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�� ,QOHLGLQJ� � 

�� 0RQVWHUV�XLW�GH�SUDNWLMN� � 

�� 'H�FKDPSLJQRQ�PLFURDUUD\� �� 
7HU�KHULQQHULQJ�QRJ�HYHQ�GH�DFKWHUJURQG�YDQ�GH�PLFURDUUD\��'H�PLFURDUUD\�EHVWDDW�XLW�VWXNMHV�

'1$�GLH�ZH�XLW�FKDPSLJQRQV�KHEEHQ�JHKDDOG�GLH�NOHLQH�YHUVFKLOOHQ�LQ�EUXLQ�YHUNOHXULQJ�
OLHWHQ�]LHQ��'H]H�EHLGH�'1$�SRROV�DINRPVWLJ�YDQ�ZLWWH�HQ�LHWV�YHUNOHXUGH�FKDPSLJQRQV�
]LMQ�YDQ�HONDDU�DIJHWURNNHQ�RP�GH�PHHVW�YHUVFKLOOHQG�WRW�H[SUHVVLH�NRPHQGH�JHQHQ�WH�
VHOHFWHUHQ��9DQ�GH]H�JHQHQ�LV�YHUYROJHQV�GH�'1$�YROJRUGH�EHSDDOG�HQ�]LMQ�HU�]RYHHO�
PRJHOLMN�XQLHNH�JHQHQ�JHVHOHFWHHUG�RP�RS�GH�DUUD\�WH�SODDWVWHQ��2PGDW�HU�QRJ�UXLPWH�
RYHU�ZDV�]LMQ�HU�RRN�QRJ�HHQ�DDQWDO�QLHW�JHVHTXHQFGH�'1$�IUDJPHQWHQ�DDQ�GH�DUUD\�
WRHJHYRHJG��'H]H�]RXGHQ�NXQQHQ�RYHUODSSHQ�PHW�DQGHUH�JHQHQ�RS�GH�DUUD\�ZDDU�ZH�GH�
VHTXHQWLH�ZHO�YDQ�NHQQHQ�PDDU�GDW�LV�GXV�RQEHNHQG��1DDVW�GH]H�HLJHQ�QLHXZH�
VHTXHQWLHV�]LMQ�HU�HHQ�DDQWDO�'1$�VHTXHQWLHV�XLW�GH�SXEOLHNH�GDWDEDVH�JHKDDOG�ZDDUYDQ�
YHUZDFKW�ZRUGW�GDW�]H�PRJHOLMN�HHQ�URO�VSHOHQ�ELM�KRXGEDDUKHLG�YDQ�FKDPSLJQRQV��'H]H�
'1$V�]LMQ�YHUYROJHQV�DOOHPDDO�YHUPHHUGHUG��RSJH]XLYHUG�HQ�JHVSRW�RS�HHQ�NOHLQ�
PLFURVFRRSJODDVMH��GH�PLFURDUUD\��'LW�LV�JHGDDQ�LQ�������GH�DUUD\�]LMQ�LQWXVVHQ�DO�ZHHU�
PHHU�GDQ���MDDU�RXG��+HW�LV�RQEHNHQG�RI�GH]H�ODQJH�EHZDULQJ�YDQ�GH�PLFURDUUD\V�HIIHFW�
NDQ�KHEEHQ�RS�GH�NZDOLWHLW�YDQ�GH�DUUD\V�RPGDW�HONH�DUUD\�GLH�VSHFLILHN�JHPDDNW�ZRUGW�
ZHHU�DQGHUH�HLJHQVFKDSSHQ�NDQ�KHEEHQ��:H�]LMQ�GDDURP�ELM�GH�QLHXZH�H[SHULPHQWHQ�
PHW�GH]H�DUUD\V�ZHHU�HYHQ�JDDQ�RSWLPDOLVHUHQ�YRRU�GH�MXLVWH�K\EULGLVDWLH�FRQGLWLHV��
'DDUELM�ZRUGW�HHUVW�KHW�51$�JHwVROHHUG�XLW�KHW�LQJHYURUHQ�ZHHIVHO��JHNZDQWLILFHHUG�HQ�
ZRUGW�YHUYROJHQV�KHW]HOIGH�51$�LQ�WZHH�JHOLMNH�KRHYHHOKHGHQ�YHUGHHOG��+HW�HQH�
JHGHHOWH�ZRUGW�YHUYROJHQV�YDQ�HHQ�URRG�IOXRUHVFHUHQG�VWRIMH�YRRU]LHQ��KHW�DQGHUH�YDQ�
HHQ�JURHQ�ODEHO��:DQQHHU�QX�EHLGH�ELM�GH�DUUD\V�JHOLMN�JHK\EULGLVHHUG�ZRUGHQ�]RX�RS�
HONH�VSRW�HYHQ�YHHO�JURHQ�DOV�URRG�VLJQDDO�PRHWHQ�RQWVWDDQ�ZDW�ZRUGW�RPJH]HW�GRRU�GH�
DQDO\VH�VRIWZDUH�LQ�HQ�JHOH�VSRW��=LMQ�HU�YHHO�VSRWV�WH�JURHQ�RI�DOOH�VSRWV�WH�URRG�GDQ�JDDW�
HU�LHWV�PHW�GH�ODEHOLQJ�YDQ�HHQ�YDQ�GH�NOHXUVWRIIHQ�QLHW�JRHG��=LMQ�HU�HFKWHU�ZHLQLJ�VSRWV��
]LMQ�GH�VSRWV�RQUHJHOPDWLJ�YDQ�JURRWWH�RI�]LMQ�HU�DQGHUH�SUREOHPHQ�]RDOV�GDW�HU�ZHLQLJ�
VLJQDDO�WH�]LHQ�LV�RI�RRN�QDDVW�GH�VSRWV�YHHO�DFKWHUJURQG�VLJQDDO�LV�NDQ�GDW�NRPHQ�GRRU�
GH�NZDOLWHLW�YDQ�GH�DUUD\�RI�GRRU�GH�K\EULGLVDWLH�FRQGLWLHV�� �� 

�� 2S�ZHJ�QDDU�HHQ�DVVD\�YRRU�GH�SUDNWLMN� �� 

�� &RQFOXVLHV� �� 

�� 9HUYROJWUDMHFW� �� 
�
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6DPHQYDWWLQJ�
�
+HW� GRHO� LV� HHQ� WRHWV� WH� RQWZLNNHOHQ� ZDDUPHH� KHW� NZDOLWHLWVYHUORRS� YDQ� FKDPSLJQRQV� LQ� GH�
YHUVNHWHQV�YRRUVSHOG�NDQ�ZRUGHQ��2P�GH�NHWHQ�]R�HIILFLsQW�PRJHOLMN�WH�EHQXWWHQ�LV�JHNR]HQ�YRRU�
HHQ�DQDO\VH�YDQ�KHW�SURGXFW�JURHLHQG�RS�KHW�EHG�YDQDI�HHQ�GDJ�YRRU�GH�RRJVW�HQ�HQ�WHYHQV�RS�GH�
GDJ� YDQ� RRJVWHQ�� (HQ� WRHWV� LQ� GH]H� IDVH� ]RX� GXV� DO� YDQDI� GH� RRJVW� KHW� W\SH� YHUSDNNLQJ�� GH�
RSWLPDOH�NHWHQ�NHX]H�HQ�WHQPLQVWH�KRXGEDDU�WRW�GDWXP�NXQQHQ�RQGHUVWHXQHQ��
9DQ����SDUWLMHQ�]LMQ�GH�PRQVWHUV�YHU]DPHOG�YRRU�JHQ�H[SUHVVLH�DQDO\VH�HQ�]LMQ�HU�FKDPSLJQRQV�
JHDQDO\VHHUG� RS� NZDOLWHLWVYHUORRS� PLGGHOV� &RPSXWHU� %HHOG� $QDO\VH� HQ� YLVXHOH� ZDDUQHPLQJHQ��
'DDUQDDVW�]LMQ�YDQ�GH]H�SDUWLMHQ�GH�WHHOW�JHJHYHQV�YHU]DPHOG���
:HGHURP� LV� JHEOHNHQ� GDW� KHW� NZDOLWHLWVYHUORRS� YDQ� SDUWLMHQ� YDULDEHO� HQ� QLHW� WH� YRRUVSHOOHQ� LV��
'DDUELM�]LMQ�JHHQ�WHHOW�IDFWRUHQ�JHYRQGHQ�GLH�NZDOLWHLWVYHUORRS�]RXGHQ�NXQQHQ�YRRUVSHOOHQ��
8LW� GH� VDPSOHV� ]LMQ� �� SDUWLMHQ� JHVHOHFWHHUG� GLH� YHUGHHOG� ZHUGHQ� LQ� JRHG� KRXGEDUH� HQ� VOHFKW�
KRXGEDUH�SDUWLMHQ��2RN�ELM�GH]H�SDUWLMHQ�ZDUHQ�JHHQ�DDQZLMVEDUH�WHHOW�IDFWRUHQ�GLH�FRUUHOHUHQ�PHW�
GH�NZDOLWHLWNODVVHQ��
'H�PLFURDUUD\V�]LMQ�XLWJHYRHUG�DDQ�YHUV�JHRRJVW�SURGXFW�RS�KHW�JHPLGGHOGH�RRJVW�PRPHQW�YRRU�
GH�PLGGHQPDDW� ��PP� FKDPSLJQRQV��0LFURDUUD\V�� GLH�ZDUHQ� RQWZLNNHOG� LQ� HHQ� HHUGHU� SURMHFW��
ZDUHQ�ZHO�HQLJV]LQV� LQ�NZDOLWHLW� DFKWHUXLW�JHJDDQ��HU� LV�H[WUD�PRHLWH�JHGDDQ�GH�H[SHULPHQWHQ� WH�
RSWLPDOLVHUHQ��+HW�UHVXOWDDW�YDQ�GH�K\EULGLVDWLH�H[SHULPHQWHQ�ZDV�GDW�RS���SDUWLM�QD�GH�SDUWLMHQ�
RS�EDVLV� YDQ�YHUVFKLOOHQ� LQ� JHQH[SUHVVLH� YHUGHHOG�NRQGHQ�ZRUGHQ� LQ�GH]HOIGH� JRHGH� HQ� VOHFKWH�
NZDOLWHLWVNODVVH� LQGHOLQJ��'LW� KHHIW� JHOHLG� WRW� HHQ� VHOHFWLH� YDQ�PHHVW� SRWHQWLsOH� LQGLFDWRU� JHQHQ�
ZDDUYDQ�RRN��NLMNHQG�QDDU�GH�PRJHOLMNH�ELRORJLVFKH�IXQFWLH��ELM�YHHO�JHQHQ�DDQQHPHOLMN�LV�GDW�]H�
HHQ�URO�NXQQHQ�VSHOHQ�LQ�EUXLQYHUNOHXULQJ�
'LW�RQGHU]RHN�KHHIW�HHQ�EDVLV�JHOHJG�YRRU�KHW�YHUGHU�RQWZLNNHOHQ�YDQ�GH�WHVW��HU�OLJW�HHQ�PRRLH�
YHU]DPHOLQJ�DDQ�PDWHULDDO�RP�GH�WRHWV�RS�WH�LMNHQ�HQ�ZH�NXQQHQ�HHQ�VHOHFWLH�PDNHQ�YDQ�URQG�GH�
���JHQHQ�ZDDUXLW�GH�EHODQJULMNVWH� LQGLFDWRU�JHQHQ�JHVHOHFWHHUG�NXQQHQ�ZRUGHQ��9RRU�HHQ� WRHWV�
]XOOHQ� GH]H� HHUVW� LQ� HHQ� 5HDO� 7LPH� 3&5� RPJH]HW� PRHWHQ� ZRUGHQ� HQ� GH� H[SUHVVLH� LQ� GH�
YHU]DPHOGH�SDUWLMHQ�JHDQDO\VHHUG��
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�� ,QOHLGLQJ�
�
'H�FKDPSLJQRQVHFWRU�VWDDW�FRQWLQXH�RQGHU�GUXN�YDQXLW�GH�UHWDLO��GH�NRVWHQ�PRHWHQ�ODDJ�EOLMYHQ��
]H� ZLOOHQ� HHQ� JDUDQWLH� YDQ� OHYHULQJ� HQ� GH� NZDOLWHLW�PRHW� KRRJ� ]LMQ��'DW� EHWHNHQW�PRRLH� ZLWWH�
FKDPSLJQRQV� GLH� ODQJ� KRXGEDDU�� OLHIVW� YRRUELM� GH� 7+7� GDWXP� ]RGDW� ]H� QLHW� YURHJWLMGLJ� XLW� GH�
VFKDSSHQ�YHUZLMGHUW�KRHYHQ�WH�ZRUGHQ��'H]H�GHUYLQJ� LV�QDPHOLMN�HHQ�JURWH�NRVWHQSRVW�YRRU�GH�
UHWDLO� GLH� GDDU� JHHQ� JHQRHJHQ� PHHU� PHH� QHPHQ�� 2RN� LQ� GH� YHUZHUNHQGH� LQGXVWULH� ZRUGW� KHW�
VWHHGV�EHODQJULMNHU� GH� NZDOLWHLW� HQ� UHQGHPHQW�QD� YHUZHUNLQJ� YRRUDI� WH� NXQQHQ�YRRUVSHOOHQ�RP�
GDDUPHH� HHQ� NRVWHQ� EHVSDUHQGH� HIILFLsQWLH� VODJ� WH� NXQQHQ�PDNHQ��.RUWRP� HU� LV� HHQ� DOJHPHQH�
WUHQG�WH�VLJQDOHUHQ�YDQ�HHQ�WRHQHPHQGH�YUDDJ�QDDU�HHQ�SURGXFW�YDQ�KRJH�NZDOLWHLW��HHQ�SURGXFW�
GDW�YHLOLJ�LV�YRRU�GH�FRQVXPHQW�HQ�HHQ�SURGXFW�GDW�HHQ�YRRUVSHOEDUH�NZDOLWHLW�KHHIW�LQ�GH�NHWHQ���
�
0HW�QDPH�YRRU�KHW�ODDWVWH��GH�YRRUVSHOEDUH�NZDOLWHLW��]RX�HHQ�EHWURXZEDUH�HQ�PDNNHOLMN�LQ]HWEDUH�
PHWKRGH� YRRU� � NZDOLWHLWVPRQLWRUHQ� HQ� ²� YRRUVSHOOHQ�� LQ� HHQ� YURHJ� VWDGLXP� YDQ� GH� NHWHQ�� HHQ�
EHVOLVVLQJ� NXQQHQ� RQGHUVWHXQHQ� RYHU� GH� DI]HWPDUNW�� 'LW� NDQ� XLWYDO� LQ� GH� NHWHQ� YHUPLQGHUHQ��
7HYHQV�NDQ�HHQ�GHUJHOLMNH�PHWKRGH�JHEUXLNW�ZRUGHQ�LQ�GH�WHHOWVWXULQJ��WHOHUV�NXQQHQ�GLUHFWHU�PHW�
KXQ� NZDOLWHLW� JHFRQIURQWHHUG� ZRUGHQ� ZDW� RS� GHQ� GXXU� PRHW� OHLGHQ� WRW� YHUEHWHUGH� WHHOW�
SURWRFROOHQ�HQ�GDDUPHH�FKDPSLJQRQV�YDQ�RSWLPDOH�NZDOLWHLW��
5HFHQW�RQWZLNNHOGH�WHFKQRORJLHsQ��JHEDVHHUG�RS�JHQH[SUHVVLH��GH�ZHUNLQJ�YDQ�HUIHOLMN�PDWHULDDO���
ELHGHQ�HHQ�JRHGH�PRJHOLMNKHLG�RP�HHQ�NZDOLWHLWVWHVW�WH�UHDOLVHUHQ��'LW�SURMHFW�JDDW�YHUGHU�RS�GH�
LQJH]HWWH� RQGHU]RHNVURXWH� RP� WH� ]RHNHQ� QDDU� VWXNNHQ� HUIHOLMN� PDWHULDDO� �JHQHQ�� GLH� GLUHFW� RI�
LQGLUHFW�EHWURNNHQ�]LMQ�ELM�NOHXU�HQ�YHUNOHXULQJ��HHQ�JURRW�SUREOHHP�YRRU�GH�QDRRJVWNZDOLWHLW�YDQ�
FKDPSLJQRQV��'H]H�LQGLFDWRUJHQHQ�]LWWHQ�LQ�HONH�FKDPSLJQRQ�PDDU�GH�PDWH�ZDDULQ�]H�¶DDQ·�VWDDQ�
NDQ� EHSDOHQ� RI� GH� EHWUHIIHQGH� FKDPSLJQRQV� VQHO� ]XOOHQ� YHUNOHXUHQ� RI� UHODWLHI� ODQJ� YDQ� JRHGH�
NZDOLWHLW�EOLMYHQ���
,Q�KHW�HHUGHU�XLWJHYRHUGH�SURMHFW� ¶.ZDOLWHLWVJHQRPLFV�&KDPSLJQRQ·�]LMQ�PRQVWHUV�JH]DPHOG�ELM�
GH�KDQGHO��KHW�NZDOLWHLWVYHUORRS�EHSDDOG�HQ�VDPSOHV�JHVHOHFWHHUG�YRRU�JHQ�H[SUHVVLH�VWXGLHV��'H]H�
JHQ� H[SUHVVLH� VWXGLHV� ]LMQ� XLWJHYRHUG� DDQ� PLFURDUUD\V� �PLFURVFRRS� JODDVMH� PHW� GDDURS� JHSULQW�
GXL]HQG�JHQHQ�YDQ�FKDPSLJQRQ��GLH�ELQQHQ�GDW�EHWUHIIHQGH�SURMHFW�]LMQ�RQWZLNNHOG��'H�DQDO\VHV�
ZH]HQ� WRHQ� XLW� GDW� HU� RS� JHQ� H[SUHVVLH�PHHU� DDQ� HHQ� SURGXFW� WH�PHWHQ� YDOW� GDQ� RS� EDVLV� YDQ�
XLWHUOLMNH�NHQPHUNHQ��7HYHQV�NRQGHQ�SDUWLMHQ�GLH�LQ�WZHH�YHUVFKLOOHQGH�NZDOLWHLWVNODVVHQ�YHUGHHOG�
ZHUGHQ� RS� EDVLV� YDQ� YHUNOHXULQJ� �QD� �� GDJHQ�� DO� RQGHUVFKHLGHQ�ZRUGHQ� DDQ� KHW� EHJLQ� YDQ� GH�
EHZDDUSHULRGH� RS� EDVLV� YDQ� JHQ� H[SUHVVLH�9RRU� HHQ� RSWLPDOH� EHQXWWLQJ� YDQ� GH�
NZDOLWHLWYRRUVSHOOLQJ�]RX�GH�WRHWV�HFKWHU�DO�HHUGHU�XLWJHYRHUG�PRHWHQ�ZRUGHQ���
'LW�SURMHFW�LV�EHGRHOG�DOV�HHUVWH�RSVWDS�QDDU�KHW�YLQGHQ�YDQ�LQGLFDWRUJHQHQ�GLH�GH�YHUNOHXULQJ�YDQ�
FKDPSLJQRQV� NXQQHQ� YRRUVSHOOHQ�� ,QGLHQ� GXLGHOLMNH� DDQZLM]LQJHQ� ]LMQ� JHYRQGHQ� GDW� GHUJHOLMNH�
LQGLFDWRUJHQHQ�EHVWDDQ�HQ�EHWURXZEDDU�LQJH]HW�NXQQHQ�ZRUGHQ�RP�NZDOLWHLW�WH�YRRUVSHOOHQ��NDQ�
GH]H�PHWKRGH�XLWJHZHUNW�ZRUGHQ��'LW� NDQ�XLWHLQGHOLMN� OHLGHQ� WRW� HHQ� ODEWRHWV�RI�PRJHOLMN� ]HOIV�
QDDU� HHQ� HHQYRXGLJ� WRHWVV\VWHHP�XLWYRHUEDDU� GLUHFW� QD� RRJVWHQ� ELM� GH� NZHNHU�� H[SRUWHXU� RI� ELM�
DDQNRPVW�YDQ�ELM�GH�GHWDLOKDQGHO���
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(HQ�HHUVWH�VWDS�QDDU�HHQ�NZDOLWHLWVWRHWV�LV�KHW�YLQGHQ�YDQ�NDQGLGDDW�LQGLFDWRU�JHQHQ��+LHUYRRU�LV�
ELQQHQ�KHW� YRULJH�SURMHFW� HHQ� HHUVWH� JHQHUDWLH� F'1$�PLFURDUUD\�RQWZLNNHOG��+LHURS�EHYLQGHQ�
]LFK�YHOH�'1$�VSRWMHV�YDQ�JHQHQ�DINRPVWLJ�YDQ�FKDPSLJQRQ�GLH�DFWLHI� ]LMQ� LQ�YUXFKWOLFKDPHQ�
URQG�HQ�QHW�QD�GH�RRJVW��'H]H�PLFURDUUD\V�]XOOHQ�JHEUXLNW�ZRUGHQ�PHW�GH�QLHXZH�PRQVWHUV�GLH�
ELQQHQ� GLW� SURMHFW� YHU]DPHOG� ]LMQ� RP� GDDUQD� FRUUHODWLHV� WH� OHJJHQ� WXVVHQ� GH� H[SUHVVLH� YDQ�
VRPPLJH�JHQHQ�HQ�GH�KRXGEDDUKHLG�YDQ�GH�FKDPSLJQRQV��
+HW�SURMHFW� LV�XLWJHYRHUG�GRRU�HHQ�FRQVRUWLXP�YDQ�:85�ZDDUELM�35,�YRRUQDPHOLMN�GH� VDPSOH�
QDPH� HQ�RSQDPH�YDQ� WHHOW� YDULDEHOH�KHEEHQ�XLWJHYRHUG� HQ�$	)�KHW�PROHFXODLUH�ZHUN�KHEEHQ�
XLWJHYRHUG���
�
�



�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%�9��0HPEHU�RI�:DJHQLQJHQ�85���

�� 0RQVWHUV�XLW�GH�SUDNWLMN�
�
=RDOV� JH]HJG� ZLOOHQ� ZH� ELQQHQ� GLW� SURMHFW� SUREHUHQ� RI� GH� YRRUVSHOOLQJ� RS� KHW� PRPHQW� YDQ�
RRJVWHQ�RI�HHQ�GDJ�YRRU�RRJVWHQ�XLWJHYRHUG�NDQ�ZRUGHQ��+HW�RQGHU]RHN�QDDU�GH�JHQHQ�GLH�KHW�
EHVWH� JHEUXLNW� NXQQHQ�ZRUGHQ� ELM� GH]H� YRRUVSHOLQJ� NXQQHQ� KHW� HIILFLsQWVW� EHSDDOG�ZRUGHQ� RS�
EDVLV�YDQ�PDWHULDDO�GDW�RRJVWEDDU�LV�RI�HHQ�GDJ�YRRU�GH�RRJVW�DO�YDQ�KHW�EHG�LV�YHU]DPHOG��2PGDW�
RQGHU]RHN�QDDU�YRRUVSHOOHUV�KHW�EHVWH�XLWJHYRHUG�NDQ�ZRUGHQ�PHW�SDUWLMHQ�YDQ�UHGHOLMNH�H[WUHPH�
JRHGH�HQ�VOHFKWH�EHZDDUNZDOLWHLW�LV�HU�DDQ�*UHHQHU\��%DQNHQ�HQ�3ULPH&KDPS�JHYUDDJG�HHQ�OLMVWMH�
YDQ�EHGULMYHQ�VDPHQ�WH�VWHOOHQ�PHW�WHOHUV�PHW�YODNNH��JRHGH��NZDOLWHLW��ZLVVHOGH�NZDOLWHLW�HQ�]HHU�
ZLVVHOHQGH�NZDOLWHLW��8LW�GH]H�WHOHUV�LV�YHUYROJHQV�HHQ�NHX]H�JHPDDNW�RS�EDVLV�YDQ�ORFDWLH�HQ�RI�]H�
DDQ�KHW�RQGHU]RHN�ZLOOHQ�PHHZHUNHQ���
9RRU� GH� VDPSOLQJ� LV� HU� HHQ� NHX]H� JHPDDNW� YRRU� FKDPSLJQRQV� GLH� ]LFK� PLGGHQ� LQ� YOXFKW� ��
EHYLQGHQ��GLH�RS�PRPHQW�YDQ�RRJVW����PP�]LMQ�HQ�GDQ�RS�GH�GDJ�YRRU�GH�RRJVW����PP�KRHG�
GLDPHWHU�KHEEHQ��]LH�ILJXXU�����'H]H�PRQVWHUV�]LMQ�PLGGHQ�RS�HHQ�EHG�LQ�GH�FHO�JHQRPHQ�RS���
RSHHQYROJHQGH�GDJHQ��(U�]LMQ�RRN�IRWR·V�JHQRPHQ�]RGDW�PRJHOLMN�DIZLMNHUV�RRN�QRJ�YLD� IRWR·V�
PRJHOLMN� WH�KHUOHLGHQ�]LMQ��0RQVWHUV�]LMQ�QLHW�YDQ�YHUGDFKW�FKDPSLJQRQV�JHQRPHQ�PDDU�YDQ�GH�
JHPLGGHOG� JRHGH� FKDPSLJQRQV� GLH� WHUSOHNNH� RS� KHW� EHG� VWRQGHQ� HQ� DDQ� GH� HHUGHU� JHQRHPGH�
RPVFKULMYHQ�YROGHGHQ��2S�EHLGH�RSHHQYROJHQGH�GDJHQ�LV�RS�GH]HOIGH�SODDWV� LQ�GH�NDV�PDWHULDDO�
YHU]DPHOG��
�

�
)LJ����2YHU]LFKW�YDQ�KHW�EHPRQVWHU��LQYULHV�HQ�EHZDDUNZDOLWHLW�DQDO\VH��
�
�
�
�
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'H� ��� PP� GDJ� ��� VDPSOHV� ]LMQ� LQ� ]LMQ� JHKHHO� LQ� VWXNMHV� JHVQHGHQ� HQ� WHU� SODDWVHQ� LQ�
YORHLEDDUVWLNVWRI� LQJHYURUHQ�HQ�YHUYROJHQV�LQ�NRHOER[HQ�QDDU�$	)�YHUYRHUG�ZDDU�]H�LQ�YULH]HUV�
ELM�����JUDGHQ�]LMQ�EHZDDUG��9DQ�GH����PP�GDJ���VDPSOHV�]LMQ�GH�NDSMHV�YDQ�GH�KRHG�JHQRPHQ�HQ�
LQJHYURUHQ� LQ�ZHGHURP�YORHLEDDUVWLNVWRI��'RRU�DOOHHQ�KHW�NDSMH� WH�QHPHQ�EHSHUN� MH�KHW�ZHHIVHO�
WRW�KHW�ZHHIVHO�ZDW�ODWHU�RRN�KHW�YHUVFKLO�LQ�YHUNOHXULQJ�HQ�ZLWKHLG�JHHIW�HQ�EHSHUN�MH�GH�DFWLHYH�
JHQHQ� RRN� ]RYHHO� PRJHOLMN� WRW� GH� PHHVW� UHOHYDQWH� �JHQHQ� DFWLHI� LQ� ODPHOOHQ� ]LMQ� EY� PLQGHU�
LQWHUHVVDQW� YRRU� GLW� GRHOHLQGH��� 9DQ� GH]HOIGH� GDJ� �� VDPSOHV� ]LMQ� YHUYROJHQV� �� WUD\V�� PHW� ���
FKDPSLJQRQV� LHGHU�� YHU]DPHOG� HQ� LQ�NRHOER]HQ�PHW� NRHOHOHPHQWHQ� �WHPSHUDWXXU� WXVVHQ��� HQ���
JUDGHQ��QDDU�$	)�YHUYRHUG��'DDU�]LMQ�GLUHFW�ELM�DDQNRPVW�YDQ�GH�FKDPSLJQRQV��RQGHU�VWDQGDDUG�
FRQGLWLHV��&RPSXWHU�%HHOG�$QDO\VHV��&%$��JHPDDNW�HQ�]LMQ�HU�ZDDUQHPLQJHQ�JHGDDQ�ZDDURQGHU�
VFKXEELJKHLG�� RQWZLNNHOLQJVVWDGLXP� HQ� YHUNOHXULQJ� YDQ� VQLMYODN�� 9HUYROJHQV� ]LMQ� GH� WUD\V� PHW�
FKDPSLJQRQV� ]RQGHU� YHUGHUH� DDQUDNLQJ� LQ� YRFKWLJH� EDNNHQ� JHSODDWVW�PHW� VOHFKWV� HQNHOH� NLHUHQ�
YRRU�RQWOXFKWLQJ��YRFKWLJKHLG���������HQ�]LMQ�GH�EDNNHQ�PHW�FKDPSLJQRQV���GDJHQ�ELM���JUDGHQ�
EHZDDUG��'H]H�FRQGLWLHV�]LMQ�JHNR]HQ�RS�EDVLV�YDQ�KHW�ELMQD�JHOLMN�ORSHQGH�¶EXIIHULQJ�LQ�GH�NHWHQ·�
SURMHFW� ZDDU� YHUVFKLOOHQGH� EHZDDUFRQGLWLHV� ZDUHQ� JHWHVW��1D� GH]H� SHULRGH� ]LMQ� ZHGHURP�&%$�
DQDO\VHV�JHPDDNW�HQ�]LMQ�GH�XLWHUOLMNH�NHQPHUNHQ�EHSDDOG��
8LW� GH� SUDNWLMN� ]LMQ� HU� VRPV� YHUKDOHQ� GDW� KRXGEDDUKHLG� GLUHFW� NRSSHOW� DDQ� FRPSRVW� RI�
EHKDQGHOLQJHQ�RS�KHW�EHG�]RDOV�ZDWHUJLIWH�RI�&D&O��EHKDQGHOLQJHQ��2P�GLW� WH�RQGHU]RHNHQ�HQ�
WHYHQV�RP�HU�]HNHU�YDQ� WH�]LMQ�GDW�SDUWLMHQ�GLH�JRHGH�RI�VOHFKWH�EHZDDUNZDOLWHLW� WRQHQ�QLHW�RRN�
FRUUHOHUHQ�PHW�GHUJHOLMNH�DQGHUH�IDFWRUHQ�]LMQ�ELM�GH�EHGULMYHQ�WHHOWJHJHYHQV�YHU]DPHOG��0LGGHOV�
LQWHUYLHZV��YHU]DPHOGH�GDWD�XLW�NOLPDDWFRPSXWHUV�HQ�RSEUHQJVWHQ�JHJHYHQV�]LMQ�GH]H�YDULDEHOH�LQ�
NDDUW� JHEUDFKW��'H]H� JHJHYHQV� KHEEHQ� JHOHLG� WRW� HHQ� JURWH� WDEHO� GLH� WH� YLQGHQ� LV� LQ� GH� ELMODJH�
ZDDUELM�GH�WHOHUV�DQRQLHP�]LMQ�JHPDDNW��(HQ�VFKHPDWLVFKH�ZHHUJDYH�YDQ�HQNHOH�WHHOWJHJHYHQV�]LMQ�
RRN�WH�]LHQ�LQ�ILJXXU����
1DGDW� DOOH� &%$� DQDO\VHV� YDQ� GH� ��� SDUWLMHQ�� HQ� GH� GDDUDDQ� JHNRSSHOGH� WHHOWJHJHYHQV�� ZDUHQ�
YHU]DPHOG�LV�HU�JHNHNHQ�QDDU�FRUUHODWLHV�WXVVHQ�WHHOWDFKWHUJURQGHQ�HQ�EHZDDUNZDOLWHLW��'LH�]LMQ�HU�
QLHW�JHYRQGHQ��HU�NDQ�GXV�QLHW�HHQ�EHSDDOGH�WHHOWIDFWRU�DDQJHZH]HQ�ZRUGHQ�GLH�YRRU�HHQ�JURRW�
GHHO�ELMGUDDJW�DDQ�GH�KRXGEDDUKHLG�YDQ�HHQ�SDUWLM��'H]H�JHJHYHQV�]XOOHQ�ODWHU�QRJ�YDQ�SDV�NRPHQ�
ZDQQHHU�FRUUHODWLHV�PHW�JHQHQ�JHOHJG�JDDQ�ZRUGHQ�HQ�HU�PRJHOLMN�SDUWLMHQ�]LMQ�GLH�]LFK�DIZLMNHQG�
JHGUDJHQ�� ,Q� ]R·Q� JHYDO� NDQ� JHNHNHQ� ZRUGHQ� RI� HHQ� WHHOW� IDFWRU� DDQJHGUDJHQ� NDQ� ZRUGHQ� GLH�
VDPHQ�PHW�GH�JHQHQ�HHQ�EHWHUH�YRRUVSHOLQJ�JHYHQ���
�
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�
�
)LJ����(HQ�YRRUEHHOG�YDQ�GH�YHU]DPHOGH�NOLPDDW�FRQGLWLHV��%RYHQVWH�EORN��59��PLGGHOVWH�EORN�
&2��SHUFHQWDJHV��RQGHUVWH�EORN�OXFKW�HQ�FRPSRVW�WHPSHUDWXXU��
�
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�
�
�
�
�
�
�
�
�
�
)LJ����:LWKHLGLQGH[�YDQ�GH�YHU]DPHOGH�PRQVWHUV��'H�:,�RS�GDJ�R�HQ�GDJ���XLWOHHVEDDU�RS�GH�
OLQNHU�DV��KHW�YHUVFKLO�WXVVHQ�EHLGH�ZDDUGHQ�XLWOHHVEDDU�RS�GH�UHFKWHU�DV��'H�PRQVWHUV�]LMQ�
JHUDQJVFKLNW�QDDU�:,�RS�GDJ�YDQ�RRJVW��
�
�

witheidsindex 1e+2e serie (locaties 7 - 10 op CBA trays, zonder 103) 
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(HQ�RYHU]LFKW�YDQ�GH�&%$�JHJHYHQV��ZLWKHLGLQGH[�HQ��YHUNOHXULQJ��YDQ�GH�EHPRQVWHUGH�SDUWLMHQ�
LV�WH�]LHQ�LQ�ILJXUHQ���HQ����'DDUDDQ�LV�DI�WH�OH]HQ�GDW�HU�HHQ�DDQWDO�SDUWLMHQ�DO�ODDJ�EHJRQQHQ�LQ�:,�
HQ� OLFKWHOLMN� DIZLMNHQ� YDQ� GH� DQGHUH� SDUWLMHQ��'H]H� SDUWLMHQ� ]LMQ� GDDURP� QLHW� JHVHOHFWHHUG� YRRU�
YHUGHUH�DQDO\VH�RPGDW�GH]H�RS�KHW�RRJ�DO�VOHFKWHU�]LMQ�HQ�NHXUPHHVWHUV�GLW�VRRUW�SDUWLMHQ�HU�ZHO�
XLWKDOHQ��'H�XWGDJLQJ�OLJW�LQ�GH�SDUWLMHQ�GLH�RS�KHW�PRPHQW�YDQ�RRJVW�QRJ�JHOLMN�]LMQ�PDDU�QD���
GDJHQ� HHQ� GXLGHOLMN� YHUVFKLO� LQ� NZDOLWHLW� ODWHQ� ]LHQ�� 9RRUEHHOGHQ� YDQ� GHUJHOLMNH� LQWHUHVVDQWH�
SDUWLMHQ�]LMQ�����LQ�QHJDWLHYH�]LQ�HQ���LQ�SRVLWLHYH�]LQ���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ����9HUNOHXULQJ�����YDQ�GH�EHPRQVWHUGH�VDPSOHV��'H�PRQVWHUV�]LMQ�JHVRUWHHUG�RS�YROJRUGH�
YDQ��YHUNOHXULQJ�RS�PRPHQW�YDQ�RRJVW��
�
%HLGH� EHJLQQHQ�PHW� HHQ� QDJHQRHJ� JHOLMNH�:,�PDDU� HLQGLJHQ� QD� �� GDJHQ� ELM� �� JUDGHQ�PHW� HHQ�
YHUVFKLO�LQ�:,��'H�JHOLMNH�SDUWLMHQ�]LMQ�YHUYROJHQV�DOOHPDDO�JHDQDO\VHHUG�RS�:,�HQ���YHUNOHXULQJ�
RS� GDJ� �� HQ� YHUVFKLOOHQGH�:,� HQ��� YHUNOHXULQJ� QD� �� GDJHQ� HQ� WHYHQV� UHNHQLQJ� KRXGHQG�PHW�
XLWPLGGHOHQ�YDQ�GLYHUVH�DQGHUH�SDUDPHWHUV�]RDOV�RQWZLNNHOLQJVWDGLXP��VFKXEELJKHLG�HQ�VQLMYODN�
YHUNOHXULQJ� �]LH� ILJXXU� ���� 7HYHQV� ]LMQ� WHHOW� YDULDEHOH� RYHU� EHLGH� JURHSHQ� PHHJHZRJHQ�� $OOHV�
PHHZHJHQG� LV� HU� HHQ� NHX]H� JHPDDNW� YRRU� SDUWLMHQ� ZDDUYDQ� ZLM� GHQNHQ� GDW� ]H� KHW� EHVWH� GH�
YHUVFKLOOHQGH�WH�YRRUVSHOOHQ�NZDOLWHLWVNODVVHQ�UHSUHVHQWHUHQ��(HQ�DDQWDO�SDUWLMHQ�GLH�ELM�RRJVW�QLHW�
LQ� NZDOLWHLW� ]LMQ� WH� RQGHUVFKHLGHQ�PDDU� QD� EHZDULQJ�ZHO� GXLGHOLMN� YHUVFKLOOHQG� ]LMQ� LQ� NZDOLWHLW��
0HW�GH]H�SDUWLMHQ�]LMQ�YHUYROJHQV�PLFURDUUD\�H[SHULPHQWHQ�XLWJHYRHUG�RP�WH�RQGHU]RHNHQ�ZHONH�
JHQHQ�PRJHOLMNH�LQGLFDWRU�JHQHQ�]LMQ�HQ�GXV�KHW�EHVWH�JHEUXLNW�]RXGHQ�NXQQHQ�ZRUGHQ�RP�GH]H�
EHZDDUSRWHQWLH�WH�YRRUVSHOOHQ���
�
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7DEHO����2YHU]LFKW�YDQ�GH�JHVHOHFWHHUGH�SDUWLMHQ�YRRU�YHUGHUH�DQDO\VH���

VDPSHO� :,��� :,��� :,�YHU�
��YHUNO�
�� �YHUN���

��YHUNO�
YHU�

��� ����� ����� ���� ���� ���� ����
��� ����� ����� ���� ���� ���� ����
���� ����� ����� ���� ���� ���� ����
*HP� ����� ����� ���� ���� ���� ����
���� ����� ����� ���� ���� ����� �����
���� ����� ����� ���� ���� ����� �����
���� ����� ����� ���� ���� ����� ����
���� ����� ����� ���� ���� ����� ����
*HP� ����� ����� ���� ���� ����� �����
�
7DEHO� �� JHHIW� GH� JHVHOHFWHHUGH� PRQVWHUV� ZHHU�� 2RN� GH]H� VHOHFWLH� LV� QDGHU� EHVWXGHHUG� PHW� GH�
WHHOWJHJHYHQV�HUELM�RP�HU� ]HNHU�YDQ� WH� ]LMQ�GDW� HU� WXVVHQ�GH�JRHGH�HQ� VOHFKWH�NODVVHQ�RRN�JHHQ�
DQGHUH� WHHOW� IDFWRUHQ� YROOHGLJ� XLWVSOLWVHQ��:HGHURP� LV� GDW� QLHW� KHW� JHYDO��:HO� NXQQHQ� ZH� HHQ�
DDQWDO�RSPHUNLQJHQ�PDNHQ�ELM�GH�JHVHOHFWHHUGH�SDUWLMHQ�HQ�LQ�KHW�DOJHPHHQ��

� %LM�GH�JRHGH�JURHS�LV�LHWV�PHHU�FRPSRVW�LQ�GH�EHGGHQ�JHEUXLNW�PDDU�GLW�KDG�JHHQ�HIIHFW�RS�
OXFKW�FRPSRVWWHPSHUDWXXU��

� %LM�GH�JRHGH�JURHS� LV� LHWV�PLQGHU�ELMYRHGPLGGHO� JHEUXLNW� HQ�GDDUPHH�NDQ�HHQ� LHWV� ODJHUH�
FRPSRVW�DFWLYLWHLW�YHUZDFKW�ZRUGHQ��,Q�GH�JRHGH�WHHOW����LV�GH�DFWLYLWHLW�YDQ�KHW�FRPSRVW�
]HHU� JHULQJ� ZDW� HFKWHU� QLHW� HHQ� ]ZDNNH� PDDU� LQ� GDW� JHYDO� HHQ� JRHGH� FKDPSLJQRQ�
RSOHYHUGH��

� :DWHUJHYHQ�WLMGHQV�GH�YOXFKW�ZRUGW�DOV�HHQ�ULVLFR�JH]LHQ�YRRU�GH�NZDOLWHLW�� ,Q���YDQ�GH���
VOHFKWH� WHHOWHQ� LV� LQGHUGDDG�ZDWHU� JHJHYHQ� WLMGHQV� GH� WZHHGH� YOXFKW�� HFKWHU� RRN� LQ� HHQ�
JRHGH�WHHOW�LV�ZDWHU�JHJHYHQ��+LHUXLW�NDQ�GXV�QLHW�FRQFOXGHUHQ�GDW�ZDWHU�JHYHQ�WLMGHQV�GH�
RRJVWSHULRGH�QLHW�JRHG�LV���

� ,Q���YDQ�GH��� VOHFKWH� WHHOWHQ� LV�GH� UHODWLHYH� OXFKWYRFKWLJKHLG�JHGXUHQGH�HHQ�DDQWDO�GDJHQ�
DDQ� KHW� EHJLQ� YDQ� GH� WZHHGH� YOXFKW� ODDJ�� +HW� LV� QLHW� EHNHQG� RI� ODJH� 59�� GXV� IOLQNH�
YHUGDPSLQJ��HHQ�UHODWLH�NDQ�KHEEHQ�PHW�KHW�NZDOLWHLWVYHUORRS��

� �� WHOHU�PHW� HHQ� VOHFKW� UHVXOWDDW� �QXPPHU������KHHIW� WLMGHQV�GH� WZHHGH�YOXFKW�JHFKORUHHUG�
VSURHLZDWHU�RS�GH�NQRSSHQ�JHVSURHLG��9DQ�FKORRU�LV�EHNHQG�GDW�KHW�GH�FKDPSLJQRQV�NDQ�
YHUNOHXUHQ��'H�FKDPSLJQRQV�]DJHQ�HU�ELM�GH�SOXN�PRRL�ZLW�XLW��

� (U� ]LMQ� WXVVHQ� EHLGH� JURHSHQ� JHHQ� RSYDOOHQGH� YHUVFKLOOHQ� LQ� NOLPDDWLQVWHOOLQJHQ� �OXFKW� HQ�
FRPSRVWWHPSHUDWXXU��&2��HQ�59��HQ�WHHOW�GXXU��$OOH�WZHHGH�YOXFKWHQ�HLQGLJHQ�URQG����
HQ����GDJHQ�QD�YXOOHQ�9HUGHU�]LMQ�HU�JHHQ�YHUVFKLOOHQ�WXVVHQ�GH�VOHFKWH�HQ�JRHGH�WHOHU�LQ�
VXEVWUDDWJHEUXLN��ZDWHUJLIWHQ��EHVWULMGLQJVPLGGHOHQ��

� 'H�EHRRUGHOLQJ�ELM�RRJVW�GRRU�(G�HQ�-RV�FRUUHOHUHQ�QLHW�PHW�YHUZDFKWH�NZDOLWHLWYHUORRS��
9DQ�GH�QX�JHVHOHFWHHUGH���JRHGH�WHOHUV�ZDV�KXQ�EHRRUGHOLQJ����PDWLJ�HQ���JRHG��%LM�WHHOW�
���ZHUG� RSJHPHUNW� GDW� WH� YHHO� VWXNV� RS� GH� EHGGHQ� VWRQGHQ�� GH]H� WHHOW� YLHO� WRFK� LQ� GH�
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JRHGH�NODVVH��9DQ�GH���VOHFKWH�WHOHUV�ZDV�KXQ�EHRRUGHOLQJ����PDWLJ�HQ���JRHG����]HOIV�]HHU�
JRHG���$OV�GH�DQDO\VH�PHWKRGHQ�GXV�NORSSHQ�]RDOV�GH�PDQLHU�YDQ�PHWHQ�HQ�GH�UHOHYDQWLH�
YDQ� �� YHUNOHXULQJ� GDQ� EOLMNW� KHW� GXV� ]HOIV� YRRU� HUYDUHQ� SHUVRQHQ� GLW� VOHFKW� WH�
NZDQWLILFHUHQ�HQ�YRRUVSHOOHQ��

�

�
)LJ����2YHU]LFKW�YDQ�GH�JHVHOHFWHHUGH�SDUWLMHQ�RS�EDVLV�YDQ�DQGHUH�NZDOLWHLWVSDUDPHWHUV��
/LQNVERYHQVWH�SDQQHO�LV�GH�ZHHUJDYH�YDQ�VQLMYODN�YHUNOHXULQJ��UHFKWVERYHQ�GH�
RQWZLNNHOLQJVVWDGLD�LQ�NODVVHV�HQ�OLQNVRQGHU�GH�VFKXEELJKHLG�JHVFRRUG�LQ�NODVVHV�YDQ�
VFKXEELJKHLG�HQ�ZHHUJHJHYHQV�DOV�SHUFHQWDJHV�YDQ�KHW�WRWDDO��
�
�
�
�
�
�

verkleuring s nijvlak 1e+2e s erie (locaties  1 - 10 op CB A t rays , zonder 103)
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Mat e v an s chubbi ghei d,  1e+2 e s er i e ( l ocat i es  7  -  10  op CB A t r ays ,  z onder  10 3 )
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�� 'H�FKDPSLJQRQ�PLFURDUUD\��
7HU�KHULQQHULQJ�QRJ�HYHQ�GH� DFKWHUJURQG�YDQ�GH�PLFURDUUD\��'H�PLFURDUUD\�EHVWDDW�XLW� VWXNMHV�
'1$�GLH�ZH�XLW�FKDPSLJQRQV�KHEEHQ�JHKDDOG�GLH�NOHLQH�YHUVFKLOOHQ� LQ�EUXLQ�YHUNOHXULQJ� OLHWHQ�
]LHQ��'H]H�EHLGH�'1$�SRROV�DINRPVWLJ�YDQ�ZLWWH�HQ�LHWV�YHUNOHXUGH�FKDPSLJQRQV�]LMQ�YDQ�HONDDU�
DIJHWURNNHQ� RP� GH� PHHVW� YHUVFKLOOHQG� WRW� H[SUHVVLH� NRPHQGH� JHQHQ� WH� VHOHFWHUHQ�� 9DQ� GH]H�
JHQHQ� LV� YHUYROJHQV� GH� '1$� YROJRUGH� EHSDDOG� HQ� ]LMQ� HU� ]RYHHO� PRJHOLMN� XQLHNH� JHQHQ�
JHVHOHFWHHUG� RP�RS� GH� DUUD\� WH� SODDWVWHQ��2PGDW� HU� QRJ� UXLPWH� RYHU�ZDV� ]LMQ� HU� RRN� QRJ� HHQ�
DDQWDO� QLHW� JHVHTXHQFGH� '1$� IUDJPHQWHQ� DDQ� GH� DUUD\� WRHJHYRHJG�� 'H]H� ]RXGHQ� NXQQHQ�
RYHUODSSHQ�PHW�DQGHUH�JHQHQ�RS�GH�DUUD\�ZDDU�ZH�GH�VHTXHQWLH�ZHO�YDQ�NHQQHQ�PDDU�GDW�LV�GXV�
RQEHNHQG��1DDVW�GH]H�HLJHQ�QLHXZH�VHTXHQWLHV�]LMQ�HU�HHQ�DDQWDO�'1$�VHTXHQWLHV�XLW�GH�SXEOLHNH�
GDWDEDVH�JHKDDOG�ZDDUYDQ�YHUZDFKW�ZRUGW�GDW� ]H�PRJHOLMN� HHQ� URO� VSHOHQ�ELM�KRXGEDDUKHLG�YDQ�
FKDPSLJQRQV��'H]H�'1$V�]LMQ�YHUYROJHQV�DOOHPDDO�YHUPHHUGHUG��RSJH]XLYHUG�HQ�JHVSRW�RS�HHQ�
NOHLQ�PLFURVFRRSJODDVMH��GH�PLFURDUUD\��'LW�LV�JHGDDQ�LQ�������GH�DUUD\�]LMQ�LQWXVVHQ�DO�ZHHU�PHHU�
GDQ���MDDU�RXG��+HW�LV�RQEHNHQG�RI�GH]H�ODQJH�EHZDULQJ�YDQ�GH�PLFURDUUD\V�HIIHFW�NDQ�KHEEHQ�RS�
GH� NZDOLWHLW� YDQ� GH� DUUD\V� RPGDW� HONH� DUUD\� GLH� VSHFLILHN� JHPDDNW� ZRUGW� ZHHU� DQGHUH�
HLJHQVFKDSSHQ�NDQ�KHEEHQ��:H�]LMQ�GDDURP�ELM� GH�QLHXZH� H[SHULPHQWHQ�PHW�GH]H� DUUD\V�ZHHU�
HYHQ� JDDQ� RSWLPDOLVHUHQ� YRRU� GH� MXLVWH� K\EULGLVDWLH� FRQGLWLHV�� 'DDUELM� ZRUGW� HHUVW� KHW� 51$�
JHwVROHHUG� XLW� KHW� LQJHYURUHQ� ZHHIVHO�� JHNZDQWLILFHHUG� HQ� ZRUGW� YHUYROJHQV� KHW]HOIGH� 51$� LQ�
WZHH� JHOLMNH� KRHYHHOKHGHQ� YHUGHHOG�� +HW� HQH� JHGHHOWH� ZRUGW� YHUYROJHQV� YDQ� HHQ� URRG�
IOXRUHVFHUHQG� VWRIMH� YRRU]LHQ�� KHW� DQGHUH� YDQ� HHQ� JURHQ� ODEHO��:DQQHHU� QX�EHLGH� ELM� GH� DUUD\V�
JHOLMN�JHK\EULGLVHHUG�ZRUGHQ�]RX�RS�HONH�VSRW�HYHQ�YHHO�JURHQ�DOV�URRG�VLJQDDO�PRHWHQ�RQWVWDDQ�
ZDW�ZRUGW�RPJH]HW�GRRU�GH�DQDO\VH�VRIWZDUH�LQ�HQ�JHOH�VSRW��=LMQ�HU�YHHO�VSRWV�WH�JURHQ�RI�DOOH�
VSRWV�WH�URRG�GDQ�JDDW�HU�LHWV�PHW�GH�ODEHOLQJ�YDQ�HHQ�YDQ�GH�NOHXUVWRIIHQ�QLHW�JRHG��=LMQ�HU�HFKWHU�
ZHLQLJ� VSRWV�� ]LMQ� GH� VSRWV� RQUHJHOPDWLJ� YDQ� JURRWWH� RI� ]LMQ� HU� DQGHUH� SUREOHPHQ� ]RDOV� GDW� HU�
ZHLQLJ�VLJQDDO�WH�]LHQ�LV�RI�RRN�QDDVW�GH�VSRWV�YHHO�DFKWHUJURQG�VLJQDDO�LV�NDQ�GDW�NRPHQ�GRRU�GH�
NZDOLWHLW�YDQ�GH�DUUD\�RI�GRRU�GH�K\EULGLVDWLH�FRQGLWLHV���
'LW�ODDWVWH�ZDV�GXV�KHW�JHYDO��:HLQLJ�VSRWV��YHHO�RQUHJHOPDWLJH�DFKWHUJURQG�VLJQDDO��RQUHJHOPDWLJH�
JHYRUPGH� VSRWV��'LW� LV� HQHU]LMGV� WH�YHUNODUHQ�GRRUGDW�GLW�GH� HHUVWH�JHQHUDWLH� F'1$�DUUD\V� ]LMQ�
WHUZLMO� HU�QX�PHHU�JHZHUNW�ZRUGW�PHW�JHKHHO� V\QWKHWLVFK�JHPDDNWH� DUUD\V��PDDU� DQGHU]LMGV�RRN�
PHW� GH� KXLGLJH� NZDOLWHLW� RI� K\EULGLVDWLH� FRQGLWLHV� WH� PDNHQ� KHEEHQ� RPGDW� HHUGHUH� DUUD\V� YHHO�
PHHU� VSRWV� HQ� HHQ� EHWHUH� VSRW� NZDOLWHLW� OLHWHQ� ]LHQ�� 'DDURP� ]LMQ� HU� HHQ� DDQWDO� H[SHULPHQWHQ�
XLWJHYRHUG�RP�GH�K\EULGLVDWLH�FRQGLWLHV�WH�YHUEHWHUHQ���
0HW�KHW� JHRSWLPDOLVHHUGH�SURWRFRO� ]LMQ�YHUYROJHQV�GH�JHVHOHFWHHUGH�SDUWLMHQ�JHDQDO\VHHUG�RS�GH�
DUUD\�� 'LW� LV� JHGDDQ� PHW� 51$� GDW� JHOLMNWLMGLJ� LV� JHLVROHHUG�� JHOLMNWLMGLJ� LV� JHODEHOG� HQ� RRN� GH�
K\EULGLVDWLHV�]LMQ�XLWJHYRHUG�RS�GH]HOIGH�GDJ�RP�]R�PLQ�PRJHOLMNH�YDULDWLHV�WH�LQWURGXFHUHQ��
��
�
�
�
�
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6HOHFWLH�YDQ�SDUWLMHQ�
=RDOV�HHUGHU�YHUPHOG�ZHUG�HU�HHQ�VHOHFWLH�JHPDDNW�YDQ�GH�SDUWLMHQ�FKDPSLJQRQV�DINRPVWLJ�YDQ�
YHUVFKLOOHQGH� WHOHUV� GLH�RS�GH�GDJ� YDQ�RRJVW� ��PP�ZDUHQ� HQ�ZDDUELM� HU� HHQ�YHUVFKLO�ZDV�QD� ��
GDJHQ� NRHOH� EHZDULQJ�� %LM� GH� VHOHFWLH� LV� UHNHQLQJ� JHKRXGHQ� PHW� GH� PDWH� HQ� KHW� YHUVFKLO� LQ�
KRHGRSHQLQJ��+LHURQGHU�LQ�WDEHO����QRJPDDOV�KHW�GHWDLO�RYHU]LFKW�YDQ�GH�JHEUXLNWH�SDUWLMHQ��
�
7DEHO����2YHU]LFKW�YDQ�GH�YRRU�GH�PLFURDUUD\�JHVHOHFWHHUGH�SDUWLMHQ��
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7DEHO����2YHU]LFKW�51$�LVRODWLH��
� 51$�QD�SUHFLSLWDWLH�����XO� 7RWDDO� +�2�
6DPSOH�� QJ�XO� 2'�������� 2'��������� XJ�XO� ��XJ�XO�
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9DQ�GH�VDPSOHV�LV�YHUYROJHQV�51$�JHwVROHHUG�YRRU�DQDO\VH�LQ�KHW�PLFURDUUD\�H[SHULPHQW��51$�LV�
JHwVROHHUG�PHW� EHKXOS� YDQ� GH�51HDV\�PLQLNLW� YDQ�4,$*(1��ZDDUQD� VDPSOHV� ]LMQ� JHSRROG� HQ�
YHUYROJHQV�PHW�'1DVH�,�EHKDQGHOG��RPGDW�'1$�VWRRUW�ELM�GH�DQDO\VH�YDQ�51$����'DDUQD�]LMQ�]H�
RSQLHXZ�JH]XLYHUG�YLD�HHQ�&KORURIRUP�,$$�H[WUDFWLH��9LD�HHQ�LVRSURSDQRO�SUHFLSLWDWLHVWDS�LV�KHW�
JH]XLYHUGH�51$�WHUXJJHEUDFKW�WRW�HHQ�HLQGFRQFHQWUDWLH�YDQ���µJ�µO��7DEHO������
*RHGH�HQ�VOHFKWH�FKDPSLJQRQSDUWLMHQ�]LMQ�YLD�KHW� ¶WZR�FRORU� UHIHUHQW�GHVLJQ·�RS�HHQ�VSHFLILHNH�
FKDPSLRQ�F'1$�DUUD\�PHW�HONDDU�YHUJHOHNHQ��+LHUELM�LV�KHW�UHIHUHQWLH�PDWHULDDO��SRRO�YDQ�51$V�
ZDDULQ�DOOH�WRW�H[SUHVVLH�NRPHQGH�JHQHQ�DDQZH]LJ�]LMQ��VDPHQJHVWHOG�YROJHQV�7DEHO����
�
��
7DEHO����6DPHQVWHOOLQJ�YDQ�51$�
UHIHUHQW��

�
�
�
�
�
�
�
�
�
�
�
� )LJ����2YHU]LFKW�YDQ�KHW�WZHH�NOHXU�UHIHUHQWLH�GHVLJQ�YDQ�GH��

� � � � � � � � � � PLFURDUU\�K\EULGLVDWLH��
�
'H�51$�VDPSOHV�YDQ�GH�PRQVWHUV�HQ�GH�UHIHUHQW�]LMQ�YLD�HHQ� LQGLUHFWH� ODEHOLQJ�JHNRSSHOG�PHW�
&\��G\H��URRG��HQ�UHIHUHQW�PDWHULDDO�PHW�&\��G\H��JURHQ��]LH�DSSHQGL[�����,Q�HHQ�DDQWDO�JHYDOOHQ��
YHUOLHS�GH�NRSSHOLQJ�QLHW�PHW�GH]HOIGH�HIILFLsQWLH�HQ�YRQG�HU�PHHU�&\��NRSSHOLQJ�SODDWV�GDQ�&\��
NRSSHOLQJ� �]LH� RQGHUVWDDQGH� WDEHO��� +LHUYRRU� ZRUGW� YLD� VRIWZDUH� PDWLJH� UHNHQPHWKRGHQ�
JHFRUULJHHUG� �JHQRUPDOLVHHUG��� 6RPPLJH� VOLGHV� KDGGHQ� HFKWHU� ZDVYOHNNHQ� GRRU� RQYROGRHQGH�
ZHJZDVVHQ�YDQ�ORV��QLHW�VSHFLILHN�JHK\EULGLVHHUG��ODEHO��'DDURP�]LMQ�HQNHOH�VOLGHV�H[WUD�JHZDVVHQ�
�HQ� ZDQQHHU� QRJ� VWHHGV� RQYROGRHQGH�� RSQLHXZ� XLWJHYRHUG�� 'H� GXSOR� VSRWV� RS� GH� DUUD\V� ]LMQ�
DSDUW�LQJHOH]HQ�RP�ODWHU�GH�UHSOLFHHUEDDUKHLG�YDQ�GH�VSRWLQWHQVLWHLW�WH�NXQQHQ�YROJHQ��
�
'DWD�DQDO\VH�PHW�ORFDOH�DFKWHUJURQG�FRUUHFWLH�
�
$OOH� VSRWV� GLH� YROGHGHQ� DDQ� GH� FULWHULD� 615!�� ]LMQ� LQJHOH]HQ� LQ� KHW� SURJUDPPD� *HQH0DWK�
ZDDUELM�VDPSOH�HQ�UHIHUHQW�LQ�WZHH�ODJHQ�ZRUGHQ�JHVFKHLGHQ��,QIRUPDWLH�DOV�GLDPHWHU�HQ�IODJV�]LMQ�
LQ�HHQ�DSDUWH�ODDJ�PHHJHQRPHQ�RP�ODWHU�ELDV�DOV�JHYROJ�YDQ�ZDVYOHNNHQ�RI�VSRWJURRWWH�WHUXJ�WH�

6DPSOH�� 5HIHUHQW�

�� ���µO� �����µJ�
��� ���µO� �����µJ��
��� ���µO� �����µJ��
���� ����������µO� ����µJ�
���� ���µO� �����µJ��
���� ���µO� �����µJ��
���� ���µO� �����µJ��
���� ���µO� �����µJ��
���� ���µO� �����µJ��
���� ���µO� �����µJ��

�����

���

�	�


���


�


�
��


����


����


����


�
	�


�
��



�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%�9��0HPEHU�RI�:DJHQLQJHQ�85� ���

NXQQHQ� WUDFHUHQ��'H�DFKWHUJURQG�ZRUGW�YLD�HHQ�QRUPDOH�VXEWUDFWLH�JHFRUULJHHUG�HQ�EHLGH� ODJHQ�
]LMQ�YHUYROJHQV�ORJ��JHWUDQVIRUPHHUG��9HUYROJHQV�LV�GH�UDWLR�WDUJHW�UHIHUHQW�JHQRPHQ��
'H�LQWHQVLWHLW�YHUVFKLOOHQ�WXVVHQ�KHW�&\��VLJQDDO�HQ�KHW�&\��VLJQDDO�ZDUHQ�QLHW�QRUPDDO�YHUGHHOG���
'LW� ]RX� NXQQHQ� NRPHQ�RPGDW� HU�PDDU�ZHLQLJ� VSRWV� RS� HHQ� DUUD\� DFWLHI� ]LMQ� HQ� KHHO� VSHFLILHN�
PDWHULDDO�JHEUXLNW� LV��NDSMH�YDQ�KRHG��� LQ�WHJHQVWHOOLQJ�WRW�HHUGHUH�H[SHULPHQWHQ�ZDDUELM�GH�KHOH�
KRHG��LQFOXVLHI�SODDWMHV�ZHUG�JHEUXLNW��
9HUYROJHQV�]LMQ�GH�H[SUHVVLH�GDWD�SHU�VOLGH�JHFOXVWHUG��6OLGH�����JURHSW�VDPHQ�LQ�ppQ�FOXVWHU�PHW�
VOLGH����������HQ������6OLGH�����HQ������GLH�RRN�VOHFKWH�SDUWLMHQ�YHUWHJHQZRRUGLJHQ�FOXVWHUHQ�
HFKWHU�DSDUW�YDQ�GH]H�FOXVWHU��'H�¶JRHGH�SDUWLMHQ·��PHW�XLW]RQGHULQJ�YDQ������FOXVWHUHQ�ZHO�PRRL�
VDPHQ���

�
�
�
�
�
�
�
�
�

)LJ����&OXVWHUDQDO\VH�PHW�SHDUVRQ�FRUUHODWLH�HQ�ERRWVWUDS�DQDO\VH��/LQNV��VOLGH�QXPPHUV��5HFKWV��
VDPSOH�QXPPHUV��
�
(HQ� 3ULQFLSDO� &RPSRQHQW� $QDO\VH� �3&$�� JHHIW� KHW]HOIGH� ZHHU� DOV� GH� FOXVWHUDQDO\VH� RYHU� GH�
DUUD\V��]LH�ILJXXU�����'H�VDPSOHV�ZRUGHQ�YULM�JRHG�XLW�HONDDU�JHWURNNHQ��PHW�GH�GXSOR·V�GLFKW�ELM�
HONDDU�PDDU�GH�JRHGH�SDUWLMHQ�HQ�GH�VOHFKWH�SDUWLMHQ�]LMQ�YRRUQDPHOLMN�PHW�DOOHHQ�GH�;�FRPSRQHQW�
WH�RQGHUVFKHLGHQ�HQ� OLJJHQ�GXV�QLHW�YHU�YDQ�HONDDU��'H�JHQHQ�]LMQ�ZHHUJHJHYHQ�DOV� WZHH� DSDUWH�
ZRONHQ��ZDW�WH�YHUZDFKWHQ�LV�YDQ�HHQ�QLHW�QRUPDOH�YHUGHOLQJ��
�
�
�
�
�
�
�
�
�
�
�
)LJ����3&$�DQDO\VH��;�FRPSRQHQW�LV��������GH�<�FRPSRQHQW�LV�������HQ�GH�=�FRPSRQHQW�LV�������
�
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�
2P�GLYHUVH� UHGHQHQ�YDQ�EHWURXZEDDUKHLG� YDQ�GH� DUUD\V�ZRUGW� HU� DOOHHQ� YHUGHU� JHJDDQ�PHW�GH�
VOLGHV� YDQ� GH� SDUWLMHQ� ���� ��� HQ� ���� YRRU� GH� JRHGH� SDUWLMHQ� HQ� ����� ����� ���� HQ� ���� YRRU� GH�
VOHFKWH�SDUWLMHQ��(HQ�FOXVWHUDQDO\VH�WXVVHQ�GH���JHVHOHFWHHUGH�SDUWLMHQ�OHYHUW�HHQ�EHWHUH�VFKHLGLQJ�
RS�WXVVHQ�GH�JRHGH�HQ�VOHFKWH�SDUWLMHQ��PHW�HHQ�RQGHUFOXVWHU�LQ�GH�VOHFKWH�SDUWLMHQ��'RRU�PLGGHO�
YDQ�¶SDWWHUQ�PDWFKLQJ·�ZRUGW�GH�YHUNOHXULQJ�RS�GDJ���YHUJHOHNHQ�PHW�KHW�YHUORRS�LQ�JHQH[SUHVVLH��
'RRU�HHQ�FULWHULXP�YDQ�S�����DDQ�WH�KRXGHQ�NDQ�HHQ�VHOHFWLH�YDQ�JHQHQ�JHPDDNW�ZRUGHQ�GLH�KHW�
YHUORRS�YDQ�GH�YHUNOHXULQJ�RS�GDJ���UHGHOLMN�YROJHQ��
(HQ�SULQFLSDO�FRPSRQHQW�DQDO\VH�OHYHUW�ELM�GH]H�VHOHFWLH�YDQ�SDUWLMHQ�HHQ�UHGHOLMNH�VFKHLGLQJ�RS��
PHW�HHQ�������YHUNODUHQGH�;�FRPSRQHQW��HHQ�������YHUNODUHQGH�<�FRPSRQHQW�HQ������YRRU�
GH� =�FRPSRQHQW�� %LM� HHQ� 3&$� DQDO\VH� ZRUGHQ� YHFWRUHQ� EHUHNHQG�� GLH� GH� YDULDWLH� LQ� GH�
JHQH[SUHVVLH�KHW�PHHVW�NXQQHQ�YHUNODUHQ��'LW�EHWHNHQW�GDW�HHQ�WDUJHW�QLHW�LQ�HHQ�EHSDDOGH�FOXVWHU�
RI�YODN�JHGZRQJHQ�ZRUGW��'LW�LV�QLHW�KHW�JHYDO�ELM�HHQ�'LVFULPLQDQW�$QDO\VH��+LHUELM�EHSDDO�MH�YDQ�
WH� YRUHQ� LQ� ZHONH� JURHS� HHQ� WDUJHW�� HYHQWXHHO� JHGZRQJHQ�� ZRUGW� LQJHGHHOG�� 7XVVHQ� GH� 3&$�
DQDO\VH� HQ� GH� 'LVFLPLQDQW� $QDO\VH� NRPHQ� JHGHHOWHOLMN� GH]HOIGH� NZDOLWHLWLQGLFDWRUJHQHQ� QDDU�
YRUHQ��ILJ�����
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ����3&$��$�	%��HQ�'LVFLPLQDQW�$QDO\VH��&	'��YRRU�GH���JHVHOHFWHHUGH�SDUWLMHQ��
�
'H�KHOH�SURFHGXUH�YDQ�DQDO\VH�LV�QRJPDDOV�KHUKDDOG�ZDDUELM�GH�HHUVWH�FRUUHFWLHV�QRUPDOLVDWLHV�RS�
HHQ�DQGHUH�PDQLHU�]LMQ�XLWJHYRHUG��QDPHOLMN�GRRU�JHEUXLN�WH�PDNHQ�YDQ�GH�OHJH�VSRWV�RS�GH�DUUD\��
'H�JHGDFKWH�DFKWHU�GH]H�DFKWHUJURQG�FRUUHFWLH�LV�GDW�LQ�GH]H�OHJH�VSRWV�GH�K\EULGLVDWLH�FRQGLWLHV�
KHW]HOIGH� LV� DOV� YRRU�GH� UHVW� YDQ�GH� VSRWV� HQ�GDW�KHW� VLJQDDO� YDQ�GH]H� OHJH�QHJDWLHYH� VSRWV� HHQ�
EHWHUH�EHQDGHULQJ�YRRU�GH�DFKWHUJURQG�]LMQ�GDQ�GH�ORFDOH�DFKWHUJURQG�RP�HHQ�VSRW�KHHQ���
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(HQ�3&$�DQDO\VH�JHHIW�KHW]HOIGH�EHHOG�ZHHU�DOV�GH�FOXVWHUDQDO\VH��ZDDUELM�VOLGH�����ELM�GH�VOHFKWH�
SDUWLMHQ�VDPHQ�JURHSHHUW��'LW�ZDV�RRN�KHW�JHYDO�ELM�GH�DQDO\VH�PHW�ORFDOH�DFKWHUJURQG�FRUUHFWLH��
�
�
�
�
�
�
�
�
�
�
�
)LJ����3&$�DQDO\VH�RYHU�DOOH�DUUD\V��;�FRPSRQHQW�YHUNODDUW�������YDQ�GH�YDULDWLH��GH�<�
FRPSRQHQW������HQ�GH�<�FRPSRQHQW�������
�
(HQ�3&$� HQ�'LVFULPLQDQW� DQDO\VH� ODWHQ� HHQ� GXLGHOLMNH� VFKHLGLQJ� ]LHQ� WXVVHQ� JRHGH� SDUWLMHQ� HQ�
VOHFKWH� SDUWLMHQ�� 'H� JHQHQZRON� GLH� GH� 3&$� YHUNODDUW� LV� HUJ� ZLMG� HQ� YHUVSUHLG� ZDDUGRRU� HHQ�
VHOHFWLH�YDQ�JRHGH�LQGLFDWRUJHQHQ�EHPRHLOLMNW�ZRUGW��*HQHQ�GLH�KHW�PHHVW�DDQ�GH�UDQG�OLJJHQ�]LMQ�
PHW�GH�KDQG�JHVHOHFWHHUG�LQ�GH�KRRS�GDW�GLW�GH�PHHVW�YHUNODUHQGH�FRPSRQHQWHQ�]LMQ��
(HQ�¶SDWWHUQ�PDWFKLQJ·�DQDO\VH�OHYHUW�QX�ZHO�LQGLFDWRUJHQHQ�RS�GLH�UHGHOLMN�KHW�NZDOLWHLWVYHUORRS��
YROJHQ��(U� LV�]RZHO�HHQ�SRVLWLHYH�DOV�HHQ�QHJDWLHYH�YHUJHOLMNLQJ�XLWJHYRHUG� �WRHQDPH�RI�DIQDPH�
YDQ�H[SUHVVLHSURILHO��PHW�DOV�YRRUZDDUGH�S������
�
+HUKDOLQJ�YDQ�0LFURDUUD\�H[SHULPHQW�LQ�HQNHOYRXG�
�
2P� ]HNHU� WH� ]LMQ� YDQ� GH� YHUNUHJHQ� UHVXOWDWHQ� LV� HU� JHNR]HQ� YRRU� HHQ� KHUKDOLQJ� YDQ� KHW� KHOH�
YRRUJDDQGH� H[SHULPHQW�� 'LW� NHHU� ]LMQ� GH� VDPSOHV� LQ� HQNHOYRXG� JHWHVW� RPGDW� KHW� DDQWDO� QRJ�
UHVWHUHQGH�PLFURDUUD\�VOLGHV�RQYROGRHQGH�ZDV�YRRU�HHQ�KHHO�H[SHULPHQW�LQ�GXSOR���
2S�EDVLV�YDQ�QDQRGURS�PHWLQJHQ�ZDV�WH�FRQFOXGHUHQ�GDW�GH�G\H�NRSSHOLQJHQ�GLW�NHHU�EHWHU�ZDUHQ�
YHUORSHQ��+HW�DDQWDO�VSRWV�GDW�HHQ�615!��EHYDW�ZDV�HFKWHU�ODJHU�GDQ�GH�YRULJH�NHHU��(HQ�YDQ�GH�
RRU]DNHQ� KLHUYRRU� LV� GH� PHHU� VWULQJHQWHUH� ZDVVWDSSHQ� QD� K\EULGLVDWLH�� 'LW� LV� JHGDDQ� RP�
DFKWHUJURQG�VLJQDDO�WH�UHGXFHUHQ��'H�VOLGHV�]LMQ�LQGHUGDDG�YHHO�VFKRQHU���
(HQ� VHOHFWLH� YDQ� JHQHQ� GLH� ����RI�PLQGHU�PLVVLQJ� YDOXHV� EH]LWWHQ� ]LMQ� RYHUJHEUDFKW� QDDU� HHQ�
DSDUWH�VXEVHW�HQ�OHJH�SOHNNHQ�]LMQ�LQJHYXOG�YLD�HHQ�.�QHDUHVW�QHLJKERXU��HXFOLGLDQ�GLVWDQFH���
:DQQHHU�HHQ�3&$�DQDO\VH�ZRUGW�XLWJHYRHUG��ZRUGHQ�GH�VOHFKWH�SDUWLMHQ�FKDPSLJQRQV�JHVFKHLGHQ�
YDQ� GH� JRHGH� SDUWLMHQ�� 0HW� GH� ¶ODVVR�WHFKQLHN·� ]LMQ� GH� XLWHUVW� OLQNV� HQ� UHFKWV� OLJJHQGH� JHQHQ�
JHVHOHFWHHUG��
�
�
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�
)LJ�����3&$�DQDO\VH��;�FRPSRQHQW�YHUNODDUW�������YDQ�GH�YDULDWLH��GH�<�FRPSRQHQW������HQ�GH�
=�FRPSRQHQW�������

)LJ�����3DWWHUQ�PDWFKLQJ�DQDO\VLV��
�
3DWWHUQ�PDWFKLQJ�OHYHUW�LQ�WRWDDO�PDDU���JHQHQ�RS�ZDQQHHU�HHQ�FULWHULXP�YDQ�S�����DDQJHKRXGHQ�
ZRUGW��2SPHUNHOLMN�LV�GDW�YLHU�YDQ�GH]H�JHQHQ�SRWHQWLsOH�W\URVLQDVH�JHQHQ�]LMQ���
�
+RHZHO� GH� NZDOLWHLW� YDQ� GH� VOLGHV� PLQGHU� RSWLPDDO� ZDUHQ�� ZDDUVFKLMQOLMN� GRRU� GH� WLMG� WXVVHQ�
SULQWHQ� HQ� JHEUXLN�� ZDV� KHW� WRFK� PRJHOLMN� RP� HHQ� UHHNV� YDQ� SRWHQWLsOH� LQGLFDWRUJHQHQ� WH�
VHOHFWHUHQ��'LW� LV� JHGDDQ�GRRU� GH� JHQHQ� YDQ� GH� YHUVFKLOOHQGH� VRIWZDUH�PDWLJH� EHQDGHULQJHQ� WH�
UDQJRUGHQHQ� HQ� JHQHQ� WH� VHOHFWHUHQ� GLH� LQ� PHHUGHUH� DQDO\VHV� HHQ� KRJH� ZDDUVFKLMQOLMNKHLG� YDQ�
EHWURNNHQKHLG�PHW�GH�HLJHQVFKDS�WHQWRRQVWHOOHQ��'H�EHWURXZEDDUKHLG�YDQ�GH]H�JHQHQOLMVW�PRHW�
QDWXXUOLMN�YHUGHU�JHsYDOXHHUG�ZRUGHQ�RPGDW�KHW�QLHW�WH�YRRUVSHOOHQ�LV�KRHYHHO�ELDV�HU�YHURRU]DDNW�
LV�GRRU�GH�KRJH�DFKWHUJURQG�VLJQDOHQ�DDQZH]LJ� LQ�KHW�PLFURDUUD\�H[SHULPHQW��'H�EUXLNEDDUKHLG�
YDQ� GH� JHYRQGHQ� JHQHQ� YRRU� YRRUVSHOOLQJ� YDQ� NZDOLWHLW� NDQ� DOOHHQ� JHWRHWVW� ZRUGHQ� PHW� HHQ�
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XLWJHEUHLGH�YDOLGDWLH�YDQ�GH�JHYRQGHQ�LQGLFDWRUJHQHQ�GRRU�PLGGHO�YDQ�T3&5��%HODQJULMN�KLHUELM�LV�
GDW�HU�YROGRHQGH�JRHGH�HQ�VOHFKWH�NZDOLWHLW�VDPSOHV�JHEUXLNW�ZRUGHQ�RP�GH�FRUUHODWLH�WXVVHQ�KHW�
JHQH[SUHVVLH��HQ�NZDOLWHLWVYHUORRS�RSWLPDDO�WH�WHVWHQ��
�
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�� 2S�ZHJ�QDDU�HHQ�DVVD\�YRRU�GH�SUDNWLMN�
�
9RRU�GH�SUDNWLMN�LV�KHW�QDWXXUOLMN�EHODQJULMN�KRH�HHQ�XLWHLQGHOLMNH�DVVD\�HUXLW�NRPW�WH�]LHQ�HQ�ZDW�
GDDU�YRRU�QRGLJ�LV��$OOHUHHUVW�KHE�MH�GH�LQGLFDWRU�JHQHQ�QRGLJ�ZDDUDDQ�GH�YRRUVSHOOLQJ�VWUDNV�LV�DI�
WH� OH]HQ�� +RH� GH� H[SUHVVLH� JHJHYHQV� VWUDNV� LQ� HHQ� EHSDDOG� DGYLHV� YHUWDDOG� ]DO� ZRUGHQ� ]DO� LQ�
RYHUOHJ�JDDQ�LQ�GH�LPSOHPHQWDWLH�IDVH�PHW�GH�EHGULMYHQ�GLH�GH�WHVW�ZHQVHQ�WH�JHEUXLNHQ�HQ�YRRU�
KXQ�SURGXFW�HQ�NHWHQ�ZLOOHQ�DIVWHPPHQ��0DDU�QDDVW�GH�JHQHQ�HQ�GH�FODVVLILFDWLH�LV�HU�PHHU�QRGLJ��
'H�DUUD\�]RDOV�JHEUXLNW�LQ�GH]H�VWXGLH�LV�QDPHOLMN�WH�GXXU�RP�URXWLQHPDWLJ�WH�JHEUXLNHQ��+LHUYRRU�
PRHWHQ� GH� JHVHOHFWHHUGH� JHQHQ� RPJH]HW� ZRUGHQ� LQ� HHQ� DQGHUH� H[SUHVVLH� DQDO\VH� PHWKRGH�
QDPHOLMN�5HDO�7LPH�3&5�RI�T3&5��NZDQWLWDWLHYH�3&5���,Q�KHW�YRULJH�RQGHU]RHN�LV�HU�DO�HUYDULQJ�
RS�JHGDDQ�PHW�KHW�YHUWDOHQ�YDQ�JHQ�H[SUHVVLH�RS�GH�DUUD\�QDDU�JHQHQ�PHW�5HDO�7LPH�3&5��:H�
KHEEHQ�WRHQ�ODWHQ�]LHQ�GDW�YRRU���YDQ�GH���JHQHQ�GH]H�YHUWDDOVODJ�KHHO�JRHG�JLQJ�PDDU�GDW���JHQ�
MXLVW�HHQ�KHHO�DQGHU�EHHOG� OLHW�]LHQ�PHW�5HDO�7LPH�3&5�GDQ�ZH�GDFKWHQ�WH�YLQGHQ�RS�EDVLV�YDQ�
PLFURDUUD\�JHJHYHQV��'LW�NRPW�YDNHU�YRRU�GRRU�DOOHUOHL�PRJHOLMNKHGHQ��0DDU���XLW�GH���GLH�JRHG�
JLQJHQ�LV�HHQ�PRRLH�VFRUH�GLH�YHUWURXZHQ�JHHIW�GDW�GH�PHHVWH�YDQ�GH����JHQHQ�GLH�ZH�QX�]RXGHQ�
VHOHFWHUHQ�ZHO�HIILFLsQW�RYHU�WH�]HWWHQ�]LMQ�QDDU�HHQ�5HDO�7LPH�3&5�WHVW��
'DQ�GH�VDPSOLQJ��+HW�]RX�WH�GXXU�]LMQ�DOV�HHQ�DQDO\VH�VHUYLFH� ODERUDWRULXP�DOOH�EHGULMYHQ� ODQJV�
]RX� PRHWHQ� �PHW� EY� YORHLEDDU� VWLNVWRI�� RP� PRQVWHUV� RS� WH� KDOHQ�� %LM� DQGHUH� WRHWVHQ� LV� GLW�
RSJHORVW�PHW�HHQ�PRQVWHUNLW�GLH�LV�VDPHQJHVWHOG�GRRU�1VXUH��KHW�VSLQ�RII�EHGULMI�YDQ�:85�GDW�
GHJHOLMNH�WHVWHQ�RS�HHQ�URXWLQHPDWLJH�EDVLV�DDQELHGHQ��'H�NLW�EHVWDDW�XLW�HHQ�]DNMH��HHQ�GUXSSHODDU�
HQ� HHQ�NDDUWMH��+HW� LV� GH�EHGRHOLQJ�GDW� GH� FKDPSLJQRQ�RI� HHQ� VWHHNSURHI� YDQ�PDWHULDDO� LQ�KHW�
]DNMH�JHVWRSW�ZRUGW�PHW�ZDW�ZDWHU��9HUYROJHQV�KHW�FKDPSLJQRQ�ZHHIVHO�JRHG�YHUPDOHQ�ZRUGW�HQ�
GDQ� HHQ� GUXSSHOWMH� YORHLVWRI� PHW� GH� GUXSSHODDU� RS� KHW� NDDUWMH� ZRUGW� JHGUXSSHOG�� =RGUD� GH]H�
GUXSSHO� LV� LQJHGURRJG� NDQ� KHW� NDDUWMH� PHW� GH� SRVW� RSJHVWXXUG� ZRUGHQ� QDDU� KHW�
RQGHU]RHNVODERUDWRULXP��'DDU�ZRUGW�HHQ�VWXNMH�XLW�KHW�NDDUWMH�JHVQHGHQ�ZDDUXLW�KHW�51$�ZRUGW�
JHLVROHHUG��'H�RSEUHQJVW�DDQ�51$�LV�GDQ�QLHW�YHHO�PDDU�JHQRHJ�YRRU�KHW�XLWYRHUHQ�YDQ�GH�5HDO�
7LPH�3&5�WHVWHQ��
'H]H� PHWKRGH� KHEEHQ� ZH� RRN� YRRU� FKDPSLJQRQ� JHWHVW�� ,QGLHQ� HU� JHHQ� ZDWHU� DDQ� GH�
FKDPSLJQRQV�ZHUG�WRHJHYRHJG�ELM�KHW�PDOHQ�EOHHN�KHW�51$�YDQ�VOHFKWH�NZDOLWHLW�HQ�EUDN�KHW�DI�
WLMGHQV�KHW�LVROHUHQ�YDQ�GH�NDDUWMHV��%LM�KHW�PDOHQ�LQ�ZDWHU�JLQJ�KHW�DO�EHWHU��(U�ZHUG�HHQ�YHUJHOLMN�
JHPDDNW� PHW� GH� PHWKRGH� ZDDUELM� KHW� PDWHULDDO� LQJHYURUHQ� ZHUG� LQ� YORHLEDDU� VWLNVWRI�� RQ]H�
VWDQGDDUG�PHWKRGH��9DQ� GH� �� JHQHQ� GLH� YHUYROJHQV� JHDQDO\VHHUG�ZHUGHQ�PHW�5HDO� 7LPH� 3&5�
JDYHQ���HHQ�YHUJHOLMNEDDU�UHVXOWDDW��HFKWHU�HHQ�JHQ�ZHHN�DI�WXVVHQ�EHLGH�PHWKRGHQ��+HW�NDQ�GXV�
]LMQ� GDW� RQVWDELHOH� 51$� PROHFXOHQ� QRJ� QLHW� JHQRHJ� JHEXIIHUG� ZRUGHQ� WLMGHQV� KHW� PDOHQ� HQ�
IL[HUHQ�RS�GH�NDDUWMHV��'DDURP�]RX�GLW�SURWRFRO�QRJ�LHWV�YHUGHU�JHRSWLPDOLVHHUG�PRHWHQ�ZRUGHQ�
]RGDW�DOOH�51$·V�GLH�JHEUXLNW�]XOOHQ�ZRUGHQ�YRRU�GH�NZDOLWHLWVGLDJQRVWLHN�JHVWDELOLVHHUG�ZRUGHQ��
7H� GHQNHQ� LV� DDQ� R[LGDVH� LQKLELWRUV� RPGDW� ZH� YHUZDFKWHQ� GDW� GH]H� R[LGHUHQGH� HQ]\PHQ� HQ�
PHWDEROLHWHQ�VFKDGH�NXQQHQ�DDQEUHQJHQ�DDQ�GH�51$V��
�
�
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�
)LJ�����2YHU]LFKW�YDQ�KHW�NDDUWMH�HQ�PHWKRGH�GLH�JHEUXLNW�ZRUGW�YRRU�KHW�URXWLQHPDWLJ�
EHPRQVWHUHQ��
�
�
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�� &RQFOXVLHV�
�
 �:HGHURP� LV� JHEOHNHQ�GDW�KHW�NZDOLWHLWVYHUORRS�YDQ�SDUWLMHQ�YDULDEHO� HQ�PHW�KXLGLJH�YLVXHOH�

WRROV�HQ�SURGXFWNHQQLV�QLHW�WH�YRRUVSHOOHQ�LV��
 �(U�]LMQ�JHHQ�WHHOW�IDFWRUHQ�JHYRQGHQ�GLH�NZDOLWHLWVYHUORRS�]RXGHQ�NXQQHQ�YRRUVSHOOHQ��
 �8LW�GH�VDPSOHV�]LMQ���SDUWLMHQ�JHVHOHFWHHUG�GLH�YHUGHHOG�ZHUGHQ� LQ�JRHG�KRXGEDUH�HQ�VOHFKW�

KRXGEDUH�SDUWLMHQ��'H�PHHVW�H[WUHPHQ�SDUWLMHQ�]LMQ�KLHU�QLHW�LQ�RSJHQRPHQ���
 �'H� PLFURDUUD\V� ]LMQ� XLWJHYRHUG� PHW� GDJ� �� VDPSOHV� GLH� HLJHQKDQGLJ� YDQ� KHW� EHG� ZDUHQ�

JHRRJVW���
 �0LFURDUUD\V� OHNHQ�ZHO� HQLJV]LQV� LQ� NZDOLWHLW� DFKWHUXLW� JHJDDQ�� HU� LV� H[WUD�PRHLWH� JHGDDQ� GH�

H[SHULPHQWHQ�WH�RSWLPDOLVHUHQ��
 2S� HHQ� HQNHOH� SDUWLM� QD� �HQ� DIKDQNHOLMN� YDQ� GH� DQDO\VH�� NRQGHQ� GH� SDUWLMHQ� RS� EDVLV� YDQ�

YHUVFKLOOHQ�LQ�JHQH[SUHVVLH�YHUGHHOG�ZRUGHQ�LQ�GH]HOIGH�NODVVH�LQGHOLQJ�GLH�JHYRUPG�ZDV�RS�
EDVLV�YDQ�EHZDDUEDDUKHLG���GDJHQ�ELM���JUDGHQ���

 'H� PLFURDUUD\V� KHEEHQ� JHOHLG� WRW� HHQ� VHOHFWLH� YDQ� JHQHQ� GLH� KHW� YDDNVW� YRRUNRPHQ� DOV�
LQGLFDWRU�JHQHQ�LQ�GH�YHUVFKLOOHQGH�DQDO\VHV��

 %LQQHQ� GH� VHOHFWLH� JHQHQ� ZDDUYDQ� HHQ� PRJHOLMNH� ELRORJLVFKH� IXQFWLH� EHNHQG� LV� ]LWWHQ� YHHO�
JHQHQ�ZDDUYDQ�DDQQHPHOLMN�LV�GDW�]H�HHQ�URO�NXQQHQ�VSHOHQ�LQ�EUXLQYHUNOHXULQJ�

 .OHLQH�RSWLPDOLVDWLHV�DDQ�GH�URXWLQHPDWLJH��EHPRQVWHULQJ�PHWKRGH��GH�)7$�VFRUHFDUG��]XOOHQ�
QRGLJ�]LMQ�YRRU�EHWURXZEDUH�LPSOHPHQWDWLH�LQ�GH�SUDNWLMN�

 'LW�RQGHU]RHN�OHJW�HHQ�JRHGH�EDVLV�YRRU�KHW�YHUGHU�RQWZLNNHOHQ�YDQ�GH�WHVW��HU�OLJW�HHQ�PRRLH�
YHU]DPHOLQJ�DDQ�PDWHULDDO�RP�GH�WRHWV�RS�WH�LMNHQ�HQ�ZH�NXQQHQ�HHQ�VHOHFWLH�PDNHQ�YDQ�URQG�
GH����JHQHQ�ZDDUELQQHQ�GH�EHODQJULMNVWH�LQGLFDWRU�JHQHQ�JHVHOHFWHHUG�NXQQHQ�ZRUGHQ��9RRU�
HHQ�WRHWV�]XOOHQ�GH]H�HHUVW�LQ�HHQ�5HDO�7LPH�3&5�RPJH]HW�PRHWHQ�ZRUGHQ��
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�� 9HUYROJWUDMHFW�
�
1X� HU� HHQ� VHOHFWLH� XLW� GH� KRQGHUGHQ� PRJHOLMNH� JHQHQ� JHPDDNW� NDQ� ZRUGHQ� HQ� HU� HHQ� JURWH�
YHU]DPHOLQJ� DDQ� GDJ� R� HQ� GDJ� ��� VDPSOHV� LQ� GH� YULH]HU� OLJJHQ� ZDDUDDQ� KHW� NZDOLWHLWVYHUORRS�
EHNHQG�LV��NDQ�PHW�ZHLQLJ�LQVSDQQLQJ�GH�YROJHQGH�VWDS�JH]HW�ZRUGHQ��'DDUYRRU�]RXGHQ�GH�JHQHQ�
RPJH]HW�PRHWHQ�ZRUGHQ�LQ�5HDO�7LPH�3&5�HQ�PRHW�YHUYROJHQV�YDQ�]RYHHO�PRJHOLMN�SDUWLMHQ�GH�
JHQ�H[SUHVVLH�EHSDDOG�ZRUGHQ��'DDUQD�]DO�EOLMNHQ�RI�ZH�RRN�RS�HHQ�JURWH�UHHNV�DDQ�PRQVWHUV�WRW�
HHQ�JRHGH�NZDOLWHLWVYRRUVSHOOLQJ�LQ�VWDDW�]LMQ�HQ�ZHONH�JHQHQ��YDQ�GH�����GDW�KHW�EHVW�NXQQHQ��:H�
KRSHQ� PHW� ]R� PLQ� PRJHOLMNH� JHQHQ� HHQ� ]R� JURRW� PRJHOLMN� EHWURXZEDDUKHLG� LQ�
NZDOLWHLWVYRRUVSHOOLQJ�WH�EHUHLNHQ��
+LHUQD�YROJW�HHQ�JR�QR�JR�PRPHQW��
%LM� HHQ�*R� ]DO� GH� YROJHQGH� VWDS� ]LMQ� RP� GH� VDPSOH�PHWKRGH� YHUGHU� WH� RSWLPDOLVHUHQ��'DDUQD�
YROJW� HHQ� IDVH� ZDDUELM� JH]DPHQOLMN� PHW� JHwQWHUHVVHHUGH� EHGULMYHQ� GH� PHWKRGH� LQ� GH� SUDNWLMN�
JHsYDOXHHUG� HQ� JHwPSOHPHQWHHUG� ZRUGW��+LHUELM� ]DO� RRN� KHW� VSLQ�RII� EHGULMI� YDQ�:85��1VXUH�
EHWURNNHQ�ZRUGHQ�HQ�HHQ�EHODQJULMNH�URO�VSHOHQ��
�

� 7LMGHQV�GH�EHJHOHLGLQJVFRPPLVVLH�YHUJDGHULQJ�LV�DIJHVSURNHQ�GDW�HHQ�$�WMH�JHVFKUHYHQ�]DO�
ZRUGHQ�RP�JHwQWHUHVVHHUGH�WH�NXQQHQ�YRRUOLFKWHQ�RYHU�GH�PHWKRGH��GH�PRJHOLMNKHGHQ�HQ�
GH�VWDQG�YDQ�]DNHQ��

� 'H]H�]DO�YRRUJHOHJG�ZRUGHQ�DDQ�GH�3$&��YLD�-DQ�9LQN���GH�SURYLQFLH��$QWRQ�6RQQHQEHUJ��
HQ�]RYHHO�PRJHOLMN�RUJDQLVDWLHV� LQ�GH�YHUVNHWHQV��*UHHQHU\��%DQNHQ��3ULPFKDPS�HWF��GLW�
NDQ�]RZHO�YLD�$	)��'/9��37�HQ�35,��LHGHU�]DO�GDDURP�GH]H�$�WMH�WRHJH]RQGHQ�NULMJHQ��

� +HW�]DO�RRN�ELM�GH�3$&�YDQ�MDQXDUL�LQJHEUDFKW�HQ�EHVSURNHQ�ZRUGHQ�RP�WH�RYHUOHJJHQ�RI�
37�GDDU�]LFK�RRN�ILQDQFLHHO�DDQ�JDDW�YHUELQGHQ�LQ�VDPHQZHUNLQJ�PHW�DQGHUH�EHGULMYHQ��

� 7HYHQV� ]DO� DDQ�1VXUH� YRRUJHVWHOG�ZRUGHQ�KRH�GH]H� LQ�GHUJHOLMNH� YHUYROJ�RQGHU]RHN�NDQ�
SDUWLFLSHUHQ�HQ�HYHQWXHHO�ILQDQFLHHO�ELMGUDJHQ��


