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$EVWUDFW�

7KH�FRRUGLQDWLRQ�SRO\PHUV�>=Q����¶�%'$��ES\�@Q�����DQG�>&G����¶�%'$��ES\��+�2��@Q�����KDYH�EHHQ�
V\QWKHVL]HG�IURP�ELSKHQ\O����¶�GLFDUER[\OLF�DFLG��+�%'$���ZLWK�WKH�KHOS�RI�>=Q

,,��&G,,@�����¶�ELS\ULGLQH���
7KH� FRPSOH[HV��� DQG��� IRUPHG� IURP� WKH� VDPH� OLJDQG� �+�%'$�� KDYH� GLIIHUHQW�PROHFXODU� VWUXFWXUHV�� ,W�
UHYHDOV�WKH�IDFW�WKDW�RUJDQLF�OLQNHUV�GLVSOD\�GLIIHUHQW�FRRUGLQDWLRQ�SUHIHUHQFHV�DW�GLIIHUHQW�PHWDO�LRQV��

.H\� ZRUGV�� %LSKHQ\O���� �¶�GLFDUER[\OLF� DFLG�� 02)V�� ��� �¶�ELS\ULGLQH�� VROYRWKHUPDO� UHDFWLRQ�� 1�1¶�
GLPHWK\OIRUPDPLGH�

,QWURGXFWLRQ�

0HWDO�RUJDQLF� IUDPHZRUNV� �02)V�� RU� FRRUGLQDWLRQ�SRO\PHUV� IRUP� D� QHZ� FODVV� RI� SRURXV�PDWHULDOV�
FRQVLVWLQJ� RI� LQRUJDQLF� EXLOGLQJ� XQLWV� MRLQHG� E\� RUJDQLF� OLQNV���02)V� DUH� UHFHLYLQJ� JURZLQJ� DWWHQWLRQ�
EHFDXVH�RI�WKHLU�LQWULJXLQJ�WRSRORJLHV�DQG�GLYHUVH�IXQFWLRQDOLW\���,Q�WKH�FRQVWUXFWLRQ�RI�PDQ\�LQWHUHVWLQJ�
V\VWHPV��SRO\FDUER[\ODWH�DURPDWLF�OLJDQGV�KDYH�EHHQ�VXFFHVVIXOO\�HPSOR\HG�DV�FDUER[\OLF�JURXSV�FDQ�EH�
SDUWLDOO\� RU� FRPSOHWHO\� GHSURWRQDWHG� DQG� FDQ� FRRUGLQDWH� ZLWK� PHWDO� LRQV� LQ� PXOWLFRRUGLQDWHG� ZD\V���
&DUER[\ODWHV�DUH�DWWUDFWLYH�PHWDO�ELQGLQJ�XQLWV�LQ�FRRUGLQDWLRQ�QHWZRUNV�GXH�WR�WKH�QHJDWLYH�FKDUJH�WKDW�
VLJQLILFDQWO\� HQKDQFHV� WKHLU� DELOLW\� WR� ELQG� VWURQJO\� WR� PHWDO� FHQWHUV� 7KH� OLJDQGV� FRQWDLQLQJ� PXOWLSOH�
FDUER[\OLF� DFLG� XQLWV� KDYH� EHHQ� IRXQG� WR� EH� JRRG� FDQGLGDWHV� EHFDXVH� WKH\� DFW� QRW� RQO\� DV� K\GURJHQ�
DFFHSWRUV�EXW�DOVR�DV�K\GURJHQ�GRQRUV��GHSHQGLQJ�RQ�WKH�QXPEHU�RI�GHSURWRQDWHG�FDUER[\OLF�JURXSV���

7KH�DX[LOLDU\�OLJDQGV�OLNH�����¶�ELS\ULGLQH�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�WKH�ILQDO�VWUXFWXUH�
RI�WKH�FRPSOH[�DV�LW�LPSDFW�RQ�WKH�FRQIRUPDWLRQV�RI�WKH�IOH[LEOH�FDUER[\OLF�OLJDQG��WUDQV��RU�FLV����/RZ�
GLPHQVLRQ�VWUXFWXUHV�FDQ�EH�H[WHQGHG�LQWR�KLJK�GLPHQVLRQDO�VXSUDPROHFXODU�QHWZRUNV�E\�WHUPLQDO�OLJDQG�
OLNH�����¶�ES\�WKURXJK�ZHDN�LQWHUDFWLRQV���

'XH� WR� ZLGHU� UDQJH� RI� FRRUGLQDWLRQ� QXPEHUV� WRJHWKHU� ZLWK� WKHLU� DSSOLFDWLRQV� LQ� OXPLQHVFHQFH� DQG�
ELRORJLFDO� DFWLYLWLHV��� ��� WKH�PHWDO� �=Q��&G�� LRQV�ZLWK� G��� FRQILJXUDWLRQ� DUH� KLJKO\� SURPLVLQJ��7KXV�� WKH�
SUHVHQW�DUWLFOH�LV�LPSRUWDQW�DV�LW�GHDOV�ZLWK�WKH�V\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�VWUXFWXUHV�REWDLQHG�RQ�
WKH�VNHOHWRQ�RI�G���GLYDOHQW�PHWDO��=Q,,��&G,,������¶�ELS\ULGLQHV�WRJHWKHU�ZLWK��ELSKHQ\O������¶�GLFDUER[\OLF�
DFLG���

&RUUHVSRQGLQJ�DXWKRU
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([SHULPHQWDO�0HWKRGV�

$OO� UHDJHQWV� DQG� VROYHQWV�ZHUH� FRPPHUFLDOO\� DYDLODEOH� DQG�XVHG� DV� UHFHLYHG��7KH� FDUERQ��QLWURJHQ��
DQG�K\GURJHQ�FRQWHQWV�RI�WKH�VROLG�FRPSOH[HV�ZHUH�GHWHUPLQHG�E\�&DUER�(UED�HOHPHQWDO�DQDO\]HU�������
7KH� LQIUDUHG� VSHFWUD� RI� WKH� FRPSOH[HV� ZHUH� UHFRUGHG� RQ� D� 9DULDQ� ����� )7�,5� VSHFWURPHWHU�
����� ���FP ��� XVLQJ� .%U� GLVNV�� 0�ES\��12���ā+�2� >0�  =Q�,,��&G�,,�@� ZHUH� SUHSDUHG� XVLQJ� WKH�
SURFHGXUH�DV�UHSRUWHG�E\�6HQ�HW�DO���IRU�DQDORJRXV�FRPSOH[HV��

7KH� FRPSOH[HV� ZHUH� V\QWKHVL]HG� E\� VROYRWKHUPDO� UHDFWLRQ��� ,Q� D� W\SLFDO� V\QWKHWLF� SURFHGXUH��
=Q�ES\��12���ā+�2��������J������PPRO��DQG�&G�ES\��12���ā+�2��������J������PPRO��ZHUH�DGGHG�WR�WKH�
VROXWLRQ�RI� ELSKHQ\O����¶�GLFDUER[\OLF� DFLG� �������J�� ����PPRO�� LQ�1�1¶�GLPHWK\OIRUPDPLGH� �����P/���
:KHQ�WKH�FRUUHVSRQGLQJ�PL[WXUHV�ZHUH�KHDWHG�DW���� ����&�IRU�� ��K��WKH�FRPSOH[HV�ZHUH�LVRODWHG�LQ�
�� ����\LHOG��7KH\�ZHUH�IRXQG�LQVROXEOH�LQ�FRPPRQ�RUJDQLF�VROYHQWV�DQG�ZHUH�PHOWLQJ�DERYH������&��

6FKHPH����6\QWKHWLF�VWUDWHJ\�IRU�FRPSOH[HV��
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,Q� LQIUDUHG� VSHFWUD� RI� WKH� FRPSOH[HV�� WKH� FKDUDFWHULVWLF� EDQG� RI� FDUER[\OLF� DFLG� JURXS� REVHUYHG� DW��
����� FP �� LQ� WKH� VSHFWUXP� RI� IUHH� OLJDQG� ��� �+�%'$��ZDV� DEVHQW� LQ� WKH� VSHFWUD� RI� LWV� FRPSOH[HV�� ,W�
VXSSRUWHG� WKDW� GHSURWRQDWHG� OLJDQGV� KDG� FRRUGLQDWHG� ZLWK� PHWDO� LRQV� LQ� WKH� FRPSOH[HV� �DQG� ����� 7KH�
SHDNV� REVHUYHG� DW� ����� DQG� ����� FP �� LQ� WKH� VSHFWUD� RI� FRPSOH[HV� �� DQG� �� ZHUH� DVVLJQHG� WR� DV\P

� &22 ��YLEUDWLRQ��ZKHUHDV� V\P� &22 ��YLEUDWLRQ�ZDV�REVHUYHG�DW������DQG������FP ��� UHVSHFWLYHO\��
7KXV��SHDN�VHSDUDWLRQV�EHWZHHQ� DV\P� &22 ��DQG� V\P�� &22 ��ZHUH�IRXQG�DV����DQG�����FP ���ZKLFK�
VXSSRUWHG� ELV�ELGHQWDWH� DQG�PRQRGHQWDWH� FRRUGLQDWLRQ�PRGHV� RI� FDUER[\ODWH� JURXSV�� UHVSHFWLYHO\�� 7KH�
VSHFWUD�RI�WKH�VDPH�FRPSOH[HV�VKRZHG�D�SHDN�DW������FP ��DVVLJQHG�WR�WKH� �1 1��YLEUDWLRQ����7KH�EDQGV�
REVHUYHG� DW� ��� ���� DQG� ��� ���� FP �� ZHUH� DVVLJQHG� WR� �0 1�� DQG� �0 2�� YLEUDWLRQV��
UHVSHFWLYHO\���7KH�DERYH�H[SHULPHQWDO�UHVXOWV�VXJJHVW�WKH�IROORZLQJ�VWUXFWXUHV�IRU�WKH�WZR�FRPSOH[HV��

)LJXUH����3RVVLEOH�VWUXFWXUHV�IRU�FRPSOH[HV��	���

&RQFOXVLRQV

7ZR�QHZ�FRRUGLQDWLRQ�SRO\PHUV�ZHUH�REWDLQHG�E\�UHDFWLRQ�RI�PHWDO�QLWUDWH�FRQWDLQLQJ�����¶�ELS\ULGLQH�
>PHWDO�  � =Q,,�� &G,,@� VHSDUDWHO\� ZLWK� ELSKHQ\O���� � �GLFDUER[\OLF� DFLG�� (OHPHQWDO� DQDO\VHV� DQG� ,5�
VSHFWURVFRS\�WHFKQLTXHV�KDYH�EHHQ�XVHG�IRU�FKDUDFWHUL]DWLRQ�RI�WKH�FRPSOH[HV��7KH\�FRXOG�EH�SURPLVLQJ�
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FDQGLGDWHV� DV� DGVRUEHQWV� IRU� JDV� VHSDUDWLRQ� VLQFH� VXFK� W\SHV� RI� PHWDO±RUJDQLF� IUDPHZRUNV� VKRZ� WKH�
IRUPDWLRQ�RI�SRURXV�VWUXFWXUHV����

$FNQRZOHGJHPHQW�

7KH� DXWKRU� LV� WKDQNIXO� WR� WKH�+HDG��'HSDUWPHQW� RI� FKHPLVWU\�� %+8��9DUDQDVL�� ,QGLD� IRU� SURYLGLQJ�
FKDUDFWHUL]DWLRQ� IDFLOLWLHV�� 7KDQNV� DUH� DOVR� GXH� WR� WKH� PHPEHUV� RI� GHSW�� RI� FKHPLVWU\�� 7ULEKXYDQ�
8QLYHUVLW\�7�5�0��&DPSXV��%LUJXQM�IRU�KLV�YDOXDEOH�VXJJHVWLRQV�DQG�HQFRXUDJHPHQW���
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