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%UD]LOLDQ�SODQWV��ZH�VWXGLHG�WKH�FRQVWLWXHQWV�RI �5DXZROILD

PDWWIHOGLDQD�0DUNJU���$SRF\QDFHDH��7KH�JHQXV�5DXZROILD

LV� NQRZQ� IRU� LWV� GLYHUVLW\� DQG� DEXQGDQFH� RI� ELRDFWLYH

DONDORLGV���ZKLFK�SURYLGHG�DGGLWLRQDO�LQWHUHVW�WR�XQGHUWDNH

WKH�FKHPLFDO�LQYHVWLJDWLRQ�

7KH�QHZ�GHSVLGH�PHWK\O��©�2�PHWK\ODUWKRQLRDWH������D

GHULYDWLYH�RI�DUWKRQLRLF�DFLG�>���LVRPHU�RI�PLFURSK\OOLQLF

DFLG����@�����ZDV�LVRODWHG�IURP�Q�KH[DQH�H[WUDFW�RI�WKH�VWHP

EDUN��DORQJ�ZLWK� WKH�NQRZQ���K\GUR[\�����GLPHWKR[\���

PHWK\O[DQWKRQH� ���� OLFKH[DQWKRQH��� OXSHRO� ����� VLWRVWHURO

����DQG�VWLJPDVWHURO�����

7KH� SRO\NHWLGHV� ��� �� DQG� �� DUH� FODVVLILHG� DV� OLFKHQ

�V\PELRQW� FRQVLVWLQJ� RI� D� IXQJXV� DQG� DQ� DOJDH� JURZLQJ

WRJHWKHU�LQ�D�FRPSRVLWH�VWUXFWXUH���ELRSURGXFWV��7KH�GHS�

VLGHV�DUWKRQLRLF�DFLG�����DQG�PLFURSK\OOLQLF�DFLG�����ZHUH

LVRODWHG� IURP�$UWKRQLD� LPSROLWD�� DQG�&HQWDULD� FROODWD��

UHVSHFWLYHO\��DQG�OLFKH[DQWKRQH�����IURP�3DUPHOLD�IRUPD�

QRVD��3HUWXVDULD�VXOSKXUDWD�DQG�$QWKRFOHLVWD�GMDORQHQVLV��

7KH�VWUXFWXUHV�RI�WKH�QDWXUDO�SURGXFWV������������DQG���ZHUH

GHGXFHG�RQ�WKH�EDVLV�RI�VSHFWUDO�GDWD��LQFOXGLQJ��'�105

WHFKQLTXHV��+04&���-&+�DQG�+0%&��Q-&+��Q� ���DQG����

5HVXOWV�DQG�'LVFXVVLRQ

7KH�NQRZQ�QDWXUDO�SURGXFWV�OLFKH[DQWKRQH������OXSHRO

����� VLWRVWHURO� ���� DQG� VWLJPDVWHURO� ����� ZHUH� LGHQWLILHG

PDLQO\�E\�WKHLU��+��DQG���&�105�VSHFWUDO�GDWD��LQFOXGLQJ

FRPSDULVRQ�ZLWK�OLWHUDWXUH�YDOXHV������������DQG�����

7KH� ,5� VSHFWUXP� RI� �� VKRZHG� DEVRUSWLRQ� EDQGV� IRU

FDUERQ\O�NHWRQH��Q������FP�����FRQMXJDWHG�FDUERQ\O�HVWHU

JURXS� �Q� ����� FP���� DQG� DURPDWLF� ULQJ� �Q� ����� DQG

�����FP����� 7KH� PROHFXODU� IRUPXOD� ZDV� LQIHUUHG� WR� EH

&��+��2��EDVHG�RQ�WKH����K\GURJHQ�DQG����FDUERQ�VLJQDOV
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REVHUYHG� LQ� WKH� �+�� DQG� ��&�� �31'� DQG� '(37�� 105

VSHFWUD� �7DEOH����� UHVSHFWLYHO\��7KLV�GHGXFWLRQ�ZDV� VXS�

SRUWHG�E\�WKH�SUHVHQFH�LQ�WKH�PDVV�VSHFWUXP�RI�SHDNV�DW�P�]

�����&��+��2���DQG������&��+��2���ZKLFK�ZHUH�SUHVXPHG
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���DEVHQW�@

DIWHU�DURPDWLF�RUWKR�VXEVWLWXHQWV�IUDJPHQWDWLRQ�DQG�K\GUR�

JHQ�UHDUUDQJHPHQW��6FKHPH�����7KH�K\GURJHQDWLRQ�SDWWHUQ

IRU�HDFK���&�VLJQDO�ZDV�GHGXFHG�E\�FRPSDUDWLYH�DQDO\VLV

RI� WKH� SURWRQ� QRLVH� GHFRXSOHG� �31'�� DQG� GLVWRUWLRUOHVV

HQKDQFHPHQW�E\�SRODUL]DWLRQ�WUDQVIHU��'(37���VSHFWUD��7D�

EOH�����7KH�SUHVHQFH�RI�WKUHH�PHWKR[\O�>GQ+�������V�������
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JURXSV�ZDV�FRQILUPHG�E\��+�105�VSHFWUXP��7KHVH�GDWD�

LQ�FRPELQDWLRQ�ZLWK� ��&�105�VSHFWUD��7DEOH����DQG�WKH

SHDNV�DW�P�]����������DQG�����������REVHUYHG�LQ�WKH�(,

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� �

&+�&2&+�&+�&+�&+�&+�� FKDLQV� ZDV� UHFRJQL]HG� E\

WKH�FKHPLFDO�VKLIWV�DQG�PXOWLSOLFLWLHV�RI�WKH�IROORZLQJ�VLJ�

QDOV�FOHDUO\�REVHUYHG�LQ�WKH��+�105�VSHFWUXP��WZR�EHQ�

]\OLF� DQG� V�FDUERQ\O� PHWK\OHQH� K\GURJHQV� >G+� ����� �V�

�+���� DQG� ����� �V�� �+��©�@�� WZR�D�FDUERQ\O�PHWK\OHQHV

ERXQG�WR�E�&+��>G+�������W��-� �����+]���+����DQG�������W�

-� �����+]���+��©�@�DQG�WZR�PHWK\O�JURXSV�DWWDFKHG�WR�&+�

>G+�������W��-� �����+]���+����RU��+���©�DQG�������W��-� ����

+]���+���©�RU��+����@��7KLV�SURSRVLWLRQ�ZDV�FRUURERUDWHG

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
��&�105�FKHPLFDO� VKLIWV�ZHUH�HVWDEOLVKHG�E\�KHWHURQX�

FOHDU��+�[���&���&26<���Q-&+�>Q� ����+04&���-&+���Q� ��

DQG����+0%&���-&+�DQG�
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TXDWHUQDU\��PHWKLQH��PHWK\OHQH�DQG�PHWK\O�FDUERQ�DWRPV

E\�FRPSDUDWLYH�DQDO\VLV�RI�WKH�31'��DQG�'(37����&�105

VSHFWUD��7DEOH����DORQJ�ZLWK�DSSOLFDWLRQ�RI�WKH�XVXDO�VKLIW

SDUDPHWHUV���7KH�VWDUWLQJ�SRLQW�WR�GHGXFH�WKH�VXEVWLWXWLRQ

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

WR�2+�VLJQDO��G+��������DQG�
��&�105�VLJQDOV�IURP�WZR

TXDWHUQDU\�FDUERQV�DW�GF���������&��©��
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�&��©���-&+��DQG�RQH�PHWKLQH�FDUERQ�DW�G&���������&+��©�
�-&+�� ZHUH� REVHUYHG� LQ� WKH� +0%&� VSHFWUXP�� DOORZLQJ

LGHQWLILFDWLRQ�RI� WKH� VLJQDOV�RI�&��©��&��©�DQG�&��©��7KH

VLJQDO�RI�&��©��G&���������DOVR�UHYHDOHG�FURVV�SHDNV�WR�
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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

$5;����� VSHFWURPHWHU�� FKHPLFDO� VKLIWV� DUH� TXRWHG� LQ� G

XQLWV� UHODWLYH� WR�706�DV� WKH� LQWHUQDO� VWDQGDUG��&RXSOLQJ

FRQVWDQWV��-��DUH�H[SUHVVHG�LQ�+]��7KH�PDVV�VSHFWUXP�ZDV
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HOHFWURQ�LPSDFW��(,��DW����H9��5HF\FOLQJ�+3/&�ZDV�FDUULHG

RXW�XVLQJ�D�$VDKLSDN�*6����3�FROXPQ�������PP�[�����
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����P/�PLQ�DQG�89�GHWHFWLRQ�����QP�
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$HULDO�SDUWV�RI�5DXZROILD�PDWWIHOGLDQD�0DUNJU���$SR�

F\QDFHDH� IDPLO\�� ZHUH� FROOHFWHG� LQ� 6HSWHPEHU� ����� DW
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0XOWLSOLFLW\�RI�VLJQDOV�RI�FDUERQ�DWRPV�GHGXFHG�E\�FRPSDUDWLYH�DQDO\VLV�RI�31'�DQG�'(37��
��
&�105�VSHFWUD��&KHPLFDO�VKLIWV�DQG�FRXSOLQJ�FRQVWDQWV

RI�K\GURJHQ�DWRPV�REWDLQHG�IURP��'�
�
+�105�VSHFWUXP��7KH�VLJQDOV�ZLWK�VDPH�OHWWHU�FDQ�EH�LQWHUFKDQJHG�



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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