
©Z� �©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÎÔ

¦¯YuZ] ­|À³Z¨¯�½yYv¿Z��¹ ¦À¯Z´¿u�ªÀ¬pc�¹zÀ��Îz¿x���Z��³Y�Ï

½ºp³�²�o
¹¾³Zp^��uº��¯


v¨�³Yu_±Z¸ �Y�¾d�´��µZ.�³Yu �¦À³Z¨¯�¾�v´¸¯

�¶«Z¤¯�b�Z¿yu�ÎÐ�Ð�ÕÍ�¾¿Z¸³�¶t�³�b�Z¿yu��ÎÏ�Ð�ÕÏ�

µvÀ¨#�¦¯YuZ]�­|À³Z¨¯�¦¿�½yYv¿Z��¹ ¦À¯Z´¿u�¶«Z¤¯�²¿Y�yu±¹zÀ�b�Y�¶d�z-�yYz£�¾�yz]�uyº¯�z¿x���Z��³Y��«uZ�¯�Yvd]Y`®d�À��b§zo�
b�Y�µv¯M�b�u�¶]�¹zÀ��¹ ¦¯YuZ]�ªÀ¯�½z¿x���Z��³Y��z��Z]�¦�s�¹ {º¨�¿¹�ayº��¶]�µv´´§�±Z�º³�½¹{Z]�½Çº«�yu�¥Z¨��Y�\°«º§�yu

b�Y�µv��¶d�z-�z�³�²ÀÀ�c�{Y�~�`«uZ�¯±M �®d�À��b§zo�ªÀ�³Yz ¿u�±¹v]� Yy¾¯�v�]À´§�®�«uZ�¯�¦¿�ayº��¶]�¾¿Z¸³�ª�Zo`ªÀ�³Yz ¿u�
uº]�v·Yºs�¦¿uº¿z���º³�{Y�±Z¯{�Z]�zÀ�d¯�½Z·zd¯YyZ��Z]�¹u�¶kyu�

¶§º¬��½yºXc� {Y� µuZ d�Y� Z]�­|À³Z¨¯�½yYv¿Z��ªÀ¬pcÐb�Y�µv��­Zl³Y��½Z·yYuº°³b^�³�ª]Z¤¯�yu�¶´¯Yu�b^�³�\�oz]�½uv�d¯�½yYv¿Z��
¶§� µv��¶WYyY�~³Z§z�¥È¸d�Y� Z]� ¹ ¥È¸d�Y�±¹v]��¬dt¯�½Z¸d«Zo�½Yz]v³Y��±¹v]�b«Zo� yu�¶§�v·u�¾¯�±Z�³�¢À¤pc�²¿Y� {Y�ª�Zo�j¿Zd³

b�Y�yYv¿Z��®d�À��r�Z��¾�³Z§z��½Z¸d^�³�­Z°c�yu��¦#º§�¦¿zpc�¶´¯Yu�b^�³�½Yz]��¥È¸d�Y�\°«º§�¹ {º¨�¿¹�½Z¸§È¸d�Y�±uz§�¶�Z�Y
b§zo�±v��zcyYv¿Z��f�Z]�®d�À��¶]b�Y�zd�º�p¯�®d�À��b§zo�±uz§�yYv¿Z��yu�\°«º§�¥È¸d�Y�zgY�¹ uº��¾¯�±M��

±Z-%Y¹½vÀ¬§��¶§º¬��½yºXc��¹zÀ���¦¯YuZ]�­|À³Z¨¯��½yYv¿Z���¾¨À¯Z´¿u�ªÀ¬pc

'\QDPLF�DQG�6WDELOLW\�$QDO\VLV�RI�)OH[LEOH�&DP�)ROORZHU�6\VWHPV
+��1DKYL�DQG�0��6REKDQL

0HFKDQLFDO�(QJLQHHULQJ�'HSDUWPHQW��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\

$EVWUDFW��,Q�WKLV�SDSHU��G\QDPLF�DQG�VWDELOLW\�DQDO\VLV�RI�D�IOH[LEOH�FDP�IROORZHU�V\VWHP�LV�LQYHVWLJDWHG��(TXDWLRQ�RI�PRWLRQ�LV�
GHULYHG� FRQVLGHULQJ� IOH[LELOLW\� RI� WKH� IROORZHU�DQG�FDPVKDIW��9LVFRXV�DQG�&RXORPE� IULFWLRQV�DUH�FRQVLGHUHG� LQ� WKH�URFNHU�DUP�
SLYRW��7KH�QRUPDOL]HG�HTXDWLRQ�RI�PRWLRQ�RI�WKH�V\VWHP�LV�D��QG� RUGHU�GLIIHUHQWLDO�HTXDWLRQ�ZLWK�SHULRGLF�FRHIILFLHQWV�

)ORTXHW� WKHRU\� LV� HPSOR\HG� WR� VWXG\�SDUDPHWULF� VWDELOLW\� RI� WKH� V\VWHP��6WDELOLW\� GLDJUDPV�DUH�SUHVHQWHG�DQG� WKH� HIIHFWV� RI�
YDU\LQJ� FDP�SURILOHV� DQG�PRWLRQ� HYHQWV� RQ� WKH� VWDELOLW\� RI� WKH� V\VWHP�DUH� FRPSDUHG��5HVXOWV� VKRZ� WKDW� YLVFRXV�DQG�&RXORPE�
IULFWLRQV�VWDELOL]H�WKH�PRWLRQ�RI�WKH�V\VWHP��
.H\ZRUGV���'\QDPLF�DQDO\VLV�6WDELOLW\��&DP�IROORZHU��)ORTXHW�7KHRU\�


�yZ¿uZd�Y



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÎÕ

Î�¶¯v¤¯
¦º¯YuZ]�­|ºÀ³Z¨¯º�Z¸³Z°«Y�{Y�¾¨¿�¹zÀ�¿¾oYz��yu�¶§�b�Y�¾

uyYu�¾�À�¹�uz]yZ§�¾¨À³Z¨¯�½Z¸°d�À��¾¯�Yy�®d�À��²¿Y±Yºc
{Y�½vÀ«ºc�½Z¸´Àº�Z¯�{Y�½yZÀº�]�|ºÀ³�¹ ªÀº^¯ºcY�½Z·yººcº¯�yu
¶¿x�Y�vÀ«ºc�½Z¸´À�Z¯�¹ �Z#�½Z¸�z���¾kZ�³�½Z¸´À�Z¯�ªÀº^£

bº�Z¿�º¿Y�{Y½Z¸d§zo�¶]�¾³Yy¹u�b§zo�ª¿v^c�½Yz]�­|À³Z¨¯�²
¾¯�µuZ d�Y�¾³Z�º³�Z¿�¹ ¾d�-z]�¹ b�yuº��uz]yZ§�¶]�¶kºc�Z]

ªÀ¬pc�¹ ¦ÀcZ°´Àº� ¾º�yz]��b�´º� yu�­|ºÀ³Z¨¯�²º¿Y��Àº�¹
½yZÀºº�]�bÀºº°·Y�{Y�®dºº�À��²ºº¿Y ¾ºº¨À¯Z´¿u�yZdºº�y ¹ ½yYvºº¿Z�

b�Y�yYuyºsz]�

Ï�$t¿yZc`�¯�X¶¬
yZdºº�y ¶´ººÀ¯{�yu�¢Àºº¤pc¦ºº¯YuZ]�®dºº�À��¾ºº¨À¯Z´¿u�±¹zººÀ�

�Z��³Y©Z��¶]�z¿x�ÎÖÑÕ¾¯�{Z]�º��¹z·�¶§�u|³@Î>aZ¤À¤pc�yu
�Zºº��³Y�ayººº� ¶ºº] Yy�¹zººÀ� uºººsb�zºº- zºº�³�yu�zºº¿x��½¹

�º]z¯�©uZ�¯�­zk�²d�z-�z�³�yu�Z]�Yy�¦¯YuZ]�z]�uyY¹�½Z·¹zºÀ³
uy¹M�b�u�¶]��¹zÀ��¶]��º]z¯�¥È¸d�Y�¹ ¾dt��¹ ±M�¶]�¹ ²#

³Yº«º�Àj@Ï>yu�©Z�ÎÖÔÒ½uY{M�¶kyu�¹u�½Z¸«v¯�{Y�µuZ d�Y�Z]�
¦¯YuZ]�­|À³Z¨¯�¾¨À¯Z´¿u�r�Z��¾�szÀ��¹ ¾º�s±½Yz]�Yy�¹zÀ�

¶ºº] ¦ºº¯YuZ]�½Z¸¬À�¹zºº� {Y�½uYvºº�cvºº³uy¹M�bºº�u�¹ º³Y|ººÀ�
²¿Zdººº�³u¹z�@Ð>©Zººº� yu�ÎÖÕÐ®dººº�À��¦ººº¿ ¦Àººº¯Z´¿u�

¦º¯YuZ]±uyº¯�¾¬À¬pc�¹ ¾]zlc�yº��¶]�Yy�uZ¿{�b�z��Zº] ¹zºÀ�
v³uYu�yYzº£ ¶º�«Z�¯�aZ^�Zp¯�uyY¹�|À³�\°«º§�¥Z¨��Y�aYzgY

�v�
zdº�Z§@Ñ>©Zº� yu�ÎÖÔÒªÀ¯�¹ ¹zÀ��¦¿�¾º¨À¯Z´¿u�yZdº�y�

�Zº��³Y�¦º¯YuZ]z£�¶�«Z�¯�uyº¯�Yy�z¿x�uYu�yY�bÀ�£º¯�yu�Z�s
¹ (¯YuZ]�²d�y�ÇZ]�{Y�~��®d�À��0k¹zs�ºº���²d�zº- yYzº£

(¯YuZ]�b)zo�²Àoyu�0º*À¯Z´¿u�/Z·¹zºÀ³v��²ÀÀ�c�¹ º�¬³M
zºº¯ºc@Ò>(ºº¯YuZ]�­|ººÀ³Z*¯�0ºº*À¯Z´¿u�ªÀºº¬pc�yu���zºº´� ¹zººÀ

µv¯M�b�u�¶] j¿Zd³�¹ µuº°³�©v¯�µuzd�-�ayº��¶º] Yy�0dº�-z]
v³uz§�¶�¿Z¤¯�|)z°d¯�©v¯�j¿Zd³�Z]�Yy�

b]Zg�\¿Yz��Z]�'È¸d�Y�±¹v]�/Z¸°dº�À��yu½Z¸d�z��yu
Z³�v�y�r�Z��¶´¯Yu�¹ µv��yYv¿Z�Z³�r�Z��¾´À�¯¾¯�½u¹vp¯v´§��

Z]�½Z¸°d�À��yu�µv��¶dsZ´��v¿v�c�±Yº´��¶º] ¶º§ µvº¿v��²º¿Y
±Z¿Z°³�½zd¯YyZ��v¿v�c�ayºº� ¶º] ±Zº¯{�¶º] ¶dº�]Y¹�\¿Yzº�

¾º¯uºº��±M�P�´¯�¶§�b�Y�r�Z��¾¿Z°³�v�y��½zd¯YyZ��v¿vº�c
®dº�À��±uºº] ½zºd¯YyZ�bº�Y�©Z��yu�¶§º¬��yZ]�²Àº«¹YÎÕÕÐ

dºº�À��½yYvºº¿Z��²ÀººÀ�c�½Yzºº] ¾ºº�¹y½Z·zººd¯YyZ��½YyYu�½Z¸°
¶WYyY�¦¿uº¿z�z§u�©Z��yu�ªÀ·ÎÕÕÑ¾]�±Z´À¯zcu��¹y�b¿Z¸³

©Zº� yu��³º�ZÀº« ¹ YyÎÖÍÏ�ZÀº« �¹y�º�³Ñmz�¯�Yy�z§v³u�
�¹y�²Àºº´$°·�¹ ¡ººº� ½Z¸ºº�¹y�±Zºº¤¤p¯�{Y�½uZºº¿{�uYvºº�c

¾�Z�d�YÒ©Z^³u�uºs�aZ�«Z�¯�yu�Yy�z§v³u��Z¸�¹y�²¿Y�±ZÀ¯�{Y
À]�uzº]yZ§�¶§ºº¬���¹yb�Y�¶dº�Yu�½zdº��}Z�Yz]��¹y�²¿Y

¶º]¾º¯¹yuº³º¯�~¿zºcZ¯�±uy¹M�bº�uÓ±M�µ&¿¹�z¿uZ¤¯�²ÀÀ�c�¹
b�Y�yYºd�Y�¦À�zc�¹ YvÀ¯@Ó>ªÀ¯�¹ ¹zÀ��½z¿x���Z��³Y�zÀgPc

¦¯YuZ]�­|À³Z¨¯�¾¨À¯Z´¿u�r�Z��½¹y�z]�Yy�¦º¯YuZ]±¶�«Z�¯�¹zÀ�
zº§v³u�YvÀ¯�¹ ²¿vº«Y�¾ºp¯@Ô>r�Z��²d�Z¿�½Yz]�½uv��¾�¹y�
zº�¦¯YuZ]�®d�À��¦¿uº¿±µuYu�¶WYyY�¹zÀ�½Z¸¬À�¹z��±M�yu�¶§�v³Y

¶¬°k�v´#�¹ ½vÀWº¬¨À�� �¦À³º¯yZ·¾�yz]�uyº¯�j´��¶kyu�½Y
b�Y�¶d�zº- yYzº£�YvÀ¯�¹ ,´·z�@Õ>½yYv¿Z��¹ ¾¨À¯Z´¿u�r�Z��

µuZ d�Y�Z]�Yy�z¿x���Z��³Y��]Yy�Z]�µv³|�«�,´«�­|ºÀ³Z¨¯{Y�½yºXc�
¾º�yz]�¶§ºº¬�zº§v³u�yZ¨³Zº�¹ ±Z³Z¿YyZ³Y±YyZ¨°·@Ö>¦¿zpc�

Z]�¹ µuz§�¾�yz]�Yy�½uY{M�¶kyu�¹u�½Z¸cZ]y�½Z·¹{Z]�½zºd¯YyZ�
½¹y�z]�Yy�¾«zd´§�½Z·zºd¯YyZ��zºÀgPc�¶§ºº¬��½yºXºc {Y�µuZ dº�Y

v³uYu�yYz£�¶�«Z�¯�uyº¯�®d�À��½yYv¿Z��²À³Z¨d¿¹@ÎÍ>µuZ d�Y�Z]
]Zc�\¿Yz��Z]�b§zo�aÇuZ�¯�½yYv¿Z���³º�ZÀ«��]Zc�{YYy�±Z¯{��
uYu�yYz£�¶�«Z�¯�uyºº¯ v´dº�À³�¦¿uº¿zº� >Z¯¹|º« ¶º§�¹ ¹¹ ²Àk

,³ºº�@ÎÎ>Z]�¾�s�½uY{M�¶ºkyu�v´º# ½Z¸°dº�À��½yYvº¿Z��
¾�yz]��³º�ZÀ«��]Zc�{Y�µuZ d�Y�Z]�Yy�±Z¯{Z]�zÀ�d¯�¾dt��\¿zº�

zº§v³u�¦¿uº¿z��ayº��¶] ®d�À��¾dt��z-Y�v³uYu�±Z�³�Zº¸³M
zºÀÀ�c´§È¸d�Y�uºk¹�±¹v]��v¾¯�®d�À���¥v¿v�c�½YyYu�v³Yºc

v�Z]�½zd¯YyZ��



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÎÖ

¾¨À¯Z´¿u�½yYv¿Z��½¹y�zº] ½yZÀº�]�aZº�«Z�¯�¶º¨³M�uººk¹�Zº]
\¿Yzºº� Zºº] b§zººo aÇuZºº�¯�½YyYu�¦Àdºº�ÇY�½Z¸°dºº�À�

¦¯YuZ]�®d�À���¶d�z¿x��ayº��¦¿uº¿z�º�±º´§Zc�¦Àd�ÇY�¹zÀ�
b�Y�¶d�z-�yYz£�¾�yz]�uyº¯�zºd°§�Z�«v¯�yu��¶«Z¤¯�²¿Y�yu½{

�¾ºº«º��bºº¸k�yu�¹zººÀ� ½zºº¿x���Zºº��³Y��®dºº�À��¾ºº¨À¯Z´¿u
�Zº��³Y¶¿¹Y{�½Z¸d¸k�yu�¦¯YuZ]�yºp¯�½zº¿x�¹ ¾�z��¹ ½Y

z�³�yu�{º¨�¿¹�¹ \°«º§�½Z¸§Z¨��Y�Z]�µv´´§�±Zº�º³�½Çºº«
vº� v·Yººs ¶d�zº-��ÀZº] 0°dº�±º´§Zc�ª¯Z§�aZÀ�z��²À´#�

uyº¯0�yz]b�Y�¶d�z.³�yYz£��

Ð�½{Z�«v¯�u0*À¯Z´¿
ª¨º� yu�Î�¦º¯YuZ]�­|ºÀ³Z¨¯±b�Y�µv��µuYu�±Z�³�¹zÀ��

yºp¯�yu�|§z°d¯�­zk�¹u�Z]�®d�À��¾º�¿{ºc�½Z¸¯zºk ¶$³Z´º#
²¿|.¿Zk��Z�º��yºp¯�¹ ¹zºÀ�º�½%z³Y��¹y�{Y�µuZ d�Y�Z]��u

½{Z�«v¯�½uY{M�¶kyu�¦¿�Z]�Yy�®d�À��±Yºc�¾¯�©uZ�¯z§u�
ª¨ºº� yu�Ï�ª¨ºº� ®dºº�À��½uY{M�¶ººkyu�¦ºº¿ ©vºº¯�Î�
¾º¯ µv·Zº�¯uº��¦¯YuZ]�­|À³Z¨¯�yu±µv´´§�±Z�º³�½Çº«��¹zÀ�

yu�b¸k�²¿v]��uzÀ-�¾¯�yYz£�½uZ¿{�yZ]�bpc�ÇZ]�½Z¸d�z��yu
b�Y�µv��µuZ d�Y�¾�|�«�±Z£ZcZ¿�{Y�Çº«�²¿Y�vo�{Y�b�z��z-Y

¹ \�Z´¯�Çº«�yu�¾¨À¯Z´¿u¹yvÀ·�½yZ¨´�¹y��v´§�{¹Zlc�¾º´À�¯
�º³�{Y�¥Z¨��Y�¹ µuº^³�zºgR¯v¿M�¾¯�v¿v��|À³�¦�s�²¿Yz]Z´]

¹ \°«º§�½Z¸§Z¨��Y�ayº��¶]�Çº«�yu�½%z³Y�µv´´§YzÀ¯��]Z´º¯
uº]�v´·Yºs�{º¨�¿¹�

¹zÀ��¾�z´¿Y�½¹zÀ³�Z]�¶§�¾¿¹zÀ³�uZºl¿Y�½Yzº] ¾dº�-z]�zº´�
� o�Yy�¹zÀ��¹ ¦º¯YuZ]�²Àº] }Zº°c�¹ µuzº§ ¶º¬]Z¤¯´§yZ§�¶]�v

¾º¯u¹y�uZ]�b§zo�¾d�-z]�b°�£�¾��yu��ºº�s�¶º]�¦¯Y
½Yz]�¹zÀ��®d�À��¶]�¶º§ bº�Y�½%zº³Y��^º´¯�Z¸´ºc �Z�ºº� zº´�

¾¯�[Zd��¶À«¹Y�bÀ�£º¯�¶]�b�-z]v·u�¹zÀ��¾�z´¿Y�½¹zÀ³�z-Y
¾¯�qy��z��_v¿v���uº��¾d�-z]�z´��½¹zÀ³�z]Yz]f�Z]�¶§�v·u
v��v·Yºs�­|À³Z¨¯�v¿v��¾-uº�z��¹ ¶]z��uZl¿Y�

µv¿Y�z´��¦¿�ayº��¶]�¹zÀ�Y©�§YzÀ¯�±¹v]µv´´�µv��©v¯
uyº¯�ÇZ]�½Z¸d�z��yu�©uZ�¯�­zk�{Y�¹zÀ��±v�� Yvk�©Z°doY�¹

b�Y�¶d�z-�yYz£�z�³�yu�|§z°d¯�­zk�¹u�ayº��¶]�¹zÀ��­zk
ayº��¶]�¹zÀ��­zk���³�²¿Yz]Z´]� �µv���z��±M�½Z¸d³Y�¹u

b�Y�µv��ª¤d´¯��Z�º��ªp¯�¶]�|§z°d¯�¹zÀ��©uZ�¯�­zkPHTS

¹zÀ��©uZ�¯�¾dt��¹NHTS¶]�v³º��¾¯�¶^�Zp¯�z¿{�ayº���

�Î��
�
�SHTS �5

5�P�
�P  

�Ï��
�
�SHTS �5

5�NN  
yuaÇuZ�¯¡º��NS�¹zÀ��¾dt��PSk¹ ¹zÀ��­z5�¹5�¶]

v´´§�±Z�º³�½¹{Z]�½Z¸�Z���\Àczcv´d�·� µ�yu� uºkº¯�±Z°¯
�µv´´§� ±Z�º³� ½¹{Z]� ½Çº«0F¶]¶^�Zp¯� ª]Z£� z¿{�ayº�

b�Y@ÎÏ>�
�\6LJQ�)�50 �5GUF �� H�_\�_ !�

H�_\�_�)_�6LJQ�)�5_�_)5PLQ�_0 V5VUV�F � d� � �Ð�
yuaÇuZº�¯¡ºº�\��©uZ�¯�­zk�b�z���5)½uº°��½¹zÀ³�
yu�¾¨À¯Z´¿u�©uZ�c�b«Zo�yu�¹{Z]�½Çºº«�5)½uº°��½¹zÀ³�

�¾¨ÀcZd�Y�©uZ�c�b«Zo�yu�¹{Z]�½Çºº« yu)V¾¿Z·¹zÀ³��º°l¯
|§z°d¯�­zk�z]�¶§0¾¯�zgY�v´§�5�¹ ¹{Z]�zd-y|]��Z���µ{Yv³Y�

5U¹{Z]�½Çº«��Z�º�v´d�·�GP¹VPayZ^��\Àczc�¶]�|À³�Yv³
½¹{Z]�½Çº«�yu�¾¨ÀcZdº�Y�¹ ¾º¨À¯Z´¿u�¥Z¨�º�Y�\¿Yzº� {Y

µv´º´§�±Zº�º³�zºd¯YyZ�Hb«Zo�vo�¶º§ bº�Y�¾d�zº� yYvº¤¯�
¾ºº¯ ±ZÀºº] Yy�¾ºº¨À¯Z´¿u�¹ ¾¨ÀcZdºº�Yzºº]Yz]�±M�yYvºº¤¯�¹ v´ºº§

�����P�VHFyu�¾ºº¯ ¶d�zºº- zºº�³uººº��>Z^¿zºº¤c�yYvºº¤¯�²ºº¿Y
Î�Ívº�yu�®°¿|º§Z¯b�z�¦¯YuZ]�½Z·�­|À³Z¨¯�yu��Z�º��±

b�Y�uZ¿{�b�z��Z]�¹zÀ��

Ñ�®d�À��b§zo�`«uZ�¯�
«uZ�¯`¾¯�Yy�®d�À��b§zo�b�º³�z¿{�ayº��¶]�±Yºc�

569'S )))\0 �� �� �Ñ�
`«uZ�¯�²¿Y�yu)3��)9'¹)56ayZ^��\Àczc�¶]�Y½¹zÀ³�{Y�v³

¨��Y�½¹zÀ³� �¹zÀ�¾d�-z]�z´��½¹zÀ³�¹ ©uZ�¯�¥Z�Z·¹zÀ³�²¿Y
v³Y�¶^�Zp¯�ª]Z£�z¿{�\Àczc�¶]@ÎÏ>�



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÏÍ

ª¨�Î�¦¯YuZ]�®d�À���uZ¿{�b�z��Z]�¹zÀ�

ª¨�Ï�¦¯YuZ]�®d�À��½uY{M�¶kyu�¦¿�©v¯��¹zÀ�



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÏÎ

�\�W�[�N) HTSS � �

63Y56FY9' )\N))GW
G\&) � � �Ò�

²¿Y�yuaÇuZ�¯F)¹ ¾§Z¨��Y�±Z°¯�{Y�ª�Zo�©uZ�¯�½¹zÀ³
)63¹ z´�� ¶À«¹Y�½¹zÀ³�NYb�Y�¾d�-z]� z´��¾dt���\z.³ZÀ]�

z]Yz]�µZ-�¶À¨c�Z]�­zk�}Z°c�­Z.´·�¹ b�Y�©uZ�¯�­zk�bÀ�£º¯
yZÀdsY�Yy�b^h¯�z¿uZ¤¯�µZ-�¶À¨c�{Y�­zk�±v��Yvk�­Z.´·�¹ z �

v´§�¾¯�[��W�±Z�³�v´·u_�c�b�Y�¦¯YuZ]�±Z¨¯�zÀÀ�yYv¤¯[�W�
¹ z ��b�Y�¦¯YuZ]�¾¬�Y�µz¿Yu� Z]�}Z°c�yu�¹zÀ��¶§�¾¯Z.´·

b�Y�b^h¯�½uv��uyYº¯�z¿Z�� yu�&Y\¿z��{Y�b�Y�ayZ^��
µv´´§�±Z�º³�½¹{Z]�½Çº«�yu�{º¨�¿¹�¥È¸d�Y�©uZ�¯�­zk0

¶^�Zp¯�z¿{�ayº��¶]�b�Y� µv��|§z°d¯��Z�º��½¹y�z]�¶§
uº��¾¯�
�­zk¹{Z]�©uZ�¯��¾d�-z]�z´��­zk��Z�º��­zk 0

¹zÀ��©uZ�¯�­zk
¹zÀ��©uZ�¯�¾dt��\¿z��±uy¹M�b�u� ¶]�½Yz]NHTS�Z��³Y

b¸k� ¶�� yu� yºp¯�½z¿x��¶¿¹Y{�b¸k�¦¿b¸k� ¹u� ¹ ½Y
¾�z��¾¯�¶d�z-�z�³� yuuº��ÀÀ�c�yYuº°³�¶]�¶kºc� Z]ª¨��z

ª¨��¦¯YuZ]�yºp¯��Ð�¦¯YuZ]�\À��yYv¤¯��WDQ�Db�Y�z]Yz]��
Z]@ÎÐ>��

&5���
[WDQ. � �Ó�

��5�ayZ^��Y¶�p«�­Z-��Z���{Y�b�b�Y�z]Yz]�¶§�¦¯YuZ]�½Y
Z][5��5� E � ¹5EYuZ]� ½Z´^¯� µz¿Yu� �Z���b�Y� ¦¯�

ayZ^��®d�À��©uZ�¯�¾dt�Y{Y�b��

.WDQN
�

N
�

N
� �

WFHT
� �Ô�

¶º�]Yy�²º¿Y�yuNF¹NWyu�©uZ�¯�z´��¾dtº� zº.³ZÀ]�\Àczºc ¶º]
¾º¤�Y�¹ ½uºº°��½Z¸dº¸kz¿{��º]Y¹y�{Y�Yy�Zº¸³M�zº¿uZ¤¯�¹ vº³Y

¾¯uº°³�¶^�Zp¯�±Yºc�

T
T

� NN
NNN

\
\

W �
]S

]S
F NN

NNN � �Õ�

®À´§�¾¯��z��Çº«�z��¹u�zÀc�¦¿� Yy�¦¯YuZ]� yºp¯�²¿Yz]Z´]
z¿uZ¤¯NT��NW¹N]{Y�aÇuZ�¯¾¯�b�u�¶]�z¿{�v´¿M�

�EV

�V
�[5�/�

U*N �
S T � �V

�V]\ /�
U(��NN S  �Ö�

yuaÇuZ�¯¡º�UV�¦¯YuZ]� yºp¯� �Z��*�¾�z]�©¹v¯�(
©¹v¯¹ ¶dÀ�Àd�ÇY/Vb�Y�¦¯YuZ]�yºp¯�©º���¾dt��\¿z�
©uZ�¯NHTSz]Yz]�Z]�b�Y��

�
�
�HTHTS �5

5�NN  �ÎÍ�

¾º´¿|.¿Zk�Zº]aÇuZ�¯��Ò�yu`«uZ�¯��Ñ�{Y�µuZ d�Y�¹aÇuZ�¯
��ÎÍ�Ó�¦ºº¯YuZ]�®dºº�À��b§zººo `ºº«uZ�¯��±[Zºº�doY�Zºº] ¹zººÀ�

Çººº« yu�µv´´§YzººÀ¯�½Z·¹zººÀ³¶ºº] ¹{Zºº] ½½Z·¹zººÀ³�ayººº�
½z¿x���Z��³Y�zgY�²d�z-�z�³�yu�Z]�²À´$°·��\°«º§¹{º¨º�¿¹

z¿{�ayº��¶]��b¸k�¶��yu�yºp¯b�Y�
� ������ ��W�[\�N))\N\&\0 HTSFVSYY ��� �ÎÎ�
¶�]Yy�²¿Y� yu¾§Z¨��Y�±Z°¯� {Y�ª�Zo�½¹zÀ³/zÀ-�±Z°¯� Z]

µv´´)� ±Z�º³�/¹{Z]� yºp¯� ©ºoz¿{�ayº�� ¶]¶^�Zp¯�ª]Z£
b�Y@ÎÒ>�

»»
»»

¼

º

««
««

¬

ª
�

Z�
�Pr Y�
EW

F
FG

�
UF )

�5
[�N

N�
�[\�N

5
5)

�

�ÎÏ�

)YayZ^�Y�Z�º��½¹zÀ³�{Y�b��

Ñ�v�]�±¹v]�b§zo�`«uZ�¯�
z¿{�½Z·zd¯YyZ���¿z�c�Z]�±Yººc ¾º¯ Yy�®dº�À��b§zºo `º«uZ�¯�

¶º]±ZÀ]�vº�]�±¹vº] ayºº�z§u�²¿Yª¨�«uZ�¯�`½Yz]�b§zo�
�«Z�¯`b�Y�zd^�Z´¯�½yYv¿Z��½zd¯YyZ���½Z·zd¯YyZ�¶§�v�]�±¹v]

zd�Z§��º�ºc�Yvdº]Y�yu@Ñ>µv��¾�z�¯�ayº��¶]�¾cYzÀÀ�c�Z]�v³Y
¾¯�±ZÀ]�z¿{v³º��

PK
[+  ��

P
P

K
W[+ �

�  �
PW
W7  �

F
H N

0�7 S 

PK
\<  �

P
P

K
W\< �

�  �
P

�P
K
W\< ��

��  �
P
H

W
7 W �

�
P

P
W
F ���5

K�N
N) TT � 0

&W� YP [W
S �ÎÐ�

²¿Y�yuaÇuZº�¯KP��WP¹TPayZ^��\Àczc�¶]�Yzh§Yvo�{Y�v³



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÏÏ

ª¨�Ð�b¸k�¶��yu�¦¯YuZ]�yºp¯�ª¨��zÀÀ�c�yYuº°³�
²dº�y�ÇZº]�b�y�²d�y�ÇZ]�±Z¯{��¹zÀ�¦¯YuZ]��sz#�¶¿¹Y{�¹

²dºº�y�ÇZºº] yu�²Àºº´$°·7H��W��)��[¹5�T�\Àczººc ¶ºº]
�v�]�±¹v]�¾�À^��uº¿zº� �©uZº�¯�¾º�À^��uº¿zº� {Y�vº³Y�ayZ^º�
­Z-��Z�º� ¹ ¥È¸dº�Y�b^º�³��yººp¯�zºÀ�d¯�¾dtº� \¿zº�

¶�p«¦¯YuZ]�½Y�
¶]�¶kºc�Z]`«uZ�¯PP WZ Tb�z-�¶lÀd³�±Yºc�¾¯��

��PF ���0
WN

W
S � �

F
Y�PY ���N

N
0
WN

W
S �ÎÑ�

{Y�µuZ dºº�Y�Zºº]aÇuZºº�¯��ÎÐ¹ÎÑ�ºº«uZ�¯��`b§zººo�ÎÎ�Yy
¾¯¶]�±Yºc¶]�v�]�±¹v]�ayº�ª¨�b�º³�z¿{��

 »¼
º«¬

ª r��

��]��

<�
2

���5
5��5

5��+)��N
N

<
2

���+)���<�+)��

�
�
U

G�
�
��

F
Y

��

�

�����

+�
2

���5
5��5

5�

�+)���
2

���)5
5�)NK

�

�
�
U

G�
�
�

��Y
�
U

GVS
FP

»¼
º«¬

ª r

���»¼
º«¬

ª r� �

�ÎÒ�

�«Z�¯�½Yz]`«uZ�¯�².°·�b°�£��¤��®d�À��½yYv¿Z��`b§zo�
¾¯�¶d�z-�z�³�yuuº�@ÎÑ>�

½Yzºº] zºº¿{ zºº¿uZ¤¯��¾ºº¨À¯Z´¿u�rºº�Z��±uy¹M�bºº�u�¶ºº] yu
¾¯�¶d�z-�z�³�yu�®d�À��½Z·zd¯YyZ�v³º��

���5
5
�
�  � ���5

5
�
U  � ����G  P �� ����N

N
F
Y  �

0� �������NJ �� ����N
N
S
\  

/V  ������P� ���5E  �������P
«uZ�¯`¾¯� Yy�².°·�b§zo�¶]�½zd¯YyZ��ayº��¶]�±Yºcª¨�

uYu�±Z�³�z¿{�
�<�W�N<�W�F<�W�P  �� ��� �ÎÓ�

ayZ^��v³Y�¦¿uº¿z��¶§�`«uZ�¯�²¿Y�½Z·zd¯YyZ�{Y�v³Y��
�I +)��7W�P�W�P �� � 

W
S�[ � ��+)����7W�F�W�F �I �

�
�
U

G�
�
��

F
Y

I

�
2

���5
5��5

5��+)��N
N

�7N�WN�W�

»¼
º«¬

ª r��
 � 
�

�ÎÔ�



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÏÐ

7IayZ^º�®d�À��¾¬º�Y�uº¿zº� {Y�[Z�doY�Z]����*
(  /Yz]�
v�]�±¹v]�zd¯YyZ��®d�À��/Z·zd¯YyZ��0´¿|.¿Zk�¹ uÇºº�)z]Yz]�

Z]�b�Y@ÎÒ>�
> @

�

P
P

�

[��������
K

[���������������)

»¼
º«¬

ª
�

�� 
�ÎÕ�

®º�y�½Yzº]yYuºº°³b^�³�v�]�±¹v]�zd¯YyZ��¹u�{Y�½yYv¿Z��½Z·
¾º�³Z§z�

QZ
Z¦¿zpc�¶´¯Yu�b^º�³�¹

�
P

5
K¾¯�µuZ d�Y�uº��

5�ayZ^º�Y¾�À^��~³Z§z��¹ ¦¯YuZ]�`À«¹Y�_z¿Yu��Z���{Y�bº�
©uZ�¯QZZ]�b�Y�z]Yz]��

�
FQ �0

N� Z¶§�NFyu�©uZ�¯�¾dt��
�º�ºc�¹ bº�Y�®WZº£ bº¸k`«uZ�¯��Õ�b�Y�µv���¿z�c�Z

¹ b�Y�¦¿zpc�~³Z§z�
P
P
W
T Z��

Ò�®d�À��½yYv¿Z��ªÀ¬pc�
Ò�Î�¾¯¹yuº³º¯�~¿zcZ¯�¹ ¶§º¬��½yYv¿Z��yZÀ�¯��©Z¤d³Y�

©Z�� yuÎÕÕÐ¶§º¬��¶WYyY� Yy�½yºXcz§¾�yz]� yu� ¶§� u
�¤³� ¦¿uº¿z�� ½Z·zd¯YyZ�� ½YyYu� ¾�s� ½Z¸°d�À�� ½yYv¿Z�

uyYu�¾�Z�Y�¾¯�±ZÀ]�yZ�dsY�yº��¶]�½yºXc�²¿Y�Zl´¿Y�yuº��u�
ayº��¶]�Yy�¦¿uº¿z��\¿Yz��Z]�b«Zo�ªÀ�³Yz ¿u�aÇuZ�¯

v¿zÀ.]�z�³�yu�z¿{�
�W�)�W�\�W�$�W�\

aaa
� � �ÎÖ�

~¿zcZ¯�±M�yu�¶§$yYuz]�¹)v³Y�¦¿uº¿z���¾´�¿�
�7$�W$�W� D� � �7W�)�W�) Iaa

� �ÏÍ�

b�º³�±Yºc�¾¯�®d�À��r�Z��½Yz]�yYv¿Z��b«Zo�yu�
�W�\�7W�\

aa
 � �ÏÎ�

rºº�Z��¾¬ºº�Y�uº¿zºº�7ayZ^ºº�[zºº�¯�²¿zººd¨#º§�{Y�bºº�Y
½Z·uº¿zº� ¥zdº�¯7D¹7I��«uZ�¯�ªo��¶§º¬��½yºXc�¢º]Z�¯`

±ZÀ]�z¿{�ayº��¶]�±Yºc�¾¯�Yy�¡º�z§u�
5W

aa
H�W�3�W�\  �ÏÏ�

¶§��W�3
a

b�Y�¦¿uº¿z���]Zc�¦¿��uº¿z�� Z]7�¹5~¿zcZ¯�
b]Zgb�Y�{Y�~�Qz��{Y�uº]�v·Yºs�ayZ^��ªo��uº¿�

�Q7W�5
aa

H�W�3�Q7W�\ � � �ÏÐ�

�¿zº�cZ]*� �H57b�Y�­º�º¯�¾º¯¹yuº³º¯�~¿zºcZ¯�¶º] ¶º§�
`«uZ�¯��ÏÐ�¾¯�Yyb�º³�z¿{�ayº��¶]�±Yºc�

�W�\*�Q7W�\
a

Q
a

 � �ÏÑ�

`«uZ�¯� {Y�ÏÑ�u ±Yºc�¾¯�¿Y|�Y� Z]� ¶§�b�Z¿yQ¾cyº�� yu� �
ªo�W�\

a
¶§�b�Y�yYv¿Z��®d�À��*Qv³Z°]�u¹vp¯��®d�À��¦¿�

b�Y�yYv¿Z�Z³�¾cyº��yu� �¾�s�ºÀcY¹z�´§�ªÀ�³Yz ¿u�aÇuZ�¯
½u¹vp¯Z³� v�y� ±Z¯{� ©º�� yu� ®d�À�� ªo� ¶§v´§�²¿Yz]Z´]�

yZÀ�¯½yYv¿Z��r�Z��\
a
 Yy�]~¿zcZ¯�µ&¿¹�z¿uZ¤¯�{Y�µuZ d�Y�Z

¶)� ¾¯¹yuº³º¯¶§º¬�� \¿Yz�� ¶]Ô\¿Yz�� Z¿� ¹¶�t�¯�Õ

­º�º¯v³Y¾¯±Yºcayº��¶]�������L�__ L  dOuz§�±ZÀ]��

Ò�Ï�®d�À��r�Z��½yYv¿Z��
®d�À��0¬�Y�uº¿z��Yvd]Y�0¯¹yuº³º¯�~¿zcZ¯�`^�Zp¯�/Yzº]

¶º]QzcZ¯�\¿Yzº� ¹ µvº� ®Àº�¤c�/¹Zº�¯�¶¬º�Z��²¿Y�yu�~¿
v³º��¾¯�¶d�z-�z�³�yu�b]Zg�ª�Yº��

`«uZ�¯��ÎÓ�¶]�±Yºc�¾¯�Yyª¨�b�º³�z¿{��
> @ �<�W�<�W��W��< �QQ  Z�Z[� ��� �ÏÒ�

¶�]Yy�²¿Y�yu�¶§
�
�

Q �W�P
�W�N�W� »¼
º«¬

ª Z � �W��W�P�
�W�F�W�
QZ [ �ÏÓ�

`«uZ�¯��µv��®À�¤c�½Z·�¶¬�Z��{Y�¦¿�z·�yu��ÏÒ�¹ ¾�s�¶§
b]Zg�\¿Yz��Z]�±Yºc�¾¯�\¿z¤c�Z]�Yy�b�Y�¦¿uº¿z��\¿Yz��Z]

b�z-�z�³�yu�¥È¸d�Y�b^�³�¹ ¾�À^��~³Z§z��yº�´¯�²¿v]
µv��®À�¤c�¶¬�Z��²À]�yu|À³�v³º��¾¯�¶d�z-�z�³�yu�b]Zg�@Õ>�

~¿zcZ¯*�kz¯�yu�µv��¶WYyY�/uv���¹y�{Y�µuZ d�Y�Z]�@ÎÒ>
~¿zcZ¯�(¿�ayº��¶]Ï�Ï£b�Y�¶^�Zp¯�ª]Z�µ&¿¹�z¿uZ¤¯�z-Y

~¿zcZ¯*���O¹�O�v´�Z]�¦¿�{Y�zd¨#º§�¢¬�¯yv£�½YyYu���
yº��¶]� ®d�À�� ¹ µuº]� u¹vp¯� ®d�À�� r�Z��ayº�� ²¿Y� yu



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÏÑ

uº]�v·Yºs�yYv¿Z��½zd¯YyZ��{Y�¦¿�z·�¢¬�¯yv£�z-Y�¾«¹�O¹
�Oyº��¶]�®d�À��¹ µuº]�u¹vp¯Z³�r�Z��v�Z]�¦¿� {Y�zd-y|]�

b�Y�yYv¿Z�Z³�½zd¯YyZ��
z]Yz]�~¿zcZ¯�¦¿�_&¿¹�z¿uZ¤¯�[z�¬�Zo�¶¨´¿Y�¶]�¶kºc�Zº]

¾º¯ uººkº¯�¾§È¸dº�Y�®dº�À��½Yzº] �bº�Y�±M�±Z´À¯zºcu±Yºc
b�º³�

7��� QH* [Z� OO �ÏÔ�
Y yu�¶)¶«uZ�¯�²¿Q[Z~³Z§z��¹ ¥È¸d�Y�b^�³�[z�¬�Zo

ª¨Àº� ¦º¿ yu�®dº�À��¾º�À^�bº�Y��¹u�z·�Z¿�µ&º¿¹�zº¿uZ¤¯
¾º¤À¤oi¹u|º¯ �¬dºt¯�Zº¿ ¹ vº³Yvº³Y�±¹v]�½Z¸°dº�À��½Yzº]

¥È¸dº�Y_�*�_� ��b�Y���¬dt¯�µ&¿¹�z¿uZ¤¯�z-Y�b«Zo�²¿Y�yu
¾¯�v´�Z]�i¹u|¯�z��±Yºcz§u�

LED� � O ¹ LED� � O �ÏÕ�
ªº�Zo�¶º§ Zºl³M�{Yyu�b�Y�voY¹�z]Yz]�µ&¿¹�z¿uZ¤¯�[z�

b�Y�voY¹�z]Yz]�|À³�µ&¿¹�z¿uZ¤¯�{Y�¦¿�z·�¢¬�¯yv£�b«Zo�²º¿Y�
b�Y�yYv¿Z��®d�À��¹ µuº]�u¹vp¯�®d�À��r�Z��¹�z-Y�¾�z��{Y

] ¾¤À¤o�µ&¿¹�z¿uZ¤¯b�º³�z¿{�ayº��¶]�±Yºc�¾¯�Yy�Z¸³M�v´�Z�
ED� � O ¹ ED� � O �ÏÖ�

¹ b�Y�voY¹�z]Yz]�µ&¿¹�z¿uZ¤¯�[z�¬�Zo�|À³�ayºº�²º¿Y�yu
b�z-�¶lÀd³�±Yºc�¾º¯�

�
� �E��D � ��z¿uZ¤¯�{Y�¾¨¿�²¿Yz]Z´]

�À��¹ µuº]�¦¿�{Y�zd-y|]�µ&¿¹b�Y�yYv¿Z�Z³�®d�
{Y b�Y�ayZ^��½yYv¿Z���¿Yz��¾§È¸d�Y�½Z¸°d�À��yu@Õ>��

_�W�U�>�*�@�_�������_�*�_� ¹ _�*�_�d � �ÐÍ�
`«uZ�¯�²¿Y�yu��@*>WU O�O b�Y��

Ó�¦¯YuZ]�½Z¸¬À�¹z���Yº³Y�
v¿Z]�ÇZ]�½Z¸d�z��yu��º�s�¶]�¦¯YuZ]�ªÀ�¹zº� ¾ºoYz�

¶³ºº- ¶º]Y¹ [Zd���b�z���±Z¨¯�zÀÀ�c�½Z¸Àº´p´¯�¶º§ vº�Z]�½
aYzÀÀ�c�¹ µuº]�¶d�ºÀ��½Z¸À´p´¯��±Z¯{�¶]�b^�³�[Zd��aYzÀÀ�c

v´�Z]�¶d�Yv³�¾³Z¸-Z³�
uyYu�¾.d�]�¦¯YuZ]�ªÀ�¹z���ºº³ ¶º] ¹zºÀ��b§zºo�²¿Y�yu

¢À¤pc¶¬°k�v´#�¹ ¦À³º¯yZ·�½Z¸¬À�¹z���½Yz]�b�·�¶kyu�½Y

bº�Y�µvº� ¶d�zº- zº�³�yu�¦º¯YuZ]��º³�{Y�½Z¸d§zo�²À´$°·
5'5'¹'55'v³Y�µv��[Ztd³Y��v³Y�µuZ d�Y�uyº¯�zd�À]�¶§��

¦¯YuZ]�±Z¨¯�zÀÀ�c�zh§Yvo�¶]�¦¯YuZ]�b§zo�±uYu�b^�³�Z]KP�
Z]�¹ µv��v�]�±¹v]�±Z¨¯�zÀÀ�c+b�Y� µv�� µuYu�±Z�³��±Z¯{

Z]�|À³�v�]�±¹v]
PW
W7  ¶§�µv���¿z�c�WPb�y�±Z¯{�¦¯YuZ]�

b�Y��º³�{Y�b§zo�½Yz]5'5'Z]�±º¨��½Z¸³Z¯{�WG�¹WG�
v³º��¾¯�µuYu�±Z�³��º³�{Y�b§zo�½Yz]'55'±º¨��±Z¯{�

WGb�Y��Z]�b�-z]�±Z¯{WUuº��¾¯��¿z�c��¦¯YuZ]�±Z¨¯�zÀÀ�c
v�]�±¹v]�±Z¯{�\�oz]�b�y�b§zo�yu7uº��¾¯�±ZÀ]��yu

b�y�±Z¯{� d 7�d �b�Y��z��Z]�

P
�G

W
WD  �

P
U

W
WE  � F� �7I� �

P
�G

W
WG  �ÐÎ�

�º³�{Y�b§zo�½Yz]�vº�]�±¹vº] bº�-z]�±Zº¯{5'5'ayZ^��
{Y�bº�Y� �� D� d 7� d � �� D� �� E��vº¿vk�±Zº¯{��¿zº�c�Zº]
E

�D��7
7 �� b�Y�ayZ^��|À³�v�]�±¹v]�bº�-z]�±Zº¯{�{Y�
�7R 
 dd���º³�{Y�b)zo�/Yz]'55'ayZ^��b�-z]�±Z¯{�

{Y�bº�YE�7� �dd��v¿vk�±Z¯{��¿z�c�Z]�bº«Zo�²º¿Y�yu
E
�77 
 � �ayº��¶]�±Yºc�¾¯�Yy�bº�-z]�±Zº¯{��7� 
 dd
³uYu�±Zº���ºº³ {Y�¦º¯YuZ]�b§zºo ½Yzº] ±º¨º� ¹u5'5'uºk¹�

uyYu�¾³Z¯{�¶¬�Z��yu�©¹Y�±º¨��yu� d 7�d � ��Db�Yu�®À·Yºs��

+� ����� ¹ �++   ��� �ÐÏ�
¬�Z��yu�­¹u�±º¨��²Ào�yu`¾³Z¯{�� ��D���E�d 7�d F¾¯�±Yºc

b�º³�
�+++    ��� �ÐÐ�

Z]�¦¯YuZ]�yu�º³�{Y�b§zo'55'uyYu�uºk¹�±º¨��¦¿��¤��
¶§`«uZº�¯� �º�ºc��ÐÐ��Z�� yu� ¹ µv�� µuYuº¯{� ¶¬º¾³Z

7�d F� ��E�d¾¯�qy�v·u�

Ó�Î�¦À³º¯yZ·�ªÀ�¹z��
yu�¾«¹�b�Y�yYº°·�¹ ¶d�ºÀ��¦º¯YuZ]�²º¿Y�b§zºo [Zdº�
±Z¨c�Yx«�¹ b�Y�¾º³Z¸-Z³�zºÀÀ�c�½YyYu�±º¨º� b°º�£�½Z¸dº³Y



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÏÒ

�Zº¨¯�zºÀÀ�c�­ºº� ¢dº�¯±�uº]�v·Yººs bº¿Z¸³�¾º]�aÇuZ�¯
�t�¯�z¿{�ayº��¶]�b�-z]�¹ b�y�½Z¸d°º�£�¾¨ÀcZ°´Àº�

¾¯v³º�@ÎÐ>�
b�y�

+� ��������� FRVS 7� � 7VLQ���+ SS � �
7FRV���+ � SS �� �ÐÑ�

b�-z]�

+�  � �� ± ���� ��� ± FRVS7c � � 7VLQE�+ cSS� � �

7FRV�E��
�+ � cSS� �� �ÐÒ�

Ó�Ï�b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z��
b�Y�\�Z´¯��¿z��½Z·�¦¯YuZ]�½Yz]�|À³�ªÀ�¹z��²¿Y�aÇuZ�¯

z¿{�ayº�� ¶]�b�-z]� ¹ b�y�½Z·�b°�£�¦ÀcZ°´À�±ZÀ]
¾¯v³º�@ÎÐ>��
b�y�

+� �������7� ± �������7� ���������7� ± �������7� ��
������7�

 +� �������7� ± �������7� ����������7� ± �������7�

���������7��

 +�� �������7�± �������7� ����������7� ±��������7�

����������7� �ÐÓ�
b�-z]�

��
���

7������7������
7������7������7�������+

c�c
�c�c�c� 

@7�������7�������7�������

7�������7������>E
�+

���

�

c�c�c
�c�c� �

@7��������7��������

7������7������������>
E
�+

��

��
�

c�c
�c�c�� ��

�ÐÔ�

Ô�j¿Zd³�
Ô�Î�®d�À��¾¨À¯Z´¿u�r�Z��

b§zo�`«uZ�¯�Yvd]Y��®d�À��¾¨À¯Z´¿u�r�Z��±uy¹M�b�u�¶]�½Yz]
v^c�©¹Y�¶^cz¯�ªÀ�³Yz ¿u�`«uZ�¯�µZ.d�u�¦¿�¶º]~���¹ µv��ª¿

,º³Yy��¹y�Zº]±uºº� ¾º¯ ªºo yZº¸#�¶^czº¯ ½Zcºº§�b�z�
¶º¿¹Y{¦¯YuZ]�½Y���� USP§zo��º³�¹º¦¯YuZ]�b'55'yu�

bº�Y�µvº� ¶d�zº- zº�³�½Z¸¬¨º��Ñ�¹�Ò�aYzÀÀ�c�¾º´p´¯
±Z�³�b�·�¶kyu�ªÀ�¹z��½Yz]�Yy�¹zÀ��½¹zÀ³¹��Z�ºº� [Zdº�

¾¯v´·u�
� �µv��¶d�z-�z�³�yu�©v¯�¶]�¶kººc Zº]©uZ�¯�z´��±v��½z

yYv¤¯�¶§�uº��¾¯�\^��¦¯YuZ]�yººp¯�©uZº�¯�½Z·zº´��¹ ¹zºÀ�
uº��zd°§�¹zÀ��©uZ�¯�z´��¾dtº� {Y�®dº�À��©uZº�¯�¾dtº��{Y

ª¨º��Ò�·Zº�¯º� ¾º¯ µvºb�z��yu�¶§�uº���� USP�z��
¾¯�¡Z cYvd�Y�yu��uº�³�¶d�z-�z�³�yu�yºp¯�½z¿x���Z��³Y�z-Y

Yu�v·Yºt³�uºk¹��z��b�z��²¿Yb��
µv´´§�±Z�º³�½¹{Z]�½Çº«�¥Z¨��Y�½¹zÀ³�¶¨´º¿Y�bº¬��¶º]
z·��v·u�¾¯��·Z§�Yy�¹zÀ��½¹zÀ³�b�-z]�ª¨Àº� ®Àº³ ¾º� yu
b�z��yYv¤¯� �vº�Z]�zdº�À]�¾º¨À¯Z´¿u�¥Z¨�º�Y�\¿zº� ¶º#

¶º¿¹Y{b�Y�zd°§�vd�Y�¾¯�¡Z cY��z��_v¿v��±M�yu�¶§�½Y�Zl³M�{Y
z���­|À³Z¨¯�½yZ§�b�z��µv´´§�u¹vºp¯�Z¸´ºc ¶º§b�Y�¹zÀ���

®°À´À¯�µv´´§�±Z�º³�½¹{Z]�½Çº«�¥Z¨��Y�¶§�uº��¾�º� vº¿Z]
vd À]�¡Z cY�zcz¿u��z��Zc�uº��

Ô�Ï�½Z·yYuº°³½yYv¿Z��
¦¯YuZ]�®d�À��½yYv¿Z��¾º�yz]�½Yzº]±².°·�b°�£��¹zÀ�
`«uZ�¯��®d�À��vº�]�±¹vº] b§zºo `º«uZ�¯��ÎÒ�¶d�z-�z�³�yu��

¾º¯uº��±Z¯{�¶]�b�-z]�±Z¯{�b^�³b�y�E� ��µz¿Yu��Z�����
¶Àºº«¹Y5�  � �¾dtºº� ½Z¸d^ºº�³�¹���N

N \  
T

�����N
N
S
\  ¹

N\  � ���Z´^¯�±Yº´º� ¶º]¾¯�¶d�z-�z�³�yuv³º��b«Zo�Yvd]Y�yu
¾¯�¾�yz]�¥Z¨��Y�±¹v]uº��

yYuºº°³�º³�{Y�b§zo�½Yzº] ½yYvº¿Z��½Z·5'5'±¹v]�¹
½Yz]�¥Z¨��Y�[Zº�doYb�·�¶kyu�½Y�¶¬°k�v´#�½Z¸¬À�¹z�

½Z¸¬¨��yu�\Àczºc ¶º] ¦Àº³º¯yZ·�¹�Ó�¹�Ô�µv��µuYu�±Z�³
vº³Y��t�¯�yv]z��Z]�yYv¿Z�Z³��Z¤³��Z·yYuº°³�²¿Y�yu�v³Y�µv�

¿Z�Z³�¾oYº³º�³�Z]�¾�Z¤³�{Y�yYvº¾�³Z§z��b^Q
�

Q
 Z

Z¶§���Q



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÏÓ

ª¨�Ñ�] �Z�º��[Zd��aYzÀÀ�c�¾´p´¯�b�z��yu�b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z��½Yz����USP

ª¨�Ò�b�z��yu�b�·�¶kyu�½Y�¶¬°k�v´#�¦¯YuZ]��uz-�ª¨À��¦¿�yu�¹zÀ��½¹zÀ³�aYzÀÀ�c�¾´p´¯����� USP



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÏÔ

ª¨�Ó�yYuº°³b§zo�½Yz]�½yYv¿Z��5'5'�b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������ [¹��� P

ª¨�Ô�b§zo�½Yz]�½yYv¿Z��yYuº°³�5'5'�����¦À³º¯yZ·�ªÀ�¹z����� [¹��� P



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÏÕ

¾ºº¯ \�ºº�´¯��bºº�Y�nÀpºº� uvºº�ººº�u�¶ÀººoZ³{Y�¶ºº§ ½Y
�

Q
 Z

Z¾º¯ \�º�´¯�³ºº�¶]�vQ� � �¶ÀoZ³�¶]�¹ µuº]��º]z¯�
ºº�º¯�¶Àº«¹Y�yYvº¿Z�Z³bº�Y�­�¶º] ¶º§ ¾ºoYº³Q� � � �� � ��«

�º]zº¯Yv³ºº� ¾º¯ µvÀº¯Z³�¶¿ºº³Zg�yYvº¿Z�Z³�¾ºoYº³�vº³�¾oYº³
i¹{�z¿uZ¤¯�¶]�¶§�½yYv¿Z�Z³Q¾¯��º]z¯�yYv¿Z�Z³�¾oYº³�{Y�v³º�
uzº� zº¿uZ¤¯�¶º] �º]zº¯Qv³zd�Àº�¹��½Y�¶¬°k�v´#�ªÀ�¹z��yu

²Àºº¿Z��~³Z§zºº� ½Z¸d^ºº�³�yu�yYvºº¿Z�Z³�¾ººoYº³�bºº�·�¶ººkyu
dº�º�p¯b�Y�z�½Z¸d^�³�yu�¦À³º¯yZ·�ªÀ�¹z��¶§�¾cyº��yu

½zd¨¿yZ]�yYv¿Z�Z³�¾ºoYº³�½YyYu�²Àº¿Z��¾º�³Z§z�b�Y�²¿Yz]Z´]
¾º¯b�zº- ¶lÀºd³�±Yººc¦À³º¯yZ·�ªÀ�¹z��®§�½Z¸d�z��½Yzº]

¶¬°k�v´#�ªÀ�¹z��{Y�zd^�Z´¯b�Y�b�·�¶kyu�½Y�
½Z·yYuººº°³�ººº³ {Y�b§zººo ½Yzºº] ½yYvºº¿Z��'55'½Yzºº]
# ½Z¸¬À�¹z�yu�\Àczc�¶]�¦À³º¯yZ·�¹ b�·�¶kyu�½Y�¶¬°k�v´
½Z¸¬¨º��Õ�¹�Ö�vº³Y�µvº� ®º�y��º³�²¿Y�{Y�ª�Zo�j¿Zdº³

b�Y�¶À«¹Y�yYv¿Z�Z³�¶ÀoZ³�±uº]�zc�}º�p¯�µv´·u�±Z�³�b§zo�
½Z·yYuºº°³¾¯�±Z�³�½yYvº¿Z��¦¯YuZ]�b§zo��º³�zÀgPc�¶§�v´·u

uZ]�ªÀ�¹z���º³�zÀgPc�{Y��À]�®d�À��½yYv¿Z��½¹y�zº]b�Y�¦¯Y�
yu�zd�À�¹�yYvº¿Z�Z³�¾ºoYº³�µvº� [Ztdº³Y�b§zºo �ºº³ ¹u�yu

v³yYu�yYz£�¾ ¬dt¯�¾�³Z§z��½Z¸d^�³�b§zo�yu5'5'¶ÀoZ³�
¶¿º³Zg�yYvº¿Z�Z³�Q� ���b§zo�yu�¹'55'¶À«¹Y�yYv¿Z�Z³�¶ÀoZ³�

�Q�  � ��v³zd�Àºº�¹��½Yºdººp¯�±uººº] a¹Z dºº¯ zºº¯Y�²ºº¿Y bºº¬�
¦Àº³º¯yZ·¶¬°k`«uZ�¯�¦¿uº¿z��½Z·b�Y�b§zo��b§zo�yu

5'5'¶À¤]�{Y�zd-y|]�­¹u�¾º³º¯yZ·�yu�¶¿yºº� ½zº� \¿zº�
�º³�{Y�b§zo�yu�¹ bº�Y'55'zd-y|]�©¹Y�¾³º¯yZ·�\¿z��
bº�Y�\¿Yzº� ¶Àº¤]�{Y�]¶{Y�¾��]�±uº]�zd¨¿yZ]��z.¿u�ayZ^�

v´·u�±Z�³�yYvº¿Z�Z³�¾ºoYº³_¶¿yº��½z��\¿Yz��±uº]�zd¨#º§�
bº�Z¸À³º¯yZ·�±M�¶º] �º]zº¯�¿Yzº�{Y�¾�]Zc�b§zo�`º«uZ�¯�\

¾dtº� zºd¯YyZ�)¹ vº³Y�){Y�¾�]Zc�|À³�WDQ Db�Y�¶§�Zl³M�{Y
WDQD]Zk�zh§Yvo�Z]�bº�Y�\º�Z´d¯¶¹zÀ��¾¿ZkKP�¿Y|�Y���KP

uº��¾¯�®dº�À��½yYvº¿Z�Z³�fº�Z]�¾oYº³�¶§�b�Y�b¬��²¿v]
¶´¯Yu�zd¯YyZ���¿Y|�Y�Z]�yYv¿Z�Z³

�
P
U
K¯ zd´¸����v³º��¾�

Ô�Ð�\°«º§�¥Z¨��Y�¹ {º¨�¿¹�¥È¸d�Y�aYzgY�
½Z·yYuºº°³�º³�{Y�b§zo�½Yz]�½yYvº¿Z��5'5'z�³�yu�Z]�

{º¨º�¿¹�¥È¸dº�Y�b^º�³�²d�zº-[  �����¥Z¨��Y�±¹v]�¹
\°«ºº§�PG  �����b�·�¶kyu�½Y�¶¬°k�v´#�½Z¸¬À�¹z��½Yz]�

½Z¸¬¨��yu�\Àczc�¶]�¦À³º¯yZ·�¹��ÎÍ�¹�ÎÎ�µv��®À�zcYv³�
¸¬¨ºº� Zºº] Z¸¬¨ºº� ²ºº¿Y�¶ºº�¿Z¤¯�{Yº½Z�Ó�¹�Ô�ºº�¯º·Zºµv

¯ºº¾�º�]�uººoYº³�{Y�¾�º� �xo�yYv¿Z�Z³�¾º��]�¹ v³Y�µvº¾
#º§ºd¨ººzº�µvv³Y�´]ºd�Y�uºk¹�²¿Yz]Zº¾oYº³�{º¨�¿¹�¥È¸

�Z]�¹ µuYu��·Zº§ Yy�yYvº¿Z�Z³ºº¾¯�®d�À��b§zºo ½yYvº¿Z��f
uº��

yYuººº°³�ººº³ {Y�b§zººo ½Yzºº] ¾¸]Zºº�¯�½Z·'55'yu�
½Z¸¬¨º��ÎÏ�¹�ÎÐ�v³Y�µvº� ®º�y��¿Z¤¯�{Y`Z]�Z¸¬¨��²¿Y�
½Z¸¬¨º��Õ�¹�Ö�zd¨#º§�yYv¿Z�Z³�¾oYº³�¶§�uº��¾º¯ µvº¿u

´¯Yu�b^�³�¶º] ¹ µvº�`v³º��¾¯�ª¤d´¯�zd-y|]��z.¿u�ayZ^��¶]
¾¯Yy�½zd-y|]�¶´¯Yu�b^�³�±Yºcuz§�yZÀdsY�ª^£�b«Zo�¶]Z�¯�¹

¿Z��fº�Z]�{º¨º�¿¹�¥È¸dº�Yµv��®d�À��b§zo�±vº� zºcyYv
b�Y�¶´¯Yu�¶§�v·u�¾¯�qy�¾cyº��yu�½zd¯YyZ��v¿v�c�²¿Yz]Z´]

�uº��¾¯��º]z¯�®d�À��¥È¸d�Y�¶]�¶§�¾´À�¯�yYv¤¯�{Y�¦¿zºpc
vº�Z]�zºd-y|]�ªÀ�¹z��Z]�¶�¿Z¤¯�yu�¦À³º¯yZ·�ªÀ�¹z��²À´$°·

¾¯�±Z�³�Yy�½zcyYv¿Z��b§zo�b�·�¶kyu�½Y�¶¬°k�v´º#v·u�

ºº�u�¶ºº] ½Yzºº]�\°«ººº§ ¥Z¨�ºº�Y�zººgY ±uy¹M�b���5
5
�
�  �

���5
5
�
U  ¹����N

N
F
Y  v³Y�µv��¶d�z-�zº�³�yu��ª¨��ÎÑ�

yYuºº°³�º³�{Y�b§zo�½Yzº] Yy�½yYvº¿Z��5'5'ªÀ�¹z��½Yz]��
º¬°k�v´º#yu�`¾¯�±Zº�³�bº�·�¶ºkv·�°³�²¿Yºb^�³�Z]�yYuº

{º¨ºº�¿¹�¥È¸dºº�Y[  � ����¹ºº�º\°«ººº§ ¥Z¨�ºº�Y�\¿z
PG  ����b�Y�µvº� ®º�y��ª¨��yu�¾¸]Z�¯�yYuº°³�ÎÒ�½Yz]�

�ºº³ {Y�b§zºo'55'ª]Z£�yYv¿Z�Z³�¶ÀoZ³�±M�yu�¹ µv��®º�y�
~³Z§z��b^�³�ay¹Zl¯�yu�¾º¸kºc�

Q
 Z

Z¾¯�µv·Z�¯�uº��

�ºº³ {Y�b§zºo ¶º§ ¾cyºº� yu5'5'�¤��¹ µuº]�zºcyYv¿Z��
oYº³º¾¿Z�Z³�º#º§�yYvº³ yu�¾¨ºd^�º´¯Yu�½Z¸ºpc�¶º+y|]�¦¿z



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÏÖ

ª¨�Õ�yYuº°³b§zo�½Yz]�½yYv¿Z��'55'�����b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z����� [¹��� P

ª¨�Ö�yYuº°³b§zo�½Yz]�½yYv¿Z��'55'���¦À³º¯yZ·�ªÀ�¹z������ [¹��� P



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÐÍ

ª¨�ÎÍ�yYuº°³b§zo�½Yz]�½yYv¿Z��5'5'�����b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������ [¹��� P

ª¨�ÎÎ�yYuº°³b§zo�½Yz]�½yYv¿Z��5'5'���¦À³º¯yZ·�ªÀ�¹z�������� [¹��� P



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÐÎ

ª¨�ÎÏ�yYuº°³b§zo�½Yz]�½yYv¿Z��'55'���b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������� [¹��� P

ª¨�ÎÐ�yYuº°³b§zo�½Yz]�½yYv¿Z��'55'���¦À³º¯yZ·�ªÀ�¹z�������� [¹��� P



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÐÏ

ª¨�ÎÑ�yYuº°³b§zo�½Yz]�½yYv¿Z��5'5'�b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������� [¹��� P

ª¨�ÎÒ�yYuº°³b§zo�½Yz]�½yYv¿Z��'55'�����b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������ [¹��� P



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÐÐ

���5
K
�
P !¹���

Q
 Z

ZuyYu�uºººk¹��½yYvºº¿Z��½Zºº·yYuººº°³
½Z·�yYuº°³�Z]�¾�º�p¯�a¹Z c�¦Àº³º¯yZ·�ªÀ�¹zº� ¶º] �º]zº¯
¹ v³yYv³�b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z��¶]��º]z¯�½yYvº¿Z�

v³Y�µv�³�¶WYyY�Yx«�
±¹v]�b«Zo�¶]��º]zº¯ ½Z·yYuºº°³�Zº] Zº·yYuºº°³�²º¿Y�¶º�¿Z¤¯

d³�\°«ºº§ ¥È¸dº�YyYv¤¯�¶]�\°«º§�¥È¸d�Y�¶§�v·u�¾¯�¶lÀ
yYv¿Z��yu�±M�zgY�¹ µuº°³�yYv¿Z��Yy�®d�À��b§zo�¾º¸kºc�ªº]Z£

b�Y�{º¨�¿¹�¥È¸d�Y�zgY�{Y��À]�®dº�À��±uzº§�¶ÀoZ³�©Z¤d³Y
¶¿ºº³Zg�yYvº¿Z�Z³�Q� ���zd¨#º§�¾�³Z§z��b^�³�¶]��Q� ���yu�

b§zo5'5'¶]�¶À«¹Y�yYv¿Z�Z³�¶ÀoZ³�©Z¤d³Y�²À´$°·���yu�¶¿º³Zg�
b§zºo'55'��º]¶½Z¸À³º¯yZ·�\¿Yz��z¿uZ¤¯�zºÀÀ�c�¶�º�Y¹

b§zo�`«uZ�¯�¦¿uº¿z��\¿Yz��¶¿yº��½zº� �º�]�¶º] �º]zº¯
b�Y�µv��¶�Z�Y�Z¸³M�¶]�|À³�\°«º§�¥Z¨��Y�¶§�bº�Y��¿Y|�Y

yYv¤¯�¶]�\°«º§�¥Z¨��Y�\¿z�PG  �����¶ÀoZ³�uZl¿Y�f�Z]�
~³Z§z��b^�³�ay¹Zl¯�yu�½v¿vk�yYvº¿Z�Z³�

Q
 Z

Z¾¯�uº�
ª¨��ÎÓ��¦#º§�¦¿zpc�¶´¯Yu�½Z¸d^�³�yu�yYv¿Z�Z³�¶ÀoZ³�²¿Y

¶]�¹ µv��zd¨¿yZ]�¦¿zpc�¶´¯Yu�b^�³��¿Y|�Y�Zº] ¹ µuºº] zºd´¸�
¾¯��xo�j¿yvcº��u�²¿Yz]Z´]¾¯�\°«º§�¥È¸d�Y®d�À��v³Yºc

yYv¿Z�Z³�|À³�¶´¯Yu�b^�³�¦#º§�¾¬Às�z¿uZ¤¯�½Yz]�Yyv´§�

Ô�Ñ�®d�À��¾dt��yu�zÀÀ�c�zgY�
v�]�±¹v]�¾dtº� zºd¯YyZ�)z¿uZ¤¯�{Y�b�Y�¾�]Zc�NS¹N\��

z]�¾d�-z]�z´��¾dt��¹ ¹zÀ��¾dt��yu�zÀÀ�c�zgY�¾º�yz]�½Yzº]
½Y�¶¬°k�v´#��º³�{Y�Yy�¦¯YuZ]�ªÀ�¹z���®dº�À��½yYvº¿Z��½¹y

Yy�b§zo��º³�¹ bº�·�¶ºkyu5'5'®¿zÀ-�¾¯�z�³�yu��Yvd]Y
b^º�³�yYvº¤¯¶º] ¾dtº����N

N
S
\  ¶À¤]�¹ µuz§�YvÀ���·Zº§

v³Y�ª^£�bº«Zo�¶]Zº�¯�Z·zºd¯YyZ��ª¨��ÎÔ�Yy�½yYv¿Z��yYuº°³
vº·u�¾º¯ ±Zº�³�bº«Zo�²º¿Y�½Yzº]�º�¿Z¤¯�{Y`Z]�yYuºº°³�²º¿Y�

ª¨º��ÎÑ�²¿Y�yu�¹zÀ��¾dt���¿Y|�Y�¶§�b�z-�¶lÀd³�±Yºc�¾¯
½yYv¿Z��z]�½Y�¶�oÈ¯�ª]Z£�zºÀgPc�µu¹vºp¯uyYv³�®d�À���½Yz]

z´��¾dt��b^�³�yYv¤¯��¾d�-z]�z´��¾dt���·Z§�zºgY�¾º�yz]

½uº°��b¸k�yu�Yy�©uZ�¯�z´��¾dt��¶]�¾dº�-z]�����N
N
F
Y  

¾¯�zº�³�yu®¿zÀ-�¶À«¹Y�b«Zo�¶]Z�¯�Z·zd¯YyZ��z¿uZ¤¯�¶À¤]v³Y�{Y
ª¨��ÎÕ��¿Z¤¯�¹`ª¨��Z]�±M��ÎÑ�¾¯�µv·Z�¯�·Z§�¶§�uº�

¾dtº�¾¯�yYv¿Z�Z³�¶ÀºoZ³��¿Y|º�Y�fº�Z]�¾dº�-z]�zº´�uº��{Y�
`«uZ�¯�ÎÔ�|À³b�z-�¶lÀd³�±Yºc�¾¯¶§��·Z§¾dt�¾d�-z]�z´�

�·Z§�f�Z]¾¯�®d�À��zd�À]�½yYv¿Z�Z³�¶lÀd³�yu�¹ ¾dt�uº��

Õ�½zÀ-�¶lÀd³�¹ fp]�
yu�¶§�v·u�¾¯�±Z�³�®d�À��½yYv¿Z��¾�yz]�{Y�ª�Zo�j¿Zd³

�¥È¸dº�Y�±¹vº] bº«Zoyu�¦#º§�¦¿zpc�¶´¯Yu�b^�³�½Yzº]
¦¯YuZ]�®d�À��rº�Z��¾º�³Z§z��½Zº· b^º�³�­Zº°c±yYv¿Z��¹zÀ�

bº�Y�¾oYº³�¥º³��Z¤³��®d�À��¶]�{º¨�¿¹�¥È¸d�Y�­Z�uY�Zº]
yºp¯�½ÇZ]�b°º�£�¶º] yYvº¿Z�Z³

QZ
Z¾oYº³�¹ uº��¾¯�ª¤d´¯�

¦¿zpc�¶´¯Yu�b^�³�yu�yYv¿Z�Z³����5
K
�
P �¾°³�µv·Z�¯�uº��

¦¯YuZ]�½Z¸°dº�À��¾º¬°��uyYºº¯ zdº�À]�yu�¶dº^«Y±²¿Y�yu�¹zÀ�
v´´§�¾¯�yZ§�¶ÀoZ³��º³�{Y�b§zo�yu5'5'yu�yYv¿Z�Z³�¾oYº³�

uºk¹�¶]�®§�~³Z§z��b^º�³�¹ zºd-y|]�¦¿zºpc�¶´º¯Yu�b^º�³
¾º¯�º³�{Y�b§zo�¶º§ ¾cyºº� yu��vº¿M'55'¾oYº³�½YyYu

¾º¨¿u|³�yu�¾º-y|]�yYvº¿Z�Z³�
Q
 Z

Zb�Y�Yx«�¾¯�¶lÀd³�±Yºc
�¿Y|�Y�­Z.´·�yu�®d�À��½yYv¿Z�Z³�{Y�½zÀ-º¬k�½Yz]�¶§�b�z-

v]Z¿��·Z§�v¿Z]�¶´¯Yu�b^�³��~³Z§zº� b^º�³��z.¿u�ayZ^��¶]
{Y�±Z´À°�Y�½Yz]�¦¯YuZ]�±Z¨¯�zºÀÀ�c�zºh§Yvo�ÇZº] ½Z¸d�zº� yu

vº�Z]�zºd°§v¿Z]�®dº�À��½yYvº¿Z��¶º§ ¾cyºº� yu±Z¨¯�zÀÀ�c�
µz¿Yu��Z���Z¿�¹ v]Z¿��·Z§�v¿Z]�b�zº� �vº�Z]�­{Ç�½zºd-y|]

uº��zºd°§�¶´º¯Yu�b^º�³�Zºc vº]Z¿��¿Y|º�Y�vº¿Z]�¶Àº«¹Y�±u¹|�Y
b§zººo zdº�À]�½yYvº¿Z��fº�Z]�®dº�À��¶º] \°«ºº§ ¥È¸dº�Y

¾º¯uºº���ºº³ {Y�b§zºo yu��º¤�'55'ª]Z£�yYv¿Z�Z³�¶ÀoZ³
ay¹Zºl¯�yu�¾º¸kºc�

Q
 Z

Zº]¶¾º¯ uººk¹vº¿M�¶ÀoZ³�²º¿Y
ay¹Zl¯�yu�\°«º§�¥È¸d�Y�±¹v]�b§zo�yu�yYv¿Z�Z³�

Q
 Z

Z

£ººuyYu�yYz�Z´]z]¿Yº²À��yu�ºd�º°º¿Z¸º½YyYu�¶§�¾·ºº¹u�z



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÐÑ

ª¨�ÎÓ�b§zo�½Yz]�½yYv¿Z��yYuº°³�5'5'�����b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z������ [¹���� P

ª¨�ÎÔ�b§zo�½Yz]�½yYv¿Z��yYuº°³�5'5'���b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z�������� [¹
��� P¹���N

N
S
\  



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏÎÐÒ

ª¨�ÎÕ�yYuº°³b§zo�½Yz]�½yYv¿Z��5'5'���b�·�¶kyu�½Y�¶¬°k�v´#�ªÀ�¹z�������� [¹
��� P¹�����N

N
F
Y  

\°«ºº§ ¹ {º¨º�¿¹�¥È¸dº�Y��ºº³vº³Y��º³�{Y�b§zo�5'5'
zºcyYv¿Z��¹ zd^º�Z´¯bº�Y�½yYv¤¯�¶]�\°«º§�¥È¸d�Y�uZº¿u{Y

©ººº°�¯�vººo {Y��Àºº]�PG!����yYvºº¿Z�Z³�¶ÀººoZ³�uZººl¿Y�fºº�Z]
¾oYº³�Z]�¶§�uº��¾¯�½v¿vkb�Y�a¹Z d¯�>È¯Z§�¾¬^£�yYv¿Z�Z³�

ay¹Zl¯�yu�¶§�yYv¿Z�Z³�¶ÀoZ³�²º¿Y�
Q
 Z

Z]¶yu�v¿M�¾¯�uºk¹

¶]�¶´¯Yu�b^�³��¿Y|�Y�Z]�¹ µuº]�zºd´¸��¦#ºº§ ¶´º¯Yu�½Z¸d^º�³
uº��¾¯�zd¨¿yZ]�j¿yvc�

0³Yuyv£
/YzkY�¶´¿|·�¶)�±Z¸ �Y�0d�´��µZ.º�³Yu�0º�·¹&��bº³¹Z�¯�{Y

¢À¤pc�²¿Yuº��¾¯�0³Yuyv£�¹ z*�c�b�Y�¶d�Yu�µv¸��¶]�Yy��

¶¯Z³�µ%Y¹
�� FDP�IROORZHU
�� IOH[LEOH
�� )ORTXH

�� /\DSXQRY
�� SHUWXUEDWLRQ
�� 0RQRGURP\

�� )ORTXHW�PXOWLSOLHUV
�� FKDUDFWHULVWLF�PXOWLSOLHU

�kYz¯
�� +URQHV��-��$���³$Q�$QDO\VLV�RI� WKH�'\QDPLF�)RUFHV�

LQ� D� &DP� 'ULYHQ� 6\VWHP�´� 7UDQV�� $60(�� 9RO�� ����
SS�����������������

�� &KHQ�� )��� DQG� 3ROYDQLFK�� 1��� ³'\QDPLFV� RI� +LJK�
6SHHG� &DP� 'ULYHQ�0HFKDQLVPV�� 3DUW� ��� 1RQOLQHDU�



©Z���©È¤d�YÏÏ_yZ°���Ï�v´ �YÎÐÕÏ ÎÐÓ

6\VWHP� 0RGHOV�´� $60(� -�� RI� (QJ�� )RU� ,QGXVWU\��
SS�����������������

�� 3LVDQR�� $� 3��� DQG� )UHXGHQVWHLQ�� )��� ³$Q�
([SHULPHQWDO� DQG� $QDO\WLFDO� ,QYHVWLJDWLRQ� RI� WKH�
'\QDPLF�5HVSRQVH� RI� D�+LJK� 6SHHG�&DP�)ROORZHU�
6\VWHP�� 3DUW� ���([SHULPHQWDO� ,QYHVWLJDWLRQ�´�$60(�
-�� RI� 0HFK�� 7UDQV�� $QG� $XW�� LQ� 'HVLJQ�� 9RO�� ����
SS�����������������

�� .RVWHU��0��3���³(IIHFW�RI�)OH[LELOLW\�RI�'ULYLQJ�6KDIW�
RQ� WKH� '\QDPLF� %HKDYLRU� RI� D� &DP� 0HFKDQLVP�´�
$60(�-��RI�(QJ��IRU�,QGXVWU\��9RO������SS�����������
�����

�� 6DQLP�� 8�� DQG� 7XUJXW�� 7��� ³$QDO\WLFDO� '\QDPLF�
5HVSRQVH� RI� (ODVWLF� &DP�)ROORZHU� 6\VWHPV� ZLWK�
'LVWULEXWHG� 3DUDPHWHU� 5HWXUQ� 6SULQJ�´�$60(� -�� RI�
0HFKDQLFDO�'HVLJQ��9RO�������SS�����������������

�� 0LGKD�� $�� DQG� 7XUFLF�� '�$��� ³2Q� WKH� 3HULRGLF�
5HVSRQVH� RI� &DP� 0HFKDQLVP� ZLWK� )OH[LEOH�
)ROORZHU� DQG� &DPVKDIW�´� $60(� -�� RI� '\QDPLF�
6\VWHPV��0HDV��DQG�&RQWURO��9RO�������SS�����������
������

�� 0DK\XGGLQ�� $�� DQG� 0LGKD�� $��� ³,QIOXHQFH� RI�
9DU\LQJ� &DP� 3URILOH� DQG� )ROORZHU� 0RWLRQ� (YHQW�
7\SHV� RQ� 3DUDPHWULF� 9LEUDWLRQ� DQG� 6WDELOLW\� RI�
)OH[LEOH� &DP�)ROORZHU� 6\VWHPV�´� 3URFHHGLQJV� RI�
��VW� %LHQQLDO� $60(� 0HFKDQLVPV� &RQIHUHQFH��
&KLFDJR��������

�� )DUKDQJ��.��DQG�0LGKD��$���³6WHDG\�6WDWH�5HVSRQVH�
RI� 3HULRGLFDOO\� 7LPH�9DU\LQJ� /LQHDU� 6\VWHPV��ZLWK�
$SSOLFDWLRQ� WR� DQ� (ODVWLF�0HFKDQLVP�´�$60(� -�� RI�
0HFKDQLFDO�'HVLJQ��9RO�������SS�����������������

�� 6DQNDUDQDUD\DQDQ�� +��� 6WUHLW�� '��� DQG� .LP�� +���
³3DUDPHWULF� ([FLWDWLRQ� RI� 5RERWLF� 0DQLSXODWRUV�´�
$60(�-��RI�0HFKDQLFDO�'HVLJQ��9RO�������SS������
�����������

��� &YHWLFDQLQ�� /��� ³$� 1RWH� RQ� WKH� 6WDELOLW\� DQG�
,QVWDELOLW\� RI� WKH� 6\VWHP� ZLWK� 7LPH� 9DULDEOH�
3DUDPHWHUV�´� $60(� -�� RI� $SSOLHG� 0HFKDQLFV�
9RO������SS����������������

��� :X��-��DQG�)XQJ��5���³2Q 6WDELOLW\�RI�7LPH�9DU\LQJ�
0XOWLGLPHQVLRQDO� /LQHDU� 6\VWHPV�´� $60(� -�� RI�
9LEUDWLRQ� DQG� $FRXVWLFV�� 9RO�� ����� SS�� ���������
������

ÎÏ�½ºp³�m��¾oºd��¹����³­|À³Z¨¯�¾¨À¯Z´¿uºd�ÇY�ªÀ¬pc
¦¯YuZ]±¹zÀ���´²À]�~³Yz ´§�²À¯º��aÇZ¤¯� ¶�º°l¯

¦À³Z¨¯� ¾�v´¸¯� ¾¬¬°«Y�±Yz¿Y� b�´�� ¹ ®¬�� µZ.�³Yu� �
ÎÐÔÔ�

��� &KHQ�� )�� <��� 0HFKDQLFV� DQG� 'HVLJQ� RI� &DP�
0HFKDQLVPV��3HUJDPRQ�SUHVV��1HZ�<RUN��������

��� -RUGDQ�� '�� DQG� 6PLWK�� 3��� 1RQOLQHDU� 2UGLQDU\�
'LIIHUHQWLDO� (TXDWLRQV�� 2[IRUG� 8QLYHUVLW\� 3UHVV��
�����

ÎÒ�m �/ºººp³�­ �0³Zp^ºº� ¹ ���´­|ººÀ³Z*¯�/yYvºº¿Z��0ºº�yz]�
(º¯YuZ]�(Àdº�ÇY�¹zºÀ�³0cZ¤À¤pc�mz���0d�´��µZ.�³Yu�
±Z¸ �Y�ÎÐÔÖ�


