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$WDQDV�$��,ULNRY
8QHYHUVLW\�RI�3ORYGLY��3DLVLL�+LOHQGDUVNL���'HSDUWPHQW�RI�(FRORJ\�DQG�(QYLURQPHQWDO�

FRQVHUYDWLRQ��7VDU�$VVHQ����������3ORYGLY��%XOJDULD

$EVWUDFW��$QDWRPLFDO�VWXGLHV�RI�9LWUHD�QHJOHFWD�'DPMDQRY�	�3LQWHU�DQG�9LWUHD�EXOJDULFD
'DPMDQRY� 	� 3LQWHU� ZHUH� FDUULHG� RXW�� 7KHUH� ZHUH� QRW� REVHUYHG� DQ\� GLIIHUHQFHV� EHWZHHQ� WKH�
VWUXFWXUH RI�WKH�JHQLWDO V\VWHPV�RI�WKHVH�WZR�VSHFLHV��)RU�WKLV�UHDVRQ��ZH�FRQVLGHU�9LWUHD�EXOJDULFD D�
V\Q��Q� RI�9LWUHD�QHJOHFWD�

.H\�ZRUGV��=RQLWLGDH� 9LWUHD�EXOJDULFD��9LWUHD�QHJOHFWD��DQDWRP\��WD[RQRP\��%XOJDULD�

,1752'8&7,21
'$0-$129 	�3,17(5 ������� KDYH� GHVFULEHG� D� FRXSOH� RI� QHZ� VSHFLHV� RI� WKH�

JHQXV 9LWUHD IURP�WKH�YDOOH\�RI�&KHSHODUVND�ULYHU�LQ�:HVWHUQ�5RGRSL�0RXQWDLQV�
9LWUHD�QHJOHFWD 'DPMDQRY�	�3LQWHU������

'DPMDQRY�	�3LQWHU������������ILJ�������3LQWHU������� �����ILJ���������WDI�����ILJ��
�������

/RFXV�W\SLFXV��%XOJDULD� 5RGRSL�0RXQWDLQV� DW D�NLORPHWHU�DZD\�E\�VRXWKZHVW�
IURP� WKH� %DFKNRYVNL� PRQDVWHU\�� LQ� D� VKDG\ DUHD� RI� WKH� YDOOH\� RI� &KDLD� ULYHU�
�&KHSHODUVND�ULYHU��

9LWUHD�EXOJDULFD 'DPMDQRY�	 3LQWHU������
'DPMDQRY�	�3LQWHU������������ILJ�������3LQWHU������� �����ILJ�������� WDI�����ILJ��

�������
/RFXV�W\SLFXV��%XOJDULD� 5RGRSL�0RXQWDLQV��LQ�WKH�YDOOH\�RI�&KHSHODUVND�ULYHU�

� &KDLD�ULYHU���D�OHIW�WULEXWDU\�EHWZHHQ�$VHQRYJUDG�DQG�%DFKNRYR�
$FFRUGLQJ�WR�WKHVH�DXWKRUV�H[DFW�GHWHUPLQDWLRQ�RI�MXYHQLOH�VSHFLPHQV�LV�YHU\�

KDUG� WR� EH� GRQH�� 6HYHUDO� FKDUDFWHULVWLFV� DUH� XVHG� IRU� GLIIHUHQWLDWLRQ� EHWZHHQ� DGXOW�
VSHFLPHQV�RI�WKH�WZR�VSHFLHV��GLIIHUHQFHV�LQ�WKH�JURZWK�RI�WKH�FXUYHV��WKH�ZLGWK�RI�WKH�
ODVW�FXUYH��FRPSDUHG�ZLWK�WKH�RQH�EHIRUH�WKH�ODVW�FXUYH ��WKH�VKDSH�RI�WKH�ORZHU�VLGH�RI�
WKH�VKHOO�DQG�WKH�VKDSH�RI�WKH�QDYHO��WKH�VFXOSWXUH�RI�WKH�VKHOO�

,Q�WKH�YDOOH\�RI�&KHSHODUVND�ULYHU�WKH�WZR�VSHFLHV�DUH�ORFDWHG�WRJHWKHU�DQG�WKH�
OLYLQJ� DUHD� RI� QHJOHFWD YHU\�PXFK� FRYHUV� WKH� RQH� RI� EXOJDULFD �VHH '$0-$129�	�
/,+$5(9� ������

'('29 ������� VXJJHVWHG� WKDW� LW� LV� QHHGHG� DQ� DQDWRPLFDO� H[DPLQDWLRQ� RI� WKH�
WZR�VSHFLHV�WR�YHULI\�WKHLU�VWDWXV�



0$7(5,$/6�$1'�0(7+2'6
0DWHULDO��5RGRSL�0RXQWDLQV��%DFKNRYR��/RFXV�W\SLFXV RI 9��QHJOHFWD��OHJ��$��

,5,.29 ����������� ��� VSHFLPHQV�� 5RGRSL� 0RXQWDLQV�� EHWZHHQ� $VHQRYJUDG� DQG�
%DFKNRYR��/RFXV� W\SLFXV RI 9��EXOJDULFD�� OHJ��$�� ,5,.29 ��������������VSHFLPHQV��
5RGRSL� 0RXQWDLQV�� 'REURVWDQVNL� ULGJH�� WKH� YDOOH\� RI� 0RVWRYVND� 6XVKLW]D� ULYHU��
6OLYRY�GRO�DQG�IURP�$VHQRYJUDG� WR� WKH�³%H]RYR´�KXW �� OHJ��$��,5,.29 LQ�WKH�SHULRG
����� �������������������������VSHFLPHQV��/XNRYLWVND�ULYHU��WULEXWDU\ RI�&KHSHODUVND�
ULYHU�QHDU�$VHQRYJUDG��OHJ��$��,5,.29 ���������������VSHFLPHQV�

$OO� RI� WKH� PDWHULDO� LV� VWRUHG� LQ� ���� HWKDQRO�� 7KH� DQDWRP\� LV� VWXGLHG� ZLWK�
GLVVHFWLRQ��XVLQJ�D�ELQRFXODU VWHUHRVFRSH��7KH�HPSW\�VKHOOV�DQG�LQWDFW�JHQLWDO V\VWHPV�
DUH�VWRUHG�LQ�WKH�DXWKRU¶V�FROOHFWLRQ�

',6&866,21
,Q�WKH�VWXGLHG�PDWHULDO�WDNHQ�IURP�/RFXV�W\SLFXV�RI�WKH�WZR�VSHFLHV�� DQG IURP�

YDULRXV�ORFDWLRQV�LQ� WKH�'REURVWDQVNL�ULGJH��ZH�KDYH�HVWDEOLVKHG�JUHDW�YDULDWLRQV�LQ�
VWUXFWXUH� RI� WKH� VKHOO�� %HWZHHQ� WKH� W\SLFDO� QHJOHFWD DQG EXOJDULFD WKHUH� DUH�PDQ\
WUDQVLWLRQDO�IRUPV��FUHDWLQJ�D�IORZLQJ�VHULHV �

'XH� WR� FRPSDUDWLYHO\ DQDWRPLFDO� H[DPLQDWLRQ� RI� QHJOHFWD DQG EXOJDULFD RI
/RFXV�W\SLFXV ZLWK�W\SLFDO�VKHOO�DQG�WUDQVLWLRQDO IRUPV��ZH�KDYH�HVWDEOLVKHG LGHQWLFDO�
VWUXFWXUH LQ�WKH�JHQLWDO V\VWHPV�RI�WKH�ERWK�VSHFLHV�

$QDWRP\�RI�WKH�JHQLWDO�V\VWHP�����VSHFLPHQV ZHUH�DQDWRPLFDOO\�H[DPLQHG�
7KH� SHQLV� �J�� LV� F\OLQGULFDO� �)LJ�� ���:���ZLWK LUUHJXODU VKDSH�� VZROOHQ� DW� WKH�

GLVWDO� HQG�� VOLPPHU� DW� WKH� DWULXP� �:��� $W� WKH� EDFN� HQG� RI� WKH� SHQLV� LV� ORFDWHG� WKH�
VSHUP�FRQGXLW�� �9DV�'HIHUHQV� � 9'���QHDU� WKH� VLWXDWHG�DSLFDO UHWUDFWRU�RI� WKH�SHQLV�
�53�� 6SHUP�FRQGXLW� LV� WKUHDGOLNH�DW� WKH�VLGH�RI� WKH�SHQLV�DQG JHWWLQJ�WKLFNHU�DW�WKH�
VLGH�RI�WKH�IUHH�RYLGXFW��7KH�YDJLQD��9DJ��LV�ORQJ ��7KH�SHULYDJLQDO JODQGXOOD� �*��LV�
ZHOO�GHYHORSHG��ULQJ�OLNH� VXUURXQGLQJ�WKH�YDJLQD�DQG�WKH�EDVH�RI IUHH�RYLGXFW��7KHUH�
LV�QR�VSHUP�UHFHSWDFOH��

,QQHU�VWUXFWXUH�RI�WKH�SHQLV� 7KH�LQQHU�ZDOOV�RI�WKH�SHQLV DW�WKH�EDVDO SDUW�LV�
ORFDWHG�D�ELJ�DQG�ORQJ�VDUFREHOXP��VWLPXODWRU��ZLWK�FRPSOH[�VWUXFWXUH��,WV�OHQJWK�LV�
DERXW�����RI�WKH�OHQJWK�RI�WKH�SHQLV��$W�LWV�EDVH�LW�LV�GLYLGHG�LQ�WKUHH�SDUWV� ± RQH�VPDOO�
DQG� WZR�ELJJHU�ZLWK� MRLQW�EDVH� �)LJ�����<���)URP� WKHVH� WKUHH�SDUWV�GUDZ�RXW� IROGHG�
WHQWDFOHV�ZLWK�VSLNH�OLNH�VKDSH��7KH�OHQJWK�RI�WKH�WHQWDFOHV�LV�UHOHYDQW�WR�WKH�VL]H�RI�
WKH�EDVH�SDUWV�RI�WKH�VDUFREHOXP� 7KHUH�LV�QR�SHQLVSDLOOH�

7KH�LQQHU�VWUXFWXUH RI�WKH�SHQLV�LV�LGHQWLFDO�LQ�ERWK�RI�QHJOHFWD DQG EXOJDULFD�
&21&/866,21
:H� FRQVLGHU� WKDW� QHJOHFWD DQG EXOJDULFD DUH� LGHQWLFDO�� DQG� DOVR� WKDW 9LWUHD�

EXOJDULFD LV V\Q��Q� RI 9LWUHD�QHJOHFWD�
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)LJ� ���:� *HQLWDO V\VWHP� RI�9LWUHD� QHJOHFWD 'DPMDQRY� 	� 3LQWHU� �RULJ��� �VLPSOLILHG���%�
,QWHUQDO�VWUXFWXUH�RI�WKH�SHQLV��RULJ��

$EEUHYLDWLRQ� $�  � $WULXP�� *�  � 3HULYDJLQDO *ODQGXOOD�� J  � 3HQLV�� 6  � VDUFREHOXP
�VWLPXODWRU���53� �5HWUDFWRU�3HQLV��9DJ� �9DJLQD��9'� �9DV�GHIHUHQV�

5())(5(1&(6
'$0-$129� 6��� ,�� /,+$5(9 ������ )DXQD� RI� %XOJDULD�� 9RO ��� 7HUUHVWULDO� VQDLOV

�*DVWURSRGD�WHUUHVWULD���6RILD��%XOJDULD� %$6������S��
'$0-$129� 6��� /�� 3,17(5 ������ 1HXH 9LWUHLQL DXV %XOJDULHQ �*DVWURSRGD��

(XWK\QHXUD���� $UFK� 0ROO���������� ����
'('29 ,�� ������ $QQRWDWHG� FKHFN�OLVW� RI� WKH� %XOJDULD� WHUUHVWULDO� VQDLOV� �0ROOXVFD�

*DVWURSRGD���/LQ]HU�ERLO��%HLWU������������� �����
3,17(5 /�� ������ 'LH *DWWXQJ 9LWUHD )LW]LQJHU�� ����� LQ� GHQ� %DONDQOXQGHUQ�

�*DVWURSRGD��=RQLWLGDH���$QQ��]RRO���3ROVND $NDG��QDXN��,QVW��]RRO�������
����� ����
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$WDQDV�$��,ULNRY
8QHYHUVLW\�RI�3ORYGLY��3DLVLL�+LOHQGDUVNL���'HSDUWPHQW�RI�(FRORJ\�DQG�(QYLURQ�

PHQWDO�FRQVHUYDWLRQ��7VDU�$VVHQ����������3ORYGLY��%XOJDULD
�6XPPDU\�

7KH� VWXGLHG� PDWHULDO� ZDV� WDNHQ� IURP� WKH� 5RGRSL� 0RXQWDLQV�� %XOJDULD�� $�
VXEMHFW� RI� RXU� LQYHVWLJDWLRQV� ZDV� WKH� RUJDQL]DWLRQ� RI� WKH� JHQLWDO� V\VWHPV� RI� WZR�
VSHFLHV�RI�WKH�JHQXV�9LWUHD )LW]LQJHU��������L�H��9LWUHD�QHJOHFWD�'DPMDQRY�	�3LQWHU�
DQG�9LWUHD�EXOJDULFD�'DPMDQRY�	�3LQWHU��,W�ZDV�HVWDEOLVKHG�WKDW�WKH�JHQLWDO�V\VWHPV�
DQG�WKH�VSHFLILF�VWUXFWXUH�RI�WKH�SHQLV�LQ�WKHVH�WZR�VSHFLHV�ZHUH�LGHQWLFDO��:H�VXJJHVW�
WKDW��9��QHJOHFWD�'DPMDQRY�	�3LQWHU�DQG�9��EXOJDULFD�'DPMDQRY�	�3LQWHU�DUH� WZR�
LGHQWLFDO�VSHFLHV�ZKLFK�PDQLIHVW�JUHDW�YDULDELOLW\�LQ�WKH�IRUP�RI�WKHLU�VKHOOV��DQG�DOVR�
WKDW�9LWUHD�EXOJDULFD�LV�D�V\Q��Q� RI�9LWUHD�QHJOHFWD�
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