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DQG�WKDW�DW�WKH�VDPH�WLPH�LW�SUHVHQWV�WKH�UHVXOWV�JDLQHG�VR
IDU�LQ�D�FOHDU�PDQQHU��ZKLFK�PDNHV�WKHP�DFFHVVLEOH�HYHQ
WR�D�ZLGHU�FLUFOH�RI�UHDGHUV��H�J��VWXGHQWV�RU�MRXUQDOLVWV�DV
ZHOO� DV� WR� WKH� OD\�SXEOLF� IDFLQJ� WKH� FRPSOH[LWLHV�RI� WKH
6ORYHQH�HPLJUDWLRQ�RU� WKH�6ORYHQHV� LQ� WKH�ZRUOG� LQ�JHQ�
HUDO� IRU� WKH� ILUVW� WLPH��*UHDW� DLGV� LQ� WKLV� UHVSHFW� DUH�QX�
PHURXV�SKRWRJUDSKV��LQGH[�RI�DXWKRUV��DQG�HVSHFLDOO\�WKH
FRQFOXGLQJ� GRFXPHQWDWLRQDO� SDUW�ZLWK� WKH� VWDWHG� EDVLF
ELEOLRJUDSKLHV��SHULRGLFDOV�DQG�PRUH� LPSRUWDQW�SXEOLFD�
WLRQV�� ,Q� WKH� YHU\� VHOHFWHG� ELEOLRJUDSK\�� KRZHYHU�� LW
ZRXOG�EH�DGYLVDEOH�WR�GR�DZD\�ZLWK�FHUWDLQ�GHILFLHQFLHV�
ZKLFK� GHULYH� IURP� WKH� IDFW� WKDW� RQO\� WKRVH�ZRUNV�ZHUH
WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ� WKH�ERRNOHW��ZKLFK�KDG�EHHQ
SXEOLVKHG� LQ� WKH� IRUP� RI� ERRNV� RU� PRQRJUDSKV�� 6RPH
PLQRU�IDXOWV�FDQ�DOVR�EH�GHWHFWHG�LQ�WKH�WH[WV�WKHPVHOYHV�
VXFK�DV�WKH�RQH�LQ� WKH� WDEOH�RQ�S������ LQ�ZKLFK� WKH�HVWL�
PDWHV�RI�WKH�WRWDO�QXPEHU�RI�6ORYHQH�HPLJUDQWV�DUH�JDWK�
HUHG� �IRU�$UJHQWLQD�� WKH�QXPEHU������ LV�VWDWHG��ZKLFK� LV
RI�FRXUVH�QRW� LQ� OLQH�ZLWK� WKH�DFWXDO� VLWXDWLRQ�DQG� LV�DO�
WHULQJ� WKH� WRWDO�QXPEHU�RI�6ORYHQHV�DFURVV� WKH�ZRUOG��� ,Q
WKH� VDPH� WDEOH�� ZH� DOVR� FDQQRW� ILQG� D� GDWXP� IRU� WKH
QXPEHU�RI� HVWLPDWHG� HPLJUDQWV� LQ� ,WDO\��ZKLFK� LV�RWKHU�
ZLVH�VWDWHG�HOVHZKHUH�LQ�WKH�ERRNOHW�

$V� D� ZKROH�� WKH� ERRNOHW� QR� GRXEW� GHVHUYHV� KLJK
PDUNV��IRU�LW�KDV�ILOOHG�WKH�JDS�LQ�WKH�6ORYHQH�MRXUQDOLVP
FRYHULQJ� WKLV�FRPSOH[� LVVXH�� ,W�KDV�QRW�PHUHO\�HQXPHU�
DWHG� WKH�PDQ\� LQWHUHVWLQJ� IDFWV�DVVRFLDWHG�ZLWK� WKH�6OR�
YHQHV� DFURVV� WKH�ZRUOG� EXW� KDV� FDOOHG� RXU� DWWHQWLRQ� WR
WKH� QXPHURXV� RSHQ� TXHVWLRQV� FRQFHUQLQJ� WKH� 6ORYHQH
HPLJUDWLRQ� DQG� IXUWKHU� SHUVSHFWLYHV� RI� WKH� 6ORYHQH
FRPPXQLWLHV�RXWVLGH�WKH�5HSXEOLF�RI�6ORYHQLD��+HUH�WKH
6ORYHQH� UHVHDUFKHUV�� DV�ZHOO� DV� WKH� 6ORYHQH� VWDWH� LWVHOI�
ZLOO�KDYH�WR�GHYRWH��LQ�FRQWUDVW�WR�WKH�SDVW�ZKHQ�PRVWO\
HPRWLRQDO� UHODWLRQV� SUHYDLOHG� LQ� UHODWLRQV� ZLWK� HPL�
JUDQWV��PXFK�JUHDWHU�DWWHQWLRQ�WR�WKH�HPLJUDQWV
VLWXDWLRQ�
VRFLDO� VWDWXV�� OLQJXLVWLF�SUDFWLFHV�� WKH� UDWH�RI� LQWHJUDWLRQ
ZLWK� WKH�PDMRULW\� VRFLHW\�� UHODWLRQVKLS�ZLWK� WKH�RULJLQDO
HQYLURQPHQW� DQG�� ODVW� EXW� QRW� OHDVW�� WR� WKH� DGGLWLRQDO
RSSRUWXQLWLHV� RI� WKH� 6ORYHQH� VWDWH� WR� VXLWDEO\� SURPRWH�
WKURXJK� LWV� YHU\� HPLJUDQWV�� LWV� FXOWXUH� DQG� DW� WKH� VDPH
WLPH� WR� DVVRFLDWH� PRUH� FORVHO\�� VRFLDOO\� DQG� HFRQRPL�
FDOO\��ZLWK�WKH�FRXQWULHV�LQ�ZKLFK�WKHVH�FRPPXQLWLHV�DUH
DFWLYH��:LWKLQ�WKLV�IUDPHZRUN�ZH�DUH�FRQYLQFHG�WKDW�WKH
6ORYHQH�(PLJUDWLRQ�6RFLHW\�ZLOO�FRQWLQXH�WR�SOD\�DQ�LP�
SRUWDQW�SDUW�LQ�UHWDLQLQJ�FORVH�UHODWLRQV�EHWZHHQ�6ORYHQH
HPLJUDQWV�DQG�WKHLU�QDWLYH�VRLO�

0LODQ�%XIRQ

5DGD�&RVVXWWD��1$5(à1$�32'2%$�.5,Ë$�35,�75678
�'LDOHFWDO�3URILOH�RI�.ULÊ�QHDU�7ULHVWH��

.QMLÌQLFD�$QQDOHV������.RSHU��=JRGRYLQVNR�GUXÊWYR�]D
MXÌQR�3ULPRUVNR���=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH

5HSXEOLNH�6ORYHQLMH�.RSHU��������SS�����

5DGD� .RÊXWD� �&RVVXWWD��� D� 7ULHVWH� 6ORYHQH�� LV� D� UH�
VHDUFKHU�RI�6ODYLF� VWXGLHV�DW� WKH�6FKRRO�RI�0RGHUQ�/DQ�
JXDJHV�IRU�,QWHUSUHWHUV�DQG�7UDQVODWRUV�LQ�7ULHVWH��6KH�KDV
EHHQ�FR�RSHUDWLQJ�ZLWK�65&�.RSHU� LQ� WKH� ILHOG�RI�GLDOHF�
WRORJ\� IRU� VHYHUDO�\HDUV��$IWHU�REWDLQLQJ� WKH�KLJK� VFKRRO
FHUWLILFDWH�RI� FODVVLFDO� O\FHXP� LQ� 7ULHVWH�� VKH� FRQWLQXHG
KHU� VWXGLHV� DW� WKH� )DFXOW\� RI�$UWV��ZKHUH� VKH� JUDGXDWHG
IURP�FODVVLFDO�SKLORORJ\��6KH�FRPSOHWHG�KHU�PDVWHU¤V�DQG
GRFWRUDO�WKHVHV��GHDOLQJ�ZLWK�6ORYHQH�GLDOHFWRORJ\��DW�WKH
)DFXOW\�RI�$UWV�LQ�/MXEOMDQD�XQGHU�WKH�PHQWRUVKLS�RI�3UR�
IHVVRU� 7LQH� /RJDU�� 7KHVH� SURYLGHG� DQ� H[FHOOHQW� VWDUWLQJ
SRLQW�IRU�GLDOHFWRORJLFDO�UHVHDUFK�LQ�OLQJXLVWLFDOO\�GLYHUVH
WHUULWRULHV� VXFK� DV� 6ORYHQH� ,VWULD� DQG� ERUGHULQJ� DUHDV�
:LWKLQ� WKH� IUDPHZRUN� RI� GLDOHFWRORJLFDO� UHVHDUFK� KHU
PDLQ� LQWHUHVW� OLHV� LQ� VR�FDOOHG� VSHFLDOLVHG� WHUPLQRORJLHV
�H�J��YLWLFXOWXUH��DJULFXOWXUH��DQLPDO�KXVEDQGU\��PLFURWR�
SRQ\PV��ROHRFXOWXUH��HWF����)RU�WKH�ROGHVW�OLQJXLVWLF�OD\HUV
WKH\�XVXDOO\�KLGH��WKHVH�DUH�RI�XQGLVSXWHG�LPSRUWDQFH�IRU
OLQJXLVWLFV�� 6KH� LV� DOVR� D� UHVHDUFKHU� RI� 5RPDQFH� DQG
*HUPDQLF�ORDQ�ZRUGV�LQ�6ORYHQH�YHUQDFXODUV�LQ�WKH�OLJKW
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RI� FHQWXULHV�ORQJ� LQWHUWZLQLQJ� EHWZHHQ� WKH� 5RPDQFH�
*HUPDQLF�DQG�6ODYLF�ZRUOGV��%HLQJ�D� IRUPHU� VWXGHQW�RI
0DULR� 'RULD� DQG� GXH� WR� KHU� FR�RSHUDWLRQ� ZLWK� )UDQFR
&UHYDWLQ�� VKH� LV� YHU\� IDPLOLDU�ZLWK� HW\PRORJ\��ZKLFK� LV
UHJXODUO\� LQFOXGHG� LQ� KHU� GLDOHFWRORJLFDO� UHVHDUFK�� ,W
VKRXOG�EH�PHQWLRQHG�WKDW�GU��.RÊXWD�LV�D�YHU\�GHGLFDWHG�
TXDOLILHG� DQG� UHOLDEOH� ILHOG� LQYHVWLJDWRU�� E\� DOO� PHDQV
FRQGLWLR�VLQ�TXD�QRQ�IRU�DQ\�JRRG�GLDOHFWRORJLVW�

6LQFH�KHU�GRFWRUDO�GLVVHUWDWLRQ� �3ROMHGHOVND� LQ� YLQR�
JUDGQLÊND�WHUPLQRORJLMD�Y�JRYRULK�VORYHQVNH�,VWUH���$JUL�
FXOWXUDO�DQG�9LWLFXOWXUDO�7HUPLQRORJ\� LQ� WKH�'LDOHFWV�RI
6ORYHQH�,VWULD���)DFXOW\�RI�$UWV��/MXEOMDQD��������VKH�KDV
EHHQ� LQYROYHG� LQ� WKH� UHVHDUFK� RI� ,VWULDQ� 6ORYHQH� YHU�
QDFXODUV�� +HU� PDLQ� LQWHUHVW� OLHV� LQ� WKH� YRFDEXODU\� RI
WKHVH�YHUQDFXODUV��O\LQJ�RQ�WKH�PHHWLQJ�SRLQW�RI�WKH�5R�
PDQFH� DQG� 6ODYLF� ZRUOGV�� DQG� WKHUHIRUH� H[SRVHG� WR
PXWXDO�LQWHUIHUHQFH��7KH�ILUVW�SKDVH�RI�KHU�UHVHDUFK�ZRUN
FRQVLVWV�RI� ILHOG� LQYHVWLJDWLRQ��2Q�WKH�EDVLV�RI�D�VSHFLDO
TXHVWLRQQDLUH�� VKH� KDV� EHHQ� FROOHFWLQJ� ,VWULDQ� 6ORYHQH
GLDOHFWRORJLFDO� PDWHULDOV� IRU� VHYHUDO� \HDUV�� 6R� IDU�� DOVR
ZLWK� DVVLVWDQFH� RI� KHU� VWXGHQWV�� VKH� KDV� UHVHDUFKHG� ��
ORFDOLWLHV� LQ� 6ORYHQH� ,VWULD� �0DOLMD�� 3DGQD�� .UNDYáH�
*DÌRQ�� ÉPDUMH�� .RÊWDERQD�� 3RPMDQ�� %RUÊW�� 0DUH]LJH�
7UHEHÊH��%HOYHGXU��3UHJDUD��6RáHUJD��0RYUDÌ��2VS��'H�
NDQL��àUQL�.DO��3RWRN��.XEHG��+UDVWRYOMH��*UDáLÊáH���$OO
PDWHULDOV� ZHUH� WDSH� UHFRUGHG� DQG� ODWHU� WUDQVFULEHG� LQ
DFFRUGDQFH� ZLWK� WKH� UXOHV� RI� WKH� 6ORYHQH� SKRQHWLF
VFULSW�� $V� D� UHVXOW�� WKH� GLDOHFWRORJLFDO� OH[LFDO� DWODV� RI
6ORYHQH� ,VWULDQ� VSHHFK�� WKH�6'/$�.S�� DYDLODEOH�RQ�&'�
KDV�EHHQ�SXEOLVKHG�

5DGD� .RÊXWD� LV� DQ� DFNQRZOHGJHG� GLDOHFWRORJLVW� LQ
6ODYLF� DQG� 5RPDQFH� OLQJXLVWLF� FLUFOHV� LQ� 6ORYHQLD� DQG
DEURDG� �,WDO\�� $XVWULD��+XQJDU\�� &URDWLD��� 6KH� UHJXODUO\
SDUWLFLSDWHV� LQ� 6ORYHQH� DV�ZHOO� DV� IRUHLJQ�PHHWLQJV� DQG
FRQJUHVVHV�RQ�6ODYLF�DQG�5RPDQFH�VWXGLHV��+HU�VFLHQWLILF
DQG� SURIHVVLRQDO� DUWLFOHV� KDYH� EHHQ� SXEOLVKHG� E\� UH�
QRZQHG�VFLHQWLILF�DQG�SURIHVVLRQDO� MRXUQDOV��2Q� WKLV�RF�
FDVLRQ�� OHW� PH� PHQWLRQ� WZR� OLQJXLVWLF� DWODVHV�� WKH
�6ORYHQVNL�GLDOHNWRORÊNL�DWODV�WUÌDÊNH�SRNUDMLQH���6ORYHQH
'LDOHFWRORJLFDO� /H[LFDO� $WODV� RI� WKH� 7ULHVWH� 3URYLQFH�
�6'/$�7V�� ������ DQG� WKH� DERYH�PHQWLRQHG� �6ORYHQVNL
GLDOHNWRORÊNL� DWODV� NRSUVNH� SRNUDMLQH�� �6ORYHQH� 'LDOHF�
WRORJLFDO�/H[LFDO�$WODV�RI�WKH�.RSHU�3URYLQFH���6'/$�.S�
�������%RWK�ZHUH�SXEOLVKHG�LQ�7ULHVWH�DQG�PD\�UHSUHVHQW
KHU�ZRUN�DQG�LQWHUHVWV�LQ�WKH�EHVW�SRVVLEOH�ZD\��6KH�KDV
EHHQ�D�YDOXDEOH�PHPEHU�RI� WKH� OLQJXLVWLF�SURMHFW�JURXS
ZLWKLQ�65&�.RSHU��'LDOHFWDO�3URILOH�RI�.ULÊ�QHDU�7ULHVWH
LV�D�UHVXOW�RI�KHU�UHVHDUFK�ZLWKLQ�WKH�SURMHFW��(WLPRORÊNR�
IUD]HRORÊNH� UD]LVNDYH� VORYHQVNLK� LVWUVNLK� JRYRURY�� �(W\�
PRORJLFDO�3KUDVHRORJLFDO� 5HVHDUFK� RI� 6ORYHQH� ,VWULDQ
9HUQDFXODUV��

7KH�ERRN�LV�GLYLGHG�LQWR�WZR�PDLQ�SDUWV��7KH�ILUVW��WKH
PRVW� FRPSUHKHQVLYH� SDUW�� EDVHG� RQ� WKH� PDWHULDOV� FRO�
OHFWHG�E\�WKH�DXWKRU��LV�D�GHVFULSWLRQ�RI�WKH�.ULÌ�VSHHFK��,W
FRQVLVWV� RI� JUDPPDU� ZLWK� SKRQHWLFV� DQG� PRUSKRORJ\�
ZLWKRXW�V\QWD[��7KH�JUDPPDU� LV�DQDO\VHG� LQ�DFFRUGDQFH

ZLWK�WKH�PRVW�UHFHQW�ILQGLQJV�RI�OLQJXLVWLFV��$OO�VWDWHPHQWV
DUH� VXSSRUWHG�E\�H[DPSOHV� UHFRUGHG�E\� WKH�DXWKRU�GXU�
LQJ�ILHOG� LQYHVWLJDWLRQ��)XUWKHUPRUH�� LW�VKRXOG�QRW�EH� IRU�
JRWWHQ� WKDW� .ULÌ� LV� .RÊXWD¤V� QDWLYH� YLOODJH� DQG� WKH� .ULÌ
VSHHFK�KHU�PRWKHU�LGLRP��ZKLFK�DGGV�DGGLWLRQDO�YDOXH�WR
WKH�DXWKHQWLFLW\�RI�KHU� WUHDWLVH�� ,Q� WKH�FRQFOXVLRQ�RI� WKH
SUHVHQWDWLRQ�RI� WKH�.ULÌ� VSHHFK�D�SKRQHWLF� WUDQVFULSWLRQ
RI� D� WH[W�� DV� WROG� E\�0LUNR� .RÊXWD�� DQG� D� ILOOHG� LQ� 6/$
TXHVWLRQQDLUH��WKH�EDVLV�IRU�WKLV�WUHDWLVH��FDQ�EH�IRXQG�

7KH�VHFRQG�SDUW�FRQVLVWV�RI�WZR�VXSSOHPHQWV��ZKLFK
URXQG�XS�WKH�PDLQ�HVVHQFH�RI� WKH�ERRN� LQ�DQ�H[FHOOHQW
ZD\��7KHVH�VXSSOHPHQWV��WRR��DUH�EDVHG�RQ�ILHOG�LQYHVWL�
JDWLRQ� FDUULHG� RXW� E\� WKH� DXWKRU�� 7KH� ILUVW� VXSSOHPHQW�
�.ULÊND� OHGLQVND� LPHQD�� �0LFURWRSRQ\PV� LQ�.ULÊ��� GHDOV
ZLWK� WKH� WRSRQ\P\�RI�D� VSHFLILF� 6ORYHQH� VSHDNLQJ�DUHD
�WKH�YLOODJH�RI�.ULÌ���7KH�PDWHULDOV�KDYH�EHHQ�HW\PRORJL�
FDOO\�DQDO\VHG��DQG�ZKDW�EHDUV�H[WUHPH� LPSRUWDQFH� IRU
6ORYHQH�QDWLRQDO�KHULWDJH��WKH\�VKRZ�HYLGHQW�SUHYDOHQFH
RI� ORFDO�� WKDW� LV� 6ODYRQLF�� PLFURWRSRQ\PV�� ZKLFK� ZHUH
SUHVHUYHG� LQ� WKH�.ULÌ�VSHHFK�GHVSLWH�FHQWXULHV�ORQJ�5R�
PDQFH� LQIOXHQFHV� �� 5RPDQFH� QDPHV� DFFRXQW� IRU� RQH
WKLUG�RQO\��7KH�VHFRQG�VXSSOHPHQW���.ULÊND�KLÊQD�LPHQD�
�+RXVH� 1DPHV� LQ� .ULÊ��� GLVFXVVHV� DSSUR[LPDWHO\� ���
WHUPV� DQDO\VHG� IURP� WKH� PRUSKRORJLFDO�� HW\PRORJLFDO�
DQG� OH[LFRORJLFDO� SRLQWV� RI� YLHZ�� 7KH� HW\PRORJLFDO
DQDO\VLV� UHYHDOV� D� PXOWL�OD\HUHG� FKDUDFWHU� RI� WKH� .ULÌ
VSHHFK��ZKLOH� WKH� YRFDEXODU\� DQDO\VLV� RIIHUV� DQ� LQVLJKW
LQWR�WKH�GHYHORSPHQW�RI�WKH�FXOWXUH�RI�WKLV�WLQ\�SLHFH�RI
6ORYHQH�WHUULWRU\�WKURXJK�5RPDQFH�DQG�*HUPDQLF�LQIOX�
HQFHV��� LQIOXHQFHV�DW�DOO� OHYHOV�� IURP�FXOWXUDO� WR� OLQJXLV�
WLF�� ,W� VKRXOG� EH� HPSKDVLVHG� WKDW� EHVLGHV� WKHLU� HW\PR�
ORJLFDO�YDOXH�ERWK�VXSSOHPHQWV�DOVR�FDUU\�FXOWXUDO�YDOXH�
IRU�H[DPSOH��WKH\�XQYHLO�REMHFWV�DQG�FRQFHSWV�QR�ORQJHU
XVHG�� DQG� PLFURWRSRQ\PV� HVSHFLDOO\� UHIOHFW� QXPHURXV
HOHPHQWV�RI�WKH�VWUXFWXUH�RI�WKH�ROG�WLPH�YLOODJH��HWF�

7KLV�ERRN�VKDOO�ILOO�XS�WKH�JDS�IHOW�LQ�WKH�UHVHDUFK�RI
6ORYHQH� ,VWULDQ� DQG� SDUWLFXODUO\� WKRVH� YHUQDFXODUV� VSR�
NHQ�E\� WKH� 6ORYHQH� VSHDNLQJ� FRPPXQLWLHV� RXWVLGH� 6OR�
YHQLD��)HZ�ZRUNV�RQO\�GHDOLQJ�ZLWK�WKLV�WRSLF�KDYH�EHHQ
SXEOLVKHG� VR� IDU�� DSDUW� IURP� WKH� DERYH� VWDWHG� .RÊXWD¤V
DWODVHV�� WZR� WLWOHV� VKRXOG� EH� PHQWLRQHG�� WKH� �1DUHáQL
VORYDU� JRYRUD� 6YHWHJD�$QWRQD�SUL� .RSUX�� �'LDOHFWRORJL�
FDO� 'LFWLRQDU\� RI� WKH� 6YHWL� $QWRQ� QHDU� .RSHU� 6SHHFK��
XQIRUWXQDWHO\�ZULWWHQ� LQ� D� YHU\� XQSURIHVVLRQDO� ZD\�� E\
'XÊDQ� -DNRPLQ�� DQG� �*HRJUDIVND� LPHQD� Y� VHYHUR]D�
KRGQL� ,VWUL�� �7RSRQ\PV� LQ�1RUWK�:HVWHUQ� ,VWULD�� E\� -XOLM
7LWO��SXEOLVKHG�LQ�WKH�VDPH�FROOHFWLRQ��/LEUDU\�$QQDOHV��

6ORYHQH�,VWULDQ�YHUQDFXODUV�DQG�WKRVH�VSRNHQ�E\�6OR�
YHQH�VSHDNLQJ�FRPPXQLWLHV�DEURDG�KDYH�WKHUHIRUH�EHHQ
QHJOHFWHG�E\�PRGHUQ�UHVHDUFK�RI�6ORYHQH�VWXGLHV��:KDW
FDQ� EH� IRXQG� LQ� VR�FDOOHG� UHIHUHQFH� ERRNV� �WH[WERRNV�
HQF\FORSDHGLDV��HWF���LV�EDVHG�RQ�UHVHDUFK�FDUULHG�RXW�LQ
WKH�ILUVW�KDOI�RI�WKH���WK�FHQWXU\��,Q�RXU�RSLQLRQ��WKRXJK�
ERUGHUV� EHWZHHQ� ,VWULDQ� 6ORYHQH� DQG� 6ORYHQH� YHUQDFX�
ODUV�VSRNHQ�LQ�,WDO\�VKRXOG�EH�GUDZQ�DQHZ��$QG��ZKDW�LV
PRVW�LPSRUWDQW��DOO�RI�WKHVH�YHUQDFXODUV�VKRXOG�EH�GHDOW
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ZLWK�WRJHWKHU��DV�DQ�LQVHSDUDEOH�XQLW��7KLV�ZD\�RQO\�FDQ
ZH�UHDFK�NQRZOHGJH��ZKLFK�ZLOO�DOORZ�XV�WR�GUDZ�QHZ�
PRUH� FRUUHFW� DQG� DFFXUDWH� ERUGHUV�� 7KH\� QHHG� WR� EH�
PRUH�DFFXUDWHO\� WKDQ�XS� WR�QRZ�� GHDOW�ZLWK�ZLWKLQ� WKH
IUDPHZRUN�RI�ERWK�5RPDQFH�DQG�6ODYRQLF�QHLJKERXULQJ
YHUQDFXODUV�� 1HLJKERXULQJ� QRQ�UHODWHG� LGLRPV� DUH� WKH
RQHV� ZKLFK� ZLOO� DOORZ� XV� WR� LGHQWLI\� ORDQ� ZRUGV� EH�
ORQJLQJ� WR� ROGHU� OLQJXLVWLF� OD\HUV�� ZKLFK� ZHUH� QRW� SUH�
VHUYHG� LQ� WKH� YHUQDFXODU� WKDW� ORDQHG� WKHP� �� RI� FRXUVH
WKLV� LV� YDOLG� IRU� UHVHDUFK� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� WRR�
5DGD�.RÊXWD�ZURWH�KHU�ERRN�LQ�DFFRUGDQFH�ZLWK�DOO�FUL�
WHULD�GHVFULEHG�DERYH��+HU�ZRUN��WRJHWKHU�ZLWK�WKH�RQHV
WKDW� VWLOO� QHHG� WR�EH�ZULWWHQ�DQG�SXEOLVKHG��ZLOO� HQDEOH
XV�WR�UHDFK�WKH�DLP�VHW�DW�65&�.RSHU�\HDUV�DJR��D�PRUH
FRUUHFW� DQG� DFFXUDWH� GHILQLWLRQ� RI� GLDOHFWDO� ERUGHUV� RI
WKH� 6ORYHQH� OLQJXLVWLF� WHUULWRU\� LQ� ,VWULD� DQG� ,WDO\�� WKH
QHHG� IRU�ZKLFK�KDV� EHHQ�SUHVHQW� IRU� D� ORQJ� WLPH� QRZ�
0RUH�UHVHDUFK�ZLOO�EH�QHHGHG��YHUQDFXODUV�RI�DOO� ,VWULDQ
YLOODJHV�DV�ZHOO�DV�WKRVH�RQ�WKH�RWKHU�VLGH�RI�WKH�ERUGHU
KDYH� WR�EH� UHFRUGHG�DQG� DQDO\VHG�� 7LPHV� RI� EHLQJ� XQ�
SURIHVVLRQDO� LQ� GLDOHFWRORJ\� KDYH� SDVVHG�� 7KH� ERRN� LQ
RXU�KDQGV�LV�WKH�ILUVW�RQH�WR�GHDO�ZLWK�D�YHUQDFXODU�VSR�
NHQ� E\� D� 6ORYHQH� VSHDNLQJ� FRPPXQLW\� LQ� ,WDO\� LQ� D
PRGHUQ�DQG�FRPSOHWHO\�VFLHQWLILF�ZD\�

,Q� FRQFOXVLRQ�� GU�� .RÊXWD¤V� PRQRJUDSK� LV� DQ� H[�
WUHPHO\�YDOXDEOH�VFLHQWLILF�ZRUN��ZKLFK�EHDUV��DV� ,� VDLG
EHIRUH��D�KLJK�FXOWXUDO�YDOXH��7RGD\�� LQ� WKH�DWPRVSKHUH
RI� WRWDO� JOREDOLVDWLRQ��ELJ�GDQJHU� LV� OXUNLQJ� DW� VR�FDOOHG
PLQRU� ODQJXDJHV� RU� DFWXDOO\� ODQJXDJHV� RI� �PLQRU� QD�
WLRQV����WKDW�WKH\�ZLOO�VLPSO\�GLVDSSHDU�LQ�WKH�RFHDQV�RI
XQLYHUVDO� $PHULFDQLVDWLRQ�� $� IDWH� HYHQ� FUXHOOHU� LV
DZDLWLQJ�GLDOHFWV��OHW�DORQH�6ORYHQH�YHUQDFXODUV�LQ�,WDO\�
ZKLFK�KDYH�EHHQ�GURZQLQJ� LQ� WKH� VHD�RI� WKH�5RPDQFH
FXOWXUH�DQG�ZRUOG� IRU�FHQWXULHV��7KLV�ERRN�PLJKW� UHSUH�
VHQW�D�FRQWULEXWLRQ�WR�WKH�SUHVHUYDWLRQ�RI�D�6ORYHQH�YHU�
QDFXODU�VSRNHQ�LQ�D�VPDOO�YLOODJH�RQ�WKH�RWKHU�VLGH�RI�WKH
ERUGHU��+RZHYHU��LI�GHVSLWH�WKLV�LW�YDQLVKHV�LQ�LQHYLWDEOH
FRPSOHWH� JOREDOLVDWLRQ�� DW� OHDVW�ZH�ZLOO� KDYH� HYLGHQFH
RI�LWV�H[LVWHQFH��DQG�QRW�RQO\�WKDW��ZH�ZLOO�KDYH�LWV�LQWH�
JUDO�SRUWUDLW�IURP�WKH�HQG�RI�WKH���WK�FHQWXU\�

*RUDQ�)LOLSL

%8=(76.,�=%251,.�������WK�YROXPH�RI�%X]HW�%RRNOHW��
%X]HW��.DWHGUD�àDNDYVNRJ�VDERUD�%X]HW��3XáNR�RWYRUHQR

XáLOLÊWH��$XJXVWLQ�9LYRGD��%X]HW���-RVLS�7XUáLQRYLß�
G�R�R��3D]LQ��������SS�����

7KLV�\HDU���������WKH���WK�YROXPH�RI�%X]HWVNL�]ERUQLN
KDV�EHHQ�SXEOLVKHG��7KH�WH[WV��DUUDQJHG� LQ�VHYHQ�FKDS�
WHUV��ZHUH�FRQWULEXWHG�E\�IRUW\�DXWKRUV�

7KH�%X]HW�DUHD�LV�D�SODFH�RI�LQH[KDXVWLEOH�LQYHVWLJD�
WRU\� RSSRUWXQLWLHV�� EHOLHYHV� .ODUD� 0DWLMDÊLß� �� %XUÊLß

3K'��ZKR�KDV�EHHQ� YLVLWLQJ� WKH� DUHD�� DV� DQ� DUFKDHROR�
JLVW��IRU�D�QXPEHU�RI�\HDUV��DV�GHPRQVWUDWHG�LQ�KHU�FRQ�
WULEXWLRQ�7RSRQ\P\�RI�WKH�%X]HW�$UHD��3URI��(OHQD�*UDK�
RQ�WKH�RWKHU�KDQG��ZURWH�DERXW�SKRQRORJLFDO�FKDUDFWHU�
LVWLFV�RI� WKH�ORFDO� LGLRP�LQ�WKH�YLOODJH�RI�.UEDYáLßL��7KH
FRQWHQWV� DUH� GHGLFDWHG� WR� WKH� DQDO\VLV� RI� WKH� YLOODJH
V
SKRQRORJLFDO� FKDUDFWHULVWLFV�� DFFHQWXDWLRQ�� YRFDOLVP
DQG� FRQVRQDQWLVP�� 7KH� DXWKRU� LQLWLDOO\� GHDOV� ZLWK� DF�
FHQWXDWLRQ��7KH�DFFHQWXDWLRQ�VWUXFWXUH�RI�WKLV�LGLRP�KDV
WZR� XQLWV�� WKH� VKRUW�GHVFHQGLQJ� DQG� ORQJ�GHVFHQGLQJ
DFFHQWV��ZLWK�QR�XQDFFHQWXDWHG�OHQJWKV�

:LWKLQ� WKH� YRFDO� LQYHQWRU\� IUDPHZRUN� VKH� DQDO\VHV
WKH� SRLQW� RI� UHDOLVDWLRQ� RI� DOO� WHQ� XQLWV�� L�H�� RI� YRZHO� L�
FORVHG�H��RUGLQDU\�H��RSHQ�H��YRZHO�D��FORVHG�D��RUGLQDU\
DQG�FORVHG�YRZHO�R��YRZHO�X�DQG�UHGXFHG�YRZHO�ZKLFK
KDV�� LQ� WKLV� LGLRP�� WKH� VWDWXV� RI� D� YRZHO� DV� ZHOO�� 6KH
FRQFOXGHV�WKH�SUHVHQWDWLRQ�RI�SKRQRORJLFDO�FKDUDFWHULV�
WLFV�E\�DQDO\VLQJ� WKH�FRQVRQDQW� LQYHQWRU\�DQG� WKH�FRQ�
VRQDQW�JURXSV�

,Q�WKH�FRQFOXVLRQV�� WKH�DXWKRU�UHSHDWV� WKH�EDVLF� WKH�
VHV�E\�FRQILUPLQJ�WKH�DIILOLDWLRQ�RI�WKLV�LGLRP�WR�WKH�FKD�
NDYVNL�GLDOHFW�

,Q� WKH�HQG� WKH�DXWKRU�SUHVHQWV�D� OLVW�RI�UHIOH[HV�RI� WKH
��UG� OHWWHU� LQ� WKH� *ODJROLWLF� DOSKDEHW� LQ� WKH� URRW� DQG
JUDPPDWLFDO� PRUSKHPHV� ZLWK� H[DPSOHV� WKDW� FRQILUP
WKHP�

7KH� SKUDVHV� RI� WKH� %X]HW� LGLRPV� DUH� SUHVHQWHG� E\
3URI��1DWDÊD�9LYRGD�

3URI��9LYRGD�GHDOV�ZLWK� WKH�SKUDVHV� �DV�FRQVWDQW�H[�
SUHVVLRQV� HQWHULQJ� WKH� YRFDEXODU\� LQ� D� XQLILHG� DQG� XQ�
FKDQJHG� IRUP�� PRVW� RIWHQ� XVHG� LQ� WKH� %X]HW� LGLRPV�
6L[W\� SKUDVHV� DUH� SUHVHQWHG�� DOWKRXJK� WKH� VR�FDOOHG
SKUDVHV� RI� FRPSDULQJ� W\SH� SUHGRPLQDWH� LQ� WKH� %X]HW
LGLRPV�

,Q�WKH�WH[W�HQWLWOHG��6WMHSDQ�.RQ]XO�LQ�WKH�&URDWLVW�UH�
VHDUFK� RI� WKH� ��WK� FHQWXU\��� $ORM]� -HPEULK� FKURQRORJL�
FDOO\� SUHVHQWV� WKH� ZRUNV� RI� YDULRXV� 6ODYLVWV� �� &URDWLVWV
DQG�KLVWRULDQV�GHDOLQJ�ZLWK� 6WMHSDQ�.RQ]XO��:LWKLQ� WKH
IUDPHZRUN�RI�D�ZLGHU�VSHFWUH�RI�ELEOLRJUDSKLF�XQLWV��WKH
DXWKRU�GHPRQVWUDWHV�KRZ�.RQ]XO
V�ZRUN�KDG�EHHQ�LQ�WKH
FHQWUH�RI�VFLHQWLILF� UHVHDUFK�DV�HDUO\�DV� LQ� WKH���WK� FHQ�
WXU\�DV�ZHOO�DV�LQ�WKH�HQVXLQJ�SHULRGV�XQWLO�WKH�HQG�RI�WKH
��WK�FHQWXU\�

.RQ]XO
V� ZRUN� LQ� 8UDFK�� DV� RI� WUDQVODWRU� RI� ERRNV
LQWR�&URDWLDQ�ODQJXDJH��SULQWHG�LQ�WKH�*ODJROLWLF��&\ULOOLF
DQG�/DWLQ�DOSKDEHWV��IRXQG�LWV�SODFH�LQ�WKH�KLVWRU\�RI�WKH
*ODJROLWLF� DQG� &\ULOOLF� DOSKDEHWV� DQG� RI� &URDWLDQ� ODQ�
JXDJH�� LQ� WKH�KLVWRU\�RI� WKH�%LEOH� WUDQVODWLQJ�DQG� LQ� WKH
KLVWRU\�RI�W\SRJUDSK\�DQG�OLWHUDWXUH�RI�&URDWLD�DV�ZHOO�DV
*UDGLÊßH�� $OO� WKLV� GHPRQVWUDWHV� WR� ZKDW� H[WHQW� 6WMHSDQ
.RQ]XO�RI�%X]HW�ZDV��DQG�ZLOO�EH��SUHVHQW�LQ�WKH�&URDWLVW
UHVHDUFK��IRU�LQ�VSLWH�RI�DOO�WKH�LQYHVWLJDWLRQV�FDUULHG�RXW
VR�IDU�WKHUH�LV�VWLOO�PXFK�WR�EH�VWXGLHG�DQG�ZULWWHQ�DERXW
KLP�

2Q�WKH�EDVLV�RI�DUFKLYDO�PDWHULDO�DQG�UHJLVWHUV�RI�WKH
WRZQ�RI�3XOD��6ODYHQ�%HUWRÊD�3K'�ZULWHV�DERXW�VXUQDPHV


