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�

$EVWUDFW�

� 7KLV�UHVHDUFK�ZDV�FRQGXFWLQJ�WR�TXDQWLI\�WKH�EHUEHULQH�FRQFHQWUDWLRQ��5DSLG�PHWKRG�

XVLQJ�
�
+�105�ZDV� XVHG� WR� GHWHUPLQH� EHUEHULQH� TXDQWLWDWLYH� DQG� TXDOLWDWLYHO\� IURP� WKH�

FUXGH�H[WUDFW��7DOL�NXQLQJ�ZDV�FROOHFWHG�IURP�0DQRNZDUL�3DSXD�%DUDW�DQG�SRZGHUHG�ZLWK�

KDPPHU�PLOO��6RQLFDWLRQ�ZDV�HPSOR\HG�WR�H[WUDFW�XVLQJ�PHWKDQRO�DW�URRP�WHPSHUDWXUH������

�J�DXWKHQWLF�EHUEHULQH�FKORULGH�ZHUH�GLVVROYHG�LQ�����P/�PHWKDQRO�G���FRQWDLQLQJ�������J�

DQWKUDFHQH���
�
+�105� VSHFWUD�ZHUH� UHFRUGHG� LQ�PHWKDQRO�G�� �������� XVLQJ� -(2/� -10�

(&;������(DFK�VDPSOH�ZDV�VFDQQHG�IRU�����XVLQJ�WKH�IROORZLQJ�SDUDPHWHU������+]�SRLQW��

VSHFWUDO�ZLGWK�������+]��SXOVH�ZLWK�����86��UHOD[DWLRQ�GHOD\���VF��3HDN�DUHDV�ZHUH�XVHG�IRU�

TXDOLWDWLYH�DQDO\VLV�DQG�LQWHJUDWLRQ�RI�HDFK�SHDFK�ZHUH�HPSOR\HG�IRU�TXDQWLWDWLYH�DQDO\VLV��

7KH�UHVXOWV�GHPRQVWUDWHG�WKDW�
�
+�105�VLJQDO�SDWWHUQ�RI�+����DQG�+���UHFRUGHG�IURP�7DOL�

.XQLQJ��DQG�$PXU�FRUNWUHH�ZHUH�ZHOO�UHFRUGHG��DQG�LQ�DFFRUGDQFH�WR�WKH�EHUEHULQH�FKORULGH�

VWDQGDUG��8VLQJ�SHDN�LQWHJUDWLRQ�RI�+����DQG�+����WKH�EHUEHULQH�TXDQWLW\�LQ�7DOL�NXQLQJ�LV�

������PJ�J� RI� GULHG� SRZGHU�� DQG� ������PJ��JU� IRU�$PXU� FRUNWUHH��%HUEHULQH� SHUFHQWDJH�

EDVHG�RQ�WKH�ZHLJKW�RI�RYHQ�GULHG�H[WUDFWV�ZDV��������0&��������DQG�����������������

IRU�$PXU�FRUNWUHH�DQG�7DOL�NXQLQJ���

.H\ZRUGV��%HUEHULQH��7DOL�NXQLQJ��0DODULD��DQG�3DSXDVLD�

�

$EVWUDFW�

� 3HQHOLWLDQ� LQL� GLODNXNDQ� XQWXN� PHQJKLWXQJ� NRQVHQWUDVL� EHUEHULQ�� 0HWRGH� FHSDW�

PHQJJXQDNDQ�
�
+�105�GLJXQDNDQ�XQWXN�PHQHQWXNDQ�MXPODK�EHUEHULQ�VHFDUD�NXDOLWDWLI�GDUL�

HNVWUDN� EDKDQ� PHQWDK�� 7DOL� NXQLQJ� GLDPELO� GDQ� GLJLOLQJ� GHQJDQ� PHQJJXQDNDQ� KDPPDU�

PLOO��6RQLILNDVL�GLJXQDNDQ�XQWXN�PHQJHNVWUDN�PHWKDQRO�SDGD�VXKX�NDPDU��6HODQMXWQ\D�����

�J�EHUEHULQH�FKORULGD�GLODUXWNDQ��NH�GDODP�����P/�PHWDQRO�G���GHQJDQ�NDQGXQJDQ�������J�

DQWUDVLQ��� 6SHNWUXP�
�
+�105� GLUHNDP� GDODPODUXWDQ� PHWDQRO�G�� �������� GHQJDQ�

PHQJJXQDNDQ�-(2/�-10�(&;������6HWLDS�VDPSHO�GLVFDQ�GHQJDQ�PHQJJXQDNDQ�SDUDPHWHU�

����� +]�SRLQW� GHQJDQ� OHEDU� VSHNWUXP������ +]�� SXOVH� GHQJDQ� ���� 86�� UHODNVDVL�

SHQJKDPEDWDQ� �� VF�� 7LWLN�SXQFDN� GLJXQDNDQ�XQWXN� DQDOLVLV� NXDQWLWDWLI� GDQ� LQWHJUDVL� GDUL�

VHWLDS�SXQFDN��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�SROD�VLJQDO�
�
+�105�GDUL�+����GDQ�+�

�� WHUHNDP�GDUL� DQDOLVLV� 7DOL�.XQLQJGDQ�$PXU� FRUNWUHH� MXJD� WHUHNDP�GHQJDQ�EDLN� VHVXDL�

GHQJDQ� VWDQGDU� FORULGD�EHUEHULQ��'HQJDQ�PHQJJXQDNDQ� LQWHJUDVL�SXQFDN�+����GDQ�+����

MXPODK� EHUEHULQ� SDGD� 7DOL� NXQLQJ� GLSHUROHK� ������ PJ�J� GDUL� EXEXN� NHULQJ� GDQ� ������
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PJ��JU� XQWXN� $PXU� FRUNWUHH�� 3HUVHQWDVH� NDQGXQJDQ� EHUEHULQ� GLGDVDUNDQ� SDGD� EHUDW�

HNVWUDN� NHULQJ� RYHQ� DGDODK� ������ �NDGDU� DLU� ������� GDQ� ������� ��������� XQWXN�$PXU�

FRUNWUHH�DQG�7DOL�NXQLQJ���

.DWD�NXQFL��%HUEHULQ��WDOL�NXQLQJ��PDODULD��SDSXDVLD�

�

,1752'8&7,21�

6HYHUDO� PHWKRGV� IRU� TXDQWLWDWLYH� DQG�

TXDOLWDWLYH� DQDO\VLV� RI� ELRDFWLYH�

FRPSRXQGV�LQ�PHGLFLQDO�SODQWV�KDYH�EHHQ�

UHSRUWHG� E\� VHYHUDO� UHVHDUFKHUV�� UDQJLQJ�

IURP� FRQYHQWLRQDO� PHWKRGV�� VXFK� DV�

FROXPQ� FKURPDWRJUDSK\� �&&��� KLJK�

SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\�

�+3/&��� KLJK� SHUIRUPDQFH� GLVSODFHPHQW�

OLTXLG� FKURPDWRJUDSK\� �+3'&�� WR�

DGYDQFHG� PHWKRGV�� OLNH�
�
+�105�� DQG�

OLTXLG�FKURPDWRJUDSK\��/&��ZLWK�HOHFWURQ�

LPSDFW� RU� HOHFWURVSUD\� LRQL]DWLRQ� PDVV�

VSHFWURPHWU\��(,�(6,�06����

$GYDQFHG� DQDO\WLFDO� LQVWUXPHQWV��

VXFK� DV�
�
+�105� DQG� (,�(6,�06� HWF�WR�

GHWHUPLQH� TXDQWLWLHV� DQG� TXDOLWLHV� RI�

43$V� LQ� PHGLFLQDO� SODQWV� GLUHFWO\� ZLWK�

H[WUDFWV�KDYH�EHHQ�UHSRUWHG�DQG�HPSOR\HG�

E\� VHYHUDO� UHVHDUFKHUV�� /L� HW� DO�� �������

������ UHSRUWHG� WKDW� UDSLG� DQG� VLPSOH�

GHWHUPLQDWLRQV� RI� SURWREHUEHULQHV� LQ� WKH�

WZR� PRVW� IDPRXV� &KLQHVH� PHGLFLQDO�

KHUEDOV�� &RUWH[� SKHOORGHQGUL� �+XDQJEDL��

DQG� 5KL]RPDFRSWLGLV� �+XQJOLDQ��� XVLQJ�
�
+�105�ZHUH�VXFFHVVIXOO\�DFKLHYHG���

7KH�
�
+�105� VSHFWUD� RI� EHUEHULQH��

PDLQO\�SURWRQ�VLJQDOV�RI�+����DQG�+���DW�

ULQJ�&�DSSHDUHG�DV�VLQJOHW�RQ�WKH�VSHFLILF�

VSHFWUXP�UHJLRQV��QRQ�FURZGHG�UHJLRQ��DW�

G� ����� ±� ����� SSP�� ZKHUH� LV� QR�

LQWHUIHUHQFH� IURP� RWKHU� VLJQDOV� RFFXUUHG�

�/L�HW�DO����������������$�VXLWDEOH�LQWHUQDO�

VWDQGDUG� VKRXOG� EH� D� VWDEOH� FRPSRXQG�

ZLWK�VLJQDO�LQ�QRQ�FURZGHG�UHJLRQ�RI�
�
+�

105� VSHFWUXP�� )RU� WKLV� SXUSRVHV�� WKH\�

XVHG� DQWKUDFHQH� �&��+����� EHFDXVH� WKLV�

FRPSRXQG� KDV� D� VWDEOH� VLJQDO� DW� G� �����

SSP� DQG� LWV� LQWHJUDO� YDOXH� LV� UHPDLQLQJ�

FRQVWDQW�ZLWKLQ����KRXUV���

3URWREHUEHULQHV� DUH� YHU\� KLJK� SRODU�

DONDORLGV�DQG�KLJKO\�VROXEOH�LQ�0H2+��,Q�
�
+�105� DQDO\VLV��PHWKDQRO�G��ZDV� XVHG�

WR� DYRLG� WKH� LQWHUIHUHQFH� RI� WKH� SKHQROLF�

K\GUR[\O� VLJQDOV� �/L� HW� DO��� ������� $�

GLVWLQFWLYH�GHVFULSWLRQ�RI�WKH�
�
+�105�IRU�

EHUEHULQH� DQG� SDOPDWLQH� LQ� PHWKDQRO�G��
DUH� LOOXVWUDWHG� LQ� )LJ�� ����� DGRSWHG� IURP�

/L�HW�DO����������7KLV�ILJXUH�LOOXVWUDWHV�WKDW�

SURWRQ� VLJQDOV� RI� +���� RI� EHUEHULQH� DQG�

SDOPDWLQH� DSSHDU� DW� G� ����� DQGG� �����

SSP�� UHVSHFWLYHO\��ZKHUH� ERWK� UHVRQDWHDW�

QRQ� FURZGHG�UHJLRQ�� 7KHVH� FOXH� VLJQDOV�

FRXOG� EH� XVHG� DV� NH\� LQIRUPDWLRQ�

GHWHUPLQLQJ� SURWREHUEHULQH� DONDORLGV�

TXDOLILFDWLRQ� DQG� TXDQWLILFDWLRQ�� PDLQO\�

IRU�EHUEHULQH� DQG� SDOPDWLQH�� UHVSHFWLYHO\�

�/L� HW� DO��� ������ ������� 7KH�SURWRQ�+����

VLJQDOV� RI� ERWK� EHUEHULQH� DQG� SDOPDWLQH�

DUH� ZHOO� VHSDUDWHG� DV� VLQJOHW�� DQG� WKH\�

FRXOG�EH�XVHG�DV� WDUJHWHG�SHDN�VLJQDOV� LQ�

LGHQWLI\LQJ� WKHVH� WZR� SURWREHUEHULQH�

DONDORLGV��7KH�LQWHQVLW\�RI�WKH�VLJQDO�SHDN�

LV� SURSRUWLRQDO� WR� WKH� DPRXQW� RI� WKH�

FRPSRXQG��/L�HW�DO����������������

/L�HW�DO���������PDGH�WKH�TXDQWLWDWLYH�

DQDO\VLV�RI� IRXU� FRPSRXQGV�EHORQJLQJ� WR�

SURWREHUEHULQH� DONDORLGV� LQ� 5KL]RPD�

FRSWLGLV�� QDPHO\� EHUEHULQH�� SDOPDWLQH��

FRSWLVLQH�� DQG� MDWRUUKL]LQH�� 7KH� FKHPLFDO�

VWUXFWXUHV�RI� WKHVH�FRPSRXQGV�DUH�VKRZQ�

LQ�)LJ�������2Q�WKH
�
+�105�DQDO\VHV��WKH�

SURWRQ� +���� VLJQDOV� ZHUH� WKH� WDUJHWHG�

RQHVIRU� LGHQWLILFDWLRQ� �/L� HW� DO��� �������

7KHVH� ZRUNHUV� VXJJHVWHG� WKDW� WKHVH�

SURWRQ� VLJQDOV� FRXOG� EH� XVHG� DV�

ILQJHUSULQW� IRU� WKH� LGHQWLILFDWLRQ� RI�
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SURWREHUEHULQH� LQ� 5KL]RPD�FRSWLGLV�

VSHFLHV� DV�ZHOO�� 7KH�
�
+�105� VSHFWUD� RI�

EHUEHULQH�KLJKOLJKWV�WKDW�SURWRQ�VLJQDO�IRU�

+���� RI� EHUEHULQH� ZDV� TXLWH� ZHOO�

VHSDUDWHG� IURP� WKH� RWKHUV� DQG� DW� WKLV�

UHJLRQ� EHWZHHQ� G� ���� DQG� ���� SSP�� QR�

LQWHUIHUHQFH� E\� WKH� RWKHU� VLJQDOV� ZDV�

RFFXUUHG�� 7KH� SUDFWLWLRQHUV� RU� WUDGLWLRQDO�

KHDOHUV�UDUHO\�XVH�WKH�SXUH�FRPSRXQGV�RU�

VLQJOH� KHUEDO� GUXJ� WR� WUHDW� GLVHDVHV�� EXW�

WKH\� XVH� D� FRPELQDWLRQ� RI� VHYHUDO� KHUEDO�

GUXJV� �7DQJ� HW� DO��� ������� 5DSLG�

GHWHUPLQDWLRQ�RI�ELRDFWLYH�FRPSRXQGV� LQ�

ZRRG� SRZGHU� RU� LWV� H[WUDFW� RI� WKH�

PHGLFLQDO� SODQWV� XVLQJ� DGYDQFHG�

LQVWUXPHQWV�� VXFK� DV�
�
+�105�� LV� KLJKO\�

GHVLUDEOH� DQG� UHFRPPHQGHG� LQ�

LGHQWLI\LQJWKH� KHUEDO� PHGLFLQHV� DQG�

TXDQWLI\LQJ� WKH� PDLQ� FKHPLFDO�

FRQVWLWXHQWV� �/L� HW� DO��� ������ ������� 7KLV�

UHVHDUFK� RXWOLQHG� LQ� WKLV� SDSHU� LV�

GHVLJQHG�� WR� H[HFXWH� WKH�TXDQWLWDWLYH� DQG�

TXDOLWDWLYH� DQDO\VLV� RI� EHUEHULQH� LQ� WZR�

PHGLFLQDO� SODQWV� XVLQJ�
�
+�105�� DQG�7R�

HYDOXDWH� WKH� PHGLFLQDO� YDOXH� RI� 7DOL�

NXQLQJ� �7�� GLVVLWLIORUD� 'LHOV�� E\�

FRPSDULQJ� ZLWK� ZHOO�NQRZQ� EHUEHULQH�

VXSSOLHU� RI� $PXU� FRUNWUHH� �3�� DPXUHQVH�

5XSU��

0$7(5,$/6�$1'�0(7+2'6�

7ZR� PHGLFLQDO� SODQWV� QDPHO\� 7DOL�

NXQLQJ� �7LQRVSRUDGLVVLWLIORUD� 'LHOV�� DQG�

$PXU� FRUNWUHH� �3KHORGHQGURQ� $PXUHQVH�

5XSU�� FROOHFWHG� IURP� 0DQRNZDUL�� :HVW�

3DSXD�� DQG� 1DQNRNX�� .RFKL�� -DSDQ��

UHVSHFWLYHO\�� ZHUH� VHOHFWHG� LQ� WKLV� VWXG\��

$� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�

GHWHUPLQDWLRQ� RI� EHUEHULQH� HPSOR\HG� LQ�

WKLV� VWXG\� ZDV� FRQGXFWHG� XVLQJ� WKH�

SURFHGXUH� GHYHORSHG� E\� /L� HW� DO�� �������

������� ��� PJ� RI� HDFK� SRZGHU� �PRLVWXUH�

FRQWHQW�RI����DQG������UHVSHFWLYHO\��ZHUH�

H[WUDFWHG�ZLWK�0H2+�XVLQJ�VRQLFDWLRQ�DW�

URRP� WHPSHUDWXUH� DW� GXUDWLRQ� RI� ���

PLQXWHV� IRU� WKUHH� WLPHV�� 7KH� VROYHQW�

H[WUDFWV� ZHUH� FRPELQHG� DQG� GULHG� XS�

XVLQJ�YDFXXP�HYDSRUDWHG�WR�JLYH������PJ�

GULHG� H[WUDFW� LQ� DYHUDJH� IRU� $PXU�

FRUNWUHH� DQG� ���� PJ� LQ� DYHUDJH� IRU� 7DOL�

NXQLQJ�� 7KHQ�� WKH� GULHG� H[WUDFWV� ZHUH�

GLVVROYHG� LQ� PHWKDQRO�G�� ����� PO�

FRQWDLQLQJ� ����� PJ� DQWKUDFHQH�� DQG�

WUDQVIHUHG� LQWR� WKH� 105� WHVW� WXEH�

GLUHFWO\�� 7KUHH� UHSOLFDWHV� ZHUH� XVHG� IRU�

HDFK�PHGLFLQDO� SODQW�� %HUEHULQH� FKORULGH�

�����PJ��GLVVROYHG�LQ�PHWKDQRO�G�������PO�

FRQWDLQLQJ������PJ�DQWKUDFHQH��ZDV�XVHG�

DV� UHIHUHQFH� VWDQGDUG� IRU� FDOFXODWLQJ�

EHUEHULQH� FRQWHQW� LQ� HDFK� H[WUDFW�� $OO�

FKHPLFDOV� XVHG� LQ� WKLV� H[SHULPHQW� ZHUH�

DQDO\WLFDO� JUDGH� �0H2+�� DQWKUDFHQH�

&��+���� PHWKDQRO�G��� :DNR� /WG�� 2VDND��

-DSDQ��� DQG� EHUEHULQH� FKORULGH� VWDQGDUG�

�&��+��12�� [�+�2��ZDV� SXUFKDVHG� IURP�

7RN\R� &KHPLFDO� ,QGXVWULHV�� 7RN\R��

8OWUDVRQLF� VLQJOH� IUHTXHQF\� �$V�2QH�&R��

2VDND���105� VDPSOH� WHVW� WXEH� ��PP� LQ�

ORQJ� [� ��PP� LQ� GLDPHWHU� [� �����PP� LQ�

ZDOO� WKLFNQHVV� �6LJPD�$OGULFK�� 86$��

ZHUH� XVHG�� DQG�
�
+�105� ZDV� PHDVXUHG�

E\� -(2/� -10�(&;���� �-(2/� /WG���

-DSDQ���
�
+�105�VSHFWUD�ZHUH�UHFRUGHG�LQ�

PHWKDQRO�G�� �������� XVLQJ� -(2/� -10�

(&;���� DW� ����0+]�� )RU� HDFK� VDPSOH��

���� VFDQV� ZHUH� FRQGXFWHG� ZLWK� WKH�

IROORZLQJ� UHVROXWLRQ�� ������ +]�SRLQW��

VSHFWUDO�ZLGWK�������+]��SXOVH�ZLGWK������

�V��UHOD[DWLRQ�GHOD\���V���

5(68/76�$1'�',6&866,21�

7KH� UHVXOWV� RI� UDSLG� GHWHUPLQDWLRQ� RI�

EHUEHULQH� LQ� WZR� PHGLFLQDO� SODQWV� XVLQJ�
�
+�105� DUH� VKRZQ� LQ� )LJ�� ��$�� %�� DQG�

&��� )LJXUH� �� �$�� GHPRQVWUDWHV�
�
+�105�

VSHFWUXP� RI� WKH� DXWKHQWLF� EHUEHULQH�

FKORULGH��:KHUHDV�WKH�
�
+�105�VSHFWUD�RI�

EHUEHULQH� UHFRUGHG� IRU� WKH� FUXGH� H[WUDFWV�
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RI� EDUN� SRZGHUV� RI� $PXU� FRUNWUHH� DQG�

VWHP�ZRRG�SRZGHUV�IURP�7DOL�NXQLQJ�DUH�

VKRZQ� LQ� )LJ�� �� �%��� DQG� )LJ�� �&���

UHVSHFWLYHO\��7KHVH� ILJXUHV� VKRZ� WKDW� WKH�

W\SLFDO�EHUEHULQH�SURWRQV�RI�+����DQG�+���

RQ� WKH
�
+�105� VSHFWUD� DUH� DSSHDUHG� RQ�

WKH� GRZQILHOG� UHJLRQV�� DW� G� ����� ��+�V��

DQG�G��������+�V��SSP�IRU�+����DQG�+����

UHVSHFWLYHO\��0RUH�LPSRUWDQWO\��WKHVH�WZR�

SURWRQ� VLJQDOV� DUH� GHWHFWHG� DW� WKH� VDPH�

FKHPLFDO� VKLIWV� FRQVLVWHQWO\� DV� LOOXVWUDWHG�

LQ� )LJ�� ���� �$�� %�� DQG� &��� UHVSHFWLYHO\��

7KHVH� UHVXOWV� DUH� LQ� ZHOO� DJUHHPHQW� DQG�

VLPLODU� WR� WKRVH� LQ� WKH�
�
+�105� RI�

EHUEHULQH� IURP� &RUWH[� SKHOORGHQGUL�

UHSRUWHG�E\�/L�HW�DO����������

)LJ���� �$��DOVR� VKRZV� WKDW� WKH�SURWRQ�

VLJQDO� RI� WKH� LQWHUQDO� VWDQGDUG�

�DQWKUDFHQH�� LQ� DXWKHQWLF� EHUEHULQH�

FKORULGH� RQ� WKH�
�
+�105� VSHFWUXP� LV�

GHWHFWHG�DW�G������SSP��DQG�LWV�LQWHJUDWHG�

LQWHQVLW\�LV����ZKLFK�LV�HTXDO�WR������PJ�RI�

DQWKUDFHQH�� ,QWHUHVWLQJO\�� WKH� LQWHJUDWHG�

LQWHQVLWLHV� RI� WKH� LQWHUQDO� VWDQGDUG� DUH�

FRPSOHWHO\� FRQVWDQW� DW� WZR� GLIIHUHQW�

VLWXDWLRQV�� ZKLFK� LV� ��� DQG� DSSHDU� DW� G�

����� SSP�� DV� GHPRQVWUDWHG� LQ� )LJ�� �� �%��

DQG� �&�� IRU� $PXU� FRUNWUHH� DQG� 7DOL�

NXQLQJ�� UHVSHFWLYHO\��$V� GHPRQVWUDWHG� LQ�

)LJ�� ��$��� WKH� LQWHJUDWHG� LQWHQVLW\� RI�

SURWRQ� +���� RIDXWKHQWLF� EHUEHULQH�

FKORULGH�LV�������ZKLFK�LV�HTXDO�WR�����PJ�

RI� EHUEHULQH�� 2Q� WKH� RWKHU� KDQG�� WKH�

LQWHJUDWHG� LQWHQVLWLHV� RI� SURWRQV� +���� RI�

EHUEHULQH�IURP�WKH�FUXGH�H[WUDFWV�RI�EDUN�

RI�$PXU�FRUNWUHHVKRZQ�LQ�)LJ�����%��DQG�

VWHP�ZRRG�SRZGHUV�RI�7DOL�NXQLQJLQ�)LJ��

��&�� DUH� REYLRXVO\� GLIIHUHQW�� 7KH\� DUH�

�����DQG������IRU�$PXU�FRUNWUHH�DQG�7DOL�

NXQLQJ��UHVSHFWLYHO\���

�

�

�

�

�

)LJ�� ��
�
+�105� RI� WKH� VDPSOHV� ZLWK�

LQWHUQDO� VWDQGDUG� �DQWKUDFHQH�� LQ�

PHWKDQRO�G�� �$��� %HUEHULQH� FKORULGH��

�%���([WUDFW�IURP�$PXU�FRUNWUHH���&���

([WUDFW�IURP�7DOL�NXQLQJ�

�

)URP� WKH� GDWD� PHQWLRQHG� LQ� WKH�

SUHYLRXV� SDUDJUDSKV�� WKH� EHUEHULQH�

FRQWHQWV� LQ� WKH� FUXGH� H[WUDFWV� IURP� WKH�

EDUN� DQG� VWHP� ZRRG� SRZGHUV� RI� $PXU�

FRUNWUHH� DQG� 7DOL� NXQLQJ� FDQ� EH�

VXPPDUL]HG� LQ�7DEOH� ��7DEOH� �� LQGLFDWHV�

WKDW� EHUEHULQH� FRQWHQW� RI� WKH� FUXGH�

H[WUDFWV� IURP� WKH� EDUN� SRZGHUV� RI�$PXU�

FRUNWUHH� LV� ������ PJ� �� J� RI� DLU�GULHG�

SRZGHUV��DQG�LW�LV�KLJKHU�WKDQ�WKDW��������

PJ�J��RI�WKH�FUXGH�H[WUDFWV�IURP�WKH�VWHP�

ZRRG�SRZGHUV� RI�7DOL� NXQLQJ��+RZHYHU��

WKH� SHUFHQWDJH� RI� EHUEHULQH� FRQWHQW� LQ�
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7DOL�NXQLQJ�EDVHG�RQ� WKH�ZHLJKW�RI�GULHG�

H[WUDFW�LV�KLJKHU�����������WKDQ�WKDW�������

��� LQ� $PXU� FRUNWUHH� �7DEOH� ������ ,W� LV�

EHFDXVH� 7DOL� NXQLQJ� ZRRG� SRZGHU� KDV�

KLJKHU� PRLVWXUH� FRQWHQW� ������� ��� DQG�

OHVV� H[WUDFW� FRQWHQW� ������ PJ�� WKDQ� WKH�

$PXU� FRUNWUHH�� ���� �� DQG� ����� PJ��

UHVSHFWLYHO\�

�

7DEOH����4XDQWLWDWLYH�GHWHUPLQDWLRQ�RI�EHUEHULQH�FRQWHQW� LQ�WKH�PHWKDQRO�H[WUDFWLYHV�IURP�

EDUN�DQG�VWHP�ZRRG�SRZGHUV�RI�$PXU�FRUNWUHH�DQG�7DOL�NXQLQJ�XVLQJ�LQWHJUDWHG�

LQWHQVLWLHV�RI�+����VLJQDOV�RQ�
�
+�105�VSHFWUD��

0HGLFLQDO�

SODQWV�

0RLVWXUH�

FRQWHQW�

����

:HLJKW�RI�GULHG�

H[WUDFWV��PJ��r�6'�

IURP����PJ�RI�DLU�

GULHG�ZRRG�PHDO�

%HUEHULQH�

4XDQWLW\��PJ��r�

6'�LQ����PJ�RI�

DLU�GULHG�ZRRG�

PHDO�

3HUFHQWDJH�EDVHG�RQ�

WKH�ZHLJKW�RI�RYHQ�

GULHG�H[WUDFW�����r�6'�

� � � � �

$PXU�

FRUNWUHH�

����� �����r������ ������r����� �����r������

7DOL�

NXQLQJ�

������ �����r������ ������r����� �����r�����

(DFK�YDOXH�UHSUHVHQWV�WKH�YDOXH�IURP�WKUHH�UHSOLFDWHV��WKH�IROORZLQJ�OHWWHUV�DUH�VWDQGDUG�

GHYLDWLRQ��6'��
�

%HUEHULQH� TXDQWLW\� LQ� WKH� H[WUDFWV� RI�

WKH� VWHP� SRZGHUV� RI� 7DOL� NXQLQJ� ZDV�

FRPSDUDEOH�WR�WKDW�IURP�WKH�EDUN�SRZGHUV�

LQ�$PXU�FRUNWUHH��ZKLFK�LV�ZLGHO\�NQRZQ�

IRU� JRRG� SURGXFHU� RI� EHUEHULQH� �7DQJ� HW�

DO��� �������%DVHG�RQ� WKH�ZHLJKW�RI�RYHQ�

GULHG� H[WUDFWV�� EHUEHULQH� FRQFHQWUDWLRQ� LQ�

WKH� PHGLFLQDO� SODQWV� RI� 7DOL� NXQLQJ� �7��

GLVVLWLIORUD� 'LHOV�� ZDV� KLJKHU� ������� ���

WKDQ� WKDW� ����� ��� LQ� $PXU� FRUNWUHH� �3��

DPXUHQVH�5XSU���

7KH� TXDQWLWLHV� RI� EHUEHULQH� LQ� WKH�

FUXGH� H[WUDFWV� IURP� WKH� WZR� PHGLFLQDO�

SODQWV�� 7DOL� NXQLQJ� DQG� $PXU� FRUNWUHH��

UHVSHFWLYHO\�� DUH� FRPSDUDEOH� WR� WKDW�

�������PJ���J�RI�DLU�GULHG�ZRRG�PHDO�� LQ�

3�� DPXUHQVH�5XSUFROOHFWHG� IURP�7DLZDQ�

GHWHUPLQHG� XVLQJ� WKH� VLPLODU� PHWKRG� RI�
�
+�105� �/L� HW� DO��� ������� ,W� VKRXOG� EH�

FRQVLGHUHG� WKDW� WKH� ZKROH� VWHP� RI� 7DOL�

NXQLQJ� ZDV� XVHG� IRU� GHWHUPLQDWLRQ� RI�

EHUEHULQH�FRQWHQW��ZKLOH�RQO\� WKH�EDUN�RI�

$PXU� FRUNWUHH�ZDV� XVHG� IRU� LW�� ,W�PHDQV�

WKDW� DEXQGDQFH� RI� EHUEHULQH� LQ� 7DOL�

NXQLQJ� LV� WRWDOO\� FRQVLGHUDEOH��

4XDQWLWDWLYH� GLIIHUHQFHV� LQ� EHUEHULQH�

FRQWHQWV� RI� WKH� SODQWV� DUH� DIIHFWHG� E\�

VHYHUDO� IDFWRUV�� VXFK� DV� FOLPDWH��

HQYLURQPHQW�� DQG� VRLO� FRPSRVLWLRQ�� DQG�

WKH� RFFXUUHQFH� RI� EHUEHULQH� LQ� VRPH�

SODQWVLV�UHVWULFWHG�WR�D�VSHFLILF�SDUW�RI�WKH�

SODQW� ERG\�� EXW� LQ� WKH� RWKHU� SODQWV�

LVGLVSHUVHG� WKURXJK� WKH�ZKROH�ERG\�ZLWK�

YDU\LQJ� UDWHV� LQ� GLIIHUHQW� SODQW� WLVVXHV�

�*U\FRYD�HW�DO����������

,W�LV�JHQHUDOO\�FODLPHG�WKDW�WKH�GLYHUVH�

JHRJUDSKLFDO�RULJLQ�RI�WKH�SODQW�PDNH�WKH�

FRQWHQW�RI�DONDORLGV�TXLWH�GLIIHUHQW�RQH�WR�

DQRWKHU��/L�HW�DO���������������7KHUHIRUH��

D� UDSLG� DQG� VLPSOH� GHWHUPLQDWLRQ� RI�

ELRDFWLYH� FRPSRXQGV� LQ� WKH� SODQWV� XVLQJ�
�
+�105� LV� QHFHVVDU\� WR� HVWLPDWH� WKH�

PHGLFLQDO� YDOXHV� RI� LW�� 7KHVHUHVXOWV�

VXSSRUW�WKH�DUJXPHQWV�WKDW�
�
+�105�LV�DQ�

HIIHFWLYH� WRRO� VXSHULRU� WR� +3/&� LQ�

GHWHFWLQJ� DQG� GHWHUPLQLQJ� WKH� FKHPLFDO�
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FRQVWLWXHQWV� LQ� KHUEDO� PHGLFLQH�� DQG� KDV�

EHHQ� XWLOL]HG� IRU� TXDOLW\� FRQWURO� RI�

FRPPHUFLDO�WUDGLWLRQDO�&KLQHVH�RQH��

�� 5()(5(1&(6�

/L�&<��+-�/X��&+�/LQ��76�:X��������$�

5DSLG� DQG� 6LPSOH� 'HWHUPLQDWLRQ�

RI� 3URWREHUEHULQH� $ONDORLGV� LQ�

&RUWH[� SKHOORGHQGUL� E\� �+�105�

DQG� ,WV� DSSOLFDWLRQ� IRU� 4XDOLW\�

&RQWURO� RI� &RPPHUFLDO�

7UDGLWLRQDO� &KLQHVH� 0HGLFLQH�

3UHVFULSWLRQV�� -RXUQDO� RI�

3KDUPDFKHXWLFDO� DQG� %LRPHGLFDO�

$QDO\VLV���������������

/L�&<��6,�7VDL��$*�'DPX��76�:X��������

$� 5DSLG� DQG� 6LPSOH�

'HWHUPLQDWLRQ� RI� 3URWREHUEHULQH�

$ONDORLGV� LQ�5KL]RPD� FRSWLGLV� E\�

�+�105� DQG� ,WV� DSSOLFDWLRQ� IRU�

4XDOLW\� &RQWURO� RI� &RPPHUFLDO�

3UHVFULSWLRQV�� -RXUQDO� RI�

3KDUPDFKHXWLFDO� DQG� %LRPHGLFDO�

$QDO\VLV����������������

:DK\XGL�� <� 2KWDQL�� +� ,FKLXUD�� ������

%HUEHULQH� LQ� WKH�0HGLFDO�SODQW�RI�

7DOL�.XQLQJ��7LQRVSRUDGLVVLWLIORUD�

'LHOV���-RXUQDO�RI�:RRG�6FLHQFH���

������������

�


