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Abstract
,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�*&5�LQWHQVLW\�VFLQWLOODWLRQV�DUH�DVVRFLDWHG�ZLWK�ODUJH�VFDOH�GLVWXUEDQFHV

LQ�WKH�LQWHUSODQHWDU\�PDJQHWLF�ILHOG���³PDJQHWLF�FRUNV´���7KH�PDJQHWLF�FRUNV�VHSDUDWH�WKH�SDUWLFOH

WUDMHFWRULHV�LQWR�³SHUPLWWHG´�DQG�³SURKLELWHG´�RQHV�WKDW�DUH�PDQLIHVWHG�LQ�WKH�FHOHVWLDO�VSKHUH

VFLQWLOODWLRQV�LQ�FRVPLF�UD\V��7KH�PHWKRG�RI�HDUO\�GLDJQRVWLFV��RI�ODUJH�VFDOH�GLVWXUEDQFHV�RI�WKH

LQWHUSODQHWDU\�PDJQHWLF�ILHOG�E\�*&5�LQWHQVLW\�VFLQWLOODWLRQ�UHJLVWUDWLRQ�LV�VXJJHVWHG�

1  Introduction: 
7KH� G\QDPLFV� RI� *&5� LQWHQVLW\� VFLQWLOODWLRQV� LV� WKH� PRVW� H[SUHVVHG� GXULQJ� WKH� GHFD\� RI� WKH

ODUJH�VFDOH�PDJQHWLF�ILHOG�RQ�WKH�FRPSOHWLRQ�VWDJH�RI�WKH�JHQHUDO�PDJQHWLF�ILHOG�UHYHUVDO�RI�WKH�6XQ

��.R]ORY���������7KLV�VWDJH�LV�DFFRPSDQLHG�E\�WKH�JURZWK�RI�WKH�QXPEHU�RI�VKRFN�ZDYHV��)RUEXVK

HIIHFWV�DQG� LQGH[�RI� WKHLU�HQHUJ\�VSHFWUXP�W\SLFDO� IRU� WKH�GHVFHQGLQJ�SKDVH�RI� WKH����\HDU�F\FOH�

7KH� VFDOH�� LQYDULDQW� FKDUDFWHU� RU� ³VFDOLQJ´� RI� FRVPLF� UD\� VFLQWLOODWLRQ� G\QDPLFV� GXULQJ� *&5

LQWHQVLW\� GHFUHDVHV� RI� GLIIHUHQW� VFDOH� LV� SURYHG� E\� PRQRIUDFWDO� GHSHQGHQFH� RI� WKH� SURFHVV

FRUUHODWLRQ� GLPHQVLRQ� ZLWK� WKH� REYLRXVO\� H[SUHVVHG� SODWHDX�� G*&5�Q� ����� ����� 7KH� VFDOLQJ� RI

FRVPLF� UD\� VFLQWLOODWLRQ�G\QDPLFV� UHIOHFWV� WKH�KLHUDUKLFDOO\� VHOI�VLPLODULW\�� L�H�� IUDFWDO� VWUXFWXUH� RI

*&5�LQWHQVLW\�GHFUHDVHV�DW�WKH�JHRHIIHFWLYH�SKDVH�RI�WKH����\HDU�F\FOH�

7KH�GHWHFWLRQ�RI� WKH� ORZ�GLPHQVLRQDO� � DWWUDFWRU�� L�H��SDUWLDOO\�GHWHUPLQHG�FKDRV�� LQ� WKH� FKDRWLF

G\QDPLFV�RI�VRODU�DFWLYLW\�E\�WKH�*&5�VFLQWLOODWLRQ�LQGH[�SRLQWV�WR�WKH�SULQFLSDO�SRVVLELOLW\�IRU�WKH

IRUHFDVW�RI�WKH�SHULRGV�RI�PD[LPXP�VSRUDGLF�DFWLYLW\�RI�WKH�6XQ��.R]ORY���������3DUDPHWUL]DWLRQ�RI

*&5�IOXFWXDWLRQ�G\QDPLFV�PDNHV�SRVVLEOH�WR�UHYHDO�WKH�VWUXFWXUH�UHFRQVWUXFWLRQ�RI�WKH�KHOLRVSKHULF

FXUUHQW� VKHHW� �+&6�� PDQLIHVWLQJ� LQ� WKH� FKDQJH� RI� UHFXUUHQW� ���� GD\V�� YDULDWLRQ� SHULRG� RI� WKH

VFLQWLOODWLRQ�LQGH[�WLOO������GD\V�DQG��IXUWKHU��WR�QHDU�ZHHN�SHULRG��7 ���GD\V��±�DFWLYLW\�ZDYH��,Q

WKH�SURFHVV�RI�+&6�YDULDWLRQ�SHULRG�GHFUHDVH� WKH� IRUPDWLRQ�RI� VKRFN�ZDYHV� LV� SRVVLEOH�ZLWK� WKH

VLPLODU� LQWHUYDO� RI� VHTXHQFH� ����� GD\V�� RIWHQ� DFFRPSDQLHG� E\� WKH� *&5� LQWHQVLW\� GHFUHDVHV

�.R]ORY��������

2 Results:
 )URP�-DQXDU\������ WKH� VXJJHVWHG�HDUOLHU�GLDJQRVWLF�PHWKRG�RI� LQWHUSODQHWDU\� ILHOG� ODUJH�VFDOH

GLVWXUEDQFHV� ZDV� UHDOL]HG� LQ� WKH� UHDO�WLPH� UHJLPH� E\� XVLQJ� WKH� JOREDO� ,QWHUQHW� QHWZRUN�� ��PLQ

QHXWURQ�PRQLWRU� GDWD� RI� 7L[LH�%D\� DQG�<DNXWVN� VWDWLRQV�ZHUH� VHQW� WR� WKH� ORFDO� ,.),$� QHWZRUN�

3UHVVXUH�FRUUHFWHG�GDWD�ZHUH�WUHDWHG�LQ�DFFRUGDQFH�ZLWK�WKH�VXJJHVWHG�DOJRULWKP��7KH�FRPSXWDWLRQ

UHVXOWV�RI�WKH�GLVFUHWH�SUHGLFWRU�3 ±��WRJHWKHU�ZLWK�WKH�LQLWLDO�KRXU�DYHUDJHG�GDWD�ZHUH�HQWHUHG�LQWR
JOREDO�FRPSXWHU�,QWHUQHW�QHWZRUN�ZLWK�D�VWHS�RI���PLQ��)LJXUH��



7KH�ILUVW�SUHGLFWRU��3 ±���ZDV�UHJLVWHUHG�RQ�)HEUXDU\�����������,W�LV�QHFHVVDU\�WKH�QRWH�WKDW�WKH
SUHGLFWRU�LV�DOUHDG\�UHJLVWHUHG�XQGHU�FRPSDUDWLYHO\�GLVWXUEHG�FRQGLWLRQV��7KH�PHDVXUHPHQW�GDWD�RI

)HEUXDU\�������DUH�LQGLFDWLYH�RI�WKH�GHYHORSPHQW�RI�WKH�,0)�GLVWXUEDQFH�LQLWLDO�SKDVH��WKH�YHORFLW\

DQG� GHQVLW\� RI� VRODU� ZLQG� SODVPD� �WKH� ILUVW� PD[LPXP��� ,Q� DFFRUGDQFH� ZLWK� WKH� UHVXOWV� RI

UHWURVSHFWLYH� DQDO\VLV� �7XJROXNRY� DQG� .R]ORY�� ������ WKH� H[WUHPHO\� KLJK� YDOXHV� RI� VRODU� ZLQG

SDUDPHWHUV�VKRXOG�EH�H[SHFWHG�RQ�WKH��±��GD\V��DFWLYLW\�ZDYH���L��H��RQ�)HEUXDU\�������LQ�WKLV�FDVH�
5HDOO\�� WKH�VRODU�ZLQG�SDUDPHWHUV�ZKLFK�DUH� W\SLFDO� IRU� VKRFNV� �9≥����NP�V�� WKH�SODVPD�GHQVLW\
Q≥����ZHUH�UHDFKHG�LQ���GD\V��L��H��)HEUXDU\�����WKH�VHFRQG�PD[LPXP���2Q�)HEUXDU\����WKH�ORZ�
IUHTXHQF\�SUHGLFWRU��3 �����ZDV�UHJLVWHUHG��7KHUHE\��WKH�IRUHFDVW�ZDV�SURORQJHG�IRU�)HEUXDU\����

����7KH� WKLUG�PD[LPXP�ZDV� UHJLVWHUHG�RQ�)HEUXDU\���� �9≥����NP�V�� WKH�SODVPD�GHQVLW\�Q≥����
7KH�ZKROH�SHULRG�DUH�FKDUDFWHUL]HG�E\�VLJQLILFDQW�,0)�SDUDPHWHU�GLVWXUEDQFHV��)RUEXVK�HIIHFWV�RI

DPSOLWXGH�$≈���DQG�JHRPDJQHWLF�ILHOG�GLVWXUEDQFHV��'VW�YDULDWLRQ�DWWDLQHG�����Q7��$�VKRUW�WHUP

ORZ�IUHTXHQF\�SUHGLFWRU�ZDV�UHJLVWHUHG�IURP�)HEUXDU\����WR����LQGLFDWLQJ�WR�WKH�ZHDN�LQFUHDVH�RI

WKH� DFWLYLW\� IURP� )HEUXDU\� ��� WR� ��� �9≤���� NP�V�� .S ���� 7KH� VHFRQG� IRUHFDVW� VLJQDO� 3 ��

DSSHDUHG�RQ�)HEUXDU\�����$V�LW�ZDV�H[SHFWHG��WKH�VWURQJ�VRODU�ZLQG�GLVWXUEDQFHV��9≥����NP�V��WKH
SODVPD�GHQVLW\�Q≥����DQG�VLJQLILFDQW�FKDQJHV�RI�,0)�YDOXHV�DQG�GLUHFWLRQV�VKRXOG�EH�UHJLVWHUHG�RQ

)HEUXDU\����±���0DUFK��6XFK�GLVWXUEDQFHV�ZHUH�UHJLVWHUHG�IURP�)HEUXDU\����WR�0DUFK���������LQ

IDFW��7KH�ORZ�IUHTXHQF\�SUHGLFWRU�RI�)HEUXDU\����VLPSO\�SURORQJHG�WKLV�IRUHFDVW�IRU�)HEUXDU\�����

0DUFK� �� ZKLFK� LV� FRQILUPHG� E\� LQ� VLWX� GDWD� DQG� JURXQG�EDVHG� PHDVXUHPHQWV�� 7KH� DQDORJRXV

FDOFXODWLRQV�ZHUH�FDUULHG�RXW�RQ�GDWD�RI�<DNXWVN�DQG�/RPQLWVN\�6WLW�VWDWLRQV��7KH�UHVXOWV�REWDLQHG

E\� VXSHUSRVLWLRQ� RI� SORWV� IRU� GLIIHUHQW� SDLUV� RI� VWDWLRQV� �<DNXWVN�7L[LH� DQG� <DNXWVN±/RPQLWVN\

6WLW���DUH�JLYHQ�LQ�)LJXUH��7KH�UHVXOWV�RI�GLIIHUHQW�SDLUV�RI�VWDWLRQV�DUH�VXFFHVVLYHO\�VXSSOHPHQW�HDFK

RWKHU�³UHJLVWHULQJ´�D�WKLQ�VWUXFWXUH�RI�DOUHDG\�NQRZQ�VRODU�ZLQG�SDUDPHWHU�YDULDWLRQV�LQ�WKH�SHULRG

PDUNHG�E\�*&5�SUHGLFWRUV��7KH�VWUXFWXUH�RI�'VW�YDULDWLRQ�LV�DOVR�LQGLFDWLYH�RI�WKLV�IDFW�GHSLFWHG�DW

ERWWRP�RI�)LJXUH�

3  Conclusion:
7KH� H[SHULPHQWV� RQ� HDUO\� GLDJQRVWLFV� RI� ODUJH�VFDOH� VRODU� ZLQG� GLVWXUEDQFHV� LQ� WKH� UHDO�WLPH

UHJLPH� �ZLWK� WKH� HQWU\� LQWR� WKH� ,QWHUQHW� QHWZRUN�� KWWS���WHRU�\VQ�UX�UVZL��� KDYH� EHHQ� RXW�� 7KH

PHWKRG� RI� HDUO\� GLDJQRVWLFV� � RI� ODUJH�VFDOH� GLVWXUEDQFHV� RI� WKH� LQWHUSODQHWDU\� PDJQHWLF� ILHOG� E\

*&5� LQWHQVLW\� VFLQWLOODWLRQ� UHJLVWUDWLRQ� �E\� WKH�PHWKRG� RI� FURVV�FRUUHODWLRQ� VLJQDOV� UHFHSWLRQ�RI

VHSDUDWHG�QHXWURQ�PRQLWRUV��KDV�EHHQ�VXJJHVWHG�
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