
-RXUQDO�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV�RI�87��9RO�����1R� ���������

ϮϯϮ

8'&��������������������@���������
2ULJLQDO�6FLHQWLILF 3DSHU

&RUUHODWLRQ�EHWZHHQ�KDUGQHVV�DQG�HODVWLF�SURSHUWLHV�RI�DFU\ODPLGH�
EDVHG�K\GURJHOV�SUHSDUHG�E\�UDGLDWLRQ�LQGXFHG�SRO\PHUL]DWLRQ

1DLP�0DKPXGL�
�� 1DLP�6\OD���)LVQLN�$OLDM���6WRMDQ�5HQGHYVNL�

�
 'HSDUWPHQW�RI�3K\VLFV�)DFXOW\�RI�1DWXUDO�6FLHQFH�DQG�0DWKHPDWLFV� 0.
��'HSDUWPHQW�RI�3K\VLFV��)DFXOW\�RI�1DWXUDO�6FLHQFH�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�3ULVKWLQD��.RVRYR

���'HSDUWPHQW�RI�0DWKHPDWLFV�DQG�3K\VLFV��)DFXOW\�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��+LJKHU�&ROOHJHV�RI�7HFKQRORJ\��5DV�DO�.KDLPDK�0HQ¶V�
&DPSXV� 8QLWHG�$UDE�(PLUDWHV


&RUUHVSRQGLQJ�$XWKRU���H�PDLO��Q�V#XQLWH�HGX�PN

$EVWUDFW

,Q� WKH�SUHVHQW�ZRUN��FRUUHODWLRQ�EHWZHHQ�KDUGQHVV�DQG�HODVWLF�SURSHUWLHV�RI�DFU\ODPLGH�EDVHG�K\GURJHOV�
SUHSDUHG� E\� JDPPD�LQGXFHG� LUUDGLDWLRQ� KDYH� EHHQ� LQYHVWLJDWHG�� 3RO\�DFU\ODPLGH�PHWKDFU\ODPLGH�
3�$$P�0$$P�� DQG� SRO\�DFU\ODPLGH�K\GUR[\HWK\O� PHWKDFU\ODWH�� 3�$$P�+(0$�� K\GURJHOV� ZLWK� YDULRXV�
FRPSRVLWLRQ�ZHUH�SUHSDUHG�E\�JDPPD�LUUDGLDWLRQ�DQG�XVHG�DV�PRGHO�K\GURJHO�V\VWHPV��7KHUH�ZDV�GHWHUPLQHG�
WKH� VZHOOLQJ� NLQHWLFV�� VXFK� DV� VZHOOLQJ� UDWLR NV�� WUDQVSRUW� H[SRQHQW� Q�� GLIIXVLRQ� FRHIILFLHQW� ' DQG GLIIXVLRQ
FRQVWDQW N UHODWHG WR WKH VWUXFWXUH RI SRO\PHU FURVVOLQNHG QHWZRUN� 7KH�XQLD[LDO�FRPSUHVVLRQ�ZDV�DSSOLHG�WR�
F\OLQGULFDO�JHO�VDPSOHV�LQ�WKH�VZROOHQ�IRUP�DW�S+���E\�XVLQJ�WKH�8QLYHUVDO�7HVWLQJ�,QVWUXPHQW��7KH�PROHFXODU�
ZHLJKW� EHWZHHQ� FURVVOLQNV� F0 DQG� WKH� HIIHFWLYH� FURVV�OLQN� GHQVLW\� RI� K\GURJHOV� QH ZHUH� FDOFXODWHG� IURP�
VZHOOLQJ��ZKLOH�VKHDU�PRGXOXV�GDWD�ZHUH�REWDLQHG�IURP�FRPSUHVVLRQ�WHVWV��$�FRPSDUDWLYH�DQDO\VLV�EHWZHHQ�WKH�
FURVV�OLQN� GHQVLW\� QH RU� DYHUDJH� PROHFXODU� ZHLJKW� RI� K\GURJHOV� E\� XVLQJ� VZHOOLQJ� WHVWV� DQG� PHFKDQLFDO�
PHDVXUHPHQWV� KDV� EHHQ� PDGH�� 5HVXOWV� KDYH� VKRZQ� WKDW� VLPSOH� FRPSUHVVLRQ� DQDO\VHV� FDQ� EH� XVHG� IRU� WKH�
GHWHUPLQDWLRQ�RI�WKH�HIIHFWLYH�FURVV�OLQN�GHQVLW\�RI�K\GURJHOV�QH ZLWKRXW�WKH�QHHG�IRU�VRPH�SRO\PHU�VROYHQW�
EDVHG� SDUDPHWHUV� DV� LQ� WKH� FDVH� RI� VZHOOLQJ� EDVHG� GHWHUPLQDWLRQV�� 7KH� KDUGQHVV� RI� SRO\PHU� VDPSOHV� ZDV�
GHWHUPLQHG�E\�WKH�9LFNHUV�PHWKRG�DQG�FRUUHODWLRQ�EHWZHHQ�WKHVH�YDOXHV�DQG�VKHDU�PRGXOXV�ZDV�GLVFXVVHG��

.H\ZRUGV� 3RO\PHUV��VZHOOLQJ��PHFKDQLFDO�WHVW��FURVVOLQN�GHQVLW\��KDUGQHVV�

���,QWURGXFWLRQ

+LJKO\� FURVV�OLQNHG� SRO\PHUV� DUH� JHQHUDOO\� FKHPLFDOO\� SUHSDUHG� IURP� WKHLU� PRQRPHUV�� &URVV�OLQNLQJ� RI�
SRO\PHUV�LQ�RUGHU�WR�FUHDWH�K\GURJHO�FDQ�EH�DFKLHYHG�ZLWK�UDGLDWLRQ RI�OLQHDU�SRO\PHUV�ZLWK�JDPPD�UD\V��&URVV�
OLQNLQJ�FRPHV�XQGHU�FRQVLGHUDWLRQ�WKURXJK�UHDFWLRQ�EHWZHHQ�QHLJKERULQJ�FKDLQV�ZLWK�WKH�KHOS�RI�DFWLRQ�RI�JDPPD�
UD\V��3RO\DFU\ODPLGHV��SRO\DFU\ODWHV�DQG�SRO\YLQ\O�DOFRKRO�DUH�VRPH�RI�K\GURSKLOLF�SRO\PHUV�ZKLFK�FDQ�EH�FURVV�
OLQNHG�ZLWK�JDPPD�UDGLDWLRQ�>���@�

&URVV�OLQNHG�SRO\PHUV�DUH�JHQHUDOO\�FKHPLFDOO\�SUHSDUHG�IURP�$$P��0$$P�DQG�+(0$�PRQRPHUV�LQ�WKH�
SUHVHQFH�RI�ZDWHU��,W�LV�DOVR�ZHOO�NQRZQ�WKDW�LRQL]LQJ�UDGLDWLRQ�WKDW�LQGXFHV�VLPXOWDQHRXV�SRO\PHUL]DWLRQ�DQG�FURVV�
OLQNLQJ�KDV�VRPH�DGYDQWDJHV�RYHU�FKHPLFDO�FURVV�OLQNLQJ�DQG�LW�LV�ZLGHO\�XVHG�LQ�UHFHQW�\HDUV�IRU�WKH�V\QWKHVLV�RI�
YDULRXV�K\GURJHOV� IRU�ELRPHGLFDO� DQG�RWKHU�DSSOLFDWLRQV��7KH�EDVLF�SDUDPHWHU� WKDW�GHVFULEHV� WKH� VWUXFWXUH�RI�D�
K\GURJHO�QHWZRUN�LV�WKH�DYHUDJH�PROHFXODU�ZHLJKW�EHWZHHQ�FURVV�OLQNV�RU�FURVV�OLQN�GHQVLW\�RI�WKH�QHWZRUN�DQG�
HODVWLF�PRGXOXV�*��6HYHUDO�WKHRULHV�KDYH�EHHQ�SURSRVHG�WR�FDOFXODWH�WKH�DYHUDJH�PROHFXODU�ZHLJKW�EHWZHHQ�FURVV�
OLQNV��,Q�WKH�KLJKO\�VZROOHQ�VWDWH��WKH�FRQVWUDLQHG�MXQFWLRQ�WKHRU\�LQGLFDWHV�WKDW�D�UHDO�QHWZRUN�H[KLELWV�SURSHUWLHV�
FORVHU�WR�WKRVH�RI�WKH�SKDQWRP�QHWZRUN�PRGHO��7KH�IROORZLQJ�HTXDWLRQ�GHULYHG�IURP�WKH�SKDQWRP�QHWZRUN�PRGHO�
KDV�EHHQ�XVHG�IRU�QRQLRQLF�SRO\PHULF�QHWZRUNV�NQRZQ�DV�)ORU\±5HKQHU�HTXDWLRQ�>���@�
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Q � SRO\PHU�VSHFLILF�YROXPH��Q �P ± SRO\PHU�YROXPH�IUDFWLRQ�RI�FURVV�OLQNHG�SRO\PHU�DW�VZHOOLQJ�HTXLOLEULXP��Q
�U ± SRO\PHU�YROXPH�IUDFWLRQ�LQ�UHOD[HG�VWDWH��9� ± PRODU�YROXPH�RI�WKH�VZHOOLQJ�DJHQW��ZDWHU��� I � QXPEHU�RI�

EUDQFKHV�RULJLQDWLQJ�IURP�WKH�FURVV�OLQNLQJ�VLWHV�
7KH�VKHDU�PRGXOXV�YDOXHV�ZHUH�FDOFXODWHG�IURP�WKH�HTXDWLRQ������ZKHUH I LV�WKH�IRUFH�DFWLQJ�SHU�XQLW�FURVV�

VHFWLRQDO�DUHD�RI�WKH�JHO�VSHFLPHQW��DQG O LV�WKH�GHIRUPDWLRQ�UDWLR�

��� ��OO*I  � ���

:KHQ�WKH�HTXDWLRQ�����LV�DSSOLHG�WR�WKH�LQLWLDO�VWDJHV�RI�GHIRUPDWLRQ��SORWV�RI�I YHUVXV�O�O��� \LHOG�VWUDLJKW�OLQHV�
�)LJ������7KH�* YDOXHV�RI�WKH�JHOV�ZHUH�FDOFXODWHG�IURP�WKH�VORSH�RI�OLQHV�DQG�DUH�OLVWHG�LQ�7DEOH����* LV�LQ�FRQQHFWLRQ�
WR�RWKHU�SDUDPHWHUV�LQ�WKH�HTXDWLRQ�����>�@�
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ZKHUH�$�LV�D�SUHIDFWRU�DQG�HTXDOV���IRU�DQ�LQILQLWH�QHWZRUN�DQG������I ��IRU�D�SKDQWRP�QHWZRUN�� U LV�SRO\PHU�

GHQVLW\�� %\� XVLQJ� * YDOXHV� DQG� RWKHU� UHOHYDQW� H[SHULPHQWDO� SDUDPHWHUV�� F0 KDV� EHHQ� FDOFXODWHG� IURP� WKH�

PHFKDQLFDO�DQDO\VLV�DFFRUGLQJ�WR�HTXDWLRQ������QH ZDV�FDOFXODWHG�IURP�WKH�FRUUHVSRQGLQJ�UHODWLRQ��QH  �U� F0 �>��@��
,Q� WKLV� VWXG\�� ZH� FRPSDUHG� VZHOOLQJ� DQG� PHFKDQLFDO� DQDO\VHV� IRU� WKH� GHWHUPLQDWLRQ� RI� FURVV�OLQN� GHQVLW\� RI�
K\GURJHOV�SUHSDUHG�E\�LRQL]LQJ�UDGLDWLRQ�ZLWK�UHODWLYHO\�ORZ�GHJUHH�RI�VZHOOLQJ�DQG�GHWHUPLQHG�WKH�FRUUHODWLRQ�
EHWZHHQ�WKHVH�YDOXHV�DQG�KDUGQHVV�REWDLQHG�E\�WKH�9LFNHUV�PHWKRG�

���([SHULPHQWDO

,Q� WKLV� UHVHDUFK� WKUHH� FRPSRQHQWV� ZHUH� XVHG� LQ� WKH� SUHSDUDWLRQ� RI� DFU\ODPLGH�PHWKDFU\ODPLGH�
3�$$P�0$$P�ZDWHU��K\GURJHOV��QDPHO\�DFU\ODPLGH�DQG�PHWKDFU\ODPLGH�DV�D�PRQRPHUV�DQG�ZDWHU�DV�GLVSHUVLQJ�
PHGLXP�� 7KUHH� FRPSRQHQWV� DUH� XVHG� LQ� WKH� SUHSDUDWLRQ� RI� DFU\ODPLGH���K\GUR[\HWK\O� PHWKDFU\ODWH�
3�$$P�+(0$�ZDWHU��K\GURJHOV��QDPHO\�DFU\ODPLGH�DQG���K\GUR[\HWK\O�PHWKDFU\ODWH�DV�PRQRPHUV�DQG�ZDWHU�
DV�GLVSHUVLQJ�PHGLXP��7KH�PDVV�YROXPH�SURSRUWLRQ�RI�WKH�PRQRPHUV�LQ�WKH�LQLWLDO�PL[WXUHV�LV�VXPPDUL]HG�LQ�WKH�
7DEOH���

7KH�$$P�0$$P�ZDWHU�DQG�$$P�+(0$�ZDWHU�VROXWLRQV�ZHUH�SODFHG�LQ�39&�VWUDZV�RI���PP�GLDPHWHU�DQG�
LUUDGLDWHG� DW� ��� N*\� DQG� ���� N*\� GRVHV�� UHVSHFWLYHO\� 7KH\� KDYH� EHHQ� GHWHUPLQHG� WR� EH� PLQLPXP� GRVHV�
FRUUHVSRQGLQJ�WR�FRPSOHWH�FRQYHUVLRQ��)UHVK�K\GURJHOV�REWDLQHG�LQ�ORQJ�F\OLQGULFDO�VKDSHV�ZHUH�FXW�LQWR�SLHFHV�
�±��PP�LQ�OHQJWK��8QUHDFWHG�PRQRPHU�DQG�XQFURVVOLQNHG�SRO\PHUV�ZHUH�UHPRYHG�E\�ZDVKLQJ�WKH�JHOV�IRU�WZR�
GD\V�LQ�GLVWLOOHG�ZDWHU��7KH\�ZHUH�GULHG�LQ�YDFXXP�RYHQ�LQ����.��:DVKHG�DQG�GULHG�K\GURJHOV�ZHUH�OHIW�WR�VZHOO�
LQ�GLVWLOOHG�ZDWHU�DW�D�URRP�WHPSHUDWXUH�WR�GHWHUPLQH�WKH�SDUDPHWHUV�RI�VZHOOLQJ��6ZROOHQ�JHOV�UHPRYHG�IURP�WKH�
ZDWHU�EDWK�DW�UHJXODU�LQWHUYDOV�ZHUH�GULHG�VXSHUILFLDOO\�ZLWK�ILOWHU�SDSHU��ZHLJKHG�DQG�LPPHGLDWHO\�SODFHG�LQ�WKH�
VDPH�EDWK�VWLOO�LQ�HTXLOLEULXP�VZHOOLQJ�VWDWH��(ODVWLF�SURSHUWLHV�DQG�VKHDU�PRGXOXV�RI�K\GURJHOV�ZHUH�GHWHUPLQHG�
E\�XVLQJ�D�=ZLFN�=����PRGHO�8QLYHUVDO�7HVWLQJ�,QVWUXPHQW DQG�XQLD[LDO�FRPSUHVVLRQ�PRGXOH��7KH�FURVVKHDG�
VSHHG�ZDV���PP�PLQ��+DUGQHVV�PHDVXUHPHQWV�DFFRUGLQJ�WR�WKH�9LFNHUV�PHWKRG�>��@�ZHUH�FDUULHG�RXW�E\�XVLQJ�D�
VHPL�DXWRPDWLF� 6,200�+9�����'7�PRGHO� KDUGQHVV� WHVWHU�� )RU� HDFK� VSHFLPHQ�� D� VPDOO� ORDG� RI� ��� J� DQG� D�
GZHOOLQJ�WLPH�RI����V�ZHUH�XVHG��7R�HVWLPDWH�WKH�KDUGQHVV��WKUHH�WR�ILYH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DQG�WKH�
UHVXOWV�ZHUH�WKHQ�DYHUDJHG��
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7DEOH����0DVV�FRPSRVLWLRQ�RI�PRQRPHUV�LQ�WKH�IHHG�VROXWLRQV�DQG�FRUUHVSRQGLQJ�DEEUHYLDWLRQV�XVHG�IRU�WKH�
K\GURJHOV

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
*HO�FRGH��������������������������������������������������������������������������������0DVV�RI�PRQRPHUV�DQG�ZDWHU

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
$$P��J��������������0$$P��J��������+(0$��PO������:DWHU��PO��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
����$$P����0$$P ����� ������ � �
���$$P���0$$P ���� ���� � �
����$$P����0$$P� ����� ����� � �
�$$P���+(0$ � � ���� �
�$$P�+(0$� � � �� �
�$$P���+(0$ � � ���� �
�$$P�+(0$ � � �� �
�$$P���+(0$ � � ���� �

���5HVXOW�DQG�GLVFXVVLRQV

)RU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�QHWZRUN�VWUXFWXUH�DQG�GHWHUPLQDWLRQ�RI�HIIHFWLYH�FURVV�OLQN�GHQVLW\�RI�SUHSDUHG�
K\GURJHOV� WKHLU� VZHOOLQJ� EHKDYLRU� DW� S+� �� ZDV� ILUVW� LQYHVWLJDWHG�� 7KH� SHUFHQWDJH� VZHOOLQJ� RI� K\GURJHOV� ZDV
FDOFXODWHG�E\�WKH�IROORZLQJ�HTXDWLRQ�

6��P� >�PW � PR��PR@������� ���

ZKHUH�PW�DQG�PR DUH�WKH�ZHLJKWV�RI�WKH�VZROOHQ�DQG�GU\�JHOV�UHVSHFWLYHO\��7KH�FRHIILFLHQW�RI�VZHOOLQJ�NLQHWLFV�NV��
HTXLOLEULXP� VZHOOLQJ� GHJUHH� 6HT�� WKH� FRHIILFLHQW� RI� ZDWHU� VRUSWLRQ� UDWH� N�� WKH� GLIIXVLRQ� H[SRQHQW Q�� DQG� WKH�
FRHIILFLHQW�RI�ZDWHU�GLIIXVLRQ�LQ�WKH�K\GURJHO�DW�VRUSWLRQ�'�IRU�$$P�0$$P�K\GURJHOV�DUH�GHWHUPLQHG�DQG�OLVWHG�
LQ�7DEOH����7KH���HTXLOLEULXP�VZHOOLQJ�YDOXHV�RI�DOO�SUHSDUHG�$$P�0$$P�K\GURJHOV�DW�FRUUHVSRQGLQJ�GRVHV�RI�
���N*\�ZHUH�FROOHFWHG�LQ�7DEOH����$V�FDQ�EH�VHHQ�IURP�WKH�WDEOH��WKH�HTXLOLEULXP�VZHOOLQJ�GHJUHH�FDQ�EH�FRQWUROOHG�
E\� FKDQJLQJ� WKH� DPRXQW� RI� WKH� XVHG� PRQRPHUV� $$P� DQG�0$$P� IURP� ����� WR� ������ LQWR� $$P�0$$P�
FRPSRVLWLRQV�DQG�FKDQJLQJ�WKH�PRQRPHU�+(0$� QDPHO\�IURP������WR������E\�FKDQJLQJ�WKH�DPRXQW�RI�+(0$�
IURP�����PO�WR�����PO�LQWR�$$P�+(0$�FRPSRVLWLRQV���7DEOH���7KH�HTXLOLEULXP�YDOXH�RI�VZHOOLQJ�ZDV�XVHG�WR�
FDOFXODWH�WKH�YROXPH�IUDFWLRQ�RI�SRO\PHU��Q�P��E\�XVLQJ�(T������JLYHQ�EHORZ�ZKHUH�U DQG�UZ DUH WKH�GHQVLWLHV�RI�
GU\�JHO�DQG�ZDWHU��Z�LV�WKH�ZHLJKW�IUDFWLRQ�RI�SRO\PHU�LQ�VZROOHQ�JHO��

��Q�P ���U�UP���Z������ ���
)RU� WKH� LQYHVWLJDWLRQ� RI� WKH� PHFKDQLFDO� SURSHUWLHV� RI� $$P�0$$P� DQG� $$P�+(0$� SRO\PHUV�� WKH�

PHFKDQLFDO�WHVW�ZHUH�PDGH��7KH�VWUHVV�VWUDLQ�FXUYHV�REWDLQHG�IRU�$$P�0$$P�SRO\PHUV�DUH�VKRZQ�LQ�)LJXUH���
ZKHUHDV��O�O�� YHUVXV�VWUHVV�FXUYHV�RI�$$P�0$$P�K\GURJHOV�DUH�VKRZQ�LQ�)LJXUH����+HUH��Ȝ�LV�WKH�GHIRUPDWLRQ�
UDWLR�DQG�HTXDO�WR�/�/R��/R DQG�/ DUH�WKH�OHQJWKV�RI�WKH�XQGHIRUPHG�DQG�GHIRUPHG�K\GURJHOV�GXULQJ�FRPSUHVVLRQ��
UHVSHFWLYHO\��

7DEOH����+\GURJHO�QDPHV��WKH�FRHIILFLHQW�RI�VZHOOLQJ�NLQHWLFV�NV��HTXLOLEULXP�VZHOOLQJ�GHJUHH�6HT��WKH�FRHIILFLHQW�
RI�ZDWHU�VRUSWLRQ�UDWH�N��WKH�GLIIXVLRQDO�H[SRQHQW�Q��DQG�WKH�FRHIILFLHQW�RI�ZDWHU�GLIIXVLRQ�LQ WKH�

K\IURJHO�DW�VRUSWLRQ�'�

*HO�QDPH
NV 6HT N [���� Q

'�[�����

FP��V
����$$P����0$$P ������ ���� ��� ���� ����

���$$P���0$$P ����� ���� ���� ���� �����

����$DP����0$$P�� ����� ���� ���� ���� ���

7DEOH����7KH�VZHOOLQJ�DQG�PHFKDQLFDO�SDUDPHWHUV�RI�$$P�0$$P�K\GURJHOV��)ORU\�SRO\PHU�LQWHUDFWLRQ�

SDUDPHWHUV�FV���FP��DYHUDJH�PROHFXODU�ZHLJKW�EHWZHHQ�K\GURJHO�MXQFWLRQ�]RQHV� F0 �V�� F0 �P���
HIIHFWLYH�FURVVOLQN�GHQVLW\�QH�V���QH�P���DOO�REWDLQHG�IURP�WKH�VZHOOLQJ�DQG�PHFKDQLFDO�DQDO\VLV��VKHDU�

PRGXOXV�YDOXHV�* DQG�KDUGQHVV�YDOXHV�
6DPSOH

6��� FV F0 �V� F0 �P� FP QH�V� QH�P� FV�� FP
*�
N3D

+DUG
QHVV

����$$P����0$$P ��� ������ ����� ����� ������ ����(��� ����(��� ������ ���� ������
���$$P���0$$P ��� ������ ������ ����� ������ ����(��� ����(��� ������ ���� �����
����$DP����0$$P�� ���� ������ ������ ����� ������ ����(��� ����(��� ������ ���� �����
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7DEOH����7KH�VZHOOLQJ�DQG�PHFKDQLFDO�SDUDPHWHUV�RI�$$P�+(0$�K\GURJHOV��)ORU\�SRO\PHU�LQWHUDFWLRQ�

SDUDPHWHUV�FV���FP��DYHUDJH�PROHFXODU�ZHLJKW�EHWZHHQ�K\GURJHO�MXQFWLRQ�]RQHV� F0 �V�� F0 �P���
HIIHFWLYH�FURVVOLQN�GHQVLW\�QH�V���QH�P���DOO�REWDLQHG�IURP�WKH�VZHOOLQJ�DQG�PHFKDQLFDO�DQDO\VLV��VKHDU�

PRGXOXV�YDOXHV�* DQG�KDUGQHVV�YDOXHV�

7KH�YDOXHV�RI� F0 DQG�QH RI�UDGLDWLRQ�V\QWKHVL]HG�$$P�0$$P�DQG�$$P�+(0$�K\GURJHOV�FDOFXODWHG�IURP�WKH�
PHFKDQLFDO�SURSHUWLHV�DUH�GLIIHUHQW�IURP�WKRVH�REWDLQHG�E\�XVLQJ�VZHOOLQJ�H[SHULPHQWV��7DEOH���DQG�7DEOH�����7KH�
UHVXOWV�IURP�WKH�VZHOOLQJ�DQDO\VLV�DUH�EULHIO\�SUHVHQWHG�RQ�)LJ���IRU�$$P�0$$P�SRO\PHUV�WKURXJK�WKH�VZHOOLQJ�
GHJUHH�GHSHQGHQFH�RQ�WKH�WLPH�RI�VZHOOLQJ��9DOXHV�RI� F0 FDOFXODWHG�IURP�PHFKDQLFDO�WHVWV�ZHUH�IRXQG�WR�EH�TXLWH�
GLIIHUHQW�IURP�WKRVH�REWDLQHG�E\�XVLQJ�VZHOOLQJ�H[SHULPHQWV��/DUJH�GLIIHUHQFH�ZDV�DWWULEXWHG�WR�WKH�XQFHUWDLQW\�RQ�
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