
'HSDUWPHQW�RI�%LRORJ\�DQG�(FRORJ\��
)DFXOW\�RI�6FLHQFHV�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�1Lã

%LRORJLFDO�6RFLHW\�³'U�6DYD�3HWURYLü´�1Lã

��WK 6\PSRVLXP�RQ�WKH�)ORUD�RI�
6RXWKHDVWHUQ�6HUELD�

DQG�1HLJKERULQJ�5HJLRQV

.RSDRQLN�0W� ��WK���WK -XQH������

%RRN�RI�DEVWUDFWV

7KLV�6\PSRVLXP�LV RUJDQL]HG�ZLWK�WKH�ILQDQFLDO�
VXSSRUW�RI�WKH�0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�DQG�
7HFKQRORJLFDO�'HYHORSPHQW�RI�5HSXEOLF�RI�6HUELD



��WK 6\PSRVLXP�RQ�WKH�)ORUD�RI�6RXWKHDVWHUQ�6HUELD�DQG�1HLJKERULQJ�5HJLRQV��.RSDRQLN�0W�������

��

*&�06�SURILOH�RI�YRODWLOHV�REWDLQHG�IURP�IUHVK�URRW�
RI�3HXFHGDQXP�ORQJLIROLXP :DOGVW��	�.LW�

6WRMDQRYLü��*��� -RYDQRYLü��2��� =ODWNRYLü��%��� -RYDQRYLü��6���
=UQ]HYLü��,��� ,OLü��0��

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

 VWJRFDXV#\DKRR�FRP

3HXFHGDQXP�ORQJLIROLXP �6HFW��3HXFHGDQXP��LV�RQH�RI�WKH����3HXFHGDQXP /��
VSHFLHV�JURZLQJ�LQ�WKH�IORUD�RI�6HUELD��7KH�VSHFLHV�XVXDOO\� LQKDELWV�FDOFDUHRXV��GU\�
JUDVVODQGV� DQG� URFN\� VORSHV� RI�PHGLXP� DOWLWXGHV� LQ� WKH�&�� 6�	�(�SDUWV� RI�%DONDQ�
3HQLQVXOD��H[WHQGLQJ�WR�WKH�PRXQWDLQV�RI�&�5RPDQLD��+RZHYHU��ZH�KDYH�VXUSULVLQJO\�
IRXQG�LW�JURZLQJ�RYHU�VLOLFDWH�EHGURFN��7KH�SUHVHQW�VWXG\��IRU�WKH�ILUVW�WLPH��UHSRUWV�
FKHPLFDO�FRPSRVLWLRQ�GHWHUPLQHG�E\�*&�),'�DQG�*&�06�RI�3��ORQJLIROLXP IUHVK�URRW�
HVVHQWLDO�RLO��(2��DQG�KHDGVSDFH��+6��YRODWLOHV�REWDLQHG�IURP�WKH�LQGLYLGXDOV�JURZLQJ�
RQ� VLOLFHRXV� VXEVWUDWH� DQG� +6� YRODWLOHV� REWDLQHG� IURP� WKH� SODQWV� JURZLQJ� RQ� WKH�
FDOFDUHRXV�VXEVWUDWH��LQ�ERWK�FDVHV�IURP�YHJHWDWLYH�JURZWK�VWDJH���D�3LQHQH�ZDV�WKH�
PRVW�DEXQGDQW�FRPSRXQG�LQ�DOO�WKUHH�VDPSOHV��������(2�6��������+6�6�DQG�������
+6�&���7KH�JUHDWHVW�GLIIHUHQFHV�DUH�PDQLIHVWHG�LQ�WKH�FRQWHQW�RI�VDELQHQH��������(2�
6�������+6�6�DQG�������+6�&���7KH�GLIIHUHQFH�LQ�WKH�SUHYDOHQFH�RI�RWKHU�FRQVWLWXHQWV�
LQ�DOO�WKH�LQYHVWLJDWHG�VDPSOHV�LV�OHVV�WKDQ����

$FNQRZOHGJPHQWV� 7KH�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�6HUELDQ�0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�
DQG�7HFKQRORJ\�'HYHORSPHQW��*UDQW�1R����������

&RPSDUDWLYH�VWXG\�RI�HSLFXWLFXODU�DONDQH�SURILOHV�RI�
3ULPXOD YHULV /��DQG�3� DFDXOLV �/���/� �3ULPXODFHDH�

äLYNRYLü��0��� *HQþLü� 0��� 5DGXORYLü� 1�6��

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

 PLND�]LYNRYLF����#JPDLO�FRP

7KH�JHQXV�3ULPXOD /���3ULPXODFHDH��HQFRPSDVVHV�PRUH�WKDQ�����SODQW�VSHFLHV�
GLVWULEXWHG� LQ� WHPSHUDWH� DQG� FROG� UHJLRQV� RI� WKH�1RUWKHUQ� KHPLVSKHUH��$OWKRXJK D�
QXPEHU�RI�3ULPXOD VSS��SURGXFH�IDULQDV�DQG�RU�H[XGDWHV��WKH�HSLFXWLFXODU�FRPSRXQGV�



��WK 6\PSRVLXP�RQ�WKH�)ORUD�RI�6RXWKHDVWHUQ�6HUELD�DQG�1HLJKERULQJ�5HJLRQV��.RSDRQLN�0W�������

��

KDYH�UHFHLYHG�OLWWOH�DWWHQWLRQ��+HUH��IRU�WKH�ILUVW�WLPH��ZH�DQDO\]HG�WKH�FKORURIRUP�OHDI�
VXUIDFH�ZDVKLQJV�RI�WZR�VSHFLHV�IURP�WKLV�JHQXV��3ULPXOD�YHULV /��DQG�3� DFDXOLV �/���
/� 7KH�SODQW�PDWHULDO�RI�3��YHULV ZDV�FROOHFWHG�IURP�WKH�VORSHV�RI�WKH�PRXQWDLQ�6XYD�
SODQLQD� DQG� WKDW� RI� 3�� DFDXOLV LQ� WKH� YLFLQLW\� RI� WKH� YLOODJH� *RUQMD� 6ODWLQD�� QHDU�
/HVNRYDF� �6(� 6HUELD��� $� FKURPDWRJUDSKLF� VHSDUDWLRQ� RI� WKH� ZDVKLQJV� \LHOGHG� D�
IUDFWLRQ� UHSUHVHQWLQJ� D� PL[WXUH� RI� Q��� LVR� DQG� DQWHLVR�DONDQHV�� +RZHYHU�� ERWK�
TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\��WKH�FRPSRVLWLRQ�RI�WKH�DONDQHV�GLIIHUHG�EHWZHHQ�3��
YHULV DQG�3��YXOJDULV��%RWK�DONDQH�SURILOHV�ZHUH�GRPLQDWHG�E\�Q�DONDQHV�ZLWK�WKH�XVXDO�
KLJKHU�SODQW�RGG�HYHQ�UDWLR��DQG�VKRZHG�D�PD[LPXP�DW�&����3ULPXOD YHULV ZDV�IRXQG�
WR�SURGXFH�ORQJHU�FKDLQ�OHQJWK�DONDQHV �&���&����ZKHQ�FRPSDUHG�WR�3��DFDXOLV �&��
&�����,QWHUHVWLQJO\��WKH�EUDQFKHG�DONDQHV�ZHUH�SUHVHQW�LQ�D�VLJQLILFDQW�UHODWLYH�DPRXQW�
ZLWK�WKH�DSSUR[LPDWH�UDWLR�RI�Q� ��LVR� ��DQWHLVR� DONDQHV���������DQG�����������IRU�3��
YHULV DQG�3��DFDXOLV��UHVSHFWLYHO\�

$FNQRZOHGJPHQWV� 7KLV�ZRUN�ZDV� VXSSRUWHG�E\� WKH�0LQLVWU\� RI�(GXFDWLRQ��6FLHQFH� DQG�
7HFKQRORJLFDO�'HYHORSPHQW�RI�WKH�5HSXEOLF�RI�6HUELD��3URMHFW�1R����������

$QWLELRILOP�SRWHQWLDO�RI�2FLPXP�EDVLOLFXP DQG�
6DOYLD�RIILFLQDOLV FRPPHUFLDO�HVVHQWLDO�RLOV

3HMþLü��0����6WRMDQRYLü�5DGLü��=����6WRMDQRYLü��1����6WDQNRYLü��
1����5DGXORYLü��1�6��
�'HSDUWPHQW�RI�%LRORJ\�DQG�(FRORJ\��)DFXOW\�RI�6FLHQFH�DQG�0DWKHPDWLFV��
8QLYHUVLW\�RI�1Lã��9LãHJUDGVND�����1Lã��6HUELD
�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�1Lã��%XOHYDU�GU�=RUDQD�ĈLQÿLüD�����1Lã��
6HUELD
�'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI�6FLHQFH�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�
1Lã��9LãHJUDGVND�����1Lã��6HUELD

 ]VWRMDQRYLF#SPI�QL�DF�UV

%LRILOPV�DUH�FRPSOH[�FRPPXQLWLHV�RI�PLFURRUJDQLVPV�� UHVSRQVLEOH� IRU�RYHU�
����RI�FKURQLF�KXPDQ�LQIHFWLRQV�DQG�SUHVHQW�RQH�RI�WKH�OHDGLQJ�SUREOHPV�LQ�PHGLFLQH��
3VHXGRPRQDV�DHUXJLQRVD LV�KXPDQ�SDWKRJHQLF�EDFWHULD�ZKLFK�LV�D�FDXVDWLYH�DJHQW�RI�
D�QXPEHU�RI�KXPDQ�GLVHDVHV�DQG�LV�NQRZQ�E\�LWV�ELRILOP�SURGXFLQJ�DELOLW\��2FLPXP�
EDVLOLFXP /�� �EDVLO�� DQG� 6DOYLD� RIILFLQDOLV /�� �VDJH�� DUH� ZLGHO\� XVHG� LQ� WUDGLWLRQDO�
PHGLFLQH�IRU�D�YDULHW\�RI�FRQGLWLRQV��7KHUHIRUH��WKH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�
WKH� SRWHQWLDO� RI� WKHLU� FRPPHUFLDO� HVVHQWLDO� RLOV� DJDLQVW� ELRILOP� GHYHORSPHQW� RI� 3��
DHUXJLQRVD VWUDLQV��

7KH�HIILFDF\�RI�WKHVH�WZR�HVVHQWLDO�RLOV�WR�3��DHUXJLQRVD ELRILOP�IRUPLQJ�DELOLW\�
ZDV�GHWHUPLQHG�XVLQJ�FU\VWDO�YLROHW�PHWKRG��2XW�RI����FOLQLFDO�VWUDLQV��WZR�RI�WKHP�


