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7KH� SRO\NHWLGHV� ��� �� DQG� �� DUH� FODVVLILHG� DV� OLFKHQ
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PDLQO\�E\�WKHLU��+��DQG���&�105�VSHFWUDO�GDWD��LQFOXGLQJ

FRPSDULVRQ�ZLWK�OLWHUDWXUH�YDOXHV������������DQG�����
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JHQ�UHDUUDQJHPHQW��6FKHPH�����7KH�K\GURJHQDWLRQ�SDWWHUQ

IRU�HDFK���&�VLJQDO�ZDV�GHGXFHG�E\�FRPSDUDWLYH�DQDO\VLV
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PDVV�VSHFWUXP��6FKHPH�����ZHUH�XVHG�WR�GHGXFH�WKH�WZR

PRLHWLHV�RI� WKH�PROHFXOH��HDFK�VXVWDLQLQJ�PHWD�DURPDWLF

K\GURJHQV�>G+�������G��-� �����+]��+�����������G��-� ����

+]��+�����������G��-� �����+]��+��©���������G��-� �����+]�

+��©��� WZR� $%� V\VWHPV@�� 7KH� SUHVHQFH� RI� WZR� �
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E\�WKH���&�105�VSHFWUD��7DEOH����WHQ�VLJQDOV�RI�PHWK\OHQH

FDUERQ�DWRPV�DQG�WZR�RI�PHWK\O�JURXSV��DQG�E\�(,�PDVV

VSHFWUXP��LQ�ZKLFK�WKH�SHDNV�DW�P�]����������DQG���������

ZHUH� DWWULEXWHG� WR� IUDJPHQWV� �F� DQG� �G�� UHVSHFWLYHO\

�6FKHPH�����7KH�XQDPELJXRXV�ORFDWLRQ�RI�WKH�VXEVWLWXHQWV

DW� WKH� DURPDWLF� ULQJV�DQG� WKH�DVVLJQPHQW�RI� WKH� �+��DQG
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SDWWHUQ� IRU�DURPDWLF� ULQJ�%�ZDV� WKH� VLQJOHW� VLJQDO�RI� WKH

FKHODWRJHQLF�K\GUR[\O�JURXS��G+��������DW�&��©��7KLV�JURXS

SURYLGHV�DQ�H[DPSOH�ZKHUH�WKH�FURVV�SHDNV�FRUUHVSRQGLQJ
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VLJQDO�RI�&��©��G&���������DOVR�UHYHDOHG�FURVV�SHDNV�WR�
�+

IUHTXHQFLHV�FRUUHVSRQGLQJ�WR�+��©��G+�������
�-&+���+��©��G+

�������-&+��DQG��+��©��G+�������
�-&+���7KH�VLJQDOV�RI��+��©

�G+�������DQG��+��©��G+�������VKRZHG�FRUUHODWLRQV�ZLWK�
��&

�� 9LHLUD�HW�DO� -��%UD]��&KHP��6RF�

��


��


��


��


��


�


�


�


�


�

�


�


�

�


��

��

��

��

��

�

�

��
�

�

�

�

�

2

2
2+

52

25�

&225�

2

2

2

���5 �5� �5� �0H

���5 �5� �+��5� �0H

���5 �0H��5� �5� �+

$

%

2

2

20H0H2

0H 2+

�

�

�

��
�

�

�

�

+2

�

+2

��

��

���������GLK\GUR�

���'���



VLJQDO�DW�G&���������&��©��
�-&+���:RUNLQJ�DORQJ�WKH�PROH�

FXOH� LQ� WKLV� IDVKLRQ�� LQ� FRPELQDWLRQ�ZLWK�DQDO\VLV�RI� WKH

+04&� ��-&+�� VSHFWUXP�� LW�ZDV�SRVVLEOH� WR� HVWDEOLVK� WKH

VXEVWLWXWLRQ�SDWWHUQV�RI�WKH�DURPDWLF�ULQJV�DQG�WR�DVVLJQ�WKH
�+��DQG���&��105�VLJQDOV��DV�VXPPDUL]HG�LQ�7DEOH���

7KXV�� WKH� VWUXFWXUH�RI� WKH�QHZ�GHSVLGH� LVRODWHG� IURP

KH[DQH�H[WUDFW�RI�5DXZROILD�PDWWIHOGLDQD�ZDV�HVWDEOLVKHG

DV�PHWK\O��©�2�PHWK\ODUWKRQLRDWH������7KLV�QDWXUDO�SURGXFW

WRJHWKHU�ZLWK� OLFKH[DQWKRQH� ����DUH�SRO\NHWLGH�FODVVLILHG

GXH� WR� EHLQJ� SURGXFHG� E\� WKH� VHFRQGDU\�PHWDEROLVP� RI

OLFKHQV���&RQVHTXHQWO\��LW�DSSHDUV�SUREDEOH�WKDW�WKH�VWHP

EDUN�IURP�WKH�VSHFLPHQ�RI�5DXZROILD�PDWWIHOGLDQD�XVHG�LQ

WKLV� FKHPLFDO� LQYHVWLJDWLRQ� ZDV� LQ� DVVRFLDWLRQ� ZLWK� WKLV

V\PELRQW�

)LQDOO\��RXU�DWWHQWLRQ�ZDV�GLUHFWHG�WR�WKH�PDVV�VSHFWUXP

RI�WKH�GHSVLGH����$�SURSRVDO�IRU�WKH�IUDJPHQWDWLRQ�SDWWHUQV

MXVWLI\LQJ�WKH�PDMRU�SHDNV�LV�GHVFULEHG�LQ�6FKHPH���

([SHULPHQWDO

*HQHUDO�H[SHULPHQWDO�SURFHGXUHV

0�S�� DUH� XQFRUUHFWHG�� �+�� �����0+]�� DQG� ��&�� ����

0+]��105�VSHFWUD�ZHUH�UHFRUGHG�LQ�&'&O��XVLQJ�D�%UXNHU
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DQG�LGHQWLILHG�E\�D�ERWDQLVW�IURP�WKH�&RPSDQKLD�9DOH�GR

5LR�'RFH��7KH�YRXFKHU�VSHFLPHQ��&95'������LV�GHSRVLWHG

DW� WKH�+HUEDULXP� RI� WKH�&RPSDQKLD�9DOH� GR�5LR�'RFH�

/LQKDUHV��(VStULWR�6DQWR�6WDWH��%UD]LO�

([WUDFWLRQ�DQG�LVRODWLRQ�RI�WKH�FRQVWLWXHQWV

'ULHG�DQG�SRZGHUHG�VWHP�EDUN������J��ZDV�H[WUDFWHG�DW

URRP�WHPSHUDWXUH�ZLWK�Q�KH[DQH��7KH�VROYHQW�ZDV�UHPRYHG

XQGHU�YDFXXP�WR�\LHOG���J�RI�UHVLGXH��7KLV�UHVLGXH����J��ZDV

FKURPDWRJUDSKHG�RQ�D�VLOLFD�JHO�FROXPQ�����[���FP��XVLQJ

Q�KH[DQH�ZLWK�LQFUHDVLQJ�DPRXQWV�RI�HWK\O�DFHWDWH��(OHYHQ

IUDFWLRQV�RI�����P/�HDFK�ZHUH�FROOHFWHG��)UDFWLRQ�������

PJ���HOXWHG�ZLWK�Q�KH[DQH�HWK\O�DFHWDWH��������ZDV�UHFKUR�

PDWRJUDSKHG�DV�GHVFULEHG�DERYH�DQG�WHQ�IUDFWLRQV�RI����

P/�HDFK�ZHUH�FROOHFWHG��)UDFWLRQ��� ����PJ��HOXWHG�ZLWK

Q�KH[DQH�HWK\O�DFHWDWH����������FRQWDLQLQJ�WKH�PL[WXUH�RI

��������DQG����ZDV�VXEPLWWHG�WR�UHF\FOLQJ�+3/&�WR�DIIRUG��
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