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:H�SUHVHQW�D�VWXG\�RI�IDEULFDWLRQ�DQG�SURSHUWLHV�RI�WKH�SODQDU�RSWLFDO�ZDYHJXLGHV�IDEULFDWHG�E\�$J
�
��

&X
�
��&X

��
�DQG�(U

��
�LRQ�H[FKDQJH��,(��LQ�D�YDULHW\�RI�FRPPHUFLDO�DV�ZHOO�DV�QRQ�FRPPHUFLDO�RSWLFDO�JODVVHV���

7KH� SURSHUWLHV� RI� WKH� ZDYHJXLGHV� DUH� GLVFXVVHG� IURP� WKH� SRLQW� RI� YLHZ� RI� WKH� FRPSRVLWLRQ� RI� WKH�

VXEVWUDWH�JODVVHV��HVS��WDNLQJ�LQWR�DFFRXQW�WKH�UDWLRV�RI�WKH�EULGJLQJ�DQG�QRQ�EULGJLQJ�R[\JHQ�DWRPV�LQ�WKH�

JODVV�PDWUL[HV�DQG�ILQLQJ�DJHQWV���OXPLQHVFHQFH�DQG�ZDYHJXLGLQJ�SURSHUWLHV�DV�UHIUDFWLYH�LQGH[�SURILOHV�DQG�

ELUHIULQJHQFH�� 7KH� VDPSOHV� FRQWDLQLQJ� H[FOXVLYHO\� &X
�
� H[KLELWHG� YHU\� VWURQJ� EOXH�JUHHQ� OXPLQHVFHQFH�

GHVSLWH�WKHLU�ORZ�FRQWHQW�LQ�WKH�H[FKDQJHG�OD\HUV��7KH�(U
��
�ZDYHJXLGHV�DUH�SUHVHQWHG�IRU�WKH�ILUVW�WLPH��

,QWURGXFWLRQ�

2SWLFDO� WHFKQLTXHV�DUH� LQ�WKH�IRUHIURQW�RI�D� ODUJH�YDULHW\�RI�PRGHUQ�WHFKQLTXHV�GXH�WR�
WKHLU� LQKHUHQW�KLJK�VSHFLILFLW\��2QH�RI� WKH�SRVVLELOLWLHV� WR� IDEULFDWH�D� ODUJH� IDPLO\�RI�RSWLFDO�
GHYLFHV� LV� LRQ� H[FKDQJH� LQ� JODVV�� ,RQ�H[FKDQJH� WHFKQLTXH� RFFXUV� E\� LPPHUVLQJ� WKH� JODVV�
VXEVWUDWH� LQWR� WKH� EDWK� �W\SLFDOO\� D�PHOW�� FRQWDLQLQJ� D� VDOW� RI� WKH� ´IXQFWLRQDOµ� FDWLRQ��7KLV�
WHFKQLTXH�ZKLFK�KDV�EHHQ�XVHG�IRU�PRUH�WKDQ�D�FHQWXU\�WR�SURGXFH�WLQWHG�JODVV��KDV�UHFHLYHG�
LQFUHDVHG�DWWHQWLRQ�LQ�UHFHQW�\HDUV�DV�LW�LPSURYHV�VXUIDFH�PHFKDQLFDO�SURSHUWLHV�RI�JODVV�DQG��
PD\EH�PRUH�LPSRUWDQW��PD\�FUHDWH�D�ZDYHJXLGLQJ�UHJLRQ�LQ�JODVV�����7RGD\��JODVV�ZDYHJXLGHV�
DUH� FRQVLGHUHG� WR� EH� SULPH� FDQGLGDWHV� IRU� RSWLFDO� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQV� LQ� RSWLFDO�
FRPPXQLFDWLRQV�� VHQVRUV� DQG� RWKHU� UHODWHG� DUHDV��7KH� LPSRUWDQFH� RI� WKH� JODVV�ZDYHJXLGHV�
FRPSRQHQWV�LV�ERUQH�RXW�E\�WKHLU�FRPSDWLELOLW\�ZLWK�RSWLFDO�ILEHUV��SRWHQWLDOO\�ORZ�FRVW��ORZ�
SURSDJDWLRQ�ORVVHV�DQG�WKH�HDVH�RI�WKHLU�LQWHJUDWLRQ�LQWR�WKH�V\VWHP��7KH�UHIUDFWLYH�LQGLFHV�RI�
WKH�JODVV�VXEVWUDWH�FDQQRW�EH�FKDQJHG�E\�DSSOLFDWLRQ�RI�DQ�H[WHUQDO�HOHFWULF�ILHOG��VR�WKH�JODVV�
ZDYHJXLGHV�PD\�EH�XVHG�RQO\�DV�SDVVLYH�RSWLFDO�FRPSRQHQWV��LQ�VSLWH�RI�H�J��OLWKLXP�QLREDWH�
ZDYHJXLGHV��ZKLFK�PD\� VHUYH�DOVR�DV�G\QDPLFDO�FRPSRQHQWV�ZLWK�HOHFWUR�RSWLF�SURSHUWLHV���
1HYHUWKHOHVV�� WKH� SURSHUWLHV� RI� JODVV� FDQ� EH� WXQHG� LQ� D�ZLGH� UDQJH� RI� SRVVLELOLWLHV� ZKLFK��
ZKHQ� ODVHU� DFWLYH� LRQV� DUH� LQFRUSRUDWHG� LQWR� WKH� VXEVWUDWH�� DOORZ� DOVR� WR� XWLOL]H� WKH� JODVV�
ZDYHJXLGHV�DV�WKH�DFWLYH�ZDYHJXLGHV�LQ�RSWLFDO�DPSOLILHUV�DQG�RU�ZDYHJXLGH�ODVHUV���
�



([SHULPHQWV�

7KH�XVHG�VXEVWUDWHV�ZHUH�VHYHUDO�FRPPHUFLDO�JODVVHV��DV�%.���&RUQLQJ������RU�,2*����DQG�
VSHFLDOO\�IRUPXODWHG�VLOLFDWH�EDVHG�JODVVHV�ZLWK�YDULRXV�FRQWHQW�RI�DONDOL�LQFOXGLQJ�OLWKLXP��
)DEULFDWLRQ� RI� WKH� ZDYHJXLGHV� RFFXUUHG� E\� LPPHUVLQJ� WKH� WKRURXJKO\� SUH�FOHDQHG� RQH� RU�
ERWK� VLGHV� SROLVKHG� JODVV�ZDIHUV� LQWR� WKH�PHOWHG� EDWKV� FRQWDLQLQJ� WKH�$J��� &X��� &X��� DQG�
(U��� VDOWV� DQG� NHHSLQJ� WKHUH� DW� WKH� GHVLUHG� WHPSHUDWXUHV� IRU� WKH� GHVLUHG� WLPHV��7KH� DFWXDO�
FRQGLWLRQV�RI� WKH� IDEULFDWLRQ�GLIIHUHG�DFFRUGLQJ� WR�SDUWLFXODU�H[FKDQJHG� LRQV��:DYHJXLGLQJ�

SURSHUWLHV� RI� WKH� VDPSOHV� ZHUH� FKDUDFWHUL]HG� DW� λ � ���� QP� XVLQJ� WKH� GDUN� PRGH�
VSHFWURVFRS\��&RPSRVLWLRQ�RI�WKH�ZDYHJXLGLQJ�OD\HUV�ZDV�VWXGLHG�E\�XVLQJ�VHYHUDO�PHWKRGV��
&RQFHQWUDWLRQ� GHSWK� SURILOHV� RI� FRSSHU� DQG� HUELXP� ZHUH� GHWHUPLQHG� E\� XVLQJ� WKH�
5XWKHUIRUG�%DFNVFDWWHULQJ�6SHFWURPHWU\��5%6���&RQFHQWUDWLRQ�GHSWK�SURILOHV�RI�WKH�FRSSHUV�
DQG�VLOYHU�LRQV�LQ�WKLFN�OD\HUV�ZHUH�PHDVXUHG�E\�XVLQJ�6FDQQLQJ�(OHFWURQ�0LFURVFRS\��6(0���
1HXWURQ� 'HSWK� 3URILOLQJ� �1'3�� PHDVXUHG� OLWKLXP� FRQFHQWUDWLRQ� GHSWK� SURILOHV�� 7KH�
SUHVHQFH� RI� $J�� DQG� &X��� LQ� WKH� ZDYHJXLGHV� ZDV� GHWHFWHG� E\� WKH� (OHFWURQ� 3DUDPDJQHWLF�
5HVRQDQFH� �(35��PHDVXUHPHQW�� 3KRWROXPLQHVFHQFH� VSHFWUD� RI� WKH� VDPSOHV� ZHUH� WDNHQ� LQ�
WKH�UDQJH�RI�����²�����QP��

7UDQVLWLRQ�PHWDO�LRQV�H[FKDQJHG�ZDYHJXLGHV�

7UDQVLWLRQ� PHWDO� LRQV� SUHVHQWHG� KHUH� DV� ´IXQFWLRQDOµ� DQG�RU� WKH� ZDYHJXLGH�IRUPLQJ�
FDWLRQV�DUH�WKH�LRQV�RI�VLOYHU��FRSSHU�DQG�HUELXP��(DFK�RQH�RI�WKHP�KDV�LWV�DGYDQWDJHV�DQG�
GUDZEDFNV�DQG�SRVHV�VSHFLDO�SUREOHPV�WR�EH�VROYHG���

6LOYHU�

:DYHJXLGHV�PDGH�E\�$J�� LRQ�H[FKDQJH�DUH�SHUKDSV� WKH�PRVWO\�DQG� ORQJHVW� WLPH�XVHG�
IRU� IDEULFDWLRQ�RI� WKH� LRQ�H[FKDQJHG�EDVHG�RSWLFDO� GHYLFHV� ����� DQG� UHIHUHQFHV� WKHUHLQ���7KH�
$J�� ZDYHJXLGHV� ZHUH� ZLGHO\� VWXGLHG� GXULQJ� WKH� HLJKWLHV� IRU� XWLOL]DWLRQ� LQ� PXOWL�PRGH�
ZDYHJXLGHV�� 7KHLU� SRSXODULW\� GURSSHG� GRZQ� ZKHQ� WKH� VLQJOH�PRGH� RSWLFDO� ILEHUV� ZHUH�
LQWURGXFHG�LQWR�D�URXWLQH�XVH��,W�LQFUHDVHG�DJDLQ�LQ�WKH�HQG�RI�WKH�QLQHWLHV��EHFDXVH�WKH\�DUH�
XVHIXO�HVSHFLDOO\�IRU�GHYLFHV��ZKLFK�UHTXLUH�VWURQJ�GLUHFWLRQDO�FRXSOLQJ�WRJHWKHU�ZLWK�ORZ�ORVV�
VPDOO�UDGLXV�FXUYHV�� �7KRXJK�D�ORW�RI�SDSHUV�RQ�WKH�$J��ZDYHJXLGHV�DUH�DYDLODEOH�WKHUH�DUH�
VWLOO�VHYHUDO�LVVXHV��ZKLFK�KDYH�QRW�\HW�EHHQ�H[SOLFLWO\�DGGUHVVHG�LQ�WKH�OLWHUDWXUH��2QH�RI�WKHP�
LV� WKH� VHULRXV� GUDZEDFN�RI� WKH�$J��ZDYHJXLGHV� WKDW� WKH�$J�� LRQV� DUH� VXVFHSWLEOH� WR� EHLQJ�
UHGXFHG�WR�PHWDOOLF�IRUP�DQG�WKHUHE\�PD\�LQWURGXFH�KLJKHU�RSWLFDO� ORVVHV�LQWR�WKH�UHVXOWLQJ�
ZDYHJXLGHV��6XFK�PHWDOOL]DWLRQ�PD\�EH�FDXVHG�E\�VHYHUDO�IDFWRUV��VRPH�RI�WKHP�LV�SUHVHQFH�
RI� UHGXFLQJ� ILQLQJ� DJHQWV� LQ� WKH� JODVV� PDWUL[�� DQG� DQRWKHU� RQH� PD\� EH� WKH� LRQ�H[FKDQJH�
SURFHVV�LWVHOI�ZKHQ�FDUULHG�RXW�XVLQJ�UHGXFLQJ�EDWK�FRPSRVLWLRQ���
,QYHVWLJDWLRQ�GHVFULEHG� LQ� WKLV� SDSHU�ZDV�GLUHFWHG�PDLQO\� WR� ORZHULQJ� WKH� ULVNV�RI� WKH�KLJK�
RSWLFDO� ORVVHV� FDXVHG� E\� UHGXFWLRQ� RI� $J�� WR� $J��� 7KH� $J�� H[FKDQJHG� ZDYHJXLGHV� ZHUH�
IDEULFDWHG� E\� XVLQJ� PHOWV� RI� VRGLXP� QLWUDWH� �RU� HXWHFWLF� PL[WXUHV� RI� VRGLXP�SRWDVVLXP�
QLWUDWHV��WKDW�FRQWDLQHG�YDULRXV�DPRXQWV�RI�VLOYHU�QLWUDWHV��7KH�W\SLFDO�UHDFWLRQ�WHPSHUDWXUHV�
UDQJHG�IURP�����WR������&��GXUDWLRQ�RI�WKH�H[FKDQJH�YDULHG�IURP�PLQXWHV�WR�VHYHUDO�KRXUV��
,Q�)LJ����DUH�JLYHQ�WKH�(35�VSHFWUD�RI�VRPH�RI�WKH�VDPSOHV�VKRZLQJ�WKH�W\SLFDO�IHDWXUH�RI�
WKH� $J�� LQ� WKH� $V�2��ILQHG� VXEVWUDWH� JODVV� LQ� FRPSDULVRQ� ZLWK� WKH� ZDYHJXLGH� WKDW� ZHUH�
IDEULFDWHG� LQ� WKH� VSHFLDO� *,/��� JODVV� ZKHUH� IRU� ILQLQJ� ZDV� XVHG� GLIIHUHQW�� QRQ�UHGXFLQJ��
DSSURDFK��7KH�SUHVHQFH�RI�WKH�UHGXFLQJ�ILQLQJ�DJHQWV�VHHPV�WR�KDYH�VWURQJHU�HIIHFW�RQ�WKH�



PHWDOOL]DWLRQ� RI� WKH� $J�� LQ� WKH� ZDYHJXLGLQJ� UHJLRQ� WKHQ� WKH� KLJKHU� DPRXQW� RI� WKH� QRQ�
EULGJLQJ�R[\JHQ�DWRPV�������

&RSSHU�

7KH� FRSSHU�LRQ�H[FKDQJHG� ZDYHJXLGHV� ZHUH� VFDUFHO\� PHQWLRQHG� LQ� OLWHUDWXUH� ��DQG�
UHIHUHQFHV�WKHUHLQ��GXULQJ�ODVW�IHZ�\HDUV��7KHLU�SHUKDSV�WKH�PRVW�LQWHUHVWLQJ�IHDWXUH��DQG�WKH�
GUDZEDFN�WKH�VDPH�WLPH��LV�WKH�H[LVWHQFH�RI�WZR�UHODWLYHO\�VWDEOH�R[LGDWLRQ�VWDWHV�²�&X�,��DQG�
&X�,,���UHSUHVHQWLQJ�WKH�FDWLRQV�&X��DQG�&X�����

)LJ����(35�VSHFWUD�RI� WKH�$J��H[FKDQJHG�
ZDYHJXLGHV� LQ�&RUQLQJ� ����� DQG�*,/� ���
VKRZLQJ�WKH�VLJQDO�RI�PHWDOOLF�VLOYHU�LQ�WKH�
&RUQLQJ��������

)LJ�� ��%OXH�JUHHQ� HPLVVLRQ� RI� WKH� FRSSHU�
ZDYHJXLGHV� IDEULFDWHG� LQ� *,/� ���
�>&X�@ ������������DW�FP����
�>&X��@ ������������DW�FP����

(DFK�RI�WKHP�KDV�LWV�FKDUDFWHULVWLF�SHUIRUPDQFH��7KH�LRQLF�UDGLXV�RI�WKH�&X��LV�YHU\�VLPLODU�
WR� WKDW� RI� 1D��� ZKLFK� PDNHV� WKH� &X�� H[FKDQJHG� ZDYHJXLGHV� SRWHQWLDOO\� VXLWDEOH� IRU� WKH�
GHYLFHV�GHPDQGLQJ�]HUR�RU�QHJOLJLEOH�ELUHIULQJHQFH���
:H� KDYH� FDUULHG� RXW� WKH� LRQ� H[FKDQJH� RI� WKH� &X��� DQG� &X�� LRQV� ZLWK� VSHFLDO� IRFXV� RQ�
GHWHUPLQDWLRQ�DQG�RU�VWDELOLW\�RI� WKH�HDFK�SDUWLFXODU� W\SH�RI� LRQ� LQ� WKH�ZDYHJXLGLQJ� OD\HUV��
7KH�ZDYHJXLGHV�ZHUH�IDEULFDWHG�LQ�D�HXWHFWLF�PL[WXUH�RI�VRGLXP�DQG�FXSULF�VXOSKDWHV��&X����
RU�FXSURXV�FKORULGH� LQ�ZKLFK�WKH�&X��ZDV�VWDELOL]HG�ZLWK�DGGLQJ�WKH�]LQF�FKORULGH� LQWR�WKH�
UHDFWLRQ�EDWK��7KH�&X����LRQ�H[FKDQJH�SURFHHGHG�YHU\�TXLFNO\�DQG�UHVXOWHG�LQ�IRUPDWLRQ�RI�
YHU\�GHHS�ZDYHJXLGHV�ZLWK�KLJK�UHIUDFWLYH�LQGH[�LQFUHPHQW��XS�WR����������DQG�VXUSULVLQJO\�
ORZ�ELUHIULQJHQFH��(35�PHDVXUHPHQW�VKRZV�WKH�SUHVHQFH�RI�KLJK�DPRXQW�RI�&X��� �)LJ������
EXW�QR�EOXH�JUHHQ�OXPLQHVFHQFH��)LJ������ZKLFK�LV�D�XQLTXH�SURSHUW\�RI�WKH�&X���
,Q� VSLWH� RI� WKDW�� WKH� H[FOXVLYHO\� &X�� FRQWDLQLQJ� VDPSOHV� �WKH� ODWHU� IDEULFDWLRQ� DSSURDFK��
H[KLELWHG� H[WUHPHO\� VWURQJ� EOXH�JUHHQ� OXPLQHVFHQFH����� GHVSLWH� D� YHU\� ORZ� FRQFHQWUDWLRQ� RI�
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WKH�&X�� LQ�WKH�H[FKDQJHG� OD\HUV� ������ DW�FP�����7KH�H[SODQDWLRQ�RI�WKH� ORZ�ELUHIULQJHQFH�RI�
WKH�&X���H[FKDQJHG�ZDYHJXLGHV�PD\�EH�WKDW�WKH�WHUPLQDO�R[\JHQ�DWRPV��1%2��DFW�DV�/HZLV�
EDVH�DQG�WKHLU�QRQ�ELQGLQJ�HOHFWURQ�SDLUV�DUH�SDUWO\�GRQDWHG�WR�WKH�&X���LRQV��/HZLV�DFLG��LQ�
WKHLU�YLFLQLW\�PDNLQJ�WKXV�WKH�&X�2�GLVWDQFH�WR�WKDW�FRUUHVSRQGLQJ�&X�2

���%XW�WKLV�VKDULQJ�
RI�WKH�HOHFWURQ�SDLUV�GRHV�QRW�PHDQ�DQ\�UHDO�UHGXFWLRQ�RI�WKH�&X���WR�WKH�&X���DV�ZDV�SURYHG�
E\�WKH�DEVHQFH�RI�WKH�EOXH�JUHHQ�OXPLQHVFHQFH�RI�WKH�&X���H[FKDQJHG�VDPSOHV��
&X���H[FKDQJHG�ZDYHJXLGHV�PD\�EH�FRQVLGHUHG�D�SURPLVLQJ�DOWHUQDWLYH�WR�WKH�$J��H[FKDQJHG�
ZDYHJXLGHV�DV�WKH\�ZRXOG�QRW�VXIIHU�IURP�WKH�ULVN�RI�WKH�PHWDOOL]DWLRQ�FDXVLQJ�KLJK�ORVVHV�LQ�
WKH�´VLOYHUµ�ZDYHJXLGHV���
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)LJ�� �� (35� VSHFWUD� RI� WKH� FRSSHU�
ZDYHJXLGHV�LQ�*,/�����
�)DEULFDWLRQ������&X�&O����=Q&O��PHOW�������
��&X�&O��PHOW������&X62��1D�62��PHOW����

)LJ�� �� (UELXP� GHSWKV� SURILOHV� RI� LRQ�
H[FKDQJHG� �$�� DQG� SRVW�H[FKDQJH�
DQQHDOHG��%��ZDYHJXLGHV�LQ�*,/�����

(UELXP�

5DUH� HDUWK�GRSHG� ZDYHJXLGHV� DUH� XVHIXO� FRPSRQHQWV� WR� PDNH� DFWLYH� GHYLFHV� VXFK� DV�
ODVHUV��RSWLFDO�DPSOLILHUV�DQG��UHFHQWO\�DOVR�ZDYHJXLGH�ODVHUV��7KH�PRVW�LPSRUWDQW�SURSHUW\�RI�
WKH� UDUH�HDUWK�GRSHG�ZDYHJXLGHV� LV� WKDW� WKH\� DPSOLI\� RSWLFDO� VLJQDO��7KH�PRVWO\� XVHG� UDUH�

HDUWK� ODVHU� DFWLYH� LRQ� LV�(U���GXH� WR� LWV� �,����→�
�,����� � �HPLVVLRQ�DW������QP�� L�H�� LQ� WKH� WKLUG�

ZLQGRZ� XVHG� LQ� WHOHFRPPXQLFDWLRQV�� �9HU\� UHFHQWO\� DOVR� RWKHU� WUDQVLWLRQV� RI� WKH� (U
��� DUH�

VXEMHFW�RI�LQWHQVLYH�VWXG\��,W�ZDV�VWDWHG�WKDW�KLJK�HIILFLHQF\�RI�WKH�DERYH�PHQWLRQ�HPLVVLRQ�
FDQ�EH�JDLQHG�RQO\�LQ�SKRVSKDWH�JODVVHV��QHYHUWKHOHVV��UHFHQWO\�DSSHDUHG�VRPH�KLQWV�RQ�ODVHU�
VHW�XS�EDVHG�RQ�HUELXP�GRSHG�VLOLFDWH�JODVV�VXEVWUDWH��)RU�WKH�ZDYHJXLGH�ODVHU�DSSOLFDWLRQ�D�
ORFDOL]HG�GRSLQJ� LV�PRUH�VXLWDEOH�VR�WKDW� WKH�(U��� LRQV�DUH� ORFDWHG�RQO\� LQ�WKH�ZDYHJXLGLQJ�
OD\HU�� � 7KLV� ZDV� UHSRUWHG� RQO\� IRU� RSWLFDO� FU\VWDOV� �DV� OLWKLXP� QLREDWH�� ZKHUH� WKH� KLJK�
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WHPSHUDWXUH�GLIIXVLRQ�RI�HUELXP�RFFXUV�IURP�D�PHWDO�WKLQ�OD\HU�HYDSRUDWHG�RQWR�WKH�VXUIDFH�
RI�WKH�VLQJOH�FU\VWDOOLQH�ZDIHU���

:H�KDYH�VWXGLHG�D�SRVVLELOLW\�RI�XVLQJ�WKH�LRQ�H[FKDQJH�DSSURDFK�WR�LQFRUSRUDWH�HUELXP�LRQV�
LQWR� WKH� VLOLFDWH�EDVHG� W\SHV� RI� JODVV�� 7KH� GRSLQJ�ZDV� GRQH� LQ� EDWK� RI� QLWUDWHV� FRQWDLQLQJ�
HUELXP�QLWUDWH� DQG�ZDV� VXFFHVVIXO�ZKHQ� WKH� HOHFWULF�ILHOG� DVVLVWHG� SURFHVV�ZDV� DSSOLHG� DQG�
DOVR�LQ�VHYHUDO�FDVHV�ZKHQ�WKH�SXUHO\�WKHUPDO�GLIIXVLRQ�RFFXUUHG��7KH�NH\�IDFWRU�IRU�VXFK�D�
GRSLQJ� ZDV� WKH� FRPSRVLWLRQ� RI� WKH� VXEVWUDWH� JODVV�� PDLQO\� WKH� SUHVHQFH� RI� PRELOH� LRQV��
ZKLFK� KHOSHG� LQWURGXFLQJ� WKH� HUELXP� LRQV� LQWR� WKH� JODVV� PDWULFHV�� 7KH� IDEULFDWHG� (U�LQ�
GLIIXVHG� OD\HUV� ZHUH� UDWKHU� VKDOORZ�� EXW� IXUWKHU� DQQHDOLQJ� RI� WKH� VDPSOHV� H[WHQGHG� WKHP�
GHHSHU�LQWR�WKH�VXEVWUDWH��)LJ�������

&RQFOXVLRQ�

:H� KDYH� VWXGLHG� SODQDU� RSWLFDO� ZDYHJXLGHV� SURGXFHG� E\� LRQ� H[FKDQJH� RI� WUDQVLWLRQ�
PHWDO�LRQV�ZLWK�VSHFLDO�IRFXV�RQ�VWDELOLW\�RI�WKH�R[LGDWLRQ�VWDWHV�RI�WKH�H[FKDQJHG�LRQV��$J���
&X��DQG�&X����DQG�RQ�SRVVLELOLW\�RI�ORFDOL]HG�GRSLQJ�RI�(U���LQWR�WKH�JODVV�VXUIDFHV���8VLQJ�
WKH�UHGXFLQJ�ILQLQJ�DJHQWV�LQFUHDVHV�WKH�ULVN�RI�KLJK�RSWLFDO�ORVVHV�LQ�WKH�$J��ZDYHJXLGHV��GXH�
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