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4XDVL�FU\VWDOV� �4&V�� GLVFRYHUHG� E\
'�6KHFKWPDQ�HW�DO�� LQ������ >�@�IRUP�D�QHZ
FODVV�RI�VROLGV�>����@��7KHLU�VWUXFWXUH�FDQQRW
EH�IRUPHG�E\�WUDQVODWLRQ�URWDWLQJ�WKH�FODVVLF
%UDYDLV� ODWWLFHV�� 7KH� PRVW� ZLGH�VSUHDG
TXDVL�FU\VWDOV� DUH� LFRVDKHGUDO� RQHV�� 7KRVH
LQFOXGH� PXOWL�DWRPLF� FOXVWHUV� �%HUJPDQ� RU
0F&D\�RU�7VDL�W\SHV��>�@�FRQVLVWLQJ�RI�LFRVD�
KHGUD� DQG� GRGHFDKHGUD� LQVHUWHG� LQWR� DFK
RWKHU��6XFK�D� VWUXFWXUH� VKRZV� WKH� ILYH�IROG
V\PPHWU\�� 7KH� LFRVDKHGUDO� TXDVL�FU\VWDOV
�L�4&V�� JURZQ� HLWKHU� DV� VLQJOH� JUDLQV� RU
SRO\FU\VWDOV� VKRZ� D� KLJKO\� RUGHUHG� DWRPLF
VWUXFWXUH��VR��WKHLU�GLIIUDFWLRQ�SDWWHUQV�FRQ�
VLVW�RI�VKDUS�DQG�LQWHQVH�GLVFUHWH�SHDNV��7KH
XQXVXDO� VWUXFWXUH� W\SH� RI� 4&V� FDXVHV� YDUL�

RXV�XQLTXH�SK\VLFDO�SURSHUWLHV�DV� FRPSDUHG
WR�FU\VWDOOLQH�SKDVHV��)RU�LQVWDQFH��WKH�SUDF�
WLFDO� LQWHUHVW� LQ� VWDEOH�4&V� RI�7L±=U� V\VWHP
>����Ü�@� LV� FDXVHG� E\� WKHLU� DELOLW\� RI� DFFX�
PXODWLQJ� K\GURJHQ� LQ� VROLG� VROXWLRQ� XS� WR
WKH� UDWLR� +�0H� ����� >����@�� )RU� 7L±=U±1L
4&V�� WKH� VXSHUFRQGXFWLYLW\� WUDQVLWLRQ� ZDV
IRXQG� >������@� DV� ZHOO� DV� XQXVXDO� PHFKD�
QLVP�RI�SODVWLF�VWUDLQ�>������@�

,W�LV�ZHOO�NQRZQ�WKDW�PDQ\�SURSHUWLHV�DUH
GHILQHG� E\� VWUXFWXUH� DQG� VXEVWUXFWXUH� SHU�
IHFWLRQ� DV� ZHOO� DV� E\� VWUHVV� VWDWH� RI� WKH
VDPSOHV��5HVLGXDO�VWUHVVHV�H[LVW�LQ�PDWHULDOV
RU�SLHFHV�LQ�DEVHQFH�RI�H[WHUQDO�ORDG��7KXV�
DOO�WKH�IRUFHV�DQG�PRPHQWV�VKRXOG�EH�HTXLOL�
EUDWHG�RYHU� WKH�ZKROH�ERG\��8VXDOO\�� UHVLG�
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XDO� VWUHVVHV� DUH� GXH� WR� LQKRPRJHQHRXV� GLV�
WULEXWLRQ� RI� QRQ�HODVWLF� VL]H� FKDQJHV� LQWUR�
GXFHG�XQGHU�WHFKQRORJLF�WUHDWPHQW�>��Ü��@�
7KH�PHWKRG�RI�RQH�VLGH�UDSLG�TXHQFKLQJ�RQ
D�ZKHHO�LPSOLHV�LQKRPRJHQHLW\�ERWK�RI�WKHU�
PDO� ILHOG� DQG� SODVWLF� VWUDLQ� DFURVV� WKH� VHF�
WLRQ� RI� WKLQ� ULEERQV�� KHQFH�� WKH� IRUPDWLRQ
RI� UHVLGXDO� VWUHVVHV� LV�SRVVLEOH��$Q� LQGLUHFW
FRQILUPDWLRQ� WKHUHWR� LV� WKH� ULEERQ� EHQGLQJ
REVHUYHG� E\�PDQ\� DXWKRUV� >����@�� 7KH� VDP�
SOHV� REWDLQHG� DUH� DV� D� UXOH� SRO\FU\VWDOOLQH
DQG� VKRZ� D� ORW� RI� GLIIUDFWLRQ� UHIOHFWLRQV�
WKXV� DVVXPLQJ� WKH� SRVVLELOLW\� RI� VLQ�\
PHWKRG�DSSOLFDWLRQ�WR�4&V��7KH�DLP�RI�WKLV
ZRUN� LV� WR� SURYH� H[SHULPHQWDOO\� WKH�PXOWL�
SOH� REOLTXH� VFDQV� PHWKRG� �ZHOO�NQRZQ� IRU
FU\VWDOV��LQ�WKH�VWXG\�RI�WKH��VW�NLQG�UHVLG�
XDO� VWUHVVHV� �PDFUR�VWUHVVHV�� LQ� TXDVL�FU\V�
WDOOLQH�VDPSOHV��DQG�WR�HVWDEOLVK�WKH�FRUUHOD�
WLRQ�EHWZHHQ�7L±=U±1L�4&V�WHFKQRORJLFDO�SD�
UDPHWHUV�DQG�WKH�VWUXFWXUH�DQG�VWUHVV�VWDWH
WKHUHRI�

7KH�VDPSOHV�ZHUH�PDGH�RI�7L����=U����1L��DOOR\� SUHSDUHG� E\� DUF�PHOWLQJ� WKH� QRPLQDO
SURSRUWLRQV� RI� LRGLGH� 7L�� =U� ������PDVV���
SXULW\���DQG�1L�DIWHU�HOHFWURQ�EHDP�UH�PHOW�
LQJ�������PDVV����SXULW\��LQ�SXULILHG�DUJRQ
DWPRVSKHUH� XQGHU� ��Ü�� 3È� ZLWK� PXOWLSOH
WXPEOLQJ�WKH�PHOW�WR�SURYLGH�WKH�KRPRJHQH�
LW\�RI�WKH�ZKROH�PHOW��7KHQ��WKH�ULEERQV�RI
��� WR� ���� PP� WKLFNQHVV� ZHUH� REWDLQHG� E\
UDSLG�TXHQFKLQJ�RI�KRPRJHQL]HG�PHOW�RQ�WKH
FRROHG�FRSSHU�ZKHHO��7KH�TXHQFKLQJ�UHJLPHV
ZHUH� VHW�E\�YDU\LQJ� WKH�ZKHHO� URWDWLRQ� OLQ�
HDU� YHORFLW\� 9� IURP� ��� WR� ��� P�VÜ��� 7KH
VWUXFWXUH� DQG� VWUHVV� VWDWH� ZHUH� VWXGLHG� E\
;�UD\�GLIIUDFWLRQ��;5'��XVLQJ�&X±DD�UDGLD�WLRQ��7KH�FU\VWDOOLQH�SKDVHV�ZHUH� LGHQWLILHG
XVLQJ� -&3'6� FDUG� LQGH[� >��@�� DQG� 4&
SKDVH�� XVLQJ� WKH� WHFKQLTXH� GHVFULEHG� LQ� >��
��Ü��@�� $FFRUGLQJ� WR� WKH� VFKHPH� E\
-�:�&DKQ� HW� DO�� >��@�� WKH� LQGLFHV� �1��0�
ZHUH� DVFULEHG� WR� WKH� UHIOHFWLRQV� RI� L�4&
SKDVH�� 7KH� TXDVL�FU\VWDOOLQLW\� SDUDPHWHU
FKDUDFWHUL]LQJ� WKH�4&� VWUXFWXUH� SHUIHFWLRQ�
ÈT��ZDV�GHILQHG�DV

DT� �O�e��VLQT����CCCCC1���0W
����W� � �G��CCCCC1���0W
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ZLWK�W� ��������WKDW�LV��WKH�JROGHQ�PHDQ���T�
GLIIUDFWLRQ�DQJOH��G��WKH�PHDVXUHG�LQWHUSOD�
QDU�VSDFLQJ��7R�VWXG\�WKH�UHVLGXDO�VWUHVVHV�
WKH�VWDQGDUG�VLQ�\�PHWKRG�ZDV�DSSOLHG�>���
��@�� $� VHULHV� RI� VFDQV� DW� GLIIHUHQW� WLOW� DQ�
JOHV� \� RI� WKH� VDPSOH� ZDV� PDGH� LQ� T�Ü��T
VFKHPH�� 7KHQ�� LQWHUSODQDU� VSDFLQJV� G� ZHUH
FDOFXODWHG� IURP� WKH� %UDJJ� DQJOHV�� TXDVL�

FU\VWDOOLQLW\� SDUDPHWHUV� DT� ZHUH� FDOFXODWHG
IURP� ����� DQG� WKH� SORWV� DT� YV� VLQ�\� ZHUHFRQVWUXFWHG�� ,Q� RUGHU� WR� HVWLPDWH� WKH� YDUL�
DWLRQV� LQ� VWUXFWXUH� DQG� VWUHVV� VWDWH� DFURVV
WKH�ULEERQ�WKLFNQHVV��WKH�VDPSOHV�ZHUH�DQD�
O\]HG� RQ� ERWK� VLGHV�� RQ� WKH� VLGH� FRQWDFWHG
ZLWK�TXHQFKLQJ�ZKHHO��&6���DQG�RQ�WKH�IUHH
VLGH� �)6��� 5LEERQ� WKLFNQHVV� ZDV�PRUH� WKDQ
���PP�� L�H�� H[FHHGHG� E\� D� IDFWRU� RI� �� WKH
;�UD\� KDOI�DEVRUSWLRQ� WKLFNQHVV� IRU� DOO� WKH
VDPSOHV�VWXGLHG��7KXV��VXSHUSRVLWLRQ�RI�WKH
UHVXOWV� PHDVXUHG� RQ� &6� DQG� )6� ZDV� H[�
FOXGHG�� 7KH�;�UD\� VWXGLHV�ZHUH� DFFRPSDQLHG
E\� PLFURVWUXFWXUH� REVHUYDWLRQV� XVLQJ� VFDQ�
QLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�E\�PLFUR�
KDUGQHVV�PHDVXUHPHQWV��

$FFRUGLQJ� WR� ;5'� DQG� 6(0� GDWD�� WKH
VDPSOHV� VWXGLHG� ZHUH� SRO\FU\VWDOOLQH�� 7KH
JUDLQ�VL]HV�YDULHG�IURP����PP�WR���PP�DQG
OHVV�� PRUHRYHU�� RQ� &6�� WKH� JUDLQ� VL]H� ZDV
OHVV� WKDQ� RQ� )6�� ,QFUHDVHG� TXHQFKLQJ� UDWH
UHVXOWHG� LQ� VPDOOHU� JUDLQV�� (OHPHQWDO� FRP�
SRVLWLRQ� DWWHVWDWLRQV� XVLQJ� ;�UD\� IOXRUHV�
FHQFH�DQG�PLFUR�SUREH�DQDO\VHV�KDYH�VKRZQ
WKH� FRPSRQHQW� DYHUDJH� GLVWULEXWLRQ� EHLQJ
SUDFWLFDOO\�KRPRJHQHRXV�ERWK�RYHU�WKH�VDP�
SOH�VXUIDFH�DQG�DFURVV�LWV�WKLFNQHVV��DQG�WKH
FRPSRVLWLRQ�FRUUHVSRQGHG�WR�WKH�IRUPXOD�WR
ZLWKLQ�����DW���

;5'� SDWWHUQV� IRU� DOO� WKH� ULEERQV� ZHUH
SUDFWLFDOO\� WKH� VDPH�� D� W\SLFDO� SDWWHUQ� LV
VKRZQ� LQ� )LJ����� 3KDVH� DQDO\VLV� KDV� VKRZQ
WKH� SUHVHQFH� RI� WKH� RQO\� TXDVL�FU\VWDOOLQH
LFRVDKHGUDO� SKDVH� ZLWK� SULPLWLYH� ODWWLFH�
7KH� UHIOHFWLRQV� IURP� L�4&� SKDVH� DUH� RE�
VHUYHG�XS�WR�GLIIUDFWLRQ�DQJOHV��T�DERXW����
WR� ����� WKDW� SURYLGHV� D� SUHFLVH� GHWHUPLQD�
WLRQ�RI�WKH�TXDVL�FU\VWDOOLQLW\�SDUDPHWHU�DT�7R� VWXG\� WKH� VWUHVV� VWDWH�� WKH� UHIOHFWLRQ
ZLWK� &DKQ� LQGLFHV� ������ ����� ZDV� FKRVHQ�

)LJ����� $� W\SLFDO� ;�UD\� GLIIUDFWLRQ� SDWWHUQ�
7KH� UHIOHFWLRQV� DUH� LGHQWLILHG� E\� WZR� &DKQ
LQGLFHV��1��0��
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)RU� WKLV� UHIOHFWLRQ�� WKH� FRPSRQHQW� RI� GLI�
IUDFWLRQ� YHFWRU� LQ� SHUSHQGLFXODU� VSDFH� LV
VPDOO� HQRXJK�� WKXV�� DFFRUGLQJ� WR� >������@�
WKH�DGGLWLRQDO�VKLIW�RI�GLIIUDFWLRQ�PD[LPXP
GXH�WR�4&�VSHFLILF�GHIHFWV��SKDVRQV��LV�SUDF�
WLFDOO\�DEVHQW�

7KH�DT�Ü�VLQ�\�SORWV�DUH�VKRZQ�LQ�)LJV���DQG����)RU�DOO� WKH�VDPSOHV�PHDVXUHG��D�OLQ�
HDU� GHSHQGHQFH� DT� YV� VLQ�\� LV� REVHUYHG�6XFK� D� EHKDYLRU� LQGLFDWHV� VWUHVV� KRPRJHQH�
LW\� ZLWKLQ� WKH� UDQJH� RI� ;�UD\� DEVRUSWLRQ
OD\HU��7KH�SRVLWLYH�VORSH�RI�WKH�SORWV�LQ�)LJ���
VKRZV� WKH� SUHVHQFH� RI� UHVLGXDO� WHQVLOH
VWUDLQV�DW�WKH�)6�RI�WKH�ULEERQV��2Q�WKH�ULE�
ERQ� RSSRVLWH� VLGH� �&6��� WKH�DT�Ü�VLQ�\� SORWVGHPRQVWUDWH� QHJDWLYH� VORSH� LQGLFDWLQJ� WKH
SUHVHQFH� RI� FRPSUHVVLYH� VWUDLQV� �VHH�)LJ����
)RU�WKH�VDPSOH�REWDLQHG�DW�WKH�ORZHVW�FRROLQJ
ZKHHO�YHORFLW\�RI����P�VÜ���VHH�SORWV���LQ�)LJV��������
WKH�VORSH�RI�DT�Ü�VLQ�\�SORWV�LV�DOPRVW�]HUR�L�H��QR�UHVLGXDO�VWUHVVHV�DUH�DEVHQW��

7KH� UHVLGXDO� VWUHVVHV� ZHUH� HVWLPDWHG� LQ
DUELWUDU\� D]LPXWK� GLUHFWLRQ� M� XVLQJ� DS�
SUR[LPDWLRQ� RI� ELD[LDO� VWUHVV� VWDWH� DFFRUG�
LQJ�WR�WKH�H[SUHVVLRQ

VM� � (
����Q���

DT�__���DT�A
DT��

� ���

ZKHUH�DT�__�DQG�DT�A�DUH�TXDVL�FU\VWDOOLQLW\�SD�
UDPHWHUV� IRU� \� ����� DQG� \� ����� UHVSHF�
WLYHO\��FDOFXODWHG�IURP�OLQHDU�GHSHQGHQFH�DT
YV� VLQ�\� REWDLQHG� XVLQJ� OHDVW� VTXDUH
PHWKRG��7KH�ÈT�� YDOXH�ZDV� IRXQG� IURP� WKH
HTXDWLRQ� VLQ�\�� ��Q������Q��� 7KH� 3RLVVRQ
FRHIILFLHQW� Q� ����� ZDV� WDNHQ� DV� W\SLFDO� RI
PHWDOOLF� DOOR\V�� ZKLOH� <RXQJ� PRGXOXV� ZDV
PHDVXUHG�SUHYLRXVO\�XVLQJ�QDQR�LQGHQWDWLRQ
PHWKRG�>��@��,Q�)LJ�����WKH�FDOFXODWHG�UHVLG�

XDO�PDFUR�VWUHVVHV�DW�&6�DQG�)6�DUH�SORWWHG
YV� TXHQFKLQJ�ZKHHO� URWDWLRQ� OLQHDU� YHORFLW\
9�� ,W� LV� VHHQ� WKDW� UHVLGXDO� VWUHVVHV�� ILUVW�
YDU\� DFURVV� WKH� VDPSOH� VHFWLRQ� DQG� DUH
HTXLOLEUDWHG� LQ� WKH� EXON��DQG�� VHFRQG�� WKHLU
YDOXHV� GHSHQG� RQ� OLQHDU� YHORFLW\� 9� RI� WKH
TXHQFKLQJ�ZKHHO�VXUIDFH�

,W� LV� ZHOO� NQRZQ� WKDW� DW� WKH� TXDVL�FU\V�
WDOOLQH� SKDVH� V\QWKHVLV� E\� VROLGLILFDWLRQ�� LW
LV�MXVW�WKH�YHORFLW\�9�DV�ZHOO�DV�WHPSHUDWXUH
FRQGXFWLYLW\�DQG�RYHUFRROLQJ�GHJUHH�WKDW�GH�
ILQH� WKH� TXHQFKLQJ� UDWH�� 7KH� REVHUYHG� GH�
SHQGHQFH� RI� UHVLGXDO� VWUHVVHV� RQ� TXHQFKLQJ
UDWH�LPSOLHV�WKDW�WKH�VWUHVVHV�PD\�EH�FDXVHG
E\� WHPSHUDWXUH� JUDGLHQW�'7� DFURVV� WKH� VHF�
WLRQ�GXH� WR�KHDW� UHPRYDO�GLIIHUHQFHV�DW� WKH
RSSRVLWH�VLGHV�RI�WKH�VDPSOH��$V�WKH�VROLGLIL�
FDWLRQ� IURQW� PRYHV�� WKH� VROLGLILFDWLRQ� UDWH
FKDQJHV�� DQG� WKH� VWUXFWXUH� LV� IRUPHG� LQKR�
PRJHQHRXV� DORQJ� WKH� QRUPDO� WR� VXUIDFH� GL�
UHFWLRQ�� 7KLV� LV� LQGLFDWHG� E\� WKH� REVHUYHG
GLIIHUHQFHV� �VHH�)LJ����� EHWZHHQ�ERWK�TXDVL�

)LJ����� DTÜVLQ�\� 3ORWV� FRQVWUXFWHG� XVLQJ� WKHVFDQQLQJ� UHVXOWV� IRU� WKH� IUHH� VXUIDFHV� RI� WKH
VDPSOHV�SUHSDUHG�DW�WKH�ZKHHO�OLQHDU�YHORFLW\
�P�V����������������������������DQG��������

)LJ����� 'HSHQGHQFHV� RI� WKH� UHVLGXDO� PDFURV�
WUHVV�YDOXH�RQ�WKH�TXHQFKLQJ�UDWH�IRU�WKH�IUHH
����DQG�FRQWDFWLQJ�����VDPSOH�VXUIDFHV�

)LJ����� DTÜVLQ�\� 3ORWV� FRQVWUXFWHG� XVLQJ� WKHVFDQQLQJ�UHVXOWV�IRU�WKH�FRQWDFW�VXUIDFHV�RI�WKH
VDPSOHV� SUHSDUHG� DW� WKH� ZKHHO� OLQHDU� YHORFLW\
�P�V����������������������������DQG���������
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FU\VWDOOLQLW\� SDUDPHWHUV� DT�� DQG� VSHFLILFYROXPHV�� $W� &6�� WKH� TXDVL�FU\VWDOOLQLW\� SD�
UDPHWHU� LV� IRXQG� WR� EH� UDWKHU� ORZ� DQG� GH�
SHQGV� ZHDNO\� RQ� WKH� TXHQFKLQJ� UDWH� 9�
ZKLOH�DW�)6��LW�EHFRPHV�KLJKHU�DQG�LQFUHDVHV
VWHHSHU� ZLWK� 9�� 0LFURKDUGQHVV� PHDVXUH�
PHQWV� RQ� ERWK� VDPSOH� VLGHV� JLYH� GLIIHUHQW
YDOXHV� DV� ZHOO�� DQG� WKRVH� YDU\� DV� 9� LQ�
FUHDVHV�

$V�QHLWKHU�/DYHV�SKDVH��QRU�DÜ7L�=U��RQH
VWDEOH� RYHU� WKH� SHULWHFWRLG� WUDQVLWLRQ� WHP�
SHUDWXUH� >�@� ZHUH� REVHUYHG� LQ� GLIIUDFWLRQ
SDWWHUQV��ZH�EHOLHYH� WKH� WHPSHUDWXUH�JUDGL�
HQW� '7� KDUGO\� H[FHHGHG� ����&�� ,W� LV� PRUH
UHDVRQDEOH� WR� DVVXPH� WKH� WHPSHUDWXUH� JUDGL�
HQW� EHWZHHQ� )6� DQG�&6� EHLQJ� ���� WR� ����&�
7KHQ��WDNLQJ� LQWR�FRQVLGHUDWLRQ�WKH�WHPSHUD�
WXUH� RULJLQ� RI� WKH� UHVLGXDO� VWUHVVHV�� WKH� YDO�
XHV�WKHUHRI�LQGLFDWH�WKH�OLQHDU�WKHUPDO�H[SDQ�
VLRQ�FRHIILFLHQW�EHLQJ����WR�������Ü��.Ü��WKDW
LV�D�TXLWH�UHDVRQDEOH�YDOXH��

7KXV�� WKH� UHVLGXDO� VWUHVVHV�ZHUH� VWXGLHG
LQ� VSLQQLQJ�SURGXFHG� SRO\�TXDVL�FU\VWDOOLQH
7L����=U����1L��� ULEERQV� ZLWK� WKLFNQHVV
d���PP� E\� WKH� VWUDLQ� PHDVXUHPHQW� WHFK�
QLTXH�XVLQJ�;�UD\�GLIIUDFWLRQ��7KH�UHVLGXDO
VWUHVVHV�KDYH�GLIIHUHQW�VLJQV�DW�WKH�RSSRVLWH
VLGHV� RI� WKH� ULEERQV� EHLQJ� FRPSUHVVLYH� DW
WKH� VLGH� FRQWDFWHG� ZLWK� FRROLQJ� ZKHHO�� EXW
WHQVLOH� DW� WKH� IUHH� VLGH�� $FURVV� WKH� VDPSOH
VHFWLRQ�� WKH� VWUHVVHV� HTXLOLEUDWH�� ,W� ZDV
VKRZQ�WKDW�WKH�TXHQFKLQJ�ZKHHO�VXUIDFH�OLQ�
HDU�YHORFLW\� LQFUHDVH�IURP����WR������P�VÜ�
UHVXOWV� LQ� UHVLGXDO� VWUHVV� ULVLQJ� IURP� �� WR
����03D��$� IXUWKHU�YHORFLW\� LQFUHDVH� OHDGV
WR�D�OLWWOH�GURS�RI�UHVLGXDO�VWUHVVHV��$�SRVVL�
EOH�FDXVH�RI�UHVLGXDO�VWUHVVHV�LV�DVVXPHG�WR
FRQVLVW� LQ� WKH� LQKRPRJHQHRXV� YDULDWLRQ� RI
WKH� VSHFLILF� YROXPH� GXH� WR� KHDW� ILHOG� LQKR�
PRJHQHLW\� DFURVV� WKH� ULEERQ� VHFWLRQ� DW� WKH
VDPSOH�SUHSDUDWLRQ��

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG� E\� 6ZLVV� 1DWLRQDO� 6FLHQFH� )RXQGD�
WLRQ�LQ�WKH�IUDPHZRUN�RI�WKH�MRLQW�UHVHDUFK
SURMHFW� �8.3-������� DQG� E\� WKH� 6FLHQFH
DQG� 7HFKQRORJ\� &HQWHU� LQ� 8NUDLQH� XQGHU
3URMHFW������

5HIHUHQFHV
� ���'�6KHFKWPDQ�� ,�%OHFK�� '�*UDWLDV�� -�&DKQ�

3K\V��5HY��/HWW�������������������
� ���=�0�6WDGQLN� �(GLWRU��� 3K\VLFDO� 3URSHWLHV� RI

4XDVLFU\VWDOV��6SULQJHU��%HUOLQ��������

� ���&�-DQRW��4XDVL�FU\VWDOV��&ODUHQGRQ�3UHVV��2[�
IRUG��������

� ���<�.DQHNR�� <�$ULFKND�� 7�,VKLPDVD�� 3KLO��0DJ�
/HWW������������������

� ���5�6WURXG��.�.HOWRQ��6�0LVWXUH��-��0DWHU��5HV��
���������������

� ���.�.HOWRQ��:�.LP��5�6WURXG��$SSO��3K\V��/HWW��
����������������

� ���6�<L��:�.LP��-��0DWHU��5HV������������������
� ���.�.HOWRQ�� $�*DQJRSDGK\D\�� *�/HH� HW� DO��� -�

1RQ�&U\VW��6ROLGV�����Ü����������������
� ���$�9LDQR�� (�0DM]RXE�5�6WURXG� HW� DO��� 3KLO�

0DJ��$�����������������
����9�$]KD]KD��$�*ULE��*�.KDG]KD\�HW�DO���3K\V�

/HWW��$������������������
����9�$]KD]KD�� *�.KDG]KD\�� 6�0DO\NKLQ� HW� DO��

3K\V��/HWW��$������������������
����9�$]KD]KD�� 6�'XE�� *�.KDG]KD\� HW� DO��� 3KLO�

0DJ������������������
����9�$]KD]KD�� 6�%RULVRYD�� 6�'XE� HW� DO��� 3K\V�

6RO��6WDWH������������������
����,�&�1R\DQ�� -�%�&RKHQ�� 5HVLGDO� 6WUHVV�� 6SULQ�

JHU�9HUODJ��1HZ�<RUN��������
����(�0DFKHUDXFK�� +�:RKOIDKUW�� 8�:RIVWLHJ�

+70�����������������
����&�6�%DUUHWW��7�%�0DVVDOVNL��6WUXFWXUH�RI�0HW�

DOV��3HUJDPRQ�3UHVV��2[IRUG��������
����3RZGHU� 'LIIUDFWLRQ� )LOH�� 6ZDUWKPRUH�� 3HQQ�

V\OYDQLD��(G�-&3'6������Ü�����
����6�(EDODUG�� )�6SDHSHQ�� -��0DWHU��5HV��� ��� ��

�������
����-�&DKQ�� '�6KHFKWPDQ�� '�*UDILDV�� -��0DWHU�

5HV����������������
����3�/X��.�'HIIH\HV��3�6WHLQKDUGW��1�<DR��3K\V�

5HY��/HWW������������������������
����9�)UDQ]�� 0�)HXHUEDFKHU�� 0�:ROOJDUWHQ�

.�8UEDQ��3KLO��0DJ��/HWW������������������
����$�/HWRXEORQ�� )�<DNRY�� )�/LYHW� DW� DO��� (XUR�

SK\V��/HWW������������������

)LJ�����'HSHQGHQFHV�RI�WKH�TXDVL�FU\VWDOOLQLW\
RQ� WKH� TXHQFKLQJ� UDWH� IRU� WKH� IUHH� ���� DQG
FRQWDFWLQJ�����VDPSOH�VXUIDFHV�

6�0DO\NKLQ���5HVLGXDO�VWUHVVHV�LQ����

��� )XQFWLRQDO�PDWHULDOV�������������
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