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&OD\� LV� RQH� RI� WKH�PDMRU� UDZ�PDWHULDOV� XVHG� LQ� WKH� SURGXFWLRQ� RI� (�JODVV�� DQG� GHSHQGLQJ� XSRQ� WKH�

RULJLQ�� LW� FRQWDLQV�62�� WR�GLIIHUHQW�H[WHQWV� LQ� LWV� VWUXFWXUH�� ,Q� WKLV�VWXG\��FOD\�VDPSOHV�ZLWK�GLIIHUHQW�62��

FRQWHQWV�DUH�XVHG�LQ�WKH�EDWFK�RI�(�JODVV�DQG�WKHLU�HIIHFWV�RQ�IRDPLQJ�DQG�ILQLQJ�RI�WKH�PHOWV�DUH�FRPSDUHG��

,W�LV�REVHUYHG�WKDW�DIWHU�FHUWDLQ�YDOXH�RI�62��FRQWHQW�RI�FOD\��WKH�VWUXFWXUH�RI�IRDP�FKDQJHV��$W�ORZHU�62��

OHYHOV� RI� FOD\�� WKH� IRDP� OD\HU� FRQVLVWV� RI� XQPHOWHG� EDWFK�� ZKHUHDV� DW� KLJKHU� DPRXQWV�� WKH� IRDP� OD\HU�

FRQVLVWV�RI�RQO\�EXEEOHV�ZLWKRXW�DQ\�EDWFK�SDUWLFOHV�ZLWK�D�KLJK�UDWH�RI�IRDP�GLVDSSHDUDQFH��7KH�VHHG�IUHH�

WLPH� H[SHULPHQWV� UHYHDO� D� VLPLODU� DQRPDO\� DW� FHUWDLQ� YDOXH� RI� 62�� RI� FOD\��$W� WKLV� WKUHVKROG� YDOXH�� WKH�

QXPEHU�RI�EXEEOHV�LQLWLDOO\�IRUPHG�LQ�WKH�JODVV�LV�PLQLPXP��$IWHU�WKLV�SRLQW�ZLWK�LQFUHDVLQJ�62��DPRXQW�RI�

FOD\��LQ�VSLWH�RI�WKH�KLJKHU�QXPEHU�RI�EXEEOHV�IRUPHG�DW�WKH�EHJLQQLQJ��WKH�ILQLQJ�UDWH�LQFUHDVHV�GXH�WR�WKH�

ILQLQJ�DFWLRQ�RI�D�FHUWDLQ�DPRXQW�RI��1D�62��LQ�WKH�EDWFK���

�
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:KHQ�JODVV�EDWFK�LV�PHOWLQJ��DW�KLJK�WHPSHUDWXUHV�IURP�WKH�GHFRPSRVLWLRQ�RI�VXOIDWHV��
ZKLFK�DUH�XVHG�DV�ILQLQJ�DJHQWV��D�IRDP�OD\HU�LV�SURGXFHG�DW�WKH�VXUIDFH�RI�WKH�PHOW��ZKLFK�LV�
FDOOHG�DV�VHFRQGDU\�IRDPLQJ��$V�WKH�KLJK�DPRXQW�RI�GLVVROYHG�VXOIDWH�FRQWDLQLQJ�JODVV�PHOW�
HQWHUV�WKH�KRWWHU�SDUWV�RI�WKH�IXUQDFH��WKH�SDUWLDO�SUHVVXUHV�RI�62��DQG�2�� LQFUHDVH�XS�WR�D�
OHYHO�DW�ZKLFK�WKH�VSHFLILF�JDV�YROXPH�LV�PRUH�WKDQ������PO�SHU�JUDP�RI�JODVV��FDXVLQJ�JDV�
EXEEOHV�����7KH�IRUPDWLRQ�RI�WKHVH�EXEEOHV�DLGV�WKH�ILQLQJ�RI�WKH�JODVV�PHOW�DV�WKH\�DVFHQG�WR�
WKH� VXUIDFH� RI� WKH�PHOW��:KHQ� WKH� VSHFLILF� JDV� YROXPH� LV� JUHDWHU� WKDQ� ����PO�JUDP� JODVV��
WKHVH� EXEEOHV� VWDUW� WR� DFFXPXODWH� DW� WKH� VXUIDFH�� 7KLV� SURFHVV� LV� GHILQHG� DV� VHFRQGDU\�
IRDPLQJ���7KH�WHPSHUDWXUHV�DW�ZKLFK�WKH�EXEEOHV�DQG�WKH�IRDP�DUH�IRUPHG�DUH�XVXDOO\�FORVH�
WR�HDFK�RWKHU� LQ�WKH�UDQJH�RI����WR���� R&��,Q�VXOIDWH�ILQHG�R[LGL]HG�JODVV�PHOWV�� WKH�VXOIDWH�
GHFRPSRVLWLRQ�WHPSHUDWXUH�GHSHQGV�RQ�WKH�DPRXQW�RI�WKH�VXOIDWH�LQ�WKH�EDWFK�DQG�WKH�JODVV�
FRPSRVLWLRQ��RU�WKH�EDVLFLW\�RI�WKH�PHOW��ZKLFK�DIIHFWV�WKH�VXOIDWH�VROXELOLW\���

6XOIDWH�VROXELOLW\� LV�NQRZQ�WR�EH� ORZ�LQ�(�JODVV�GXH�WR� LWV�DFLGLF�QDWXUH�EHFDXVH�RI� LWV�KLJK�
DOXPLQD�� %�2�� DQG� YHU\� ORZ� DONDOL� R[LGH� FRQWHQWV�� FRPSDUHG� WR� VRGD� OLPH� VLOLFD� JODVVHV��
7KHUHIRUH� RQO\� D� VPDOO� H[FHVV� DPRXQW� RI� VXOIDWH� LV� UHTXLUHG� LQ� R[LGL]HG� (�JODVV� DIWHU� WKH�
LQLWLDO�EDWFK�PHOWLQJ��DQG�WRR�ODUJH�DQ�H[FHVV�VKRXOG�EH�DYRLGHG�LQ�RUGHU�WR�SUHYHQW�IRDPLQJ��
$Q�DFFXUDWH�VXOIDWH�EDODQFH�LV�UHTXLUHG�IRU�DQ�DGHTXDWH�ILQLQJ��$V�/DLPERFN����H[SODLQV�LQ�KLV�
ZRUN��WKH�RSWLPXP�DPRXQW�RI�VXOIDWH�LV�GHWHUPLQHG�E\�DGGLQJ�XS�WKH�VXOIDWH�ORVV�WKDW�WDNHV�
SODFH� GXULQJ� WKH� LQLWLDO� EDWFK� PHOWLQJ�� WKH� VXOIDWH� VROXELOLW\� RI� (�JODVV� �>62�@(�JODVV�� DW� WKH�
KRWVSRW� WHPSHUDWXUH� DQG� WKH�DPRXQW�RI� VXOIDWH�QHHGHG�IRU�VXIILFLHQW� ILQLQJ��$V� WKH� VXOIDWH�
VROXELOLW\�DW�WKH�PHOWLQJ�WHPSHUDWXUH�LV�ORZ�LQ�(�JODVV��RSWLPXP�VXOIDWH�OHYHO�LQ�WKH�EDWFK�LV�
OHVV� WKDQ� WKDW� RI� WKH� R[LGL]HG� VRGD� OLPH� VLOLFDWH� JODVV�� DQG� VXOIXU� LPSXULWLHV� RI� WKH� UDZ�
PDWHULDOV�EHFRPH�VLJQLILFDQW�RQ�WKH�EDWFK�VXOIDWH�OHYHO��7KH�PDMRU�UDZ�PDWHULDO�DV�6L2��DQG�
$O�2��VRXUFH�XVHG�LQ�WKH�SURGXFWLRQ�RI�(�JODVV�LV�FOD\�DQG�LW�FRQWDLQV�GLIIHULQJ�DPRXQWV�RI�



62��GHSHQGLQJ�RQ�LWV�RULJLQ��,Q�WKLV�VWXG\��WKH�HIIHFW�RI�VWUXFWXUDO�62��RI�GLIIHUHQW�FOD\V�RQ�
IRDPLQJ�DQG�ILQLQJ�EHKDYLRU�RI�(��JODVV�PHOWV�LV�VWXGLHG�LQ�UHIHUHQFH�WR�WKRVH��ZKLFK�FRQWDLQ�
1D�62��DV�WKH�PDLQ�62��VRXUFH�VLQFH�FOD\V�REWDLQHG�IURP�GLIIHUHQW�VLWHV�LQ�7XUNH\�PD\�GLIIHU�
LQ�WKHLU�62��FRQWHQWV��

7DEOH����$PRXQW�DQG�WKH�6RXUFH�RI�62��LQ�*ODVVHV�WRJHWKHU�ZLWK�)RDP��DQG�WKH�1XPEHU�RI�%XEEOHV�

�

62����RI�&OD\�
6DPSOH�

������

�&���

�����

�&���

�����

�&���

�����

�&���

����

�&���

*ODVV�1R� *�� *�� *�� *�� *�� *�� *�� *�� *�� *��� *���

7RWDO�62����LQ�

%DWFK�
������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������

62����IURP�
1D�62��

�� ������ ������ ������ ������ �� ������ ������ �� ������ ������

62����IURP�
&OD\�

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

���
PLQ��

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���
PLQ��

��� ��� ��� ��� ��� ��� ��� ��� �� �� ���

���
PLQ��

��� ��� �� ��� ��� ��� �� ��� �� �� ���

���
PLQ��

�� ��� �� ��� �� �� �� �� � � ��

��
6XUIDFH�
$UHD�

&RYHUHG�
E\�)RDP�

���
PLQ��

�� �� �� � �� �� �� �� � � ��

���

PLQ��
���� ���� ���� ���� � ���� ���� ���� ���� ���� �

1XPEHU�
RI�

%XEEOHV� ���
PLQ��

���� ���� ���� ���� � ���� ���� ���� ���� ���� �

�

���(;3(5,0(17$/�678',(6�

7R�VWXG\�WKH�HIIHFW�RI�VWUXFWXUDO�62��RI�FOD\����FOD\�VDPSOHV�ZLWK�GLIIHUHQW�62��FRQWHQWV�
�&�� WR�&��� DUH� H[DPLQHG��7R� GLVUHJDUG� WKH� SRVVLEOH� HIIHFW� RI� SDUWLFOH� VL]H� RQ�PHOWLQJ� DQG�
ILQLQJ�� WKH� FOD\� VDPSOHV� DUH� EURXJKW� WR� D� VLPLODU� SDUWLFOH� VL]H� GLVWULEXWLRQ� E\� DGHTXDWH�
JULQGLQJ��%DWFKHV�WKDW�\LHOG�����J�RI�(�JODVV�DUH�SUHSDUHG�E\�XVLQJ�FOD\V�ZLWK�GLIIHUHQW�62��



FRQWHQWV�� � 7R� GLVWLQJXLVK� WKH� HIIHFW� RI� VWUXFWXUDO� 62�� IURP� FOD\� DQG� 62�� FRQWULEXWHG� E\�
FRQYHQWLRQDO�ILQLQJ�DJHQWV��EDWFKHV�ZKHUH�1D�62�� LV�WKH�PDLQ�62��VRXUFH�DUH�DOVR�SUHSDUHG��
7KH�62��DPRXQWV�FRQWULEXWHG�VHSDUDWHO\�IURP�FOD\��1D�62��DQG�WKH�WRWDO�62��FRQWHQW�RI�WKH�
EDWFKHV� DUH� JLYHQ� LQ� 7DEOH� ��� 7KH� HIIHFW� RI� VWUXFWXUDO� 62�� RI� FOD\� RQ�PHOWLQJ� DQG� ILQLQJ�
EHKDYLRU� RI� (�JODVV� LV� REVHUYHG� E\� FRQGXFWLQJ� IRDP� GLVDSSHDUDQFH� DQG� VHHG� IUHH� WLPH�
H[SHULPHQWV�� 7KH� �� DUHD� FRYHUHG� E\� IRDP� RQ� WKH� VXUIDFH� RI� JODVVHV� WKDW� DUH� PHOWHG� LQ�
���3W���$X�FUXFLEOHV�DW������&�LQ�DQ�HOHFWULF�IXUQDFH�IRU�������PLQ��DW����PLQ��LQWHUYDOV�LV�
UHFRUGHG�E\�$EDFXV�HYDOXDWLRQ�PHWKRG��)RU�WKH�GHWHUPLQDWLRQ�RI�WKH�ILQLQJ�UDWH��WKH�QXPEHU�
RI�WKH�EXEEOHV�WKDW�UHPDLQHG� LQ�WKH����J�RI�JODVV�VDPSOHV��DIWHU�PHOWLQJ�WKH�FRUUHVSRQGLQJ�
EDWFKHV� LQ� SRUFHODLQ� FUXFLEOHV� DW� �����&� LQ� DQ� HOHFWULF� IXUQDFH� IRU� ������ PLQ�� DW� ��� PLQ��
LQWHUYDOV��DUH�FRXQWHG��DQG�WKH�ORJDULWKPV�RI�WKH�QXPEHU�RI�EXEEOHV�DUH�SORWWHG�DJDLQVW�WKHLU�
FRUUHVSRQGLQJ�PHOWLQJ�WLPHV��7KH�VORSH�RI�WKH�VDLG�JUDSKV� LV�GHILQHG�DV�WKH�ILQLQJ�UDWH��$OO�
WKH�GDWD�SRLQWV�JLYHQ�LQ�WKH�WH[W�DQG�VKRZQ�LQ�7DEOH���DUH�WKH�DULWKPHWLF�DYHUDJH�RI�DW�OHDVW�
�²��H[SHULPHQWV��
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�����)RDPLQJ�%HKDYLRU�

7R� GHWHUPLQH� WKH� HIIHFW� RI� 62�� LQWURGXFHG� LQWR� WKH� EDWFK� E\� 1D�62�� RQ� WKH� IRDPLQJ�
EHKDYLRU� RI� (�JODVV� EDWFK�� IRDP� GLVDSSHDUDQFH� H[SHULPHQWV� DUH� FRQGXFWHG� DW� LQFUHDVLQJ�
SHUFHQWDJHV�RI�1D�62��LQ�EDWFKHV�WKDW�FRQWDLQ�FOD\V�ZLWK�GLIIHUHQW�62��FRQWHQWV��&���&���&�����
:KHQ�WKH�62��FRQWHQW�RI�WKH�FOD\�LQFUHDVHV��DW����PLQ��PHOWLQJ�WLPH��WKH���RI�IRDP�FRYHUHG�
DUHD�RI�JODVVHV�WKDW�GR�QRW�FRQWDLQ�1D�62��LQFUHDVHV��*���������VLQFH�JODVVHV�PDGH�IURP�KLJK�
62��FRQWDLQLQJ�FOD\V�LQLWLDOO\�FRQWDLQ�PRUH�WRWDO�62����$V�������DQG���������62��LV�DGGHG�WR�
*���*��DQG�*�� IURP�1D�62�� WKH�GLIIHUHQFH�EHWZHHQ� WKH���RI� IRDP�FRYHUHG� DUHD�RI� WKH�
JODVVHV��*�����*�����*����DQG�WKHLU�QR�1D�62���FRQWDLQLQJ�FRXQWHUSDUWV�LQFUHDVHV�DV�WKH�FOD\V�
FRQWDLQ�PRUH�62��� L�H�� LQFUHDVLQJ�1D�62��EHFRPHV�PRUH�HIIHFWLYH� LQ� IRDP�IRUPDWLRQ�ZKHQ�
KLJKHU�62��FRQWDLQLQJ�FOD\V�DUH�XVHG�LQ�WKH�EDWFK���7R�GLIIHUHQWLDWH�EHWZHHQ�WKH�HIIHFWV�RI�WKH�
VRXUFHV� RI� 62�� RQ� IRDPLQJ�� WZR� JODVVHV� LQ� ZKLFK� 62�� FRPHV�PDLQO\� IURP� FOD\� �*���� RU�
PDLQO\� IURP�1D�62�� �������� 62��� *���� DUH�PHOWHG�� $W� ���PLQ��� *�� FRQWDLQV� ���� IRDP�
FRYHUHG�DUHD�ZKHUHDV�IRU�*���LW�ZDV������L�H��ZKHQ�WKH�WRWDO�62��FRQWHQWV�RI�WKH�JODVVHV�DUH�
WKH� VDPH�� 62�� FRPLQJ� IURP� FOD\V� SURGXFHV� PRUH� IRDP� DW� WKH� EHJLQQLQJ� RI� PHOWLQJ��
FRPSDUHG�WR�62��FRPLQJ�IURP�1D�62��� �+RZHYHU��DW����PLQ��*��� LV�SUDFWLFDOO\�IRDP�IUHH�
ZKHUHDV�WKH�VXUIDFH�RI�*��VWLOO�FRQWDLQV�����IRDP���,W�ZDV�DOVR�REVHUYHG�WKDW�WKH�IRDP�RQ�
*��FRQWDLQV�XQPHOWHG�EDWFK�SDUWLFOHV�ZKHUHDV�IRDP�RQ�*���FRQVLVWV�RI�D�WKLQ�OD\HU�RI�VPDOO�
EXEEOHV�ZLWKRXW�DQ\�EDWFK�SDUWLFOHV���

,Q� WKH� EDWFKHV�ZLWK� D� FRQVWDQW� OHYHO� RI�1D�62�� ��������62����ZKHQ� FOD\V�ZLWK� LQFUHDVLQJ�
62��FRQWHQWV�DUH�XVHG��*��������������LW�LV�REVHUYHG�WKDW�WKH�DPRXQW�RI�IRDP�LQFUHDVHV�ZKLOH�
WKH�IRDP�VWUXFWXUH�FKDQJHV��)LJ������$W�ORZHU�YDOXHV�RI�62��IURP�FOD\��&���&���IRDP�FRQWDLQV�
XQPHOWHG�EDWFK�SDUWLFOHV��*������,Q�*���KRZHYHU��ZKLFK�LQFRUSRUDWHV�&���WKH�VWUXFWXUH�RI�WKH�
IRDP�LV�GLIIHUHQW�WKDQ�WKH�RWKHU�WZR�JODVVHV��*�����FRQVLVWLQJ�RI�D�WKLQ�OD\HU�RI�VPDOO�EXEEOHV�
ZLWKRXW�DQ\�XQPHOWHG�EDWFK�SDUWLFOHV��PHDQLQJ�WKDW�HYHQ�LQ����PLQXWHV�WKH�EDWFK�FRQWDLQLQJ�
FOD\� ZLWK� KLJKHU� 62��PHOWV� UDSLGO\��2EVHUYLQJ� WKH� VWUXFWXUHV� RI� IRDP� RQ� DOO� H[SHULPHQWDO�
PHOWV�UHYHDOV�WKDW�������FDQ�EH�GHILQHG�DV�WKH�WKUHVKROG�YDOXH�IRU�62��FRQFHQWUDWLRQ�RI�FOD\�
DW�ZKLFK�WKH�VWUXFWXUDO�WUDQVIRUPDWLRQ�LQ�IRDP�VWDUWV��,Q�*���DQG����WKH�JODVV�VXUIDFH�LV�����
DQG�����FRYHUHG�DOVR�ZLWK�D� WKLQ�IRDP�OD\HU�FRQVLVWLQJ�RI�WLQ\�EXEEOHV�ZLWKRXW�DQ\�EDWFK�
SDUWLFOHV��$OWKRXJK� WKH� IRDP�FRYHUHG�DUHD� LV�KLJK� DW� WKH�EHJLQQLQJ� LQ�*���� WKH� DPRXQW�RI�*ODVV���



WKLV� IRDP�GHFUHDVHV�GRZQ� WR� ��� LQ����PLQXWHV� DQG� WR� ��� LQ����PLQXWHV�� VKRZLQJ�D� YHU\�
KLJK�UDWH��+RZHYHU��LQ�*����LQ����PLQXWHV�WKH�DPRXQW�RI�WKLV�OD\HU�JRHV�GRZQ�WR������)URP�
WKH� H[SHULPHQWV� FRQGXFWHG�ZLWK� LQFUHDVLQJ� 62�� RI� FOD\�� LW� LV� VHHQ� WKDW� DIWHU� FHUWDLQ� SRLQW��
ZKHUH�LQ�WKLV�FDVH�LW�LV�������62��RI�FOD\��WKH�UDWH�RI�IRDP�GLVDSSHDUDQFH�VORZV�GRZQ���

5HVXOWV�RQ�IRDPLQJ�EHKDYLRU�LQGLFDWH�WKDW�WKH�VROXELOLW\�RI�62��LQ�(�JODVV�FKDQJHV�GHSHQGLQJ�
RQ�WKH�VRXUFH�RI�62���:KHQ�62��LV�LQWURGXFHG�LQWR�WKH�EDWFK�IURP�FOD\��WKH�62��ORVV�GXULQJ�
WKH�LQLWLDO�PHOWLQJ�JHWV�KLJKHU�DV�WKH�62��OHYHO�LQ�FOD\�LQFUHDVHV��DQG�DV�D�UHVXOW��DQ�LQFUHDVH�LQ�
WKH�DPRXQW�RI�IRDP�DW�WKH�EHJLQQLQJ�RI�PHOWLQJ�RFFXUV��7KH�HDVH�RI�PHOWLQJ�REVHUYHG�DIWHU�D�
FHUWDLQ�WKUHVKROG�YDOXH�RI�62��LQ�FOD\�LV�GXH�WR�WKH�DJLWDWLRQ�HIIHFW�RI�KLJKHU�62��ORVV��)DVW�
GLVDSSHDUDQFH�RI�IRDP�LV�VXVSHFWHG�WR�EH�GXH�WR�WKH�KLJKHU�KRWVSRW�VROXELOLW\�RI�62��ZKHQ�LW�
LV�LQWURGXFHG�LQWR�(�JODVV�EDWFK�LQ�WKH�VWUXFWXUH�RI�FOD\��,W�GLVVROYHV�LQWR�WKH�PHOW�HDVLO\��DQG�
HYHQ� LQ����PLQXWHV��JODVV�EHFRPHV�IRDP�IUHH��%XW�WKLV�HIIHFW�VORZV�GRZQ�ZKHQ�WKH�62�� LQ�
FOD\�LQFUHDVHV�DV�WKH�PHOW�JHWV�VDWXUDWHG��
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)LJXUH����7KH�(IIHFW�RI�62��/HYHO�LQ�&OD\�RQ�)RDPLQJ�%HKDYLRU�RI�*ODVVHV�

�����)LQLQJ�%HKDYLRU�

7KH� ILQLQJ�HIIHFW� RI� WKH� DGGLWLRQ�RI�1D�62�� DW� WZR� OHYHOV�� WR�EDWFKHV� FRQWDLQLQJ� FOD\V�
ZLWK�GLIIHUHQW�62��FRQWHQWV��LV�LQYHVWLJDWHG��:KHQ���������DQG���������62��E\�1D�62��DUH�
DGGHG� WR� WKH� EDWFKHV� FRQWDLQLQJ� FOD\V� &�� DQG� &��� WKH� QXPEHU� RI� EXEEOHV� GHFUHDVHV�
FRPSDUHG� WR� WKH� EDWFKHV� WKDW� GR� QRW� FRQWDLQ�1D�62���:KHQ� ������� RI� 62�� LV� DGGHG� E\�
1D�62��LQ�WKH�VDPH�PDQQHU�WR�WKH�EDWFK�FRQWDLQLQJ�FOD\�&���*�������WKH�QXPEHU�RI�EXEEOHV�
LQFUHDVHV�FRQWUDU\�WR�WKH�FDVHV�ZLWK�ORZHU�62��FRQWDLQLQJ�FOD\V��%XW�LQ�WKH�ILQDO�JODVV��ZLWK�
&��DW����PLQXWHV���WKH�QXPEHU�RI�EXEEOHV�GHFUHDVHV�E\�����ZKLFK�LV�DJDLQ�FRQWUDU\�WR�WKH�
RWKHU�JODVVHV�� LQGLFDWLQJ�D�YHU\�KLJK�UDWH�RI� ILQLQJ�GXH� WR� WKH� ILQLQJ�DFWLRQ�RI�1D�62���%XW�
ZKHQ� 62�� LV� LQFUHDVHG� LQ� JODVV� E\� KLJKHU�1D�62�� DGGLWLRQ� �������� 62���� WKH� QXPEHU� RI�
EXEEOHV�LQFUHDVHV�E\�DSS������FRPSDUHG�WR�62��LQFUHDVH�RI�JODVV�YLD�FOD\�DW�DOO�ILQLQJ�WLPHV�
�*��������

:KHQ� WKH� DPRXQW� RI� 62�� LQ� FOD\� LQFUHDVHV�� DOWKRXJK� WKH� QXPEHU� RI� EXEEOHV� GHFUHDVHV� DW�
HDUO\� VWDJHV� RI� ILQLQJ� �������PLQ��� DW� D� FHUWDLQ� WKUHVKROG� OHYHO��ZKLFK� LV� ������� WKH� UDWH� RI�
ILQLQJ� LV� WKH� ORZHVW� �)LJ�� ����:KHQ� FOD\� ZLWK� ������ 62�� LV� XVHG�� WKH� QXPEHU� RI� EXEEOHV�
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LQFUHDVHV�DW�WKH�EHJLQQLQJ�RI�ILQLQJ�EXW�DV�WKH�ILQLQJ�UDWH�DFFHOHUDWHV��WKH�QXPEHU�RI�EXEEOHV�
LQ� WKH� ILQDO� JODVV� �*���� DW� ���PLQ��� LV� ORZ�� 7KHUHIRUH�� LQ� WHUPV� RI� XVDEOH� JODVV�� FOD\V� WKDW�
FRQWDLQ�XS�WR�������62��FDQ�EH�XVHG�LQ�WKH�EDWFK�VLQFH�DW����PLQ��JODVVHV�WKDW�FRQWDLQ�FOD\V�
ZLWK�YDU\LQJ�DPRXQWV�RI�62��KDYH�DOPRVW�WKH�VDPH�DPRXQW�RI�EXEEOHV��)LJ������
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)LJXUH����7KH�(IIHFW�RI�62��/HYHO�LQ�&OD\�RQ�)LQLQJ�%HKDYLRU�RI�*ODVVHV��

7KH� UHVXOWV� DERXW� ILQLQJ� EHKDYLRU� DOVR� VKRZ� WKDW�� DV� WKH� VROXELOLW\� RI� 62�� LQFUHDVHV�� WKH�
QXPEHU� RI� EXEEOHV� GHFUHDVHV� DW� WKH� WKUHVKROG� OHYHO�� 7KLV� LV� ZKHQ� WKH� JODVV� VWDUWV� WR� JHW�
VDWXUDWHG�ZLWK�62���$IWHU�WKLV�SRLQW��DV�WKH�PHOW�FDQQRW�GLVVROYH�62��DQ\�PRUH��WKH�QXPEHU�
RI�EXEEOHV� LQFUHDVHV� LQ� WKH�JODVV� DQG�FHUWDLQ� DPRXQW�RI� VRGLXP� VXOIDWH�EHFRPHV�QHFHVVDU\�
IRU�FRPSOHWH�ILQLQJ���

���&21&/86,21�

,Q�WKLV�ZRUN��WKH�HIIHFW�RI�VWUXFWXUDO�62��RI�FOD\�RQ�PHOWLQJ�DQG�ILQLQJ�EHKDYLRU�RI�(�
*ODVV�LV�VWXGLHG��,W�LV�IRXQG�RXW�WKDW�HYHQ�WKRXJK�WKH�DPRXQW�RI�IRDP�LQFUHDVHV�DV�WKH�62��
FRQWHQW� RI� FOD\� LQFUHDVHV�� WKH� VWUXFWXUH� RI� WKH� IRDP� FKDQJHV� IURP� IRDP\� DSSHDUDQFH�ZLWK�
XQPHOWHG�EDWFK�SDUWLFOHV� WR�D�WKLQ�OD\HU�FRQWDLQLQJ�WLQ\�EXEEOHV�ZLWKRXW�DQ\�EDWFK�SDUWLFOHV�
DIWHU� D� FHUWDLQ� WKUHVKROG� YDOXH� ��������� $IWHU� WKLV� OHYHO� PHOWLQJ� HDVHV� DQG� WKH� UDWH� RI�
GLVDSSHDUDQFH�RI�IRDP�LV�WKH�IDVWHVW�DW�������62��LQ�FOD\��:KHQ�WKH�62��FRQWHQW�RI�FOD\�LV�
IXUWKHU�LQFUHDVHG��IRDP�GLVDSSHDUDQFH�UDWH�VORZV�GRZQ��

:KHQ�KLJK�62��FRQWDLQLQJ�FOD\V�DUH�XVHG�LQ�WKH�EDWFK��VRGLXP�VXOIDWH�LV�PXFK�PRUH�HIIHFWLYH�
DV�IDU�DV�WKH�UDWH�RI�ILQLQJ�LV�FRQFHUQHG��$W�DOO� OHYHOV�RI�62��LQ�FOD\��WKH�QXPEHU�RI�EXEEOHV�
GRHV�QRW�FKDQJH�LQ�WKH�ILQDO�JODVV�GXH�WR�WKH�ILQLQJ�DJHQW�DFWLRQ�RI�VRGLXP�VXOIDWH��7KHUHIRUH�
FOD\V��ZKLFK�FRQWDLQ�62��LQ�WKH�UDQJH�RI�����²������FDQ�EH�XVHG�VDIHO\��������62��JLYLQJ�WKH�
EHVW�UHVXOWV��,Q�DOO�FDVHV�D�FHUWDLQ�DPRXQW�RI�1D�62���LV�QHFHVVDU\�IRU�ILQLQJ�RI�(�JODVV��
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��3DXO�5XGROI�/DLPERFN��LQ�)RDPLQJ�RI�*ODVV�0HOWV��7HVFKQLVFKH�8QLYHUVLWHLW�(LQGKRYHQ��
(LQGKRYHQ���������
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