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$�'�)LUGRXV HW�DO�

5HFHLYHG�������������
$FFHSWHG�������������

,Q� ELUGV�� WKH� WUDFKHD� LV� D� ORQJ� WXEH�
OLNH� VWUXFWXUH� FRPSRVHG� RI� FRPSOHWH� ULQJV� RI�
K\DOLQH�FDUWLODJH�XQLWHG�E\�QDUURZ�PHPEUDQRXV�
OLJDPHQWV��7KH�ORQJ�WUDFKHD�LQ�ELUGV�PDNHV�WKH�
LQVSLUHG� DLU� WR� JHW� IXOO\� VDWXUDWHG� ZLWK� ZDWHU�
YDSRXU� DQG� UDLVHV� LW� WR� ERG\� WHPSHUDWXUH�
EHIRUH� UHDFKLQJ� WKH� OXQJ�� %HVLGHV� WKLV� WKH�
WUDFKHD� ZLOO� DOVR� FDXVH� VRXQG� PRGXODWLRQ��
PRVW�RI�WKH�ELUGV��7UDFKHDO�ULQJV�RVVLI\�LQ�ELUGV�
RI�WUDFKHDO�ULQJV�LQ�ZDWHUIRZO�LV�VFDQW\��KHQFH�
WKLV� ZRUN� ZDV� FDUULHG� RXW� LQ� .XWWDQDG� GXFNV�
GXULQJ�SRVW�QDWDO�SHULRG��

GXFNV�ZDV�VWXGLHG�XVLQJ���� IHPDOH�.XWWDQDG�
ELUGV� IURP� GD\�ROG� WR� ��� ZHHNV� RI� DJH�� 7KH�
PDWHULDO�ZDV�FROOHFWHG� IURP�VL[�ELUGV� LQ�HDFK�
JURXS� DW� IRUWQLJKWO\� LQWHUYDO�� 7ROXLGLQH� %OXH�
$OL]DULQ�5HG�6�6WDLQLQJ�RI�&DUWLODJH�DQG�%RQH�
SURWRFRO�E\�$OSKRQVH��������ZDV�IROORZHG��

7KH� VSHFLPHQV� ZHUH� VXEMHFWHG� WR�
WROXLGLQH� EOXH�DOL]DULQ� UHG� 6� VWDLQLQJ� DIWHU�
KDYLQJ�WKH�UDWLR�RI�WKUHH�FRPSRQHQWV�DV�������IRU�
DSSUR[LPDWHO\����PLQXWHV��)XUWKHU�VSHFLPHQV�
ZHUH� VWDLQHG� LQ� ����� SHU� FHQW� WROXLGLQH� EOXH�
LQ����SHU�FHQW�HWK\O�DOFRKRO� IRU����K�DW� URRP�
WHPSHUDWXUH��7ZHQW\�YROXPHV�RI�VWDLQ�VROXWLRQ�
WR� WKH� HVWLPDWHG� YROXPH� RI� WKH� VSHFLPHQ�
ZHUH� XVHG�� 6RIW� WLVVXHV� ZHUH� GHVWDLQHG� LQ�
���SHU�FHQW�HWK\O�DOFRKRO� IRU����K����SHU�FHQW�
IRU����K�DQG����SHU�FHQW� IRU���K�UHVSHFWLYHO\��
7KH� VSHFLPHQV� ZHUH� FRXQWHUVWDLQHG� LQ� D�
IUHVKO\�SUHSDUHG���SHU�FHQW�DTXHRXV�VROXWLRQ�
RI�3RWDVVLXP�+\GUR[LGH� �.2+�� WR�ZKLFK�ZDV�
DGGHG�WZR�WR�WKUHH�GURSV�RI�����SHU�FHQW�DOL]DULQ�
UHG�6�SHU�����PO�RI�VROXWLRQ��7KH�VSHFLPHQV�
ZHUH�WUDQVIHUUHG�LQWR�WKH�IUHVK���SHU�FHQW�.2+�

DOL]DULQ� PL[WXUH� GDLO\� IRU� WKUHH� GD\V�� RU� XQWLO�
WKH� ERQHV� DQG� VRIW� WLVVXHV� KDG� UHDFKHG� WKH�
GHVLUHG�LQWHQVLW\�RI�UHG�FRORXU��7KH�VSHFLPHQV�
ZHUH� ULQVHG� LQ�ZDWHU��SODFHG� LQ�D�����PL[WXUH�
RI�JO\FHURO�DQG�HWK\O�DOFRKRO�IRU����K�DQG�WKHQ�
FOHDULQJ�DQG�VWRUDJH�

,Q� .XWWDQDG� GXFNV�� WKH� WUDFKHD� ZDV�
D� VLQJXODU�� VWUDLJKW� K\DOLQH� FDUWLODJLQRXV�
WXEH� H[WHQGHG� YHQWUDOO\� DOO� DORQJ� WKH� QHFN� LQ�
FRQWLQXDWLRQ� WR� WKH� ODU\Q[�� 7KH� WUDFKHD� ZDV�
FRYHUHG� RQO\� E\� VNLQ� DQG� ZDV� YHQWUDO� WR� WKH�
HVRSKDJXV�,EH� HW� DO�� ������� UHSRUWHG� VLPLODU�
REVHUYDWLRQV�LQ�:HVW�$IULFDQ�JXLQHD�IRZO��7KH�
VXSSRUWLQJ�IUDPH�RI�WKH�WUDFKHD�ZDV�IRUPHG�E\�
WKH�FRPSOHWH�FDUWLODJLQRXV�ULQJV�ZKLFK�VKRZHG�
0HQQHJD� ������� LQ� FKLFNHQ�DQG�%UDGOH\� DQG�
*UDKDPH��������LQ�GRPHVWLF�IRZO�REVHUYHG�WKH�
VDPH��

7UDFKHD� VWDUWHG� VKRZLQJ� VPDOO� IRFL�

YHQWUDO�DVSHFW��)LJ���D�DQG��E���%\�WHQWK�ZHHN��

DVSHFW� �)LJ�� �D� DQG� �E��� $IWHU� WHQWK� ZHHN��
DGYDQFLQJ�DJH�DQG�E\����ZHHNV��WKH�WUDFKHD�

���� �7KLV�ZDV�SDUWLDOO\� LQ�DFFRUGDQFH�ZLWK� WKH�

ULQJV�PD\�EH�LQLWLDWHG�DV�HDUO\�DV����ZHHNV�RI�
DJH�SURJUHVVLQJ�XSWR�����ZHHNV�RI�DJH��+RJJ�
LQGLFDWLRQ� RI� PLQHUDOLVDWLRQ� ZDV� HQFRXQWHUHG�
E\����GD\V�SRVW�KDWFKLQJ�� ,Q�.XWWDQDG�GXFNV��

266,),&$7,21�2)�75$&+($�,1�.877$1$'�
'8&.6��$QDV�SODW\UK\QFKRV�GRPHVWLFXV�
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)LJ��D�7UDFKHD�RI�.XWWDQDG�GXFN�VKRZLQJ�VLJQV�RI�
WK�:HHN��YHQWUDO�YLHZ�

)LJ��E� 7UDFKHD� RI� .XWWDQDG� GXFN� VKRZLQJ� OHVV�
WK�:HHN��GRUVDO�YLHZ�

)LJ��D��WK:HHN��YHQWUDO�YLHZ�

)LJ��E��WK:HHN��GRUVDO�YLHZ�

)LJ����WK�:HHN

YHQWUDOO\� DQG� SURJUHVVHG� VORZO\� WRZDUGV� WKH�
FDXGDO�� +RZHYHU� LQ� FRQWUDU\� WR� WKLV�� +RJJ�
��������LQ�GRPHVWLF�IRZO�VWDWHG�WKDW�WKH�SURFHVV�
EHJDQ�DW�WKH�FDXGDO�HQG�RI�WKH�VHULHV�RI�WUDFKHDO�

FDUWLODJHV�ZLWK� DJH� SDUWLFXODUO\� RQ� WKH� YHQWUDO�
DVSHFW�RI�WKH�WUDFKHD�PLJKW�UHGXFH�WKH�GDPDJH�
WR� GHHSHU� WLVVXHV� RQ� SUHVVLQJ� DQG� PD\� DOVR�
ZKHQ�WKH�ELUG�LV�KHOG�E\�QHFN�

$�'�)LUGRXV���6��0D\D���-��-��&KXQJDWK�
DQG�1�$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\��
&ROOHJH�RI�9HWHULQDU\�	$QLPDO�6FLHQFHV��
0DQQXWK\��.HUDOD��������

���3URIHVVRU�	�+HDG

6XPPDU\

FDWLRQ� RI� WUDFKHD� LQ� .XWWDQDG� GXFNV� ZDV�
XQGHUWDNHQ� XVLQJ� ��� IHPDOH� .XWWDQDG� ELUGV�
IURP�GD\�ROG�WR����ZHHNV�RI�DJH��7KH�PDWHULDO�
ZDV�FROOHFWHG� IURP�VL[�ELUGV� LQ�HDFK�JURXS�DW�
IRUWQLJKWO\� LQWHUYDO�� &DUWLODJH� DQG� ERQH� ZHUH�
GLIIHUHQWLDWHG� LQ� ZKROH�PRXQW� SUHSDUDWLRQV�
ZLWK� WROXLGLQH� EOXH�DOL]DULQ� UHG� 6� VWDLQLQJ�
DIWHU� IRUPDOLQ�� DFHWLF� DFLG� DQG� DOFRKRO� �)$$��

DGYDQFLQJ�DJH�DQG�E\����ZHHNV��WKH�WUDFKHD�

5HIHUHQFHV
$OSKRQVH�� 5�� %�� ������ 7ROXLGLQH� EOXH�DOL]DULQ�

UHG� V� VWDLQLQJ� RI� FDUWLODJH� DQG� ERQH�
LQ� ZKROH�PRXQW� VNHOHWRQV� LQ� YLWUR��
%LRWHFK�+LVWRFKHP� ����������

%UDGOH\�� 2�&�� DQG� *UDKDPH�� 7�� ������ 7KH
� ��WK� HG��� /RQGRQ��

2OLYHU�DQG�%R\G�����S�

FDUWLODJHV� LQ� WKH� IRZO�� ����
��������

WUDFKHDO� DQG� V\ULQJHDO� FDUWLODJHV� LQ�
WKH�GRPHVWLF�IRZO�� �����������

,EH�� &�� 6��� 2Q\HDQXVL�� %�� ,��� 6DODPL�� 6�� 2���
8PRVHQ��$�� '�� DQG� 0DLGDZD�� 6�� 0��
������6WXGLHV�RI�WKH�PDMRU�UHVSLUDWRU\�
SDWKZD\V�RI� WKH�:HVW�$IULFDQ�JXLQHD�
IRZO� ��7KH�
PRUSKRPHWULF�DQG�PDFURVFRSLF�DVSH�
FWV�� ������������

0HQQHJD�� � $�� ������ � 7KH� WUDFKHDO� ULQJV� LQ�
GRPHVWLF�ELUGV�� ���������


