p | j m p d}� _ih f�o _ipqhWj3p s�o�a�cSw _!� cnr�c h o�m�aWf hWh cnk j �I`baWc
d _�hI_ d#f p sIo�aWc . ; �%$1& (*),+ ? mn|Wr � c j . .DCFEHG ; �ICFEHG ? . m p r�r5c j v pqh w�o p o�aWc mlr pqj�j-j cnmno _�pqh���_ o�a�o�aWca _�y aWc j o�v�r p ��f�� _ k _ o$t�s p r¨o�aWc p � j cnr � cnw�c � c h o t _ clk�w j7_�h o�aWc}m p r�r5c j v pqh w _�hWy m p d}� _ih f�o _�pqh�p s
m�aWf hWh cnk j �+`baWc � f
k�|Wc jSp s �%$1& (*),+ . s p r � a _ m�a . ; �%$'& (*),+ ? a�f jt_�h mnr�c�f j clw���t F � 8 | hI_ o j f
� p�� c

J 93x�zW��� u ~y���Kz�{yz^�$�O�����P��D5K � AQ���ks}�r~yz�s�~`� � u s}��� u ���ks}�3s�� IP� u  q<z�{y�'�K��~`�ksIL G�E!z u zp{  ��z�~������5��syx >NMOMQP zBR� u � > �TS P zUR � � z u �pzesyx�zWVw�k����z����-XZY\[ ]_^a`)���/{y{}z�~yq5� u ��~|sF��syxRz5��� ; � u �>~ ��s � v z��  x/s}z��c�:V/zp{��  zC�k�W��V �����Rz�ws�b c�d >OMOM5P zBRE� u � � u ze�ws�b c�d > �TS P zBR �
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. CFEHG . w�c K�h c/o�aWc H�� m pqh K w�c h mnc _ih o�clr � f
k�s p r �ICFEHG ûJHKF��<= . � a _ m�a _�j ü¡| p o�clw�f j o�aWcb| h mnclrGo�f _ih o$tp
h o�aWc � f�k�|Wc p s �ICFEHG?_�h o�aWc�s p k�k p���_�hWy �

� p r}o�aWc 03254@6 clk�cnmno�r pqh f h w d}| p
h m�a�f hWh clk-f h f
kit j^_ij . � aWcnr�c hWp c � c h o j#� clr5c p � j cnr � cnw .o�aWcgd pqj o)vWr p ��f
��k�c j mlc h f
r _�p m p r�r5c j v pqh w j o p o�aWc 6ZY ��f
m �¡y r p | h wNc M v>cnmno�f�o _�p
h . ��_ o�a p |�of�wWw _ o _�pqh f
kLm pqh o�r _ �W|�o _�pqh s¢r p d f j^_�y
h f
k�vWr p mnc j5j�� �
	��
� ) 
 Á¢À�� C��CFEHG � F ö Æ�� �
 Æ�� Æ vW�V�+`baWc�d pqj o�vWr p �æ�f��Wk�c � f
ki|Wc p s�o�aWc f hWp d#f
k p | j l vWr p wW|Wm�o _�p
h mnr pqj5j�j clm�o _�p
h s p r�o�aWc SXH d#clf j |�r�cld�c h o .� a�clr�c�f h c M mlc j�j�p s�c � c h o j f
� p�� cuo�aWc 6ZY v�r�clw _ mno _�pqhø� f j�p � j cnr � cnw . � f j�p ��o�f _ih clwxf j��� V 
 Á¢À�� C��CFEHG � ; � � ö � � �
 0 � � v���� � h c � c h a _iy aWcnr j�_�yqh f
k ��p |Wk�w �%c�m p d�v�f�o _ �Wkic ��_ o�a o�aWc 03254@6p � j cnr � f�o _ipqh _ih o�aWc¨o�f
|�m�aWf hWh cnk . � aWcnr�c�f h c M mlc j�j f
� p�� c�f � cnr5t j d#f
k�kÜ��f
m �¡y r p | h w�c M v%clmB�o�f�o _ipqhe� f j�p � j clr � cnw � � 	���� ) 
 Ä Þ �CFEHG � D:D � H ö 0^V � �
 V � � � vW����`baWc H � cnr�r p r p
h o�a _�j c j o _ dgf�o�clw � f
k�|�c_ij k{f
r y clr�o�aWf h�_ih o�aWc#f h f
k!t j c jU_�h o�a�c#cnk�clm�o�r pqh f h w&d}| pqh m�aWf hWh cnk j . wW|Wc�o p o�aWc j d#f
k�kiclrc�N�m _ c h mnt _�h o�aWcgo�f
|Tm�a�f hWh clk ��`baWc � f
ki|Wc j�p s �ICFEHG s p r�o�aWcgm pqhWj^_ wWclr5clwNm p d}� _ih f�o _ipqhWj p s
m�aWf hWh cnk j k _ c _ih �%cno � clc h o�a�c�m p r5r�c j v p
h w _�h�yg� f
k�|Wc j s p r-o�aWc _ih w _i�`_ wW|�f
k:m�a�f h�h clk j ��� p r¨o�aWc
m p d}� _ih f�o _�pqh�p sIf
kik SXH f h w 03254@6 m�a�f h�h clk j . f � f�k�|Wc p s � Þ ÀÂÀCFEHG � D � � ö V � �
 V � � vW� � f j�p ��o�f _�h cnw��

`ba�c-m p d�v�f�o _ � _ k _ o$t p s%o�aWcbm p
hWj^_ wWclr5clw�m p d}� _�h f�o _�pqh�jIp s%d�c�f j |Wr�cnd#c h o j � f j c j o _ d#f�o�cnw}s¢r p d
f Y�p
h o�c¨¥/f
r�k p c M v>cnr _ d#c h ol� 2 � c h o h |Wd}�%clr j+� clr5c¨r�f h w p d#k!t y c h clr�f�o�cnw�s p r o�aWc _ih w _i�`_ wW|�f
k
m�aWf hWh cnk j . s p kik p���_�hWy f B~p:_ij�j�p
h w _�j o�r _ �W|�o _ipqh���_ o�a�o�aWc�m p r�r5c j v pqh w _�hWyb� f
ki|Wc p s%7

4
(*;F< 7

4
Á>=5Ã ; � ?

| j clw�f j c M v%clmno�f�o _ipqhg� f
ki|Wc
� � Y�pqh o�c�¥/f�r�k p c � c h obs p r�f y:_i� c h m p d}� _ih f�o _ipqh�p s
��m�a�f hWh clk j
m pqhWj�_�j o jSp sVf j cno p sVc � c h o h |Wd}�%clr j ;?7 V � � � � 7�� ? ��� p r6clf
m�a p s>o�aWc Y�pqh o�c�¥/f
r�k p�y c h cnr�f�o�clwc � c h o j o�a�c � f
ki|Wc p s . _�j+p ��o�f _ih clw _�h f h f
k pqy t�o p clüÜ� HKF � H f j f�d#clf j |�r�c p s�o�a�c¨vWr p ��f
� _ k _ o$t
s p r�o�a _�j c � c h o�o p&p mlmn|Wrl� � v�r p ��f�� _ k _ o$t 6 à <:9 m�a�f
r�f
mno�clr _ � _ihWy o�aWc�f
mno�|�f
k p � j clr � f�o _ipqh _ih
o�aWc�m p r�r�c j v pqh w _ihWy m�a�f hWh clk j/� f j o�a�c h wWc KWh clw�f j o�aWc�s¢r�f
m�o _ipqh�p s y c h clr�f�o�clw Y�p
h o�c�¥/f
r�k p
c � c h o j)��_ o�a . � . CFEHG � � j dgf
kik � f
k�|�c p s 6 à <,9 m p r�r5c j v pqh w j o p o�a�c#m pqh mlki| j^_ipqh o�a�f�o�o�aWc
f�mno�|Wf
k p � j clr � f�o _�pqh a�f j f�k p�� vWr p �Wf
� _ k _ o$t o p p mnml|Wr � aWc hgj�_ d}|Wk�f�o _ihWy o�aWc¨c M v>cnr _ d�c h o ��_ o�a
o�aWc y:_i� c h f j5j |Wd�v�o _ipqhWjbpqh o�aWc�c M v%clmno�clw h |�d}�>cnr p sIc � c h o j �6`If��Wk�c HKF � �}j a p���j o�aWc � f�k�|Wc j
s p r �ICFEHG . 6 à <:9 ; �ICFEHG ? f h w 6 à <:9 ; � � F ? s p r¨o�aWc _�h w _i�`_ w�|�f
k:m�a�f hWh clk j f h w�f
kik~v pqj�j�_ �Wkic)m p d��
� _�h f�o _�pqh�j � 6 à <:9 ; �ICFEHG ? m p r5r�c j v p
h w j o p o�aWc�vWr p ��f
� _ k _ o$t�f j�j |Wd _ihWy o�aWc�d p
j o/v�r p ��f��Wk�c�mnr pqj5j
j clm�o _�p
h s p r}o�aWc�m pqh�j^_ w�clr�cnwYm p d}� _ih f�o _ipqh . � a _ k�c 6 à <:9 ; � � F ? m p r�r�c j v pqh w j o p o�aWc�vWr p �æ�
f�� _ k _ o$tef j�j |�d _ihWyuhWp�j^_iyqh f
k � � kik�m p d}� _�h f�o _�pqh�j . o�a�f�o _ih mlki|WwWc�o�aWc 032C476 cnk�clm�o�r pqh � d}| pqhm�aWf hWh cnk%r5c j |Wkio j a�f � c-f�k p�� � f�k�|Wc p s 6 à <:9 ; �ICFEHG ? p s%o�aWc p r�w�clr p s H!� . � a _ k�cSo�aWc�m p d}� _�h f�o _�pqhp sVo�aWc 0325476 o�f
|gm�a�f hWh cnkVf h w#o�aWc SUH clkiclm�o�r p
h � d}| p
h m�a�f hWh clkVf h f
kit j^_ij aWf j f)k�f
r y c � f
k�|�c
p s 6 à <,9 ; �ICFEHG ? � �:F�� �Y`ba _�j _�h w _ m�f�o�c j o�a�f�o�o�aWc p � j clr � clwxc M mlc j5j _�h � p o�a o�aWc SXH clkiclmB�
o�r pqh-� d}| pqh f h w�o�aWc 032C476 o�f
|#f h f
k!t j�_�j f
r5c�m p d�v�f�o _ �Wkic ��_ o�a _�h H�� . yG_i� c h o�aWc-f j�j |Wd�v�o _ipqhp s�f h f h�p dgf�k p | jXl vWr p w�|Wmno _�pqh&j^_�y
h f
k . � a _ k�c�o�aWc 03254@6 cnk�clm�o�r pqh � d}| pqh f h f
kit j^_ijX_ijX_ihm pqh o�r�f
w _ m�o _ipqh o p o�a _�j f j�j |Wd�v�o _ipqh �/`baWc � f�k�|Wc p s 6 à <:9 ; � � F ? . � a _ m�a y:_!� c j o�a�c)vWr p ��f
� _ k!�_ o$t�s p r¨o�a�c p � j clr � f�o _�pqh f j�j |�d _ihWy�hWp�j�_�yqh f
k . _�j k�f
r y c pqh kit�s p r¨o�aWc 03254@6 cnk�clm�o�r pqh � d}| pqhf h f
kit j�_�j . � aWclr5c hWp c M mlc j�j}� f j}p � j clr � clwL� � p r�o�aWc SXH f h f
kit j^_ij f�k pqh c�f � f
ki|Wc p s F � H�D��
� f j¨p ��o�f _�h cnw . m p r5r�c j v p
h w _�h�y f
vWv�r pPM _ d#f�o�cnkit�o p f ���zj�_�yqhZ_ K m�f h mlc�� � p rbo�aWc�m p d}� _�h f�o _�pqhp s�f
kik SXH f h w 0325476 d�c�f j |Wr�cnd#c h o j f � cnr5t j d#f
kik/vWr p ��f
� _ k _ o$t p s�f�vWvWr pPM _ d#f�o�clkit HKF�
 � .m p r�r5c j v pqh w _�hWy o p f � � ÿ �zj^_iyqhZ_ K m�f h mlc . � f j�p ��o�f _�h clw��-`ba _�j vWr p ��f
� _ k _ o$t . o�a p | y a j dgf
kik . _ijh�p o j d#f
k�k>c hWp | y a�o p mlk{f _ d o�aWc p � j clr � f�o _�p
h�p s f�wWc �`_ f�o _ipqh s¢r p d[o�aWc 6ZY �
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� hWp dgf
k p | j l vWr p wW|Wm�o _�p
h
m�a�f hWh clk �ICFEHG 6 à <:9 ; �ICFEHG ? 6 à <,9 ; � � F ?
03254@6 clk�cnmno�r pqh � d}| pqh F ö Æ�� �
 Æ�� Æ v�� D���� D����
SXH clkiclmno�r pqh-� d}| pqh ; � � ö � � �
 0 � � vW� HKF:F�� F � HK���
03254@6 o�f
| DGD � H ö 0^V � �
 V � � � v�� HKF:F�� H � ���
03254@6 clk�cnmno�r pqh � d}| pqh�� 03254@6 o�f�| F ö V � �
 Æ�� Æ v�� H � HH� H � H!�
03254@6 clk�cnmno�r pqh � d}| pqh���SUH cnk�clm�o�r pqh � d}| pqh D � H ö V � �
 V � � vW� H � D�� F � H�D��
03254@6 o�f
| ��SXH cnk�clm�o�r pqh � d}| pqh ÿ�� ÿ ö � � �
 0 � �

vW� �:F�� F � F:FQ8��
03254@6 clkÚ� � d}| pqh���SXH clk � � d}| pqh�� 03254@6 o�f
| D � � ö V � �
 V � � vW� F � LQ��� F � FIH:H!�

ã~äæåLç�è�é
ê�ë���ì ½�»�ð$º�ï¡¬G»�¯æ«�¯æ°²±/¹�¬�»�ð�ðZâÍð�±B¹�º�­²»�¼C'�«�°®¾�±Bð�� CFEHG » × «�ñ *
ïW»�º�ñ�±�º�­®¹�«�°�
 ï¡¬�»qó¡¾¡¹�â
º�­²»�¼�ðG­���¼¡«�° × »�¬ «�°®°¡ïW»�ð�ð�­®¯æ°²±�¹�»�î-¯�­®¼¡«�º�­²»�¼¡ð~» × º�ñ�±S³¨´S«�¼¡ó�µW¶3·b¸�«�¼¡«�°%*
ð�­!ð:¬�±Bð�¾æ°²º�ð:­®¼ º�ñ�±
ó¡­��W±�¬�±B¼�ºb¹5ñ¡«�¼¡¼�±B°®ðBô
	+ñ¡± '�«�°®¾�±Bð/» ×�� à <,9 +�� CFEHG 1 «�¼¡ó � à <:9 +���
úÉ 1 �%«�ðb±��qïæ°®«�­!¼�±Bó�­®¼gº�ñ�±
º$±��
º)��«�¬�±-«�°®ð$»U��­%'�±B¼ × »�¬�±B«�¹Gñ�» × º�ñ¡±�¹�»�î-¯æ­!¼¡«�º�­²»�¼¡ð�ô

132-443/443 7¨C5M�\�F�8 5�H�A!7 7�;�A�J�Q�<LHWCGA�M

� p kik p���_�h�y o�aWc�w _ij mn| j�j�_�pqh _�h o�a�c�vWr5c �`_�p | j�j clm�o _ipqh . f�d p r5c j v%clm _ K m�d p wWcnkVf j5j |Wd�v�o _ipqh�pqho�aWcbf h�p dgf�k p | j$l vWr p w�|Wmno _�pqh v�r p mlc j5jI� f j d#f
wWc6�¡t�m p d#v�f�r _�h�y o�aWc p ��o�f _�h clw)c � c h o�t _ clk�w j
��_ o�a�o�aWc�vWr�cnw _ m�o _ipqh s¢r p dPf hWp dgf
k p | j¨j^_�h�y k�c)o p v��Züæ|Wf
r � vWr p wW|Wm�o _�p
hu��_ o�a&f�mnr pqj5j�j cnmno _ipqh
� 9 EHG�� � Ä à Ã � S cnr�c � 9 EHG�� � Ä à Ã m p r5r�c j v p
h w j o p o�a�c�ki|Wd _�hWpqj�_ o$t � c _�y a¡o�clwøf � clr�f y c p s�f � f
k�|Wc�f�o� � � �:FGF	
 cJ� f h w pqh c)f�o � � � �IHH��
 c���� \$h m�f j c p s o�aWc SXH f h f
kit j^_ij . o�a�c�vWr5clk _ d _�h f
rGtr5c j |Wkio j s p r/o�aWc j^_ihWy kic��Zo p v�vWr p wW|�mno _ipqh�j clf
r�m�a � cnr�c m pqhWj�_ wWcnr�cnw û LG= o p�p ��o�f _ih o�aWc p � j clr � clw
h |Wd)�>cnr jbp s3c � c h o j . ��f
m �¡y r p | h w�c M v%clmno�f�o _ipqh�� f
k�|Wc j f h w j�_�yqh f
k>c�N�m _ c h m _ c j s p r j^_�h�y k�cB�Zo p vv�r p wW|Wm _ipqh ��`baWc�m pqhWj^_ wWclr5clw p � j clr � clw c � c h o h |Wd}�%clr j f h we��f
m �¡y r p | h w�c M v%clm�o�f�o _�pqhWj s p r
o�aWc 032C476 m�a�f hWh clk j-� clr5c _ wWc h o _ m�f
k�o p o�aWc pqh c j s¢r p d o�aWc vWr�c �`_�p | j-j cnmno _�pqh . � a _ k�c�s p rbo�aWcj�_�yqh f
kIc�N#m _ c h mnt�o�aWc � f
k�|�c j s p r j�_�hWy k�c��Úo p v�vWr p wW|Wm�o _ipqh�� cnr�c�| j clw�� � p r¨o�a _ij�j mnc h f
r _�p o�aWc
c�N�m _ c h mnt _ih o�aWc 03254@6 o�f�|�m�aWf hWh cnk _ij f
vWvWr pPMI_ dgf�o�clk!t DRL o _ d�c j k p�� cnr�o�a�f h _�h o�aWc 03254@6
cnk�cnmno�r pqh � d)| pqh m�a�f h�h clk�f h w �:F o _ d#c j k p�� clrgo�a�f h _�h o�aWc SXH cnk�cnmno�r pqh � d)| pqh m�a�f h�h clk �
� _�y |Wr5c HKF � D � ? j a p���j o�a�c � f
k�|Wc p s�o�aWc h c y f�o _i� c�k p
y �$k _�� cnk _ a p�p w�s¢| h m�o _ipqh . ; � 9 EHG�� � Ä à Ã ? f js¢| h mno _�pqh&p s�f�a¡tæv p o�a�cno _ m�f
k j^_ihWy kic��Zo p v��ZvWr p wW|Wm�o _�p
h mlr p
j�j)j clm�o _�p
h � 9 EHG�� � Ä à Ã � � k j�p aWclr5c#o�aWc| h mlcnr5o�f _�h o _ c j�pqh o�aWc 6ZY ��f
m �¡y r p | h wzc M v>cnmno�f�o _�p
hWj � clr5c�o�f � c h _ih o p f
mlm p | h o � a�c h mlf
k!�
mn|Wk{f�o _�h�y o�a�c B~p:_ij�j�p
h vWr p �Wf
� _ k _ o _ c j �¨`ba�c � f�k�|Wc j�p s �ICFEHG . 6 à <:9 ; �ICFEHG ? f h w 6 à <:9 ; � � F ? s p r
o�aWc _ih w _!� _ wW|�f
k�m�aWf hWh cnk j f h w�f
kik�m pqhWj�_ wWcnr�cnw�m p d)� _�h f�o _�p
hWj f
r�c y:_i� c h _ih `~f
��� HPF � L � � j c M �
v%clm�o�cnw�s¢r p d§o�a�c � cnr5t�k p�� c0N�m _ c h m�t#s p r j^_ihWy k�cB�Zo p vgü¡|�f
r � v�r p wW|Wmno _�pqh . o�aWc�d pqj oSvWr p ��f
�Wkicj�_�hWy k�c��Úo p v&vWr p wW|Wm�o _ipqh mnr pqj5j}j cnmno _ipqh r�clf
m�aWc j fuk{f�r y c � f
k�|Wc p s �ICFEHG � L � � ö � � �
 0 � � vW�Ts p r o�aWc0325476 o�f
|�m�a�f hWh clkÚ� \$h o�a _�j-j mnc h f
r _�p . f j m�f h �%c j clc h s¢r p d o�aWc � f
ki|Wc j¨p s 6 à <,9 ; �ICFEHG ? . o�aWcm p d}� _ih f�o _�pqh�p s 03254@6 clk�cnmno�r pqh � d}| pqh f h w 03254@6 o�f
|�f h w o�aWc+m p d}� _�h f�o _ipqh�p s�f�k�kqm�a�f hWh clk j
aWf � c�f j dgf�k�kIv�r p ��f�� _ k _ o$t . � a _ kic)o�a�c�m p d}� _�h f�o _�pqhup s 032C476 f h w SXH clkiclm�o�r p
h � d}| p
h f h wo�aWc�m p d}� _�h f�o _ipqhgp s SUH clk�cnmno�r pqh � d}| pqh f h w 0325476 o�f
|�f
r5c�m p d�v�f�o _ �WkicW; 6 à <:9 ; �ICFEHG ? � ;��
_ih � p o�aemlf j c j ? ��`baWc _�h mnr�c�f j clw�m p d#vWf�o _ � _ k _ o$tgs p r¨o�a�c}m p d)� _�h f�o _�p
hWj . � aWclr5c}o�aWc SXH clkiclmB�o�r pqh-� d}| pqh f h f
kit j^_ije_�j�_ih��qp k � clw . m p r�r5c j v pqh w j o p o�aWcbsÍf
m�o�o�a�f�o�o�aWc p � j clr � clw�c M mlc j5jt_ih o�a _ijw�clw _ m�f�o�clwzo p v j c�f
r5m�aNf h f�kit j^_ijX_ij kic j5j�j�_�yqhZ_ K m�f h o�o�a�f h o�aWcgc M mlc j5ji_�h o�a�c y c h clr _ m j clf
r�m�a
s p r _ij�p k�f�o�cnwuclkiclm�o�r p
hWj f h wud}| p
hWj . pqh�� a _ m�auo�a�c)r�c j |Wk!o j s¢r p d o�aWc)vWr5c �`_�p | j�j cnmno _�pqh�� cnr�c
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�Wf j cnw���`ba�c � f
k�|�c j p s/o�a�c#vWr p ��f
� _ k _ o _ c j s p r�o�a�c hWp � j^_iyqh f
k�a�tæv p o�aWc j^_�j . 6 à <,9 ; � � F ? . f
r5cs p r�o�aWc 03254@6 f h f
k!t j c j?_ wWc h o _ m�f
k~o p o�aWc pqh c j s¢r p d o�aWc l a�tæv p o�aWc j^_�j . � a�clr�c�o�a�c j f
d�c�Wf
m �¡y r p | h wxc M v%clm�o�f�o _�pqhWj�� cnr�c�| j cnw�� � p r SUH o�aWc h�p � j�_�yqh f�kba¡tæv p o�a�c j^_ijgy c�o j f&a _iy aWcnr
v�r p ��f�� _ k _ o$t _ih o�aWc wWclw _ m�f�o�clw j^_�h�y k�cB�Zo p v j c�f
r5m�a . � aWclr5c�o�a�c�c M mnc j5j@_�j�j d#f
kik�clr�f h w�o�aWc c M �v%clm�o�cnw 6ZY ��f
m �¡y r p | h w _�j k{f�r y cnr�o�a�f h _ih o�aWc y c h clr _ m j c�f�r�m�a&s p r _�j�p k{f�o�clweclkiclm�o�r p
hWj f h w
d)| pqhWj � S c h mlc�o�aWc�m p d}� _�h f�o _ipqhWj+p sVo�a�c�m�a�f h�h clk j . � a�clr�c�o�aWc SUH clkiclm�o�r p
h � d}| p
h f h f�kit j^_ij_ij _�h��qp k � cnw . a�f � c�f
k j�p f�k{f
r y clrbvWr p ��f
� _ k _ o$t 6 à <:9 ; � � F ? s p r/o�aWc j^_ihWy k�cB�Zo p v�a�t�v p o�aWc j�_�j �
� hWp dgf
k p | jbj�_�hWy kic��Úo p v�vWr p w�|Wmno _�pqh
m�a�f hWh clk �ICFEHG 6 à <:9 ; �ICFEHG ? 6 à <,9 ; � � F ?
03254@6 clk�cnmno�r pqh � d}| pqh F ö Æ�� Æ �
 Æ�� Æ vW� D���� D����
SXH clkiclmno�r pqh-� d}| pqh F � �:� ö Æ�� 0 �
 Æ�� 0 Æ

v�� HKF:F�� L � ���
03254@6 o�f
| L � � ö � � �
 0 � � vW� HKF:F�� H � ���
03254@6 clk�cnmno�r pqh � d}| pqh�� 03254@6 o�f�| F ö Æ�� Æ �
 Æ�� Æ vW� H � HH� H � H!�
03254@6 clk�cnmno�r pqh � d}| pqh���SUH cnk�clm�o�r pqh � d}| pqh F � F ÿ ö Æ�� V �
 Æ�� Æ � v�� ; � ��� � � ���
03254@6 o�f
| ��SXH cnk�clm�o�r pqh � d}| pqh F � LQ� ö Æ�� �
 Æ�� 0$0

v�� ; � L�� F � D<L �
03254@6 clkÚ� � d}| pqh���SXH clk � � d}| pqh�� 03254@6 o�f
| F � H�D ö Æ�� V �
 Æ�� VÍ0 v�� F � ÿqÿ � F � D����

ã~äæåLç�è é
ê�ë � ì ½�»�ð�ºbï¡¬�»�¯æ«�¯æ°®±�¹�¬�»�ðGðZâÍð$±B¹�º�­²»�¼ '�«�°®¾�±Bð � CFEHG » × «}ñ *
ïW»�º�ñ�±�º�­®¹�«�°�ð�­®¼ ��°²±�â¢º$»�ï
ï¡¬�»qó¡¾¡¹�º�­²»�¼�ð�­%��¼¡«�° × »�¬~«�°®°�ïW»�ð�ð�­²¯�°²±I¹�»�î¨¯æ­®¼æ«�º�­²»�¼¡ðV» × º�ñ�±6³�´+«�¼¡ó�µ�¶3·b¸�«�¼¡«�°�*qð�­®ð�¬�±BðG¾¡°²º�ð
­®¼�º�ñ�±�ó¡­��W±�¬�±B¼�º/¹5ñ¡«�¼¡¼�±B°!ð�ô
	6ñ�± 'l«�°®¾¡±Bð/» × � à <:9 +�� CFEHG 1 «�¼¡ó � à <,9 +�� 
 É 1 �%«�ð�±��
ïæ°!«�­®¼�±Bó
­®¼}º�ñ�±�º$±��qº)��«�¬�±�«�°!ð$» ��­�'�±B¼ × »�¬+±B«�¹5ñ�» × º�ñ�±-¹�»�î¨¯æ­®¼¡«�º�­®»�¼¡ð�ô

132-443/4�� ! M�A�O 9+FGA�Q�EøH�9+Q 7�;�A-J�Q�<LHWC�ASM

� hWp d#f
k p | j w _ r5clmno6vWr p w�|Wmno _�pqh�p s�o�f
|gkiclv�o pqhWj5_�h f�vWr p mnc j5j �%cnt p
h wgo�a�c 6ZY . f j m p
hWj^_ wWclr5clw_ih�j cnmno _�pqh�� � � � D . m p |�k�w��%c�o�aWc)mlf
| j c p s�� p o�auo�aWc�o ��p o�f
|uc � c h o j�p � j clr � clw _�h o�aWc 03254@6j c�f
r5m�aNf h w o�aWc�c M mnc j5j}p s/cnk�cnmno�r pqh f h w&d)| pqh c � c h o j f�o k�f
r y c � f
ki|Wc j p s � ý ÞZþ Õ� _ih o�aWc SUH
_ij�p k�f�o�cnwYkiclv�o pqh f h f
kit j^_ij � \$h o�a _�jgj mlc h f
r _ip o�aWcuo�f�|Yk�cnv�o p
hWj w pzhWp o p r _�yG_�h f�o�c�s¢r p d l
w�clm�f�t j f h w�aWc h mncbo�aWc�c M v%clm�o�clw j^_iyqh f
k _�h o�aWc�cnk�clm�o�r pqh � d}| pqh m�a�f hWh clkÜm pqh�j^_�j o j+pqh k!t p s>o�aWc
cnk�cnmno�r pqh � d)| pqh wWclmlf�t�m�a�f hWh cnk p s>o�aWcbo�f
|�kiclv�o pqh . ��_ o�a�f�o p o�f�kW�Wr�f h m�a _�h�y r�f�o _ip�p s �:8�� � \$ho�aWc)s p kik p���_�h�yA_ o _ij f j5j |Wd�clw�o�a�f�o¨o�aWc�wWclmlf�tuvWr p wW|Wm�o j�p s o�aWc}f hWp d#f
k p | j k!t�vWr p wW|Wmnclw�o�f
|
kiclv�o pqhWj f
r�c/w�cno�cnmno�clw ��_ o�a�o�a�c j f
d�cSc�N�m _ c h mnt}f j!_ih o�a�cSm p r�r�c j v pqh w _ihWy?6ZY l �ZvWr p wW|Wm�o _�p
h
m�aWf hWh cnk j � \ obs p kik p���j o�aWf�o�o�aWc�c M v%clm�o�clw h |Wd}�%clr p s~c � c h o j7_ih o�aWc�cnk�clm�o�r pqh � d}| pqh m�a�f hWh cnk
p s�� p o�a&o�aWc SUH f h w 0325476 clkiclmno�r pqh-� d}| pqh f h f
k!t j^_�jU_�j f
vWvWr pPMI_ dgf�o�clk!t�o�a�c j f�d#cgf j o�aWc
p
h c _�h o�aWc 03254@6 o�f�|�m�aWf hWh cnkÚ�
� _�y |Wr5c HKF � D m ? j a p���j o�aWc � f
k�|�c p s�o�aWc h c y f�o _i� c�k pqy �Zk _i� clk _ a pæp w�s¢| h mno _�pqh . ; � 9 EHG�� � Ä à Ã ? f js¢| h mno _�pqh�p s6o�aWc�a�tæv p o�aWc�o _ m�f
k o�f
|��$v�r p wW|Wmno _�pqh mnr pqj5j�j clm�o _ipqh ���:& (*),+ �}`baWc � f
k�|�c j�p s �ICFEHG .6 à <:9 ; �ICFEHG ? f h w 6 à <:9 ; � � F ? s p r+o�aWc _�h w _i�`_ w�|�f
k�m�a�f h�h clk j f h w�f
k�k�m pqhWj^_ wWclr5clw�m p d}� _ih f�o _�pqhWj
f�r�c yG_i� c hm_�h `If
�L� HKF � 8 �-`baWc}d pqj o�vWr p ��f
�Wkic�mnr pqj5j � j clm�o _�p
h�� f�k�|Wc�s p r¨o�aWc)m p d}� _ih f�o _�pqh�p s
f�k�k6m�a�f hWh cnk j}p s �ICFEHG � H � D ö Æ�� � 0
 Æ�� � � m p r5r�c j v p
h w j o p�D c M v%clmno�clw j^_iyqh f
k6c � c h o j _ih o�a�c 03254@6o�f
|�m�a�f h�h clkVf j�� clk�kLf j _ih o�aWc SXH f h w 032C476 clkiclmno�r pqh-� d}| pqh m�a�f hWh cnk j �6¥ p d#vWf
r�cnw�o p o�aWc
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f hWp d#f
k p | jCl vWr p wW|�mno _ipqh�j mnc h f
r _�p f h w�o�aWc j^_ihWy kic��Zo p v�vWr p wW|�mno _ipqh�j mnc h f
r _�p . o�aWc¨m p d�v�f�o5�_ � _ k _ o$t p s o�aWc 032C476 o�f�|�m�a�f hWh clk ��_ o�a�o�aWc SUH clkiclmno�r pqh-� d}| pqh m�a�f hWh clk _ij _ih mlr5c�f j clw . w�|Wco p o�aWc-sÍf�mno6o�a�f�oSf
kik�m�a�f hWh cnk j a�f � c�f j^_ d _ k{f
rIc0N�m _ c h m�t _ih o�a _�j+j mnc h f�r _�p ��`baWc¨v�r p ��f�� _ k _ o _ c j
s p r�o�aWc hWp � j^_�y
h f
k a�tæv p o�aWc j^_�j . 6 à <:9 ; � � F ? . f
r5c _ wWc h o _ mlf
kIo p o�a�c pqh c j?_�h o�aWc�f h�p dgf�k p | jl vWr p wW|Wm�o _ipqh�j mlc h f
r _�p . j^_ih mlc�o�aWc j f
d�c���f
m �¡y r p | h wzc M v>cnmno�f�o _�p
hWj�� cnr�c#f j�j |Wd#cnw���`baWcv�r p ��f�� _ k _ o$t}s p r6o�aWc¨m p d)� _�h f�o _�p
h#p s3f�k�k p � j clr � f�o _�pqh�j . 6 à <:9 ; �ICFEHG ? � � � F�� . _�j a _iy aWclr _�h o�a _ijj mlc h f
r _ip o�a�f h s p r/o�aWc�vWr�c � _ip | j kit�w _ij mn| j�j clw�f j�j |�d#v�o _�pqh�j �
� hWp d#f
k p | j o�f
|�v�r p wW|Wmno _�pqh
m�a�f hWh cnk �ICFEHG 6 à <:9 ; �ICFEHG ? 6 à <:9 ; � � F ?
032C476 cnk�cnmno�r pqh � d)| pqh F ö Æ�� � 0
 Æ�� Æ vW� D5��� D����
SXH clk�cnmno�r pqh � d}| pqh � � � ö 0 � 0
 V � � vW� HKFGF�� F � HK���
032C476 o�f
| H � D ö V � 0
 Æ�� � vW� HKFGF�� H � ���
032C476 cnk�cnmno�r pqh � d)| pqh�� 03254@6 o�f
| F � 8 ö Æ�� � �
 Æ�� � � vW� ÿ�� ;�� H � H!�
032C476 cnk�cnmno�r pqh � d)| pqh���SXH cnk�clm�o�r pqh � d}| pqh H � D ö Æ�� � �
 Æ�� � � vW� H � ��� F � H�D��
032C476 o�f
| ��SXH clkiclm�o�r p
h � d}| p
h D � D ö V � VÍ0
 Æ�� � � vW� LQD�� F � FGFQ8��
032C476 cnkÚ� � d}| p
h ��SXH clk � � d)| pqh � 03254@6 o�f�| H � D ö Æ�� � 0
 Æ�� � � vW� � � F�� F � F H:H!�

ã~äæåLç�èué�ê�ë���ì ½�»�ð�º6ï¡¬�»�¯�«�¯æ°²±b¹�¬�»�ð�ðZâÍð�±B¹�º�­²»�¼,'�«�°®¾�±Bð � CFEHG » × «�ñ�*
ï�»�º�ñ¡±�º�­®¹�«�°Ü«�¼�»�î�«�°®»�¾¡ð
º�«�¾qâ¢ï¡¬�»qó¡¾¡¹�º�­²»�¼�ð�­���¼¡«�° × »�¬�«�°®°:ïW»�ð�ð�­®¯æ°²±�¹�»�î-¯�­®¼¡«�º�­²»�¼¡ð-» × º�ñ�±�³�´ «�¼æóuµW¶~·/¸�«�¼¡«�°�*qð�­®ð
¬�±Bð�¾¡°²º�ð�­®¼eº�ñ�±gó¡­��W±�¬�±B¼�º ¹Gñ¡«�¼æ¼�±B°®ð�ô 	+ñ�±,'l«�°®¾¡±Bð�» × � à <,9 +�� CFEHG 1 «�¼¡ó � à <:9 +�� 
 É 1 �+«�ð
±��
ïæ°!«�­®¼�±Bó�­®¼}º�ñ�±-º$±��
º)�æ«�¬G±-«�°®ð$»U��­�'�±B¼ × »�¬6±B«�¹Gñ�» × º�ñ�±�¹�»�î¨¯æ­®¼æ«�º�­²»�¼¡ð�ô

acb���� f a ����� ����� � 	 	!d�� � ���
� � ��
/��d�� �
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��� 	 	 � �����
��� � � � �

\$h o�a _�j�j clmno _�pqh _ o _�j!_�h�� c j o _iy f�o�clw�a p�� o�aWc/s¢|�o�|�r�c S725[ � \^\ w�f�o�f�o�f ��_�h�y m�f h aWcnk�v�o p mnk{f
r _ s(t
o�aWc p r _�y:_ih�p s:o�aWc�c M mnc j5j¨p s _ij�p k�f�o�cnw�clk�cnmno�r pqh f h w�d)| pqh c � c h o j f�o�k{f�r y c � f�k�|Wc jbp s � ý ÞZþ Õ� _ih
o�aWc SUH f h f�kit j^_ij � � h _�h o�c y r�f�o�clwgk�|Wd _�hWp
j^_ o$t p s H s¢� 
 V � f j/p r _�yG_�h f
kikit)f h o _ m _ vWf�o�cnw ��_ o�a _�h 8
t
c�f
r j�p s S725[ � \�\ w�f�o�f�o�f ��_�hWy�ûJHKF��<= �S`baWc�r�cnmlc h o�kit j o�f
r5o�clw�m p d�d _ij�j�_�pqhZ_ihWy vWa�f j c p sIo�aWc
SUH f h w 03254@6 w�f�o�fgo�f �`_ihWy f�s(o�clr�o�aWc�k�|�d _ihWpqj^_ o$t�|Wv y r�f
wWc}a p�� c � clr a�f j r5c � c�f
kiclw j cnr _�p | j
v�r p �Wkicld j���_ o�a j t h m�a�r p o�r pqh r�f
w _ f�o _�pqh f h wev�f
rGo _ mlk�c���f
m �¡y r p | h w j � Y c�f j |Wr�c j o p1_ d�vWr p�� c
o�aWc���f
m �¡y r p | h w j^_ o�|�f�o _�pqh a�f � c��%clc h f
w p v�o�cnw _ih f h�pqhWyqp:_ihWy�j a¡|�o�w p���h �
\$h o�a�c s p kik p���_�h�yi_ o _ij f j�j |Wd#cnw�o�a�f�o-� p o�a SXH f h w 03254@6���_ k�kLm pqh o _ih | p | j kit�f h f
kit j c�o�aWc _ r
h c � w�f�o�f _�h o�aWc j f�d#c � f�t�f j �>c�s p r�c�f h wgo�a�f�o/o�aWc 6ZY ��f�m �æy r p | h w�r�f�o�c j f h w j�_�yqh f
kÜc0N��
m _ c h m _ c jV��_ kik�r5c j |�d#c6f�oVo�aWc�k�c � clk p sæo�aWc+m p d)� _�h cnw HH���GL � DGF:F:F f h f
k!t j c j � � k j�p _ d#v�r p�� cnd#c h o j
_ih o�aWc�w�cno�cnmno p r j f
r5c hWp obo�f � c h _�h o p f
mlm p | h o-f h w�o�a�c�o�f
|�m�a�f h�h clk _ij/hWp o�m pqhWj^_ wWclr5clw . w�|Wco p _ o j d}|Wm�a�k p�� cnr/c0N�m _ c h m�t�f jSp vWv pqj cnw�o p o�aWc�clkiclmno�r pqh f h w�d}| p
h m�a�f hWh clk j � 4¨h mnclr5o�f _�h �
o _ c j¨pqh o�aWc c M v%clmno�clw�c � c h o�t _ cnk�w j�� clr�c o�f � c h�_ih o p f�mlm p | h o���t j m�f
k _�hWy o�a�c�| h mlclrGo�f _ih o _ c j
p s~o�aWc HH���GL � DGF:F:F f h f
kit j c jb��_ o�a�o�aWc�c M v%clmno�clw�s¢|�o�|Wr5c�k�|Wd _�hWp
j^_ o$t
�
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� _�y |Wr5c HKF � � m p d�v�f
r�c j w _!� cnr�c h o j mlc h f
r _ipqj s p r6o�aWc p � j cnr � cnw�c � c h o�t _ cnk�w jt_�h o�aWc�s¢|�o�|Wr�c SUH
f h w 0325476 f h f
kit j^_ij�p s _ij�p k�f�o�cnwNk�cnv�o pqh c � c h o j � 6 a p���h f
r�c�o�aWc�vWr p �Wf
� _ k _ o$t�o p p � j clr � c7 à <:9 p r�d p r�c�c � c h o j . f j�j |�d _ihWy o�a�f�o p
h kit 6ZY ��f�m �æy r p | h w&vWr p mnc j5j c j m pqh o�r _ ��|�o�c�o p o�aWc
p � j cnr � cnw h |Wd}�%clr p s�c � c h o j �+`baWc-vWr p ��f
� _ k _ o$t _�j w _ij vWk�f�tqclwgf j f�s¢| h mno _�pqh�p sLo�aWc¨f
wWw _ o _�p
h f
k
S 25[ � \^\ k�|�d _ihWpqj^_ o$tq��`ba�c j o�f
r5o _�hWy v pG_�h o)m p r�r5c j v pqh w j o p o�aWc#vWr�c j c h o j^_ o�|�f�o _�pqh p s/o�aWc
H@���GL � DGF:F:F f h f
kit j c j �6`baWr5clc j mnc h f
r _�pqj f
r5c j a p���h �

� �������%�
	��Ú� ��� 	æ�
	 	D	5�
�$� �÷`baWc K r j o j mlc h f
r _�p f j5j |Wd�c j o�a�f�og� p o�aøc M v%clr _ d#c h o j#��_ k�k
p � j cnr � c�c � c h o j f�o�f�r�f�o�cgm p r�r�c j v pqh w _ihWy o p o�aWcgc � c h o�r�f�o�c V

� V p sbo�aWc HH���GL � DGF:F:Fõ�ö��iSUH f h f
k!t j�_�j � � p r 0325476 . o�a�c6m p r�r5c j v pqh w _�hWy r�f�o�c V 	���� ) � f j:p ��o�f _�h cnw��¡t j m�f�k _�h�yo�aWc SXH r�f�o�c ��_ o�a�o�aWc�w _!� cnr�c h o-k�|�d _ihWpqj^_ o _ c j f h w j^_�y
h f
k�c�N#m _ c h m _ c j��
V
	����

) � 7 	��
� )���
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 � V

�

� aWclr5c17 	���� )��� f h w�7 � V��� f
r5c�o�aWc HH���GL � D<F:F:F ��f�m �æy r p | h w�c M v%clm�o�f�o _�pqh�p s3o�aWc SUH f h w
032C476 f h f�kit j^_ij . r�c j v>cnmno _i� cnkit . 7 � Và <:9 _�j o�aWc h |�d}�>cnr p s p � j cnr � cnw�c � c h o jc_�h o�aWc HH���GL �DGF:F:F SUHU_ij�p k�f�o�cnw�k�cnv�o pqh f h f
kit j^_ij . 
 	��
� ) f h w 


� V f�r�c�o�a�c H@���GL � DGF:F:F k�|Wd _�hWp
j^_ o _ c j .P
	��
�

)�_�j o�a�c j�_�hWy kic��Úo p v�c�N#m _ c h mnt _�h o�aWc 032C476 f h f
kit j^_ij f h w P
� V _�j o�aWc¨c�N�m _ c h mnt�s p r6ZY j�_�hWy k�c l v�r p wW|Wmno _�pqh s p r ��ý ÞZþ Õ� � LQF�
 cJ� _�h o�aWc SXHA_�j�p k{f�o�clwek�cnv�o p
h f h f
kit j�_�j �

`baWcgm p d}� _ih clw&r�c j |Wkio j s p r SUH f h w 03254@6 � clr5c p ��o�f _�h clwz��t&f
wWw _�hWy � p o�a&o�aWc�c M �
v>cnmno�cnw h |�d}�>cnr p s p � j clr � cnw�c � c h o j f h w}o�a�c/c M v%clmno�clw h |Wd}�%clr p s>�Wf
m �¡y r p | h w�c � c h o j
s¢r p d¤� p o�aTc M v>cnr _ d�c h o j �e`baWc�cnr�r p r}| j clwTs p r o�aWc��Wf
m �¡y r p | h w p � j cnr � f�o _�pqh)_ih o�aWc
m p d}� _�h cnw�r5c j |Wkio � f j mlf
k�mn|Wk{f�o�clw�f j o�aWc�ü¡|�f
wWr�f�o _ m j |Wd p s3o�a�c _ih w _!� _ wW|�f
k>clr5r p r j s p r
o�aWc SXH f h w 03254@6 f h f
kit j^_ij � \$h o�a _ijIj mlc h f
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e c.l g p/l g n�l8rxk7-Er}p8- g n>l<dYr e c7dh�up/c7d6=?9K@CB¢k7dIp8d e p g lu-0n¢p/-EtOd���-0p/c¢p/c7d i dovDp g n¢ 7m7n e c7do� � b�c7d
e donqp8l/r i v¡rxl�p g}� p/c7duk.dhp8d e p g l_-0��v7l g p8d e p8dhk � l g t�k7-El<d e p_��~�n e c7l g p8l g n¯l8r}k7- r}p/- g nM q~ ehgjiEi -Et:r �
p g l/�¦-0n7�/-0k7d2p/c7d� �dorxt:v.-Ev�dxN4 q~ g m.p/dol¦k7dIp8d e p g l eog tOv g n7donqp8�Orxn.k§ q~%rxk7k7-�p8- g n¡r i t2r}p/dol<- r i
g m.p8�<-Ek7d�p8c7du �dorxtOv7-Ev�d � b�c.d t:rx-En eog n�p/l/-0 7m.p8- g n gx� �<~�n e c.l g p/l g n>l/rxk7-Er}p8- g n� ¡r e ��wjl g m7n7k>-0�
t:rxk7dAm7v � l g t*v.c g p g n7����c7- e c�rxl<d� 7r e ��� e r�p/p8dhl/dhk¦-Enqp g p8c7d e dhnqp8l8r i k7dIp8d e p g l �xgji m7tOd � ,a-El<d e p
��~�n e c7l g p8l g n>l8rxk.- r}p/- g n�-E��� e r}p<p8dol<dok ± t2r}-En�v7l g�e dh�/�<do�V��4 g t:v.p g n�rxn7k>5srY~ i do-0wjc£� e r�p/p8dhl/-0n7w
r}n7k 1 c g p g d l d e p�¬ � l g t ehgjiEi -Et:r}p g l/�_rxn7k�rxk7k7-�p8- g n¡r i l<d3�¡d e p/-En7w��/m.l � r e do�urxn7k¢p8l8r � d i �ª ¡r e �
p g p/c7d�-Enqp8dhl8r e p8- g nMl/dhwj- g n¶N.��c7dol<du-�p�donqp8dhl/��p8c7d e donqp8l/r i k7dhp/d e p g l � b�c7dª ¡r e ��� e r}p<p8dol<dok>��~�n �
e c.l g p/l g n�l/rxk7- r�p8- g n>rxl<l/- � do�_k7d i rR~xdok���-0p/c>l/dh�/v�d e p�p g p/c7d i dhv.p g n� 7m7n e c7dh� � b�c7d[4 g tOv.p g n
�������9�� �¡£¢�¡¤��¥&¦���§��� �¨!©7ª!«¬¥x­
®��n�'¢� 
¯�°±¡¤­³²´��µ�§���²~¥!­�¢�������§��� �¨!©!¶�¥!·�ª"¸3�º¹»��¡¤�;�~��¥!¦£«¬ª&«r¢
���¼¢�ª&¢;¥&¦½®
ª"¹��� »¡¤­

��ª!§V¢;¥&¡¤§���²�¾



������� � ���
	��
��	������"�B 	��

� �
�B�%�*	��>������������� 	������!���B !��	����]� ��

	���� yR�j�
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p g tO-E�/r i -0wjn7dhk ehgjiEi -Et:r}p g l/� � 2 -Ewjm.l/d yjyj��y �<c g ����r�c g l<-�/ g nqp�r i�� -EdI� gx� p8c.d J 9K57k
i dovDp g n§ �dorxt i -En.dM-En�p8c7d � - e -En7-�p�~ gx� p/c7d¯=?9A@CB§-0n�p/dol/r e p/- g n¨l/dhwj- g n?N���-�p8c§-0p8� ehg t �
v i d�H�wjd g t:dIp8l<~6rxn7kMp8c.d � rxl<- g m.��-En7��p�r i0i dok eogji0i -Et:r}p g l/��rxn7k£t2r}wjn7dhp/��-Enr�7m7don e -En7w¦p/c7d
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3 -0p8c6p/c7d�d i d e p/l g n.� g l�v g �/-�p8l g n7� g n6p8c.dªk.do�/-0wjn g l< 7-0poN g n i ~Mr i0g ��N eog n7��p�rxnqp i d � d i?gx�
 ¡r e ��� e r}p/p/dol/dhk¯��~Dn e c7l g p/l g n£l8r}k7- r}p/- g n2l/dYr e c7do��p8c.dªk.dhp8d e p g l�k7m7l<-En7w¦n g l/t:r i l<m7n7n7-0n7w
eog n7k.-0p8- g n7� � ,ad � - r�p8- g n7� � l g t�p/c7-E�sk7do�<-Ewjn g l/ .-0ps-En�v g �<-0p/- g n£rxn7k¯rxn7w i d e rxn¯c g ��d � dol
i dYr}k%p g r i rxl/wjdhl �<v7l/dorxk gx� p8c7dMn g l/t:r iEi ~ eogji0i -0t2r}p/dok(�<~�n e c7l g p8l g n§l8rxk7-Er}p8- g n ehg n7d}N
k7m7dap g p/c7d iEg n7w i d � dhl�rxl/t gx� m7v6p g yR{j{ t�N i dYr}k7-En7wup g t�m e c�c7-0wjc7dhl i d � d i � gx� k7-El<d e p
rxn7k£ ¡r e ��� e r}p/p/dol/dhk>�<~�n e c.l g p/l g n�l8rxk7-Er}p8- g n6-0n�p/c7d�k7dhp/d e p g l �
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d � w � k7m7d�p g -0n�p/dol/r e p/- g n7�a��-�p8c�l<do�/-0k7m¡r i wqrx��-En>p/c7d¦ �dorxt�v7-0v�d}N��<p8rxl<p�p g£g � e - iEi r}p8d rxl g m.n7k
p/c7d>k7dh�/-0wjn g l< 7-0p �$3 n p/c7d�=?9K@CBG-Enqp8dhl8r e p8- g n,l<dowj- g n,t g �<p gx� p/c7do�<d>v g �/-0p/l g n.�6rxl<d¯ �donqp
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k.dhp8d e p g l � BD-En e d�p8c7d g
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Figure 59: The simulation environment - horizontal plane. Shown are the design
positron orbit and its 10σ envelope, the beam-pipe and the collimators. At the top
the Z positions of the (lepton-) magnets are shown. Note the highly distorted scale
(Y : X =̂ 1:100).
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@sv7�<p/l/dorxt\-Enqp8dhl8r e p8- g n7� gx� v7l g p g n7� � l g t�p/c7d2 �dYrxt���-0p8c�l/dh�/-Ek.m¡r i wqrx��-En¢p8c.d: �dYrxt¤v.-Ev�d
r}l/dªr¦�/-Ewxn7-.- e rxnqp�� g m.l e d gx� v7l g p g n �  �dorxt� 7r e ��wjl g m.n7k?N7��-0p/c��<-EtO- i rxl�d l d e p/�Crxn.k e rxm7�<do�_rx�
p/c7d i dovDp g n¢ �dYrxt � wqr}�� ¡r e ��wjl g m7n7k¥k.do� e l/-0 �dhk%rx  gR� d � b�c7dOv7l g p g n( �dorxt�-E��m7�<m¡r i0i ~>t g l<d
��p�rx  i d�p8c¡rxnOp8c7d i dhv.p g n: �dYrxt k7m.dsp g p8c.d i rxl/wjdhlKt2rx�<�Arxn7k2t g tOdonqp8m.t gx� p/c7d_v.l g p g n7��rxn7k
p/c7do-0l��<t2r i0i dhl·-0nqp8dol/r e p/- g n e l g �/�4�<d e p/- g n.� �4© n p/c7d g p/c7dol�c¡rxn7k?Nxv7l g p g n� �dYrxt � i0g �/��r ehe -Ek.donqp8�hN
��c.- e cMc¡r � d�c7rxv7v�don7dhkM-En2p/c7dav¡rx��pYN.rxl/dCr � g m.l e d g}�?� dhl<~6-0nqp8don.�/d�rxn.k eogji0i -Et:r}p/dokQc¡rxk7l g n7- e
-0l/l/rxk7- r�p8- g n?N���c.- e c e rxn i dorxkMp gQi rxl<wjd i0gDe r i k¡rxt:rxwjd gx� p/c7d F ¸ ,'k7dhp/d e p g l��<~���p8dot �
b�c.dOd i d e p8l g n �  �dorxt�rxn.k(��~�n e c7l g p8l g n � l/rxk7- r�p8- g n>-En7k.m e dhk�k7dh� g l<v.p8- g n gx� l/dh�<p8wjrx��rxn7k¢�/m.  �
�<doµ�m7dhn�psv7l g p g n6 �dorxt � wqrx��-Enqp8dhl8r e p8- g n2-0� g n7d gx� p8c7dCt2r�w g l�� g m7l e do� gx�  ¡r e ��wxl g m7n.k ��g l�p/c7d
d�HDv�dhl/-EtOdonqpoN eog nqp8l<-E 7mDp8-En.wap g c7-0wjc e m7l<l/dhn�p/�K-En�p8c.d�4 b7,frxn.kOd � dhn�p/m¡r i0i ~ p g -En e l/dYr}�/dokQk7dorxk
p/-EtOd gx� p8c7d�k¡r}p8rQrxµ�m7-E�<-0p8- g n6��~D��p8dht �
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b�c.d l8r}k7- r}p/- g n�c¡r}l/k7n7dh�/� g}� p8c.d F ¸ ,,�/dhn7� g l<�#rxn.k�-0p/�·l<dYrxk g m.p�d i d e p/l g n7- e �·c¡r � d� �dodhnup/do�<p/dok
m.�/-En.w_v7l g p g p�~Dv�do� � 9 i d e p8l<- e r i tOdYrx�<m7l/dht:dhn�p/��r}n7k�rxnªdIH�p/don7�<- � d�d i d e p/l g nªp8dh�<p8 �dYr}t v7l g wxl8rxt
c7r � dQ �dhdon¢v�dhl ��g l<t:dhk>p g ��p8m7k.~¯p8c7d¦d l d e p gx�   g p8c¢c¡rxk.l g n7- e rxn7k�- g n7-0�/-En.w2-El<l8rxk.- r}p/- g n g n
p/c7d�k7dhp/d e p g lsv�dhl ��g l<t2r}n e d = o
� N yjy �DN yjy¹� N yxy ? | �
2 g l£n7dhm.p8l g n -El<l8rxk7-Er}p8- g n ��-0p/c y�F d ¸ � n7domDp8l g n � dhµ�m.- � r i dhnqp��¡m7dhn e dh��m7v*p g����������� ® y��
yY{ ��� @ e t�� � ± t�m e c¥c.-Ewjc7dhlªp/c¡rxn(p8c7dOc¡rxk7l g n7- e  7r e ��wjl g m.n7k%dIHDv�d e p8dok�k.m7l/-0n7w£p/c7d F ¸ ,i - � dIp8-EtOdR¬�N�p�~�v�d¦-En � dhl/�<- g n¢c¡rx��n g p g�eoe m.l/l/dhk(rxn7k�p8c7d¦-0nr�¡m7dhn e d g}� c7rxk7l g n7- e -0l/l/rxk7- r�p8- g n�-0�
i -EtO-0p/dok�p g r e c¡rxn7wjd�-0n%p8c7dMk7dhv i dIp8- g n �jgji p�rxwxd�rxn7k§rxn�-En e l/dorx�/d gx� p/c7dM 7m i �¥wjdhn7dol/r}p8- g n
e m7l/l<donqp ��� g k7dowxl8rxk¡r�p8- g n g}� p/c7dQk7dhp/d e p g lªv�dhl ��g l<t2rxn e dQc¡rx�� �dodon g  7�<dol � dok�-En¢p8do��p8 �dYrxt
tOdYr}�/m7l<dotOdonqp8� ��g l�n7dhm.p8l g n�-0l/l/rxk7- r�p8dokM�<don7� g l/� �
b�c.d£d l d e p gx� - g n7-E�<-En7w>l/rxk7-Er}p8- g n�� rx�¦p8dh�<p8dhk§��-�p8c! #"!4 g v7c g p g n7� ��g l k g �/dh� � l g t �x{ «�~
m.v p g � � o �.«a~ ± m7v p g � �D«a~ ��g l2p/c7d�l/dorxk g mDp�d i d e p/l g n7- e �8¬ � k i rxl<wjd¯-0n e l<dYrx�<d�-En p/c7d
i dYrx��rxwxd e m7l/l<donqp gx� p/c7dC�<don7� g l/� c¡rx�  �dodhn ��g m7n.kMr � p8dhl�v.c g p g n6-El<l8rxk7-Er}p8- g n � b�c7d_-En e l/dYr}�/dC-0n
i dYrx��rxwxd e m7l<l/dhn�p ehg m i k¦ �d�r�p/p8l<-E 7mDp8dok�p g rxk7k7-�p8- g n¡r i wjdhn7dol/r}p8- g n e m7l<l/dhn�p/� � l g tLp8c.dsBD- © � � B�--0nqp8dol � r e d = yjy � | �$� g k7dhwjl8rxk7r}p8- g n gx� p8c7dKk7dIp8d e p g l�v�dhl ��g l<t2rxn e d#� rx� g  7�/dhl � dok -0nap8c7dKd i d e p8l g n
p/do��p8 �dYrxt � 2 g l4p8c7d�l<dYrxk g m.p d i d e p8l g n7- e �Kc g � d � dhl�r�k7dhp/dol/- g l8r�p8- g n g}� p/c7d_v�dol ��g l/t:rxn e dsr � p8dhl
-0l/l/rxk7- r�p8- g n���rx� g  7�<dol � dok?N7rxn7k:p/c7dC�<-En7w i d�p8l/r e �Ql/do� gji mDp8- g n ��g lAv�dol/v�don.k7- e m i rxlK-0n e -0k7don e d_-0n
rM�<-En7w i d�k7- g k7du� g l<�/dhn7� � l g t �D° � H t� �d ��g l/d¦-El<l8rxk.- r}p/- g n£p g y �D°�� H t�r � p/dol � �D«�~>v7c g p g n
-0l/l/rxk7- r�p8- g n � 1 ~ g v.p/-EtO-E�<-En7wªp8c7d�v7l g wjl/rxt:t:rx  i d_l<dYrxk g m.p�v¡rxl/rxtOdhp8dhl/�hNDp8c.d�l/do� gji mDp8- g n�r � p8dhl
-0l/l/rxk7- r�p8- g n¯-EtOv7l g¹� do�ap g yR{ ° ? H t � b�c.dOl<do�<m i p/-En7wMv�dol ��g l/t:rxn e d ��r}��p/c�m7���<p8- iEi ��-0p/c7-En>p/c7d
�<v�d e -s-¡dok�l8rxn7wxd =zyjy ? | �
b�c.d F ¸ , -E� ��g l<do�<dodon¢p g�g v�dol/r}p8d ��g l � ~jdYr}l/��-En>p/c7d J 9K5�k dhn � -0l g n.t:dhn�p �¦J dhl/dQrxn.k(-0n
p/c7d ��gji0iEg ��-En.w7N g n.d2~jdorxl�-E� eog n.�/-Ek.dol/dhk yR{&% �/d eog n.k7�oN eog l/l/dh�/v g n7k7-0n7w>p g p8c7d�rxv.v7l g HD-Et:r}p8d
k.m.p�~�p8-0t:d g}� p/c7d J 9K57k�t:r e c7-0n7d � b�c.dOt:r�HD-Et m7t p gji dhl8rx  i d�k g �/d gx� - g n7-0�/-0n7w6l8r}k7- r}p/- g n
��g l�p/c7dªk7dhp/d e p g l_rxn7k¯-�p8��l/dorxk g mDpCd i d e p8l g n7- e ����rx�s�/v�d e -.-¡dhk¯p g  �d ³Q�D«�~xN�r � p8dol���c7- e c�p/c7d
l<dYrxk g m.p�d i d e p8l g n7- e �_��- iEi r i l/dYr}k.~£�/c g �
k7dowjl/rxk¡r}p/- g n gx� -�p8�Cv�dol ��g l/t:rxn e d � b�c7d¦r ehe dovDp�rx  i d
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p/c¡rxn�p8c7dªr � dhl8rxwxdªk g �/dªl8r}p/d�-EnMp8c.d J 9K5�k ��3 k7r}p�r�p�r}��-0n7wQv�dhl/- g k7� �
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b�c.d�l8rxk.- r}p/- g n£t g n7-0p g l_��~��<p8dht ��g lsp8c7d�=?9K@aB F ¸ , ��rx�Ck7do�<-Ewjn7dhk>p g v.l g p/d e pCp8c7d F ¸ ,
� l g t�c7-0wjc i d � d i � g}�  ¡r e ��wxl g m7n.k>l8rxk.- r}p/- g n � b�c7d ��gxiEiEg ��-0n7w¦l/dh�<p8l<- e p8- g n7�srxn7k£l/doµ�m7-0l/dht:dhn�p/�
��dol<d ehg n7�<-Ek7dhl/dok�do�<�/donqp/- r i �
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,am7d¦p g p8c7dQc7-0wjc i ~¯-En7c g t g wjdon g m7��k7-E��p8l<-E 7m.p/- g n¢r}n7k ehg tOv i d�H¢�/v�d e p8l/m.t gx� p/c7dQdIH �
v�d e p8dhk¯ ¡r e ��wxl g m7n.k¯l8r}k7- r}p/- g n¶N.p8c7d�k g �/dªc¡rx��p g  �d�tOdYrx�<m7l/dhk¯-0n7�/-0k7d�p8c7dªr e p8- � d �jgji �
m7t:d gx� p8c7d�k.dhp8d e p g loNq-0n p8c7d�k.-El/d e p � - e -En.-0p�~ gx� p8c.d F ¸ , � b�c7d�r � r}- i r}  i dA�/v¡r e d�-Enup8c7-0�
l/dowx- g n>-0� i -0t:-�p8dhk�r}n7k?N?-0n¢rxk7k7-�p8- g n?N¶r}n�~�-En.�<p�r iEi dhk ehg t:v g n7dhnqp�c¡rx�ap g  �d g v.p8-0t:-0�/dhk
��g l i0g �%l8rxk7-Er}p8- g n i don.wxp8c ��-�p8cul/do�<v�d e p4p g p8c.d p8l/r�w<d e p g l<-Edo� � l g t p/c7d -0n�p/dol/r e p/- g nuv g -0nqp
p g p8c7d g mDp8dol ehg t:v g n7dhnqp8� �
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b�c7d ehg tOv g n.donqp8� gx� p/c7dªl8rxk7-Er}p8- g nMt g n7-0p g l/-0n7w¦�<~���p8dot�c¡r � dup g �<p8rxn7k£p8c7dªdIHDv�d e p/dok
i d � d i�gx� l8r}k7- r}p/- g n gR� dol�p8c7d�v7l g w<d e p8dhk i - � dhp/-EtOd gx� - � d�~jdorxl/� gx� J 9K57k g v�dhl8r}p/- g n �
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3 n e rx�/d g}� d�H e do�<�/- � d i ~�c7-0wjc>-En.�<p�r}n�p8rxn7d g m7��k g �<d � l8r}p/do�oN r}n¢rxm.p g t2r}p/- e k7m7tOv�v7l g�e d �
k7m7l/d gx� p8c7d i dhv.p g nG �dYrxt�c7rx�¦p g  �dMp8l<-Ewjwxdol/dhkG-0t:tOdok.- r}p/d i ~ � ± b�c.d�v7l g p g nG �dYrxt
k7m7tOv£v.l g�e dok.m7l/dªk g do��n g p ��g l<do�<dodurQk.-El/d e p eog n7n7d e p8- g nMp g p8c7d�dIHDv�dol<-EtOdonqp8� � ¬
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	����2 g l�  g p8c¶NDp8c.d J 9K57k*rxn.k2p8c7d�=?9A@CB:�/c.- � p e l/dI���oN¡r}n g n i -En7ds-En ��g l/t:r}p8- g n g n2p8c.dar e �
p8m¡r i¡i d � d i gx�  7r e ��wjl g m.n7k2l/rxk7- r�p8- g n¦-EnQp8c7d � - e -En7-�p�~ gx� p8c7d F ¸ ,$c¡rx�Kp g  �d�v7l gR� -0k7dok �
b�c7-E��-En ehi m7k7dh��k7- l dhl/donqp i d � d i � gx� � rxl/n.-En7w�tOdo�<�8rxwxdo��-0n e r}�/d gx� -0n e l<dYrx�<dokMk g �/d � l8r}p/do� �
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b�c7d -0n�p/dowjl/r}p8dhk¯k g �/d c7rx�_p g  �dutOdYrx�<m7l/dhk g n¯rOp8-0t:d�� e r i d � l g t �/d eog n7k.�am7v�p g p/c7d
i - � dIp8-0t:d gx� p/c7d F ¸ ,Lk7dIp8d e p g ls�<~���p8dot �
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b�c7d � m iEi -0n ��g l<t2r}p/- g n g n�p8c7d��/-�p8m¡r�p8- g n i dYr}k7-En7w�p g rQ �dYr}t � k7m7tOvMl/doµ�m7dh�<p_c¡rx��p g  �d
�<p g l/dok�p g r i0iEg � ��g l�k7dh 7m7wjwj-0n7wOrxn7k eog l<l/d i r}p/- g n6��-�p8c�k¡r}p8r � l g t g p8c7dhl ehg tOv g n.donqp8�hN
p8c7d g p/c7dol J 9K57kLdIHDv�dhl/-0t:dhn�p/�srxn7k�p8c7dªr ehe d i dol/r}p g l �

��� �%�B�! ��!�%�B�!����� �n���B�
� �b�c7d��<~��<p/dot c7rx�2p g¥g v�dhl8r}p/d eog n�p/-En�m g m.� i ~xN_-0n7k7dhv�dhn7k7donqp � l g t g p8c7dhl eog t:v g n7dhn�p/�
�/m e c¯rx��p8c7d F ¸ ,'-�p8�/d i0� N.��c.- e c£-E��p8m.l/n7dhk g n g n i ~6k7m.l/-En.wO��p�rx  i d� �dYrxt ehg n7k7-�p8- g n7� �
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b�c.dsk g �/d�l/r}p8d�tOdYr}�/m7l<dotOdonqpK-E�# 7rx�/dhk g nQp/c7d�l<dYrxk g m.p gx� p8c7d�l/rxk7-Er}p8- g n -0n7k7m e dokQ�/-0wjn¡r iDe m7l �
l<donqp8� gx� �/- i - ehg n 143 � k7- g k7do� � k v7l/d e -0�/d�p8dht:v�dol/r}p8m7l<d�t:dorx�/m7l<dotOdonqp�r iEi0g ��� ��g lAr eog l<l/d e p8- g n
g}� p/c7d�p8dht:v�dol/r}p8m.l/d�-En.k7m e dhk e c¡rxn7wjdh�K-En�p8c.d�k7- g k7d
	 � i dYrx��rxwjd e m7l<l/donqp � b�c7d i dorx��rxwjd e m7l/l<donqp
r}k7k7��r}� r eog n.�<p�r}n�p g
l �/dhpªp g p8c7dQp g p�r i tOdYrx�<m7l/dhk e m.l/l/dhnqp gx� p8c7d:l/d � dol<�/d6 7-Erx�/dhk¥k7- g k.do� �
3 n6rxk7k7-�p8- g nOp g p8c.d_tOdYrx�<m7l/dht:dhnqp gx� p/c7dC-0n7�<p8rxnqp�rxn.d g m7��k g �<d � l/r}p8d}NDp/c7d g�l �<dhp e m7l/l<donqp�tOdYr �
�<m7l/dht:dhnqp -0n�v�dol<- g k7�a��-0p/c g m.pªt:r e c7-En.d g v�dhl8r}p/- g n¢-0��m7�/dhk¥p g do��p8-0t2r}p/d¦p8c7dQ 7m i � � k¡rxt:rxwjd
ehg tOv g n.donqp gx� p8c7d: ¡r e ��wjl g m7n7k�l8r}k7- r}p/- g n � 5_rxk.- r}p/- g n � -En7k.m e dhk( .m i �¢k¡rxt:rxwjdO-En¥r�k7- g k.d
r}n7k�p/c7d ��gxiEiEg ��-0n7wOrxn7n7dor i -0n7w gx� p/c7-E�sk¡rxt:rxwjd i dorxk7��p g r:v7l<dok7- e p8rx  i d e c¡r}n7wjd g}� p8c.d g
l �/dIp
i dYrx��rxwxd e m7l<l/donqp g n¥rMp8-0t:d � e r i d � l g t��/d ehg n7k7�um7v�p g p/c7d i - � dhp8-0t:d gx� p/c7d F ¸ ,´�<~��<p/dot �
b�c�m7�ut g n7-0p g l/-0n7w2p8c.d e c7rxn7wjdh� -En�p/c7d:l/rxk7-Er}p8- g n�-En7k.m e dhk i dYrx��rxwjd e m7l/l<donqp8� r iEi0g ��� ��g lªrxn
dh�<p/-Et:r}p8- g n6p8c7d� 7m i �2k7rxt2r}wjd eog tOv g n7donqp gx� p8c7d�p g p�r i l8rxk7-Er}p8- g n6k g �/d �
b�c.d g n i -En7dªk g �<d�l8r}p/d�tOdYrx�<m7l/dht:dhn�p gx� p8c.d��/- i - ehg n£k7- g k7do�_-E� eog tOv i dht:dhnqp8dok¯ �~¯r2��~D��p8dht
g}� l8rxk7-Er}p8- g n -¡d i k>d l d e pap8l/rxn7�/-0�<p g l/� ± 5_r}k 2 94b���¬�N���c7- e c¢rxl/du�/don.�/-0p/- � d p g �<m7l � r e d�k¡r}t2rxwxd
� l g t�- g n7-E�<-En7w l8rxk7-Er}p8- g n �
3 n�rxk7k.-0p8- g n?N�p8c7dhl/t gji m7tO-En.do� e donqp�k g �/-EtOdhp/dol<� ± b78 ,a��¬IN.l/dYr}k g mDp�t g nqp/c i ~xN¡r iEi0g � ��g l�r e r i �
-0 7l8r�p8- g n�rxn7k eog nqp/l gji�gx� p8c.d g n i -0n7d�t:dorx�/m.l/dotOdonqp/� �

tutuv��xv�t 4P� zK�GF|�

b�c.d i rR~ g m.p gx� p8c7dªl8r}k7- r}p/- g n2t g n.-0p g l��<~��<p/dot�-E���<�xdIp e c7dhk�-En 2 -Ew ��yjyj� � �K3 p ehg n7�<-E�<p/� g}� p/c7d
��gxiEiEg ��-0n7w�d i dotOdonqp8�3�

� �M	.- 	� "��� * ��
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y ? l<d � dhl/�<d� 7- rx�<dok:�/- i - ehg n 143 � k7- g k7do�hNDwxl g m7v�dok:-En�<ut g k7m i do�hN�rxl/d_t g m.n�p/dok eoiEg �/d_p g
p8c7du=?9K@aB6-Enqp/dol8r e p8- g nMv g -Enqp�-En6p/c7d � - e -0n7-0p�~ gx� p8c7d F ¸ , � 2 -0wjm7l/d yjyj� ³jrq¬��<c g ���sp/c7d
eog tOv g n7donqp8� gx� r�t g k7m i d �M3 p ehg n7�/-0�<p/� gx� p�� g k7- g k7dh� ± y e t � �<-�/odY¬ªt g m7nqp8dhk%-En.k7- �
� -0k7m¡r i0i ~ g nQv7l/-0nqp8dok � e -0l e m7-0p �   g rxl/k.� ± 1 4 1 ¬ � b�c7d�p�� g 1 4 1 � r}l/d�w i m.dokQ ¡r e � � p g �  7r e � N
��-0p8c y t:t gx�?i dYrxkQ�<c7-Ed i k7-0n7w�-EnQ �dhp���dodon � k_n � b�4§p8dht:v�dol/r}p8m.l/d��/dhn7� g lA-E�4t g m7nqp/dok
g n g n7d gx� p8c7d 1 4 1 �hN ehiEg �<d�p g p8c7d¦k.- g k7d � b�c.dO 7r e � � p g �  ¡r e � eog nr-7wjm7l8r�p8- g n gx� p�� g
-En7k7dhv�dhn7k7dhn�p k7- g k7dh�ul<do�/m i p8�ª-En�l/dhk7m7n7k¡r}n e ~ ��g l�p8c7d iEg�e r i k g �/d � l/r}p8dOt:dorx�/m.l/dotOdonqpoN
��c7- e cM-0� -EtOv g l<p8rxnqp ��g l l/d i -Erx  i d� �dYrxt � k.m7t:v:l/dhµ�m.do�<p/� � b�c7d i dYrxk6�<c7-Ed i k7-0n7w �<dov¡r}l8r}p �
-En7w6p/c7d�p�� g 1 4 1 ��rx .� g l< 7� � dol�~ iEg � � don7dhl/wx~�- g n.-E�/-0n7w6l/rxk7- r�p8- g n ± y q yR{ r}p<p8dhn�m7r}p8- g n
��g l r�v7c g p g n� �dorxt gx� < { �xd ¸ don.dol/w}~7¬ � 2 g l�l8rxk7-Er}p8- g n eog tO-En.w � l g t g n i ~ g n7dOk7- �
l/d e p8- g n?N.-�p p/c�m.��r iEi0g ��� ��g l�r �<dov¡r}l8r}p/- g n gx� p/c7d eog n�p/l/-0 7m.p8- g n gx� p/c7d iEg � � don7dhl/wx~:v¡rxl�p
gx� p8c.du�<v�d e p8l<m7t � b�c.d t g k7m i d�-E�sd i d e p/l/- e r i0i ~6�<c7-Ed i k7dhk¯ q~�rxn>r i m7tO-En�m7t e rx�<d � b�c7d
g m.p8dhl�k7-EtOdon7�<- g n.� gx� r¦t g k.m i d�r}l/dªrxv7v7l g H.-0t2r�p8d i ~6³ � tOt�H£�
<¦t:t H��p��t:t �
2 g m7l ��g l<� rxl<k£t g k7m i dh��rxl<d�t g m.n�p/dok g n£rxn£r i m.t:-0n�m.t � r}n7wjdxN eoiEg �/dap g p/c7d 2 F ¸ ,�N
r}p�­:® yjyR{ e tMN¶�/m.l/l g m7n7k7-0n7w6p8c7d  �dorxt�v7-Ev�d -0n¯p8c7d � dol�p8- e r i v i r}n7d ± �/dod 2 -Ew �ªyjyj� �j¬ �
b�c7d�t g k7m i do� rxl/d�d i d e p8l<- e r iEi ~Q-0� gji r}p8dhk � l g t p/c7d�r i m7t:-0n�m7t�� rxn7wjdC �~6r���rxv.p g n ��g - i
rxn7k�v i rx�<p/- e � e l/dh��� � b�c7d ��g m7l�l<dYrxl·t g k7m i do��rxl/d�t g m7nqp8dok -Enup/c7d �/rxtOd ehg nr-¡wjm.l8r}p/- g n?N
 7m.p eoi0g �/d¦p g p8c7d 1 F ¸ ,´r�pª­�® ² yR{j{ e t � 2 -Ewjm.l/d yjyx� ³x ¡¬C�/c g ���ªrMv7- e p8m7l<d gx� p�� g
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gx� p8c.d l/dorxlCt g k7m i dh�Cr � p8dol7-¡n¡r i rx�<�/dht�  i ~ � b�c.d�t g k7m i do�_rxl/dun g pCr eoe do�<�/-E  i d k.m7l/-0n7w
�/c�m.p8k g ��n.��rxn7k6r}l/d ��g l/dh�/dodhdon2p g ��p�rY~O-EnOv i r e d ��g lKp/c7d i - � dIp8-EtOd gx� p8c7d F ¸ ,f�<~��<p/dot �
k iEi r e p/- � d ehg tOv g n.donqp8� rxn.k�p/c7dKl/dorxk g m.p d i d e p8l g n7- e � rxl<d4�/-0p/m¡r}p/dok�-En�l/r e ��� g m.p8�<-Ek7d#p/c7d
t2rx-0n6k7dIp8d e p g l � b�c7dap g p8r i¶e rx  i d i dhn7wxp8c � l g t p8c7dak.- g k7do��p g p8c7dal<dYrxk g m.p�d i d e p8l g n7- e �
-E��³j³ � ��t ��g l�p/c7d ��g l<� rxl/k�rxn7k£³ {D� ��t ��g l�p/c7d�l/dorxl�t g k7m i do� �

� � ���
	��
��	������x�#-s���n���~�" !�9���n�
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b�c7dMd��0wjcqp	�srxk 2�
 b��Qrxl<d2����p8m¡r�p8dok
�0n¥p8c.d ��g l<� rxl<k�k��El<d e p�� g n%r}p¦­(®�� {j{ e t ± ��g m.l
iEg � � �<don7���0p�� � �0p�~�t g k7m i do��� yY{j{ n7t�wqr�p8d g�� �Ek7d�p/c�� e ��n7dh�/��¬�rxn7k��0n¢p/c7dQl/dorxl�k��El<d e p�� g n
r}pO­�® ² y ³ { e t ± ��g m7l¦c��0wjc � �/don.���0p�� � �0p�~�t g k7m i do��� �q{j{ n7t wjr}p8d g�� �Ek7dMp/c�� e ��n7dh�/��¬��
rx�C�<c g ��n��En 2 �Ew ��yxyj� �}rq¬ � k�pC  g p/c>­ � v g ���0p�� g n.���¡p8c7d ��g m7lst g k7m i do�srxl<d �/m.l/l g m7n7k��0n7w
p8c7dQ �dYrxt�v��Ev�dQrxn7k(rxl<d¦k��El<d e p i ~¯r}p/p8r e c7dhk(p g ��p���r}���/�xdIp e c7dhk��En 2 �0w �Oyjyj� �}  ¬ � b�c7d
v g ��dolK�/m7v.v i ~�rxn7kQl/dorxk g m.p#d i d e p/l g n�� e � ��g l�p8c7d��srxk 2�
 b����0�4r i � g�iEg�e r}p/dok g mDp8���0k7d p/c7d
k7dhp/d e p g l�� ehg n7n7d e p8dhk¯p8c.l g m7wxc e rx  i dh� g}� ³ { t ± � � t2¬ i dhn7wxp8c ��g l�p/c7d ��g l<� rxl/k ± l<dYrxl8¬
t g k7m i do� �

� � ���!�!���
- �B� 	�� �	+´ "�!���u�B�,+!	����!�'�!�	+
��n p/c7d�l/dorxlMl/dhw�� g n p8c7dhl/d¢rxl<d ? v i rx��p�� e p8m7 �do�Mw i m7dhk g n p8c7d��0n7���0k7d gx� p8c7d�� ¸ ,
�/c��0d i k �En7w��¡��c�� e c�rxl<d m7�<dok>p g �En7�<dol�pab78 ,a� � b�c7dh~�d � p/don7k��En£p8c7d ��g l<� rxl<k>k��El<d e p�� g n
p g p8c7dOl/dorxl� ¡rxl/l<d i � rxn.wjd�� p8c�m7� r iEi0g ���0n7w6p g v i r e dQb78 ,a� r�p r}n�~¢v g ���0p�� g n¢ �dIp�� dhdon
­¢®�²C³�� e t r}n7k�­�®�² y��q{ e t � 2 g lªp/c7d2v�dol�� g k ehg n7���0k7dol<dok��0n�p/c7d ��gji0iEg ���En.w��·r iEi
b78³,a� ehg m i k g n i ~6 �d�v i r e dok£r}p_rxv.v7l g�� �Et:r}p8d i ~2­ ®'² y � { e t �

� �|���
	���	����%�&-j "���J ���� �!��� +
��n¦rxk7k���p�� g nªp g p/c7d tOdYrx�<m7l/dht:dhnqp8� � l g t p8c7d�k7dok � e r�p8dok l8rxk��Er}p�� g n�t g n��0p g l��0n7w��<~��<p/dot!�
�En ��g l<t2r�p�� g n g n p8c7d¢ ¡r e ��wxl g m7n.kfl/rxk�� r�p�� g n i d � d i �0� g  .p8r��En7dhk � l g t �/d � dol/r i�g p8c7dhl
l8rxk��Er}p�� g n � �/don.���0p�� � d ehg tOv g n.donqp8� gx� p8c.d#" 
%$'& k.dhp8d e p g lV�·b�c7d i dYrx��rxwxd e m7l/l<donqp8���0nup/c7d
� ¸ , k�� g k.do�·c¡r � d�rs���Et(� i rxl�k7dhv�dhn7k7don e d g nªp8c7d�l8rxk��Er}p�� g n i d � d i rx��c7r � d p8c.d e m.l/l/dhnqp8�
gx� p8c7d¦��� i � eog n*)�� � k�� g k7do� � b�c7d e m7l<l/donqp�k7l/rY��n( q~�p8c7d¦���Ewjn¡r i ���El<do� g}� p/c7d e dhnqp8l8r i
p8l8r e �+�0n7w¥k.dhp8d e p g l ± r(k7l�� � p e c7rxt� �dol�¬,�E�Ol/d i r}p/dokGp g p/c7d¯v¡r}l<p�� eoi d�r}n7k �<~�n e c.l g p/l g n
l8rxk��Er}p�� g nOl8r}p/dsp/l8r � dhl/���0n7w�p8c.d e c¡rxt  �dhl � kfp/m7n7wj��p8dhnMdot� �dok7k.dokM� e �Enqp�� iEi r}p g l ehg m7nqp8dhl
± 4 � ¬ g mDp8���0k7d2p/c7dMt2r-�En%k7dIp8d e p g l���r}pQ­%® ² y ³ { e t.�Av.l gR� �Ek7dh�	�En ��g l<t2r�p�� g n g n%p/c7d
i dovDp g n � r}n7k�v7l g p g n �  �dorxt � wqrx��v7rxl<p�� eoi da ¡r e ��wjl g m7n7k �

tutuv��xv'w y|��/���}»��{ ��021 �6���7� 5 @

b�c.dMk�� g k7do� m7�/dhk ��g l p8c7d2l8rxk��Er}p�� g n¥t g n���p g lª�<~���p8dot � dhl/dMv7l g k7m e dok¨ q~ & � � b 
92 =zyjy � | �
b�c.dut g �<p��0t:v g l�p�rxnqp�v7rxl8rxtOdhp/dol<� g}� p/c7d�k�� g k7do�srxl<d��/m7tOt:rxl��0�/dok.�0n£b�rx  ��yjyx�0yj� b�c.dh~£rxl<d
t:rxk7d � l g t g�� ~Dwxdon � don7l�� e c7dhk>c��Ewxc � l<do���0�<p�� � �0p�~2��� i � ehg n�rxn7k¯rxl/d�n � p�~Dv�d���³ {x{|H t´p/c�� e �3�¡���0p/c
r}n¥r e p�� � dOrxl/dor g}� y e t � ����c�� e c4�E���<m7l/l g m7n7k.dok¥ q~ g n.d:wjm7rxl/k¢l��0n7w � b�c7dOv¡rxk�rxn7k(wjm¡rxl<k
l��En7w rxl/d9JML!�EtOv i rxnqp/dok:rxn7k2p/c7d ehg tOv i dIp8ds ¡r e �����0k7d'�E� @ L!�EtOv i r}n�p/dok � k i0i �0t:v i rxnqp8dhkOrxl/dorx�
r}l/d�r i m7t5�0n��E�<dok p g r iEi0g � ��g l eog nqp�r e p��0n7wªrxn7kQl/d � dhl/�/d_ �� r}���En.w � b�c.dswxm¡rxl/kQl��En7w6�0� eog n7n.d e p/dok
k �El/d e p i ~¯p g wjl g m.n7k7��p8c�m7��k7l/rR���0n7wMp8c7d e m7l/l<donqp8��wjdhn7dol/r}p8dhk¥ q~�k7d � d e p/� r}n7k��EtOv7m7l���p��0do�ar�p
p/c7dQk7dhp/d e p g l�dok.wjdQrxn7k( q~�k7d � d e p/�ur�p�p8c7d(8�9#²:8�9<; � ²=�Enqp8dhl � r e d��?��c�� e c g p/c7dol����E�<dQ� g m i k
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zx-Querschnitt

4x2 diodes 4x2 diodes

-100 cm

110 cm

6 Tubes 
for TLD

BMVDFMVD 6 TLD

z=160 cm -120 cm
-130 cm

4 RadFET C5 / 4 RadFET

X
Z

+

6

3

5

2

4

1

beampipeRadFET

diode

TLD

proton direction
view in F:3,4

R:9,10

F:5,6
R:15,16

F:7,8
R:13,14

F:1,2
R:11,12

R1

R2

R3

R4

F5

F6

F7

F8

x

y

Interaction Point (e )
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