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ABSTRACT 
5HVXOWV� RI� WKH� HOHFWURQ�PLFURVFRSLF� LQYHVWLJDWLRQ� RI�

URRW� DSLFHV� RI�$UDELGRSVLV� WKDOLDQD� �±� DQG� �±GD\� ROG�

VHHGOLQJV�JURZQ�LQ�WKH�VWDWLRQDU\�FRQGLWLRQV�DQG�XQGHU�

FOLQRURWDWLRQ�DUH�SUHVHQWHG��,W�ZDV�VKRZQ�WKH�VLPLODULW\�

LQ�WKH�URRW�DSH[�FHOO�XOWUDVWUXFWXUH�LQ�FRQWURO�DQG�XQGHU�

FOLQRURWDWLRQ�� ,Q� WKH� VDPH� WLPH� WKHUH� ZHUH� VRPH�

GLIIHUHQFHV� LQ� WKH� XOWUXVWUXFWXUH� RI� VWDWRF\WHV� DQG� WKH�

GLVWDO�HORQJDWLRQ�]RQH�XQGHU�FOLQRURWDWLRQ��)RU�WKH�ILUVW�

WLPH��WKH�VHQVLWLYLW\�RI�(5�ERGLHV��ZKLFK�DUH�GHULYDWLYH�

RI� JUDQXODU� HQGRSODVPLF� UHWLFXOXP� DQG� FRQWDLQ� D� ��

JOXFRVLGDVH� HQ]\PH�� WR� WKH� LQIOXHQFH� RI� VLPXODWHG�

PLFURJUDYLW\� WKDW� ZDV� GHPRQVWUDWHG� E\� LQFUHDVLQJ�

TXDQWLW\�DQG�DUHD�RI�(5�ERGLHV�SHU�FHOO�VHFWLRQ��DV�ZHOO�

DV� E\� KLJKHU� YDULDELOLW\� RI� WKHLU� VKDSH� XQGHU�

FOLQRURWDWLRQ�� $� GHJUHH� RI� WKHVH� FKDQJHV� FRUUHODWHG�

ZLWK� WKH� GXUDWLRQ� RI� FOLQRURWDWLRQ�� 2Q� WKH� EDVLV� RI�

REWDLQHG� GDWD�� D� SURWHFWLYH� UROH� RI� (5�ERGLHV� LQ�

DGDSWDWLRQ�RI�SODQWV�WR�PLFURJUDYLW\�LV�GLVFXVVHG��

�

1. INTRODUCTION 
,PSRUWDQW� IHDWXUHV� RI� SODQWV� IRU� VSDFH� H[SORUDWLRQ�

PLVVLRQV� DUH� WKH� VWUHVV� WROHUDQFH� WR� FKDQJHV� LQ� WKH�

SK\VLFDO�HQYLURQPHQW��7KHUH�DUH�UHODWLYHO\�PXFK�GDWD�RQ�

WKH�FKDQJHV�LQ�WKH�XOWUDVWUXFWXUH�RI�$UDELGRSVLV�WKDOLDQD�

URRW� DQG� OHDI� FHOO� RUJDQHOOHV� ±� SODVWLGV� DQG�

PLWRFKRQGULD��DV�ZHOO�DV�FHOO�ZDOO�XQGHU�WKH�LQIOXHQFH�RI�

UHDO�DQG�VLPXODWHG�PLFURJUDYLW\�>����@��,Q�WKH�VDPH�WLPH��

WKH� LQIRUPDWLRQ� RQ� WKH� VWUXFWXUH� RI� (5�ERGLHV� LQ�

PLFURJUDYLW\�� ZKLFK� DUH� GHULYDWLYHV� RI� JUDQXODU�

HQGRSODVPLF� UHWLFXOXP� �*(5�� DQG� FKDUDFWHULVWLF� IRU�

VSHFLHV� RI� IDPLO\� %UDVVLFDFHDH� >��� �@�� DUH� DEVHQW��

5HFHQWO\�� DQ� HQ]\PH� ��JOXFRVLGDVH� ���'�JOXFRVLGH�

JOXFRK\GURODVH�� (&� ���������� ZLWK� DQ� (5� UHWHQWLRQ�

VLJQDO�KDV�EHHQ�VKRZQ�WR�DFFXPXODWH�VHOHFWLYHO\�LQ�VXFK�

ERGLHV� LQ� UHVSRQVH� WR� GLIIHUHQW� XQIDYRUDEOH� IDFWRUV� >�±

�@����JOXFRVLGDVH� LV� DSSHDUHG� WR�SHUIRUP� WKH�SURWHFWLYH�

IXQFWLRQ�� 7KHUHIRUH�� WKH� DLP� RI� RXU�ZRUN�ZDV� WR� VWXG\�

WKH� XOWUDVWUXFWXUH� RI� $�� WKDOLDQD� URRW� DSH[� FHOOV� XQGHU�

VLPXODWHG�PLFURJUDYLW\��LQ�SDUWLFXODU�URRW�FDS�VWDWRF\WHV�

DQG�FHOOV�RI� WKH�GLVWDO�HORQJDWLRQ�]RQH� �'(=��RI�D� URRW�

SURSHU�� SD\LQJ� WKH� PDLQ� DWWHQWLRQ� WR� WKH� VWUXFWXUH� DQG�

WRSRJUDSK\�RI�*(5�DQG�(5�ERGLHV��

�

2. MATERIAL AND METHOD 
6HHGV�RI�$��WKDOLDQD��OLQH�&ROXPELD��ZHUH�VWHULOL]HG�DQG�

WKHQ� VRZQ� RQ� WKH�F6
� PLQHUDO� PHGLXP� LQ� FRQWDLQHUV�

SODFHG� RQ� WKH� VORZ� KRUL]RQWDO� FOLQRVWDW� ��� USP���

6HHGOLQJV�JUHZ�IRU���DQG���GD\V�DW��������&�LQ�WKH�GDUN�

LQ� WKH� VWDWLRQDU\� FRQGLWLRQV� DQG� XQGHU� FOLQRURWDWLRQ��

5RRW�DSLFHV�ZHUH�IL[HG�LQ�������JOXWDUDOGHK\GH�DQG�����

2V2��RQ�����0�FDFRG\ODWH�EXIIHU��jG������6DPSOHV�ZHUH�

GHK\GUDWHG� LQ� D� JUDGHG� HWKDQRO� VHULHV� DQG� SURS\OHQH�

R[LGH�DQG�HPEHGGHG�LQ�HSRQ�DUDOGLWH�UHVLQ�E\�D�VWDQGDUG�

WHFKQLTXH� >�@��6HFWLRQV� RI� ������ QP�RI� WKLFNQHVV�ZHUH�

REWDLQHG� RQ� DQ� XOWUDPLFURWRPH� 50&� 07�;/� �86$���

VWDLQHG� ZLWK� XUDQ\O� DFHWDWH� DQG� OHDG� FLWUDWH�� DQG�

H[DPLQHG� ZLWK� D� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH�

�-(0� ����(;� �-HRO�� -DSDQ�� RSHUDWHG� DW� ��� N9��

3KRWRQHJDWLYHV� ZHUH� XVHG� IRU� PRUSKRPHWU\��

4XDQWLWDWLYH� GDWD� KDYH� EHHQ� VWDWLVWLFDOO\� SURFHVVHG�E\�
6WDWLVWLFD������

 
3. RESULTS AND DISCUSSION 
,W�KDV�EHHQ�VKRZQ� WKDW�XOWUDVWUXFWXUH�RI�ERWK� VWDWRF\WHV�

DQG� '(=� FHOOV� LV� W\SLFDO� IRU� FHOOV� RI� WKHVH� W\SHV�

GHVFULEHG� HDUOLHU� >�@�� 8QGHU� FOLQRURWDWLRQ�� WKH� PRVW�

SURPLQHQW�GLVWLQFWLRQ� LQ� WKH� VWDWRF\WH� VWUXFWXUH�ZDV� WKH�

ORFDOL]DWLRQ� RI� DP\ORSODVWV�VWDWROLWKV�� ZKLFK� GLG� QRW�

VHGLPHQW� LQ� WKH�GLVWDO�SDUW�RI�D�FHOO�EXW� WKH\�UHYHDOHG�D�

WHQGHQF\� WR� JURXS� LQ� LWV� FHQWHU�� DV� WKDW� KDYH� EHHQ�

UHSRUWHG� IRU� RWKHU� SODQWV� >�@�� $� QXFOHXV� ZDV� LQ� WKH�

SUR[LPDO�SDUW�RI�D� VWDWRF\WH��&HOOV�RI� WKH�'(=�GLIIHUHG�

PDLQO\�RQ�D�PLWRFKRQGULRQ�VL]H�DQG�QXPEHU�IURP�WKRVH�

LQ�WKH�FRQWURO�*(5�LQ�'(=�FHOOV�LV�SUHVHQWHG�ZLWK�ORQJ�
FLVWHUQV�� ZKLFK� KDYH� DQ� DELOLW\� WR� EUDQFK�� 8QGHU�

FOLQRURWDWLRQ�� D� QXPEHU� RI� *(5� SURILOHV� RQ� WKH� FHOO�

VHFWLRQ� LQFUHDVHG� LQ� FRPSDULVRQ� ZLWK� FRQWURO�� 2Q� WKH�

VWDWRF\WHV�DQG�'(=�FHOOV�VHFWLRQV��LW�ZDV�FOHDU�VHHQ�WKDW�

(5�ERGLHV� DUH� WKH� ORFDO� HQODUJHPHQWV�RI�*(5�FLVWHUQV��

1DWXUDOO\�� (5�ERGLHV� DUH� VXUURXQGHG� RI� D� VLQJOH�

PHPEUDQH�ZLWK�ULERVRPHV�DQG�FRQWDLQ�WKH�WKLQ�ILEULOODU�

FRQWHQWV�� 2Q� WKH� FHOO� VHFWLRQV�� WKH\� KDYH� XVXDOO\� D�

URXQGHG�RU�RYDO�VKDSH��)LJ������

�
)LJ���� )UDJPHQWV�RI�URRW�'(=�FHOOV�RI�WKH���GD\�ROG�VHHGOLQJV�
RI�$��WKDOLDQD��D�±�FRQWURO��E�±�FOLQRURWDWLRQ��

�$UURZV�VKRZ�(5�ERGLHV��

�

$Q� DYHUDJH� VL]H� RI�(5�ERGLHV� YDU\� LQ� WKH� VHHGOLQJV� RI�

GLIIHUHQW�DJH��LW�ZDV������������ð�LQ���GD\�ROG�VHHGOLQJV�

DQG� �����������ð� LQ� ��GD\� ROG� RQHV�� WRWDO� DUHD� RI� (5�

ERGLHV�SHU� VHFWLRQ�ZDV������������ð� DQG������������ð��
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UHVSHFWLYHO\��8QGHU�FOLQRURWDWLRQ�� WKH� WRWDO�DUHD�RI�(5�
ERGLHV� SHU� FHOO� VHFWLRQ� LQFUHDVHG� PRUH� WKDQ� WZLFH� DQG�

ZDV������������ð� LQ���GD\�ROG�VHHGOLQJV�DQG�����������

�ð� LQ� ��GD\� ROG� RQHV�� 6XFK� LQFUHDVLQJ� LQ� WKH� (5�ERG\�

WRWDO� DUHD� LV� FDXVHG� E\� WKH� DXJPHQWDWLRQ� RI� (5�ERG\�

QXPEHU�DQG�VL]H��7DEOH����)LJ������

�
7DEOH����$Q�DYHUDJH�QXPEHU�RI�(5�ERGLHV�SHU�FHOO�VHFWLRQ�RI�

VWDWRF\WHV�DQG�URRW�'(=�FHOOV�RI�$��WKDOLDQD�VHHGOLQJV���HDFK��

0���P��Q� �������

�

7KH�YDULHW\�RI�(5�ERGLHV�DOVR�LQFUHDVHG��HVSHFLDOO\�LQ���

ROG�VHHGOLQJ��DQ�DYHUDJH�DUHD�RI�WKH�VPDOOHVW�ERGLHV�ZDV�

IURP� ���� WLOO� ����� �ð�� DQ� DUHD� RI� WKH� ODUJHVW� ERGLHV�

UHDFKHG� a� �����ð�� DQG� ERGLHV� KDG� IUHTXHQWO\� DQ�

HORQJDWHG�VKDSH��6R��WKH�IRUPDWLRQ�RI�(5�ERGLHV�ERWK�LQ��

�
)LJ�����7RWDO�DUHD�RI�(5�ERGLHV�SHU�VHFWLRQ�RI�VWDWRF\WHV�DQG�

URRW� '(=� FHOOV� LQ� $�� WKDOLDQD� LQ� FRQWURO� DQG� XQGHU�

FOLQRURWDWLRQ�� D� �� ��GD\� ROG� VHHGOLQJV�� ��GD\� ROG� VHHGOLQJV��

6LJQLILFDQW�FKDQJHV�EHWZHHQ�FRQWURO�DQG�H[SHULPHQW����������

�

VWDWRF\WHV� DQG� '(=� FHOOV� WXUQHG� RXW� VHQVLWLYH� WR� WKH�

LQIOXHQFH�RI�FOLQRURWDWLRQ��$V�LW�LV�NQRZQ��(5�ERGLHV�LQ�

FRW\OHGRQ� DQG� K\SRFRW\O� FHOOV� RI�$�� WKDOLDQD� VHHGOLQJV�

DUH�FKDUDFWHULVWLF�ZLWK�WKH�KLJK�ODELOLW\�DQG�VHQVLWLYLW\�WR�

ZRXQGLQJ�� PHFKDQLFDO� SUHVVXUH�� WR[LF� VXEVWDQFHV��

GLVHDVHV��DQG�HDWLQJ�E\�LQVHFWV�>�@��$�QXPEHU�DQG�VL]H�RI�

(5�ERGLHV�LQFUHDVHG�XQGHU�WKH�LQIOXHQFH�RI�VXFK�DJHQWV��

-XVW� GHWHFWLRQ� RI� ��JOXFRVLGDVH� LQ� (5�ERGLHV� ZDV�

FRQGLWLRQHG�PXFK�DWWHQWLRQ�WR�WKH�IRUPDWLRQ�DQG�UROH�RI�

WKHVH� ERGLHV� LQ� D� FHOO�� :KHUHDV� LW� LV� WKRXJKW� WKDW� DQ�

HQ]\PH� ��JOXFRVLGDVH� LV� WKH� PDLQ� FRPSRQHQW� RI� (5�

ERGLHV��WKH\�DUH�DVVXPHG�WR�EH�D�GHSRW�RI�DFFXPXODWLRQ�

DQG�NHHSLQJ� WKLV� SURWHLQ� IRU� WKH� GHIHQVH�RI� D� FHOO� IURP�

DQ� DFWLRQ� RI� VWUHVV� DJHQWV�� ([LVWLQJ� DSSUHFLDEOH�

GLIIHUHQFHV� LQ� WKH� WRWDO� DUHD� RI� (5�ERGLHV� SHU� FHOO� LQ�

VWDWRF\WHV�DQG� LQ� WKH�'(=�FHOOV�PD\�EH�H[SODLQHG�ZLWK�

YDULRXV� IXQFWLRQV� RI� WKHVH� FHOOV� LQ� URRW� GHYHORSPHQW��

6WDWRF\WHV� DUH� KLJKO\� VSHFLDOL]HG� FHOOV� IRU� JUDYLW\�

SHUFHSWLRQ�� '(=� FHOOV� GLVWLQJXLVKHG� WKHPVHOYHV� ZLWK�

VSHFLDO�SK\VLRORJLFDO�SURSHUWLHV�DQG�� WKHUHIRUH�� UHVSRQG�

WR� WKH� DFWLRQ� RI� H[RJHQLF�� LQFOXGLQJ� JUDYLW\�� DQG�

HQGRJHQLF� VLJQDOV� LQ� D� GLIIHUHQW� ZD\� WKDQ� RWKHU� URRW�

FHOOV�>��±��@��'(=�FHOOV�SURYLGH�WKH�SUHSDUDWLRQ�WR�FHOO�

IDVW� JURZWK� LQ� WKH� FHQWUDO� HORQJDWLRQ� ]RQH�� $V� KLJKO\�

PHWDEROL]LQJ�FHOOV��WKH\�DUH�WKH�PRVW�VHQVLWLYH�WR�DOWHUHG�

JUDYLW\�>��@��7KXV��WKH�LQIOXHQFH�RI�FOLQRURWDWLRQ�RQ�WKH�

IRUPDWLRQ�G\QDPLFV�RI�(5�ERGLHV��ZKLFK�DUH�GHULYDWLYH�

RI�*(5�DQG�FRQWDLQ�DQ�HQ]\PH�� LQ�VWDWRF\WHV�DQG�FHOOV�

RI� WKH� URRW� GLVWDO� HORQJDWLRQ� ]RQH� RI� $�� WKDOLDQD�

VHHGOLQJV� ZDV� LQ� WKH� ILUVW� WLPH� GHWHFWHG�� 7KH� REWDLQHG�

GDWD� DOORZ� WR� DVVXPH� WKDW� (5�ERG\� YROXPH� LQFUHDVLQJ�

XQGHU� FOLQRURWDWLRQ� LV� DQ� DGDSWLYH� FHOO� UHDFWLRQ� RQ� WKH�

LQIOXHQFH�RI�VLPXODWHG�PLFURJUDYLW\��

�
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