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6ORYHQH� 3DODHROLWKLF� DUFKDHRORJ\� KDV� DOO� WKH� HOHPHQWV� RI� D� VXFFHVVIXO� QDWLRQDOLVWLF� VWRU\�� LW� KDV� D� FOHDU� DQG
XQFRQWHVWHG��HYHQ�KHURLF�EHJLQQLQJ��UHSUHVHQWHG�E\�6��%URGDU
V�GLVFRYHU\�RI�WKH�ERQHV�LQ�3RWRßND�]LMDOND��7KHUHZLWK�
RU�WR�EH�H[DFW��ZLWK�WKH�VWDUW�RI�KLV�H[FDYDWLRQV��EHJDQ�WKH�QDWLRQDO�VFLHQWLILF�UHVHDUFK�RI� WKH�3DODHROLWKLF�SHULRG� LQ
6ORYHQLD��7KH�LQVWLWXWLRQDO�IRXQGDWLRQV�ZHUH�ODLG�LQ�WKH�ILUVW�\HDUV�DIWHU�:RUOG�:DU�,,��ZKHQ�VHYHUDO�SLRQHHUV�RI�6OR�
YHQH�DUFKDHRORJ\�MRLQHG�IRUFHV�DQG�HVWDEOLVKHG�WKH�UHVHDUFK�LQIUDVWUXFWXUH�VWLOO�LQ�RSHUDWLRQ�WRGD\��$UFKDHRORJ\�DQG
3DODHROLWKLF�DUFKDHRORJ\�ZHUH�WR�EHFRPH�DQWDJRQLVWV��VLQFH�RQH�EHFDPH�DIILOLDWHG�ZLWK�WKH�KXPDQLWLHV�DQG�WKH�RWKHU
ZLWK�QDWXUDO�VFLHQFHV��2EVHUYLQJ�WKH�DFWLYLWLHV�RI�WKH�ILUVW�WKUHH�GHFDGHV�DIWHU�������ZH�FDQ�VHH�WKDW�UHVHDUFKHUV�H[FD�
YDWHG�WHVW�WUHQFKHV�LQ�PDQ\�FDYHV�DQG�URFN�VKHOWHUV�LQ�WKHLU�DWWHPSWV�WR�GLVFRYHU�QHZ�3DODHROLWKLF�VLWHV��DQG�LQ�PDQ\
RI�WKHP�WKH\�FDPH�DFURVV�ILQGV�IURP�ODWHU�DUFKDHRORJLFDO�SHULRGV��8QIRUWXQDWHO\��VXEVHTXHQW�UHSRUWV�RI�WKHVH�H[FDYD�
WLRQV�RQO\�GHDOW�ZLWK� WKH�3DODHROLWKLF� ILQGV��D� VDG� IDFW�DQG�SUREDEO\�D� UHIOHFWLRQ�RI�D�FRQFHSWXDO�GLYLGH� LQ�DUFKDH�
RORJ\��6LQFH�WKH�����V�WKH�VLWXDWLRQ�FKDQJHG�GXH�WR�D�FRQFHSWXDO�WUDQVIRUPDWLRQ�UHDFKLQJ�LWV�SHDN�ZLWK�WKH�GLVFRYHU\
RI�WKH�'LYMH�EDEH�,�ERQH�DUWHIDFW��FKDQJLQJ�WKH�LQWHUQDWLRQDO�SRVLWLRQ�RI�6ORYHQH�DUFKDHRORJ\�

.H\�ZRUGV��$UFKDHRORJ\��3DODHROLWKLF��KLVWRU\�RI�UHVHDUFK
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DUFKHRORJLD�VORYHQD�GHO�SDOHROLWLFR�UDFFKLXGH�WXWWL�JOL�HOHPHQWL�GL�XQD�VLJQLILFDWLYD�VWRULD�QD]LRQDOH��FKH�KD�XQ
LQL]LR�FKLDUR�H�LQFRQIXWDELOH�TXDVL�HURLFR��UDSSUHVHQWDWR�GDOOD�VFRSHUWD�GL�6UHßNR�%URGDU�FKH�QHOOD�JURWWD�3RWRßND�]L�
MDOND�WURYw�OH�SULPH�RVVD��'D�TXHO�PRPHQWR��R�SL|�SUHFLVDPHQWH�GDOO¢LQL]LR�GHL�VXRL�VFDYL�LQFRPLQFLD�OD�ULFHUFD�VFL�
HQWLILFD�D� OLYHOOR�QD]LRQDOH�GHO�SDOHROLWLFR�LQ�6ORYHQLD�� ,�SULPL�TXDGUL� LVWLWX]LRQDOL� VRQR�VWDWL� IRUPDWL�VXELWR�GRSR� OD
ILQH�GHOOD�VHFRQGD�JXHUUD�PRQGLDOH��TXDQGR�DOFXQL�SLRQLHUL�GHOO¢DUFKHRORJLD�VORYHQD�KDQQR�XQLWR� OH�ORUR� IRU]H�SHU
FUHDUH�O¢LQIUDVWUXWWXUD�GL�ULFHUFKH��FKH�RSHUD�WXWW¢RJJL��/¢DUFKHRORJLD�H�O¢DUFKHRORJLD�GHOO
HWi�GHOOD�SLHWUD�VL�VRQR�ULWUR�
YDWH�VX�VSRQGH�RSSRVWH��SRLFKn�OD�SULPD�HUD�FROOHJDWD�FRQ�OH�VFLHQ]H�XPDQLVWLFKH��OD�VHFRQGD�LQYHFH�FRQ�OH�VFLHQ]H
QDWXUDOL��(VDPLQDQGR�OH�DWWLYLWi�GHL�SULPL�WUH�GHFHQQL�GRSR�O¢DQQR�������SRVVLDPR�QRWDUH�FKH�JOL�VWXGLRVL��QHOOD�VSHU�
DQ]D�GL�VFRSULUH�QXRYL�ULWURYDPHQWL�GHO�SDOHROLWLFR��QHL�ORUR�VRQGDJJL�GL�VFDYR�LQ�QXPHURVH�JURWWH�H�VSRUJHQ]H�URF�
FLRVH��SRUWDYDQR�DOOD� OXFH�SXUH� ULWURYDPHQWL�GL� HSRFKH�SL|� UHFHQWL�� 3XUWURSSR��QHOOH�SXEEOLFD]LRQL�SRVWHULRUL� YHQL�
YDQR�SUHVHQWDWL�VRSUDWWXWWR�L�ULWURYDPHQWL�GHO�SDOHROLWLFR��4XHVWL�IDWWL�ELDVLPHYROL�HUDQR�O¢HVSUHVVLRQH�GHOOD�GLYHUJHQ]D
FRQFHWWXDOH�QHOO¢DUFKHRORJLD��'RSR�O¢DQQR������SHUw��OD�VLWXD]LRQH�VL�FDSRYROJH�HG�KD�FRPH�FRQVHJXHQ]D�XQD�WUDV�
IRUPD]LRQH�VRVWDQ]LDOH��FKH�UDJJLXQJH�LO�VXR�DSLFH�FRQ�LO�ULWURYDPHQWR�GHO�UHSHUWR�RVVHR�QHOOD�JURWWD�'LYMH�EDEH�,�H
PRGLILFD�UDGLFDOPHQWH�DQFKH�LO�UXROR�LQWHUQD]LRQDOH�GHOO¢DUFKHRORJLD�VORYHQD�

3DUROH�FKLDYH��DUFKHRORJLD��SDOHROLWLFR��VWRULD�GHOOH�ULFHUFKH
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+LVWRU\�KDV�DSSDUHQWO\�DOZD\V�EHHQ�ZULWWHQ�E\�VHQLRU
PHPEHUV� RI� WKH� VFLHQWLILF� FRPPXQLW\�� 7KHVH� SHRSOH
ZHUH�DFWLYH� IRU� D� ORQJ� WLPH�DQG�KDG�D� VWURQJ� LQIOXHQFH
RQ�WKH�HYROXWLRQ�RI� WKH�VFLHQFH�� ,Q�PRVW�FDVHV� WKHLU�VFL�
HQWLILF�FDUHHU�VWDUWHG�ORQJ�DJR�DQG�VLQFH�VWLFNLQJ�WR�RQHV
RZQ� LGHDV� DQG� SURPRWLQJ� WKHP� LV� D� JHQHUDO� KXPDQ
FKDUDFWHULVWLF��WKHLU�DWWHPSWV�DW�D�KLVWRU\�RI�UHVHDUFK�KDG
D� PRUH� RU� OHVV� ELRJUDSKLFDO� WUDLW�� 7KH\� ZHUH� JHQHUDOO\
QLFH�QDUUDWLYHV�DERXW�ZKDW�ZDV�GRQH��EXW�QRW�DQDO\VHV�RI
KRZ� LW� ZDV� GRQH� DQG� ZK\�� 2Q� WKH� RWKHU� KDQG�� WKH
\RXQJHU�JHQHUDWLRQ�PLJKW� ILQG� WKH� WDVN�RI�ZULWLQJ�DERXW
WKH�KLVWRU\�RI�UHVHDUFK�D�VWLPXODWLYH�LQFHQWLYH�WR�JHW�DF�
TXDLQWHG� ZLWK� WKH� FRQFHSWXDO� SDVW� RI� 6ORYHQH� DUFKDH�
RORJ\�� ,W� LV� WKH� EHVW� ZD\� WR� GHPRQVWUDWH� WKH� FRQVWDQW
SURJUHVV�RI�VFLHQFH�E\�SODFLQJ�WKH�UHVHDUFK�UHVXOWV�LQ�LWV
FRQWHPSRUDU\� LQWHOOHFWXDO� HQYLURQPHQW�� HQDEOLQJ� XV� WR
UHDOO\�XQGHUVWDQG�DQG�DVVHV�WKH�FUHDWLYH�SRWHQWLDO�RI�RXU
IRUHUXQQHUV���WKH�SHRSOH�ZKR�FUHDWHG�DQG�GHYHORSHG�WKH
VFLHQFH�RI�DUFKDHRORJ\�

1RW� WR� IROORZ� ROG� DQG�� WR�GDWH�� VRPHZKDW� LQDSSUR�
SULDWH�DSSURDFKHV� WR� WKH�KLVWRULRJUDSK\�RI� VFLHQFH�RQO\
OLVWLQJ�HYHQWV�LQ�D�FKURQRORJLFDO�RUGHU��ZH�VKRXOG�PDNH
DQ�DWWHPSW�DW�REVHUYLQJ�RXU�UHVHDUFK�WRSLF�RQ�WKUHH�OHY�
HOV� �� KRZ� WKH� UHVHDUFK� ZDV� GRQH�� ZKDW� ZDV� ZULWWHQ
DERXW�LW�DQG�ZKDW�WKH�UHVHDUFKHUV�WKRXJKW�DERXW�WKH�RE�
MHFW�RI�WKHLU�UHVHDUFK��,W�LV��RI�FRXUVH��LPSRVVLEOH�WR�GUDZ
D�OLQH�EHWZHHQ�WKH�WKUHH�REVHUYHG�FDWHJRULHV�PHQWLRQHG
DERYH��VLQFH� WKH\�DUH�PRUH�DQDO\WLFDO�FDWHJRULHV�RI�KLV�
WRULFDO�UHFRQVWUXFWLRQ�WKDQ�D�UHVHDUFK�UHDOLW\��ZKLFK�ZDV
QHYHU�GLYLGHG�VR�VWULFWO\��%XW�LI�ZH�WUDFH�WKHVH�FDWHJRULHV
ZH�ZLOO�EH�DEOH�WR�GHWHFW�D�YDJXH�OLQH�EHWZHHQ�WKH�LQGL�
YLGXDO�UHVHDUFKHUV�DQG� WKHLU� LPSDFW�RQ� WKH�VFLHQFH�DV�D
ZKROH�� ,W�PLJKW�EH�ZURQJ� WR� LPDJLQH� WKHVH� WKUHH� OHYHOV
DV�WKUHH�VWULFWO\�KLHUDUFKLFDOO\�RUJDQLVHG�XQLWV�ZLWK�FOHDU
ERXQGDULHV� �� WKH� EHVW� FRPSDULVRQ� WKDW� MXPSV� WR� P\
PLQG�LV�WKDW�RI�D�SODQHWDU\�V\VWHP�LQ�ZKLFK�WKH�FRQVWLWX�
HQW� SDUWV� DUH� FRQVWDQWO\�PRYLQJ�� LQIOXHQFLQJ� DQG� EHLQJ
LQIOXHQFHG�E\�RWKHU�SDUWV�RQ�GLIIHUHQW�OHYHOV�

:KLOH�REVHUYLQJ�WKH�ZD\� LQ�ZKLFK�DUFKDHRORJ\�ZDV
LPSOHPHQWHG��ZH�DUH�DFWXDOO\�IRFXVLQJ�RXU�DWWHQWLRQ�RQ
WKH� LQVWLWXWLRQDO�EDFNJURXQG�RI�DUFKDHRORJLFDO� UHVHDUFK�
7KH�RUJDQLVDWLRQ�RI�LQVWLWXWLRQV�DQG�WKH�FRPPRQ�DLPV�RI
UHVHDUFKHUV� HPSOR\HG� LQ� WKHP�ZHUH�� RQ� WKH� RQH� KDQG�
VWURQJO\� LQIOXHQFHG� E\� WKH� SROLWLFDO� GLFWDWH� DW� WKH� QD�
WLRQDO� OHYHO�� RQ� WKH� RWKHU� KDQG�� KRZHYHU�� WKH� SHUVRQDO
LQLWLDWLYHV�DQG�DVSLUDWLRQV�RI�VRPH�LQIOXHQWLDO�UHVHDUFKHUV
LQ�WKHVH�LQVWLWXWLRQV�KHOSHG�VKDSH�SXEOLF�RSLQLRQ��ZKLFK
LQ� UHWXUQ� LQIOXHQFHG� WKH� GLFWDWH� RI� FXOWXUDO� SROLF\�
PDNHUV�� %\� WU\LQJ� WR� JHW� DQ� LQVLJKW� LQWR� WKHVH� G\QDPLF
UHODWLRQV�ZH�VKRXOG�LQGLUHFWO\�REVHUYH�WKH�EDVLF�FKDUDF�
WHULVWLFV�RI�D�EURDGHU�FXOWXUDO�PLQGVHW��ZKLFK�IRUPHG�WKH
FXOWXUDO� DQG� HFRQRPLF� EDFNJURXQG� RI� UHVHDUFK�� $O�
WKRXJK�SURYHQ�ZURQJ�PDQ\�WLPHV��ZH�PD\�DVVXPH�WKDW
WKHVH� SURFHVVHV� DQG� EDFNJURXQGV� DUH� RI� ORQJ� GXUDWLRQ

DQG� WUDQVFHQG� WKH� SHUVRQDO� LQIOXHQFH� RI� LQGLYLGXDO� UH�
VHDUFKHUV�

:KHQ� ZH� REVHUYH� KRZ� DUFKDHRORJ\� ZDV� ZULWWHQ
DERXW��ZH�DUH�PRYLQJ�LQWR�D�OLPLWHG�VSKHUH�RI�WKRXJKW�LQ
D�UDWKHU�VPDOO�DQG�QDUURZ�DUFKDHRORJLFDO�FRPPXQLW\�RI
D� VLQJOH� QDWLRQ�� 7KLV� OHYHO� LQIRUPV� XV� RI� WKH� LQWHU�
VFLHQWLILF� UHODWLRQV� EHWZHHQ� DUFKDHRORJLVWV� RI� GLIIHUHQW
VSHFLDOLVDWLRQV�� %\� REVHUYLQJ� WKH� VFLHQWLILF� ZULWLQJV� �
ERRNV��SDSHUV�DQG��SHUKDSV�PRVW�LPSRUWDQW��FRPPHPR�
UDWLYH�VSHHFKHV�DQG�ERRN�UHYLHZV���ZH�DUH�DFWXDOO\�DEOH
WR� VHH� ZKDW� DUFKDHRORJLVWV� WKLQN� RWKHU� DUFKDHRORJLVWV
NQRZ�DQG�ZKDW� WKH\�H[SHFW� IURP�WKHLU� UHVHDUFK��$W� WKLV
OHYHO�WKH�UHODWLRQV�DQG�SUREOHPV�DUH�VWURQJO\�LQIOXHQFHG
E\�HGLWRULDO�SROLFLHV��RQ�WKH�RQH�KDQG��DQG�WKH�RXWZDUGV
RULHQWHG� LQWHUQDO� VFLHQWLILF� VWDQGDUGV� ZLWKLQ� VSHFLDOLVW
JURXSV�� RQ� WKH� RWKHU�� 7KHUHIRUH�� WKH� EDFNJURXQGV� RE�
VHUYHG�RQ�WKLV�OHYHO�DUH��RQ�D�WHPSRUDO�VFDOH��RI�PHGLXP
GXUDWLRQ���ZH�PLJKW�HYHQ�VXVSHFW�WKDW� WKH\�DUH�JHQHUD�
WLRQ�VSHFLILF�

)LQDOO\��DUFKDHRORJLFDO�WKRXJKW�EULQJV�XV�WR�WKH�LQGL�
YLGXDO�UHVHDUFKHU��7KLV�LV�TXLWH�D�YDJXH�OHYHO��&RQWUDU\�WR
PRVW� EHOLHIV�� ,� EHOLHYH�� WKLV� OHYHO� LV�PRVW� LQIOXHQFHG� E\
WKH�VRFLDO�HQYLURQPHQW��7KH�LQGLYLGXDO�LV�FRQVWDQWO\�H[�
SRVHG�WR�SUHVVXUHV��VXJJHVWLRQV�DQG�LQIRUPDWLRQ�IURP�KLV
VXUURXQGLQJV��'XH�WR�DOO�WKH�LQIRUPDWLRQ�SRXULQJ�LQ��LW�LV
WKH�OHYHO�ZKHUH�DQ� LQGLYLGXDO� UHVHDUFKHU�FDQ�RIWHQ�YHU\
VZLIWO\� DQG� XQSUHGLFWDEO\� FKDQJH� RQH¤V� LGHDV�� 7KHVH
GHWDLOV� DUH� VRPHWLPHV� KLGGHQ� LQ� WKH� HPRWLRQDOO\� FRO�
RXUHG� DQG� DOPRVW� FRQIHVVLRQDO� SDUWV� RI� DUWLFOHV�� ZKHUH
DXWKRUV� DUH� GHIHQGLQJ� WKHLU� WKHRULHV� RU� H[SODLQLQJ� WKHLU
PLVWDNHV��%XW�WKH�FOHDUHVW�H[DPSOH�RI�WKHVH�WUDLWV�FDQ�EH
VHHQ�LQ�SXEOLF�GLVFXVVLRQV�DQG�LQWHUYLHZV�

6RPHWLPHV� WKH�VLWXDWLRQ�FKDQJHV���GXH� WR�QHZ� ILQGV�
WKH�LQWURGXFWLRQ�RI�QHZ�UHVHDUFK�ILHOGV�RU�WKH�DFWLYLWLHV�RI
D�VLQJOH�LQIOXHQWLDO�SHUVRQ��,Q�6ORYHQLD�D�ORW�KDV�FKDQJHG
LQ�WKH�ODVW�FHQWXU\��7KH�DQDO\VLV�RI�WKH�KLVWRU\�RI�UHVHDUFK�
LWV�FKDQJHV�DQG�FDXVHV�SUHVHQWV�D�SUREOHP�ZKLFK�ZLOO�EH
GHDOW�ZLWK� LQ� WKH� IXWXUH�� FRQVHTXHQWO\� WKLV� DUWLFOH� HQGV
ZLWK� WKH�PLGGOH�RI� WKH�����V�� WKH� ODVW�GHFDGH�RI� WKH� ILUVW
FHQWXU\�RI�3DODHROLWKLF�UHVHDUFK�LQ�6ORYHQLD�

����$1'�(;3/,&$7,21

$OWKRXJK�VHYHUDO� WH[WV�RQ� WKH�KLVWRU\�RI� 6ORYHQH�$U�
FKDHRORJ\�ZHUH�ZULWWHQ�LQ�WKH�ODVW�FHQWXU\��ZH�FDQ�RQO\
FKDUDFWHUL]H� WKUHH�RI� WKHP�DV� VHULRXV�DWWHPSWV�� ,Q�DOO�RI
WKHP� �/RÌDU�� ������ 6ODSÊDN�� 1RYDNRYLß�� ������ 1R�
YDNRYLß��������3DODHROLWKLF�$UFKDHRORJ\�ZDV�RQO\�PHQ�
WLRQHG� DQG� QRQH� RI� WKH� WH[WV� JUDVSHG� WKH� SDUDOOHO� G\�
QDPLF�RI�WKH�HYROXWLRQ�RI�WKH�VSHFLILF�VFLHQWLILF�ILHOG��7KH
WH[WV� DUH� RULHQWHG� WRZDUGV� WKH� HYROXWLRQ� RI� UHVHDUFK� LQ
ODWHU�DUFKDHRORJLFDO�SHULRGV�DQG�VLQFH�WKH\�FRYHU�ORQJHU
WLPH�VSDQV�LW�ZDV�HVWDEOLVKHG�WKDW������ WKH�KLVWRU\�RI�6OR�
YHQH� DUFKDHRORJ\� UHYHDOV� D� SDWWHUQ� RI� VKDUS� UXSWXUHV
�ERWK�LQ�LQIUDVWUXFWXUH�DQG�LQ�FRQFHSW��FRQFRPLWDQW�ZLWK
PDMRU�SROLWLFDO�FKDQJHV���1RYDNRYLß�������������
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,Q� WKH�FDVH�RI�6ORYHQH�3DODHROLWKLF�$UFKDHRORJ\� WKLV
PLJKW�EH�RQO\�SDUWO\�WUXH��6LQFH�LW�ZDV�WKH�\RXQJHVW�PD�
MRU�ILHOG�RI�DUFKDHRORJLFDO� UHVHDUFK�EHIRUH� WKH� LQWURGXF�
WLRQ�RI�0HGLHYDO�$UFKDHRORJ\��LQ�6ORYHQH�FRQFHSWLRQV��
LW�ZLWQHVVHG� RQO\� WKH� ODVW� ELJ� SROLWLFDO� UXSWXUH� ��:RUOG
:DU� ,,�DQG� WKH� VXEVHTXHQW�HVWDEOLVKPHQW�RI� WKH� VHFRQG
<XJRVODYLD��%XW�DW�D�FRQFHSWXDO�OHYHO���WKH�HYROXWLRQ�RI
6ORYHQH� 3DODHROLWKLF� WKRXJKW� ZDV� LQGHSHQGHQW� DQG� FXW
RII� IURP� WKH� LQWURGXFWLRQ� RI� QHZ� FRQFHSWV� DQG� WKH� G\�
QDPLFV�LQVLGH�WKH�UHVW�RI�6ORYHQH�$UFKDHRORJ\��)URP�WKH
HQG�RI�WKH�����V�DQG�WKH�EHJLQQLQJ�RI�WKH�����V�RQ�ZH
KDYH� ZLWQHVVHG� D� PDMRU� FKDQJH� LQ� WKH� FRQFHSWLRQ� RI
3DODHROLWKLF�UHVHDUFK��,Q�WKH�SDVW�LWV�PDLQ�JRDO�ZDV�WRSR�
JUDSKLF� �� WR� GLVFRYHU� QHZ� VLWHV� DQG� WR� GHWHUPLQH� WKHLU
FXOWXUDO� DQG� FKURQRORJLFDO� SRVLWLRQ�� EXW� LQ� WKH� ��V� WKH
IRFXV� VKLIWHG� WRZDUGV� HQYLURQPHQWDO� UHVHDUFK� DQG� HYHQ
DUFKDHRORJLFDO� H[SHULPHQWDO� ZRUN�� 7KH� FKDQJHV� ZHUH
EURXJKW�RQ�ILUVWO\�E\�WKH�ZRUN�RI�,��7XUN�DQG�KLV�V\VWHP�
DWLF�UHVHDUFK�LQ�'LYMH�EDEH�,�DQG�ODWHU�ZLWK�9LGD�3RKDU
V
UHYLVLRQ�RI�WKH�H[FDYDWLRQV�LQ�3RWRáND�]LMDOND��2I�FRXUVH
WKH�PDMRU�FRQFHSWXDO�FKDQJH�WRRN�SODFH�DIWHU������ZLWK
WKH�SXEOLFDWLRQ�RI�D�SLHUFHG� ORQJ�ERQH� IURP�D� MXYHQLOH
FDYH� EHDU� IRXQG� LQ�'LYMH� EDEH� ,� �.DYXU�� ������� ZKLFK
SODFHG�WKLV�ILQG�LQWR�WKH�FHQWUH�RI�D�JOREDO�GHEDWH�RQ�WKH
FRJQLWLYH� DQG� WHFKQLFDO� DELOLWLHV� RI� WKH� 1HDQGHUWKDOV�
$OWKRXJK�SUHYLRXVO\�DQQRXQFHG�E\�VRPH�ZRUNV�E\�,YDQ
7XUN� DQG�KLV� FROOHDJXHV�� WKH� VWUDWHJLHV� DQG� JRDOV� RI� UH�
VHDUFK�FKDQJHG�GUDPDWLFDOO\���FRQVHTXHQWO\��WKLV�DUWLFOH
GHDOV�ZLWK� WKH� UHVHDUFK�SULRU� WR� WKH�GLVFRYHU\��$� VLQJOH
ILQG� SURIRXQGO\� FKDQJHG� WKH� VWUXFWXUH�� SRVLWLRQ� DQG
SUHVHQFH�RI�D�PDUJLQDO�EUDQFK�RI�VFLHQFH�LQ�WKH�PHGLD��
WKH� HYDOXDWLRQ� RI� WKLV� HYHQW�� LWV� SURSHU� VHWWLQJ� LQWR� WKH
JOREDO� DUFKDHRORJLFDO� GHEDWHV� DQG� WKH� HYDOXDWLRQ� RI� LWV
FRQVHTXHQFHV�UHPDLQV�WKH�WDVN�IRU�WKH�IXWXUH�

)250$7,9(�3(5,2'

,Q�KLV� ILUVW�DWWHPSW� WR�SUHVHQW� WKH�KLVWRU\�RI� UHVHDUFK
LQ�WKH�DUWLFOH�HQWLWOHG��3DODHROLWKLF�RI�6ORYHQLD���)��2VROH
GLYLGHG�WKH�KLVWRU\�RI�UHVHDUFK�LQWR�WKUHH�SHULRGV��WKH�SH�
ULRG�EHIRUH�:RUOG�:DU� ,�� WKH�SHULRG�EHWZHHQ� WKH�:DUV
DQG�WKH�SHULRG�DIWHU�:RUOG�:DU�,,��2VROH������������6XFK
D�GLYLGH�ZDV�EDVHG�RQ�EURDGHU�KLVWRULFDO�FLUFXPVWDQFHV
ZKLFK�KDG�RQO\�D�PLQRU� LPSDFW�RQ� WKH�FRQFHSWXDO�DQG
HSLVWHPRORJLFDO�HYROXWLRQ�RI� WKLV� UHVHDUFK� ILHOG��(DFK�RI
WKHVH�PDMRU�UXSWXUHV�RI�FRXUVH�GLG�EULQJ�VXEWOH�FKDQJHV�
LQIOXHQFLQJ�DUFKDHRORJLFDO�WKRXJKW�ZLWK�D�VOLJKW�GHOD\�

6SHDNLQJ�DERXW� WKH�SHULRG�EHIRUH�:RUOG�:DU� ,,�� WKH
DUHD� RI� WRGD\
V� 6ORYHQLD� VKRXOG� EH� FDOOHG� WR� DWWHQWLRQ
WKDW�ZDV�GLYLGHG�EHWZHHQ� WZR�SROLWLFDO� IRUPDWLRQV��7KH
PDMRU� SDUW� RI� 6ORYHQLD� ZDV� LQFOXGHG� LQ� <XJRVODYLD�
ZKLOH�WKH�DUHD�RI�.DUVW�DQG�WKH�/LWWRUDO�ZHUH�SDUW�RI�,WDO\�
)URP�WKLV�SHULRG��RQO\� WKH�VLWHV�DQG� ILQGV� IURP�WKH�FHQ�
WUDO� SDUW� RI� 6ORYHQLD� ZHUH� LQFOXGHG� LQWR� KLVWRULFDO� DQG
DUFKDHRORJLFDO�DQDO\VHV��$OWKRXJK�VRPH�ILQGV�ZHUH�ODWHU
UHWXUQHG� WR� 6ORYHQLD�� WKH\� QHYHU� UHFHLYHG� D� SURSHU

WUHDWPHQW��2QO\�RQH�VLWH�SDUWO\��H[FDYDWHG�E\� ,WDOLDQ�DU�
FKDHRORJLVWV�EHIRUH�WKH�:RUOG�:DU�,,��ZDV�LQFOXGHG�LQ�WR
WKH� VFKHPHV� RI� 6ORYHQLDQ� 3DODHROLWKLF� UHVHDUFK� DQG� LQ�
IOXHQFHG�WKHP�VWURQJO\���%HWDORY�VSRGPRO��%XW�RQO\�WKH
SDUW� H[FDYDWHG� E\� 6UHáNR� %URGDU� DIWHU� WKH�ZDU�ZDV� LQ�
FOXGHG�� DV� WKH� PDWHULDO� IURP� $QHOOL
V� H[FDYDWLRQV� ZDV
QRW� \HW� SXEOLVKHG�� 2Q� WKH� RWKHU� KDQG�� ZH� VKRXOG� EH
DZDUH� WKDW� HYHQ� WKH� ILQGV� IURP� WKH� UHVW� RI� 6ORYHQLD� UH�
PDLQHG�PRVWO\�XQSXEOLVKHG�XQWLO�WKH�����V�

:KHQ�VSHDNLQJ�RI� 6ORYHQH�3DODHROLWKLF�DUFKDHRORJ\
WRGD\��ZH�FDQ�VHH�WKDW�WKH�UHVHDUFKHV�EHIRUH�:RUOG�:DU
,� ZHUH� PRVWO\� GRQH� RQ� 6ORYHQH� HWKQLF� WHUULWRU\� LQ� WKH
7ULHVWH�.DUVW��RXWVLGH�RI�6ORYHQLD��WKHQ�DQG�QRZ��DQG�GLG
QRW�DW�DOO�LQIOXHQFH�WKH�FRQFHSWXDO�HYROXWLRQ�RI�6ORYHQH
DUFKDHRORJ\��$QG�VLQFH�WKLV�UHVHDUFK�ZDV�PRVWO\�FDUULHG
RXW�E\�XQWUDLQHG�H[FDYDWRUV� IURP�7ULHVWH�DQG�9LHQQD��D
ORW� RI� WKH� ILQGV� DUH� ORVW� WRGD\�� VRPH� DUH� HLWKHU� XQSXE�
OLVKHG� RU� ZLWKRXW� DQ\� FRQWH[WXDO� GDWD� DQG� WKH� IDFW� UH�
PDLQV� WKDW�PRVW� RI� WKH�ZRUN�ZDV� GRQH� E\� UHVHDUFKHUV�
ZKR�GLG�QRW�EHORQJ�WR�WKH��6ORYHQH�WUDGLWLRQ��RI�3DODHR�
OLWKLF� UHVHDUFK�� 7KH� IDFWV� JLYHQ� DERYH�SUHYHQW�PH� IURP
H[WHQGLQJ�WKH�KLVWRU\�RI�UHVHDUFK�LQWR�WKLV�SHULRG��WKHUH�
IRUH� ,� ZLVK�� LQ� WKH� WH[W� EHORZ�� UHIHU� WR� �6ORYHQLDQ� $U�
FKDHRORJ\�� LQ� WHUPV� RI� LQVWLWXWLRQDO� IUDPHZRUNV� IRU� GLV�
FLSOLQDU\�UHVHDUFK�

,Q� WKHLU� DQDO\VLV� RI� WKH� KLVWRU\� RI� 6ORYHQLDQ� DUFKDH�
RORJ\� %�� 6ODSÊDN� DQG� 3�� 1RYDNRYLß� VXPPHG� XS� WKH
VLWXDWLRQ�LQ�WKH�ILUVW�KDOI�RI�WKH���WK�FHQWXU\��7KH\�VWDWHG
WKDW�WKH�SHULRG�EHWZHHQ�WKH�WZR�:RUOG�:DUV�ZDV�D�WLPH
RI�DFXWH�XQGHUGHYHORSPHQW�RQ� WKH� LQVWLWXWLRQDO� OHYHO��$
IXOO\� GHYHORSHG� DUFKDHRORJLFDO� VHUYLFH�� FRPSDUDEOH� WR
WKH�QHWZRUN�LQ�XVH�EHIRUH�������ZDV�QRW�HVWDEOLVKHG�XQ�
WLO� DIWHU� ����� �6ODSÊDN�� 1RYDNRYLß�� ������ ������ 7KLV� LV
DOVR� WKH� WLPH� ZKHQ� 6ORYHQH� 3DODHROLWKLF� DUFKDHRORJ\
ZDV� ERUQ�� ,W� ZDV� IRXQGHG� E\� D� QRQ�DUFKDHRORJLVW� LQ� D
WLPH�ZKHQ�3UHKLVWRULF�$UFKDHRORJ\�ZDV�YLUWXDOO\�QRQH[�
LVWHQW�� 3HUKDSV� WKHVH�FLUFXPVWDQFHV� DUH� WR�EODPH� IRU� LWV
H[FOXVLRQ�IURP�SUHKLVWRULF�DUFKDHRORJ\��6��%URGDU�HVWDE�
OLVKHG�D�UHVHDUFK�SROLF\��ZKLFK�KH�KLPVHOI�IROORZHG�DQG
DOVR�WUDQVIHUUHG�WR�KLV�VXFFHVVRUV��DIWHU�WKH�VFLHQWLILF�ILHOG
KDG�EHFRPH�LQVWLWXWLRQDOLVHG�ZLWK�KLV�HPSOR\PHQW�DW�WKH
8QLYHUVLW\�RI�/MXEOMDQD�

7KH� ILUVW� DUFKDHRORJLFDO� VLWH�� GDWLQJ� WR� WKH� 3DODHR�
OLWKLF�DQG�LPPHGLDWHO\�UHFRJQLVHG�DV�VXFK��ZDV�WKH�FDYH
RI�3RWRáND�]LMDOND��GLVFRYHUHG�LQ������E\�6UHáNR�%URGDU�
D�KLJK�VFKRRO� WHDFKHU� LQ�&HOMH��+LV� H[FDYDWLRQV� LQ� VXE�
VHTXHQW�\HDUV�SURGXFHG��QRW�RQO\�WKH�ELJJHVW�QXPEHU�RI
$XULJQDFLDQ�ERQH�SRLQWV� LQ�&HQWUDO�DQG�(DVWHUQ�(XURSH�
EXW� DOVR� RIIHUHG� VXSSRUW� WR� WKH� ELJODFLDO� WKHRU\� RI� -�
%D\HU�� 1RW� RQO\� WKH� DUFKDHRORJLFDO� ILQGV�� EXW� DOVR� WKH
JHRJUDSKLFDO�VHWWLQJ�RQ�D�PRXQWDLQ�������PHWHUV�DERYH
VHD�OHYHO�DQG�WKH�FOLPDWRORJLFDO�FRQVHTXHQFHV�RI�LWV�SR�
VLWLRQ��ODXQFKHG�WKH�VLWH�DQG�LWV�GLVFRYHUHU�LQ�WKH�FHQWUH
RI� (XURSHDQ� 3DODHROLWKLF� DUFKDHRORJ\� �2VROH�� ������
$OWKRXJK� KH� ZDV� QRW� IRUPDOO\� HGXFDWHG� DV� DQ� DUFKDH�
RORJLVW�� KH� EHFDPH� WKH� PRVW� LPSRUWDQW� LQWHUSUHWHU� RI
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PDQ¤V� HDUOLHVW� SUHKLVWRU\� RQ� WKH� WHUULWRU\� RI� WKH� ILUVW
<XJRVODYLD��+H�DOVR�ZURWH� DQ�H[WHQVLYH� H[DPLQDWLRQ� RI
WKH�3DODHROLWKLF�LQ�6ORYHQLD�ZKLFK�ZDV�SXEOLVKHG�DEURDG
LQ�WKH�ILUVW�YROXPH�RI�4XDUWkU��%URGDU��������

$IWHU�WKH�LQLWLDO�GLVFRYHU\�DQG�UHVHDUFK��KH�FRQWLQXHG
KLV�ZRUN� LQ� FDYH� VLWHV� OLNH� ÉSHKRYND��0RUQRYD� ]LMDOND�
-DPD�SRG�+HUNRYLPL�SHáPL��1MLYLFH�� .RVWDQMHYLFD� QHDU
.UND�� DQG�$MGRYVND� MDPD��/LYLQJ�DQG�ZRUNLQJ� LQ�&HOMH�
KH� FRQGXFWHG� KLV� UHVHDUFK� PDLQO\� LQ� WKH� (DVWHUQ� DQG
6RXWK�(DVWHUQ� SDUW� RI� WRGD\
V� 6ORYHQLD�� ,Q� ����� KH� UH�
WXUQHG�WR�/MXEOMDQD��ZKHUH�KH�ZDV�HPSOR\HG�DV�D�KLJK�
VFKRRO� WHDFKHU� DQG� LQ� WKH� VDPH� \HDU� ILQLVKHG� KLV� GRF�
WRUDO� VWXGLHV� DW� WKH�8QLYHUVLW\� RI� /MXEOMDQD�� $IWHUZDUGV�
HYHU\WKLQJ�FDPH�WR�D�KDOW���WKH�ZDU�EURNH�RXW�

$IWHU������WKH�VWXG\�RI�DUFKDHRORJ\�KDG�WR�EH�HVWDE�
OLVKHG�DQHZ� LQ�/MXEOMDQD��7KH�RQO\� LQVWLWXWLRQ� WR�SHUVLVW
ZDV�WKH�1DWLRQDO�PXVHXP��ZKHUH�-RÌH�.DVWHOLF�ZDV�DS�
SRLQWHG� GLUHFWRU� �.DVWHOLF�� ������� 7KLV� FHQWUDO� QDWLRQDO
LQVWLWXWLRQ� FRYHUHG� DOO� DUFKDHRORJLFDO� SHULRGV�� ZLWK� D
VLQJOH� H[FHSWLRQ� RI� WKH� 3DODHROLWKLF�� $W� WKH� VDPH� WLPH�
WKH� VWXG\� RI� DUFKDHRORJ\� DW� WKH� )DFXOW\� RI� $UWV� RI� WKH
8QLYHUVLW\� RI� /MXEOMDQD�ZDV� VWLOO� FRPELQHG�ZLWK� WKDW� RI
KLVWRU\��5HVHDUFKHUV�GHDOLQJ�ZLWK�DUFKDHRORJLFDO�KLVWRU\
SRLQWHG�RXW�WKDW�LW�ZDV�LQ�������ZKHQ�-RVLS�.RURÊHF�ZDV
HPSOR\HG�DV�SURIHVVRU�RI�SUHKLVWRULF�DQG�6ODYLF�DUFKDH�
RORJ\�� WKDW� WKH� LQGHSHQGHQW� VWXG\�RI�DUFKDHRORJ\� WUXOO\
EHJDQ� �.DVWHOLF�� 6ODSÊDN�� ������� %XW� DOUHDG\�D� \HDU� EH�
IRUH�WKDW�-RVLS�.OHPHQF�DQG�6UHáNR�%URGDU�ZHUH�WKLQNLQJ
RI� HVWDEOLVKLQJ� D� SURJUDPPH� HQWLWOHG� $UFKDHRORJ\
�%XGMD�� ������ ���� 8QIRUWXQDWHO\�� WKH� SRVLWLRQ� RI� %URGDU
ZDV� EHJLQQLQJ� WR� VKLIW�PRUH� DQG�PRUH� WRZDUGV� QDWXUDO
KLVWRU\�DW�WKLV�WLPH���WKH�ILUVW�GHSDUWPHQW�ZKLFK�ZDV�ODWHU
WUDQVIRUPHG�LQWR�DQ�LQGHSHQGHQW�IDFXOW\��$Q�DWWHPSW�DW�D
ZKROHVRPH�DQG�KXPDQLVWLF�DSSURDFK�WR�WKH�3DODHROLWKLF
IDLOHG� LQ� WKH� EHJLQQLQJ� RI� WKH� ��V�� ZKHQ� WKH� SURSRVHG
VWXG\�SURJUDPPH�$UFKDHRORJ\�DQG�3DODHROLWKLF�ZDV�QRW
FRQILUPHG���DOWKRXJK�D�VWXG\�PDMRU�LQ�DUFKDHRORJ\�ZDV
HVWDEOLVKHG�� $QWKURSRORJ\� EHFDPH� VXEMHFW� WR� %LRORJ\
DQG�WKH�3DODHROLWKLF�EHFDPH�SDUW�RI�*HRORJ\�DQG�3DODH�
RQWRORJ\��%XGMD�������������1RYDNRYLß�������������&RQ�
FHSWXDOO\�� WKH� 3DODHROLWKLF� PRZHG� DZD\� IURP� WKH� KX�
PDQLVWLF�RULHQWDWLRQ�RI�DUFKDHRORJ\��3UHGUDJ�1RYDNRYLß
LQ� KLV�+LVWRU\� RI� $UFKDHRORJ\� DW� WKH� 8QLYHUVLW\� ORRNHG
IRU� WKH�FDXVHV�RI� WKH� IDLOXUH�RI� WKH� VWXG\�SURJUDPPH� LQ
WKH�ILQDQFLDO�GHPDQGV�RI�WKH�QHZ�SURSRVDO��EXW�VWUHVVHG
WKDW� WKH�PDMRU� IDFWRU�ZDV� VXUHO\� WKH� WUDGLWLRQDO� FRQQHF�
WLRQ� EHWZHHQ� DUFKDHRORJ\� DQG� RWKHU� KXPDQLWLHV� �1R�
YDNRYLß���������������

7DNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� SRVLWLRQ� RI� -RVLS� .R�
URÊHF� D� GHFDGH� ODWHU�� ZKHQ� KH� UHIXVHG� WR� LQFOXGH� WKH
VXEMHFW� 4XDUWDURORJ\� LQ� WKH� VWXG\� RI� $UFKDHRORJ\� DQG
GHIHQGHG� WKH� XQLW\� RI� 3UHKLVWRU\� ZLWK� WKH� 3DODHROLWKLF
EHLQJ�RQO\�D�SDUW�RI�LW��1RYDNRYLß�������������ZH�FDQ�DV�
VXPH� WKDW� WKH� SROLWLFDO� GHFLVLRQV� ZHUH� WKH� UHVXOW� RI� DQ
LQGLYLGXDO¤V� VWUXJJOH� IRU� DQ� DIILUPDWLYH� OHDGLQJ� UROH� LQ
$UFKDHRORJ\�

2Q��WK�6HSWHPEHU������WKH�6ORYHQH�$FDGHP\�RI�6FL�
HQFHV�DQG�$UWV�ZDV�HVWDEOLVKHG�LQ�/MXEOMDQD�DQG�D�PRQWK
EHIRUH�WKDW� WKH�,QVWLWXWH�IRU� WKH�3URWHFWLRQ�DQG�6FLHQWLILF
6WXG\�RI�&XOWXUDO�0RQXPHQWV�DQG�1DWXUDO�+LVWRU\�6LWHV�
:LWK�WKHVH�WZR�DFWV� WKH�QHZ�JRYHUQPHQW� ODLG� WKH� IRXQ�
GDWLRQV�RI�DQ�DUFKDHRORJLFDO�LQIUDVWUXFWXUH��ZKLFK�GRPL�
QDWHG�UHVHDUFK�VWUDWHJLHV�RI�WKH�QH[W����\HDUV��$�\HDU�DI�
WHU� WKH� $FDGHP\� KDG� EHHQ� IRXQGHG�� LWV� UHVHDUFK� SODQ
ZDV�DGRSWHG��7KH�SODQ�LQFOXGHG�DUFKDHRORJLFDO�H[FDYD�
WLRQV�DQG�WKH�DUFKDHRORJLFDO�WRSRJUDSK\�RI�6ORYHQLD�

)ROORZLQJ� WKHLU� SODQ�� WKH� $FDGHP\� HVWDEOLVKHG� WKH
$UFKDHRORJLFDO�&RPPLVVLRQ� LQ�0DUFK������DQG�RQO\�D
PRQWK�ODWHU�-��.DVWHOLF�SUHVHQWHG�LWV�UHVHDUFK�SODQ�IRU�WKH
ILUVW� ILYH�\HDUV��2QH�RI� WKH�SRLQWV� LQFOXGHG� LQ� WKH�GRFX�
PHQW�ZDV�DOVR�WKH�XUJH�WR�FRQGXFW�VFLHQWLILF�UHVHDUFK�����
LQ� WKH� IURQWLHU� WHUULWRULHV�� HVSHFLDOO\� LQ� WKH� OLWWRUDO� DUHD�
ZKLFK�6ORYHQH�VFLHQFH�ZDV�FXW�RII�IURP�IRU�VHYHUDO�GHF�
DGHV��� 7KLV� VWDWHPHQW� H[SODLQV� ZK\� WKH� HDUOLHVW� RYHU�
YLHZV�RI�WKH�VWDWH�RI�UHVHDUFK�RI�WKH�6ORYHQH�3DODHROLWKLF
LQFOXGHG� WKH� KLVWRU\� RI� UHVHDUFK� SULRU� WR�:RUOG�:DU� ,�
FRQGXFWHG�LQ�WKH�HDVWHUQ�SDUW�RI�,WDO\�RQ�6ORYHQH�HWKQLF
WHUULWRU\��%URGDU��������������2VROH���������,W�LV�WUXH�WKDW
QR� FRQFHSWXDO� FRQQHFWLRQ� WR� WKH� ODWHU� 6ORYHQH� 3DODHR�
OLWKLF�$UFKDHRORJ\�H[LVWHG��EXW� WKH�SROLWLFDO� �ZHVWERXQG
XUJH��FRXOG�QRW�EH�YLHZHG�DV�WKH�RQO\�PRWLYH��7R�HYDOX�
DWH�LW��ZH�VKRXOG�WXUQ�RXU�DWWHQWLRQ�WR�KRZ�LW�ZDV�GRQH�
7KH� H[FDYDWLRQV� EHIRUH� ����� ZHUH� PRVWO\� SDODHRQ�
WRORJLFDO�H[FDYDWLRQV�ZKLFK�\LHOGHG�DUFKDHRORJLFDO�ILQGV
DV� E\�SURGXFWV�� )XUWKHUPRUH�� 6ORYHQH� 3DODHROLWKLF� DU�
FKDHRORJ\�ZDV�RULHQWHG�WRZDUGV�3DODHRQWRORJ\�IURP�WKH
EHJLQQLQJ��DV�KDV�EHHQ�SRLQWHG�RXW�DERYH��,W�LV�WKHUHIRUH
HDV\�WR�OLQN��WKH�3UHKLVWRU\�RI�3DODHROLWKLF�UHVHDUFK��ZLWK
SDODHRQWRORJLFDO�H[FDYDWLRQV��FRQGXFWHG�LQ�WKH�ZHVWHUQ�
SUHYLRXVO\�,WDOLDQ�SDUW�RI�6ORYHQLD�

7KH� )RXQGLQJ�$FW�� HVWDEOLVKLQJ� WKH�$FDGHP\�RI� 6FL�
HQFHV�DQG�$UWV��ZDV�SDVVHG�LQ�������%DVHG�RQ�WKLV�DFW�WKH
,QVWLWXWH�RI�+LVWRU\�ZDV�IRXQGHG��ZKLFK�LQFOXGHG�DOVR�WKH
6HFWLRQ� IRU�$UFKDHRORJ\��6��%URGDU��ZKR�ZDV�ZRUNLQJ�DW
WKH�6HFWLRQ�IRU�3UHKLVWRU\�RI�WKH�,QVWLWXWH�RI�*HRORJ\��FR�
RSHUDWHG�ZLWK�WKH�6HFWLRQ�IRU�$UFKDHRORJ\�LQ�WKLV�SHULRG�
7KLV�FRRSHUDWLRQ�ZDV� IRUPDOLVHG� LQ�������ZKHQ�KH�ZDV
LQFOXGHG�LQWR�WKH�VFLHQWLILF�FRXQFLO�RI�WKH�6HFWLRQ��QH[W�WR
-�� .RURÊHF�� -�� .DVWHOLF�� -�� .OHPHQF� DQG� %�� ÉNHUOM�� 7KHUH�
ZLWK�� 3DODHROLWKLF� UHVHDUFK� ZDV� RIILFLDOO\� LQFOXGHG� LQWR
WKH�IUDPHZRUN�RI�WKH�6HFWLRQ�IRU�$UFKDHRORJ\�

-�� .RURÊHF� VWDUWHG� WKH� SXEOLFDWLRQ� RI� WKH� ILUVW� 6ORYH�
QLDQ�DUFKDHRORJLFDO�MRXUQDO���$UKHRORÈNL�YHVWQLN�LQ�����
DW�WKH�'HSDUWPHQW�RI�$UFKDHRORJ\�DW�WKH�)DFXOW\�RI�$UWV�
,W�VWDUWHG�FRPSOHWHO\�IURP�VFUDWFK��EXW�WRRN�SODFH�LQ�WKH
VDPH� \HDU� DV� WKH� UHYLYDO� RI� WKH� JUHDW� DUFKDHRORJLFDO
MRXUQDOV� VXFK� DV� 6WDULQDU� LQ� %HOJUDGH�� 9MHVQLN� ]D� DU�
KHRORJLMX�L�KLVWRULMX�GDOPDWLQVNX�LQ�6SOLW�DQG�*HUPDQLD�
DV�ZHOO�DV�%HULFKWH�5*.��LQ�*HUPDQ\��*DEURYHF��������

6��%URGDU�ZDV�HOHFWHG�SURIHVVRU�DW�WKH�,QVWLWXWH�IRU�WKH
3UHKLVWRU\�RI�0DQ�LQ�������EXW�KLV�FKDLU�ZDV�SDUW�RI�WKH
)DFXOW\� IRU� 0DWKHPDWLFV� DQG� 1DWXUDO� 6FLHQFHV� �2VROH�
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�������+H�ZDV�JLYHQ�WKH�KRQRXU�RI�ZULWLQJ�WKH�ILUVW�DUWL�
FOH�LQ�WKH�ILUVW�YROXPH�RI�$UKHRORÈNL�YHVWQLN��HQWLWOHG��$
FXW� WKURXJK� WKH� 6ORYHQH� 3DODHROLWKLF�� �%URGDU�� ������
7KH� ILUVW� PDMRU� DUFKDHRORJLFDO� DUWLFOH� RQ� WKH� 6ORYHQH
3DODHROLWKLF�DIWHU������ZDV�WKHUHE\�DQ�KLVWRULFDO�H[DPL�
QDWLRQ�RI�UHVHDUFK�LQ�WKLV�ILHOG��ZKRVH�IRUP�DQG�FRQWHQW
GHWHUPLQHG� WKH� IXWXUH� IDVKLRQ� RI� ZULWLQJ� DERXW� 3DODHR�
OLWKLF�$UFKDHRORJ\��7KH�DUWLFOH�KDG�DOO�WKH�FKDUDFWHULVWLFV
RI� PRVW� RI� WKH� ODWHU� DUWLFOHV� ZULWWHQ� RQ� WKLV� WKHPH� �� LW
ZRXOG�EH�LOOXVWUDWLYH�WR�H[SRVH�WKUHH�RI�WKHP�

,Q�DQ�DWWHPSW�WR�GHPRQVWUDWH�WKH�KLVWRULFDO�HYROXWLRQ
RI�WKLV�VSHFLILF�VFLHQWLILF�ILHOG�WKH�DUWLFOH�OLVWV�DOO�WKH�PD�
MRU� GLVFRYHULHV� RI� SDODHROLWKLF� VLWHV� LQ� D� FKURQRORJLFDO
RUGHU��%HVLGH�GDWD�RQ�WKH�WLPH�RI�GLVFRYHU\�� WKH�GLVFRY�
HUHU�� WKH� RULJLQDO� LQWHUSUHWDWLRQ�� LW� DOVR� SURYLGHV� D� FRQ�
WHPSRUDU\� LQWHUSUHWDWLRQ�RI� WKH� ILQGV���DQ� LQWHUSUHWDWLRQ
SRVVVLEOH� DW� WKH� WLPH�RI�ZULWLQJ�� 7KLV�PDNHV� WKH� DUWLFOH�
DQG�PRVW�RWKHU�DUWLFOHV�ZULWWHQ�ODWHU��QR�PRUH�WKDQ�D�UH�
FHQW� UHLQWHUSUHWDWLRQ� RI� SDVW� GLVFRYHULHV� DQG� DQ� LQGLFD�
WLRQ�RI�WKH�SHULRG�LQ�ZKLFK�LW�ZDV�ZULWWHQ�

7KH� VHFRQG� FKDUDFWHULVWLF� LV� WKH� RYHUDOO� GLVFRPIRUW
ZLWK� FXOWXUDO� GHWHUPLQDWLRQV�� (YHU� VLQFH� DXWKRUV� GH�
VFULEHG� WKH� 6ORYHQH� SDODHROLWKLF� ILQGV�� WKH\�ZHUH� FRP�
SDULQJ� WKHP�ZLWK� ILQGV� IURP� QHLJKERXULQJ� UHJLRQV�� DF�
FRPPRGDWLQJ� WKH�FXOWXUDO� VXFFHVVLRQV�ZLWK� WKH�G\QDP�
LFV�RXWVLGH�RI�6ORYHQLD�DQG� ODPHQWLQJ�RQ� WKH�GLIIHUHQFH
EHWZHHQ� WKH� DUFKDHRORJLFDO� UHFRUG� RI� WKH� )UHQFK� DQG
6ORYHQH�3DODHROLWKLF�

$QRWKHU�FKDUDFWHULVWLF�RI�PRVW�DUFKDHRORJLFDO�DUWLFOHV
LQ�WKH�����V�DQG���V�LV�WKH�SRVW�ZDU�IUXVWUDWLRQ�ZLWK�WKH
ZHVWHUQ�ERUGHU�RI�6ORYHQLD��:KHQ�GHVFULELQJ�WKH�KLVWRU\
RI� UHVHDUFK� RQ� �6ORYHQH� WHUULWRU\�� LW� LV� WKH� WHUULWRU\� RQ
ZKLFK� 6ORYHQLDQV� OLYHG� LQ� WKH� ��V� DQG� QRW� WKDW� RI� WKH
5HSXEOLF�WKDW�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ��7KH�ILUVW�DFW�RI
SDODHROLWKLF� UHVHDUFK� LV� GHVFULEHG� WR� KDYH� KDSSHQHG� LQ
WKH�7ULHVWH�.DUVW�� L�H��RXWVLGH�RI�6ORYHQH� WHUULWRU\�RI� WKDW
WLPH�� DQG� E\� ,WDOLDQ� DQG� $XVWULDQ� UHVHDUFKHUV�� ,W� LV� QRW
FOHDU�WR�ZKDW�GHJUHH�WKLV�RULHQWDWLRQ�LV�D�FRQVHTXHQFH�RI
D�EURDGHU�SROLWLFDO�GLFWDWH�RU�VLPSO\�D�SHUVRQDO�RULHQWD�
WLRQ�RI�D� VFKRODU�ZKR�ZDV�ZRXQGHG� LQ�:RUOG�:DU� ,�DW
'REHUGRE�RQ�WKH�,WDOLDQ�IURQW��:KDWHYHU�WKH�UHDVRQ��WKH
RULHQWDWLRQ� ZDV� LQ� DFFRUGDQFH� ZLWK� RIILFLDO� 6ORYHQH
SROLWLFV��D� IDFW� WKDW�ZDV�DOUHDG\�HFKRHG� LQ� WKH� ILUVW� SUR�
JUDPPH�LVVXHG�E\�-��.RURÊHF�

:KHQ� LQ� ����� 6�� %URGDU¤V� VXFFHVVRU� DW� WKH� )DFXOW\�
)UDQF� 2VROH�� GHVFULEHG� KLV� SURIHVVRU�� KH� FKDUDFWHULVHG
KLP�DV� D�SHUVRQ� ����ZLWK�D� FOHDU� YLHZ�RI� QDWXUDO� KLVWRU\
DQG� D� FRQVLVWHQWO\� GLDOHFWLFDOO\� PDWHULDOLVWLF� PLQG����
�2VROH���������2QH�VKRXOG�EHDU� LQ�PLQG� WKDW� LW� LV�QRW�D
KLVWRULF�WH[W��EXW�D�SXEOLF�VSHHFK�GHOLYHUHG�RQ�WKH�RFFD�
VLRQ�RI� WKH���WK�ELUWKGD\�RI� WKH� ODXUHDWH�6��%URGDU��\HW�
WKLV� LV� D� VLJQLILFDQW� H[DPSOH� RI� WKH� JHQUH� RI� SXEOLF
VSHHFKHV� JLYHQ� DW� GLIIHUHQW� DQQLYHUVDULHV�� $OWKRXJK� ZH
FDQQRW� OHDUQ� D� ORW� RI� KLVWRU\� IURP� WKHP�� WKHVH� WH[WV�
FRPPHPRUDWLQJ� DQQLYHUVDULHV� RI� UHVHDUFKHUV�� VFLHQWLILF
VRFLHWLHV��RU�PDJD]LQHV� �ÉNHUOM��������2VROH��������'X�

ODU�� ������ 3RKDU�� ������ *DEURYHF�� ������� GR� QRW� RIIHU
PXFK� KLVWRULFDO� LQIRUPDWLRQ�� EXW� WKH\� GR� PLUURU� WKH
EURDGHU�SROLWLFDO�FRQWH[W�RI�ZRUNLQJ�LQ�$UFKDHRORJ\�DQG
HPSOR\�D�GLFWXP�WKDW� UHIOHFWHG� WKH�SROLWLFDO� VLWXDWLRQ�RI
WKDW�SHULRG��$V�VKRZQ�DERYH��WKH�SKLORVRSK\�RI�GLDOHFWL�
FDO� PDWHULDOLVP�� ZKLFK� IRUPHG� WKH� LGHRORJLFDO� IRXQGD�
WLRQV�RI�SRVW�ZDU�VRFLDOLVW�VRFLHWLHV��ZHUH�JHQHUDOO\�QHYHU
LQWURGXFHG�LQWR�WKH�UHDO�UHVHDUFK�JRDOV�RI�3UHKLVWRULF�$U�
FKDHRORJ\�� ,W� UHPDLQHG� RQO\� D� VXSHUILFLDO� FKDUDFWHULVWLF
RI�WKH�GHFODUDWLYH�GLFWXP�RI�SXEOLF�SUHVHQWDWLRQV��ZKLFK
FHOHEUDWHG�WKH��DFKLHYHPHQWV�DQG�YLFWRULHV�RI�WKH�ZRUN�
LQJ�SHRSOH��

(YDOXDWLQJ� WKH�ZRUN� RI� 6�� %URGDU�� ZKLOH� WDNLQJ� LQWR
FRQVLGHUDWLRQ� WKH�PHPRULHV� RI� KLV� FR�ZRUNHUV� DQG� VWX�
GHQWV�� WKH� ILUVW� SDUW� RI� WKH� GHVFULSWLRQ�� JLYHQ� DERYH�
ZRXOG�EH�WKH�FRUUHFW�RQH��$OWKRXJK�KH�ODLG�WKH�IRXQGD�
WLRQV� IRU� 3DODHROLWKLF� $UFKDHRORJ\� ZLWKRXW� DQ\� LQVWLWX�
WLRQDO�VXSSRUW�RQ�D�QDWLRQDO�OHYHO��KH�YHU\�VRRQ�UHDOL]HG
WKH�LPSRUWDQFH�RI�FRRSHUDWLQJ�ZLWK�RWKHU�VFLHQWLVWV��%H�
FDXVH� RI� KLV� LQWHOOHFWXDO� EDFNJURXQG�� WKLV� FRRSHUDWLRQ
ZDV�DLPHG�DW� VFLHQWLVWV�ZRUNLQJ� LQ� WKH� ILHOGV� RI� QDWXUDO
VFLHQFH� �� JHRORJ\�� VHGLPHQWRORJ\�� SDODHRQWRORJ\�� DQ�
WKUDFRWRP\��DQG�SDO\QRORJ\��2QH�PD\�VHH� LQ� WKHVH� WLHV
DQ� DSSURDFK� WR� FRQFHSWV� RI� 3DODHROLWKLF� $UFKDHRORJ\
IURP�WKH�ILUVW�KDOI�RI�WKH�FHQWXU\��ZKHQ�WKH�VWDWXV�RI�SDVW
DJHV�DQG�WKH�FRUUHFW�UHFRJQLWLRQ�RI�SDODHRQWRORJLFDO� UH�
PDLQV�SOD\HG�D�SURPLQHQW�UROH�LQ�UHVHDUFK��2Q�WKH�RWKHU
KDQG�� WKHVH� DSSURDFKHV� FDQ� JHQHUDOO\� EH� LGHQWLILHG� DV
FKDUDFWHULVWLF� IRU� HYHU\� VFLHQWLILF� EHJLQQLQJ�� ZKHQ� WKH
EDVLFV� IRU� UHVHDUFK� DUH� EHLQJ� ODLG�� 6�� %URGDU�� JHQHUDOO\
FKDUDFWHULVWLF�RI�PRVW�DUFKDHRORJLVWV�FRQGXFWLQJ�WKHLU�UH�
VHDUFK� LQ� WKH� $OSLQH� DUHD�� ZKHUH� WKH� UHPDLQV� RI� FDYH
EHDUV� LQ�FDYHV�DUH�DEXQGDQW��H[FHHGHG� WKH�FRQFHSWV�RI
QDWXUDO� KLVWRU\� RQO\� LQYROYLQJ� WKH� GHEDWH� RQ� WKH� FDYH
EHDU�FXOW��7KLV�ZDV�WKH�RQO\�VRFLDO�K\SRWKHVLV�DOORZHG�LQ
WKH�ZRUOG�RI� WKH�,FH�$JH�KXPDQV��ZKR�ZHUH� WKRXJKW�RI
RQO\�KDYLQJ�HFRORJLFDO�UHODWLRQV�ZLWK�WKHLU�SUH\�

,W� LV� LQWHUHVWLQJ� WKDW� LQ� WKLV�SHULRG�� WKLV�ZDV�QRW�RQO\
WKH� RSLQLRQ� RI� WKH� SHRSOH� ZRUNLQJ� LQ� SDODHROLWKLF� UH�
VHDUFK��EXW�DOVR�RI�WKH�RWKHU�DUFKDHRORJLVWV��:KHQ�-��.R�
URÊHF� GLVFXVVHG� WKH� WDVNV� RI� DUFKDHRORJ\� LQ� ����� �.R�
URÊHF������������KH�LQFOXGHG�WKH�UHVHDUFK�RI�WKH�3DODHR�
OLWKLF�LQ�WKH�VFLHQFH�RI�$UFKDHRORJ\�LQ�LWV�EURDGHU�VHQVH�
EXW� FRQVLGHUHG� LW� WR� EH� FRQQHFWHG�PRUH� ZLWK� *HRORJ\
DQG� 3DODHRQWRORJ\�� VLQFH� LWV�PDLQ� REMHFWLYH�ZDV� WR� HV�
WDEOLVK� WKH� FKURQRORJ\� DQG� WKH� HFRQRP\� ZLWK� ����WKH
FXOWXUDO� UHPDLQV��KRZVRHYHU� LQWHUHVWLQJ�DQG� LPSRUWDQW��
KDYLQJ��RQO\�D�VHFRQGDU\�PHDQLQJ��

7KH�PDMRU�FKDQJHV� IROORZLQJ������ZHUH��RI�FRXUVH�
SROLWLFDO���WKH�DQQH[DWLRQ�RI�WKH�IRUPHU�,WDOLDQ�SURYLQFHV
RI�WKH�/LWWRUDO�DQG�,VWULD�WR�6ORYHQLD�DQG�&URDWLD�DQG�WKH
LQWURGXFWLRQ� RI� D� VRFLDOLVW� V\VWHP�� 7KHVH� FLUFXPVWDQFHV
LQIOXHQFHG�$UFKDHRORJ\�� DV� ZHOO�� ZKLFK� FKDQJHG� FRP�
SOHWHO\�DW� WKH� WLPH��7KH� IHZ�SURIHVVLRQDO� DUFKDHRORJLVWV
DFWLYH� EHIRUH� WKH�ZDU�PLJUDWHG� DQG� D� QHZ� LQVWLWXWLRQDO
V\VWHP�ZLWK�QHZ�UHVHDUFKHUV�ZDV�HVWDEOLVKHG��$FFRUGLQJ
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WR� 1RYDNRYLß� ������� ����� WKH� PDLQ� FKDQJH� ZDV� WKDW�
�7KH� $UFKDHRORJ\� RI� WKH� ����V� ILQDOO\� �RXWJUHZ�� LW
V
PRUH�WKDQ����\HDU�VWDWXV�DV��WKH�VFLHQFH�RI�WZR�RU�WKUHH��
%XW�WKLV�ZDV�QRW�WKH�FDVH�ZLWK�3DODHROLWKLF�$UFKDHRORJ\�

*$7+(5,1*�,1)250$7,21

7R� XQGHUVWDQG� WKH� SROLWLFDO� GLFWDWH� RQ� WKH� QDWLRQDO
VFLHQFH�RI�$UFKDHRORJ\�ZH�VKRXOG�UHWXUQ�WR������DQG�WR
WKH� ILUVW�FRQIHUHQFH�RI�<XJRVODY�DUFKDHRORJLVWV� LQ�1LÊND
%DQMD�� 7KH� FRQIHUHQFH� ZDV� SODQQHG� DV� D� PHHWLQJ� LQ
ZKLFK�D�QHZ�SURJUDPPH�RI�$UFKDHRORJ\� LQ�<XJRVODYLD
ZDV� WR�EH�SURSRVHG��7KH� UHSUHVHQWDWLYHV�FRQFOXGHG� WKH
PHHWLQJ� ZLWK� D� UHVROXWLRQ� FRQWDLQLQJ� WKH� IROORZLQJ
SRLQWV��.RURÊHF��������

$G� �� �$UFKDHRORJ\� VKRXOG� EH�� DV� D� VRFLR�KLVWRULFDO
VFLHQFH��GLUHFWHG�DW�WKH�H[DPLQDWLRQ�RI�PDWHULDO�DQG�LQ�
WHOOHFWXDO� FXOWXUH� RQ� WKH� EDVLV� RI� VFLHQWLILF� ILQGLQJV� RI
KLVWRULFDO�PDWHULDOLVP��

$G��������WKH�IRFXV�VKRXOG�EH�VKLIWHG�WRZDUGV�WKH�H[�
DPLQDWLRQ� RI� PDWHULDO� FXOWXUH� RI� RXU� QDWLRQV������ ZKLFK
�ZLOO�RQO\�LQFUHDVH�WKH�IXWXUH�VROLGLILFDWLRQ�RI� WKH�EURWK�
HUKRRG�DQG�XQLW\�EHWZHHQ�RXU�QDWLRQV�DQG�ZLOO�DOVR�LQ�
FUHDVH�WKH�VRFLDOLVW�SDWULRWLVP��

$PRQJ�RWKHU�FRQFOXVLRQV��ZULWWHQ�LQ�D�SROLWLFDO�WRQH�
WKH�SODQ�ZDV�DOVR� WR�VWDUW� LQWHQVLYH�DQG�V\VWHPDWLF� ILHOG
UHVHDUFK� WR�SURYLGH�PDWHULDO� IRU� DQ�DUFKDHRORJLFDO�PDS
RI�<XJRVODYLD�

-��.RURÊHF�UHVLJQHG�DV�WKH�KHDG�RI�WKH�$UFKDHRORJLFDO
VHFWLRQ�DW� WKH�$FDGHP\�RI�$UWV�DQG�6FLHQFHV� LQ� WKH�EH�
JLQQLQJ�RI������DQG�KLV�SRVLWLRQ�ZDV�WDNHQ�E\�6��%URGDU�
7KH�QHZ�KHDG�LVVXHG�D�QHZ�VXPPDU\�RI�GHFLVLRQV�RI�WKH
,QVWLWXWH� SURJUDPPH�� �,WV� WDVN� EHLQJ� WR� GHPRQVWUDWH� WKH
GHYHORSPHQW� RI� VRFLHW\�� LWV� HFRQRPLF� DQG� VRFLDO� UHOD�
WLRQV� RQ� WKH� EDVLV� RI� WKH� UHPDLQV� RI� PDWHULDO� FXOWXUH��
�3OHWHUVNL�� ������ ����� 7KH� UHODWLRQV� PHQWLRQHG� DERYH
ZRXOG�RI�FRXUVH�KDYH�WR�EH�FKURQRORJLFDOO\�GHWHUPLQHG�
&RQVHTXHQWO\�� WKH� VHDUFK� IRU� WKH� RSWLPDO� FKURQRORJLFDO
FRXUVH� RI� WKH� 3OHLVWRFHQH��ZKLFK� VKRXOG� EH� UHFRJQLVHG
E\� JHRORJLFDO� FKDQJHV� SURGXFHG� E\� WKH� FOLPDWLF� YDULD�
WLRQ��EHFDPH�WKH�VHFRQG�PRVW�LPSRUWDQW�JRDO�RI�SDODHR�
OLWKLF� UHVHDUFK�� ,Q� WKH� VHFRQG� KDOI� RI� WKH� ����V� LW� ZDV
WKRXJKW� WKDW� WKH� EURDGHU� FOLPDWLF� F\FOHV� LQ� WKH� $OSLQH
DUHD�ZHUH�NQRZQ�ZHOO�HQRXJK�WR�EH�XVHG�DV�D�PDUNHU�IRU
WKH�FKURQRORJLFDO�GHWHUPLQDWLRQ�RI�D�SDUWLFXODU�VLWH��%UR�
GDU���������6XFK�D�ZD\�RI�WKLQNLQJ�ZDV�XQGHUVWDQGDEOH�
VLQFH� 3DODHROLWKLF� $UFKDHRORJ\�ZDV� WUDGLWLRQDOO\� OLQNHG
WR�QDWXUDO�VFLHQFHV�� ,Q� WKH� ORQJ� WHUP��KRZHYHU�� WKLV�RUL�
HQWDWLRQ�ZDV�QRW�WR�LWV�DGYDQWDJH��6LQFH�WKH�EHOLHI�LQ�WKH
FRUUHFWQHVV� RI� JHRORJLFDO� FKURQRORJ\� ZDV� ILUPO\� HVWDE�
OLVKHG�� WKH�PLFUR� FKURQRORJ\� RI� LQGLYLGXDO� YLVLWV� WR� WKH
VLWH� ZDV� ODUJHO\� LJQRUHG� DQG� OD\HUV� WKDW� VRPHWLPHV� LQ�
FOXGHG�PRUH�WKDQ�RQH�OHYHO�ZLWK�DUFKDHRORJLFDO�UHPDLQV
ZHUH�PHUJHG��1RW�WR�PHQWLRQ�WKH�SUREOHPV�ZLWK�WKH�FRU�
UHODWLRQ� RI� LQGLYLGXDO�PLFUR� VHGLPHQWRORJLFDO� VLWXDWLRQV
ZLWK�WKH�UHJLRQDO��JOREDOO\�LQIOXHQFHG�FOLPDWLF�F\FOHV�

7KH�ODWH�����V�DQG���V�ZHUH�FKDUDFWHUL]HG�E\�IHYHU�
LVK� FROOHFWLQJ� RI� LQIRUPDWLRQ�� 2Q� WKH� RQH� KDQG�� QHZ�
SROLWLFDOO\� GLFWDWHG� H[FDYDWLRQV� VWDUWHG� LQ� WKH� ZHVWHUQ
SDUW�RI�6ORYHQLD�DQG�RQ�WKH�RWKHU�KDQG��DQDO\VHV�RI�ILQGV
LQ� 6ORYHQH�� $XVWULDQ�� DQG� ,WDOLDQ� PXVHXP� FROOHFWLRQV
ZHUH� XQGHUWDNHQ�� 6LQFH� WKH� DQDO\VHV� RI� ILQGV� LQ�PXVH�
XPV�DEURDG�ZHUH�QRW��DQG�DUH�VWLOO�QRW��FRPSOHWHG��QHZ
V\QWKHVHV� ZHUH� EDVHG� PDLQO\� RQ� UHFHQWO\� GLVFRYHUHG
ILQGV��6��%URGDU�YLVLWHG�WKH�H[FDYDWLRQV�FRQGXFWHG�E\�)�
$QHOOL�LQ�D�FDYH�FDOOHG�%HWDORY�VSRGPRO�QHDU�WKH�WRZQ�RI
3RVWRMQD��$IWHU� ����� KH� FRQWLQXHG�$QHOOL¤V� H[FDYDWLRQV
WKHUH�DQG�DIWHUZDUGV�H[WHQGHG�KLV�VHDUFK�IRU�SDODHROLWKLF
VLWHV� WR� WKH� ZKROH� UHJLRQ�� 6LWHV� OLNH� 5LVRYHF�� 3DUVND
JRORELQD�� -DPD� Y� /R]L�� ËXSDQRY� VSRGPRO�� =DNDMHQL
VSRGPRO�� DQG� 2YáMD� MDPD� ZHUH� SDUWLDOO\� H[FDYDWHG� LQ
WKH�QH[W�WZR�GHFDGHV�

6LQFH� WKH� 6HFWLRQ� IRU� $UFKDHRORJ\� ODFNHG� LWV� RZQ
HPSOR\HHV�� WKH�PDMRU�SDUW�RI� WKH�H[FDYDWLRQV�ZDV�FRQ�
GXFWHG� E\� H[WHUQDO� DVVRFLDWHV�� IURP� ����� PRVWO\� E\
)UDQF�2VROH��:KHQ�WKH�SRVW�RI�WKH�6HFWLRQ¤V�GLUHFWRU�ZDV
WDNHQ�E\�6��%URGDU�� WKH�QXPEHU�RI�FDYH�H[FDYDWLRQV� LQ�
FUHDVHG��ZKLOH�RWKHU�H[FDYDWLRQV�SUDFWLFDOO\�GLG�QRW�WDNH
SODFH�� 7KH� VLWXDWLRQ� FKDQJHG� LQ� WKH� ����V� DQG� DIWHU
�����FDYH�H[FDYDWLRQV�DOPRVW�FHDVHG��,Q�D�UHFHQW�VXUYH\
LW�KDV�EHHQ�VKRZQ�WKDW�DSSUR[LPDWHO\�KDOI�RI�DOO� WKH�H[�
FDYDWLRQV� XQGHUWDNHQ� E\� WKH� ,QVWLWXWH� RI� $UFKDHRORJ\�
DQG�WKH�6HFWLRQ�DV�LWV�SUHGHFHVVRU��ZHUH�FRQGXFWHG�LQ�D
FDYH��%HODN��������

)�� 2VROH� JUDGXDWHG� LQ� %LRORJ\� DQG� *HRORJ\� DW� WKH
1DWXUDO� +LVWRU\� 'HSDUWPHQW� RI� WKH� )DFXOW\� RI� $UWV� LQ
������ $IWHU� WHDFKLQJ� %LRORJ\� IRU� D� \HDU�� KH� ZDV� HP�
SOR\HG�DV�D�WHDFKLQJ�DVVLVWDQW�DW�WKH�,QVWLWXWH�IRU�WKH�3UH�
KLVWRU\�RI�0DQ��,Q������KH�UHFHLYHG�KLV�GRFWRU
V�GHJUHH
DQG�ZDV�HOHFWHG�DVVLVWDQW�SURIHVVRU�IRU�4XDWHUQDU\�VWXG�
LHV�DQG�IRXU�\HDUV�ODWHU�WKH�3DODHROLWKLF�RI�<XJRVODYLD��,Q
������ IROORZLQJ� WKH� UHVLJQDWLRQ� RI� 6�� %URGDU�� KH� WRRN
RYHU�DOO�KLV�OHFWXUHV�DW� WKH�'HSDUWPHQWV�RI�*HRORJ\�DQG
$UFKDHRORJ\�

$OPRVW����\HDUV�DIWHU�$UKHRORÈNL�YHVWQLN��DQRWKHU�SH�
ULRGLFDO�� LQWHQGHG� RQO\� IRU� SXEOLFDWLRQ� RI� SUHKLVWRULF
ILQGV�� PDGH� LWV� PRGHVW� DSSHDUDQFH�� ,W� ZDV� QDPHG� 3R�
URßLOR�R�UD]LVNRYDQMX�QHROLWD�LQ�HQHROLWD�Y�6ORYHQLML��5H�
SRUW�RQ�WKH�5HVHDUFK�RI�WKH�1HROWLKLF�DQG�&RSSHU�$JH�LQ
6ORYHQLD��� ,WV� ILUVW�QXPEHU�ZDV� LVVXHG� LQ�������ZLWK� WKH
VHFRQG�IROORZLQJ�D�\HDU�DIWHU�WKDW��,QWHQGHG�RQO\�IRU�WKH
SXEOLFDWLRQ�RI� ILQGV� IURP� WKH�1HROLWKLF� DQG� WKH�&RSSHU
$JH��LW�VRRQ�VOLSSHG�LQWR�REOLYLRQ��RQO\�WR�EH�UHVXUUHFWHG
DJDLQ� LQ������DQG� WKHPDWLFDOO\�H[SDQGHG� LQWR�3RURßLOR
R� UD]LVNRYDQMX� SDOHROLWD�� QHROLWD� LQ� HQHROLWD� Y� 6ORYHQLML
�5HSRUW� RQ� WKH� 5HVHDUFK� RI� WKH� 3DODHROLWKLF�� 1HROLWKLF
DQG�&RSSHU�$JH�LQ�6ORYHQLD���,Q�VSLWH�RI�LWV�WLWOH�DQG�WKH
IDFW� WKDW� LW�ZDV� SXEOLVKHG� E\� WKH�&KDLU� IRU� WKH�$UFKDH�
RORJ\�RI�3UH�PHWDO�3HULRGV�DW�WKH�'HSDUWPHQW�RI�$UFKDH�
RORJ\��3DODHROLWKLF�$UFKDHRORJ\�DW� WKH�'HSDUWPHQW�ZDV
VWLOO�WDXJKW�E\�)��2VROH�IURP�WKH�'HSDUWPHQW�RI�*HRORJ\�

)LQDQFLDOO\�� WKHVH�ZHUH� WKH�ZRUVW� \HDUV�� %HFDXVH� RI
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WKH� JHQHUDO� FULVLV� LQ� WKH� ODWH� ����V�� 0�� %URGDU� HVWDE�
OLVKHG�WKH�6ORYHQLDQ�EUDQFK�RI� WKH�$UFKDHRORJLFDO�6RFL�
HW\�RI�<XJRVODYLD� LQ������DQG�PDQDJHG� WR� LQFOXGH� WKH
WDVN� RI� UHVXPLQJ� WKH� DUFKDHRORJLFDO� WRSRJUDSK\� RI� 6OR�
YHQLD�LQ�WKH�SURJUDPPH�RI�WKH�QHZ�6RFLHW\��7KH�WRSRJ�
UDSK\�ZDV�WR�LQFOXGH�DOO�DUFKDHRORJLFDO�SHULRGV�IURP�WKH
3DODHROLWKLF�WR�WKH�0LGGOH�$JHV��$�ILYH�\HDU�FRQWUDFW�ZDV
VLJQHG�ZLWK�WKH�)HGHUDO�)RQG�IRU�6FLHQWLILF�:RUN�IRU�WKH
H[HFXWLRQ� RI� WKH� SURMHFW� ZLWK� WKH� RIILFLDO� WLWOH� �7KH� $U�
FKDHRORJLFDO� 0DS� RI� <XJRVODYLD��� 6�� %URGDU� ZDV� DS�
SRLQWHG� IHGHUDO� FRRUGLQDWRU� IRU� WKH� UHDOLVDWLRQ� RI� WKH
SURMHFW� DQG� KLV� WDVN�ZDV� WR� DSSRLQW� UHJLRQDO� H[HFXWLYH
FRPPLWWHHV�� ,Q� 6ORYHQLD� WKH� FRRUGLQDWLRQ� ZDV� GLUHFWHG
E\�0��%URGDU�DV�SUHVLGHQW�DQG�6��-HVVH��6��3DKLá��DQG�3�
3HWUX�DV�PHPEHUV�RI�WKH�FRPPLWWHH��6��3DKLá�LQWURGXFHG
WKH�PHWKRGRORJ\� WR� EH� XVHG� IRU� WKH� FROOHFWLRQ� RI� GDWD
�3DKLá�� ������� %HVLGH�PRUH� WHFKQLFDO� JXLGHOLQHV�� 3DKLá
DOVR�SUHVHQWHG�WKH�WDVNV�RI�WKH�SURMHFW���WKH�ILUVW�RQH�ZDV
WR�����WDNH�FDUH�RI�WKH�DUFKLYHG�HYLGHQFH�RI�DUFKDHRORJL�
FDO�VLWHV�RQ�6ORYHQH�HWKQLF�WHUULWRU\��

$JDLQ� WKH�QRWLRQ�DSSHDUHG� WKDW� WKH� GXW\� RI� 6ORYHQH
$UFKDHRORJ\�ZDV�WR�FRQGXFW�UHVHDUFK�RQ�WKH�ZKROH�6OR�
YHQH�HWKQLF�WHUULWRU\���GHVSLWH�WKH�IDFW�WKDW�VRPH�SDUWV�RI
LW� ZHUH� ORFDWHG� LQ� QHLJKERXULQJ� VWDWHV�� $UFKDHRORJLVWV
GHDOLQJ� LQ� 3UHKLVWRU\� ZHUH� RULHQWHG� WRZDUGV� WKH� :HVW�
ZKLOH� DUFKDHRORJLVWV� DQG� KLVWRULDQV� GHDOLQJ� ZLWK� WKH
(DUO\� 0LGGOH� $JHV� IRFXVHG� WKHLU� DWWHQWLRQ� WRZDUGV� WKH
1RUWK��WR�WKH�DUHD�RI�WKH�ILUVW�6ODYLF�VWDWH�GXULQJ�WKH��WK
DQG� �WK� FHQWXU\�� 7KHVH�ZHUH� DFWXDOO\� WKH� WZR� GLIIHUHQW
FRQFHSWV� LQ� H[LVWHQFH�� LQ� ,WDO\� 6ORYHQH� VFLHQWLVWV� FRQ�
GXFWHG�UHVHDUFK�RQ�WKH�SDVW�RI�WKH�WHUULWRU\�ZKHUH�6ORYH�
QLDQV�OLYHG�DW�WKDW�PRPHQW�DQG�LQ�$XVWULD�6ORYHQH�VFLHQ�
WLVWV� FRQGXFWHG� UHVHDUFK� RQ� WKH� SDVW� RI� WKH� 6ORYHQLDQV
ZKLFK�OLYHG�WKHUH�LQ� WKH�SDVW�DQG�VWLOO� OLYHG� WKHUH�DW� WKH
WLPH�ZKHQ� UHVHDUFK�ZDV� EHLQJ� GRQH��:H�PLJKW� EH� DO�
ORZHG� WR� FDOO� WKH� ILUVW� RQH� D� �QDWLRQDO�� DUFKDHRORJ\�
VLQFH� LW� XQGHUWRRN� UHVHDUFK� RQ� WKH� SDVW� RI� WKH� WHUULWRU\
DQG�WKH�VHFRQG�RQH�D��QDWLRQDOLVWLF��DUFKDHRORJ\�VLQFH�LW
FRQGXFWHG�UHVHDUFK�LQWR�WKH�SDVW�RI�RXU�GLUHFW�DQFHVWRUV�
7KH� WZR� DUFKDHRORJLHV� KDG� VRPH� WKLQJV� LQ� FRPPRQ�
WKH\�ZHUH�ERWK�VWDWH�IXQGHG�DQG�6ORYHQH�DUFKDHRORJLVWV
QHZHU�GLG�DQ\�ILHOGZRUN�WKHUH��%XW�WKHUH�ZDV�DOVR�D�GLI�
IHUHQFH�EHWZHHQ�WKH�WZR��1DPHO\��WKDW�WKH�DUFKDHRORJL�
FDO� ILQGV� RI� WKH� HDUO\� 6ODYLF� VLWHV� LQ� $XVWULD� ZHUH� SXE�
OLVKHG� LQ�6ORYHQH� OLWHUDWXUH��ZKHUHDV�� LQ� WKH�FDVH�RI�SD�
ODHROLWKLF�UHVHDUFK�LQ�WKH�7ULHVWH�.DUVW��RQO\�WKH�KLVWRU\�RI
UHVHDUFK�ZDV�SXEOLVKHG��$OWKRXJK�DSSHDULQJ�6ORYHQH�DU�
FKDHRORJLFDO� OLWHUDWXUH�� WKH� VLWHV� DQG� ILQGV� IURP� ,WDOLDQ
DQG�$XVWULDQ�VLWHV�ZHUH�QRW�LQFOXGHG�LQ�WKH�SURMHFW�RI�WKH
DUFKDHRORJLFDO� WRSRJUDSK\� RI� 6ORYHQLD�� DW� OHDVW� QRW� LQ
WKH�LQLWLDO�SHULRG�

,W� WRRN� ILYH�\HDUV� IRU� WKH�SURMHFW� WR�FROOHFW� WKH� LQIRU�
PDWLRQ� DQG� LWV� HGLWLQJ� IRU� LQGLYLGXDO� VLWHV� WRRN� DQRWKHU
IRXU�\HDUV��2YHUYLHZV�IRU�SDUWLFXODU�SHULRGV�VWDUWHG�WR�EH
ZULWWHQ� LQ�������7KH�SXEOLFDWLRQ��KRZHYHU��GLG�QRW� DS�
SHDU� XQWLO� ������ ZKHQ� 0�� %URGDU� HQVXUHG� DGGLWLRQDO

IXQGV� IRU� WKH� SULQWLQJ�� 7KH� ERRN� $UKHRORÈND� QDMGLÈßD
6ORYHQLMH� �$16/�� ������ FDQ� EH� YLHZHG� DV� WKH� JUHDWHVW
DFKLHYHPHQW�RI�6ORYHQH�$UFKDHRORJ\�DQG�WKH�KLJK�SRLQW
RI� WKH� FRRSHUDWLRQ� RI� WKH� ILUVW� JHQHUDWLRQ� RI� IRUPDOO\
HGXFDWHG�6ORYHQH�DUFKDHRORJLVWV�

1RW� DOO� QDWLRQDO� DUFKDHRORJLFDO� SURMHFWV� ZHUH� VXF�
FHVVIXO�� $IWHU� WKH� ����� FRQIHUHQFH� RQ� SDODHROLWKLF� QR�
PHQFODWXUH� LQ�.{OQ��*HUPDQ\�� DOWKRXJK� WKH� ,QVWLWXWH� RI
6ORYHQLDQ� /DQJXDJH� DW� WKH� $FDGHP\� RI� 6FLHQFHV� DQG
$UWV� ZDV� DOUHDG\� SUHSDULQJ� WHUPLQRORJLFDO� GLFWLRQDULHV�
0��%URGDU�SURSRVHG�WKDW�HDFK�UHVHDUFK�ILHOG�VKRXOG�SUH�
SDUH� LWV�RZQ� WHUPLQRORJ\�� ,Q� DFFRUGDQFH�ZLWK� WKLV� SUR�
SRVDO�KH� WRRN�FKDUJH�RI� WKH�DUFKDHRORJLFDO� WHUPLQRORJ\
IRU� WKH� SDODHROLWKLF� SHULRG�� $IWHU� VRPH� LQLWLDO� HIIRUWV� E\
WKH� $UFKDHRORJLFDO� 6HFWLRQ� WKH� SURMHFW� FDPH� WR� D� KDOW
DQG� WKH�FROOHFWHG�PDWHULDO�ZDV� WXUQHG�RYHU� WR� WKH� ,QVWL�
WXWH�RI�6ORYHQLDQ�/DQJXDJH�

2ULHQWHG� HYHQ� PRUH� WR� WKH� JHRORJLFDO� ILHOG� RI� UH�
VHDUFK��)��2VROH�FR�DXWKRUHG�WKH�6ORYHQLDQ�FDUVRORJLFDO
WHUPLQRORJ\��SXEOLVKHG�LQ������DQG�FRQWULEXWHG� WR�VHY�
HUDO�OH[LFRJUDSKLFDO�SURMHFWV��'HVSLWH�VHYHUDO�DWWHPSWV�WR
UHYLYH� WKH� SURMHFW� RI� DUFKDHRORJLFDO� WHUPLQRORJ\�� RU� DW
OHDVW� SDUWLDOO\� UHYLYH� LW�� WKH� SURMHFW� ZDV� QHYHU� ILQLVKHG�
:KHQ� 9LGD� 3RKDU� �LQ� FRRSHUDWLRQ�ZLWK� )�� 2VROH�� SXE�
OLVKHG� KHU� 6ORYHQLDQ� WUDQVODWLRQV� RI� )UHQFK� W\SRORJLFDO
OLVWV�RI�VWRQH�WRROV�IRU�WKH�0LGGOH�DQG�WKH�8SSHU�3DODHR�
OLWKLF��3RKDU���������������KHU�WHUPLQRORJ\�ZDV�WR�D�GH�
JUHH� LJQRUHG� E\� WKH� FUHDWRU� RI� WKH� ILUVW� DWWHPSW� DW� WKH
WHUPLQRORJLFDO�GLFWLRQDULHV�

6<17+(6,6�2)�7+(�6(9(17,(6

,Q� �����PRVW� VFLHQWLVWV� RI� WKLV� ILUVW� JHQHUDWLRQ� IURP
WKH� 6HFWLRQ� IRU� $UFKDHRORJ\� UHWLUHG�� OHDYLQJ� URRP� IRU
QHZ�JHQHUDWLRQV�RI�DUFKDHRORJLVWV��6��%URGDU�UHWLUHG�DQG
LQ� WKH� IROORZLQJ� PRQWKV� WKH� 6HFWLRQ� PDQDJHG� WR� JDLQ
JUHDWHU� LQGHSHQGHQFH� �� RQ� ��WK� 1RYHPEHU� ����� WKH
6HFWLRQ�IRU�$UFKDHRORJ\�ZLWK�WKH�,QVWLWXWH�RI�+LVWUR\�ZDV
WUDQVIRUPHG�LQWR�WKH�,QVWLWXWH�RI�$UFKDHRORJ\�DW� WKH�6OR�
YHQH�$FDGHP\�RI�6FLHQFHV�DQG�$UWV��0��%URGDU�EHFDPH
WKH�ILUVW�GLUHFWRU�RI�WKH�,QVWLWXWH�DQG�ZKHQ�WKH�HGLWLQJ�RI
$UKHRORÈND�QDMGLÈßD�6ORYHQLMH�WXUQHG�WR�LWV�ILQDO�SKDVH�LQ
������ KH� FRQFOXGHG� LQ� KLV� UHVHDUFK� SURJUDP� WKDW� WKH
QHZO\�HVWDEOLVKHG� ,QVWLWXWH�VKRXOG�FRQWLQXH�ZLWK� WKH�DU�
FKDHRORJLFDO�WRSRJUDSK\�RI�6ORYHQLD�

,Q�WKH�EHJLQQLQJ�RI�WKH�����V�WKH�UHVXOWV�RI� WKH�FRQ�
FOXVLRQV�ZULWWHQ����\HDUV�HDUOLHU�LQ�1LÊND�%DQMD�EHJDQ�WR
VKRZ�UHVXOWV�DQG�WKH�TXDQWLW\�RI�DUFKDHRORJLFDO�PDWHULDO
LQFUHDVHG��$V� WKH�6ORYHQH�FR�RUGLQDWRU��0��%URGDU� WRRN
WKH� LQLWLDWLYH� DQG�ZDV� DEOH� WR� VHFXUH� D� FHUWDLQ� GLYLVLRQ
UDWH�RI�QDWLRQDO�IXQGV�LQWHQGHG�IRU�UHVHDUFK�������ZHUH
GHVLJQDWHG�IRU�WKH�UHVHDUFK�RI�WKH�3DODHROLWKLF�

7KH� SURMHFW� RI� WKH� QDWLRQDO� DUFKDHRORJLFDO� WRSRJUD�
SK\�RI�6ORYHQLD�ZDV�LQ�IXOO�VZLQJ��ZKHQ�LQ�������DW�WKH
FRQJUHVV� RI� WKH� 8,633�� D� VKRUW� SXEOLFDWLRQ� HQWLWOHG
eSRTXH�SUnKLVWRULTXH�HW�SURWRKLVWRULTXH�HQ�<RXJRVODYLH
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�1RYDN��������ZDV�SXEOLVKHG�� ,W�ZDV� LQWHQGHG� WR� VKRZ
WKH� DGYDQFHG� VWDWH� RI� <XJRVODY�$UFKDHRORJ\� WR� IRUHLJQ
SDUWLFLSDQWV�RI� WKH�FRQIHUHQFH��EXW�DV� LW�ZDV�EHLQJ�SUH�
SDUHG��VHYHUDO�FRQWULEXWRUV�H[SUHVVHG�WKH�ZLVK�WR�H[SDQG
WKH�ZRUN� LQWR� D�PRQXPHQWDO� V\QWKHVLV�� 7KH� ILQDO� GHFL�
VLRQ�RQ�WKH�FRQVWLWXWLRQ�RI�WKH�SURMHFW�ZDV�UHDFKHG�DW�WKH
&RQIHUHQFH�RI�3UHKLVWRULF�$UFKDHRORJLVWV�LQ������LQ�6OD�
YRQVNL�%URG��7KH� IRUP�DQG� WKH�HGLWRUV�RI� WKH� LQGLYLGXDO
YROXPHV�ZHUH� GHWHUPLQHG� DQG� WKH�PDLQ� SXEOLVKHU�ZDV
QDPHG�� ,W�ZDV� VXJJHVWHG� WKDW� IRU� WKH� HODERUDWLRQ� RI� WKH
YROXPHV��QR�QHZ�ILHOG�UHVHDUFK�QHHG�EH�XQGHUWDNHQ��EXW
WKDW�UHSRUWV�VKRXOG�LQFOXGH�SUHYLRXVO\�XQSXEOLVKHG�ILQGV�
7KH�&HQWUH�IRU�%DOFDQRORJLFDO�5HVHDUFK�RI�WKH�$FDGHP\
RI�6FLHQFHV�DQG�$UWV�RI�%RVQLD�DQG�+HUFHJRYLQD�HGLWHG
WKH� SURMHFW� DQG� ÎXUR� %DVOHU� ZDV� HOHFWHG� HGLWRU� RI� WKH
ILUVW� YROXPH�� FRYHULQJ� WKH� 3DODHROLWKLF� DQG� 0HVROLWKLF�
7KH�LQLWLDO�LGHD�ZDV�WR�SUHVHQW�WKH�SDODHROLWKLF�SHULRG�RQ
WKH�HQWLUH�WHUULWRU\�RI�<XJRVODYLD��EXW�WKH�IRUP�ZDV�ODWHU
DOWHUHG�GXH� WR�VRPH�HGLWRULDO�SUREOHPV�DQG� WKH�SHULRGV
ZHUH�ILQDOO\�SUHVHQWHG�IRU�HDFK�5HSXEOLF�VHSDUDWHO\�

7KH� ILUVW� YROXPH� RI� 3UDLVWRULMD� -XJRVODYHQVNLK
=HPDOMD�� 3DOHROLWVNR� L� PH]ROLWVNR� GRED� �7KH� 3UHKLVWRU\
RI� <XJRVODY� &RXQWULHV�� 3DOHROLWKLF� DQG�0HVROLWKLF�� ZDV
SXEOLVKHG�LQ�������%DVOHU��������DQG�LW�GLIIHUHG�IURP�DOO
VXEVHTXHQW�YROXPHV��VLQFH�ODWHU�YROXPHV�ZHUH�DUUDQJHG
E\� SHULRGV� �YROXPHV� IRU� WKH� 1HROLWKLF�� &RSSHU� $JH�
%URQ]H�$JH� DQG� ,URQ�$JH�� DQG� WKH�FRQWULEXWLRQV� LQ� WKH
YROXPHV� ZHUH� EDVHG� RQ� LQGLYLGXDO� FXOWXUHV� RU� FXOWXUDO
JURXSV�

7KLV�RULHQWDWLRQ�UHIOHFWV�WKH�DSSURDFK�WR�WKH�VWXG\�RI
3DODHROLWKLF�$UFKDHRORJ\�QRW�RQO\� LQ�6ORYHQLD��EXW�YHU\
OLNHO\� LQ�&URDWLD�DQG�%RVQLD� DQG�+HU]HJRYLQD�� DV�ZHOO�
)UDWHUQLVLQJ� ZLWK� QDWXUDO� VFLHQFHV� SURGXFHG� QRW� RQO\
VWURQJ� DWWDFKPHQWV� ZLWK� *HRORJ\� DQG� 3DODHRQWRORJ\�
ZKLFK�ZHUH�PHDQV�RI�FKURQRORJLFDO� GHWHUPLQDWLRQ�� EXW
DOVR�ZLWK�*HRJUDSK\��7KH�QRQ�KXPDQLVWLF��DUFKDHRORJL�
FDO��FRQFHSWLRQ�RI�VSDFH�ZDV�WKHUHIRUH�UHIOHFWHG�RQ�VHY�
HUDO� OHYHOV��� WKH�JHRJUDSKLFDO�DUHD�ZDV� OLPLWHG�E\� VWDWH
ERUGHUV� DQG� WKH� LQWHUQDO� GLYLVLRQ� RI� UHJLRQV� ZDV�PDGH
DFFRUGLQJ�WR�FRQWHPSRUDU\�VWDQGDUGV�

6ORYHQH�$UFKDHRORJ\�WUDGLWLRQDOO\�GLYLGHG�WKH�DUHD�RI
6ORYHQLD� LQ� VHYHUDO� UHJLRQV�� DFFRUGLQJ� WR� WKH� FXOWXUDO
GLIIHUHQFHV� RI� D� SDUWLFXODU� SHULRG�� ,Q� WKH� 1HROLWKLF�� IRU
H[DPSOH��WKH�HDVWHUQ�DQG�ZHVWHUQ�SDUWV�RI�6ORYHQLD�GLIIHU
YHU\�PXFK��FXOWXUDOO\��$�GLYLVLRQ�RI�6ORYHQLD�ZDV�PDGH
DOVR� IRU� WKH�3DODHROLWKLF�� DOWKRXJK� WKH� OHYHO� RI� UHVHDUFK
ZDV� GLIIHUHQW�� 3UHVHQWHG� FKURQRORJLFDO� OHYHOV� ZHUH� QR
PRUH�WKDQ�EURDGHQHG�WHFKQR�FRPSOH[HV�ZKLFK�FRYHUHG
WKH� HQWLUH� WHUULWRU\� RI� 6ORYHQLD� LQ� D� SDUWLFXODU� SHULRG� RI
WLPH�DQG�HYHQ�H[WHQGHG�IDU�EH\RQG�LW��1RWZLWKVWDQGLQJ�
WKH�WHUULWRU\�ZDV�GLYLGHG�LQWR�UHJLRQV�DQG�IRU�HDFK�UHJLRQ
WKH� NQRZQ� VLWHV� ZHUH� OLVWHG�� 7KH� DQDO\WLFDO� DUHD� ZDV
WKHUHE\� HTXDWHG� ZLWK� WKH� FXOWXUDO� RQH� DQG� VLQFH� WKH
DQDO\WLFDO� DUHD� ZDV� GHILQHG� E\� VWDWH� ERUGHUV� ZH� KDYH
VWURQJ� UHDVRQ� LQ� FDOOLQJ� WKH� 6ORYHQH� 3DODHROLWKLF� $U�
FKDHRORJ\� QDWLRQDOLVWLF�� %XW� ZDV� WKLV� �1DWLRQDOLVW�� $U�

FKDHRORJ\� DQ� RXWFRPH� RI� SROLWLFDO� GLFWDWH� RQ� $UFKDH�
RORJ\��RU�ZDV�LW�UDWKHU�WKH�UHVXOW�RI�VRPHWKLQJ�HOVH���WKH
JHQHUDO�VFHSWLFDO�RULHQWDWLRQ�RI�6ORYHQH�DUFKDHRORJLVWV�

3HUKDSV�LW�ORRNV�LPSRVVLEOH�WR�OLQN�JHRJUDSKLFDO�FRQ�
FHSWLRQV� RI� FXOWXUHV� DQG� FRQFHSWXDO� RULHQWDWLRQV� RI� $U�
FKDHRORJ\�� EXW� WKH\� GR� KDYH� VRPHWKLQJ� LQ� FRPPRQ� �
WKH\�DUH�ERWK� WKH� UHVXOW� RI� WKH� ODUJHVW�6ORYHQH�DUFKDHR�
ORJLFDO� SURMHFW� �� WKH� SXEOLFDWLRQ� $UKHRORÈND� QDMGLÈßD
6ORYHQLMH�� 7KH� SURMHFW� ZDV� WKH� ODUJHVW� DQG� WKH� ORQJHVW
HYHU� GRQH�DQG� LW� FRQWLQXHG� HYHQ� DIWHU� WKH� YROXPH� KDG
EHHQ�SXEOLVKHG�� VLQFH� LW� LQFOXGHG�DOO� WKH�DUFKDHRORJLVWV
DFWLYH� IURP� WKH� ����V� WR� WKH� ����V� DQG� VWURQJO\� LQIOX�
HQFHG� WKHLU�ZD\�RI� WKLQNLQJ�� LPSOHPHQWLQJ� DQG�ZULWLQJ
DERXW�$UFKDHRORJ\��7KH�PDLQ� WDVN�RI� WKHLU�ZRUN�ZDV� WR
ILQG� VLWHV� ZLWKLQ� WKH� ERUGHUV� RI� 6ORYHQLD�� )LQGLQJ� VLWHV
QHYHU�SRVHG�D�SUREOHP��ZULWLQJ� V\QWKHVHV�RQ� WKH�PDWH�
ULDO�GLVFRYHUHG��KRZHYHU��GLG�

$�YHU\�JRRG�H[DPSOH�RI�D�V\QWKHVLV�ZULWWHQ�ZLWK�D�ORW
RI�FRQWUDGLFWRU\�VWDWHPHQWV� LQ� WKH�ILUVW� ILYH�VHQWHQFHV�� LV
WKH�DUWLFOH��3DODHROLWKLF�DQG�0HVROLWKLF�UHJLRQV�DQG�FXO�
WXUHV�LQ�6ORYHQLD���0��%URGDU�DQG�)��2VROH�ZURWH�LQ�3UD�
LVWRULMD� -XJRVODYHQVNLK� =HPDOMD� �%URGDU�� 2VROH�� �����
������7KH�ILUVW�WZR�VHQWHQFHV�UHDG���7KH�VWDWH�RI�UHVHDUFK
LQWR�SDODHROLWKLF�FXOWXUHV� LQ�6ORYHQH� WHUULWRU\�FDQQRW��DV
\HW�� RIIHU� VXEVWDQWLDO� HYLGHQFH� DERXW� WKLV� ROGHVW� DQG
ORQJHVW� SUHKLVWRULF� SHULRG� WR� DQ� H[WHQW��ZLWKLQ�ZKLFK� LW
ZRXOG�EH�SRVVLEOH�WR�GHWHUPLQH�SDUWLFXODU�UHJLRQV��]RQHV
RU�WKH�OLNH��$Q\�VXFK�GLYLVLRQ�ZRXOG�EH�DW�WKLV�WLPH�UDVK�
DUELWUDU\�DQG�ZLWKRXW�D�ILUP�EDVH��

%XW� LQ� WKH� IRXUWK�DQG� WKH� ILIWK� VHQWHQFH� LW� LV�ZULWWHQ�
�7KHUHIRUH� WKH�SDODHROLWKLF�FXOWXUDO� UHPDLQV� LQ� 6ORYHQLD
FDQ� RQO\� EH� SUHVHQWHG� DV� D� ZKROH�� RUJDQLVHG� FKURQR�
ORJLFDOO\�� IURP� WKH� ROGHVW� SHULRGV� RQ�� DFFRUGLQJ� WR� FXO�
WXUDO� VWDJHV��7KDW� LV�ZK\� WKH� WHUULWRU\�RI�6ORYHQLD� LV�� IRU
SUDFWLFDO�DQG�GLGDFWLFDO�UHDVRQV��GLYLGHG�LQWR�WKUHH�JHR�
JUDSKLFDO� UHJLRQV�� ZKLFK�� IURP� D� FXOWXUDOO\�KLVWRULFDO
SHUVSHFWLYH��IRU�QRZ�GR�QRW�VKRZ�DQ\�FKDUDFWHULVWLFV��

7KH�VFHSWLFDO�RULHQWDWLRQ�LV�UHIOHFWHG�LQ�WKH�FRQVWDQWO\
UHSHDWHG� SKUDVH� �QRW� \HW��� (YHU\� V\QWKHVLV� LQ� SXEOLVKHG
DUWLFOHV�LV�GHVFULEHG�DV�D�SUHOLPLQDU\�OLVWLQJ�RI�QHZ�ILQGV�
ZKLFK� ZLOO� SURGXFH� QHZ� IDFWV�� $FFRUGLQJ� WR� WKLV� FRQ�
FHSWXDO�SRVLWLRQ�WKH�WLPH�IRU�D�SURSHU�V\QWKHVLV� LV�VHW� LQ
WKH�IDU�IXWXUH��ZKHQ�PRUH�IDFWV�ZLOO�EH�NQRZQ��7KLV�SR�
VLWLRQ� LV�FOHDUO\�D�FRQVHTXHQFH�RI� WKH�RQJRLQJ� WRSRJUD�
SK\�RI� 6ORYHQLD��7KH�JUHDWHVW� LURQ\� LV� WKDW� WKH� ILUVW� VHQ�
WHQFH�RI�WKH�V\QWKHVLV�WHOOV�XV�WKDW�WKH�WLPH�WR�SURGXFH�D
V\QWKHVLV�KDV� QRW� \HW� FRPH� DQG�� DV� D� UHVXOW� RI� WKLV�� WKH
VSDWLDO�GLYLVLRQ�LV�QRW�SRVVLEOH�HLWKHU��EXW� LW� LV�GRQH�GXH
WR� �SUDFWLFDO� DQG� GLGDFWLFDO� UHDVRQV�� �� UHDVRQV� GHULYHG
IURP� RXWVLGH� RI� DUFKDHRORJ\� DQG� VLJQLILFDQWO\� LQIOXHQF�
LQJ�LW�

7KH� HYHU� RQJRLQJ� WRSRJUDSK\� LV� EHFRPLQJ� OLNH� WKH
TXHVW� IRU� WKH�+ROO\�*UDLO��$UFKDHRORJLVWV� DUH� FRQVWDQWO\
ORRNLQJ� IRU� LW� DQG� ZKHQ� WKH\� ILQG� VRPHWKLQJ� WKH\� DUH
RQO\�VXUH�WKDW�WKDW�LV�QRW�LW��3RSSHULDQ�SKLORVRSK\�RI�VFL�
HQFH�QHYHU�SHQHWUDWHG�LQWR�6ORYHQH�3DODHROLWKLF�$UFKDH�
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RORJ\�DQG�GHVSLWH� WKH� IDFW� WKDW� WKH� VHDUFK� IRU�QHZ� VLWHV
ZDV�RQO\�SDUWO\�V\VWHPDWLF��LW�LQFOXGHG�RQO\�WHVW�H[FDYD�
WLRQV�LQ�FDYHV�DQG�QR�RSHQ�DLU�VXUYH\V���QR�H[WHQVLYH�UH�
VHDUFK� V\VWHP�ZDV� LQWURGXFHG�� 6LWHV� ZHUH� VLPSO\� IXQF�
WLRQLQJ�DV�QRWKLQJ�PRUH�WKDQ�GRWV�RQ�WZR�OHYHOV��2Q�WKH
FKURQRORJLFDO� OHYHO� WKH\�FRQILUPHG� WKH�SUHVHQFH�RI�KX�
PDQV�LQ�D�FHUWDLQ�SRLQW� LQ�WLPH�DQG�RQ� WKH�VSDWLDO� OHYHO
WKH\� FRQILUPHG� WKH� SUHVHQFH� RI� KXPDQV� LQ� D� FHUWDLQ
SRLQW�LQ�VSDFH��7KH�DUFKDHRORJLFDO�ILQGV�ZHUH�WKRXJKW�RI
DV�� VLPSO\�� QR�PRUH� WKDQ� WRROV� IRU� WKH� FRQILUPDWLRQ� RI
WKH�DFFXUDF\�RI�WKH�WZR�SRLQWV�

&2//(&7,1*�,1)250$7,21�$*$,1

$QRWKHU� LQGLFDWLRQ�RI� WKH�TXHVW� IRU�QHZ�SDODHROLWKLF
VLWHV� LQ� OLJKW�RI� LQFHVVDQW� WRSRJUDSKLFDO� UHVHDUFK��ZDV�D
VHULHV� RI� DUWLFOHV� E\� 0�� %URGDU� LQ� $UKHRORÈNL� YHVWQLN�
ZKHUH� KH� GHVFULEHV� WHVW� H[FDYDWLRQV� KH� XQGHUWRRN� LQ
FDYHV� DFURVV� 6ORYHQLD� �%URGDU�� ������� $OWKRXJK� LW� ZDV
FXVWRPDU\� WR� SXEOLVK� SUHOLPLQDU\� UHVXOWV� IURP� H[FDYD�
WLRQV� LQ� MRXUQDOV�� VXFK� DV�9DUVWYR� VSRPHQLNRY� DQG�$U�
KHRORÈNL�SUHJOHG��KH��IRU�WKH�YHU\�ILUVW�WLPH��SUHVHQWHG�UH�
VXOWV� IURP� H[FDYDWLRQV�� ZKLFK� GLG� QRW� \LHOG� DQ\
DUFKDHRORJLFDOO\� SRVLWLYH� UHVXOWV� DW� DOO�� LQ� WKH� PDLQ� DU�
FKDHRORJLFDO�SXEOLFDWLRQ�LQ�6ORYHQLD�

$QRWKHU� FRQFHSWXDO� FKDQJH� RFFXUUHG� DW� WKH� VDPH
WLPH�� ,Q� �����0�� %URGDU� SXEOLVKHG� WKH� DUWLFOH� HQWLWOHG
����\HDUV�RI�3DODHROLWKLF�5HVHDUFK�LQ�6ORYHQLD���7KH�DUWL�
FOH�LV�VSHFLDO��LQ�WKDW�LW�PDUNV�WKH�VKLIW�IURP�WKH�ORQJ��WR�
ZDUGV� WKH� VKRUW� FKURQRORJ\� RI� UHVHDUFK�� ,Q� 3UDLVWRULMD
-XJRVODYHQVNLK�=HPDOMD�)��2VROH�LQFOXGHG�UHVHDUFK�SULRU
WR�:RUOG�:DU�,��2VROH���������ZKLOH�LQ�WKH�VDPH�\HDU�0�
%URGDU� UHMHFWHG� WKLV� UHVHDUFK� DQG� DVVHUWHG� KLV� IDWKHU¤V
GLVFRYHU\�RI�3RWRáND�]LMDOND�WR�EH�WKH�WUXH�EHJLQQLQJ�RI
SDODHROLWKLF� UHVHDUFK� LQ� 6ORYHQLD� �%URGDU�� ����D�� ����
7KLV� RSLQLRQ� KDG� SUHYLRXVO\� DOVR� EHHQ� VKDUHG� E\� )�
2VROH��2VROH���������EXW�LQ�WKLV�SXEOLFDWLRQ�KH��FRQWUDU\
WR� KLV� SUHYLRXV� RSLQLRQV�� GHFLGHG� WR� SUHVHQW� WKH� ORQJ
FKURQRORJ\�RI�UHVHDUFK�

,W� VHHPV� WKDW� WKH� ODVW� \HDUV� RI� WKH� ����V� ZHUH� WKH
WXUQLQJ� SRLQW� LQ� 6ORYHQH� 3DODHROLWKLF�$UFKDHRORJ\�� 7KH
W\SRORJLFDO� OLVWV�XVHG�DV�DQDO\WLFDO� WRROV� IRU� WKH�GHVFULS�
WLRQ� RI� WKH� VWRQH� DUWHIDFWV� �3RKDU�� ������ ����D�� ZHUH
SXEOLVKHG�DW�WKH�VDPH�WLPH�DV�WKH�JUHDW�V\QWKHVHV�RI�UH�
VHDUFK� DQG� FXOWXUDO� VHTXHQFHV� �%URGDU�� ������ %URGDU�
2VROH�� ������ 2VROH�� ������� $PRQJ� WKH� JUHDW� GHFODUD�
WLRQV� RI� SULGH�� KRZHYHU�� VRPH� PLQRU� UHJUHWV� EHJDQ� WR
VKRZ��0��%URGDU�ZURWH�DQ�DUWLFOH�RQ����VXFFHVVIXO�\HDUV
RI�UHVHDUFK�LQWR�WKH�3DODHROLWKLF�DQG�FRQFOXGHG�LW�ZLWK�D
FRPSODLQW� WKDW� WKH� VLWXDWLRQ� ZDV� GHWHULRUDWLQJ� �%URGDU�
����D�� ����� +H� DGPLWWHG� WKDW� H[FDYDWLRQV� LPPHGLDWHO\
DIWHU������ZHUH�PRVW�ULIH��ZLWK�SDO\QRORJLVWV�DQG�SDODH�
RQWRORJLVW� FRRSHUDWLQJ� RQ� SURMHFWV�� EXW� WKDW� VLQFH� WKHQ
WKH� VLWXDWLRQ� GLG� QRW� LPSURYH�� UDWKHU�� LW� HYHQ� GHWHULR�
UDWHG��$GPLWWLQJ�WKDW�DW�WKDW�WLPH�QR�V\VWHPDWLF�UHVHDUFK
H[LVWHG�DQG�QR�RQH�ZKR�FRXOG�FRQWLQXH�KLV�ZRUN�PXVW

KDYH�EHHQ�YHU\�SDLQIXO�IRU�D�SHUVRQ�ZKR�FR�FUHDWHG�WKH
VWUXFWXUH�RI�WKH�HQWLUH�6ORYHQLDQ�DUFKDHRORJ\�

7R�VXPPDULVH�WKH�DFWLYLWLHV�RI�WKUHH�GHFDGHV�RI�ZRUN
DIWHU�������ZH�FDQ�REVHUYH��DPRQJ�RWKHU�WKLQJV��D�UHDO�
LW\��ZKLFK�PRVW�SUREDEO\�RULJLQDWLQJ�IURP�RUJDQLVDWLRQDO
DQG�ILQDQFLDO�GLYLVLRQV�LQ�6ORYHQH�$UFKDHRORJ\�� ,Q� WKHLU
DWWHPSWV� WR� GLVFRYHU� QHZ� SDODHROLWKLF� VLWHV�� UHVHDUFKHV
H[FDYDWHG�WHVW�WUHQFKHV�LQ�PDQ\�FDYHV�DQG�URFN�VKHOWHUV
DQG� LQ� PDQ\� RI� WKHP� FDPH� DFURVV� ILQGV� IURP� ODWHU� DU�
FKDHRORJLFDO�SHULRGV��7KH�UHSRUWV�IURP�WKHVH�H[FDYDWLRQV
RQO\�FRQVLGHU�SDODHROLWKLF�ILQGV��ZKLOH�DOO�WKH�RWKHU�ILQGV
ZHUH� KDQGHG� RYHU� WR� VSHFLDOLVWV� IRU� SDUWLFXODU� SHULRGV
DQG�� XQIRUWXQDWHO\�� UHPDLQHG� XQSXEOLVKHG�� :H� VKRXOG
QRW� ORRN� IRU� WKH� FDXVH� LQ� WKHVH� GLIIHUHQFHV� DPRQJ� UH�
VHDUFK� PHWKRGRORJLHV� RU� H[FDYDWLQJ� WHFKQLTXHV�� EXW
UDWKHU�LQ�WKH�SDUDPRXQW�QHHG�WR�GLVFRYHU�QHZ�DUFKDHR�
ORJLFDO�VLWHV��D�GLUHFW�FRQVHTXHQFH�RI� WRSRJUDSK\��(YHU\
VSHFLDOLVW�ZDV�VHDUFKLQJ�IRU�VLWHV�IURP�KLV�SDUWLFXODU�ILHOG
RI� LQWHUHVW�� 7KH� WUDGLWLRQDO� SRVLWLRQ� RI� 3DODHROLWKLF� $U�
FKDHRORJ\� LQ� 6ORYHQLD� SURYHG� WR� EH� IDWDO� IRU� QRQ�
SDODHROLWKLF�ILQGV��GLVFRYHUHG�DW�WKH�LQLWLDO�SKDVHV�RI�SD�
ODHROLWKLF�H[FDYDWLRQV��,WV�DWWDFKPHQW�WR�QDWXUDO�VFLHQFHV
GLVWDQFHG�LW�IURP�WKH�UHVW�RI�$UFKDHRORJ\��HYHQ�DW�WKH�,Q�
VWLWXWH�RI�$UFKDHRORJ\��0��%URGDU��DQG�QHHGOHV�WR�VD\�DW
WKH�'HSDUWPHQW� RI� *HRORJ\� �)��2VROH� DQG� ODWHU� 9�� 3R�
KDU��

'(&216758&7,21�:,7+�(/(0(176�2)�7+(��1(:
$5&+$(2/2*<�

6ORYHQH� 3DODHROLWKLF� $UFKDHRORJ\� ZLWQHVVHG� RQO\
RQH� PDMRU� FRQFHSWXDO� FKDQJH� LQ� LWV� GHYHORSPHQW� DQG
WKDW�RQH�FDPH�VRPHZKDW�ODWH��7KH�FKDQJH�ZDV�EURXJKW
DERXW� E\� D� QHZ� JHQHUDWLRQ� RI� VFLHQWLVWV�� ,Q� PRVW� RWKHU
PDMRU� ILHOGV� RI� $UFKDHRORJ\� LW� KDSSHQHG� D� IHZ� \HDUV
HDUOLHU�� EXW� LQ� SDODHROLWKLF� UHVHDUFK� LW� ZDV� FRQQHFWHG
ZLWK� WKH� HPSOR\PHQW� DQG� ODWHU� DOVR� UHVHDUFK� RI� ,YDQ
7XUN� DW� WKH� ,QVWLWXWH� RI� $UFKDHRORJ\� DW� WKH� 5HVHDUFK
&HQWUH�RI�WKH�6ORYHQH�$FDGHP\�RI�6FLHQFHV�DQG�$UWV��)RU
VHYHUDO�\HDUV�,YDQ�7XUN�H[FDYDWHG�IRU�WKH�IRUPHU�GLUHFWRU
RI�WKH�,QVWLWXWH��0��%URGDU��DW�WKH�VLWH�RI�'LYMH�EDEH�,�DQG
IRFXVHG�RQ�QHZ�PHWKRGV�IRU�WKH�VFLHQWLILF�SURFHVVLQJ�RI
JHRORJLFDO� DQG� SDODHRQWRORJLFDO� GDWD�� 7KLV� GHFLVLRQ� WR
XVH� QHZ� PHWKRGV� SURYHG� WR� EH� FUXFLDO� IRU� IXWXUH� UH�
VHDUFK��VLQFH� LW�HQDEOHG�KLP�WR�GHDO�ZLWK� ODUJH�VDPSOHV
RI�ILQGV��+H�EDVHG�KLV�PHWKRGRORJ\�RQ�VWDWLVWLFDO�DQDO\�
VLV��ZKHUHE\�KLV� UHVHDUFK�EHFDPH� WKHRUHWLFDOO\�RULHQWHG
WRZDUGV� �QHZ�DUFKDHRORJ\��DQG�DOO� WKLV�GHVSLWH� WKH� IDFW
WKDW� KH� QHYHU� IXOO\� HPEUDFHG� WKH� QRPRWKHWLF� SUHPLVHV
DQG� UHPDLQHG� VRPHZKDW� VFHSWLF� WRZDUGV� D� KLJKHU� GH�
JUHH�RI�LQFOXVLRQ�RI�WKHRU\�LQWR�$UFKDHRORJ\�

,��7XUN�DOVR�FRQGXFWHG�KLV�RZQ�H[FDYDWLRQV�RQ� VHY�
HUDO�VLWHV��+H�SXUSRVHO\�LQFOXGHG�D�ODUJH�JURXS�RI�VFLHQ�
WLVWV�ZRUNLQJ�WRJHWKHU�DQG�SXEOLVKLQJ�WKHLU�UHVXOWV�RQ�WKH
RUJDQLVDWLRQDO�OHYHO��IRU�WKH�YHU\�ILUVW� WLPH�LQ�WKH�KLVWRU\
RI� SDODHROLWKLF� UHVHDUFK�� %HVLGH� WKH� XVXDO� FRQWULEXWRUV�
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WKHUH�ZHUH�DOVR�DUFKDHRORJLVWV�VSHFLDOLVHG�LQ�RWKHU�ILHOGV
DQG�SHULRGV��+H�FRQWLQXHG�ZLWK�WKH�V\VWHPDWLF�VRXQGLQJ
RI� FDYHV� DQG� FRQGXFWHG� VHYHUDO� H[FDYDWLRQV� LQ� ZKLFK
KH�� IRU� WKH� YHU\� ILUVW� WLPH�� RUJDQLVHG� D� JURXS� RI� FR�
ZRUNHUV� ZKR� SXEOLVKHG� WKH� ILQGV� IURP� WKH� ODWHU� DU�
FKDHRORJLFDO�SHULRGV�DV�ZHOO�

'HDOLQJ� ZLWK� ODUJH� QXPEHUV� RI� JHRORJLFDO� VDPSOHV
WDNHQ�RQ�D�OLPLWHG�DUHD�DQG�WKH�UHVXOWV�RI� WKHVH�H[FDYD�
WLRQV� SRLQWHG� RXW� WKH� LQDSSURSULDWHQHVV� RI� ROG� FKURQR�
ORJLFDO� VFKHPHV�� ZKLFK� ZHUH� EDVHG� RQ� D� K\SRWKHWLFDO
FRXUVH�RI�$OSLQH�JODFLDWLRQV��$�QHZ�DQG�PRUH�DSSURSUL�
DWH�GLYLVLRQ�RI�WKH�3OHLVWRFHQH�RQ�WKH�6ORYHQLDQ�WHUULWRU\
ZDV�LQWURGXFHG��7XUN��9HUELá���������+H�DOVR�GUHZ�XS�D
V\VWHPDWLF�SURMHFW�RI�GDWLQJ� DW� WKH� VLWH� RI�'LYMH� EDEH� ,�
XVLQJ�VHYHUDO�GLIIHUHQW�WHFKQLTXHV��ZKLFK��FRQVHTXHQWO\�
EHFDPH�RQH�RI�WKH�EHVW�GDWHG�VLWHV�LQ�(XURSH��+LV�LQQR�
YDWLYH�DSSURDFKHV�DOVR�OHG�WR�WKH�GLVFRYHU\�RI� IRVVLOLVHG
UHPDLQV�RI�FDYH�EHDU�KDLU� LQ� WKH� VHGLPHQWV� �7XUN�HW�DO��
�������,Q�WKH�ODVW����\HDUV�KLV�ZRUN�SURYHG�WR�EH�KLJKO\
LQQRYDWLYH��QRW�RQO\�RQ�6ORYHQH��EXW�DOVR�RQ�DQ�LQWHUQD�
WLRQDO� OHYHO�� ZKHUH� LW� WULJJHUHG� RQH� RI� WKH� ELJJHVW� DQG
PRVW�DUGHQW�GHEDWHV� LQ�3DODHROLWKLF�$UFKDHRORJ\�RI� WKLV
FHQWXU\��8QIRUWXQDWHO\��KRZHYHU��WKH�JHQHUDO�FRQFHSWLRQ
RI�3DODHROLWKLF�$UFKDHRORJ\�DPRQJ�RWKHU�DUFKDHRORJLVWV
VWLOO�UHPDLQV�DV�LW�ZDV�

7+(�/$67�'(&$'(�2)�7+(���7+�&(1785<

7KH� VLWXDWLRQ� LQ� 6ORYHQH� 3DODHROLWKLF� $UFKDHRORJ\
VHHPV�UDWKHU�VWUDQJH�DW�SUHVHQW��L��H��LQ�WKH�ODVW����\HDUV�
,Q� WKLV� SHULRG� WKH� RQO\� WZR� PDMRU� V\VWHPDWLF�� SUREOHP
RULHQWHG� UHVHDUFK� SURMHFWV�� UXQQLQJ� LQ� 6ORYHQLD� LQ� WKH
ODVW����\HDUV��FDPH�WR�DQ�HQG��H[FDYDWLRQV�ERWK�LQ�'LYMH
EDEH�,�DQG�LQ�3RWRáND�]LMDOND�ZHUH�FRQFOXGHG��7KHVH�DUH
DOVR�WKH�RQO\�WZR�VLWHV�WR�EH�SXEOLVKHG�LQ�D�PRQRJUDSKLF
IRUP�

7KH�RQO\�ILQG��RU�EHWWHU�\HW��SUREOHP�WR�DWWUDFW�ZLGHU
DWWHQWLRQ�ZDV�D�SHUIRUDWHG�ERQH��GLVFRYHUHG�LQ�WKH�FDYH
'LYMH�%DEH�,�DQG�LQWHUSUHWHG�DV�D�IOXWH��7XUN��'LUMHF��.D�
YXU��������7XUN��������� ,W�PLJKW�KDYH�SDVVHG�XQQRWLFHG
LI�LW�KDG�QRW�EHHQ�SUHVHQWHG�RQ�D�EURDGHU�OHYHO�DQG�DV�D
FHQWUDO�SRLQW�RI�PXOWLGLVFLSOLQDU\�UHVHDUFK��2Q�DQ� LQWHU�
QDWLRQDO� OHYHO� LW� DWWUDFWHG� DWWHQWLRQ� EHFDXVH� RI� LWV� DJH
DQG� LWV� TXHVWLRQDELOLW\�� ,Q� 6ORYHQLD�� KRZHYHU�� LW� H[�
FHHGHG�WKH��QRUPDO��IUDPHZRUN�RI�SDODHROLWKLF�UHVHDUFK�
7KH�OHDGHU�RI�WKH�SURMHFW��,��7XUN��LQFOXGHG��QRW�RQO\�WKH
ZRUN� RI� DUFKDHRORJLVWV�� EXW� DOVR� WKDW� RI� HWKQRJUDSKHUV
DQG�PXVLFRORJLVWV�WKDW�KH�KDG�FRRSHUDWHG�ZLWK��LQ�WKH�IL�
QDO� SXEOLFDWLRQ�� 6HHQ� IURP� D� WUDGLWLRQDOO\� 6ORYHQH� SHU�
VSHFWLYH�� RUJDQL]LQJ� DQ� LQWHUQDWLRQDO� VFLHQWLILF� GLVFXV�
VLRQ��ZKHUH�RSSRQHQWV� DQG� DGYRFDWHV� RI� WKH� �IOXWH� WKH�
RU\��ZHUH�WR�EH�SUHVHQW��ZDV�XQXVXDO��7KHUHE\��7XUN�GLG
QRW� RQO\� RYHUVWHS� WKH� WUDGLWLRQDO� IUDPHZRUN� RI� SDODHR�
OLWKLF� SXEOLFDWLRQV�� EXW� DOVR� ZLGHQHG� WKH� GHEDWH� RQ� D
VSHFLILF� VXEMHFW� WR� D� SRLQW� QHYHU� H[SHULHQFHG�EHIRUH� LQ
6ORYHQLD�

6RPHWKLQJ�HOVH�KDSSHQHG�LQ�6ORYHQH�$UFKDHRORJ\�DW
WKH�VDPH�WLPH��'XULQJ�WKH�ODUJH�VFDOH�UHVFXH�H[FDYDWLRQV
RQ� KLJKZD\� URXWHV�� WKUHH� SDODHROLWKLF� VLWHV� �3RGJRULFD�
=HPRQR�,,�DQG�.DPQD�*RULFD��DQG�VHYHUDO�LVRODWHG�ILQGV
RI� VWRQH� DUWHIDFWV� �3RG� .RWRP� �� VHYHU�� àDWHÌ� �� 6UHGQR
SROMH�� &RO�� 'UDJRPHOM�� WKDW� PRVW� SUREDEO\� GDWH� WR� WKH
3DODHROLWKLF�� ZHUH� GLVFRYHUHG�� %XW� WKHVH� ZHUH� QRW� WKH
RQO\� ILQGV� GLVFRYHUHG� UHFHQWO\� �� DW� OHDVW� RQH� QHZ� VLWH
ZDV�GLVFRYHUHG�E\�ORFDO�DUFKDHRORJLVWV� �&HUNQLÊNR�MH]H�
UR��

7KLV�GHYHORSPHQW�LQWURGXFHG�VHYHUDO�QHZ�SUREOHPV�
,Q�WKH�SDVW�3DODHROLWKLF�$UFKDHRORJ\�ZDV�FRQGXFWHG�H[�
FOXVLYHO\� E\� VSHFLDOLVWV� DQG�ZDV�PRVWO\� LJQRUHG� E\� WKH
UHVW�RI�WKH�DUFKDHRORJLFDO�FRPPXQLW\��$V�D�FRQVHTXHQFH
RI� WKLV� GHYHORSPHQW� WKH� JHQHUDO� NQRZOHGJH� DERXW� WKLV
SHULRG�� WKH�PHWKRGRORJ\� RI� 6WRQH�$JH� VLWH� H[FDYDWLRQV
DQG�DUWHIDFW�UHVHDUFK�DPRQJ�PRVW�RWKHU�DUFKDHRORJLVWV�LV
UDWKHU� DODUPLQJ� DQG� WKH� SURVSHFW� RI� VHHLQJ� WKH� ILQGV
SURSHUO\�SXEOLVKHG�LV�UDWKHU�ZHDN�

+DYLQJ� VDLG�DOO�RI� WKH�DERYH��ZH�FDQ�FRQFOXGH� WKDW
WKH�DUFKDHRORJLVWV�ZLWK�D�SRRU�NQRZOHGJH�RI�WKH�3DODHR�
OLWKLF�DUH�DFWXDOO\�YLFWLPV�RI� WKH�V\VWHP�DQG�WKH�UHVSRQ�
VLELOLW\� LV� WR� EH� SODFHG� RQ� LQVWLWXWLRQV� DQG� LQGLYLGXDOV
GHDOLQJ� LQ� 3DODHROLWKLF� $UFKDHRORJ\�� UHVHDUFKHUV� DW� WKH
,QVWLWXWH�RI�$UFKDHRORJ\�DQG�DW�WKH�'HSDUWPHQW�RI�*HRO�
RJ\��7KH\�KDYH�EHHQ�OHVV�VXFFHVVIXO�RQ�WZR�OHYHOV���RQ
WKH�RQH�KDQG�WKH\�KDYH�SDUWO\�IDLOHG�WR�IROORZ�WKH�UHFHQW
FKDQJHV�DQG�WUHQGV�LQ�WKH�GHYHORSPHQW�RI�(XURSHDQ�3D�
ODHROLWKLF� $UFKDHRORJ\� DQG� RQ� WKH� RWKHU�� WKH\� KDYH
IDLOHG� WR� LQIRUP� DQG� HGXFDWH� RWKHU� 6ORYHQH� DUFKDHROR�
JLVWV�LQ�ZKDW�WKH\�ZHUH�GRLQJ�

:KHQ�REVHUYLQJ�WKH�KLVWRU\�RI�HPSOR\PHQW�SROLF\�LQ
$UFKDHRORJ\� DQG� DUFKDHRORJLFDO� UHVHDUFK� LQ� 6ORYHQLD�
ZH�FDQ�XQGHUVWDQG�ZK\� LW�ZDV� VR�GLIILFXOW� WR� LQWURGXFH
SHRSOH�ZLWK� IUHVK� LGHDV� LQWR� GLIIHUHQW� LQVWLWXWLRQV�� 6WULFW
GLYLVLRQ�RI� UHVHDUFK�DUHDV�DQG�D�SDUWLDO� VKLIW�DZD\� IURP
DUFKDHRORJ\�� ZKLFK� ZDV� H[SODLQHG� DV� EHLQJ� EDVHG� RQ
WKH� JHRORJLFDO� DQG� SDODHRQWRORJLFDO� RULJLQV� RI� 3DODHR�
OLWKLF� $UFKDHRORJ\�� DQG� WKH� VSHFLILF� PHWKRGV� RI� ILHOG
ZRUN�� DOO� FUHDWHG� DQ� LVRODWHG� VXEV\VWHP� LQ� 6ORYHQH� DU�
FKDHRORJ\��7KH�LVRODWLRQ�ZDV�PDLQWDLQHG�E\�D�YHU\�VPDOO
QXPEHUV� RI� SHRSOH� DFWLYH� LQ� WKH� ILHOG�� 7KH� QXPEHU� RI
SHRSOH�HPSOR\HG�WR�FRQGXFW�IRUPDO�UHVHDUFK�RQ�WKH�3D�
ODHROLWKLF� SHULRG� ZDV� FRQVWDQWO\� WKH� VDPH�� IURP� WKH
IRXQGLQJ� RI� WKH� LQVWLWXWLRQV� LQ� WKH� HDUO\� ����V� XQWLO� WR�
GD\��$QG�WKH�WUHQG�LV�QRZDGD\V�QHJDWLYH��/RRNLQJ�EDFN
ZH� FDQ� FRQFOXGH� WKDW� WKH� 3DODHROLWKLF� LV� WKH� PRVW� VHOI
LVRODWHG� DQG� FRQVHUYDWLYH�� EXW� DOVR� LQQRYDWLYH� UHVHDUFK
ILHOG�RI�6ORYHQH�$UFKDHRORJ\�

7KH�RULHQWDWLRQ�DQG�SRVLWLRQ�RI�3DODHROLWKLF�$UFKDH�
RORJ\� ZDV�� LQ� VSLWH� FRRSHUDWLRQ� ZLWK� RWKHU� UHVHDUFK
ILHOGV�� PRVWO\� LJQRUHG� E\� WKH� UHVW� RI� WKH� 6ORYHQH� DU�
FKDHRORJLFDO�FRPPXQLW\���DQG�LW�LQ�WXUQ�LJQRUHG�WKH�UHVW
RI� 6ORYHQH� $UFKDHRORJ\�� 7KH� FRQVHTXHQFH� RI� WKLV� PX�
WXDO� ODFN� RI� LQWHUHVW�ZDV� D� ODWH� EHJLQQLQJ� WR� VWRQH� WRRO
VWXGLHV�LQ�\RXQJHU�DUFKDHRORJLFDO�SHULRGV��DQG��DOWKRXJK
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D� OLWWOH� HDUOLHU�� DQ� LPSOHPHQWDWLRQ� RI� PRGHUQ� UHVHDUFK
WUHQGV� DQG� FRRSHUDWLRQ�ZLWK� VSHFLDOLVWV� IRU� \RXQJHU� DU�
FKDHRORJLFDO� SHULRGV� LQ� 3DODHROLWKLF� $UFKDHRORJ\�� ,Q
RWKHU� ZRUGV�� 3DODHROLWKLF� $UFKDHRORJ\� LQ� 6ORYHQLD� GLG
QRW�XQGHUJR�DQ\�IRUPDO�FKDQJHV� LQ� LWV����\HDUV�RI�H[LV�
WHQFH��7KH�VWUXFWXUH�UHPDLQHG�WKH�VDPH���LW�ZDV�DQG�LW�LV
VWLOO�LPSOHPHQWHG�E\�WZR�SHRSOH��ZRUNLQJ�LQ�WZR�LQVWLWX�
WLRQV� �� LW� QHYHU� EHFDPH� D� UHVHDUFK� ILHOG� RI� PRUH� WKDQ
WKUHH� SHRSOH� DQG� PRUH� WKDQ� WZR� LGHDV�� 7KH� 1DWLRQDO
0XVHXP�� KRXVLQJ� WKH� EXON� RI� SDODHROLWKLF� ILQGV� LQ� 6OR�
YHQLD� DQG� ZLWK� DSSURSULDWH� VSHFLDOLVWV� FRYHULQJ� DOO� DU�
FKDHRORJLFDO�SHULRGV�� LV� WR� WKLV�GD\�ZLWKRXW� D� VSHFLDOLVW
IRU�WKH�3DODHROLWKLF�

2QH� FDQQRW� DYRLG� DQ� LPSUHVVLRQ� WKDW� WKH� HPSOR\�
PHQW� SROLF\� ZDV� QHYHU� DLPHG� DW� H[SDQGLQJ� DFWLYLWLHV�
EXW� PHUHO\� DW� VXVWDLQLQJ� WKH� H[WDQW� IUDPHZRUN� RI� UH�
VHDUFK��7KLV��RQ�WKH�RWKHU�KDQG��KDOWHG�LQQRYDWLRQV�DQG
OLPLWHG�DQ\�PDMRU�LQWUXVLRQV�RI�WKHRUHWLFDO�QRYHOWLHV��7KH
SHRSOH� ZRUNLQJ� LQ� 3DODHROLWKLF� $UFKDHRORJ\� ZHUH� VHOI�
VDWLVILHG��EXW�ZRXOG�SHUKDSV�EH�RSHQ�WR�FULWLFLVP��LI�WKHUH
ZHUH�DQ\�

&21&/86,21

6ORYHQH� 3DODHROLWKLF� DUFKDHRORJ\� KDV� DOO� WKH� HOH�
PHQWV� RI� D� VXFFHVVIXO� QDWLRQDOLVWLF� VWRU\�� LW� KDV� D� FOHDU
DQG�XQFRQWHVWHG��HYHQ�KHURLF�EHJLQQLQJ��UHSUHVHQWHG�E\
6�� %URGDU
V� GLVFRYHU\� RI� WKH� ERQHV� LQ� 3RWRáND� ]LMDOND�
7KHUHZLWK��RU� WR� EH� H[DFW��ZLWK� WKH� VWDUW� RI� KLV� H[FDYD�
WLRQV�� EHJDQ� WKH� QDWLRQDO� VFLHQWLILF� UHVHDUFK� RI� WKH� 3D�
ODHROLWKLF� SHULRG� LQ� 6ORYHQLD�� 7KH� LQVWLWXWLRQDO� IRXQGD�
WLRQV�ZHUH�ODLG�LQ�WKH�ILUVW�\HDUV�DIWHU�:RUOG�:DU�,,��ZKHQ
VHYHUDO� SLRQHHUV� RI� 6ORYHQH� DUFKDHRORJ\� MRLQHG� IRUFHV
DQG�HVWDEOLVKHG�WKH�UHVHDUFK�LQIUDVWUXFWXUH�VWLOO�LQ�RSHUD�
WLRQ�WRGD\��$V�SDUW�RI�WKH�LQIUDVWUXFWXUH�WKH�PDLQ�QDWLRQDO
DUFKDHRORJLFDO� SHULRGLFDO� ZDV� IRXQGHG� DQG�� DOWKRXJK
DQRWKHU� RQH� ZDV� IRXQGHG� ODWHU�� $UKHRORÈNL� YHVWQLN� UH�
PDLQHG� WKH� RQO\� DUFKDHRORJLFDO� PDJD]LQH� WR� IHDWXUH
ERRN�UHYLYHV�DV�ZHOO�DV�DUWLFOHV�

6LQFH�WKH�����V�WKH�VLWXDWLRQ�FKDQJHG�GXH�WR�D�FRQ�
FHSWXDO� WUDQVIRUPDWLRQ� UHDFKLQJ� LWV� SHDN� ZLWK� WKH� GLV�
FRYHU\� RI� WKH�'LYMH� EDEH� ,� ERQH� DUWHIDFW�� FKDQJLQJ� WKH
LQWHUQDWLRQDO�SRVLWLRQ�RI�6ORYHQH�DUFKDHRORJ\�

8QIRUWXQDWHO\�� 3RURßLOR� R� UD]LVNRYDQMX� SDOHROLWD�
QHROLWD� LQ�HQHROLWD�Y�6ORYHQLML�ZDV� WUDQVIRUPHG� LQ�����
LQWR�'RFXPHQWD� 3UDHKLVWRULFD� �� D�PDJD]LQH� RSHQ� WR� R
EURDG� VSHFWUXP�RI� FRQWULEXWLRQV� ILUVWO\� EHFDPH� VSHFLDO�
LVHG�IRU�1HROLWKLF�VWXGLHV��RQO\�WR�ODWHU�EHFRPH�D�SXEOL�
FDWLRQ�RI� WKH�DQQXDO�1HROLWKLF�V\PSRVLXP�RUJDQLVHG�E\
0LKDHO� %XGMD� DW� WKH� 'HSDUWPHQW� RI� $UFKDHRORJ\�� $O�
WKRXJK� WKLV� LV� QRZ� RQH� RI� WKH�PRVW� LPSRUWDQW� LQWHUQD�
WLRQDO� PDJD]LQHV� IRU� WKH� ILHOG� RI� 1HROLWKLF� VWXGLHV�� D
SXEOLFDWLRQ�GHDOLQJ�DOVR�LQ�SUH�QHROLWKLF�UHVHDUFK�LQ�6OR�
YHQLD�ZDV�ORVW���DQ�HIIHFW�WKDW�EHFDPH�YLVLEOH�LQ�WKH�QH[W
GHFDGH��ZKHQ�WKH�RQO\�VSDFH�VWLOO�RSHQ�IRU�WKH�SXEOLFD�
WLRQ�RI�3DODHROLWKLF�ILQGV�UHPDLQV�$UKHRORÈNL�YHVWQLN�

,W�WKHUHIRUH�IROORZV�WKDW�WKH�RQO\�GLVFXVVLRQV�OLNHO\�WR
LQFLWH�FKDQJHV�RI�RSLQLRQV�LV�FHQWUHG�DURXQG�$UKHRORÈNL
YHVWQLN�� 8QIRUWXQDWHO\�� GLVFXVVLRQV� EHIRUH� WKH� 'LYMH
EDEH�,�FRQWURYHUV\�ZHUH�IHZ�LQ�QXPEHUV��2QO\�RQH�PD�
MRU�GHEDWH�DURVH��ZKLFK�VXUSDVVHG� WKH� OHYHO�RI�VWDQGDUG
ERRN�UHYLHZV��$W�WKH�HQG�RI�WKH�����V�DQG�WKH�EHJLQQLQJ
RI�WKH�����V�3��3HWUX��SURIHVVRU�RI�5RPDQ�SURYLQFLDO�DU�
FKDHRORJ\�� ZURWH� WKH� ILUVW� SDUW� RI� D� ERRN� HQWLWOHG� 7KH
+LVWRU\� RI� 6ORYHQLD� LQ� ZKLFK� KH� GHDOW�� DPRQJ� RWKHU
WKLQJV��ZLWK�WKH�SUHKLVWRULF�SHULRGV��3HWUX���������&ULWLFDO
UHPDUNV�ZHUH� SXEOLVKHG� E\�0�� %URGDU� �%URGDU�� ����E�
������� EXW� WKH� ODWHU� HYDOXDWLRQ� RI� WKHVH� FRPPHQWV� DQG
WKH�ZKROH�GHEDWH�DURXQG�WKH�SXEOLFDWLRQ��ZKLFK�SRLQWHG
RXW�WKH�ORZ�FXOWXUH�RI�SXEOLF�GHEDWH�DQG�WKH�QHHG�IRU�LW�
DOVR� GHPRQVWUDWHG� WKH� XQQHFHVVDU\� GHJUHH� RI� SHUVRQDO
QRWH� LQ� WKH� GLVFXVVLRQ� �6ODSÊDN�� ������ ����� ,Q� IDFW�� WKH
DXWKRUV�GLVDJUHHG�RYHU� WKH�GHWDLOV� RI� D� SRSXODU� VFLHQFH
ERRN� SXEOLVKHG� DW� WKH� VDPH� WLPH� DV� WKH� ILQDO� V\QWKHWLF
SXEOLFDWLRQV�RI�WKH�3DODHROLWKLF�$UFKDHRORJ\��7KH�DXWKRU
XQGHU� FULWLFLVP� �3HWUX��� DV�D�QRQ�VSHFLDOLVW�� VLPSO\� WULHG
WR�GR�KLV�EHVW�LQ�VXPPDULVLQJ�WKH�SXEOLVKHG�DUWLFOHV�DQG
ZURWH�D�UHDGDEOH�WH[W��0��%URGDU��RQ�WKH�RWKHU�KDQG��IR�
FXVHG� LQ� KLV� FULWLFLVP� RQ� WKH� GHWDLOV� DQG� DWWHPSWHG� WR
LPSRVH�D�ULJLG�VFLHQWLILF�DQG�SDUWO\�FRQVHUYDWLYH�VW\OH�RI
GHEDWH�

2WKHU� QRQ�UHVHDUFK� RULHQWHG� JHQUHV� OLDEOH� WR� QHZ
LGHDV�ZHUH�DOVR�ERRN�UHYLHZV��RU� MXGJLQJ� IURP� WKH�ZD\
WKH\�ZHUH�ZULWWHQ�XS� WR� WKH� ODWH� ����V�� ERRN�SUHVHQWD�
WLRQV��0RVWO\��RI�FRXUVH��LQWHUHVWLQJ�ERRNV�ZKLFK�\LHOGHG
QHZ�IDFWV�RU�DSSURDFKHV�ZHUH�SUHVHQWHG�DQG� WKLV�VHOHF�
WLRQ� DOVR� GLFWDWHG� WKH� VW\OH� RI� ZULWLQJ�� ,Q� WKH� KLVWRU\� RI
$UKHRORÈNL� YHVWQLN� WKHUH�ZDV�� LQ�P\� RSLQLRQ�� RQO\� RQH
VLQJOH� VHYHUH� DQG� FRUUHFW� ERRN� FULWLFLVP�� 0�� %URGDU
�%URGDU�� ������ MXVWO\� SUHVHQWHG� KLV� FRPPHQWV� RQ� WKH
ERRN�/H�3DOnROLWKLTXH�HQ�DQFHLQQH�<RXJRVODYLH��ZULWWHQ
E\� $QWD� 0RQWHW�:KLWH� �0RQWHW�:KLWH�� ������� 8QIRUWX�
QDWHO\�� WKH� WH[W�ZDV�SXEOLVKHG� LQ� WKH� 6ORYHQH�RQO\�� GH�
VSLWH� WKH� IDFW� WKDW� LW� VKRXOG� KDYH� EHHQ� SUHVHQWHG� WR� DQ
LQWHUQDWLRQDO� DXGLHQFH��$OWKRXJK� KH� IRFXVHG� RQ� GHWDLOV
DQG�VRPHWLPHV�VWXFN�WR�FRQVHUYDWLYH�LGHDV��KH�ULJKWIXOO\
FRQFOXGHG� WKH� WH[W� ZLWK� WKLV� VHQWHQFH� �%URGDU�� �����
�������%XUQLQJ�ERRNV�LV�DQ�XQFXOWXUHG�DFW��EXW�ZH�FRXOG
QRW�EODPH�DQ\RQH� IRU�EXUQLQJ� WKH�FRPSOHWH�QXPEHU�RI
FRSLHV�SULQWHG��

7KLV� EULQJV� XV� EDFN� WR� WKH� FRQFHSWV� RI� 6ORYHQH� 3D�
ODHROLWKLF� UHVHDUFK�� 7KH� SULQFLSDO� UHVHDUFKHU� RI� WKH
����V�� ,��7XUN�� LQWURGXFHG�PDMRU�DQG�HVVHQWLDO�FKDQJHV�
EXW�QRW�EHLQJ�DQ�DFWLYH�WHDFKHU��KH�ZDV�QHYHU�JLYHQ�WKH
RSSRUWXQLW\� WR� UHOD\� WKHVH� FRQFHSWXDO� FKDQJHV� RQWR� D
EURDGHU�DUFKDHRORJLFDO�FRPPXQLW\��ZKLFK�UHPDLQV�YHU\
WUDGLWLRQDO�� %\� SXEOLVKLQJ� KLV� ZRUN� WKH� UHVXOWV� EHFDPH
DYDLODEOH�WR�WKH�VFLHQWLILF�FRPPXQLW\��EXW�WKH�UHDFWLRQV�
SRVLWLYH�DV�ZHOO� DV�QHJDWLYH�� FDPH� IURP�DEURDG��8QIRU�
WXQDWHO\��KLV�SRVLWLRQ�DQG�WKH�FRQWHPSRUDU\�VWUXFWXUH�RI
6ORYHQH�$UFKDHRORJ\�GLG�QRW�DOORZ� IRU�D� UHJLRQDO� LGHR�
ORJLFDO� UHSURGXFWLRQ�� 7KLV� WUDGLWLRQDO� RULHQWDWLRQ� RI� WKH
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VFLHQWLILF� FRPPXQLW\�� HPEHGGHG� LQ� WKH� VFHSWLFDO� SRVL�
WLRQ�RI�VFLHQFH�� IRUPV� WKH�EDFNJURXQG� IRU�D�QRQ�FULWLFDO
SHUFHSWLRQ� RI� FKDQJHV� LQ� RWKHU� ILHOGV� RI� DUFKDHRORJLFDO
UHVHDUFK��,WV�UHVXOW�LV�DOVR�LJQRUDQFH�RU�� WR�EH�PRUH�VSH�
FLILF�� DQ� LQDELOLW\� WR� XQGHUVWDQG� WHPSRUDO� UHODWLRQV� EH�
WZHHQ� ZULWWHQ� WH[WV�� ZKLFK� LQ� WXUQ�� LQ� WKH� DEVHQFH� RI
UHOHYDQW�DQDO\WLFDO�KLVWRULHV�RI�WKH�UHVHDUFK�ILHOG��FUHDWHV
DQ� LOOXVLRQ� WKDW� OHDGV� PRVW� DUFKDHRORJLVWV� WR� SHUFHLYH
FRQFOXVLRQV�� GDWLQJ� IURP� KDOI� D� FHQWXU\� DJR�� DV� VWLOO
YDOLG�

6R�LW�VWLOO�ORRNV�DV��ZKHQ�GHDOLQJ�ZLWK�D�VXEMHFW�RI�UH�
VHDUFK�ZKLFK�H[WHQGV�RYHU�D�FRQVLGHUDEOH�SHULRG�RI�WLPH
DQG�FKDQJHG�LWV�DSSHDUDQFH��DW�OHDVW�D�OLWWOH�ELW���DV�LV�WKH
FDVH�ZLWK�6ORYHQH�3DODHROLWKLF�$UFKDHRORJ\��LW�LV�EHVW�WR

VXPPDULVH� WKH� JHQHUDO� WUHQGV� WKDW� FKDUDFWHULVHG� LW�� WKDW
DSSHDUHG�DQG� UHDSSHDUHG�DW�GLIIHUHQW�SRLQWV� LQ� WLPH�� DV
VKRUW� DV� SRVVLEOH�� 6R�� WKH� 6ORYHQH� 3DODHROLWKLF� $UFKDH�
RORJ\�HQWHUHG� WKH� VHFRQG�KDOI�RI� WKH� ODVW�GHFDGH�RI� WKH
��WK�FHQWXU\�

��&RQFHSWXDOO\�DQG�PHWKRGRORJLFDOO\�OLQNHG�WR�QDWX�
UDO�VFLHQFHV�DQG�DOLHQDWHG� IURP�WKH� UHVW�RI�$UFKDHRORJ\
DQG�KXPDQLVWLF�VWXGLHV�LQ�JHQHUDO�

�� 6WURQJO\� ERXQG� WR� ROG� UHVHDUFK� FRQFHSWV� ZKLFK
ZHUH�HVWDEOLVKHG�LQ�LWV�IRUPDWLYH�SHULRG�E\�WKH�IRXQGHUV
RI�WKLV�VFLHQWLILF�ILHOG�

��8QWLO�WKH�HQG�RI�WKH�ODVW�GHFDGH�D�VFLHQFH�RI�WZR�RU
WKUHH�SHRSOH�

,=9$-$7,��3,6$7,�,1�0,6/,7,�$5+(2/2*,-2�67$5(�.$0(1(�'2%(�9�6/29(1,-,

%RULV�.$985
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

H�PDLO��ERULV�NDYXU#]UV�XSU�VL

329=(7(.

.OMXE�VNRUDM�VWROHWQL� WUDGLFLML�UD]LVNDY�VWDUH�NDPHQH�GREH�Y�6ORYHQLML��VH�DUKHRORJLMD�SDOHROLWLND�L]YDMD�NRW�VSHFL�
ILßQR� UD]LVNRYDOQR�SRGURßMH��QD�REUREMX�]JRGRYLQRSLVMD� LQ�DUKHRORJLMH�NRW�FHORWH��NDU� MH�NRW�NDÊH�SRVOHGLFD� VWUXN�
WXUQH�GHOLWYH� VORYHQVNH�DUKHRORJLMH� Y� WUHQXWNX�Y]SRVWDYLWYH� RVUHGQMLK� L]REUDÊHYDOQLK� LQ� UD]LVNRYDOQLK� XVWDQRY�� %H�
VHGLOR�SUHGVWDYOMD�NURQRORÈNH�RNYLUMH�IRUPLUDQMD�VORYHQVNH�DUKHRORJLMH� WHU� L]SRVWDYOMD�VSHFLILßQH� WHPDWVNH�XVPHULWYH
LQ�VSUHPHPEH�QD�RUJDQL]DFLMVNL� WHU� WXGL�QD�NRQFHSWXDOQL� UDYQL��NL� VR�REOLNRYDOH�SR]LFLMR�DUKHRORJLMH� VWDUH�NDPHQH
GREH�Y�RNYLULK�UD]YRMD�VORYHQVNH�DUKHRORJLMH��3UHJOHG�NDÊH��GD�MH�NOMXE�QHNDWHULP�VNXSQLP�RUJDQL]DFLMVNLP�LQ�LQIUD�
VWUXNWXUQLP�RNYLUMHP�SRWHNDO� UD]YRM�DUKHRORJLMH� VWDUH� NDPHQH�GREH�GUXJDßH�NRW�SUL� GUXJLK�REGREMLK� VORYHQVNH�DU�
KHRORJLMH���GHMVWYR��NL�JD� ODKNR�SULSLÈHPR�YSOLYX�GUXJDßQLK�UD]LVNRYDOQLK�VPHUQLF��NRQFHSWXDOQLK�RNYLUMHY� WHU�GUX�
JDßQL��RG�PODMÈLK�DUKHRORÈNLK�REGRELM�QHNROLNR�QHRGYLVQL�NURQRORJLML�]ELUDQM�LQ�VLQWHWL]LUDQM�]QDQM�

2EGREMH�SUHG�GUXJR�VYHWRYQR�YRMQR��NL�MH�ELOR�R]QDßHQR�NRW�SUHG�LQVWLWXFLRQDOQR��MH�REOLNRYDO�LQ�]D]QDPRYDO�V
VYRMLP�GHORP�6UHßNR�%URGDU��3UYL� MH� ]DVWDYLO� VLVWHPDWLßQH� UD]LVNDYH� LQ� VH� MH� ]� UH]XOWDWL� VYRMHJD� GHOD� SRY]SHO�PHG
YRGLOQH� SR]QDYDOFH� VWDUH� NDPHQH� GREH� Y� (YURSL�� 3R� GUXJL� VYHWRYQL� YRMQL� MH� ELOD� DUKHRORJLMD� VWDUH� NDPHQH� GREH�
]DUDGL�RUJDQL]DFLMVNLK�LQ�WXGL�RVHEQLK�LQWHUHVRY�NOMXßQLK�RVHEQRVWL��GRGHOMHQD�1DUDYRVORYQHP�RGGHONX��NL�MH�ELO�NDV�
QHMH�SUHREOLNRYDQ�Y�VDPRVWRMQR� IDNXOWHWR��ÉDO� MH� WDNR�RVWDOD�ORßHQD�RG� L]REUDÊHYDOQHJD� LQ�SRVOHGLßQR�NRQFHSWXDO�
QHJD�UD]YRMD�VORYHQVNH�DUKHRORJLMH��NDU�MH�SRY]URßLOR�PRßQHMÈR�QDYH]DYR�QD�QDUDYRVORYQH�YVHELQH�WHU�RGGDOMHYDQMH
RG�KXPDQLVWLßQLK��SUHGYVHP�NXOWXUQLK�NRQFHSWRY�

6NODGQR�V�SROLWLßQLPL�VPHUQLFDPL�MH�]D�UD]OLNR�RG�SUHGYRMQHJD�REGREMD�ELOR� WHÊLÈßH�UD]LVNDY�XVPHUMHQR�QD�SR�
GURßMH�]DKRGQH�6ORYHQLMH�R]LURPD�QD�SRGURßMH�PDWLßQHJD�.UDVD��9�ßDVX�UD]YRMD�VORYHQVNH�DUKHRORÈNH�UD]LVNRYDOQH
LQIUDVWUXNWXUH�MH�DUKHRORJLMD�VWDUH�NDPHQH�GREH�LJUDOD�SRPHPEQR�YORJR��NDU�MH�MDVQR�UD]YLGQR�WXGL�L]�YLVRNHJD�ÈWHYLOD
WHVWQLK�L]NRSDYDQM�Y�MDPDK�LQ�VSRGPROLK��9HßLQD�PODMÈLK�DUKHRORÈNLK�QDMGE�L]�WDNUDWQLK� L]NRSDYDQM�ÈH�YHGQR�YHßL�
QRPD�QL�ELOD�XVWUH]QR�DQDOL]LUDQD�� NDU�SULSLVXMHPR�QHJDWLYQLP�XßLQNRP�GHOLWYH� UD]LVNRYDOQLK� LQWHUHVRY�PHG�QDUD�
YRVORYQR�LQ�KXPDQLVWLßQR�XVPHUMHQR�DUKHRORJLMR�

9�WUHQXWNX�ÈLULWYH�PX]HMVNH�LQ�VSRPHQLÈNR�YDUVWYHQH�PUHÊH��NR�VH�MH�DUKHRORJLMD�SUHREOLNRYDOD�L]�YHGH�SHÈßLFH��LQ
MH�SROHJ�UD]LVNRYDOQLK�SUHY]HOD� WXGL�VSRPHQLÈNRYDUVWYHQH� IXQNFLMH�� MH�RVWDOR�SUHXßHYDQMH�VWDUH�NDPHQH�GREH�RPH�
MHQR�QD�L]NOMXßQR�UD]LVNRYDOQR�VIHUR��.R�VH�MH�LQIUDVWUXNWXUQD�RUJDQL]DFLMD�DUKHRORJLMH�UDGLNDOQR�VSUHPHQLOD�LQ�SULOD�
JRGLOD�UD]PHUDP��NL�VR�MLK�GLNWLUDOL�SRVDPH]QL�SROLWLßQL�RNYLUML�LQ�GHORYQH�UD]PHUH�WHU�UD]LVNRYDOQH�PRÊQRVWL��MH�SD�
OHROLWVND�DUKHRORJLMD�Y]GUÊHYDOD�REVWRMHßH�RNYLUMH�WHU� MH�SRVOHGLßQR�SRVWDMDOD�YHGQR�EROM�REUREQD�LQ�L]ROLUDQD��3UDY
WDNR�NOMXE�LQWHQ]LYQHPX�VRGHORYDQMX�SUL�]YH]QLK�]DORÊQLÈNLK�SURMHNWLK�QL�SULÈOR�GR�YHßMH�LQWHUQDFLRQDOL]DFLMH�SR]QD�
YDQMD�R]LURPD�LQWHQ]LYQHMÈLK�VRGHORYDQM���WDNR�Y�-XJRVODYLML�NRW�WXGL�Y�ÈLUÈLK�RNYLUMLK��2GUD]�MH�WXGL�]DVQRYD�SUYHJD
]YH]ND�3UDLVWRULMH�-XJRVORYHQVNLK�=HPDOMD��NMHU�VR�]D�UD]OLNR�RG�NDVQHMÈLK�]YH]NRY��NL�VR�RUJDQL]LUDQL�QD�RVQRYL�NXO�
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WXUQH�GHOLWYH�� VLQWH]H�YHGHQM�R� VWDUL�NDPHQL�GREL�SUHGVWDYOMHQH�QD�RVQRYL�XSUDYQR�SROLWLßQH�GHOLWYH� MXJRVORYDQVNLK
UHSXEOLN�LQ�SRNUDMLQ�

9HOLNL�SURMHNWL�VLQWH]H�]JRGRYLQVNLK�LQ�WRSRJUDIVNLK�]QDQM�RE�NRQFX�VHGHPGHVHWLK�OHW�VR�Y]SRGEXGLOL�QRY�UD]LVNR�
YDOQL�]DJRQ�]D�YHßLQR�VORYHQVNH�DUKHRORJLMH��6RYSDGOL�SD�VR�]�REGREMHP�XSDGD�VRQGLUDQM�Y�MDPVNLK�REMHNWLK��.OMXE
]DORÊQLÈNHPX�VRGHORYDQMX�� WDNR�Y�]QDQVWYHQL�SHULRGLNL��NRW� WXGL�Y�SURGXNFLML�YHOLNLK�]JRGRYLQVNLK�SUHJOHGRY��NL�VR
SUHGVWDYOMDOL�WXGL�VLQWH]H�]QDQMD�R�SRVDPH]QLK�REGREMLK��VH�MH�YVH�SUHYHßNUDW�]JRGLOR��GD�MH�SDOHROLWVND�DUKHRORJLMD
RVWDOD�VWUXNWXUQR�XMHWD�Y�NRQFHSWH��NL�VR�MLK�GRORßDOH�VPHUQLFH�UD]YRMD�QDUDYRVORYQLK�]QDQRVWL��R]LURPD�VR�MR�]D�KX�
PDQLVWLßQR�SXEOLNR��]�QHJRGRYDQMHP�NOMXßQLK�UD]LVNRYDOFHY��SRMDVQMHYDOL�QHVWURNRYQMDNL�

.OMXßQH� NRQFHSWXDOQH� VSUHPHPEH� VR� VH� ]DßHOH� Y� RVHPGHVHWLK�� NR� VR� VH� SUHGYVHP� Y� DUKHRORJLML� VWDUH� NDPHQH
GREH� XYHOMDYLOL� UD]LVNRYDOQL� SULVWRSL� ]� HOHPHQWL� QRYH�� SURFHVQR� XVPHUMHQH� DUKHRORJLMH�� NL� MH� SRVQHPDOD� GREUH
UD]LVNRYDOQH�SUDNVH�LQ�SULVWRSH�L]�SUHGYVHP�DQJOHÈNR�JRYRUHßHJD�UD]LVNRYDOQHJD�SRGURßMD��6SUHPHPEH�VR�GRÊLYHOH
YUKXQHF��NR� MH�]DUDGL�RGNULWMD�SUHOXNQMDQH�NRVWL� MDPVNHJD�PHGYHGD� L]�QDMGLÈßD�'LYMH�EDEH� ,� VORYHQVND�DUKHRORJLMD
VWDUH� NDPHQH� GREH� SRQRYQR� SURGUOD� PHG�PHGQDURGQR� DNWXDOQHMÈD� YSUDÈDQMD�� ÉDO� SD� QLWL� L]MHPQD� SXEOLFLWHWD� WHU
PHGQDURGQD� DNWXDOQRVWL� QLVWD� XVSHOL� SUHPDNQLWL� RUJDQL]DFLMVNLK� LQ� LQVWLWXFLRQDOQLK� RNYLUMHY� �� RNYLUMHY�� NL� VR� ELOL
Y]SRVWDYOMHQL�]�Y]SRVWDYLWYLMR�VORYHQVNH�SRYRMQH�DUKHRORJLMH�

.OMXÞQH�EHVHGH��DUKHRORJLMD��SDOHROLWLN��]JRGRYLQD�UD]LVNDY

%,%/,2*$3+<

$16/���������$UKHRORÊND�QDMGLÊáD�6ORYHQLMH��/MXEOMDQD�
6ORYHQVND� DNDGHPLMD� ]QDQRVWL� LQ� XPHWQRVWL�� ,QÊWLWXW� ]D
DUKHRORJLMR���'UÌDYQD�]DORÌED�6ORYHQLMH�
%DVOHU�� ��� �HG��� �������� 3UDLVWRULMD� -XJRVORYHQVNLK� =H�
PDOMD�� ,�� 3DOHROLWVNR� L� PH]ROLWVNR� GRED�� 6DUDMHYR�� $ND�
GHPLMD�QDXND�L�XPMHWQRVWL�%RVQH� L�+HUFHJRYLQH��&HQWDU
]D�EDONDQRORÊND�LVSLWLYDQMD�
%HODN�� 0�� �������� ,]NRSDYDQMD�� NL� MLK� MH� �VR�ILQDQFLUDO
LQÊWLWXW��,Q��3OHWHUVNL��$���,QÊWLWXW�]D�DUKHRORJLMR�SROVWROHW�
QLN��/MXEOMDQD��=5&�6$=8���������
%URGDU��0�������D������\HDUV�RI�3DODHROLWKLF�UHVHDUFK�LQ
6ORYHQLD��$UKHRORÊNL�YHVWQLN������/MXEOMDQD��������
%URGDU��0�������E���3DOHROLWLN�Y��=JRGRYLQL�6ORYHQFHY��
$UKHRORÊNL�YHVWQLN������/MXEOMDQD����������
%URGDU�� 0�� �������� 2GJRYRU� QD� XJRYRU�� $UKHRORÊNL
YHVWQLN������/MXEOMDQD����������
%URGDU�� 0�� �������� ,VNDQMH� QRYLK� SDOHROLWVNLK� SRVWDM� Y
OHWLK������������$UKHRORÊNL�YHVWQLN������/MXEOMDQD�����
���
%URGDU��0����������$QWD�0RQWHW�:KLWH��/H�3DOpROLWKLTXH
HQ�DQFLHQQH�<RXJRVODYLH��$UKHRORÊNL�YHVWQLN�� ���� /MXE�
OMDQD����������
%URGDU�� 0��� 2VROH�� )�� �������� 3DOHROLWVNH� L� PH]ROLWVNH
UHJLMH�L�NXOWXUH�X�6ORYHQLML��,Q��%DVOHU��
���HG����3UDLVWRULMD
-XJRVORYHQVNLK�=HPDOMD��,��3DOHROLWVNR�L�PH]ROLWVNR�GRED�
6DUDMHYR��$NDGHPLMD�QDXND� L�XPMHWQRVWL�%RVQH� L�+HUFH�
JRYLQH��&HQWDU�]D�EDONDQRORÊND�LVSLWLYDQMD����������
%URGDU�� 6�� �������� 'DV� 3DOlROLWKLNXP� LQ� -XJRVODZLHQ�
4XDUWlU�����(UODQJHQ����������
%URGDU��6����������3UHUH]�SDOHROLWLND�QD�VORYHQVNLK�WOHK�
$UKHRORÊNL�YHVWQLN�����/MXEOMDQD�������
%URGDU��6����������3DOHROLWLN�QD�.UDVX��,Q��+DGÌL��-���HG���
3UYL� -XJRVORYDQVNL� VSHOHRORÊNL� NRQJUHV�� /MXEOMDQD�� 6OR�
YHQVND�DNDGHPLMD�]QDQRVWL�LQ�XPHWQRVWL��������

%URGDU�� 6�� �������� 5D]áOHQLWHY� SOHLVWRFHQD�� $UKHRORÊNL
YHVWQLN������/MXEOMDQD����������
%XGMD��0����������$UKHRORJLMD�QD�8QLYHU]L�Y�/MXEOMDQL��
SDOLPSVHVWL� RVPLK� GHVHWOHWLM�� ,Q�� 1RYDNRYLá�� 3�� HW� DO��
2VHPGHVHW� OHW� ÊWXGLMD� DUKHRORJLMH� QD� 8QLYHU]L� Y� /MXE�
OMDQL�� /MXEOMDQD�� 2GGHOHN� ]D� DUKHRORJLMR� )LOR]RIVNH� ID�
NXOWHWH�8QLYHU]H�Y�/MXEOMDQL�������
'XODU�� -�� ��������2E�SHWLÊHVWGHVHWOHWQLFL�0LWMH�%URGDUMD�
$UKHRORÊNL�YHVWQLN������/MXEOMDQD��������
*DEURYHF��6�� ��������7KLUW\�\HDUV�RI�SUHKLVWRULF�DUFKDH�
RORJ\� LQ� $UKHRORÊNL� YHVWQLN�� $UKHRORÊNL� YHVWQLN�� ���
/MXEOMDQD��������
*DEURYHF��6�������������-DKUH�GHV�,QVWLWXWV�I�U�$UFKlROR�
JLH��$UKHRORÊNL�YHVWQLN������/MXEOMDQD��������
.DYXU��%�� ��������1D�QDSDáQL� VWUDQL��àDVRSLV�]D�NULWLNR
]QDQRVWL�����������/MXEOMDQD��������
.DVWHOLF��-����������1DURGQL�PX]HM�Y�/MXEOMDQL�LQ�QMHJRYL
SUREOHPL��=JRGRYLQVNL�áDVRSLV�����/MXEOMDQD����������
.DVWHOLF��-���6ODSÇDN��%����������2GGHOHN�]D�DUKHRORJLMR�
,Q��ÉXPL��-���HG����=ERUQLN������������/MXEOMDQD��)LOR]RI�
VND�IDNXOWHWD����������
.RURÇHF�� -�� �������� $UKHRORJLMD� LQ� QHNDWHUH� QMHQH� QD�
ORJH��=JRGRYLQVNL�áDVRSLV�����/MXEOMDQD�������
.RURÇHF�� -�� �������� 3UYR� SRVYHWRYDQMH� MXJRVORYDQVNLK
DUKHRORJRY��$UKHRORÊNL�YHVWQLN�����/MXEOMDQD��������
/RYHQMDN��0�� �������� =JRGRYLQD� NQMLÌQLFH�2GGHOND� ]D
DUKHRORJLMR�� ,Q��1RYDNRYLá��3��HW�DO���2VHPGHVHW� OHW�ÊWX�
GLMD�DUKHRORJLMH�QD�8QLYHU]L�Y�/MXEOMDQL��/MXEOMDQD��2G�
GHOHN� ]D� DUKHRORJLMR� )LOR]RIVNH� IDNXOWHWH� 8QLYHU]H� Y
/MXEOMDQL����������
/RÉDU�� 5�� �������� 5D]YRM� LQ� SUREOHPL� VORYHQVNH� DU�
KHRORÊNH� YHGH�� =ERUQLN� ]D� XPHWQRVWQR� ]JRGRYLQR�� ���
/MXEOMDQD����������
0RQWHW�:KLWH��$����������/H�3DOpROLWKLTXH�HQ�DQFLHQQH
<RXJRVODYLH��*UHQREOH��-pUzPH�0LOORQ�
1RYDN��*�� �HG��� �������� (SRTXH�SUpKLVWRULTXH� HW� SURWR�
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KLVWRULTXH� HQ� <RXJRVODYLH� �� 5HFKHUFKHV� HW� UpVXOWDWV�
%HRJUDG�� &RPLWp� QDWLRQDO� G
2UJDQLVDWLRQ� GX� 9,,,H�&RQ�
JUqV� ,QWHUQDWLRQDO� GHV� 6FLHQFHV� 3UpKLVWRULTXHV� HW� 3URWR�
KLVWRULTXHV�
1RYDNRYLÜ��3����������$UFKDHRORJ\�LQ�ILYH�VWDWHV���$�SH�
FXOLDULW\�RU� MXVW�DQRWKHU� VWRU\� DW� WKH� FURVVURDGV� RI� �0LW�
WHOHXURSD�� DQG� WKH� %DONDQV�� $� FDVH� VWXG\� RI� 6ORYHQLDQ
DUFKDHRORJ\��,Q��%LHKO��3��)���HG����$UFKlRORJLHQ�(XURSDV�
*HVFKLFKWH�� 0HWKRGHQ� XQG� 7KHRULHQ�� 7�ELQJHU� $U�
FKlRORJLVFKH� 7DVFKHQE�FKHU�� %DQG� ��� 0�QVWHU�� :D[�
PDQQ����������
1RYDNRYLÜ�� 3�� �������� =JRGRYLQD� DUKHRORJLMH� QD� 8QL�
YHU]L�Y�/MXEOMDQL��9��1RYDNRYLá��3��HW�DO���2VHPGHVHW�OHW
ÊWXGLMD� DUKHRORJLMH� QD� 8QLYHU]L� Y� /MXEOMDQL�� /MXEOMDQD�
2GGHOHN�]D�DUKHRORJLMR� )LOR]RIVNH� IDNXOWHWH�8QLYHU]H�Y
/MXEOMDQL���������
2VROH�� )�� �������� $NDGHPLN� SURI�� GU�� 6UHáNR� %URGDU�
VHGHPGHVHWOHWQLN��$UKHRORÊNL� YHVWQLN��������� /MXEOMDQD�
�����
2VROH�� )�� �������� 3DOHROLWLN� 6ORYHQLMH�� $UKHRORÊNL� YHVW�
QLN���������/MXEOMDQD�������
2VROH��)����������2ULV�SRVHOLWYH�6ORYHQLMH�Y�SOHLVWRFHQX�
$UKHRORÊNL�YHVWQLN������/MXEOMDQD����������
2VROH��)����������5DG�QD�LVWUDÌLYDQMX�SDOHROLWVNRJ�L�PH�
]ROLWVNRJ�GRED�X�6ORYHQLML��,Q��%DVOHU��
���HG����3UDLVWRULMD
-XJRVORYHQVNLK�=HPDOMD��,��3DOHROLWVNR�L�PH]ROLWVNR�GRED�
6DUDMHYR��$NDGHPLMD�QDXND� L�XPMHWQRVWL�%RVQH� L�+HUFH�
JRYLQH��&HQWDU�]D�EDONDQRORÊND�LVSLWLYDQMD����������
2VROH�� )�� �������� %URGDU�� 6UHáNR�� (QFLNORSHGLMD� 6ORYH�
QLMH����$�&D��/MXEOMDQD��0ODGLQVND�NQMLJD����������
3DKLÞ��6����������$UKHRORÊND�WRSRJUDILMD�6ORYHQLMH��$UJR�
���/MXEOMDQD���������
3HWUX�� 3�� �������� $UKHRORÊND� REGREMD�� ,Q�� =JRGRYLQD
6ORYHQFHY��/MXEOMDQD��&DQNDUMHYD�]DORÌED��������

3OHWHUVNL��$�� �������� ,QÊWLWXW�]D�DUKHRORJLMR�SROVWROHWQLN�
/MXEOMDQD��=5&�6$=8�
3RKDU�� 9�� �������� 7LSRORJLMD� LQ� VWDWLVWLáQD� REGHODYD
PODMÊHSDOHROLWVNLK� NDPHQLK� RURGQLK� LQYHQWDUMHY�� 3RUR�
áLOR� R� UD]LVNRYDQMX� SDOHROLWD�� QHROLWD� LQ� HQHROLWD� Y� 6OR�
YHQLML�����/MXEOMDQD�������
3RKDU��9����������7HKQLND�L]GHODYH�LQ�WLSRORJLMD�VWDUR��LQ
VUHGQMHSDOHROLWVNHJD�NDPHQHJD�RURGMD��3RURáLOR�R�UD]LV�
NRYDQMX�SDOHROLWD��QHROLWD�LQ�HQHROLWD�Y�6ORYHQLML�����/MXE�
OMDQD��������
3RKDU��9����������)UDQF�2VROH��������������$UKHRORÊNL
YHVWQLN������/MXEOMDQD����������
6ODSÇDN��%����������+�NRQFHSWX�NXOWXUQHJD�UD]YRMD�Y�DU�
KHRORÊNLK� SRJODYMLK� =JRGRYLQH� 6ORYHQFHY�� $UKHR�� ��
/MXEOMDQD��������
6ODSÇDN��%���1RYDNRYLÜ�� 3�� �������� ,V� WKHUH� QDWLRQDO� DU�
FKDHRORJ\� ZLWKRXW� QDWLRQDOLVP"� $UFKDHRORJLFDO� WUDGL�
WLRQV� LQ� 6ORYHQLD�� ,Q�� 'LD]�$QGUHX�� 0��� &KDPSLRQ�� 7�
�HGV����1DWLRQDOLVP�DQG�$UFKDHRORJ\�LQ�(XURSH��/RQGRQ�
8QLYHUVLW\�&ROOHGJH�/RQGRQ�3UHVV����������
ÆNHUOM��%����������ÉHVWGHVHWOHWQLFD�SURIHVRUMD�6UHáND�%UR�
GDUMD��$UKHRORÊNL�YHVWQLN�����/MXEOMDQD����������
7XUN�� ,�� �HG��� �������� 0RXVWHULDQ� �%RQH� )OXWH�� DQG� WKH
RWKHU�ILQGV�IURP�'LYMH�EDEH�,�&DYH�LQ�6ORYHQLD��/MXEOMD�
QD��=DORÌED�=5&�6$=8�
7XUN��,��HW�DO�����������������OHW�VWDUH�IRVLOQH�GODNH�MDP�
VNHJD�PHGYHGD�L]�QDMGLÊáD�'LYMH�EDEH�,�Y�6ORYHQLML��$U�
KHRORÊNL�YHVWQLN������/MXEOMDQD��������
7XUN�� ,��� 'LUMHF�� -��� .DYXU�� %�� �������� $�W�RQ� WURXYp� HQ
6ORYpLH� OH� SOXV� YLHLO� LQVWUXPHQW� GH�PXVLTXH� G
(XURSH"�
/
$QWKURSRORJLH����������������3DULV����������
7XUN��,���9HUELÞ��7����������8YRGQD�UD]SUDYD�]D�SRVRGR�
ELWHY� NURQRORJLMH� PODMÊHJD� SOHLVWRFHQD� Y� 6ORYHQLML�� $U�
KHRORÊNL�YHVWQLN������/MXEOMDQD��������


