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7HFKQLFDO�&ROOHJH��(GPRQG�1LFRODX��%UăLOD��5RPDQLD
H�PDLO� PDGDOLQDBXOLHVFX#\DKRR�FRP

$EVWUDFW��,Q�JHQHUDO��VHQVRU\�DQDO\VLV�LV�WKH�SHHU�H[DPLQDWLRQ�RI�D�SURGXFW�WKURXJK�WKH�HYDOXDWLRQ�RI�LWV�
FKDUDFWHULVWLF�DWWULEXWHV�E\�WKH�KXPDQ�VHQVHV��DQG�WKLV�LV�D�YHU\�XVHIXO�WRRO�LQ�SURGXFW�FKDUDFWHUL]DWLRQ��+RQH\�
SRVVHVVHV�WKH�VHQVRU\�FKDUDFWHULVWLFV�W\SLFDO�RI�WKH�VXUURXQGLQJ�IORUD�LQ�WKH�KDELWDW�ZKHUH�LW�ZDV�SURGXFHG�DQG�
LWV� JHRJUDSKLFDO� RULJLQ� LQIOXHQFHV�� 7KH� REMHFWLYH� RI� WKLV� SDSHU� ZDV� WR� HYDOXDWH� WKH� VHQVRU\� SURILOH� RI� ILYH�
5RPDQLDQ� KRQH\� VDPSOHV� �DFDFLD� KRQH\�� OLPH� KRQH\�� VXQIORZHU� KRQH\�� UDSH� KRQH\� DQG� SRO\IORUDO� KRQH\���
6HQVRU\� HYDOXDWLRQ� RI� 5RPDQLDQ� KRQH\� VDPSOHV� ZDV� FRQGXFWHG� LQVLGH� WKH� (GXFDWLRQDO� 3URMHFW� ´'(*8672�
)(67´�������7KH�VHQVRULDO�HYDOXDWLRQ�ZDV�SHUIRUPHG�E\����XQWUDLQHG�SDQHOLVWV� �VWXGHQWV�DQG� WHDFKHUV RI�WKH
7HFKQLFDO�&ROOHJH �(GPRQG�1LFRODX��%UăLOD���EHWZHHQ�WKH�DJHV�RI����DQG�����XVLQJ�D�QLQH�SRLQW�KHGRQLF�VFDOH�
UDQJLQJ�IURP����PRVW�GLVOLNHG��WR����PRVW�OLNHG�� IRU�WKH�SDUDPHWHUV� DSSHDUDQFH��FRORU��RGRU�� WDVWH�DQG�RYHUDOO�
DFFHSWDELOLW\�� $OO� WKH� KRQH\� VDPSOHV� LQGLFDWH� WKDW� D� JRRG� VHQVRU\� HYDOXDWLRQ� DQG� DFDFLD KRQH\� VKRZHG� WKH�
KLJKHVW� VHQVRU\� TXDOLW\�� 7KLV� LV� LPSRUWDQW� IRU� XQGHUVWDQGLQJ� WKH� SURGXFW� FKDUDFWHULVWLFV� DQG� LWV� LPSDFW� RQ�
FRQVXPHU�DFFHSWDELOLW\��7KH�UHVXOWV�VKRZ�WKDW�WKH�KRQH\V�DYDLODEOH�DQG�FRQVXPHG�LQ�GLIIHUHQW�DUHDV�RI�5RPDQLD�
DUH�RI�JRRG�TXDOLW\�

.H\ZRUGV� VHQVRU\�DQDO\VLV��KRQH\��KHGRQLF�VFDOH

8'&� ������������

,QWURGXFWLRQ

5RPDQLD�LV�D�FRXQWU\�ZLWK�D�VLJQLILFDQW�EHHNHHSLQJ�SRWHQWLDO��7KH�GHYHORSPHQW�RI�DVVRFLDWLYH�
IRUPV� �DVVRFLDWLRQV�� FRRSHUDWLYHV�� SURGXFHU� JURXSV�� FRQWULEXWHG� WR WKH� GHYHORSPHQW� RI� WKH�
SHUIRUPDQFH�RI�WKH�5RPDQLDQ�EHHNHHSLQJ�VHFWRU�LQ�WKH�ODVW�WZR�GHFDGHV�>�@

+RQH\�LV�WKH�QDWXUDO�VZHHW�VXEVWDQFH�SURGXFHG�E\�$SLV�PHOOLIHUD EHHV�IURP�WKH�QHFWDU�RI�SODQWV�
RU�IURP�VHFUHWLRQV�RI�OLYLQJ�SDUWV�RI�SODQWV�RU�H[FUHWLRQV�RI�SODQW�VXFNLQJ�LQVHFWV�RQ�WKH�OLYLQJ�SDUWV�RI�
SODQWV��ZKLFK�WKH�EHHV�FROOHFW��WUDQVIRUP�E\�FRPELQLQJ�ZLWK�VSHFLILF�VXEVWDQFHV�RI�WKHLU�RZQ��GHSRVLW��
GHK\GUDWH��VWRUH�DQG�OHDYH�LQ�KRQH\FRPEV�WR�ULSHQ�DQG�PDWXUH��$QQH[�,��SRLQW�����$FFRUGLQJ�WR�WKLV�
GHILQLWLRQ��KRQH\�LV�D�QDWXUDO�SURGXFW�LQ�ZKLFK�QRWKLQJ�LV�DGGHG�RU�WDNHQ�DZD\��2Q�WKH�RWKHU�KDQG��ZLWK�
WKH�VDPH�UHJXODWLRQ�LW�LV�QRZ�SRVVLEOH�WR�PDUNHW�ILOWHUHG�KRQH\�³KRQH\�REWDLQHG�E\�UHPRYLQJ�IRUHLJQ�
LQRUJDQLF�RU�RUJDQLF�PDWWHU�LQ�VXFK�D�ZD\�DV�WR�UHVXOW�LQ�WKH�VLJQLILFDQW�UHPRYDO�RI�SROOHQ´��$QQH[�,��
SRLQW����E���YLLL���>�@

%RWK�WKH�&RGH[�$OLPHQWDULXV DQG�(8�ODZ�HVWDEOLVK�WKDW�WKH�FRXQWU\�RU�FRXQWULHV�RI�RULJLQ�ZKHUH�
WKH�KRQH\�ZDV�SURGXFHG�PXVW�EH�LQGLFDWHG�RQ�WKH�ODEHO�DQG�WKDW�WKLV�LQIRUPDWLRQ�PD\�EH�VXSSOHPHQWHG�
E\� UHIHUHQFH� WR� WKH� IORUDO� RU� YHJHWDEOH� RULJLQ�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW�� LQ� DGGLWLRQ� WR� FOLPDWLF�
FRQGLWLRQV��WKH�W\SH�RI�SODQW�VSHFLHV�DQG�IORZHUV�YLVLWHG�E\�WKH�EHHV�PD\�LQIOXHQFH�WKH�FKDUDFWHULVWLFV�RI�
WKH�KRQH\��DQG�WKHUHIRUH�ERWK�ERWDQLFDO�DQG�JHRJUDSKLFDO�RULJLQ�GHWHUPLQH�KRQH\�TXDOLW\�>�@

0DQ\�DXWKRUV�KDYH�HPSKDVL]HG�WKH�LPSRUWDQFH�RI�KRQH\�VHQVRU\�DQDO\VLV�LQ�RUGHU�WR�LGHQWLI\�
DQG�GLIIHUHQWLDWH�KRQH\V�E\�ERWDQLFDO�RULJLQ�DQG�TXDOLW\��+RQH\�KDV�GLVWLQFW�DQG�XQLTXH�IODYRUV�UHODWHG�
WR�RULJLQ�RI ORFDWLRQ�� ORFDO�VHQVRU\�XQLTXHQHVV�>�@

$GGLWLRQDOO\��KRQH\V�IURP�VLPLODU�ORFDWLRQV�FRXOG�DOVR�GLIIHU�LQ�VHQVRU\�SURILOHV��6LPLODUO\��LW�
LV�FRQFOXGHG�WKDW�YRODWLOH�FRPSRVLWLRQ�DQG�VHQVRU\�LPSUHVVLRQ�RI�KRQH\�VDPSOHV�DUH�JUHDWO\�LQIOXHQFHG�
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E\�WKH�JHRJUDSKLF�RULJLQ�� DQ�LPSRUWDQW�TXDOLW\�IDFWRU�FORVHO\�FRUUHODWHG�ZLWK�WKH�FKHPLFDO�DQG�VHQVRU\�
FKDUDFWHULVWLFV�RI�KRQH\V�>�@

6HQVRU\� HYDOXDWLRQ� HQDEOHV� XV� WR� LGHQWLI\� DQG� TXDQWLI\� FHUWDLQ� GHIHFWV� �IHUPHQWDWLRQ��
LPSXULWLHV��RII�RGRXUV�DQG�IODYRXUV���,W�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�GHILQLQJ�SURGXFW�VWDQGDUGV�DQG�
LQ� WKH� UHODWHG�FRQWUROV�� UHJDUGLQJ�ERWDQLFDO�GHQRPLQDWLRQV�RU�RWKHU� VSHFLILF� ODEHOV��0RUHRYHU� LW� LV�DQ�
HVVHQWLDO�SDUW�RI�FRQVXPHU�SUHIHUHQFH�DYHUVLRQ�VWXGLHV�>�@

0DWHULDOV�DQG�PHWKRGV

7KH� VDPSOHV� ZHUH� EHLQJ� DFTXLUHG� GXULQJ� ����������� IURP� ZHOO�NQRZQ� PDQXIDFWXUHV��
PHPEHUV� RI� WKH� 5RPDQLDQ� %HHNHHSLQJ� $VVRFLDWLRQ� �$&$� 5RPDQLD��� 3ULQFLSDO� KRQH\� W\SHV� DQG�
VDPSOHV�FRGH�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH����3ULQFLSDO�KRQH\�W\SHV�DQG��VDPSOHV�FRGH
7\SH�RI�KRQH\ &RGH

0RQRIORUDO�KRQH\� $FDFLD�KRQH\��5RELQLD�SVHXGRDFDFLD�� $&$�
/LPH�KRQH\��7LOLD� $&$�
6XQIORZHU�KRQH\��+HOLDQWKXV�DQQXXV� $&$�
5DSH�KRQH\��%UDVVLFD�QDSXV� $&$�

3RO\IORUDO�KRQH\� �3UXQXV��+HOLDQWKXV�DQQXXV��%UDVVLFD�QDSXV� $&$�

6HQVRU\� HYDOXDWLRQ ZDV� FDUULHG� RXW� E\� �� XQWUDLQHG� SDQHOOLVWV ���� IHPDOHV� DQG� ��� PDOHV�
VHOHFWHG�IURP�VWXGHQWV�DQG� WHDFKHUV RI�WKH 7HFKQLFDO�&ROOHJH��(GPRQG�1LFRODX��%UăLOD��EHWZHHQ�WKH�
DJHV�RI����DQG�����ZKR�KDG�EHHQ�VHOHFWHG�EDVHG�RQ�WKHLU�UHJXODU�FRQVXPSWLRQ�RI�FRPPHUFLDO�KRQH\��

$� ��SRLQW� KHGRQLF� VFDOH� ZDV� HPSOR\HG�� UDQJLQJ� IURP� �� �GLVOLNH� H[WUHPHO\�� WR� �� �OLNH�
H[WUHPHO\���IRU�WKH�SDUDPHWHUV�DSSHDUDQFH��FRORU��RGRU��WDVWH�DQG�RYHUDOO�DFFHSWDELOLW\�

7KH� WHVW� ZDV� FDUULHG� RXW� EHWZHHQ� ������ DQG� ������� (DFK� SDQHOOLVW� WDVWHG� WKH� ILYH� KRQH\�
VDPSOHV�� (DFK� VDPSOH�ZDV�PL[HG� WKRURXJKO\� DQG� NHSW� LQ� JODVV� FRQWDLQHUV� DW� URRP� WHPSHUDWXUH� WLOO�
DQDO\VLV�ZDV� FDUULHG�RXW��7ZHQW\�J�RI� HDFK�KRQH\� VDPSOH�ZHUH�SUHVHQWHG� LQ� UDQGRP�RUGHU�� DW� URRP�
WHPSHUDWXUH�� WR� HDFK� FRQVXPHU� LQ� D� JODVV� YLDOV� VHDOHG�ZLWK� D� WZLVW�RII� FDS�� 3DQHOLVWV�ZHUH� DVNHG� WR�
HYDOXDWH� WKH� VDPSOHV�� YLVXDOO\� �DSSHDUDQFH� DQG� FRORU�� DQG� WKHQ� VHQVRULDO� �RGRU� DQG� WDVWH��� ILQDOO\�
H[SUHVVLQJ� D� MXGJPHQW� RQ� RYHUDOO� DFFHSWDELOLW\�� 'ULQNLQJ� ZDWHU� ZDV� SURYLGHG� IRU� SDODWH� FOHDQVLQJ�
EHWZHHQ�HDFK�VDPSOH��

6HQVRU\�HYDOXDWLRQ�RI�5RPDQLDQ�KRQH\�VDPSOHV�ZDV�FRQGXFWHG�LQVLGH�WKH�(GXFDWLRQDO�3URMHFW�
´'(*8672�)(67´�������)LJXUH����

)LJXUH����6HQVRU\�HYDOXDWLRQ�RI�5RPDQLDQ�KRQH\�VDPSOHV�

5HVXOWV DQG�GLVFXVVLRQ

7KH�YLVXDO�LPSUHVVLRQV�DUH�UHJLVWHUHG�ZLWK�WKH�VHQVH�RI�VLJKW��H\HV��DQG�WKH\�LQFOXGH�DSSHDUDQFH�
DQG� FRORU�� $SSHDUDQFH�� HVSHFLDOO\� VXUIDFH� EULOOLDQFH�� UHSUHVHQW� WKH� NH\� IDFWRV� RI� KRQH\� TXDOLW\�� 7KH�
UHVXOWV� RI� DSSHDUDQFH HYDOXDWLRQ� RI� KRQH\� VDPSOHV� ZHUH� VKRZQ� LQ� )LJXUH� �� DQG� ZDV� REVHUYHG� WKDW�
DSSHDUDQFH RI�VDPSOH�$&$� ZDV�IRXQG�WKH�EHVW��IROORZHG�E\�$&$���$&$���$&$��DQG�$&$��
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)LJXUH����$SSHDUDQFH HYDOXDWLRQ�RI�KRQH\�VDPSOHV�

7KH�UHVXOWV�RI�FRORXU�HYDOXDWLRQ�RI�KRQH\�VDPSOHV�ZHUH�VKRZQ�LQ�)LJXUH����:H�DOVR�IRXQG WKDW�
FRORXU�RI�VDPSOH�$&$� ZDV�IRXQG�WKH�EHVW��IROORZHG�E\�$&$���$&$���$&$��DQG�$&$��

)RU� WKH�REMHFWLILFDWLRQ�RI� WKH� VHQVRU\�FKDUDFWHULVWLFV�RI�FRORU�RI� IRRG�SURGXFWV��DV�ZHOO�DV�RI�
KRQH\��LW�LV�UHFRPPHQGHG�DW�WKH�VDPH�WLPH�WR�SHUIRUP�LQVWUXPHQWDO�GHWHUPLQDWLRQV�RI�WKH�FRORU�TXDOLW\�
SDUDPHWHUV�DQG� WR�FRUUHODWH� WKH� WKXV�REWDLQHG� UHVXOWV�ZLWK� WKH� VHQVRU\� LPSUHVVLRQV� IRU�QXDQFH��KXH���
EULJKWQHVV� DQG� VDWXUDWLRQ� RI� FRORXU�>�@� 3DQHOOLVWV� KDYH� GLIIHUHQW� SUHIHUHQFHV�� DQG� RQH� IHDWXUH�
LQIOXHQFLQJ�SUHIHUHQFHV�LV�WKH�FRORXU��7KH�FRORXU�LV�RQH�RI�WKH�FKDUDFWHULVWLFV�WKDW�PRVW�LQIOXHQFHV�WKH�
FKRLFH�RI�WKH�FRQVXPHUV�>�@�7KH�DYHUDJH�VFRUH�REVHUYHG�IRU�WKH�FRORU�RI�VDPSOH�$&$��LV��ORZ �������
7KLV�FRXOG�EH�H[SODLQHG�E\�KDELW�RI�FRQVXPHUV�WR�XVH�FRPPHUFLDO�KRQH\�RI�OLJKW�DPEHU�FRORU��

)LJXUH����&RORXU�HYDOXDWLRQ�RI�KRQH\�VDPSOHV

$IWHU�WKH�YLVXDO� LPSUHVVLRQV�� LQ� WKH�SURFHGXUH�RI�VHQVRU\�DQDO\VLV�RI�VDPSOHV�WKH�RGRURXV�RU�
ROIDFWRU\� VHQVDWLRQV� DUH� DSSOLHG�� 7KH� VHQVH� RI� VPHOO� FKDUDFWHUL]HV� FRPPRQ� VHQVH� LQIRUPDWLRQ� IRU�
UHFRJQL]LQJ�RGRU�TXDOLW\��DQG�DW�WKH�VDPH�WLPH�WKH�WDVWH�TXDOLW\��ZKLFK�LV�RI�WKH�SULPDU\�LPSRUWDQFH�IRU�
WKH�HYDOXDWLRQ�RI�DURPD��IODYRU���$V�FDQ�VHH�LQ�)LJXUH���RGRXU�RI�VDPSOH�$&$� ZDV�IRXQG�WKH�EHVW��
IROORZHG�E\�$&$���$&$���$&$��DQG�$&$��
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)LJXUH����2GRXU�HYDOXDWLRQ�RI�KRQH\�VDPSOHV�

7KH�SDQHOOLVWV�SUHIHU�KRQH\�ZLWK�D�VWURQJ�DURPDWLF� WDVWH�DV�FDQ�VHH�LQ�)LJXUH����+LJK�VFRUHV�
ZDV�JLYHQ�YDULHWLHV�RI�PRQRIORUDO�KRQH\�$&$���DFDFLD�KRQH\��DQG�$&$���OLPH�KRQH\���7KH�SDQHOOLVW�
GRQ
W�SUHIHU�PRQRIORUDO�KRQH\�$&$���UDSH�KRQH\��

)LJXUH����7DVWH�HYDOXDWLRQ�RI�KRQH\�VDPSOHV�

7KH�VDPSOH�$&$��KDYH�KLJKHU�VFRUHV�IRU�DOO� LQYHVWLJDWHG�DWWULEXWHV��IDOORZHG�E\�$&$��DQG�
$&$���7KH�VDPSOH�$&$��KDYH�WKH�ORZHVW VFRUHV�IRU�DOO�LQYHVWLJDWHG�DWWULEXWHV��,W LV�GLIILFXOW�WR�DUJXH�
DERXW�WKH�HIIHFWLYHQHVV�RI�XVLQJ�RUJDQROHSWLF�PHWKRGV�DQG�UHOLDELOLW\�RI�WKH�UHVXOWV�REWDLQHG�WKXV�

,Q�JHQHUDO��WKH�KRQH\V�VKRZHG�D�JRRG�RYHUDOO�DFFHSWDELOLW\�VFRUH��UDQJH�����������7KH�VDPSOHV�
$&$���$&$���$&$� VKRZHG�D�KLJKHU�RYHUDOO�DFFHSWDELOLW\�VFRUH�WKDQ�$&$��DQG�$&$� DV�FDQ�VHH�LQ�
)LJXUH���
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)LJXUH����2YHUDOO�DFFHSWDELOLW\ HYDOXDWLRQ�RI�KRQH\�VDPSOHV�

�� &RQFOXVLRQV

,Q�JHQHUDO��WKH�DFFHSWDELOLW\�RI�VHQVRULDO�FKDUDFWHULVWLFV�ZDV�IDYRXUDEOH�IRU�DOO�VDPSOHV��$OO�WKH�
KRQH\�VDPSOHV�LQGLFDWH�WKDW�D�JRRG�VHQVRU\�HYDOXDWLRQ�DQG�DFDFLD KRQH\�VKRZHG�WKH�KLJKHVW�VHQVRU\�
TXDOLW\��
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6HQVRU\�DQDO\VLV�DSSOLHG�WR�KRQH\��VWDWH�RI�WKH�DUW��$SLGRORJLH��������������������

�� 32329�5$/-,û� -��� �/$/,ý,û�3(7521,-(9,û� -�� 6HQVRU\� SURSHUWLHV� DQG�&RORU�0HDVXUHPHQW� RI� GLHWDU\�
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