
���

(.$3�ø/(�øù/(10øù�$$�����$/$ù,0,1,1�6(57/ø.��$ù,10$�'ø5(1&ø�9(�
0ø.52<$3,6,1,1�ø1&(/(10(6ø

$Uú��*|U��.HULP�g=%(<$=
0DUPDUD�hQLYHUVLWHVL� 0�KHQGLVOLN�)DN�OWHVL

NHULP�R]EH\D]#PDUPDUD�HGX�WU

'U��g÷U��h\HVL�+DVDQ�.$<$
.RFDHOL�hQLYHUVLWHVL��$VÕP�.RFDEÕ\ÕN�0<2��0DNLQH�3URJUDPÕ

KDVDQ�ND\D#NRFDHOL�HGX�WU

'Ro��'U��$\NXW�.(17/ø
0DUPDUD�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL

DNHQWOL#PDUPDUD�HGX�WU
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+Õ]OD� JHOLúHQ� WHNQRORMLN� �U�QOHU� \HU\�]�QGH� NL� PDO]HPHOHULQ� ROGX÷X� JLEL� NXOODQÕPODUÕ� \HULQH�
|]HOOLNOHULQGH� L\LOHúWLUPHOHU� \DSÕODUDN� NXOODQÕOPDVÕ� JHUH÷L� ROXúWXUPXúWXU�� *HoHQ� \DUÕP� DVÕU� ER\XQFD�
DODúÕPODU� YH� NRPSR]LW� PDO]HPHOHU� �UHWLOPLú� E|\OHFH� VDQD\LGH� PDO]HPH� LKWL\DFÕ� JLGHULOPH\H�
oDOÕúÕOPÕúWÕU�� $QFDN� |]HOOLNOH� VRQ� ��� \ÕOOÕN� JHOLúPHOHU� EX� DODúÕPODUÕQ� GD� |]HOOLNOHULQGH� L\LOHúWLUPH�
JHUH÷LQL� RUWD\D� NR\PXú� EX� DPDoOD� GD� ELUoRN� oDOÕúPD� DODQÕQD� LOKDP� ND\QD÷Õ� ROPXúWXU��$úÕUÕ SODVWLN�
GHIRUPDV\RQ� �$3'��\|QWHPL�PDO]HPHOHULQ�PHNDQLN� |]HOOLNOHULQGH� L\LOHúWLUPHN� DPDFÕ\OD� JHOLúWLULOHQ�
LúOHPOHUGHQ� GLNNDW� oHNHQOHULQGHQGLU�� $úÕUÕ� SODVWLN� GHIRUPDV\RQ� �$3'�� LúOHPOHUL� XOWUD� LQFH� WDQHOHU�
ROXúWXUPDN�LoLQ�ELU�PHWDO�N�WOHVLQH�XOWUD�E�\�NO�NWH ELU�SODVWLN�JHULOPHQLQ�X\JXODQGÕ÷Õ�PHWDO�ROXúWXUPD�
V�UHFLGLU��$3'�V�UHFLQLQ�WHPHO�DPDFÕ�oHYUH\H�X\XPOX��\�NVHN�PXNDYHPHWOL�YH�KDILI�SDUoDODU��UHWPHNWLU��
%LUoRN� $3'� \|QWHPL� DUDVÕQGD� (ú� .DQDOOÕ� $oÕVDO� 3UHVOHPH� �(.$3�� |]HOOLNOH� PDO]HPH\H� VHUWOLN�
ND]DQGÕUÕUNHQ� PDO]HPHQLQ� V�QHNOLOL÷LQGH� GH÷LúLP� J|VWHUPHPHVL� LOH� GL÷HU� \|QWHPOHUGHQ� GDKD� GD�
DYDQWDMOÕ�ELU�\|QWHP�ROPXúWXU��$O�PLQ\XP�DODúÕPODUÕ�|]HOOLNOH�GH�$$�����DODúÕPODUÕ�GD�KDILI�ROPDVÕ�YH�
LoHUL÷LQGH� NL� 0J� YH� 6L� VD\HVLQGH� \�NVHN� NRUR]\RQ� GD\DQÕPÕQD� VDKLSWLU�� %X� |]HOOLNOHUL� VD\HVLQGH�
RWRPRWLY�� LQúDDW� YH� GHPLU� \ROX� YDJRQODUÕ� JLEL� DODQODUGD� WHUFLK� HGLOPHNWHGLU�� %X� oDOÕúPDGD� (.$3�
\|QWHPL� LOH� LúOHQPLú� $$����� DODúÕPÕQÕQ� 6HUWOLN�� $úÕQPD� GLUHQFL� YH� LúOHP� VRQUDVÕQGD� NL� PLNUR�
\DSÕODUÕQGD�GH÷LúLPOHULQ�LQFHOHQPHVL�KHGHIOHQPHNWHGLU��%X�NDSVDPGD�7DYODQPÕú��(.$3�LOH���SDVR����
SDVR�YH���SDVR�LúOHQPLú�PDO]HPHOHULQ�DúÕQPD�GLUHQFL�YH�VHUWOLNOHUL�LQFHOHQPLú�ROXQDFDNWÕU�

$QDKWDU�.HOLPHOHU� $3'��(.$3��$$������$úÕQPD�'LUHQFL
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7HFKQRORJLFDO�SURGXFWV� WKDW�DUH�UDSLGO\�GHYHORSLQJ�KDYH�FUHDWHG� WKH�QHFHVVLW\� WR�XVH� WKHLU�SURSHUWLHV�
LQVWHDG�RI�XVLQJ�WKH�PDWHULDOV�LQ�WKH�QDWXUH��$OOR\V�DQG�FRPSRVLWH�PDWHULDOV�KDYH�EHHQ�SURGXFHG�GXULQJ�
WKH�ODVW�KDOI�D�FHQWXU\�VR�WKDW�WKH�PDWHULDO�UHTXLUHPHQW�LQ�WKH�LQGXVWU\�KDV�EHHQ VXSSOLHG��+RZHYHU��WKH�
GHYHORSPHQWV�LQ�WKH�ODVW�WZR�GHFDGHV�KDYH�UHYHDOHG�WKH�QHHG�IRU�LPSURYHPHQW�LQ�WKH�SURSHUWLHV�RI�WKHVH�
DOOR\V�� 7KH� 6HYHUH� 3ODVWLF� 'HIRUPDWLRQ� �63'� PHWKRG� LV� RQH� RI� WKH� QRWDEOH� LPSURYHPHQWV� LQ� WKH�
PHFKDQLFDO�SURSHUWLHV�RI�PDWHULDOV��63'�SURFHVVHV�DUH�WKH�SURFHVV�RI�IRUPLQJ�PHWDO�LQ�ZKLFK�DQ�XOWUD�
ODUJH�SODVWLF�VWUHVV�LV�DSSOLHG�WR�D�PDVV�RI�PHWDO�WR�IRUP�XOWUD�ILQH�JUDLQV��7KH�PDLQ�REMHFWLYH�RI�WKH�63'�
SURFHVV�LV�WR�SURGXFH�HQYLURQPHQWDOO\�IULHQGO\��KLJK�VWUHQJWK�DQG�OLJKWZHLJKW�SDUWV��$PRQJ�WKH�PDQ\�
63'�PHWKRGV��(TXDO�&KDQQHO�$QJXODU�3UHVVLQJ��(&$3��ZDV�DQ�DGYDQWDJHRXV�PHWKRG�FRPSDUHG�WR�RWKHU�
PHWKRGV��HVSHFLDOO\�ZKHQ�WKH�PDWHULDO�GLG�QRW�FKDQJH�LWV�GXFWLOLW\��$OXPLQXP�DOOR\V��HVSHFLDOO\�$$�����
DOOR\V�DUH�OLJKWZHLJKW�DQG�KDYH�KLJK�FRUURVLRQ�UHVLVWDQFH�GXH�WR�0J�DQG�6L�FRQWHQW��7KDQNV�WR�WKHVH�
IHDWXUHV��LW�LV�SUHIHUUHG�LQ�DUHDV�VXFK�DV�DXWRPRWLYH��FRQVWUXFWLRQ�DQG�UDLOZD\�ZDJRQV�HWF���,Q�WKLV�VWXG\��



���

LW LV� DLPHG� WR� H[DPLQH� WKH� KDUGQHVV��ZHDU� UHVLVWDQFH� DQG�PLFUR�VWUXFWXUH� FKDQJHV� RI�$$����� DOOR\�
SURFHVVHG�E\�(&$3�PHWKRG��)RUW�KLV�SXUSRVH��WKH�ZHDU�UHVLVWDQFH�DQG�KDUGQHVV�RI�DQQHDOHG��(.$3¶HG�
��SDVV����SDVV�DQG���SDVV�PDWHULDOV�ZLOO�EH�H[DPLQHG�

.H\�:RUGV� $3'��(.$3��$$������:HDU�5HVLVWDQFH

���*ø5øù

$3'�\|QWHPL�PDO]HPHOHULQ�PHNDQLN�|]HOOLNOHULQL� L\LOHúWLUPHN�DPDFÕ\OD�����¶OL� \ÕOODUGD�5XV\D¶GDNL�
ELOLP�DGDPODUÕ�WDUDIÕQGDQ�OLWHUDW�UH�VXQXODQ�|QHPOL�ELU�\|QWHPGLU��%X�\|QWHPLQ�DVÕO�DPDFÕ�PDO]HPH\L�
ROXúWXUDQ� WDQHFLNOHULQ� ER\XWODUÕQGD� N�o�OWPHOHU� \DSPDN�� D\QÕ� ]DPDQGD� EX� WDQHFLNOHUH� \|QHOPHOHU�
YHUHUHN� PDO]HPH\L� ROGX÷XQGDQ� GDKD� L\L� |]HOOLNOHUH� JHWLUHELOPHNWLU� �9DOLHY� HW� DO�� ������� 1LWHNLP�
PDO]HPHOHULQ� oDOÕúPD� RUWDPODUÕQD� J|UH� JHOHQ� \�NOHULQ� \|QOHUL� ELOLQGL÷LQGHQ� WDQHFLNOHULQ� GH� HNVHQHO�
RODUDN�EX�\|QOHUH�\|QOHQGLULOPLú�ROPDODUÕ�YH�EX�\|QOHUGHNL�WDQHFLNOHU�DUDVÕ�ERúOXNODUÕQ�JLGHULOPHVL\OH�
|]HOOLNOH� PXNDYHPHWOHULQGH� |QHPOL� |Oo�OHUGH� L\LOHúWLUPHOHU� QHWLFH YHUHFHNWLU�� %X� DPDoOD ELU� PHWDO�
N�WOHVLQH� XOWUD� E�\�NO�NWH� ELU� SODVWLN� JHULOPHQLQ� X\JXODQPÕú�� EX� JHULOPH� LOH� XOWUD� LQFH� WDQHOHU�
ROXúWXUXOPD\D�oDOÕúÕOPÕúWÕU��=DPDQOD�RQGDQ�ID]OD�$3'�\|QWHPL�GHQHQPLú�YH�KHSVLQGHQ�EDúDUÕOÕ�VRQXoODU�
HOGH�HGLOPLúWLU���6HSDKL� HW�DO�� ��������.RFLFK�HW�DO�� ��������6KDKED]�HW�DO����������6KDPVERUKDQ�D�HW�
DO�� ����� %X�\|QWHPOHUGHQ�X\JXQ�RODQÕ�VHoPHN�LVH�|QFHOLNOH�PDO]HPHQLQ�NXOODQÕP�DODQÕQD�VRQUDVÕQGD�
LVH HNRQRPLN� NULWHUOHUH� J|UH� EHOLUOHQLS�� VDQD\LGH� NXOODQÕOPD\D� EDúODQPÕúWÕU�� %X� \|QWHPOHU� DUDVÕQGD�
GL÷HUOHULQH�J|UH�GDKD�VÕN� WHUFLK�HGLOHQ�YH�NXOODQÕODQ�\|QWHP�LVH�(ú�.DQDOOÕ�$oÕVDO�3UHVOHPH��(.$3��
\|QWHPLGLU��6HJDO��������6HJDO�YH�DUNDGDúODUÕ�WDUDIÕQGDQ�����¶GH�JHOLúWLULOHQ�EX�PHWRW�PDO]HPHQLQ�NDWÕ�
KDOGH�LNHQ�Hú�NHVLW�DODQÕQD�VDKLS�ELU�NDQDOGDQ��JHQHOGH���R NDYLV�DoÕVÕ�LOH�HNWU�]H�HGLOPHVLGLU��<DSÕODQ�
GHQHPHOHU�VRQUDVÕQGD�WDQHFLNOHULQ�ER\XWODUÕQGD�N�o�OPHOHU�J|]OHPOHQPLú��|]HOOLNOH�LNLQFLO�ID]ODUÕQ�GDKD�
KRPRMHQ� RODUDN� GD÷ÕOGÕ÷Õ� WHVSLW� HGLOPLú� YH� LON� SUHVOHPH� LúOHPL� VRQUDVÕQGD� ��R DoÕ\OD� \|QHOPHOHU�
VD÷ODQDELOPLúWLU�� (.$3� LúOHPLQGHQ� GDKD� ID]OD� YHULP� DODELOPHN� DPDFÕ\OD� EX� SUHVOHPH� LúOHPL�
WHNUDUODQDUDN� \DSÕOPÕú� YH� EX� WHNUDUODUD� ³SDVR´� DGÕ� YHULOPLúWLU�� %X� SDVRODU� WHNUDUODQÕUNHQ� ELU� |QFHNL�
SUHVOHPH�LúOHPLQGHQ�oÕNDQ�QXPXQHQLQ�NDQDOD�\HUOHúPH�DoÕODUÕ�E�\�N�|QHP�DU]�HWPLúWLU��5RWD�RODUDN�
DGODQGÕUÕODQ�EX�NRQXPODPD�LúOHPL�WDQHFLNOHULQ�\|QHOPHVLQGH�YH�úHNLO�DOPDVÕQGD��LúOHP�HVQDVÕQGD�ND\PD�
VLVWHPOHULQLQ� ROXúPD� DoÕVÕQD� GROD\ÕVÕ\OD� PDO]HPHQLQ� PHNDQLN� |]HOOL÷LQH� GR÷UXGDQ� HWNL� HWPHNWHGLU��
(.$3� LúOHPLQGH� $� URWDVÕ�� %$� URWDVÕ�� %&� URWDVÕ� YH� &� URWDVÕ� ROPDN� �]HUH� �� WHPHO� LúOHP� URWDVÕ�
EXOXQPDNWDGÕU�YH���9DOLHY DQG�/DQJGRQ������ �+DVDQ�.D\D���������+RULWD�HW�DO��������)XUXNDZD�HW�DO��
����� %X� \|QWHPLQ� LOH� PDO]HPHOHULQ� NHVLW� DODQODUÕQGD� GH÷LúLP� ROPDPDVÕ�� ORNDOL]H� YH� KRPRMHQ�
GD÷ÕOÕPODU�HOGH�HGLOHELOPHVL��GL÷HU�PHWDO�LúOHPH�LúOHPOHULQH�HOYHULúOL�ROPDVÕ�JLEL�DYDQWDMODUÕQÕQ�\DQÕ�VÕUD
HQ� E�\�N� DYDQWDMÕ� LVH� JHOHQHNVHO� VHUWOHúWLUPH� \|QWHPOHULQLQ� DNVLQH��PDO]HPHQLQ� VHUWOLN� YE�PHNDQLN�
|]HOOLNOHULQGH� L\LOHúPHOHU� HOGH� HGLOLUNHQ� PDO]HPHQLQ� JHYUHNOHúPHPHVLGLU�� g]HOOLNOH� N�o�N� |OoHNOL��
úHNLOOHQGLULOHELOPH |]HOOL÷L�\�NVHN�PDO]HPHOHU�LoLQ�HOYHULúOL�ELU�\|QWHPGLU���6HJDO������

$O�PLQ\XP� DODúÕPODUÕ� |]HOOLNOH� GH� $$����� DODúÕPODUÕ�� KDILI� ROPDVÕ�� úHNLOOHQGLULOHELOPH |]HOOL÷LQLQ�
\�NVHN�ROPDVÕ�YH�GL÷HU�DODúÕPODUD�NÕ\DVOD�GDKD�V�QHN�ROPDVÕ�QHGHQL\OH�(.$3�LúOHPLQH�X\JXQ�ROXS�
LoHUL÷LQGH� NL� 0J� YH� 6L� VD\HVLQGH� \�NVHN� NRUR]\RQ� GD\DQÕPÕQD� VDKLSWLU�� %X� |]HOOLNOHUL� VD\HVLQGH�
RWRPRWLY��LQúDDW�YH�GHPLU�\ROX�YDJRQODUÕ�JLEL�DODQODUGD�WHUFLK�HGLOPHNWHGLU��'HYHOøR÷OX�Q�G����������%X�
oDOÕúPD�NDSVDPÕQGD�$3'�GHIRUPDV\RQ�\|QWHPOHULQGHQ�(.$3�\|QWHPL� LOH ��SDVR����SDVR�YH���SDVR�
LúOHQPLú� $$����� DODúÕPÕ� LOH� WDYODQPÕú� $$����� DODúÕPÕQÕQ� VHUWOLN YH� DúÕQPD� GLUHQFL |]HOOLNOHULQLQ�
NDUúÕODúWÕUÕODUDN��PLNUR�\DSÕODUÕQGD NL GH÷LúLPOHULQ�LQFHOHQPHVL�KHGHIOHQPHNWHGLU�

���0$7(5<$/�9(�0(72'

%X�oDOÕúPD�NDSVDPÕQGD���DGHW�$$�����7��DODúÕPÕ�ILUPDGDQ�DOÕQGÕNWDQ�VRQUD�ùHNLO��D¶GD�J|U�OG�÷��
JLEL���PP�oDSÕQGD�YH���PP�X]XQOX÷XQGD�WRUQD�WH]JDKÕQGD�KD]ÕUODQPÕúWÕU��+D]ÕUODQDQ�QXPXQHOHUH�LON�
RODUDN�����R&�VÕFDNOÕNWD���VDDW�ER\XQFD�JHULOLP�JLGHUPH�WDYODPDVÕ�\DSÕOPÕúWÕU��7DYODQDQ�QXPXQHOHU�GDKD�
VRQUD�ùHNLO��E¶GH�J|U�OHQ�+H[D�(.$3��+DVDQ�.D\D������ NDOÕEÕQGD�VÕUDVÕ\OD���SDVR����SDVR�YH�G|UW�
SDVR�RODUDN�%&�URWDVÕQGD�SUHVOHQPLúWLU�
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ùHNLO����D� $$�����1XPXQH �E� +H[D�(.$3�oL]LP�YH�NDOÕEÕ�+DVDQ�.D\D������

6RQUDNL�DúDPDGD�ùHNLO��D¶GD�J|U�OHQ�+H[D�(.$3�NDOÕEÕQGDQ�oÕNDQ�QXPXQHOHU�YH�WDYODQPÕú�QXPXQH�
KDVVDV�NHVPH�LOH�NHVLOLS�ùHNLO�E¶GH�J|VWHULOGL÷L�JLEL�EDNDOLW�LOH�NDSODQPÕúWÕU��1XPXQHOHULQ�NDUÕúPDPDVÕ�
DPDFÕ\OD�EDNDOLW��]HULQH�ND]ÕPD�LOH�NRGODPDODU�\DSÕOPÕúWÕU��

ùHNLO�� �D� (.$3¶ODQPÕú�$$�����
1XPXQHVL

�E� +DVVDV�NHVPH�LúOHPL�VRQUDVÕQGD�EDNDOLW�LOH�
NDSODQPÕú�QXPXQHOHU

����6HUWOLN $QDOL]L

6HUWOLN�DQDOL]L�\DSDELOPHN�DPDFÕ\OD�QXPXQHOHULQ�PHUNH]LQGHQ�N|úHVLQH�NDGDU���DGHW�|Oo�P�DOÕQPÕú�YH�
HQ�E�\�N�GH÷HU� LOH�HQ�N�o�N�GH÷HU�DWÕOGÕNWDQ�VRQUD�NDODQ���|Oo�P�Q�DULWPHWLN�RUWDODPDVÕ�DOÕQPÕúWÕU��
gOo�POHULQ� \DSÕODELOPHVL� LoLQ� ³0LFURKDUGQHVV� 7HVWHU� )XWXUH�7HFK� )0����´� FLKD]Õ� NXOODQÕOPÕúWÕU��
'HQH\�HVQDVÕQGD�QXPXQHOHUH���VDQL\H�ER\XQFD�����JI�NXYYHW�X\JXODQPÕú��VRQXoODU�+DUGQHVV�9LFNHUV�
RODUDN�KHVDSODQPÕúWÕU�

���� $úÕQPD�'LUHQFL

$úÕQPD�'LUHQFL�WHVWLQLQ�\DSÕODELOPHVL�DPDFÕ\OD�&60�,QVWUXPHQW�7ULERPHWHU FLKD]Õ�NXOODQÕOPÕúWÕU��%DOO�
RQ�GLVN�PHNDQL]PDVÕ� LOH�NXUX�ND\PD�DúÕQPD� WHVWL�� QXPXQHOHUH��PP�oDSÕQGDNL� oHOLN�ELO\H� LOH����P�
ER\XQFD�� RGD� VÕFDNOÕ÷ÕQGD�� ��� FP�V� VDELW� KÕ]GD�� �1� NXYYHW� X\JXODQDUDN� \DSÕOPÕúWÕU�� <DSÕODQ� EX�
DúÕQGÕUPD� LúOHPL� VRQXFXQGD� QXPXQH� \�]H\L� LOH� PH\GDQD� JHOHQ� V�UW�QPH� NDWVD\ÕVÕ� HOGH� HGLOPLúWLU��
+DFLPVHO�ND\EÕQ�KHVDSODQDELOPHVL�DPDFÕ\OD�DúÕQDQ�\�]H\OHULQ�9HHFR�'HNWDN���SURILORPHWUH�FLKD]Õ�LOH�
\�]H\�S�U�]O�O�÷�QH�EDNÕOPÕú�YH�NHQGL�\D]ÕOÕPÕ�DUDFÕOÕ÷Õ\OD�GD�PDO]HPHGH�PH\GDQD�JHOHQ�KDFLPVHO�
ND\ÕS�KHVDSODQPÕúWÕU�
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<XNDUÕGD�����QXPDUDOÕ�GHQNOHPGH�EHOLUWLOGL÷L��]HUH��$úÕQPD�GLUHQFL��.��PLNWDUÕ��+DFLPVHO�ND\EÕQ��9���
X]XQOXN��O��LOH�X\JXODQDQ�NXYYHWLQ��1��oDUSÕPÕQD�E|O�P�\OH�HOGH�HGLOPHNWHGLU���$YFX� �����
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���� 2SWLN�0LNURVNRS�*|U�QW�OHUL

<DSÕODQ�PHNDQLN�WHVWOHU�VRQUDVÕQGD�VRQXoODUÕQ�\RUXPODQDELOPHVL�YH�WDQHFLN�\DSÕODUÕQGD�NL�GH÷LúLPOHULQ�
J|]OHPOHQHELOPHVL�DPDFÕ\OD�RSWLN�PLNURVNRS�J|U�QW�OHUL�DOÕQPÕúWÕU��%X�NDSVDPGD�EDNDOLW�LOH�NDSODQDQ�
QXPXQHOHU�|QFHOLNOH�VÕUDVÕ�LOH�����± ����± ����±����± ����± �����6L& ]ÕPSDUD�LOH ]ÕPSDUDODPD�LúOHPL�
\DSÕOÕS��DUGÕQGDQ���P�HOPDV�SDVWD�LOH�SDUODWPD�LúOHPL�WDPDPODQPÕúWÕU��3DUODWÕODQ�QXPXQHOHU�HOHNWUROLW�
GD÷OD\ÕFÕ�LOH�GD÷ODQGÕNWDQ�VRQUD�PHUNH]�LOH�NHQDU�DUDVÕQGDNL�\�]H\GHQ�RSWLN�PLNURVNRS�LOH�J|U�QW�OHUL�
DOÕQPÕúWÕU��

���6218d�

����6HUWOLN�$QDOL]L

ùHNLO� �¶WH HOGH� HGLOHQ� 9LFNHU� 6HUWOLN� GH÷HUOHUL� YHULOPLúWLU�� <DSÕODQ� GL÷HU� oDOÕúPDODUGD� ROGX÷X� JLEL�
�g]EH\D]� HW� DO�� ������� �(VJLQ�� HW� DO�� ������� 7DYODQPÕú�PDO]HPH\H� J|UH� (.$3� LúOHPL�PDO]HPHQLQ�
VHUWOL÷LQL�DUWWÕUPDNWDGÕU��3DVR�VD\ÕVÕ�DUWWÕNoD�VHUWOLN�GH÷HUOHULQGH�GH�DUWÕú�J|]OHQPLú�ROVD�EX�DUWÕúODUÕQ�
RUDQWÕOÕ�ROGX÷X�V|\OHQHPH]��øON�SDVR�VRQUDVÕ�NHVNLQ�ELU�DUWÕú�GLNNDW�oHNHUNHQ�GL÷HU�SDVRODUGD�EX�DUWÕú�
PH\OL� D]DOPÕúWÕU�� %X� GD� SDVR� VD\ÕVÕQGDNL� DUWÕú� LOH� ND]DQÕPODUÕQ� EHOLUOL� ELU� QRNWDGDQ� VRQUD� GR\XPD�
XODúDFD÷ÕQÕQ� J|VWHUJHVLGLU�� 1LWHNLP� �=KX�� HW� DO�� ����� \DSWÕNODUÕ� oDOÕúPDGD� �� SDVR� VRQUDVÕQGD�
ND]DQÕPODUÕQ�GR\XPD�XODúWÕ÷ÕQÕ�J|VWHUPLúWLU��(.$3�LúOHPL�VRQUDVÕQGD�VHUWOL÷LQ�DUWPDVÕ�LNLQFLO�ID]ODUGD�
NL� SDUWLN�OOHULQ� o|NHOPHVLQGHQ� YH� WDQHFLNOHULQ� ER\XWODUÕQGD� NL� N�o�OPHOHUGHQ� ND\QDNODQPDNWDGÕU�
�g]EH\D]�HW� DO�� �������ùHNLO��D�G¶�GH�J|U�OG�÷��JLEL�SDVR�VD\ÕVÕ� WDQHFLNOHULQ�GDKD�KRPRMHQ�YH� LQFH�
RODUDN�GD÷ÕOGÕ÷ÕQÕ�J|VWHUPHNWHGLU�

ùHNLO�� 9LFNHU�6HUWOLN�6RQXoODUÕ
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<DSÕODQ�DúÕQPD�GLUHQFL�WHVWL�VRQXFXQGD�HOGH�HGLOHQ�V�UW�QPH�NDWVD\ÕODUÕ�ùHNLO��D�G¶�GH�YHULOPLúWLU��%XQD�
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VRQXoODUÕ�EXOPXúWXU���$YFX������ 6�UW�QPH�NDWVD\ÕVÕQGD�NL�DUWÕú�PDO]HPHQLQ�VHUWOHúPHVL�LOH�GR÷UXGDQ�
DODNDOÕ�ROXS�SDVR�VD\ÕVÕQÕQ�DUWÕúÕ�VHUWOLN�DUWÕú�PLNWDUODUÕ�GD�EHQ]HUOLN�J|VWHUPLúWLU�
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�D¶GD�J|U�OG�÷���]HUH�WDQHFLNOHU�DUDVÕ�ERúOXNODU�ID]OD�YH�LNLQFLO�ID]ODUGD�GDKD�D]�KRPRMHQ�GD÷ÕOÕPODU�
J|U�OPHNWHGLU��(.$3�LOH�ELU�SDVR�LúOHQGLNWHQ�VRQUD�WDQHFLNOHULQ�ELUELUOHULQH�\DNODúWÕNODUÕ�YH�\|QOHQPHOHU�
ROGX÷X� J|U�OPHNWHGLU�� %X� LQFHOPHOHU� SDVR� VD\ÕVÕ� DUWWÕNoD� GDKD� ID]OD� J|U�QPHNWHGLU�� $\UÕFD� SDVR�
VD\ÕVÕQÕQ� DUWÕúÕ� LOH� PDO]HPH� GDKD� KRPRMHQ� \DSÕ\D� G|Q�úPHNWHGLU�� 7DQHFLNOHUGH� J|]OHPOHQHQ� EX�
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%X� oDOÕúPD� NDSVDPÕQGD� (.$3� LúOHPLQLQ� �� SDVR�� �� SDVR� YH� �� SDVR� LúOHQPLú� KDOOHUL� LOH� QXPXQHQLQ�
WDYODQPÕú�KDOLQLQ�PHNDQLN�|]HOOLNOHULQLQ�NDUúÕODúWÕUÕOPDVÕ�YH�PLNUR�\DSÕODUÕQÕQ�LQFHOHPHVL�\DSÕOPÕúWÕU��
$$�����DODúÕPÕ�GD�VDQD\LGH�VÕNOÕNOD�NXOODQÕODQ�ELU�PDO]HPH�ROPDVÕ�VHEHEL\OH��GLUHN�NXOODQPDN�\HULQH�
EDVLW� YH� HNRQRPLN� ELU� V�UHo� RODQ� (.$3� LúOHPL� VRQUDVÕ� NXOODQÕOÕUVD� PDO]HPHQLQ� ND]DQPÕú� RODFD÷Õ�
PHNDQLN�|]HOOLNOHULQ��]HULQGH�GXUXOPXúWXU��g]HOOLNOH�NDOÕS�NDQDOÕQGDQ�JHoHELOHFHN�N�o�NO�NWH�NL�W�P�
SDUoDODU� LoLQ�\HQLOHPH�YH�EDNÕP�V�UHOHULQGH�RUWDODPD�\�]GH����FLYDUÕQGD�ND]DQÕPODUD� VHEHS�ROGX÷X�
YXUJXODQPÕúWÕU�� %|\OHOLNOH� GDKD� X]XQ� |P�UO�� RODQ� SDUoDODU� �UHWLOHELOHFHN� KHP� HNRQRPLN� KHP� GH�
NXOODQÕúOÕ��UHWLP�\DSPD\D�|QF�O�N�HWPHVL�KHGHIOHQPHNWHGLU�
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%X oDOÕúPDQÕQ�\DSÕOPDVÕQGD�.RFDHOL�hQLYHUVLWHVL��7HNQRORML�)DN�OWHVL��2WRPRWLY�0�KHQGLVOL÷L�%|O�P��
%DúNDQÕ� 3URI�� 'U�� 0HKPHW� 8oDU¶D� ODERUDWXYDU� LPNkQODUÕQÕ� VXQPDVÕ� YH� (.$3� LúOHPOHULQLQ�
WDPDPODQPDVÕQGDNL� NDWNÕODUÕQGDQ� GROD\Õ� WHúHNN�U�� ERUo� ELOLULP�� $\UÕFD� 0DUPDUD� hQLYHUVLWHVL��
0�KHQGLVOLN� )DN�OWHVL�� 0HWDO�UML� YH� 0DO]HPH� 0�KHQGLVOL÷L E|O�P�QH� 6HUWOLN� DQDOL]L�� QXPXQH�
KD]ÕUODPD�YH�2SWLN�PLNURVNRS�J|U�QW�OHULQL�DODELOPHPL]GH�NDWNÕODUÕQGDQ�GROD\Õ�ú�NUDQODUÕPÕ]Õ�VXQDUÕ]��
6RQ�RODUDN�*HE]H�7HNQLN�hQLYHUVLWHVL�0DO]HPH�%LOLPL�YH�0�KHQGLVOL÷L g÷UHWLP�*|UHYOLVL�gPHU�)DUXN�
'HQL]¶H�DúÕQPD�WHVWL�HVQDVÕQGD�NL�\DUGÕPODUÕ�YH�NDWNÕODUÕQGDQ�GROD\Õ�WHúHNN�U�HGHULP��
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)XUXNDZD��0��HW�DO��������³6WUXFWXUDO�(YROXWLRQ�DQG�9DOLGLW\�RI�+DOO�3HWFK�5HODWLRQVKLS�LQ�DQ�$O����0J�$OOR\�
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+RULWD�� =HQML�� 0LQRUX� )XUXNDZD�� 7�� *�� /DQJGRQ�� DQG� 0LQRUX� 1HPRWR�� ������ ³(TXDO�&KDQQHO� $QJXODU�
3UHVVLQJ�(&$3���$�1RYHO�0HWKRG�IRU�0LFURVWUXFWXUDO�&RQWURO�´�0DWHULD�-DSDQ ����������±���

.RFLFK��5DGLP�HW�DO��������³7ZLVW�&KDQQHO�$QJXODU�3UHVVLQJ��7&$3��DV�D�0HWKRG�IRU�,QFUHDVLQJ�WKH�(IILFLHQF\�
RI�63'�´�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�$ �������������±���

g]EH\D]��.HULP�HW�DO��������³0HFKDQLFDO�3URSHUWLHV�DQG�(OHFWULFDO�&RQGXFWLYLW\�3HUIRUPDQFH�RI�(&$3�3URFHVVHG�
$$����� $OOR\�´� ,QGLDQ� -RXUQDO� RI� &KHPLFDO� 7HFKQRORJ\� �,-&7� ���� ���±����
KWWS���QRSU�QLVFDLU�UHV�LQ�ELWVWUHDP�������������������,-&7�������������������SGI�

6HJDO��9��0��������³0DWHULDOV�3URFHVVLQJ�E\�6LPSOH�6KHDU�´�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�$ �����������±
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6HJDO��9�0��������³(TXDO�&KDQQHO�$QJXODU�([WUXVLRQ��)URP�0DFURPHFKDQLFV�WR�6WUXFWXUH�)RUPDWLRQ�´�0DWHULDOV�
6FLHQFH�DQG�(QJLQHHULQJ��$ �����±�������±���

6HSDKL�%RURXMHQL��6���DQG�)��)HUHVKWHK�6DQLHH��������³([SDQVLRQ�(TXDO�&KDQQHO�$QJXODU�([WUXVLRQ��DV�D�1RYHO�
6HYHUH�3ODVWLF�'HIRUPDWLRQ�7HFKQLTXH�´�-RXUQDO�RI�0DWHULDOV�6FLHQFH ������������±���

6KDKED]��0���1��3DUGLV��5��(EUDKLPL��DQG�%��7DOHEDQSRXU��������³$�1RYHO�6LQJOH�3DVV�6HYHUH�3ODVWLF�'HIRUPDWLRQ�
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6KDPVERUKDQ��0DKPRXG��DQG�$OL�6KRNXKIDU��������³$�3ODQDU�7ZLVW�&KDQQHO�$QJXODU�([WUXVLRQ��37&$(��DV�D�
1RYHO� 6HYHUH� 3ODVWLF� 'HIRUPDWLRQ� 0HWKRG� %DVHG� RQ� (TXDO� &KDQQHO� $QJXODU� ([WUXVLRQ� �(&$(�� 0HWKRG�´�
3URFHHGLQJV� RI� WKH� ,QVWLWXWLRQ� RI�0HFKDQLFDO� (QJLQHHUV�� 3DUW� &�� -RXUQDO� RI�0HFKDQLFDO� (QJLQHHULQJ� 6FLHQFH
�������������±���

9DOLHY��5XVODQ�=��HW�DO��������³3URGXFLQJ�%XON�8OWUDILQH�*UDLQHG�0DWHULDOV�E\�6HYHUH�3ODVWLF�'HIRUPDWLRQ��7HQ�
<HDUV�/DWHU�´�-RP �����������±���

9DOLHY��5XVODQ�=���DQG�7HUHQFH�*��/DQJGRQ��������³3ULQFLSOHV�RI�(TXDO�&KDQQHO�$QJXODU�3UHVVLQJ�DV�D�3URFHVVLQJ�
7RRO�IRU�*UDLQ�5HILQHPHQW�´�3URJUHVV�LQ�0DWHULDOV�6FLHQFH ����������±����

=KX�� <XQWLDQ� 7��� 7HUU\� &�� /RZH�� DQG� 7HUHQFH� *�� /DQJGRQ�� ������ ³3HUIRUPDQFH� DQG� $SSOLFDWLRQV� RI�
1DQRVWUXFWXUHG�0DWHULDOV�3URGXFHG�E\�6HYHUH�3ODVWLF�'HIRUPDWLRQ�´�6FULSWD�0DWHULDOLD �����63(&��,66�������±
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