
��

¦À³º�¹yvÀ·�[È�Z��¶À �c�®d�À��¦¿�±Z¯v³Yy�¾�yz]
½x�¯�uYº¯��xo�yu

Z´À]�±&À]


�b�Z¿yuç�è�Õè�z¿x�ÏÕ�î�ÕÐ�
µvÀ¨#

¶À �c�µv°���Yv·Y�{Y�¾¨¿�z ���¹ a{Y��xo¶³Zs¾¯�¾¿Z�¹yY�½Z·yº�§��º�s�¶]�Z·yº�§�zh§Y�yu�½z¸��[È�Z��½Z·v�Z]�
¹ [M��]Z´¯�yu�z ���¹ a{Y�¶À¬tc¶#Z¿yu��º�s�¶]�¦^¬k�vo�{Y��À]�v�y�f�Z]�Z·¹ µv��[M�½º]�¹ ®���yu�zÀÀ�c�b¿Z¸³�yu�¹ Z·

¾¯�u¹vp¯� Yy�±M��z�¯v´§�©Z��±Zd�]Zc�yu�¶�«Z�¯�²¿YÎÐÕÏv��­Zl³Y�vWº��yº�§�yu�[È�Z��¶À �c�®d�À��¦¿�±Z¯v³Yy�¹
Z·ZÀ-��¿¹y�¹ �yZ�d¯�©Z���²l«�{Y�¾^À§zc��£Y¹�yu�¶§�¦À³º�¹yvÀ·¾¯�z ���¹ a{Y��xo�½Yz]�±|t¯�n���yu�½|]M�±v�Z]�uyº¯�

b�z-�yYz£�¾�yz]�¶ÀoZ³�yu�¶³Zt¬-�¦¿�yu�yº]|¯�®d�À�b�Y�¶d�z-�yYz£�®¬¸¨d�Y�{Y�½Y��v·� Z]�®d�À��²¿Y�¶#�z-Y¾�·¹&�
µYyµv��½{Yv³Y�yu�¾«¹�©Zo±Y|À¯�¶]� Yy��Yz�Y�²À´§Z��¾.³Zs�[È�Z��z�ZoP��GÓ�Í¾¯�b�Z¿yu�´§v�±|t¯�¦¿�{Y�®d�À�

±ºÀ�Z¨À ¿zdÀ³u�½Yz]�¦À�§º³M{Y��À�b�Y� µv��ªÀ¨�c�±Z·ZÀ-�v�y�¹ ±ºÀ�Z¨À ¿zdÀ³�½Yz]�½{Yº·�±{Zt¯��½v�]�ªoYz¯�yu
¾¯��Z ��¾´��¾�Z��¦¿�{Y�yº^��Z]�[È�Z��b¿Z¸³�yu�¹ µv¿uz-�z ���zd�À]��·Z§�f�Z]�¦^¬k�v�y�½Z·ztd�Yuº��±Z¯v³Yy

���yu�®d�À��²¿Y��xo©Z��±Zd�]Zc�ªÏÍÍÐb�z-�yYz£�¾�yz]�uyº¯�a{Y�¹ z ����¾«M�uYº¯�Z]��Z^cyY�yu���xo&2'²¿Y�yu�
u¹vo�®d�À��ÖÍ¹±ºÀ�Z¨À ¿zdÀ³u�¹ ±ºÀ�Z¨À ¿zdÀ³�v´¿Yz��yu�z ���¹ a{Y��xo�\Àczc�¶]���ÔÏ¹�ÑÔv¿uz-�²ÀÀ�c��yu�¶#�z-Y

v¤¯�¦^¬k�v�y�½Z·ztd�YY�xo�z ���½zd�À]�y¾¯�uº�¯Y�±Z�³�uºs�{Y�z ����xo�¶´À¯{�yu�¾«º^£�ª]Z£�±Z¯v³Yy�®d�À��²¿Y�Z
¾°³v·u�®·v·u��y¹z��Yy�¾�{yY�Z]�±Z·ZÀ-�b�Y�yuZ£�½x�¯�uYº¯��xo�{Y�Yvk�®d�À��²¿Y�²À´#�

µ%Y¹½vÀ¬§�½Z·�¾«M�uYº¯��xo���½x�¯�uYº¯��xo���¦À³º�¹yvÀ· ��¾.³Zs�[È�Z�

(IILFLHQF\�RI�D�6PDOO�6FDOH�+\GURSRQLFV�:DVWHZDWHU�
7UHDWPHQW
%LQD��%�� �3K�'�

'HSW��RI�(QYLURQPHQWDO�+HDOWK�(QJLQHHULQJ�
,VIDKDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV

$EVWUDFW�
$V� D� FRQVHTXHQFH� RI� HXWURSKLFDWLRQ� LQ� ODNHV� DQG� FRDVWDO� DUHDV� UHTXLUHPHQWV� IRU�

UHGXFWLRQ� RI� QLWURJHQ� DQG� SKRVSKRUXV� IURP�ZDVWHZDWHU� LQWURGXFHG� LQ� 6ZHGHQ� LQ� HDUO\�
����V�� 7R� PHHW� WKHVH� UHTXLUHPHQWV�� PDQ\� ZDVWHZDWHU� WUHDWPHQW� SODQWV KDYH� EHHQ�
XSJUDGHG� IRU� ELRORJLFDO� QLWURJHQ� DQG� SKRVSKRUXV� UHPRYDO�� $� VPDOO�VFDOH� K\GURSRQLFV�
V\VWHP� KDV� EHHQ� GHVLJQHG� LQ� 6WRFNKROP� IRU� GRPHVWLF� ZDVWHZDWHU� WUHDWPHQW� DQG� DOVR�
UHPRYDO�RI�QLWURJHQ�DQG�SKRVSKRUXV��7KH�WUHDWPHQW�SODQW�LV�EXLOW�IRU�UHVHDUFK�SXUSRVHV�
DQG�SUHVHQWO\�WUHDWV�����P� RI�GRPHVWLF�ZDVWHZDWHU�IURP�VXUURXQGLQJ�DUHD�SHU�GD\��7KH�
V\VWHP�XVHV�DQR[LF�SUH�GHQLWULILFDWLRQ�IROORZHG�E\�DHURELF�WDQNV�IRU�QLWULILFDWLRQ�DQG�SODQW�
JURZWK��$�PLFURDOJDO�VWHS�IXUWKHU�UHGXFHV�SKRVSKRUXV��DQG�D�ILQDO�VDQG�ILOWHU�SROLVKHV�WKH�
ZDWHU��,Q�WKLV�VWXG\�WKH�WUHDWPHQW�FDSDFLW\�RI�WKLV�V\VWHP�ZDV�HYDOXDWHG ZLWK�UHVSHFW�WR�


�Y�¾¨�|��­º¬��µZ.�³Yu��b�Yv¸]�µv¨�³Yu�yZÀ�³Yu±Z¸ 

µyZ°�ÒÏ�©Z��ÎÐÕÐ¹ [M�[È�Z��



��

UHPRYDO�RI�RUJDQLF�PDWWHU��SKRVSKRUXV�DQG�QLWURJHQ������&2'�UHPRYDO�ZDV�REVHUYHG LQ�
WKH� V\VWHP�� 1LWULILFDWLRQ� DQG� GHQLWULILFDWLRQ� ZHUH� ZHOO� SHUIRUPHG� ZLWK� WRWDO� QLWURJHQ�
UHGXFWLRQ� RI� ����� 3KRVSKRUXV�ZDV� UHPRYHG� E\� ���� LQ� WKH� SURFHVV��+RZHYHU�� KLJKHU�
SKRVSKRUXV� UHPRYDO� YDOXHV� DUH� H[SHFWHG�� DV� WKH� PLFURDOJDO� VWHS� ZLOO� EH� IXUWKHU�
GHYHORSHG��7KH�UHVXOWV�VKRZ�WKDW�DFFHSWDEOH�WUHDWPHQW�FDQ�EH�DFKLHYHG�XVLQJ�WKLV�NLQG�
RI�V\VWHP��)XUWKHU�RSWLPL]DWLRQ�RI�WKH�V\VWHP�ZLOO�OHDG�WR�FOHDQ�ZDWHU�DV�YDOXDEOH�SODQWV�
WR�EH�KDUYHVWHG�IURP�WKH�QXWULHQW�ULFK�ZDVWHZDWHU�

¶¯v¤¯
±ºÀ�Z¨À ¿zcY�uZl¿Y�f�Z]�¾]M��]Z´¯�¶]�z ���¹ a{Y�¶À¬tc

µv��z�¯�½Yz]�[M�½º]�¹ ®���¶¬°k�{Y�¾³Y¹Yz��aÈ¨�¯�¹
±Z-v´´§¾¯�uZl¿Yv¿Z°³�ªÀ«u�²À°·�¶]ªWY¹Y�{Y�©Zº�ÎÖÔÍyu

b¿u¹vp¯�Z·yº�§�{Y�½yZÀ�]zº�Z´��²º¿Y�¶ºÀ¬tc�½Yzº] ¾¿Zº·
v¿uz-���¹@Î>¶À �c�zh§Y�¹¶³ZsZ·½½Z·v´¿Yz��¶]�[È�Z��

v³vººº� |ººº¸l¯�z ººº���¹ a{Y�¾¨¿%ºººº«ºÀ]��xºººo�{Y�¾ººº¨¿
©¹Yvºººd¯�¹y��½xººº�¯�uYºººº¯ �xºººo ½Z·vººº´¿Yz��²¿zºººc

u ¹ ±ºÀºº�Z¨À ¿zdÀ³¾¨¿%ººº«ºÀ]�±ºÀºº�Z¨À ¿zdÀ³bºº�Y�²ºº¿Y�yu
¾º¯ ª¿vº^c�aYzdÀ³�¶]�¾§ZÀ³º¯M�a{Y��¹yuºº��±ºÀº�YvÀ�§Y

½zd§Z]���ºc�¾¨¿%º«ºÀ]_v´´§vÀº�§Y��¹zcºcY�½Z·¥ZºÀ³º¯M
¾¯�­Zl³YuzÀ-�½zd§Z]�v�]�¶¬oz¯�yu�¿Yz��yu��¹zczd·�½Z·

¶º] Yy�aYzºdÀ³�¹ µuYu�­Zºl³Y�Yy�±ºÀ�Z¨À ¿zdÀ³u�ª°��¦À�§º³M
vº´´§�¾º¯ ��u�®d�À��{Y�­Zl³Yz��¹ µuz§�ª¿v^c�a{Y�{Z-@Ï>��

vºpd¯�aÇZ¿Y�yu�yZ]�²À«¹Y�½Yz]�µZº] ¾³Zº·ZÀ-�®dº�À��²º¿Y�yu�
yºd§Yy�n���yu�v´¬]�¶�¿yZº] Zºc vº� µuYu�bº�§�½{Yºº· ½Zº·

Z¸´c�¶³�½x�¯�uYº¯�zd�À]�[xk�¿Y|�Y�\kº¯®d�À��±Z¯v³Yy
v³uz-�¶¨¬]±M�²°�¾�{yY�Z]�±Z·ZÀ-Yy|À³v´·u��y¹z�@Ð>�

yu�±Zº·ZÀ-��º¤³�Zº] �Z^cyY�yu�¾cZ�«Z�¯�|À³�ZÀ³u��Z¤³�z¿Z��yu
b�Y�µv��­Zl³Y�½x�¯�uYº¯��·Z§@Ñ¹Ò¹Ó>�©Z��{YÎÖÖÓyu

d�Y�z¸�µYy�¦º#º§�}ZºÀ¤¯�yu�¾¸]Z�¯�®d�À��®¬¸¨¹ ½{Yvº³Y
µz¸]�uyº¯¶d�z-�yYz£�½yYuz]¹©Z��yu�v�]�½Z·®dº�À��²¿Y�yu

z º����xºo ½Yz]�¾´º� zºd¬À��¹¦º^¬k��y¹zº� ±{Zºt¯�{Y�
bº�Y�µvº� µuZ dº�Y�yuyu�®dºº�À��²º¿Y�±Z¯vº³Yy�¢ºÀ¤pc�²º¿Y�
¾¿Yºº· ¹ [M��¿Yz�vWºº�bº�z-�yYzº£ ¾º�yz]�uyºº¯�²º¿Y

u ¢À¤pc©Z��±Zd�]Zc�yÏÍÍÐyu�¾cZº�«Z�¯�b�z��©Ès�yu�
�v·�Z]�yº�§�±M²ÀÀ�c¾º«M�uYºº¯ ¹ ½x�¯�uYº¯��·Z§�±Y|À¯

­Zl³Yv�¹bº¸k�|À³�±Z¿zk�±Y|À¯�¹ ¾¨¿|À��½Z·zd¯YyZ��z¿Z��
v¿uz-��¿Z��v´¿Yz���À�ºc�

v´¿Yz���À�ºc
Zcvºº°��®dºº�À��²ºº¿Y�¶ºº] ½u¹y¹�[Èºº�Z��Zºº] ¾]Èºº�Z�

¾.³Zºs [Èº�Z��aZ�t�¯¾º�{º¯M�¹ ¾³º¨º�¯�¢�Zº´¯�{Y
uº]��Yz�Y²¨«��b«Yºc�Yvºk b°�£�½YyYu�¾�{º¯M�|§Yz¯�½Z·

vºº³uº]�vºº¯Zk�{Y��¿Zºº¯ µvºº´´§¹ºº] vºº¯Zk�b°ºº�£¶Y|ººl¯�yººº�
�°kb¿Yvº· ¶À º�c�®d�À��¶]��¿Z¯�Z¸´c�¹ v��¾¯���u�¹ ½y¹M
¾¯v¿uz-�½u¹y¹�[È�Z��aZ�t�¯�¹ ±Z¿zk�±Y|À¯{Y�zgPd¯

Y ¾�{º¯M�|§Yz¯�bÀ«Z���Yz��yu©Z��©º�bº�Yu�¾cYzÀÀ�c�
¶ºc ±|t¯�yu�Yvd]Y�½u¹y¹�[È�Z��º°k�¾´Àº�³¹ µvº� ½y¹M

bsYº´¨¿�±|t¯�¦¿�yu�~��¾¯�µzÀsw�½{Z�vº��[Èº�Z�
] ½{Z��bsYº´¨¿�±|t¯�{Y�½u¹y¹¶�º°��¶¬Àº�¹*UXQGIRU�

.3� ���¾º¯ b¿Yvº· ®dº�À��¶]�vº¿uz-�¹u�zº· yu��º°��²º¿Y
u¹vo�b�Z�ÎÍÍ¾¯�yZ§�¶À³Zg�uz§¹ �º�¤´¯���ºd¯�±Z¿zk�¹

¶³Y{¹y±Y|À¯�¶]�½YÓ�Í¾¯�uZl¿Y�\�¨¯zd¯�uz§�{Y�yºd§Yy�¦¿
6%5]¶µuZ dº�Y�¾�Zº�Y�[È�Z��½Yz]�®d�À��±Z^Àd���±Yº´�
¾¯v��

z�Y¦Àº�§º³M�±|t¯�ª¯Z��¾ ¬dt¯�½Z·voY¹�{Y�¶À �c�v´¿ �$1�µvÀºººººº�º�z��½{Yººººººº· ±|ººººººt¯���&$�±{Zººººººt¯��
¦À³º�¹yvºººÀ·�+3��+3��±|ºººt¯��z¿Zººº ¿yÈ§��&/��ººº°���
¦À«Zdºº�¿z��3��¦ºº^¬k��y¹zºº� ±{Zººt¯���$��$��±|ººt¯��

¶c¦^¬k�¾´À�³�$&/�¾´º� zºd¬À����6��6��±Zº¿zk��º°��¹
¾k¹zs�3��bº�Y�µvº� ªÀ¨�c��Zº¤³�¹ ®dº�À��­Yz-Zº¿uº¬�
¶³º°³ª¨��yu�½yYuz]Îb�Y�µv��µuYu�±Z�³��²Àº«¹Y�vÀ ¯�®lo
±|t¯ÓÍuºº] ±M�ªº§ ®ºlo�vº�yu��ºt¯�²º¿Yayºº� ¶º] ±|

¾ºº¯ ½yYvºº¸.³�µvÀºº�º�½¹Zººo ¹ vºº�ÐÍÍµvºº´´§z��uYººº¯ zººdÀ«�
uº]�¾¨Àd�È��±|ºt¯�yu�¦Àº�§º³M��¿Yzº��½Yzº] Yy��Àºp¯�

­¹u�¦À³º�¹yvºÀ·�±|ºt¯�{Y�¾dº�-z]�±Zº¿zk�±ºÀ�Z¨À ¿zdÀ³u
¾¯�®·Yz�uy¹M�] ²l«�b�-z]�ª°��¶§��°��¦¿�`¬À�¹�¶yu�z·
b�Z�Ò¾¯�yZ§�¶¤À£u�uz§�bº�z-�¾¯�­Zl³Y��²º¿Y�avº¯ yuÒ

uº]�yuZ£��°��¶¤À£uÔ�ÒÏ©uZº�¯�¶º§ Yy�[Èº�Z��zdÀ«�²ºl«

[È�Z��¹ [MµyZ°�ÒÏ�©Z��ÎÐÕÐ



��

u¹vo�¾d�-z]ÏÏÓ¾º¯ v�yu�vº�Z]¦Àº�§º³M�±|ºt¯�¶º] Yy
v¿Z°³�b¿Yv·�½{Yº·�±|t¯�²À«¹Y�yu�&$��uYº¯�½{Yº·�®�·�
¾¯�{Z�M�¾«Mv��±Y|À¯�¶]�±|t¯�²¿Y�vÀ ¯�®lo�ÓÍª§�®lo�

uº]�±M¹] n���yu¶ºs {Y�½zd�]�`¬À�¹b¯Ztº� ¶º] ¥ZÑÒ
¾d³Z�zd¯uº]�µv��µvÀ�º��²À]��Z^cyY$1¹&$¶]�½ººp³uºº]

±|t¯�yu�µv��uZl¿Y�½Z·{Z-�¶§$1±|t¯�¶]�&$¾¯�ª¤d´¯v��
±|ºt¯�{Y�¾ºk¹zs�½Z·{Z-�[xk�yu�¾]ºs�bÀ¬]Z£�¾§Zs�zd�]

$1¶]�b�Yu�½ºp³µvº´³{�½º]�"À·�¶§�­Zº�¯�¶º] �Àºp¯�yu�½Y
¾°³vÀ�y�±|t¯&$]¶¯ yº�½ÇZº] z¿uZº¤¯�²À¯Pºc ½Yz]�\cz

±&À�§Y�¾¯�¾·uYº·�v��
½vºº�]�¦ººÀ³º��¹yvººÀ·�±|ººt¯�¶ºº� yu�+3��+3���²°ºº�

¾·uYº·�v´¬]�¶�¿y�±Z·ZÀ-�|À³¾º¯ �y¹zº�bº�Z¿�zº·±|ºt¯
¦À³º�¹yvÀ·ÒÔ�Î\º�¨¯zd¯vºÀ ¯�®ºlo¹ÖÓ�Î�º]z¯zd¯
|t¯�n��±¶§�b�Yu�®·Yzº� ±Z·ZÀ-�v�y�½Yz]�¾^�Z´¯�½Z��

¾¯uy¹M��Z�±|ºt¯�{Y�¾k¹zs�[È+3�%Zº�°��yºº�´¯�¶º] �
¶c�²l«±|ºt¯�¶]�µv��²À�³$1��¶ºc ±|ºt¯�¶º]b¿Yvº· ¾´Àº�³

¾¯v��­Zl³Y�­Z.´·�yu¶ºc ²ºl«�®ºlo�¢ºÀ¤pc�²¿Y�µvº� ²Àº�³
uºº] u¹vp¯�yZÀ�]¹ayºº� ¶ºÀoZ³�²º¿Y�{Y�²ºl«�bº�-z]�Yxº«

b�z.³�] ¦À³º�¹yvÀ·�±{Zt¯¶¾¯�¾·uYº·�[¹Z´d¯�yº�vº��
+3�µu�½Yz]�¾·uYºº· ¶º¤À£u�¾º¯~º� ¹ vº�{YÒ¶º¤À£u��º�£

Yuvl¯�¾·uYº·�¾¯�¾·uYº·�¶¤À£u�µu�½Yz]�v¿uz-¶]�½ººp³¶º§
²À]�±&À�§Y�±Y|À¯Ò�ÐZc�Ó�Ñ¾¬À¯�b�Yu�±Z�º³�zdÀ«�yu�­z-�

+3�¹+3�av¯�\Àczc�¶]ÓÍ¹ÏÍzº· \ºÀczc�¶º] ¶ºÀ³Zg�Ò
¦¿�¶¤À£u¾¯�¾·uYº·�yZ]v��yu�±&À�§Y�±Y|À¯+3�¶]�yYvº¤¯�

Ñ¾¬À¯�yu�¹ zºdÀ«�yu�­z-+3�yYvº¤¯�¶º]Ô¾º¬À¯�zºdÀ«�yu�­zº-
µ{Yv³Yv��½zÀ-�¶c�[Z���¾k¹zs¶c�±|t¯�{Y�µv��²À�³¾´À�³

�°��¦¿���ºc�3��¦³Zc�¶]�¾º¯ b¿Yv·�¦^¬k�½Z·vº¿uz-�
¦³Zc�²¿Yº] Zº·¶¾º¯ ¾·uYºº· \ºcz¯�yºº�º] vº�¶½yºº�¶º§
¦^¬k] Z·¶v³zÀ.]�yYz£�¢À¬�c�b«Zo�Y yu¦³Zc�²¿º] Z·¶bº¬�

¦^¬k�bÀ«Z��¾¯��Z^�Y�¡º��b«Zo�¶]�±&À�§Y��Z·vÀ�y�[Z��
¦³Zc�²¿Y¾º¯ b¿Yvº· ¾´º� ½Zº·zd¬À��¶]�Z·vº��aZÀº�º�s

µz¸]��¿Yz��¹ ¾¨¿|À�©¹vk�yu�|À«Z³M�av¯�©Ès�yu�½yYuz]æ
b�Y�µv��µuYu�±Z�³�®dº�À��ª§�yu�¾¨À«¹yvÀ·�v³Z¯�±Z¯{ÎÐ

uº]�{¹y�ª¨�Ó®d�À��ª§±Z�³�Yy¾¯�v·u�
�¹y�¹ uYº¯Z·

�xºo yu�®dº�À��±Z¯vº³Yy�²ÀÀ�c�½Yz]&2'¹ ±%¹zºdÀ³���
¶ºº³º°³�z ºº��½Z·vººoY¹�¾ººk¹zs�¹ ½u¹y¹�[Èºº�Z��{Y�¾¿Zºº·

v��b�Yuz]��¬dt¯�¶³º°³�ªp¯ª¨º� yu�½yYuz]ÎµuYu�±Zº�³�
b�Y�µv��¶³º°³] ½yYuz]¶¶º�p«�ayº�b�Zº� yu�½YÐÍ�Ö

¯ ­Zl³Y�{¹y�z·�n^��¶¤À£u¾�°k�¹ v�>Zu¹vo�±Zd�]Zc�©º��yu� ÓÓ¶³º°³�{¹y�vº� ­Zºl³Y�½yYuz]�'2��S+¹ ayYzºo ¶ºkyu���
¶º³º°³�yu�¾º¨¿zd¨«Y�b¿Yv·µZ.dº�u�Zº] µvº� ¶ºd�z-�µ{Zºc ½Zº·

+$&+� 6HQV��1���µ{Yvº³Y�vº� ½zºÀ-�ª¨º��º¬dt¯�½Zº·
¶º³º°³�yu�aYzºdÀ³�¹ bº¿zdÀ³���­ººÀ³º¯M�ª¯Z��±%¹zdÀ³½Zº·Ò

¯ Z]�¹ ½zdÀ«�¾¬À¯�zº�0HUFN�zº�¯�\ºÀczc�¶º]ÎÑÔÒÏ�Î
]ºº¯M�½Yzºº�z�¯��­ºÀ³ºÎÑÔÔÐ�Î]ººdÀ³�½Yzºº�z�¯�¹ b¿z

ª¨�Î�Zk�±Z¿zk�¹�¬dt¯�½Z·voY¹�¾¿Z°³¶]�¾k¹zs�¹ ½u¹y¹�½Z··¶³º°³��Z¤³�µYz°¶À �c�®d�À��yu�½yYuz]

µyZ°�ÒÏ�©Z��ÎÐÕÐ[È�Z��¹ [M�



��

©¹vkÎ��¬dt¯�½Z·voY¹�yu�®d�À��½yYuz]�µz¸]��¿Yz��¹ ¾¨¿|À��aZÀ�º�s�
¹½Z·voY

�¬dt¯
n��
�P��

vÀ ¯�®lo
�P��

v³Z¯�±Z¯{
�b�Z��'2

�PJ�/�
¶kyu

�&Ì�S+

$1ìèî�åêîæ�åî�ìì�ç�ë�æî�çæ�î�æîë�ì�é�ì
&$ìèî�åêîæ�åî�ìê�ë�é�êæ�çç�æ�çåå�í�í�ì
+3�îëå�æêëí�æë�çåê�é�î�èè�çç�è�çåí�ì�ë�ì
+3�îëå�æêëí�æë�çåì�é�î�èê�çç�ê�çåë�ì�é�ì
+3�îëå�æêëí�æè�ëìå�ì�æ�ëì�çç�ì�çåì�ì�é�ì
$�ëæê�æêåæ�åì�éêë�æå�ç�æåå�çç�ë�æîì�í�è�í
$�ëæê�æêåæ�åì�éêå�ææ�å�æåî�çæ�ê�æîë�í�é�í
6�æææ�æåíë�åå�éå�í�è�ìæ�çç�î�æîë�í�ç�í
6�æææ�æåíë�åå�éæ�ç�è�ææ�çç�î�æîî�ì�ì�ì
ÎÑÔÔÓ�Îzd¯ºd�¹zd¨�º�Y�µZ.dº�u�{Y�µuZ d�Y�Z]�aYzdÀ³�½Yz]�

=HLVV�6SHNRO�����µ{Yv³Y�v��½zÀ-��ªº§ z ����ª§�±%¹zdÀ³
¹ aZ ºº��ºcyY&2'µZ.dºº�u�Zºº]+$&+� '5�����¢ºº^��¹

v��­Zl³Y�µZ.d�u�ª°�«Yyºd�u�uyYv³Zd�Y��¹y�¢^��¢¬�¯�uYº¯
vd¯�ÎÖÖÒ�µ{Yv³Yv¿uz-�½zÀ-@Ô>�

³u�b�z��²ÀÀ�c�½Yz]±ºÀ�Z¨À ¿zdÀ�Yvd]Y�ÎÍ¾º¬À¯�{Y�zºdÀ«
¾¯�¶À¸c�¦À�§º³M�±|t¯�yu�uºkº¯�}Z¯ºÀ]v��v�]�`¬oz¯�yu

¦¿�¶]¶«º«�{Y�½z�½¹Zo��¿Z¯{M�½Z·Ò¾¬À¯zºdÀ«zº�¤¯�[M
�z�¯�¢�Z£�¦¿12�|ºÀ³�¹POÒ¦º°³�1D12�¶�Zº�Y�vº�� º] ¶§�©¹Y��¿Z¯{M�¶«º«�{Y�zÀ��¶]�~��¶zº�³�yu�v·Zº� ±Yºº´�

¾¯�¶d�z-�v�¶«º«�¶À¤]�¶]�yYvº¤¯�Zº·POÏÍÍ¶�Zº�Y�²ºl«�¶º³º°³�
v¿uz-zd¯ºd�¹zd¨�º�Y�µZ.d�u�Z]�¶¤À£u�µu�z·�{Y�v�]�\Àczc�¶]�¹

iº¯�©º��yuQPÒÏÒ¶³º°³�,³y�bWYz£�Z·vº��Zºc �¿Zº¯{M
¶º¯YuY�¶³º°³�±v��,³y�¾]bº�Z¿yYuºº°³�®º�y�Zº] bº¿Z¸³�yu�¹

`º¿¹Y{�\¿zº� ²ÀºÀ�c�¹ ±Zº¯{�\º�o�z]�b¿zdÀ³�b�¬��ºs
v¿uz-�¶^�Zp¯�±ºÀ�Z¨À ¿zdÀ³u�b�z��yYv¤¯@Õ>�

fp]�¹ j¿Zd³
�«Y�½u¹y¹�[È�Z��aZ�t�¯�

Zcv°��¶§�½u¹y¹�[È�Z��aZ�t�¯�¾³º¨º�¯�¢�Z´¯�{Y
uº]�¾�{º¯M�|§Yz¯�¹�©¹vk�yu�Ïb�Y�µv¯M��±Z°·yu�¶º§ ¶³º-

¾¯�µv¿u�©¹vkuº��¶³º-�¶]��º]z¯�yYv¤¯�±%¹zdÀ³��¬dt¯�½Z·
È�Z��¶]�b^�³[b�Y�zcÇZ]�½yv£�¾.³Zs�½Z·�z º���yYv¤¯

[È�Z��¶]��º]z¯�©º°�¯�`´¯Yu�yu�½u¹y¹¾.³Zºs ­Zºs ½Zº·
b�Y�[È�Z��©º°�¯�`´¯Yu�yu�|À³�Z·zd¯YyZ��z¿Z�¾.³Zs�½Z·
¾¯v´�Z]�b^�³&2'�%2'{Y�zºd°§�Ï_vº´·u�±Zº�³�¶º§ uºº]

¾¯�½u¹y¹�[È�Z��yu�¾«M�uYº¯�µuZ��¾¨¿%º«ºÀ]�¶¿|lcv�Z]�
[�zÀt^c�

½Yz]avº¯ ½Yz]�½u¹y¹�±Z¿zk��®d�À��yu�zÀt^c�¶^�Zp¯
vº¿uz-�¶«¹|¿Y��¬dt¯�±{Zt¯�n���¹ v����£�{¹y�¶��{Y�vº�]

Yuvl¯�{¹y�¶��¶^º�Zp¯�±{Zºt¯�yu��¿Zº¯ �Z cyYvº��²º¿Y�yu
{Y��¿Z¯�ayYzo�¶kyu�©Z��ª��&ÌÏÏ]¶¹ zdº�À]�©º°�¯�yº�

{Y�±M�±Z�º³�`´¯Yu&ÌÏÖ�ÏÎuº]�zÀ�d¯��Yvº¤¯¶^º�Zp¯�zºÀt^c�y
uºº] {¹y�yu��¿Zº¯ ªº§ ®ºlo�vº�yu�¦º¿ {Y�zºd°§�¹ ®º§ µv��
¶º§ uºº] ¦À³º�¹yvºÀ·�±{Zt¯�¶]��º]z¯�zÀt^c�yYv¤¯�²¿zd�À]

ÇZºº°doY�±M�bº¬��±Zºº·ZÀ-��º¿¹y�bºº¬��¶º] ¢ºº¿z�c�¹ zºÀt^c
¾¯v�Z]�
i��xo�&2'

z�Yu¹vºo ¦À�§º³M�±|t¯�yu�¾¨¿%º«ºÀ]�½Z·v´¿�ÏÎ{Y�
&2'¾¯��xo�Yy�½u¹y¹�uº°³�½ÇZ]�b�¬�&2'[Zº���yu�

\º�Z´¯�²l«�b�-z]�_v´·u�±Z�³�¦À�§º³M�±|t¯�{Y�¾k¹zs
¾º¯ ±|t¯�²¿Y�yu�±ºÀ�Z¨À ¿zdÀ³u�½Yz]�\�Z´¯��¿Yz��¹vº�Z]

[È�Z��¹ [MµyZ°�ÒÏ�©Z��ÎÐÕÐ



��

�ª¨�Ï��µuºº] ÇZº] µvÀº�º�z��½{Yº·�±|t¯�yu��xo�±Y|À¯
±Z�³�¶§¾¯�±|t¯�²¿Y�yu�½{Yº·�®�·�_v´·uv�Z]�zd�À]��xo

³º�¹yvÀ·�±{Zt¯�yu¾¯�­Zl³Y�¦Àb�z-�Zº�º°l¯�±{Zºt¯�yu
&$¹+3��+3�u¹vººo�ÓÖ&2'¾ºº¯�·Zºº§bºº�Z¿�±Y|ººÀ¯

�xo&2'uºº] �Zº°�Y�ªº]Z£�¾´º� zd¬À��¹¦^¬k�¦³Zc�yu��
�xo�yu�®d�À��ª§�±Z¯v³Yy&2'Z�º°l¯��u¹vo�ÖÍuº]��

u�±%¹zdÀ³��xo�
] Yy�±%¹zdÀ³�b�¬���·Z§�¹ ½u¹y¹�[È�Z��±v��¢À£y¶

¾¯�mº�¹±Yººcª¨º� yuÐyu�­ººÀ³º¯M�yYvº¤¯�Zº] ¶º�¿Z¤¯�yu�
¦Àººº�§º³M�±|ºººt¯�{Y�¾ºººk¹zs�¹ ½u¹y¹�±Zººº¿zk��Zººº¤³

¶³º°³½yYuz]Î¹Ï�uz§�µv·Z�¯�±|t¯�yu&$±ºÀ�Z¨À ¿zdÀ³�
¾ºº°³�µv·Zºº�¯uººº��¦À³º�¹yvººÀ·�±{Zººt¯�yu�±ºÀºº�Z¨À ¿zdÀ³ �¶º³º°³��Z¤³½yYuzº]Ñ¹Ó¹Ô�¾º¯ qyvº·u�¾º¬^£�aZº�«Z�¯

¾¯�±Z�³- ¶§�v·uyu�¶º§ ­ººÀ³º¯M��xºo yu�¾º°¸¯��¤³�±Z·ZÀ
] �£Y¹¶½zd§Z]�½Yz]�µzd�]º��±Yº´�uyYu�z¿Zº ¿zdÀ³�½Zº·�Zº ¿Y�
¾ºº¯vºº´¿Z°³@Ó>�­ºººÀ³º¯M�bºº�¬�PJ�OÎ�ÏÐ\ºº�o�zºº]

�1+��1�/�¶ºº]PJ�OÖ�Ô¦À³º�¹yvººÀ·�±|ººt¯�²Àºº«¹Y�yu�

¾¯v�y�ªº¯Z§�¦À³º�¹yvºÀ·�±|ºt¯�²À¯¹u�yu�±ºÀ�Z¨À ¿zdÀ³
¾¯uº��£Y¹�yu�¹¾º¯ ª¿vº^c�aYzºdÀ³�¶º] ­ººÀ³º¯M�­Z°cuuzº-�

uº]��Z°�Y�ª]Z£�¶¬oz¯�²¿Y�yu�b¿zdÀ³�b�¬��
{Y�aYzdÀ³�uZ¿{�z¿uZ¤¯�½¹Zo�¾d�-z]�±Z¿zk�®d�À��²¿Y�yu

¾º¯ uyY¹�¦Àº�§º³M�±|ºt¯�¶]�¦À³º�¹yvÀ·�±|t¯�²À¯¹uvº� �¶³º°³�¶�¤³½yYuz]Ó��®dº�À��²º¿Y�yu�±%¹zdÀ³��·Z§�±Y|À¯ �Õ�ÔÎ¾ºº¯vºº�Z]�zººdÀ³¾dºº�-z]�±Zºº¿zk�aYZºº]bºº�¬��
PJ�OÑ�ÏÎ\�o�z]�12��1�/��Z^¿z¤c�ªº¯Z§�yºº� ¶º]yu
t¯ºo ¦À�§º³M�±|ºº¾¯��xv¿uz-�¯ ±Z�³�²¿Yºº¾º·uºº§ vº¶

±Zº¿zk�±Y|ºÀ¯�b¿u¹vºp¯�¶]�¾.d�]�aYzdÀ³��xo�b¿u¹vp¯
uyYu�¾dºº�-z]�®dºº�À��yu�¾ºº¬^£�aZºº�«Z�¯±Zºº�³�¶]Zºº�¯�½Zºº·

¾¯�ºc��xo�¹ [xk�±Y|À¯�¶§�v·u®dº�À��²º¿Y�yu�±Z·ZÀ-��
u¹vo�Ñ¾º¯ ®dº�À��²¿Y�yu�±%¹zdÀ³�ª§��xo�vº�Z]@Ð¹Ó>�

¦Àºº�§º³M�±|ººt¯�yu�bºº¿zdÀ³�bºº�¬�PJ�OÓ�Í\ºº�o�zºº]
12��1�/¾¯�vº�Z]�yu�±%¹zºdÀ³��·Zº§ zº�³�{Y�®dº�À��²º¿Y

b�Yu�yYz£�½yYv¿Z��b«Zo�

©¹vkÏ�¶À �c�®d�À��¶]�½u¹y¹�±Z¿zk�aZ�t�¯
zd¯YyZ�voY¹²À.³ZÀ¯

ª§�±%¹zdÀ³J1�P�ì�îè
¾§ZÀ³º¯M�±%¹zdÀ³J1�P�ê�ìç

b¿zdÀ³J1�P�å�æ
aYzdÀ³J1�P�åè�å
ª§�z ��J3�P�æ�æê
aZ ��ºcyYJ3�P�å�ææ
&2'J2��P�éìæ
%2'�J2��P�ÏÕÓ
66*VV�P�Ò�ÔÏ

¾¨¿zd¨«Y�b¿Yv·��P6�FPÎÓÍ
S+Ï�Ô

µyZ°�ÒÏ�©Z��ÎÐÕÐ[È�Z��¹ [M�



��

�
���
���
���
���
���

&2
'�

PJ
�O�

� � � � ��

Ä°¦®z]�¶³º°³ ¶Z¤³

&2'

ª¨�Ï�b�¬�&2'À���¬dt¯��Z¤³�yu�®d�

�

��

��

��

��

PJ
�O

� � � � � � �

Ä°¦®z]�¶³º°³�¶Z¤³
1+� 12� 12�

ª¨�Ð�®d�À���¬dt¯��Z¤³�yu�±%¹zdÀ³�b�¬�
w�z ����xo�

[xººk �ºº�ºc�®dºº�À��²ºº¿Y�yu�[Èºº�Z��{Y�z ºº����xººo
uYººº¯ ¶ºº] ¾-v´^ºº�#�¹ ¾ºº�À^��¾¿ZÀ°Àºº�\Àºº�zc���¾¨¿%ºº«ºÀ]

¾º¯ ayºº� ¾´��½Z·zd¬À��µv´´§z�bº�z-�½u¹y¹�[Èº�Z�
½¹Zººo3�/PJÎ�ÎÒuººº]�yYvºº¤¯�²ºº¿Y�{Y�Ò�Ñ±|ººt¯�yu
§º³M¾¯��xo�¦À�v¿uz-�±{Zºt¯�yu�|ºÀ³��xºo {Y�½yYvº¤¯

¾¯�­Zl³Y�¦À³º�¹yvÀ·¾º¯ yº�c�¶§�v�uºº�[xºk ±M�bº¬��
µvº� µuYu�vº�y�±Zº·ZÀ-�¶�¿y�½¹y�®¬À�ºÀ]�|À³�¹ ±Z·ZÀ-���ºc

v�Z]�±{Zt¯�n���yu�] ±Z·ZÀ-¶±{Zºt¯�n�º� ½¹y�zº] ¾]ºs
¾º¯ µuZ d�Y�[È�Z��½x�¯�uYº¯�{Y�¹ µuz§�v�y{Y�¾º«¹�vº³uz§

³¾«º^£�ª]Z£�[xk�±Y|À¯�¶]�{º´·�¶À �c�±Z¯v³Yy�z]�zgY�z�³�¶�¤
v³uº]�µvÀ�z³�¾·ZºÀ-�[xºk ±Y|ºÀ¯��¿Y|�Y�½Yz]�¶º] >ÇZº°doY

¾³Çº��v³Z¯�±Z¯{�¹ zd�À]�n��½zºciZºÀdoYbº�Y��{Y��vº·
µYy¦ºº^¬k�±{Zººt¯�½{Yvºº³Y�bºº�Y�µuººº] z ºº���zdºº�À]��xººo�

¦^¬k¾¿ÇZ]�v�y�±Y|À¯�½YyYu�¾�º¨�¹z¨À¯�½Z·ÇZ]�b¬��¶]
v³yYu�uºs�®lo�¶]�n���b^�³�±uº]�¶º�oÈ¯��¾�yz]�²¿Y�yu

v�z ����xo�yu�¦^¬k�±{Zt¯�±Z¯v³Yy��Ó�ÏÔuºº]�¶º�¤³
½zÀ-�¶³º°³ÎÎ��¾º¯ ±Zº�³�¾º¬^£�aZº�«Z�¯�vº´#z·�¶º§ vº·u

�xºo ¾¿Zº³Yºc�½YyYu�¦^¬k�±{Zt¯�ÖÒ¾ºk¹zs�[Zº���{Y
¾º¯ [ºº¬�¯��¿Yz��ayº��yu�Yy�¦À³º�¹yvÀ·�±{Zt¯cvº´³Yº

[È�Z��¹ [MµyZ°�ÒÏ�©Z��ÎÐÕÐ



��

v´�Z]�¶d�Yu@Ö>�ÇZº°doY��·Zº§ bÀ�z��²¿Y�¶º] �ºº]z¯S+
¾¨¿%ºº«ºÀ]�[xºk |ºÀ³�¹ ±M�\º£Z�d¯�¾¿ZÀ°Àº� \À�zc�¹ ÇZ]

¾¯v�Z]�²d�y�zcÇZ]�¶�«Z�¯�±M�yuS+{Y�ÎÍ]¶�zº�¯�b¬�
&2�]¶uº]�µv��¶Àkºc�¦^¬k�`¬À�¹�] ­{Ç�¶d^«Y¶Zc�b�Y�z§w

z��¶]�¦^¬k�±{Zt¯�{º´·�¶�«Z�¯�±Z¯{µv¿Y��¿YµvÀ�z³�uºs�©M
v³uº]�±M�±Z¯v³Yy�Yx«�] Z·¶bº�À³�¾]Zº¿{yY�ª]Z£�ª¯Z§�yº��yu

¾¯�z ���¾´��½Z·zd¬À�uYºº¯ [xk�v³Yºcµvº´´§z�Zº¿ ¹ zºd¬À��
®¬À��¾¨¿%º«ºÀ]�[xkuYºº¯ ½¹y�½Zº·µvº´´§z�uuzº-�{Y�vº�]

�xºo ¾¿Z³Yºc�Z¸´c�®d�À��²¿Y��º°l¯�yu�¹ ±ºÀ�Yzd¬À��¶¬oz¯�ÑÔz ���{Y�b�Yu�Yy�½u¹y¹��yu�¾ºk¹zs�[Zº���uyYv³Zd�Y�
Yy�z ººººº����xºººººo {Zºººººl¯�±Y|ºººººÀ¯�vWºººººº� yºººººº�§

PJ3�/Ò�Í¾¯�±ZÀ]�¾¯�®d�À���Zp«�²¿Y�{Y�¶§�v´§¶]�b�¿Z]

vºº�z]�­{Ç��xººobºº¸k�\ºº�Z´¯��¿Yzºº��ª¨ºº�ÑaYzººÀÀ�c�
b°º�£�yu�Yy�z ���b�¬�µYzº°·�¶º] �º¬dt¯�½Zº·S+±Zº�³�

¾¯v·u�
y�º�ºc�±ºÀ�Z¨À ¿zdÀ³u�b�z��½zd§Zº] �}Zº³º¯º¯º§�½Zº·

u²À]�vWº��¾¿Yº·�¹ [M��¿Yz��yu�~³Z¨À ¿zdÀ³Ó�ÍZºcÕ�Ð
¾¬À¯zdÀ«�yu�­z-12�Zd^º�³�¶§�b�Y�µv���yY|-�¶¤À£u�z·�yu�

vºº�Z]�¾ºº¯ ÇZºº]@Õ>�b�zºº� �ºº�ºd¯�yYvºº¤¯�¢ººÀ¤pc�²ºº¿Y�yu
¦À�§º³M�±|t¯�yu�±ºÀ�Z¨À ¿zdÀ³u�Ê$1��µuYu�¶]�¶kºc�Z]½Z·

yu�uºkº¯ª¨�Ò¾¬À¯�¦¿�u¹vozºdÀ«�yu�­zº-12�¶º¤À£u�yu�
yu�±ºÀº�Z¨À ¿zdÀ³u�b�zº� ©º°�¯�¶´¯Yu�yu�¶§�v¿uz-�¶^�Zp¯

¾¯�yYz£�¾¿Yº·�¹ [M��¿Yz��²¿YuzÀ-�

�

�

��

��

��

��

� � � � � � � � � �

Ä°¦®z]�¶³º°³�¶Z¤³

3�
PJ

�/�
�

�

�

�

�

3+

3��PJ�/� 3+

ª¨�Ñ�¹ z ���b�¬��aYzÀÀ�cS+¶³º°³��¬dt¯��Z¤³�yu®d�À��yu�½yYuz]

��

��

��

��

� �� ��� ��� ��� ��� ��� ���
�±Â°� ÀZ¯±

PJ
�O

12�

ª¨�Ò�±ºÀ�Z¨À ¿zdÀ³u�b�z��²ÀÀ�c

12
��P

J�O
�

µyZ°�ÒÏ�©Z��ÎÐÕÐ[È�Z��¹ [M�



��

ª¨�Ó�¦À³º�¹yvÀ·�±{Zt¯�n���yu�½|]M�±Z·ZÀ-��y¹z���¿Z°³¹�®d�À��¾¬§�ª¨�
¶lÀd³½zÀ-

¶º] �yZº�d¯�¾¨¿%ºº«ºÀ]�¶À �c�®d�À��¦¿·±{Zºt¯�µYzº°
¹ a{Y��xo�|À³�¹ ¾«M�uYº¯��xo�½Yz]�¦^¬k�¹¦À³º�¹yvÀ·

[È�Z��z ��¾¯�µuZ d�Y�¾.³Zs�½Z·v��®d�À��²¿Y�uz¨¬°�
¹ [M��¿Yz��bpc�¶§�uYu�±Z�³º] vWºº� yº�§�¾¿Yº·¶¾]ººs

uyYu�¾]º¬�¯�±Z¯v³Yy�¹ µuº]�yYv¿Z��

ÖÍvºº�yu&2'¹ ¾¨¿%ººº«ºÀ]�¶À ºº�c�yu�®dºº�À��²ºº¿Y�yu�
¾¯��·Z§�¦À³º�¹yvÀ·�±{Zt¯v]Z¿�

±ºÀº�Z¨À ¿zdÀ³�¦À³º�¹yvºÀ·�±{Zt¯�yu�¹ ±Zº·ZÀ-�¶º�¿y�
½zd§Z]v³zgR¯�½x�¯�uYº¯��xo�yu�±M�n���z]�z¿Z ¿zdÀ³�½Z·�

] ¦À�§º³M�±{Zt¯¶uZl¿Y�Yy�±ºÀ�Z¨À ¿zdÀ³u��¿Yz��¾]ºs
�xo�bÀ¬]Z£�¹ µuz§�ÔÏv³yYu�Yy�½u¹y¹�a{Y�{Y��

®d�À��²¿Y�yu�z ����xo�ÑÔ�xo�¾¬�Y�b¬��¶§�µuº]�
¾´��½Z·zd¬À��¹¦^¬k�±{Zt¯�uºk¹¾¯�v�Z]�

�]Z´¯
��0HWFDOI�	�(GG\������������:DVWHZDWHU�(QJLQHHULQJ�7UHDWPHQW�DQG�5HXVH ���IRUWK�(GLWLRQ��0F�*UDZ�+LOO�
�� +HQ]H��0���+DUUHPRHV��3��� OD�&RXU� -DQVHQ�� -��DQG�$UYLQ��(��� ���������:DVWHZDWHU�7UHDWPHQW��%LRORJLFDO�
DQG�&KHPLFDO�3URFHVVHV ����UG HGQ��6SULQJHU���+HLGHOEHUJ�
�� 7RGG�� -��� DQG� -RVHSKVRQ�� %��� �������� �7KH� 'HVLJQ� RI� /LYLQJ� 7HFKQRORJLHV� IRU� :DVWH� 7UHDWPHQW� ���
(FRORJLFDO�(QJLQHHULQJ�������������������9RO�����������SS����������
�� *XWHUVWDP�� %��� �������� �'HPRQVWUDWLQJ� (FRORJLFDO� (QJLQHHULQJ� IRU� :DVWHZDWHU� 7UHDWPHQW� LQ� D� 1RUGLF�
&OLPDWH� XVLQJ� $TXDFXOWXUH� 3ULQFLSOHV� LQ� D� *UHHQKRXVH�0HVRFRVP� ��� (FRORJLFDO� (QJLQHHULQJ�� �������� �������
9RO����������SS��������
�� +LQJH��-��DQG�+DPLVK��6������������6RODU�:DVWHZDWHU�7UHDWPHQW�LQ�'HQPDUN��'HPRQVWUDWLRQ�3URMHFW�DW�WKH�
'DQLVK�)RONHFHQWHU�IRU�5HQHZDEOH�(QHUJ\��� ,Q��(FRORJLFDO�(QJLQHHULQJ�IRU�:DVWHZDWHU�7UHDWPHQW��&��(WQLHU�
DQG�%��*XWHUVWDP��HG����QG HG��SS�����������&5&�3UHVV��,QF���%RFD�5DWRQ�
�� 3HWHUVRQ�� 6�%��� DQG� 7HDO�� -�0��� �������� �7KH� 5ROH� RI� 3ODQWV� LQ� (FRORJLFDOO\� (QJLQHHUHG� :DVWHZDWHU�
7UHDWPHQW�6\VWHP���(FRORJLFDO�(QJLQHHULQJ��9RO����������SS����������
�� $3+$��� ��������6WDQGDUG� 0HWKRGV� IRU� WKH� ([DPLQDWLRQ� RI�:DWHU� DQG�:DVWHZDWHU ��� ��WK HG�� $PHULFDQ�
3XEOLF�+HDOWK�$VVRFLDWLRQ��:DVKLQJWRQ�'&��86$�
��*XPDHOLXV��/������������&KDUDFWDULVDWLRQ�DQG�'HVFULSWLRQ�RI�&RPDPRQDV�'HQLWULILFDQV�6S��QRY���DQ (IILFLHQW�
'HQLWULI\LQJ� %DHWHULXP� ,VRODWHG� IURP� $FWLYDWHG� 6OXGJH ��� � 3K�'� 7KHV�� V��� 'HSDUWPHQW� RI� %LRWHFKQRORJ\��
0LFURELRORJ\��5R\DO�LQVWLWXWH�RI�7HFKQRORJ\��6WRFNKROP�6ZHGHQ�
�� /DUVGRWWHU�� .��� 2OLYLXVVRQ�� %��� 6RGHUEDFN�� (�� DQG� 'DOKDPPDU�� *��� �������� �3KRVSKRUXV� 5HPRYDO� IURP�
:DVWHZDWHU�E\�0LFURDOJDH� LQ�D�*UHHQKRXVH� LQ�6ZHGHQ�'XULQJ�:LQWHU��,Q��%RRN�RI�3RVWHUV���VW &RQJUHVV�RI�
WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�$SSOLHG�3K\FRORJ\���WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�$OJRORJ\��$JXDGXOFH��
5RTXHWDV�GH�0DU��$OPHULD��6SDLQ�
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