
,-35�9RO�����1R��� $QRPDORXV EHKDYLRU�LQ�WKH�OLJKW�YDULDWLRQV�RI�5=�&DV �

,UDQLDQ -RXUQDO�RI�3K\VLFV�5HVHDUFK��9RO�� ���1R���������

$QRPDORXV�EHKDYLRU�LQ�WKH�OLJKW�YDULDWLRQV�RI�5=�&DV

1�5LD]L���0�5�%DJKHUL� DQG�$�'MDQDE]DGHK�
�� 3K\VLFV�'HSDUWPHQW�DQG�%LUXQL�2EVHUYDWRU\��6KLUD]�8QLYHUVLW\��6KLUD]��,UDQ
�� 'HSDUWPHQW�RI�3K\VLFV��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\��,VIDKDQ��,UDQ

�� 7DUELDW�0RGDUUHV�8QLYHUVLW\��7HKUDQ��,UDQ

�5HFHLYHG��� $SULO�������LQ�ILQDO�IRUP��� 6HSWHPEHU������

$EVWUDFW
8%9� OLJKW� FXUYHV� WRJHWKHU� ZLWK� FRORU FXUYHV� RI� WKH�VHPL�GHWDFKHG�HFOLSVLQJ�ELQDU\�5=�&DV�DUH�SUHVHQWHG��7KH�OLJKW
FXUYHV� DUH� DQDO\]HG� DQG� WKH� VSHFWURVFRSLF� HOHPHQWV� DQG�WKH�+LSSDUFRV�LQIRUPDWLRQ�DUH�XVHG�WR�FRPSXWH�WKH�DEVROXWH
SDUDPHWHUV� RI� WKH� V\VWHP�� 7KH� OLJKW� FXUYH�DQRPDOLHV�DQG�RFFDVLRQDO�IODW�PLQLPD�DUH�GLVFXVVHG��%DVHG�RQ�WKH�H[LVWLQJ
HYLGHQFH��D�VWUDLJKWIRUZDUG�H[SODQDWLRQ�IRU�WKH�SULPDU\�PLQLPXP�DQRPDOLHV�LV�SUHVHQWHG�
.H\ZRUGV��(FOLSVLQJ�ELQDULHV��SKRWRHFWULF SKRWRPHWU\

�
�� ,QWURGXFWLRQ
5=� &DVVLRSHLDH� LV� D� W\SLFDO� VHPL�GHWDFKHG� HFOLSVLQJ
ELQDU\� ZKLFK KDV� EHHQ� REVHUYHG� IRU�RYHU�RQH�KXQGUHG
\HDUV�� $FFRUGLQJ�WR�WKH�+LSSDUFRV PDLQ�FDWDORJXH��LW�KDV
D� YLVXDO� PDJQLWXGH� RI�������DQG�D�%�9�FRORU�RI������ LQ
WKH� -RKQVRQ� V\VWHP�� 7KH� WULJRQRPHWULF� SDUDOOD[� LV
LQGLFDWHG� WR� EH� �����r���� PLOOL�DUF� VHFRQGV�� 7KLV
SDUDOOD[� LPSOLHV� D� GLVWDQFH� RI� ��r� SDUVHFV� IRU� WKH
V\VWHP�� :LWK� VXFK�D�UHODWLYHO\�VPDOO�GLVWDQFH�ZH�H[SHFW
D� QHJOLJLEOH� LQWHUVWHOODU� UHGGHQLQJ� DOWKRXJK� WKH� VWDU�LV
YHU\�QHDU�WR�WKH�JDODFWLF�SODQH�

0DQ\� SKRWRHOHFWULF� REVHUYDWLRQV�RI�WKLV�V\VWHP�KDYH
EHHQ� PDGH� E\� YDULRXV� REVHUYHUV�� LQFOXGLQJ�&KDPEOLVV
>�@� DQG� 5LD]L� HW� DO�� >�@�� 6SHFWURVFRSLF� VWXGLHV� RI� WKH
V\VWHP� KDYH�EHHQ�GRQH�E\�+RUDN�>�@�DQG�'XHUEHFN�HW�DO�
>�@� DQG� PRUH� UHFHQWO\� E\�0D[WHG�HW�DO��>�@��$PRQJ�WKH
VROXWLRQV�REWDLQHG��WKRVH RI�&KDPEOLVV >�@�DQG�0D[WHG�HW
DO�� >�@� DUH� SUREDEO\� WKH�PRVW�UHOLDEOH�RQHV��0D[WHG�DQG
FROODERUDWRUV� KDYH� VROYHG� WKH� 8%9� OLJKW� FXUYHV� RI
&KDPEOLVV YLD� IUHTXHQF\�GRPDLQ�PHWKRG�DQG�FRPELQHG
WKH� UHVXOWV� ZLWK� WKHLU� VSHFWURVFRSLF� GDWD� WR� REWDLQ�WKH

DEVROXWH� SDUDPHWHUV� RI� WKH� V\VWHP� >�@�� 7KHVH� DXWKRUV
VXJJHVWHG�VSHFWUDO�W\SHV�RI�$�9	.2,,,�DQG�D�PDVV�UDWLR
RI������ IRU�WKH�V\VWHP�

2EVHUYDWLRQV� DQG� VWXGLHV� LQ� VRPH�RWKHU�SDUWV�RI�WKH
VSHFWUXP� KDYH� EHHQ� PDGH� LQ� DGGLWLRQ�WR�WKH�HQRUPRXV
RSWLFDO� REVHUYDWLRQV�� 7KHVH� LQFOXGH� WKH� UDGLR
REVHUYDWLRQV� E\� 6FKPLWW HW� DO�� >�@� DQG� WKH� ;�UD\
REVHUYDWLRQV�E\�'UDNH�HW�DO�

7KH� SHULRG�YDULDELOLW\�RI�5=�&DV�KDV�EHHQ�NQRZQ�IRU
D� ORQJ� WLPH��6YHFKQLORY DQG�FROODERUDWRUV�KDG�PHDVXUHG
SKRWRJUDSKLF� WLPHV�RI�PLQLPD�RI�WKLV�V\VWHP�IRU�RYHU���
\HDUV� DIWHU� ������(QRUPRXV�QXPEHU�RI�SKRWRHOHFWULFDOO\
PHDVXUHG� WLPHV�RI�PLQLPD�DUH�DOVR�DYDLODEOH��ZKLFK�DV�D
ZKROH� KDYH� OHG� WR� D�ULFK�2�&�GLDJUDP�FRQWDLQLQJ�PRUH
WKDQ� ���� LQGLYLGXDO� SRLQWV��7KLV�GLDJUDP�FDQ�EH�IRXQG
LQ� +HJHGXV HW�DO��>�@��7KH\�KDYH�GRQH�D�)RXULHU�DQDO\VLV
RQ� WKH� 2�&� GLDJUDP� DQG� FODLPHG� WKDW� WKHUH�H[LVW�IRXU
SHULRGLF� FRPSRQHQWV�LQGLFDWLQJ�DQ�DSVLGDO PRWLRQ�GXH�WR
D� WKLUG� FRPSRQHQW�� 0D[WHG� HW� DO�� >�@� DOVR� LQWURGXFHG
IXUWKHU� HYLGHQFH� IRU�WKH�H[LVWHQFH�RI�D�WKLUG�FRPSRQHQW�
2Q� WKH� RWKHU�KDQG��+DOO�HW�DO��>�@�SURSHUO\�GHVFULEHG�WKH
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2�&� GLDJUDP� RI�WKH�5=�&DV�DFFRUGLQJ�WR�WKH�%LHUPDQQ�
+DOO� PRGHO��7KH�SHULRG�YDULDWLRQV�LQ�WKLV�PRGHO�UHVXOWLQJ
IURP� DEUXSW� PDVV�WUDQVIHU�DUH�UHODWHG�WR�WKH�H[FKDQJH�RI
RUELWDO�DQG�WKH�URWDWLRQDO�DQJXODU�PRPHQWXP�

%HVLGH� WKH�DOWHUQDWH�SHULRG�FKDQJHV��5=�&DV�KDV�EHHQ
LQWHUHVWLQJ� IRU� LW¶V� OLJKW� FXUYH� DQRPDOLHV� SDUWLFXODUO\
GXULQJ� WKH� SULPDU\�PLQLPXP��7KH�HFOLSVHV�DUH�QRUPDOO\
SDUWLDO�� 7KH� V\VWHP� SDUDPHWHUV� DOVR� FRQILUP� WKLV�
+RZHYHU�� IODW� PLQLPD XS�WR��� PLQXWHV��LQ�$UJDQEULJKW
HW� DO�� >�@�� KDYH� EHHQ� UHSRUWHG�HYHU\�QRZ�DQG�WKHQ��7KH
DQRPDO\� VRPHWLPHV� DSSHDUV� DV�D�VOLJKW�SHDN�MXVW�EHIRUH
RU� DIWHU� WKH� ]HUR� SKDVH��SURGXFLQJ�DQ�DV\PPHWULFDO�:�
VKDSH� PLQLPXP�DV�LQ�WKH�REVHUYDWLRQV�RI�5LD]L�HW�DO��>�@�
7KLV� SUREOHP� ZDV�ILQDOO\�UHVROYHG�DIWHU�WKH�GLVFRYHU\�RI
WKH� G�6FXWL�RVFLOODWLRQV�LQ�WKH�KRW�FRPSRQHQW�>��@��$V�ZH
VKDOO� VHH� LQ� WKLV� SDSHU�� LW� FDQ�QRZ�EH�DGPLWWHG�WKDW�WKH
IODW� DQG� :�VKDSH� PLQLPD� DUH� GXH� WR� WKH� VDPH�HIIHFW�
VXSHUSRVLWLRQ� RI� WKH� KRW� FRPSRQHQW� SXOVDWLRQ� ZLWK
HFOLSVH� OLJKW� YDULDWLRQV�GHSHQGLQJ�RQ�WKH�UHODWLYH�SKDVHV
RI� WKH� RVFLOODWLRQV� DQG� WKH� HFOLSVHV�� 2VFLOODWLRQV�RFFXU
ZLWK� D� SHULRG� RI� DERXW� �� PLQXWHV� DQG�D�SHDN�WR�SHDN
DPSOLWXGH�RI�DERXW����� PDJ�

,Q� WKLV� SDSHU�� ZH� SUHVHQW� 8%9� ZLGH� EDQG
REVHUYDWLRQV� RI� WKH� 5=� &DV� VKRZLQJ�PRUH�FRQFHUQ�IRU
WKH� SULPDU\� PLQLPXP�� 7KHQ�� ZH� SUHVHQW� D� :LOOVRQ�
'HYLQQH\��:'��VROXWLRQ�WR�RXU�OLJKW�FXUYHV�DQG�FRPSXWH
WKH� DEVROXWH� SDUDPHWHUV� RI� WKH� V\VWHP� E\� XVLQJ� WKH
VSHFWURVFRSLF� HOHPHQWV� RI� 0D[WHG� HW� DO�� >�@�� :H�DOVR
SUHVHQW� D� VLPSOH� PRGHO� IRU�WKH�HIIHFW�RI�RVFLOODWLRQV�RQ
WKH�VKDSH�RI�WKH�SULPDU\�PLQLPD�

�� 2EVHUYDWLRQV�DQG�SUHOLPLQDU\�LPSOLFDWLRQV
$� GLIIHUHQWLDO� SKRWRPHWU\� ZDV� FDUULHG� RXW� GXULQJ
2FWREHU� DQG� 1RYHPEHU� ���� ZLWK� %'������ DQG
%'������ DV� WKH� FRPSDULVRQ� DQG� FKHFN� VWDUV
UHVSHFWLYHO\�� 2EVHUYDWLRQV� ZHUH� PDGH� ZLWK� WKH� �� FP
FDVVHJUDLQLDQ� UHIOHFWRU� DW�%LUXQL�2EVHUYDWRU\��ORQJLWXGH
�����(�DQG�ODWLWXGH��������$Q�5&$���� SKRWRPXOWLSOLHU
WXEH� RSHUDWLQJ� DW� ���� YROWV� ZDV� XVHG�� 7KH� RXWSXW
FXUUHQW� ZDV� DPSOLILHG� DQG� IHG� LQWR� D� 3&� YLD� DQ�$�'
FRQYHUWHU�� $� VHW� RI� 8%9� ILOWHUV� ZHUH� XVHG� ZLWK�SHDN
ZDYHOHQJWKV� �ZLGWKV�� RI� ����

$

$ ����
$

$ ��� ����
$

$
����

$

$ ��� DQG� ����
$

$ ����
$

$ �� UHVSHFWLYHO\�� 7KH
DWPRVSKHULF� FRUUHFWLRQV� ZHUH� PDGH� XVLQJ� VWDQGDUG
URXWLQHV�� $� VKLIW� LQ� WKH� SKDVH�RI�WKH�SULPDU\�PLQLPXP
ZLWK� UHVSHFW� WR� WKH� DGRSWHG�HSKHPHULV�ZDV�REWDLQHG�E\

ILWWLQJ� WKH�SDUDERODV�WR�WKH�REVHUYHG�PLQLPD��7KH�UHVXOWV
SUHVHQWHG� LQ� 7DEOH� � VKRZ� WKDW� WKH� 2�&� YDOXHV� DUH
FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV�PDGH�E\�1DUXVDZD�HW�DO�
DW� DOPRVW� WKH� VDPH�WLPH�>��@��7KH�FRUUHVSRQGLQJ�F\FOHV
DQG� 2�&� YDOXHV� DUH� FDOFXODWHG� DFFRUGLQJ� WR� WKH
HSKHPHULV������������������������

:H� REWDLQHG� PRUH� WKDQ� ��� LQGLYLGXDO� SRLQWV� IRU
HDFK� ILOWHU� DQG� WKHQ� UHGXFHG� WKHP�WR�DERXW���� QRUPDO
SRLQWV�� )LJXUH� � VKRZV� WKH� FRUUHFWHG�OLJKW�FXUYHV��7KH
SUREDEOH�HUURU�LQ�WKH�REVHUYHG�PDJQLWXGHV�LV�HVWLPDWHG�WR
EH� DERXW� �P��� IRU� WKH� 9�EDQG� REVHUYDWLRQV��7KH�%�9
FRORU� FXUYH� LV� DOVR� VKRZQ� LQ� )LJXUH� ��� 7KH�REVHUYHG
SULPDU\� PLQLPD� FRYHUHG� LQ� ILYH� QLJKWV� DUH� VKRZQ� LQ
)LJXUH� � RQ�D�ODUJHU�VFDOH��LQ�RUGHU�WR�PDJQLI\�WKH�GHWDLOV
RI� WKH� OLJKW� YDULDWLRQV�GXULQJ�WKH�SULPDU\�HFOLSVH��7KHUH
LV� DSSDUHQWO\�QR�IODW�ERWWRP��DQG�WKH�FXUYHV�DUH�UHODWLYHO\
VPRRWK� DQG� DOPRVW�V\PPHWULFDO�ZLWK�UHVSHFW�WR�WKH�]HUR
SKDVH�

,Q� RUGHU� WR� PRQLWRU� WKH�OLJKW�FXUYH�EHKDYLRU�DURXQG
WKH� PLQLPXP� OLJKW�� ZH� FDUULHG� RXW� D� IHZ� FRQWLQXRXV
SKRWRPHWULHV� HDFK�IRU�DOPRVW�RQH�KRXU��7KH�EHVW�DWWHPSW
LV� SUHVHQWHG� LQ� )LJXUH� � ZKLFK� VKRZV�LQWHQVLW\�YHUVXV
WLPH� IURP� ��K��� 87� WR���K��� 87�RQ�0DUFK����������
7KH� GDWD� FRQVLVWV� RI� DERXW� ����� VDPSOHV� UHFRUGHG
WKURXJK� WKH� 9�ILOWHU��7KH�DWPRVSKHULF�FRUUHFWLRQ�IRU�WKLV
SDUWLFXODU� REVHUYDWLRQ�ZDV�GRQH�E\�D�OLQHDU�FRUUHFWLRQ�RI
FRUUHVSRQGLQJ PDJQLWXGHV� LQ�VXFK�D�ZD\�DV�WR�PDNH�WKH
GHVFHQGLQJ� DQG� DVFHQGLQJ� EUDQFKHV� DV� V\PPHWULFDO�DV
SRVVLEOH� ZLWK� UHVSHFW� WR� WKH�]HUR�SKDVH��7KH�SXUSRVH�RI
WKLV� REVHUYDWLRQ� ZDV� WR� VHDUFK� IRU� IODWQHVV� RU�XQXVXDO
IOXFWXDWLRQV�DURXQG�WKH�SKDVH�]HUR��$�PLQRU�EXPS�FDQ EH
VHHQ� DIWHU� WKH�]HUR�SKDVH��,W�FDQ�EH�VHHQ�IURP�WKLV�ILJXUH
WKDW� WKHUH� LV� D� VOLJKW� LQFUHDVH� MXVW� EHIRUH�DQG�DIWHU�WKH
SULPDU\� PLQLPXP�ZLWK�D�WLPHVFDOH�RI�DERXW��� PLQXWHV�
7KLV� FXUYH� \LHOGV� D� PLQLPXP� WLPH� -'
������������r�������

�� $QDO\VLV
:H� XVHG� WKH� :' FRPSXWHU� SURJUDP� WR� DQDO\]H� WKH
REVHUYHG� OLJKW� FXUYHV�� 7KH� FRPSXWDWLRQDO� SURFHGXUH
EHJLQV� E\� IL[LQJ�YDOXHV�IRU�WKH�:�SRWHQWLDO�FRPSRQHQWV�
7KH� HTXDWLRQ� IRU� WKH� VXUIDFH�ILJXUHV�LV�WKHQ�FDOFXODWHG�
DQG� WKH� UDGLDWHG� IOX[� LV� FRPSXWHG� IRU� HDFK� VXUIDFH
HOHPHQW� ZLWK� WKH� GHVLUHG� DFFXUDF\�>��@��%\�LQWHJUDWLQJ
RYHU� WKH� REVHUYDEOH� SDUWV� RI� WKH� VWHOODU� GLVNV�WKH�WRWDO
OLJKW� RI�WKH�V\VWHP�LV�HVWLPDWHG��7KH�:�SRWHQWLDO�VWURQJO\
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7DEOH� ��� 2EVHUYHG� KHOLRFHQWULF� WLPHV� RI� WKH�PLQLPXP�OLJKW�
7KH� FRUUHVSRQGLQJ� F\FOHV� DQG� 2�&� YDOXHV� DUH� FDOFXODWHG
DFFRUGLQJ�WR�WKH�HSKHPHULV�����������������������

+-' &\FOH 2�& :HLJKW
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)LJXUH� �� 7KH� OLJKW� FXUYHV� RU� 5=� &DV� IRU� WKH� 8��%��DQG�9
ILOWHUV�

)LJXUH��� ([SDQGHG�SULPDU\�PLQLPXP�OLJKW�FXUYHV�

GHSHQGV RQ� WKH� PDVV� UDWLR� RI� WKH� V\VWHP� ¸̧¹
·

¨̈©
§  

�
�

P
PT �

8QIRUWXQDWHO\�� WKH� LQIRUPDWLRQ� IURP� OLJKW�FXUYHV�LV�QRW

XVXDOO\� VXIILFLHQW� WR� GHULYH DQ� DFFXUDWH� YDOXH� IRU� T�
6SHFWURVFRSLF� REVHUYDWLRQV�� RQ� WKH� FRQWUDU\�� OHDG� WR�D
PRUH� UHOLDEOH� DQG� UHODWLYHO\�DFFXUDWH�YDOXH�IRU�WKH�PDVV
UDWLR�� )RU� WKH� FDVH�RI�5=�&DV��D�PDVV�UDWLR�RI������ KDV
EHHQ� UHSRUWHG� IURP� D� UDGLDO� YHORFLW\� REVHUYDWLRQ� E\
0D[WHG� HW DO�� �������� 3UHYLRXVO\�� WKH� PDVV� UDWLR� ZDV
REWDLQHG����� >����@�XVLQJ�WKH�3ODYHF�WDEOHV�RI�WKH�5RFKH
PRGHO�� :H� UDQ� WKH� SURJUDP� IRU� WKHVH�WZR�PDVV�UDWLRV
DOWKRXJK� RQO\� WKH� VROXWLRQV� IRU� T ����� KDYH� EHHQ
SUHVHQWHG� LQ� WKLV� SDSHU�� $� VHW� RI� SDUDPHWHUV� LV
VXPPDUL]HG� LQ� 7DEOH����7KH�WHPSHUDWXUH�RI�WKH�SULPDU\
ZDV� IL[HG�DFFRUGLQJ�WR�WKH�VSHFWUDO�W\SH�$�9��EXW�IRU�WKH
VHFRQGDU\� ZH� OHW� LW�EH�DGMXVWDEOH��:H�UDQ�WKH�:'�FRGH
LQ� PRGH� � �VHPL�GHWDFKHG� V\VWHPV��� LQ� ZKLFK� WKH
WHPSHUDWXUH� DQG� OXPLQRVLW\� RI� WKH� VHFRQGDU\� DUH
FRXSOHG�� 7KHVH� ZHUH� FKRVHQ� DFFRUGLQJ� WR� WKH�H[LVWLQJ
UHIHUHQFHV� DQG� LQ� SDUWLFXODU� UHI�� ��� /LPE� GDUNHQLQJ
FRHIILFLHQWV� DQG�WKH�DOEHGR�RI�WKH�SULPDU\�ZHUH�DVVXPHG
WR� EH� WKH� VDPH� IRU� DOO� WKH�WKUHH�ILOWHUV��DQG�WKH�JUDYLW\
GDUNHQLQJ� FRHIILFLHQW� ZDV� DVVXPHG� WR� EH� XQLW\� �L�H�
REH\LQJ�WKH�YRQ�=HLSHO�ODZ���)RU�WKH�VHFRQGDU\¶V�DOEHGR�
KRZHYHU�� ZH� XVHG� WKH� DGRSWHG� YDOXHV�RI�0D[WHG HW�DO�
�������� ,Q� RUGHU� WR� REWDLQ�D�PRUH�UHDOLVWLF�PRGHO�RI�WKH
V\VWHP�� D�QRQV\QFKURQLF�URWDWLRQ�ZDV�FRQVLGHUHG�IRU�WKH
KRW� SULPDU\� FRPSRQHQW�� 7KH� URWDWLRQ� RI� WKH� SULPDU\
OHDGV� WR� LWV� IODWWHQLQJ�� ZKLFK��YLD�WKH�JUDYLW\�GDUNHQLQJ
DIIHFWV� WKH� VXUIDFH� OLJKW� GLVWULEXWLRQ�� :H� XVHG

����
RUE
URW  X

X IURP� ��LVLQURW  X NP� V�� LQ�DFFRUGDQFH

ZLWK� >��@��7KH�WHPSHUDWXUH�RI�WKH�SULPDU\ �7���LV�FKRVHQ
DFFRUGLQJ� WR� WKH� UHIHUHQFHV� DQG� WKH� UHSRUWHG� VSHFWUDO
W\SH�� $� FRPSDULVRQ�RI�WKH�REVHUYHG�DQG�FDOFXODWHG�OLJKW
FXUYHV�DUH�SUHVHQWHG�LQ�)LJXUH����8VLQJ�WKH�VSHFWURVFRSLF
HOHPHQWV� RI� 0D[WHG� HW� DO�� ZH� REWDLQHG� WKH� DEVROXWH
SDUDPHWHUV� RI� WKH� V\VWHP�� $� FRPSDULVRQ� EHWZHHQ� WKH
UHVXOWV� RI� 0D[WHG�HW�DO��DQG�WKRVH�RI�RXUV�LV�SUHVHQWHG�LQ
7DEOH� ��� ,W�FDQ�EH�HDVLO\�FRQFOXGHG�WKDW�WKH�SULPDU\�ILOOV
LWV� URFKH� OREH� ZKLOH� WKH� VHFRQGDU\� LV� ZHOO� ZLWKLQ� LWV
FULWLFDO�URFKH�OREH�

�� 6XPPDU\� DQG� GLVFXVVLRQ� RQ� WKH� OLJKW� FXUYH
DQRPDOLHV

5=� &DVVLRSHLDH� LV� DQ� LQWHUHVWLQJ� V\VWHP� IURP� PDQ\
DVSHFWV�� $OWKRXJK� PDQ\�RI�LWV�SURSHUWLHV�DUH�NQRZQ�WR�D
ODUJH� H[WHQW�� WKHUH� UHPDLQ� VRPH� VXEWOHWLHV� GHVHUYLQJ
IXUWKHU�VWXGLHV�

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
38

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-179-fa.html


� 1�5LD]L��0�5�%DJKHUL�DQG�$�'MDQDE]DGHK ,-35�9RO��� 1R���

7DEOH� �� 3K\VLFDO� SDUDPHWHUV� HVWLPDWHG�XVLQJ�WKH�:�'�FRGH�
1RWH�WKDW�WKH�YDOXHV�RI�7���[���[� DQG�$� DUH�QRW�YDULHG�
3DUDPHWHU 8 % 9
L
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)LJXUH� ��� 5DSLG� VDPSOLQJ� RI�WKH�SULPDU\�PLQLPXP��,W�FDQ�EH
VHHQ� WKDW� WKHUH� H[LVWV� DQ� LQFUHDVH� EHIRUH�WKH�PLQLPXP�DQG�D
GHFUHDVH� DIWHU� WKH PLQLPXP�� ZLWK� UHVSHFW� WR� D�SDUDEROLF�ILW�
7KLV� H[WUD� YDULDWLRQ�FDQ�EH�DWWULEXWHG�WR�D�SHULRGLF�PRGXODWLRQ
RI�D�SHULRG�a�� PLQ��7KH�KRUL]RQWDO�D[LV�LV�LQ�KRXUV�

)LJXUH����&RPSDULVRQ�RI�WKHRUHWLFDO�DQG�REVHUYHG�OLJKW�FXUYHV�

2XU� FDOFXODWHG�V\VWHP�SDUDPHWHUV�DUH�VKRZQ�LQ�7DEOH
���,W�FDQ�EH�VHHQ�IURP�WKLV�WDEOH�WKDW�RXU�FDOFXODWHG�UDGLXV
RI� WKH� VHFRQGDU\� FRPSRQHQW� LV�VOLJKWO\�JUHDWHU�WKDQ�WKH
UHVXOWV� RI� 0D[WHG� HW� DO��� ZKLOH�WKH�WZR�HVWLPDWHV�RI�WKH
SULPDU\�UDGLXV�DJUHH�ZLWKLQ�WKH�HUURU�HVWLPDWHV���2XU

7DEOH� ��� &DOFXODWHG� DEVROXWH� SDUDPHWHUV� RI� WKH� V\VWHP� DV
FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�0D[WHG�HW�DO����������5DGLL�DUH�WKH
DYHUDJH� YDOXHV�� 7KH� UHODWLYHO\� ODUJH� HUURU�LQ�WKH�UDGLXV�RI�WKH
VHFRQGDU\�LV�GXH�WR�LWV�ODUJHU�GHJUHH�RI�GLVWRUWLRQ�

3DUDPHWHU 3UHVHQW�VWXG\ 0D[WHG�HW�DO�
5�
5�
0X�
0X�
0ERO�
0ERO�

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

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

DEVROXWH� YLVXDO� PDJQLWXGHV� RI� WKH� WZR�FRPSRQHQWV�DUH
ODUJHU� WKDQ� WKRVH� REWDLQHG� E\� WKHVH� DXWKRUV�� 7KLV� LV
PDLQO\� GXH� WR� WKH� GLIIHUHQFH� EHWZHHQ� WKH� GLVWDQFHV
DVVXPHG� IRU� WKLV� VWDU�� 1RWH�WKDW�WKH�+LSSDUFRV�SDUDOOD[
XVHG� E\� XV� OHDGV� WR� D� GLVWDQFH� RI� �� SF�� ZKLFK�LV���
SDUVHFV� OHVV� WKDQ� WKDW� XVHG� E\� 0D[WHG� HW� DO�� :H� DUH
WKHUHIRUH�DVVXPLQJ�DQ�LQWULQVLFDOO\�IDLQWHU�V\VWHP�

8VLQJ� WKH� FDOFXODWHG� SDUDPHWHUV� ZH�FDQ�GLVSOD\�WKH
SRVLWLRQ� RI�WKH�WZR�FRPSRQHQWV�RQ�D�+5�GLDJUDP��)LJXUH
� VKRZV� WKH� DEVROXWH� YLVXDO� PDJQLWXGHV� YHUVXV
WHPSHUDWXUH� LQFOXGLQJ�WKH�LQVWDELOLW\�VWULS��7KH�QHFHVVDU\

)LJXUH� ��� +5� GLDJUDP� RI�QRUPDO�VWDUV�DQG�WKH�SRVLWLRQ�RI�WKH
SULPDU\�FRPSRQHQW�RI�5=�&DV��0�LV�WKH�PDVV�RI�WKH�VXQ�
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,-35�9RO�����1R��� $QRPDORXV EHKDYLRU�LQ�WKH�OLJKW�YDULDWLRQV�RI�5=�&DV �

)LJXUH����'LIIHUHQW�VKDSHV�RI�SULPDU\�PLQLPXP�EDVHG�RQ�WKH�VLPSOH�PRGHO�H[SODLQHG�LQ�WKH�SDSHU��,Q��D��WR��G��ZH�KDYH�OHW�WKH�UDGLXV
RI� WKH� SULPDU\� YDU\ VLQXVRLGDOO\�� ZKLOH� LWV� WHPSHUDWXUH� LV� NHSW� FRQVWDQW��,Q��H��WR��K��WKH�UDGLXV�LV�WDNHQ�WR�EH�FRQVWDQW��ZKLOH�WKH
WHPSHUDWXUH� LV� DVVXPHG� WR� YDU\� VLQXVRLGDOO\�� D LV� WKH� SKDVH� VKLIW� RI�WKH�SXOVDWLRQ�ZLWK�UHVSHFW�WR�WKH�RUELWDO�]HUR�SKDVH��,Q�WKHVH
ILJXUHV��Z LV�WKH�DQJXODU�IUHTXHQF\��DQG�5P DQG�7P DUH�WKH�DPSOLWXGHV�RI�WKH�UDGLXV�DQG�WHPSHUDWXUH�RVFLOODWLRQV��UHVSHFWLYHO\�

GDWD� IRU� FRPSLOLQJ� )LJXUH�� ZHUH�REWDLQHG�IURP�UHI�����
,W� LV� LPSRVVLEOH� WR� PDUN� WKH�H[DFW�HGJHV�RI�WKH�VWULS�E\
VKDUS�OLQHV�EHFDXVH�WKHVH�OLPLWV�DUH�GLIIHUHQW�DFFRUGLQJ�WR
GLIIHUHQW� FDOFXODWLRQV�� )XUWKHUPRUH��ZH�NQRZ�WKDW�WKH�G�
6FXWL� VWDUV� DUH� WKH� OHDVW� NQRZQ� V\VWHPV� DPRQJ� WKH
SXOVDWLQJ� VWDUV�� ,W� FDQ� EH� VHHQ� WKDW� WKH� SULPDU\
FRPSRQHQW�RI�5=�&DV�LV�ORFDWHG�DW�WKH�H[WUHPH�EOXH�HGJH
RI�WKH�LQVWDELOLW\�VWULS��)RU�VWDUV�LQ�WKLV�UHJLRQ�RVFLOODWLRQV
DUH� FDUULHG� RXW� LQ� WKH� RXWHU� OD\HUV� DQG� RQO\� WKH
IXQGDPHQWDO�DQG�WKH�ILUVW�RYHUWRQH�PRGHV�FDQ�EH�H[FLWHG�

7KH� GLVFRYHU\�RI�WKH�KRW�FRPSRQHQW�SXOVDWLRQV�PDGH
WKLV� V\VWHP� PRUH�IDYRULWH�DQG�LQWHUHVWLQJ >��@��)RU�D�IXOO
VWXG\� RQ� WKH� SXOVDWLRQV�� RQH� PXVW� DSSO\� WKH� VWDQGDUG
SURFHGXUH� RI� %DDGH� DQG� :HVVHOLQN�� ZKLFK� QHHGV
VLPXOWDQHRXV� XVH�RI�OLJKW�DQG�YHORFLW\�FXUYHV��+RZHYHU�
ZH� KDYH� H[DPLQHG� YDULRXV� VKDSHV� RI� WKH� SULPDU\
PLQLPXP� YLD�D�VLPSOH�PRGHO��,Q�WKLV�PRGHO��WKH�VWDUV�DUH
DVVXPHG� WR� KDYH� FLUFXODU� GLVNV� ZLWK� XQLIRUP� VXUIDFH
EULJKWQHVV�� DQG� WKH� SUR[LPLW\� HIIHFWV� EHWZHHQ� WKH�WZR
FRPSRQHQWV� DUH� LJQRUHG�� 7KH� SULPDU\� FRPSRQHQW� LV

FRQVLGHUHG� WR�EH�RVFLOODWLQJ�UDGLDOO\��/LJKW�YDULDWLRQV�GXH
WR� WKH�HFOLSVHV�DQG�RVFLOODWLRQV�DUH�WKHQ�FRPSXWHG�ZLWK�D
S�� SKDVH� GLIIHUHQFH� DVVXPHG� IRU� WKH� UDGLXV� DQG
WHPSHUDWXUH� YDULDWLRQV�� 7\SLFDO� SULPDU\�PLQLPXP�OLJKW
FXUYHV� DUH� VKRZQ� LQ� )LJXUH� ��� ,W� FDQ� EH�VHHQ�WKDW�WKH
SXOVDWLRQV� FDQ� OHDG� WR� YDULRXV� VKDSHV� RI� WKH� SULPDU\
PLQLPXP� ZLWK� WKH�EXPSV�DSSHDULQJ�DW�GLIIHUHQW�SKDVHV�
)ODW� PLQLPD� DUH�VSHFLDO�FDVHV�LQ�ZKLFK�WKH�EXPS�RFFXUV
DW�]HUR�SKDVH�

2OVRQ� SUHVHQWHG� D� FUXGH� LQWHUSUHWDWLRQ� RI� WKH�OLJKW
IOXFWXDWLRQV� LQ� WHUPV� RI� WKH� HFOLSVHV� RI� WKH� GDUN� JDV
VWUHDP� DQG�D�EULJKW�VSRW�FDXVHG�E\ WKH�VWUHDP�KLWWLQJ�WKH
VXUIDFH� RI� WKH� KRW� FRPSRQHQW� >��@��,Q�RXU�RSLQLRQ��WKH
PDLQ�FDXVH�IRU�WKH�XQXVXDO�VKDSHV�RI�WKH�SULPDU\�PLQLPD
LV� GXH� WR�WKH�HIIHFW�RI�SXOVDWLRQV��,W�LV�LQWHUHVWLQJ�WR�QRWH
WKDW� ZKHQ�RXU�FRQWLQXRXV�SKRWRPHWU\�GDWD��)LJXUH����DUH
FRPSDUHG� ZLWK� WKH�QRQ�RVFLOODWLQJ�PRGHO�RI�WKH�V\VWHP�
DQ� RVFLOODWRU\� UHVLGXDO� ZLWK� DOPRVW� WKH� VDPH�SHULRG�DV
UHSRUWHG�E\�1DUDVXZD�HW�DO���������LV�GHWHFWHG�
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� 1�5LD]L��0�5�%DJKHUL�DQG�$�'MDQDE]DGHK ,-35�9RO��� 1R���

$Q� LPSRUWDQW� TXHVWLRQ� VWLOO� UHPDLQV�� LV� WKHUH� DQ\
UHODWLRQVKLS� EHWZHHQ�WKH�PDVV�WUDQVIHU�DQG�WKH�DPSOLWXGH
RI� SXOVDWLRQV"� :H� NQRZ� WKDW� WKH� SXOVDWLRQV�RI�WKH�KRW
FRPSRQHQW� DUH� QRW� DOZD\V� JRLQJ� RQ� ZLWK� WKH� VDPH
DPSOLWXGH�

$FNQRZOHGJHPHQWV
7KH� DXWKRUV�DUH�WKDQNIXO�WR�0��.LWDPXUD�IRU�KLV�YDOXDEOH
GLVFXVVLRQV�

5HIHUHQFHV
�� &� 5 &KDPEOLVV�� 3XEO�� $VWURQ�� 6RF�� 3DF��� ���� ���

�����
�� 1� 5LD]L�� 0�5�%DJKHUL��)�)DJKLKL��$VWURSK\V��6SDFH

6FL������������������
�� +�*�+RUDN��$VWURSK\V��-�����������������
�� +� :� 'XHUEHFN�� $� +DQHO�� $VWURQ�� $VWURSK\V������

����������
�� 3� )� /� 0D[WHG�� *� +LOO�� DQG�5�:�+LOGLFKW��$VWURQ�

$VWURSK\V������������������
�� -� +� 0� 0� 6FKPLWW�� HW� DO���$VWURSK\V��-������������

�����
�� 7� +HJHGXV�� .� 6]DWPDU\� DQG�-�9LQNRR��$VWURSK\V�

6SDFH�6FL����������������
�� '� 6� +DOO�� :� &� .HHO��$FWD�$VWURQ�������1R��������

�����
�� 1� 5LD]L�� 6� 1DVVLUL�� 0� 5� $KPDG\��,�%�9�6��������

�����

��� 2�2KVKLPD��HW�DO���,�%�9�6��������������
��� 6�1DUXVDZD��HW�DO���,�%�9�6��������������
��� 5� (� :LOVRQ�� DQG�(�-�'HYLQQH\��$VWURSK\V��-�������

����������
��� =� .RSDO�� DQG� 0� %� 6KDSHO\��-RGUHOO�%DQN�$QQ�����

����������
��� ,�)XNXGD��3XEO��$VWURQ��6RF��3DF�����������������
��� (� %RKP�9LWHQVH�� ,QWURGXFWLRQ� WR� 6WHOODU

$VWURSK\VLFV�����&DPEULGJH�8QLYHUVLW\�3UHVV�������
��� (�&�2OVRQ��$VWURSK\V��-������������������
��� (� :� %XUNH��:�:�5ROODQG��$VWURQ��-�������1R�������

�����
��� +�:�'XHUEHFN��$FWD�$WURQ�������1R��������������
���'� 9 $UJDQEULJKW��:�2VERUQ�DQG '�6�+DOO��,�%�9�6��

1R�������������

�
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