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7KH�HIIHFWV RI�WHPSHUDWXUH�DQG�XOWUDVRXQG�RQ�WKH�PLJUDWLRQ�RI�GL����HWK\OKH[\O��
SKWKDODWH�IURP�SODVWLF�SDFNDJLQJ�LQWR�GDLU\�SURGXFWV
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�8QLYHUVLW\�RI�1Lã��)DFXOW\�RI�6FLHQFHV DQG�0DWKHPDWLFV��9LãHJUDGVND�����������1Lã� 6HUELD
�8QLYHUVLW\�RI�1Lã��)DFXOW\�RI�0HGLFLQH��%XOHYDU�GU�=RUDQD�ĈLQÿLüD�����������1Lã��6HUELD

5HFHLYHG��'HFHPEHU���� ����� 5HYLVHG� -DQXDU\���������

7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHILQH�PLJUDWLRQ�RI�SKWKDODWHV IURP�SODVWLF�SDFNDJLQJ�LQWR�GDLU\�SURGXFWV�RI�GLIIHUHQW�IDW�
FRQWHQW� FDXVHG� E\� LQFUHDVLQJ� WHPSHUDWXUH� DQG� DSSOLFDWLRQ� RI� XOWUDVRXQG� RQ� GDLU\ SURGXFW�� 7KH� PRVW� FRPPRQ� XVHG�
SKWKDODWH�� GL����HWK\OKH[\O�� SKWKDODWH� �'(+3�� ZDV� LQYHVWLJDWHG� IRU� PLJUDWLRQ� LQWR� IROORZLQJ� IRRG�UHFLSLHQWV� ZLWK�
GLIIHUHQW� IDW� FRQWHQW�� LQIDQW� IRUPXOD�� PLON� SRZGHU�� ZKH\� SRZGHU� DQG� ZDWHU�� 7KH� UHVXOWV� REWDLQHG� E\� OLTXLG�OLTXLG�
H[WUDFWLRQ�IROORZHG�E\�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\��*&�06��ZHUH�FRPSDUHG��7KH�EDVH�SHDN�LRQ�RI�'(+3�
�P�] �����ZDV�VHOHFWHG�IRU�IXUWKHU�UHVHDUFK�DQG�UHFRUGLQJ�ZDV�SHUIRUPHG�LQ�WKH�VHOHFWHG�LRQ�PRQLWRULQJ�PRGH��6,0���
)RU�WKH�FRQVLGHUHG�UDQJH�RI�SKWKDODWH�FRQFHQWUDWLRQV�������± ������J�P/±���WKH�UHVSRQVH�RI�WKH�PDVV�VHOHFWLYH�GHWHFWRU�
�06'��ZDV�OLQHDU��5HVXOWV�VKRZHG�WKDW�WKH�PLJUDWLRQ�RI�'(+3�IURP�SDFNDJLQJ�PDWHULDO�LV�KLJKHU�LQ�GDLU\�SURGXFWV ZLWK�
KLJKHU�SHUFHQWDJH�RI� IDW��7KH�PDVV�RI�PLJUDWHG�'(+3�ZDV� WKH�KLJKHVW� LQ� WKH� VDPSOH�RI� LQIDQW� IRUPXOD�� IROORZHG�E\�
SRZGHUHG�PLON��ZKH\�SRZGHU�DQG�ZDWHU��3KWKDODWHV�EHLQJ MXVW�LQFRUSRUDWHG�LQWR�SODVWLFV��DQG�QRW�FKHPLFDOO\�ERXQG�WR�
SODVWLFV��VKRZ�LQFUHDVHG�PLJUDWLRQ�ZKHQ�XOWUDVRXQG�LV�DSSOLHG�LQ�DGGLWLRQ�WR�LQFUHDVHG�WHPSHUDWXUH�

.H\ZRUGV��SKWKDODWH��PLON�VDPSOHV��OHDFKDELOLW\��JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�
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3KWKDODWHV DUH�RUJDQLF�FKHPLFDO�FRPSRXQGV�WKDW�
PDNH� XS� WKH� EDVLF� FRPSRQHQW� RI� DOO� SODVWLF�
SDFNDJLQJ� WR PDNH� LW� PRUH� IOH[LEOH�� PRUH� HODVWLF�
DQG� VRIWHU WR� XVH DQG� IRU� WKDW� UHDVRQ� WKH\� DUH� DOVR�
FDOOHG�SODVWLFL]HUV� 7KH�SURSRUWLRQ�RI�SKWKDODWH�LQ�D�
SODVWLF� SURGXFW� FDQ� EH� XS� WR� �� �� RI� LWV� WRWDO�
ZHLJKW�� GHSHQGLQJ� RQ� WKH� W\SH� DQG� SXUSRVH� RI� WKH�
SURGXFW� LWVHOI >���@� 7KH� PRVW� FRPPRQO\� XVHG�
SKWKDODWHV� DUH� GLPHWK\O� SKWKDODWH �'03��� GLEXW\O�
SKWKDODWH �'%3���EXW\O�EHQ]\O�SKWKDODWH �%%3���GL�
���HWK\OKH[\O�� SKWKDODWH �'(+3��� GL�Q�RFW\O�
SKWKDODWH �'23��� GLLVRQRQ\O� SKWKDODWH �',13���
GLLVRGHF\O� SKWKDODWH �','3��� $OWKRXJK� WKHUH� LV D�
ODUJH�QXPEHU�RI�SKWKDODWHV��RQO\�VRPH�RI�WKHP�DUH�
SURGXFHG�PDVVLYHO\��DW�LQGXVWULDO�OHYHO��VXFK�DV�WKH�
SURGXFWLRQ� RI� '(+3� ��� �� RI� WKH� WRWDO� DQQXDO�
SURGXFWLRQ�RI�SKWKDODWHV EHORQJV� WR� WKH�SURGXFWLRQ�
RI�'(+3�� 7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��
HVWLPDWHG� WKDW� WKH� DQQXDO� LQGXVWULDO� SURGXFWLRQ� RI�
SKWKDODWH�DSSURDFKHG� WKH�DPRXQW�RI���PLOOLRQ� WRQV
>�@� /RQJ�FKDLQ SKWKDODWHV RU� KLJK� PROHFXODU�
ZHLJKW RQHV�� VXFK� DV� '(+3�� DUH� PDLQO\� IRXQG� LQ�
IOH[LEOH SRO\YLQ\O�FKORULGH PDWHULDOV��39&��XVHG�LQ�
FRQVXPHU� SURGXFWV� VXFK� DV� IRRG� SDFNDJLQJ� DQG
PHGLFDO� HTXLSPHQW� �SHULWRQHDO� GLDO\VLV� EDJV� DQG�
WXELQJ�� LQWUDYHQRXV� EDJV� LQIXVLRQ� WXELQJ�� EORRG�
EDJV��FDWKHWHUV��R[\JHQ�PDVNV� HWF�� >���@�

%HFDXVH� RI� WKHLU� SK\VLFDO� DQG� FKHPLFDO�
SURSHUWLHV� SKWKDODWHV� DUH� YHU\� PRELOH� DQG� HDVLO\�

PLJUDWH� IURP� SODVWLF� SURGXFWV� WR� WKH� VXUURXQGLQJ�
HQYLURQPHQW�� 3KWKDODWHV� DUH� MXVW� LQFRUSRUDWHG� LQWR�
SODVWLFV� WKH\� DUH� QRW� FKHPLFDOO\� ERXQG� WR� WKH�
SODVWLF� PDWHULDO� ZKLFK FDXVHV� WKHLU� DELOLW\ WR�
VXEVHTXHQWO\� OHDFK�RXW�>�@��6PDOO�DPRXQWV�RI�IDWW\�
IRRGV� RLOV�RU�GDLU\�SURGXFWV�DUH�HQRXJK IRU�DOPRVW�
FRPSOHWH� H[WUDFWLRQ RI� WKHVH� OLSRSKLOLF� VRIWHQHUV�
DQG� PLJUDWLRQ� LQWR� IRRG�� 'XH� WR� WKH� ODUJH� XVH� RI�
WKHVH�SODVWLFL]HUV��H[SRVXUH�WR�KXPDQV�LV�LQHYLWDEOH��
3HRSOH� FDQ� EH� H[SRVHG� WR� SKWKDODWHV� LQ� VHYHUDO�
ZD\V�� GHUPDO�� LQKDODWLRQ�� RUDO�� LQWUDYHQRXV�� ZKLOH
WKH�KLJKHVW� H[SRVXUH� WDNHV�SODFH� WKURXJK� LQJHVWLRQ�
RI�FRQWDPLQDWHG�IRRG� $�VWXG\�LQ�&DQDGD HVWLPDWHV�
WKDW�D�PDQ��������\HDUV� RI DQ�DYHUDJH�ERG\�ZHLJKW�
RI����NJ UHFHLYHV PRVW�SKWKDODWHV YLD IRRG�������QJ�
RI�'(+3�NJ�� ERG\�ZHLJKW�� GD\� >�@� 7KH�HVWLPDWHG�
WRWDO�GDLO\�H[SRVXUH RI�KXPDQV WR�'(+3�LV������QJ�
NJ�� ERG\�ZHLJKW � GD\�

&RQVLGHULQJ�WKDW�SKWKDODWHV�DIIHFW�KXPDQ�KHDOWK
>����@ DQG�WKDW�SKWKDODWHV�DUH�IRXQG�LQ�PRUH�WKDQ���
�� RI� KXPDQ� XULQH� VDPSOHV� ZRUOGZLGH E\�
ELRPRQLWRULQJ� VWXGLHV�� WKH� (XURSHDQ� )RRG� 6DIHW\�
$XWKRULW\� �()6$�� OLVWV� WKH WROHUDEOH� GDLO\� LQWDNH�
YDOXHV� �7',� IRU� SKWKDODWHV� 7KH� 7',� YDOXHV� IRU�
'%3��'(+3�DQG�%%3�DUH����� ��� DQG������J NJ��

ERG\�ZHLJKW���GD\��UHVSHFWLYHO\ >��@��)RU�',13�DQG�
','3�� 7',� DPRXQW LV ���� �J NJ�� ERG\� ZHLJKW� ��
GD\ >��@�

,Q�WKLV�VWXG\��ZKH\ SRZGHU��SRZGHUHG�PLON DQG
LQIDQW� IRUPXOD� ZHUH� XVHG�� DV� D� IRRG� WKDW� LV� YHU\�
LPSRUWDQW� LQ� WKH� QXWULWLRQ� RI� LQIDQWV�� FKLOGUHQ��
DWKOHWHV�DQG�VLFN�SHRSOH��0LON�SRZGHU WKDW FRQWDLQV�Ύ�7R�ZKRP�DOO�FRUUHVSRQGHQFH�VKRXOG�EH�VHQW��

(�PDLO��GDQQLFD�PLORMNRYLF#JPDLO�FRP
� ���� %XOJDULDQ�$FDGHP\�RI�6FLHQFHV���8QLRQ�RI�&KHPLVWV�LQ�%XOJDULD
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� ± � ��RI�ZDWHU LV�D�YHU\�ORQJ�ODVWLQJ PLON�SURGXFW�
WKDW� KDV� JUHDW� DSSOLFDWLRQ LQ� WKH� GLHW� RI� SHRSOH��
HVSHFLDOO\� FKLOGUHQ� :KH\� SRZGHU� LV� D� SURGXFW� RI�
FKHHVH� SURGXFWLRQ� WKDW� UHSUHVHQWV� D VRXUFH RI�
LPSRUWDQW�PLQHUDOV DQG SURWHLQV� ,QIDQW�IRUPXOD�LV�D�
PLON�SURGXFW�VXLWDEOH�IRU�IHHGLQJ�EDELHV�VLQFH�WKHLU
ELUWK DQG�IRU�WKLV�UHDVRQ�LW�LV FUXFLDO�WKDW�LW�GRHV�QRW�
FRPSULVH FRQWDPLQDQWV� �H�J� SKWKDODWHV�� 7KH�
PLJUDWLRQ� RI�'(+3� LQWR�ZDWHU�ZDV� DOVR� H[DPLQHG�
LQ�RUGHU�WR�FRPSDUH�'(+3�OHDFKDELOLW\�LQWR�D�SRODU�
PDWUL[� ZLWKRXW� IDW� ZLWK� LWV� OHDFKDELOLW\� LQWR GDLU\�
SURGXFWV�RI�GLIIHUHQW�IDW�FRQWHQW��

3UHYLRXV� H[SHULPHQWV� VKRZHG� WKDW� SKWKDODWHV�
PLJUDWLRQ� IURP� SDFNDJLQJ� PDWHULDOV� LV� LQIOXHQFHG�
E\� VWRUDJH� WLPH�� VWRUDJH� WHPSHUDWXUH�� H[SRVXUH� WR�
KHDW � OLJKW�� S+�RI� WKH� VDPSOH�� 3(7�ERWWOH� YROXPH
>�����@�� +RZHYHU�� DFFRUGLQJ� WR� WKH� GHWDLOHG�
OLWHUDWXUH� VHDUFK� WKLV� LV� WKH� ILUVW� V\VWHPDWLF� UHSRUW�
WKDW� LQYHVWLJDWHV� WKH� LQIOXHQFH� RI� WHPSHUDWXUH� DQG�
XOWUDVRXQG�RQ� WKH�PLJUDWLRQ�RI�'(+3�IURP�SODVWLF�
PDWHULDO� LQWR� GDLU\� SURGXFWV� ,Q� WKLV� SDSHU�� WKH�
XOWUDVRXQG�DVVLVWHG� PLJUDWLRQ� ZLWK� LQIOXHQFH� RI�
WHPSHUDWXUH�ZDV� WHVWHG�� ,W�ZDV� DOVR�H[DPLQHG�KRZ�
WKH� FRPSRVLWLRQ� RI� GDLU\� SURGXFWV� �IDW� FRQWHQW��
LQIOXHQFHG�WKH�GHJUHH�RI�WKH�PLJUDWLRQ�RI�'(+3� $V�
KLJK�OHYHO� SKWKDODWH� VRXUFH� IRU� WKLV� LQYHVWLJDWLRQ� D�
GLDO\VLV� EDJ� ZDV� XVHG� ZLWK� SUHGHILQHG� FRQWHQW� RI�
'(+3 >��@�

(;3(5,0(17$/

5HDJHQWV�DQG�PDWHULDOV

+3/&� JUDGH Q�KH[DQH� ZDV� SXUFKDVHG� IURP�
6LJPD±$OGULFK� �6W�� /RXLV�� 02�� 86$��� 'L���
HWK\OKH[\O��SKWKDODWH��'(+3��ZDV SXUFKDVHG��LQ�WKH�
KLJKHVW� DYDLODEOH� SXULW\�� IURP� 6LJPD±$OGULFK� �6W��
/RXLV�� 02�� 86$��� 'LEXW\O� DGLSDWH� �'%$�� ZDV�
SXUFKDVHG� IURP� )OXND� �%XFKV�� 6ZLW]HUODQG�� DQG�
XVHG�DV�DQ�LQWHUQDO�VWDQGDUG��:DWHU�IURP�D�0LOOL�4�
V\VWHP� �0LOOLSRUH��%HGIRUG��0$��86$��ZDV� XVHG�
'LDO\VLV�EDJ��%D[WHU��86$� ZDV�XVHG��0LON�SRZGHU
ZDV� SXUFKDVHG� IURP� *ROG� SDFN� �6HUELD�� ZKH\�
SRZGHU� ZDV� IURP� 0DGLFR� �3RODQG� DQG LQIDQW�
IRUPXOD�ZDV�SXUFKDVHG�IURP�+XPDQD��*HUPDQ\���

,Q� RUGHU� WR� PLQLPL]H� WKH� FRQWDPLQDWLRQ� E\
SKWKDODWHV� IURP� WKH� ODERUDWRU\�� RQO\� JODVVZDUH�
HTXLSPHQW ZDV XVHG�� $OO� JODVVZDUH� ZDV ZDVKHG�
ZLWK� VRDS�� WDS� ZDWHU� DQG� XOWUDSXUH� ZDWHU�� WKHQ�
ZDVKHG�ZLWK�DFHWRQH�DQG�Q�KH[DQH�DQG�GULHG�DW�����
�&�LQ�WKH�RYHQ�IRU���KRXUV >��@�

$OO� VWRFN�� LQWHUPHGLDWH� DQG� ZRUNLQJ� VROXWLRQV�
ZHUH�SUHSDUHG� LQ�Q�KH[DQH��7KH� VWRFN� VROXWLRQV RI�
'(+3 DQG�'%$�ZHUH SUHSDUHG� DW� D� FRQFHQWUDWLRQ�

RI� ��� PJ� P/��� 7KH� VWRFN� VWDQGDUG� ZDV� GLOXWHG�
VWHSZLVH� ZLWK� Q�KH[DQH� WR� SUHSDUH� ZRUNLQJ�
VROXWLRQV RI�'(+3��7KH�FDOLEUDWLRQ�VWDQGDUG�VHULHV�
ZDV�REWDLQHG�ZLWK�'(+3�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�
RI� ������ ������ ������ ����� DQG ���� �J P/�� ZLWK�
'%$�DV�WKH�LQWHUQDO�VWDQGDUG� DW�D�FRQFHQWUDWLRQ�RI�
���J P/����7KH�FDOLEUDWLRQ�FXUYH�ZDV OLQHDU� LQ� WKH�
UDQJH� IURP������ WR������J P/�� ZLWK� D� FRUUHODWLRQ�
FRHIILFLHQW� KLJKHU� WKDQ� ������ 7KH� OLQHDU� G\QDPLF�
UDQJH�ZDV�EURDGHU�DQG�FRYHUHG�WKH�UDQJH�IURP������
WR�����J P/���

*&�06�DQDO\VLV

'HWHUPLQDWLRQ�RI�'(+3�ZDV�SHUIRUPHG�RQ�D JDV�
FKURPDWRJUDSK� ����� �+HZOHWW�3DFNDUG�� HTXLSSHG�
ZLWK� D� PDVV� VHOHFWLYH� GHWHFWRU� �06'�� �����
�$JLOHQW�� 86$�� DQG� D� '%���06� FDSLOODU\� FROXPQ�
����P î ����PP î �����PP���$JLOHQW��86$���7KH�
JDV� FKURPDWRJUDSK� ZDV� RSHUDWHG� LQ� WKH� VSOLWOHVV�
LQMHFWLRQ� PRGH�� 7KH� RYHQ WHPSHUDWXUH� ZDV�
SURJUDPPHG�IURP�����&����PLQ��WR������&����PLQ��
DW�D�UDWH�RI�����&�PLQ�� DQG�WKHQ�WR������&����PLQ��
DW�D�UDWH�RI����&�PLQ����+HOLXP�ZDV�WKH�FDUULHU�JDV�
�����P/ PLQ���� DQG� WKH� LQOHW� WHPSHUDWXUH�ZDV� ����
�&��7KH�RSHUDWLQJ�WHPSHUDWXUH�RI�WKH�06'�ZDV����
�&�ZLWK� WKH�HOHFWURQLF� LPSDFW�RI����H9��7KH�GZHOO�
WLPH�ZDV�����PV��7KH�06'�ZDV�XVHG�LQ�WKH�VLQJOH�
LRQ�PRQLWRULQJ� PRGH� �6,0�� DW� P�] ����� 7KH�
LGHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� WKH� WDUJHW�
FRPSRXQG�ZDV�EDVHG�RQ�WKH�UHODWLYH�UHWHQWLRQ�WLPH��
WKH� SUHVHQFH� RI� WDUJHW� LRQV� DQG� LWV� UHODWLYH�
DEXQGDQFH�� 7KH� TXDQWLILFDWLRQ� LRQ� LV� P�]� ���� IRU�
'(+3 DQG LRQ� P�]� ���� ZDV� FKRVHQ� DV�
UHSUHVHQWDWLYH�LRQ�RI�'%$�LQWHUQDO�VWDQGDUG�

6DPSOHV SUHSDUDWLRQ

,Q�RUGHU�WR WHVW�WKH�GHJUHH�RI�PLJUDWLRQ�RI�'(+3�
IURP� WKH� SODVWLF� PDWHULDO� XQGHU� WKH� LQIOXHQFH� RI�
WHPSHUDWXUH� DQG� XOWUDVRXQG�� WKH� IROORZLQJ� GDLU\�
SURGXFWV� ZHUH� XVHG�� PLON� SRZGHU�� ZKH\� SRZGHU��
LQIDQW�IRUPXOD��:DWHU�ZDV�WDNHQ�IRU�FRPSDULVRQ�DV
D� SKWKDODWH� UHFLSLHQW� RI� KLJK� SRODULW\� DQG� QR� IDW�
FRQWHQW� 1XWULWLRQDO� YDOXHV RI� PLON� SRZGHU�� ZKH\�
SRZGHU�DQG�LQIDQW�IRUPXOD�DUH�JLYHQ�LQ�7DEOH���

3UHSDUDWLRQ�RI�PLON�VDPSOHV�ZDV�GRQH�DFFRUGLQJ�
WR�WKH�SURGXFHU¶V LQVWUXFWLRQ��:DWHU�IURP�D�0LOOL�4�
V\VWHP�ZDV� XVHG� WR� SUHSDUH� WKH� VROXWLRQV RI� GDLU\�
VDPSOHV��0LON�SRZGHU� ����J��� SRZGHUHG�ZKH\ ����
J��DQG�LQIDQW�IRUPXOD�����J��ZHUH�GLVVROYHG�LQ���/�
RI� ZDWHU�� UHVSHFWLYHO\�� )UHVK� VDPSOHV� RI� GDLU\�
SURGXFWV� ZHUH� SUHSDUHG� LPPHGLDWHO\� EHIRUH�
DQDO\VLV�



'� 6��%RJGDQRYLü�HW�DO���7KH�HIIHFWV�RI�WHPSHUDWXUH�DQG�XOWUDVRXQG�RQ�WKH�PLJUDWLRQ�RI�GL����HWK\OKH[\O��SKWKDODWH«
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7DEOH����1XWULWLRQDO�YDOXHV�RI�LQIDQW�IRUPXOD��PLON�SRZGHU�DQG�ZKH\�SRZGHU

)DWV ��� /DFWRVH���� 0LON�SURWHLQV����
,QIDQW�IRUPXOD ���� ���� ����
0LON�SRZGHU ���� ���� ���
:KH\�SRZGHU ��� ���� ����

$ GLDO\VLV� EDJ�ZLWK� D NQRZQ� FRQWHQW� RI�'(+3�
ZDV� XVHG� WR� H[DPLQH� SKWKDODWH� PLJUDWLRQ�� DV� D�
UHOLDEOH� VRXUFH�RI�SKWKDODWH��7KH�XVHG�GLDO\VLV�EDJ�
FRQWDLQV� DERXW� ������� RI�'(+3� FRPSDUHG� WR� WKH�
WRWDO� ZHLJKW >��@�� 6DPSOH� RI� WKH� GLDO\VLV� EDJ� ZDV�
PHDVXUHG� WR� SURYLGH� WKH� VDPH� ZHLJKW�WR�YROXPH�
UDWLR� RI� GLDO\VLV� EDJ� DQG� WKH� VDPSOH� RI� GLDU\�
SURGXFW�� DV� LI� WKH� GDLU\� SURGXFW� ZDV� NHSW� LQ� WKH�
GLDO\VLV�EDJ�

7KH� H[DFWO\ ZHLJKHG GLDO\VLV� EDJ� ZDV� FXW� LQWR�
SLHFHV� RI� �� FP� DQG� DGGHG� LQWR� ��� P/� RI� GDLU\�
VDPSOHV��7KH�FRQGLWLRQV�IRU�PLJUDWLRQ�WHVWV�ZHUH�VHW�
LQ� WZR� ZD\V�� ���� IRU� GHWHUPLQDWLRQ� RI� HIIHFWV� RI�
H[SRVXUH�WLPH�DQG�WHPSHUDWXUH�KHDWLQJ�XS�WR�����&�
IRU� XS� WR� ���PLQ�ZLWK� WRWDO� KHDWLQJ� WLPH� XS� WR� ���
KRXUV ZDV� DSSOLHG�� ���� GHWHUPLQDWLRQ� RI� HIIHFWV� RI�
XOWUDVRXQG�DVVLVWHG� PLJUDWLRQ� ZDV� DSSOLHG
ZKHQHYHU�KHDWLQJ�ZDV�DSSOLHG�

7KH� LQIOXHQFH� RI� WHPSHUDWXUH� ZDV� LQYHVWLJDWHG
DV� IROORZV�� VDPSOHV� ZHUH� YLJRURXVO\� VWLUUHG� DQG�
KHDWHG� WR� D� WHPSHUDWXUH� XS� WR� ��� �&� IRU� ��� PLQ��
$IWHU�KHDWLQJ��WKH�VDPSOHV�ZHUH�OHIW�WR�FRRO�DW�URRP�
WHPSHUDWXUH� DQG� ILOWHUHG� LQWR� YHVVHOV� RI� ���P/��Q�
+H[DQH� ���� P/�� ZDV� DGGHG� WR� WKH� VDPSOHV�� 7KH�
PHWKRG�RI�H[WUDFWLRQ�RI�'(+3�IURP�GDLU\�VDPSOHV�
E\�Q�KH[DQH�ZDV�VKRZQ�WR�EH�D VLPSOH�DQG�HIIHFWLYH�
SURFHGXUH >��@�� 0DQXDO� VKDNLQJ� IRU� ��� PLQ� DQG�
H[WUDFWLRQ� DJLWDWLRQ� RQ� WKH� XOWUDVRQLF� EDWK� IRU� ���
PLQ� ZHUH� GRQH�� %OXUUHG� H[WUDFWV� ZHUH� OHIW� IRU�
FODULILFDWLRQ��$IWHU�VHSDUDWLRQ�RI�OD\HUV�� WKH�KH[DQH�
OD\HU�ZDV�FRQFHQWUDWHG�WR�D YROXPH�RI ��P/��'%$�
ZDV�DGGHG�WR�WKH�HYDSRUDWHG�KH[DQH�H[WUDFW�VR�WKDW�
WKH� FRQFHQWUDWLRQ� RI� '%$� ZDV� �� �J� P/�� DQG�
LPPHGLDWHO\� DQDO\]HG� E\� *&�06�� 3LHFHV� RI�
GLDO\VLV� EDJ� ZHUH� VXEMHFWHG� WR� UHSHDWHG� PLJUDWLRQ�
WHVWV� LQWR� GDLU\� SURGXFWV�� SURYLGLQJ D WRWDO� KHDWLQJ�
WLPH�RI ���K��7KH�WHVW�ZDV�SHUIRUPHG�XQWLO�D SODWHDX�
ZDV�UHDFKHG�RQ�WKH�FXUYH�P� �I��W���ZKHUH�P LV�PDVV�
RI�WKH�PLJUDWHG�'(+3�DQG�W LV�WLPH�

7KH�HIIHFW�RI�XOWUDVRXQG�DVVLVWHG�PLJUDWLRQ�ZDV�
VWXGLHG LQ� WKH� VDPH� ZD\� DV IRU� WHPSHUDWXUH�
LQYHVWLJDWLRQ� ZLWK� DGGLWLRQDO� DJLWDWLRQ� WKDW� ZDV�
SHUIRUPHG�RQ�DQ�XOWUDVRQLF�EDWK��

$OO� DQDO\VHV ZHUH� SHUIRUPHG� LQ� WULSOLFDWH� DQG�
*&�06� TXDQWLILFDWLRQ� ZDV� UHSHDWHG� WZLFH�� 7KH�
ODERUDWRU\ FRQWDPLQDWLRQ�ZDV�PRQLWRUHG�ZLWK�EODQN�
VDPSOHV� REWDLQHG� IURP� GDLU\� VDPSOHV� ZLWKRXW�
SODVWLF�SLHFHV� WKDW ZHUH�WUHDWHG�LQ WKH�VDPH�ZD\ DV�
WKH� GDLU\� VDPSOHV� ZLWK� SODVWLF� SLHFHV� IURP� WKH�
GLDO\VLV�EDJ��

5(68/76�$1'�',6&866,21

*&�06�DFTXLVLWLRQ

7KH� FKURPDWRJUDP� RI� D� VWDQGDUG� VROXWLRQ� RI�
'(+3�DQG�'%$�DW D�FRQFHQWUDWLRQ�RI������J�P/��

DQG�������J�P/���� UHVSHFWLYHO\�� LV� JLYHQ� LQ�)LJ� ���
7KH� FKURPDWRJUDP� VKRZV� WKDW� WKH� VHSDUDWLRQ� RI�
'(+3� DQG� '%$� DV� LQWHUQDO� VWDQGDUG�� RFFXUUHG�
ZLWKLQ�D�UXQQLQJ�WLPH�RI����PLQ�DQG�UHWHQWLRQ�WLPHV�
IRU� '%$� DQG� '(+3�ZHUH� ����� DQG� ������ PLQ��
UHVSHFWLYHO\�

)LJ� ���*&±06�FKURPDWRJUDP�RI�D�VWDQGDUG�VROXWLRQ�
RI�'(+3�DQG�'%$�DW FRQFHQWUDWLRQV RI������J�P/�� DQG�
������J�P/����UHVSHFWLYHO\�

7KH�DQDO\WLFDO�FXUYH�REWDLQHG� IRU�'(+3�ZLWKLQ�
WKH�FRQFHQWUDWLRQ�UDQJH������± �����J�P/�� LV�OLQHDU�
ZLWK� D� FRUUHODWLRQ�FRHIILFLHQW 5�  � ����� DQG� OLQHDU�
HTXDWLRQ�\� �������� ��������[�± ����� � ��������
DV� VKRZQ� RQ� )LJ�� �� 7KH� OLPLW� RI GHWHUPLQDWLRQ�
�/2'�� DQG� OLPLW� RI� TXDQWLILFDWLRQ� �/24�� ZHUH�
FDOFXODWHG� IURP� WKH� VLJQDO�QRLVH� UDWLRV�ZKLFK�ZHUH�
PXOWLSOLHG� ZLWK� WKH� IDFWRU� �� DQG� ��� UHVSHFWLYHO\
>��@��7KH�/2'�DQG�/24�YDOXHV�IRU�'(+3�DUH������
�J� P/±� DQG� ����� �J� P/±��� UHVSHFWLYHO\�� ZLWK
UHODWLYH�VWDQGDUG�GHYLDWLRQ �56'��YDOXH�RI��������Q
 ����

&RPSDULVRQ�RI�GDLU\�SURGXFWV�DV�UHFLSLHQWV�RI�
'(+3�DQG�HYDOXDWLRQ�RI�LQIOXHQFH�RI�WHPSHUDWXUH

DQG XOWUDVRXQG�RQ�WKH�PLJUDWLRQ�RI�'(+3

7KH� DLP� RI� WKLV� ZRUN� LV� WR� GHWHUPLQH� WKH� WRWDO�
PDVV� RI� WKH� PLJUDWHG� '(+3� IURP� SODVWLF� GLDO\VLV�
EDJ� LQWR� UHFLSLHQW� DIWHU� UHSHDWHG�PLJUDWLRQ�� UHODWHG�
WR�WHPSHUDWXUH�DQG�XOWUDVRXQG�



���

)LJ�� �� 7KH� DQDO\WLFDO� FXUYH� IRU� '(+3� ZLWKLQ� WKH�
FRQFHQWUDWLRQ�UDQJH������± �����J�P/��

7KH� LQLWLDO�SKWKDODWH�FRQFHQWUDWLRQV�ZHUH�EHORZ�
GHWHFWLRQ� OLPLWV� LQ� WKH� VDPSOHV� RI� LQIDQW� IRUPXOD��
PLON�SRZGHU��ZKH\�SRZGHU�DQG�ZDWHU��7KH�HIIHFWV�
RI� H[SRVXUH� WLPH�� WHPSHUDWXUH�� XOWUDVRXQG� DQG� IDW�
FRQWHQW� RI� GDLU\� SURGXFWV� RQ� WKH� UHOHDVH� RI�'(+3�
DUH�VXPPDUL]HG�LQ�7DEOH���

7KH�KLJKHVW�SHUFHQWDJH�RI�PLJUDWHG�'(+3�ZDV�
IRXQG� LQ� LQIDQW� IRUPXOD�� ZKLFK� LV� DVVRFLDWHG� ZLWK�
WKH� IDFW� WKDW� LQIDQW� IRUPXOD� FRQWDLQV� WKH� KLJKHVW�
SHUFHQWDJH� RI� IDW� ������ ���� IROORZHG� E\� PLON�
SRZGHU� �ZLWK� D� SHUFHQWDJH� RI� IDW� RI� ������� ZKH\�
SRZGHU� �ZLWK� D� IDW� FRQWHQW� RI� �� ��� DQG� ZDWHU�
�ZLWKRXW� IDW��� 7KH� VDPH� WUHQG� LV� REVHUYHG� LQ� ERWK�
FRQGLWLRQ� VHWV�� IRU� HOHYDWHG� WHPSHUDWXUH� DQG� IRU�
XOWUDVRXQG�DVVLVWHG�PLJUDWLRQ�� DV� VKRZQ� LQ� )LJ�� ���
ZLWK� LQGLFDWLRQ� WKDW� XOWUDVRXQG�DVVLVWHG� PLJUDWLRQ�
KDG�D�JUHDWHU�HIIHFW�RQ�WKH�PLJUDWLRQ�RI�'(+3��

)LJXUHV���DQG���VKRZ�WKH�JUDSKV�RI�WKH�PDVV�RI�
WKH�PLJUDWHG�'(+3�DV�D IXQFWLRQ�RI�H[SRVXUH�WLPH�

)LJ�� �� 7KH� HIIHFWV RI� WHPSHUDWXUH�� XOWUDVRXQG�
DVVLVWHG�PLJUDWLRQ� DQG� IDW� FRQWHQW� RI� GDLU\� SURGXFWV� RQ�
'(+3�PLJUDWLRQ�

7KH�JUDSKV�VKRZ�D�OLQHDU�LQFUHDVH�RI�WKH�PDVV�RI�
PLJUDWHG� '(+3� RYHU� WLPH� XQGHU� WKH� LQIOXHQFH� RI�
WHPSHUDWXUH� DQG� XOWUDVRXQG�� XQWLO� WKH� SODWHDX� LV�
UHDFKHG� 3ODWHDX LQGLFDWHV� WKDW� WKH� PD[LPXP�
PLJUDWLRQ� RI�'(+3� KDV� EHHQ� DFKLHYHG� DQG�'(+3�
QR ORQJHU�PLJUDWHV�LQWR�WKH�VDPSOHV�XQGHU�WKH�JLYHQ�
LQIOXHQFH��

0D[LPDO�DPRXQW�RI�PLJUDWHG�'(+3�WR�ZDWHU�DV�
UHFLSLHQW� ZDV� UHDFKHG� DIWHU� ����� PLQ� GXH� WR� WKH�
FRPELQHG� HIIHFW� RI� HOHYDWHG� WHPSHUDWXUH� DQG�
XOWUDVRXQG�DQG������PLQ�E\� WKH� HIIHFW�RI� HOHYDWHG�
WHPSHUDWXUH� DORQH�� 3ODWHDX ZDV� UHDFKHG� DOPRVW�
����� PLQ� IDVWHU� LQ� WKH� FDVH� ZKHQ� XOWUDVRXQG� ZDV�
DSSOLHG�EHVLGH�WHPSHUDWXUH�

7DEOH���0LJUDWLRQ�RI�'(+3�LQIOXHQFHG�E\�����WHPSHUDWXUH�DQG�����XOWUDVRXQG�LQWR�UHFLSLHQWV�ZLWK�GLIIHUHQW�IDW�FRQWHQW

)RRG�
UHFLSLHQW�
W\SH

0DVV�RI SDUW�
RI�GLDO\VLV�
EDJ��J�

0DVV�RI�'(+3�LQ�
SDUW�RI�GLDO\VLV�

EDJ �J���

7RWDO�PLJUDWLRQ�
WLPH�RI�'(+3

�PLQ�

0DVV�RI�
PLJUDWHG�
'(+3���J�

3HUFHQWDJH�
RI�PLJUDWHG�
'(+3 ���

���
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:KH\�
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)LJ���� 7KH�LQIOXHQFH�RI�WHPSHUDWXUH�RQ�WKH�PLJUDWLRQ�
RI�'(+3� LQ�D��ZDWHU��E��ZKH\�SRZGHU��F��PLON�SRZGHU�
DQG�G��LQIDQW�IRUPXOD�

7KH�WLPH�WR�DFKLHYH�VDWXUDWLRQ��ZKHQ�XOWUDVRXQG�
ZDV� DSSOLHG� ZDV� VKRUWHU� WKDQ� ZKHQ� RQO\�
WHPSHUDWXUH� ZDV� DSSOLHG� IRU� DERXW� ���� PLQ� IRU�
ZKH\� SRZGHU��PLON� SRZGHU� DQG� LQIDQW� IRUPXOD� DV�
UHFLSLHQWV�

)LJ�� ���7KH� LQIOXHQFH�RI� XOWUDVRXQG�DQG� WHPSHUDWXUH�
RQ�WKH�PLJUDWLRQ�RI�'(+3�LQ�D��ZDWHU��E��ZKH\�SRZGHU��
F��PLON�SRZGHU�DQG�G��LQIDQW�IRUPXOD�

([SHFWHG�UHDVRQ�LV�WKDW�ZDWHU��DV�SRODU�PROHFXOH��
RQO\�³ZDVKHG´�PROHFXOHV�RI�'(+3�IURP�WKH�SODVWLF�
VXUIDFH��2Q�WKH�RWKHU�KDQG��QRQ�SRODU�PLON�VDPSOHV�
FDQ�GLVVROYH�'(+3�IURP�WKH�ZKROH SODVWLF�PDWHULDO�
DQG�IRU�WKLV D ORQJHU�SHULRG�LV�QHFHVVDU\��

)LJXUHV�� DQG�� VKRZ�WZR�WLPH�UHJLRQV��RQH�XS�
WR� ���� PLQ� ZLWK D KLJKHU� VORSH� RI� WKH� FXUYH� RI�



���

PLJUDWHG�'(+3�RYHU� WLPH�DQG� WKH�RWKHU� IURP�����
XS�WR������PLQ�ZLWK�D�VPDOOHU�VORSH��7KH JUDSKV�LQ�
�D�� VKRZ� WKH� GHSHQGHQFH� RI� WKH� PDVV� RI� WKH�
PLJUDWHG�'(+3� DV� D IXQFWLRQ� RI� WKH� WRWDO� WLPH� RI�
H[SRVXUH�RI�WKH�VDPSOHV�WR�WKH�HIIHFW�RI�WHPSHUDWXUH�
DQG� XOWUDVRXQG DQG� WKH JUDSKV� LQ� �E�� VKRZ� WKH�
GHSHQGHQFH� RI� WKH�PDVV� RI�PLJUDWHG�'(+3� LQ� WKH�
ILUVW�����PLQ��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�LQ�WKH ILUVW�
����PLQ� WKH�FRUUHODWLRQ�EHWZHHQ�PDVV�RI�PLJUDWHG�
'(+3�DQG� WLPH�RI�H[WUDFWLRQ� LV�DOPRVW� OLQHDU��DQG�
WKH� UHVXOW� LV� VLPLODU� XQGHU� ERWK� LQIOXHQFHV�� 7KLV�
SHULRG� LV�RQH�VL[WK�SDUW�RI� WKH� WRWDO�H[SRVXUH� WLPH��
DQG� GXULQJ� WKLV� SHULRG� DERXW� ��� �� RI� WKH� WRWDO�
DPRXQW� RI� PLJUDWHG� '(+3� PLJUDWHV LQWR� WKH�
UHFLSLHQWV��7DEOH ��� 7KLV�PLJUDWLRQ�ZDV�H[SUHVVHG�
XQOLNH� WKH� UHVW� RI� WKH� PLJUDWLRQ� WKDW� WDNHV� SODFH
VORZHU��XQWLO�VDWXUDWLRQ�LV�DFKLHYHG�

,W� LV� LQWHUHVWLQJ�WR�QRWH WKDW�LQ�WKH ILUVW�����PLQ�
WKH� FRUUHODWLRQ� EHWZHHQ� PDVV� RI� PLJUDWHG� '(+3�
DQG�WLPH�RI�H[WUDFWLRQ�LV�DOPRVW�OLQHDU DQG�WKH�UHVXOW�
LV�VLPLODU XQGHU�ERWK�LQIOXHQFHV��)LJV��� DQG����� ,Q�
WKLV� WLPH� SHULRG� DERXW� �� �� RI WKH WRWDO�PLJUDWHG�
DPRXQW� RI� '(+3� PLJUDWHV LQWR� WKH� UHFLSLHQWV�
�7DEOH����

2EWDLQHG� UHVXOWV� VKRZHG� WKDW� XOWUDVRXQG� KDV� D�
JUHDWHU�HIIHFW�RQ�'(+3�PLJUDWLRQ�IURP�WKH�GLDO\VLV�
EDJ� WKDQ� WHPSHUDWXUH�� 7DNLQJ� DQ\� WLPH� SHULRG�
GXULQJ� ZKLFK� WKH� PLJUDWLRQ� RI� '(+3� IURP� WKH�
GLDO\VLV�EDJ�ZDV�SHUIRUPHG�XQGHU�ERWK�LQIOXHQFHV��D�
KLJKHU�PDVV�RI�'(+3�ZDV� DOZD\V�REWDLQHG��XQGHU�
WKH�LQIOXHQFH�RI�XOWUDVRXQG��DV�FDQ�EH�VHHQ�LQ�7DEOH�
��� DV� LQ� WKH� JUDSKV� �)LJV�� �� DQG� ����7KH� GHJUHH� RI�
PLJUDWLRQ� RI� '(+3� XQGHU� WKH� LQIOXHQFH� RI�
XOWUDVRXQG�LQFUHDVHG�E\����������IRU PLON�SRZGHU�
E\� ������� � IRU LQIDQW� IRUPXOD� E\ ������ � IRU
ZDWHU DQG�E\���������IRU�ZKH\�SRZGHU��,QFUHDVHG
HIILFLHQF\�RI�PLJUDWLRQ�RI�'(+3�GXH� WR� WKH� HIIHFW�
RI� XOWUDVRXQG� LV� D� FRQVHTXHQFH� RI� WKH� SRZHU� DQG�
HQHUJ\� SURYLGHG� E\� RVFLOODWLRQV� SURGXFHG� E\�
XOWUDVRXQG�� ,Q� WKLV� ZD\�� WKH� SODVWLF� SLHFHV� RI� WKH�
GLDO\VLV�EDJ�FRPH�LQ�EHWWHU�FRQWDFW�ZLWK�WKH�VDPSOH�
WKH�VDPSOH�XQGHU�WKH�LQIOXHQFH�RI�WKH�HQHUJ\�RI�WKH�
XOWUDVRXQG� LQILOWUDWHV� GHHSHU� LQWR� WKH� SODVWLF�� DQG�
VRLOV�'(+3�LQ�D�ODUJHU�TXDQWLW\��

)LJ�� �� 0DVV� RI� WKH� PLJUDWHG� '(+3� XQGHU� WKH�
LQIOXHQFH�RI�WHPSHUDWXUH�D��LQ�D�WLPH�SHULRG�RI �����PLQ�
DQG�E��LQ�D�WLPH�SHULRG�RI�����PLQ�

)LJ�� �� 0DVV� RI� WKH� PLJUDWHG� '(+3� XQGHU� WKH�
LQIOXHQFH�RI�XOWUDVRXQG�D�� LQ D WLPH�SHULRG�RI������PLQ�
DQG�E��LQ�D�WLPH�SHULRG�RI�����PLQ�
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7DEOH���0DVV�RI�PLJUDWHG�'(+3�XQGHU�WKH�LQIOXHQFH�RI�WHPSHUDWXUH�DQG�XOWUDVRXQG�IRU�GLIIHUHQW�WLPH�SHULRGV

0DVV�RI�WKH�PLJUDWHG�'(+3���J�

8QGHU�WKH�LQIOXHQFH�RI�WHPSHUDWXUH�
DIWHU�D�SHULRG�RI

8QGHU�WKH�LQIOXHQFH�RI�WHPSHUDWXUH�DQG�
XOWUDVRXQG�DIWHU�D�SHULRG�RI

����PLQ �����PLQ ����PLQ �����PLQ
:DWHU ���������� ����������� ����������� �����������

:KH\�SRZGHU

���������� ����������� ����������� �����������

0LON�SRZGHU ����������� ����������� ����������� ������������

,QIDQW�IRUPXOD ����������� ����������� ����������� ������������

&21&/86,216

2EWDLQHG�GDWD� IRU� WKH�PLJUDWLRQ�RI�'(+3� IURP�
SDFNDJLQJ� PDWHULDO� WR� GDLU\� SURGXFWV� GXH� WR� WKH�
HIIHFWV RI�WHPSHUDWXUH��XOWUDVRXQG�DQG�IDW�FRQWHQW�RI�
WKH� GDLU\� SURGXFW� VKRZ� WKDW�PLJUDWLRQ� GHSHQGV� RQ�
DOO� WKUHH� IDFWRUV�� 7KH� DQDO\VLV� KDV� VKRZQ� WKDW� LQ�
ERWK� FDVHV�ZKHQ� WHPSHUDWXUH� DQG� XOWUDVRXQG�ZHUH
DSSOLHG� WKH� DPRXQW� RI�PLJUDWHG� '(+3� GHFUHDVHG
LQ� WKH IROORZLQJ�RUGHU�� LQIDQW� IRUPXOD�!�SRZGHUHG�
PLON�!�ZKH\�SRZGHU�!�ZDWHU��LQGLFDWLQJ�WKDW�WKH�IDW�
FRQWHQW� DIIHFWV� PLJUDWLRQ�� WKH� KLJKHVW� PLJUDWLRQ�
EHLQJ� REVHUYHG IRU� WKH� GDLU\� SURGXFW� ZLWK WKH
KLJKHVW� IDW� FRQWHQW�� %\� FRPSDULQJ� WKH� HIIHFWV� RI�
WHPSHUDWXUH� DQG� XOWUDVRXQG� WKH FRQFOXVLRQ� LV� WKDW�
WKH� LQIOXHQFH� RI� XOWUDVRXQG� RQ� WKH� PLJUDWLRQ� RI�
'(+3�IURP�SODVWLF�SDFNDJLQJ�LQWR�GDLU\�SURGXFWV�LV�
KLJKHU� WKDQ� WKH� HIIHFW� RI� WHPSHUDWXUH�� IRU� DOO� GDLU\�
SURGXFWV��GXH�WR�WKH�IDFW�WKDW�XOWUDVRXQG�GLVUXSWV�WKH�
VWUXFWXUH� RI� SODVWLF� PDWHULDO� DQG� DFFHOHUDWHV�
GLIIXVLRQ�DQG�UHOHDVH�RI�SKWKDODWH�

$FNQRZOHGJHPHQW� 7KLV� VWXG\� ZDV� VXSSRUWHG� E\�
WKH� 0LQLVWU\� RI� (GXFDWLRQ�� 6FLHQFH� DQG�
7HFKQRORJLFDO� 'HYHORSPHQW� RI� WKH� 5HSXEOLF� RI�
6HUELD�DQG�ZDV�SHUIRUPHG�DV�D�SDUW�RI�3URMHFW�75�
�������

5()(5(1&(6

�� '��1��%URRNOH��6��'REVRQ� 3�'��+RZH��-�5��1LHOVHQ��
(QYLURQPHQWDO�KD]DUG�DVVHVVPHQW��GL����HWK\OKH[\O��
SKWKDODWH� 8QLWHG� .LQJGRP� 'HSDUWPHQW� RI� WKH�
(QYLURQPHQW�� 7R[LF� 6XEVWDQFHV� 'LYLVLRQ� 5HSRUW�
76'����/RQGRQ�������

�� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� *XLGHOLQHV� IRU�
'ULQNLQJ�ZDWHU�4XDOLW\�������

�� .�� %RXPD�� '�-�� 6FKDNHO� )RRG� $GGLW� &RQWDP�� ���
��� �������

�� 7�� :HQ]O� 0HWKRGV� IRU� WKH� GHWHUPLQDWLRQ� RI�
SKWKDODWHV� LQ� IRRG� (XURSHDQ� &RPPLVVLRQ� -RLQW

5HVHDUFK� &HQWUH� ,QVWLWXWH� IRU� 5HIHUHQFH� 0DWHULDOV�
DQG�0HDVXUHPHQWV� �����

�� ;�/��&DR��&RPSU��5HY��)RRG��6FL��)� �� ����������
�� 0��:RUPXWK��0��6FKHULQJHU��0�� �9ROOHQZHLGHU��.��

+XQJHUEXKOHU��5LVN�$QDO�� ���������������
�� +$+� � +UYDWVND� DJHQFLMD� ]D� KUDQX� =QDQVWYHQR�

PLãOMHQMH�R�SULVXWQRVWL�IWDODWD�X�KUDQL��2VLMHN� �����
�� 0�(�� 0HHN�� 3�.�/�� &KDQ�� (QYLURQ�� &DUFLQRJ��

(FRWR[LFRO�� ��� �����������
�� +�0�� .RFK�� $�0�� &DODIDW�� 3KLORV�� 7UDQV�� 5�� 6RF��

/RQG��6HU��%��%LRO��6FL�� ���� ������������
��� ,�.��0DKRRG��+�0�� 6FRWW�� 5�� %URZQ��1��+DOOPDUN��

0��:DONHU��5�0��6KDUSH��(QYLURQ��+HDOWK�3HUVSHFW��
���� ����������

��� 6�0�� 'XW\�� 0�-�� 6LOYD�� '�%�� %DUU�� -�:�� %URFN�� /��
5\DQ��=��&KHQ� (SLGHPLRORJ\� ��� �����������

��� %�$�� -RKQVVRQ�� -�� 5LFKWKRII�� /�� 5\ODQGHU�� $��
*LZHUFPDQ�� /�� +DJPDU�� (SLGHPLRORJ\�� ��� ����
�������

��� (XURSHDQ� )RRG� 6DIHW\� $XWKRULW\�� ()6$� -� ���� ��
�������

��� (XURSHDQ� )RRG� 6DIHW\� $XWKRULW\�� ()6$� -� ����� �
�������

��� 9�*��0LKXF]�� *��=iUD\� $SSO� 6SHFWURVF� 5HY�� ���
�����������

��� 0��)DUKRRGL��=� (PDP�'MRPHK��0��5H]D�(KVDQL��$��
2URPLHKLH��$UDE��-��6FL��(QJ�� ������� �������

��� -��%RãQLU��'��3XQWDULü��$��*DOLü��,��âNHV��7��'LMDQLü��
0��.ODULü��HW�DO� )RRG� 7HFKQRO� %LRWHFKQRO�� ������
�������

��� ,��.RVWLü�� 7��$QÿHONRYLü��'��$QÿHONRYLü��$��%RMLü��
7�� &YHWNRYLü�� '�� 3DYORYLü�� %XOJ�� &KHP�� &RPPXQ�
������� �������

��� $�� )DQNKDXVHU�1RWL�� .�� *URE�� $QDO�� &KLP�� $FWD�
�������� �������

��� '�� 0LORMNRYLü�� '�� $QÿHONRYLü�� *�� .RFLü�� 7��
$QGMHONRYLü��-��6HUE��&KHP��6RF�� ��� �����������

��� :LVFRQVLQ� 'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV�
/DERUDWRU\� &HUWLILFDWLRQ� 3URJUDP�� $QDO\WLFDO�
'HWHFWLRQ� /LPLW�*XLGDQFH�	�/DERUDWRU\�*XLGH� IRU�
'HWHUPLQLQJ� 0HWKRG� 'HWHFWLRQ� /LPLWV� �����
�KWWS���GQU�ZL�JRY�UHJXODWLRQV�ODEFHUW�GRFXPHQWV�JXL
GDQFH��ORGJXLGH�SGI��


