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PLQHG�E\�06�*&�DQG��+�105��D�0HWK\OWKLR�WKLRHVWHU��E

DQG�WKH�D�K\GUR[\�WKLRHVWHU��E�ZHUH�DOVR�SURGXFHG�EXW�LQ

D�PLQRU�\LHOG��7KH�UHPDLQLQJ�VXEVWUDWHV��F���H���I�DQG��K

JDYH�DV�PDLQ�SURGXFWV�D�K\GUR[\�WKLRHVWHUV���DQG�RU�PR�

QRVXOIR[LGH����7KXV���F� DIIRUGHG��F� DQG��F� LQ�DERXW� WKH

VDPH�SURSRUWLRQ��ZKLOH��H�DQG��I�JDYH�RQO\�WKH�D�K\GUR[\�

WKLRHVWHU��H�DQG��I��UHVSHFWLYHO\��7KH�D�R[R�NHWHQHGLWKLR�

DFHWDO� �K� \LHOGHG� RQO\� WKH� VXOIR[LGH� �K� DV� D� VROH

GLDVWHUHRPHU�� WKH� VWHUHRFKHPLVWU\�RI�ZKLFK�FRXOG�QRW�EH

GHWHUPLQHG�E\��+�DQG���&�H[SHULPHQWV�

7KH�DVVLJQPHQW�RI�WKH�+�DQG�&�VLJQDOV�IRU�WKH�PRQRVXO�

IR[LGH��F�ZDV�EDVHG�RQ�+(7&25��&26<��12(6<��DQG

ORQJ�UDQJH���&��+�FRUUHODWLRQ�H[SHULPHQWV��DQG�E\�DVVXP�

LQJ�WKDW�WKH�PHWK\OHQH�JURXSV�FORVHU�WR�WKH�TXLUDO�VXOIR[LGH

JURXS�VKRXOG�H[SHULHQFH�D�JUHDWHU�LQHTXLYDOHQFH�IRU�WKHLU

SURWRQV��$�+(7&25�H[SHULPHQW�VKRZHG�D�FRUUHODWLRQ�RI

WKH�VLJQDO�DW������SSP�ZLWK�WKH�VLJQDOV�DURXQG����������

DQG�����������SSP��DQG�DQRWKHU�FRUUHODWLRQ�RI�WKH�VLJQDO�DW

�����SSP�ZLWK�WKH�VLJQDOV�DURXQG�����������DQG����������

SSP��%DVHG�RQ�WKH�IDFW�WKDW�WKH�FKHPLFDO�VKLIW�GLIIHUHQFH

EHWZHHQ� WKH�PHWK\OHQH� SURWRQV� IRU� WKH� VLJQDO� DW� ����� LV

JUHDWHU�WKDQ�IRU�WKH�VLJQDO�DW������SSP�ZH�DVVXPHG�WKDW�WKH

VLJQDO�DW�����������FRUUHVSRQGV�WR�RQH�RI�WKH�SURWRQV�RI�WKH

&���PHWK\OHQH�JURXS��7KH�VDPH�FRQVLGHUDWLRQV�ZHUH�WDNHQ

LQWR�DFFRXQW�IRU�WKH�+���DQG�+���SURWRQV��7KH�VLJQDO�DW�����

FRUUHODWHV�ZLWK�WKH�VLJQDOV�DW������DQG�����������SSP��ZKLOH

WKH�VLJQDO�DW�G������FRUUHODWHV�RQO\�ZLWK�VLJQDO�DW����������

SSP�� 7KH� ��&��+� ORQJ� UDQJH� FRUUHODWLRQ� H[SHULPHQW

VKRZHG�D�FRUUHODWLRQ�EHWZHHQ���&�VLJQDO�DW������SSP�DQG
�+�DW�G�������WKHUHIRUH�WKH���&�DW�G������PXVW�EH�GXH�WR�&���

DQG�WKH�VLJQDO�DW�G������WR�&����7KLV�H[SHULPHQW�DOVR�VKRZHG

D�FRUUHODWLRQ�EHWZHHQ�WKH�ORZHUILHOG�VLJQDO�DW�G�������ZLWK

WKH�VLJQDOV�UHODWHG�WR�WKH�WZR�PHWK\O�JURXSV��&���DQG�&����

7KH�FDUERQ�VLJQDO�DW�G�������FRUUHODWHG�ZLWK�WKH��+�VLJQDOV

DW�G������DQG�������7KH�ILUVW��+�VLJQDO�FRUUHVSRQGV�WR�RQH

RI�WKH�SURWRQV�RI�WKH�&���PHWK\OHQH�JURXS�ZKHUHDV�WKH�ODWWHU

RQH�FRUUHVSRQGV�WR�WKH�RWKHU�&���PHWK\OHQH�SURWRQ�RU�RQH

RI� WKH�&���PHWK\OHQH�SURWRQV��7KLV�ZRXOG�DOORZ�WKH� ��&

DVVLJQPHQWV�DW�G�������DQG�G�������WR�&���DQG�&����UHVSHF�

WLYHO\��7DEOH����

&RQVLGHULQJ�WKH�PRQRVXOIR[LGH��E��E\�DQDO\VLV�RI�WKH

+(7&25�VSHFWUXP�DQG�E\�DQDORJ\�ZLWK��F��LW�LV�UHDVRQDEOH

WR�SURSRVH�WKDW�WKH�PDMRU�LVRPHU�LV�WKH�RQH�ZLWK�(�FRQILJX�

UDWLRQ��7KLV�DVVXPSWLRQ�LV�EDVHG�RQ�WKH�IDFW�WKDW�IRU�FRP�

SRXQG��F��&����ZKLFK�LV�FLV�WR�WKH�VXOIR[LGH�JURXS��KDV�D

ORZHU�FKHPLFDO�VKLIW�WKDQ�&����ZKLFK�LV�WUDQV�WR�WKH�VXOIR[�

LGH��7KHQ��FRPSDULQJ�WKH�FKHPLFDO�VKLIW�YDOXHV�IRU�&���DQG

&���IRU�ERWK�LVRPHUV�RQH�FDQ�FRQFOXGH�WKDW�WKH�(�LVRPHU

KDV�&���DW�G������DQG�&���DW�G�������7KH�=�VXOIR[LGH�KDV

&���DW�G������DQG�&���DW�G�������7DEOH�����7KH�&���DQG�&��

FKHPLFDO�VKLIWV�ZHUH�DVVLJQHG�E\�WKH�FRUUHODWLRQ�ZLWK�WKH

UHVSHFWLYH�SURWRQV��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�LW�ZDV�QRW

SRVVLEOH�WR�VHSDUDWH�WKH�GLDVWHUHRPHUV��WKHUHIRUH�WKHVH�DV�

VLJQPHQWV�VKRXOG�EH�WDNHQ�FDXWLRXVO\�EHFDXVH�DOO�WKH� �+�
��&�DQG�+(7&25�VSHFWUD�DUH�RI�WKHLU�PL[WXUH�
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,W�VHHPV�UHDVRQDEOH�WR�SURSRVH�WKDW�DIWHU�WKH�ILUVW�R[LGD�

WLRQ� WKH� JHQHUDWHG� FDWLRQ� UDGLFDO� �� KDV� WZR� SDWKZD\V� WR

FKRRVH�EHWZHHQ��6FKHPH�����3DWK�%�DIIRUGV�WKH�PRQRVXO�

IR[LGHV����ZKLOH�SDWK�$�\LHOGV�DOO�WKLRHVWHU�GHULYDWLYHV��%RWK

SDWKZD\V�DUH�FRPSHWLWLYH�DQG�WKH�SURGXFW�UDWLR�ZLOO�GHSHQG

RQ� WKH� UHDFWLYLW\� RI� WKH� FDWLRQ� UDGLFDO� ��� )RU� LQVWDQFH�

HOHFWURO\VLV�RI��H�DQG��I�DIIRUGHG������DQG�������RI�WKH

D�K\GUR[\�WKLRHVWHU� �H� DQG� �I�� UHVSHFWLYHO\�� EXW� QR� D�

PHWK\OWKLR�WKLRHVWHU����PHDQLQJ�WKDW�WKH�HTXLOLEULXP�)�LV

VKLIWHG�WR�WKH�OHIW��2Q�WKH�RWKHU�KDQG��IRU�NHWHQHGLWKLRDFHWDOV

�D���E��DQG��G�WKH�HSL�VXOIRQLXP�FDWLRQ����VHHPV�WR�LQWHU�

YHQH��DV�WKH�IRUPDWLRQ�RI�WKH�FRUUHVSRQGLQJ�D�PHWK\OWKLR�

WKLRHVWHUV�FRXOG�EH�REVHUYHG�LQ�VSLWH�RI�LWV�YHU\�ORZ�\LHOG

�VHH�7DEOH����

&RQFHUQLQJ� WKH� GLPHU� IRUPDWLRQ�� LW� LV� LQWHUHVWLQJ� WR

QRWLFH�WKDW�RQO\�WUL�VXEVWLWXWHG�ROHILQV�DIIRUGHG�GLPHUV��ZLWK

H[FHSWLRQ� RI� �G�� 6R� LW� LV� UHDVRQDEOH� WR� SURSRVH� WKDW� WKH

UDGLFDO���SUHIHUV�WR�IROORZ�SDWK�'�WKDQ�&�ZKHQ�WKH�FDUERQ�

FDUERQ�GRXEOH� ERQG� LV� WHWUDVXEVWLWXWHG� �6FKHPH�����7KLV

IDFW� PD\� EH� GXH� WR� VWHULF� HIIHFWV� EXW� XQIRUWXQDWHO\� QR

GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�PHFKDQLVP�RI�WKH�GLPHUL]D�

WLRQ�LV�DYDLODEOH�DQG�DQ\�H[SODQDWLRQ�DERXW�LW�LV�MXVW�PHUH

VSHFXODWLRQ�

&DWLRQ�UDGLFDOV�LQ�VROXWLRQ�XQGHUJR�D�YDULHW\�RI�UHDF�

WLRQV����,Q�WKH�FDVH�RI�NHWHQHGLWKLRDFHWDOV�WKH�LQIOXHQFH�RI

WKH�VWUXFWXUH�RI�VXEVWUDWHV�DQG�WKHLU�FRUUHVSRQGLQJ�FDWLRQ

UDGLFDOV�RQ�WKH�GLIIHUHQW�UHDFWLRQ�SDWKZD\V�REVHUYHG�LV�QRW

HDVLO\�HVWDEOLVKHG��7KH�FRPSHWLWLYH�IRUPDWLRQ�RI�K\GUR[\

GHULYDWLYHV���DQG�PRQRVXOIR[LGHV���LV�DQ�H[DPSOH�RI�WKLV

GLIILFXOW\��,W�VHHPV�UHDVRQDEOH�WR�DVVXPH�WKDW�FKDUJH�GLVWUL�

EXWLRQ� LQ� LQWHUPHGLDWH� �� VKRXOG� EH� UHVSRQVLEOH� IRU� WKH

GLIIHUHQW�UHDFWLRQ�VLWHV�ZLWK�ZDWHU��EXW�QR�FOHDU�H[SODQDWLRQ

IRU�WKLV�EHKDYLRU�LV�DYDLODEOH�

0ROHFXODU� RUELWDO� FDOFXODWLRQV� �$0�� VHPLHPSLULFDO

PHWKRG����ZHUH�XVHG�LQ�DQ�DWWHPSW�WR�HYDOXDWH�WKH�UHDFWLYLW\

RI�WKH�VXEVWUDWHV���DQG�FDWLRQ�UDGLFDOV����$OO�FDOFXODWLRQV

ZHUH�GRQH�XVLQJ�WKH�VHPLHPSLULFDO�PHWKRG�DV�LPSOHPHQWHG

LQ�WKH�6SDUWDQ�����SDFNDJH����7DEOH���VKRZV�WKDW�WKHUH�LV�D

JRRG� FRUUHODWLRQ� EHWZHHQ� (SD� DQG� (+202�� &RQMXJDWLRQ

ZLWK� HOHFWURQ�GRQDWLQJ� JURXSV� LQFUHDVHV� +202� HQHUJ\

WKXV� WKH� R[LGDWLRQ� EHFRPHV� DQ� HDVLHU� SURFHVV� DQG� (SD

GHFUHDVHV��WKXV��G�KDV�(+202� �������H9�DQG�(SD� ������9

YV��$J�$J,��:KHQ�5�LV�DQ�HOHFWURQ�ZLWKGUDZLQJ�JURXS�WKH

+202�HQHUJ\�GHFUHDVHV�ZKLFK�LPSOLHV�D�KLJKHU�(SD��IRU

LQVWDQFH�� �J� KDV� (+202�  � ������ H9� DQG� (SD�  � ����� 9

YV�$J�$J,����

7KH�FRHIILFLHQW�YDOXHV�IRU�WKH�+202�RUELWDOV�GLG�QRW

DOORZ�XV�WR�XVH�WKHP�WR�H[SODLQ�WKH�HOHFWURO\VLV�SURGXFWV

GLVWULEXWLRQ��$OO�FRPSRXQGV�VKRZHG�D�KLJKHU�FRHIILFLHQW��

IRU� WKH� VXOIXU� DWRPV� DQG� WKH� &�E� RI� WKH� FDUERQ�FDUERQ

GRXEOH�ERQG�EXW�LW�ZDV�QRW�SRVVLEOH�WR�H[SODLQ�ZK\�VRPH

NHWHQHGLWKLRDFHWDOV�DIIRUGHG�GLPHUV�DQG�RWKHUV�QRW��8QIRU�

WXQDWHO\� WKH� UHVXOWV� ZLWK� WKH� FDWLRQ� UDGLFDOV� �� ZHUH� QRW

FRQFOXVLYH��LQ�WKDW�HVWDEOLVKPHQW�RI�WKH�FKDUJH�GLVWULEXWLRQ

FRXOG�QRW�EH�DFKLHYHG�

([SHULPHQWDO

0HOWLQJ�SRLQWV�ZHUH�GHWHUPLQHG�ZLWK�DQ�(OHFWURWKHUPDO

�����GLJLWDO�PHOWLQJ�SRLQW�DSSDUDWXV�DQG�DUH�XQFRUUHFWHG�
�+�� DQG� ��&�105� VSHFWUD� ZHUH� REWDLQHG� RQ� D� %UXNHU

$&��������0+]��DQG�RQ�D�%UXNHU�$&����������0+]��LQ

&'&O�� VROXWLRQV�ZLWK� WHWUDPHWK\OVLODQH�DV� LQWHUQDO� UHIHU�

HQFH��FKHPLFDO�VKLIWV�DUH�JLYHQ�LQ�SSP��IRU�WKH�PXOWLSOLFLW\�

V��VLQJOHW���G��GRXEOHW���W��WULSOHW���P��PXOWLSOHW���EV��EURDG

VLQJOHW���+R�P�S� DQG�&R�P�S� �SRVLWLRQ� RI� WKH�+� RU�&� DW� WKH

SKHQ\O�ULQJ��RUWKR��PHWD��SDUD��UHVSHFWLYHO\���)RU��F�GHULYD�
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WLYHV��&+�����+�DW� WKH�&���RI� WKH�F\FORKH[DQH� ULQJ��)RU

PRQRVXOIR[LGH��E�WKH��+�DQG���&�105�VSHFWUD�ZHUH�UH�

FRUGHG�DW�����0+]�DQG�����0+]��UHVSHFWLYHO\�0DVV�VSHF�

WURPHWU\�ZDV�FDUULHG�RXW�ZLWK�D�+HZOHWW�3DFNDUG������RU

�����$�����H9��PDVV�VSHFWURPHWHU��*�/�&��DQDO\VLV�ZHUH

SHUIRUPHG�RQ�D�+HZOHWW�3DFNDUG������VHULHV�,,�JDV�FKUR�

PDWRJUDSK\�RQ�D�0HJDERU�FROXPQ�������PP�[���P�[�����

PP��PHWK\O�VLOLFRQ�JXP�6(�����XVLQJ�1��DV�FDUULHU�JDV��D

WHPSHUDWXUH�SURJUDP��������������&�ZLWK�����&�PLQ���DQG

D�),'�GHWHFWRU��(OHPHQWDO�DQDO\VLV�ZHUH�SHUIRUPHG�DW�WKH

,QVWLWXWR� GH� 4XtPLFD�� 8QLYHUVLGDGH� GH� 6mR� 3DXOR�� ,�5�

VSHFWUD�ZHUH�UHFRUGHG�RQ�D�3HUNLQ�(OPHU�����$�DQG������

)7� ,�5�� VSHFWURPHWHU�� LQ� D� 1D&O� FHOO� DV� ILOP�� &ROXPQ

FKURPDWRJUDSK\�ZDV�SHUIRUPHG�RQ�VLOLFD�JHO�����������

PHVK�� 0HUFN�� XVLQJ� KH[DQH�HWK\O� DFHWDWH� ������ Y�Y�� DV

HOXHQW�

3UHSDUDWLRQ�RI�WKH�6XEVWUDWHV

&RPSRXQGV��E�I����DQG��J�K���ZHUH�SUHSDUHG�DFFRUGLQJ

WR�WKH�OLWHUDWXUH�

����%LV�PHWK\OWKLR����SHQWHQH���D�

0HWK\O�GLWKLRSHQWDQRDWH�������J�������PPRO��SUHSDUHG

DV�GHVFULEHG�EHORZ��DQG�EHQ]\OWULHWK\ODPPRQLXP�FKORULGH

������J������PPRO��LQ����P/�RI�DFHWRQH�ZHUH�VWLUUHG�ZLWK

����� HTXLYDOHQWV� RI� ���1�1D2+� VROXWLRQ� IRU� ��� DW� URRP
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WHPSHUDWXUH�� 7KH�PL[WXUH� ZDV� FRROHG� WR� �� �&� DQG� WKHQ

PHWK\O�LRGLGH�������J�������PPRO��ZDV�DGGHG�YHU\�VORZO\�

$IWHU���K�DW�URRP�WHPSHUDWXUH�WKH�PL[WXUH�ZDV�SRXUHG�LQWR

����P/�RI�ZDWHU�DQG�WKH�SURGXFW�H[WUDFWHG�ZLWK�HWKHU�DQG

GULHG� RYHU� DQK\GURXV� 0J62��� $IWHU� HYDSRUDWLRQ� RI� WKH

VROYHQW�WKH�SURGXFW�ZDV�SXULILHG�E\�GLVWLOODWLRQ�DW�UHGXFHG

SUHVVXUH� �E�S��� ������ �&��� 7RUU�� OLW����� ���� �&���� 7RUU�

DIIRUGLQJ������J�������RI��D���+�105������0+]��G������
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0HWK\O�GLWKLRSHQWDQRDWH

7R�D�VROXWLRQ�RI�Q�EXW\OPDJQHVLXP�EURPLGH��SUHSDUHG

IURP�Q�EXW\O�EURPLGH�������J������PPRO��DQG�0J�������J�

���� PPRO�� LQ� ���� P/� RI� GU\� 7+)� DW� ���� �&�� FDUERQ

GLVXOILGH�������J������PPRO��ZDV�DGGHG�GXULQJ����PLQ��7KH

PL[WXUH�ZDV�DOORZHG�WR�UHDFK��������&�DQG�WKHQ�PHWK\O

LRGLGH�������J������PPRO��ZDV�DGGHG�DW�RQFH��$W�WKH�HQG

RI�WKH�H[RWKHUPLF�UHDFWLRQ�WKH�PL[WXUH�ZDV�KHDWHG�DW�����&

IRU����PLQ��7KH� VROXWLRQ�ZDV�SRXUHG� LQWR�ZDWHU� DQG� WKH

SURGXFW�H[WUDFWHG�ZLWK�HWKHU��ZDVKHG�ZLWK�EULQH�DQG�GULHG
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