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7KH� VWUXFWXUH� DQG� IUDFWXUH� PHFKDQLVPV� RI� KH[DJRQDO� ERURQ� QLWULGH� EDVHG� FRPSRVLWH
PDWHULDOV�ZLWK�IRUPDWLRQ�RI�QHZ�SKDVHV��PXOOLWH�DQG�VLDORQ��GXULQJ�KRW�SUHVVLQJ�KDV�EHHQ
VWXGLHG��7KH�FRPSRVLWH�PLFURVWUXFWXUH�ZDV�IRXQG�WR�EH�WH[WXUHG�RULHQWHG�GXH�WR��PRUSKRO�
RJ\� RI� FU\VWDO� ERURQ�QLWULGH�SDUWLFOHV�DQG� WR� EH� HVVHQWLDOO\� LQGHSHQGHQW� RI� WKH�FRPSRVLWH
SKDVH�FRPSRVLWLRQ��,W�KDV�EHHQ�VKRZQ�WKDW�IUDFWXUH�PHFKDQLVPV�YDU\�ZLWKLQ�WKH�WHPSHUD�
WXUH� UDQJH� RI� ��� WR� �����&�� 7KH� IUDFWXUH�ZLWKLQ� ��Ü�����&� UDQJH� LV� EULWWOH�ZLWK� ERURQ
QLWULGH�H[IROLDWLRQ�LQ�������SODQHV��7KH�FRPSRVLWH�VWUHQJWK�DW�DERYH������&�LV�GHILQHG�E\
WKH�RQVHW�RI�ZHDNHQLQJ�RI�JUDLQ�ERXQGDU\�SKDVH�DQG�WRXJK�FKDUDFWHU�RI�LWV�IUDFWXUH��
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+H[DJRQDO� ERURQ�QLWULGH� VKRZV� D� XQLTXH
FRPELQDWLRQ� RI� SURSHUWLHV� LQFOXGLQJ� ORZ
GHQVLW\�� KLJK� KHDW� UHVLVWDQFH� DQG� WKHUPDO
VWDELOLW\�� FKHPLFDO� LQHUWQHVV� DQG� RWKHU� DG�
YDQWDJHV�� +RZHYHU�� LWV� ORZ� KDUGQHVV�
VWUHQJWK�DQG�UHVWULFWHG�FRUURVLRQ�UHVLVWDQFH
LQ�R[LGL]LQJ�PHGLD�DW������&�DQG�DERYH�KLQ�
GHU� WKH� LQGXVWULDO� DSSOLFDWLRQ� RI� ERURQ� QL�
WULGH� LQ� KLJK�WHPSHUDWXUH� PDWHULDOV�� $
JUHDW�LQWHUHVW�LV�SDLG�WR�FRPSRVLWH�PDWHULDOV
EDVHG� RQ� ERURQ� QLWULGH� WKDW� FRPSULVH� DGGL�
WLYHV� FRQWULEXWLQJ� WKH� JRYHUQHG� SKDVH� DQG
VWUXFWXUH�IRUPDWLRQ�LQ�VLWX��EHFDXVH�D�OLTXLG
SKDVH�UHVXOWDQW�IURP�WKH�FRPSRQHQW�LQWHUDF�
WLRQ�RI�VRPH�FRPSRVLWHV�GXULQJ�KRW�SUHVVLQJ
LQWHQVLILHV�WKH�SURFHVV�RI�PDWHULDO�GHQVLILFD�
WLRQ��WKXV�HQDEOLQJ�WR� LQFUHDVH�WKH�PDWHULDO
VWUHQJWK�DQG�ZRUNLQJ�WHPSHUDWXUH�OLPLW�>�@�

(DUOLHU� VWXGLHV� >�Ü�@� KDYH� VKRZQ� WKDW
DOXPLQRVLOLFDWHV� �PXOOLWH� DQG� VLDORQ��� ZKHQ
DGGHG� WR� ERURQ� QLWULGH� EDVHG� FRPSRVLWHV�
FRXOG� FRQVLGHUDEO\� LQFUHDVH� WKH� PDWHULDO
SURSHUWLHV� VXFK� DV� VWUHQJWK�� HODVWLFLW\
PRGXOXV�� WKHUPDO� VWDELOLW\�� HWF�� ,W� LV� DOVR
NQRZQ�WKDW�WKH�PLFURVWUXFWXUH�RI�ERURQ�QL�
WULGH�EDVHG�FRPSRVLWHV�LV�D�WH[WXUH�FRPSULV�
LQJ� SODWHOHWV� RI� ERURQ� QLWULGH� LQWHUOD\HUHG
ZLWK� DOXPLQRVLOLFDWHV�� 7KLV� FKDUDFWHULVWLF
PLFURVWUXFWXUH� LV�GXH�WR�WKH�PRUSKRORJ\�RI
ERURQ� QLWULGH� SDUWLFOHV�� +DYLQJ� SURSHUWLHV
VLPLODU� WR� WKRVH� RI� JUDSKLWH�� ERURQ� QLWULGH
SDUWLFOHV� ZLWK� KLJK� UHODWLYH� HORQJDWLRQ� DUH
DOVR�DEOH�WR�HIILFLHQWO\�UHVLVW�FUDFN�SURSDJD�
WLRQ� OLNH� ILEURXV� FRPSRVLWHV� ZLWK� VKRUW
ILEHUV�>����@�

)URP�WKH�SUDFWLFDO�SRLQW�RI�YLHZ��IRU�FH�
UDPLFV�� WKHUPDO� DQG� PHFKDQLFDO� SURSHUWLHV
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ZLWKLQ� D� ZLGH� WHPSHUDWXUH� UDQJH� DUH� RI
JUHDW�LPSRUWDQFH�>�@��,W�ZDV�IRXQG�WKDW�WKH
EHKDYLRU� RI� D� FHUDPLF� FRPSRVLWH� XQGHU�PH�
FKDQLFDO� ORDGLQJ� GHSHQGV� QRWLFHDEO\� RQ� LWV
VWUXFWXUH�� 7KH� OHYHO� RI� HIIHFW� SURGXFHG� E\
HOHPHQWV� DQG� GHIHFWV� RI� WKH� VWUXFWXUH� RQ
GHFUHDVH� RI� FHUDPLFV� VWUHQJWK� SURSHUWLHV
ZDV�XVHG� >����@� WR� SURSRVH� DQ� HPSLULFDO� VH�
ULHV��LQ�WKH�VHTXHQFH�RI�HIIHFW�DWWHQXDWLRQ��
PDFURSRUHV� Û� LQWHUSKDVH� ERXQGDULHV� �DQG
LQWHUFDODWLRQV� RI� ORZ�PHOWLQJ� SKDVHV� HVSH�
FLDOO\��Û�PLFURSRUHV�Û�ERXQGDULHV�RI�FU\V�
WDOV�Û�GLVORFDWLRQV�Û�YDFDQFLHV�� 7KH� SUHV�
HQFH� RI� KLJK� RUGHU� HOHPHQWV� LQ� D� JLYHQ
VWUXFWXUH�LV�WKXV�RI�PRVW�LPSRUWDQFH��DQG�LW
LV�MXVW�WKHVH�HOHPHQWV�WKDW�JRYHUQ�WKH�PDWH�
ULDO�EHKDYLRU��(DUOLHU�� WDNLQJ�WKH�VLDORQ�%1
V\VWHP�DV�DQ�H[DPSOH��ZH�KDYH�VWXGLHG�WKH
HIIHFW�RI�WKH�FRPSRVLWH�VWUXFWXUH�XSRQ�XOWL�
PDWH� EHQGLQJ� VWUHQJWK� >�@�� ,W� ZDV� VKRZQ
WKDW� WKH�SRURVLW\� LV� WKH�PDMRU� IDFWRU� LQIOX�
HQFLQJ� WKH� VWUHQJWK� YDOXHV�� /RZ� SRURVLW\
VDPSOHV� KDYH� WKH� EHQGLQJ� VWUHQJWK� DV� KLJK
DV� ���� WR� ����l3È��ZKHUHDV� LW� VKDUSO\� GH�
FUHDVHV� ZLWK� LQFUHDVLQJ� PDWHULDO� SRURVLW\
DQG� DW� ��Ü��� ��� UDQJHV� EHWZHHQ� ��� DQG
���l3È��7KLV�ZRUN�LV�DLPHG�DW�WKH�VWXG\�RI
VWUXFWXUH� IRUPDWLRQ� DQG� IUDFWXUH� PHFKD�
QLVPV�RI�FRPSRVLWH�PDWHULDOV�EDVHG�RQ�KH[�
DJRQDO�ERURQ�QLWULGH�ZLWKLQ����WR������v��

)RU�WKH�VWXG\��FRPSRVLWH�PDWHULDOV�RI�WKH
%1�$O�2�±6L2�±6L�1�� V\VWHP� ZHUH� FKRVHQ
SUHSDUHG� E\� SRZGHU�PHWDOOXUJ\� WHFKQLTXHV�
FRQWDLQLQJ� XS� WR� ��� �� ERURQ� QLWULGH� DQG
KDYLQJ�GLIIHUHQW�UDWLRV�RI�R[LGH�DQG�QLWULGH
SKDVHV��7KH�SRZGHU�PL[WXUHV�ZHUH�SUHSDUHG
XVLQJ�WKH�PL[LQJ�LQ�DQ�DWWULWLRQ�GHYLFH�WKDW
SURYLGHG� KLJK� LQWHQVH� FRPPLQXWLQJ� IRO�
ORZHG� E\� DJJORPHUDWLRQ�� 7KH� VDPSOHV� RI
FRPSRVLWH� PDWHULDOV� ZHUH� REWDLQHG� E\� KRW
SUHVVLQJ� LQ�JUDSKLWH�PROGV�DW�����Ü�����&
DQG� ��� l3È� SUHVVXUH�� 7KH� SKDVH� FRPSRVL�

WLRQ�RI�WKH�VDPSOHV�ZDV�H[DPLQHG�E\�;�UD\
GLIIUDFWLRQ� XVLQJ� D� '521��0� GLIIUDFWRPH�
WHU��7KH�PLFURVWUXFWXUH�ZDV�H[DPLQHG�E\�D
&$0(%$;�6;���� VFDQQLQJ� HOHFWURQ� PLFUR�
VFRSH�� 7KH� FRPSRVLWH� VWUHQJWK� ZDV� GHWHU�
PLQHG� E\� WKUHH�SRLQW� EHQGLQJ� RI� WKH� VDP�
SOHV� VKDSHG� DV� VTXDUH� EHDPV� RI
���u���u���PP�� VL]H� ZLWK� VSDQ� RI� ��� PP
RQ�D������c���WHVWLQJ�PDFKLQH�>�@��7KH�VDP�
SOHV� ZHUH� WHVWHG� ZLWKLQ� WKH� WHPSHUDWXUH
UDQJH� RI� ��� WR� �����&� XQGHU� YDFXXP� DW
PLQLPXP�UHVLGXDO�SUHVVXUH�QHDU���Ü��7RUU�
7KH� IUDFWXUH� WRXJKQHVV� ZDV� HVWLPDWHG� E\
WKH�6(91%�PHWKRG�ZKLFK�SURYLGHG�EHQGLQJ
RI�D�9�QRWFKHG�EHDP�>������@�

:KLOH� SUHSDULQJ� D� FRPSRVLWH�� WKH� VWUXF�
WXUH� IRUPDWLRQ� LQ� D�PDWHULDO� ZDV� IRXQG� WR
VWDUW� DW� WKH� VWHS� RI� PL[LQJ�� +LJK�LQWHQVH
WUHDWPHQW� LQ� WKH� DWWULWLRQ� GHYLFH� UHVXOWV� LQ
GHIRUPDWLRQ� RI� %1� SDUWLFOHV� ZLWK� WKHLU� LQ�
WULQVLF� SODWH�OLNH�PRUSKRORJ\� UHPDLQLQJ� LQ�
WDFW�� ZKLOH� WKHLU� VXUIDFHV� KDYLQJ� SDUWLFOHV
RI�R[LGHV�DQG�QLWULGHV�WKHUHRQ��(OHFWURQ�PL�
FURVFRS\� GDWD� UHYHDOHG� WKDW� WKH� FRPSRVLWH
PLFURVWUXFWXUH�� UHJDUGOHVV� RI� WKH� SKDVH
FRPSRVLWLRQ��IHDWXUHV�DQ�H[SUHVVLYH�WH[WXUH
RULHQWDWLRQ� �)LJ����� GXH� WR�FU\VWDO�PRUSKRO�
RJ\�RI� LQLWLDO�ERURQ�QLWULGH�SDUWLFOHV��7KXV�
GXULQJ� KRW� SUHVVLQJ�� WKH� SDUWLFOHV� DUH� DU�
UDQJHG�ZLWK�WKHLU�GHYHORSHG�VXUIDFHV�LQ�SDU�
DOOHO� WR� HDFK� RWKHU�� FDXVLQJ� IRUPDWLRQ� RI
PRUSKRORJLF� WH[WXUH� LQ� WKH� FRPSRVLWH�� $F�
FRUGLQJ� WR� WKH� ;�UD\� SKDVH� DQDO\VLV�� WKH
DOXPLQRVLOLFDWH�FRPSRQHQW�RI�FRPSRVLWH�PD\
EH�VLQJOH�SKDVHG�RU�PXOWL�SKDVHG��GHSHQGLQJ
RQ�LQLWLDO�UDWLR�RI�FRPSRQHQWV��DQG�FRPSULVH
PXOOLWH�� VLDORQ�� FULVWREDOLWH�� RU� WKHLU� PL[�
WXUH��;�UD\�VSHFWUDO�DQDO\VLV�VKRZV�WKH�DOX�
PLQRVLOLFDWH�PDWUL[�WR�EH�GLVWULEXWHG�UDWKHU
XQLIRUPO\� DPRQJ� WKH� %1� SDUWLFOH� SDFNHWV
�)LJ������5HIHUULQJ�WR�>�@��D�VLPLODU�GLVWULEX�
WLRQ� RI� PDWUL[� SKDVH� LQ� WKH� FRPSRVLWH� KDV
DGYDQWDJH�RYHU�WKDW�IRU�GLVSHUVH�LQFOXVLRQV�

)LJ�����0LFURVWUXFWXUH�RI� IUDFWXUH� VXUIDFH�RI
D� ERURQ� QLWULGH� EDVHG� FRPSRVLWH�� u����
�$UURZ�VKRZV�WKH�GLUHFWLRQ�RI�KRW�SUHVVLQJ��

)LJ�����9DULDWLRQ� RI� WKH�;�UD\� LQWHQVLW\� SUR�
ILOH� IRU� VLOLFRQ�DORQJ� WKH�FURVV�VHFWLRQ�RI� WKH
IUDFWXUH�VXUIDFH�LQ�FRPSRVLWH��u�����
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VLQFH�WKH�DOXPLQRVLOLFDWH�SKDVH�IRUPV�D�FRQ�
WLQXRXV�VNHOHWRQ�DQG�FRQWULEXWHV�GLUHFWO\�WR
WKH�VWUHVV�UHGLVWULEXWLRQ�

$V�WKH�WHVWLQJ�UHVXOWV�KDYH�VKRZQ��LQWUR�
GXFWLRQ� RI� WKH� DOXPLQRVLOLFDWH� SKDVH� SUR�
YLGHV� DQ� RSSRUWXQLW\� IRU� DFWLYDWLRQ� RI� KRW
SUHVVLQJ� SURFHVVHV� RI� ERURQ� QLWULGH� EDVHG
FRPSRVLWHV� DQG� WR� REWDLQ� GHQVHU� DQG
VWURQJHU�FHUDPLFV�>�@��7KLV�SKDVH�DOVR�LQIOX�
HQFHV� WKH� IUDFWXUH� PHFKDQLVPV� RI� FRPSRV�
LWHV� DW� YDULRXV� WHPSHUDWXUHV�� ZKLFK� LV� GXH
WR� WKH� DPRXQW� DQG� UHIUDFWRULQHVV� RI� JUDLQ
ERXQGDU\� SKDVH� WKDW� DOVR� FRPSULVHV� JODVV
SKDVH�� 7KH� WHPSHUDWXUH� VWUHQJWK� GHSHQG�
HQFH� RI� %1�PXOOLWH� DQG� %1�VLDORQ� FRPSRV�
LWHV�ZDV�IRXQG�WR�KDYH�VLPLODU�SDWWHUQV��7KH
GLDJUDPV� �)LJV���È�E�� LQFOXGH� WZR� FKDUDF�
WHULVWLF�UDQJHV��,Q�WKH���Ü�����&�UDQJH��WKH
IUDFWXUH�LV�PDLQO\�EULWWOH�ZLWK�H[IROLDWLRQ�RI
ERURQ�QLWULGH�LQ��������7KLV�LV�DOVR�DFFRPSD�
QLHG� ZLWK� VRPH� VKDSH� FKDQJH� RI� %1� SDFN�
DJHV�� VWDUWLQJ� IURP� WKH� WHPSHUDWXUH� RI
����&� �)LJV���È��E���7KH�FRPSRVLWH�VWUHQJWK
DERYH� �����&� IHDWXUHV� WKH� RQVHW� RI� JUDLQ
ERXQGDU\� SKDVH� ZHDNHQLQJ� DQG� WRXJK� IUDF�
WXUH��7KLV�LV�HYLGHQFHG�E\�VRPH�PLFURVWUXF�
WXUH� SHFXOLDULWLHV� RI� WKH� VDPSOHV� IUDFWXUHG
DW� ����Ü�����&�� VXFK� DV� VWURQJ� VKDSH
FKDQJH� RI� ERURQ� QLWULGH� SDFNDJHV�� DEVHQFH
RI� D� VXEVWUXFWXUH� WKHUHLQ� DQG� UHOLHI�IUHH
VXUIDFH�� DQG� DOVR� PRUH� XQLIRUPO\� GLVWULE�
XWHG�HOHPHQWV�RI�DGGLWLYH�DORQJ�WKH�IUDFWXUH
VXUIDFH��)LJV����È�E���7KH�ODWWHU�LV�H[SODLQHG
E\� WKH� PDWUL[� OD\HU� SUHVHQFH� DW� WKH� IUDF�
WXUHG� VXUIDFH� WKDW�PLJKW� EH� IRUPHG� GXULQJ
LWV� PHOWLQJ� XQGHU� ORDGLQJ� DW� WKH� WHVWLQJ
WHPSHUDWXUHV�� ,W� VKRXOG� EH� QRWHG� WKDW� IRU
WKH�%1�VLDORQ�FRPSRVLWH�DW�XS�WR������&��DQ
LQFUHDVH� RI� VWUHQJWK� LV� REVHUYHG�� $� VLPLODU
HIIHFW�ZDV�GHVFULEHG�DOVR�IRU�VLQWHUHG�E�VLD�
ORQV� EHWZHHQ� ���� DQG� �����&� >��@�� 6XFK� D
EHKDYLRU�LV�FKDUDFWHULVWLF�IRU�EULWWOH�PDWHUL�
DOV�H[KLELWLQJ�WKH�EULWWOH�WRXJK�WUDQVLWLRQ�DW
FHUWDLQ� WHPSHUDWXUHV�� 7KLV� HIIHFW� LV� HQ�

KDQFHG� E\� VRIWHQLQJ� RI� LQWHUSDUWLFOH� SKDVH
FRPSULVLQJ�DOVR�JODVV�SKDVH��7RXJK�GHFUHDVH
RI� LQWHUSDUWLFOH�SKDVH�ZLWK� WKH� WHPSHUDWXUH
ULVH� FDXVHV� DQ� LQFUHDVH� RI� DSSDUHQW� SODVWLF�
LW\�RI�WKH�PDWHULDO�DV�D�ZKROH�DQG�VLPXOWD�
QHRXVO\�VRPH�LQFUHDVH�RI�LWV�VWUHQJWK�

&KDQJLQJ�IUDFWXUH�PHFKDQLVP�RI�WKH�ERURQ
QLWULGH� EDVHG� FRPSRVLWH� LV� DOVR� FRQILUPHG� E\
WKH� WHPSHUDWXUH� GHSHQGHQFH� RI� IUDFWXUH
WRXJKQHVV��$�PD[LPXP�KDV�EHHQ�UHYHDOHG� LQ
WKH� WHPSHUDWXUH� GHSHQGHQFH� RI� VWUHVV� LQWHQ�
VLW\�IDFWRU�z�°�LQ�WKH�%1�VLDORQ�FRPSRVLWH�DW����Ü�����&�� 6R�� DW� ��Ü�����&�� WKH� z�°YDOXH� LV� DW� D� OHYHO� RI� ���� WR� ����l3È�P���

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�EHQGLQJ�VWUHQJWK�RI�ERURQ�QLWULGH�EDVHG�FRPSRVLWH�PDWHULDOV��
È��%1�PXOOLWH��E��%1�VLDORQ�

)LJ����� 7\SLFDO� PLFURVWUXFWXUH� RI� VDPSOH
IUDFWXUH� VXUIDFHV� RI� %1�VLDORQ� DW� �� ����Ü
�����&��D��*HQHUDO�YLHZ��u������$UURZ�VKRZV
WKH� KRW� SUHVVLQJ� GLUHFWLRQ��� E�� EORZQ�XS
LPDJH� VKRZLQJ� H[IROLDWLRQ� LQ� SDUWLFOH� SDFN�
DJHV��u�����
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DQG�LQFUHDVHV�WR����Ü����l3È�P����DW�����Ü
�����&��6XFK�DQ�LQFUHDVH�RI�IUDFWXUH�WRXJK�
QHVV�FDQ�EH�H[SODLQHG�E\�VRIWHQLQJ�RI�JUDLQ
ERXQGDU\� SKDVH� DQG� EOXQWLQJ� RI� WKH� FUDFN
ZKLFK� RFFXU� DW� KLJK� WHPSHUDWXUHV�� $� IXU�
WKHU� WHPSHUDWXUH� ULVH� XS� WR� ����Ü�����&
FDXVHV� QR� FUDFN� SURSDJDWLRQ� KLQGHULQJ� E\
JUDLQ� ERXQGDU\� SKDVH� EHFDXVH� H[KDXVWLQJ
PDUJLQ�RI� VDIHW\�� DQG�ERWK� IUDFWXUH� WRXJK�
QHVV�DQG�VWUHQJWK�RI�VSHFLPHQV�ORZHU��

7R� FRQFOXGH�� GXULQJ� SUHSDUDWLRQ� RI� KRW
SUHVVHG� VDPSOHV� EDVHG� RQ� KH[DJRQDO� ERURQ
QLWULGH� DQG� DOXPLQRVLOLFDWH� SKDVH�� LW� KDV
EHHQ�IRXQG�WKDW�VWUXFWXUH�IRUPDWLRQ�GHILQHV

WKH� EHKDYLRU� RI� IUDFWXUH� PHFKDQLVPV� DQG
IDYRUV� FRQGLWLRQV� IRU� LPSURYLQJ� VWUHQJWK
FKDUDFWHULVWLFV�� 7KH� WHPSHUDWXUH� VWUHQJWK
GHSHQGHQFH� RI� FRPSRVLWHV� %1�PXOOLWH� DQG
%1�VLDORQ� KDV� WZR� FKDUDFWHULVWLF� UDQJHV�
7KH�IUDFWXUH�ZLWKLQ���Ü�����&�LV�PDLQO\�RI
EULWWOH� QDWXUH�ZLWK� H[IROLDWLRQ� RI� ERURQ�QL�
WULGH�LQ��������7KH�FRPSRVLWH�VWUHQJWK�DERYH
�����&� LV� GHILQHG� E\� WKH� RQVHW� RI� JUDLQ
ERXQGDU\� SKDVH� ZHDNHQLQJ� DQG� WRXJK� EH�
KDYLRU�RI� LWV� IUDFWXULQJ��&KDQJLQJ�IUDFWXUH
PHFKDQLVP�RI� WKH� ERURQ�QLWULGH� EDVHG�FRP�
SRVLWH�LV�DOVR�FRQILUPHG�E\�WKH�WHPSHUDWXUH
GHSHQGHQFH� RI� IUDFWXUH� WRXJKQHVV�� ZKLFK
KDV�D�PD[LPXP�DW�����Ü�����&�
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7HFKQRORJLHV� LQ� 0HWDOOXUJ\� DQG� 0DFKLQH
%XLOGLQJ�����������������

� ���:�6LQFODLU��+�6LPPRQV��-��0DWHU��6FL��/HWW�����
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� ���/�5�9LVKQ\DNRY��k�0�0D]QD��/�0�3HUHVHOHQW�
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����������

� ���<X�/�.UDVXOLQ�� &�0�%DULQRY�� 9�6�,YDQRY�
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3RZGHUV� RI� 5HIUDFWRU\� &RPSRXQGV�� 1DXND�
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� ���9�6�%DNXQRY��$�9�%HO\DNRY��5HIUDFWRULHV�DQG
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� ���9�6�%DNXQRY��$�9�%HO\DNRY��5HIUDFWRULHV�DQG
$GYDQFHG�&HUDPLFV����������������

� ���7HVWLQJ� (TXLSPHQW��+DQGERRN� LQ� �� 9RO��� HG�
E\� 9�9�.OXHY�� 0DVKLQRVWURHQLH�� 0RVFRZ
�������>LQ�5XVVLDQ@�

����*�$�*RJRWV\�� 5HIUDFWRULHV� DQG� $GYDQFHG� &H�
UDPLFV���������������

����*�$�*RJRWV\�� 3RZGHU� 0HWDOOXUJ\�� �Ü��� ��
�������

����9�$�+XQFKHQNR��0�6�.RYDOFKHQNR��*�9�7UXQRY�
3RZGHU�0HWDOOXUJ\���������������

)LJ����� 7\SLFDO� PLFURVWUXFWXUH� RI� IUDFWXUH
VXUIDFH� RI� %1�VLDORQ� DW��� ������&�� D�� JHQ�
HUDO�YLHZ��u������$UURZ�VKRZV�WKH�KRW�SUHVV�
LQJ� GLUHFWLRQ��� E�� YDULDWLRQ� RI� WKH� ;�UD\� LQ�
WHQVLW\�SURILOH�IRU�VLOLFRQ�DORQJ�WKH�FURVV�VHF�
WLRQ� RI� WKH� IUDFWXUH� VXUIDFH� DW� �����&�
u�����
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