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'HSDUWPHQW�RI �$TXDWLF�3URGXFWV�7HFKQRORJ\��)DFXOW\�RI �)LVKHULHV�DQG�0DULQH�6FLHQFHV���

,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU��������,QGRQHVLD�
�
'HSDUWPHQW�RI �)LVKHULHV��)DFXOW\�RI �)LVKHULHV�DQG�0DULQH�6FLHQFH���
8QLYHUVLWDV�7HXNX�8PDU��0HXODERK��$FHK���������,QGRQHVLD

�
0DULQH�%LRWHFKQRORJ\�'LYLVLRQ��&HQWHU�IRU�&RDVWDO�DQG�0DULQH�5HVRXUFHV�6WXGLHV��

,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU��������,QGRQHVLD

5HFHLYHG���-DQXDU\������$FFHSWHG���$XJXVW�����

$%675$&7

� &RDVWDO�SODQW�ORFDOO\�NQRZQ�DV�WHURQJ�SXQJR��6RODQXP�VS���ZDV�XVHG�E\�$FHK�FRPPXQLW\�DV�WUDGLWLRQDO�PHGLFLQH�IRU�
WRRWKDFKH��7KH�REMHFWLYHV�RI � WKLV� VWXG\�ZHUH� WR� LVRODWH� HQGRSK\WLF� IXQJL� IURP� WKH� OHDYHV�RI � WHURQJ�SXQJR� DQG�
GHWHUPLQH�WKH�DQWLEDFWHULDO�DFWLYLW\�RI �WKH�IXQJL�DJDLQVW�EDFWHULD�FDXVLQJ�GHQWDO�FDULHV�DQG�LQIHFWLRQ��(LJKW�HQGRSK\WLF�
IXQJL�ZHUH�LVRODWHG��$QWDJRQLVP�WHVW�DPRQJ�WKH�LVRODWHV�ZDV�SHUIRUPHG�WR�VHOHFW�WKH�PRVW�GRPLQDQW�IXQJXV��73��ZDV�
WKH�VHOHFWHG�IXQJXV�EDVHG�RQ�WKH�DQWDJRQLVP�DVVD\��&UXGH�H[WUDFWV�RI �WKH�IXQJXV�ZHUH�PDFHUDWHG�IURP�WKH�FXOWXUH�
EURWK�XVLQJ�HWK\O�DFHWDWH��7KH�VWURQJHVW�DQWLEDFWHULDO�DFWLYLW\�RI �WKH�H[WUDFWV�ZDV�REWDLQHG�ZKHQ�WKH�IXQJXV�ZDV�DW����
GD\V�RI �FXOWLYDWLRQ��7KH�IXQJDO�FUXGH�H[WUDFW�ZDV�VWURQJO\�DFWLYH�DJDLQVW�6WDSK\ORFRFFXV�DXUHXV��6WDSK\ORFRFFXV�HSLGHUPLGLV�DQG�
3VHXGRPRQDV�DHUXJLQRVD�ZLWK�LQKLELWLRQ�]RQH�GLDPHWHU�RI ��������DQG����PP��UHVSHFWLYHO\��

� .H\ZRUGV��(QGRSK\WHV��PHGLFLQDO�SODQW��WRRWKDFKH��WUDGLWLRQDO�PHGLFLQH

,1752'8&7,21

,Q�WKH�RUDO�FDYLW\��EDFWHULD�DUH�RIWHQ�DVVRFLDWHG�
ZLWK� WKH� RUDO� DQG� GHQWDO� GLVHDVHV�� &DULHV� DQG�
SHULRGRQWDO�GLVHDVHV�VHHP�WR�DSSHDU�IROORZLQJ�DQ�
LPEDODQFH� LQ� WKH� RUDO� UHVLGHQW� PLFURELRWD��
OHDGLQJ� WR� WKH� HPHUJHQFH� RI � SRWHQWLDOO\�
SDWKRJHQLF� EDFWHULD� �0DUFRWH� 	� /DYRLH� �������
6WUHSWRFRFFXV� PXWDQV 3VHXGRPRQDV� DHUXJLQRVD�� ��
6WDSK\ORFRFFXV� DXUHXV 6WDSK\ORFRFFXV� HSLGHUPLGLV� DQG� �
RIWHQ�WLPHV�FDQ�EH�LVRODWHG�IURP�WKH�PRXWK�RI �D�
SDWLHQW�� 7KHVH� EDFWHULD� DUH� NQRZQ� DV� QRUPDO�
EDFWHULD� LQ� WKH� PRXWK�� KRZHYHU�� WKH\� PLJKW�
EHFRPH� SDWKRJHQLF� EHFDXVH� RI � SUHGLVSRVLQJ

IDFWRUV�VXFK�DV�FKDQJHV�LQ�WKH�TXDQWLW\�RI �EDFWHULD�
DQG� GHFUHDVLQJ� LPPXQH� V\VWHP�� ZKLFK� FDXVH�
GHQWDO�FDULHV�DQG�LQIHFWLRQ��$O�%D\DWL�	�6XODLPDQ�
������
7KHUH� DUH� VHYHUDO� KHDOWK� SURGXFWV� DYDLODEOH�

FRPPHUFLDOO\� DV� DQWL�PLFURELRWD� IRU� RUDO� FDYLW\�
DQG� GHQWDO�� EXW� WKH� SURGXFWV� PRVWO\� FRQWDLQ�
DOFRKRO� DV� DQWLEDFWHULDO�� ZKLFK� PD\� FDXVH� VLGH�
HIIHFW�VXFK�DV�YRPLW��GLDUUKHD�DQG�VWDLQHG�WHHWK�
�0RUH� ���������7KH�FDUFLQRJHQLF�SURSHUWLHV�RI �HW�DO
DOFRKRO�PD\�KDSSHQ�ZKHQ�WKHUH�LV�IRUPDWLRQ�RI �
DFHWDOGHK\GH�LQ�WKH�RUDO�FDYLW\��%HDQ� ��������HW�DO
0F&XOORXJK� 	� )DUDK� ������ /DFKHQPHLHU� ��HW� DO
�������7KHVH�VLGH�HIIHFWV�RI �DOFRKRO�WULJJHU�HIIRUWV�
LQ� ILQGLQJ� VDIHU� DQG� PRUH� HIIHFWLYH� DFWLYH�
FRPSRXQGV�LQ�RUDO�KHDOWK�SURGXFWV�
7HURQJ�SXQJR�� �VS����)LJ�����LV�D�FRDVWDO�6RODQXP

SODQW��XVXDOO\�XVHG�E\�$FHK�FRPPXQLW\� WR�WUHDW�
WRRWKDFKH�
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�&RUUHVSRQGLQJ�DXWKRU��NXVW\D#JPDLO�FRP


�7KLV�SDSHU�ZDV�SUHVHQWHG� �DW� �,QWHUQDWLRQDO�&RQIHUHQFH�
RQ� ,QWHJUDWHG� &RDVWDO� 0DQDJHPHQW� DQG� 0DULQH�
%LRWHFKQRORJ\�� (PSKDVL]LQJ� RQ� ,&0� 3UDFWLFHV� DQG�
$SSOLFDWLRQV����������1RYHPEHU�������%RJRU��,QGRQHVLD�

�



7KH� HWK\O� DFHWDWH� FUXGH� H[WUDFW� RI � WHURQJ�
SXQJR� OHDI � VKRZHG� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW�
(VFKHULFKLD� FROL 6WDSK\ORFRFFXV� DXUHXV�� DQG� �+DUGMLWR�
�������7KH�HWKDQRO�H[WUDFWV�RI �6RODQXP�VXUDWWHQVH�
VKRZHG� WKH� DQWLEDFWHULDO� DFWLYLW\ DJDLQVW��

6WDSK\ORFRFFXV�DXUHXV %DFLOOXV�VXEWLOLV (VFKHULFKLD�FROL�� �� ��
3VHXGRPRQDV� DHUXJLQRVD 6DOPRQHOOD� W\SKL 6KLJHOOD��� ��
G\VHQWHULDH� 9LEULR FKROHUDH�DQG� � �6KHHED�������
(QGRSK\WLF� IXQJL� DVVRFLDWHG� ZLWK� WHURQJ�

SXQJR�SODQW�SURGXFH�DFWLYH�FRPSRXQGV�ZKLFK�DUH�
VLPLODU�WR�WKH�FRPSRXQGV�SURGXFHG�E\� LWV�KRVW��
6WUREHO� �� ������� VWDWHG� WKDW� WKH� HQGRSK\WLF�HW� DO

IXQJL� FDQ� EH� LVRODWHG� IURP� VHHG�� OHDI�� IORZHU��
EUDQFK��VWHP�DQG�URRW�RI �WKH�KRVW�SODQW��-HQD�DQG�
7D\XQJ� ������� UHSRUWHG� WKDW� VHYHUDO� HQGRSK\WLF�
IXQJL�LVRODWHG�IURP� FRXOG�SURGXFH�6RODQXP�XEUXP�

VHFRQGDU\�PHWDEROLWHV�DV�VRXUFH�RI �DQWLPLFURELDO�
DQG�DQWLIXQJDO�FRPSRXQGV��7KLV�VWXG\�ZDV�DLPHG�
DW�LVRODWLQJ�HQGRSK\WLF�IXQJL�IURP�WHURQJ�SXQJR�
OHDI � DQG� REVHUYLQJ� WKH� SRWHQWLDO� RI � WKH� IXQJDO�
ELRDFWLYH� FRPSRXQGV� DV� DQWLEDFWHULDO� IRU� RUDO�
SDWKRJHQLF�EDFWHULD�

0$7(5,$/6�$1'�0(7+2'6

&ROOHFWLRQ�RI �6DPSOH

� 7KH�OHDYHV�RI �WHURQJ�SXQJR�� VS���ZDV�6RODQXP�

FROOHFWHG�IURP�WKH�FRDVWDO�DUHD�RI �3LGLH�'LVWULFW��
$FHK�3URYLQFH�� ,QGRQHVLD��0DWXUH�KHDOWK\�SODQW

OHDYHV�ZHUH�FROOHFWHG�IURP�GLIIHUHQW�SDUWV�RI �WKH�
WUHHV�� /HDI � VDPSOHV� IURP� HDFK� SODQW� ZHUH�
UDQGRPO\�FXW�RII �DQG�SODFHG�VHSDUDWHO\�LQ�VWHULOH�
SODVWLF�EDJV�DQG�VWRUHG�LQ�ORZ�WHPSHUDWXUH�������&��
IRU�WZR�GD\V�XQWLO�EHLQJ�XVHG�IRU�HQGRSK\WLF�IXQJL�
LVRODWLRQ�

,VRODWLRQ�RI �(QGRSK\WLF�)XQJL�

� 7KH�6RODQXP�OHDYHV�ZHUH�VWHULOL]HG�XVLQJ�����
DOFRKRO�IRU���PLQXWHV�DQG�WKHQ�ULQVHG�ZLWK�VWHULOH�
ZDWHU�IRU���PLQXWH��7KH�VWHULOL]HG�OHDYHV�ZHUH�FXW�
LQWR���[���FP�SLHFHV�DQG�WKHQ�SXW�WKH�OHDI �SLHFHV�LQ�
SHWUL� GLVK� FRQWDLQLQJ� 3RWDWR� 'H[WURVH� $JDU�
�3'$���IRXU�SLHFHV�IRU�HDFK�SHWUL�GLVK��3HWUL�GLVKHV�
FRQWDLQLQJ� SLHFHV� RI � 6RODQXP� OHDYHV� ZHUH� WKHQ�

R
LQFXEDWHG�DW�URRP�WHPSHUDWXUH���������� &��IRU�
��������GD\V��7KHVH�SLHFHV�RI �OHDYHV�ZHUH�FKHFNHG�
RQFH�D�GD\�WR�REVHUYH�WKH�JURZWK�RI �K\SKDO�WLSV�
RI � WKH� HQGRSK\WLF� IXQJL�� 7KH� JURZLQJ� K\SKDO� � � � �
WLSV�ZHUH�LPPHGLDWHO\�WUDQVIHUUHG�LQWR�RWKHU�SHWUL�
GLVKHV�FRQWDLQLQJ�IUHVK�3'$�DQG�NHSW�LQFXEDWHG�
DW����²�����&� WR�JHW�SXUH� LVRODWH� �$UQROG�HW� DO��
�������,VRODWLRQ�SURFHVV�ZDV�FRQGXFWHG�LQ�D�FOHDQ�
EHQFK��7KHUPR�6FLHQWLILF������6HULHV�$���

$QWDJRQLVP�7HVW�RI �(QGRSK\WLF�)XQJL

� 7KH� DQWDJRQLVP� DVVD\� ZDV� SHUIRUPHG� E\�
LQRFXODWLQJ�������LVRODWHV�RI �SRWHQWLDO�HQGRSK\WLF�
IXQJL� RQ� 3'$� PHGLXP�� 7KH� LQRFXOXP� ZDV� D� � � � � � � �
�� PP� SLHFH� RI � LVRODWH� RQ� 3'$�PHGLXP�� 7KH�

��
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)LJXUH���7HURQJ�SXQJR��6RODQXP�VS���VKRZLQJ�OHDYHV�DQG�IUXLW



&XOWXUH� &ROOHFWLRQ� RI � WKH� /DERUDWRU\� RI �
0LFURELRORJ\��8QLYHUVLWDV� ,QGRQHVLD��7KLV�DVVD\�
ZDV� SHUIRUPHG� XVLQJ� DJDU� ZHOO� GLIIXVLRQ�
WHFKQLTXH��ZKLFK�ZDV�PRGLILHG�IURP�+ROR�HW�DO��
�������
� 7KH� DQWLEDFWHULDO� DVVD\� XVHG� WZR� EDFWHULD� � � � � �
� ��DQG� ��6��PXWDQV 3��DHUXJLQRVD WR�WHVW�WKH�SHULRGLF�IRU�
REWDLQLQJ� WKH� RSWLPXP� WLPH� RI � IXQJDO� FXOWXUH��
7KH�IXQJXV�ZDV�WKHQ�FXOWXUHG�EDVHG�RQ�WKLV�UHVXOW�
� �ZDV�JURZQ�RQ�%ORRG�$JDU�6WUHSWRFRFFXV�PXWDQV

�%$���ZKLOH� �� �DQG� �3��DHUXJLQRVD 6��DXUHXV 6��HSLGHUPLGLV

ZHUH� JURZQ� RQ� 1XWULHQW� $JDU� �1$��� 7KRVH�
EDFWHULD�ZHUH�WKHQ�LQFXEDWHG�DW���� &�IRU����KRXUV��

R

)XUWKHUPRUH� �ZDV�VXVSHQGHG�LQ�%UDLQ��6��PXWDQV

+HDUW�,QIXVLRQ��%+,���ZKLOH� �� �3��DHUXJLQRVD 6��DXUHXV

DQG� � ZHUH� VXVSHQGHG� LQ� 1XWULHQW�6�� HSLGHUPLGLV

%URWK��1%����7KHVH�EDFWHULD�ZHUH�WKHQ�LQFXEDWHG�
DW��� &�IRU����KRXUV�

���R

� 2SWLFDO� GHQVLW\� �2'��ZDV�PHDVXUHG� XVLQJ� D�
89� 9LV� VSHFWURSKRWRPHWHU� �89�������� 7KH�
RSWLFDO�GHQVLW\��2'��XVHG�ZDV�DSSUR[LPDWHO\������
$Q�DPRXQW�RI �����/�EDFWHULD�ZDV�LQRFXODWHG�RQ�
0+$�VWHULOH�VKHHS�EORRG�IRU� �DQG�RQ�6��PXWDQV

0+$�IRU� �� �DQG� ��3��DHUXJLQRVD 6��DXUHXV 6��HSLGHUPLGLV

0+$�PHGLXP�FRQWDLQLQJ�WHVW�EDFWHULD�ZHUH�WKHQ�
SUHSDUHG�ZLWK���ZHOOV� IRU�SRVLWLYH�DQG�QHJDWLYH�
FRQWUROV� DQG� �� H[WUDFWV� ZLWK� GLIIHUHQW�
FRQFHQWUDWLRQV� ������ �� DQG� �� PJ�ZHOO��� $OO�
FRQFHQWUDWLRQV�DQG�FRQWUROV�ZHUH�SHUIRUPHG� LQ�
WZR� UHSOLFDWLRQV� 7KH� SRVLWLYH� FRQWUROV� XVHG��
ZHUH� DPR[LFLOOLQ� DQG� FKORUDPSKHQLFRO� ZLWK�
FRQFHQWUDWLRQ� RI ���� �J�ZHOO�� 7KH� QHJDWLYH��
FRQWURO� ZDV� HWK\O� DFHWDWH� DV� WKH� VROYHQW� IRU�
H[WUDFWLRQ� SURFHVV�� 7KH� LQFXEDWLRQ� ZDV�
SHUIRUPHG�DW���� &�IRU����KRXUV��,QKLELWLRQ�]RQH�

R

DSSHDUHG�DURXQG�WKH�ZHOO�ZDV�PHDVXUHG��7KH�GDWD�
ZHUH�DQDO\]HG�GHVFULSWLYHO\�LQWR�WKH�EDU�FKDUW�

5(68/76�$1'�',6&866,21

(QGRSK\WLF� )XQJL� ,VRODWHG� IURP� 7HURQJ�

3XQJR�� �VS��4PMBOVN

� (LJKW� LVRODWHV�REWDLQHG� IURP� WKH�HQGRSK\WLF�
IXQJL�ZHUH�73���73���73���73���73���73���73��
DQG�73���*XR�HW�DO���������VWDWHG�WKDW�WKH�JURXSLQJ�
RI �IXQJDO�LVRODWHV�FDQ�EH�EDVHG�RQ�PRUSKRVSHFLHV�
L�H��EDVHG�RQ�WKH�VLPLODULW\�RI �FRORU�DQG�VXUIDFH�
WH[WXUH� RI � WKH� FRORQ\�� SLJPHQWHG� K\SKDH��
H[XGDWHV��HGJH�VKDSH��JURZWK�UDWH�DQG�VSRUXODWLRQ�

LQRFXOXP� ZDV� LQFXEDWHG� DW� ��� �� ��� &� �URRP�
R

WHPSHUDWXUH�� �6XGDQWKD� 	� $EDGL� ������� 7KH�
SXUSRVH� RI � WKLV� WHVW� ZDV� WR� GHWHUPLQH� ZKLFK�
LVRODWHV�JURZ�GRPLQDQWO\�

&KDUDFWHUL]DWLRQ�RI �(QGRSK\WLF�)XQJL

� 7KH� �� GD\V� ROG� HQGRSK\WLF� IXQJL� ZHUH�
FKDUDFWHUL]HG� EDVHG� RQ� PDFURVFRSLF� DQG�
PLFURVFRSLF� PRUSKRORJ\�� 7KH� PDFURVFRSLF�
REVHUYDWLRQ� LQFOXGHG� WKH� IXQJDO� VKDSH�� VXUIDFH��
FRORU�DQG�HGJH�IRUP��7KH�PLFURVFRSLF�SURSHUWLHV�
ZHUH�REVHUYHG�XVLQJ�PLFURVFRSH� �&ROH�3DUPHU��
ZLWK� ���[� PDJQLILFDWLRQ�� )XQJDO� LVRODWHV� ZHUH�
LGHQWLILHG� EDVHG� RQ� WKHLU� PRUSKRORJLFDO�
FKDUDFWHUV��VXFK�DV�FRQLGLRVSRUH�VWUXFWXUHV�XVLQJ�
VWDQGDUG� LGHQWLILFDWLRQ� PDQXDOV� �%DUQHWW� 	�
+XQWHU�������*DQGMDU� ��������HW�DO

&XOWLYDWLRQ�RI �(QGRSK\WLF�)XQJL

� 7KH� VHOHFWHG� HQGRSK\WLF� IXQJL� ZHUH� PDVV�
FXOWLYDWHG� RQ� 3RWDWR�'H[WURVH�%URWK� �3'%�� E\�
SODFLQJ� DJDU� EORFNV� RI � DFWLYHO\� JURZLQJ� SXUH�
FXOWXUH����PP�LQ�GLDPHWHU��LQ�����P/�(UOHQPH\HU�
IODVN�DW�����&��ZKLFK��ZDV�WKHQ�PL[HG�XVLQJ�RUELWDO�
VKDNHU� DW� ���� USP� �6ULNDQGDFH� �� ������� �HW� DO

+DUYHVWLQJ�ZDV�FRQGXFWHG�E\�ILOWHULQJ�WKH�P\FHOLD�
XVLQJ� VWHULOH� ILOWHU�SDSHU� WR� VHSDUDWH� WKH�P\FHOLD�
IURP�WKH�FXOWXUH�PHGLXP��0\FHOLD�ZHUH�WKHQ�GULHG�
DQG�PHDVXUHG�DV�WKH�ELRPDVV�RI �HQGRSK\WHV���7KH�
FXOWXUH� PHGLXP� ZDV� XVHG� IRU� H[WUDFWLRQ� RI �
ELRDFWLYH�FRPSRXQGV��)XQJDO�JURZWK�DQG�S+�RI �
WKH�FXOWXUH�ZHUH�REVHUYHG�HYHU\���GD\V�IRU����GD\V�

([WUDFWLRQ�RI �%LRDFWLYH�&RPSRXQGV

� &XOWXUH�PHGLXP�RI �WKH�KDUYHVWHG�IXQJL� �ZDV�
PDFHUDWHG�XVLQJ�HWK\O�DFHWDWH�IRU����[����KRXUV�E\�
VKDNLQJ�WKH�PHGLXP�DW�����USP��7DUPDQ��������
7KH�UHVXOWV�RI �WKH�H[WUDFWLRQ�ZHUH�VHSDUDWHG�XVLQJ�
D� VHSDUDWLQJ� IXQQHO�� WKHQ� FRQFHQWUDWHG� XVLQJ� D�
URWDU\�YDFXXP�HYDSRUDWRU��+HLGROSK�99�������DW�
����&�WR�SURGXFH�WKH�FUXGH�H[WUDFWV��7KH�FUXGH�
H[WUDFWV�ZHUH�XVHG�IRU�DQWLEDFWHULDO�ELRDVVD\�

$QWLEDFWHULDO�$FWLYLW\� DJDLQVW�2UDO�%DFWHULDO�

3DWKRJHQV

� $QWLEDFWHULDO� DVVD\� ZDV� SHUIRUPHG� LQ� YLWUR�
DJDLQVW�6WUHSWRFRFFXV�PXWDQV��3VHXGRPRQDV�DHUXJLQRVD��
6WDSK\ORFRFFXV� DXUHXV� DQG� 6WDSK\ORFRFFXV� HSLGHUPLGLV��
$OO� EDFWHULDO� FXOWXUHV� ZHUH� REWDLQHG� IURP� WKH�

��

,VRODWLRQ�RI �HQGRSK\WLF�IXQJL�IURP�WHURQJ�SXQJR�DQG�LWV�DQWLEDFWHULDO�DFWLYLW\�²�8NKW\�HW�DO�



VWUXFWXUHV�� %DVHG� RQ� WKH� PRUSKRVSHFLHV�� WKH�
HQGRSK\WLF�IXQJL�REWDLQHG�IURP�WKH�OHDI �RI �WHURQJ�
SXQJR� ZHUH� LGHQWLILHG� DV� $VSHUJLOOXV� VSS���
7ULFKRGHUPD�VSS��DQG�)XVDULXP�VSS�

6HOHFWLRQ�5HVXOW�RI �(QGRSK\WLF�)XQJL

� $QWDJRQLVP�DVVD\�ZDV�FRQGXFWHG�WR�GHWHUPLQH�
ZKLFK� LVRODWHV�JURZ�GRPLQDQWO\� �)LJ������ ,Q� WKLV�
UHVHDUFK��WKH�DQWDJRQLVP�DVVD\�ZDV�SHUIRUPHG�E\�
GLUHFW�RSSRVLWLRQ�PHWKRG��L�H��WKUHH�IXQJDO�LVRODWHV�
FR�FXOWXUHG� LQ� WKH� VDPH� SODWH�� %DVHG� RQ� WKH�
DQWDJRQLVP� WHVW�� 73�� LVRODWH� ZDV� WKH� PRVW�

GRPLQDQW� DPRQJ� RWKHU� LVRODWHV�� ,W� LV� JHQHUDOO\�
DVVXPHG� WKDW� WKH� GRPLQDQF\� RI � DQ� RUJDQLVP�
UHODWHG� WR� WKH� SURGXFWLRQ� RI � VHFRQGDU\�
PHWDEROLWHV� ZKLFK� DUH� LPSRUWDQW� DV� FKHPLFDO�
GHIHQVH��7KHUHIRUH��73��LVRODWH�ZDV�VHOHFWHG�IRU�
IXUWKHU�UHVHDUFK�VWHS�

&KDUDFWHULVWLFV�RI �,VRODWH�73�

� 0DFURVFRSLF� DQG�PLFURVFRSLF�FKDUDFWHULVWLFV�
RI �WKH�VHOHFWHG�IXQJDO�73��LVRODWH�DUH�SUHVHQWHG�LQ�
)LJXUH�����)LJXUH���SUHVHQWV�WKH�IXQJDO�JURZWK�IRU�
���GD\V�

��
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)LJXUH�����$QWDJRQLVP�WHVW�DPRQJ�HQGRSK\WLF�IXQJL�RI �6RODQXP�VS�
�1RWHV��,VRODWH�QXPEHUV���� �73����� �73����� �73����� �73����� �73����� �73��

$ %

FRQLGLRSKRUH
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� 7KH�PDFURVFRSLF�FKDUDFWHULVWLFV�RI �73��LVRODWH�
ZHUH�JUH\�P\FHOLD��XQHYHQ�VXUIDFH�ZLWK�DEXQGDQW�
K\SKD� JURZLQJ� DW� WKH� FRORQ\� HGJH� DQG� JUH\LVK�
JUHHQ� DV� WKH� UHYHUVH� FRORU�� 7KH� PLFURVFRSLF�
REVHUYDWLRQ� DW� ���[�PDJQLILFDWLRQ� VKRZHG� WKDW�
WKH�IXQJXV�KDV�ORQJ�FRQLGLRSKRUHV��+RZHYHU��WKH�
73��LVRODWH�KDV�QRW�EHHQ�LGHQWLILHG�LQWR�WKH�JHQXV�
RU�VSHFLHV�
� 7KH�73��LVRODWH�ZDV�WKHQ�FXOWXUHG�RQ�3RWDWR�
'H[WURVH� %URWK� �3'%�� IRU� ��� GD\V� DW� URRP�
WHPSHUDWXUH�ZLWK�RUELWDO�VKDNLQJ�DW�����USP��7KH�
IXQJXV�JURZWK�ZDV�GHWHUPLQHG�XVLQJ�GU\�ZHLJKW�
RI �WKH�P\FHOLD�ZKLFK�ZHUH�KDUYHVWHG�HYHU\���GD\V�
IRU����GD\V�FXOWLYDWLRQ��$FFRUGLQJ�WR�0HOHWLDGLV�HW�
DO���������IXQJDO�JURZWK�KDV���SKDVHV�FRQVLVWLQJ�RI �
ODJ��ORJ��VWDWLRQDU\�DQG�GHDWK�SKDVHV��73��IXQJXV�
ZDV� LQ� ORJDULWKPLF� SKDVH� XQWLO� GD\� ���� WKH�
VWDWLRQDU\�SKDVH�ZDV�UHDFKHG�RQ�GD\����XQWLO�GD\�
����DQG�ILQDOO\�RQ�GD\���� �73��VWDUWHG� WR�UHDFK�
GHDWK�SKDVH��*URZWK�SKDVH�LV�FORVHO\�UHODWHG�WR�WKH�
IXQJDO� QXWULHQW� VXIILFLHQF\� LQ� WKHLU� PHGLD�
�6ULNDQGDFH� HW� DO�� ������� $FFRUGLQJ� WR�
.XVXPDQLQJW\DV� HW� DO�� ������� WKH�3'%�PHGLXP�
FRQWDLQV�SRWDWR�GH[WURVH�DV�FDUERQ�VRXUFH�ZKLFK�
LV� WKH� FUXFLDO� FRPSRQHQW� IRU�PLFURELDO� JURZWK�� � �
7KH�SULPDU\�VXEVWDQFHV�RI �WKH�PLFUREH�FHOOV�DUH�
FDUERQ�DQG�QLWURJHQ��7KHUHIRUH��LI �WKH�FDUERQ�LV�
XQDYDLODEOH��WKH�JURZWK�ZLOO�EH�GLVUXSWHG���/DFN�RI �
FDUERQ�DOVR�FDXVHV�FHOO�GHDWK�

$QWLEDFWHULDO�$FWLYLW\�DJDLQVW�2UDO�%DFWHULD

� 7KH� WHVW� RUJDQLVPV� LQ� WKLV� VWXG\� ZHUH�
6WUHSWRFRFFXV� PXWDQV�� 3VHXGRPRQDV� DHUXJLQRVD��

6WDSK\ORFRFFXV� HSLGHUPLGLV� DQG� 6WDSK\ORFRFFXV� DXUHXV��
6WUHSWRFRFFXV�PXWDQV�DWWDFKHV�WR�WKH�WRRWK�VXUIDFH�E\�
SURGXFLQJ�JOXFXURQ\O�WUDQVIHUDVH�HQ]\PH�ZKLFK�
FDXVHV�SODTXH�DQG�FRORQLHV�RQ�WKH�VXUIDFH�RI �WKH�
WRRWK�� ���3VHXGRPRQDV�DHUXJLQRVD�6KXOPDQ�HW�DO�������
FDQ�EH�IRXQG�LQ�WKH�RUDO�FDYLW\��.RPL\DPD�HW�DO��
������DQG��LV�DQ�RSSRUWXQLVWLF�EDFWHULXP�WKDW�FDQ�
FDXVH� VHYHUH� LQIHFWLRQ� LQ� VXVFHSWLEOH� SDWLHQWV�
�,YHUVHQ�HW�DO���������6WDSK\ORFRFFXV�HSLGHUPLGLV�DQG�
6WDSK\ORFRFFXV� DXUHXV� DUH� QRUPDO� IORUD� EDFWHULD�
ZKLFK� FDQ� SURGXFH� WR[LQ� ZKHQ� WKHLU� QRUPDO�
KDELWDWV� DUH� GLVWXUEHG� �7RUDELQHMDG� 	� :DOWRQ�
�������7KHVH�EDFWHULD�FDXVH�WRRWKDFKH�
� $QWLEDFWHULDO�DFWLYLW\�RI �WKH�FUXGH�H[WUDFW�RI �
73��IXQJXV�ZDV�REVHUYHG�HYHU\���GD\V�IRU����GD\V�
FXOWLYDWLRQ� �GD\� ��� ��� ��� ���� ���� ��� DQG� ���� WR�
GHWHUPLQH� WKH� RSWLPXP� IXQJDO� JURZWK� ZKLFK�
SURGXFHG� WKH� KLJKHVW� DQWLEDFWHULDO� DFWLYLW\�� 7KH�
DQWLEDFWHULDO�DFWLYLW\�RI �WKH�IXQJDO�FUXGH�H[WUDFWV�
DJDLQVW� � DQG� LV� VKRZQ� LQ�3�� DHUXJLQRVD 6�� PXWDQV�

)LJXUH���
� &UXGH� H[WUDFW� RI � HQGRSK\WLF� 73�� IXQJXV�
VKRZHG�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�3��DHUXJLQRVD�� �
+RZHYHU�� LW� ZDV� QRW� DFWLYH� DJDLQVW� �6�� PXWDQV�

EHFDXVH� WKH� LQKLELWLRQ� ]RQH� ZDV� QRW� GHWHFWHG��
)XQJDO�FUXGH�H[WUDFW�REWDLQHG�IURP�FXOWXUH�EURWK�
KDUYHVWHG� DW� GD\� ��� VKRZHG� WKH� KLJKHVW�
DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� ZLWK�3�� DHUXJLQRVD�

LQKLELWLRQ�]RQH�GLDPHWHU�RI ������PP�IRU���PJ�
H[WUDFW�ZHOO�� ��� PP� GLDPHWHU� IRU� �� PJ�
H[WUDFW�ZHOO��DQG������PP�GLDPHWHU�IRU�����PJ�
H[WUDFW�ZHOO��%DVHG�RQ�WKLV�UHVXOW��WKH�73��IXQJXV�
ZDV�FXOWXUHG�IRU����GD\V�

)LJXUH��� $QWLEDFWHULDO�DFWLYLW\�DJDLQVW�3VHXGRPRQDV�DHUXJLQRVD�XVLQJ�HWK\O�DFHWDWH�FUXGH�H[WUDFW�RI �73��LVRODWH������� �����PJ�
FRQFHQWUDWLRQ�������� ���PJ�FRQFHQWUDWLRQ������� ���PJ�FRQFHQWUDWLRQ�DQG�������� ��SRVLWLYH�FRQWURO�

� �1RWH��7KH�GDWD�SUHVHQWHG�DUH�PHDQ�6'�RI ���UHSOLFDWLRQV��
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� 6HFRQGDU\� PHWDEROLWHV� DUH� FRPPRQO\�
SURGXFHG� LQ� VWDWLRQDU\� SKDVH�� 6HFRQGDU\�
PHWDEROLWHV� DUH� QRW� HVVHQWLDO� IRU� WKH� FXOWXUHV�
JURZWK��EXW�VHUYH�VXUYLYDO�IXQFWLRQV�LQ�QDWXUH�DQG�
DUH�XVXDOO\�SURGXFHG�GXULQJ�WKH�ODWH�JURZWK�SKDVH�
�'HPDLQ�	�)DQJ��������6LPDQMXQWDN� ���������HW�DO

VWDWHG�WKDW�VHFRQGDU\�PHWDEROLWHV�DUH�SURGXFHG�E\�
IXQJXV�ZLWK� WKH� KLJKHVW� LQWHQVLW\� DW� WKH� HQG� RI �
H[SRQHQWLDO� SKDVH� RU� DW� WKH� EHJLQQLQJ� RI �
VWDWLRQDU\� SKDVH�� 7KHUHIRUH�� LQ� WKLV� VWXG\�� WKH�
DQWLEDFWHULDO� DFWLYLW\� RI � WKH� H[WUDFWV� KDUYHVWHG�
PRUH�WKDQ�GD\����ZDV�GHFUHDVLQJ�
� 7KH� FUXGH� H[WUDFW� ZDV� QRW� DFWLYH� DJDLQVW� � � � � � � � � �
6�� PXWDQV�ZKLFK� PD\� KDYH� EHHQ� FDXVHG� E\� WKH�
GHYHORSLQJ� UHVLVWDQFH� RI � WKH� EDFWHULXP��
$FFRUGLQJ� WR� 0LOODU� �� ������� EDFWHULDO�HW� DO

UHVLVWDQFH� DJDLQVW� DQWLEDFWHULDO� FRPSRXQG� LV�
IRUPHG�E\�WKUHH�PHFKDQLVPV��VXFK�DV�LQVXIILFLHQW�
GUXJV��LQDFWLYH�GUXJV�DQG�SK\VLRORJLFDO�FKDQJH�RI �
EDFWHULD�
� )XUWKHU� DQWLEDFWHULDO� DVVD\� DJDLQVW ��� 6�� PXWDQV � �

6�� DXUHXV 6�� HSLGHUPLGLV 3�� DHUXJLQRVD��� � DQG� ZDV�
SHUIRUPHG� IRU� WKH� IXQJDO� FUXGH� H[WUDFWV� ZKLFK�
ZHUH�FXOWXUHG�IRU����GD\V��7KH�DQWLEDFWHULDO�DFWLYLW\�
RI � WKH� FUXGH� H[WUDFWV� DJDLQVW� DOO� WHVW� EDFWHULD� LV�
SUHVHQWHG�LQ��)LJXUH���
� 7KH� FUXGH� H[WUDFWV� VKRZHG� DQWLEDFWHULDO�
DFWLYLW\� DJDLQVW� ��6WDSK\ORFRFFXV� DXUHXV 6WDSK\ORFRFFXV�
HSLGHUPLGLV 3VHXGRPRQDV� DHUXJLQRVD�� DQG� ZLWK�
LQKLELWLRQ�]RQH�GLDPHWHU�RI ��������DQG����PP�IRU�
��PJ�H[WUDFW�ZHOO��UHVSHFWLYHO\��7KLV�DQWLEDFWHULDO�
DFWLYLW\� ZDV� DV� VWURQJ� DV� WKH� LQKLELWRU\� DELOLW\� � � � � � �
RI �WKH�SRVLWLYH�FRQWURO�XVHG�L�H��FKORUDPSKHQLFRO��
ZLWK� LQKLELWLRQ� ]RQH� GLDPHWHU� RI � ��� PP� IRU� � � � � �

�����J�SHU�ZHOO��:KHUHDV�WKH�DPR[LFLOOLQ�DV�WKH�
SRVLWLYH�FRQWURO� IRU�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW� �
6�� PXWDQV� ZDV� VWURQJHU� DV� WKH� LQKLELWRU\� DELOLW\�
WKDQ� WKH� FUXGH� H[WUDFWV� ZLWK� LQKLELWLRQ� ]RQH�
GLDPHWHU����PP�IRU������J�SHU�ZHOO�
� $QWLEDFWHULDO�DVVD\�VKRZHG�WKDW�FUXGH�H[WUDFWV�
SRVVHVVHG� D� EURDG� VSHFWUXP� RI � DQWLEDFWHULDO�
DFWLYLW\�VLQFH�WKH�H[WUDFWV�LQKLELWHG�WKH�JURZWK�RI �
*UDP�SRVLWLYH� DQG� *UDP�QHJDWLYH� EDFWHULD�� ,Q�
WKLV�VWXG\�� �DQG� �UHSUHVHQWHG�6��DXUHXV 6��HSLGHUPLGLV
*UDP�SRVLWLYH� EDFWHULD�� ZKLOH� �3�� DHUXJLQRVD
UHSUHVHQWHG� *UDP�QHJDWLYH� EDFWHULD�� +RZHYHU��
WKH�H[WUDFWV�ZHUH�QRW�DFWLYH�DJDLQVW� ��7KLV�6��PXWDQV
PD\�KDYH�EHHQ�FDXVHG�E\�WKH�UHVLVWDQFH�SURSHUWLHV�
GHYHORSHG�LQ�6��PXWDQV�

&21&/86,216

� (LJKW� LVRODWHV� RI � HQGRSK\WLF� IXQJL� KDYLQJ�
GLIIHUHQW� PRUSKRORJ\� ZHUH� FROOHFWHG� L�H�� 73���
73���73���73���73���73���73��DQG�73���)XQJDO�
LVRODWH�73��VKRZHG�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�
RUDO� SDWKRJHQLF� EDFWHULD� VXFK� DV� 6WDSK\ORFRFFXV�
DXUHXV�� 6WDSK\ORFRFFXV� HSLGHUPLGLV� DQG� 3VHXGRPRQDV�
DHUXJLQRVD�� 7KH� RSWLPXP� DFWLYLW\� ZDV� H[KLELWHG�
ZKHQ�WKH�IXQJXV�ZDV�FXOWLYDWHG�IRU����GD\V�

5()(5(1&(6

$O�%D\DWL� )$�� 6XODLPDQ� .'�� ������ ,Q� YLWUR� DQWLPLFURELDO�
DFWLYLW\�RI �6DOYDGRUD�SHUVLFD�/��H[WUDFWV�DJDLQVW�VRPH�
LVRODWHG�RUDO�SDWKRJHQV�LQ�,UDT��7XUNLVK�-�%LRO�������
���
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�
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�
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�

7HVW�2UJDQLVP�

)LJXUH��� $QWLEDFWHULDO�DFWLYLW\�RI �HWK\O�DFHWDWH�FUXGH�H[WUDFW�RI �73��LVRODWH�DJDLQVW�RUDO�SDWKRJHQLF��� � � � �73������PJ�� � � � � �
������� �73����PJ�������� �73����PJ���DQG�������� �SRVLWLYH�FRQWURO�

� �1RWH��7KH�GDWD�SUHVHQWHG�DUH�PHDQ�6'�RI ���UHSOLFDWLRQV�



$UQROG� $(�� 0HMLD� /&�� .\OOR� '�� 5RMDV� (,�� 0D\QDUG� =��
5REELQV� 1�� +HUUH� ($�� ������ )XQJDO� HQGRSK\WHV�
OLPLW� SDWKRJHQ� GDPDJH� LQ� D� WURSLFDO� WUHH�� 31$6��
������������������

%DUQHWW� +/�� +XQWHU� ++�� ������ ,OOXVWUDWHG� JHQHUD� RI �
LPSHUIHFW� IXQJL�� 0LQQHDSROLV� �86��� %XUJHUV�
&RPSDQ\������S�

%HDQ� 5�� 6WUDLI � .��*URVVH� <�� 6HFUHWDQ� %�� (O�*KLVVDVVL� )��
%RXYDUG� 9�� ������ &DUFLQRJHQLFLW\� RI � DOFRKROLF�
EHYHUDJHV��-�/DQFHW�2QFRO���������

'HPDLQ� $/�� )DQJ� $�� ������ 7KH� QDWXUDO� IXQFWLRQV� RI �
VHFRQGDU\�PHWDEROLWHV��,Q��$GYDQFHV�LQ�ELRFKHPLFDO�
HQJLQHHULQJ� ELRWHFKQRORJ\ 9RO�� ���� 6FKHSHU� 7����
HGLWRU��%HUOLQ��'(���6SULQJHU�9HUODJ��S�������

*DQGMDU� ,�� 6DPVRQ�5$��9HUPHXOHQ��2HWDUL�$�� 6DQWRVR� ,��
������3HQJHQDODQ�NDSDQJ�WURSLN�XPXP��-DNDUWD��,'���
<D\DVDQ�2ERU�,QGRQHVLD��S��������

*XR� /'�� +\GH� .'�� /LHZ� (&<�� ������ ,GHQWLILFDWLRQ� RI �
HQGRSK\WLF� IXQJL� IURP� EDVHG� RQ�/LYLVWRQD� FKLQHQVLV�
PRUSKRORJ\� DQG� U'1$� VHTXHQFHV�� -�1HZ� 3K\WRO�
�����������

+DUGMLWR� /�� ������ $QWLEDFWHULDO� DQG� WRSRLVRPHUDVH�,�
LQKLELWRU� DFWLYLWLHV� RI � WKH� FRDVWDO� HWKQRPHGLFLQDO�
SODQW� WHURQJ� SXQJR� � � VS���� � -� 0LFURELRO�6RODQXP
,QGRQHV������

+ROR� +�� 1LOVVHQ�� 1HVV� ,)�� ������ /DFWRFRFFLQ� $�� D� QHZ�
EDFWHULRFLQ� IURP� � VXEVS�� FUHPRULV��/DFWRFRFFXV� ODFWLV
LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI �WKH�SURWHLQ�DQG�LWV�
JHQH��-�%DFWHULRO����������

,YHUVHQ�%*��-DFREVHQ�7��(ULNVHQ�+0��%XNKROP�*��0HOE\�
..��1\JnUG�.��$DYLWVODQG�3��������$Q�RXWEUHDN�RI �
3VHXGRPRQDV� DHUXJLQRVD� LQIHFWLRQ� FDXVHG� E\�
FRQWDPLQDWHG�PRXWK�VZDEV��&OLQ�,QIHFW�'LV ��������
����

-HQD�6.��7D\XQJ�.��������(QGRSK\WLF�IXQJDO�FRPPXQLWLHV�
DVVRFLDWHG� ZLWK� WZR� HWKQR�PHGLFLQDO� SODQWV� RI �
6LPLOLSDO� %LRVSKHUH� 5HVHUYH�� ,QGLD� DQG� WKHLU�
DQWLPLFURELDO�SURVSHFWLYH��-$36������6��6���

.RPL\DPD�.��7\QDQ�--��+DEELFN�%)��'XQFDQ�'(��/LHSHUW�
'-�������� LQ�WKH�RUDO�FDYLW\�DQG�3VHXGRPRQDV�DHUXJLQRVD�
VSXWXP�RI � SDWLHQWV�ZLWK� F\VWLF� ILEURVLV��2UDO� 6XUJ�
2UDO�0HG�2UDO�3DWKRO �������������

.XVXPDQLQJW\DV�(��1DWDVLD�0�� �'DUPRQR��������3RWHQVL�
PHWDEROLW�NDSDQJ�HQGRILW� ULPSDQJ� OHQJNXDV�PHUDK�
GDODP�PHQJKDPEDW�SHUWXPEXKDQ�(VFKHULFKLD�FROL�GDQ����������������
6WDSK\ORFRFFXV� DXUHXV�GHQJDQ�PHGLD� IHUPHQWDVL�3'%�
GDQ� 3'<�� 3URVLGLQJ� 6HPLQDU� 1DVLRQDO� 7HNQRORJL�
3HWHUQDNDQ� GDQ� 9HWHULQHU�� ��� 0HL� ������ %RJRU��
,QGRQHVLD��S���������

/DFKHQPHLHU� ':�� *XPEHO�0DNR� 6�� 6RKQLXV� (0�� .HFN�
:LOKHOP� $�� .UDW]� (�� 0LOGDX� *�� ������ 6DOLYDU\�
DFHWDOGHK\GH� LQFUHDVH� GXH� WR� DOFRKRO� FRQWDLQLQJ�

PRXWKZDVK�XVH��D�ULVN�IDFWRU�IRU�RUDO�FDQFHU��,QW��-�
&DQ�����������

0DUFRWH�+��/DYRLH�0&��������2UDO�PLFURELDO�HFRORJ\�DQG�
WKH�UROH�RI �VDOLYDU\� LPPXQRJOREXOLQ�$��0LFURELRO�
0RO�%LRO�5HY ��������������

0F&XOORXJK�0-��)DUDK�&6��������7KH� UROH�RI �DOFRKRO� LQ�
RUDO� FDUVLQRJHQHVLV� ZLWK� SDUWLFXODU� UHIHUHQFH� WR�
DOFRKRO�FRQWDLQLQJ� PRXWKZDVKHV�� $XVW� 'HQW� -�
���������

0HOHWLDGLV� -��0HLV�)*0��0RXWRQ�-:��9HUPHLM�3(��������
$QDO\VLV�RI �JURZWK�FKDUDFWHULVWLFV�RI � ILODPHQWRXV�
IXQJL�LQ�GLIIHUHQW�QXWULHQW�PHGLD��-�&OLQ�0LFURELRO��
��������������

0LOODU� 05�� :DOVK� 75�� /LQWRQ� &-�� ������ &DUULDJH� RI �
DQWLELRWLF�UHVLVWDQW� EDFWHULD� E\� KHDOWK\� FKLOGUHQ�� -�
$QWLPLFURE�&KHPRWKHU�����������

0RUH�*��7VKLNDODQJH�7(��/DOO�1��%RWKD�)��0H\HU�--0��������
$QWLPLFURELDO� DFWLYLW\� RI �PHGLFLQDO� SODQWV� DJDLQVW�
RUDO�PLFURRUJDQLVP��-�(WKQRSKDUPDFRO������������
��

6KHHED�(��������$QWLEDFWHULDO�DFWLYLW\�RI �6RODQXP�VXUDWWHQVH�
%XUP�� )�� -� 6FL�(QJ�� 7HFK� .DWKPDQGX� 8QLYHUVLW\�
���������

6KXOPDQ�67��3KDLU�-3��6RPHUV�+0�������� �7KH�ELRORJLFDO�
DQG� FOLQLFDO� EDVLV� RI � LQIHFWLRXV� GLVHDVH � � )LIWK��

(GLWLRQ��3KLODGHOSKLD��86���:%�6DXQGHUV�&RPSDQ\��
S��������

6LPDQMXQWDN� 3�� 0HOOLDZDWL� 5�� 6RHNPDQWR� $�� 3DUZDWL� 7��
%XVWDQXVVDODP�� ������3HQJHPEDQJDQ�EDKDQ�EDNX�
]DW� ELRDNWLI � DQWL� PDODULD� GDUL� NDSDQJ� HQGRILW�
WXPEXKDQ� REDW� ,QGRQHVLD�� /DSRUDQ� 7HNQLN�
3HQHOLWLDQ�3XVOLW�%LRWHN�/,3,��&LELQRQJ��%RJRU�������
������

6ULNDQGDFH� <�� +DSVDUL� <�� 6LPDQMXQWDN� 3�� ������ 6HOHNVL�
PLNURED� HQGRILW� GDODP�&XUFXPD� ]HGRDULD�

PHPSURGXNVL� VHQ\DZD� NLPLD� DQWLPLNURED�� -,),�
�����������

6WUREHO�*��'DLV\��&DVWLOOR��+DUSHU�-��������1DWXUDO�SURGXFW�
IURP� HQGRSK\WLF� PLFURRUJDQLVP�� -� 1DW� 3URG�
����������

6XGDQWKD�,0��$EDGL�$/��������,GHQWLILNDVL�NDSDQJ�HQGRILW�
GDQ�PHNDQLVPH� DQWDJRQLVPHQ\D� WHUKDGDS� NDSDQJ�
)XVDULXP� R[\VSRUXP� YDQLOODH�I�VS�� SDGD� WXPEXKDQ�
YDQLOL��-XUQDO�$JURWHNVRV �������������

7DUPDQ�.��������%LRORJLFDO�DQG�FKHPLFDO�LQYHVWLJDWLRQV�RI �
,QGRQHVLDQ� PDULQH�GHULYHG� IXQJL� DQG� WKHLU�
VHFRQGDU\�PHWDEROLWHV�� *|WWLQJHQ� �'(��� &XYLOOLHU�
9HUODJ��S�������

7RUDELQHMDG�0��:DOWRQ�5(��������3ULQFLSOHV�DQG�SUDFWLFH�RI �
HQGRGRQWLF�� )RXUWK� (GLWLRQ�� 3KLODGHOSKLD� �86���
6RXQGHUV�&RPSDQ\��S��������

��
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