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6RM�6WUHSWRP\FHV VS��13���ELRVLQWHWLãH�YHOLNH�NROLþLQH Q� L�UD]JUDQDWLK�VORERGQLK�
PDVQLK�NLVHOLQD�NDR�RGJRYRU�QD�SULVXVWYR�NUDWNRODQþDQLK�PDVQLK�NLVHOLQD

0LOHQD�=��äLYNRYLü��7DWMDQD�,OLü�7RPLü��0DULMD�6��'HQLü� -DVPLQD�1LNRGLQRYLü�5XQLü��
1LNR�6��5DGXORYLü

'HSDUWPDQ�]D�KHPLMX��3ULURGQR�PDWHPDWLþNL�IDNXOWHW��8QLYHU]LWHW�X�1LãX��
9LãHJUDGVND�����������1Lã��6UELMD

,QVWLWXW�]D�PROHNXODUQX�JHQHWLNX�L�JHQHWLþNR�LQåHQMHUVWYR��8QLYHU]LWHW�X�%HRJUDGX��
9RMYRGH�6WHSH����D��3�2��%R[�����������%HRJUDG��6UELMD

%DNWHULMH� URGD� 6WUHSWRP\FHV ELRVLQWHWLãX� YLãH� RG� SRORYLQH� RG� ������� SR]QDWLK� ELRORãNL� DNWLYQLK�
MHGLQMHQMD�� SD� VX� SUHNR� ��� JRGLQD� X� åLåL� LQWHUHVRYDQMD� QDXþQLND� L� LQGXVWULMH�� 1RYD� YUVWD� URGD�
6WUHSWRP\FHV��R]QDþHQD�NDR�13����MH�L]RORYDQD�L]�X]RUND�]HPOMLãWD�VHOD�ýXPLü��NRG�.UDJXMHYFD��
2YD�YUVWD��JDMHQD�SRG�UD]OLþLWLP�XVORYLPD��YUHPH�LQNXEDFLMH��KUDQOMLYD�SRGORJD��WHPSHUDWXUD��LWG���
MH�ELRVLQWHWLVDOD�YHOLNH�NROLþLQH�VORERGQLK�GXJRODQþDQLK�PDVQLK�NLVHOLQD��&��&�����'HWDOMQD�DQDOL]D�
OLSLGQRJ�SURILOD�RYRJ�VRMD��NRMD� MH�XVOHGLOD� �KURPDWRJUDIVND� UD]GYDMDQMD��GHULYDWL]DFLMD��KHPLMVNH�
WUDQVIRUPDFLMH�L�*&�06�NR�LQMHNFLMD�VD�VWDQGDUGLPD���MH�RPRJXüLOD�LGHQWLILNDFLMX�SUHNR����PDVQLK�
NLVHOLQD� Q��� LVR� L� DQWHLVR�QL]D� XNOMXþXMXüL� ]DVLüHQH�� QH]DVLüHQH� L� FLNORSURSDQVNH� NLVHOLQH��
1DM]DVWXSOMHQLMH�� NDNR� VORERGQH�� WDNR� L� YH]DQH�� VX� ELOH� ���PHWLOWHWUDGHNDQVND�� ���PHWLOSHQWD�
GHNDQVND��KHNVDGHNDQVND�L�RNWDGHNDQVND�NLVHOLQD��8�SULVXVWYX��X�KUDQOMLYRM�SRGOR]L�LOL�DWPRVIHUL��
L]RPHUQLK�EXWDQVNLK�L�SHQWDQVNLK�NLVHOLQD�GROD]L�GR�KLSHUSURGXNFLMH�SRPHQXWLK�VORERGQLK�PDVQLK�
NLVHOLQD��2YDNYD� SULURGQD� DGDSWDFLMD�PRåH� GD� SUHGVWDYOMD� RGEUDPEHQL�PHKDQL]DP�SURWLY� GUXJLK�
PLNURRUJDQL]DPD�X�]HPOMLãWX�NRML�SURGXNXMX�RYH�NUDWNRODQþDQH�PDVQH�NLVHOLQH�

6WUHSWRP\FHV VS��13���SURGXFHV�D�ODUJH�DPRXQW�RI�Q� DQG�EUDQFKHG�IUHH�IDWW\�DFLGV�
DV�D�UHVSRQVH�WR�WKH�SUHVHQFH�RI�VKRUW�FKDLQ�IDWW\�DFLGV

0LOHQD�=��äLYNRYLü��7DWMDQD�,OLF�7RPLF��0DULMD�6��'HQLü��-DVPLQD�1LNRGLQRYLF�5XQLF��
1LNR�6��5DGXORYLü

'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�6FLHQFH�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�1Lã��
9LãHJUDGVND�����������1Lã��6HUELD�

,QVWLWXWH�RI�0ROHFXODU�*HQHWLFV�DQG�*HQHWLF�(QJLQHHULQJ��8QLYHUVLW\�RI�%HOJUDGH��
9RMYRGH�6WHSH����D��3�2��%R[�����������%HOJUDGH��6HUELD

5HSUHVHQWDWLYHV� RI� 6WUHSWRP\FHV JHQXV�� SURGXFHUV� RI�PRUH� WKDQ� KDOI� RI� WKH� ������� GRFXPHQWHG�
ELRDFWLYH�FRPSRXQGV��DUH�DWWUDFWLQJ�LQWHUHVW�RI�ERWK�LQGXVWU\�DQG�DFDGHPLD�IRU�PRUH�WKDQ����\HDUV��
Ⱥ� QHZ� 6WUHSWRP\FHV VS�� LVRODWH� GHVLJQDWHG� DV� 13��� ZDV� GLVFRYHUHG� LQ� VRLO� VDPSOHG� IURP� WKH�
YLOODJH�ýXPLü��QHDU�.UDJXMHYDF��8QGHU�YDU\LQJ�FXOWLYDWLRQ�FRQGLWLRQV��LQFXEDWLRQ� WLPH��QXWULWLYH�
PHGLXP�� WHPSHUDWXUH�� HWF��� WKH� VSHFLHV�ZDV� IRXQG� WR� DFFXPXODWH� FRQVLGHUDEO\� ODUJH� DPRXQWV� RI�
IUHH� ORQJ�FKDLQ� IDWW\� DFLGV� �&��&����� $� GHWDLOHG� OLSLGRPLFV� VWXG\� �FKURPDWRJUDSKLF� LVRODWLRQ��
GHULYDWL]DWLRQ�� FKHPLFDO� WUDQVIRUPDWLRQV� DQG� *&�06� FR�LQMHFWLRQV�� WKDW� IROORZHG� HQDEOHG�
LGHQWLILFDWLRQ� RI� RYHU� ��� GLIIHUHQW� IDWW\� DFLGV� RI� Q��� LVR� DQG� DQWHLVR� FKDLQV� LQFOXGLQJ� ERWK�
VDWXUDWHG��XQVDWXUDWHG�DQG�F\FORSURS\O�DFLGV��7KH�IUHH�DQG�ERXQG�OLSLG�SURILOH�RI�6WUHSWRP\FHV VS��
13��� ZDV� GRPLQDWHG� E\� ���PHWK\OWHWUDGHFDQRLF�� ���PHWK\OSHQWDGHFDQRLF�� KH[DGHFDQRLF� DQG�
RFWDGHFDQRLF� DFLGV�� ,QWHUHVWLQJO\�� WKH� SUHVHQFH� �LQ� ERWK� QXWULWLYH� PHGLXP� DQG� KHDGVSDFH�� RI�
LVRPHULF�EXWDQRLF�DQG�SHQWDQRLF�DFLGV�FDXVHG�D�K\SHUSURGXFWLRQ�RI�WKH�PHQWLRQHG�IUHH�IDWW\�DFLGV�
E\�WKLV�EDFWHULXP��7KLV�HQYLURQPHQWDO�DGDSWDWLRQ�PLJKW�EH�D�GHIHQVH�PHFKDQLVP�DJDLQVW�RWKHU�VRLO�
PLFURRUJDQLVPV�WKDW�SURGXFH�WKHVH�VKRUW�FKDLQ�DFLGV�

$FNQRZOHGJHPHQW� $XWKRUV�DUH�JUDWHIXO� WR� WKH�0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�DQG�7HFKQRORJLFDO�'HYHORS�
PHQW�RI�WKH�5HSXEOLF�RI�6HUELD��3URMHFWV�1R���������DQG���������IRU�WKH�ILQDQFLDO�VXSSRUW�RI�WKLV�ZRUN�


