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� _ v ` ihVGn�� _ n&VGk]pWUWghb ` ��ghghVGw � � �d� i _ w�§ ` ^_ ghmdn&VGg�ihVGk(�7ehohk _ pWVGU[Z~ehghb&�JVGU�w]V ` k
Z~UWV�\6VGg �VGn&oJVGk _ Z~ehk]VGg�6�� � ����VGgIZ~ihVGv cIZ~V�� ������i _ ehVGk�Z~V&VGwu�hUWw � �d�d� ���hUWwut-VGi7�
ghmdk]|�ehghi z ^ehpWpWVGk�i _ w�bdpWVGUWv ` V�§ ` ^_ ghmdn&VGgY�JVGU ` ^m ` VGk]VGgu�VGn&oJVGk _ Z~ehk]VGg�6�� � � ���
\ _ ghihVGg�� Q � R «�^ehk�ihUWV!�UWV�\9Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk�\ _ ghihVGg t _ k]ihVGVGg�� � m7mdoJVGk�ehghi
�7v ` k]UWV���VGk��� �I�dx �lihUWV!g _ v ` U ` ghVGg��JVGg _ ghgIZ~V&t � �I�° ` VGmdk]UWV��
ihUWV!i _ wY§ ` ^_ ghmdn&VGg
ihVGk �7ehohk _ pWVGU[Z~ehghb _ es\-VGUWghV ��pWVGcIZ~k]mdg7��§ ` mdghmdg7� �(mdohohpWehghbB|Gehka^ehv cI\r^e ` k�Z!� � � R S�UWVr�
w]V  ` VGmdk]UWV UWw�Z _ �JVGk�ghUWv ` Z _ es\ ihUWV w]mdbdVGg _ ghgIZ~VGg ��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk
3����sX"�!^eh�JVGk�Z~k _ bd� _ k R t-UWw ` VGesZ~VubdUW�sZ�VGw�caVGUWghVY|Ges\6k]UWVGihVGghw�Z~VGpWpWVGghihV(Z ` VGmdk]V�Z~UWw]v ` V
��k]cLp°^_ k]ehghb \r^ehkBihVGg z VGv `D_ ghUWw]n!ehwBihVGkª��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~ehghb R ��UWv ` Z~w
ihVGw�Z~m Z~k]maZ~|��lehk]ihVGg w]VGU[ZªihVGkª��gIZ~ihVGv cLehghb ihVGk#�(ehohk _ Z~V UWn%$ _a` k]V � �d�d� VGUWghV
b _ gh|GV��lVGU ` Vª�dmdg z _ Z~VGk]U _ pWUWVGg w��7gIZ ` V�Z~UWw]UWVGk�Z&��ihUWVª�JVGU�ghm7v ` VGk ` VG�hpWUWv ` ` ^m ` VGk]VGg
�VGn&oJVGk _ Z~ehk]VGg _ pWw � � � ihUWV¦w]ehohk _ pWVGU[Z~VGghihVGg ��UWbdVGghw]v `D_ \9Z~VGg |GVGUWbdVGg R ��UWg VGgIZ��
w]v ` VGUWihVGghihVGk}S�ehk]v ` �hk]ehv ` � _ k i _ �JVGUfihUWVB��gIZ~ihVGv cLehghb �dmdg �Yt _a�r� eh���(' ihehk]v `
) e�*�+�,.-0/1�� �d�Ix �2�dihVGw]w]VGgª�7ohk]ehghbaZ~VGn&oJVGk _ Z~ehk�n&U[Z�4365 �IQ � VGk]w�Z~n _ pWw�md�JVGk `D_ pW�
ihVGkB�7UWVGihV�Z~VGn&oJVGk _ Z~ehk87�^ehw]w]UWbdVGg �LZ~UWv cLw�Z~ma��VGw96:5 xdx ��� p _ b;� � � R «�^ehk �-VGU[Z~VGk]V
��VGk]�hUWghihehghbdVGg �lUWVl| R t R t-U � �7k ���f_I� e � ��<��7���lehk]ihVGg&w]mdb _ k-�7ohk]ehghbaZ~VGn&oJVGk _ Z~ehk]VGg
ihVGesZ~pWUWv ` ^eh�JVGk(� � � � bdV�\6ehghihVGg=� � � � � R t-VGU _ pWpWVGg ihUWVGw]VGgB��VGk]�hUWghihehghbdVGgB�lUWk]iªihUWV
n&V�Z _ pWpWUWw]v ` V(X
VGU[Z]\]^_a` UWbdcaVGU[Z-�dmdgªihVGg>�(ehos\6VGk]m,qsUWihw]v ` UWv ` Z~VGg¦bdV�Z~k _ bdVGg R ��UWghV��-VGU[Z~Vr�
k]V#?(VGn&VGUWghw _ n&caVGU[Z _ pWpWVGk �L�7w�Z~VGn&V UWw�Z&��i _ � w]UWV _ pWpWV&UWg ihVGk �!^_a` V}VGUWghVGw z V�Z _ pWp��
� _ pW�hpWVGU[Z~VGk�� ^� �JVGk]b _ ghbdwupWUWVGbdVGg����JVGUfihVGn ihUWV w]ehohk _ pWVGU[Z~VGghihVB§ `D_ w]VBUWg VGUWghV _ gIZ~U��
\6VGk]k]mdn _ bdghV�Z~UWw]v ` V���UWw]mdpWUWVGk]VGghihV § `D_ w]V�^eh�JVGk]bdV ` Z R S _ w��JVGihVGesZ~V�Z&�
i _ � ihUWV ����sX
ihehk]v ` S�maZ~UWVGk]ehghb `D_ pW�hpWVGU[Z~VGghihVGk�� _ gIZ~U[\6VGk]k]mdn _ bdghV�Z~UWw]v ` VGk��lV�\6VGk]VGgh|Gw]eh�hw�Z _ gh|GVGg VGk��
|GVGehbaZf�-VGk]ihVGg R ¥�ehw-ihUWVGw]VGn@?(k]ehghi}�lUWk]i _ ehv ` �dVGk]w]ehv ` Z&�£�JVGUJihVGkl�7ehv ` V�g _ v ` VGU��
ghVGk� ` VGmdk]UWV�|Gehk���m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~ehghb�VGUWghVGg�A�ehw _ n&n&VGg `D_ ghb�|��lUWw]v ` VGg
¥�gIZ~U[\6VGk]k]mdn _ bdghV�Z~UWw]n!ehwfehghi��7ehohk _ pWVGU[Z~ehghb ` VGk]|Gehw�Z~VGpWpWVGg R

t-VGU
�Yt _a��� eh�������7���JihVGn UWgjihUWVGw]VGk�¥�k]�JVGU[Z�ehgIZ~VGk]w]ehv ` Z~VGg z _ Z~VGk]U _ p��D�JVGw�Z~V ` Z(ihVGk
S�maZ _ gIZ _ ehw�|Gehw�^_ Z~|GpWUWv ` VGUWghbdVG�hk _ v ` Z~VGn � _ ehVGk]w�Z~ma� R ) UWV �JVGU�\ _ w�Z _ pWpWVGg _ ghihVGk]VGg
����sX�� z _ Z~VGk]U _ pWUWVGgBw]UWghi ` UWVGklX ^mdv ` VGklihUWV�\6k]VGUWVGg¦X _ ihehghbdw�Z~k�^_ bdVGk R
¯°gBihUWVGw]VGk-¥�k]�JVGU[Z-w]mdpWpWVGg}gLehgBihV�©DghUWVGk�Z~V(� _ ehVGk]w�Z~ma��bdV `D_ p[Z~V�UWg �Yt _a��� eh�������7��VGUWg7�
bdVGw�Z~VGpWp[Z��-VGk]ihVGg���ehn VGUWghV � gIZ~VGk]w]ehv ` ehghb�ihVGw z _ Z~VGk]U _ pWw�UWg�ihVGk � n&bdVG�hehghbªihVGw
z V�Z _ pWp���� _ pW�hpWVGU[Z~VGk�� ^� �JVGk]b _ ghbdw��JVGUCB#� � / � |Ge VGk]n�^mdbdpWUWv ` VGg R S _ |Geuw]mdpWpI|Gehw�^_ Z~|GpWUWv `
VGUWg ¥�g _ p[�7w]V��dVGk�\ _a` k]VGg |Gehk ^� �JVGk]ohka^es\6ehghb ihVGwBVGUWghbdVGw�Z~VGpWp[Z~VGg � _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw
VGgIZ°�lUWv caVGp[Z-�-VGk]ihVGg R ��UWg �-VGU[Z~VGk]VGw4A�UWVGpDihUWVGw]VGk�¥�k]�JVGU[Z�UWw�Z VGw��7w]mug _a` V��lUWVln�^mdbdpWUWv `
_ gjihVGg _ gIZ~U[\6VGk]k]mdn _ bdghV�Z~UWw]v ` VGgD?(k]VGgh|�\ _ pWpJ�Yt _a�r� eh����� ` VGk _ gh|Gehcamdn&n&VGg R ¯°gªVGU��
ghVGk w]o�^_ Z~VGk]VGg ¥�k]�JVGU[Z!� x �-w]mdpWpWVGg _ g ihUWVGw]VGg ohk�^_ o _ k]UWVGk�Z~VGg §�k]md�JVGg |GVGU[Z _ es\6bdVGp°^mdw�Z~V
§�ehn&o7��§�k]md�JVr� z VGw]w]ehghbdVGg ihehk]v ` bdV�\r^e ` k�Z �-VGk]ihVGg R t-VGUfihUWVGw]VGg z VGw]w]ehghbdVGg �-VGk��
ihVGg�n&U[Z�VGUWghVGn w�Z _ k]caVGg §�ehn&o7��X _ w]VGk]ohehpWw(��pWVGcIZ~k]mdghVGg ^eh�JVGk�ihUWV!t _ ghihc _ gIZ~V _ g7�
bdVGk]VGbaZ&��ihVGk]VGg �lVGp _ qsUWVGk]ehghbdw]ohk]md|GV � n&U[ZBVGUWghVGn w]v ` � ^_ v ` VGk]VGg §�k]md�JVr��X _ w]VGk]ohehpWw
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_ �hbdV�Z _ w�Z~V�Z��lUWk]i R S�VGk _ gIZ~U[\6VGk]k]mdn _ bdghV�Z~UWw]v ` V ?(k]VGgh|�\ _ pWphUWw�Z�ihVGw `D_ pW� \r^ehk�ihUWVGw]Vl¥�k��
�JVGU[Z��dmdgj�JVGw]mdghihVGk]VGn¬¯°gIZ~VGk]VGw]w]V��Ji _ VGk�UWn�¯°ihV _ p[\ _ pWpJcaVGUWghV(\6k]VGUWVGgjX _ ihehghbdw�Z~k�^_ bdVGk
n&V ` klVGgIZ ` ^_ p[Z&�hihUWV(ihUWVYt-VGmd� _ v ` Z~ehghb}ihVGw��lVGp _ qsUWVGk]ehghbdw]ohk]md|GVGw]w]VGw�w�Z;^mdk]VGg R

S _ w�UWg¦ihUWVGw]VGk�¥�k]�JVGU[Z�ehgIZ~VGk]w]ehv ` Z~V z _ Z~VGk]U _ p�pWUWVGbaZ�UWg�«Dmdk]n �dmdg¦�Yt _a�r� eh�������7���
S ^ehghgs©DpWn&VGg �dmdk���ihUWV _ es\ �7k]�U9�������7eh�hw�Z~k _ Z]Z~k�^_ bdVGk]g VGohU[Z _ cIZ~UWw]v ` _ es\6bdV�� _ v ` w]VGg
w]UWghi R
A�ehk���UWghw�Z~VGpWpWehghb(ihVGw-� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw��lUWk]i VGUWg ��VGk�\ _a` k]VGg �dVGk��-VGghihV�Z&�si _ � �JVGU
\6k]VGU[Z~k _ bdVGghihVGg&��UWghcLk]UWw�Z _ pWpWVGg w]VGU[Z�p _ ghbdVGn V�Z _ �hpWUWVGk�Z�UWw�Z � � � R t-VGUhihUWVGw]VGn ��VGk�\ _a` k]VGg
�-VGk]ihVGg ihUWV®�Yt _a�r� eh�������7������UWghcLk]UWw�Z _ pWpWV�UWg(VGUWghV�ihV�©DghUWVGk�Z~V-� _ ehVGk]w�Z~ma� _ Z~n&mdw]o ` ^_ k]V
n&U[Z�VGUWghVGk�VG�JVGgs\ _ pWpWwlihV�©DghUWVGk�Z~VGg��VGn&oJVGk _ Z~ehk�VGUWghbdVG�hk _ v ` Z R � _ v `�_ ehw]k]VGUWv ` VGghihVGk
A�VGU[Z-w�Z~VGpWp[Z w]UWv ` i _ ghg UWg&ihVGkf§�k]md�JV�VGUWghV(?(pWVGUWv ` bdV��lUWv ` Z~w]w _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg
VGUWg��®ihUWV _ � ` ^_ ghbdUWbª�dmdg ihVGn �dmdk ` VGk]k]w]v ` VGghihVGg � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c�ehghi ihVGk
�VGn&oJVGk _ Z~ehk UWw�Z R ¯°g ihUWVGw]VGku¥�k]�JVGU[Zu�lUWk]i i _ �dmdg _ ehw]bdVGb _ ghbdVGg��®i _ � ihUWVGw]VGwu��VGk��
\ _a` k]VGg _ es\®ihUWV��Yt _a�r� eh�������7����S ^ehghgs©DpWn&V}^eh�JVGk�Z~k _ bd� _ k�UWw�Z R
A�ehk ^� �JVGk]ohka^es\6ehghb�ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw
�lUWk]iYVGUWgYmdosZ~UWw]v ` VGw
��VGk�\ _a` k]VGgu�JVGgLesZ~|�Z R
t-VGUfihUWVGw]VGn ��VGk�\ _a` k]VGg �lUWk]i ihehk]v ` �k _ ghw]n&UWw]w]UWmdghw��(ehghi �lV 7DVrqsUWmdghw]n&VGw]w]ehghbdVGg
_ g ihVGk §�k]md�JV�n&U[Z ��UWp[\6VjVGUWghVGw}UWg ihUWVGw]VGk ¥�k]�JVGU[Z}VGk]w�Z~VGpWp[Z~VGg z m7ihVGpWpWw}ihUWV¦mdosZ~U��
w]v ` VBX
VGU[Z]\]^_a` UWbdcaVGU[ZYihVGw S ^ehghgs©DpWn&VGwY�JVGw�Z~UWn&n Z R ^� �JVGkuihVGg ) VGk�Z ihVGkumdosZ~UWw]v ` VGg
X
VGU[Z]\]^_a` UWbdcaVGU[Z�UWg¦VGUWghVGn¬�JVGw�Z~UWn&n Z~VGg��7oJVGcIZ~k _ pW�JVGk]VGUWv ` �Jc _ ghg�VGUWghVu¥�ehw]w _ bdV�^eh�JVGk
ihVGg � _ ehVGk]w�Z~ma��bdV `D_ p[Z B UWg �Yt _a��� eh�������7� bdVGn _ v ` Z �-VGk]ihVGg R S�UWV}¥�g _ p[�7w]VGn&Vr�
Z ` m7ihVYw�Zd^esZ~|�Z�w]UWv `¦_ es\���k]bdVG�hghUWw]w]V(�dmdg z R ?(ka^ehghUWghbdVGk�� � � R

¯°n \6mdpWbdVGghihVGg w]mdpWpf|Gehg�^_ v ` w�Z _ es\�ihUWV Z ` VGmdk]V�Z~UWw]v ` VGg�?(k]ehghihp _ bdVGg ihVGw ¥�g _ p[�7w]Vr�
�dVGk�\ _a` k]VGghwBVGUWghbdVGb _ ghbdVGg �-VGk]ihVGg R S _ g _ v ` �lUWk]i i _ w z V � �dVGk�\ _a` k]VGg ehghi VGUWghV
��mdk]v `D_ k _ cIZ~VGk]UWw]UWVGk]ehghb ihVGk}§�k]md�JVGg �JVGw]ohk]m7v ` VGg R ¥�ghw]v ` pWUWV � VGghi �lUWk]i i _ w}��UWg7�
w�Z~VGpWp[�dVGk�\ _a` k]VGg �dmdk]bdVGw�Z~VGpWp[Z R A�ehn �7v ` pWe � �-VGk]ihVGg ihUWV¦��k]bdVG�hghUWw]w]V¦ihVGk}��UWghw�Z~VGp��
pWehghb ehghi ¥�g _ p[�7w]V¦ihVGwª� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw _ g ihVGn ��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU��
Z~VGk®�Yt _a��� eh�������7��ihUWw]cLesZ~UWVGk�Z�ehghi z ^mdbdpWUWv ` caVGU[Z~VGg |Gehk���VGk]�JVGw]w]VGk]ehghbu�dmdk]bdVGw]v ` p _ �
bdVGg R
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A�ehkut-VGw�Z~UWn&n!ehghbBihVGw!� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw _ g ihVGn ��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk
�Yt _a��� eh�������7���L�-md�JVGU B _ pWw § _ k _ n&V�Z~VGk�ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw�) VGk�Z~V�|��lUWw]v ` VGg
gLehpWp�ehghi VGUWghw _ ghghV ` n&VGg c _ ghg��lbdUW�sZ}VGw �JVGk]VGU[Z~w}�dVGk]w]v ` UWVGihVGghV V�Z _ �hpWUWVGk�Z~V z Vr�
Z ` m7ihVGg R ��UWg��lUWv ` Z~UWbdVGw���VGk�\ _a` k]VGg |GehkY��k]n&U[Z]Z~VGpWehghbBihVGwu� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGwYUWw�Z
ihUWV�t-VGw�Z~UWn&n!ehghb(ihVGk�vr�°¥�v ` w]VGghp°^_ ghbdV�n&U[Z]Z~VGpWw�� ^mdgIZ~bdVGghw�Z~k]ehcIZ~ehk _ g _ p[�7w]V�� � � � R S�UWV
vr�°¥�v ` w]VGghp°^_ ghbdVuihVGw��Yt _a��� eh�������7�r� �(k]UWw�Z _ pWpWVGwfghUWn&n Z�n&U[Z _ �hghV ` n&VGghihVGk�� _ ehVGk��
w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg g _a` VG|Ge pWUWghV _ k |Ge 6w]UWV ` Vª¥��h� R � � R S�UWVGw bdUWp[Z _ �JVGk gLehk \r^ehk
� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdghVGg UWn t-VGk]VGUWv ` �dmdg � / � ��B � � R ¯°n t-VGk]VGUWv ` B � � / �
�hpWVGUW�sZuihUWV vr�°¥�v ` w]VGghp°^_ ghbdV}k]VGp _ Z~U[��camdghw�Z _ gIZ&�®i R ` R \r^ehkYihUWVGw]VGg t-VGk]VGUWv ` c _ ghg caVGU��
ghVubdVGg _ ehVY¥�ehw]w _ bdVj^eh�JVGklihVGg�� _ ehVGk]w�Z~ma��bdV `D_ p[Z�n&U[Z]Z~VGpWwfihVGklvr�°¥�v ` w]VGghp°^_ ghbdVGgL�JVr�
w�Z~UWn&n!ehghb ��bdVGn _ v ` Z �-VGk]ihVGg R t-VGU-VGUWghVGkY�-VGU[Z~VGk]VGg z V�Z ` m7ihV}c _ ghg ihVGk k]VGp _ Z~U[�dV
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� _ ehVGk]w�Z~ma��bdV `D_ p[Z�ihehk]v ` ?(V��lUWv ` Z~w��dVGk�^_ ghihVGk]ehghbdVGg��hihUWV�ihehk]v ` �dVGk]w]v ` UWVGihVGghV��VGn �
oJVGk]o _ k _ n&V�Z~VGk�6w]UWV ` V � _ ohU[Z~VGp � � ` VGk��dmdk]bdVGk]es\6VGg}�-VGk]ihVGg��s�JVGw�Z~UWn&n Z��-VGk]ihVGg�� �d��� R
��w�bdUW�sZlghm7v ` VGUWghVYb _ gh|GVu�lVGU ` V(�dmdgj�-VGU[Z~VGk]VGg�t-VGw�Z~UWn&n!ehghbdw]n�^mdbdpWUWv ` caVGU[Z~VGg�� _ es\
ihUWV�J]V�Z~|�ZlUWn¨�-VGU[Z~VGk]VGg¦ghUWv ` Z�g�^_a` VGklVGUWghbdVGb _ ghbdVGgB�-VGk]ihVGg¦w]mdpWp R
¯°g ihUWVGw]VGk ¥�k]�JVGU[Z �lUWk]i VGUWghV¦�-VGU[Z~VGk]V�¥�g _ p[�7w]VGn�^mdbdpWUWv ` caVGU[Z&�dmdk]bdVGw�Z~VGpWp[Z&�l�JVGU�ihVGk
_ ehwªihVGn ) VGk�ZªihVGkªmdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[Z _ es\uihUWV � _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg
|Gehka^ehv cLbdVGw]v ` pWmdw]w]VGgB�lUWk]i R S�UWVlX
VGU[Z]\]^_a` UWbdcaVGU[Z��lUWk]i ` UWVGk _ pWw�mdosZ~UWw]v ` V�X
VGU[Z]\]^_a` UWbdcaVGU[Z
�JVG|GVGUWv ` ghV�Z&��i _ w]UWV}ihehk]v ` mdosZ~UWw]v ` V z VGw]w]ehghbdVGg �JVGw�Z~UWn&n Zu�lUWk]i R S�UWV&bdk]ehghihpWVr�
bdVGghihV�¥�ghg _a` n&V�UWw�Z ` UWVGk]�JVGU��Li _ � �Yt _a�r� eh������VGUWg}UWihV _ pWVGk ¯°w]mdp _ Z~mdk�UWw�Z&�7i R ` R i _ �
i _ w z _ Z~VGk]U _ p�UWgBmdosZ~UWn _ pWVGk6) VGUWw]V(�JVGUWn _ �hw]mdpWesZ~VGgª�VGn&oJVGk _ Z~ehk]gLehpWpWohehghcIZ�caVGUWghV
X
VGU[Z]\]^_a` UWbdcaVGU[Z�|GVGUWbaZ R S�ehk]v ` |Gehw�^_ Z~|GpWUWv ` VGw-��UWgL�hk]UWghbdVGg&�dmdgª� _ ehVGk]w�Z~ma�jUWg&ihVGg!�(k]U��
w�Z _ pWp��Lc _ ghg ihUWVGw]VGkfo7�°ihmaZ~UWVGk�Z��-VGk]ihVGg 6w]UWV ` V�� _ ohU[Z~VGp Q7R � �2�7i R ` R VGw-�-VGk]ihVGgªX ^mdv ` VGk
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UWghw�X
VGU[Z~ehghbdw]� _ ghi�VGUWghbdVG�hk _ v ` Z&�JihUWVuihUWVuX
VGU[Z]\]^_a` UWbdcaVGU[ZlVGk ` ^m ` VGg R A�e¦ihUWVGw]VGk�mdosZ~U��
w]v ` VGg t-VGw�Z~UWn&n!ehghb ihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Zf\r^ehk��dVGk]w]v ` UWVGihVGghV&� _ ehVGk]w�Z~ma��bdV `D_ p[Z~V(�lehk��
ihVGg}�hUWw]p _ ghb(gLehk � gIZ~VGk]w]ehv ` ehghbdVGg �dmdg z R ?(ka^ehghUWghbdVGk � � �£ihehk]v ` bdV�\r^e ` k�Z&� _ es\�ihVGw��
w]VGg¦��k]bdVG�hghUWw]w]VYw]UWv ` ihUWVGw]V(¥�k]�JVGU[Z�w�Zd^esZ~|�Z R S�UWVGw]V(w]UWghiBUWgª¥��h� R£Q i _ k]bdVGw�Z~VGpWp[Z&�sihUWV
ihVGg ��UWg 7De � ihVGw � _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw�B UWg��Yt _a�r� eh�������7������UWghcLk]UWw�Z _ pWpWVGg _ es\�ihUWV
mdosZ~UWw]v ` V&X
VGU[Z]\]^_a` UWbdcaVGU[Z�|GVGUWbaZ R S�UWV mdosZ~UWw]v ` V&X
VGU[Z]\]^_a` UWbdcaVGU[Z�UWw�Z(bdVGbdVGg ihUWV § ` maZ~m��
ghVGghVGghVGk]bdUWV(�h|�� R «Dk]V��LehVGgh| _ es\6bdV�Z~k _ bdVGg R S _ �JVGU�VGgIZ~w]ohk]UWv ` ZlVGUWghV(§ ` maZ~mdghVGghVGghVGk��
bdUWV �dmdg � / � ��V�� UWg�V�Z°� _ VGUWghVGk�) VGpWpWVGghp°^_ ghbdVY�dmdg � � � � ghn ehghi VGUWghV § ` maZ~mdghVGg7�
VGghVGk]bdUWV��dmdg � / �IQ V�� VGUWghVGk ) VGpWpWVGghp°^_ ghbdV-�dmdg Q�� � � ghn R S�VGk �7oJVGcIZ~k _ pW�JVGk]VGUWv ` �LihVGk
|��lUWw]v ` VGg ihUWVGw]VGg��JVGUWihVGg>) VGk�Z~VGg�pWUWVGbaZ�ehghi�UWg¦ihUWVGw]VGk�¥�k]�JVGU[Z��dVGk��-VGghihV�ZY�lehk]ihV��
UWw�Zln&U[Z�|��-VGU�X
UWghUWVGgªbdVGcaVGghgh|GVGUWv ` ghV�Z R
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S�VGk A�ehw _ n&n&VGg `D_ ghb�|��lUWw]v ` VGg ihVGk�mdosZ~UWw]v ` VGg!X
VGU[Z]\]^_a` UWbdcaVGU[Z�ehghiuihVGn¡camdn&ohpWVrqsVGg
t-k]VGv ` ehghbdw]UWghihVrq¦VGk]bdUW�sZlw]UWv `¦_ ehwlihVGklVGk]w�Z~VGg z _ q7�-VGpWp65 w]v ` VGg9?(pWVGUWv ` ehghb>� � Q � �

7�8 +�9 5;:<:>=4?/A@CB / �� �

S�VGk VGk]w�Z~Vj�7ehn&n _ ghi UWg ihUWVGw]VGk8?(pWVGUWv ` ehghbD:<:>EGF/ 5HF? w�Z~V ` Z!\r^ehk!ihVGg ��VGk]w]v ` UWVr�
�hehghbdw]w�Z~k]mdn ehghi ihVGk(|��-VGU[Z~VJI#5LK / \r^ehk(ihUWV «®p°^_ v ` VGghihUWv ` Z~V ihVGwuX
VGU[Z~ehghbdw]w�Z~k]m��
n&VGw����dVGk]ehk]w _ v ` Z ihehk]v ` ihUWV \6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk R K UWw�ZYi _ �JVGU�ihUWV w]oJVG|GU[©Dw]v ` V
VGpWVGcIZ~k]UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z R «�^ehk�VGUWghV w]UWv ` ehghbdVGi�^_ n&os\9Z _ ehw]�hk]VGU[Z~VGghihV VGpWVGcIZ~k]UWw]v ` V
) VGpWpWV bdUWp[Z=� / 5 / = 5NMPO QSR�TNUWVYX ehghi!i _ n&U[Z�UWw�Z F/ 5[Z]\ / R�z U[Z���UWp[\6V�ihUWVGw]VGw�¥�ghw _ Z~|GVGw
\6mdpWbaZf\r^ehklihUWV(VGk]w�Z~V z _ q7�-VGpWpWw]v ` V ?(pWVGUWv ` ehghb>�

7�8 +�9 5;:>=�?/#^ :`_ 1 K:>=W\�a /  Q �

t-V�Z~k _ v ` Z~VGg&�lUWk�ihVGg&¯°g `D_ p[Z�ihVGk �(p _ n&n&VGk _ pWw�camdn&ohpWVrqsVlS�UWVGpWVGcIZ~k]UW|GU[Z;^_ Z~w]camdghw�Z _ g7�
Z~V�:�b 5c:+_edPfgihjQ ehghi}\r^e ` k]VGg ihVGgBcamdn&ohpWVrqsVGgBt-k]VGv ` ehghbdw]UWghihVrqlkmb 5ckn_oZYp}VGUWg��7w]m
VGk `D_ p[Z~VGg��lUWk�n&U[Z���UWp[\6V ihVGk�\6mdpWbdVGghihVGg z _ q7�-VGpWpWw]v ` VGg t-VG|GUWV ` ehghb ]kmb � � 5q:�b�ihUWV
?(pWVGUWv ` ehghb>�

k � _rZ Q kspn_tp � 5;:`_ Z6K:>E>\ /  � �

�7V�Z~|GVGgj�lUWk�gLehg¦ihUWV(�JVGUWihVGgj�lV _ p�� ehghij¯°n _ bdUWg�^_ k�Z~VGUWpWV�bdpWVGUWv ` �hw]m&VGk `D_ p[Z~VGgB�lUWk �k � _/p � 5c:Wu  � �

Q ksp 5 K:>E>\ /  � �

z U[Z�ihVGk�pWV�Z~|�Z~VGg ?(pWVGUWv ` ehghb�UWw�Z�ihVGk A�ehw _ n&n&VGg `D_ ghb�|��lUWw]v ` VGg!ihVGg��(mdn&oJmdghVGgIZ~VGg
ihVGw�camdn&ohpWVrqsVGg�t-k]VGv ` ehghbdw]UWghihVrq1�
ihUWV _ ehv ` ihUWVumdosZ~UWw]v ` VGg��(mdghw�Z _ gIZ~VGg�bdVGg _ ghgIZ
�-VGk]ihVGg��JehghijihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z�bdVGbdVG�JVGgjihehk]v ` �

K>5 Q \&:>E<ksp /  � �

S�UWVGw]VGk A�ehw _ n&n&VGg `D_ ghb!�lUWk]iªUWn¨\6mdpWbdVGghihVGgjVGUWghV(|GVGgIZ~k _ pWVu�lmdpWpWV�w]ohUWVGpWVGg R
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S�UWV mdosZ~UWw]v ` VGg=�(mdghw�Z _ gIZ~VGg VGUWghVGw z _ Z~VGk]U _ pWw(w]UWghi ^eh�JVGkYihUWV&«Dk]VGw]ghVGp65 w]v ` VGg ?(pWVGU��
v ` ehghbdVGg � � � �
n&U[Z-ihVGw]w]VGg¦�k _ ghw]n&UWw]w]UWmdghw���ehghij�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGgª�dVGk]�hehghihVGg R^� �JVGk-�dVGk]w]v ` UWVGihVGghV z m7ihVGpWp _ ghw�^_ Z~|GV�UWw�ZfVGw�n�^mdbdpWUWv ` �Li _ wf�k _ ghw]n&UWw]w]UWmdghw���ehghiBi _ w
�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGg _ es\uihUWV¦Z _ Z~w�^_ v ` pWUWv ` VGg z V � �-VGk�Z~V�ihVGkB�k _ ghw]n&UWw]w]UWmdg ehghi
�lV 7DVrqsUWmdg |Gehka^ehv cL|Ges\r^e ` k]VGg R ¯°n ?(k]ehghihV � ^ehk]ihVBVGUWghVGk!ihVGk �JVGUWihVGg=) VGk�Z~V�� _ pWw]m
VGgIZ°�-VGihVGk!ihVGk�) VGk�Z ihVGku�k _ ghw]n&UWw]w]UWmdg m7ihVGkYihVGk�) VGk�Z ihVGk �lV 7DVrqsUWmdg bdVGg�^ehbdVGg��
ehn ihVGg camdn&ohpWVrqsVGg t-k]VGv ` ehghbdw]UWghihVrq |Ge �JVGw�Z~UWn&n&VGg���i _ ihVGk �lV _ p��(ehghi ¯°n _ �
bdUWg�^_ k�Z~VGUWphihVGwft-k]VGv ` ehghbdw]UWghihVrqsVGw ^eh�JVGk ihUWV �(k _ n&VGk]w�� �(k]mdghUWb����lVGp _ Z~UWmdghVGg!� � � �D�dmdg
VGUWg _ ghihVGk _ � ` ^_ ghbdVGg R ¯°gjihUWVGw]VGg¦�lVGp _ Z~UWmdghVGg}�lUWk]i _ pWpWVGk]ihUWghbdw ^eh�JVGklihVGgjbdVGw _ n Z~VGg
«Dk]V��LehVGgh|G�JVGk]VGUWv ` �dmdg���ehpWp
�hUWw � ghVGghihpWUWv ` UWgIZ~VGbdk]UWVGk�Z&�h\r^ehkl�-VGpWv ` VGw�ihUWV �(VGghgIZ~ghUWw
^eh�JVGk�VGUWghVGg �7UWVGpDbdk�^m � VGk]VGg&«Dk]V��LehVGgh|G�JVGk]VGUWv ` � _ pWw�ihVGk�ehghw�|Gehk��dVGk�\r^ehbdehghbdw�Z~V ` VGghihV��
g�^maZ~UWb � ^_ k]V R ¯°n�\6mdpWbdVGghihVGg>� _ ohU[Z~VGp��lUWk]ijgLehgjihUWV(��mdk]bdV ` VGghw��-VGUWw]V �JVGw]v ` k]UWVG�JVGg��
ihUWV �JVGUWihVGg � gL�JVGc _ ghgIZ~VGg k ehghi p _ ehw�ihVGg z V � �-VGk�Z~VGg ihVGk��k _ ghw]n&UWw]w]UWmdg¦ehghi
ihVGk��lV 7DVrqsUWmdgj|Gej�JVGw�Z~UWn&n&VGg R

>��W>��3. /(132�MNA$��O�57C   � ��57434
S�UWVGw]VGw z m7ihVGpWphw�Z~VGpWp[Z�VGUWghVlVGk]w�Z~VlVGUWgs\ _ v ` V��!^_a` VGk]ehghbui _ k��Lehn ihUWV�mdosZ~UWw]v ` VGg��(mdg7�
w�Z _ gIZ~VGg n&U[Zu��UWp[\6V ihVGk «Dk]VGw]ghVGp65 w]v ` VGg ?(pWVGUWv ` ehghbdVGg |Ge �JVGw�Z~UWn&n&VGg R S _ wu�lV 7DVr�
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¥��h�hUWpWihehghb � � �7cLUW|G|GVYVGUWghVGwlVGUWgs\ _ v ` VGg z m7ihVGpWpWw

qsUWmdghw��dVGk]n�^mdbdVGg _ g ihVGk ?(k]VGgh|Gw]v ` UWv ` Z&X
es\9Z�� _ �hw]mdk]�hUWVGk]VGghihVGw z VGihUWehn \r^ehk w]VGghcd�
k]VGv ` Z~V ¯°gh|GUWihVGgh|YUWw�Zlg _ v ` «Dk]VGw]ghVGp�bdVGbdVG�JVGgjihehk]v ` �

� 5 ]kl_ � � � @ p �
]k @ � � � @ p � /  x �

) VGbdVGg!ihVGk���ghVGk]bdUWVGVGk `D_ p[Z~ehghb�n!e � \r^ehk�ihUWV�ihehk]v ` ihUWV ?(k]VGgh|Gw]v ` UWv ` Z�Z~k _ ghw]n&U[Z]Z~UWVGk��
Z~V �LZ~k _a` pWehghb	�4b 5 ��_
� bdVGp[Z~VGg R t-VGUWn S�ehk]v ` �LehVGk]VGg¦ihVGk��7v ` UWv ` Z�ihVGk�S�UWv caV�� �
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pWVGghp°^_ ghbdV(UWw�Z,p E45 Q�� � � R
>��W>��W= ?BADC& ¡AhK�	��7H��   � ��57434
��UWghV �-VGU[Z~VGk]V z ^mdbdpWUWv ` caVGU[Z&��VGUWghVGg AJ�-VGUWw]v ` UWv ` Z~w��7w�Z~VGnD���JVGw�Z~V ` VGghi _ ehw�VGUWghVGk _ �7�
w]mdk]�hUWVGk]VGghihVGg �7v ` UWv ` Z bdV�\6mdpWbaZ(�dmdg VGUWghVGkYghUWv ` Z _ �hw]mdk]�hUWVGk]VGghihVGg �7v ` UWv ` Z&�®|Ge n&m��
ihVGpWpWUWVGk]VGg��D�lUWk]i¦UWn \6mdpWbdVGghihVGg z _ k]cam��I� z m7ihVGpWp��JVGw]v ` k]UWVG�JVGg R S�UWVGw]VGw z m7ihVGpWp
�JVr�
k]e ` Z _ es\�VGUWghVGk�w�Z~m7v `D_ w�Z~UWw]v ` VGg z V�Z ` m7ihV�|Gehk t-VGw�Z~UWn&n!ehghbY�dmdg ^� �JVGk]b _ ghbdw�� _a` k��
w]v ` VGUWghpWUWv ` caVGU[Z~VGg R ¯°g�¥��h� R
� UWw�Z�VGUWghV �7cLUW|G|GV!ihVGk z m7ihVGpWp[�dmdk]w�Z~VGpWpWehghb �£ihUWV ` UWgIZ~VGk

¥��h�hUWpWihehghb � ��9 0�&/?8?8� 5$��� � " 7A0%4�2@� � 4�5$�� ( /���

ihVGn z _ k]cam��I� z m7ihVGpWp�w�Z~V ` Z&��i _ k]bdVGw�Z~VGpWp[Z R ��UWg�bdk]ehghihpWVGbdVGghihVGk � gIZ~VGk]w]v ` UWVGi |Gehn
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�dmdk _ ghbdVGb _ ghbdVGghVGg z _ Z~k]U�qL� z m7ihVGpWpJUWw�ZlihUWV(t-V `D_ ghihpWehghb ihVGk _ es\®i _ w��L�7w�Z~VGn VGUWg7�
\ _ pWpWVGghihVGg VGpWVGcIZ~k]mdn _ bdghV�Z~UWw]v ` VGgª�LZ~k _a` pWehghb _ pWw-�VGUWpWv ` VGg �h|�� R § ` maZ~mdghVGg R S�UWV�UWg
ihVGk�¥��h� R�� i _ k]bdVGw�Z~VGpWp[Z~VGg9?(k]m � �hehv ` w�Z _ �JVGg�UWg¦ihVGg9�(k]VGUWw]VGg�w�Z~V ` VGg�\r^ehk�ihUWVuVGUWg7�
|GVGpWghVGg�A�ehw�Z;^_ ghihV��IUWg!ihVGghVGg&w]UWv ` ihUWV�§ ` maZ~mdghVGg �JV�©DghihVGg&c�^mdghghVGg R S�UWVf§�\6VGUWpWV��dihUWV
n _ ghv ` V A�ehw�Z;^_ ghihVun&U[Z~VGUWg _ ghihVGk-�dVGk]�hUWghihVGg��£w�Z~VGpWpWVGgªVGUWghV ^� �JVGk]b _ ghbdw]n�^mdbdpWUWv ` caVGU[Z
�dmdg VGUWghVGn A�ehw�Z _ ghi UWg VGUWghVGg _ ghihVGk]VGg=A�ehw�Z _ ghi i _ k R S�UWV!cLpWVGUWghVGg t-ehv ` w�Z _ �JVGg
�h|�� R _ ehv ` §�k]m7ihehcIZ~V��dmdg n&V ` k]VGk]VGg cLpWVGUWghVGg t-ehv ` w�Z _ �JVGg��sw�Z~V ` VGg \r^ehk ihUWV ) _a` k��
w]v ` VGUWghpWUWv ` caVGU[Z�VGUWghVGwlw]mdpWv ` VGg ^� �JVGk]b _ ghbdVGw R
¥�ehw]b _ ghbdw]ohehghcIZf\r^ehk-ihUWV�§ ` maZ~mdghVGg UWw�Z ihVGk A�ehw�Z _ ghi��4�7ihVGk ihVGg�) VGb!ihVGkf§ ` maZ~m��
ghVGgY�dmdguihVGk�X
UWv ` Z �LehVGpWpWV�|Gehk ?(k]VGgh|Gw]v ` UWv ` Z®¯J�JVGw]v ` k]VGUW�sZ R ¥�guihUWVGw]VGk"?(k]VGgh|Gw]v ` UWv ` Z
c�^mdghghVGg ihUWVf§ ` maZ~mdghVGg VGgIZ°�-VGihVGk�ihUWV ?(k]VGgh|Gw]v ` UWv ` Z�n&U[Z�ihVGk") _a` k]w]v ` VGUWghpWUWv ` caVGU[Z��
ihehk]v ` ihk]UWghbdVGg¦m7ihVGk _ gjU ` k�n&U[ZlihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z���4_�� �fk]V 7DVGcIZ~UWVGk�Z��-VGk��
ihVGg R S�UWVª�7ehn&n&V �dmdg _ pWpWVGg ^� �JVGk]b _ ghbdw�� _a` k]w]v ` VGUWghpWUWv ` caVGU[Z~VGg��-ihUWVB�dmdg VGUWghVGn
A�ehw�Z _ ghi _ ehw]bdV ` VGg���n!e � UWn&n&VGk(VGUWghw w]VGUWg���i _ § ` maZ~mdghVGghVGk `D_ p[Z~ehghb�bdV�� ^_a` k]pWVGU��
w�Z~V�Z�w]VGUWg¦n!e � R ¯°w�Z�i _ w�§ ` maZ~mdg¦n&U[ZlihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z �� _�� ��k]V 7DVGcIZ~UWVGk�Z
�-mdk]ihVGg��®�JV�©DghihV�Z VGwuw]UWv ` i _ g _ v ` UWg ihVGn A�ehw�Z _ ghi ����ihVGkuihVGg ) VGbjihVGw § ` m��
Z~mdghw��dmdg ihVGk�?(k]VGgh|Gw]v ` UWv ` Zu¯�UWg��lUWv ` Z~ehghbªihVGwuS�V�Z~VGcIZ~mdk]wYS!� �JVGw]v ` k]VGUW�sZ R ��mdg
ihUWVGw]VGn A�ehw�Z _ ghijbdUW�sZ�VGw�caVGUWghV z ^mdbdpWUWv ` caVGU[ZlUWgjVGUWghVGg _ ghihVGk]VGg9A�ehw�Z _ ghi ^eh�JVGk]|Ge7�
bdV ` VGg R S _ w-§ ` maZ~mdg&�lUWk]i}ihV�Z~VGcIZ~UWVGk�Z R ¯°w�Zfi _ wf§ ` maZ~mdg J]VGihm7v ` �dmdg ihVGn A�ehw�Z _ ghi
� n&U[Z-ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z��BUWg ihVGg>A�ehw�Z _ ghi����hihVGkfihVGg!) VGb ihVGwl§ ` maZ~mdghw
�dmdg�?(k]VGgh|Gw]v ` UWv ` Z ¯YUWg ihVGn _ �hw]mdk]�hUWVGk]VGghihVGg z VGihUWehn |Ge ?(k]VGgh|Gw]v ` UWv ` Z&¯]¯(�JVr�
w]v ` k]VGUW�sZ&��^eh�JVGk]bdVGb _ ghbdVGg��
w]mBc _ ghg�i _ wY§ ` maZ~mdg��dmdg ihUWVGw]VGn A�ehw�Z _ ghi��lUWVGihVGk]ehn
UWg�ihk]VGU _ ghbdk]VGgh|GVGghihV�A�ehw�Z;^_ ghihV�^eh�JVGk]bdV ` VGg R A�ehn ��UWghVGg�c _ ghg i _ wu§ ` maZ~mdg _ es\
ihVGn ) VGb}�dmdg�?(k]VGgh|Gw]v ` UWv ` ZY¯f|Ge ?(k]VGgh|Gw]v ` UWv ` Z(¯]¯�n&U[Z�ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z
��+_	�(� _ �hw]mdk]�hUWVGk�Z��-VGk]ihVGg��7i R ` R UWg!ihVGg�A�ehw�Z _ ghi 	 ^eh�JVGk]bdV ` VGg R S�UWVGw]VGg A�ehw�Z _ ghi
c _ ghg i _ w § ` maZ~mdg bdVGg _ e �lUWV�A�ehw�Z _ ghi
� ghUWv ` Z!n&V ` ku�dVGk]p _ w]w]VGg R S _ w!§ ` maZ~mdg
bdV ` Zª^eh�JVGk(UWg
) ^_ k]n&VGVGghVGk]bdUWV���ihUWV!ghUWv ` ZYihV�Z~VGcIZ~UWVGk�Z(�lUWk]i R!z U[Z(ihVGk�?(VGbdVGgI� _a` k��
w]v ` VGUWghpWUWv ` caVGU[Z
� �Lg�^_ n&pWUWv ` i _ � i _ w-§ ` maZ~mdg&ghUWv ` Z _ �hw]mdk]�hUWVGk�Z��lUWk]i��Ln!ehp[Z~UWohpWUW|GUWVGk�Z
n&U[Z(ihVGk�) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z � �
�-VGpWv ` VGw ihUWV�) _a` k]w]v ` VGUWghpWUWv ` caVGU[Zui _ \r^ehkYUWw�Z&�
i _ �
i _ w�§ ` maZ~mdgjihUWV�?(k]VGgh|Gw]v ` UWv ` Z�¯]¯ ihehk]v ` ihk]UWghbaZ&�Dc _ ghgjVGwl�dmdgjihVGn A�ehw�Z _ ghi�� UWg
ihVGg=A�ehw�Z _ ghi�8�
ihVGk(ihVGg�) VGbªihVGwu§ ` maZ~mdghw(UWn ghUWv ` Z _ �hw]mdk]�hUWVGk]VGghihVGg z VGihUWehn
�dmdg>?(k]VGgh|Gw]v ` UWv ` Z�¯]¯�|Ge>?(k]VGgh|Gw]v ` UWv ` Zl¯]¯]¯��JVGw]v ` k]VGUW�sZ&��^eh�JVGk]bdV ` VGg R ¥�ghihVGk]VGk]w]VGU[Z~w
c _ ghg}i _ w § ` maZ~mdg _ ehv ` n&U[Z�ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z���_ � ��� �dmdg}ihVGn A�ehw�Z _ ghi
� _ ehw&ghUWv ` Z _ �hw]mdk]�hUWVGk�Z&ehghi _ g ihVGk�?(k]VGgh|Gw]v ` UWv ` Z ¯]¯!k]V 7DVGcIZ~UWVGk�Z&�-VGk]ihVGg ehghi
i _ n&U[Z UWg ihVGg;A�ehw�Z _ ghi��Jbu^eh�JVGk]bdV ` VGg��fihVGk ihVGg ) VGb ihVGw}§ ` maZ~mdghw UWn _ �hw]mdk��
�hUWVGk]VGghihVGg z VGihUWehn �dmdg=?(k]VGgh|Gw]v ` UWv ` Z!¯]¯�|Gehk ?(k]VGgh|Gw]v ` UWv ` Z ¯��JVGw]v ` k]VGUW�sZ R ��mdg
ihVGn A�ehw�Z _ ghi�� b _ ehw c _ ghg i _ w!§ ` maZ~mdg n&U[ZuihVGk bdpWVGUWv ` VGg ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z
�� _��(�Y�lUWVBUWn A�ehw�Z _ ghi���� _ �hw]mdk]�hUWVGk�Z!�-VGk]ihVGg��-i R ` R UWg A�ehw�Z _ ghi 	 ^eh�JVGk]bdVr�
` VGg R ¥�e � VGk]ihVGn `D_ Z VGw ihUWV z ^mdbdpWUWv ` caVGU[Z!�dmdg��Jb�n&U[Z ihVGk�) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z
��� ghUWv ` Z _ �hw]mdk]�hUWVGk�Z�|Ge¦�-VGk]ihVGg�ehghi¦ihUWV ?(k]VGgh|Gw]v ` UWv ` Z(¯-|Ge¦ihehk]v ` ihk]UWghbdVGg��£� _ w
\r^ehkBi _ wB§ ` maZ~mdg �JVGihVGesZ~V�Z&��i _ � VGwBUWg ihVGg�A�ehw�Z _ ghi � ^eh�JVGk]bdV ` Z R S�UWV¦pWV�Z~|�Z~V
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�dVGk]�hpWVGUW�JVGghihV z ^mdbdpWUWv ` caVGU[Z&�J\r^ehk�i _ wY§ ` maZ~mdg��dmdn A�ehw�Z _ ghi�Jb _ ehw�UWg�VGUWghVGg _ g7�
ihVGk]VGg
A�ehw�Z _ ghi ^eh�JVGk]|GehbdV ` VGg��£UWw�Z&�si _ � VGwln&U[ZfihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z ��G_�� ���
ghUWv ` Z _ �hw]mdk]�hUWVGk�Z�ehghi _ g�ihVGk(?(k]VGgh|Gw]v ` UWv ` Zu¯�k]V 7DVGcIZ~UWVGk�Z��lUWk]i R S _ n&U[Z��JV�©DghihV�Z
VGw w]UWv ` �lUWVGihVGk UWg�A�ehw�Z _ ghi����lUWg �-VGpWv ` VGn VGw ihUWV¦w]v ` mdg �JVGw]v ` k]UWVG�JVGghVGg ihk]VGU
^� �JVGk]b _ ghbdw]n�^mdbdpWUWv ` caVGU[Z~VGg `D_ Z R t-V�Z~k _ v ` Z~VGg&�lUWk�gLehg&�lUWVGihVGk�ihVGg�A�ehw�Z _ ghi �8�LihVGk
J _ ihVGg9) VGbªihVGwu§ ` maZ~mdghwYUWn ghUWv ` Z _ �hw]mdk]�hUWVGk]VGghihVGg z VGihUWehn �dmdg ?(k]VGgh|Gw]v ` UWv ` Z
¯]¯ |Ge�?(k]VGgh|Gw]v ` UWv ` Z}¯]¯]¯u�JVGw]v ` k]VGUW�sZ&�-w]m c _ ghg VGw �dmdg ihUWVGw]VGn A�ehw�Z _ ghi n&U[Z ihVGk
) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z � ihUWV ?(k]VGgh|Gw]v ` UWv ` Z�¯]¯]¯-ihehk]v ` ihk]UWghbdVGg¦ehghi¦UWgjihVGg9A�ehw�Z _ ghi
� ^eh�JVGk]bdV ` VGg��LihVGk�ihVGg8) VGb(ihVGw § ` maZ~mdghw��dmdg�?(k]VGgh|Gw]v ` UWv ` Z ¯]¯]¯�UWg �lUWv ` Z~ehghbuS�Vr�
Z~VGcIZ~mdk-S Q �JVGw]v ` k]VGUW�sZ R ¥�ehv ` ` UWVGk�bdUW�sZ�VGw-bdVGg _ e&�lUWV�UWg�A�ehw�Z _ ghi � ehghi 	 caVGUWghV
�-VGU[Z~VGk]VGg ^� �JVGk]b _ ghbdw]n�^mdbdpWUWv ` caVGU[Z~VGg n&V ` k R S _ w § ` maZ~mdg �lUWk]i ihV�Z~VGcIZ~UWVGk�Z R z U[Z
ihVGk ?(VGbdVGgI� _a` k]w]v ` VGUWghpWUWv ` caVGU[Z(��s_ � �®c _ ghg&VGw J]VGihm7v `&_ ehv `}_ g&ihVGk6?(k]VGgh|Gw]v ` UWv ` Z
¯]¯]¯ k]V 7DVGcIZ~UWVGk�Z}ehghi w]mdn&U[Z �dmdg�A�ehw�Z _ ghi�� UWg ihVGg�A�ehw�Z _ ghi���b �-ihVGk ihVGg ) VGb
ihVGw�§ ` maZ~mdghwl�dmdg�?(k]VGgh|Gw]v ` UWv ` Z�¯]¯]¯f|Ge9?(k]VGgh|Gw]v ` UWv ` Z(¯]¯f�JVGw]v ` k]VGUW�sZ&� ^eh�JVGk]bdV ` VGg R
��mdg�ihUWVGw]VGn A�ehw�Z _ ghi _ ehw�c _ ghg�VGw(n&U[Z�ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z ��,_ � � _ g�ihVGk
?(k]VGgh|Gw]v ` UWv ` Z-¯]¯�k]V 7DVGcIZ~UWVGk�Z��-VGk]ihVGg}ehghi&i _ n&U[Z�UWg ihVGg�A�ehw�Z _ ghi � |Gehka^ehv cLcaV ` k]VGg
m7ihVGkYn&U[Z(ihVGk() _a` k]w]v ` VGUWghpWUWv ` caVGU[Z � ihUWV ?(k]VGgh|Gw]v ` UWv ` Z!¯]¯�ihehk]v ` ihk]UWghbdVGg ehghi UWg
ihVGg!A�ehw�Z _ ghi �Jb®^eh�JVGk]bdV ` VGg R S _ n&U[Z�w]UWghi _ pWpWVfn�^mdbdpWUWv ` VGg ) VGbdV��7ihUWVli _ w-§ ` maZ~mdg
_ ehw]bdV ` VGghi}�dmdg}ihVGk-X
UWv ` Z �LehVGpWpWVl|Ge}VGUWghVGk ihVGk��JVGUWihVGg S�V�Z~VGcIZ~mdk]VGg}|Gehka^ehv cLpWVGbaZ-�JVr�
w]v ` k]UWVG�JVGg R
��w-w]VGU�gLehg���� �� ��ihUWV ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z �dmdg VGUWghVGn �JVGpWUWVG�hUWbdVGg�A�ehw�Z _ ghi�� UWg
ihVGg>A�ehw�Z _ ghi � |Geªcamdn&n&VGg R ��gIZ~w]ohk]VGv ` VGghi�w]VGU
	�� �� � ihUWV ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z
�dmdg¦VGUWghVGn �JVGpWUWVG�hUWbdVGgDA�ehw�Z _ ghi�� UWgªihVGg
A�ehw�Z _ ghi � |Ge¦camdn&n&VGg R ��wlw]VGUWVGg��
ehghi� �JVGpWUWVG�hUWbdV A�ehw�Z;^_ ghihVlihVGw��JVGw]v ` k]UWVG�JVGghVGgB�L�7w�Z~VGn&w R�� d w]VGUWVGg _ pWpWV A�ehw�Z;^_ ghihV��
ihUWVY�dmdg�� ihUWk]VGcIZ�VGk]k]VGUWv ` � _ k�w]UWghi R � _ v ` ihVGk� ` VGmdk]UWVuihVGk z _ k]cam��I� �(V�Z]Z~VGg � � x �
UWw�ZBihUWVD) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z �dmdg�A�ehw�Z _ ghi�� UWg ihVGg A�ehw�Z _ ghi� |Ge bdVGp _ ghbdVGg
bdpWVGUWv ` ihVGn §�k]m7ihehcIZ�ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z��dmdg
A�ehw�Z _ ghi�� UWgBVGUWghVGg _ ghbdk]VGg7�
|GVGghihVGg A�ehw�Z _ ghi � d |Ge bdVGp _ ghbdVGg n&U[ZYihVGk�) _a` k]w]v ` VGUWghpWUWv ` caVGU[Zu�dmdg A�ehw�Z _ ghi � dg _ v ` A�ehw�Z _ ghi� |GeBbdVGp _ ghbdVGg��7w]ehn&n&UWVGk�Z ^eh�JVGk _ pWpWV _ ghbdk]VGgh|GVGghihVGg>A�ehw�Z;^_ ghihV � d Rt-VGUWw]ohUWVGpWw��-VGUWw]V�UWw�Z����  � ��ihUWV ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Zf�dmdgDA�ehw�Z _ ghi � UWg#A�ehw�Z _ ghi �
|Ge bdVGp _ ghbdVGg���bdpWVGUWv ` ihVGk ) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z � �dmdg�A�ehw�Z _ ghi��¡g _ v ` A�ehw�Z _ ghi
� |Ge bdVGp _ ghbdVGg n!ehp[Z~UWohpWUW|GUWVGk�Z�n&U[ZuihVGk�) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z����  � �2���-VGpWv ` VGw ihUWV
) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z�UWw�Z&�L�dmdg � g _ v ` � |GeBbdVGp _ ghbdVGg�� _ ihihUWVGk�Zfn&U[Z ihVGn §�k]m7ihehcIZ
ihVGk�) _a` k]w]v ` VGUWghpWUWv ` caVGU[ZD�� _ � �2���dmdg�A�ehw�Z _ ghi�� UWg A�ehw�Z _ ghi �¬|Ge bdVGp _ ghbdVGg��
n&U[Z ihVGk6) _a` k]w]v ` VGUWghpWUWv ` caVGU[Z����  � ���dmdg#A�ehw�Z _ ghi � UWg�A�ehw�Z _ ghi � |Ge bdVGp _ ghbdVGg R
S R ` R ���  � �65������  � � @ �� _�� �����  ���2�£i _ ihUWV() _a` k]w]v ` VGUWghpWUWv ` caVGU[Z����  ���65 �

UWw�Zªc _ ghg n _ g _ ehv ` ���  � �
5 �����  � �&w]v ` k]VGUW�JVGg R S _ k _ ehw VGk]bdVG�JVGg w]UWv ` ihUWV
\6mdpWbdVGghihVGg
?(pWVGUWv ` ehghbdVGg �
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§�k]md�JV�^_ ghihVGk]g R S�UWV ¯°gIZ~VGk�\6VGk]VGgh|G�JVGihUWghbdehghb¦\r^ehkYcamdghw�Z~k]ehcIZ~U[�dV ^� �JVGk]p _ bdVGk]ehghbjVGU��
ghVGk�| R t R _ g¦ihVGk���mdk]ihVGk]w]VGU[Z~VuihVGk�§�k]md�JV _ ghcamdn&n&VGghihVGgD) VGpWpWVYn&U[ZlVGUWghVGk ) VGpWpWV��
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ihUWV _ gªihVGk�� ^ehv cLw]VGU[Z~VuihVGk�§�k]md�JVYk]V 7DVGcIZ~UWVGk�Zl�lehk]ihV��£UWw�Z=�

Q k���5 �  �� /  �d� �

S R ` R ihUWVfihmdohoJVGp[Z~VfmdosZ~UWw]v ` V4) VGbdp°^_ ghbdV Q k��YihVGk �7v ` UWv ` Z�n&U[Z�ihVGk�S�UWv caV �Yn!e � VGUWg
b _ gh| _a` pWUWbdVGw���UWVGp[\ _ v ` VGw �  �ihVGk() VGpWpWVGghp°^_ ghbdV �� �w]VGUWg R «�^ehk�ihUWV g�^_ v ` w�ZucLpWVGUWghVGk]V
) VGpWpWVGghp°^_ ghbdV � � �d�JVGUsihVGk®UWg!ihUWVGw]VfmdosZ~UWw]v ` V ) VGbdp°^_ ghbdV bdVGg _ e VGUWg ) VGpWpWVGgh|Gehb�n&V ` k
VGUWghbdV ` Z&�Dn!e � bdVGp[Z~VGg �

Q k�� 5  �  @ � � � � /  � � �

A�ehw�^_ Z~|GpWUWv ` \r^e ` k]VGg��lUWk�ihUWV t-VG|GVGUWv ` gLehghb�� �
5 �� `_ � � VGUWg R S�ehk]v ` UWghVGUWg _ ghihVGk
��UWghw]V�Z~|GVGg ehghi ¥�e 7�^mdw]VGg g _ v ` � � VGk `D_ p[Z~VGg �lUWk \r^ehk ihVGg w]oJVGcIZ~k _ pWVGg ¥��hw�Z _ ghi
|��-VGUWVGk z _ qsUWn _ �

� �!5 �� _ Q k��
� � 
� � @ � /  � � �

��V ` n&VGg �lUWk(gLehg \r^ehkYehghw]VGk]V}§�k]md�JVGg v `D_ k _ cIZ~VGk]UWw�Z~UWw]v ` V}§ _ k _ n&V�Z~VGk�6w]UWV ` V � _ �
ohU[Z~VGp �sR � � _ g ��| R t R \r^ehkuihUWV&t-k]VGv ` | _a` p�k�5 Q / Q ehghi ihUWV&S�UWv caV �
5 �
n&n ihVGw
�7eh�hw�Z~k _ Z~VGw��fw]m VGk `D_ p[Z~VGg �lUWk����JVGU�VGUWghVGk ) VGpWpWVGghp°^_ ghbdV&�dmdg ��5 � � � � ghn!� VGUWghVGg
w]oJVGcIZ~k _ pWVGg ¥��hw�Z _ ghi ihVGk z _ qsUWn _ �dmdg�� � 5 Q ghn R S�UWV¦v `D_ k _ cIZ~VGk]UWw�Z~UWw]v ` VGg
) VGk�Z~V ihVGk�t-k]VGv ` | _a` pJk 5 Q / � ehghi ihVGk¦S�UWv caV � 5 Q�� � ghn \r^ehkjihVGg¡«®UWpWnD�
�JVGUJihVGk-bdpWVGUWv ` VGg�) VGpWpWVGghp°^_ ghbdV��IVGk]bdVG�JVGgBVGUWghVGg w]oJVGcIZ~k _ pWVGg ¥��hw�Z _ ghi ihVGk z _ qsUWn _
�dmdg�� �!5 QdQd��� ghn R S�UWV�¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk��£ihUWV�ihehk]v ` ihVGgj«®UWpWn ` VGk��dmdk]bdVGk]e7�
\6VGgB�lUWk]i��sUWw�Z _ es\6bdk]ehghiªihVGw�VGUWghbdVGw]v ` k�^_ ghcIZ~VGg z V � �JVGk]VGUWv ` VGwlihVGw��7oJVGcIZ~k]mdn&V�Z~VGk]w��
i _ wuVGUWghVGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` �dmdg � � n �hUWw � / Q � n _ �JihVGv cIZ&��ghUWv ` Zu|Ge VGk]caVGghghVGg R
¯°n �-VGU[Z~VGk]VGg w]V�Z~|�Z}i _ w&¥�es\9Z~k]V�Z~VGg VGUWghVGk w]mdpWv ` VGg ¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk VGUWghV ` m��
` V���e _ pWU[Z;^_ ZYihVGk �7v ` UWv ` Z~VGg �dmdk _ ehw R ?(VGk]UWghbdV � _ k]U _ Z~UWmdghVGg UWg ihVGk �7v ` UWv ` Z~ihUWv caV
m7ihVGk�ihVGk�§�p _ gho _ k _ pWpWVGpWU[Z;^_ Z-ihVGk���mdk]ihVGk��-ehghi�� ^ehv cLw]VGU[Z~V c�^mdghghVGg�ihUWVu¯°gIZ~VGk�\6VGk]VGgh|r�
w�Z~k]ehcIZ~ehk!�dmdpWpWw�Z;^_ ghihUWb¦ehgIZ~VGk]ihka^ehv caVGg  R S�UWV}¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk�� ihUWV ihehk]v ` i _ w
�7eh�hw�Z~k _ Z ` VGk��dmdk]bdVGk]es\6VGg}�lUWk]i��Lc _ ghg&n&U[Z�ihVGn �dVGk��-VGghihV�Z~VGg>?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk
ghUWv ` Z _ es\6bdVGp°^mdw�Z �-VGk]ihVGg R ¯°n ) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv ` ehn � � � � ghn n!e � n&UWghihVr�
w�Z~VGghw VGUWghV w]oJVGcIZ~k _ pWVBt _ ghih�hk]VGU[Z~V}�dmdg � � ghn �dVGk��-VGghihV�Z&�-VGk]ihVGg���ehn VGUWg _ ehw��
k]VGUWv ` VGghihVGwl�7UWbdg _ p �a� _ ehw]v ` �N��VGk ` ^_ p[Z~ghUWw�|Ge VGk `D_ p[Z~VGg R A�e}cLpWVGUWghVGk]VGg ) VGpWpWVGghp°^_ ghbdVGg
` UWg �dVGk]�JVGw]w]VGk�Z&w]UWv ` i _ w �7UWbdg _ p �a� _ ehw]v ` �dVGk ` ^_ p[Z~ghUWw�� J]VGihm7v ` �dVGk]k]UWghbdVGk�Z w]UWv ` ihVGk
¥��hw�Z _ ghi ihVGk z _ qsUWn _ ihVGk&¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk _ ehv ` n&U[Z _ �hghV ` n&VGghihVGk8) VGp��
pWVGghp°^_ ghbdV���w]mji _ � ^eh�JVGkuihVGg b _ gh|GVGg |Gehk(��VGk�\r^ehbdehghb¦w�Z~V ` VGghihVGg z V � �JVGk]VGUWv ` VGUWg
ghUWv ` Z _ ehw]k]VGUWv ` VGghihVGw�¥�e 7�^mdw]ehghbdehghbdw��dVGk]n�^mdbdVGgjihVGw��7oJVGcIZ~k]mdn&V�Z~VGk]w�|Gehk�¥�es\6g _a` �
n&V�ihVGkf¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk�ihVGwl�7eh�hw�Z~k _ Z~VGw��dmdk]pWUWVGbaZ R ¥�pWpWVGk]ihUWghbdw UWw�Z�VGwfm ` ghV ` UWg
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\6k _ bdpWUWv ` �Lmd� ihUWV�§�p _ gho _ k _ pWpWVGpWU[Z;^_ Z�ihVGk��7eh�hw�Z~k _ Z 7�^_ v ` VGgB\r^ehk-ihUWV�¯°gIZ~VGk�\6VGk]VGgh|G�JVGihUWg7�
bdehghb _ ehw]k]VGUWv ` VGghi!UWw�Z&��i _ w]UWv ` VGUWghV���VGk]cLUWohohehghb�ihVGk���mdk]ihVGk���|Gehk�� ^ehv cLw]VGU[Z~V ehn&w]m
w�Z;^mdk]VGghihVGk �JVGn&VGk]cL� _ kYn _ v ` Z&��ihVGw�Z~m¦n&V ` k() VGpWpWVGgh|s^ehbdV ihUWV mdosZ~UWw]v ` V8) VGbdp°^_ ghbdV
VGk�\r^ehpWpWVGg R S _ w!« _ |GU[ZuihUWVGw]VGk!t-V�Z~k _ v ` Z~ehghbdVGg UWw�Z J]VGihVGgs\ _ pWpWw���i _ � caVGUWghVGk]pWVGU ¯°gIZ~VGk��
\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk]VGg UWg ihVGg z VGw]w]ehghbdVGg �JVGmd� _ v ` Z~� _ k}w]UWghi R S _ w z _ Z~k]U�qL� z m7ihVGpWp
VGk�� _ k�Z~V�Z J]VGihm7v ` w]mdpWv ` Vu¯°gIZ~VGk�\6VGk]VGgh|Gw�Z~k]ehcIZ~ehk]VGg�UWgjihVGg z VGw]w]ehghbdVGg��dmdk]|Ges©DghihVGg R
�7UWghi!ihUWVGw]VfUWg ihVGk z VGw]w]ehghbYghUWv ` Z��dmdk `D_ ghihVGg��Iw]m�w]v ` p°^_ baZ�w]UWv ` ihUWVGw]VGw�UWg VGUWghVGk z m��
ihehp _ Z~UWmdg UWg ihVGg mdosZ~UWw]v ` VGg8�(mdghw�Z _ gIZ~VGg ghUWVGihVGk��dihUWV-ihUWV�\6V ` pWVGghihVl�LZ~k]ehcIZ~ehk�UWg ihVGg
z V � �-VGk�Z~VGg bdVGk _ ihV!camdn&oJVGghw]UWVGk�Z R «�^ehk�i _ w�gLehn&VGk]UWw]v ` V ��VGk�\ _a` k]VGg�|Gehk(t-VGw�Z~UWn �
n!ehghbuihVGk�mdosZ~UWw]v ` VGg��(mdghw�Z _ gIZ~VGg `D_ Z ihUWVGw J]VGihm7v ` |Gehk-«DmdpWbdV��di _ � VGw UWg bdV��lUWw]w]VGg
t-VGk]VGUWv ` VGg ghUWv ` Z-n&V ` k camdgI�dVGk]bdUWVGk�Z R ¥�ehw-ihUWVGw]VGn ?(k]ehghi}UWw�Z i _ w z _ k]cam��I� z m7ihVGpWp
ihVGn z _ Z~k]U�qL� z m7ihVGpWpJ�dmdk]|Geh|GUWV ` VGg R
S�UWV UWg�ihUWVGw]VGkY¥�k]�JVGU[Z��dVGk��-VGghihV�Z~VGg S _ Z~VGg��dmdg z R ?(ka^ehghUWghbdVGk � � �����lehk]ihVGg n&U[Z
��UWp[\6VYVGUWghVGw z m7ihVGpWpWVGw � � � �®�JVGk]VGv ` ghV�Z&��i _ � _ ehv ` ��UWVGp[\ _ v ` k]V 7DVrqsUWmdghVGg¦m ` ghV!§ `D_ �
w]VGgL�JVG|GUWV ` ehghbdVGg��£i R ` R caVGUWghV(¯°gIZ~VGk�\6VGk]VGgh|GVGg��DihUWV�ihehk]v ` ��UWVGp[\ _ v ` k]V 7DVrqsUWmdg |Gehw�Z _ g7�
ihV camdn&n&VGg��
�JVGka^ehv cLw]UWv ` Z~UWbaZ R ¯°g ihUWVGw]VGn z m7ihVGpWp®�lehk]ihV ihUWV ?(k]VGgh|��-VGk�Z~�hUWpWihehghb
ehghVGghihpWUWv ` VGk��lVGU ` VGg _ ehw]bdVGgLesZ~|�Z R S�UWVGw]VGw z m7ihVGpWpJ�lehk]ihV _ pWpWVGk]ihUWghbdw-gLehkf\r^ehkl��UWg7�
cLk]UWw�Z _ pWpWV�� _ pWw]mj��UWghw]v ` UWv ` Z]\]^_ pWpWV VGgIZ°�lUWv caVGp[Z R S _ w z _ k]cam��I� z m7ihVGpWp�p°^_ � Z(w]UWv ` _ �JVGk
UWgªVGUWgs\ _ v ` VGk ) VGUWw]V _ es\�VGUWghVGg¦��UWghw]v ` UWv ` Z]\ _ pWp�k]VGiheh|GUWVGk]VGg R �7V�Z~|�Z�n _ gªihUWVYt-k]VGv ` �
| _a` p-ihVGw �7eh�hw�Z~k _ Z~VGw _ es\4k � 5 �C�®w]m `D_ Z!n _ g X
es\9Z _ pWw!�7eh�hw�Z~k _ Z VGk]w]V�Z~|�Z&��� _ w
VGUWghVGn���UWghw]v ` UWv ` Z]\ _ pWpDbdpWVGUWv ` camdn&n Z R S�UWVf\6mdpWbdVGghihV�¥��h�hUWpWihehghb x |GVGUWbaZ�VGUWghVGg ��VGk��
bdpWVGUWv ` |��lUWw]v ` VGg ihVGn z m7ihVGpWpf�dmdg z R ?(k]ehVGghUWghbdVGk��-ihVGn z _ k]cam��I� z m7ihVGpWplehghi
ihVGn VGUWgs\ _ v ` VGg z m7ihVGpWp R ��UWVGk]|Ge �lehk]ihVGg ©DcIZ~U[�dV �k _ ghw]n&UWw]UWmdghw�� ���lV 7DVrqsUWmdghw�� �
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�7v ` UWv ` Z~ihUWv caVGg7�uehghi ) VGpWpWVGghp°^_ ghbdVGgI�-VGk�Z~V _ ghbdVGghmdn&n&VGg R ) UWV&ihUWV&¥��h�hUWpWihehghb x
|GVGUWbaZ&��w�Z~UWn&n&VGg ihUWV �JVGUWihVGg z m7ihVGpWpWV���ihUWV ��UWVGp[\ _ v ` k]V 7DVrqsUWmdghVGg �JVGka^ehv cLw]UWv ` Z~UWbdVGg��
w]m��-m ` p7\r^ehk ` m ` V _ pWw _ ehv ` \r^ehk�ghUWVGihk]UWbdV X
VGU[Z]\]^_a` UWbdcaVGU[Z~VGgubdesZ�^eh�JVGk]VGUWg R S�UWV�VGk ` ^m ` Z~V
X
VGU[Z]\]^_a` UWbdcaVGU[ZfihVGwlVGUWgs\ _ v ` VGg z m7ihVGpWpWVGwfp°^_ � Zfw]UWv `ª`D_ ehosZ~w�^_ v ` pWUWv `¦_ es\�ihUWV�\6V ` pWVGghihV
�lV 7DVrqsUWmdg � � 6w]UWV ` V�¥��h� Rs� � _ g}ihVGk�§�k]md�JVGghka^ehv cLw]VGU[Z~V�|Gehka^ehv cI\r^e ` k]VGg R ¯°g ihUWVGw]VGn
z m7ihVGpWp7UWw�Z�ihUWV-�k _ ghw]n&UWw]w]UWmdg���\r^ehk®bdVGbdVG�JVGghVfmdosZ~UWw]v ` V �(mdghw�Z _ gIZ~VGg��IUWn&n&VGk�bdk�^m � VGk
_ pWw(UWg ihVGg �JVGUWihVGg _ ghihVGk]VGg z m7ihVGpWpWVGg R � n _ es\-ihUWVGw]VGpW�JVGg �k _ ghw]n&UWw]w]UWmdghw��-VGk�Z~V
�lUWV&ihUWV �JVGUWihVGg _ ghihVGk]VGg z m7ihVGpWpWV |Ge camdn&n&VGg���n!e � i _ w z m7ihVGpWp�VGgIZ°�-VGihVGk!ihUWV
�lV 7DVrqsUWmdg _ g ihVGk�VGk]w�Z~VGg!?(k]VGgh| 7�^_ v ` Vlihehk]v ` ihUWV�t-k]VGv ` | _a` p kBm7ihVGk�ihUWVf¥��hw]mdk]�sZ~U��
mdg¦UWgªihVGk��7v ` UWv ` Z�ihehk]v ` ihVGg�¥��hw]mdk]�sZ~UWmdghw]cam7V��&|GUWVGgIZ~VGg pBVGk ` ^m ` VGg R t-VGUWihVGw `D_ Z
VGUWghVGgj¥�ghw�Z~UWVGb&ihVGklmdosZ~UWw]v ` VuX
VGU[Z]\]^_a` UWbdcaVGU[Z _ ehw ?(pWb R  � �f|Gehk�«DmdpWbdV R
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t-VGUsihVGn �L�7w�Z~VGn �Yt _a�r� eh�������7� `D_ ghihVGp[Z�VGw�w]UWv ` ehn VGUWghVGg ihVGk��-m ` p _ n n&VGUWw�Z~VGg
ehgIZ~VGk]w]ehv ` Z~VGg ��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk R S�UWVu��VGk]�hUWghihehghb �lUWk]i _ ehv ` ` ^_ es©Db
gLehkfn&U[Z��Yt � � �JVG|GVGUWv ` ghV�Z R S�VGk�� _ ehVGk]w�Z~ma��bdV `D_ p[Z-c _ ghg UWg}ihUWVGw]VGn z _ Z~VGk]U _ p£UWn
t-VGk]VGUWv ` � � B
� ��� _ k]UWUWVGk]VGg R «�^ehk B
� � / � UWw�Z�ihUWVGw]VGw z _ Z~VGk]U _ psVGUWg `D_ pW�hpWVGU[Z~VGghihVGk
�hUWw UWw]mdpWUWVGk]VGghihVGku¥�gIZ~U[\6VGk]k]mdn _ bdghV�Z�� � � � R S�UWV��(k]UWw�Z _ pWpWw�Z~k]ehcIZ~ehkYihVGw!UWw]mdpWUWVGk]VGghihVGg
¯°ihV _ p[\ _ pWpWVGw��Yt _a�r� eh������� E�UWw�Z�UWg¦ihVGk�¥��h� R�� ��i _ k]bdVGw�Z~VGpWp[Z � Q�� � R ��UWVGk]�JVGU `D_ ghihVGp[Z
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VGw�w]UWv ` ehn VGUWghVGg �(k]UWw�Z _ pWpLn&U[Z�Z~V�Z~k _ bdmdg _ pWVGk��LZ~k]ehcIZ~ehk�ihVGk�§�ehghcIZ~bdk]ehohoJV���� � R ¯°nt-VGk]VGUWv ` ehn B#� � / � |GVGUWbaZ�i _ w��L�7w�Z~VGn VGUWghVGg § `D_ w]VGg�^eh�JVGk]b _ ghb��dmdn `D_ pW�hpWVGU[Z~VGghi7�
UWw]mdpWUWVGk]VGghihVGn���VGk `D_ p[Z~VGg |Ge n&V�Z _ pWpWUWw]v ` �°w]ehohk _ pWVGU[Z~VGghihVGn ��VGk `D_ p[Z~VGg R ?(pWVGUWv ` |GVGU[Z~UWb
^_ ghihVGk�Z�i _ w z _ Z~VGk]U _ psw]VGUWghV �(k]UWw�Z _ pWpWw�Z~k]ehcIZ~ehk®|Ge VGUWghVGk�mdk�Z ` mdk]mdn!�hUWw]v ` VGg&�LZ~k]ehcIZ~ehk
ihVGk(§�ehghcIZ~bdk]ehohoJV�� � � ��ihUWV UWg�¥��h� R�� _ \r^ehk�ihVGg��dmdpWp�n&U[Z(� _ ehVGk]w�Z~ma� �JVGp _ ihVGghVGg¯°ihV _ p[\ _ pWp
�Yt _a��� eh���('�� E(i _ k]bdVGw�Z~VGpWp[Z(UWw�Z R S�UWV �7ohk]ehghbaZ~VGn&oJVGk _ Z~ehk(ghUWn&n Z�UWg�ihUWVr�
w]VGn�t-VGk]VGUWv ` n&U[Z�|GehghV ` n&VGghihVGn¨� _ ehVGk]w�Z~ma��bdV `D_ p[Z&�d�lUWVfUWg ¥��h� RI� bdVG|GVGUWbaZ�UWw�Z&�I|Ge
� Q ��� R S�UWV-n _ qsUWn _ pWVf�7ohk]ehghbaZ~VGn&oJVGk _ Z~ehk�pWUWVGbaZ��JVGUhVGUWghVGk�� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg
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�dmdgBV�Z°� _ B#5 � / �I� �JVGUJ436� �IQ � R ¯°n `D_ pW�hpWVGU[Z~VGghi7�°UWw]mdpWUWVGk]VGghihVGg&t-VGk]VGUWv ` UWw�ZfihUWV
��V��VGp[Z~VGn&oJVGk _ Z~ehk���"�Imd�JVGk `D_ pW�!�-VGpWv ` VGk�ihVGk �(k]UWw�Z _ pWp7w]VGUWghV _ gIZ~U[\6VGk]k]mdn _ bdghV�Z~UWw]v ` V
��k]ihgLehghb&�dVGk]pWUWVGk�Z&�hi _ k]bdVGw�Z~VGpWp[Z R
S�UWV�mdk�Z ` mdk]mdn!�hUWw]v ` V���VGk]|GVGk]k]ehghb�ihVGw
�dmdk ` VGk
Z~V�Z~k _ bdmdg _ pWVGg��(k]UWw�Z _ pWpWVGw��G�lUWk]iYihehk]v `
ihUWV _ ehw]w]v ` pWUWV � pWUWv `u_ es\hihVGg �8�� �N��§�p°^_ Z~|GVGguVGUWghbdVG� _ esZ~VGg!� _ ehVGk]w�Z~ma� _ Z~mdn&V��JV��lUWk]cIZ R
S�UWV �8�� �N��§�p°^_ Z~|GV(UWg _ ���lUWv ` Z~ehghb&�hpWVGUW�JVGgji _ �JVGU
ehgL�JVGw]V�Z~|�Z R ��w�camdn&n Z�i _ �JVGU�|Ge
ihVGkªt-UWpWihehghb ihVGkBw]mdbdVGg _ ghgIZ~VGg��(ehos\6VGk]m,qsUWi7� �(V�Z]Z~VGg VGgIZ~p _ ghb ihVGk#�(k]UWw�Z _ pWpWmdbdk _ �
o ` UWw]v ` VGg��7�°¥�v ` w]V R ¥�e � VGklihUWVGw]VGg
�(ehos\6VGk]m,qsUWi7� �(V�Z]Z~VGgj�JVGw]U[Z~|�Z�i _ w��L�7w�Z~VGn |��-VGU
�(ehos\6VGk]m,qsUWi7�����JVGghVGg��
ihUWV!v `D_ k _ cIZ~VGk]UWw�Z~UWw]v ` \r^ehk _ pWpWV!��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk
w]UWghi R S�UWVGw]V��(ehos\6VGk]m,qsUWihVG�JVGghVGgj�hpWVGUW�JVGgB�JVGU�ihVGkf� _ k]U _ Z~UWmdg}ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p��
Z~VGw�ehgL�JVGka^e ` k�Z R
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¯°n \6mdpWbdVGghihVGg ¥��hw]v ` ghU[Z]Z&w]mdpWp-VGUWghV z m7ihVGpWp[�dmdk]w�Z~VGpWpWehghb¦\r^ehk ihVGg S�maZ~UWVGk]ehghbdw]n&Vr�
v `D_ ghUWw]n!ehw�ihehk]v ` ihVGg ��UWgL� _ e �dmdg&� _ ehVGk]w�Z~ma� _ Z~mdn&VGg UWgu�Yt _a�r� eh�������7�fbdVGbdVG�JVGg
�-VGk]ihVGg R
) UWVYUWn¨�dmdk _ ghbdVGb _ ghbdVGghVGgj¥��hw]v ` ghU[Z]Z��JVGk]VGU[Z~w�ihUWw]cLesZ~UWVGk�Z&�h©DghihV�Z�ihVGk�� _ ehVGk]w�Z~ma�£�
VGUWgL� _ e _ ehw]w]v ` pWUWV � pWUWv ` _ es\(ihVGg �8�� �N��§�p°^_ Z~|GVGg w�Z _ Z]Z R t-VGUl\6k]VGUWVGg �8�� �N��§�p°^_ Z~|GVGg
w]UWghi ihUWV �JVGg _ v ` � _ k�Z~VGg � e �� �N�°¯°mdghVGg VGUWgs\ _ v ` oJmdw]U[Z~U[� bdVGp _ ihVGg � QdQ � R ��UWg _ es\
VGUWg �(V�Z]Z~VGghohp _ Z~| VGUWghbdVG� _ esZ~VGw�� _ ehVGk]w�Z~ma� _ Z~mdn �JVGg�^maZ~UWbaZj|��-VGU ��pWVGcIZ~k]mdghVGg |Gehk
¥��hw�^_ Z]Z~UWbdehghb�w]VGUWghVGk v ` VGn&UWw]v ` VGg t-UWghihehghbdVGg R S�UWVGw]VBVGk ` ^_ p[Z VGw!�dmdg w]VGUWghVGg �JVr�
g _ v ` � _ k�Z~VGg � e �� �N�°¯°mdghVGg���ihUWV!i _ n&U[Z��JVGUWihV!UWg�ihVGg |��-VGU[\ _ v ` oJmdw]U[Z~U[�jbdVGp _ ihVGghVGg
A�ehw�Z _ ghi ^eh�JVGk]bdV ` VGg R S�UWV X _ ihehghbdw]�hUWp _ gh| UWn k]VGw�Z~pWUWv ` VGg �(k]UWw�Z _ pWp �hpWVGUW�sZ!i _ �JVGU
ehgI�dVGk�^_ ghihVGk�Z R ��k]w�Z �-VGghg VGUWg �-VGU[Z~VGk]VGw � _ ehVGk]w�Z~ma� _ Z~mdn _ es\�VGUWghVGg=�(V�Z]Z~VGghohp _ Z~|
VGUWghbdVG� _ esZ��lUWk]i���ihVGw]w]VGg �JVGg _ v ` � _ k�Z~VGw � e �� �N�°¯°mdg�w]v ` mdg VGUWghVGg � _ ehVGk]w�Z~ma��g _ v ` �
� _ k]g `D_ Z&��VGk�\6mdpWbaZ
VGUWghV�S�maZ~UWVGk]ehghb �;ihVGghgui _ w�ghVGehVf� _ ehVGk]w�Z~ma� _ Z~mdn c _ ghgugLehk�ghm7v `
i _ w���pWVGcIZ~k]mdg!VGUWghVGw � e �� �N��� _ v ` � _ k]g |Gehk���^_ Z]Z~UWbdehghb�w]VGUWghVGk�v ` VGn&UWw]v ` VGg t-UWghihehghb
` VGk _ gh|GUWV ` VGg R S _ wY|��-VGU[Z~V ��pWVGcIZ~k]mdg �dVGk�Z~VGUWp[Zuw]UWv ` _ pWwuX _ ihehghbdw]ihV�©D|GU[Z¦^eh�JVGkuihVGg
b _ gh|GVGg��(k]UWw�Z _ pWp R S�UWVB��mdk]w�Z~VGpWpWehghb UWw�Z&�-i _ � ihVGk��(k]UWw�Z _ pWpfi _ n&U[Z&o7�°ihmaZ~UWVGk�Z&UWw�Z R
S _ n&U[ZfUWw�ZlVGUWgh|Gehw]V ` VGg��Ji _ � w]UWv ` �JVGU�t-UWpWihehghb p _ ghbdVGk �(V�Z]Z~VGg¦ihUWVYS�maZ~UWVGk]ehghb n&U[Z
\6k]VGUWVGgjX _ ihehghbdw�Z~k�^_ bdVGk]g��DUWn¨��VGk]bdpWVGUWv ` |Geªc�^ehk]|GVGk]VGg9�(V�Z]Z~VGg��DVGk ` ^m ` Z R ¯°n¨�dmdpWpWm,qsU��
ihUWVGk�Z~VGg A�ehw�Z _ ghi �Yt _a�r� eh���('�� E w]UWghi _ pWpWV��(V�Z]Z~VGghohp°^_ Z~|GV �JVGw]V�Z~|�Z R S�VGk �(k]UWw�Z _ pWp
UWw�Z-i _ n&U[Z _ ehv ` n _ qsUWn _ phihmaZ~UWVGk�Z R ¯°n VGgIZ~bdVGbdVGghbdVGw]V�Z~|�Z~VGgj« _ pWph\r^e ` k�ZfVGUWghV�w]v ` � _ �
v ` Vut-VGp _ ihehghb!n&U[Zl� _ ehVGk]w�Z~ma��ghm7v ` ghUWv ` Z�|�� _ ghbdw]p°^_ es©Db |GeBVGUWghVGk�S�maZ~UWVGk]ehghb!n&U[Z
\6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk]g R ��k]w�Z}�JVGU�VGUWghVGk ¥�ghmdk]ihgLehghb UWg p°^_ ghbdVGk]V#�(V�Z]Z~VGghw�Zd^ehv caV
n _ v ` Z&w]UWv ` ihUWVªt-VGp _ ihehghb n&U[Z&� _ ehVGk]w�Z~ma� UWg ihVGk&S�UWv ` Z~VªihVGk \6k]VGUWVGg X _ ihehghbdw��
Z~k�^_ bdVGk��JVGn&VGk]cL� _ k R A�ehw _ n&n&VGgs\ _ w]w]VGghi�c _ ghg¦n _ g¦gLehg�ghm7v ` VGUWghn _ p�w _ bdVGg��Ji _ �
w]UWv ` ihUWV�¥�gh| _a` p£ihVGk \6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk n&U[Z�|GehghV ` n&VGghihVGn¬� _ ehVGk]w�Z~ma��bdV `D_ p[Z
UWg¦�Yt _a�r� eh�������7�!VGk ` ^m ` Z R S�VGg ��UWg 7De � \6k]VGUWVGk�X _ ihehghbdw�Z~k�^_ bdVGk _ es\ ihUWV!mdosZ~UWw]v ` V
X
VGU[Z]\]^_a` UWbdcaVGU[Z®VGk]cLp°^_ k�Z�i _ w�UWn¡\6mdpWbdVGghihVGg � _ ohU[Z~VGp7�JVGw]v ` k]UWVG�JVGghVlcLp _ w]w]UWw]v ` VlS�k]ehihVr�
X
mdk]VGgIZ~|r� z m7ihVGpWp6� Qa� � R

����� � � 2A�;! ����� 3�
�$�!0��&� �m3 � $4���)�)
S _ w cLp _ w]w]UWw]v ` V�S�k]ehihVr��X
mdk]VGgIZ~|r� z m7ihVGpWp£UWw�Z VGUWg&n&UWcLk]mdw]camdohUWw]v ` VGw z m7ihVGpWp��Li _ w ihUWV
) UWk]cLehghbBVGpWVGcIZ~k]mdn _ bdghV�Z~UWw]v ` VGkY�LZ~k _a` pWehghb _ es\�VGUWghVGg�n&U[Z]Z~pWVGk]VGg�X _ ihehghbdw�Z~k�^_ bdVGk��
w�Z~VGpWp[�dVGk�Z~k]V�Z~VGghi \r^ehkªihUWV ?(VGw _ n Z ` VGU[ZªUWn «DVGw�Z~c�^mdk]oJVGk����JVGw]v ` k]VGUW�sZ � Qa� � R S�UWVGw]VGw
z m7ihVGpWp�Z~VGUWp[Z�ihUWV!S�UWVGpWVGcIZ~k]UWw]v ` V!«DehghcIZ~UWmdg�UWg¦VGUWghVGg�¥�gIZ~VGUWp��JihVGk�ihehk]v ` ihUWVu\6k]VGUWVGg
X _ ihehghbdw�Z~k�^_ bdVGk ehghi VGUWghVGg ¥�gIZ~VGUWp���ihVGk!ihehk]v ` ihUWV bdVG�hehghihVGghVGg X _ ihehghbdw�Z~k�^_ bdVGk
VGk]|GVGehbaZ��lUWk]i �
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S�UWV�S�UWVGpWVGcIZ~k]UWw]v ` V�«DehghcIZ~UWmdg(UWw�Z ` UWVGk
VGUWghV�camdn&ohpWVrqsV6?(k�^m � V R ?(k]ehghihpWVGbdVGghi(\r^ehk
i _ w
z m7ihVGpWpIUWw�Z�ihUWV�¥�ghg _a` n&V���i _ � w]UWv ` ihVGk�«DVGw�Z~c�^mdk]oJVGk _ ehw�VGUWghVGk�¥�gh| _a` pLbdVGi�^_ n&os\9Z~VGk
`D_ k]n&mdghUWw]v ` VGk ��w]|GUWpWp _ Z~mdk]VGg |Gehw _ n&n&VGghw]V�Z~|�Z R S�UWV&bdVG�hehghihVGghVGg X _ ihehghbdw�Z~k�^_ bdVGk
`D_ �JVGg¦VGUWghVu� ^ehv cLw�Z~VGpWpWcLk _ \9Z�ehghi¦i _ n&U[Z�VGUWghV ��UWbdVGgs\6k]V��LehVGgh|un&U[ZlihVGklw]UWVYw]v ` �lUWg7�
bdVGg R S�UWV \6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk `D_ �JVGg caVGUWghV¦� ^ehv cLw�Z~VGpWpWcLk _ \9Z&���-mdn&U[Z U ` k]Vª��U��
bdVGgs\6k]V��LehVGgh|�\ E 5 � UWw�Z R ¥�ehw�ihUWVGw]VGn ?(k]ehghiBw]v ` �lUWghbaZ�ihVGk-\6k]VGUWV(X _ ihehghbdw�Z~k�^_ bdVGk
ehn � � ��� o `D_ w]VGgI�dVGk]w]v ` md�JVGgB|Ge&ihVGn bdVG�hehghihVGghVGg��L� _ w�ihUWVf¥��hw]mdk]�sZ~UWmdg m7ihVGk�i _ w
ghVGb _ Z~U[�dV(��mdk]|GVGUWv ` VGg¦UWgBihVGk�\6mdpWbdVGghihVGg
?(pWVGUWv ` ehghb VGk]cLp°^_ k�Z=�
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S _ �JVGU
UWw�ZG\ �YihUWVu§�p _ w]n _ \6k]V��LehVGgh| � \ �� 5 >* �:>E �  �d� �

ehghil\ d ihUWVu��w]|GUWpWp _ Z~mdk]w�Z;^_ k]caV � \ �d 5  d * �:>E � d /  �L� �

 ��� ehghi	��w]UWghiBihUWV�X _ ihehghbdw�Z~k�^_ bdVGk]ihUWv ` Z~V��hihUWV z _ w]w]V(ehghiBihUWV�S ^_ n&os\6ehghb!ihVGk
\6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk R  d � � d � \ E d ehghi
� d w]UWghi ihUWV X _ ihehghbdw�Z~k�^_ bdVGk]ihUWv ` Z~V���ihUWVz _ w]w]V���ihUWV}�lVGw]mdg _ gh|�\6k]V��LehVGgh|Behghi ihUWV}S ^_ n&os\6ehghb¦ihVGw U��NZ~VGg bdVG�hehghihVGghVGg X _ �
ihehghbdw�Z~k�^_ bdVGk]w R ^� �JVGk�ihVGg!A�ehw _ n&n&VGg `D_ ghbYihVGk S�UWVGpWVGcIZ~k]UWw]v ` VGg&«DehghcIZ~UWmdg&n&U[Z�ihVGk
camdn&ohpWVrqsVGg�X
VGU[Z]\]^_a` UWbdcaVGU[Z �K i\4� 5#_ Z]\&:>E  �: i\4�_ � �-VGk]bdUW�sZlw]UWv ` \r^ehk�ihVGg��lV _ p[Z~VGUWp
ihVGklmdosZ~UWw]v ` VGg�X
VGU[Z]\]^_a` UWbdcaVGU[Z=�

K i\4��5 :>E>\ �� �\ � @ � � @ ��d �  \ � :>E>\ �d � di\ �E d _ \ � � � @ \ � � �d /  �I� �

z U[Z6?(pWb R  �I� ��UWw�Z�i _ n&U[Z�ihVGk6A�ehw _ n&n&VGg `D_ ghb(ihVGk�\6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk�ehghi ihVGk
UWg ihUWVGw]VGk ¥�k]�JVGU[Z �JV�Z~k _ v ` Z~V�Z~VGg mdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[ZubdVGbdVG�JVGg R S _ w ¯°gI�dVGk]w]V
ihVGk�S ^_ n&os\6ehghb�� c _ ghg _ ehv `�_ pWw�ihUWV �LZ~m � |GVGU[Z�¦|��lUWw]v ` VGg�|��-VGU _ es\6VGUWg _ ghihVGk�\6mdp��
bdVGghihVGgDA�ehw _ n&n&VGghw�Z;^m � VGg}VGUWghVGw�\6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk]w-n&U[Z �JVGpWUWVG�hUWbdVGg _ ghihVGk]VGg
\6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk]g _ ghbdVGw]V ` VGg �-VGk]ihVGg R S _ �JVGUfUWw�Z pWVGUWv ` Z VGUWgh|Gehw]V ` VGg��fi _ w
ihUWVGw]Vj�LZ~m � |GVGU[Z �dmdg ihVGk ¥�gh| _a` p-ihVGk \6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk _ � ` ^_ ghbdUWb�UWw�Z R ¥�ehw
ihUWVGw]VGn ?(k]ehghihV UWw�ZYihUWV mdosZ~UWw]v ` V&X
VGU[Z]\]^_a` UWbdcaVGU[Z(ghUWv ` Z VGUWgs\ _ v ` gLehkuohk]mdoJmdk�Z~UWmdg _ p
|Gehkl¥�gh| _a` p�ihVGk�\6k]VGUWVGgjX _ ihehghbdw�Z~k�^_ bdVGk R
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¥�pWw z V � UWghw�Z~k]ehn&VGgIZB\r^ehk i _ wª¥�g _ p[�7w]Vr�N��VGk�\ _a` k]VGg �lehk]ihV UWg ihUWVGw]VGkª¥�k]�JVGU[ZBVGUWg
|�� ^mdp[\ $ _a` k]V _ p[Z~VGw ?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk� �f_ k�� Qa� � � ���dmdgBihVGkf«®UWk]n _ � _ k]U _ g&�dVGk��
�-VGghihV�Z R S _ w��7oJVGcIZ~k]mdn&V�Z~VGk `D_ Z
VGUWghVGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` �dmdg �!5 � � �dQ _ � �I� ghn R
«�^ehkYihVGg UWgs\6k _ k]maZ~VGg�ehghi w]UWv ` Z~� _ k]VGg t-VGk]VGUWv ` �dVGk��-VGghihV�Z!i _ w �7oJVGcIZ~k]mdn&V�Z~VGk _ pWw
X
UWv ` Z �LehVGpWpWV¦VGUWghV#) mdp[\6k _ n ��� _ pWmdbdVGg7��X _ n&oJV9 �!5 � � �dQ _ �a� � ghn�� R ¯°n � p[Z~k _ �
�7UWmdpWV�Z]Z~VGg&�lUWk]i}i _ ghg _ es\
VGUWghV�S�VGesZ~VGk]UWehn&p _ n&oJV�bdV��-VGv ` w]VGp[Z R A�ehk-S�V�Z~VGcIZ~UWmdg}ihVGk
�LZ~k _a` pWehghb&�lUWk]ijUWn¬¯°gs\6k _ k]maZ~VGg¦VGUWg
?(VGk]n _ ghUWehn&ihV�Z~VGcIZ~mdk  ��5 � � �dQ _ � � � ghn �2�
UWn �7UWv ` Z~� _ k]VGg ehghi UWn � p[Z~k _ �7UWmdpWV�Z]Z~VGg VGUWg § ` maZ~mdn!ehp[Z~UWohpWUWVGk �dVGk��-VGghihV�Z R S�UWV
z V � i _ Z~VGg ihVGw �7oJVGcIZ~k]mdn&V�Z~VGk]wYw�Z~V ` VGg _ g VGUWghVGn ¯������®��t-ehwYUWn ¥(� � ¯]¯ ��«Dmdk]n _ Z
|Gehku��VGk�\r^ehbdehghb R ¯°n � _a` n&VGg ihUWVGw]VGku¥�k]�JVGU[ZY�lehk]ihV}VGUWg §�k]mdbdk _ n&n |Gehk �LZ~VGehVr�
k]ehghb¦ehghi |Gehn ¥�ehw]pWVGw]VGg ihVGw �7oJVGcIZ~k]mdn&V�Z~VGk]w n&U[Zu��UWp[\6V VGUWghVGw �lVGv ` ghVGk]w!UWg ihVGk
§�k]mdbdk _ n&n&UWVGk]w]ohk _ v ` V � @ @ bdVGw]v ` k]UWVG�JVGg R
¯°g ?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]g �lUWk]i ihUWV �lUWghcaVGp _ � ` ^_ ghbdUWbdV t-VGehbdehghbdw]�JVGihUWghbdehghb¦|Gehn
¥�es\6w]o _ p[Z~VGg ihVGk¦�LZ~k _a` pWehghb UWg w]VGUWghV��dVGk]w]v ` UWVGihVGghVGg�) VGpWpWVGghp°^_ ghbdVGg �dVGk��-VGghihV�Z R
S�UWVY¥��h� R � � |GVGUWbaZ�VGUWg��7v ` VGn _ ihVGw(�LZ~k _a` pWVGghb _ ghbdVGwlUWn �7oJVGcIZ~k]mdn&V�Z~VGk�� _ es\�ihVGg
UWn¨\6mdpWbdVGghihVGgjV�Z°� _ w�g�^_a` VGklVGUWghbdVGb _ ghbdVGgB�-VGk]ihVGg¦w]mdpWp R
S�UWV¦�LZ~k _a` pWehghb��lUWk]i _ ehw]bdV ` VGghi �dmdg ihVGk8) mdp[\6k _ n ��� _ pWmdbdVGg7��X _ n&oJV �h|�� R �dmdg
ihVGk�S�VGesZ~VGk]UWehn&p _ n&oJVB^eh�JVGk�ihUWV!�7ohUWVGbdVGp®���C��� Q ehghi�� � ihehk]v ` VGUWghVGg�« _ k]�s©Dp[Z~VGk
ehghiBVGUWghV(� _ n&n&VGpWpWUWghw]V�o _ k _ pWpWVGp _ es\�ihVGgj�7o _ p[Z��J��bdVG�hk _ v ` Z R S�VGk��7o _ p[Z��J��ihUWVGgIZ
i _ �JVGU _ pWw�t-pWVGghihV(|GehklmdosZ~UWn _ pWVGg ¥�ehw]pWVGehv ` Z~ehghb}ihVGwli _ k _ es��mdpWbdVGghihVGgª��m ` pWw]ohUWVr�
bdVGpWw � �7R S�UWVGw]VGk \6mdcLehw]UWVGk�Z ihVGg �LZ~k _a` p _ es\�i _ w ?(U[Z]Z~VGk � � ��i _ � ihUWVª�LZ~k _a` pWehghb
�lUWghcaVGp _ � ` ^_ ghbdUWb UWg�w]VGUWghV ) VGpWpWVGghp°^_ ghbdVGg _ es\6w]o _ p[Z~V�Z R S�VGk�i _ k _ es��mdpWbdVGghihV ��m ` p��
w]ohUWVGbdVGph� x o _ k _ pWpWVGpWUWw]UWVGk�Z
ihVGg&�LZ~k _a` psehghi!�hk]UWghbaZ�ihUWVGw]VGg _ es\£ihVGg&�7o _ p[Z�� Q7R S�UWVGw]VGk
ihUWVGgIZl�lUWVGihVGk _ pWwlt-pWVGghihVY|Gehk�mdosZ~UWn _ pWVGgBt-VGpWVGehv ` Z~ehghb}ihVGw��7ohUWVGbdVGpWwl� � � _ es\®ihVGg
ihUWV �7ohUWVGbdVGp�� � ehghi ��� � \6mdpWbdVGg R � _ v ` ��� � \6mdpWbaZ&�lUWVGihVGk VGUWg �7o _ p[Zª� � �lihVGk
|GehkYmdosZ~UWn _ pWVGg�t-VGpWVGehv ` Z~ehghbjihVGwu��m ` pWw]ohUWVGbdVGpWw(� � ihUWVGgIZ R S�UWVGw]VGk�\6mdcLehw]UWVGk�ZYihVGg
�LZ~k _a` p�VGUWg |��-VGU[Z~VGw z _ p _ es\�i _ w ?(U[Z]Z~VGk R ��mdg ihVGn¨i _ k _ es��mdpWbdVGghihVGgª��m ` pWw]ohUWVGbdVGp
� x bdVGp _ ghbaZuihVGk!�LZ~k _a` p���gLehg �lUWVGihVGkuo _ k _ pWpWVGp�� _ es\�ihVGg �7o _ p[Z!� �hR S�UWVGw]VGk �7o _ p[Z
ihUWVGgIZY�lUWVGihVGk _ pWwYt-pWVGghihV R �7VGUWghV t-k]VGU[Z~V UWw�Z _ ehw]w]v ` p _ bdbdVG�JVGghi \r^ehkYihUWV w]oJVGcIZ~k _ pWV
t _ ghih�hk]VGU[Z~V ihVGk �LZ~k _a` pWehghb�n&U[ZuihVGk!pWV�Z~|�Z~VGghihpWUWv ` bdVGn&VGw]w]VGg �lUWk]i R S�VGw `D_ pW� UWw�Z
ihUWV(t-k]VGU[Z~V�ihVGw��7o _ p[Z~VGwl� � � _ k]U _ �JVGp R � gIZ~VGkfihVGk�w]oJVGcIZ~k _ pWVGgªt _ ghih�hk]VGU[Z~V��dVGk]w�Z~V ` Z
n _ g!ihUWV�S�U[��VGk]VGgh|-ihVGk�cLpWVGUWghw�Z~VGg |Gehk�bdk�^m � Z~VGg��dihVGg}�7o _ p[Z�bdVGk _ ihVfghm7v ` o _ w]w]UWVGk]VGg7�
ihVGg�� ) VGpWpWVGghp°^_ ghbdV R ��UWghV!��VGk]cLpWVGUWghVGk]ehghbjihVGkYw]oJVGcIZ~k _ pWVGg t _ ghih�hk]VGU[Z~V `D_ Zuw]mdn&U[Z
VGUWghVGg ¯°gIZ~VGghw]U[Z;^_ Z~w��dVGk]pWehw�Z�ihVGw z V � w�Z~k _a` pWVGw�|Gehk�«DmdpWbdV R t-VGU7VGUWghVGk") VGpWpWVGghp°^_ ghbdV��dmdg
� � n n!e � �Lehn ghm7v ` VGUWg _ ehw]k]VGUWv ` VGghihVGwl�7UWbdg _ p �a� _ ehw]v ` �N��VGk ` ^_ p[Z~ghUWw�|Ge}VGk `D_ p[Z~VGg��
n&UWghihVGw�Z~VGghw}n&U[Z VGUWghVGk w]oJVGcIZ~k _ pWVGg t _ ghih�hk]VGU[Z~Vª�dmdg � � ghn bdV _ k]�JVGU[Z~V�Z �-VGk]ihVGg R
S�UWV�n _ qsUWn _ pWV�t _ ghih�hk]VGU[Z~V��hihUWV�UWgBihVGn¬�7oJVGcIZ~k]mdn&V�Z~VGk�|Gehkf��VGk�\r^ehbdehghb w�Z~V ` Z&�DUWw�Z
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� �hR � ghn R S�UWV!n&UWghUWn _ pWV t _ ghih�hk]VGU[Z~V UWw�Z _ es\ �sR �a� ghn �JVGw]v ` k�^_ ghcIZ R S�UWV!¥�ghmdk]i7�
gLehghbj�hUWw�|Gehn �7o _ p[Zu� � �JVG|GVGUWv ` ghV�Zun _ g _ ehv ` _ pWw z mdghm7v ` k]mdn _ Z~mdk R � n ihVGn
�LZ~k _a` pWVGghb _ ghb��-VGU[Z~VGk�|Ge \6mdpWbdVGg��a\6mdpWbaZ�g _ v ` ihVGn �7o _ p[Z � � VGUWghV�p _ ghbd�hk]VGghgI�-VGU[Z~UWbdV
� _ n&n&VGpWpWUWghw]V R � _ v ` ihUWVGw]VGk�Z~k]U[�JZ�ihVGk��LZ~k _a` p _ es\DihVGg |Gehk�VGUWghVGg �!^_ p[\9Z~V�ihehk]v ` p°^_ w]w]U��
bdVGg ehghi |Gehk _ ghihVGk]VGg!�!^_ p[\9Z~V��dVGk]w]ohUWVGbdVGp[Z~VGg �-` mdohoJVGk®��� Q7R S�UWVGw]VGk �-` mdohoJVGk�w]mdk]baZ
i _ \r^ehk��Li _ � ihVGk-�LZ~k _a` ps� ^_a` k]VGghi}VGUWghVGk � n&ihk]V ` ehghbYihVGw �-` mdohoJVGk]w |Gehk �!^_ p[\9Z~VfihVGk
A�VGU[Z _ es\(ihVGg �7ohUWVGbdVGp���� � ehghi |Gehk _ ghihVGk]VGg �!^_ p[Z~VªihVGk�A�VGU[Z _ es\(ihVGg �7ohUWVGbdVGp
��� Q ¥ bdVG�hk _ v ` ZB�lUWk]i R ¥�g ihUWVGw]VGkj�LZ~VGpWpWVª�lUWk]i ihVGk UWn �dmdk _ ghbdVGb _ ghbdVGghVGg n&m��
ghm7v ` k]mdn _ Z~UWw]UWVGk�Z~V X
UWv ` Z~w�Z~k _a` p�UWg ihVGg �lV�\6VGk]VGgh|r��ehghi ihVGg §�k]md�JVGghw�Z~k _a` pWVGghb _ ghb
_ es\6bdVGw]o _ p[Z~VGg R S�UWVGw]Vu¥�es\6w]o _ p[Z~ehghb UWg¦VGUWghVGg��lV�\6VGk]VGgh|r�lehghi�VGUWghVGg�§�k]md�JVGghw�Z~k _a` p
`D_ ZuihVGg ��mdk�Z~VGUWp��
i _ � cLehk]|G|GVGU[Z~UWbdV}�7v ` � _ ghcLehghbdVGg UWg ihVGkY¯°gIZ~VGghw]U[Z;^_ Z ihVGk X
UWv ` Z��
�LehVGpWpWV ` VGk _ ehw]bdV�©Dp[Z~VGk�Z!�-VGk]ihVGg R S�UWVGw bdUWp[Z _ �JVGk!gLehk \r^ehk �7v ` � _ ghcLehghbdVGg��-ihVGk]VGg
«Dk]V��LehVGgh| cLpWVGUWgjbdVGbdVGg�^eh�JVGk�ihVGk �-` mdohoJVGk�\6k]V��LehVGgh|!UWw�Z R S _ w��7ohUWVGbdVGpWn _ Z~VGk]U _ p�ihVGw
� mdohoJVGk]w&��� Q UWw�Z UWihVGgIZ~UWw]v ` n&U[Z!ihVGn z _ Z~VGk]U _ pfihVGw&�7ohUWVGbdVGpWw ��� Q ¥ ��w]m i _ � UWg
�JVGUWihVGg �LZ~k _a` pWVGghb£^_ ghbdVGg���\r^ehkYihUWV&�k _ ghw]n&UWw]w]UWmdghw]n&VGw]w]ehghbdVGg��®g _a` VG|Ge UWihVGgIZ~UWw]v ` V
mdosZ~UWw]v ` V��(mdn&oJmdghVGgIZ~VGgj�dVGk��-VGghihV�Z(�-VGk]ihVGg R ¯°n �-VGU[Z~VGk]VGg¦��VGk]p _ es\�ihVGw�§�k]md�JVGg7�
w�Z~k _a` pWVGghb _ ghbdVGw-Z~k]U[Z]Z-ihVGk�§�k]md�JVGghw�Z~k _a` p _ ehw]bdV ` VGghiB�dmdgBihVGn �7ohUWVGbdVGp���� � ihehk]v `
i _ w�«DVGghw�Z~VGk ��� � UWg ihUWV�§�k]md�JVGghc _ n&n&VGk�VGUWg R � _ v ` ihVGk��k _ ghw]n&UWw]w]UWmdg ihVGw-�LZ~k _a` �
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pWVGw ihehk]v ` ihUWV}§�k]md�JV���Z~k]U[Z]ZuihVGk §�k]md�JVGghw�Z~k _a` p-ihehk]v ` i _ w «DVGghw�Z~VGk!��� � _ ehw!ihVGk
§�k]md�JVGghc _ n&n&VGk _ ehw(ehghi bdVGp _ ghbaZ ^eh�JVGk(ihUWV �7ohUWVGbdVGp���� � ehghi ��� x _ es\-ihVGg S�Vr�
Z~VGcIZ~mdk R ¯°g�?(pWVGUWv ` VGk��-VGUWw]V�Z~k]U[Z]ZBihVGkª�lV�\6VGk]VGgh|Gw�Z~k _a` pYUWn �-VGU[Z~VGk]VGg ��VGk]p _ es\uihVGw
�lV�\6VGk]VGgh|Gw�Z~k _a` pWVGghb _ ghbdVGw _ ehw]bdV ` VGghiB�dmdgªihVGn¬�7ohUWVGbdVGp���� � ¥ ihehk]v ` i _ w�«DVGghw�Z~VGk
��� � ¥¡UWgBihUWV(§�k]md�JVGghc _ n&n&VGk-VGUWgªehghiªihehk]v ` i _ wl«DVGghw�Z~VGkl��� � ¥ �lUWVGihVGk _ ehw�ihVGk
§�k]md�JVGghc _ n&n&VGk _ ehw R ^� �JVGk-ihUWV��7ohUWVGbdVGp���� � ¥ ehghiB��� x ¥ bdVGp _ ghbaZ-ihVGkf�lV�\6VGk]VGgh|r�
w�Z~k _a` p
|Gehn¬w]VGpW�JVGg¦S�V�Z~VGcIZ~mdkf�lUWVYihVGk�§�k]md�JVGghw�Z~k _a` p R
�7m��-m ` p�\r^ehk�ihUWV �k _ ghw]n&UWw]w]UWmdghw]n&VGw]w]ehghbdVGg�� _ pWw _ ehv ` \r^ehk�ihUWV!�lV 7DVrqsUWmdghw]n&VGw]w]ehg7�
bdVGg��J�lUWk]i¦�dmdk�ihVGk�VGUWbdVGgIZ~pWUWv ` VGg z VGw]w]ehghb J]V��-VGUWpWw�VGk]w�Z�VGUWghV z VGw]w]ehghbBm ` ghV §�k]m��
�JV��IVGUWghV-w]mdbdVGg _ ghgIZ~Vlt _ w]UWw]pWUWghUWV�� _ es\6bdVGghmdn&n&VGg R S�ehk]v ` ihUWVGw]V�t _ w]UWw]pWUWghUWV��lUWk]i ihUWV
w]o�^_ Z~VGk]V z VGw]w]ehghb i _ ghg&ihU[�7UWihUWVGk�Z R S _ n&U[Z��-VGk]ihVGg}¯°gIZ~VGghw]U[Z;^_ Z~w]w]v ` � _ ghcLehghbdVGgBihVGw
�LZ~k _a` pWVGw��sihUWV�ihehk]v ` ihUWV�mdosZ~UWw]v ` VGg!�(mdn&oJmdghVGgIZ~VGg ihVGwl�7oJVGcIZ~k]mdn&V�Z~VGk]w ` VGk��dmdk]bdVr�
k]es\6VGg¦�-VGk]ihVGg�� ` VGk _ ehw]camdk]k]UWbdUWVGk�Z R ��UWVGk]|Ge¦�lUWk]i¦ihUWV §�k]md�JV �JVGU�ihVGk��k _ ghw]n&UWw]w]UWmdg
_ ehw!ihVGn �LZ~k _a` pWVGghb _ ghb¦VGgIZ]\6VGk]gIZ R z _ g VGk ` ^_ p[Z i _ n&U[ZuihUWV}�k _ ghw]n&UWw]w]UWmdg ihehk]v `
ihUWVu§�k]md�JV �
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«�^ehk�ihUWV��lV 7DVrqsUWmdghw]n&VGw]w]ehghbdVGg&c _ ghg VGUWg!w]oJVG|GUWVGpWpWVGk��lV 7DVrqsUWmdghw]VGUWghw _ Z~|�UWg ihUWV�§�k]m��
�JVGghc _ n&n&VGk�VGUWghbdVG�hk _ v ` Zl�-VGk]ihVGg R S�UWVGw]VGkl�lV 7DVrqsUWmdghw]VGUWghw _ Z~|(�dVGk�^_ ghihVGk�Z�gLehk�ihVGg
��VGk]p _ es\�ihVGw�§�k]md�JVGghw�Z~k _a` pWVGghb _ ghbdVGw�|��lUWw]v ` VGg�ihVGg�«DVGghw�Z~VGk]g���� � ehghi���� � 6w]UWVr�
` V!¥��h� R � �sR ¯°g�¥��h� R �d�!UWw�Z�ihVGk�ihehk]v ` ihVGg �lV 7DVrqsUWmdghw]VGUWghw _ Z~| _ g�ihUWVGw]VGk(�LZ~VGpWpWV
�dVGk�^_ ghihVGk�Z~V �LZ~k _a` pWVGghb _ ghb w]cLUW|G|GUWVGk�Z R
S�VGkl§�k]md�JVGghw�Z~k _a` p
Z~k]U[Z]Z&�7�lUWV��dmdk ` VGk _ ehv ` w]v ` mdg��Dihehk]v ` i _ w�«DVGghw�Z~VGk���� � UWgªihUWV
§�k]md�JVGghc _ n&n&VGk(VGUWg R S _ g _ v ` Z~k]U[�JZ(ihVGk �LZ~k _a` p _ es\fVGUWghV X
UWghw]V���ihUWV ihVGg �LZ~k _a` p
\6mdcLehw]UWVGk�Z ehghi ^eh�JVGk}ihUWV��7ohUWVGbdVGp�«-�¦ehghi « Q _ es\(ihVGg ��m ` pWw]ohUWVGbdVGp�« � �hk]UWghbaZ R
¥�ehv ` �JVGUDihVGk �lV 7DVrqsUWmdghw]n&VGw]w]ehghb n!e � �dmdk�ihVGk�VGUWbdVGgIZ~pWUWv ` VGg z VGw]w]ehghb ghm7v ` VGUWghV
�lV�\6VGk]VGgh|Gn&VGw]w]ehghb bdVGn _ v ` Z}�-VGk]ihVGg���ehn ihVGg ��UWg 7De � ihVGk}mdosZ~UWw]v ` VGg:�(mdn&oJm��
ghVGgIZ~VGg ` VGk _ ehw]|Ges©Dp[Z~VGk]g R t-VGUfihVGk ¥�es\6g _a` n&VBihVGk&t _ w]UWw]pWUWghUWV&�JV�©DghihV�Z&w]UWv ` ihVGk
�7ohUWVGbdVGp�« � _ es\-ihVGkY§�mdw]U[Z~UWmdg �!� R S�VGkY�LZ~k _a` p®Z~k]U[Z]Z(gLehg _ ehbdV ` VGghi �dmdg �7ohUWVGbdVGp
« � ihehk]v ` ihUWV�§�k]md�JVGghVG�JVGghV��DUWg ihVGkfw]UWv ` VGUWgB«DVGghw�Z~VGk��h|�� R VGUWghV�¥�ehw]w]o _ k]ehghb ihVGk
?(k�^m � V Qa�	���a� n&n � �JV�©DghihV�Z&�
ehghi�Z~k]U[�JZ _ es\ ihVGg �7ohUWVGbdVGp�« �hR ��mdg �7ohUWVGbdVGp�« �
_ ehw]bdV ` VGghi Z~k]U[Z]ZYihVGk �LZ~k _a` p�ihehk]v ` ihUWV k]VGv ` Z~V �!^_ p[\9Z~V ihVGw «DVGghw�Z~VGk]wuUWg ihVGk §�k]m��
�JVGghVG�JVGghV ehghi�Z~k]U[�JZ _ es\�ihVGg �7ohUWVGbdVGp�« �7R ^� �JVGk(ihUWVu\6mdpWbdVGghihVGg �7ohUWVGbdVGp®« � ehghi
« x bdVGp _ ghbaZ(ihVGku�LZ~k _a` p®i _ ghg��lUWVGihVGk(|Ge «DVGghw�Z~VGkY��� � ehghi�\6mdpWbaZ�i _ ghg�ihVGn _ ehw
¥��h� R � � �JVGc _ ghgIZ~VGg��LZ~k _a` pWVGghb _ ghb R
«�^ehk-ihUWV z VGw]w]ehghb ihVGk�§�k]md�JV��JV�©DghihV�Z�w]UWv ` ihVGk��7ohUWVGbdVGp�« � _ es\�ihVGkf§�mdw]U[Z~UWmdg � Q7R
S�UWV(§�k]md�JV��lUWk]iªn&U[Z���UWp[\6V�VGUWghVGk �(pWVGn&n \6VGihVGkfbdVGbdVGgªihVGg¦� _a` n&VGgBihVGw�«DVGghw�Z~VGk]w
UWg ihVGk�§�k]md�JVGghVG�JVGghV�bdVGihka^ehv cIZ R A�e ihUWVGw]VGn AJ�-VGv c w]mdpWp[Z~VfihUWVl§�k]md�JV�V�Z°� _ w bdk�^m � VGk
_ pWw(i _ wu«DVGghw�Z~VGkuw]VGpW�hw�Zuw]VGUWg R ¥�g ihVGn �LZ~k _a` pWVGghb _ ghbB�hUWwY|Ge �7ohUWVGbdVGp�« � ^_ ghihVGk�Z
w]UWv ` �JVGUJihVGkf§�k]md�JVGghn&VGw]w]ehghb ghUWv ` Z~w R � _ v ` �7ohUWVGbdVGp�« � �lUWk]i ihVGk��LZ~k _a` p£�dmdgBihVGk
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UWg ihVGk}§�k]md�JVGghVG�JVGghVj�JV�\6VGw�Z~UWbaZ~VGg §�k]md�JVªk]V 7DVGcIZ~UWVGk�Z&ehghi bdVGp _ ghbaZ gLehg _ es\�ihVGg
_ es\
§�mdw]U[Z~UWmdg � Q w�Z~V ` VGghihVGgª�7ohUWVGbdVGp£« �hR ��mdg �7ohUWVGbdVGp£« � _ ehw�bdVGp _ ghbaZ�ihVGkf�LZ~k _a` p
VGUWg}|��-VGU[Z~VGw z _ p _ es\
ihUWV�§�k]md�JV��7ihUWV�ihVGgB�LZ~k _a` p£i _ ghg _ es\��7ohUWVGbdVGpJ« � k]V 7DVGcIZ~UWVGk�Z R^� �JVGk�ihUWV�\6mdpWbdVGghihVGg �7ohUWVGbdVGps« � ehghi « x Z~k]U[Z]Z®ihVGk��LZ~k _a` p7i _ ghg �lUWVGihVGk�ihehk]v ` «DVGg7�
w�Z~VGk���� � _ ehwlihVGk�§�k]md�JVGghc _ n&n&VGk _ ehw R S�VGkf��mdk�Z~VGUWp�ihVGk�� _ k]U _ Z~UWmdg ihVGk�§�mdw]U[Z~UWmdg
ihVGwf�7ohUWVGbdVGpWw « � �JVGU£ihVGk �lV�\6VGk]VGgh|r��ehghi}ihVGk §�k]md�JVGghn&VGw]w]ehghb UWw�Z&�Li _ � �JVGUD�JVGUWihVGg
z VGw]w]ehghbdVGg ihUWV bdpWVGUWv ` VGg mdosZ~UWw]v ` VGg=�(mdn&oJmdghVGgIZ~VGg �dVGk��-VGghihV�Z �-VGk]ihVGg R S�ehk]v `
i _ wY|��-VGUWn _ pWUWbdV �lV 7DVGcIZ~UWVGk]VGg ihVGw!�LZ~k _a` pWVGw _ g ihVGku§�k]md�JV n&U � Z(n _ g _ pWpWVGk]ihUWghbdw
 � � � �� ��� � 	 R S�UWV(�lV 7DVrqsUWmdgjVGUWghVGkl§�k]md�JVYVGk]bdUW�sZlw]UWv ` w]mdn&U[Z _ ehw �

��� ��� � 	 5 �  � � � �� ��� � 	� � / " d "-1 d��Wd 	 /  �I� �

�4��� 
������������ �	���������2 � �"2 �0��%(%q����� � � �,��)�� �"����%
¯°g ihUWVGw]VGn ¥��hw]v ` ghU[Z]Z¦bdV ` Z¦VGwji _ k]ehnD��i _ wBZ ` VGmdk]V�Z~UWw]v ` _ es\6bdVGw�Z~VGpWp[Z~V z _ k]cam��I�
z m7ihVGpWp(ihehk]v ` ihUWV �k _ ghw]n&UWw]w]UWmdghw�� ehghi �lV 7DVrqsUWmdghw]n&VGw]w]ehghb _ g VGUWghVGn UWg ihVGk
X
U[Z~VGk _ Z~ehk�w]v ` mdg w]V ` k(bdesZYv `D_ k _ cIZ~VGk]UWw]UWVGk�Z~VGg ehghi UWg�VGUWghVGk(w]V ` kYbdesZ~VGg �lVGUWg ` VGU[Z
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` VGk]w�Z~VGpWpW� _ k]VGg z _ Z~VGk]U _ p���g�^_ n&pWUWv ` �7UWpWUW|GUWehnD��|Ge �dVGk]U[©D|GUWVGk]VGg R S _ |Ge �JV�Z~k _ v ` Z~VGg
�lUWkfihUWV�mdosZ~UWw]v ` VuX
VGU[Z]\]^_a` UWbdcaVGU[Z-UWgBihVGk � n&bdVG�hehghb ihVGklt _ ghihp]^ehv caV(�dmdgª|��-VGU��7UWpWU��
|GUWehn � _ �dVGk]g¦n&U[Z�ehgIZ~VGk]w]v ` UWVGihpWUWv `j` m ` VGk�S�maZ~UWVGk]ehghb R
«�^ehk�i _ w���VGk `D_ p[Z~VGg�VGUWghVGwY� _ pW�hpWVGU[Z~VGk]w�UWw�Z(UWn �-VGw]VGgIZ~pWUWv ` VGg gLehk(i _ w�md�JVGk]w�Z~V �JVr�
w]V�Z~|�Z~VB��ghVGk]bdUWVG� _ ghi��®i _ wY� _ pWVGgh|G� _ ghi��®ehghi i _ w ghUWVGihk]UWbdw�Z~V \6k]VGUWV}��ghVGk]bdUWVG� _ ghi��
i _ w!X
VGU[Z~ehghbdw]� _ ghi����dVGk _ gIZ°�-mdk�Z~pWUWv ` R ¥�pWw t _ ghihp]^ehv caV�� � �JVG|GVGUWv ` ghV�Z n _ g ihVGg
VGghVGk]bdV�Z~UWw]v ` VGgª¥��hw�Z _ ghiBihVGwfmd�JVGk]VGgB� _ ghihVGwfihVGw-� _ pWVGgh|G� _ ghihVGwf|Ge ihVGn¨ehgIZ~VGk]VGg
� _ ghiªihVGw�X
VGU[Z~ehghbdw]� _ ghihVGw R S�VGk A�ehw _ n&n&VGg `D_ ghb |��lUWw]v ` VGgjihVGkl��ghVGk]bdUWV � ehghi
ihVGk®«Dk]V��LehVGgh| � VGpWVGcIZ~k]mdn _ bdghV�Z~UWw]v ` VGk��LZ~k _a` pWehghblUWw�Z�bdVGbdVG�JVGg ihehk]v ` � 5 � � R t-Vr�
w�Z~k _a` p[Z�n _ g i _ w z _ Z~VGk]U _ pJn&U[Z�§ ` maZ~mdghVGgªcLpWVGUWghVGk]VGk���ghVGk]bdUWV _ pWw-ihVGklt _ ghihp]^ehv caV��
w]mjVGk ` ^_ p[Z(n _ g VGUWghV ehn&w]mªw�Z;^_ k]caVGk]V&¥��hw]mdk]�sZ~UWmdg��
ihVGw�Z~mjn&V ` k(i _ w z _ Z~VGk]U _ p�ihm��
Z~UWVGk�ZlUWw�Z R ��VGk]bdk�^m � VGk�Zln _ gªihUWVY«Dk]V��LehVGgh|uehghi¦i _ n&U[Z�ihUWVY��ghVGk]bdUWVYihVGk��LZ~k _a` pWehghb
�hUWw�m7ihVGk�^eh�JVGk�ihUWV���ghVGk]bdUWVfihVGk�t _ ghihp]^ehv caV��Iw]m(VGk ` ^_ p[Z�n _ g!VGUWghVf|Gehw�^_ Z~|GpWUWv ` VGUWghw]V�Z��
|GVGghihV�¥��hw]mdk]�sZ~UWmdg �JVGUhihVGk ��ghVGk]bdUWV � � R S�UWVGw]VGw�camdn&n Z�UWg ihVGn z _ k]cam��I� z m7ihVGpWp
VGUWghVGn ¥�ghw�Z~UWVGb&UWgBihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z�bdpWVGUWv ` R
¯°g ihVGkB� _ pW�hpWVGU[Z~VGk]o ` �7w]UWc �lUWk]i |��lUWw]v ` VGg VGUWghVGk}ihUWk]VGcIZ~VGg ehghi VGUWghVGk&UWghihUWk]VGcIZ~VGg
t _ ghihp]^ehv caV!ehgIZ~VGk]w]v ` UWVGihVGg R � gIZ~VGk�VGUWghVGk�ihUWk]VGcIZ~VGg�t _ ghihp]^ehv caVu�dVGk]w�Z~V ` ZYn _ gji _ w
��VGk `D_ p[Z~VGg¦VGUWghVGw z _ Z~VGk]U _ pWVGwf�lUWVuVGw�md�JVGg¦�JVGw]v ` k]UWVG�JVGg�UWw�Z R t-VGU�VGUWghVGklUWghihUWk]VGcIZ~VGg
t _ ghihp]^ehv caV�UWw�Z ihUWV¦¥��hw]mdk]�sZ~UWmdg cLg _ oho md�JVGk `D_ pW� ihVGkBt _ ghihp]^ehv caV�V�Z°� _ w bdVGk]UWg7�
bdVGk�� _ pWw}�JVGU�ihUWk]VGcIZ~VGk t _ ghihp]^ehv caV R ��UWg § ` maZ~mdg��li _ w n&U[Z}ihVGkB��ghVGk]bdUWV � � @
���� _ es\fVGUWg z _ Z~VGk]U _ p�n&U[ZYUWghihUWk]VGcIZ~VGkut _ ghihp]^ehv caV&Z~k]U[�JZ&��VGk]|GVGehbaZ!�JVGU�w]VGUWghVGku¥��7�
w]mdk]�sZ~UWmdg ihk]VGU��VGUWpWv ` VGg R ��UWg \6k]VGUWVGwB��pWVGcIZ~k]mdg���VGUWg \6k]VGUWVGwBX
m7v ` ehghi VGUWg § ` m��
Z~mdg ihVGkB��ghVGk]bdUWV ���� R t-VGU�ihVGkBt _ ghihp]^ehv caV¦�dmdg �7UWpWUW|GUWehn `D_ ghihVGp[ZBVGw w]UWv ` ehn

¥��h�hUWpWihehghbª� Q � � ��&/1���!" ��&/#%0%��&/1���� ?�� ��&/�87 9�&( (&/?�& ; � � " 2%�87
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VGUWghV UWghihUWk]VGcIZ~V t _ ghihp]^ehv caV R ¯°g ¥��h� R � Q UWw�Z�ihUWV mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z&�uihUWV
_ ehw(ihVGg z VGw]w��-VGk�Z~VGg ihVGk(�k _ ghw]n&UWw]w]UWmdg�ehghi �lV 7DVrqsUWmdg�n&U[Z(��UWp[\6V ihVGw z _ k]cam��I�
z m7ihVGpWpWVGwB�JVGk]VGv ` ghV�Z¦�lehk]ihV���bdVGbdVGg ihUWV
) VGpWpWVGghp°^_ ghbdV�ihVGkªVGUWgs\ _ pWpWVGghihVGg �LZ~k _a` �
pWehghb \r^ehkl|��-VGU�ehgIZ~VGk]w]v ` UWVGihpWUWv ` ihmaZ~UWVGk�Z~V �7UWpWUW|GUWehn � ) _ \6VGk�i _ k]bdVGw�Z~VGpWp[Z R z _ gjw]UWV ` Z&�
i _ � ihUWV X _ bdV ihVGkjt _ ghihc _ gIZ~V ehg _ � ` ^_ ghbdUWb �dmdg ihVGkjS�maZ~UWVGk]ehghb UWw�Z R S�UWV���U��
bdVGg _ �hw]mdk]�sZ~UWmdg��f�lUWVji _ w ¥�ghk]VGbdVGg �dmdg ��pWVGcIZ~k]mdghVGg ^eh�JVGk}ihUWV¦t _ ghihp]^ehv caV _ ehv `
bdVGg _ ghgIZ��lUWk]i���w]V�Z~|�Z(�JVGU®VGUWghVGk ) VGpWpWVGghp°^_ ghbdVY�dmdg ��5 � �d� � ghn¬VGUWg R S�UWVGw]VGw�VGgIZ��
w]ohk]UWv ` Z�VGUWghVGk�t _ ghihp]^ehv caVu�dmdg � � 5 �C/[� �I� V�� �D�-VGpWv ` VGw�ihVGn X
U[Z~VGk _ Z~ehk��-VGk�Z�� Q�� �
� ����� � 5 �C/[� � V�� �JVGU£� _ ehn Z~VGn&oJVGk _ Z~ehk��5 � � � ���Lw]V ` k-g _a` V�camdn&n Z R ) UWk�bdVr�
` VGg i _ �dmdg _ ehw��7i _ � UWg&VGk]w�Z~VGk-�!^_a` VGk]ehghb ihUWV�X
VGU[Z]\]^_a` UWbdcaVGU[Z�ehgIZ~VGk `D_ pW�&ihVGk-t _ ghi7�
c _ gIZ~V!ihVGk�S � ��X
VGU[Z]\]^_a` UWbdcaVGU[Z�VGgIZ~w]ohk]UWv ` Z R S�VGk _ pWw�ihmaZ~UWVGk�Z~VGw(�7UWpWUW|GUWehn��JVG|GVGUWv ` ghVr�
Z~V#) _ �dVGk `D_ Z&p _ esZ}��VGk]w�Z~VGpWpWVGk _ ghb _ �JV � Qd� ��VGUWghV¦X
VGU[Z]\]^_a` UWbdcaVGU[Z UWn t-VGk]VGUWv ` �dmdgK
5 � / Q _ � � � � �fvGn8� R�z U[Z VGUWghVGk bdVGn&VGw]w]VGghVGg X
VGU[Z]\]^_a` UWbdcaVGU[Z _ g ihVGn ehghihmaZ~UWVGk��
Z~VGg �7UWpWUW|GUWehn � _ �dVGkl�dmdg K
5 � / �I� � � � �fvGn8�®c _ ghg�ihUWV ��VGk]w�Z~VGpWpWVGk _ ghb _ �JV w]V ` k(bdesZ
k]VGohk]m7iheh|GUWVGk�Z��-VGk]ihVGg R S�VGk�ehghihmaZ~UWVGk�Z~V��7UWpWUW|GUWehn � _ \6VGk `D_ Z�p _ esZ ��VGk]w�Z~VGpWpWVGk _ ghb _ �JV
� Qa� ��VGUWghV}X
VGU[Z]\]^_a` UWbdcaVGU[Z��dmdg K
5 � � T � � � � �fvGn8� R t-VGU�bdVGg _ ehVGk t-V�Z~k _ v ` Z~ehghb�ihVGk
bdVGn&VGw]w]VGghVGg X
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGw�ehghihmaZ~UWVGk�Z~VGg �7UWpWUW|GUWehn � _ \6VGk]w���VGk]bdUW�sZ�w]UWv ` VGUWg pWVGUWv ` Z
ghVGb _ Z~U[�dVGk ) VGk�Z(ihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z�n&U[Z K
5#_u� � T � � � � �fvGn8� R S�UWVGw�p°^_ � Z�w]UWv `�_ es\
ihUWV o ` maZ~mdn&V�Z~k]UWw]v ` V8?(VGg _ ehUWbdcaVGU[Z��dmdg�� � 	 ihVGwY�7oJVGcIZ~k]mdn&V�Z~VGk]w(|Gehka^ehv cI\r^e ` k]VGg R
t-V�Z~k _ v ` Z~V�Z&n _ g ihUWVª�7ehn&n&V _ ehw!�k _ ghw]n&UWw]w]UWmdg ehghi �lV 7DVrqsUWmdg���i _ ghg UWw�Z!ihUWVr�
w]V n&U[Z�v _ R � � �sRyQ 	 �JVGU � � � ghn pWVGUWv ` Z ^eh�JVGk ` ^m ` Z R � gIZ~VGkYt-VGka^ehv cLw]UWv ` Z~UWbdehghbjihVGk
o ` maZ~mdn&V�Z~k]UWw]v ` VGg ?(VGg _ ehUWbdcaVGU[Z�ihVGwu�7oJVGcIZ~k]mdn&V�Z~VGk]w(c _ ghg�w]mdn&U[Z�gLehk�ihUWV!¥�ehw]w _ �
bdV�bdVGn _ v ` Z �-VGk]ihVGg���i _ � ihUWV�X
VGU[Z]\]^_a` UWbdcaVGU[Z&\r^ehk}ihUWVGw]VGg;) _ \6VGk ehgIZ~VGk `D_ pW� �dmdgK
5 � � T � � � � �fvGn8�
pWUWVGbaZ R

�4��� ���	���&�"! � ������+����
	 !0$ � ��
t-VGUIihVGgYUWg(ihUWVGw]VGk
¥�k]�JVGU[Z��dVGk��-VGghihV�Z~VGg §�k]md�JVGg `D_ ghihVGp[Z�VGw
w]UWv ` ehn �Yt _a�r� eh�������7���
S ^ehghgs©DpWn&V��hihUWV _ es\®VGUWghcLk]UWw�Z _ pWpWUWghVGgª�7k]�U9�����°�k�^_ bdVGk]g _ es\6bdV�� _ v ` w]VGg�w]UWghi R S�UWVGw]V
�Yt _a��� eh�������7�r��S ^ehghgs©DpWn&VB�lehk]ihVGg �dmdg ��VGk]k]g S�k R ? R $ _ camd� n&U[Z}��UWp[\6VªVGUWghVGk
�7ohesZ]Z~VGk�Z~VGv ` ghUWc _ es\DihVGg �7k]�U9�������7eh�hw�Z~k _ Z~VGg!VGohU[Z _ cIZ~UWw]v `!_ es\6bdV�� _ v ` w]VGg R �7k]�U9���
UWw�Z�n&U[Z�w]VGUWghVGk�cLeh�hUWw]v ` VGg �LZ~k]ehcIZ~ehk _ pWw(�7eh�hw�Z~k _ Z�\r^ehk��Yt _a�r� eh�������7����S ^ehghgs©DpWn&V
�JVGw]mdghihVGk]wYbdesZ(bdVGVGUWbdghV�Z&��i _ ihUWV!cLk]UWw�Z _ pWpWmdbdk _ o ` UWw]v ` VGg�¥�v ` w]VGg �dmdg �7k]�U9���(n&U[Z
VGUWghVGk(?(k�^m � V(�dmdg _ 5 ��5 v 5 � / � �I���¥ � Qdx �®ihVGk�cLk]UWw�Z _ pWpWmdbdk _ o ` UWw]v ` VGg _ �fehghi��7�
¥�v ` w]V��dmdg&�Yt _a��� eh�������7���7ihUWV�ihUWV ) VGk�Z~V _ 5 � / �IQa� �¥ ehghi ��5 � / �d�d� �¥ `D_ �JVGg��
w]V ` k�g _a` V-camdn&n&VGg R S�UWV��JVGUsihVGn �7ohesZ]Z~VGk]ohk]md|GV � �dVGk��-VGghihV�Z~VGg �7eh�hw�Z~k _ Z~V `D_ �JVGg
VGUWghV «®p°^_ v ` VY�dmdg � � � � � n&n � ehghi¦VGUWghV S�UWv caVY�dmdg �
n&n R � _ v ` ihVGn �7ohesZ]Z~VGk��
ohk]md|GV � �lehk]ihVGg�ihUWV §�k]md�JVGg¦Z~VGUWp[�-VGUWw]V n&U[ZlVGUWghVGk�S�U _ n _ gIZ~w�^_ bdVYUWg¦cLpWVGUWghVGk]Vu�VGUWpWV
|GVGk�Z~VGUWp[Z&�Iehn ihUWV�¥�gh| _a` pDihVGk�§�k]md�JVGg&|Ge&VGk ` ^m ` VGg R ¥�e � VGk]ihVGn VGk ` UWVGp[Z�n _ g ihehk]v `
ihUWV A�VGk�Z~VGUWpWehghb(g _a` VG|Ge}UWihVGgIZ~UWw]v ` V�§�k]md�JVGg��LihVGk]VGg ���JVGk 7�^_ v ` VGg��Le _ pWU[Z;^_ Z ehghi&v ` Vr�
n&UWw]v ` V A�ehw _ n&n&VGghw]V�Z~|Gehghb}bdpWVGUWv ` UWw�Z R S�UWVu�7eh�hw�Z~k _ Z~VuihVGk��dVGk��-VGghihV�Z~VGg §�k]md�JVGg
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� _ k]VGg _ pWpWV��®�hUWw _ es\li _ w �7eh�hw�Z~k _ Z ihVGk §�k]md�JV k � ��i _ � gLehk _ es\�VGUWghVGk �7VGU[Z~V oJm��
pWUWVGk�Zf� _ k��D�JVGUWihw]VGU[Z~UWb oJmdpWUWVGk�Z R §�mdpWUWVGk�Z��JVGihVGesZ~V�Z�i _ �JVGU��hi _ � ihUWVu���JVGk 7�^_ v ` VGg¦ihVGk
�7eh�hw�Z~k _ Z~V _ es\
n&VGv `D_ ghUWw]v ` VGn ) VGbdV _ es\
VGUWghV�� _ e ` UWbdcaVGU[Z �dmdg
� ��ghn�k]VGiheh|GUWVGk�Z
�lehk]ihV R ¥�pWpWV �dVGk��-VGghihV�Z~VGg S ^ehghgs©DpWn&V w]UWghi vr� _ v ` w]VGghmdk]UWVGgIZ~UWVGk�Z R S�UWV S�UWv caV ihVGk
S ^ehghgs©DpWn&VªUWw�Z&n&U[Z&��UWp[\6VªVGUWghVGw �7v ` �lUWghb �Le _ k]|GVGw��lihVGk&ihUWV!) _ v ` w�Z~ehn&w]k _ Z~V¦ihVGw
«®UWpWn&VGwY� ^_a` VGk]VGghi ihVGw&�7ohesZ]Z~VGk]ohk]md|GVGw]w]VGw&n&U � Z&��ehghi ihVGk�) _ v ` w�Z~ehn&w]i _ ehVGk �JVr�
w�Z~UWn&n Z R t-VGUfihVGk §�k]md�JVBk �sR � `D_ ghihVGp[Z VGw w]UWv ` ehn VGUWghVGg S ^ehghgs©DpWn ihVGk S�UWv caV

§�k]md�JV «®UWpWn&ihUWv caV «®p°^_ v ` V �7eh�hw�Z~k _ Z�oJmdpWUWVGk�Z qªg _ v ` ��VGk]w�Z~VGpWpWehghb
k �sR � � � ghn �	��� n&n � VGUWghw]VGU[Z~UWb � � / �
k �hR � � ��� ghn �	��� n&n � �JVGUWihw]VGU[Z~UWb � � / �
k � _ ghg Q�� � ghn � � ��� n&n � �JVGUWihw]VGU[Z~UWb � � / �
k � � Q�� � ghn � � ��� n&n � �JVGUWihw]VGU[Z~UWb � �

 _ �JVGpWpWV Q �6A�ehw _ n&n&VGghw�Z~VGpWpWehghb ihVGk�§�k]md�JVGg

�!5 � � ghn ehghi VGUWghVGk(«®p°^_ v ` Vu�dmdg �	��� n&n � R S�UWV!§�k]md�JV!k �sR � UWw�Z�ihehk]v ` ��UWVGk��
Z~VGpWehghb _ ehw(ihVGkY§�k]md�JV!k � ` VGk��dmdk]bdVGb _ ghbdVGg R S�UWV A _a` p ` UWgIZ~VGk�ihVGn §�ehghcIZugLehn �
n&VGk]UWVGk�Zli _ �JVGU
i _ w �hR �VGUWpWw�Zd^ehv c R S _ w��7eh�hw�Z~k _ Z�ihVGk�§�k]md�JVYk �sR � UWw�ZlgLehklVGUWghw]VGU[Z~UWb
oJmdpWUWVGk�Z R ^� �JVGk(ihUWV t-VGw�Z~UWn&n!ehghb ihVGk(vr�°¥�v ` w]VGghp°^_ ghbdV _ ehw�VGUWghVGkY� ^mdgIZ~bdVGg _ g _ p[�7w]V
� � � �-�lehk]ihVBihUWV ¥�ehw]w _ bdV \r^ehk ihUWVª� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg ihVGk §�k]md�JV k �sR � n&U[Z
B�� � / � bdVGn _ v ` Z R S�UWVGw]V�S _ Z~VGg w]UWghi}\r^ehk _ pWpWV��dVGk��-VGghihV�Z~VGg�§�k]md�JVGg UWg  _ �JVGpWpWV Q
i _ k]bdVGw�Z~VGpWp[Z R
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¥�es\6bdk]ehghi ihVGk�?(k�^m � V!ihVGk�UWn � _ ohU[Z~VGp �sR � �JVGw]v ` k]UWVG�JVGghVGg ehghi UWg�ihUWVGw]VGk(¥�k]�JVGU[Z
�dVGk��-VGghihV�Z~VGg §�k]md�JVGg���n!e � Z~VGg w]m��-m ` pfUWg ihVGk �k _ ghw]n&UWw]w]UWmdghw�� _ pWw _ ehv ` UWg ihVGk
�lV 7DVrqsUWmdghw _ ghmdk]ihgLehghb}VGgIZ~w]v ` VGUWihVGghV ^¥�ghihVGk]ehghbdVGgj�dmdk]bdVGghmdn&n&VGgª�-VGk]ihVGg R
t-VGU£ihVGk��k _ ghw]n&UWw]w]UWmdghw _ ghmdk]ihgLehghb `D_ Z ihVGk §�k]md�JVGghw�Z~k _a` p£UWg&ihVGk §�k]md�JVGghc _ n&n&VGk
|��lUWw]v ` VGg ihVGg «DVGghw�Z~VGk]g ��� � ehghi ��� � 6w]UWV ` V�¥��h� R � � �®VGUWghVGg}n&UWghUWn _ pWVGg!S�ehk]v ` �
n&VGw]w]VGk��dmdg � n&n R S _ w]UWv ` ihUWVY�dVGk��-VGghihV�Z~VGg §�k]md�JVGg¦Z~VGUWp[�-VGUWw]VuUWg¦ihVGk�bdpWVGUWv ` VGg
?(k�^m � VGghmdk]ihgLehghb��JV�©DghihVGg���n!e � Z~V���ehn w]UWv ` VGk!|Ge bdV ` VGg���i _ � caVGUWghVª�LZ~k _a` pWehghb
_ g¦ihVGk�§�k]md�JVY�dmdk]�JVGU�bdV ` Z&�£n&U[ZlVGUWghVGk�X
m7v ` �hpWVGghihV��JihUWVuVGUWghVGg¦S�ehk]v ` n&VGw]w]VGk��dmdg
S 5 � n&n `D_ Z&�JbdV _ k]�JVGU[Z~V�Z��-VGk]ihVGg R S�UWVuX
m7v ` �hpWVGghihV �lehk]ihV!i _ |Ge�w�Z _ k]k�UWgjihVGg
�LZ~k _a` pWVGghb _ ghb _ es\fihVGkYehk]w]ohka^ehghbdpWUWv ` VGg §�k]md�JVGghoJmdw]U[Z~UWmdg VGUWghbdVG�hk _ v ` Z R S�UWV ¥�es\ �
g _a` n&V ihVGku�lV�\6VGk]VGgh|Gn&VGw]w]ehghbj�lehk]ihV n&U[Z(ihVGkYX
m7v ` �hpWVGghihV _ es\6bdVGghmdn&n&VGg R t-VGU
ihVGk §�k]md�JVGghn&VGw]w]ehghb¦�lehk]ihV}ihUWV&§�k]md�JV ` UWgIZ~VGkuihVGk X
m7v ` �hpWVGghihV _ ghbdVG�hk _ v ` Z&�®w]m
i _ � ihUWVubdVGw _ n Z~V �LZ~k _a` pWehghb}ihUWVuihehk]v ` ihUWV!X
m7v ` �hpWVGghihV \]^_ pWp[Z&�DihUWV §�k]md�JV!ihehk]v ` �
ihk]UWghbaZ R t-VGUDihVGk bdpWVGUWv ` VGg��(mdk]k]VGcIZ~ehk�ihehk]v ` ihUWV�t _ w]UWw]pWUWghUWV-�lUWVlUWg�?(pWb R  �Lx �2� ` VG�sZ
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w]UWv ` ihVGk���UWg 7De � ihVGk�t-pWVGghihV��lUWVGihVGk ` VGk _ ehw R
S�UWV�� _ k]U _ Z~UWmdg�ihVGw®�lV 7DVrqsUWmdghw]VGUWghw _ Z~|GVGw�bdVGw�Z _ p[Z~V�Z~V�w]UWv ` _ pWw
V�Z°� _ w�w]v ` �lUWVGk]UWbdVGk R S _
ihVGk��lV 7DVrqsUWmdghw]VGUWghw _ Z~| _ es\h§�k]md�JVGgYn&U[Z�VGUWghVGk ?(k�^m � V®�dmdgun&UWghihVGw�Z~VGghw Qa� ���a� n&n �
_ ehw]bdVGpWVGbaZf� _ k��sn!e � Z~V�ihUWVGw]VGkfi _a` UWghbdV ` VGghi �dVGk�^_ ghihVGk�Z��-VGk]ihVGg R t-VGU�ihVGk��lV 7DVrqsU��
mdghw]n&VGw]w]ehghb `D_ ZYihVGkY§�k]md�JVGghw�Z~k _a` p�UWg�ihVGkY§�k]md�JVGghVG�JVGghV���w]UWV ` V ¥��h� R �d�C�
�JVGUWn
VGk]w�Z~VGg S�ehk]v ` b _ ghb ihehk]v ` i _ wª«DVGghw�Z~VGk���VGUWghVGg S�ehk]v ` n&VGw]w]VGkB�dmdg v _ R�� � x n&n R
¯°g�ihUWVGw]VGg�VGk]w�Z~VGg �VGUWp®ihVGw(«DVGghw�Z~VGk]w��lehk]ihV VGUWghV!X
m7v ` �hpWVGghihV!�dmdn S�ehk]v ` n&VGw]w]VGk
S 5 � n&n n&U[Z $aehw�Z~UWVGk]n�^mdbdpWUWv ` caVGU[Z-UWg _ pWpWVGg}ihk]VGU
� _ ehn&k]UWv ` Z~ehghbdVGgBVGUWghbdVG�hk _ v ` Z R
A�ehw�^_ Z~|GpWUWv ` �JVGw]U[Z~|�Z�ihUWVGw]V�X
m7v ` �hpWVGghihVlVGUWghV-�dVGk�Z~UWc _ pWVfehghi ` mdk]UW|GmdgIZ _ pWV6) UWghcaVGp[�dVGk��
w�Z~VGpWpWn�^mdbdpWUWv ` caVGU[Z&�sehn¬ihVGg��LZ~k _a` pWVGghb _ ghb _ es\�n _ qsUWn _ pWV�¯°gIZ~VGghw]U[Z;^_ Z�UWn¬S�V�Z~VGcIZ~mdk
VGUWgh|Ge.J]ehw�Z~UWVGk]VGg R S�UWVfX
m7v ` �hpWVGghihVf�JVGw]U[Z~|�Z _ es\£ihVGk�w�Z~k _a` pW|GehbdV�� _ ghisZ~VGg}�7VGU[Z~VfVGUWghVGg
camdghUWw]v ` VGg �7v ` pWU[� �£ehn n�^mdbdpWUWv ` Vu�lV 7DVrqsUWmdghVGg _ g¦ihVGk�bdVGw]v ` � ^_ k]|�Z~VGg t-pWVGghihV _ ehw
ihVGn¬�LZ~k _a` pWVGghb _ ghb!|GeBVGgIZ]\6VGk]ghVGg R ¯°n¨|��-VGU[Z~VGgª�VGUWpJihVGwl«DVGghw�Z~VGk]wf�lUWk]i VGUWg#?(mdpWi7�
w]ohUWVGbdVGp _ ghbdVG�hk _ v ` Z&�DihVGklUWn¨UWgBihUWVGw]VGk�¥�k]�JVGU[Zf�dVGk��-VGghihV�Z~VGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` i _ w
` ^mdv ` w�Z~VY�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGg `D_ Z�� Qa� � R S _ wf�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGgBihVGw ?(mdpWihw]ohUWVr�
bdVGpWw��lehk]ihV!|Ges�dmdk�n&U[Z�ihVGn ehghn&m7ihU[©D|GUWVGk�Z~VGg��lV 7DVrqsUWmdghw]VGUWghw _ Z~|!�JVGw�Z~UWn&n Z R ��UWg
�VGUWpWw�Zd^ehv c �-i _ � �dmdg ihUWVGw]VGn ?(mdpWihw]ohUWVGbdVGpfUWg ihVGk�?(k�^m � VBihVGk&§�k]md�JV _ �hbdV�Z~k]VGghgIZ
�lehk]ihV��a�lUWk]i gLehg |Gehk��lV�\6VGk]VGgh|Gn&VGw]w]ehghb ` UWgIZ~VGk�ihVGk�X
m7v ` �hpWVGghihV _ ghbdVG�hk _ v ` Z R S�UWV
bdVGg _ ehVl§�mdw]U[Z~UWmdg!ihVGk�t-pWVGghihVfUWn «DVGghw�Z~VGk��lUWk]i!n&U[Z]Z~VGpWw�ihVGk®��VGk]w�Z~VGpWpWn�^mdbdpWUWv ` caVGU[Z~VGg
w]mYbdV�� ^_a` p[Z&�di _ � n _ g ihUWVfn _ qsUWn _ pWV ¯°gIZ~VGghw]U[Z;^_ Z _ n S�V�Z~VGcIZ~mdk�VGk]k]VGUWv ` Z R � _ v ` ihVGk
¥�es\6g _a` n&V-ihVGk�t _ w]UWw]pWUWghUWV��lUWk]i!ihVGk��7ohUWVGbdVGp7bdVGbdVGg ihUWVf§�k]md�JV _ ehw]bdV�Z _ ehw]v ` Z&�Lm ` ghV
ihUWV(§�mdw]U[Z~UWmdg ihVGk�t-pWVGghihV(|Ge �dVGk�^_ ghihVGk]g R t-VGU�ihVGk�w]o�^_ Z~VGk]VGgD�(mdk]k]VGcIZ~ehkfn!e � ghm7v `
�JVGka^ehv cLw]UWv ` Z~UWbaZf�-VGk]ihVGg��si _ � ihUWV�t _ w]UWw]pWUWghUWV�|Gehw�^_ Z~|GpWUWv ` ihUWV��lV 7DVrqsUWmdghw]VGUWbdVGghw]v `D_ \ �
Z~VGg ihVGw6?(mdpWihw]ohUWVGbdVGp[Z~VGUWpWw�Zd^ehv caVGw®�JVGUWg `D_ p[Z~V�Z R S _ n&U[Z®VGk]bdUW�sZ�w]UWv ` ihUWV��lV 7DVrqsUWmdg ihVGk
§�k]md�JV �

��� ��� � 	 5 � �� ��� � 	� � / " d "-1 d��Wd 	 ��� �'1 
 " � d 	 � 	 1 u  �I� �

�-md�JVGUsihUWV��dVGk]w]v ` UWVGihVGghVGg ��� ) VGk�Z~V _ ehw�ihVGg!md�JVGg!�JVGw]v ` k]UWVG�JVGghVGg z VGw]w]ehghbdVGg n&U[Z
§�k]md�JV� � �� ��� � 	 �2�Dn&U[Z ?(mdpWihw]ohUWVGbdVGp _ ghw�Z _ Z]Z�ihVGk�§�k]md�JV� � � / " d "-1 d��Wd 	 ��ehghijihVGg¦�JVGU��ihVGg z VGw]w]ehghbdVGg |Gehk(t-VGw�Z~UWn&n!ehghb}ihVGwY�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGghw(ihVGw�?(mdpWihw]ohUWVGbdVGpWw��
ihUWVYUWg ��� �'1



" � d 	 � 	 1�|Gehw _ n&n&VGghbdV�\ _ � Zlw]UWghi��hw�Z _ n&n&VGg R

� n ihUWVGw]V z m7ihU[©Dc _ Z~UWmdg ihVGw��lV 7DVrqsUWmdghw]VGUWghw _ Z~|GVGw�|Ge ^eh�JVGk]ohka^es\6VGg��D�lehk]ihVYVGUWghn _ p
VGUWghVj�lV 7DVrqsUWmdghw]n&VGw]w]ehghb n&U[Z!ihVGn ehghn&m7ihU[©D|GUWVGk�Z~VGg ��UWghw _ Z~| _ g VGUWghVGn bdk]m � VGg
�7UWpWUW|GUWehn � _ �dVGk��7ihVGkfi _ wfcamdn&ohpWV�Z]Z~V�«DVGghw�Z~VGkfUWg ihVGk�§�k]md�JVGghVG�JVGghV _ ehw]bdV�\r^ehpWp[Z `D_ Z&�
ehghi!VGUWghn _ p _ g VGUWghVGn t-k]ehv ` w�Zd^ehv c ihVGw") _ �dVGk]w��di _ w ` UWgIZ~VGk�ihVGk®t-pWVGghihV-ihVGw®n&m7ihU��
©D|GUWVGk�Z~VGg&��UWghw _ Z~|GVGw _ ghbdVG�hk _ v ` Z��lehk]ihV��Iihehk]v ` bdV�\r^e ` k�Z R ) UWV�UWg!¥��h� R � � |Ge w]V ` VGg
UWw�Z&�DUWw�ZlihUWV(¥��I�-VGUWv ` ehghb}�JVGUWihVGk z VGw]w]ehghbdVGg�UWn�b _ gh|GVGg��7oJVGcIZ~k _ pW�JVGk]VGUWv ` cLpWVGUWghVGk
_ pWwl� 	 �Lehghi&i _ n&U[Z _ ehv ` cLpWVGUWghVGk _ pWw�ihUWV�o ` maZ~mdn&V�Z~k]UWw]v ` V�?(VGg _ ehUWbdcaVGU[Z R S�UWV�n&m��
ihU[©D|GUWVGk�Z~V��k _ ghw]n&UWw]w]UWmdghw��®ehghi �lV 7DVrqsUWmdghw _ ghmdk]ihgLehghb �lehk]ihV��JVGU _ pWpWVGg \6mdpWbdVGghihVGg
z VGw]w]ehghbdVGg¦�dVGk��-VGghihV�Z R
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Waverstück mit Blende

Großer Waver
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A�UWVGpJihUWVGw]VGk�¥�k]�JVGU[ZfUWw�ZfVGw��DVGUWghV�n�^mdbdpWUWv ` w�ZfbdVGg _ ehV�¥�ehw]w _ bdVB^eh�JVGk�ihVGgj� _ ehVGk]w�Z~ma�£�
bdV `D_ p[ZuUWg ihVGn ��m7v ` Z~VGn&oJVGk _ Z~ehk����7ehohk _ pWVGU[Z~VGk��Yt _a�r� eh�������7�&|Ge n _ v ` VGg R S�UWVGw
UWw�Z _ g `D_ ghi ihVGw�) VGk�Z~VGw ihVGkumdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[ZYUWg VGUWghVGn bdV��lUWw]w]VGg �7oJVGcd�
Z~k _ pW�JVGk]VGUWv ` n�^mdbdpWUWv ` 6w]UWV ` V8� _ ohU[Z~VGp Q7R � ehghi Q7Ryx � R «�^ehk�ihUWV mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWb��
caVGU[Z�w]UWghi ihUWV�¥��hw]mdpWesZ°�-VGk�Z~V(ihVGkf�k _ ghw]n&UWw]w]UWmdg}ehghiª�lV 7DVrqsUWmdg _ ehw]w]v ` p _ bdbdVG�JVGghi R
S�VGw `D_ pW� bdUWp[Z(VGw _ g ihUWVGw]VGk!�LZ~VGpWpWV ihUWV o ` maZ~mdn&V�Z~k]UWw]v ` V�?(VGg _ ehUWbdcaVGU[ZuihVGw�?(U[Z]Z~VGk��
w]oJVGcIZ~k]mdn&V�Z~VGk]w¦|Ge¨^eh�JVGk]ohka^es\6VGg R X _ esZ���VGk]w�Z~VGpWpWVGk _ ghb _ �JVGg ihVGkj«®UWk]n _ � _ k]U _ g��
pWUWVGbaZ&ihUWVGw]Vj�JVGU � � 	 R A�ehk ^� �JVGk]ohka^es\6ehghb ihUWVGw]VGk&¥�ghb _ �JVª�lehk]ihVGg ��VGk]bdpWVGUWv ` w��
n&VGw]w]ehghbdVGg _ g VGUWghVGn �JVGg _ v ` � _ k�Z~VGg ¯°ghw�Z~U[Z~esZ � � _ g VGUWghVGn «Dmdehk]UWVGk��°�k _ ghw�\6mdk]n �
¯°gs\6k _ k]maZ����7oJVGcIZ~k]mdn&V�Z~VGk(3«®-�°¯�� � � Qa� ���sihehk]v ` bdV�\r^e ` k�Z R ¥��h� R � � |GVGUWbaZ z VGw]w]ehghbdVGg
�JVGUWihVGk-�7oJVGcIZ~k]mdn&V�Z~VGk _ g&VGUWghVGn « _ k]�hbdp _ w R S�UWV�k]maZ~V��LihUWV ` VGpWpWbdka^ehghVlehghi&ihUWVlihehg7�
caVGpW�hp _ ehVD�(ehk��dV�� _ es\�ihVGghVGg ghm7v ` V�Z°� _ w}� _ ehw]v ` VGg |Ge VGk]caVGghghVGg UWw�Z&� w]UWghi ihUWV
�k _ ghw]n&UWw]w]UWmdghw]n&VGw]w��-VGk�Z~V ihVGw ?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]w���ihUWV _ g �dVGk]w]v ` UWVGihVGghVGg  _ �
bdVGg _ es\6bdVGghmdn&n&VGg �-mdk]ihVGg w]UWghi R S�UWV&k]maZ~V}ehghi ihUWV ` VGpWpWbdka^ehghV��(ehk��dV �lehk]ihVGg
n&U[Z VGUWghVGk �k _ ghw]n&UWw]w]UWmdghw]�hpWVGghihVªn&U[Z ihVGn S�ehk]v ` n&VGw]w]VGk}S�5 � n&n!� �lUWV _ ehv `
UWn �dmdk _ ghbdVGb _ ghbdVGghVGg�� _ ohU[Z~VGp �sR � �JVGw]v ` k]UWVG�JVGg¦�lehk]ihV�� _ es\6bdVGghmdn&n&VGg R t-VGU�ihVGk
ihehghcaVGpW�hp _ ehVGg;�(ehk��dVB�lehk]ihVjihUWVGw]Vjt-pWVGghihVB�-VGbdbdVGp _ w]w]VGg��fehn VGUWghVGg n�^mdbdpWUWv ` VGg
��UWg 7De � ihVGkYt-pWVGghihV |Ge ^eh�JVGk]ohka^es\6VGg R S�UWV!i _ n&U[Z�VGk `D_ p[Z~VGghV �lVGohk]m7iheh|GUWVGk]� _ k]caVGU[Z
pWUWVGbaZ�w]mdn&U[Z®UWghghVGk `D_ pW�!ihVGk�o ` maZ~mdn&V�Z~k]UWw]v ` VGg ?(VGg _ ehUWbdcaVGU[Z®�dmdg � � 	 R S�UWV-�k _ ghw��
n&UWw]w]UWmdghw]�hpWVGghihV `D_ Z�w]mdn&U[Z _ es\�ihVGg�¥��hw]mdpWesZ°�-VGk�Z�ihVGk��k _ ghw]n&UWw]w]UWmdg¦ihVGw(?(U[Z]Z~VGk��
w]oJVGcIZ~k]mdn&V�Z~VGk]wYcaVGUWghVGg ��UWg 7De � R S�UWV w]v ` � _ k]|GV���ihUWV ihehghcaVGpWbdka^ehghV ehghi�ihUWV!bdVGpW�JV
�(ehk��dV���w�Z _ n&n&VGg �dmdg ihVGn «®-�°¯��f���7oJVGcIZ~k]mdn&V�Z~VGk��®�-md�JVGU-ihUWV}w]v ` � _ k]|GVD�(ehk��dV
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_ g VGUWghVGn _ ghihVGk]VGg  _ b _ pWw&ihUWVj�JVGUWihVGg _ ghihVGk]VGg _ es\6bdVGghmdn&n&VGg �lehk]ihV R S�UWVr�
w]V¦w]v ` � _ k]|GV9�(ehk��dV¦pWUWVGbaZ ehgIZ~VGk `D_ pW� �dmdg Qdx�� � ghn ehn v _ R ��	 ` ^m ` VGk�� _ pWw ihUWV
�JVGUWihVGg _ ghihVGk]VGg z VGw]w]ehghbdVGg�ihVGw�«®-�°¯��f���7oJVGcIZ~k]mdn&V�Z~VGk]w R S�UWVYihehghcaVGpWbdka^ehghV ehghi
ihUWV bdVGpW�JV8�(ehk��dV&w�Z~UWn&n&VGg�n&U[Z(ihVGg z VGw]w]ehghbdVGg ihVGw�?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]w(w]V ` k
bdesZ ^eh�JVGk]VGUWg R S�UWV}Zd^ehk]cLUWw ehghi ihUWVBn _ bdVGgIZ _ \ _ k]�JVGghVGg �(ehk��dVGg w]UWghi _ ehv ` z VGw��
w]ehghbdVGg �dmdg ihVGn «®-�°¯��f���7oJVGcIZ~k]mdn&V�Z~VGk&ehghi �lehk]ihVGg _ n w]VGpW�JVGg  _ b �lUWVjihUWV
ihehghcaVGpWbdka^ehghVªehghi ihUWV}bdVGpW�JV!�(ehk��dV _ es\6bdVGghmdn&n&VGg R ¯°n ?(VGbdVGghw _ Z~|B|Ge ihUWVGw]VGg��
�lehk]ihV ` UWVGk]�JVGU�VGUWghV X
m7v ` �hpWVGghihV �dmdn S�ehk]v ` n&VGw]w]VGkuS�5 � n&n!�
|Gehk���VGk]cLpWVGUWghVr�
k]ehghb!ihVGwf§�k]md�JVGghw�Z~k _a` p �LehVGk]w]v ` ghU[Z]Z~w��s�dVGk��-VGghihV�Z R S�UWV z VGw]w]ehghb w]mdpWp[Z~VlVGUWbdVGgIZ~pWUWv `
ehg _ � ` ^_ ghbdUWb �dmdgªVGUWghVGkfw]mdpWv ` VGgªt-pWVGghihV(w]VGUWg��si _ ihUWV���VGk]k]UWghbdVGk]ehghb ihVGkl�LZ~k _a` pWUWg7�
Z~VGghw]U[Z;^_ Z�UWg!ihVGk��lV�\6VGk]VGgh|Gn&VGw]w]ehghbY�JVGka^ehv cLw]UWv ` Z~UWbaZ��lUWk]i R S�UWVGw]V z V � cLehk��dVGg pWUWVGbdVGg
J]V�Z~|�Z _ �JVGk�ehgIZ~VGk `D_ pW�B�dmdg Qdx�� � ghn�ehn�v _ RJ� _ � 	 ehgIZ~VGklihVGg#) VGk�Z~VGgjihVGw ?(U[Z��
Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]w�ehghi ihVGw�«®-�°¯��f���7oJVGcIZ~k]mdn&V�Z~VGk]wfm ` ghV�t-pWVGghihV R ��UWghV�n�^mdbdpWUWv ` V
��k]cLp°^_ k]ehghb�UWw�Z!VGUWghV}|Ge ` m ` V ¯°gIZ~VGghw]U[Z;^_ Z!UWn §�k]md�JVGw�Z~k _a` p-m ` ghV t-pWVGghihV���ihUWV}ihVGk
S�V�Z~VGcIZ~mdk �JVGU�ihVGk �lV�\6VGk]VGgh|Gn&VGw]w]ehghb�ghUWv ` Z!UWg �dmdpWpWVGn z _ � V _ es\6|GVGUWv ` ghVGg c _ ghg R
S _ w �JVGihVGesZ~V�ZfihVGkfS�V�Z~VGcIZ~mdk �JV�©DghihV�Zfw]UWv ` UWg&ihUWVGw]VGn¨« _ pWphUWg}ihVGkf��^_ Z]Z~UWbdehghb R S�UWV
i _ k _ es��mdpWbdVGghihV�§�k]md�JVGghn&VGw]w]ehghbYm ` ghV�t-pWVGghihVfp°^_ � Z®VGk ` VG�hpWUWv ` �-VGghUWbdVGk�¯°gIZ~VGghw]U[Z;^_ Z
_ es\-ihVGg S�V�Z~VGcIZ~mdk�\ _ pWpWVGg���ihVGk(w]mdn&U[Z(ihUWVGw]V!�lUWVGihVGk(UWg��dmdpWpWVGn z _ � V ihV�Z~VGcIZ~UWVGk]VGg
c _ ghg R �7v ` pWUWV � pWUWv ` � ^ehk]ihV�ihUWVGw]VGw��IUWn ��VGk]bdpWVGUWv ` |Ge VGUWghVGk z VGw]w]ehghbun&U[Z�t-pWVGghihV��I|Ge
VGUWghVGn VGk ` ^m ` Z~VGg ) VGk�Z��JVGUsihVGk z VGw]w]ehghbum ` ghV�t-pWVGghihV-\r^e ` k]VGg R � n ihUWVGw]Vf ` VGmdk]UWV
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|Ge ^eh�JVGk]ohka^es\6VGg��®�lehk]ihV ihUWV z VGw]w]ehghb�m ` ghVBt-pWVGghihV}ghm7v ` n _ p�n&U[Zu|Gehw�^_ Z~|GpWUWv ` VGn
«®UWp[Z~VGk�ihehk]v ` bdV�\r^e ` k�Z R S�UWVGw]VGk «®UWp[Z~VGk `D_ Z]Z~V�ihUWV�¥�es\6b _ �JVlihUWV�?(VGw _ n Z~UWgIZ~VGghw]U[Z;^_ Z |Ge
k]VGiheh|GUWVGk]VGgjehghiªVGUWghV�n�^mdbdpWUWv ` V(��^_ Z]Z~UWbdehghb ihVGwlS�V�Z~VGcIZ~mdk]w�|GeB�dVGk]n&VGUWihVGg R S _ �JVGU
VGUWghVGn «®-�°¯��f���7oJVGcIZ~k]mdn&V�Z~VGk _ pWpWV ) VGpWpWVGghp°^_ ghbdVGg bdpWVGUWv ` |GVGU[Z~UWb ihV�Z~VGcIZ~UWVGk�Zf�-VGk]ihVGg��
UWw�Z�VGw�ghUWv ` Z _ ehw]w]v ` p _ bdbdVG�JVGghi���UWgj�-VGpWv ` VGn ) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv ` ihVGk�«®UWp[Z~VGklihUWV
¯°gIZ~VGghw]U[Z;^_ Z(n&UWghihVGk�Z R S�UWV z VGw]w]ehghbdVGg n&U[Z�«®UWp[Z~VGk�ehghi�m ` ghV t-pWVGghihV `D_ �JVGg _ �JVGk
UWn ��VGk]bdpWVGUWv ` |GeªihVGg z VGw]w]ehghbdVGg¦m ` ghV(«®UWp[Z~VGk ehghiªm ` ghV(t-pWVGghihV�caVGUWghV���VGk�^_ ghihVr�
k]ehghbubdVG|GVGUWbaZ R «�^ehk�ihUWVGw]Vl¥��I�-VGUWv ` ehghb n!e � VGw _ pWw]m(VGUWghVGg _ ghihVGk]VGg�?(k]ehghi&bdVG�JVGg R
A�ehw _ n&n&VGgs\ _ w]w]VGghi}c _ ghg&n _ g&w _ bdVGg��7i _ � ihUWVf��VGk]bdpWVGUWv ` w]n&VGw]w]ehghbdVGg _ n�«®-�°¯��f�
�7oJVGcIZ~k]mdn&V�Z~VGk-caVGUWghVGg}¥�ghp _ � i _ |Ge}bdVG�JVGg��sihUWVlo ` maZ~mdn&V�Z~k]UWw]v ` V�?(VGg _ ehUWbdcaVGU[Z&�LihUWV
ihVGk���VGk]w�Z~VGpWpWVGk�ihVGw ?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]w _ ghbdUW�sZ&�sUWgª«Dk _ bdV(|Gejw�Z~VGpWpWVGg R ��UWVGpWn&V ` k
w�Z~UWn&n ZlihVGk z U[Z]Z~VGp[�-VGk�Z�ihVGk�bdVGw _ n Z~VGg�«®-�°¯��f� z VGw]w]ehghbdVGg�bdesZ�n&U[ZlihVGgD) VGk�Z~VGg
ihVGw�?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk]w ^eh�JVGk]VGUWg R

�4��� -/�"2 �0��%(%q�����(���"! -/!0�"1 � � ��� ) �&$&��� N��
D � �
«�^ehk ihUWV�t-VGk]VGv ` gLehghb ihVGk mdosZ~UWw]v ` VGgBX
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGk-S ^ehghgs©DpWn&VlUWw�Z ihUWV �(VGghgIZ��
ghUWw�ihVGk-t-k]VGv ` | _a` pJihVGwf�7k]�U9�������7eh�hw�Z~k _ Z~VGw UWn b _ gh|GVGg&�dVGk��-VGghihV�Z~VGg¦�7oJVGcIZ~k _ pW�JVr�
k]VGUWv ` ghmaZ°�-VGghihUWb R S�UWVGw]V c _ ghg J]VGihm7v ` gLehkYihehk]v ` VGUWghV bdVGw]mdghihVGk�Z~V z VGw]w]ehghb _ g
VGUWghVGn�k]VGUWghVGgj�7eh�hw�Z~k _ Z��JVGw�Z~UWn&n Z-�-VGk]ihVGg R A�ehkft-VGk]VGv ` gLehghb}ihVGk�t-k]VGv ` | _a` p _ ehw
ihVGg z V � i _ Z~VGg c _ ghg'J]VGihm7v ` �lUWVGihVGk!i _ w _ es\lVGUWghVGg ��UWghw]v ` UWv ` Z���« _ pWp k]VGiheh|GUWVGk�Z~V
z _ k]cam��I� z m7ihVGpWp 6w]UWV ` V � _ ohU[Z~VGp Q7R � ���dVGk��-VGghihV�Z!�-VGk]ihVGg R S�UWV!¥��h�hUWpWihehghbdVGg � �
ehghi � � |GVGUWbdVGg ihUWV!�k _ ghw]n&UWw]w]UWmdg ehghi ihUWV �lV 7DVrqsUWmdg VGUWghVGw �7k]�U9��� �7eh�hw�Z~k _ Z~VGw R
S�UWV X
UWghUWVGg m ` ghV �L�7n!�JmdpWV caVGghgh|GVGUWv ` ghVGg ihUWV z VGw]w]ehghbdVGg R S�UWV4��e _ ihk _ Z~V>� � � ���
ihUWVD�(k]VGUWw]V=� � � ��ehghi ihUWVjS�k]VGUWVGv caV=� �IQ �lcaVGghgh|GVGUWv ` ghVGg Z ` VGmdk]V�Z~UWw]v ` VD) VGk�Z~V _ ehw
�dVGk]w]v ` UWVGihVGghVGg t-VGk]VGv ` gLehghbdVGg��JihUWVYUWg � �d� ��|Gehw _ n&n&VGghbdV�\ _ � Zlw]UWghi R
S�VGk(w]UWbdghU[©Dc _ gIZ~V �7ohk]ehghbªUWg��JVGUWihVGg z VGw]w]ehghbdVGg �JVGU � � � ghn UWw�ZYihehk]v ` ihVGg S�Vr�
Z~VGcIZ~mdk��-VGv ` w]VGp��DihVGgBi _ wl�7oJVGcIZ~k]mdn&V�Z~VGk _ g ihUWVGw]VGkl�LZ~VGpWpWV�ihehk]v ` \r^e ` k�Z&�s�dVGk]ehk]w _ v ` Z R
S�VGk4?(VGk]n _ ghUWehn&ihV�Z~VGcIZ~mdk��LihVGk�\r^ehk-i _ w g _a` V�¯°gs\6k _ k]maZ��dVGk��-VGghihV�Z��lUWk]i��L�lUWk]i}i _ �
�JVGUhihehk]v ` ihVGg&§ ` maZ~mdn!ehp[Z~UWohpWUWVGk�UWn w]UWv ` Z~� _ k]VGg&t-VGk]VGUWv ` VGk]w]V�Z~|�Z R S�UWV��7ehn&n&V _ ehw
�k _ ghw]n&UWw]w]UWmdg�ehghi �lV 7DVrqsUWmdg�UWw�Z��JVGU®ihVGn § ` maZ~mdn!ehp[Z~UWohpWUWVGk��JVGU � � � ghn g _a` VG|Ge
� � � 	 �L�-m ` UWghbdVGbdVGg}ihUWV(�7ehn&n&V�ihVGk-�k _ ghw]n&UWw]w]UWmdg&ehghi ihVGkf�lV 7DVrqsUWmdg ihVGw ?(VGk��
n _ ghUWehn&ihV�Z~VGcIZ~mdk]wu� �a� 	 VGk]bdUW�sZ R A�e¦bdk�^m � VGk]VGg>) VGpWpWVGghp°^_ ghbdVGgjg�^_a` VGk�Z(w]UWv ` ihUWVGw]V
�7ehn&n&V�ihVGg |Ge VGk�� _ k�Z~VGghihVGg � � � 	 R ��UWghVf�7ehn&n&V�ihVGk®�lV 7DVrqsUWmdguehghi ihVGk��k _ ghw��
n&UWw]w]UWmdg�^eh�JVGkf� � � 	 UWw�Z�g _ Zd^ehk]pWUWv ` o ` �7w]UWc _ pWUWw]v ` ghUWv ` Z�w]UWghgI�dmdpWp R ��UWghVl�7ehn&n&V �dmdg
� � � 	 UWw�Z�w]UWghgI�dmdpWpLehghi!�JVGbdka^ehghihV�Z�ihUWV ¥�ghg _a` n&V VGUWghVGw�ghUWv ` Z _ �hw]mdk]�hUWVGk]VGghihVGg z Vr�
ihUWehn&w _ pWw��7eh�hw�Z~k _ Z�UWgªihVGgjUWgD� _ ohU[Z~VGp Q7RyQ �JVGw]v ` k]UWVG�JVGghVGg z m7ihVGpWpWVGg R
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S�UWVGw]V� _ Z~w _ v ` V�n _ v ` Z�\r^ehk�ihVGg8) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv ` ehn � � � ghn w]UWv ` VGk]pWUWv ` VGUWghV
�(mdk]k]VGcIZ~ehkfihVGk ) VGk�Z~V�ihVGw ?(VGk]n _ ghUWehn&ihV�Z~VGcIZ~mdk]w VGk�\6mdk]ihVGk]pWUWv ` R «�^ehk-ihVGgjt-VGk]VGUWv `
�dmdg Q�� � � �hUWw � � � � ghn �dVGk]cLpWVGUWghVGk�Z�w]UWv ` ihUWVGw]VGk�«DV ` pWVGk�w]m��-VGU[Z&�Li _ � VGk�UWn � _a` n&VGg
ihVGk®o ` maZ~mdn&V�Z~k]UWw]v ` VGg8?(VGg _ ehUWbdcaVGU[Z�ihVGw��7oJVGcIZ~k]mdn&V�Z~VGk]w��dmdg � � 	 �dVGk]g _ v ` p°^_ w]w]UWbaZ
�-VGk]ihVGg c _ ghg R S�UWVGw�w]v ` VGUWgIZ _ ehv ` ihVGw `D_ pW��w]UWghgI�dmdpWp�|Ge w]VGUWg���i _ VGw(w]UWv ` �JVGU�ihVGk
�(mdk]k]VGcIZ~ehk&ghUWv ` Z}ehn VGUWghVGg VGUWgs\ _ v ` VGg ^eh�JVGk&ihVGg b _ gh|GVGg ) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv `
_ ihihU[Z~U[�dVGg&« _ cIZ~mdk `D_ ghihVGpWg � ^ehk]ihV��7w]mdghihVGk]g&ehn VGUWghV�camdn&ohpWVrqsVGk]V �(mdk]k]VGcIZ~ehk��LihUWV
w]v ` �lUWVGk]UWb�|Ge n&maZ~U[�7UWVGk]VGg � ^_ k]V R S _ VGw UWg ihUWVGw]VGk ¥�k]�JVGU[Z ehn ihVGg ¥��hw]mdpWesZ°�-VGk�Z
ihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z�ehghijghUWv ` Z�ehn¬�JVGw�Z~UWn&n Z~VY�LZ~k]ehcIZ~ehk]VGg�UWgªihVGg��7oJVGcIZ~k]VGg�bdV ` Z&�
UWw�ZjihVGk!) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv ` �dmdg Q�� � � _ � � � � ghn �dmdpWpWcamdn&n&VGg _ ehw]k]VGUWv ` VGghi R
z U[Z!VGUWghVGk!�k _ ghw]n&UWw]w]UWmdg �dmdg xd��	 ehghi ihVGk!¥�ghg _a` n&V���i _ w!caVGUWghVB¥��hw]mdk]�sZ~UWmdg
�dmdk]pWUWVGbaZ&��i R ` R � 5 ��_����aVGk]bdUW�sZ�w]UWv ` VGUWghV-t-k]VGv ` | _a` p7\r^ehk��7k]�U9�����dmdgnk � 5 Q / Q � �
\r^ehkfihVGg�) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv ` |��lUWw]v ` VGg Q�� � � ghn ehghi � � � � ghn _ es\�ihVGg �lUWk-ehghw
UWn \6mdpWbdVGghihVGg �JVGw]v ` k�^_ ghcaVGg �-mdpWpWVGg R S�UWVGw]VGk ) VGk�Z®w�Z~UWn&n Z�n&U[Z�ihVGn X
U[Z~VGk _ Z~ehk��-VGk�Z
UWgªihUWVGw]VGn¬t-VGk]VGUWv ` w]V ` klbdesZ ^eh�JVGk]VGUWg R

�4��� �o!02 ��� � ���&�"!0��� �����	2 2 � � � �� L � �.[ � � �����
¯°g¦ihUWVGw]VGn ¥��hw]v ` ghU[Z]Z��-VGk]ihVGg¦VGk]w�Z~V z V � VGk]bdVG�hghUWw]w]V��JihUWV _ gªVGUWghUWbdVGgj§�k]md�JVGg _ ehw
� _ ohU[Z~VGp �sR � ihehk]v ` bdV�\r^e ` k�Z¦�lehk]ihVGg��(bdVG|GVGUWbaZ R S _ �JVGU��lUWk]i ihUWw]cLesZ~UWVGk�Z&���-VGpWv ` V
�lmdpWpWVGg¦ihUWV ���JVGk 7�^_ v ` VGg��Le _ pWU[Z;^_ Z~VGg�ihVGwYS ^ehghgs©DpWn&VGw�ehghi ihVGwY�7eh�hw�Z~k _ Z~VGwYUWg�ihVGk
¥�ehw��-VGk�Z~ehghb ihVGk z V � �-VGk�Z~V�w]ohUWVGpWVGg R A�ehihVGn �lUWk]i ghm7v ` �JV�Z~k _ v ` Z~V�Z&���-VGpWv ` VGg
��UWg 7De � VGUWghVª� _ k]U _ Z~UWmdg ihVGkB�7v ` UWv ` Z~ihUWv caV � ihVGwBS ^ehghgs©DpWn&VGw _ es\YihUWVjmdosZ~UWw]v ` V
X
VGU[Z]\]^_a` UWbdcaVGU[Z K `D_ Z R ¥��h� R � x |GVGUWbaZ&ihUWVB�k _ ghw]n&UWw]w]UWmdg ehghi ihUWVª�lV 7DVrqsUWmdg _ g
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ihVGkY§�k]md�JV!k �sR � ��ihUWV!VGUWghV!«®UWpWn&ihUWv caV �!5 � � ghn `D_ Z R S _ wY�7k]�U9�������7eh�hw�Z~k _ Z(UWw�Z
�JVGUJihUWVGw]VGk-§�k]md�JV�gLehk-VGUWghw]VGU[Z~UWbYoJmdpWUWVGk�Z R t-VGUWihV z V � cLehk��dVGg �lehk]ihVGgBg _ v ` Z~k�^_ bdpWUWv `
n&U[Z���UWp[\6V-VGUWghVGw�«�«®-��«®UWp[Z~VGk]w��aihVGk(^eh�JVGk�VGUWghVlt-k]VGU[Z~V-�dmdg ���uz V � ohehghcIZ~VGg&n&U[Z]Z~VGp[Z&�
� _ w&� � � ghn VGgIZ~w]ohk]UWv ` Z&�®n _ Z ` VGn _ Z~UWw]v ` bdVGbdp°^_ Z]Z~V�Z R «�^ehk(ihUWV ¯°g ¥��h� R � x i _ k]bdVr�
w�Z~VGpWp[Z~VGg z V � �-VGk�Z~V-camdghgIZ~V-caVGUWghV �(mdgI�dVGk]bdVGgh|-ihVGw���V���Z~mdg7��� _ o ` w]mdg7�N��VGk�\ _a` k]VGghw��
_ ghbdV��-VGghihV�Z _ es\�i _ w z _ k]cam��I� z m7ihVGpWp��7VGk]k]VGUWv ` Z-�-VGk]ihVGg R S _ w �JVGihVGesZ~V�Z&�hi _ � caVGU��
ghV X
VGU[Z]\]^_a` UWbdcaVGU[Z~w��-VGk�Z~Vu\r^ehk�ihUWV §�k]md�JV k �sR � �JVGk]VGv ` ghV�Z(�-VGk]ihVGg camdghgIZ~VGg R S�UWVGw]VGw
� _ kYVGUWg ¥�gh|GVGUWv ` VGg i _ \r^ehk��
i _ � VGUWg��-VGU[Z~VGk]VGkYo ` �7w]UWc _ pWUWw]v ` VGkY����VGcIZ _ es\6bdV�Z~k]V�Z~VGg
UWw�Z&�
ihVGk(UWg ihVGn z _ k]cam��I� z m7ihVGpWp�ghUWv ` ZY�JVGka^ehv cLw]UWv ` Z~UWbaZY�lUWk]i R S _ �JVGU `D_ ghihVGp[Z(VGw
w]UWv ` ehn �LZ~k]VGehehghb¦ihVGk �LZ~k _a` pWehghb _ g ¯°g ` mdn&mdbdVGghU[Z;^_ Z~VGg ihVGk�?(k]VGgh| 7�^_ v ` VGg���ihUWV
UWg ihVGk ?(k�^m � VGghmdk]ihgLehghb�ihVGku�dVGk��-VGghihV�Z~VGg ) VGpWpWVGghp°^_ ghbdV pWUWVGbdVGg R ¯°g ihUWVGw]VGn « _ pWp
UWw�ZBihUWV�� _ e ` UWbdcaVGU[ZBihVGkBVGUWghVGg ehghoJmdpWUWVGk�Z~VGg �7eh�hw�Z~k _ Z 7�^_ v ` V��dVGk _ gIZ°�-mdk�Z~pWUWv ` \r^ehk
ihUWVGw]V(�LZ~k]VGes�dVGk]pWehw�Z~V R S _ w VGw-w]UWv ` ehn��LZ~k]VGes�dVGk]pWehw�Z~V `D_ ghihVGp[Z&�7c _ ghg}n _ g _ ehw�\6mdp��
bdVGghihVGg t-V�Z~k _ v ` Z~ehghbdVGg}w]v ` pWUWV � VGg R ¥��h�hUWpWihehghb � � |GVGUWbaZ�VGUWghVlVGUWgs\ _ v ` V��7cLUW|G|GVlihVGk
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ehgIZ~VGk]w]v ` UWVGihpWUWv ` VGg}�lV 7DVrqsUWmdghw _ gIZ~VGUWpWV�ihVGk�VGUWgh|GVGpWghVGg�?(k]VGgh|Gw]v ` UWv ` Z~VGg��7ihUWV�|Gehk6?(Vr�
w _ n Z~k]V 7DVrqsUWmdg �JVGU[Z~k _ bdVGg R �  �w]VGU�i _ wY�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGg _ g ihVGk�?(k]VGgh| 7�^_ v ` V
X
es\9Z��a«®UWpWnD� � ��_ gBihVGk ?(k]VGgh| 7�^_ v ` VY«®UWpWn �d�7eh�hw�Z~k _ Z-ehghi ��� _ g ihVGk ?(k]VGgh| 7�^_ v ` V
�7eh�hw�Z~k _ Z��aX
es\9Z R S�UWVGw]V}�JVGw�Z~UWn&n&VGg w]UWv ` �lUWVGihVGk _ ehw8?(pWb R  x � R S�UWV 7 d w]UWghi ihUWV¥�gIZ~VGUWpWV ihVGk(�lV 7DVrqsUWmdghVGg�ihVGk�VGUWgh|GVGpWghVGg ?(k]VGgh|Gw]v ` UWv ` Z~VGg����lUWV _ ehw�¥��h� R � � ` VGk��
�dmdk]bdV ` Z R S�UWV�t-VGw]v ` k]U[\9Z~ehghbuihVGk�§�\6VGUWpWVf�JVG|GUWV ` Z w]UWv `&_ es\�ihUWVl�7ohU[Z~|GV�ihVGw J]V��-VGUWpWUWbdVGg
§�\6VGUWpWVGw R S�UWVY�lV 7DVrqsUWmdghw _ gIZ~VGUWpWV 7 d VGk]bdVG�JVGg¦w]UWv ` VGUWgs\ _ v `¦_ ehwlihVGg�§�k]m7ihehcIZ~VGg¦ihVGk�lV 7DVrqsUWmdghw��dVGk]n�^mdbdVGgBihVGk VGUWgh|GVGpWghVGg!?(k]VGgh| 7�^_ v ` VGgBehghi ihVGk |Gehka^ehv cLbdVGpWVGbaZ~VGgB�VGUWp��
w�Z~k]VGv caVGg � 7  5 �  u  ��� �7 � 5 ���_ �  � ��-� � � u  � � �
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�-md�JVGU � 5 * T��������� ihUWVj¥��hw]mdk]osZ~UWmdg �JVGU�VGUWghn _ pWUWbdVGn S�ehk]v ` p _ es\6VGg ihVGw «®UWpWn&VGw
�JVGka^ehv cLw]UWv ` Z~UWbaZ R S�UWVYehgIZ~VGg _ ghbdVGbdVG�JVGghVu _ �JVGpWpWVY|GVGUWbaZ�gLehg�ihUWVYVGUWgh|GVGpWghVGg��lV 7DVr�
qsUWmdghw _ gIZ~VGUWpWV&\r^ehk ihUWV «®UWpWn&ihUWv caV ihVGk §�k]md�JV}k �sR � � � 5 � � ghn!� k � 5 Q / Q � � ���JVGU
VGUWghVGk ) VGpWpWVGghp°^_ ghbdV(�dmdg ��5 � � � � ghn R S�UWVuehgL�JVGc _ ghgIZ~VGg § _ k _ n&V�Z~VGk k! �ehghi p  
�lehk]ihVGg�w��7w�Z~VGn _ Z~UWw]v ` � _ k]UWUWVGk�Z R ¥�e � VGk]ihVGn bdUWp[Z ���
5 7  @ 7 � @ 7 � R ¥�ehw�ihUWVGw]VGg
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 _ �JVGpWpWV � �Y�lV 7DVrqsUWmdghw _ gIZ~VGUWpWV ihVGk(VGUWgh|GVGpWghVGg=?(k]VGgh|Gw]v ` UWv ` Z~VGg \r^ehk(ihUWV «®UWpWn&ihUWv caV
ihVGk�§�k]md�JVYk �sR � UWgª¥�� ` ^_ ghbdUWbdcaVGU[Z��dmdgCk ehghiDp
S _ Z~VGg UWw�Z�|Ge VGgIZ~ghV ` n&VGg���i _ � _ pWpWV ?(VGw _ n Z~k]V 7DVrqsUWmdghw��-VGk�Z~V ��� VGk ` VG�hpWUWv ` ^eh�JVGk
ihVGg z V � �-VGk�Z~VGg _ ehwl¥��h� R � x pWUWVGbdVGg R S�UWVGw]VGw���k]bdVG�hghUWw�pWVGbaZlihUWV(��VGk]n!esZ~ehghb&g _ �
` V��Ii _ � VGw�VGUWg z UWghUWn!ehn¡\r^ehk®ihUWV��lV 7DVrqsUWmdg �8]k u p ��ihVGw z _ k]cam��I� z m7ihVGpWpWVGw 6w]UWV ` V
¥�g `D_ ghb&¥(�fbdUW�sZ R
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S�UWVGw]VGw z UWghUWn!ehn c _ ghg _ es\6bdk]ehghi ihVGw ` m ` VGg t-k]VGv ` ehghbdw]UWghihVrqsVGw}ihVGw �7eh�hw�Z~k _ �
Z~VGwYghUWv ` ZuehgIZ~VGk]w]v ` k]U[Z]Z~VGg �-VGk]ihVGg R S�UWVGw]V!��VGk]n!esZ~ehghbª�lUWk]i�ihehk]v ` ihUWV ¥��h� R � � �
UWg ihVGkuihUWV �lV 7DVrqsUWmdg �8]k u p �2���JVGk]VGv ` ghV�Z!n&U[Z(ihVGn z _ k]cam��I� z m7ihVGpWp 6w]UWV ` V ¥�g7�
`D_ ghb ¥(��ehghi�ihVGg § _ k _ n&V�Z~VGk]g�ihVGk�§�k]md�JV!k �sR � � _ pWw��!^m ` VGghpWUWghUWVGg¦UWg¦ihVGk�k � pI�
���JVGghV i _ k]bdVGw�Z~VGpWp[Z UWw�Z&���JVGw�Z;^_ Z~UWbaZ R ¯°g ¥��h� RlQ�� UWw�ZBVGUWghV ^_ �LehU[� _ pWVGgIZ~V�S _ k]w�Z~VGp��
pWehghb ihVGk��k _ ghw]n&UWw]w]UWmdg ��]k u p ��6w]UWV ` V(¥�g `D_ ghb ¥(� bdVGbdVG�JVGg R S�UWV�ihehghcaVGpW�hp _ ehVGg
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«®p°^_ v ` VGg caVGghgh|GVGUWv ` ghVGg t-VGk]VGUWv ` V n&U[Z ghUWVGihk]UWbdVGku�k _ ghw]n&UWw]w]UWmdg�6w]UWV ` V}¥��h� R�Q�� �
m7ihVGk ghUWVGihk]UWbdVGk �lV 7DVrqsUWmdg 6w]UWV ` V�¥��h� R � � � R ��gIZ~w]ohk]VGv ` VGghi caVGghgh|GVGUWv ` ghVGg ihUWV
k]maZ~VGgj«®p°^_ v ` VGgBt-VGk]VGUWv ` V ` m ` VGk��k _ ghw]n&UWw]w]UWmdg m7ihVGk ` m ` VGk��lV 7DVrqsUWmdg R S _ w z UWghU��
n!ehn ihVGk��lV 7DVrqsUWmdgªpWUWVGbaZf\r^ehk�ihUWVY«®UWpWn&ihUWv caV�ihVGkl§�k]md�JVYk �sR � �dmdg ��5 � � ghn��JVGU
V�Z°� _ � 5 � � 	 R S�UWV�UWg}¥��h� R � x i _ k]bdVGw�Z~VGpWp[Z~VGg z V � �-VGk�Z~V(|GVGUWbdVGg �JVGUJVGUWghVGk ) VGp��
pWVGghp°^_ ghbdVl�dmdg ��5 � � � � ghn VGUWghV�VGk ` VG�hpWUWv ` ghUWVGihk]UWbdVGk]V��lV 7DVrqsUWmdg R «�^ehk ihUWVGw]VGg ¯°g7�
Z~VGghw]U[Z;^_ Z~w��dVGk]pWehw�Z&�IihVGk��JVGU7ihVGg z VGw]w]ehghbdVGg _ es\6bdV�Z~k]V�Z~VGg w]VGUWg!n!e � �a�lUWk]i ihUWV��LZ~k]VGe7�
ehghbuihVGk-�LZ~k _a` pWehghb _ g&ihVGk�ghUWv ` Z~oJmdpWUWVGk�Z~VGg�?(k]VGgh| 7�^_ v ` Vl�dVGk _ gIZ°�-mdk�Z~pWUWv ` bdVGn _ v ` Z R
?(k]ehghihw�^_ Z~|GpWUWv ` c�^mdghgIZ~V _ ehv ` VGUWghV �LZ~k]VGehehghb _ gªihVGk����JVGk 7�^_ v ` VuihVGw�«®UWpWn&VGw _ es\ �
Z~k]V�Z~VGg R ¥�ehwuihUWVGw]VGn ?(k]ehghi �lUWk]i UWn�� _ ohU[Z~VGp � _ ehv ` ihUWV}���JVGk 7�^_ v ` VGg��Le _ pWU[Z;^_ Z
ihVGk�§�k]md�JVGg�ehgIZ~VGk]w]ehv ` Z R S�UWVY�k _ ghw]n&UWw]w]UWmdgjehghi�ihUWV �lV 7DVrqsUWmdg�ihVGk�§�k]md�JVuk � �
n&U[Z!ihVGk «®UWpWn&ihUWv caV � 5 Q�� � ghn w]UWghi UWg ¥��h� R�Q �Bi _ k]bdVGw�Z~VGpWp[Z R S�VGk pWUWghcaV}�VGUWp
ihVGk ¥��h�hUWpWihehghb¦|GVGUWbaZ!ihUWV �k _ ghw]n&UWw]w]UWmdg���ihUWV&�dmdg � � � / � 	 �JVGU � � � � ghn _ es\
� � � / � 	 �JVGU Q�� � � ghn _ ghw�Z~VGUWbaZ R ¯°n k]VGv ` Z~VGg �VGUWp®ihVGk�¥��h�hUWpWihehghbBUWw�Z(ihUWV �lVr�
7DVrqsUWmdgji _ k]bdVGw�Z~VGpWp[Z&�sihUWV��dmdg � � �I��	 �JVGU � � � � ghn _ es\ � � �L��	 �JVGU Q�� � � ghn
_ �s\]^_ pWp[Z R ¥�ehv ` ihUWVGw]V z V � �-VGk�Z~V w]UWghi�n&U[Z�ihVGn md�JVGg��JVGw]v ` k]UWVG�JVGghVGg «�«®-��«®UWp[Z~VGk
n _ Z ` VGn _ Z~UWw]v ` bdVGbdp°^_ Z]Z~V�Z R S _ w �dVGk]w�Z;^_ k]cIZ~Vj� _ ehw]v ` VGg UWn ) VGpWpWVGghp°^_ ghbdVGgL�JVGk]VGUWv `
|��lUWw]v ` VGg Qd��� � ghn ehghi Qdx�� � ghn UWw�Z _ es\ ) _ w]w]VGk]� _ ghihVGg |Gehka^ehv cL|Ges\r^e ` k]VGg��hi _Y_ es\
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VGUWghV �LZ~UWv cLw�Z~ma��w]o�^ehpWehghb&ihVGk�§�k]md�JVGghc _ n&n&VGkf�dVGk]|GUWv ` Z~V�Z��lehk]ihV R
¥�gªihVGgªUWgB¥��h� R£Q �(i _ k]bdVGw�Z~VGpWp[Z~VGg z V � VGk]bdVG�hghUWw]w]VGgjihVGkl§�k]md�JV(k � �Bw]mdpWp�ihVGkl��UWg7�
7De � ihVGk!�7v ` UWv ` Z~ihUWv caV _ es\fihUWV mdosZ~UWw]v ` V}X
VGU[Z]\]^_a` UWbdcaVGU[ZYehgIZ~VGk]w]ehv ` Z!�-VGk]ihVGg R S�UWV
¥��h� R®QdQ |GVGUWbaZYihUWV i _ k _ ehwY�JVGk]VGv ` ghV�Z~V}mdosZ~UWw]v ` V&X
VGU[Z]\]^_a` UWbdcaVGU[Z�\r^ehk��dVGk]w]v ` UWVGihVGghV
«®UWpWn&ihUWv caVGg R
S�UWV�n _ bdVGgIZ _ \ _ k]�JVGghV �(ehk��dV�UWg(¥��h� R�QdQ |GVGUWbaZ�ihUWV�mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGk�§�k]m��
�JVlk � ���I�JVGk]VGv ` ghV�Z�\r^ehk�ihUWV�ihehk]v ` ihVGg}�7ohesZ]Z~VGk]ohk]md|GV � _ ehw6� _ ohU[Z~VGp �sR � �JVGw�Z~UWn&n Z~V
«®UWpWn&ihUWv caV��dmdg �85 Q�� � ghn R S�UWVGw]V �(ehk��dVuVGghihV�Z�V�Z°� _ �JVGU Qa� � � ghn R S _ w���ghihV
ihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z~w]cLehk��dV-�JVGihVGesZ~V�Z&�Ii _ � i _ w���V���Z~mdg7��� _ o ` w]mdg7�N��VGk�\ _a` k]VGg!\r^ehk®ihUWV
i _ k _ es��mdpWbdVGghihVGg z V � �-VGk�Z~V}ghUWv ` ZYn&V ` k(camdgI�dVGk]bdUWVGk�Z~V R S�UWVGw(�JVGihVGesZ~V�Z&��i _ � ihUWV
z V � �-VGk�Z~VªUWg VGUWghVGn o ` �7w]UWc _ pWUWw]v ` ghUWv ` Z w]UWghgI�dmdpWpWVGg t-VGk]VGUWv ` pWUWVGbdVGg R ¯°g ihUWVGw]VGn
« _ pWp UWw�Z ihUWV}w]v ` pWVGv ` Z~V>�(mdgI�dVGk]bdVGgh|ªghUWv ` Z ehgL�JVGihUWghbaZ _ es\lVGUWghVGg ¯°gIZ~VGghw]U[Z;^_ Z~w��dVGk��
pWehw�Z&ihehk]v ` �LZ~k]VGehehghb |Gehka^ehv cL|Ges\r^e ` k]VGg R t-V�Z~k _ v ` Z~V�Z n _ g ihUWVª�k _ ghw]n&UWw]w]UWmdg UWg
¥��h� R�Q �C�£w]m}UWw�Z�ihUWVGw]Vun&U[Z ) VGk�Z~VGg�|��lUWw]v ` VGg �sR ��	 ehghi �sR ��	 w]V ` k�bdVGk]UWghb R «�^ehk
ihUWVGw]V�bdVGk]UWghbdVGg8) VGk�Z~V�UWw�Z�ihUWVlUWg&¥��h� R7Q�� i _ k]bdVGw�Z~VGpWp[Z~Vl«DehghcIZ~UWmdg&ihVGk �k _ ghw]n&UWw]w]U��
mdg!w]V ` k"7 _ v ` ��� _ w�ihehk]v ` ihVGg!�hk]VGU[Z~VGg ihehghcaVGpW�hp _ ehVGg t-VGk]VGUWv ` bdVGcaVGghgh|GVGUWv ` ghV�Z�UWw�Z R
S R ` R bdVGk]UWghbdV�¥��I�-VGUWv ` ehghbdVGgªUWg&ihVGk-�k _ ghw]n&UWw]w]UWmdg&c�^mdghghVGg VGk ` VG�hpWUWv ` V ^¥�ghihVGk]ehg7�
bdVGg¦UWgjihVGg¦mdosZ~UWw]v ` VGg9�(mdghw�Z _ gIZ~VGg¦|Gehk�«DmdpWbdV `D_ �JVGg R t-VGka^ehv cLw]UWv ` Z~UWbaZ�n _ gªgLehg��
i _ � ihUWVuo ` maZ~mdn&V�Z~k]UWw]v ` V�?(VGg _ ehUWbdcaVGU[Z�ihVGw(�7oJVGcIZ~k]mdn&V�Z~VGk]w�n&U[Z � � 	 _ ghbdVGghmdn �
n&VGg UWw�Z&�
w]mjc _ ghg ihUWV w]v ` pWVGv ` Z~V��(mdgI�dVGk]bdVGgh|&\r^ehk(ihUWV&�7v ` UWv ` Z~ihUWv caV �>5 Q�� � ghn
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ihehk]v ` ihUWV n _ ghbdVGpWghihV ?(VGg _ ehUWbdcaVGU[Z®ihVGw��k _ ghw]n&UWw]w]UWmdghw]n&V � �-VGk�Z~VGw ` VGk��dmdk]bdVGk]es\6VGg
�-VGk]ihVGg R
S�UWV Zd^ehk]cLUWw�\ _ k]�JVGghV��(ehk��dV UWg ¥��h� R�QdQ |GVGUWbaZ ihUWV&n&U[ZuVGUWghVGk!«®UWpWn&ihUWv caV �dmdg
��5
Qd��� ghn �JVGk]VGv ` ghV�Z~V-X
VGU[Z]\]^_a` UWbdcaVGU[Z R «�^ehk�ihUWVGw]V «®UWpWn&ihUWv caV®camdgI�dVGk]bdUWVGk�Z�i _ w���V���Z~mdg7�
� _ o ` w]mdg7�N��VGk�\ _a` k]VGg�^eh�JVGk®ihVGg!b _ gh|GVGg&�7oJVGcIZ~k _ pW�JVGk]VGUWv ` R ��UWghV��-VGU[Z~VGk]Vf��k ` ^m ` ehghb
ihVGk(«®UWpWn&ihUWv caV��BUWg ��� ghn ���7v ` k]U[Z]Z~VGg `D_ Z�VGUWghV w�Z~V�Z~UWbdV ¥��hg _a` n&V ihVGk�X
VGU[Z]\]^_a` UWb��
caVGU[Zu|Gehk «DmdpWbdV R S�UWVGw]VGw ��k]bdVG�hghUWwY|GVGUWbaZ&��i _ � �JVGUWn ��VGk]bdpWVGUWv ` ihVGk � _ ehVGk]w�Z~ma��bdVr�
`D_ p[Z~V��L�JVGUJihVGn�n _ g ^eh�JVGk-ihUWV�X
VGU[Z]\]^_a` UWbdcaVGU[Z~VGg&|��-VGUWVGk��dVGk]w]v ` UWVGihVGghVGkl§�k]md�JVGg _ es\
ihUWVu� _ ehVGk]w�Z~ma��bdV `D_ p[Z~V�|Gehka^ehv cLw]v ` pWUWV � Z&�£ihUWV(«®UWpWn&ihUWv caV�ihVGk��JVGUWihVGgj§�k]md�JVGgªbdVGg _ e
�JVGc _ ghgIZ�w]VGUWgªn!e � R

� �� '�+-���!'����}"�%('�*,#�*G%(' ���
	���%('�� ' ��� %(�

) UWV&ihUWV VGk]w�Z~VGg z V � VGk]bdVG�hghUWw]w]V ihVGw ¥�g _ p[�7w]V��dVGk�\ _a` k]VGghw!bdVG|GVGUWbaZ `D_ �JVGg��®UWw�Z ihVGk
��UWg 7De � ihVGk¦� _ e ` UWbdcaVGU[ZªihVGkª�dVGk]w]v ` UWVGihVGghVGg ?(k]VGgh| 7�^_ v ` VGg ghUWv ` Z¦ehghVGk ` VG�hpWUWv ` �
� _ w�VGUWghV(bdVGg _ ehVGk]V t-V�Z~k _ v ` Z~ehghb&ihVGk����JVGk 7�^_ v ` VGg��Le _ pWU[Z;^_ ZlihVGk�§�k]md�JVGgjghmaZ°�-VGg7�
ihUWb bdVGn _ v ` Z `D_ Z R � n VGUWghVGg ��UWghihk]ehv c�^eh�JVGkjihUWVGw]V |Ge �JVGcamdn&n&VGg����lehk]ihVGg
§�mdp _ k]UWw _ Z~UWmdghw�� z UWcLk]mdw]camdo7�°¥�es\6g _a` n&VGg!UWg �k _ ghw]n&UWw]w]UWmdghw���ehghi&�lV 7DVrqsUWmdghw _ ghmdk]i7�
gLehghbj�dmdg _ pWpWVGg §�k]md�JVGg bdVGn _ v ` Z R ��UWghV bdVGg _ ehV � gIZ~VGk]w]ehv ` ehghb�ihVGkYw�Z~m��&UWv ` VGg
A�ehw _ n&n&VGghw]V�Z~|Gehghb��lehk]ihV¡n&U[Z ��UWp[\6V VGUWghVGw � _ w�Z~VGk�����pWVGcIZ~k]mdghVGg7� z UWcLk]mdw]camdoJVGw
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3��� z �fihehk]v ` bdV�\r^e ` k�Z R ) UWV�w]UWv `¦_ ehw�ihVGgªVGk]w�Z~VGg z VGw]w]VGk]bdVG�hghUWw]w]VGg _ ehv ` bdVG|GVGUWbaZ
`D_ Z&�sUWw�ZfVGUWghV�n�^mdbdpWUWv ` w�Z bdVGg _ ehV��(VGghgIZ~ghUWwfihVGkl�7v ` UWv ` Z~ihUWv caV�\r^ehkfVGUWghV�bdVGg _ ehV(t-Vr�
w�Z~UWn&n!ehghb&ihVGk�X
VGU[Z]\]^_a` UWbdcaVGU[Z�g�^maZ~UWb R ¥�ehw�ihUWVGw]VGn ?(k]ehghij�lehk]ihV w�Z~VGpWpWVGgI�-VGUWw]V _ g
§�k]md�JVGg ihVGk��Yt � ����«®UWpWn n&U[Z��dVGk]i�^ehghgIZ~VGk § ` mdw]o ` mdk]w�^_ ehk]V>� �a� � ` VGk]ehgIZ~VGk]bdVGp°^mdw�Z R
¥�ehw-ihVGn¨�!^m ` VGgLehgIZ~VGk]w]v ` UWVGiB�dmdgª�7eh�hw�Z~k _ Zf|GeB«®UWpWnD�dihVGk-n&U[Z ��UWp[\6VlVGUWghVGw ¥�pWo `D_ �
w�Z~VGohoJVGk]w��JVGw�Z~UWn&n Z��lehk]ihV��J�lehk]ihV i _ ghg _ es\�ihUWVu«®UWpWn&ihUWv caV(|Gehka^ehv cLbdVGw]v ` pWmdw]w]VGg R


,��� 	o$&) � ! �	2 � �0�	$&��2�%(�	�4!0$�2 ��$&'43 �c��� � ��� % ��
) UWV�w]v ` mdg VGUWghb _ ghbdw
VGk�� ^_a` gIZ&���lehk]ihVGg ihUWVGw]V�¥�es\6g _a` n&VGgubdVGn _ v ` Z&��ehn VGUWghVGguVGk��
w�Z~VGg ��UWghihk]ehv cB^eh�JVGk�ihUWV-���JVGk 7�^_ v ` VGg��Le _ pWU[Z;^_ Z�ihVGk®«®UWpWn&V�|Ge �JVGcamdn&n&VGg R ¥��h� RaQa�

+
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|GVGUWbaZ |��-VGUY§�mdp _ k]UWw _ Z~UWmdghw]n&UWcLk]mdw]camdo7�°¥�es\6g _a` n&VGg � �I� ��UWg �lV 7DVrqsUWmdghw _ ghmdk]ihgLehghb
_ gYihVGk�§�k]md�JV�k � _ ghg R t-VGUdihUWVGw]VGk�§�k]md�JV `D_ ghihVGp[Z�VGw�w]UWv ` ehn VGUWghVGg(�Yt _a�r� eh�������7���
S ^ehghgs©DpWn n&U[Z�VGUWghVGk�«®UWpWn&ihUWv caV���5 Q�� � ghn R S�UWVu§�k]md�JV k � _ ghg `D_ Z�VGUWghVGg � _ e7�
VGk]w�Z~ma��bdV `D_ p[Z&�LihVGk UWn t-VGk]VGUWv ` �dmdg B
� � / � pWUWVGbaZ R S�UWVGw]V�¥�ehw]w _ bdV�c _ ghg _ es\6bdk]ehghi
ihVGk�vr�°¥�v ` w]VGghp°^_ ghbdVubdVGn _ v ` Z��-VGk]ihVGg R S _ wlpWUWghcaVu«DmaZ~m �lehk]ihVun&U[ZY� � � � ehghi¦i _ w
k]VGv ` Z~V�«DmaZ~m n&U[Z ��� � �N\ _ v ` VGk ��VGk]bdk�^m � VGk]ehghb bdVGn _ v ` Z R ¯°n pWUWghcaVGg t-UWpWi UWw�Z}ihVGk
¥�ehw]w]v ` ghU[Z]Z-ihVGk���VGk]bdk�^m � VGk]ehghb _ pWw��-VGU � VGk�� _ ghi&bdVGcaVGghgh|GVGUWv ` ghV�Z&�sihVGk�UWn k]VGv ` Z~VGg
t-UWpWiBi _ k]bdVGw�Z~VGpWp[Z��lUWk]i R
S�VGesZ~pWUWv ` |Ge�w]V ` VGg w]UWghi¦ihUWV ` VGpWpWVGgj�-VGU � VGg t-VGk]VGUWv ` V���ihUWVuw]UWv ` UWg¦ihVGk z U[Z]Z~V ihVGw
«®UWpWn&VGwucamdgh|GVGgIZ~k]UWVGk]VGg R ¯°g ihVGk ��VGk]bdk�^m � VGk]ehghb�UWw�Z!|Ge w]V ` VGg����lUWV bdp _ Z]Z!ihUWV ` VGp��
pWVGg t-VGk]VGUWv ` V��fihVGk]VGg ¥�ehw]ihV ` gLehghb �dmdg VGUWghUWbdVGg � n �hUWw |Ge � � � � n k]VGUWv ` Z&�fUWn
��VGk]bdpWVGUWv ` |Ge ihVGg ihehghcLpWVGg t-VGk]VGUWv ` VGg w]UWghi R ¥�ehw ihUWVGw]VGg ¥�es\6g _a` n&VGg UWw�Z ghUWv ` Z
VGUWghihVGesZ~UWb |Ge VGk]caVGghghVGg��&md� ihUWVGw]V �-VGU � VGg «®pWVGv caVGg ¥��hw]v ` VGUWihehghbdVGg _ es\}ihVGn
«®UWpWn m7ihVGk ��VGk�Z~UWV�\6ehghbdVGg UWn «®UWpWn w]UWghi R �7o�^_ Z~VGk]V¦��S����°¥�g _ p[�7w]VGg UWn � _ w�Z~VGk��
��pWVGcIZ~k]mdghVGg7� z UWcLk]mdw]camdo `D_ �JVGg J]VGihm7v ` VGk]bdVG�JVGg��li _ � UWg ihUWVGw]VGg t-VGk]VGUWv ` VGg gLehk



� ����(�������l���}	®���l���7����� ����� � ���������	�f��� �L�

ghm7v ` �LZ~k]mdgIZ~UWehn ehghi �U[Z _ g �dmdk `D_ ghihVGg w]UWghi R S _ w}�JVGihVGesZ~V�Z&�li _ � _ g ihUWVGw]VGg
�LZ~VGpWpWVGg�i _ w(�hp _ ghcaV&�7eh�hw�Z~k _ ZY|Ge w]V ` VGg��
�-VGpWv ` VGw _ ehv ` ihUWV8?(p°^_ Z]Z~V ihUWVGw]VGwut-VGk]VGU��
v ` VGw}VGk]cLp°^_ k�Z R S _ VGw w]UWv ` �JVGU-�Yt _a��� eh�������7�ªehn VGUWg k]VGp _ Z~U[� `D_ k�Z~VGw z _ Z~VGk]U _ p
`D_ ghihVGp[Z&�®UWw�Z VGw ehgI� _a` k]w]v ` VGUWghpWUWv ` ��i _ � w]mdpWv ` V&\6VGUWghVGg X ^mdv ` VGk!ihVGn «®UWpWn ihehk]v `
n&VGv `D_ ghUWw]v ` V ��UWgI�lUWk]cLehghbdVGg¦g _ v ` ihVGk���VGk]w�Z~VGpWpWehghb |GehbdV�\r^ehbaZ��lehk]ihVGg R S�VGghcL� _ k
UWw�Z&�7i _ � i _ w��7eh�hw�Z~k _ Zf�JVGUWn��7ohesZ]Z~VGk]gBghm7v ` cLpWVGUWghVl��VGk]ehghk]VGUWghUWbdehghbdVGg `D_ Z]Z~V��sihUWV
i _ |Ge \r^e ` k�Z~VGg���i _ � w]UWv ` _ g ihUWVGw]VGg �LZ~VGpWpWVGg caVGUWg «®UWpWn _ ghp _ bdVGk]g camdghgIZ~V R S�UWVGw]V
X ^mdv ` VGk `D_ �JVGg J]VGihVGgs\ _ pWpWwl\r^ehk�ihUWVumdosZ~UWw]v ` VGg z VGw]w]ehghbdVGg�|Gehk�«DmdpWbdV��£i _ � ^_a` ghpWUWv `
�lUWV!�JVGU®ihVGn ehghoJmdpWUWVGk�Z~VGg��7eh�hw�Z~k _ ZYVGUWg��VGUWp�ihVGk(VGUWgs\ _ pWpWVGghihVGg��LZ~k _a` pWehghb ihehk]v `
w]UWVYbdVGw�Z~k]VGesZl�lUWk]i R S�UWVGwf\r^e ` k�Z~VYUWgªihVGg z VGw]w]ehghbdVGg�|GejVGUWghVGn o ` �7w]UWc _ pWUWw]v ` ghUWv ` Z
w]UWghgI�dmdpWpWVGgj�lV 7DVrqsUWmdghw��-VGk�Z R
¯°n pWUWghcaVGg «DmaZ~mjw]UWghi \ _ w�ZucLk]VGUWw]k]ehghihV}w]v ` � _ k]|GVBt-VGk]VGUWv ` V}|Ge VGk]caVGghghVGg R ¯°g ihVGk
��VGk]bdk�^m � VGk]ehghb��lUWk]i'J]VGihm7v ` caVGUWg w�Z~k]ehcIZ~ehk]VGpWpWVGk � gIZ~VGk]w]v ` UWVGi UWn ��VGk]bdpWVGUWv ` |Gehn
k]VGw�Z~pWUWv ` VGg «®UWpWn ihVGesZ~pWUWv ` R ��UWghV!��S����°¥�g _ p[�7w]V VGUWghVGw�w]mdpWv ` VGg t-VGk]VGUWv ` VGw `D_ Z�VGk��
bdVG�JVGg��si _ � UWg&ihUWVGw]VGgBt-VGk]VGUWv ` VGgBVGUWghV�¥�g ` ^_ es\6ehghbu�dmdgBt _ k]UWehn�ehghi!�(ehos\6VGk��dmdk��
pWUWVGbaZ R S�UWVGw�c _ ghg�g _ Zd^ehk]pWUWv `�_ ehv ` |Ge �LZ~k]VGehV���VGcIZ~VGg�\r^e ` k]VGg���ihUWVGw]V!t-VGk]VGUWv ` V!w]UWghi
_ �JVGk-UWg ihVGgBUWg}ihUWVGw]VGk-¥�k]�JVGU[Z-�dVGk��-VGghihV�Z~VGgjw _ ehVGk]w�Z~ma��ihV�©D|GU[Z;^_ k]VGgj«®UWpWn&VGg UWn&n&VGk
�dmdk `D_ ghihVGg R ��w®�lUWk]i!w]UWv ` J]VGihm7v ` ` VGk _ ehw]w�Z~VGpWpWVGg��di _ � _ ehv ` _ g §�k]md�JVGg n&U[Z®ihUWVGw]VGg
t-VGk]VGUWv ` VGg mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z~VGg�n&U[Z�w]UWghgI�dmdpWpWVGg9) VGk�Z~VGg �JVGk]VGv ` ghV�ZY�-VGk]ihVGg
c�^mdghghVGg R
t-VGU�ihVGg¦�7UWVGpWVGgjcLpWVGUWghVGg¦§ _ k�Z~UWcaVGpWgjUWgj¥��h� R�Qa� �DihVGk]VGg�?(k�^m � V(UWn¬t-VGk]VGUWv ` VGUWghUWbdVGk� n pWUWVGbaZ&� `D_ ghihVGp[Z�VGw�w]UWv ` ehn �(ehos\6VGk]m,qsUWi7�°¥�ehw]w]v ` VGUWihehghbdVGg _ g¦ihVGk(���JVGk 7�^_ v ` V
ihVGwl«®UWpWn&VGw R S�UWVGw]V�w]UWghi _ ehv ` ihehk]v ` ihVGgª��VGk]w�Z~VGpWpWehghbdw]ohk]md|GV��JVGihUWghbaZfehghiBp _ w]w]VGg
w]UWv ` gLehklihehk]v ` bdVGVGUWbdghV�Z~V�) _a` p
ihVGk��7ohesZ]Z~VGk]bdVGmdn&V�Z~k]UWV _ es\®VGUWg z UWghUWn!ehn¨k]VGihe7�
|GUWVGk]VGg:� �d� � R ¯°n k]VGv ` Z~VGg «DmaZ~m¦ihVGku¥��h� R�Qa� w]UWghi \6VGUWghV z UWcLk]mdk]UWw]w]V}UWn «®UWpWn |Ge
VGk]caVGghghVGg R
¯°n ��VGk]bdpWVGUWv ` |Ge&ihUWVGw]VGn w _ ehVGk]w�Z~ma��ihV�©D|GU[Z;^_ k]VGg «®UWpWnD�a|GVGUWbaZ ¥��h� R7Q�� ihUWVln&U[Z � _ e7�
VGk]w�Z~ma� �JVGp _ ihVGghV�§�k]md�JVfk � �D B�� � / � ��n&U[Z®bdpWVGUWv ` VGk�«®UWpWn&ihUWv caV R t-VGUWihV�«DmaZ~mdw®w]UWghi
n&U[Z�ihVGk bdpWVGUWv ` VGg&��VGk]bdk�^m � VGk]ehghb �I�lUWVl�JVGU£ihVGk��dmdk _ ghbdVGb _ ghbdVGghVGgB§�k]md�JV��7bdVGn _ v ` Z
�-mdk]ihVGg R ¥�es\
ihVGg VGk]w�Z~VGgBt-pWUWv c!w]UWV ` ZfihUWV�§�k]md�JV�k � � �7UWVGp ` mdn&mdbdVGghVGk _ ehw�� _ pWw ihUWV
�dmdk ` VGk(bdVG|GVGUWbaZ~V §�k]md�JV!k � _ ghg R ¥�es\ ihVGn pWUWghcaVGg «DmaZ~m w]UWghi�caVGUWghVGk]pWVGU�X ^mdv ` VGk(|Ge
VGk]caVGghghVGg R ¥�es\£ihVGk®��VGk]bdk�^m � VGk]ehghb(w]UWghi!w�Z~VGpWpWVGgI�-VGUWw]Vf�7UWVGp7cLpWVGUWghVGk]V ` VGpWpWV-«®pWVGv caV�|Ge
VGk]caVGghghVGg����JVGU�ihVGghVGg�VGw�w]UWv ` �lUWVGihVGk�ehn X ^mdv ` VGk `D_ ghihVGp[Z R S�UWVGw]Vuw]UWghi¦ghUWv ` Z _ es\
��VGk]ehghk]VGUWghUWbdehghbdVGgBihVGw��7eh�hw�Z~k _ Z~VGw�|Gehka^ehv cL|Ges\r^e ` k]VGg R ¯ ` k]V�?(k�^m � V�ehghijS�UWv ` Z~V�UWw�Z
_ � ` ^_ ghbdUWbu�dmdgBihVGk ) _a` pJihVGkl�7ohesZ]Z~VGk]o _ k _ n&V�Z~VGk � �sihVGk]VGgj��osZ~UWn&UWVGk]ehghbuVGUWghV�w]V ` k
_ es\9�-VGghihUWbdV!¥�ghbdVGpWVGbdVGg ` VGU[Z(UWw�Z R ¥�es��^_ pWUWb}UWw�Z�VGUWg�b£^_ gh|GpWUWv ` VGw�«DV ` pWVGg�ihVGk�k]ehghihVGg
ihehghcLpWVGg «®pWVGv caVGg R S _ ihUWVGw]V � gIZ~VGk]w]v ` UWVGihV _ ehv ` �JVGU _ ghihVGk]VGg �Yt _a�r� eh�������7���
«®UWpWn&VGg}UWn ��VGk]bdpWVGUWv ` �dmdgªw _ ehVGk]w�Z~ma��ihV�©D|GU[Z;^_ k]VGgj|Geªw _ ehVGk]w�Z~ma���JVGp _ ihVGghVGg¦«®UWpWn&VGg
|Ge w]V ` VGg � _ k]VGg���c _ ghg n _ g i _ k _ ehwYw]v ` pWUWV � VGg���i _ � ihUWV ihehghcLpWVGg t-VGk]VGUWv ` V}VGk]w�Z
� ��
#,., � @�� /�6�!������.�.!����-B��)B � � ��6��
	�!A� � � � � !�
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ihehk]v ` ihUWV}�VGn&oJVGk]ehghb�VGgIZ~w�Z~V ` VGg R S�UWV��(ehos\6VGk�����qsUWi7�°¥�ehw]w]v ` VGUWihehghbdVGg w]UWghi UWg
¥��h� RJQ�� ghUWv ` ZlihVGesZ~pWUWv ` |GejVGk]caVGghghVGg R
¥�g ihUWVGw]VGn «®UWpWn camdghgIZ~V UWg VGUWghVGn w]v ` n _ pWVGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` VGUWghV mdosZ~UWw]v ` V
X
VGU[Z]\]^_a` UWbdcaVGU[Z
6w]UWV ` V
� _ ohU[Z~VGp �sRyx � �JVGw�Z~UWn&n Z �-VGk]ihVGg R S�UWVjw]v ` pWVGv ` Z~V��(mdgI�dVGk��
bdVGgh|u�lehk]ihV!ghUWv ` Z _ es\�ihUWVun _ ghbdVGpWghihV ��mdn&mdbdVGghU[Z;^_ ZlihVGk�§�k]md�JV |Gehka^ehv cLbdV�\r^e ` k�Z&�
w]mdghihVGk]g _ es\�ihUWV�n _ ghbdVGpWghihV z V � bdVGg _ ehUWbdcaVGU[Z-ihVGwl�7oJVGcIZ~k]mdn&V�Z~VGk]wfUWg}ihUWVGw]VGn¨t-Vr�
k]VGUWv ` R ¯°g ¥��h� R�Qd� UWw�Z!�lUWVGihVGk VGUWg w _ ehVGk]w�Z~ma��ihV�©D|GU[Z;^_ k]VGk&«®UWpWn n&U[Z VGUWghVGk «®UWpWn �

200 mm 40 mm

+
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ihUWv caV&�dmdg
�95 � ��� ghn |Ge w]V ` VGg R S�VGk!� _ ehVGk]w�Z~ma��bdV `D_ p[Z&� _ �hbdVGw]v ` ^_ Z~|�Z _ ehw ihVGk
vr�°¥�v ` w]VGghp°^_ ghbdV����JV�Z~k]ehb=B � � / �sR ¥�es\uihVGg VGk]w�Z~VGg t-pWUWv c w]UWV ` ZBihUWV�§�k]md�JV�k �
ghUWv ` Z}�7UWVGp ` mdn&mdbdVGghVGk _ pWw ihUWV¦§�k]md�JVjk � _ ghg _ ehw R ) UWVjihUWVªUWg�� _ ohU[Z~VGp � �dmdk��
bdVGw�Z~VGpWp[Z~VGg z V � VGk]bdVG�hghUWw]w]VB|GVGUWbdVGg �-VGk]ihVGg���camdghgIZ~V _ g ihUWVGw]VGk §�k]md�JV VGUWghV}k]V _ pWU��
w�Z~UWw]v ` V mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z&� _ ehw]bdV ` VGghi¦�dmdg¦ihVGn _ �hbdVGw]v ` ^_ Z~|�Z~VGg � _ ehVGk]w�Z~ma�£�
bdV `D_ p[Z&�®�JVGw�Z~UWn&n Z(�-VGk]ihVGg R ¥�ehw ihUWVGw]VGn ?(k]ehghi �lehk]ihV}ihUWVGw]V §�k]md�JV}n&U[ZYVGUWghVGk
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ehk]w]ohka^ehghbdpWUWv ` VGg9?(k�^m � V(�dmdg � �	� � � n&n � UWgª�7UWVGklbdpWVGUWv ` VY�VGUWpWV(n&U[ZlVGUWghVGk ?(k�^m � V
�dmdg �	��� n&n � bdV�Z~VGUWp[Z R S�UWVGw `D_ Z�ihVGg¦��mdk�Z~VGUWp��£i _ � ��e _ pWU[Z;^_ Z~w]w]v ` � _ ghcLehghbdVGg�UWg
ihVGg «®UWpWn&VGg�ihehk]v ` ��VGk��-VGghihehghbj�dVGk]w]v ` UWVGihVGghVGk �VGUWpWV ihVGk(bdpWVGUWv ` VGg §�k]md�JV �-VGb��
\ _ pWpWVGg R ¥�g ihVGn VGk]w�Z~VGg �VGUWpWw�Zd^ehv c �Ii _ w�UWn \6mdpWbdVGghihVGg!n&U[Z�k �hR �f�JVG|GVGUWv ` ghV�Z��-VGk]ihVGg
w]mdpWp��£�lehk]ihV VGUWg ?(k]m � Z~VGUWp�ihVGk��VGn&oJVGk]ehghbdVGg ehghi�mdosZ~UWw]v ` VGg z VGw]w]ehghbdVGg ihehk]v ` �
bdV�\r^e ` k�Z R


,��� � � 2 ���"!0�)	�"�G��!0$&�����%(�	�4!0$�2 ��$&'��	� ����� �o��� 3 �c� � ) 
 2 ��
� _ v ` ihVGgª§�mdp _ k]UWw _ Z~UWmdghw]n&UWcLk]mdw]camdo _ es\6g _a` n&VGg&�-VGk]ihVGgªUWg ihUWVGw]VGn�¥��hw]v ` ghU[Z]Z�VGk��
b£^_ gh|GVGghi&i _ |Ge&¥�es\6g _a` n&VGg n&U[Z�VGUWghVGn � _ w�Z~VGk]VGpWVGcIZ~k]mdghVGghn&UWcLk]mdw]camdo
3��� z � � �Ix �
bdVG|GVGUWbaZ R A�ehk�¥�g _ p[�7w]VfihVGk�w�Z~m��&UWv ` VGg�A�ehw _ n&n&VGghw]V�Z~|Gehghb(ihVGk�ehgIZ~VGk]w]ehv ` Z~VGg §�k]m��
�JVGg��J�lehk]ihV |Gehw�^_ Z~|GpWUWv ` n&U[Z�ihUWVGw]VGn�?(VGk�^_ Z�VGUWghV VGghVGk]bdUWVGihUWw]oJVGk]w]U[�dV � ^mdgIZ~bdVGg _ g _ �
p[�7w]V�3��S���� ihehk]v ` bdV�\r^e ` k�Z � �d� � R t-VGUWihV � gIZ~VGk]w]ehv ` ehghbdw]n&V�Z ` m7ihVGg �-VGk]ihVGg UWn
\6mdpWbdVGghihVGgjcLehk]|YVGk]p°^_ esZ~VGk�Z R
¯°g VGUWghVGn � _ w�Z~VGk]VGpWVGcIZ~k]mdghVGghn&UWcLk]mdw]camdo �lUWk]i ihUWV}|Ge ehgIZ~VGk]w]ehv ` VGghihV¦§�k]md�JV n&U[Z
VGUWghVGn ` m7v ` VGghVGk]bdV�Z~UWw]v ` VGg ��pWVGcIZ~k]mdghVGghw�Z~k _a` pf�JVGw]v ` mdw]w]VGg R S�UWVGw]V ` m7v ` VGghVGk]bdV�Z~U��
w]v ` VGg���pWVGcIZ~k]mdghVGgªZ~k]V�Z~VGgjUWg�) VGv ` w]VGp[�lUWk]cLehghb}n&U[ZfihVGg¦��pWVGcIZ~k]mdghVGgjehghiD�(VGk]ghVGg
ihVGk}§�k]md�JVGg7�°¥fZ~mdn&V R $aVjg _ v ` ) _a` p�ihVGw}S�V�Z~VGcIZ~mdk]w&c _ ghg n _ g w]UWv ` UWn ��� z
VGgIZ°�-VGihVGkYihUWV ` m7v ` VGghVGk]bdV�Z~UWw]v ` VGg ka^ehv cLbdVGw�Z~k]VGesZ~VGg ��pWVGcIZ~k]mdghVGg�m7ihVGk�ihUWVughUWVGihk]UWb��
VGghVGk]bdV�Z~UWw]v ` VGg �7VGcLehghi�^_ k]VGpWVGcIZ~k]mdghVGg���ihUWVYihehk]v ` �LZ~m � UWmdghUWw _ Z~UWmdg VGk]|GVGehbaZ��-VGk]ihVGg��
_ ghw]V ` VGg R � n VGUWg 7�^_ v ` UWbdVGw t-UWpWi |Ge VGk `D_ p[Z~VGg����lUWk]i ihVGk ��pWVGcIZ~k]mdghVGghw�Z~k _a` p n&U[Z
��UWp[\6V��dmdgu|��-VGUL¥��hpWVGghcLcamdghihVGghw _ Z~mdk]VGg�^eh�JVGk�ihUWV�§�k]md�JV�bdVGk _ w�Z~VGk�Z R ¥�pWw"A�ehw _ Z~|Gohk]m��
ihehcIZuVGghw�Z~V ` Zu�JVGU�ihUWVGw]VGn ��mdk]b _ ghbBihehk]v ` ihUWV!¥��h�hk]VGn&w]ehghbjihVGk(VGUWghbdVGw�Z~k _a` p[Z~VGg
��pWVGcIZ~k]mdghVGg!� ^mdgIZ~bdVGghw�Z~k _a` pWehghb�bdVGn�^_ � ihVGk®��UWghw�Z~VGUWg+5 w]v ` VGg t-VG|GUWV ` ehghb � � 5 � � R
S _ ihUWVGw]VY¥��h�hk]VGn&w]ehghb&k]VGUWgBw�Z _ Z~UWw�Z~UWw]v ` VGk�� _ Z~ehk�UWw�Z&�hVGk]|GVGehbaZ�ihUWVGw]VYVGUWgªcamdgIZ~UWgLe7�
UWVGk]pWUWv ` VGw � ^mdgIZ~bdVGghw]oJVGcIZ~k]ehnD�7ihVGw]w]VGg n _ qsUWn _ pWV�«Dk]V��LehVGgh|�ihehk]v ` ihUWVl��ghVGk]bdUWV�ihVGk
VGUWghbdVGw�Z~k _a` p[Z~VGg ��pWVGcIZ~k]mdghVGg bdVGbdVG�JVGg UWw�Z R � _ ZYgLehg VGUWg�VGUWghbdVGw�Z~k _a` p[Z~VGwY��pWVGcIZ~k]mdg
bdVGg�^ehbdVGghi ��ghVGk]bdUWV���ehn VGUWg caVGk]ghg _a` VGw&��pWVGcIZ~k]mdg _ ehw VGUWghVGn §�k]md�JVGg7�°¥fZ~mdn |Ge
VGgIZ]\6VGk]ghVGg��
w]m VGgIZ~w�Z~V ` ZY�JVGU�ihVGk��lVGcamdn!�hUWg _ Z~UWmdg¦VGUWghVGw���pWVGcIZ~k]mdghw _ ehw�VGUWghVGk��-VGU��
Z~VGk�VGgIZ]\6VGk]gIZ~VGg �7v `D_ pWV _ es\�ihUWVGw]VGg�§�p _ Z~| _ ehv ` �lUWVGihVGk�VGUWg¦� ^mdgIZ~bdVGg��Le _ gIZ R S�UWVGw]V
�LZ~k _a` pWehghb!UWw�Zfv `D_ k]cIZ~VGk]UWw�Z~UWw]v ` \r^ehk J]VGihVGwl��pWVGn&VGgIZfehghiBVGk]|GVGehbaZ�w]mdn&U[Z-VGUWg ihUWw]cLk]Vr�
Z~VGwY� ^mdgIZ~bdVGghw]oJVGcIZ~k]ehnD� _ ehw�ihVGw]w]VGg X
UWghUWVGg¦n _ g¦�lUWVGihVGk _ es\ i _ w�VGgIZ~w]ohk]VGv ` VGghihV
��pWVGn&VGgIZY|Gehka^ehv cLw]v ` pWUWV � VGg c _ ghg R t-VGU�ihVGkYUWg�ihUWVGw]VGk(¥�k]�JVGU[Z��dVGk��-VGghihV�Z~VGg ��S����
¥�g _ p[�7w]V �lUWk]i ihUWV � ^mdgIZ~bdVGghw�Z~k _a` pWehghbªn&U[ZY��UWp[\6V VGUWghVGw �7U03X
U �N��S�V�Z~VGcIZ~mdk]w�bdVGn&VGw��
w]VGg R ¯°n ¯°ihV _ p[\ _ pWpabdUW�sZ
i _ w�� ^mdgIZ~bdVGg��Le _ gIZ�UWgYihVGk�X _ ihehghbdw�Z~k�^_ bdVGk��dVGk _ k]n!ehghbdw]|GmdghV
w]VGUWghVubdVGw _ n Z~V ��ghVGk]bdUWV _ �jehghi¦VGk]|GVGehbaZ�i _ ihehk]v ` VGUWghVu¥�gh| _a` p
�dmdg���pWVGcIZ~k]mdghVGg7�
X
m7v ` ��§ _d_ k]VGg��DihVGk]VGg¦��ghVGk]bdUWVYohk]m&§ _d_ k �sR � V�� UWw�Z R S�UWV�¥�gh| _a` p
ihUWVGw]VGklUWw�Zlw]mdn&U[Z
VGUWg z _ � \r^ehk�ihUWVl��ghVGk]bdUWVlihVGw�VGUWghbdV�\ _ pWpWVGghVGg � ^mdgIZ~bdVGg��Le _ gIZ~w R ¯°g&¥��h� R7Qa� UWw�Z�VGUWghV
��S����°¥�g _ p[�7w]V�ihVGk�§�k]md�JV�k �hR ��|Geuw]V ` VGg R ¥�ghbdVGk]VGbaZ
�lehk]ihV ` UWVGk
n&U[Z
VGUWghVGk���ghVGk]bdUWV
��pWVGcIZ~k]mdghVGghw�Z~k _a` pWVGwY�dmdg � � caV�� R S�UWV S _ k]w�Z~VGpWpWehghbB|GVGUWbaZYihUWV v `D_ k _ cIZ~VGk]UWw�Z~UWw]v ` VGg



� ����(�������l���}	®���l���7����� ����� � ���������	�f��� �I�
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Probe r4.1
Ba L(a)

4,467
Y L(a)

1,922

Cu K(b)

8,904Ba L(g)

5,531

Ba L(b)

5,156

Ba L(b)

4,828

Cu L(a)

0,928

Cu K(a)

8,047

¥��h�hUWpWihehghb Qa� ��� 
��+����� "  �������5$�87 ��7A4%*>� 7 � �(E

X
UWghUWVGg \r^ehk ��Z]Z~k]UWehnD��t _ k]UWehn ehghi��(ehos\6VGk R S�UWV ¥�ghk]VGbdehghbdw�Z~UWV�\6VªUWw�Z n&U[Z VGUWghU��
bdVGg � n�bdk�^m � VGk _ pWw-ihUWV(«®UWpWn&ihUWv caV��7i R ` R VGw�n ^e � Z~VGg _ ehv ` ihUWV�v `D_ k _ cIZ~VGk]w]U[Z~UWw]v ` VGg
X
UWghUWVGgj�dmdg �LZ~k]mdgIZ~UWehn¬ehghi��U[Z _ g¦ihVGwY�7eh�hw�Z~k _ Z~VGw�|Ge�w]V ` VGg�w]VGUWg R S�UWV �7k£X6�� �N�
X
UWghUWV�pWUWVGbaZ�n&U[Z�� R � �d� caV�� UWg ihVGk�� X6�� �N��X
UWghUWV R ?(VGg _ ehw]muw]UWghi}ihUWV��U � �� � �®ehghi
�U � �� � ��X
UWghUWVGg��DihUWVu�JVGU �hRy� �
caV����h|�� RJ�hR �d� �
caV���pWUWVGbdVGg��£UWgjihVGg t _ X6�� � �fehghi
t _ X6�� � ��X
UWghUWVGg}VGgIZ `D_ p[Z~VGg R ¥�pWpWV�|Ge w]V ` VGghihVGg¦X
UWghUWVGg}w]UWghi w]mdn&U[Z-VGUWghihVGesZ~UWb ihVGn
«®UWpWn m7ihVGk��7eh�hw�Z~k _ Z�|Geh|Gehmdk]ihghVGg R ¥��h� R£Qdx |GVGUWbaZlVGUWghV(��S����°¥�g _ p[�7w]VYihVGkl§�k]md�JV
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Probe r6b

S K(a)

2,31

Cl K(a)

2,621

Ba L(a)

4,467
Y L(a)

1,922

Cu K(b)

8,904
Ba L(g)

5,531

Ba L(b)

5,156

Ba L(b)

4,828

Cu L(a)

0,928

Cu K(a)

8,047

¥��h�hUWpWihehghb Qdx ��� 
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k � � g _ v ` VGUWghVGk�ihVGk®VGk]w�Z~VGg!�VGn&oJVGk]ehghbdVGg R S�UWVGw]V�¥�es\6g _a` n&V��lehk]ihV-VG�JVGgs\ _ pWpWw�n&U[Z
VGUWghVGkl��ghVGk]bdUWV�ihVGwl��pWVGcIZ~k]mdghVGghw�Z~k _a` pWVGwf�dmdg � � caV�� bdVGn _ v ` Z R A�ehw�^_ Z~|GpWUWv ` |GeBihVGg
w]v ` mdg&�JVGc _ ghgIZ~VGg}X
UWghUWVGg!Z~k]V�Z~VGg ` UWVGk�VGUWghV��7v ` �-V�\6VGp � �� � ��ehghi&VGUWghV �-` pWmdk�� �� �N�
X
UWghUWV _ es\ R X
VGUWihVGk��lehk]ihV��dmdk ihVGk��VGn&oJVGk]ehghbuihUWVGw]VGk §�k]md�JVlcaVGUWghV���S����°¥�g _ p[�7w]V
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_ g¦ihUWVGw]VGk�§�k]md�JVYbdVGn _ v ` Z Rlz _ g¦c _ ghgjihVGw `D_ pW�¦ghUWv ` Z�n&U[Z _ �hw]mdpWesZ~VGk�t-VGw�Z~UWn&n Z��
` VGU[Z�w _ bdVGg��hi _ � ihUWVGw]VY«Dk]VGn&i _ Z~mdn&V�ihehk]v ` ihVGgª�VGn&oJVGk]ohk]md|GV � UWg ihVGgj«®UWpWn�VGUWg7�
bdVG� _ esZ��lehk]ihVGg�m7ihVGkl�dmdk ` VGk�w]v ` mdg¦�dmdk `D_ ghihVGg�� _ k]VGg R � _ v ` � ^ehv cLw]ohk _ v ` V n&U[Z
��VGk]k]g}S�k R ? R $ _ camd���IihVGn���VGk]w�Z~VGpWpWVGk�ihVGk�§�k]md�JVGg��I� _ k�|Ge&VGk�\ _a` k]VGg��Li _ � �7v ` �-Vr�
\6VGp _ ehv ` w]v ` mdg Z~VGUWp[�-VGUWw]Vj�JVGU�\6ka^e ` VGk]VGg ��VGk]w�Z~VGpWpWehghbdw]ohk]md|GVGw]w]VGg UWg ihVGg §�k]md�JVGg
bdV�\6ehghihVGgj�lehk]ihV R �-` pWmdk ` UWghbdVGbdVGgB�lehk]ihVughUWv ` Zl\6VGw�Z~bdVGw�Z~VGpWp[Z R ¯°gj¥��h� RJQa� UWw�Z�VGUWg
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«DmaZ~m ihVGwf� _ ghih�JVGk]VGUWv ` VGwfihVGkf§�k]md�JV�k � �}|Ge w]V ` VGg R S�UWVGw]V�¥�es\6g _a` n&Vl�lehk]ihV�n&U[Z
ihVGn � ^ehv cLw�Z~k]VGehVGpWVGcIZ~k]mdghVGg7��S�V�Z~VGcIZ~mdk&bdVGn _ v ` Z R S�UWVGw]V z V�Z ` m7ihVBUWw�Z �JVGw]mdghihVGk]w
md�JVGk 7�^_ v ` VGghVGn&os©DghihpWUWv ` R S�VGesZ~pWUWv ` w]UWghi ihUWV ` VGpWpWVGg w]UWv ` �dVGk�^_ w�Z~VGpWghihVGg t-VGk]VGUWv ` V
|Ge VGk]caVGghghVGg R ��UWghV \6mdcLehw]UWVGk�Z~V}��S����°¥�g _ p[�7w]V _ es\�VGUWghVGg w]mdpWv ` VGg t-VGk]VGUWv ` |GVGUWbaZ
VGUWghV _ pWpWVGwYihmdn&UWghUWVGk]VGghihV �-` pWmdk���X
UWghUWV R S�UWVGw]VGw!��k]bdVG�hghUWwY� _ k ihVGku¥�ghp _ � i _ \r^ehk��
i _ � _ � ihUWVGw]VGn@A�VGU[Z~ohehghcIZfihUWV�§�k]md�JVGg �dmdk J]VGihVGn¨�VGn&oJVGk]ohk]md|GV � UWg}VGUWghVGn¨¥�vGVr�
Z~mdgL� _ i bdVGk]VGUWghUWbaZ �lehk]ihVGg R S�UWV�UWg}¥��h� RhQa� bdVG|GVGUWbaZ~V���S����°¥�g _ p[�7w]V�w�Z _ n&n Z��dmdg

Energie [keV]

C
ou

nt
s

0 1 2 3 4 5 6 7 8 9 10
0

200

400

600

800

1000

Cu K(a)

8,904Ba L(g)

5,531

Ba L(b)

5,156

Ba L(b)

4,828

Y L(a)

1,922Cu L(a)

0,928

Ba L(a)

4,467Probe r5ann

Cu K(a)

8,047

¥��h�hUWpWihehghb Qa� ��� 
��+����� "  �������5$�87 ��7A4%*>� 7 � " ���



� ����(�������l���}	®���l���7����� ����� � ���������	�f��� ���

ihVGk�§�k]md�JV-k � _ ghg��aehghi!UWw�Z��lUWVGihVGk�n&U[Z�VGUWghVGk®��pWVGcIZ~k]mdghVGghw�Z~k _a` pWVGghVGk]bdUWV �dmdg � � caV��
_ es\6bdVGghmdn&n&VGg!�-mdk]ihVGg R S�VGk���pWVGcIZ~k]mdghVGghw�Z~k _a` ps� _ k��JVGUhihUWVGw]VGk�¥�es\6g _a` n&V _ es\JVGU��
ghV�ihVGk�cLpWVGUWghVGg � n!�°bdk]m � VGg ¥�ehw]w]v ` VGUWihehghbdVGg 9�7bdp R ¥��h� R7Qa� ��\6mdcLehw]UWVGk�Z R A�e&w]V ` VGg
UWw�Z(VGUWghV w�Z _ k]caV ¯°gIZ~VGghw]U[Z;^_ Z~w]|Gehg _a` n&V ihVGk��(ehos\6VGk���X
UWghUWVGg���� _ w(�JVGw�Z;^_ Z~UWbaZ&��i _ � VGw
w]UWv ` �JVGU�ihUWVGw]VGgª¥�ehw]w]v ` VGUWihehghbdVGg¦ehn@�(ehos\6VGk�����qsUWi `D_ ghihVGp[Z R A�ehw�^_ Z~|GpWUWv `B`D_ ZlihUWV
��Z]Z~k]UWehn ���h|�� R �LZ~k]mdgIZ~UWehn ��X
UWghUWVfw�Z _ k]c _ g&¯°gIZ~VGghw]U[Z;^_ ZfVGUWghbdVG��^e � Z R S _ VGw-w]UWv ` ehn
¥�ehw]w]v ` VGUWihehghbdVGg _ g&ihVGk ���JVGk 7�^_ v ` V�ihVGw «®UWpWn&VGw `D_ ghihVGp[Z&�Iw]mdk]bdVGg&ihUWVGw]VlV��dVGgIZ~ehVGpWp
i _ \r^ehk���i _ � ihVGk(��pWVGcIZ~k]mdghVGghw�Z~k _a` p®ihehk]v ` i _ w�|Gehw�^_ Z~|GpWUWv ` V z _ Z~VGk]U _ p
�-VGghUWbdVGk��dmdg
ihVGn �7eh�hw�Z~k _ Z _ ghk]VGbaZ R S�UWV �lVGiheh|GUWVGk]ehghb ihVGk(X
UWghUWVGg ` ^m ` VY� ^_ k]V!i _ n&U[Z _ es\�VGUWghV
¥��hg _a` n&V}ihVGw �LZ~k]mdgIZ~UWehn �°¥�gIZ~VGUWpWVGwY|Gehka^ehv cLbdV�\r^e ` k�Z R � n ihUWV&�VGn&oJVGk]ohk]md|GVGw]w]UWVr�
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k]ehghb n&U[Z-ihVGgªbdVGw�Z~VGUWbdVGk�Z~VGgª�lVGUWg ` VGU[Z~w]�JVGihUWghbdehghbdVGgB|Ge ^eh�JVGk�� _ v ` VGgª�lehk]ihV(g _ v `
UWghw]bdVGw _ n Z(�7UWVGkY�VGn&oJVGk]ohk]md|GVGw]w]VGg ghm7v ` n _ pWw(VGUWghV ��S����°¥�g _ p[�7w]V _ g ihVGku§�k]md�JV
k �hR �, � ihehk]v ` bdV�\r^e ` k�Z R S�UWVGw]VlUWw�Z-UWg&¥��h� R7� � |Ge}w]V ` VGg R S _ w ¥�g ` ^_ ghbdw]VGpJ � w�Z~V ` Z
\r^ehk ihUWV}¥�gh| _a` p-ihVGk _ g ihUWVGw]VGk!§�k]md�JV ihehk]v ` bdV�\r^e ` k�Z~VGg �VGn&oJVGk]ohk]md|GVGw]w]V R ¥�ehv `
UWg}ihUWVGw]VGk�S _ k]w�Z~VGpWpWehghbuUWw�Z-caVGUWg ¥�gh|GVGUWv ` VGgBn&V ` k \r^ehk VGUWghV(�7v ` �-V�\6VGp�� � �-` pWmdk��®m7ihVGk
w]mdghw�Z~UWbdV&��VGk]ehghk]VGUWghUWbdehghbj|Ge w]V ` VGg R ¥��h� R®� � UWw�Z i _ n&U[ZYg _a` VG|Ge UWihVGgIZ~UWw]v ` n&U[Z
¥��h� R�Qa�sR S _ n&U[ZYc _ ghg ihUWV}¥�ehw]w _ bdV}bdVGn _ v ` Z �-VGk]ihVGg���i _ � ihVGk!«®UWpWn ghUWv ` Z!UWg
w]VGUWghVGk�v ` VGn&UWw]v ` VGg
A�ehw _ n&n&VGghw]V�Z~|Gehghb �hn&U[Z-¥�ehw]g _a` n&V(ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw��
ihehk]v ` ihVGgj�VGn&oJVGk]ohk]md|GV � �JVGVGUWgIZ~k�^_ v ` Z~UWbaZl�lUWk]i R


,��� � �&���"!02���1 � ����� %(��� ������% �c)�' ��� 2 ���'�' �"!
��UWghVGg �-VGU[Z~VGk]VGg ��UWghihk]ehv c ^eh�JVGk ihUWV}t-VGw]v `D_ ��VGg ` VGU[Z!ihVGk ���JVGk 7�^_ v ` V ihVGk!«®UWpWn&V
|GVGUWbdVGg ihUWV \6mdpWbdVGghihVGg §�k]ma©DpWV R S�UWVGw]VB§�k]ma©DpWV �lehk]ihVGg n&U[Z VGUWghVGn w]mdbdVGg _ ghgIZ~VGg
¥�pWo `D_ w�Z~VGohoJVGk _ n z _ qL��§�p _ ghcd�°¯°ghw�Z~U[Z~esZ��N\r^ehk���§�mdp[�7n&VGk�\6mdk]w]v ` ehghb UWg z _ UWgh|�ihehk]v ` �
bdV�\r^e ` k�Z R S _ w ?(VGk�^_ Z�\]^_a` k�Z�i _ �JVGULn&U[Z
VGUWghVGk
\6VGUWghVGg z V � g _ ihVGp�^eh�JVGk�ihUWV-���JVGk 7�^_ v ` V
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ihVGk §�k]md�JV R S�UWV&¥�e 7�^mdw]ehghb�ihVGw �dVGk��-VGghihV�Z~VGg ¥�pWo `D_ w�Z~VGohoJVGk]w!�JV�Z~k�^_ baZ UWg ` mdk]U��
|GmdgIZ _ pWVGk��lUWv ` Z~ehghb}v _ R � � � n�ehghi�UWgª�dVGk�Z~UWc _ pWVGk��lUWv ` Z~ehghb}v _ R�Q�� ghn R ) UWVuw]UWv `
UWg � _ ohU[Z~VGp �sRyx bdVG|GVGUWbaZ `D_ Z&�LUWw�Z�ihUWV �(mdgI�dVGk]bdVGgh|�ihVGw z _ k]cam��I� z m7ihVGpWpWVGw w]m��lUWVlihVGk
¥��hw]mdpWesZ°�-VGk�Z�ihVGk®mdosZ~UWw]v ` VGg!X
VGU[Z]\]^_a` UWbdcaVGU[Z�w�Z _ k]c _ � ` ^_ ghbdUWbl�dmdg ihVGk�«®UWpWn&ihUWv caV�ihVGk
§�k]md�JVGg R!z U[ZY��UWp[\6VuihVGwY¥�pWo `D_ w�Z~VGohoJVGk]w(ehghi�VGUWghVGk�UWg�ihVGg «®UWpWn¬bdVI^_ |�Z~VGg �LZ~k]ehcd�
Z~ehk��Lc _ ghg�^eh�JVGk�ihVGg}�!^m ` VGgLehgIZ~VGk]w]v ` UWVGi&�dmdg&ihVGk ���JVGk]w]VGU[Z~VlihVGw�«®UWpWn&VGw®|Gehn �7eh�7�
w�Z~k _ Z�VGUWghVu¥�ehw]w _ bdVj^eh�JVGk�ihUWVu«®UWpWn&ihUWv caV(bdVGn _ v ` Z��-VGk]ihVGg R ¥�pWw��LZ~k]ehcIZ~ehkl�lehk]ihV
` UWVGk]|Ge VGUWg�w]v ` n _ pWVGkYt-VGk]VGUWv ` ihVGwu«®UWpWn&VGw���n&U[Z(��UWp[\6V VGUWghVGk�UWn ��VGk ` ^_ p[Z~ghUWw!���[� � �
n&U[Z ) _ w]w]VGk �dVGk]i�^ehghgIZ~VGg § ` mdw]o ` mdk]w�^_ ehk]V=� �a� ���-�hUWw _ es\�i _ w}�7eh�hw�Z~k _ Z}VGgIZ]\6VGk]gIZ R
¥��h� R£� �Y|GVGUWbaZlVGUWgj§�k]ma©Dp �LehVGk ^eh�JVGklihUWV(bdVI^_ |�Z~V �LZ~k]ehcIZ~ehklihVGk�§�k]md�JVYk � _ ghg R S�UWV
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ihehk]v ` ihUWV ) _ v ` w�Z~ehn&w]k _ Z~V ehghi ihUWV �7ohesZ]Z~VGk]|GVGU[ZY�JVGw�Z~UWn&n Z~V!«®UWpWn&ihUWv caV �JV�Z~k�^_ baZ
�=5 Q�� � ghn R ¥�es\�ihVGkuqL�°¥�v ` w]VªUWw�Z!ihUWV ` mdk]UW|GmdgIZ _ pWV �lUWv ` Z~ehghb�ehghi _ es\�ihVGk �I�
¥�v ` w]V�ihUWV��!^m ` VGg�^_ ghihVGk]ehghb!ihVGw-§�k]ma©DpWw _ es\6bdV�Z~k _ bdVGg R S _ �JVGUDUWw�Z |Ge}�JVGka^ehv cLw]UWv ` Z~U��
bdVGg��Ii _ � ihUWVf��UWg ` VGU[Z�UWg �I���lUWv ` Z~ehghb(ghn ehghi UWguqL���lUWv ` Z~ehghb � n UWw�Z R S�VGesZ~pWUWv ` |Ge
w]V ` VGg UWw�Z�ihVGk��!^m ` VGgLehgIZ~VGk]w]v ` UWVGi!|��lUWw]v ` VGg!«®UWpWn ehghi!�7eh�hw�Z~k _ Z R t-V _ v ` Z~pWUWv ` i _ �JVGU
UWw�Z&�Di _ � ihUWVu� _ ehUWbdcaVGU[ZlihVGk�«®UWpWn&md�JVGk 7�^_ v ` V(n&U[Z � xd� ghn¬UWgªihVGk�w]VGpW�JVGg
?(k�^m � VGg7�
mdk]ihgLehghb �lUWV�ihUWV�«®UWpWn&ihUWv caVlpWUWVGbaZ R ¯°g}ihVGkfbdVI^_ |�Z~VGg}��VGk�Z~UWV�\6ehghb �JVGUJV�Z°� _ � � � � � n
UWw�Z�ghm7v ` VGUWghV�ihVGesZ~pWUWv ` V ��k ` VG�hehghb�|Geuw]V ` VGg R S�UWVGw]V�UWw�Z�ihehk]v ` ihUWV ^¥�|Gohk]md|GVGihehk��JVr�
ihUWghbaZ R A�ehk��LZ~k]ehcIZ~ehk]UWVGk]ehghb��lehk]ihVfihVGk�«®UWpWn n&U[Z�«DmaZ~mdp _ v c ��ihVGk®n&U[Z®VGUWghVGn §�UWghw]VGp
_ es\6bdV�Z~k _ bdVGgj�lehk]ihV��£�hUWw _ es\�ihUWVY|Ge ^_ |GVGghihV!�LZ~VGpWpWV(�dVGk]w]UWVGbdVGp[Z R S _ �JVGU�UWw�Z�w�Z~VGpWpWVGg7�
�-VGUWw]V _ ehv ` V�Z°� _ wY§ ` maZ~mdp _ v c �J�JVGihUWghbaZ�ihehk]v ` _ �hw�Z~V ` VGghihV t-mdk]w�Z~VGg�ihVGw(§�UWghw]VGpWw��
_ es\®VGUWghVGgªcLpWVGUWghVGgª�VGUWp�ihVGwl|Ge ^_ |GVGghihVGg¦t-VGk]VGUWv ` bdVGcamdn&n&VGgªehghi `D_ ZlihUWVGw]VGgji _ �
n&U[Z��dmdk�ihVGk _ ghw]v ` pWUWV � VGghi _ es\6bdVG�hk _ v ` Z~VGg�§ ` mdw]o ` mdk]w�^_ ehk]VubdVGw]v ` ^esZ~|�Z&��w]m&i _ � _ g
ihVGk��LZ~VGpWpWV��JVGU�� � � � � n�UWg}¥��h� Rs� ��ihVGkf«®UWpWn g _a` VG|GeBVGk `D_ p[Z~VGg}�hpWUWVG� R � _ v ` ihVGn^¥�|GVGg��lehk]ihV ihVGk�§ ` maZ~mdp _ v cB�lUWVGihVGk�n&U[Z�¥�|GV�Z~mdg¦VGgIZ]\6VGk]gIZ R S _ w��7eh�hw�Z~k _ Z�w]VGpW�hw�Z
`D_ Z�p _ esZ���VGk]w�Z~VGpWpWVGk _ ghb _ �JVGgªihVGk�«®UWk]n _ � k��7w�Z _ p � �d� ��VGUWghVu� _ ehUWbdcaVGU[ZlcLpWVGUWghVGk _ pWw
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� ��ghn R � n _ ehw(¥��h� R
� � VGUWghV ¥��hw]v ` ^_ Z~|Gehghb¦ihVGkY«®UWpWn&ihUWv caV |Ge n _ v ` VGg����lehk��
ihV ^eh�JVGkYihUWV!bdVGw _ n Z~V&� _ ehUWbdcaVGU[Z(ihVGwu«®UWpWn&VGw�bdVGn&U[Z]Z~VGp[Z R ¥�pWwY�lV�\6VGk]VGgh|GohehghcIZ!|Ge
ihUWVGw]VGn z U[Z]Z~VGp[�-VGk�Zu�lehk]ihV}VGUWghV�?(VGk _ ihV&UWg ihVGk!�!^_a` V&ihVGw ehgIZ~VGk]VGg � _ ghihVGw ihVGk
bdVI^_ |�Z~VGg �LZ~k]ehcIZ~ehk�bdVGpWVGbaZ&�Di _ ihUWV z U[Z]Z~VGp[�-VGk�Z~�hUWpWihehghb _ es\6bdk]ehghi¦ihVGw�w�Z~VGpWpWVGgI�-VGUWw]V
ghm7v ` �dmdk `D_ ghihVGghVGg}«®UWpWn&VGw ` UWVGk®ghUWv ` Z�w]UWghgI�dmdpWpsUWw�Z R S�UWV ?(VGk _ ihV-�lehk]ihV _ pWpWVGk]ihUWghbdw
_ ehv ` ghUWv ` Z _ es\
ihVGg}ghUWVGihk]UWbdw�Z~VGg}§�ehghcIZfbdVGpWVGbaZ&�Ii _ w]UWv ` n�^mdbdpWUWv ` VGk��-VGUWw]V�ihUWV��7ohU[Z��
|GVlihVGw z V � bdVGk�^_ Z~VGw�ihehk]v ` ihVGg w]v `D_ k�\6VGg}¥��s\ _ pWp _ n «®UWpWn&k _ ghi V�Z°� _ w�UWghw �7eh�hw�Z~k _ Z
�dVGk�Z~UWV�\9Z `D_ Z R ¥�ehw�ihVGk S�U[��VGk]VGgh|�ihUWVGw]VGk��JVGUWihVGg ) VGk�Z~VlVGk]bdUW�sZ�w]UWv ` VGUWghVl«®UWpWn&ihUWv caV
�dmdg v _ R �
5 � � � ghn R ) UWV n _ g UWg ihVGg VGk]w�Z~VGg z V � VGk]bdVG�hghUWw]w]VGg _ g ihVGk §�k]md�JV
k � �¦�JVGk]VGU[Z~wlw]V ` VGg�camdghgIZ~V�� `D_ Z�w]UWv ` ihUWV��(mdgI�dVGk]bdVGgh| ihVGw z _ k]cam��I� z m7ihVGpWpWVGw�n&U[Z
|GehghV ` n&VGghihVGkª«®UWpWn&ihUWv caVª�dVGk]�JVGw]w]VGk�Z R S�UWV z V � VGk]bdVG�hghUWw]w]V�ihVGw ¥�pWo `D_ w�Z~VGohoJVGk]w
w]UWghi¦gLehg¦VGUWgª�-VGU[Z~VGk]VGw�¯°ghihUW|Yi _ \r^ehk��£i _ � ihUWVu«®UWpWn&ihUWv caV(bdk�^m � VGklUWw�Z _ pWwlihUWVYihehk]v `
ihVGg �7ohesZ]Z~VGk]ohk]md|GV � _ �hbdVGw]v ` ^_ Z~|�Z~V R ¥�ehv ` ihUWV \6mdpWbdVGghihV z VGw]w]ehghb _ g ihVGk §�k]md�JV
k � ���JVGw�Z;^_ Z~UWbaZ-ihUWVGw]VGw R ¥��h� Rs�IQ |GVGUWbaZ-i _ wf¥�pWo `D_ w�Z~VGohoJVGk]ohk]ma©Dp�ihVGkf§�k]md�JV�k � ��n&U[Z
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ihVGkYghmdn&UWghVGpWpWVGg�«®UWpWn&ihUWv caVu�dmdg �>5 � ��� ghn R S�UWV ���JVGk 7�^_ v ` VGghk _ ehUWbdcaVGU[ZuihUWVGw]VGk
§�k]md�JV-UWw�Z®n&U[Z�v _ R � ��� ghn¡VGk ` VG�hpWUWv ` �JVGw]w]VGk _ pWw�ihUWV ihVGk��dmdk _ ghbdVGb _ ghbdVGghVGg §�k]md�JV R
S�UWVGw]VGw���k]bdVG�hghUWwl�lUWk]i _ ehv ` ihehk]v ` ihUWVubdesZ~V �(mdgI�dVGk]bdVGgh| ihVGw z _ k]cam��I� z m7ihVGpWpWVGw
\r^ehk z V � �-VGk�Z~V ihUWVGw]VGk!§�k]md�JV}�JVGw�Z;^_ Z~UWbaZ R ��UWghV}¥��hw]v ` ^_ Z~|Gehghb ihVGk!«®UWpWn&ihUWv caV _ es\
ihUWV bdpWVGUWv ` V�) VGUWw]V����lUWV �JVGU�ihVGk(�dmdk _ ghbdVGb _ ghbdVGghVGg §�k]md�JV k � _ ghg���VGk]bdUW�sZ(�lUWVGihVGk
v _ R ��5 � � � ghn R
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) UWV w]v ` mdg UWg � _ ohU[Z~VGp Q7Ry� VGk�� ^_a` gIZ&�dc _ ghguihVGk�� _ ehVGk]w�Z~ma��bdV `D_ p[Z�UWg(�Yt _a��� eh�������7�
UWg VGUWghVGn t-VGk]VGUWv ` � �@B � �B� _ k]UWUWVGk�Z!�-VGk]ihVGg R ?(k]ehghihpWVGbdVGghi ` UWVGk�\r^ehk UWw�Z ihUWV
¥�� ` ^_ ghbdUWbdcaVGU[Z-ihVGw ?(pWVGUWv ` bdV��lUWv ` Z~VGw-ihVGk�� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg UWg �Yt � � �dmdg
ihVGkY�VGn&oJVGk _ Z~ehk(ehghi ihVGn � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c¦UWg�ihVGk � n&bdVG�hehghbªihVGw��(k]U��
w�Z _ pWpWVGwD� � � R ¯°g ¥��h� R��d� UWw�Z ihUWVGw]Vª¥�� ` ^_ ghbdUWbdcaVGU[Z i _ k]bdVGw�Z~VGpWp[Z R ¥�es\6bdV�Z~k _ bdVGg UWw�Z
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ihVGk(\6ehghcIZ~UWmdg _ pWV A�ehw _ n&n&VGg `D_ ghb#- k�� B � ���_ B1�0��bdVGbdVGg ihUWV �VGn&oJVGk _ Z~ehk����-md�JVGU
B \r^ehk ihUWVª� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg UWg �Yt � � w�Z~V ` Z R S�UWV VGUWghbdVG|GVGUWv ` ghV�Z~VGg X
U��
ghUWVGg w�Z~VGpWpWVGg ihUWVj¯°w]md� _ k]VGg bdpWVGUWv ` VGg � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw}i _ k R A�ehw�^_ Z~|GpWUWv `
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UWw�Z}ghm7v ` n&U[Z&ihVGk}bdVGw�Z~k]UWv ` VGp[Z~VGg X
UWghUWVªihVGk!?(k]VGgh|G�JVGk]VGUWv ` |��lUWw]v ` VGg Z~V�Z~k _ bdmdg _ �
pWVGk ehghi mdk�Z ` mdk]mdn!�hUWw]v ` VGk}�LZ~k]ehcIZ~ehk}VGUWghbdVG|GVGUWv ` ghV�Z R ¥�g ihVGk&md�JVGk]VGg ¥�v ` w]V�UWw�Z
ihUWV�?(pWVGUWv ` bdV��lUWv ` Z~w]w _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg�UWg#B _ es\6bdV�Z~k _ bdVGg R ¯°n¬pWUWghcaVGg¦ehgIZ~Vr�
k]VGg t-UWpWihk _ ghi¦UWw�Z(VG�JVGgs\ _ pWpWw�n&U[Z�VGUWghVGk�bdVGw�Z~k]UWv ` VGp[Z~VGg X
UWghUWVuihUWV �LZ _ �hUWpWU[Z;^_ Z~w]bdk]VGgh|GV
�dmdg �Yt � � i _ k]bdVGw�Z~VGpWp[Z&�lmd�JVGk `D_ pW� �-VGpWv ` VGkªw]UWv ` ihVGk!�(k]UWw�Z _ pWp�|GVGk]w]V�Z~|�Z R ^� �JVGk
ihUWV�S _ ehVGk-n&U[Z ihVGk-w]UWv ` ihUWV�?(pWVGUWv ` bdV��lUWv ` Z~w]w _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdgª�JVGUJihVGgBbdVr�
bdVG�JVGghVGg § _ k _ n&V�Z~VGk]g UWg ihVGk §�k]md�JV&VGUWghw�Z~VGpWp[Z&���lUWk]i UWg ¥��h� R��d� caVGUWghV&¥�ehw]w _ bdV
bdVGn _ v ` Z R ^� �JVGk�ihUWV�S��7g _ n&UWcYihVGk � _ ehVGk]w�Z~ma��ihmaZ~UWVGk]ehghb(ehghi i _ n&U[Z�^eh�JVGk�ihUWV�S�U[\ �
\6ehw]UWmdghw]camdghw�Z _ gIZ~VuUWw�Zl�hUWw ` VGk�gLehk��-VGghUWb&�JVGc _ ghgIZ R ��wlVrqsUWw�Z~UWVGk]VGgªVGUWghUWbdV�¥�k]�JVGU[Z~VGg
|Gehk(t-VGw�Z~UWn&n!ehghb}ihVGk(S�U[��ehw]UWmdghw]camdghw�Z _ gIZ~V �9 ��� _ gj�Yt � ������UWghcLk]UWw�Z _ pWpWVGg¦ehghi
�Yt � ��� �(VGk _ n&UWcaVGg��®ihUWVGw]V&� _ k]UWUWVGk�Z _ �JVGk UWg ihVGg �dVGk]w]v ` UWVGihVGghVGg ¥�k]�JVGU[Z~VGg ehn �
?(k�^m � VGghmdk]ihgLehghbdVGg�\r^ehk(ihUWV!��UWghcLk]UWw�Z _ pWpWV ehghi n&V ` k _ pWw � ?(k�^m � VGghmdk]ihgLehghbdVGg�\r^ehk
ihUWV��(VGk _ n&UWcaVGg;� � � � R S�UWVGw]V � _ k]U _ Z~UWmdg��lUWk]i _ es\fihUWV&ehgIZ~VGk]w]v ` UWVGihpWUWv ` V���e _ pWU[Z;^_ Z
ihVGk��dVGk��-VGghihV�Z~VGg §�k]md�JVGg |Gehka^ehv cLbdV�\r^e ` k�Z R � ghk]VGbdVGpWn�^_ � UWbdcaVGU[Z~VGg��d«DV ` pWw�Z~VGpWpWVGg!ehghi
��VGk]ehghk]VGUWghUWbdehghbdVGg w]mdpWpWVGg�i _ �JVGU�ihUWV S�U[��ehw]UWmdg��JVGb�^ehghw�Z~UWbdVGg R ¯°g _ pWpWVGg�¥�k]�JVGU[Z~VGg
�lUWk]i ihUWV¦¥�ghg _a` n&V�bdVGn _ v ` Z&�li _ � ihUWV�S�U[��ehw]UWmdg UWg vr���lUWv ` Z~ehghb ehn n&V ` k]VGk]V
?(k�^m � VGghmdk]ihgLehghbdVGg p _ ghbdw _ n&VGk�UWw�Z&�
w]mªi _ � ihUWVGw]V!�dVGk]g _ v ` p°^_ w]w]UWbaZ(�lUWk]i R z U[ZY��UWp��
\6VB�dmdg;?(pWb R  �a� � c _ ghg VGUWghVªVGk]w�Z~Vª¥��hw]v ` ^_ Z~|Gehghb \r^ehk ihUWVB�VGn&oJVGk]|GVGU[Z bdVGn _ v ` Z
�-VGk]ihVGg �
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� E!ehghi � 	 w]UWghi i _ �JVGU�ihUWV&¥�gs\ _ ghbdw���ehghi ihUWV&��ghihw _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdghVGg�� �
ihUWV&t-k]VGU[Z~V ihVGku§�k]md�JV&ehghi �9 ����ihUWV �dmdg ihVGkY�VGn&oJVGk _ Z~ehk _ � ` ^_ ghbdUWbdV S�U[��ehw]U��
mdghw]camdghw�Z _ gIZ~V R t-VGU�VGUWghVGkf§�k]md�JV�n&U[Z-VGUWghVGk ?(k�^m � V��dmdg � / �	� � / � vGn � � _ k]UWUWVGk�Z-ihUWV
�VGn&oJVGk]|GVGU[Z®\r^ehk®ihUWV �dVGk]w]v ` UWVGihVGghVGg}S�U[��ehw]UWmdghw]camdghw�Z _ gIZ~VGg��Iehn w]UWv ` | R t R �dmdg!ihVGn
¥�ehw]b _ ghbdw]|Gehw�Z _ ghi B�5 �}ihVGn ��ghih|Gehw�Z _ ghi=B;5 � / � �hUWw _ es\Y� ��	 |Ge g�^_a` VGk]g��
�dmdg �d��z UWgLesZ~VGgY�hUWw � �
 _ bdV R S�UWVGw]V�¥��hw]v ` ^_ Z~|Gehghb��lehk]ihV�n&U[Z�ihVGguS�U[��ehw]UWmdghw]camdg7�
w�Z _ gIZ~VGg ihVGkY��UWghcLk]UWw�Z _ pWpWV bdVGn _ v ` Z R S�UWVGw]V!� _ k _ k]UWUWVGk]VGg�i _ �JVGU�UWg�VGUWghVGn t-VGk]VGUWv `
�dmdg � � T � � vGn � � w � � S86 � � � � T < � vGn � � w �6� � � � R

����� �;�"! � �%(' �"! � ����� � �
z U[Z}VGUWghVGk&¥�oho _ k _ Z~ehk��fihUWVjVGUWg bdVG|GUWVGp[Z~VGw}��UWghw�Z~VGpWpWVGg ihVGk&�VGn&oJVGk _ Z~ehk}ehghi ihVGw
� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw�VGk]n�^mdbdpWUWv ` Z&�Dc _ ghg�VGUWg¦�JVGw�Z~UWn&n Z~VGk Bh� ) VGk�Z�VGUWghbdVGw�Z~VGpWp[Z
�-VGk]ihVGg R ?(k]ehghihw�^_ Z~|GpWUWv ` bdUW�sZ VGw |��-VGU �dVGk]w]v ` UWVGihVGghV z ^mdbdpWUWv ` caVGU[Z~VGg ihVGg � _ ehVGk��
w�Z~ma��o _ k�Z~U _ pWihk]ehv c |Ge � _ k]UWUWVGk]VGg R A�ehn ��UWghVGg �dVGk�^_ ghihVGk�Zªw]UWv ` ihehk]v ` � _ k]U _ Z~UWmdg
ihVGw�?(VGw _ n Z~ihk]ehv caVGw _ ehv ` ihVGk}� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c ehghi |�� _ k&ohk]mdoJmdk�Z~UWmdg _ p
|Ge ihUWVGw]VGn R S _ V ` VGk}ghUWVGihk]UWbdVGk]VjS�k]ehv caV _ ghbdVGw�Z~k]VG�sZ}�-VGk]ihVGg��lc _ ghg ihUWVGw ^eh�JVGk
VGUWghV�� _ cLehehn&ohehn&oJV�VGk]k]VGUWv ` Z��-VGk]ihVGg R S�UWV _ ghihVGk]V z ^mdbdpWUWv ` caVGU[Z��JVGw�Z~V ` Z-UWg VGUWghVGk
ihUWk]VGcIZ~VGg � _ k]U _ Z~UWmdg ihVGw&� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw ehgIZ~VGk ��mdk]n _ pWihk]ehv c R S _ �JVGU
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�lUWk]i}i _ w z UWw]v ` ehghbdw��dVGk ` ^_ p[Z~ghUWwf|��lUWw]v ` VGgBVGUWghVGn ��ihVGpWb _ w��7| R t R ¥�k]bdmdg��7ehghiª� _ e7�
VGk]w�Z~ma�jbdVI^_ ghihVGk�Z R S�UWV�¥�oho _ k _ Z~ehk��LihUWVlUWg&ihUWVGw]VGk�¥�k]�JVGU[Z�\r^ehk��JVGUWihV z ^mdbdpWUWv ` caVGU[Z~VGg
�dVGk��-VGghihV�Z �lehk]ihV���UWw�Z UWg ¥��h� R®�a� i _ k]bdVGw�Z~VGpWp[Z R S�VGk �lm ` k]ma\6VGg �JVGw�Z~V ` Z _ ehwuVGU��
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+
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Masseflußregler

Masseflußsteuerung

Rohrofen
Quarzrohr

Ventil

Nanovoltmeter

Temperaturregler

Tyrotakt

Thermoelement

ThermoelementProbe

AlO -Träger3
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ghVGn �(VGk _ n&UWcd����m ` pW|��7pWUWghihVGk��lihVGkªn&U[ZBVGUWghVGn ��VGUW|Gihk _a` Zjehn �lUWv caVGp[ZjUWw�Z R ¥�es\
ihVGkf¥�e � VGghw]VGU[Z~V�UWw�Z-ihUWVGw]VGk-n&U[Z4?(p _ w��-mdpWpWVl|Gehk Z ` VGk]n&UWw]v ` VGg ¯°w]mdpWUWVGk]ehghb ehn&bdVG�JVGg��
ihUWV}�dmdg VGUWghVGn t-pWVGv ` n _ gIZ~VGp-bdV `D_ p[Z~VGg �lUWk]i R S�VGk ��VGUW|Gihk _a` Z!�lUWk]i ^eh�JVGk!VGUWghVGg
��7k]maZ _ cIZ&��ihVGk ^eh�JVGkBVGUWghVGg §�¯�S����lVGbdpWVGk}bdVGw�Z~VGehVGk�ZB�lUWk]i��ln&U[ZB�LZ~k]mdn �dVGk]w]mdk]baZ R
¥�pWw(�lV�\6VGk]VGgh|Gw]UWbdg _ p®�JVGgLesZ~|�Z(ihVGk(�lVGbdpWVGk�ihUWV  ` VGk]n&mdw]o _ ghgLehghbªVGUWghVGw(§�Z���§�Z � ` �
 ` VGk]n&m7VGpWVGn&VGgIZ~VGw R ^� �JVGk!VGUWg � _ ghm��dmdp[Z~n&V�Z~VGk c _ ghg ihUWV& ` VGk]n&mdw]o _ ghgLehghb bdVr�
n&VGw]w]VGg�ehghi¦n&U[Z���UWp[\6V(VGUWghVGk���UWv ` Z _ �JVGpWpWVYUWgª�VGn&oJVGk _ Z~ehk�ehn&bdVGk]VGv ` ghV�Z��-VGk]ihVGg R
¥�pWw�§�k]md�JVGghc _ n&n&VGk��sihUWV�UWgBihVGn �lm ` k]ma\6VGgBohp _ |GUWVGk�Z �lUWk]i��sihUWVGgIZ�VGUWg���e _ k]|Gk]m ` k��
i _ w�n&U[Z���UWp[\6VY�dmdg�w]oJVG|GUWVGpWp _ ghbdV�\6VGk�Z~UWbaZ~VGg�«®p _ ghw]v ` VGg¦� _ cLehehn ��ehghi ^eh�JVGk]ihk]ehv cd�
Z _ ehbdpWUWv ` �dVGk]w]v ` pWmdw]w]VGg �-VGk]ihVGg c _ ghg R ¯°g ihUWVGw]VGg «®p _ ghw]v ` VGg UWw�ZYVGUWghV VGpWVGcIZ~k]UWw]v ` V
S�ehk]v ` \r^e ` k]ehghb&\r^ehkli _ w� ` VGk]n&m7VGpWVGn&VGgIZ�UWgIZ~VGbdk]UWVGk�Z&�hi _ � \r^ehklihUWVY�VGn&oJVGk]ehghb&UWg7�
ghVGk `D_ pW� ihVGw ��e _ k]|Gk]m ` k]VGw ohp _ |GUWVGk�Z(�-VGk]ihVGg n!e � Z~V R A�ehihVGn UWw�Z i _ w;��e _ k]|Gk]m ` k
^eh�JVGk ihUWVl«®p _ ghw]v ` Vln&U[Z�|��-VGU£bdVGVGUWv ` Z~VGg z _ w]w]V 7De � k]VGbdpWVGk]g&�dVGk]�hehghihVGg��7�dmdg}ihVGghVGg
�lUWVGihVGk]ehn VGUWghVGk�n&U[Z�VGUWghVGk�k]VGUWghVGg�¥�k]bdmdghb _ w 7 _ w]v ` V ehghi�ihVGk _ ghihVGk]V!n&U[Z�VGUWghVGn
§�ka^es\6b _ w]bdVGn&UWw]v ` �dmdg ¥�k]bdmdgYehghi&�-§�k]mdn&UWpWpWV�� _ ehVGk]w�Z~ma� �dVGk]�hehghihVGg!UWw�Z R�z U[Z���UWp[\6V
ihUWVGw]VGk z _ w]w]V 7De � k]VGbdpWVGk��dihUWVY^eh�JVGk�VGUWg bdVGw]mdghihVGk�Z~VGw ?(VGk�^_ Z®bdVGw�Z~VGehVGk�Z®�-VGk]ihVGg��Ic _ ghg
ihehk]v ` � _ k]U _ Z~UWmdgjihVGkYS�ehk]v ` 7De � n&VGghbdVGg ihVGku� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv cjVGUWghbdVGw�Z~VGpWp[Z
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�-VGk]ihVGg R S _ w8? _ w]bdVGn&UWw]v ` ihehk]v ` w�Z~k�^mdn Z i _ �JVGU-i _ w+��e _ k]|Gk]m ` k!ehghi VGgIZ°�-VGUWv ` Z
ihUWVGw]VGn��lUWVGihVGku^eh�JVGk-ihVGg _ ghihVGk]VGgB«®p _ ghw]v ` �7ihVGk n&U[Z VGUWghVGn¨�7v ` p _ ehv ` �dVGk]�hehghihVGg
UWw�Z&��ihVGk w]UWv ` n&U[ZYihVGn _ ghihVGk]VGg ��ghihV}UWg VGUWghVGn S�U[��ehw]UWmdghw]ohehn&oJVGg�^mdp��JV�©DghihV�Z R
S�UWVGw]VGw&S�U[��ehw]UWmdghw]ohehn&oJVGg�^mdpfw]mdpWpfihUWVª� ^ehv cLihU[��ehw]UWmdg �dmdg � _ ehVGk]w�Z~ma� ehghi ) _ w��
w]VGk UWg ihUWVB§�k]md�JVGghc _ n&n&VGku�dVGk ` UWghihVGk]g R ) _a` p[�-VGUWw]VBc _ ghg _ g ihUWVGw]VGw ��ghihVBihVGw
��e _ k]|Gk]m ` k]VGwYw�Z _ Z]Z(ihVGku�7v ` p _ ehv `D_ ghmdk]ihgLehghb _ ehv ` VGUWghV!�ehk]�Jmdn&mdpWVGcLehp _ k]ohehn&oJV
_ ghbdVGw]v ` pWmdw]w]VGg¦�-VGk]ihVGg R

����� � �%(' �"! �&$�!0��� � ���2 � ��	2 ��
¥�n ¥�gs\ _ ghb VGUWghVGk}�VGn&oJVGk]ohk]md|GVGw]w]UWVGk]ehghb w�Z~V ` ZªUWn&n&VGk ihUWV¦�lVGUWghUWbdehghb ihVGk |Ge
Z~VGn&oJVGk]ghihVGg §�k]md�JV R S _ �JVGU `D_ ZBVGwªw]UWv ` _ pWw _ ehw]k]VGUWv ` VGghi VGk��lUWVGw]VGg���ihUWV §�k]m��
�JV \r^ehkªVGUWghUWbdV z UWgLesZ~VGg UWg VGUWghVGg t-VGv ` VGk¦n&U[ZB¥�vGV�Z~mdg |Ge bdVG�JVGg R A�ehw�^_ Z~|GpWUWv `
�lehk]ihVGg�n _ ghv ` V §�k]md�JVGg��£ihUWV(\r^ehk _ ghihVGk]V �®qsoJVGk]UWn&VGgIZ~Vun&U[ZlX
VGU[Z~w]UWpW�JVGk _ es\�§�k]m��
�JVGg `D_ p[Z~VGk]g _ es\6bdVGcLpWVG�sZl� _ k]VGg��£UWn � p[Z~k _ w]v `D_ pWpW� _ iBn&U[Z�¥�vGV�Z~mdg¦bdVGk]VGUWghUWbaZ R � _ v `
ihVGk��lVGUWghUWbdehghb ihVGkl§�k]md�JV(�lUWk]iªihUWVGw]V _ es\®VGUWghVGgjVG�JVGgs\ _ pWpWwfn&U[Zf¥�vGV�Z~mdgjbdVGk]VGUWghUWb��
Z~VGg ¥�pWehn&UWghUWehn&m,qsUWi7� �(VGk _ n&UWcIZ~k�^_ bdVGk�UWg!ihUWV z U[Z]Z~V-ihVGw ��e _ k]|Gk]m ` k]VGw�VGUWghbdVG�hk _ v ` Z R
¥�es\
bdpWVGUWv ` VGk��!^m ` V��JV�©DghihV�Z-w]UWv ` ihVGk z V � camdos\
ihVGw-§�Z���§�Z � ` �° ` VGk]n&m7VGpWVGn&VGgIZ~VGw R
� _ v ` ��UWgL�hk]UWghbdVGg ihVGk §�k]md�JV¦�lUWk]i i _ w���e _ k]|Gk]m ` k&�dVGk]w]v ` pWmdw]w]VGg ehghi J]V¦g _ v `
��mdk]bdV ` VGghw��-VGUWw]V�VGgIZ°�-VGihVGk-\r^ehk�VGUWghV��LZ~ehghihV�n&U[Z�VGUWghVGn��JVGw�Z~UWn&n Z~VGg�? _ w]bdVGn&UWw]v `
bdVGw]o�^ehp[Z&��i _ � ihVGn bdV�� ^ehghw]v ` Z~VGg � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c VGgIZ~w]ohk]UWv ` Z&�lm7ihVGk}n&U[Z
��UWp[\6V&ihVGw!�ehk]�Jmdohehn&ohw�Z _ ghihVGw _ es\lihVGg bdV�� ^ehghw]v ` Z~VGg�?(VGw _ n Z~ihk]ehv c V�� _ cLehUWVGk�Z R
� _ v ` ihVGn w]UWv ` i _ ghg¦UWn¬« _ pWpWV(ihVGk�¥�k]bdmdg 7DesZ~ehghb}VGUWg9?(pWVGUWv ` bdV��lUWv ` Z�ihVGw(� _ ehVGk��
w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw UWg&ihVGk-§�k]md�JVGghc _ n&n&VGk�VGUWghbdVGw�Z~VGpWp[Z `D_ Z&�I�lUWk]i&i _ ghg}ihVGkf��\6VGg
_ es\�ihUWV�bdV�� ^ehghw]v ` Z~Vu�VGn&oJVGk _ Z~ehkfbdVG�hk _ v ` Z R � _ v ` VGUWghVGkf�JVGw�Z~UWn&n Z~VGg#A�VGU[Z-ehgIZ~VGk
ihUWVGw]VGg t-VGihUWghbdehghbdVGg����lUWk]i ihUWVª§�k]md�JVGghc _ n&n&VGk!bdVI^ma��ghV�Z&��ihUWVB§�k]md�JV _ ehw ihVGn
��e _ k]|Gk]m ` kfbdVGghmdn&n&VGgBehghiBihehk]v ` VGUWghVGg#�(ehos\6VGk]�hpWm7v c � _ es\�ihVGgªw]UWV�bdVGpWVGbaZ-�lUWk]i��
_ �hbdVGc�^e ` p[Z R
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¯°g ihVGg \6mdpWbdVGghihVGg ¥��hw]v ` ghU[Z]Z~VGg �-VGk]ihVGg ihUWV ��k]bdVG�hghUWw]w]V |Gehkj��UWghw�Z~VGpWpWehghb ehghi
¥�g _ p[�7w]V ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw _ g ihVGn ��m7v ` Z~VGn&oJVGk _ Z~ehk]w]ehohk _ pWVGU[Z~VGk]w��7w�Z~VGn
�Yt _a��� eh�������7� ihUWw]cLesZ~UWVGk�Z&�;ihUWV�n&U[Z�ihVGg UWn �dmdk _ ghbdVGb _ ghbdVGghVGg �JVGw]v ` k]UWVG�JVGghVGg!�JVGU��
ihVGgj¥�oho _ k _ Z~ehk]VGgjVGk]|GUWVGp[Zf�lehk]ihVGg R S _ �JVGU��JVGw]v ` k�^_ ghcaVGg¦w]UWv ` ihUWV(��k]bdVG�hghUWw]w]V _ es\
z VGw]w]ehghbdVGg _ g �Yt � ����S ^ehghgs©DpWn&VGg R ¥�pWpWVjmdosZ~UWw]v ` VGg z VGw]w]ehghbdVGg �lehk]ihVGg �JVGU
A�UWn&n&VGk�Z~VGn&oJVGk _ Z~ehk-ihehk]v ` bdV�\r^e ` k�Z R
) UWVfw]v ` mdg&VGk�� ^_a` gIZ��lehk]ihV��LUWw�Z��JVGUhihVGg �VGn&oJVGk]ohk]md|GVGw]w]UWVGk]ehghbdVGg _ es\�� _ eh�JVGk]caVGU[Z
ihVGk�§�k]md�JVGg |Ge _ v ` Z~VGg��Ii _ n&U[Z®w]UWv ` ihehk]v ` ihVGg �VGn&oJVGk]ohk]md|GV � caVGUWghV�|Gehw�^_ Z~|GpWUWv ` VGg
«Dk]VGn&i _ Z~mdn&V UWg ihVGg «®UWpWn VGUWgL� _ ehVGg R A�e ihUWVGw]VGn AJ�-VGv c��lehk]ihV&ihUWV&§�k]md�JV �JVGU
ihVGg \6mdpWbdVGghihVGg §�k]md|GVGw]w]UWVGk]ehghbdVGg ghm7v ` |Gehw�^_ Z~|GpWUWv ` �dmdg �7UWVGk �Yt � ��� �(VGk _ n&UWcaVGg
ehn&bdVG�JVGg R S�UWVGw]V �(VGk _ n&UWcaVGgjw]mdpWpWVGg _ pWwl¥��hw]mdk]�JVGk�\r^ehklV��dVGgIZ~ehVGpWpWV!�lVGw�Z]�dVGk]ehghk]VGU��
ghUWbdehghbdVGg��sihUWV _ ehwfihVGg>? _ w]bdVGn&UWw]v ` VGg��sihVGgD�(ehos\6VGk]|GehpWVGU[Z~ehghbdVGg��sihVGgj«®p _ ghw]v ` VGg
m7ihVGk&ihVGn ��e _ k]|Gk]m ` k&w�Z _ n&n&VGg��-ihUWVGghVGg R ¥�pWpWVj��UWp[\6w]n _ Z~VGk]U _ pWUWVGg���ihUWVjw]UWv ` �JVGU
ihVGg �VGn&oJVGk]ohk]md|GVGw]w]VGg UWghghVGk `D_ pW� ihVGw §�k]md�JVGghc _ n&n&VGk]w��7w�Z~VGn&VGw!�JV�©DghihVGg���w]UWghi
|Ges�dmdk-n&U[Z�¥�vGV�Z~mdg bdVGk]VGUWghUWbaZ��-mdk]ihVGg R � n�ihUWV�k]VGw�Z~pWUWv ` VGg&��VGk]w]v ` n!esZ~|GehghbdVGg��hihUWV
�JVGU ` ^m ` VGk]VGg �VGn&oJVGk _ Z~ehk]VGg ghm7v ` _ ehw]b _ w]VGg c�^mdghghVGg�� _ es\ VGUWg z UWghUWn!ehn |Ge��JVr�
w]v ` k�^_ ghcaVGg����lehk]ihV i _ w ��e _ k]|Gk]m ` k��dmdk(ihVGn VGk]w�Z~VGg �VGn&oJVGk]ohk]md|GV � m ` ghV §�k]md�JV
_ es\�VGUWghV��VGn&oJVGk _ Z~ehk-�dmdgB�5 x�� � � � bdVG�hk _ v ` ZlehghiBn&U[Zf��UWp[\6V�VGUWghVGkf�ehk]�Jmdn&m��
pWVGcLehp _ k]ohehn&oJV _ es\®VGUWghVGg¦S�k]ehv c}�dmdg � � T � n!� _ k�V�� _ cLehUWVGk�Z R S _ w��L�7w�Z~VGn �lehk]ihV
ehgIZ~VGk-ihUWVGw]VGg t-VGihUWghbdehghbdVGg}\r^ehkl� Q �LZ~ehghihVGg ehgIZ~VGk-w�Z;^_ ghihUWbdVGn t-V�Z~k]UWVG�}ihVGk-§�ehn �
oJVY�JVGp _ w]w]VGg R
«�^ehk�ihVGg�VGk]w�Z~VGg �VGn&oJVGk]ohk]md|GV � _ g�ihVGk(§�k]md�JV!k �hR � �lehk]ihV ihUWVGw]V UWg�VGUWghVGn ¥�vGVr�
Z~mdgL� _ i bdVGk]VGUWghUWbaZBehghi i _ g _ v ` UWg ihUWV §�k]md�JVGghc _ n&n&VGkBihVGkB¥�oho _ k _ Z~ehkªVGUWghbdVr�
�hk _ v ` Z R ¥�ghw]v ` pWUWV � VGghi �lehk]ihV ihUWV §�k]md�JVGghc _ n&n&VGkj\r^ehk Q �LZ~ehghihVGg n&U[ZjihVGn
¥�k]bdmdg7��� _ ehVGk]w�Z~ma�£� ?(VGn&UWw]v `  �d�sR ��	 ¥�k]bdmdg ehghi �sR � 	 � _ ehVGk]w�Z~ma�6���JVGU VGUWghVGk
S�ehk]v ` 7De � k _ Z~V&�dmdg Q�� � vGn � � n&UWg bdVGw]o�^ehp[Z R S�UWVGw]VGw�? _ w]bdVGn&UWw]v ` `D_ Z ehgIZ~VGk ¥fZ��
n&mdw]o ` ^_ k]VGghihk]ehv cBVGUWghVGg¦� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c&�dmdg �Yn!� _ k R S�VGk��VGn&oJVGk _ Z~ehk��
k]VGbdpWVGk�ihVGw(�lm ` k]ma\6VGghw��lehk]ihV!i _ g _ v `�_ es\�VGUWghV �7mdpWp[Z~VGn&oJVGk _ Z~ehkf�dmdg��5 � � � � �
VGUWghbdVGw�Z~VGpWp[Z&��ihUWV UWghghVGk `D_ pW���dmdg �L�ªz UWgLesZ~VGg VGk]k]VGUWv ` ZY�lehk]ihV R S�UWVGw]V A�VGU[Z~w]o _ ghghV
�lUWk]ijUWgBihVGgj\6mdpWbdVGghihVGgª _ �JVGpWpWVGg _ pWw��
	������������������ �JVGw]v ` k]UWVG�JVGg R
S�UWV(\r^ehklihUWVY�VGn&oJVGk]ehghb}(�uehghi¦ � _ ghbdVGbdVG�JVGghVGg��VGn&oJVGk _ Z~ehk]VGg¦VGk]bdVG�JVGg¦w]UWv `
_ ehw(\6mdpWbdVGghihVGg t-V�Z~k _ v ` Z~ehghbdVGg R S _ w( ` VGk]n&m7VGpWVGn&VGgIZ `D_ ZYw]UWv ` |Gehn A�VGU[Z~ohehghcIZ
ihUWVGw]VGk z VGw]w]ehghbdVGg¦ghm7v `j_ e � VGk `D_ pW�BihVGw ��e _ k]|Gk]m ` k]VGw��h|��lUWw]v ` VGg ��e _ k]|Gk]m ` k�ehghi
�lm ` k]ma\6VGg��a�JV�\6ehghihVGg R ¥�es\6bdk]ehghi!ihVGk�w]v ` pWVGv ` Z~VGg ) ^_ k]n&VGpWVGU[Z]\]^_a` UWbdcaVGU[Z
ihVGw ��e _ k]|r�
k]m ` k]VGw�b _ � VGw J]VGihm7v ` VGUWghVGg!VGk ` VG�hpWUWv ` VGg!�VGn&oJVGk _ Z~ehk]bdk _ ihUWVGgIZ~VGg �dmdg ihVGk®¥�e � VGg7�
w]VGU[Z~V&ihVGw;��e _ k]|Gk]m ` k]VGwu|GehkY¯°ghghVGghw]VGU[Z~V��®w]mji _ � ihUWV �VGn&oJVGk _ Z~ehkYUWn ��e _ k]|Gk]m ` k
VGk ` VG�hpWUWv ` ghUWVGihk]UWbdVGk�� _ k�� _ pWwYn&U[ZYihVGn  ` VGk]n&m7VGpWVGn&VGgIZubdVGn&VGw]w]VGg �lehk]ihV R S�UWV
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pWV�Z~|�Z~VGghihpWUWv ` UWgªihVGgj _ �JVGpWpWVGg � ehghi � _ ghbdVGbdVG�JVGghVGg¦�VGn&oJVGk _ Z~ehk]VGgjw]UWghij�!^_a` Vr�
k]ehghbdVGg���ihUWV}w]UWv ` ihehk]v ` �7eh�sZ~k _ cIZ~UWmdg ihVGw ?(k _ ihUWVGgIZ~VGg �dmdg ihVGk Z _ Z~w�^_ v ` pWUWv ` bdVr�
n&VGw]w]VGghVGg �VGn&oJVGk _ Z~ehk&VGk]bdVG�JVGg R S�VGk&�VGn&oJVGk _ Z~ehk]bdk _ ihUWVGgIZ&�lehk]ihV¦UWg ihUWVGw]VGn
�VGn&oJVGk _ Z~ehk]�JVGk]VGUWv ` n&U[Z�v _ R � ��� � � _ ehw�VGUWghVGk z VGw]w]ehghb n&U[Z�VGUWghVGn  ` VGk]n&m7VGpWVr�
n&VGgIZBUWg ehghi VGUWghVGn  ` VGk]n&m7VGpWVGn&VGgIZ _ e � VGk `D_ pW� ihVGw���e _ k]|Gk]m ` k]VGw �JVGw�Z~UWn&n Z R
� n ihUWVGw]V � ghbdVGg _ ehUWbdcaVGU[Zl|Geª�JVGw]VGU[Z~UWbdVGg��s�lehk]ihV _ �ªihVGn �VGn&oJVGk]w]v ` k]U[Z]Z� � i _ w
 ` VGk]n&m7VGpWVGn&VGgIZ UWg&i _ w)��e _ k]|Gk]m ` k��LUWg&ehghn&U[Z]Z~VGpW� _ k]V � n&bdVG�hehghbu|Gehk-§�k]md�JV��7bdVr�
�hk _ v ` Z R S _ w�t-VGihVGesZ~V�Z�gLehgªi _ w�ihUWV(§�k]md�JV(k �hR �(�JVGU�ihVGk�VGk]w�Z~VGgj�VGn&oJVGk]ehghb (�

§�k]md�JV � k � /[��� k �hR �,(� �VGn&oJVGk _ Z~ehk � Qd��� � � �
¥�es\9� ^_ k]n&|GVGU[Z=� �L� n&UWg R §�� 	 � �
n!� _ k
�VGn&oJVGk]|GVGU[Z=� � ` ¥�ehw]b _ ghbdw�q � � � /[�
¥��hw]v ` k]VGv cL|GVGU[Z=� � � w ��k�� _ k�Z~V�Z~VGwlq � � � / �d�

 _ �JVGpWpWV � ���VGn&oJVGk]o _ k _ n&V�Z~VGk�ihVGk�§�k]md�JVYk �hR �,(�

�JVGU�VGUWghVGk��VGn&oJVGk _ Z~ehkl�dmdg¦�5 Qd��� � � ehghi¦VGUWghVGn � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c}�dmdg
§�� 	 5 ��n!� _ ku\r^ehk �¦�LZ~ehghihVB�JVGp _ w]w]VGg �lehk]ihV R S�UWVGw]VDA�VGU[Z~w]o _ ghghV}�lUWk]i UWg ihVGg
\6mdpWbdVGghihVGg  _ �JVGpWpWVGg _ pWw�� ����� ��� ������� �JVGw]v ` k]UWVG�JVGg R ¥�ghw]v ` pWUWV � VGghi¡�lehk]ihV i _ w
��e _ k]|Gk]m ` kuehgIZ~VGk _ g `D_ p[Z~VGghihVGn ? _ w 7De � bdVI^ma��ghV�Z&�®ihUWV&§�k]md�JV VGgIZ~ghmdn&n&VGg ehghi
_ es\�VGUWghVGn �(ehos\6VGk]�hpWm7v c _ �hbdVGc�^e ` p[Z R S�UWVGw]VGk���mdk]b _ ghb �7ihVGw]w]VGgDA�VGU[Z~w]o _ ghghV�UWg&ihVGg
\6mdpWbdVGghihVGg  _ �JVGpWpWVGg _ pWw ���
	��� � � ��� ������� �JVG|GVGUWv ` ghV�Z �lUWk]i��®i _ ehVGk�Z~V}�dmdg ihVGk ^���£�
gLehghb ihVGw���e _ k]|Gk]m ` k]VGwB�hUWw |Gehn%�(mdgIZ _ cIZBihVGkB§�k]md�JV�n&U[Z}ihVGn%�(ehos\6VGk]�hpWm7v c �
ihVGk�w]UWv ` _ es\ A�UWn&n&VGk�Z~VGn&oJVGk _ Z~ehk��JV�\ _ ghi���v _ R�� � w R S�UWVu�lUWv ` Z~UWbdw�Z~VGg�S _ Z~VGg�ihVGw
�VGn&oJVGk]ohk]md|GVGw]w]VGw!w]UWghi UWg ihVGkY _ �JVGpWpWV � |Gehw _ n&n&VGghbdV�\ _ � Z R S�UWV!¥�ehw]b _ ghbdw]w _ e7�
VGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg#B¦VGgIZ~w]ohk]UWv ` Z�i _ �JVGU�VGUWghVGn�ehghbdV�\]^_a` k]VGg!) VGk�Z&�DihVGgªn _ gBUWn
��VGk]bdpWVGUWv ` _ ehw!ihVGk _ g ihVGk §�k]md�JV}k �hR �BbdVGn&VGw]w]VGghVGg X
VGU[Z]\]^_a` UWbdcaVGU[Zu|Ge ihVGg �(ehk��
�dVGg _ ehw&¥��h� R Q VGk ` ^_ p[Z R S�VGg |Ge VGk�� _ k�Z~VGghihVGg�Bh� ) VGk�Z&VGk ` ^_ p[Z n _ g n&U[Z ��UWp[\6V
ihVGk-�JVGUWihVGg}� _ k]UWUWVGk�Z~VGg}§ _ k _ n&V�Z~VGk-�VGn&oJVGk _ Z~ehk ehghiª� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c ehghi
ihVGg UWg ¥��h� R �d� i _ k]bdVGw�Z~VGpWp[Z~VGg z VGw]w]ehghbdVGg R S�UWVª§�k]md�JVjk �hR �ª�lehk]ihV¦g _ v ` ihVGk
�VGn&oJVGk]ehghb�n&U[Z k �hR �,(�B�JVG|GVGUWv ` ghV�Z&���-md�JVGU-i _ w (�}\r^ehk!ihUWV}¥�gh| _a` pfihVGk!�VGn �
oJVGk]ehghbdVGg _ g ihUWVGw]VGk §�k]md�JV&w�Z~V ` Z R � _ v ` ihVGku�VGn&oJVGk]ehghbj�lehk]ihVGg �k _ ghw]n&UWw]w]U��
mdg ehghi �lV 7DVrqsUWmdg ihVGk}§�k]md�JVªk �hR �,(�ªUWn ?(U[Z]Z~VGk]w]oJVGcIZ~k]mdn&V�Z~VGk bdVGn&VGw]w]VGg R S�UWV
¥��h� R �I� |GVGUWbaZ&ihUWVª�k _ ghw]n&UWw]w]UWmdg ehghi ihUWVª�lV 7DVrqsUWmdg ihVGk}§�k]md�JVªk �hR �ª�dmdk&ehghi
g _ v ` ihVGk!VGk]w�Z~VGg �VGn&oJVGk]ehghb R A�e w]V ` VGg UWw�Z!VGUWghV �lVGiheh|GUWVGk]ehghb�ihVGk!�k _ ghw]n&UWw��
w]UWmdg ehn ehghbdV�\]^_a` k ��	 UWn bdVGw _ n Z~VGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` |��lUWw]v ` VGg Q�� � � ghn ehghi
� � � � ghn R ?(pWVGUWv ` |GVGU[Z~UWb `D_ Z(ihUWV �lV 7DVrqsUWmdg ^eh�JVGk�ihVGg bdVGw _ n Z~VGg �7oJVGcIZ~k _ pW�JVGk]VGUWv `
ehn�v _ R � 	 |GehbdVGghmdn&n&VGg R S�UWVf��VGk�^_ ghihVGk]ehghbdVGg}UWg ihVGk��k _ ghw]n&UWw]w]UWmdg ehghi}UWg ihVGk
� ��� ��� ��< > ��� � '.
A� � ! ������ � ��� % % � ? 0:
A� ���< � ' ��� % � � ��-, @���< �-,.,���!A��!�� ��< > ��� � '.
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�lV 7DVrqsUWmdg p _ w]w]VGg w]UWv ` ihehk]v ` VGUWghV>A�ehg _a` n&VªihVGk ¥��hw]mdk]osZ~UWmdg VGk]cLp°^_ k]VGg R S�UWVGw]V
A�ehg _a` n&V c _ ghg �lUWVGihVGk]ehn _ es\�VGUWghV bdk�^m � VGk]VDA _a` p �dmdg \6k]VGUWVGg X _ ihehghbdw�Z~k�^_ bdVGk]g
|Gehka^ehv cLbdV�\r^e ` k�Zu�-VGk]ihVGg���ihUWV g _ v ` ihVGn �VGn&oJVGk]ohk]md|GV � �dmdk `D_ ghihVGg w]UWghi R ¯°g ihVGk
�k _ ghw]n&UWw]w]UWmdghw]cLehk��dV�UWw�Z-cLg _ oho}md�JVGk `D_ pW�&ihVGk ) VGpWpWVGghp°^_ ghbdV Qa�I��� ghn�VGUWg&w]v ` n _ p��
� _ ghihUWbdVGk�¥��s\ _ pWph|Ge&w]V ` VGg R t-VGUDihUWVGw]VGk-�LZ~k]ehcIZ~ehk c _ ghg&VGw w]UWv ` ehn VGUWghVl¥��hw]mdk]osZ~U��
mdghw]� _ ghihV!VGUWghVGk(�7mdk�Z~Vu�dmdg�«Dk]VGn&i _ Z~mdn&VGgj�h|�� R
z mdpWVGc�^ehpWVGg `D_ ghihVGpWg��JihUWVuihehk]v `
ihVGg �VGn&oJVGk]ohk]md|GV � _ g ihVGk ���JVGk 7�^_ v ` V ihVGwu«®UWpWn&VGw _ ghbdVGp _ bdVGk�Z��lehk]ihVGg R S _ VGw
w]UWv ` _ �JVGk}ehn VGUWghV¦w]V ` kBw]v ` n _ pW� _ ghihUWbdV��LZ~k]ehcIZ~ehk `D_ ghihVGp[Z&� `D_ ZBihUWVGw]V�caVGUWghVGg
��UWg 7De � _ es\
ihVGgB¥��hw]mdpWesZ°�-VGk�ZfihVGk-�k _ ghw]n&UWw]w]UWmdg}UWn�k]VGw�Z~pWUWv ` VGgª�7oJVGcIZ~k _ pW�JVGk]VGUWv ` R
¯°g ¥��h� R��d� UWw�Z ihUWVBn&U[Z ��UWp[\6V ihVGw z _ k]cam��I� z m7ihVGpWpWVGw _ ehw ihVGg z V � �-VGk�Z~VGg ihVGk
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�k _ ghw]n&UWw]w]UWmdg ehghi ihVGk �lV 7DVrqsUWmdg �JVGk]VGv ` ghV�Z~VjmdosZ~UWw]v ` VªX
VGU[Z]\]^_a` UWbdcaVGU[Z!ihVGk §�k]m��
�JV k �hR � i _ k]bdVGw�Z~VGpWp[Z R S�UWV!A�ehg _a` n&V}ihVGk!mdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[Z �JVGw�Z;^_ Z~UWbaZ!ihUWV
¥�ghg _a` n&V!VGUWghVGk�ihehk]v ` ihUWVu�VGn&oJVGk]ehghbBVGk ` ^m ` Z~VGg�¥��hw]mdk]osZ~UWmdg 6w]UWV ` V ?(pWb R  � � � R
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w]VGwfn&U[Z�ihVGg bdpWVGUWv ` VGg § _ k _ n&V�Z~VGk��-VGk�Z~VGg ehghi VGk]ghVGesZ~V z VGw]w]ehghbdVGgBVGk]b _ �JVGg}caVGUWghV
��VGk�^_ ghihVGk]ehghbdVGgBihVGk-X
VGU[Z]\]^_a` UWbdcaVGU[Z R ¥�ehv ` ihUWVl��VGk]p°^_ ghbdVGk]ehghbuihVGk-�VGn&oJVGk]|GVGU[Z _ es\
� ��� ��� ��< > ��� � '.
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n&VGk!VGk `D_ p[Z~VGg���VGk]b _ � caVGUWghV}�-VGw]VGgIZ~pWUWv ` VB��VGk�^_ ghihVGk]ehghb ihVGk X
VGU[Z]\]^_a` UWbdcaVGU[Z R ��k]w�Z
ihUWV���k ` ^m ` ehghb ihVGk�§�k]md|GV � Z~VGn&oJVGk _ Z~ehk _ es\��5 �Ix�� � � 6 _ �JVGpWpWV � ���hk _ v ` Z~V�VGUWghV
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¥��h�hUWpWihehghb �d� � ' ��1A&(�A���$� � ��&/1���!" ��&/#%0%��&/1 5$�87 ��7A4%*>���37 � �(E � E ; ��537 � �(E � �

v ` V �lVGiheh|GUWVGk]ehghbBihVGk(�k _ ghw]n&UWw]w]UWmdg¦ehn ^eh�JVGk �d� 	 �JVGU®VGUWghVGk ) VGpWpWVGghp°^_ ghbdVY�dmdg
� � � � ghnD�fUWn ��VGk]bdpWVGUWv ` |Gehk&�dmdk _ ghbdVGb _ ghbdVGghVGg �VGn&oJVGk]ehghb  �sR t-VGU Q�� � � ghn
�JV�Z~k�^_ baZYihUWV �lVGiheh|GUWVGk]ehghbjihVGk(�k _ ghw]n&UWw]w]UWmdg�ghm7v ` �dQ 	 R S�UWV �lV 7DVrqsUWmdg ` UWghbdVr�
bdVGg�ghUWn&n Z�ehn Qa��	 �JVGU � � � � ghn ehghi � � 	 �JVGU Q�� � � ghn |Ge R S�UWVuw]UWv ` i _ k _ ehw
VGk]bdVG�JVGghihVfX
VGU[Z]\]^_a` UWbdcaVGU[Z&�;ihUWV�UWgu¥��h� R��d� i _ k]bdVGw�Z~VGpWp[Z�UWw�Z&��w�Z~VGUWbaZ�ehn¡v _ R�Q ?(k�^m � VGg7�
mdk]ihgLehghbdVGgBUWn���VGk]bdpWVGUWv ` |Gehkf�VGn&oJVGk]ehghb! � ehghi \]^_ pWp[Z��dmdglK
5 � � � � � �fvGn �JVGU
� � � � ghn _ es\�VGUWghVGg ) VGk�Z �dmdgtK 5 � � � � � �fvGn �JVGU Q�� � � ghn _ � R S�UWVGw]V�) VGk��
Z~Vª\r^ehk ihUWVjX
VGU[Z]\]^_a` UWbdcaVGU[Z pWUWVGbdVGg����dVGk]bdpWUWv ` VGg n&U[Z ¥��h� R-Q �-md�JVGk `D_ pW� ihVGk��(ehk��dV
\r^ehk�B 5 � / �IQ ��ihUWV �dmdgrK�5 x�� � � � �fvGn �JVGU � � � � ghn _ es\�K:5 �d��� � � �fvGn �JVGU
Q�� � � ghn _ �s\]^_ pWp[Z R S�UWVGw]VGkl��VGk]bdpWVGUWv ` �JVGw�Z;^_ Z~UWbaZ _ pWw]m ihVGg�ihehk]v ` ihUWV �VGn&oJVGk]o _ k _ �
n&V�Z~VGk®VGk�� _ k�Z~V�Z~VGg�) VGk�Z�ihVGw�� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw®ihVGk�§�k]md�JV-k �hR �, � �dmdg BD� � / �a�hR
S�UWV�gLehk�bdVGk]UWghba\r^ehbdUWb��dVGk�^_ ghihVGk�Z~V�X
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGk §�k]md�JVlk �hR �l|Gehk §�k]md�JV�k �hR �,(�
_ ehw�¥��h� RJ�d� pWVGbaZ�ihUWV(��VGk]n!esZ~ehghb&g _a` V��Ji _ � VGwl\r^ehkli _ w��L�7w�Z~VGn �Yt _a��� eh�������7�
VGUWghV ¥�cIZ~U[�7UWVGk]ehghbdw]VGghVGk]bdUWV bdUW�sZ&�£md�JVGk `D_ pW�j�-VGpWv ` VGk�ihUWV!S�U[��ehw]UWmdgjihVGw(� _ ehVGk]w�Z~ma\ �
\6VGw�VGk]w�Z�VGUWghw]V�Z~|�Z R t-VGU�VGUWghVGk��VGn&oJVGk _ Z~ehk-�dmdg Qd��� � � k]VGUWv ` Z~VYihUWV ) ^_ k]n&VGVGghVGk]bdUWV
ghm7v ` ghUWv ` Z _ ehw���ehn ihUWV�� _ ehVGk]w�Z~ma� _ Z~mdn&VjUWg ihVGg��(ehos\6VGk]m,qsUWi7� �(V�Z]Z~VGg _ ehw]k]VGU��
v ` VGghi�|Gejn&md�hUWpWUWw]UWVGk]VGg R�z ^mdbdpWUWv ` VGk��-VGUWw]VYk]VGUWv ` Z~VYihUWV�) ^_ k]n&VGghVGk]bdUWV+J]VGihm7v ` i _ |Ge
_ ehw��sehn�VGUWghV�md�JVGk 7�^_ v ` VGghg _a` V��hV��dVGgIZ~ehVGpWp _ ehv ` ihehk]v ` «DV ` pWw�Z~VGpWpWVGg&�JVGihUWghbaZ~Vl¥�g7�
p _ bdVGk]ehghb ihVGk�� _ ehVGk]w�Z~ma� _ Z~mdn&V(UWgªihVGg>�(V�Z]Z~VGgj|GeªVGk]n�^mdbdpWUWv ` VGg R S�UWVGw-� ^ehk]ihVuihUWV
bdVGk]UWghba\r^ehbdUWbdV ^¥�ghihVGk]ehghb ihVGk X
VGU[Z]\]^_a` UWbdcaVGU[Z VGk]cLp°^_ k]VGg R t-VGU�ihVGn �VGn&oJVGk]ohk]md|GV �
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|GVGUWbaZlUWn ��VGk]bdpWVGUWv ` |Gehk��dmdk _ ghbdVGb _ ghbdVGghVGg z VGw]w]ehghb&VGUWghVGgªehn v _ R£x 	 VGk ` ^m ` Z~VGg
) VGk�Z(UWn bdVGw _ n Z~VGg �7oJVGcIZ~k _ pW�JVGk]VGUWv ` R S�UWV!�lV 7DVrqsUWmdg ` UWghbdVGbdVGg `D_ Z(ehn ��	 �JVGU
� � � � ghn¬ehghi�ehn x 	 �JVGU Q�� � � ghn _ �hbdVGghmdn&n&VGg R ¯°g�ihVGk�mdosZ~UWw]v ` VGg�X
VGU[Z]\]^_a` UWb��
caVGU[Z�n _ v ` Z�w]UWv ` ihUWVGw®UWg VGUWghVGk�¥��hg _a` n&V-ehn v _ Ra� � � � � �fvGn¡�JVGU � � � � ghn ehghi!ehn
v _ R7Qd��� � � �fvGn �JVGU Q�� � � ghn �JVGn&VGk]cL� _ k R S _ n&U[Z�\]^_ pWp[Z�ihUWVlX
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGk §�k]m��
�JV!k �hR �, � �dmdg K 5 � � � � � �fvGn¬�JVGU � � � � ghn _ es\�K 5 �d��� � � �fvGn¬�JVGU Q�� � � ghn
_ � R ��UWg���VGk]bdpWVGUWv ` n&U[Z�¥��h� R�Q |GVGUWbaZ&��i _ � ihUWV X
VGU[Z]\]^_a` UWbdcaVGU[Z�ihVGkY§�k]md�JV k �hR �, �
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cLg _ oho&ehgIZ~VGk `D_ pW�&ihVGk �(ehk��dV�\r^ehk BD5 � / �IQ ehghi ihVGesZ~pWUWv ` md�JVGk `D_ pW� ihVGk6�(ehk��dV�\r^ehk
B#5 � / � pWUWVGbaZ R S�UWV�bdVGn&VGw]w]VGghVuX
VGU[Z]\]^_a` UWbdcaVGU[Z-ihVGk�§�k]md�JV�k �hR �, � |GVGUWbaZfihUWV�bdpWVGUWv ` V
_ �s\ _ pWpWVGghihV-�VGghihVGgh|�\r^ehk�ihVGg&�7oJVGcIZ~k _ pW�JVGk]VGUWv ` �dmdg � � � � ghn �hUWw Q�� � � ghnD���lUWVfihUWV
�JVGUWihVGg��(ehk��dVGg&\r^ehk�B#5 � / � ehghi B#5 � / �IQ _ ehw ¥��h� R7Q7R S�VGk�|Ge}VGk�� _ k�Z~VGghihV(� _ e7�
VGk]w�Z~ma��bdV `D_ p[Z(ihVGk(§�k]md�JV!k �hR �, � �JV�Z~k�^_ baZ�B � � / �7R S _ UWg�ihVGg � gIZ~VGk]w]ehv ` ehghbdVGg
_ ehw�¥��h� RDQ UWn¨t-VGk]VGUWv ` � / � ��B
� � / �IQ caVGUWghV z VGw]w]ehghbdVGg¦i _ k]bdVGw�Z~VGpWp[Z-w]UWghi��hp°^_ � Z
w]UWv ` UWn ��VGk]bdpWVGUWv ` |Gehk z VGw]w]ehghb _ g&ihVGk-§�k]md�JVlk �hR �, � caVGUWghV�VGUWghihVGesZ~UWbdVl¥�ehw]w _ bdV
n _ v ` VGg���ehn ihVGg�VGk�� _ k�Z~V�Z~VGg
Bh� ) VGk�Z�VGUWghihVGesZ~UWb}|Ge��JVGw�Z;^_ Z~UWbdVGg R S�UWVYbdk]m � V S�U[\ �
\6VGk]VGgh|(|Gehk �(ehk��dV��dmdg!B#5 � / � _ ehwf¥��h� R£Q p°^_ � Z-w]UWv ` i _ ihehk]v ` VGk]cLp°^_ k]VGg��hi _ � i _ w
�L�7w�Z~VGn �Yt _a��� eh�������7�!UWn t-VGk]VGUWv ` � / � � B � � / � VGUWghVGg § `D_ w]VGg�^eh�JVGk]b _ ghb �dmdg
n&V�Z _ pWpWUWw]v ` �°w]ehohk _ pWVGU[Z~VGghihVGn�|Ge `D_ pW�hpWVGU[Z~VGghi7�°UWw]mdpWUWVGk]VGghihVGn ��VGk `D_ p[Z~VGg¦|GVGUWbaZ R S�UWVGw
w]v ` p°^_ baZ®w]UWv `!_ ehv ` UWguVGUWghVGn �7ohk]ehghb�UWgYihVGk®X
VGU[Z]\]^_a` UWbdcaVGU[Z�ghUWVGihVGk R ¥�pWw�n&UWcLk]mdw]camdohU��
w]v ` V���k]cLp°^_ k]ehghbuc _ ghg&n _ g _ gs\r^e ` k]VGg��7i _ � ihUWVl¥�gh| _a` p£ihVGk�\6k]VGUWVGg}X _ ihehghbdw�Z~k�^_ bdVGk
ghUWv ` Z pWUWghV _ k(n&U[Z(ihVGk!� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg bdV ` VGg n!e � ��i _ ihUWV ¥�ghmdk]ihgLehghb
ihVGk � _ ehVGk]w�Z~ma� _ Z~mdn&VªUWg ihVGg;�(ehos\6VGk]m,qsUWihcaV�Z]Z~VGg VGUWghVjVGk ` VG�hpWUWv ` V¦�lmdpWpWV}\r^ehk&ihUWV
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ihUWVB�VGn&oJVGk _ Z~ehk�� ihUWVBihVGk ¥�cIZ~U[�7UWVGk]ehghbdw]VGghVGk]bdUWVBVGgIZ~w]ohk]UWv ` Z&� ©DghihV�Z&�lUWVGihVGk VGUWghV
w]ma\6mdk�Z~UWbdV-t-VGp _ ihehghb�w�Z _ Z]Z&�di _ ihVGk�� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c(UWg ihVGk®¥fZ~n&mdw]o ` ^_ k]V-VGk��
` VG�hpWUWv `!` ^m ` VGk�UWw�Z _ pWw�UWg ihVGk�§�k]md�JVGghc _ n&n&VGk R $aVfg _ v ` S _ ehVGk®ihUWVGw]VGk �(mdgIZ _ cIZ~|GVGU[Z
�lUWk]i ihUWV §�k]md�JV _ pWw]mªn&V ` k(m7ihVGk(�-VGghUWbdVGkY�JVGp _ ihVGg R t-VGU�ihUWVGw]VGn �VGn&oJVGk]ohk]md|GV �
_ g ihVGku§�k]md�JV k �hR �, x � _ kYihUWV �VGn&oJVGk _ Z~ehk(n&U[Z�v _ R�x�� � � � ihUWV!�hUWw ` VGk ` ^mdv ` w�Z~V
�dVGk��-VGghihV�Z~V&§�k]md|GV � Z~VGn&oJVGk _ Z~ehk R�z ^mdbdpWUWv ` VGk��-VGUWw]V c _ ghg�ihVGk�VGk ` ^m ` Z~V � _ ehVGk]w�Z~ma�£�
bdV `D_ p[Z _ es\ ihUWVu�dVGk]p°^_ ghbdVGk�Z~V �(mdgIZ _ cIZ~|GVGU[Z(n&U[Z�ihVGn � _ ehVGk]w�Z~ma� ihVGk�¥fZ~n&mdw]o ` ^_ k]V��
ihUWV _ es\6bdk]ehghi�ihVGk(VGk ` ^m ` Z~VGg �VGn&oJVGk _ Z~ehk�|Gehw�Z _ ghihV c _ nD��VGk]cLp°^_ k�Z��-VGk]ihVGg R ��UWghV



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� �Ix

¥��hw]v ` ^_ Z~|Gehghb�ihVGw
Z _ Z~w�^_ v ` pWUWv ` VGg � _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw _ ehw
ihVGk
mdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWb��
caVGU[Z�ehghijihVGkl¥��h� RJQ VGk]bdUW�sZf\r^ehklihUWVY§�k]md�JVYk �hR �, x ihVGg#) VGk�Z B#� � / �hR
¯°n �VGn&oJVGk]ohk]md|GV �  � 6 _ �JVGpWpWV � �Y�lehk]ihVªihVGk ��UWg 7De � ihVGk!¥��hw]v ` k]VGv cL|GVGU[Z _ es\
ihVGg � _ ehVGk]w�Z~ma��bdV `D_ p[Z ehgIZ~VGk]w]ehv ` Z R S _ |Ge �lehk]ihVGg ihUWV&bdpWVGUWv ` VGg § _ k _ n&V�Z~VGkY�lUWV

§�k]md�JV � k � /[�, x � k �hR �, � �VGn&oJVGk _ Z~ehk � �d�Ix � �
¥�es\9� ^_ k]n&o `D_ w]V � � Ry� ` §�� 	 � �
n!� _ k
�VGn&oJVGk]|GVGU[Z=� � ` ¥�ehw]b _ ghbdw�q � � � / �
¥��hw]v ` k]VGv cL|GVGU[Z=� Q�� w ��k�� _ k�Z~V�Z~VGwlq � �����

 _ �JVGpWpWV � ���VGn&oJVGk]o _ k _ n&V�Z~VGk�ihVGk�§�k]md�JVYk �hR �, �

Wellenlänge [nm] Wellenlänge [nm]

T
ra

n
sm

is
si

o
n
 [

%
]

R
ef

le
x
io

n
 [

%
]

2000 2200 2400 2600 2800 3000
10

15

20

25

30

35

40

r4.1T7

r4.1T8

2000 2200 2400 2600 2800 3000

25

30

35

40

45

50

55

r4.1T7

r4.1T8

¥��h�hUWpWihehghb �L� � �-7 " ����� &(�A�A&/4.� ; ��5 � ���,� �$&/4.� 5$�87 ��7A4%*>���37 � �(E ��� ; ��537 � �(E � �

UWg&ihVGk��dmdk _ ghbdVGb _ ghbdVGghVGg z VGw]w]ehghb �dVGk��-VGghihV�Z&�.J]VGihm7v ` �lehk]ihV�ihUWV�¥��hw]v ` k]VGv cL|GVGU[Z
�dVGk]c�^ehk]|�Z R S�UWVGw
�lehk]ihV-i _ ihehk]v ` VGk]k]VGUWv ` Z&�di _ � ihUWV-§�k]md�JV g _ v ` ^����ghVGg!ihVGw ��e _ k]|r�
k]m ` k]VGw�w]v ` ghVGpWpWVGk�|Gehk ^����gLehghb(ihVGw ��e _ k]|Gk]m ` k]VGw�bdVG�hk _ v ` Z��lehk]ihV R S _ g _ v ` �lehk]ihV
ihUWVY§�k]md�JV��s�lUWV(UWgBihVGgª�dmdk _ ghbdVGb _ ghbdVGghVGg¦§�k]md|GVGw]w]VGg _ ehv ` �Dw]ma\6mdk�Z _ es\®ihVGgD�(eho7�
\6VGk]�hpWm7v cj|Gehk�¥��hc�^e ` pWehghbBbdVG�hk _ v ` Z R t-VGU®ihUWVGw]VGn ��mdk]b _ ghb}UWw�Z�|Ge��JV _ v ` Z~VGg���i _ �
w]UWv ` ihehk]v ` ��VGk]c�^ehk]|Gehghb ihVGk ¥��hw]v ` k]VGv cL|GVGU[Z�ihUWVlV���VGcIZ~U[�dV��(mdgIZ _ cIZ~|GVGU[Z ihVGk-§�k]md�JV
n&U[ZfihVGn � _ ehVGk]w�Z~ma��UWg ihVGklX
es\9Z��dVGk]p°^_ ghbdVGk�Z&�hi _ ihUWV(§�k]md�JV(w]v ` ghVGpWpWVGk�ehghiªi _ n&U[Z
n&U[Z�VGUWghVGk ` ^m ` VGk]VGg��VGn&oJVGk _ Z~ehk _ ehw�ihVGk�w _ ehVGk]w�Z~ma�J�dVGk _ k]n Z~VGg ¥fZ~n&mdw]o ` ^_ k]V ihVGw
��e _ k]|Gk]m ` k]VGw�VGgIZ~ghmdn&n&VGgB�lUWk]i R
¯°g¡¥��h� R��L� UWw�Z¦|Ge¡VGk]caVGghghVGg�� i _ � ihUWV �k _ ghw]n&UWw]w]UWmdg ihVGk�§�k]md�JV k �hR �, � �JVGU
� � � � ghn ehn �-VGU[Z~VGk]V�� ��	 UWn ��VGk]bdpWVGUWv ` |Gehk!§�k]md�JV}k �hR �, x _ es\l�5 � � 	 bdVr�
w]ehghcaVGgªUWw�Z R t-VGU Q�� � � ghn�UWw�Z ihUWV��k _ ghw]n&UWw]w]UWmdg&ehn �d� 	 _ es\
�5 Q � 	 bdV�\ _ pWpWVGg R
S�UWV �lV 7DVrqsUWmdg `D_ Z�VGgIZ~w]ohk]VGv ` VGghi �JVGU � � � � ghn¬ehn � ��	 _ es\���5 �I� 	 ehghi��JVGU
Q�� � � ghn ehn V�Z°� _ � ��	 _ es\ �:5 �I��	 |GehbdVGghmdn&n&VGg R S _ n&U[Z `D_ Z�ihUWV!mdosZ~UWw]v ` V
X
VGU[Z]\]^_a` UWbdcaVGU[Z&�h�lUWVuUWgj¥��h� RJ�I� |Ge¦w]V ` VGg�UWw�Z&�£ihehk]v ` ihUWVY��VGk]p°^_ ghbdVGk]ehghb&ihVGk��(mdg7�
Z _ cIZ~|GVGU[Zun&U[Z(ihVGn ¥fZ~n&mdw]o ` ^_ k]VGghw _ ehVGk]w�Z~ma� ghm7v ` n _ pWw(ehn ^eh�JVGk � � � � � �fvGn �JVGU



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� �d�

¥��h�hUWpWihehghb �I� � ' ��1A&(�A���$� � ��&/1���!" ��&/#%0%��&/1 5$�87 ��7A4%*>���37 � �(E ��� ; ��537 � �(E � �

� � � � ghn _ es\K>5 x�� � � � �fvGn |GehbdVGpWVGbaZ R t-VGU Q�� � � ghn �JV�Z~k�^_ baZfihUWV(A�ehg _a` n&V�ihVGk
mdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[Z�V�Z°� _ � � � � � �fvGn ehghi VGk]k]VGUWv ` Z i _ n&U[Z�VGUWghVGg�) VGk�Z(�dmdgK
5 � � � � � �fvGn R S�UWVBX
VGU[Z]\]^_a` UWbdcaVGU[Z ihVGk §�k]md�JVBk �hR �, � `D_ Z i _ n&U[Z!VGUWghVGg ghm7v `
` ^m ` VGk]VGg>) VGk�Z _ pWw�ihUWVuX
VGU[Z]\]^_a` UWbdcaVGU[ZlihVGk�§�k]md�JV k �hR �, � �£ihVGk]VGg � _ ehVGk]w�Z~ma��bdV `D_ p[Z
�JVGU�V�Z°� _ B9� � / � ihehk]v ` ihUWV �VGn&oJVGk]o _ k _ n&V�Z~VGk��JVGw�Z~UWn&n Zl�lehk]ihV R S _ n&U[ZlpWUWVGbaZ
ihUWV&X
VGU[Z]\]^_a` UWbdcaVGU[Z~w]cLehk��dV ihVGku§�k]md�JV k �hR �, � UWg V�Z°� _ UWn t-VGk]VGUWv ` ihVGk��(ehk��dV \r^ehk
B>5 � / �IQ _ ehwl¥��h� R�Q7R S�UWVu� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg�ihVGk�§�k]md�JVuk �hR �, � �lUWk]ij|Ge
B#� � / � �JVGw�Z~UWn&n Z R
��UWghVGwYihVGku� _ ehosZ~|GUWVGpWV ihUWVGw]VGkY¥�k]�JVGU[Z(UWw�ZYVGw���n�^mdbdpWUWv ` w�Z�w _ ehVGk]w�Z~ma��ihV�©D|GU[Z;^_ k]V}«®UWp��
n&VY|Ge¦ohk�^_ o _ k]UWVGk]VGg R S�VGklcLpWVGUWghw�Z~Vu�hUWw ` VGklUWgjihUWVGw]VGkl¥�k]�JVGU[Z�VGk]k]VGUWv ` Z~V�Bh� ) VGk�Z�p _ b
�JVGU B � � / Qd� �JVGU�ihVGkB§�k]md�JV�k �hR �, � ��ihUWV¦n&U[Z}ihVGg § _ k _ n&V�Z~VGk]g _ ehw  _ �JVGpWpWV
x bdV�Z~VGn&oJVGk�Z��lehk]ihV R S�UWV _ ghw]v ` pWUWV � VGghihV ��k ` ^m ` ehghbBihVGk(§�k]md|GV � Z~VGn&oJVGk _ Z~ehk��JVGU
§�k]md�JV�k �hR �, x �dehn |Ge VGUWghVGn ghm7v ` ghUWVGihk]UWbdVGk]VGg Bh� ) VGk�Z�|Ge camdn&n&VGg�� `D_ Z]Z~Vfi _ �JVGU
ghUWv ` Z�|Gehn ��k�\6mdpWb bdV�\r^e ` k�Z R ��UWghV(�-VGU[Z~VGk]V z ^mdbdpWUWv ` caVGU[Z�VGUWghVGgjbdVGk]UWghbdVGk]VGg#Bh� ) VGk�Z
|Ge¦�JVGcamdn&n&VGgjUWw�Z _ ghw�Z _ Z]Z�ihUWVY�VGn&oJVGk _ Z~ehkl|Ge¦VGk ` ^m ` VGg��£ihVGg�� _ ehVGk]w�Z~ma��o _ k�Z~U _ p��
ihk]ehv cY|GeY�dVGk]k]UWghbdVGk]g�6w]UWV ` V ¥��h� R;�d� � R A�euihUWVGw]VGn AJ�-VGv c(�lehk]ihV UWgYihVGgY\6mdpWbdVGghihVGg
z VGw]w]ehghbdVGg w�Z _ Z]Z�ihVGn �hUWw ` VGk��dVGk��-VGghihV�Z~VGgD? _ w]bdVGn&UWw]v `  �d� / � 	 ¥�k]bdmdg @ � /[� 	
� _ ehVGk]w�Z~ma�6��k]VGUWghVGw(¥�k]bdmdg��dVGk��-VGghihV�Z R S _ �JVGU `D_ ghihVGp[ZYVGwYw]UWv ` ehn w]mdbdVGg _ ghgIZ~VGw
� � � ¥�k]bdmdg��
ihVGw]w]VGg �lVGUWg ` VGU[Z _ es\ �d� / �d�d� 	 ¥�k]bdmdg��dmdn ��VGk]w�Z~VGpWpWVGk � �LQ ��b _ k _ g7�
Z~UWVGk�Z&�lUWk]i R t-VGUlihVGg k]VGw�Z~pWUWv ` VGg � / � �IQ�	 `D_ ghihVGp[Z VGw}w]UWv ` ghUWv ` Z _ ehw]w]v ` pWUWV � pWUWv `
ehn � _ ehVGk]w�Z~ma� R S�UWV}��VGk]w�Z~VGpWpWVGk _ ghb _ �JV&�JVG|s^ehbdpWUWv ` ihVGk � _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg
ihVGw ? _ w]VGwuUWw�Z!� � � � �7ohn R S _ wY�JVGihVGesZ~V�Z �lUWVGihVGk]ehnD��i _ � ihVGk!� _ ehVGk]w�Z~ma��o _ k��
Z~U _ pWihk]ehv c�ihUWVGw]VGw ? _ w]VGwuehgIZ~VGk ¥fZ~n&mdw]o ` ^_ k]VGghihk]ehv c §�� 	 � ��� � � T � � _ kuUWw�Z R S�UWV
� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg��dmdg
B9� � / Q �lehk]ihV gLehghn&V ` k�n&U[Z�ihVGg�\6mdpWbdVGghihVGg�§ _ �
k _ n&V�Z~VGk]g��DihUWV(UWgª _ �JVGpWpWV!� � i _ k]bdVGw�Z~VGpWp[Zlw]UWghi�� _ ghbdVGw�Z~k]VG�sZ R



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� �d�

§�k]md�JV � k � /[�, � � k �hR �, � �VGn&oJVGk _ Z~ehk � �L� � � �
¥�es\9� ^_ k]n&o `D_ w]V � � ` §�� 	 � v _ R � � T � n!� _ k
�VGn&oJVGk]|GVGU[Z=� � ` ¥�ehw]b _ ghbdwfq � � � / �
¥��hw]v ` k]VGv cL|GVGU[Z=� � � w ��k�� _ k�Z~V�Z~VGw�q � � � / Q

 _ �JVGpWpWV � � ���VGn&oJVGk]o _ k _ n&V�Z~VGk�ihVGk�§�k]md�JVYk �hR �, �

Wellenlänge [nm] Wellenlänge [nm]

T
ra

n
sm

is
si

o
n
 [

%
]

R
ef

le
x
io

n
 [

%
]

2000 2200 2400 2600 2800 3000
10

20

30

40

50

60

r4.1T8

r4.1T9

2000 2200 2400 2600 2800 3000

25

30

35

40

45

50

55

r4.1T8

r4.1T9

¥��h�hUWpWihehghb �Lx � �-7 " ����� &(�A�A&/4.� ; ��5 � ���,� �$&/4.� 5$�87 ��7A4%*>���37 � �(E � � ; ��537 � �(E � �

¥��h�hUWpWihehghb �I� � ' ��1A&(�A���$� � ��&/1���!" ��&/#%0%��&/1 5$�87 ��7A4%*>���37 � �(E � � ; ��537 � �(E � �



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� x��

¯°n ��VGk]bdpWVGUWv ` |GehkB§�k]md�JV�k �hR �, � `D_ Z ihUWV¦�k _ ghw]n&UWw]w]UWmdg �lUWVGihVGk ehn � ��	 _ es\
�5 �I� 	 �JVGU � � � � ghn�ehghi}�JVGU Q�� � � ghn�ehn Qd� 	 _ es\��5 �I� 	 |GehbdVGghmdn&n&VGg R
S�UWVf�lV 7DVrqsUWmdg `D_ Z�ehn¨� x�	 �JVGU � � � � ghn _ es\��:5 Qa� 	 ehghi ehn ��	 �JVGU Q�� � � ghn
_ es\
��5 Qa� 	 _ �hbdVGghmdn&n&VGg R «�^ehk�ihUWVlmdosZ~UWw]v ` V�X
VGU[Z]\]^_a` UWbdcaVGU[Z `D_ Z i _ w�|Gehk-«DmdpWbdV��
i _ � ihUWVGw]VYehn ^eh�JVGk ��� � � � �fvGn _ es\ K
5 � ��� � � �fvGn��JVGU � � � � ghn bdVGw]ehghcaVGg�UWw�Z R
t-VGU Q�� � � ghn UWw�Z&ihUWVªX
VGU[Z]\]^_a` UWbdcaVGU[Z ehn �Ix�� � � �fvGn _ es\�K
5 � � � � � �fvGn bdV�\ _ p��
pWVGg R S _ n&U[Z�pWUWVGbaZ�ihUWV!X
VGU[Z]\]^_a` UWbdcaVGU[Z~w]cLehk��dV!ihVGk(§�k]md�JV k �hR �, � _ �JVGk�UWn&n&VGk�ghm7v `
cLg _ oho�md�JVGk `D_ pW�¦ihVGk��(ehk��dV ihVGk�§�k]md�JVuk �hR �, � �JihVGk]VGg � _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg
_ es\ B�� � / Qd� VGUWghbdVGw�Z~es\9Z��lehk]ihV R �7mdn&U[Z��lehk]ihV ihUWV _ ghbdVGw�Z~k]VG�sZ~V&� _ ehVGk]w�Z~ma��camdg7�
|GVGgIZ~k _ Z~UWmdg �dmdg B � � / Q ghUWv ` Z VGk]k]VGUWv ` Z R S�UWV _ ehwu¥��h� R�Q _ �hbdVGw]v ` ^_ Z~|�Z~VB� _ ehVGk��
w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg ihVGk�§�k]md�JVfk �hR �, � pWUWVGbaZ��JVGU7V�Z°� _ B#� � / Qa�sR t-VGU7ihVGk _ ghw]v ` pWUWVr�
� VGghihVGg �VGn&oJVGk]ehghbB(� � ��ihVGk]VGg § _ k _ n Z~VGk�UWg�ihVGk( _ �JVGpWpWV}�d� i _ k]bdVGw�Z~VGpWp[Z�w]UWghi��
�lehk]ihVY�lUWVGihVGklihUWVY§�k]md|GV � Z~VGn&oJVGk _ Z~ehklVGk ` ^m ` Z&�Dehn¬VGUWghV��-VGU[Z~VGk]V � _ ehVGk]w�Z~ma��k]VGihe7�
|GUWVGk]ehghbB|Ge �JV��lUWk]caVGg R S�UWV �k _ ghw]n&UWw]w]UWmdg `D_ Z�w]UWv ` �JVGU � � � � ghn ehn V�Z°� _ � 	

§�k]md�JV � k � /[�, � � k �hR �,(� � �VGn&oJVGk _ Z~ehk � � � � � �
¥�es\9� ^_ k]n&o `D_ w]V � � � n&UWg R §�� 	 � v _ R � � T � n!� _ k
�VGn&oJVGk]|GVGU[Z=� � ` ¥�ehw]b _ ghbdw�q � � � / Qa�
¥��hw]v ` k]VGv cL|GVGU[Z=� � � w ��k�� _ k�Z~V�Z~VGwlq � � � /[�

 _ �JVGpWpWV!�d�����VGn&oJVGk]o _ k _ n&V�Z~VGk�ihVGk�§�k]md�JVYk �hR �,(� �

Wellenlänge [nm] Wellenlänge [nm]

T
ra

n
sm

is
si

o
n
 [

%
]

R
ef

le
x
io

n
 [

%
]

2000 2200 2400 2600 2800 3000
44

45

46

47

48

49

50

r4.1T10

r4.1T9

2000 2200 2400 2600 2800 3000
25

26

27

28

29

30

31

r4.1T9

r4.1T10

¥��h�hUWpWihehghb �I� � �-7 " ����� &(�A�A&/4.� ; ��5�� ���,� �$&/4.� 5$�87 ��7A4%*>���37 � �(E � � ; ��537 � �(E � E8G

ehghi¦�JVGU Q�� � � ghn�ehn V�Z°� _ � 	 VGk ` ^m ` Z&�£w]m i _ � w]UWV(UWgªihUWVGw]VGn t-VGk]VGUWv ` camdghw�Z _ gIZ
_ es\��5 �I� 	 pWUWVGbaZ R S�UWV��lV 7DVrqsUWmdg UWw�Z(^eh�JVGk�ihVGg&b _ gh|GVGg}�7oJVGcIZ~k _ pW�JVGk]VGUWv ` ehn V�Z��
� _ � 	 _ es\��:5 � � 	 �JVGU � � � � ghn�ehghiª��5 Qdx�	 �JVGU Q�� � � ghn�bdVGw�Z~UWVGbdVGg R S�UWVGw



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� x �

¥��h�hUWpWihehghb ��� � ' ��1A&(�A���$� � ��&/1���!" ��&/#%0%��&/1 5$�87 ��7A4%*>���37 � �(E � � ; ��5 7 � �(E � E8G

UWw�Z i _ w VGk]w�Z~V z _ p���i _ � w]UWv ` ihUWV �k _ ghw]n&UWw]w]UWmdg ehghi ihUWVB�lV 7DVrqsUWmdg bdpWVGUWv ` |GVGU[Z~UWb
VGk ` ^m ` Z `D_ �JVGg R ¯°gªihVGk�mdosZ~UWw]v ` VGg¦X
VGU[Z]\]^_a` UWbdcaVGU[Zfn _ v ` VGgªw]UWv ` ihUWV��JVGUWihVGgª¥�ghw�Z~UWVr�
bdV&UWg VGUWghVGn bdVGk]UWghba\r^ehbdUWbdVGg�¥��s\ _ pWp�ihVGk X
VGU[Z]\]^_a` UWbdcaVGU[Z _ es\fV�Z°� _ K
5 � � � � � �fvGn�JVGU � � � � ghn ehghi K
5 � ��� � � �fvGn �JVGU Q�� � � ghn �JVGn&VGk]cL� _ k R S�UWVGw]VGk�¥��s\ _ pWp�ihVGk
X
VGU[Z]\]^_a` UWbdcaVGU[Z�ehn�� � � � �fvGn �JVGU � � � � ghn ehghi � � � � �fvGn �JVGU Q�� � � ghn UWw�Z J]VGihm7v `
VGk ` VG�hpWUWv ` bdVGk]UWghbdVGk _ pWw�\r^ehk�VGUWghV�� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg �dmdg�B#5 � /[� _ ehw®¥��h� RdQ
|GejVGk�� _ k�Z~VGg¦bdV��-VGw]VGg¦� ^_ k]V R

� n VGUWghn _ p�ihUWV��hUWw ` VGk]UWbdVGg z V � VGk]bdVG�hghUWw]w]V�|Gehw _ n&n&VGgh|Ges\ _ w]w]VGg R S�UWV��VGn&oJVGk]ohk]m��
|GVGw]w]V� � �  � ehghi  � � ihUWV _ pWpWV n&U[Z¡VGUWghVGn � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c �dmdg
§�� 	 5 ��n!� _ k!ehghi �JVGU�ihVGg �VGn&oJVGk _ Z~ehk]VGg  �

� 5 �Ix�� � � � 
�
� 5 ��� � � � ehghi


�
� 5 � � Q � � ihehk]v ` bdV�\r^e ` k�Zj�lehk]ihVGg�� `D_ �JVGg UWn ��VGk]bdpWVGUWv ` n&U[Z ihVGg ¥��h� Rl�d�

ehghi Q |Ges\6k]UWVGihVGghw�Z~VGpWpWVGghihVj��k]bdVG�hghUWw]w]VjbdVG�hk _ v ` Z}ehghi |Ge VGUWghVGk w�Z~V�Z~UWbdVGg � _ ehVGk��
w�Z~ma��k]VGihehcIZ~UWmdg �dmdg q

�
� � � / �a� ��q

�
� � � / � _ es\�w]v ` pWUWV � pWUWv ` q �

� � � / Qd� bdV�\r^e ` k�Z R
S�VGk i _ k _ es��mdpWbdVGghihV&�VGn&oJVGk]ohk]md|GV �  x ��ihVGk n&U[ZuihVGn bdpWVGUWv ` VGg � _ ehVGk]w�Z~ma��o _ k��
Z~U _ pWihk]ehv cªihehk]v ` bdV�\r^e ` k�Z��lehk]ihV�� _ �JVGk�n&U[Z�VGUWghVGk��VGn&oJVGk _ Z~ehk��dmdg� �

' 5 �d�d� � �
_ es\ VGUWghV � _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg �dmdg:B � � / Q _ �h|GUWVGp[Z~V���|GVGUWbaZ~V��lUWVGihVGkBVGUWghV
VGk ` ^m ` Z~V}� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg �dmdg�q �

'�� � / �hR S�UWV!|Ge ` m ` V&� _ ehVGk]w�Z~ma��camdg7�
|GVGgIZ~k _ Z~UWmdg��lehk]ihV _ es\-ihUWV�) UWVGihVGk]�JVGp _ ihehghbBn&U[ZY� _ ehVGk]w�Z~ma� �JVGUWn��(mdgIZ _ cIZYihVGk
§�k]md�JV!n&U[Z�ihVGn ¥fZ~n&mdw]o ` ^_ k]VGghw _ ehVGk]w�Z~ma� |Gehka^ehv cLbdV�\r^e ` k�Z R S�UWV�) UWVGihVGk]�JVGp _ ihehghb
�lehk]ihV�i _ �JVGUJihehk]v ` ihUWV ` m ` V�§�k]md|GV � Z~VGn&oJVGk _ Z~ehk �dmdg  �

'45 �d�d� � � �JVGb�^ehghw�Z~UWbaZ R
S _ k _ es\ ` UWg �lehk]ihVlUWn �VGn&oJVGk]ohk]md|GV �  � �dVGk]w]ehv ` Z&�7�lUWVGihVGk�n&U[Z®VGUWghVGk�ghUWVGihk]UWbdVGk]VGg
�VGn&oJVGk _ Z~ehk� �

� 5 �L� � � � ehghi�VGUWghVGn ghUWVGihk]UWbdVGk]VGg � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c �dmdg
§�� 	 � ��� � � T � n!� _ kuVGUWghV}� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg �dmdg B � � / Q |Ge VGk]k]VGUWv ` VGg R
S�UWVGw w]v ` pWehb n&U[Z!VGUWghVGn VGk]k]VGUWv ` Z~VGg ) VGk�Z �dmdg q

�
�D� � / Qa� \6V ` p R S�UWVGw]VGw pWV�Z~|�Z~V



� � �®��� ���l	������ ��� � � ��� �D�®�h�7� ��� � ��� �¦� �h�s���(�l� �f�����h�s� xdQ

��k]bdVG�hghUWw�ihVGw��VGn&oJVGk]ohk]md|GVGw]w]VGw� � p°^_ � Z��dVGk]n!esZ~VGg��£i _ � �JVGk]VGU[Z~wl�JVGU�VGUWghVGklghUWVGi7�
k]UWbdVGk]VGgj§�k]md|GV � Z~VGn&oJVGk _ Z~ehkf�dmdgª �

�45 �L� � � � VGUWghV�VGk ` VG�hpWUWv ` V() UWVGihVGk]�JVGp _ ihehghb
�JVGUWn ¥��hw]v ` k]VGv cI�dmdk]b _ ghb¦w�Z _ Z]Z]©DghihV�Z R�� n ihUWVGw��JVGU®VGUWghVGn ` ^m ` VGk]VGg � _ ehVGk]w�Z~ma�£�
o _ k�Z~U _ pWihk]ehv c _ pWwYihVGn UWn §�k]md|GV �  � �dVGk��-VGghihV�Z~VGg |Ge ^eh�JVGk]ohka^es\6VGg��®�lehk]ihVGg UWg
�VGn&oJVGk]ohk]md|GV � (�d�}ihUWV bdpWVGUWv ` VGg § _ k _ n&V�Z~VGkY�lUWV UWg �VGn&oJVGk]ohk]md|GVGw]w]VGw! � �dVGk��
�-VGghihV�Z R ��ehk ihUWV ¥��hw]v ` k]VGv cL|GVGU[Z �lehk]ihV UWg V�Z°� _ �dVGk]ihmdohoJVGp[Z R S�UWVGwY�lehk]ihV}i _ �
ihehk]v ` VGk]k]VGUWv ` Z&�hUWghihVGn n _ g ihUWV�§�k]md�JV�g _ v ` ihVGn ^����ghVGgBihVGw ��e _ k]|Gk]m ` k]VGwfw]V ` k
p _ ghbdw _ n |Gehk ^����gLehghb ihVGw ��e _ k]|Gk]m ` k]VGw&�hk _ v ` Z~V R S�UWVª§�k]md�JVªVGk�\6e ` k i _ ihehk]v `
�JVGk]VGU[Z~wlVGUWghVY¥��hc�^e ` pWehghb&�JVGU
g _a` VG|Ge¦bdpWVGUWv ` �hpWVGUW�JVGghihVGn¬� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c R
�7mdn&U[Z `D_ Z�w]UWv ` ihUWV �(mdgIZ _ cIZ~|GVGU[Z
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ehn¨V�Z°� _ ��	 ghUWVGihk]UWbdVGk��Lw]m!i _ � w]UWV�VGUWghVGg�) VGk�Z-�dmdgª��5 �d� 	 �JVGU � � � � ghn ehghi
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�:5 Qa� 	 �JVGU Q�� � � ghn `D_ Z R S�UWVumdosZ~UWw]v ` V!X
VGU[Z]\]^_a` UWbdcaVGU[ZlUWg¦¥��h� R��dQ `D_ Z�i _ n&U[Z
VGUWghVGg ) VGk�Zu�dmdg K
5 Q��I� � � �fvGn �JVGU Q�� � � ghn ehghi �JVGU � � � � ghn R S _ n&U[ZYpWUWVGbaZ
ihUWV¦X
VGU[Z]\]^_a` UWbdcaVGU[Z ihVGk}§�k]md�JVjk �hR �,(�d�j�JVGU � � � � ghn ehn V�Z°� _ � � � � � �fvGn ehghi
�JVGU Q�� � � ghn ehn V�Z°� _ Qd��� � � �fvGn ghUWVGihk]UWbdVGk _ pWw ihUWV¦X
VGU[Z]\]^_a` UWbdcaVGU[Z ihVGk §�k]md�JV
k �hR �, �7R S�UWV�¥��hw]v ` ^_ Z~|Gehghb!ihVGk-� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg}ihVGk §�k]md�JVlk �hR �,(�d� _ ehw
¥��h� R�Q VGk]bdUW�sZ!VGUWghVGg ) VGk�Z!�dmdg B:� � / �hR S�UWV&��VGk]k]UWghbdVGk]ehghb�ihVGk �(mdgIZ _ cIZ~|GVGU[Z
UWn ��VGk]bdpWVGUWv ` |GeB§�k]md|GV �  � � `D_ Z-|Ge VGUWghVGk bdVGk]UWghbdVGk]VGg ) UWVGihVGk]�JVGp _ ihehghbu�JVGU�§�k]m��
|GV � (�d�!bdV�\r^e ` k�Z R S�UWVGw]VGw(��k]bdVG�hghUWw��JVGw�Z;^_ Z~UWbaZ�ihUWV ��VGk]n!esZ~ehghb ��i _ � _ ehv ` w]v ` mdg
�JVGU��VGn&oJVGk _ Z~ehk]VGg ehn ��� � � � ihUWV ) UWVGihVGk]�JVGp _ ihehghbjn&U[Z � _ ehVGk]w�Z~ma� �JVGUWn ¥��7�
w]v ` k]VGv cI�dmdk]b _ ghbBVGUWghV(VGgIZ~w]v ` VGUWihVGghihV �lmdpWpWV�w]ohUWVGp[Z R
S�VGk VGgIZ~w]v ` VGUWihVGghihV § _ k _ n&V�Z~VGk �JVGU�ihVGk�) UWVGihVGk]�JVGp _ ihehghb UWw�Z ihUWV
�(mdgIZ _ cIZ~|GVGU[Z
ihVGkª§�k]md�JV�n&U[Z}ihVGn � _ ehVGk]w�Z~ma� ihVGkB¥fZ~n&mdw]o ` ^_ k]V R S�UWVGw]V
�(mdgIZ _ cIZ~|GVGU[Z ` ^_ ghbaZ
_ �JVGk-w�Z _ k]c!�dmdg ihVGk-¥�k�Z-ehghi�) VGUWw]V�ihVGkf��gIZ]\6VGk]gLehghb!ihVGkf§�k]md�JV _ ehw ihVGn ��e _ k]|r�
k]m ` k _ � R S�VGk�bdVGg _ ehV A�ehw _ n&n&VGg `D_ ghb(UWw�Z�i _ �JVGUhghUWv ` Z�VGUWghihVGesZ~UWb�\6VGw�Z~|GehpWVGbdVGg��Li _
g _ v ` ^����gLehghb ihVGw ��e _ k]|Gk]m ` k]VGwfihUWV���VGk�Z~VGUWpWehghb ihVGwl� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGwfUWg
ihVGk�§�k]md�JVGghc _ n&n&VGk ehghiBihUWV��VGn&oJVGk _ Z~ehk-ihVGk�§�k]md�JV�w]VGpW�hw�ZfghUWv ` Z�n&V ` k VGUWghihVGe7�
Z~UWb&|Gej�JVGw�Z~UWn&n&VGgjw]UWghi R S _ n&U[Z�UWw�Z�ihUWVu��UWgs\r^e ` k]ehghb&ihVGk �(mdgIZ _ cIZ~|GVGU[Z _ pWwlbdVGg _ e
� _ k]UWUWVGk]� _ k]VGku�VGn&oJVGk]o _ k _ n&V�Z~VGkughUWv ` Z w]UWghgI�dmdpWp R ��UWghV}ehgL�JVGw�Z~UWn&n Zu� _ k]UWUWVGk]VGghihV
�(mdgIZ _ cIZ~|GVGU[ZlVGk]w]v ` �-VGk�Z�J]VGihm7v ` VGUWghV�bdVG|GUWVGp[Z~V(��UWghw�Z~VGpWpWehghb!ihVGk�� _ ehVGk]w�Z~ma��camdgh|GVGg7�
Z~k _ Z~UWmdgªUWg}�Yt _a��� eh�������7�r��S ^ehghgs©DpWn&VGgªVGk ` VG�hpWUWv ` R
t-VGU(ihVGn pWV�Z~|�Z~VGg UWg ihUWVGw]VGkª¥�k]�JVGU[Zªi _ k]bdVGw�Z~VGpWp[Z~VGg �VGn&oJVGk]ohk]md|GV � (� Q ���lehk]ihV
�dVGk]w]ehv ` Z&�£VGUWghV�� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdgBehgIZ~VGk `D_ pW� ihVGwf�hUWw ` VGk-UWg}ihVGgª§�k]md|GVGw]w]VGg
(���°(�d�uVGk]k]VGUWv ` Z~VGg z UWghUWn!ehn&w-�dmdgDB#� � / Qd� |GejVGk]k]VGUWv ` VGg R
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S _ �JVGUa�lehk]ihV��dmdgYihVGk�¥�k]bdmdghihehk]v ` 7De � n&V�Z ` m7ihV _ es\sihUWV�|��-VGU[Z~V�UWg�� _ ohU[Z~VGp �7RyQ �JVr�
w]v ` k]UWVG�JVGghV z V�Z ` m7ihV�n&U[Z ihVGn¨�ehk]�Jmdn&mdpWVGcLehp _ k]ohehn&ohw�Z _ ghi ^eh�JVGk]bdVGb _ ghbdVGg R t-VGU
ihUWVGw]VGk z V�Z ` m7ihV}�lUWk]i ihVGk8?(VGw _ n Z~ihk]ehv c UWg ihVGk §�k]md�JVGghc _ n&n&VGk _ es\Y� � T ' � _ k
n&U[Z���UWp[\6V�ihVGw��ehk]�Jmdn&mdpWVGcLehp _ k]ohehn&ohw�Z _ ghihVGw��dVGk]k]UWghbdVGk�Z R S _ �JVGU��dVGk]k]UWghbdVGk�Z�w]UWv `
ihVGk&� _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv c ohk]mdoJmdk�Z~UWmdg _ p |Gehn ?(VGw _ n Z~ihk]ehv c R S�UWV} _ �JVGpWpWV¦� �
|GVGUWbaZ ihUWVli _ �JVGUD�dVGk��-VGghihV�Z~VGgj§ _ k _ n&V�Z~VGk R S�UWV��k _ ghw]n&UWw]w]UWmdg&UWg&¥��h� Rs�a� `D_ Z �JVGU
� � � � ghn¡VGUWghVGg�) VGk�Z��dmdg!�5 � � 	 ehghi �JVGU Q�� � � ghn¡VGUWghVGg�) VGk�Z��dmdg!�5 �IQ�	}R
S�UWVu�lV 7DVrqsUWmdgª\]^_ pWp[Z��dmdg���5 �d� 	 �JVGU � � � � ghn _ es\��:5 Qd��	 �JVGU Q�� � � ghn _ � R
S�UWV(w]UWv ` i _ k _ ehwlVGk]bdVG�JVGghihVumdosZ~UWw]v ` VuX
VGU[Z]\]^_a` UWbdcaVGU[Zf�JV�Z~k�^_ baZ K>5 �Ix�� � � �fvGn��JVGU
� � � � ghn¬ehghioK
5 � � � � � �fvGn �JVGU Q�� � � ghn R S�UWVYi _ n&U[Z _ ehw�¥��h� R�Q bdVGw]v ` ^_ Z~|�Z~V
� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg¦�JV�Z~k�^_ baZ B�� � / �hR ¥�ehv ` i _ n&U[Zf�lehk]ihVuihUWV _ ghbdVGw�Z~k]VG�sZ~V
� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdghw��dVGk]k]UWghbdVGk]ehghbªehgIZ~VGk `D_ pW�¦�dmdg>B
� � / Qd� ghUWv ` Z�VGk]k]VGUWv ` Z R
S�UWV z V�Z ` m7ihV�n&U[Z�ihVGn��ehk]�Jmdn&mdpWVGcLehp _ k]ohehn&ohw�Z _ ghi |Gehk���VGk]k]UWghbdVGk]ehghbuihVGwf� _ e7�
VGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw-VGk]w]v ` VGUWgIZ&�sUWn ��VGk]bdpWVGUWv ` |Gehk ¥�k]bdmdghihehk]v ` 7De � n&V�Z ` m7ihV�� _ pWw
�-VGghUWbdVGk(bdVGVGUWbdghV�ZY|Gehk��-VGU[Z~VGk]VGg���VGk]k]UWghbdVGk]ehghbBihVGku� _ ehVGk]w�Z~ma��camdgh|GVGgIZ~k _ Z~UWmdg���i _
ihVGk _ ghbdVGw�Z~k]VG�sZ~V Bh� ) VGk�Z�ghm7v ` �-VGU[Z~VGk��dmdg�ihVGn VGk `D_ p[Z~VGghVGg>Bh� ) VGk�Z&� _ pWw��JVGU�ihVGk
¥�k]bdmdghihehk]v ` 7De � n&V�Z ` m7ihV�� _ �I�-VGUWv ` Z R
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� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw _ g �Yt _a��� eh�������7�r��S ^ehghgs©DpWn&VGg ihehk]v ` bdV�\r^e ` k�Z R A�ehk ¥�g _ p[�I�
w]VBihVGw&� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw!�lehk]ihVBVGUWg mdosZ~UWw]v ` VGw ��VGk�\ _a` k]VGg �dVGk��-VGghihV�Z R S�ehk]v `
z VGw]w]ehghb�ihVGku�k _ ghw]n&UWw]w]UWmdg ehghi ihVGku�lV 7DVrqsUWmdg UWg VGUWghVGn �7oJVGcIZ~k _ pW�JVGk]VGUWv ` �dmdg
Q�� � � ghn �hUWw � � � � ghn �lUWk]i¦n&U[Z���UWp[\6VYihVGw�UWn � _a` n&VGg¦ihUWVGw]VGk�¥�k]�JVGU[Z�VGk]w�Z~VGpWp[Z~VGg
z _ k]cam��I� z m7ihVGpWpWVGwBihUWV�mdosZ~UWw]v ` V X
VGU[Z]\]^_a` UWbdcaVGU[Z}�JVGw�Z~UWn&n Z R ¥�ehwBihVGg bdV��-mdghghVr�
ghVGg�) VGk�Z~VGg ihVGkYmdosZ~UWw]v ` VGg X
VGU[Z]\]^_a` UWbdcaVGU[Z�c _ ghg w]m _ es\ ihVGg � _ ehVGk]w�Z~ma��bdV `D_ p[ZYUWg
�Yt _a��� eh�������7�YbdVGw]v ` pWmdw]w]VGgj�-VGk]ihVGg R
A�ehk ��UWghw�Z~VGpWpWehghbuihVGwf� _ ehVGk]w�Z~ma��bdV `D_ p[Z~VGw �JVGUDihVGg&�Yt � ����S ^ehghgs©DpWn&VGg �lehk]ihV�VGUWg
�JVGU��Yt � ������UWghcLk]UWw�Z _ pWpWVGg��JVGk]VGU[Z~wuV�Z _ �hpWUWVGk�Z~VGw���VGk�\ _a` k]VGg _ ghbdV��-VGghihV�Z R t-VGU�ihUWVr�
w]VGn ��VGk�\ _a` k]VGg c _ ghg ihVGk�� _ ehVGk]w�Z~ma��bdV `D_ p[Z B}ihVGk���UWghcLk]UWw�Z _ pWpWV ihehk]v ` VGUWghV�bdVGg _ ehV
� _ k]U _ Z~UWmdg ihVGk��VGn&oJVGk _ Z~ehk�ehghi ihVGw � _ ehVGk]w�Z~ma��o _ k�Z~U _ pWihk]ehv caVGw�bdVG|GUWVGp[Z�VGUWghbdVGw�Z~VGpWp[Z
�-VGk]ihVGg R
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