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$EVWUDFW

,Q�WKH�PRGHUQ�ZRUOG��WKH�DSSHDO�RI�UHVHDUFKHUV�WR�WKH�VWXG\�RI�WKH�JHQHVLV�RI�QDWLRQDO�
FXOWXUHV�LV�RQH�RI�WKH�FRQGLWLRQV�IRU�VROYLQJ�WKH�SUREOHP�RI�SUHVHUYLQJ�PRQXPHQWV�RI�
VSLULWXDO�DQG�PDWHULDO�FXOWXUH��,Q�WKH�DUWLFOH��IRU�WKH�ILUVW�WLPH��DQ�DWWHPSW�ZDV�PDGH�WR�
LGHQWLI\� DQG� VXEVWDQWLDWH� WKH� KDQGZULWLQJ� VW\OHV� RI� WKH� $UDELF� VFULSW�� ZKLFK� ZHUH�
GHYHORSHG�LQ�WKH�WUDGLWLRQDO�FXOWXUH�RI�WKH�.D]DQ�7DWDUV��7KH�SHQHWUDWLRQ�RI�$UDELF�
JUDSKLFV�LQWR�WKH�WHUULWRU\�RI�WKH�0LGGOH�9ROJD�UHJLRQ�ZDV�FDUULHG�RXW�IURP�WKH�PLGGOH�
RI� WKH� �WK� FHQWXU\� WKDQNV� WR� GLSORPDWLF� DQG� WUDGH� UHODWLRQV�� .XILF� GLUKDPV� DQG�
FHUDPLFV�DQG�WRUHXWLFV�ZLWK�HSLJUDSKLF�RUQDPHQWDWLRQ�HQWHUHG�WKH�FDUDYDQ�URXWH�WR�WKH�
WHUULWRU\�RI�WKH�%XOJDULDQ�VWDWH��,Q�WKH�DUWLFOH�FDQ�EH�WUDFHG�WKH�SURFHVV�RI�OHDUQLQJ�D�
VWUDQJHU�DQG�GHYHORSLQJ�KLV�RZQ�FXOWXUH�RI�FDOOLJUDSK\�LQ�FRQQHFWLRQ�ZLWK�,VODPLF�DUW��
GHYHORSHG�RQ� WKH� WHUULWRU\�RI�7UDQVFDXFDVLD�� WKH�%ODFN�6HD�UHJLRQ��.KRUH]P��,UDQ��
$VLD�0LQRU��WKH�0LGGOH�(DVW��

.H\ZRUGV� &DOOLJUDSK\��+DQGZULWWHQ�%RRN��$UDERJUDSKLF�:ULWLQJ��$UWLVWLF�0HWDO��
(SLJUDSKLF�2UQDPHQW��-HZHOU\�$UW�

���,QWURGXFWLRQ

&DOOLJUDSK\��LQ�WKH�FXOWXUH�RI�0XVOLP�SHRSOH��LV�DQ�LQWHJUDO�SDUW�RI�VSLULWXDO�
FXOWXUH��%DVHG�RQ�WKH�$UDELF�DOSKDEHW��LW�FKDUDFWHUL]HV�WKH�FXOWXUH�RI�DOO�FRXQWULHV�WKDW�
KDYH�DGRSWHG�WKH�0XVOLP�UHOLJLRQ��,WKDV�JDLQHG�D�FHUWDLQ�VRFLDO�UROH�LQ�,VODP��EHFDXVH�
LW�SHUVRQLILHG�LWV�SRZHU�DQG�KDV�DFTXLUHG�WKH�VWDWXV�RI�LWV�GLVWLQFWLYH�LQQRYDWLYH�DQG�
LPDJLQDWLYH� IXQFWLRQ� �'RGKXGRHYD�� ������� &DOOLJUDSK\�� OLNH� WKH� DUW� RI� EHDXWLIXO�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

9DJDSRYD��)��*���6DWWDURYD��$���'RQLQD��/��1���6RNRORYD��,��,���	�9DOHHY��5��0����������6W\OHV�
RI�ZULWLQJ�$UDELF�VFULSW�LQ�WKH�PDQXVFULSW�ERRN�DQG�MHZHOU\�RI�WKH�.D]DQ�7DWDUV��3UREOHPV�RI�
JHQHVLV��-RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

� .D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD��YDJDS�DUW#PDLO�UX
� ,QVWLWXWH�RI�+LVWRU\�QDPHG�6K��0DUG]KDQL�$1�57��.D]DQ��5XVVLD��OLV�DUW#PDLO�UX
� ,QVWLWXWH�RI�+LVWRU\�QDPHG�6K��0DUG]KDQL�$1�57��.D]DQ��5XVVLD��LKDQLSRYD#PDLO�UX
� .D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD��LQQD�DFDGHP#\DQGH[�UX
� .D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD� YDOHHYBUP#LQER[�UX



6W\OHV�RI�:ULWLQJ�$UDELF�6FULSW�LQ�WKH�0DQXVFULSW�%RRN�«�_����

ZULWLQJ�� LV� WKH� H[SUHVVLRQ� RI� EHDXW\�� ZKLFK�� IURP� WKH� SRLQW� RI� YLHZ� RI� 0XVOLP�
DHVWKHWLFV��KDV�DQ�HIIHFW�RQ�D�SHUVRQ�QRW�RQO\�E\�H[WHUQDO��REMHFWLYH�IRUPV��EXW�DOVR�E\�
LQQHU�FRQWHQW��E\�VHPDQWLF�H[SUHVVLRQ��7KHUH�KDYH�EHHQ�DSSUHFLDWHG�QRW�RQO\�OLWHUDF\�
RI� ZULWLQJ� WKH� WH[W� EXW� LWV� DUWLVWLF� PHULWV� DQG� UHDGDELOLW\�� 7KH� KLJK� OHYHO� RI� WKH�
FDOOLJUDSK\�DUW�LQ�WKH�FRXQWULHV�RI�WKH�0XVOLP�(DVW�LV�HYLGHQFHG�E\�WKH�H[LVWHQFH�RI�D�
ODUJH�QXPEHU�RI�YDULHWLHV�RI�KDQGZULWLQJ�VW\OHV�

7KHUH�DUH�WZR�PDLQ�YDULHWLHV�RI�$UDELF�ZULWLQJ��7KH�ILUVW�� NQRZQ�DV��NXIL���
LW�LV�UHFRJQL]HG�DV�DQ�RIILFLDO�VW\OH��7KH�OHWWHUV�RI�WKLV�VW\OH�RI�ZULWLQJ��WKDQNV�WR�WKHLU�
VWUDLJKWIRUZDUG� DQG� FOHDU� RXWOLQHV� ZLWK� VPDOO� HOHPHQWV� RI� FXUYHV�� FUHDWH� WKH�
LPSUHVVLRQ�RI�VROHPQLW\��7KH�VHFRQG�W\SH�� �QDVNKL��� LV�GLVWLQJXLVKHG�E\�FXUYLOLQHDU�
OHWWHUV�DQG�LWDOLF��DV�D�UHVXOW� LW�ZDV�XVHG�LQ�FXUVLYH�ZULWLQJ��.D]DNRY��������

,Q� WKH� $UDE� FRXQWULHV�� D� NXILF� ZULWLQJ� EHIRUH� WKH� ;� FHQWXU\� ZDV� XVHG� LQ�
HSLJUDSK\�DQG�SDOHRJUDSK\��EXW�VLQFH�WKH�;,�FHQWXU\�LW�ZDV�XVHG�PDLQO\�IRU HSLJUDSKLF�
SXUSRVHV�� GHFRUDWLRQ� RI� DUFKLWHFWXUDO� VWUXFWXUHV�� FRLQV�� RUQDPHQWDWLRQ� RI� HYHU\GD\�
REMHFWV��7KH�VW\OH�RI��QDVNKL��IURP�WKH�ILUVW�KDOI�RI�WKH�;,,�FHQWXU\�EHFDPH�D�GDLO\�
IRUP�RI�ZULWLQJ��7KH�FXUYLOLQHDU�ZULWLQJ��QDVNKL��EHFDPH�WKH�EDVLV�IRU�WKH�FUHDWLRQ�
E\�FDOOLJUDSKHUV��DV�D�UHVXOW�RI�SURFHVVLQJ�DQG�LPSURYHPHQW��QHZ�KDQGZULWLQJ�VW\OHV��
NQRZQ� DV� WKH� FODVVLFDO� �VL[�� �.D]DNRY�� ������ .DIND�� ������� ,W� LQFOXGHG� VXFK�
KDQGZULWLQJV�DV���PXKDJJDJ����UHKDQL����VXOV����QDVNK����WRXJL����ULNK\D���RULJLQDWHG�
LQ�GLIIHUHQW�FRXQWULHV�DQG�DW�GLIIHUHQW�WLPHV�

7KH�DUW�RI�EHDXWLIXO�ZULWLQJ�EHJDQ�WR�GHYHORS�LQ�WKH�FXOWXUH�RI�WKH�7DWDUV�RI�
WKH� 0LGGOH� 9ROJD� UHJLRQ� IURP� WKH� ;� FHQWXU\�� 6LQFH� WKH� ;�;,9� FHQWXU\�� WKH�
KDQGZULWLQJ� RI� �.XIL�� ZDV� XVHG� RQ� FRLQV�� KRXVHKROG� LWHPV�� RUQDPHQWV�� )URP� WKH�
PLGGOH�RI�WKH�;,9�FHQWXU\�LW�ZDV�W\SLFDO�WR�XVH�WKH�VXOFH�VW\OH�LQ�WKH�RIILFH�ZRUN��DQG�
IURP� WKH� HQG� RI� WKH� ;9� FHQWXU\� LW� ZDV� D� �GLYDQL�� ZLWK� �ULND�� HOHPHQWV�� ,Q� WKH�
HSLJUDSKLF�RUQDPHQW�RI�WKH�HOHPHQWV�RI�DUFKLWHFWXUH�DQG�JUDYHVWRQHV�RI� WKLV�SHULRG��
WKH� KDQGZULWLQJ� �VXOFH�� DQG� �NXIL�� ZDV� XVHG�� ,Q� WKH� ;9,,� � ;9,,,� FHQWXULHV�� LQ�
PDQXVFULSW�FDOOLJUDSK\��WKH�VW\OHV�RI��QDVNK��DQG��QDVWDJOLJ��ZHUH�XVHG��,Q�WKH�;,;��
HDUO\�;;�FHQWXULHV��VW\OHV�GHYHORSHG�LQ�WKH�DUW�RI�MHZHOU\��LQ�FKDVHG�SURGXFWV � �VXO���
�QDVK��� �QDVWDJOLJ��� LQ� WKH� JOLSWLF� � �VXOFH��� �QDVK��� �QDVWDDJOLN��� �NXIL��� ,Q� WKH�
KDQGZULWWHQ�FDOOLJUDSK\�� �QDVNK����QDVWDJOLJ����VKLNDVWH����VXOV����PXKDJJDJ��

���0HWKRGRORJLFDO�)UDPHZRUN

���� 7KHRUHWLFDO�DQG�0HWKRGRORJLFDO�%DVLV�RI�WKH�6WXG\

7KH� DUWLFOH� LV�ZULWWHQ� DW� WKH� LQWHUFURVVLQJ� RI� VXFK� VFLHQFHV� DV� DUW� KLVWRU\��
FXOWXUDO�VWXGLHV��DUFKHRORJ\��HWKQRJUDSK\��DQG�DOVR�WKH�DX[LOLDU\�KLVWRULFDO�GLVFLSOLQH�
RI�SDOHRJUDSK\��7KH�DUWLFOH�LV�EDVHG�RQ�D�KROLVWLF�V\VWHP�DSSURDFK�WR�WKH�SUREOHP�RI�
LGHQWLI\LQJ�WKH�IHDWXUHV�RI�DSSO\LQJ�GLIIHUHQW�VW\OHV�RI�ZULWLQJ�WKH�$UDELF�DOSKDEHW�LQ�
PDQXVFULSW�FDOOLJUDSK\�DQG� WKH�PDWHULDO�FXOWXUH�RI� WKH�7DWDUV�RI� WKH�0LGGOH�9ROJD�
UHJLRQ�� 7KH� XVH� RI� WKH� FODVVLFDO� FRPSDUDWLYH�KLVWRULFDO� PHWKRG�� LQFOXGLQJ�



���_ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV�� 6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

V\QFKURQRXV�DQG�GLDFKURQLF�DQDO\VLV��LVD�SULRULW\�LQ�WKH�DUWLFOH��7KH�PHWKRGRORJ\�RI�
DUW�FULWLFLVP�DQDO\VLV�LV�FRPSOH[�LQ�QDWXUH�DQG�LQFOXGHV�D�IRUPDO�VW\OLVWLF�DSSURDFK�WR�
WKH� SURFHVVLQJ� RI� HPSLULFDO� PDWHULDO�� FXOWXUDO� KLVWRULFDO� DQDO\VLV�� FRPSDUDWLYH�
GHVFULSWLYH� PHWKRG� 7KH� DUWLFOH� DOVR� XVHV� JHQHUDO� VFLHQWLILF� DQG� FXOWXURORJLFDO�
PHWKRGV�DQG�DSSURDFKHV��JHQHWLF��DOORZLQJ�WR�PDNH�D�GLDFKURQLF�FXW�DQG�WUDFH�RI�WKH�
FDOOLJUDSK\�DUW�SURFHVV�LQ�WKH�0LGGOH�9ROJD�UHJLRQ�

���� 5HVHDUFK�%DVH

7KH� IDFWXDO� EDVH� RI� WKH� UHVHDUFK� ZDV� WKH� FROOHFWLRQV� RI� PDQXVFULSW�
FDOOLJUDSK\�� LQFOXGLQJ� UHFRUGV� RI� RIILFH� ZRUN� �NKDQ� ODEHOV��� ERRNV� RI� UHOLJLRXV��
VFLHQWLILF� DQG� OLWHUDU\� DQG� DUWLVWLF� FRQWHQW�� TXDWUDLQV� LQ� WKH� FROOHFWLRQV� RI� WKH�
'HSDUWPHQW�RI�+DQGZULWWHQ�DQG�5DUH�%RRNV�RI�WKH�1LNRODL�/REDFKHYVN\�6FLHQWLILF�
/LEUDU\�.D]DQ�)HGHUDO�8QLYHUVLW\��&HQWHU�IRU�:ULWWHQ�DQG�0XVLFDO�+HULWDJH�RI�WKH�*��
,EUDJLPRY�,QVWLWXWH�RI�/DQJXDJH��/LWHUDWXUH�DQG�$UW��7DWDUVWDQ�$FDGHP\�RI�6FLHQFHV�
�&:0+�,//$�QDPHG�DIWHU� ,EUDJLPRY��7$6��� WKH�'HSDUWPHQW�RI�0DQXVFULSWV�DQG�
5DUH�%RRNV�RI�1DWLRQDO�/LEUDU\�RI�WKH�5HSXEOLF�RI�7DWDUVWDQ��WKH�1DWLRQDO�0XVHXP�
RI� WKH� 5HSXEOLF� RI� 7DWDUVWDQ� �10�57��� WKH� 1DWLRQDO� $UFKLYH� RI� WKH� 5HSXEOLF� RI�
7DWDUVWDQ��1$�57���7KH�*UDSKLFV�'HSDUWPHQW�RI�WKH�6WDWH�0XVHXP�RI�)LQH�$UWV�RI�
WKH� 5HSXEOLF� RI� 7DWDUVWDQ� �*3� 60)$� 57�� DQG� SULYDWH� FROOHFWLRQV�� FROOHFWLRQ� RI�
MHZHOU\�IURP�WKH�FROOHFWLRQ�RI�WKH�1DWLRQDO�0XVHXP�RI�WKH�5HSXEOLF�RI�7DWDUVWDQ��10�
57���PXVHXPV�RI�6W��3HWHUVEXUJ��WKH�+HUPLWDJH���0RVFRZ��6$0��

���5HVXOWV

7KH� $UDELF� VFULSW� EHJDQ� WR� SHQHWUDWH� DFWLYHO\� LQWR� WKH� 9ROJR�.DPD� LQ�
FRQQHFWLRQ�ZLWK�WKH�RIILFLDO�DFFHSWDQFH�RI�,VODP�E\�WKH�9ROJD�%XOJDULD�LQ�����DQG�LWV�
UHFRJQLWLRQ�DV�D�SROLWLFDO�DOO\�RI� WKH�$EEDVLG�FDOLSKDWH��7RJHWKHU�ZLWK� WKH�0XVOLP�
UHOLJLRQ�WKH�%XOJDUV�DGRSWHG�$UDELF�JUDSKLFV��ZKLFK�UHSODFHG�WKH�UXQLF�OHWWHU�WKDW�XVHG�
WR� H[LVW� HDUOLHU� �6KDPVXWRYD�� ������ :HLPDU�� ������� 7KH� GLVVHPLQDWLRQ� RI� KDQG�
ZULWWHQ�FDOOLJUDSK\�DPRQJ�WKH�%XOJDUV�LV�LQGLFDWHG�E\�FOD\�DQG�EURQ]H�LQNSRWV�IRXQG�
LQ� SUH�0RQJROLDQ� DUFKDHRORJLFDO� PDWHULDOV�� +RZHYHU�� IRU� WKH� UHDVRQ� WKDW� WKH�
PRQXPHQWV�RI�WKH�PDQXVFULSW�KHULWDJH�RI�WKLV�SHULRG�KDYH�QRW�EHHQ�SUHVHUYHG��ZHFDQ�
QRW�UHVWRUH�WKH�KLVWRU\�RI�WKH�XVH�RI�KDQGZULWLQJ�VW\OHV�LQ�KDQGZULWWHQ�FDOOLJUDSK\�

0XVOLP� FXOWXUH� SHQHWUDWHG� LQWR� 9ROJD� %XOJDULD�� SULPDULO\� GXH� WR� WUDGH�
UHODWLRQV� ZLWK� &HQWUDO� $VLD�� DQG� WKLV� SURFHVV� ZDV� QRW� DVVRFLDWHG� ZLWK� UHOLJLRXV�
SURSDJDQGD� �%DUWROG�� ������%RULVRY�	�/XNRQLQ�� �������&OHDUO\�GDWHG�QXPLVPDWLF�
PDWHULDOV� FRQILUP� WKH� UHSRUWV� RI� ZULWWHQ� VRXUFHV� DERXW� WKH� HDUO\� SHQHWUDWLRQ� DQG�
GLVWULEXWLRQ�RI�$UDELF�JUDSKLFV�LQ�9ROJD�%XOJDULD��'RGKXGRHYD��������*RVPDQRY��
������

7KH� SURGXFWV� RI� DUWV� DQG� FUDIWV� LQWURGXFHG� LQWR� VFLHQWLILF� FLUFXODWLRQ��
XQIRUWXQDWHO\��ZHUH�QRW�VR�QXPHURXV�DQG��EDVLFDOO\��WKH\�ZHUH�WKH�VXEMHFWV�RI�LPSRUW��



6W\OHV�RI�:ULWLQJ�$UDELF�6FULSW�LQ�WKH�0DQXVFULSW�%RRN�«�_����

)RU�WKH�SUH�0RQJRO�SHULRGLVRODWHG�LQVFULSWLRQV�LQ�$UDELF�ZHUH�NQRZQ��IRU�H[DPSOH��
RQ�WKH�EURQ]H�FDVWOH�IURP�%LO\DU��10�57���PDGH�E\�WKH�ORFDO�PDVWHU�$EX�%DNU��WKH�
VRQ�RI�$KPHG�LQ�������.D]DNRY���������WKH�LQVFULSWLRQ�ZDV�HQJUDYHG�ZLWK�D�JRRG�
KDQGZULWLQJ�RI��.XIL��

7KH�ULFKHVW�ZRUOG�RI�WKH�%XOJDUR�7DWDU�HSLJUDSK\�LV�PDGH�XS�RI�WRPEVWRQHV��
,Q�;,,,�� WKH�ILUVW�KDOI�RI�WKH�;,9�FHQWXULHV�LQ�%XOJDU�WKHUH�ZDV�D�ODUJH�ZRUNVKRS�IRU�
WKH� SURGXFWLRQ� RI� HSLWDSKV�� 7KH� %XOJDUR�7DWDU� VWRQH� HSLJUDSK\� LV� QRW� RQO\� DQ�
LPSRUWDQW�KLVWRULFDO�VRXUFH��EXW�DOVR�UHSUHVHQWV�D�SKHQRPHQRQ�RI�DUWLVWLF�FXOWXUH�WKDW�
KDV� DULVHQ� RQ� WKH� EDVLV� RI� WKH� V\QWKHVLV� RI� DUWV�� DUFKLWHFWXUH�� VWRQH� FDUYLQJ� DQG�
FDOOLJUDSK\� �&KHUYRQQD\D�� ������ 9RURE\RY�� ������� 2UQDPHQWDO� GHFRUDWLRQ� RI� WKH�
WRPEVWRQHV� RI WKLV� SHULRG� LQGLFDWHG� D� KLJK� OHYHO� RI� DUW� FXOWXUH� RI� WKH� VWRQH�� &0��
&KHUYRQQD\D� QRWHG� WKDW�� LQ� IDFW�� V\QFKURQRXVO\�� LQ� WKH� ;,,,� � ;,9� FHQWXULHV�� LQ�
%XOJDULDQ�DUW�RI�FDUYLQJ�DORQJ�WKH�VWRQH��WKHUH�ZHUH�WZR�VW\OHV�LQ�SDUDOOHO��WKH�ILUVW��
PRUH�PDJQLILFHQW��ZLWK�WKH�HSLWDSK�LQ�KDQGZULWWHQ��VXOFH��� D�FRQYH[��VPRRWK�$UDELF�
VFULSW��WKH�VHFRQG�LV�VWULFW��ZLWK�D�VKRUW�WH[W��XVXDOO\�HPEHGGHG�LQ�WKH�GHSWKV�RI�WKH�
VWRQH�ZLWK�WKH�DXWKRUL]HG�KDQGZULWLQJ�RI��.XIL��� DUFKDLF�DQG�JHRPHWUL]HG�

7KH�QH[W�VWDJH�LQ�WKH�GHYHORSPHQW�RI�WKH�DUW�RI�PDQXVFULSW�FDOOLJUDSK\�EHJDQ�
LQ�WKH�PLGGOH�RI�WKH�;,;�FHQWXU\��7KH�IRUPDWLRQ�RI�FDSLWDOLVW�UHODWLRQV�WKDW�LQIOXHQFHG�
WKH�IRUPDWLRQ�RI�WKH�QDWLRQDO�VHOI�FRQVFLRXVQHVV�RI�WKH�7DWDU�SHRSOH�ZDV�UHIOHFWHG�LQ�
LWV�VSLULWXDO�FXOWXUH��7KH�RSHQLQJ�RI�WKH�.D]DQ�*\PQDVLXP���������.D]DQ�,PSHULDO�
8QLYHUVLW\��������FRQWULEXWHG�WR�WKH�SRVVLELOLW\�RI�VHFXODU�0XVOLPV�UHFHLYLQJ�VHFXODU�
HGXFDWLRQ��,Q�WKH�ODVW�TXDUWHU�RI�WKH�;,;�FHQWXU\��WKH�PRGHUQL]DWLRQ�RI�7DWDU�VRFLHW\�
ZDV� PDQLIHVWHG� LQ� SURJUHVVLYH� WUDQVIRUPDWLRQV� LQ� DOO� VSKHUHV� RI� WKH� VSLULWXDO� DQG�
PDWHULDO�OLIH�RI�VRFLHW\��7KH�PRYHPHQW��-DGLGLVP��WRRN�D�ZLGH�VFDOH��)DNKUXWGLQRY��
�������7KH�LGHDV�RI�UHIRUPLVP��ZKLFK�SURFODLPHG�WKH�IUHHGRP�RI�XWWHUDQFHV�� LMWLKDG��
DORQJ�ZLWK�WKH�UHVWULFWLRQ�RI�WUDGLWLRQV��DV�ZHOO�DV�WKH�SURFODPDWLRQ�RI��LQQRYDWLRQV���
KHOSHG� WR� UHYLYH� WKH� KDQGZULWWHQ� FDOOLJUDSK\�� ZKLFK� PDQLIHVWHG� LWV� FKDUDFWHULVWLF�
IHDWXUHV� LQ�ERRN�DUW�DQG�VKDPDLOV��7KH�SURGXFWLRQ�RI�VKDPDLODV�ZDV�EHFRPLQJ� WKH�
EXVLQHVV�RI�SURIHVVLRQDO�FDOOLJUDSKHUV�

$QDO\VLV RI�WKH�HSLJUDSKLF�RUQDPHQW�VKRZHG�WKDW�WKH�WUDFLQJ�RI�OHWWHUV�FDQQRW�
EH�WLHG�WR�D�SDUWLFXODU�VW\OH��:LWK�D�JUHDW�GHDO�RI�FRQYHQWLRQ��ZH�FDQ�VD\�WKDW�WKLV�LV�D�
�VXOFH��ZLWK�HOHPHQWV�RI��QDVNK���7KH�FLUFOH�VKDSH�GLFWDWH�DQG�D�VPDOO�DUHD��SUREDEO\��
GHWHUPLQHG�WKH�XVH�RI�WKH�VW\OH��QDVWDOLJ���XVHG�LQ�WKH�KDQG�ZULWWHQ�FDOOLJUDSK\��ZKHUH�
WKH�QH[W�OHWWHU�LV�DERYH�WKH�SUHYLRXV�RQH��&KDUDFWHULVWLFDOO\��WKDW�WDNHQ�LQ�WKH�FODVVLFDO�
FDOOLJUDSK\�WHFKQLTXHV�RI�ZULWLQJ�YHUWLFDO�OHWWHUV�LQ�WKH��6XOV��ZLWK�WKH�LQFOLQDWLRQ�WR�
WKH�ULJKW�DQG�ZULWLQJ�RI�YHUWLFDO�OHWWHUV�LQ�WKH��QDVNK��ZLWKRXW�LQFOLQDWLRQ�DUH�YLRODWHG��
3HUKDSV�WKH�MHZHOHU�ZDV�DFFXVWRPHG�WR�ZULWLQJ�LQ�&\ULOOLF��RU�KH�ZDV�QRW�IDPLOLDU�ZLWK�
WKH�ULJLG�FDQRQV�RI�DQ�$UDERJUDSKLF�ZULWLQJ��VR�KH�GLG�QRW�SD\�DWWHQWLRQ�WR LW��,Q�VRPH�
FDOOLJUDSKLF�FRPSRVLWLRQV��WKHUH�LV�D�SVHXGRHSLJUDSK\�ZKHUH�VRPH��OHWWHUV���LQ�IDFW��
DUH�RQO\�DQ�DUWLVWLF�WHFKQLTXH�� D�UHSHDWLQJ�HOHPHQW�RI�WKH�RUQDPHQW�WKDW�GHWHUPLQHV�
WKH� UK\WKP�� 7KXV�� XQIRUWXQDWHO\�� LW� LV� LPSRVVLEOH� WR� VSHDN� DERXW� WKH� HVWDEOLVKHG�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

VFKRRO�� VSHFLDOO\� GHVLJQHG� VNHWFKHV� RI� HSLJUDSKLF� RUQDPHQWV� IRU� MHZHOU\�� 0DVV�
PDWHULDO��DQG�URXQG�PHWDO�SODWHV�ZHUH�VXFK�RQHV��OHDYHV�WKH�LPSUHVVLRQ�RI�UHSOLFDWLQJ�
FRSLHV�IURP�FRSLHV�RI�ORQJ�ORVW�SURWRW\SHV�

���'LVFXVVLRQV

7KH� GHYHORSPHQW� RI� ,VODPLF� DUW� LV� UHIOHFWHG� LQ� WKH� ZULWLQJV� RI� GRPHVWLF�
UHVHDUFKHUV��%DUWROG� ��������$NLPXVKNLQ� �������� LQ� WKH� VWXGLHV� RI� OHDGLQJ� IRUHLJQ�
VFLHQWLVWV�� .D]L� $KPHG� ������� $VLID� DO�+DOODE� �������� $OLHYD� �������� %XUNKDGW�
��������LQ�ZKLFK�LVVXHV�RI�IRUPDWLRQ�DQG�GHYHORSPHQW�RI�VW\OHV�RI�FDOOLJUDSKLF�ZULWLQJ�
LQ�WKH�FXOWXUH�RI�0XVOLP�SHRSOH�DUH�VWXGLHG�

9DULRXV�DVSHFWV�RI�WKH�KLVWRU\�RI�WKH�KDQG�ZULWWHQ�FDOOLJUDSK\�GHYHORSPHQW�
LQ�WKH�FXOWXUH�RI�WKH�7DWDUV�RI�WKH�0LGGOH�9ROJD�UHJLRQ�DUH�FRQVLGHUHG�LQ�WKH�VWXGLHV�
RI� 9DNKDGL� �������� 8VPDQRY� �������� 9DOHHY� �������� ZKHUH� WKH� LQIOXHQFH� RI� WKH�
&HQWUDO�$VLDQ�DQG�2WWRPDQ�WUDGLWLRQV�RQ�WKH�IRUPDWLRQ�RI�FDOOLJUDSK\�LQ�WKH�ERRN�DUW�
ZDV�VXEVWDQWLDWHG�

:RUNV� RI� PDWHULDO� FXOWXUH�� LQFOXGLQJ� FDOOLJUDSK\� DV� DQ� RUQDPHQW�� ZHUH�
LQWURGXFHG� LQWR� VFLHQWLILF� FLUFXODWLRQ� LQ� WKH� ZRUNV� RI� DUFKHRORJLVWV�� )HGRURY�
'DY\GRY� ������� �������.D]DNRY� ������� �������.KDOLNRY� ��������5XGHQNR� �������
������� (WKQRJUDSKHUV� 9RURELHY� �������� 6XVORYD� �������� .RQGDNRY� DQG� 7ROVWR\�
��������9DOHHY���������������.KDOLWRY�DQG�$OPHQRYD�.KDOLW���������,PSRUWDQW�LQ�WKH�
VWXG\� ZHUH� WKH� H[KLELWLRQV� FDWDORJV� RI� 0XVOLP� DUWZRUNV�� �7UHDVXUHV�� �������
�&ODVVLFDO��������

,Q�WKH�;;�FHQWXU\��WKH�WRSLF�XQGHU�FRQVLGHUDWLRQ�ZDV�UHIOHFWHG�LQ�WKH�ZRUNV�
RI�5XVVLDQ�DUW�KLVWRULDQV��&KHUYRQQR\����������6KDPVXWRYD���������'RQLQR\��'RQLQD�
	�6XVORYD��������9DJDSRYD��������/HEHGHY�HW�DO���������<DQLQD���������ZKR�WRXFKHG�
XSRQ�WKH�LVVXHV�RI�IRUPLQJ�VW\OHV�RI�FDOOLJUDSKLF�ZULWLQJ�EDVHG�RQ�$UDELF�JUDSKLFV�LQ�
WKH� FXOWXUH� RI� WKH� 7DWDUV�� )XQGDPHQWDOV� RI� WKH� IRUPDWLRQ� DQG� GHYHORSPHQW� RI�
PDQXVFULSW�FDOOLJUDSK\�LQ�WKH�FXOWXUH�RI�WKH�7DWDUV�ZHUH�VWXGLHG�E\�9DJDSRYD��������
DQG�FRPSRVHG�D�VHFWLRQ�RI�KHU�WKHVLV�ZRUN�

���&RQFOXVLRQ

7KH�SURFHVV�RI�IRUPDWLRQ�DQG�GHYHORSPHQW�RI�WKH�$UDELF�FDOOLJUDSK\�DUW�LQ�
WKH�FXOWXUH�RI�WKH�7DWDU�SHRSOH�FRQVLVWHG�RI�PDQ\�FRPSRQHQWV�DQG�ZDV�GHWHUPLQHG�E\�
REMHFWLYH� KLVWRULFDO� FRQGLWLRQV�� 7KH� GHYHORSPHQW� RI� 7DWDU� FDOOLJUDSK\� FDQQRW� EH�
YLHZHG�LQ�LVRODWLRQ�IURP�WKH�DUW�RI�RWKHU�0XVOLP�FRXQWULHV�DQG�DERYH�DOO�&HQWUDO�$VLD��
7XUNH\��(J\SW��,UDQ��ZLWK�ZKLFK�WKH�9ROJD�%XOJDULD�RI�WKH�SUH�0RQJRO�DQG�*ROGHQ�
+RUGH�SHULRGV��LWV�VXFFHVVRU�.D]DQ�.KDQDWH��PDLQWDLQHG�FORVH�GLSORPDWLF�DQG�WUDGH�

7KH� VWXG\�RI�.KDQ� ODEHOV�RI� WKH�.D]DQ�.KDQDWH� SHULRG� �;9� � HDUO\�;9,�
FHQWXULHV�� VKRZV� WKDW� LQ� PDQXVFULSW� FDOOLJUDSK\� � LQ� WKH� RIILFH� ZRUN� � WKH� VW\OHV�
�VXOFH����GLYDQL��DQG��ULN\D��ZHUH�XVHG��$QG��LW�LV�W\SLFDO�WR�XVH�HOHPHQWV�RI�GLIIHUHQW�
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VW\OHV�RI�KDQGZULWLQJ�LQ�ZULWLQJ�RQH�ZRUG��FDOOLJUDSKHUV�ZHUH�IDPLOLDU�ZLWK�GLIIHUHQW�
W\SHV� RI� KDQGZULWLQJ� VW\OHV� DQG� XVHG� WKHP� LQ DFFRUGDQFH�ZLWK� JHQHUDOO\� DFFHSWHG�
FDQRQV��7KH�XVH�RI�WKHVH�VW\OHV�LV�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�WKURQH�RI�WKH�.D]DQ�
NKDQDWH�ZDV�UXOHG�E\�UHSUHVHQWDWLYHV�RI�WKH�&ULPHDQ�G\QDVW\��ZKLFK�ZDV�XQGHU�WKH�
SDWURQDJH�RI�7XUNH\��ZKHUH�WKH�DERYH�PHQWLRQHG�VW\OHV RI�ZULWLQJ�ZHUH�HVWDEOLVKHG�
LQ�WKH�RIILFH�ZRUN�

6LQFH�WKH�PLGGOH�RI�WKH�;9,�FHQWXU\��������� WKH�FRQTXHVW�DQG�DQQH[DWLRQ�
RI� WKH�.D]DQ�.KDQDWH� WR� WKH�5XVVLDQ� VWDWH� ±WLOO� WKH�;9,,,� FHQWXU\� WKH� SURFHVV� RI�
GHFOLQH�RI�WUDGLWLRQDO� IRUPV�RI�DUW� LQ�WKH�FXOWXUH�RI WKH�7DWDUV�RI�WKH�0LGGOH�9ROJD�
UHJLRQ�KDV�EHHQ�REVHUYHG��$V�D� UHVXOW�� WKH�FHQWHUV�RI�PDQXVFULSW�FDOOLJUDSK\�ZHUH�
GHVWUR\HG� WKDW� OHG� WR� LUUHYHUVLEOH�SURFHVVHV�RI�GHFOLQH�RI� WKLV�DUW� IRUP��)RU�;9,,� �
;9,,,�FHQWXULHV��LW�ZDV�W\SLFDO�WR�XVH�KDQGZULWLQJ�VW\OHV RI��QDVNK��LQ�KDQG�ZULWWHQ�
FDOOLJUDSK\�WR�UHZULWH�FRPSRVLWLRQV�RQ�D�UHOLJLRXV�WKHPH�DQG��QDVWDOLJ�� � VFLHQWLILF�
DQG�OLWHUDU\�� DUWLVWLF�ZRUNV��7KH�SUDFWLFH�RI�GLIIHUHQWLDWLQJ�RI�KDQGZULWLQJ�VW\OHV�KDV�
EHHQ�HVWDEOLVKHG�LQ�DFFRUGDQFH�ZLWK�WKH�JHQUH�RI�WKH�OLWHUDU\�ZRUN�

$�QHZ�VWDJH�LQ�WKH�GHYHORSPHQW�RI�FDOOLJUDSK\�LQ�WKH�FXOWXUH�RI�WKH�7DWDUV�RI�
WKH�0LGGOH�9ROJD�UHJLRQ�EHJDQ�LQ�WKH�PLGGOH�RI�WKH�;,;�FHQWXU\��LW�ZDV�FKDUDFWHUL]HG�
E\� D� ZLGH� UDQJH� RI� KDQGZULWLQJ� VW\OHV� LQ� KDQGZULWWHQ� FDOOLJUDSK\� DQG� HSLJUDSKLF
RUQDPHQWDWLRQ��,Q�WKH�MHZHOU\�DUW��FDOOLJUDSK\��DV�DQ�LPSRUWDQW�SDUW�RI�WKH�HSLJUDSKLF�
RUQDPHQW��UHFHLYHG�XQH[SHFWHG�LQWHUSUHWDWLRQV�RI�KDQG�ZULWWHQ�VW\OHV��VXOFH����.XIL���
�QDVNK����QDVWDOLJ���7KH�TXDOLW\�RI�SHUIRUPDQFH�ZDV�GHWHUPLQHG�E\�WKH�VNLOO�RI�WKH
MHZHOHU�DQG�WKH�SXUSRVH�RI�WKH�SURGXFW��7KH�GHYHORSPHQW�RI�KDQGZULWWHQ�FDOOLJUDSK\�
LV�XQDPELJXRXVO\�GLIILFXOW�WR�FKDUDFWHUL]H��,Q�WKH�ODUJH�FLWLHV�DW�WKH�PDGUDVVDV�WKHUH�
ZHUH�ZRUNVKRSV�IRU�UHZULWLQJ�ERRNV��OHVVRQV�RI�EHDXWLIXO�ZULWLQJ�ZHUH�LQFOXGHG�LQ�
WKH FXUULFXOXP�� 7KH� UHZULWLQJ� RI� ERRNV� ZDV� GRQH� E\� SURIHVVLRQDOV� ZKR� RZQHG�
GLIIHUHQW�NLQGV�RI�KDQGZULWLQJ�VW\OHV��7KHUH�ZHUH�NQRZQ�PDVWHUV�FDOOLJUDSKHUV�6K��
7DJLURY��$��0DNKPXGRY�DQG�RWKHUV�ZKR�OHIW�XQLTXH�ZRUNV�RI�DUW�RI�FDOOLJUDSK\��$W�
WKH�VDPH�WLPH��ZH�DUH IRUFHG�WR�QRWH�WKDW�LQ�WKH�0LGGOH�9ROJD�UHJLRQ��GXH�WR�REMHFWLYH�
KLVWRULFDO�UHDVRQV��WKH�VFKRRO�RI�FDOOLJUDSKLF�DUW��ERWK�LQ�KDQG�ZULWWHQ�FDOOLJUDSK\�DQG�
LQ�GHFRUDWLYH�DQG�DSSOLHG�DUW��KDYH�QRW�JRW�WR�IRUP�

$FNQRZOHGJHPHQWV

7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

$NLPXVKNLQ��2��)����������+DQGZULWWHQ�ERRN�LQ�WKH�FXOWXUH�RI�WKH�SHRSOHV�RI�WKH�(DVW�
�SS������������0RVFRZ��6FLHQFH�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

$OLHYD��.��0����������7KH�DUWLVWLF�GHVLJQ�RI�WKH�$]HUEDLMDQL�PDQXVFULSW�ERRN�DQG�LWV�
LQIOXHQFH�RQ�RWKHU�DUWV���,Q��6XOWDQRYD�5�5���(G���2ULJLQV�DQG�HYROXWLRQ�RI�WKH�
DUWLVWLF� FXOWXUH� RI� WKH� 7XUNLF� SHRSOHV �SS�� ���������� .D]DQ�� 5HSXEOLF� RI�
7DWDUVWDQ��,//$�7$6�

$VLID� $�+�� ��������$HVWKHWLF EDVHV� RI� ,VODPLF� RUQDPHQW� �7KH�'LVVHUWDWLRQ� RI� WKH�
&DQGLGDWH�RI�$UW�&ULWLFLVP���65,�5$$��0RVFRZ��5XVVLD�

%DUWROG��9��9�������������/HFWXUHV�RQ�WKH�KLVWRU\�RI�WKH�7XUNLVK�SHRSOHV�RI�FHQWUDO�
$VLD��.RQRQRY�$�1����(G�����7�����S�������0RVFRZ��6FLHQFH��WKH�PDLQ�HGLWLRQ�RI�
HDVWHUQ�OLWHUDWXUH�

%RULVRY��$��<D��	�/XNRQLQ��9��*�� ��������6DVDQLDQ�JHPV��/HQLQJUDG��3XEOLVKLQJ�
+RXVH�RI�WKH�6WDWH�+HUPLWDJH�

%XUNKDGW��7����������7KH�DUW�RI�,VODP��/DQJXDJH�DQG�PHDQLQJ��7DJDQURJ��,UEL�

&KHUYRQQD\D��6��0����������7KH�DUW�RI�7DWDULD��0RVFRZ���$UW��

&ODVVLFDO���������7KH�DUW�RI�WKH�,VODPLF�ZRUOG�RI�WKH�,;�;,;�FHQWXULHV� 1LQHW\�QLQH�
QDPHV�RI�$OODK��0RVFRZ��0DUG]KDQL�3XEOLVKLQJ�+RXVH�

'RGKXGRHYD��/��1����������7KH�DUWLVWLF�FXOWXUH�RI�WKH�ERRN�RI�&HQWUDO�$VLD�DQG�,QGLD�
;9,�;,;�FHQWXULHV���7KH�'LVVHUWDWLRQ�RI�WKH�'RFWRU�RI�+LVWRULFDO�6FLHQFHV���$��
'RQLVK�LQVWLWXWH�RI�KLVWRU\��DUFKHRORJ\�DQG�HWKQRJUDSK\��'XVKDPEH��7DMLNLVWDQ�

'RQLQD��/��1���	�6XVORYD��6��9����������-HZHOU\�RI�WKH�7XUNLF�SHRSOHV�RI�(XUDVLD��
6XVORYD�6�9���(G���

)DNKUXWGLQRY��5��5����������+LVWRU\�RI�WKH�7DWDU�SHRSOH��6DILQ�,)��(G����-DGLGLVP�DQG�
WKH�7DWDU�LQWHOOLJHQWVLD��.D]DQ��7DWDUV��ERRN��SXEOLVKLQJ�KRXVH�

)HGRURY�'DY\GRY�� *�� $�� �������� 7KH� DUW� RI� WKH� 1RPDGV� DQG� WKH� *ROGHQ�+RUGH��
0RVFRZ��$UW�

)HGRURY�'DY\GRY��*��$����������7KH�FLW\�RI�%ROJDU��(VVD\V�RQ�KLVWRU\�DQG�FXOWXUH��
)HGRURY�'DY\GRY��*�$���(G����0RQH\�DQG�PRQHWDU\�FLUFXODWLRQ�RI�WKH�%ROJDU��
0RVFRZ��6FLHQFH�

*RVPDQRY�� 0�� $�� �������� ɄɚɭɪɵɣɤɚɥΩɦɷɡɟɧɧΩɧ�� .D]DQ�� 7DWDUVWDQ.LWDS�
QԥɪɢɹUL\DW\�

.DIND��/����������6WXGLHV�RI�VRFLHW\��DUFKHRORJ\��KLVWRU\��HWKQRJUDSK\��7KH�ULQJV�RI�
WKH�.DPVN�9ROJD�%XOJDULD��.D]DQ��3XEOLVKLQJ�KRXVH�RI�.D]DQ�8QLYHUVLW\�

.D]DNRY��(��3����������,VVXHV�RI�HWKQRJHQHVLV�RI�WKH�7XUNLF�VSHDNLQJ�SHRSOHV�RI�WKH�
0LGGOH� 9ROJD� UHJLRQ�� %XULDO� LQYHQWRU\� RI� WKH� 7DQNH\HYVN\� EXULDO� JURXQG��
.D]DQ�

.D]DNRY��(��3����������6RYLHW�DUFKHRORJ\��5\EDNRY�%�$���(G����6LJQV�DQG�OHWWHU�RI�
HDUO\�9ROJD�%XOJDULD�RQ�DUFKDHRORJLFDO�GDWD��0RVFRZ��6FLHQFH�

.D]L��$����������$�WUHDWLVH�RQ�FDOOLJUDSKHUV�DQG�DUWLVWV��0RVFRZ�/HQLQJUDG� $UW�
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.KDOLNRY��$��.K���������7KH�0RQJROV��WKH�7DWDUV��WKH�*ROGHQ�+RUGH�DQG�%XOJDULD��
.D]DQ��)(1�

.KDOLWRY��1��.K���	�$OPHQRYD�.KDOLW��1����������6W\OHV�DQG�IRUPV�RI�WKH�PHGLHYDO�
DUFKLWHFWXUH� RI� .D]DQ�� $� KLVWRULFDO� DQG� DUFKLWHFWXUDO� VWXG\�� .D]DQ�� 7DWDU�
SXEOLVKLQJ�KRXVH�

.RQGDNRY��1��3���	�7ROVWR\��,��,����������5XVVLDQ�DQWLTXLWLHV�LQ�WKH�PRQXPHQWV�RI�DUW��
6W��3HWHUVEXUJ��3ULQWLQJ�KRXVH�RI�WKH�0LQLVWU\�RI�5DLOZD\V�

/HEHGHY��9��3���%HJRYDWRY��(��$���	�.KUDPFKHQNRYD��5��.K����������1XPLVPDWLFV�
RI�WKH�*ROGHQ�+RUGH��0LUJDOHHY�,0��(G����&RLQ�VKDSHG�FDVW�SHQGDQWV�RI�9ROJD�
%XOJDULD��.D]DQ��3XEOLVKLQJ�KRXVH<D]�

5XGHQNR�� .�� $�� �������� %XOJDU� WUHDVXUHV� �7R� WKH� 4XHVWLRQ� RI� WKH� %XOJDULDQ�
0HWDOZRUNLQJ�RI�WKH���WK���WK�&HQWXULHV���=DY\DORY�9�,���(G����$QFLHQW�DUWLVDQV�
RI� WKH� 8UDOV�� 0DWHULDOV� RI� WKH� $OO�5XVVLDQ� 6FLHQWLILF� &RQIHUHQFH� RI� ������
,]KHYVN��8,<$/�8%�5$6�

5XGHQNR��.��$����������%XOJDULDQ�6LOYHU��$QWLTXLWLHV�RI�%LO\DU��.D]DQ��=DPDQ�

6KDPVXWRYD��5��,����������7KH�ZRUG�DQG�WKH�LPDJH�LQ�WKH�7DWDU�6KDPDLO�IURP�SDVW�WR�
SUHVHQW��.D]DQ��7DWDU�SXEOLVKLQJ�KRXVH�

6XVORYD��6��9����������:RPHQ
V�-HZHOU\�RI�WKH�.D]DQ�7DWDUV�LQ�WKH�0LG���WK�&HQWXU\�
%HJLQQLQJ� RI� WKH� ��WK�&HQWXU\�� +LVWRULFDO� DQG� HWKQRJUDSKLF� VWXG\��0RVFRZ��
6FLHQFH�

7UHDVXUHV RI�WKH�*ROGHQ�+RUGH�������� ([KLELWLRQ�FDWDORJ��

8VPDQRY��0��$����������&RPSOLFDWHG�DFWV�']KXFKLHYXOXV�;9�;9,�FHQWXULHV��.D]DQ��
3XEOLVKLQJ�KRXVH�RI�.D]DQ�8QLYHUVLW\�

9DJDSRYD��)��*����������)RUPDWLRQ�RI�WKH�DUW�RI�WKH�7DWDU�PDQXVFULSW�DQG�SULQWHG�
ERRN�RI�WKH�;9,,�� (DUO\�;;�FHQWXULHV��6W\OLVWLFV�DQG�V\PEROLVP �7KHVLV�RI�WKH�
FDQGLGDWH�RI�DUW�FULWLFLVP���SS����������068�QDPHG�DIWHU�1�3��2JDUHY��6DUDQVN��
5HSXEOLF�RI�0RUGRYLD�

9DNKDGL�� 6��*�� ��������7KH� VWXG\� RI� WKH�.KDQ
V� /DEHO� 6DKLE�*LUD\�.KDQ��.D]DQ��
7\SH��.D]DQ��8QLYHUVLW\�

9DOHHY��)��+�� ��������7KH�7DWDU� IRON�RUQDPHQW��&KHERNVDU\��5308��&KHERNVDU\�
SULQWLQJ�KRXVH�QXPEHU����

9DOHHY��5��0����������+LVWRU\�RI�WKH�7DWDUV�IURP�DQFLHQW�WLPHV��9ROJD�%XOJDULD�DQG�
WKH� *UHDW� 6WHSSH�� 8VPDQRY� 0�$��� .KDNLPRY� 5�6�� �(G���� 0RQHWDU\� V\VWHP��
.D]DQ��3XEOLVKLQJ�+RXVH �5XNK,/��

9RURE\RY��1��,����������.D]DQ�7DWDUV��(WKQRJUDSKLF�VWXG\�RI�WKH�PDWHULDO�FXOWXUH�RI�
WKH�SUH�2FWREHU�SHULRG���.D]DQ��7DWJRVL]GDW��HGLWRULDO�ERDUG�RI�VFLHQWLILF�DQG�
WHFKQLFDO�OLWHUDWXUH�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

:HLPDU��%��9����������&ODVVLFDO�DUW�RI�WKH�FRXQWULHV�RI�,VODP��0RVFRZ��,]G��KRXVH�
�$UW��

<DQLQD��6��$����������0DWHULDOV�DQG�UHVHDUFK�RQ�DUFKHRORJ\�RI�WKH�8665��1HZ�GDWD�
RQ�WKH�FRLQDJH�RI�9ROJD�%XOJDULD�LQ�WKH�;�FHQWXU\��0RVFRZ��3XEOLVKLQJ�+RXVH�
RI�WKH�8665�$FDGHP\�RI�6FLHQFHV�


