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(�PDLO��VGJDXWDP��#JPDLO�FRP��

$EVWUDFW�

)UXLW� RI� )RHQLFXOXP� YXOJDUH� ZDV� VXEMHFWHG� WR� H[WUDFWLRQ� RI� HVVHQWLDO� RLO� E\� K\GUR� GLVWLOODWLRQ� LQ�
&OHYHQJHU�DSSDUDWXV��7KH�FRPSRVLWLRQV�RI�HVVHQWLDO�RLO� VR�FROOHFWHG�ZHUH�GHWHUPLQHG�E\�*&�06�DQDO\VLV�
DQG� LW�VKRZHG�WKH�SUHVHQFH�RI� IRXU�GLIIHUHQW�FRPSRXQGV��7KH�PRVW�DEXQGDQW�ZHUH�$QHWKROH�����������'�
/LPRQHQH����������DQG�)HQFKRQH�����������$QWLR[LGDQW�DFWLYLW\�RI�WKH�HVVHQWLDO�RLO�RI�)RHQLFXOXP�YXOJDUH�
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.H\ZRUGV��)RHQLFXOXP�YXOJDUH�0LOO���(VVHQWLDO�RLO��*&�06��$QWLR[LGDQW�

,QWURGXFWLRQ�

)RHQLFXOXP�YXOJDUH��IHQQHO� EHORQJV�WR�WKH�IDPLO\�8PEHOOLIHUDH��$SLDFHDH���,W�LV�XVHG�WR�LPSDUW�IODYRU�
WR�D�QXPEHU�RI� IRRGV��VXFK�DV�VRXSV��VDXFHV��SLFNOHV��EUHDGV��FDNHV�HWF�>�@� �)HQQHO� LV�DQQXDO��ELHQQLDO�RU�
SHUHQQLDO�KHUEV�GLVWULEXWHG�LQ�FHQWUDO�(XURSH�DQG�0HGLWHUUDQHDQ�UHJLRQ��,W�LV�ZLGHO\�FXOWLYDWHG�WKURXJKRXW�
WKH�WHPSHUDWH�DQG�WURSLFDO�UHJLRQV�RI�WKH�ZRUOG�IRU�LWV�DURPDWLF�IUXLWV�>�@��

)RHQLFXOXP�YXOJDUH�KDV�WZR�FRPPHUFLDOO\�LPSRUWDQW�IHQQHO�W\SHV��ELWWHU�IHQQHO�DQG�VZHHW�IHQQHO��>�@�,W�
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7KH�PDMRU�FRPSRQHQWV�RI�IHQQHO�DUH�SKHQ\OSURSDQRLG�GHULYDWHV��WUDQV�DQHWKROH�DQG�PHWK\O�FKDYLFRO��
2WKHU� PDMRU� FRPSRQHQWV� RI� IHQQHO� LQFOXGH� �SKHOODQGUHQH�� IHQFKRQH�� DQG� �SLQHQH�>�@� 6RPH� SKHQROLF�
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([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�3ODQW�0DWHULDOV�
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([WUDFWLRQ�RI�(VVHQWLDO�2LO�

$ERXW� ����� .J� RI� )RHQLFXOXP� YXOJDUH� IUXLWV ZHUH� FUXVKHG� IRU� K\GUR� GLVWLOODWLRQ� DQG� VXEMHFWHG� WR� D�
&OHYHQJHU�DSSDUDWXV�DW�����PO�RI�GLVWLOOHG�ZDWHU�DERXW�IRXU�KRXUV��%\�WKLV�SURFHVV�DERXW��PO�RI�SDOH�\HOORZ�

HVVHQWLDO�RLO�ZDV�FROOHFWHG�DQG�VWRUHG�LQ�D�VHDOHG�JODVV�YLDOV�DW�ORZ�WHPSHUDWXUH������ &��SULRU�WR�DQDO\VLV��

*&�06�$QDO\VLV�

7KH�HVVHQWLDO�RLOV�VDPSOH�RI�)RHQLFXOXP�YXOJDUH�ZDV�VXEMHFWHG�WR�*&�06�DQDO\VLV��*&�06�DQDO\VLV�
ZDV� SHUIRUPHG� RQ� D� JDV� FKURPDWRJUDSK\� PDVV� VSHFWURPHWHU� *&06�43����� XQGHU� WKH� IROORZLQJ�
FRQGLWLRQ��LQMHFWLRQ�YROXPH�� /�ZLWK�VSOLW�UDWLR�������+HOLXP�DV�D�FDUULHU�JDV�ZLWK�D�5W[��06�FROXPQ�RI�

GLPHQVLRQ���P ����PP ���� P�� WHPSHUDWXUH�SURJUDPPHG�DW���������DQG�����R&�ZLWK�D�KROG� WLPH�RI�
���������DQG�����PLQ�LGHQWLILFDWLRQ�ZDV�DFFRPSDQLHG�E\�FRPSDULVRQ�RI�06�ZLWK�WKRVH�UHSRUWHG�LQ�1,67�
��� DQG�))16&,��� OLEUDULHV�� ,W�ZDV�SHUIRUPHG� LQ�'HSDUWPHQW�RI�)RRG�7HFKQRORJ\�DQG�4XDOLW\�&RQWURO��
1HSDO�*RYHUQPHQW��%DEDUPDKDO��.DWKPDQGX��1HSDO��

$QWLR[LGDQW�$VVD\��'33+�PHWKRG��

7KH�ZRUNLQJ�VROXWLRQV��������������DQG������PJ�PO�RI�WKH�)��YXOJDUH�RLO�ZHUH�SUHSDUHG�LQ�PHWKDQRO��
���P0� RI� '33+� VROXWLRQ� ZDV� SUHSDUHG� LQ� GDUN� ERWWOH� E\� PL[LQJ� �PJ� RI� '33+� SRZGHU� LQ� ��PO� RI�
PHWKDQRO�� %ULHIO\� ���PO� RI�'33+� VROXWLRQ�ZDV�PL[HG� LQ� ���PO� RI� GLIIHUHQW� FRQFHQWUDWHG� VDPSOH�� 7KH�
PL[WXUH�ZDV�VKDNHQ�DQG�NHSW�IRU����PLQXWHV�DW�URRP�WHPSHUDWXUH��7KHLU�DEVRUEDQFH�ZDV�WDNHQ�DW����QP�
DJDLQVW�'33+�DV�D�EODQN��'33+�����PO�RI����P0��DQG�PHWKDQRO����PO�ZDV�XVHG�DV�EODQN��'33+�5DGLFDO�
6FDYHQJLQJ�$FWLYLW\����LQKLELWLRQ��ZDV�FDOFXODWHG��,&���YDOXHV�ZHUH�PHDVXUHG�IURP���LQKLELWLRQ�YHUVXV�
FRQFHQWUDWLRQ�JUDSK��

5HVXOWV�DQG�'LVFXVVLRQ�

*&�06�$QDO\VLV�

*&�06� DQDO\VLV� RI� HVVHQWLDO� RLOV� RI� IUXLWV� RI� )�� YXOJDUH� VKRZV� WKH� SUHVHQFH� RI� IRXU� GLIIHUHQW�
FRPSRXQGV� 7KH�FKHPLFDO�FRPSRXQGV�LGHQWLILHG�LQ�HVVHQWLDO�RLOV�RI�WKH�IUXLWV�RI�WKH�)��YXOJDUH�SODQW�DUH�
SUHVHQWHG�EHORZ��

)LJXUH����&KURPDWRJUDP�RI�HVVHQWLDO�RLOV�RI�)��YXOJDUH�

7KH� PDMRU� FRQVWLWXHQWV� SUHVHQW� LQ� WKH� HVVHQWLDO� RLOV� VDPSOH� ZHUH� $QHWKROH� ���������� '�/LPRQHQH�
���������DQG�)HQFKRQH�����������&RQVWLWXHQWV�RI�HVVHQWLDO�RLOV�RI�)��YXOJDUH�DUH�WDEXODWHG�DV�IROORZV��
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$QWLR[LGDQW�$FWLYLW\�

7KH�DQWLR[LGDQW�SRWHQWLDO�LV�LQ�DQ�LQYHUVH�UHODWLRQ�ZLWK�,&���YDOXH��ZKLFK�FDQ�EH�FDOFXODWHG�IURP�OLQHDU�
UHJUHVVLRQ�RI�WKH���LQKLELWLRQ�YHUVHV�DQWLR[LGDQW�DFWLYLW\��/RZHU�WKH�,&���YDOXH�LQGLFDWHV�KLJK�DQWLR[LGDQW�
DFWLYLW\���

)LJXUH����*UDSKLFDO�UHSUHVHQWDWLRQ�RI�'33+�DVVD\�RI�WKH�PHWKDQROLF�H[WUDFW�RI�)��YXOJDUH�

7KH�,&�����6(0�RI�WKH�RLO�ZDV�IRXQG�WR�EH������������PJ�P/�DQG�WKH�VWDQGDUG�TXHUFHWLQ�ZDV������������
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&RQFOXVLRQ�

*&�06� DQDO\VLV� RI� HVVHQWLDO� RLOV� RI� IUXLWV� RI� )�� YXOJDUH� VKRZHG� WKH� SUHVHQFH� RI� �� GLIIHUHQW�
FRPSRXQGV�� 7KH� PDMRU� FRQVWLWXHQWV� SUHVHQW� LQ� WKH� HVVHQWLDO� RLOV� VDPSOH� ZHUH� $QHWKROH� ���������� '�
/LPRQHQH����������DQG�)HQFKRQH�����������7KH�,&���6(0�RI�WKH�HVVHQWLDO�RLO�ZDV�IRXQG�WR�EH��������
����PJ�P/��

$FNQRZOHGJPHQWV�

:H�DUH� WKDQNIXO� WR�.DWKPDQGX�9DOOH\�6FKRRO� DQG�&ROOHJH��&KKDXQL��.DWKPDQGX� IRU�SURYLGLQJ� WKH�
UHVHDUFK� ODE��'U�� %LVKQX�0DUDVLQL� DQG�0V�� 6KULPLWD� 6KUHVWKD��'HSDUWPHQW� RI�%LRWHFKQRORJ\��1DWLRQDO�
&ROOHJH��.DWKPDQGX�IRU�ELRDFWLYLW\�WHVW�DQG�0U��7D\HU�0RKDPDG�0L\D��'HSDUWPHQW�RI�)RRG�7HFKQRORJ\�
DQG�4XDOLW\�&RQWURO��1HSDO�*RYHUQPHQW�IRU�*&�06�DQDO\VLV���

5HIHUHQFHV�
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IOXLG�H[WUDFWLRQ� IURP�IHQQHO� �)RHQLFXOXP�YXOJDUH���JOREDO�\LHOG��FRPSRVLWLRQ�DQG�NLQHWLF�GDWD��7KH�
-RXUQDO�RI�6XSHUFULWLFDO�)OXLGV������������������������

�� *��6LQJK��6��0DXU\D��0��3��'H�/DPSDVRQD��	�&��&DWDODQ�� � ��&KHPLFDO�FRQVWLWXHQWV��DQWLIXQJDO�DQG�
DQWLR[LGDWLYH�SRWHQWLDO�RI�)RHQLFXOXP�YXOJDUH�YRODWLOH�RLO�DQG�LWV�DFHWRQH�H[WUDFW��)RRG�&RQWURO�������
����������������
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�� ,��7HOFL��,��'HPLUWDV��	�$��6DKLQ���9DULDWLRQ�LQ�SODQW�SURSHUWLHV�DQG�HVVHQWLDO�RLO�FRPSRVLWLRQ�RI�VZHHW�
IHQQHO� �)RHQLFXOXP�YXOJDUH�0LOO��� IUXLWV�GXULQJ� VWDJHV�RI�PDWXULW\�� ,QGXVWULDO�&URSV�DQG�3URGXFWV��
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�� 0��0��2]FDQ��-��&��&KDOFKDW��'��$UVODQ��$��$WH ��	�$��hQYHU��&RPSDUDWLYH�HVVHQWLDO�RLO�FRPSRVLWLRQ�
DQG�DQWLIXQJDO�HIIHFW�RI�ELWWHU�IHQQHO��)RHQLFXOXP�YXOJDUH�VVS��SLSHULWXP��IUXLW�RLOV�REWDLQHG�GXULQJ�
GLIIHUHQW�YHJHWDWLRQ��-RXUQDO�RI�0HGLFLQDO�)RRG�����������������������

�� 6��5��%DUDO�	�3��3��.XUPL�$�FRPSHQGLXP�RI�0HGLFLQDO�3ODQWV�LQ�1HSDO��(GQ��� 0DVV�3ULQWLQJ�3UHVV��
&KKDXQL��.DWKPDQGX�������������

�� ,��3DUHMR��2��-DXUHJXL��)��6iQFKH]�5DEDQHGD��)��9LODGRPDW��-��%DVWLGD��	�&��&RGLQD��6HSDUDWLRQ�DQG�
FKDUDFWHUL]DWLRQ� RI� SKHQROLF� FRPSRXQGV� LQ� IHQQHO� �)RHQLFXOXP� YXOJDUH�� XVLQJ� OLTXLG�
FKURPDWRJUDSK\�QHJDWLYH�HOHFWURVSUD\�LRQL]DWLRQ�WDQGHP�PDVV�VSHFWURPHWU\��-RXUQDO�RI�$JULFXOWXUDO�
DQG�)RRG�&KHPLVWU\���������������������������

�� 6�� $�� 0DKIRX]�� 	�� 0�� $�� 6KDUDI�(OGLQ�� (IIHFW� RI� PLQHUDO� YV�� ELRIHUWLOL]HU� RQ� JURZWK�� \LHOG�� DQG�
HVVHQWLDO� RLO� FRQWHQW� RI� IHQQHO� �)RHQLFXOXP� YXOJDUH�0LOO���� ,QWHUQDWLRQDO� $JURSK\VLFV�� ������������
�����


