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$EVWUDFW
7KLV�VWXG\�WRRN�SODFH�ZLWKLQ�WKH�IUDPHZRUN�RI�D�JHQHUDO�XSGDWH�RI�WKH�DYHUDJH�UDGLDWLRQ�GRVH
IRU�WKH�'XWFK�SRSXODWLRQ��,W�IRFXVHV�RQ�FRQVXPHU�SURGXFWV�LQ�ZKLFK�UDGLRQXFOLGHV�KDYH�EHHQ
LQWHQWLRQDOO\�LQFRUSRUDWHG�DQG�RQ�UDGLDWLRQ�HPLWWLQJ�GHYLFHV�WKDW�FDQ�EH�VXSSOLHG�WR�PHPEHUV
RI WKH� SXEOLF�ZLWKRXW� VSHFLDO� VXUYHLOODQFH��(OHYHQ� FRQVXPHU� SURGXFWV�ZHUH� VWXGLHG� LQ�PRUH
GHWDLO��7KH�UDGLDWLRQ�IURP�WKHVH�SURGXFWV�GHWHUPLQHG�����RI�WKH�WRWDO�FROOHFWLYH�GRVH�GXH�WR
FRQVXPHU�SURGXFWV�LQ�WKH�1HWKHUODQGV�LQ�������,QGLYLGXDO�DQG�FROOHFWLYH�GRVHV�DUH�SUHVHQWHG
KHUH�IRU�HDFK�SURGXFW�
7KH WRWDO�FROOHFWLYH�GRVH�KDV�GHFUHDVHG�IURP�����SHUVRQ6Y�LQ������WR�����SHUVRQ6Y�DW�SUHVHQW�
7KLV UHGXFWLRQ� ZDV� DWWULEXWHG� WR�� D� GHFUHDVH� LQ� WKH� QXPEHU� RI� UDGLRDFWLYH� SURGXFWV� �JDV
PDQWOHV��� ORZHU� HVWLPDWHV� RI� WKH� QXPEHU� RI� UDGLRDFWLYH� SURGXFWV� SUHVHQW� LQ� WKH�1HWKHUODQGV
WKDQNV�WR�QHZ�LQIRUPDWLRQ��FDPHUD�OHQVHV��VPRNH�GHWHFWRUV�FRQWDLQLQJ�5D�������UHSODFHPHQW
RI UDGLRDFWLYH� E\� QRQ�UDGLRDFWLYH� SURGXFWV� �JDV� PDQWOHV�� GHQWDO� SURWKHVHV��� DQG� D� ORZHU
HVWLPDWH�RI� WKH�GRVH� UDWH� IRU�FHUWDLQ�SURGXFWV� �VPRNH�GHWHFWRUV��9'7���6RPH�SURGXFWV�ZHUH
VKRZQ�WR�EH�XQDYDLODEOH�RQ�WKH�'XWFK�FRQVXPHU�PDUNHW�EHFDXVH�LPSRUWLQJ�DQG�VHOOLQJ�WKHP
ZDV SURKLELWHG� �DQWLVWDWLF� EUXVKHV�� RU� EHFDXVH� WKH� SURGXFWV� ZHUH� RQO\� DYDLODEOH� IRU
SURIHVVLRQDO�XVHUV��7,*�ZHOGLQJ�HOHFWURGHV���2QO\�D�IHZ�SURGXFWV�VKRZHG�D�VLJQLILFDQW�FKDQJH
LQ�UDGLRQXFOLGH�FRQWHQW��,Q�VXPPDU\���������RI�WKH�UHGXFWLRQ�LV�GXH�WR�D�UHDOLVWLF�GHFUHDVH�LQ
WKH�QXPEHU�RI�UDGLRDFWLYH�SURGXFWV��7KH�UHPDLQLQJ��������LV�GXH�WR�D�EHWWHU�HVWLPDWLRQ�RI�WKH
QXPEHU�RI�SURGXFWV�DQG�WKH�GRVH�UDWH�
7KH ODUJHVW� UHGXFWLRQ� RI� WKH� WRWDO� FROOHFWLYH� GRVH� ZDV� UHDOLVHG� WKURXJK� WKH� GHFUHDVH� LQ� WKH
QXPEHU�RI�UDGLRDFWLYH�JDV�PDQWOHV��7KH�FRQWULEXWLRQ�RI�JDV�PDQWOHV�WR�WKH�FROOHFWLYH�GRVH�KDV
GHFUHDVHG�IURP����SHUVRQ6Y�LQ������WR���SHUVRQ6Y�SHU�\HDU�DW�SUHVHQW��7KH�WRWDO�QXPEHU�RI
JDV�PDQWOHV�KDV�GHFUHDVHG�E\�D�IDFWRU�RI� WKUHH�RI�ZKLFK�VWLOO�����WK� LV�UDGLRDFWLYH�� �$�IXUWKHU
UHGXFWLRQ� LQ� WKH� FRQWULEXWLRQ� RI� FRQVXPHU� SURGXFWV� LV� WR� EH� H[SHFWHG� DV� D� QXPEHU� RI
UDGLRDFWLYH�SURGXFWV�ZLOO�EH�SODFHG�RQ�D�OLVW�RI�QRQ�MXVWLILHG�DSSOLFDWLRQV�DV�D�UHVXOW�RI�WKH�QHZ
'XWFK�5DGLDWLRQ�3URWHFWLRQ�$FW�
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6DPHQYDWWLQJ
,Q� KHW� NDGHU� YDQ� HHQ� DOJHKHOH� KHUEHUHNHQLQJ� YDQ� GH� JHPLGGHOGH� VWUDOHQEHODVWLQJ� YDQ� GH
1HGHUODQGVH� EHYRONLQJ� LV� RQGHU]RHN� XLWJHYRHUG� QDDU� GH� VWUDOHQEHODVWLQJ� GRRU� JHEUXLNV�
DUWLNHOHQ�� 9RRU� HOI� FDWHJRULsQ� YDQ� JHEUXLNVDUWLNHOHQ�� GLH� ����� ���� YDQ� GH� GRRU� JHEUXLNV�
DUWLNHOHQ� YHURRU]DDNWH� FROOHFWLHYH� GRVLV� YHUWHJHQZRRUGLJGHQ�� ]LMQ� JHJHYHQV� YHU]DPHOG� RYHU
KHW� W\SH� SURGXFW�� GH� DFWLYLWHLW� SHU� SURGXFW�� GH� UHGHQ� ZDDURP� UDGLRDFWLYLWHLW� ZRUGW� RI� ZHUG
WRHJHSDVW��HQ�KHW�DDQWDO�YDQ�GLW�VRRUW�SURGXFWHQ�GDW�LQ�1HGHUODQG�JHEUXLNW�ZRUGW��2S�EDVLV�YDQ
GH]H�JHJHYHQV�LV�GH�FROOHFWLHYH�VWUDOHQGRVLV�SHU�FDWHJRULH�RSQLHXZ�LQJHVFKDW�
'H ELMGUDJH�YDQ�JHEUXLNVDUWLNHOHQ�LQ�GH�WRWDOH�1HGHUODQGVH�FROOHFWLHYH�GRVLV�ZHUG�YRRU�����
JHVFKDW�RS�����PHQV6Y�SHU�MDDU��'H�KXLGLJH�GRRU�UDGLRDFWLHYH�JHEUXLNVDUWLNHOHQ�YHURRU]DDNWH
ELMGUDJH�EHGUDDJW�QDDU�VFKDWWLQJ�����PHQV6Y�SHU�MDDU���'H]H�RSPHUNHOLMNH�UHGXFWLH�EOLMNW�WH�]LMQ
YHURRU]DDNW� GRRU� DIQDPH� YDQ� KHW� ZHUNHOLMN� JHEUXLNWH� DDQWDO� UDGLRDFWLHYH� SURGXFWHQ
�JORHLNRXVMHV��� GRRU� HHQ� ODJHUH� LQVFKDWWLQJ� YDQ� KHW� DDQWDO� RS� EDVLV� YDQ� QLHXZH� JHJHYHQV
�FDPHUDOHQ]HQ�� UDGLXPKRXGHQGH� URRNPHOGHUV��� GRRU� YHUYDQJLQJ� YDQ� UDGLRDFWLHYH� GRRU� QLHW�
UDGLRDFWLHYH� SURGXFWHQ� �JORHLNRXVMHV�� WDQGSURWKHVHQ��� GRRU� KHW� QLHW� YRRUNRPHQ� YDQ� HHQ
EHSDDOG� SURGXFW� RS� GH� 1HGHUODQGVH� FRQVXPHQWHQPDUNW� �ODVHOHNWURGHQ�� DQWLVWDWLVFKH
PLGGHOHQ��� HQ� GRRU� HHQ� ODJHUH� LQVFKDWWLQJ� YDQ� KHW� GRVLVWHPSR�� QDPHOLMN� RS� EDVLV� YDQ
PHHWJHJHYHQV� LQ� SODDWV� YDQ� HHQ� µZRUVW� FDVH¶� EHQDGHULQJ� �URRNPHOGHUV�� EHHOGVFKHUPHQ��� (U
ZDV YRRU�GH�PHHVWH�RQGHU]RFKWH�JHEUXLNVDUWLNHOHQ�JHHQ�VLJQLILFDQWH�DIQDPH�YDQ�GH�DFWLYLWHLW�
6DPHQYDWWHQG� ZRUGW� ������� YDQ� GH� UHGXFWLH� YHURRU]DDNW� GRRU� HHQ� UHsHOH� DIQDPH� YDQ� KHW
DDQWDO� UDGLRDFWLHYH� SURGXFWHQ��+HW� UHVWHUHQGH� SHUFHQWDJH�ZRUGW� YHURRU]DDNW� GRRU� HHQ� ODJHUH
LQVFKDWWLQJ�YDQ�KHW�DDQWDO�SURGXFWHQ�HQ�KHW�GRVLVWHPSR�RS�EDVLV�YDQ�QLHXZH�JHJHYHQV�
'H JURRWVWH� GRVLVUHGXFWLH� ZHUG� JHUHDOLVHHUG� GRRUGDW� KHW� KXLGLJH� DDQWDO� UDGLRDFWLHYH
JORHLNRXVMHV�YHHO�ODJHU�LV�GDQ�LQ�KHW�YHUOHGHQ��'H�ELMGUDJH�YDQ�JORHLNRXVMHV�LQ�GH�FROOHFWLHYH
GRVLV�GDDOGH�KLHUGRRU�YDQ����PHQV6Y� LQ������QDDU���PHQV6Y�SHU� MDDU�QX��+HW� WRWDDO� DDQWDO
JORHLNRXVMHV� LV�PHW� FLUFD� HHQ� IDFWRU� GULH� JHGDDOG��ZDDUYDQ� QDDU� VFKDWWLQJ� QRJ� VOHFKWV� ����H
UDGLRDFWLHI� LV�� (HQ� YHUGHUH� GDOLQJ� LQ� GH� ELMGUDJH� YDQ� JHEUXLNVDUWLNHOHQ� LV� WH� YHUZDFKWHQ�
DDQJH]LHQ�HHQ�DDQWDO�SURGXFWHQ�]DO�ZRUGHQ�RSJHQRPHQ�LQ�HHQ�OLMVW�PHW�QLHW�JHUHFKWYDDUGLJGH
WRHSDVVLQJHQ�YROJHQV�KHW�QLHXZH�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�
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� ,QOHLGLQJ
���� $DQOHLGLQJ
+HW� /DERUDWRULXP� YRRU� 6WUDOLQJVRQGHU]RHN� �/62�� YDQ� KHW� 5,90� KHHIW� DOV� NHUQWDDN� RP� GH
5LMNVRYHUKHLG� WH� LQIRUPHUHQ�RYHU�GH� ULVLFR¶V�GLH�GH�1HGHUODQGVH�EHYRONLQJ� ORRSW� DOV� JHYROJ
YDQ�EORRWVWHOOLQJ�DDQ�LRQLVHUHQGH�VWUDOLQJ��,Q�KDDU�URO�DOV�H[SHUWLVHFHQWUXP�GLHQW�/62�GDDURP
RS GH�KRRJWH�WH�]LMQ�YDQ�GH�WRWDOH�VWUDOHQEHODVWLQJ�YDQ�GH�1HGHUODQGVH�EHYRONLQJ��DOVPHGH�YDQ
KHW�UHODWLHYH�EHODQJ�YDQ�GH�YHUVFKLOOHQGH�VWUDOLQJVEURQQHQ��%LM�GH]H�VWUDOLQJVEURQQHQ�JDDW�KHW
RP ]XLYHU� QDWXXUOLMNH� EURQQHQ� �ELMY�� NRVPLVFKH� VWUDOLQJ��� QDWXXUOLMNH� EURQQHQ� GLH� GRRU
PHQVHOLMN� KDQGHOHQ� EHwQYORHG� ]LMQ� �ELMY�� µLQGRRU¶� UDGRQ�� HQ� DQWURSRJHQH� EURQQHQ� �ELMY�
QXFOHDLUH�LQVWDOODWLHV���2RN�GLHQW�/62�LQ]LFKW�WH�KHEEHQ�LQ�GH�RQWZLNNHOLQJHQ�GLH�]LFK�GDDUELM
YRRUGRHQ�
(HQ YDQ� GH� SUREOHPHQ� LQ� GH� XLWZHUNLQJ� KLHUYDQ� LV� GDW� KHW� DDQGDFKWVJHELHG� VWUDOLQJ� RYHU
PHHUGHUH� GHSDUWHPHQWHQ� YHUVQLSSHUG� LV�� HQ� GDW� ERYHQGLHQ� VOHFKWV� HHQ� GHHO� YDQ� GH
VWUDOHQEHODVWLQJ�EHOHLGVPDWLJ�LV�JHGHNW��,Q�KHW�NDGHU�YDQ�KHW�0$3�625�SURMHFW�µ%HODVWLQJ�HQ
ULVLFR¶V� YDQ� VWUDOLQJ� LQ�1HGHUODQG¶� LV� GDQ� RRN�EHVORWHQ� RP�YRRU� KHW� UHIHUHQWLHMDDU� ����� HHQ
QLHXZ� RYHU]LFKW� RS� WH� VWHOOHQ� YDQ� GH� VWUDOLQJVEHODVWLQJ� LQ� 1HGHUODQG�� +HW� EHWUHIW� KLHU� HHQ
XSGDWH�YDQ�KHW�HHUVWH�HQ� WRW�RS�KHGHQ�PHHVW� UHFHQWH�FRPSOHWH�RYHU]LFKW�RYHU�������RRN�ZHO
EHNHQG�RQGHU�GH�QDDP�675$9(�>�@��+HW�0$3�625�RQGHU]RHN�ULFKW�]LFK�YRRUDO�RS�OHHPWHV
HQ RQ]HNHUKHGHQ� LQ� GH� NHQQLV� RYHU� EURQQHQ� GLH� EHOHLGVPDWLJ� QLHW� RI� VOHFKWV� EHSHUNW
JHFRQWUROHHUG�ZRUGHQ�
,Q� KHW� KXLGLJH� UDSSRUW� ZRUGW� RS� EDVLV� YDQ� GH� PHHVW� UHFHQWH� LQ]LFKWHQ� HHQ� VFKDWWLQJ
JHSUHVHQWHHUG� YDQ� GH� LQGLYLGXHOH� HQ� FROOHFWLHYH� VWUDOLQJVGRVLV� DOV� JHYROJ� YDQ� RSVODJ� HQ
JHEUXLN� YDQ� FRQVXPHQWHQSURGXFWHQ� GLH� DO� GDQ� QLHW� RP� IXQFWLRQHOH� UHGHQHQ� UDGLRDFWLHI
PDWHULDDO EHYDWWHQ��'LW�UDSSRUW�NDQ�JH]LHQ�ZRUGHQ�DOV�HHQ�QDGHUH�XLWZHUNLQJ�YDQ�KHW�LQ�����
LQ�RSGUDFKW�YDQ�9520�XLWJHEUDFKWH�5,90�VFUHHQLQJVUDSSRUW�µ6FKDWWLQJHQ�YDQ�GH�LQGLYLGXHOH
HQ FROOHFWLHYH� GRVHV� DOV� JHYROJ� YDQ� FRQVXPHQWHQSURGXFWHQ�ZDDULQ� UDGLRDFWLHYH� VWRIIHQ� ]LMQ
YHUZHUNW¶� >�@�� 'RHO� YDQ� GLW� VFUHHQLQJVUDSSRUW� ZDV� RP� GH� FRQVHTXHQWLHV� YDQ� YRRUJHQRPHQ
EHOHLG�YRRU�JHEUXLNVDUWLNHOHQ�DOV�JHYROJ�YDQ�KHW�LQ�WH�YRHUHQ�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�>�@
GRRU� WH� UHNHQHQ�� ,Q� KHW� NDGHU� YDQ� GDW� UDSSRUW� ZHUG� LQ� HHQ� NRUW� WLMGVEHVWHN� LQIRUPDWLH� RYHU
UHOHYDQWH� JHEUXLNVDUWLNHOHQ� YHU]DPHOG� HQ� ZHUGHQ� GH� LQGLYLGXHOH� HQ� FROOHFWLHYH� GRVHV� YRRU
YHUVFKLOOHQGH� SURGXFWHQ� EHUHNHQG�� 'DDUELM� ZHUGHQ� FRQVHUYDWLHYH� DDQQDPHQ� JHGDDQ� PHW
EHWUHNNLQJ� WRW� DDQWDOOHQ� JHSURGXFHHUGH� UHVSHFWLHYHOLMN� LQ� JHEUXLN� ]LMQGH� SURGXFWHQ�� KHW
GRVLVWHPSR� DDQ� KHW� RSSHUYODN�� GH� DIVWDQG� WXVVHQ� EURQ� HQ� EORRWJHVWHOGH� HQ� GH
EORRWVWHOOLQJVGXXU�� 9RRU� YHUVFKLOOHQGH� SURGXFWHQ� ZHUG� JHFRQVWDWHHUG� GDW� UHFHQWH� JHJHYHQV
RYHU�GH�KRHYHHOKHLG�SURGXFWHQ�HQ�KHW�JHEUXLN�QLHW�RI�QDXZHOLMNV�EHVFKLNEDDU�ZDUHQ��9RRU�HHQ
DDQWDO�EHUHNHQLQJHQ�ZHUG�GDDURP�QRRGJHGZRQJHQ�JHEUXLN�JHPDDNW�YDQ�JHJHYHQV�XLW�GH�MDUHQ
WDFKWLJ� >�@�� 'H]H� FRQVWDWHULQJ� YRUPGH� GH� DDQOHLGLQJ� RP� KHW� LQ� GLW� UDSSRUW� EHVFKUHYHQ
DDQYXOOHQG� RQGHU]RHN� XLW� WH� YRHUHQ��0HW� KHW� EHVFKLNEDDU� NRPHQ� YDQ� GH]H� UHVXOWDWHQ� LV� HHQ
GHHO� YDQ� GH� YRRUJHQRPHQ� XSGDWH� YDQ� KHW� 675$9(� RQGHU]RHN� JHUHDOLVHHUG�� $QGHUH
GHHOUHVXOWDWHQ�]LMQ�RI�ZRUGHQ�QRJ�VHSDUDDW�JHUDSSRUWHHUG�
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���� 9UDDJVWHOOLQJ
0HGH�RS�EDVLV�YDQ�GH�UHVXOWDWHQ�XLW�KHW�VFUHHQLQJVRQGHU]RHN�]RDOV�EHVFKUHYHQ�LQ�(OHYHOG�HQ
3UXSSHUV�>�@�]LMQ�GH�YROJHQGH�RQGHU]RHNVYUDJHQ�JHVWHOG�
�� :HONH�SURGXFWHQ�YDOOHQ�HU�LQ�GH�WH�RQGHU]RHNHQ�FDWHJRULH�FRQVXPHQWHQSURGXFWHQ"
�� :HONH�DDQWDOOHQ�ZRUGHQ�HU�LQ�1HGHUODQG�WRHJHSDVW"
�� :DW� EHWHNHQW� KHW� YyyUNRPHQ� HQ� KHW� JHEUXLN� YDQ� GH]H� SURGXFWHQ� YRRU� GH� LQGLYLGXHOH� HQ
FROOHFWLHYH�VWUDOLQJVGRVLV�YDQ�GH�1HGHUODQGVH�EHYRONLQJ"
2P GH]H�YUDJHQ�WH�EHDQWZRRUGHQ�ZHUG�LQIRUPDWLH�YHU]DPHOG�XLW�UDGLRORJLVFKH�OLWHUDWXXU��PDDU
RRN�XLW� µ]DFKWHUH¶� LQIRUPDWLHEURQQHQ�]RDOV� LQWHUQHW��'H�RQGHU]RHNVDFWLYLWHLW� ULFKWWH�]LFK�PHW
QDPH�RS�KHW�
�� YHU]DPHOHQ�YDQ�LQIRUPDWLH�RYHU�GH�YRRUQDDPVWH�SURGXFHQWHQ�HQ�LPSRUWHXUV�
�� YHU]DPHOHQ�YDQ�LQIRUPDWLH�RYHU�GH�WRHSDVVLQJ�YDQ�SURGXFWHQ�HQ�GH�RQWZLNNHOLQJHQ�GDDULQ�
�� LQVFKDWWHQ�YDQ�KHW�DDQWDO�LQ�1HGHUODQG�DDQZH]LJH�UDGLRDFWLHYH�SURGXFWHQ�
���DFKWHUKDOHQ�YDQ�GH�WRHJHSDVWH��UDQJH�DDQ��DFWLYLWHLWHQ�
�� EHVFKULMYHQ� YDQ� GH� VLWXDWLH� LQ� 1HGHUODQG�� PHGH� LQ� YHUJHOLMNLQJ� WRW� GH� VLWXDWLH� ]RDOV
EHVFKUHYHQ�LQ�675$9(�>�@�
�� LQVFKDWWHQ� YDQ� GH� RYHULJH� JHJHYHQV� RP� GH� EORRWVWHOOLQJ� DDQ� VWUDOLQJ� YDQ
FRQVXPHQWHQSURGXFWHQ�WH�NXQQHQ�EHSDOHQ�
'H EHODQJULMNH�GRHOVWHOOLQJHQ�YDQ�GLW�UDSSRUW�]LMQ�KHW�YDVWOHJJHQ�YDQ�JHJHYHQV�RYHU�YHUNRRS
HQ JHEUXLN�YDQ�GH]H�SURGXFWHQ�HQ�KHW�XLWYRHUHQ�YDQ�GRVLVEHUHNHQLQJHQ�RS�EDVLV�YDQ�GH�QLHXZ
EHVFKLNEDUH�JHJHYHQV��'DDUELM�PRHW�EHGDFKW�ZRUGHQ�GDW�W�R�Y��KHW�675$9(�UDSSSRUW�>�@�RRN
GH LQ]LFKWHQ�JHZLM]LJG�]LMQ�P�E�W��GH�HIIHFWHQ�HQ�ULVLFR¶V�YDQ�VWUDOLQJ��ZDW�RQGHU�PHHU�JHOHLG
KHHIW� WRW�DDQSDVVLQJ�YDQ�GH�]RJHQDDPGH�GRVLVFRQYHUVLHFRsIILFLsQWHQ�� ,Q�GLW� UDSSRUW� LV�ELM�GH
VFKDWWLQJ� YDQ� GH� VWUDOLQJVGRVLV� GH� QDGUXN� JHOHJG� RS� GH� FROOHFWLHYH� GRVLV� WLMGHQV� GH
JHEUXLNVIDVH�YDQ�GH�SURGXFWHQ�
���� $DQSDN�HQ�OHHVZLM]HU
9RRU�GH�VHOHFWLH�YDQ�GH�JHEUXLNVDUWLNHOHQ�ZHUG�XLWJHJDDQ�YDQ�����GH�LQ�(OHYHOG�HQ�3UXSSHUV�>�@
JHQRHPGH� SURGXFWHQ� GLH� GH� DFWLYLWHLWV�� RI� GRVLVFULWHULD� YRRU� JHEUXLN� HQ� LQ� GH� RSVODJ�� HQ
KDQGHOVIDVH�RYHUVFKULMGHQ��HQ�����YDQ�GH�LQ�%ODDXERHU�HW�DO��>�@�JHQRHPGH�SURGXFWHQ�PHW�HHQ
UHODWLHI� KRJH� FROOHFWLHYH� GRVLV�� (U� NRPHQ� ]RZHO� JHEUXLNVDUWLNHOHQ� DDQ� GH� RUGH� ZDDULQ
UDGLRDFWLHYH�VWRIIHQ�]LMQ�YHUZHUNW�DOV� WRHVWHOOHQ�GLH�VWUDOLQJ�JHQHUHUHQ��9RRU�GH�GHILQLWLH�YDQ
UDGLRDFWLHYH�JHEUXLNVDUWLNHOHQ� LV�XLWJHJDDQ�YDQ�GH�GHILQLWLH�XLW�6FKPLWW�+DQQLJ�HW� DO�� >�@�GLH
RRN� LQ� (OHYHOG� HQ� 3UXSSHUV� >�@� LV� JHKDQWHHUG�� µ0DQXIDFWXUHG� SURGXFWV� RU� DSSOLDQFHV� RU
PLVFHOODQHRXV�VRXUFHV�LQ�ZKLFK�UDGLRQXFOLGHV�KDYH�EHHQ�LQWHQWLRQDOO\�LQFRUSRUDWHG�DQG�ZKLFK
FDQ� EH� VXSSOLHG� WR� WKH� SXEOLF� ZLWKRXW� VSHFLDO� VXUYHLOODQFH¶� ,Q� RQ]H� LQWHUSUHWDWLH� YDQ� GH]H
GHILQLWLH�YDOOHQ�KLHU�]RZHO�JHEUXLNVDUWLNHOHQ�ZDDULQ�UDGLRDFWLYLWHLW�IXQFWLRQHHO�LV�WRHJHSDVW�DOV
SURGXFWHQ� ZDDULQ� UDGLRDFWLYLWHLW� HHQ� RQJHZLOG� ELMYHUVFKLMQVHO� LV� RQGHU�� ,Q� 7DEHO� ���� LV� HHQ
RYHU]LFKW�JHJHYHQ�YDQ�GH�RQGHU]RFKWH�SURGXFWHQ�HQ�KXQ�YRRUQDDPVWH�NHQPHUNHQ�
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7DEHO� ����� 2YHU]LFKW� RQGHU]RFKWH� JHEUXLNVDUWLNHOHQ�� WRHJHSDVWH� QXFOLGH�Q�� RS� EDVLV� YDQ
HHUGHUH�UDSSRUWDJHV��W\SH�EURQ�HQ�IXQFWLRQDOLWHLW�YDQ�GH�UDGLRDFWLYLWHLW�YDQ�KHW�SURGXFW
WRHSDVVLQJ QXFOLGH�Q� W\SH�EURQ UDGLRDFWLYLWHLW�IXQFWLRQHHO
ODVHOHNWURGHQ 7K���� RSHQ�VWRI QHHQJORHLNRXVMHV 7K���� RSHQ�VWRI QHHQURRNPHOGHUV 5D������$P���� LQJHN��EURQ MDFDPHUDOHQ]HQ 7K���� LQJHN��EURQ QHHQEHHOGVFKHUPHQ � U|QWJHQVWUDOLQJ QHHQDQWLVWDW��PLGGHOHQ 3R������$P���� LQJHN��EURQ MDHOHNWURQLFD R�D��+����&R�����.U��� LQJHN��EURQ MDWDQGSURWKHVHQ 8���� LQJHN��EURQ QHHQNHUDPLVFKH�WHJHOV 5D������7K������8���� LQJHN��EURQ QHHQEOLNVHPDIOHLGHUV 5D������$P���� LQJHN��EURQ MDGRRUVODJYHLOLJKHGHQ 3P���� LQJHN��EURQ MD
9RRU�KHW�RQGHU]RHN�ZHUG�YDQ�YHUVFKLOOHQGH�LQIRUPDWLHEURQQHQ�JHEUXLN�JHPDDNW��'DDUELM�ZHUG
HHUVW� JHQHULHNH� LQIRUPDWLH� YHU]DPHOG� RYHU� GH� SURGXFWHQ� HQ� GH� WRHJHSDVWH� UDGLRQXFOLGHQ�
9HUYROJHQV� ZHUG� HU� PHHU� VSHFLILHNH� LQIRUPDWLH� YHU]DPHOG� RYHU� GH� 1HGHUODQGVH� VLWXDWLH�
*HUDDGSOHHJG�]LMQ�
�� /LWHUDWXXUEHVWDQGHQ�
�� 8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH��86372�
�� 5HJLVWUDWLH�,QJHNDSVHOGH�EURQQHQ�8QLWHG�6WDWHV�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��86�15&�
���,QWHUQHW��ZHEGLVFXVVLHJURHSHQ�>ELMYRRUEHHOG��@�
�� 1HGHUODQGVH�ZHWJHYLQJ�
�� 'RVVLHUV�DIGHOLQJ�%HVFKLNNLQJHQ�0LQLVWHULH�6=:�&HQWUDDO�NDQWRRU�$,�
���'RVVLHUV�9520�LQVSHFWLH�UHJLR�=XLGZHVW�
���,PSRUWHXUV��IDEULNDQWHQ�HQ�ZLQNHOLHUV�
2S GH�YRRUQDDPVWH�JHUDDGSOHHJGH�LQIRUPDWLHEURQQHQ�ZRUGW�LQ�KRRIGVWXN���NRUW�LQJHJDDQ��,Q
KRRIGVWXN� �� WRW� HQ� PHW� ��� ZRUGW� SHU� KRRIGVWXN� HHQ� FDWHJRULH� JHEUXLNVDUWLNHOHQ� EHKDQGHOG
ZDDUELM� RQGHU� DQGHUH�ZRUGW� LQJHJDDQ� RS� GH� UHGHQ� YDQ� WRHSDVVLQJ� YDQ� UDGLRDFWLHYH� VWRIIHQ�
VSHFLILHNH�ZHWJHYLQJ�HQ�GH�DDQWDOOHQ�GLH�LQ�1HGHUODQG�YRRUNRPHQ��(ON�YDQ�GH]H�KRRIGVWXNNHQ
ZRUGW DIJHVORWHQ� PHW� HHQ� KHUQLHXZGH� VFKDWWLQJ� YDQ� GH� LQGLYLGXHOH� HQ� FROOHFWLHYH
VWUDOLQJVGRVLV�� ,Q� KRRIGVWXN� ��� ZRUGW� NRUW� LQJHJDDQ� RS� HQNHOH� QLHW� LQ� GHWDLO� EHVFKUHYHQ
JHEUXLNVDUWLNHOHQ�� ,Q� KRRIGVWXN� ���� WHQVORWWH�� ZRUGW� HHQ� VDPHQYDWWLQJ� YDQ� GH� UHVXOWDWHQ
JHSUHVHQWHHUG�HQ�EHGLVFXVVLHHUG�
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� ,QIRUPDWLHEURQQHQ
���� ,QOHLGLQJ
9RRU� KHW� RQGHU]RHN� ZHUG� YDQ� YHUVFKLOOHQGH� LQIRUPDWLHEURQQHQ� JHEUXLN� JHPDDNW�� 2S� GH
EHODQJULMNVWH�LQIRUPDWLHEURQQHQ�ZRUGW�KLHUQD�NRUW�LQJHJDDQ�
���� /LWHUDWXXURQGHU]RHN
(U� LV� YRRU� GH� YHUVFKLOOHQGH� JHEUXLNVDUWLNHOHQ� YLD� 5,90�%'$� HHQ� OLWHUDWXXURQGHU]RHN
XLWJHYRHUG� LQ� 3K\VLFV� $EVWUDFWV�� &KHPLFDO� $EVWUDFWV� HQ� 6FLVHDUFK� YDQ� ����������� ,Q� DOOH
JHYDOOHQ� ZHUG� GDDULQ� JH]RFKW� GRRU� HHQ� FRPELQDWLH� YDQ� DSSDUDDW� HQ� QXFOLGH�Q��
'RRUVODJYHLOLJKHGHQ�]LMQ�QLHW�PHHJHQRPHQ�LQ�KHW�OLWHUDWXXURQGHU]RHN�RPGDW�]H�SDV�LQ�HHQ�ODDW
VWDGLXP� YDQ� KHW� RQGHU]RHN� ]LMQ� WRHJHYRHJG��'H� UHVXOWDWHQ� YDQ� KHW� OLWHUDWXXURQGHU]RHN� ]LMQ
ZHHUJHJHYHQ�LQ�7DEHO�����
9RRU HHQ� DDQWDO� SURGXFWHQ�� ]RDOV� EHHOGVFKHUPHQ� HQ� JORHLNRXVMHV�� OHYHUGH� KHW
OLWHUDWXXURQGHU]RHN� HHQ� DDQ]LHQOLMNH� KRHYHHOKHLG� OLWHUDWXXU� RS�� 9RRU� FDPHUDOHQ]HQ� HQ
HOHNWURQLFD� EOHHN� ]HHU� ZHLQLJ� OLWHUDWXXU� EHVFKLNEDDU� WH� ]LMQ�� 9LD� LQWHUQHW� ZHUG� OLWHUDWXXU
YHUNUHJHQ� GLH� HHQ� EHODQJULMNH� DDQYXOOLQJ� EHWHNHQGH� RS� GH� UHHGV� YHU]DPHOGH� UDGLRORJLVFKH
OLWHUDWXXU�� 'DDUYDQ� OHYHUGH� )UDPH� HQ� .ROE� >�@� HHQ� RYHU]LFKW� YDQ� LQ� GH� 9HUHQLJGH� 6WDWHQ
DDQZH]LJH� UDGLRDFWLHYH� FRQVXPHQWHQSURGXFWHQ�� ,QIRUPDWLH� RYHU� UDGLRDFWLYLWHLW� LQ
HOHNWURQHQEXL]HQ�HQ�FDPHUDOHQ]HQ�ZHUG�YHUNUHJHQ�YLD�YHU]DPHODDUVOLWHUDWXXU�>�������@�
7DEHO� ����� 5HVXOWDWHQ� YDQ� KHW� 5,90�%'$� OLWHUDWXXURQGHU]RHN� YRRU� GH� YHUVFKLOOHQGH
UDGLRDFWLHYH�JHEUXLNVDUWLNHOHQ�XLWJHGUXNW�LQ�KHW�DDQWDO�UHOHYDQWH�SXEOLFDWLHV�SHU�SHULRGH
SHULRGH ����� ����� ����� ����� ����� ����� ����� WRWDDO
ODVHOHNWURGHQ��� � � ��JORHLNRXVMHV��� � � �� ��URRNPHOGHUV��� � � � ��FDPHUDOHQ]HQ��� � � �EHHOGVFKHUPHQ � � � � � � � ��DQWLVWDW��PLGGHOHQ � � � � � � ��HOHNWURQLFD � � �WDQGSURWKHVHQ � � � � � ��NHUDPLVFKH�WHJHOV � � � � � �EOLNVHPDIOHLGHUV��� � � � ��
��� YRRU� GH� EHWUHIIHQGH� SURGXFWHQ� LV� KHW� OLWHUDWXXURQGHU]RHN� XLWJHYRHUG� RYHU� GH� SHULRGH� �����KHGHQ
���� 86372�GDWDEDVH
'H�8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH�EHKHHUW�HHQ�GDWDEDVH�ZDDULQ�DOOH�$PHULNDDQVH
SDWHQWHQ� YDQDI� ����� ]LMQ� RSJHVODJHQ� >��@�� ,Q� GH� GDWDEDVH� NDQ� PHW� ]RHNZRRUGHQ� JH]RFKW
ZRUGHQ� PDDU�NDQ�RRN�YLD�HHQ�WKHVDXUXV�ZRUGHQ�JH]RFKW��'H]H�GDWDEDVH�ZHUG�PHW�ZLVVHOHQG
VXFFHV�JHUDDGSOHHJG��9RRU�VRPPLJH�JHEUXLNVDUWLNHOHQ�]RDOV� WKRULXPKRXGHQG�RSWLVFK�JODV�HQ
UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�EOHHN�GH� WKHVDXUXV�HHQ�JRHGH� LQJDQJ��$QGHUH�SURGXFWHQ��]RDOV
XUDQLXPKRXGHQGH�WDQGSURWKHVHQ�HQ�DQWLVWDWLVFKH�PLGGHOHQ�EOHNHQ�QLHW�LQ�GH�WKHVDXUXV�WH�]LMQ
RSJHQRPHQ��+LHUGRRU�PRHVW� YLD� GH� ]RHNPDFKLQH� ZRUGHQ� JH]RFKW�� 3DWHQWHQ� YDQ� YRRU� FLUFD
����� ]LMQ� KLHUPHH� PRHLOLMN� RS� WH� VSRUHQ�� +RHZHO� SDWHQWHQ� JHHQ� JDUDQWLH� ELHGHQ� YRRU
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GDDGZHUNHOLMNH�WRHSDVVLQJ�YDQ�HHQ�EHVFKUHYHQ�SURGXFW�OHYHUGH�GH�86372�GDWDEDVH�YRRU�HHQ
DDQWDO�JHEUXLNVDUWLNHOHQ�JRHGH�LQIRUPDWLH�RYHU�GH�RQWZLNNHOLQJHQ�HQ�GH�JHEUXLNWH�UDGLRDFWLHYH
VWRIIHQ�
���� 5HJLVWUDWLH�,QJHNDSVHOGH�EURQQHQ�86�15&
)DEULNDQWHQ�]LMQ�LQ�GH�9HUHQLJGH�VWDWHQ�YHUSOLFKW�KXQ�LQJHNDSVHOGH�EURQQHQ�WH�UHJLVWUHUHQ�ELM
GH 86�15&�>��@��9RRU�HHQ�DDQWDO�JHEUXLNVDUWLNHOHQ�LV�GH]H�GDWDEDVH�JHUDDGSOHHJG��9RRU�GH
DQWLVWDWLVFKH� PLGGHOHQ� HQ� GH� GDDUELM� JHEUXLNWH� UDGLRDFWLHYH� IROLHV� OHYHUGH� GH� 86�15&
GDWDEDVH� ]HHU� QXWWLJH� LQIRUPDWLH�� RQGHU� DQGHUH� RYHU� GH� YHUVFKLMQLQJVYRUP� HQ� GH� WRHSDVVLQJ
YDQ�GH]H�SURGXFWHQ�HQ�RYHU�GH�GRVLVWHPSL�DDQ�GH�EXLWHQ]LMGH�YDQ�GH]H�SURGXFWHQ�
���� 1HGHUODQGVH�ZHWJHYLQJ
9RRU�GH�JHVHOHFWHHUGH�JHEUXLNVDUWLNHOHQ�LV� LQIRUPDWLH�RYHU�GH�1HGHUODQGVH�ZHWJHYLQJ�RS�KHW
WHUUHLQ�YDQ�VWUDOLQJ�YHUNUHJHQ�XLW�ZHWJHYLQJ�]RDOV�RSJHQRPHQ�LQ�GH�:HWWHQEDQN�YDQ�GH�6'8�
(HQ DDQWDO� SXEOLNDWLHV� LV� YHUNUHJHQ� YLD� GH� VLWH� µ2IILFLsOH� 3XEOLFDWLHV¶� YDQ� GH�5LMNVRYHUKHLG
>��@��(HQ�VDPHQYDWWLQJ�YDQ�GH�PHHVW� UHOHYDQWH�ZHWJHYLQJ� LV� WH�YLQGHQ� LQ�7DEHO������'HWDLOV
]LMQ WH�YLQGHQ�LQ�GH�DI]RQGHUOLMNH�KRRIGVWXNNHQ�
7DEHO������2YHU]LFKW�YDQ�GH�RQGHU]RFKWH�JHEUXLNVDUWLNHOHQ�HQ�GH�UHOHYDQWH�ZHWJHYLQJ
JHEUXLNVDUWLNHO QXFOLGH UHOHYDQWH�ZHWJHYLQJ LQKRXG
ODVHOHNWURGHQ 7K���� %V��������DUW�� YHUERGHQ���JORHLNRXVMHV 7K���� %V��������DUW�� YHUERGHQ���URRNPHOGHUV $P���� %V�������DUW��� YULMJHVWHOG�ELM�0LQ��UHJHOLQJFDPHUDOHQ]HQ 7K���� 2QWZHUS�EHVOXLW�%.6(�DUW���D VSOLMWVWRI�DOV�!����7KEHHOGVFKHUPHQ �;�UD\ %6�������DUW��� YULMJHVWHOG���DQWLVWDWLVFKH�PLGGHOHQ 3R���� %V�������DUW��� YULMJHVWHOG�WRW����N%THOHNWURQLFD��PHW�&R���� &R��� %V�������DUW��� YULMJHVWHOG�WRW�����N%TWDQGSURWKHVHQ 8���� 2QWZHUS�EHVOXLW�%.6(�DUW���D VSOLMWVWRI�DOV�!������8NHUDPLVFKH�WHJHOV 5D���� %V�������DUW��� YULMJHVWHOG�WRW����N%TEOLNVHPDIOHLGHUV 5D���� %V�������DUW��� YHUERGHQ���GRRUVODJYHLOLJKHGHQ 3P���� %V�������DUW��� YULMJHVWHOG�WRW��������N%T
��� WHYHQV�LQ�2QWZHUSEHVOXLW�%.6(�DUW���D��VSOLMWVWRI�DOV�!����7K�� RQGHU�KHW�RXGH�%.6(�DUW������OLG���YULMJHVWHOG�� ,Q�KHW�YURHJHUH�%HVOXLW�6WUDOHQEHVFKHUPLQJ������DUW������YULMJHVWHOG�ELM����� 6Y�XXU�RS���FPDIVWDQG�RI����� 6Y�XXU�RS����FP��� 9HUERGHQ�PHW�LQJDQJ�YDQ�5DGLRDFWLHYH�VWRIIHQEHVOXLW�.H:�RS�������
���� 'RVVLHUV�.H:�5LMNVRYHUKHLG
9RRU�KHW�YHUNULMJHQ�YDQ�HHQ�YHUJXQQLQJ�LQ�KHW�NDGHU�YDQ�GH�.HUQHQHUJLHZHW�PRHW�HHQ�YHU]RHN
ZRUGHQ LQJHGLHQG� ELM� GH� DIGHOLQJ� %HVFKLNNLQJHQ� YDQ� KHW� 0LQLVWHULH� YDQ� 6=:�&HQWUDDO
NDQWRRU�$,��'LW�0LQLVWHULH�IXQJHHUW�DOV�SHQYRHUGHU�YRRU�GH�RYHULJH�PLQLVWHULHV�HQ�]RUJW�YRRU
DGPLQLVWUDWLH� YDQ� GH� GRFXPHQWHQ�� ,Q� GH� GRVVLHUV� YDQ� KHW� %XUHDX� %HVFKLNNLQJHQ� EOHHN� YHHO
LQIRUPDWLH� DDQZH]LJ� WH� ]LMQ� RYHU� KHW� WRHSDVVHQ� YDQ� URRNPHOGHUV�� DQWLVWDWLVFKH� PLGGHOHQ�
EOLNVHPDIOHLGHUV� HQ� GRRUVODJYHLOLJKHGHQ�� ZDDUGRRU� YRRU� GH]H� JHEUXLNVDUWLNHOHQ� HHQ� JRHG
EHHOG� NRQ� ZRUGHQ� YHUNUHJHQ� YDQ� GH� 1HGHUODQGVH� VLWXDWLH�� 9RRU� URRNPHOGHUV� ZHUGHQ� QDDVW
YHUJXQQLQJHQ�YRRU�KHW�WRHSDVVHQ�WHYHQV�LPSRUW��HQ�RSVODJYHUJXQQLQJHQ�JHUDDGSOHHJG�
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%LM�KHW�DUFKLHI�YDQ�GH�9520�LQVSHFWLH�UHJLR�=XLGZHVW�EHYLQGW�]LFK�LQIRUPDWLH�GLH�YDQ�EHODQJ
LV�YRRU�KHW�XLWYRHUHQ�YDQ�GH�KDQGKDYLQJVWDNHQ�RS�KHW�WHUUHLQ�YDQ�GH�.HUQHQHUJLHZHW��7HQ�GHOH
RYHUODSW� GH� LQIRUPDWLH� PHW� GLH� DDQZH]LJ� ELM� KHW� %XUHDX� %HVFKLNNLQJHQ�� 'H� YRRU� GH
JHVHOHFWHHUGH� JHEUXLNVDUWLNHOHQ� UHOHYDQWH� LQIRUPDWLH� KDG� YRRUQDPHOLMN� EHWUHNNLQJ� RS
ODVHOHNWURGHQ��URRNPHOGHUV��HQ�EOLNVHPDIOHLGHUV�
9RRU�HHQ�DDQWDO�SURGXFWHQ�EOHHN� LQ�EHLGH�DUFKLHYHQ�JHHQ� LQIRUPDWLH�DDQZH]LJ� WH�]LMQ��'LW� LV
YHUPRHGHOLMN� WRH� WH� VFKULMYHQ� DDQ� KHW� IHLW� GDW� GH� GHVEHWUHIIHQGH� SURGXFWHQ� ]LMQ� YULMJHVWHOG
�JORHLNRXVMHV��RI�EHQHGHQ�HHQ�EHSDDOGH�OLPLHW�]LMQ�YULMJHVWHOG��WDQGSURWKHVHQ��EHHOGVFKHUPHQ��
9RRU�FDPHUDOHQ]HQ�HQ�HOHNWURQLFD�ZDV�GH�LQIRUPDWLH�HYHQHHQV�]HHU�EHSHUNW�
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� /DVHOHNWURGHQ
���� ,QOHLGLQJ
7KRULXPR[LGH�ZRUGW� WRHJHSDVW� LQ� 7,*�ODVHOHNWURGHQ�� 7,*�ODVVHQ� VWDDW� YRRU� µ7XQJVWHQ� ,QHUW
*DV¶�ODVVHQ�ZDDUELM�HHQ�ZROIUDDP�ODVHOHNWURGH�ZRUGW�JHEUXLNW�LQ�HHQ�RPJHYLQJ�PHW�HHQ�LQHUW
JDV� ]RDOV� DUJRQ�� 7,*�ODVVHQ� ZRUGW� JHEUXLNW� ELM� KHW� OHJJHQ� YDQ� JURQGVODJHQ� LQ
SLMSYHUELQGLQJHQ��ELM�KHW�ODVVHQ�YDQ�QRQ�IHUUR�PDWHULDOHQ�HQ�ZDQQHHU�NZDOLWDWLHI�KRRJZDDUGLJ
ODVZHUN�ZRUGW� YHUHLVW�� 9RRUEHHOGHQ� ]LMQ� FRQVWUXFWLHZHUNHQ�� HQ� ODVZHUN� LQ� GH� YOLHJWXLJ��� GH
SHWURFKHPLVFKH�HQ�GH�PDFKLQH�LQGXVWULH��,Q�YHUVFKLOOHQGH�SXEOLFDWLHV�ZRUGW�EHQDGUXNW�GDW�GH
ODVVHU�JRHG�PRHW�]LMQ�RSJHOHLG� >��@��(HQ�JRHGH�EHVFKULMYLQJ�YDQ�7,*�ODVVHQ� LV� WH�YLQGHQ� LQ
9DQ 6OHHQ� >��@��9ROJHQV� KHW�1HGHUODQGV� ,QVWLWXXW� YRRU�/DVWHFKQLHN� QHHPW�7,*�ODVVHQ� FLUFD
�� YDQ�GH�WRWDOH� ODVPDUNW�YRRU�]LMQ�UHNHQLQJ�>��@�� ,Q�DQGHUH� ODVHOHNWURGHQ�ZRUGW�GRRUJDDQV
JHHQ�WKRULXPR[LGH�WRHJHSDVW�
1LHW DOOH� 7,*�ODVHOHNWURGHQ� EHYDWWHQ� WKRULXP�� 'H� WKRULXPKRXGHQGH� ODVHOHNWURGHQ� KHEEHQ
HFKWHU� HHQ� EHWHUH� HOHNWULVFKH� JHOHLGLQJ�� GH� ODVERRJ� NDQ� HHQYRXGLJHU� ZRUGHQ� JHVWDUW�� GH
HOHNWURGHSXQW� VPHOW� PLQGHU� VQHO� HQ� WRHYRHJLQJ� YDQ� WKRULXP� UHVXOWHHUW� LQ� HHQ� JHULQJHUH
FRQWDPLQDWLH� YDQ� KHW� WH� ODVVHQ� PDWHULDDO� >���� ��@�� 2S� GH� I\VLVFKH� NDUDNWHULVWLHNHQ� YDQ
WKRULXPKRXGHQGH�ODVHOHNWURGHQ�ZRUGW�XLWJHEUHLG�LQJHJDDQ�LQ�3DVFKHQ�>��@�
���� :HWJHYLQJ
/DVHOHNWURGHQ�GLH�PHHU�GDQ�GULH�JHZLFKWVSURFHQW�WKRULXP�EHYDWWHQ�YDOOHQ�YROJHQV�GH�GHILQLWLH
LQ�KHW�2QWZHUSEHVOXLW�%.6(�RQGHU�GH�VSOLMWVWRIIHQ��9ROJHQV�GH�.HUQHQHUJLHZHW� �DUW����D�� LV
KHW� YHUERGHQ� VSOLMWVWRIIHQ� RI� HUWVHQ� WH� YHUYRHUHQ�� YRRUKDQGHQ� WH� KHEEHQ�� ELQQHQ� RI� EXLWHQ
1HGHUODQGV�JURQGJHELHG�WH�EUHQJHQ�RI�WH�GRHQ�EUHQJHQ��GDQ�ZHO�]LFK�GDDUYDQ�WH�RQWGRHQ�>��@�
'H YULMVWHOOLQJV�� HQ� YULMJDYHJUHQ]HQ� YRRU� 7K����� ]LMQ� YROJHQV� KHW� QLHXZH� %HVOXLW
6WUDOLQJVEHVFKHUPLQJ���%T�J�RI�HHQ�WRWDDO�YDQ������%T�>�@��'LW�EHWHNHQW�GDW�LQGLHQ�PHQ���j��
ODVHOHNWURGHQ�KHHIW��EHLGH�YULMVWHOOLQJVJUHQ]HQ�ZRUGHQ�RYHUVFKUHGHQ�HQ� HHQ�.HUQHQHUJLHZHW�
YHUJXQQLQJ� QRGLJ� LV�� /DVHOHNWURGHQ� ]XOOHQ� LQ� GH� PLQLVWHULsOH� UHJHOLQJ� PHW� QLHW�
JHUHFKWYDDUGLJGH�WRHSDVVLQJHQ�ZRUGHQ�RSJHQRPHQ�>���DUW���@�
���� $FKWHUJURQG
7,*�ODVVHQ�GDWHHUW�YDQ�HLQG�MDUHQ�YHHUWLJ��'RRU�*HQHUDO�(OHFWULF�ZHUG�HU�LQ������RS�JHZH]HQ
GDW�GRRU�WRHYRHJLQJ�YDQ�7K2� ZROIUDDPHOHNWURGHQ�RQGHU�KXQ�VPHOWSXQW�YDQ������R& NRQGHQ
ZRUGHQ� JHEUXLNW� ZDDUGRRU� HU� PLQGHU� VOLMWDJH� RSWUDG� >��@�� 7KRULXPKRXGHQGH� ODVHOHNWURGHQ
ZHUGHQ� UHHGV� LQ� ����� LQ� GH� 9HUHQLJGH� 6WDWHQ� YULMJHVWHOG� YDQ� YHUJXQQLQJSOLFKW�� GH]H
YULMVWHOOLQJ� ZHUG� YHUUXLPG� LQ� ����� >��@�� $DQYDQNHOLMN� EHGURHJ� KHW� JHZLFKWVSHUFHQWDJH
WKRULXP�LQ�7,*�ODVHOHNWURGHQ������� ODWHU�ZHUGHQ�HU�RRN�7,*�ODVHOHNWURGHQ�JHSURGXFHHUG�PHW
����� WKRULXPR[LGH� >��@�� 7RW� ����� ZDV� HU� UHODWLHI� ZHLQLJ� DDQGDFKW� YRRU� GH� UDGLRORJLVFKH
DVSHFWHQ�YDQ�WKRULXPKRXGHQGH�ODVHOHNWURGHQ�>��@�
,Q GH�MDUHQ�WDFKWLJ�ZHUGHQ�ZROIUDDPHOHNWURGHQ�RS�GH�PDUNW�JHEUDFKW�ZDDU�KHW� WKRULXPR[LGH
ZDV� YHUYDQJHQ� GRRU� ��� &H2�� 5HFHQWHU� ]LMQ� ZROIUDDPHOHNWURGHQ� EHVFKLNEDDU� PHW� �ò�ODQWKDDQR[LGH� �/D2�� RI� /D�2���� 'H� ODQWKDDQKRXGHQGH� 7,*�HOHNWURGHQ� ZRUGHQ� DOV� GHWRHNRPVWLJH� VWDQGDDUG� JH]LHQ� >���� ��@�� 7XVVHQ� GH� ������� YDQ� GH� 7,*�ODVHOHNWURGHQ� OLMNW

� GH�LQ�GLW�KRRIGVWXN�JHQRHPGH�SHUFHQWDJHV�7K��&H�RI�/D�EHWUHIIHQ�JHZLFKWVSHUFHQWDJHV
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PRPHQWHHO� QRJ� WH� EHVWDDQ� XLW� WKRULXPKRXGHQGH� ODVHOHNWURGHQ� >��@�� 9HUVFKLOOHQGH� EURQQHQ
JHYHQ�DDQ�GDW�GH�WRHYRHJLQJ�YDQ�WKRULXP�RS�]LMQ�UHWRXU�LV�>R�D����@�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
7,*�ODVHOHNWURGHQ� ZRUGHQ� LQ� YHUVFKLOOHQGH� PDWHQ� JHOHYHUG�� :ROIUDP� ,QGXVWULH� QRHPW
VWDQGDDUGOHQJWHQ�YDQ��������������HQ�����PP�ELM�GLDPHWHUV�GLH�YDULsUHQ�YDQ�����PP�WRW���
PP >��@��'H�PHHVW� JDQJEDUH�PDDW� LV� ����PP� HQ� HHQ� GLDPHWHU� YDQ� ����PP� >���� ��@�� +HW
WKRULXPJHKDOWH� YDULHHUW� YDQ� ������ ,Q� 1HGHUODQG� ZRUGW� GH� :7��� PHW� ��������� 7K2� KHW
PHHVW�YHUNRFKW�>�����@�
'H DFWLYLWHLW� YDQ� ODVHOHNWURGHQ� PHW� ��� 7K2� EHGUDDJW� ELM� HYHQZLFKW� ���� %T� SHU� JUDP
HOHNWURGH�� GH� GLFKWKHLG� EHGUDDJW� ����� JUDP� SHU� FP� >��@��%LM� HHQ� OHQJWH� YDQ� ��� FP� HQ� HHQ
VWUDDO YDQ������FP�UHVXOWHHUW�GLW�LQ�FLUFD������%T�WKRULXP�SHU�HOHNWURGH��,Q�7DEHO�����VWDDQ�GH
GRRU YHUVFKLOOHQGH� EURQQHQ� RSJHJHYHQ� DFWLYLWHLWVFRQFHQWUDWLHV� VDPHQJHYDW�� *HFRQFOXGHHUG
NDQ ZRUGHQ�GDW�GH�DFWLYLWHLW�YDQ�GH�PHHVW�JDQJEDUH�HOHNWURGH������PP�ODQJ������PP�GLDPHWHU�
�� 7K2����OLJW�WXVVHQ�GH������HQ������%T�7K2�� (U�LV�GDDUELM�YDQXLW�JHJDDQ�GDW�HU�HYHQYHHO%T 7K�����DOV�7K�����DDQZH]LJ�LV��'H�KRHYHHOKHLG�7K�����KDQJW�LQ�GH�SUDNWLMN�DI�YDQ�GH�WLMG
GLH YHUORSHQ� LV� VLQGV� GH� FKHPLVFKH� VFKHLGLQJ� HQ� YDULHHUW� YDQ� ��� ±� ����� YDQ� GH� 7K����
DFWLYLWHLW�>����������@��4XD�JHZLFKWVSURFHQWHQ�LV�7K�����YHUZDDUORRVEDDU�WHQ�RS]LFKWH�YDQ�7K�
��� ������(�����
7DEHO� ����� 6DPHQYDWWLQJ� YDQ� GH� YHUVFKLOOHQGH� VRRUWHQ� ODVHOHNWURGHQ� HQ� KXQ� WKRULXPJHKDOWH�
&XUVLHYH�ZDDUGHQ�]LMQ�EHUHNHQG�RS�EDVLV�YDQ�DOOHHQ�7K����
FRGHULQJ ��7K2� 7K2� / � JHZLFKWHOHNWURGH 7K2� 7K2� EURQ

%T�J PP PP J J�SHU�HO� %T
:7��� ������� �� ��� ��� ���� ����� ��� ��� � � ��� ��� ��� ����� ��� ��:7������ � ��� ��� � ��� ����� ���� ��� � � � � � ����� ���� ��� � �� �� ��� ��� ���� � ���� ��:7��� ������� �� ��� ��� ���� ����� ���� ��� � ��� ��� ��� ���� ����� ���� GH]H�SXEOLFDWLH� � ��� ��� � ���� ����� ���� ��:7��� ������� ��� ��� ��� ���� ����� ���� ��:7��� ������� ��� ��� ��� ���� ����� ���� ��
��� +HH�HQ�=HUELE�>��@�YHUPHOGHQ�DEXVLHYHOLMN�:7����� UDSSRUWDJH�QRHPW�����%T�J��GH�EHUHNHQLQJ�UHVXOWHHUW�LQ����%T�J�7K����� QLHW�EHNHQG
%LM�HHQ�ODVHOHNWURGH�PHW�HHQ�DFWLYLWHLW�YDQ������%T�7K�����LV�KHW�GRVLVWHPSR�RS���P�DIVWDQG
����(���� 6Y�XXU�LQGLHQ�ZH�XLWJDDQ�YDQ�HHQ�JDPPDGRVLVFRQVWDQWH�YDQ����(���� 6Y�XXU�SHU
0%T�� 6DLWR� HQ� ,VKLGD� >��@� EHUHNHQGHQ� RS� EDVLV� YDQ� PHWLQJHQ� DDQ� WLHQ� ODVHOHNWURGHQ� RS
YHUVFKLOOHQGH�DIVWDQGHQ�GRVLVWHPSL�YDQ����(���� 6Y�K�HQ����(���� 6Y�K�RS���PHWHU�DIVWDQG
YDQ HOHNWURGHQ�YDQ����� UHVSHNWLHYHOLMN�����PP�GLDPHWHU��'LW� NRPW� UHGHOLMN�RYHUHHQ�PHW�KHW
KLHUERYHQ�EHUHNHQGH�GRVLVWHPSR�YRRU�ppQ�ODVHOHNWURGH�
���� $DQWDOOHQ�LQ�1HGHUODQG
,Q�GH�9HUHQLJGH�6WDWHQ�EHGURHJ�GH�YHUNRRS�YDQ� WKRULXPKRXGHQGH� ODVHOHNWURGHQ�EHJLQ� MDUHQ
WDFKWLJ�����PLOMRHQ�SHU�MDDU�>��@��0RPHQWHHO�EHGUDDJW�KHW�JHEUXLN�����PLOMRHQ�SHU�MDDU�>��@��,Q
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)UDQNULMN�ZRUGHQ�MDDUOLMNV�PHHU�GDQ���PLOMRHQ�WKRULXPKRXGHQGH�ODVHOHNWURGHQ�YHUEUXLNW�>��@
HQ LQ�'XLWVODQG� WXVVHQ� GH� ��� HQ� ��� WRQ� SHU� MDDU�� KHWJHHQ� RYHUHHQNRPW�PHW� ��������PLOMRHQ
ODVHOHNWURGHQ� >��@�� ,QGLHQ�ZH�GH]H� DDQWDOOHQ� DOV�XLWJDQJVSXQW�QHPHQ�HQ�YHUUHNHQHQ�PHW�KHW
DDQWDO� LQZRQHUV�� GDQ� ]RX� KHW� JHEUXLN� LQ� 1HGHUODQG� WXVVHQ� GH� �������� HQ� ���������
ODVHOHNWURGHQ�SHU�MDDU�PRHWHQ�OLJJHQ�
+DOYHUZHJH� GH� MDUHQ� QHJHQWLJ� ZHUG� GH� YHUNRRS� YDQ� WKRULXPKRXGHQGH� ODVHOHNWURGHQ� LQ
1HGHUODQG�JHVFKDW�RS������±��������SHU�MDDU�>��@��'LW�DDQWDO�OLMNW�JH]LHQ�GH�ERYHQJHQRHPGH
DDQWDOOHQ�HUJ�ODDJ��9HUEUXLN�YDQ����WKRULXPKRXGHQGH�ODVHOHNWURGHQ�SHU� ODVVHU�SHU� MDDU� OHYHUW
ELM��������ODVVHUV�>�@�HHQ�WRWDDO�YDQ���������ODVHOHNWURGHQ�RS��1RFK�KHW�1HGHUODQGVH�,QVWLWXXW
YRRU�/DVWHFKQLHN� �1,/��� QRFK� GH�9HUHQLJLQJ� YRRU� /DVWHFKQLHN� �9HODWHF�� NRQGHQ� LQIRUPDWLH
OHYHUHQ�RYHU�GH�DDQWDOOHQ�LQ�1HGHUODQG�YHUNRFKWH�WKRULXPKRXGHQGH�ODVHOHNWURGHQ�>������@�
+HW JHEUXLN�YDQ�7,*�ODVHOHNWURGHQ�LQ�GH�WKXLVVLWXDWLH�LV�EHSHUNW��7,*�ODVVHQ�LV�GXXU�HQ�YHUHLVW
VSHFLDOH�DSSDUDWXXU�HQ�EHKHQGLJKHLG��%LM�GH�JURWHUH�1HGHUODQGVH�'RH�+HW�=HOI�NHWHQV�ZRUGHQ
JHHQ�WKRULXPKRXGHQGH�7,*�ODVHOHNWURGHQ�YHUNRFKW�>��@��(U�]LMQ�GDDURP�DOOHHQ�EHUHNHQLQJHQ
XLWJHYRHUG�YRRU�SURIHVVLRQHHO�ODVVHQ�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
'RRU�YHUVFKLOOHQGH�DXWHXUV�ZRUGW�DDQJHJHYHQ�GDW�GH�JURRWVWH�GRVLV�ZRUGW�YHURRU]DDNW�GRRU�KHW
VOLMSHQ YDQ�7,*�ODVHOHNWURGHQ� HQ� KHW� LQDGHPHQ� YDQ� KHW� VOLMSVHO��'H� GRVLV� GLH� RSWUHHGW� GRRU
H[WHUQH�EHVWUDOLQJ�YDQXLW�GH�ODVVWDDI�LV�YHHO�JHULQJHU��'H�LQ�/XGZLJ�HW�DO��>��@�JHSUHVHQWHHUGH
ZDDUGHQ� YRRU� GH� LQKDODWLH� YDQ� 7K����� GRRU� ��� ODVVHUV� WHQ� JHYROJH� YDQ� ODVVHQ� HQ� VOLMSHQ
YDULsUHQ� YDQ� ���� WRW� ���� %T� SHU� MDDU�� 'H]H� ZDDUGHQ� NRPHQ�� ELM� HHQ� GRVLVFRsIILFLsQW� YDQ
���(����6Y�%T��RYHUHHQ�PHW�HHQ� LQGLYLGXHOH�GRVLV�YDQ����������� 6Y�SHU� MDDU��'H�PHGLDQH
LQGLYLGXHOH�GRVLV�EHGURHJ����� 6Y�SHU�MDDU��-DQNRYLF�HW�DO��>��@�UDSSRUWHUHQ�LQKDODWLHV�GLH�RS
MDDUEDVLV� UHVXOWHUHQ� LQ� HHQ� LQQDPH�YDQ� ��������%T�7K�����SHU� MDDU��'H� GRVHV�ZRUGHQ� VWHUN
EHSDDOG�GRRU�GH�PDQLHU�YDQ�VOLMSHQ��GH�SRVLWLH�YDQ�GH�VOLMSHU��KHW�DO�RI�QLHW�DDQZH]LJ�]LMQ�YDQ
DI]XLJHUV�HQ�RI�YHQWLODWLH��KHW�GUDJHQ�YDQ�EHVFKHUPNDSMHV�HQ�KHW�IHLW�RI�DO�KHW�VOLMSZHUN�GRRU
ppQ� SHUVRRQ� JHVFKLHGW� RI� GRRU� GH� ODVVHUV� ]HOI� >���� ��@�� 'RRU� YHUVFKLOOHQGH� DXWHXUV� ZRUGW
DDQJHJHYHQ�GDW�GH�LQGLYLGXHOH�GRVLV�DDQ]LHQOLMN�NDQ�ZRUGHQ�YHUODDJG�GRRU�KLHU�UHNHQLQJ�PHH
WH�KRXGHQ��'H�JHUDSSRUWHHUGH�LQGLYLGXHOH�GRVHV�]LMQ�VDPHQJHYDW�LQ�7DEHO�����
7DEHO� ����� %HUHNHQGH� LQGLYLGXHOH� HQ� FROOHFWLHYH� GRVHV� WHQ� JHYROJH� YDQ� WKRULXPKRXGHQGH
ODVHOHNWURGHQ
7K�����SHUODVHOHNWURGH LQG��GRVLV�SHUODVVHU ODQG DDQWDOSURGXFWHQ DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ
N%T 6Y�D PHQV6Y�D
����(��� ��� 86$ ���(��� �(��� �� ��� ��� 1/ � �(��� ��� �� ������ 86$ ����(��� � � ��� ��������� ' � � � ��� ����������� ' � � � ��� � 1/ � �(��� � GH]H�VWXGLH��WKXLV� ��� 1/ �(��� �(��� � GH]H�VWXGLH��ZHUN
��� JHPLGGHOGH����� 6Y�D� QLHW�EHNHQG
9RRU�EHUHNHQLQJ�YDQ�GH�FROOHFWLHYH�GRVLV�LV�XLWJHJDDQ�YDQ�HHQ�JHPLGGHOGH�LQGLYLGXHOH�GRVLV
YDQ����� 6Y�SHU�MDDU�]RDOV�JHUDSSRUWHHUG�GRRU�/XGZLJ�HW�DO��>��@�HQ�YDQ��������SURIHVVLRQHOH
JHEUXLNHUV�GLH�WLHQ�ODVHOHNWURGHQ�SHU�MDDU�JHEUXLNHQ��'LW�UHVXOWHHUW�LQ�HHQ�FROOHFWLHYH�GRVLV�YDQ



SDJ�����YDQ��� 5,90�UDSSRUW����������

� PHQV6Y�SHU�MDDU��9RRU�HHQ�RQGHUERXZLQJ�YDQ�KHW�KLHU�JHEUXLNWH�DDQWDO�LV�QDGHU�RQGHU]RHN
QDDU� KHW� JHEUXLN� YDQ� WKRULXPKRXGHQGH� ODVHOHNWURGHQ� HQ� GH� YHUYDQJLQJ� GDDUYDQ� GRRU� QLHW�
WKRULXPKRXGHQGH�ODVHOHNWURGHQ�ELM�GH�YHUVFKLOOHQGH�ODVEHGULMYHQ�QRGLJ��(U�ZRUGW�DDQJHQRPHQ
GDW�JHEUXLN�YDQ�7,*�ODVHOHNWURGHQ�LQ�GH�WKXLVVLWXDWLH�QLHW�SODDWVYLQGW��GH�FROOHFWLHYH�GRVLV� LQ
GH FDWHJRULH�JHEUXLNVDUWLNHOHQ�LV�GHUKDOYH���PHQV6Y�
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� *ORHLNRXVMHV
���� ,QOHLGLQJ
,Q�UDGLRDFWLHYH�JORHLNRXVMHV�ZRUGW�WKRULXPR[LGH�JHEUXLNW��+HW�NDWRHQHQ�JORHLNRXVMH�ZRUGW�LQ
HHQ�PHQJVHO� YDQ� WKRULXP�� HQ� FHULXPQLWUDDW� JHGRRSW� �������� 'H]H� YHUKRXGLQJ� ZDV� WRW� HLQG
MDUHQ� WDFKWLJ� GH� VWDQGDDUG� YRRU� YHUVFKLOOHQGH� VRRUWHQ� JORHLNRXVMHV�� %LM� KHW� HHUVWH� JHEUXLN
YHUEUDQGW� KHW� NDWRHQHQ� NRXVMH� HQ�ZRUGW� KHW� WKRULXP�FHULXPQLWUDDW� RPJH]HW� LQ� HHQ� VFKDDOWMH
YDQ� WKRULXP�� HQ� FHULXPR[LGH�� %LM� YHUKLWWLQJ� YHUVSUHLGW� KHW� JORHLNRXVMH� HHQ� IHO� ZLW� OLFKW
ZDDUYDQ�GH�OLFKWVWHUNWH�]HV�PDDO�KRJHU�LV�GDQ�YDQ�HHQ�JDVYODP�
(U ]LMQ� WZHH� W\SHQ� JORHLNRXVMHV� LQ� GH� KDQGHO�� KDUGH� YRRUJHYRUPGH� JORHLNRXVMHV� HQ� ]DFKWH
JORHLNRXVMHV��'H�KDUGH�JORHLNRXVMHV�ZRUGHQ�JHEUXLNW�YRRU�VSHFLILHNH�ODPSHQ�ELQQHQVKXLV��LQ
FDUDYDQV� RI� LQ� ZRRQERWHQ�� HQ� YRRU� VWUDDWYHUOLFKWLQJ�� VLJQDDOODPSHQ�� YHUOLFKWLQJ� YDQ� ERHLHQ
H�G� 'H]H� NRXVMHV� ]LMQ� YRRU]LHQ� YDQ� HHQ� VFKURHIGUDDG� RI� HHQ� EDMRQHW� HQ� ]LMQ� GDDUGRRU� QLHW
RQGHUOLQJ� XLWZLVVHOEDDU� �)LJXXU� ������ 'H� ]DFKWH� JORHLNRXVMHV� ZRUGHQ� JHEUXLNW� YRRU
FDPSLQJODPSHQ�HQ�]LMQ�YRRU�HHQ�JURRW�GHHO�ZHO�XLWZLVVHOEDDU�

)LJXXU ���� 9RRUEHHOGHQ�YDQ�WZHH�PHUNHQ�KDUGH��YRRUJHYRUPGH�JORHLNRXVMHV��/LQNV�HHQ�QLHW�
UDGLRDFWLHI�JORHLNRXVMH��UHFKWV�HHQ�UDGLRDFWLHI�JORHLNRXVMH�

���� :HWJHYLQJ
*ORHLNRXVMHV�PHW�WKRULXP�ZDUHQ�YULMJHVWHOG�YDQ�GH�YHUJXQQLQJSOLFKW�RS�JURQG�YDQ�DUWLNHO����
OLG���YDQ�KHW�%HVOXLW�.HUQLQVWDOODWLHV��6SOLMWVWRIIHQ�HQ�(UWVHQ�>��@��0HW�GH�KHU]LHQLQJ�YDQ�KHW
EHVOXLW�6WUDOHQEHVFKHUPLQJ�HQ�KHW�%.6(�]LMQ�JORHLNRXVMHV�RSJHQRPHQ�LQ�GH�UHJHOJHYLQJ�]RDOV
EHVFKUHYHQ�LQ�KHW�KXLGLJH�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ��=H�]XOOHQ�ZRUGHQ�RSJHQRPHQ� LQ�GH
OLMVW�PHW�QLHW�JHUHFKWYDDUGLJGH�WRHSDVVLQJHQ�>���DUW���@�
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���� $FKWHUJURQG
'H�HHUVWH�SDWHQWHQ�YRRU� µLQFDQGHVFHQW�PDQWOH� FRPSRVLWLRQV¶� LQ�GH�86372�GDWDEDVH�GDWHUHQ
YDQ� ������ ,Q� WRWDDO� ZHUGHQ� ���� SDWHQWHQ� DDQJHWURIIHQ� GLH� EHWUHNNLQJ� KDGGHQ� RS� GH
VDPHQVWHOOLQJ�YDQ�JORHLNRXVMHV��(U�ZHUGHQ�����SDWHQWHQ�DDQJHWURIIHQ�GLH�EHWUHNNLQJ�KDGGHQ
RS GH�JORHLNRXVMHV�]HOI��ZDDUYDQ�HU�UXLP�����YDQ�YRRU������GDWHUHQ�
1D GH� XLWYLQGLQJ� YDQ� GH� WKRULXPKRXGHQGH� JORHLNRXV�� URQG� ����� GRRU� 9RQ� :HOVFKEDFK�
JURHLGH� GH� PDUNW� VQHO� WRWGDW� GH� �VWUDDW�JDVODPSHQ� DDQ� KHW� EHJLQ� YDQ� GH� ��H� HHXZ� ZHUGHQ
YHUYDQJHQ�GRRU�HOHNWULVFK�OLFKW��'H�SURGXFWLH�YDQ�JORHLNRXVMHV�QDP�VWHUN�DI�HQ�URQG������ZDV
WKRULXP�HHQ�UHODWLHI�RQEHODQJULMN�SURGXFW��2S�VRPPLJH�SODDWVHQ��]RDOV�%HUOLMQ�HQ�'�VVHOGRUI�
]LMQ JDVODPSHQ�PHW��KDUGH��JORHLNRXVMHV�QRJ�VWHHGV�LQ�JHEUXLN�YRRU�VWUDDWYHUOLFKWLQJ�>��@��'H
ODPSHQ� PHW� HHQ� GUXNSRPS� GLH� WHJHQZRRUGLJ� GRRU� NDPSHHUGHUV� ZRUGHQ� JHEUXLNW� NZDPHQ
WXVVHQ������HQ������YRRU�KHW�HHUVW�RS�GH�PDUNW�>������@��'H�]DFKWH�JORHLNRXVMHV��GLH�JHEUXLNW
ZRUGHQ YRRU�FDPSLQJODPSHQ��YRUPHQ�PRPHQWHHO�YHUUHZHJ�GH�JURRWVWH�PDUNW�
'H HHUVWH� SDWHQWHQ� YRRU� QLHW�UDGLRDFWLHYH� JORHLNRXVMHV� GDWHUHQ� YDQ� ����� HQ� ����� HQ� ]LMQ
DINRPVWLJ� YDQ� KHW� )UDQVH�&RPPLVDULDW� j� O¶(QHUJLH�$WRPLTXH� HQ� GH�&ROHPDQ�&RPSDQ\� ,QF
>��@�� +HW� WKRULXP� LQ� GH� JORHLNRXVMHV� LV� YHUYDQJHQ� GRRU� HHQ� PHQJVHO� ZDDULQ� R�D�� ]LUNRRQ�
\WWULXP�HQ�FHULXP�YRRUNRPHQ��'H]H�QLHW�UDGLRDFWLHYH�JORHLNRXVMHV�]LMQ�YDQDI�KHW�EHJLQ�YDQ�GH
MDUHQ� QHJHQWLJ� RS� GH� PDUNW�� +HW� SHUFHQWDJH� QLHW�UDGLRDFWLHYH� NRXVMHV� LV� VLQGVGLHQ� VWHUN
WRHJHQRPHQ�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
'H� UDGLRDFWLYLWHLW� LQ� JORHLNRXVMHV� YDULHHUW� VWHUN�� ]RZHO� WXVVHQ� PHUNHQ� RQGHUOLQJ� DOV� WXVVHQ
EDWFKHV��,Q�GH�OLWHUDWXXU�ZRUGHQ�DFWLYLWHLWVFRQFHQWUDWLHV�JHQRHPG�WXVVHQ�����HQ������%T�SHU
JORHLNRXVMH�>����������@��'H�JHPLGGHOGH�GRRU�6DGDJRSDQ�HW�DO��>��@�JHUDSSRUWHHUGH�7K�����
DFWLYLWHLW� YRRU� ��� PHUNHQ� JORHLNRXVMHV� EHGURHJ� ����� %T�� =LM� JDDQ� WHYHQV� LQ� RS� GH
DDQZH]LJKHLG�YDQ�7K�����HQ�GH�LQJURHL�YDQ�GH�GRFKWHUSURGXFWHQ��ZDDUGRRU�GH�WRWDOH�DFWLYLWHLW
DDQ]LHQOLMN�KRJHU�NDQ�]LMQ��+X\VNHQV�HW�DO��>��@�JHYHQ�HHQ�W\SLVFKH�DFWLYLWHLWVFRQFHQWUDWLH�YDQ
����� %T� 7K����� RS�� PDDU� QHPHQ� LQ� KXQ� EHUHNHQLQJ� GH� LQJURHL� YDQ� GRFKWHUQXFOLGHQ� PHH�
)XUXWD� HW� DO�� >��@� UDSSRUWHHUGH� YLHU� QLHW�UDGLRDFWLHYH� JORHLNRXVMHV� HQ� ]HYHQ� UDGLRDFWLHYH
JORHLNRXVMHV�PHW� HHQ�7K�����DFWLYLWHLW� YDULHUHQG�YDQ���� WRW�����%T��+HW�JDPPDGRVLVWHPSR
YDQ�HHQ�JORHLNRXV�PHW�����%T�7K�����ZDV�RS���PHWHU�QLHW�PHHWEDDU��PDDU�EHGURHJ�RS�KHW
RSSHUYODN������ 6Y�SHU�XXU��+X\VNHQV�HW�DO��>��@�EHUHNHQGHQ�HHQ�GRVLVWHPSR�YDQ��(���� 6Y
SHU XXU�RS���PHWHU�DIVWDQG�
���� $DQWDOOHQ�LQ�1HGHUODQG
+DUGH�JORHLNRXVMHV�GLH�RS�GH�1HGHUODQGVH�PDUNW�YRRUNRPHQ�ZRUGHQ�JHSURGXFHHUG�GRRU�)DONV
9HULWDV RS�0DOWD��HQ�GRRU�$XHU�LQ�%HUOLMQ��+HW�PHUN�$ODGGLQ�ZRUGW�JHSURGXFHHUG�LQ�%UD]LOLs
HQ 7UXPD� RS� 0DOWD�� =DFKWH� JORHLNRXVMHV� ZRUGHQ� ELQQHQ� (XURSD� JHSURGXFHHUG� LQ� 6SDQMH�
0DOWD� �)DONV� 9HULWDV��� ,WDOLs� �$XHU�� HQ�:HQHQ� �/X[RU��� 9HUVFKLOOHQGH� SURGXFHQWHQ� OHYHUHQ
QDDVW� KHW� HLJHQ� PHUN� ]DFKWH� JORHLNRXVMH� RRN� PHUNORRV� RI� OHYHUHQ� DDQ� RQGHU� HHQ� DQGHUH
PHUNQDDP� (HQ�]HHU�JURRW�GHHO�YDQ�GH�]DFKWH�JORHLNRXVMHV�ZRUGW�JHSURGXFHHUG�LQ�&KLQD�
'H ZHUHOGPDUNW�YRRU�JORHLNRXVMHV�ZHUG�LQ������JHVFKDW�RS�����PLOMRHQ�SHU�MDDU�>86�3DWHQW
���������@��0DULXV�%UDEHU�VFKDW�KHW�DDQWDO�PRPHQWHHO�RS����PLOMRHQ�SHU�MDDU�>��@��9RRU�����
ZHUG GH�1HGHUODQGVH�PDUNW�JHVFKDW�RS���������>��@��'RRU�%ODDXERHU�HW�DO��>�@�ZHUG�XLWJHJDDQ
YDQ� �������� JORHLNRXVMHV� SHU� MDDU��'H� WRWDOH�PDUNW� DDQ� ]DFKWH� NRXVMHV� EHGUDDJW�PRPHQWHHO
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������������������>��@��'H�1HGHUODQGVH�PDUNW�DDQ�KDUGH�NRXVMHV�ZRUGW�JHVFKDW�RS�PD[LPDDO
������� VWXNV� MDDUOLMNV�� 'H� YHUKRXGLQJ� ]DFKWH�KDUGH� NRXVMHV� NRPW� YRRU� 1HGHUODQG� JURIZHJ
RYHUHHQ�PHW�GLH�JHVFKDW�YRRU�GH�9HUHQLJGH�6WDWHQ�>��@�
7DEHO������'H�YHUVFKLOOHQGH�PHUNHQ�LQ�1HGHUODQG�YHUNRFKWH�JORHLNRXVMHV��GH�LPSRUWHXU�HQ�KHW
MDDU�GDW�GH�QLHW�UDGLRDFWLHYH�JORHLNRXVMHV�ZHUGHQ�JHwQWURGXFHHUG
PHUN�JORHLNRXVMH ODQG�YDQKHUNRPVW LPSRUWHXU UDGLR�DFWLHI MDDU DDQWDOOHQ�SHU�MDDU
KDUGH�JORHLNRXVMHV)DONV�9HULWDV 0DOWD � QHHQ ����$XHU�OLFKW� 'XLWVODQG *LPHJ MD �$ODGGLQ %UD]LOLs��86$ 9DQ�$VVHQGHOIW MD �7UXPD 0DOWD &0& QHHQ ����7UXPD 0DOWD *LPHJ QHHQ ����727$$/ ������
]DFKWH�JORHLNRXVMHV$QFKRU��� &KLQD �� MD �%XWWHUIO\�����. � 9DQ�$VVHQGHOIW QHHQ ��

&DPSLQJ�*D]��&ROHPDQ 2RVWHQULMN &ROHPDQ QHHQ ����&DPS�4XDOLW\ &KLQD 9DQ�$VVHQGHOIW QHHQ FD�����&DPS�.LQJ 0DOWD 8PHID QHHQ FD�����)DONV�9HULWDV 0DOWD � QHHQ ����)RNHU ,WDOLs %DGp QHHQ ��

*LPHJ &KLQD *LPHJ QHHQ FD�������� &3� �����:DWW &KLQD %DGp QHHQ FD�����&0& &KLQD &0& QHHQ FD�����0HUNORRV � �� MD �3ULPXV��� &KLQD 5RELMQV�%9 QHHQ ����727$$/ �������±�������
��� ZRUGW�PHW�ODPSHQ�PHHJHOHYHUG��� LPSRUWHXU�RQEHNHQG�� MDDU�LQWURGXFWLH�QLHW�UDGLRDFWLHYH�NRXVMHV�RQEHNHQG� QLHW�EHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
(HQ�RYHU]LFKW�YDQ�GH� LQ�1HGHUODQG�YHUNRFKWH�PHUNHQ�JORHLNRXVMHV� LV� JHJHYHQ� LQ�7DEHO�����
*HVFKDW� ZRUGW� GDW� KRRJXLW� ��� YDQ� GH� LQ� 1HGHUODQG� DIJH]HWWH� ]DFKWH� JORHLNRXVMHV� QRJ
UDGLRDFWLHI� LV�� 'LW� SHUFHQWDJH� ]DO� QRJ� YHUGHU� ]DO� DIQHPHQ�� PHGH� GRRUGDW� WKRULXPKRXGHQGH
JORHLNRXVMHV�RS�GH� OLMVW�PHW�QLHW�JHUHFKWYDDUGLJGH� WRHSDVVLQJHQ�JHSODDWVW� ]XOOHQ�ZRUGHQ� >�@�
'H DIQDPH�LV�LQ�RYHUHHQVWHPPLQJ�PHW�GH�WUHQG�LQ�DQGHUH�:HVW�(XURSHVH�ODQGHQ�>������@��9DQ
GH KDUGH� JORHLNRXVMHV� LV� PLQGHU� GDQ� GH� KHOIW� QRJ� UDGLRDFWLHI�� 9HUYDQJLQJ� GRRU� QLHW�
UDGLRDFWLHYH� JORHLNRXVMHV� ]DO� KLHU� ODQJ]DPHU� YHUORSHQ� YDQZHJH� KHW� IHLW� GDW� GH� JORHLNRXVMHV
XQLHN�]LMQ�YRRU�HHQ�EHSDDOGH�ODPS�HQ�GH�PDUNW�EHSHUNW�YDQ�RPYDQJ�LV�>��@��+HW�YHUELHGHQ�YDQ
WKRULXPKRXGHQGH� JORHLNRXVMHV� GRRU� SODDWVLQJ� RS� GH� OLMVW� PHW� QLHW�JHUHFKWYDDUGLJGH
WRHSDVVLQJHQ�]DO�GLW�SURFHV�HFKWHU�NXQQHQ�YHUVQHOOHQ�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
*ORHLNRXVMHV�ZHUGHQ� LQ�KHW�YHUOHGHQ�DOV�GH�YRRUQDDPVWH�EURQ�YDQ� LRQLVHUHQGH� VWUDOLQJ�GRRU
JHEUXLNVDUWLNHOHQ�JH]LHQ�LQ�KHW�9HUHQLJG�.RQLQNULMN�HQ�LQ�1HGHUODQG�>�����@��'H�ELMGUDJH�LQ
GH FROOHFWLHYH�GRVLV�LV�WHJHQZRRUGLJ�EHSHUNW�>��@�
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'RRU� YHUVFKLOOHQGH� DXWHXUV� ZRUGW� DDQJHJHYHQ� GDW� GH� JURRWVWH� GRVLV� WHQ� JHYROJH� YDQ� KHW
JHEUXLN� YDQ� UDGLRDFWLHYH� JORHLNRXVMHV� KHW� JHYROJ� LV� YDQ� LQKDODWLH� YDQ� WKRULXP� WLMGHQV� KHW
EUDQGHQ�YDQ�GH�JORHLNRXVMHV�HQ�WLMGHQV�KHW�YHUZLVVHOHQ�YDQ�GH�JORHLNRXVMHV�>��@��'H�GRVLV�WHQ
JHYROJH� YDQ� LQVOLNNHQ� YDQ� WKRULXPR[LGH�� LQDGHPHQ�YDQ� UDGRQJDV� HQ� H[WHUQH� EHVWUDOLQJ� ]LMQ
YHUZDDUORRVEDDU�� +X\VNHQV� HW� DO�� >��@� EHUHNHQGHQ� HHQ� GRVLV� YDQ� ������ 6Y� SHU� JORHLNRXV
KHWJHHQ�ELM�YHUEUDQGHQ�YDQ�WZHH�JORHLNRXVMHV�SHU�MDDU�UHVXOWHHUW�LQ�HHQ�LQGLYLGXHOH�GRVLV�YDQ
������� 6Y�SHU�MDDU��1&53�UDSSRUWHHUGH�HHQ�JHPLGGHOGH�YDQ��� 6Y�SHU�MDDU�PHW�PD[LPD�WRW
��� 6Y�SHU� MDDU��'H�FROOHFWLHYH�GRVLV�YRRU�1HGHUODQG�ZHUG�GRRU�+X\VNHQV�HW�DO�� >��@�YRRU
�����JHVFKDW�RS�������PHQV6Y��%ODDXERHU�HW�DO��>�@�EHUHNHQGHQ�HHQ�GRVLV�YDQ����PHQV6Y�SHU
MDDU� (OHYHOG�HQ�3UXSSHUV�>�@����PHQV6Y�SHU�MDDU�
7DEHO� ����� %HUHNHQGH� LQGLYLGXHOH� HQ� FROOHFWLHYH� GRVHV� WHQ� JHYROJH� YDQ� UDGLRDFWLHYH
JORHLNRXVMHV�
7K�����SHUJORHLNRXV LQGLYLGXHOHGRVLV ODQG DDQWDOSURGXFWHQ DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ
N%T 6Y�D PHQV6Y�D
� � 86$ ��(��� ��(��� �� �����(��� ������ 1/ �(��� �(��� ����� �����(��� ��� 1/ �(��� �(��� �� ����(��� �� 1/ � �(��� �� ����(��� ��� 1/ �(��� �(��� � GH]H�VWXGLH
%LM� GH� EHUHNHQLQJHQ� LV� HU� YDQXLW� JHJDDQ� GDW� WZHH� NDPSHHUGHUV� WZHH� JORHLNRXVMHV� SHU� MDDU
JHEUXLNHQ� >��@�� 9RRU� GH� GRVLV� SHU� JORHLNRXV� LV�� FRQIRUP� GH� EHUHNHQLQJHQ� LQ� (OHYHOG� HQ
3UXSSHUV�>�@����� 6Y DDQJHKRXGHQ�KHWJHHQ�UHVXOWHHUW�LQ�HHQ�LQGLYLGXHOH�GRVLV�YDQ����� 6Y�SHU
MDDU��'H�LQGLYLGXHOH�GRVLV�NDQ�DDQPHUNHOLMN�KRJHU�OLJJHQ�LQGLHQ�RXGHUH�JORHLNRXVMHV�ZRUGHQ
JHEUXLNW��LQJURHL��HQ�DOV�KHW�YHQWLODWLHYRXG�YHHO�JHULQJHU�LV�GDQ�GH���SHU�XXU�ZDDU�+X\VNHQV�HW
DO�� >��@� YDQXLW� JDDQ�� 'H]H� VLWXDWLH� NZDP� LQ� KHW� YHUOHGHQ� YDDN� YRRU� ELM� GH� YHUOLFKWLQJ� YDQ
�VWD�FDUDYDQV�HQ�ZRRQERWHQ��9RRU�GH�EHUHNHQLQJ�YDQ�GH�FROOHFWLHYH�GRVLV�LV�HU�YDQXLW�JHJDDQ
GDW ������� KDUGH� HQ� ������� ]DFKWH� JORHLNRXVMHV� WKRULXP� EHYDWWHQ�� KHWJHHQ� UHVXOWHHUW� LQ� HHQ
FROOHFWLHYH�GRVLV�YDQ���PHQV6Y�SHU� MDDU� �7DEHO�������'H]H� FROOHFWLHYH�GRVLV� LV� YHUPRHGHOLMN
DDQ�GH�KRJH�NDQW�JH]LHQ�KHW�KRRJ�LQJHVFKDWWH�DDQWDO�UDGLRDFWLHYH�JORHLNRXVMHV�
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� 5RRNPHOGHUV
���� ,QOHLGLQJ
,RQLVDWLHURRNPHOGHUV�EHYDWWHQ�HHQ�UDGLRDFWLHYH�EURQ�GLH�GH�OXFKW�LQ�GH�PHOGHU�LRQLVHHUW��,Q�GH
PHHVWH�JHYDOOHQ�EHWUHIW�KHW�HHQ�$P�����RI�HHQ�5D�����EURQ�GLH� ±GHHOWMHV�JHQHUHHUW��'RRUGDW
LQ GH�PHOGHU�HHQ�HOHNWULVFK�YHOG� LV�DDQJHOHJG�JDDW�HU�HHQ�VWURRPSMH� ORSHQ�GDW�DIKDQNHOLMN� LV
YDQ GH� DDQJHOHJGH� VSDQQLQJ� HQ� GH� ZHHUVWDQG� LQ� GH� PHOGHU�� %LM� YHUEUDQGLQJ� RQWVWDDQ� HU
URHWGHHOWMHV� GLH� GH� YHUSODDWVLQJ� YDQ� GH� LRQHQ� LQ� GH� PHOGHU� YHUVWRUHQ�� ZDDUGRRU� GH
VWURRPVWHUNWH�NOHLQHU�ZRUGW��+LHUGRRU�JDDW�KHW�DODUP�DI�>������@�
'H�EURQQHWMHV�LQ�GH�LRQLVDWLHURRNPHOGHUV�EHVWDDQ�]RQGHU�XLW]RQGHULQJ�XLW�PHWDDOIROLH�ZDDULQ
KHW UDGLRDFWLHI�PDWHULDDO� LV� LQJHEHG��(HQ� XLWJHEUHLGH� EHVFKULMYLQJ� YDQ� GHUJHOLMNH� IROLHV� LV� WH
YLQGHQ LQ�GH�5HJLVWU\�RI�VHDOHG�VRXUFHV�YDQ�GH�86�15&��,QIRUPDWLH�RYHU�GH�RQWZLNNHOLQJ�YDQ
GH]H IROLHV�HQ�KHW�WUDQVSRUW�HUYDQ�LV�JHJHYHQ�LQ�153%�*56�>��@�
���� :HWJHYLQJ
,RQLVDWLHURRNPHOGHUV� EHYDWWHQ� HHQ� NOHLQH� UDGLRDFWLHYH� EURQ� HQ� YDOOHQ� GDDURP� RQGHU� GH
.HUQHQHUJLHZHW�� 7RWGDW� LQ� ����� HHQ� GHUHJXOHULQJVEHOHLG� ZHUG� LQJH]HW� ZDUHQ� DOOH
LRQLVDWLHURRNPHOGHUV� YHUJXQQLQJSOLFKWLJ�� +HW� GHUHJXOHULQJVEHOHLG� WHQ� DDQ]LHQ� YDQ
LRQLVDWLHURRNPHOGHUV� ZDV� JHEDVHHUG� RS�$UWLNHO� ��� OLG� �� YDQ� KHW� EHVOXLW� 6WUDOHQEHVFKHUPLQJ
������µ2Q]H�0LQLVWHUV�NXQQHQ�ELM�GH�DDQZLM]LQJ�EHSDOHQ�GDW�KHW�YHUERG�VOHFKWV�QLHW�JHOGW� LQ
GDDUELM� DDQJHZH]HQ� JHYDOOHQ�� ]LM� NXQQHQ� WHYHQV� ELM� GH� DDQZLM]LQJ� EHSDOHQ� GDW� GRRU� KHQ
JHJHYHQ� YRRUVFKULIWHQ� PRHWHQ� ZRUGHQ� QDJHOHHIG�¶� >��@�� 'H� YULMVWHOOLQJ� LV� LQ� KHW� KXLGLJH
%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�RSJHQRPHQ�RQGHU�DUWLNHO����>�@�
+HW GHUHJXOHULQJVEHOHLG�KRXGW� LQ�GDW�KHW�JHEUXLN�YDQ� LRQLVDWLHURRNPHOGHUV� LV�YULMJHVWHOG�YDQ
YHUJXQQLQJSOLFKW�PLWV�DDQ�HHQ�DDQWDO�YRRUZDDUGHQ�LV�YROGDDQ��(pQ�YDQ�GLH�YRRUZDDUGHQ�LV�GDW
KHW�EHWUHIIHQGH�W\SH�URRNPHOGHU�PRHW�]LMQ�DDQJHPHOG�ELM�KHW�0LQLVWHULH�YDQ�6RFLDOH�=DNHQ�HQ
:HUNJHOHJHQKHLG��'H� OLMVW� YDQ� YULMJHVWHOGH� URRNPHOGHUV�ZRUGW� WH]DPHQ�PHW� HHQ� WRHOLFKWLQJ
HQNHOH�PDOHQ�SHU� MDDU�JHSXEOLFHHUG�LQ�GH�6WDDWVFRXUDQW��0HOGHUV�PHW�HHQ�DFWLYLWHLW�YDQ�PHHU
GDQ� ���� N%T� 5D����� RI� ��� N%T� $P����� ]LMQ� QRJ� VWHHGV� YHUJXQQLQJSOLFKWLJ�� 9RRU� KHW
IDEULFHUHQ�YDQ�LRQLVDWLHURRNPHOGHUV��IDEULHNVPDWLJ�UHLQLJHQ�YDQ�GH�UDGLRDFWLHYH�EURQ��HYHQDOV
KHW� LPSRUWHUHQ� HQ� GH� RSVODJ� YDQ�PHHU� GDQ� ��� VWXNV� EOLMIW� HHQ� YHUJXQQLQJ� HYHQHHQV� YHUHLVW
>��@�� +HW� 0LQLVWHULH� YDQ� 9520� KHHIW� LQ� HHQ� EHOHLGVQRWLWLH� DDQJHJHYHQ� GDW� YHUNRRS� YDQ
LRQLVDWLHURRNPHOGHUV�YRRU�KXLVKRXGHQV�SHU������]DO�ZRUGHQ�YHUERGHQ�>��@��0HW�LQJDQJ�YDQ��
MDQXDUL������ZRUGW�KHW�SODDWVHQ�YDQ�URRNPHOGHUV�LQ�QLHXZERXZZRQLQJHQ�YHUSOLFKW��PDDU�]LMQ
GDDUYRRU�DOOHHQ�RSWLVFKH�URRNPHOGHUV�WRHJHVWDDQ�>��@�
���� $FKWHUJURQG
8LW� GH� 86372�GDWDEDVH� ZHUGHQ� ���� SDWHQWHQ� JHVHOHFWHHUG� GLH� EHWUHNNLQJ� KDGGHQ� RS
LRQLVDWLHURRNPHOGHUV�>&&/��������@��,QIRUPDWLH�YDQ�HHQ�GHHO�GDDUYDQ��HQ�YDQ�HQNHOH�RSWLVFKH
URRNPHOGHUV��LV�VDPHQJHYDW�LQ�%LMODJH���
'H HHUVWH� SDWHQWHQ� YRRU� LRQLVDWLHURRNPHOGHUV� GDWHUHQ� YDQ� GH� MDUHQ� YHHUWLJ�� 'H]H� LRQLVDWLH�
URRNPHOGHUV� EHVWRQGHQ� XLW� WZHH� LRQLVDWLHNDPHUV� HQ� ZDUHQ� EHGRHOG� YRRU� GH� SURIHVVLRQHOH
PDUNW� $DQYDQNHOLMN� ZHUGHQ� YRRU� EUDQGGHWHFWLH� ]RJHQDDPGH� ZDUPWHGHWHFWRUHQ� JHEUXLNW�
9DQZHJH KHW� IHLW� GDW� LRQLVDWLHURRNPHOGHUV� HHQ� EHJLQQHQGH� EUDQG� HHUGHU� VLJQDOHHUGHQ� HQ
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RPGDW� HU� LQ� SODDWV� YDQ� WZHH� RI� PHHU� ZDUPWHGHWHFWRUHQ� NRQ� ZRUGHQ� YROVWDDQ� PHW� ppQ
LRQLVDWLHURRNPHOGHU�ZHUGHQ�LRQLVDWLHURRNPHOGHUV�SRSXODLUGHU�>��@�
5HHGV LQ�GH� HHUVWH�SDWHQWHQ�ZRUGW�PHOGLQJ�JHPDDNW�YDQ�KHW� JHEUXLN�YDQ� �GHHOWMHV�YRRU�GH
GHWHFWRU�� ,Q� YHHO� JHYDOOHQ�ZRUGW� JHHQ� QXFOLGH� JHQRHPG�� ,Q� HHQ� RYHU]LFKW� YDQ� GH�2(&'�XLW
����� ZRUGHQ� QDDVW� 5D����� HQ� $P����� RRN� 3X������ .U���� HQ� 1L���� JHQRHPG�� 5D����
URRNPHOGHUV� ZDUHQ� ELM� KHW� YHUVFKLMQHQ� YDQ� KHW� 2(&'�UDSSRUW� DO� YRRU� HHQ� JURRW� GHHO
YHUYDQJHQ GRRU�$P�����URRNPHOGHUV��'H�JHEUXLNWH�DFWLYLWHLW�EHGURHJ�DDQYDQNHOLMN�WXVVHQ�GH
�����HQ������N%T�$P������,Q������ZDV�GH�WRHJHSDVWH�DFWLYLWHLW�VWHUN�DIJHQRPHQ�HQ�EHGURHJ
GH]H GRRUJDDQV�PLQGHU�GDQ����N%T�>��@�
'H� SHQHWUDWLHJUDDG� YDQ� LRQLVDWLHURRNPHOGHUV� LQ� YHUVFKLOOHQGH� EHGULMYHQ�� ]LHNHQKXL]HQ� HQ
VFKROHQ EHGURHJ� LQ� ����� FLUFD� �����PDDU� ELM�ZRQLQJHQ� VOHFKWV� ���� 3ODDWVLQJ� LQ�ZRQLQJHQ
YRQG SODDWV�YDQDI������>��@��,Q�ZRQLQJHQ�WUHIW�PHQ�QX�YRRUQDPHOLMN�LRQLVDWLHURRNPHOGHUV��'H
YHUZDFKWLQJ� LV� GDW� PHGH� YDQZHJH� KHW� PLOLHXDVSHFW� RSWLVFKH� URRNPHOGHUV� LQ� DDQWDO� ]XOOHQ
WRHQHPHQ�>��@�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
,QIRUPDWLH� RYHU� GH� DFWLYLWHLW� LV� ]RZHO� XLW� GH� OLMVW� LQ� GH� µ5HJHOLQJ� DDQZLM]LQJ� URRNPHOGHUV
.HUQHQHUJLHZHW¶�� DOV� XLW� GH� LPSRUW�� HQ� RSVODJYHUJXQQLQJHQ� YHUNUHJHQ�� %HLGH� EHYDWWHQ
LQIRUPDWLH�RYHU� LRQLVDWLHURRNPHOGHUV�YRRU�GH� FRQVXPHQWHQPDUNW� HQ�GH�SURIHVVLRQHOH�PDUNW�
2PGDW�GH]H�EURQQHQ�JHHQ�LQIRUPDWLH�OHYHUHQ�RYHU�KHW�DDQWDO�YHUNRFKWH�LRQLVDWLHURRNPHOGHUV�
PRHWHQ�GH�EHUHNHQGH�JHPLGGHOGH�DFWLYLWHLWHQ�DOV�EHQDGHULQJ�ZRUGHQ�EHVFKRXZG�
9DQ GH� LQ� GH� 6WDDWVFRXUDQW� YHUPHOGH� ���� YULMJHVWHOGH� LRQLVDWLHURRNPHOGHUV� EHYDWWHQ� HU� ]HV
� N%T� 5D������ GH� RYHULJH� EHYDWWHQ� $P����� >��@�� 'H� JHPLGGHOGH� DFWLYLWHLW� YDQ� GH
JHUHJLVWUHHUGH�LRQLVDWLHURRNPHOGHUV�LV�WXVVHQ������HQ������QDXZHOLMNV�JHZLM]LJG�HQ�EHGURHJ
LQ�����������N%T�YRRU�$P�����HQ���N%T�YRRU�5D������7DEHO������
7DEHO������9ULMJHVWHOGH�URRNPHOGHUV�LQ������HQ������>������@
QXFOLGH ���� ����

DDQWDOPRGHOOHQ JHPLGGHOGHDFWLYLWHLW PD[LPDOHDFWLYLWHLW DDQWDOPRGHOOHQ JHPLGGHOGHDFWLYLWHLW PD[LPDOHDFWLYLWHLWN%T N%T N%T N%T
5D���� � � � � � �$P���� ��� ���� �� ��� ���� ��
%LM�RSVODJ�YDQ�PHHU�GDQ����LRQLVDWLHURRNPHOGHUV�LV�HHQ�RSVODJYHUJXQQLQJ�YHUHLVW��(U�ZHUGHQ
RSVODJYHUJXQQLQJHQ� YDQ� ��� EHGULMYHQ� RQGHU]RFKW� XLW� GH� SHULRGH� ����������� 1LHW� DOOH
LPSRUWHXUV� EHVFKLNNHQ� RYHU� HHQ� RSVODJYHUJXQQLQJ�� +HW� WRWDDO� DDQWDO� LQ� GH� YHUJXQQLQJHQ
JHQRHPGH� LRQLVDWLHURRNPHOGHUV� EHGURHJ� �������� ,Q� DOOH� JHYDOOHQ� ZDDU� HHQ� QXFOLGH� ZHUG
YHUPHOG� EHWURI� KHW� URRNPHOGHUV� PHW� $P������ ,Q� FLUFD� ���� ZDV� JHHQ� DFWLYLWHLW� RI� QXFOLGH
RSJHJHYHQ��LQ�����ZHUG�YHUPHOG�GDW�KHW�JHGHUHJXOHHUGH�URRNPHOGHUV�EHWURI��HQ�LQ�����EHWURI
KHW�LRQLVDWLHURRNPHOGHUV�PHW�HHQ�DFWLYLWHLW�YDQ����N%T�$P������6OHFKWV������KDG�EHWUHNNLQJ
RS LRQLVDWLHURRNPHOGHUV�PHW�HHQ�DFWLYLWHLW�YDQ�PHHU�GDQ����N%T��)LJXXU������
+HW RYHU]LFKW� YDQ� JHGHUHJXOHHUGH� URRNPHOGHUV� HQ� GH� JHJHYHQV� YDQ� GH� LPSRUW�� HQ
RSVODJYHUJXQQLQJHQ�JHYHQ�DDQ�GDW�LQ�1HGHUODQG�YRRUQDPHOLMN�LRQLVDWLHURRNPHOGHUV�PHW�$P�
���� ZRUGHQ� YHUNRFKW�� 'H� JHPLGGHOGH� DFWLYLWHLW� YDQ� GH� LQ� 1HGHUODQG� YHUNRFKWH
LRQLVDWLHURRNPHOGHUV� OLJW�URQG�GH����N%T�$P������KHWJHHQ�DDQ]LHQOLMN�KRJHU� LV�GDQ�GH�YRRU
KHW� 9HUHQLJG� .RQLQNULMN� YHUPHOGH� DFWLYLWHLW� YDQ� ����� N%T� $P����� >��@�� 9ROJHQV� ]RZHO
1,%5$ DOV� $-$;� %UDQGSUHYHQWLH� %9� LV� KHW� SHUFHQWDJH� 5D����� LRQLVDWLHURRNPHOGHUV
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YHUZDDUORRVEDDU�>������@��(U�]LMQ�JHHQ�PHOGLQJHQ�YDQ�LRQLVDWLHURRNPHOGHUV�PHW�1L�����.U���
RI 3X�����DDQJHWURIIHQ�LQ�GH�LPSRUW��HQ�RSVODJYHUJXQQLQJHQ�

)LJXXU �����9HUGHOLQJ�YDQ�GH�DDQWDOOHQ�LQ�RSVODJYHUJXQQLQJHQ�YHUPHOGH�LRQLVDWLHURRNPHOGHUV
QDDU� DFWLYLWHLW�� 5HJ� UNP�  � LRQLVDWLHURRNPHOGHUV� YHUPHOG� RQGHU� GH� 5HJHOLQJ� DDQZLM]LQJ
URRNPHOGHUV�PHW�HHQ�DFWLYLWHLW�YDQ�PD[LPDDO����N%T�$P�����RI�����N%T�5D�����
'H 2(&'� >��@� VFKULMIW� YRRU� GDW� KHW� GRVLVWHPSR� RS� ���� PHWHU� YDQ� KHW� RSSHUYODN� YDQ� GH
URRNPHOGHU�QLHW�KRJHU�PDJ�]LMQ�GDQ��� 6Y�SHU�XXU��'H�153%�KHHIW�YRRU�HHQ�DDQWDO�PHUNHQ
LRQLVDWLHURRNPHOGHUV� KHW� GRVLVWHPSR� RS� ���� PHWHU� DIVWDQG� RQGHU]RFKW�� 'H� PD[LPDOH
GRVLVWHPSL�EHGURHJHQ�ELM�YLHU�PHUNHQ�URRNPHOGHUV��HON�PHW�HHQ�DFWLYLWHLW�YDQ������$P�����
WXVVHQ�GH����(����HQ����(���� 6Y�SHU�XXU�
���� $DQWDOOHQ�LQ�1HGHUODQG
'H�-RQJ� >��@� VFKDWWH�RS�EDVLV�YDQ�GRRU� LPSRUWHXUV�YHUVWUHNWH�JHJHYHQV�GDW� HU� LQ�1HGHUODQG
��������URRNPHOGHUV�ZDUHQ�JHwQVWDOOHHUG��+HW�DDQWDO�LQ�ZRQLQJHQ�DDQZH]LJH�URRNPHOGHUV�ZDV
QRJ�EHSHUNW��'RRU�%ODDXERHU� HW� DO�� >�@�ZHUG� KHW� DDQWDO� LQ� NDQWRUHQ� DDQZH]LJH� URRNPHOGHUV
JHVFKDW� RS� ���� PLOMRHQ� HQ� KHW� DDQWDO� LQ� ZRRQKXL]HQ� DDQZH]LJH� URRNPHOGHUV� RS� �������
(OHYHOG HQ�3UXSSHUV�>�@�JLQJHQ�LQ�KXQ�EHUHNHQLQJHQ�XLW�YDQ���������URRNPHOGHUV�PHW�5D����
HQ ��������URRNPHOGHUV�PHW�$P�����
3HU�MDDU�ZRUGHQ�QDDU�VFKDWWLQJ�����������������URRNPHOGHUV�DIJH]HW�RS�GH�SDUWLFXOLHUH�PDUNW
ZDDUYDQ�PHHU�GDQ�����DINRPVWLJ�YDQ�GH�ILUPD¶V�$-$;�%9�HQ�%56�PHW� UHVSHNWLHYHOLMN�GH
PHUNHQ $,�HQ�)LUVW�$OHUW�>������@��,Q�GH�%HOHLGVQRWLWLH�5RRNPHOGHUV�>��@�ZRUGW�JHVFKDW�GDW�HU
LQ�1HGHUODQG�PHHU�GDQ���PLOMRHQ�URRNPHOGHUV�YHUNRFKW�]LMQ��WHQ�EHKRHYH�YDQ�RQJHYHHU����
YDQ�GH�1HGHUODQGVH�KXLVKRXGHQV��+HW�KXLGLJH�DDQWDO� LQ�ZRRQKXL]HQ�DDQZH]LJH� URRNPHOGHUV
ZRUGW JHVFKDW�RS�����PLOMRHQ������[�����PLOMRHQ�KXLVKRXGHQV�[�����PHOGHU�SHU�KXLVKRXGHQ��
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���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
,Q� GH� EHUHNHQLQJHQ� YDQ� GH� 1&53� YRRU� GH� 9HUHQLJGH� 6WDWHQ� ZHUG� XLWJHJDDQ� YDQ
LRQLVDWLHURRNPHOGHUV�PHW�HHQ�DFWLYLWHLW�YDQ�����N%T�$P�����RI���N%T�5D������ZDDUELM�ZHUG
DDQJHJHYHQ�GDW�5D�����URRNPHOGHUV�QLHW�PHHU�ZHUGHQ�YHUNRFKW��'H�ELMEHKRUHQGH�FROOHFWLHYH
GRVHV�EHGURHJHQ�UHVSHNWLHYHOLMN���HQ������PHQV6Y�
%ODDXERHU� HW� DO�� >�@� YHURQGHUVWHOGHQ� GDW� YRRU� ZRQLQJHQ� VOHFKWV� $P����� URRNPHOGHUV
EHVFKLNEDDU�ZDUHQ��'H� JHPLGGHOGH� LQGLYLGXHOH� GRVLV�ZDV� YHUJHOLMNEDDU�PHW� GLH� YHUPHOG� LQ
1&53 >��@��KHWJHHQ�ELM�HHQ�JURHSVRPYDQJ�YDQ��������UHVXOWHHUGH�LQ�HHQ�FROOHFWLHYH�GRVLV�YDQ
����� PHQV6Y�SHU�MDDU��'H�FROOHFWLHYH�GRVLV�WHQ�JHYROJH�YDQ�LRQLVDWLHURRNPHOGHUV�LQ�RSHQEDUH
JHERXZHQ�EHGURHJ������PHQV6Y�SHU�MDDU��,Q�GH]H�EHUHNHQLQJHQ�ZHUG�HU�YDQXLW�JHJDDQ�GDW�SHU
URRNPHOGHU���SHUVRQHQ�ZRUGHQ�EORRWJHVWHOG�
'RRU (OHYHOG�HQ�3UXSSHUV�>�@�ZHUG�HHQ�FRQVHUYDWLHYH�VFKDWWLQJ�YDQ�GH�GRVHV�JHPDDNW�RPGDW
EURQ]HOIDEVRUSWLH� QLHW� LQ� GH� EHUHNHQLQJ�ZHUG�PHHJHQRPHQ� HQ� KHW� DDQWDO� URRNPHOGHUV� KRRJ
ZHUG LQJHVFKDW��'H�EHUHNHQLQJHQ�]LMQ�XLWJHYRHUG�PHW�GH�JDPPD�GRVLVFRQVWDQWHV�YDQ�5D����
UHVSHNWLHYHOLMN�$P������HHQ�DIVWDQG�YDQ���P�HQ�HHQ�EORRWVWHOOLQJ�YDQ����XXU�JHGXUHQGH����
GDJHQ�HQ�UHVXOWHHUGHQ�LQ�HHQ�LQGLYLGXHOH�GRVHV�YDQ����� 6Y�YRRU�5D�����HQ����� 6Y�YRRU�$P�
����HQ�HHQ�FROOHFWLHYH�GRVLV�YDQ�����PHQV6Y�
9RRU� GH� KLHU� JHSUHVHQWHHUGH� EHUHNHQLQJ� ZHUG� XLWJHJDDQ� YDQ� KHW� PD[LPDDO� JHPHWHQ
GRVLVWHPSR� YDQ� ���(���� 6Y� SHU� XXU� RS� ����P��'LW� OHYHUW� ELM� HHQ� EORRWVWHOOLQJ� RS� ��PHWHU
JHGXUHQGH����XXU�SHU�GDJ�HHQ�LQGLYLGXHOH�MDDUGRVLV�RS�YDQ������ 6Y�HQ�HHQ�FROOHFWLHYH�GRVLV
YDQ ����� PHQV6Y� SHU� MDDU�� 'DDUELM� LV� HU� YDQXLW� JHJDDQ� GDW� LQ� ���� YDQ� GH� ���� PLOMRHQ
KXLVKRXGHQV� LRQLVDWLHURRNPHOGHUV� DDQZH]LJ� ]LMQ�� KHWJHHQ� UHVXOWHHUW� LQ� ���� PLOMRHQ
EORRWJHVWHOGH�SHUVRQHQ�
(U LV� HU� GDDUQDDVW� YDQXLW� JHJDDQ� GDW� ���PLOMRHQ�ZHUNQHPHUV� HQ� VFKROLHUHQ� RS� GH�ZHUNSOHN
EORRWVWDDQ� DDQ� VWUDOLQJ� YDQXLW� URRNPHOGHUV�� 8LWJDDQGH� YDQ� HHQ� EORRWVWHOOLQJ� DDQ� HHQ
URRNPHOGHU�PHW�KHW�KLHUERYHQ�YHUPHOGH�GRVLVWHPSR�RS���PHWHU�DIVWDQG�JHGXUHQGH�����GDJHQ
YDQ �� XXU�� UHVXOWHHUW� GLW� LQ� HHQ� FROOHFWLHYH� GRVLV� YDQ� ����� PHQV6Y� SHU� MDDU�� 'LW� OHYHUW
JH]DPHQOLMN�HHQ�FROOHFWLHYH�GRVLV�RS�YDQ�RQJHYHHU�����PHQV6Y�SHU�MDDU��7DEHO������
7DEHO������ 'RVLV�EHUHNHQG�LQ�GH]H�VWXGLH�YHUJHOHNHQ�PHW�GLH�YDQ�YRRUJDDQGH�VWXGLHV�YRRU�GH
JHEUXLNVIDVH YDQ�LRQLVDWLHURRNPHOGHUV�
QXFOLGH JHPLGGHOGHDFWLYLWHLW LQGLYLGXHOHGRVLV ODQG DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ

N%T 6Y�D PHQV6Y�D
5D���� � ���(��� 86$ ���(��� ����(��� ��$P���� ��� �(��� 86$ �(��� �(��� ��$P�5D�.U YDULDEHO � 1/ ���(��� ���(��� �$P���� �� �(��� 1/ �(��� �(��� ���WKXLV5D���� ��� ���(��� 1/ �(��� ���(��� �$P���� �� �(��� 1/ �(��� �(��� �$P���� ���� ���(��� 1/ ���(��� ���(��� GH]H�VWXGLH��WKXLV$P���� ���� ���(��� 1/ ��(��� ���(��� GH]H�VWXGLH��ZHUN
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� &DPHUDOHQ]HQ
���� ,QOHLGLQJ
2SWLVFK�JODV�ZRUGW�JHPDDNW�GRRU�KHW�VDPHQVPHOWHQ�YDQ�YHUVFKLOOHQGH�JURQGVWRIIHQ�ZDDUYDQ
6L2� YDQ� RRUVSURQJ� HHQ� EHODQJULMN� EHVWDQGGHHO� YRUPW�� +HW� JODV� PRHW� KRPRJHHQ� ]LMQ�
FKHPLVFK� VWDELHO�� JHHQ� EHOOHQ� EHYDWWHQ�� HQ� KDUG� HQ�ZHHUEHVWHQGLJ� ]LMQ�� %RYHQGLHQ�PRHW� GH
DEVRUSWLH�YDQ� OLFKW�JHULQJ�]LMQ��(ON� VRRUW�JODV�ZRUGW�JHNDUDNWHULVHHUG�GRRU�GH�EUHNLQJVLQGH[
YDQ KHOLXPJHHO��QG� HQ�KHW�GLVSHUVLHJHWDO�nG ��
'H� FRPELQDWLH� YDQ� GH� EUHNLQJVLQGH[� HQ� KHW� GLVSHUVLHJHWDO� LV� YDQ� EHODQJ� YRRU� GH� RSWLVFKH
NZDOLWHLWHQ� YDQ� KHW� JODV�� 'RRU 6L2� WH� YHUYDQJHQ� GRRU� /D�2� RI� %D2� YHUNUHHJ� PHQ
JODVVRRUWHQ GLH�HHQ�H[WUHHP�KRJH�EUHNLQJ�PHW�HHQ�YHHO�ODJHUH�GLVSHUVLH�FRPELQHHUGHQ�GDQ�KHW
WRW GDQ� WRH� JHEUXLNHOLMNH� JODV�� 'RRU� WRHYRHJHQ� YDQ� 7K2� ZHUG� KHW]HOIGH� EHUHLNW�� 'H
WKRULXPKRXGHQGH�JODVVRRUWHQ�ZRUGHQ�YRRUDO�JHNDUDNWHULVHHUG�GRRU�GH�KRJH�EUHNLQJVLQGH[HQ
�QG� �������������HQ�nG�ZDDUGHQ�GLH�YDULsUHQ�WXVVHQ����HQ����HQ�ZRUGHQ�]RQGHU�XLW]RQGHULQJJHUHNHQG� WRW�GH� ODQWKDDQNURRQ��RI� ODQWKDDQIOLQW�JODVVRRUWHQ� �� (HQ�JRHGH�XLWOHJ�RYHU�RSWLVFK
JODV LV�WH�YLQGHQ�LQ�.LQJVODNH�>��@�HQ�6PLWK�HQ�*HQHVHH�2SWLFV�6RIWZDUH�,QF�>��@��(HQ�JRHGH
LQWURGXFWLH�WHQ�DDQ]LHQ�YDQ�GH�UDGLRORJLVFKH�DVSHFWHQ�YDQ�WKRULXPKRXGHQG�JODV�LV�WH�YLQGHQ�LQ
0F0LOODQ�HQ�+RUQH�>��@�
���� :HWJHYLQJ
/HQ]HQ�GLH�PHHU�GDQ�GULH�JHZLFKWVSURFHQW�WKRULXP�EHYDWWHQ�YDOOHQ�YROJHQV�GH�GHILQLWLH�]RDOV
JHJHYHQ�LQ�KHW�2QWZHUSEHVOXLW�%.6(�RQGHU�GH�VSOLMWVWRIIHQ��9ROJHQV�DUWLNHO����� OLG�D�YDQ�GH
.HUQHQHUJLHZHW� LV� KHW� YHUERGHQ� VSOLMWVWRIIHQ� RI� HUWVHQ� WH� YHUYRHUHQ�� YRRUKDQGHQ� WH� KHEEHQ�
ELQQHQ�RI�EXLWHQ�1HGHUODQGV�JURQGJHELHG�WH�EUHQJHQ�RI�WH�GRHQ�EUHQJHQ��GDQ�ZHO�]LFK�GDDUYDQ
WH� RQWGRHQ� >��@��'H� YULMVWHOOLQJV�� HQ� YULMJDYHJUHQ]HQ� YRRU� 7K����� ]LMQ� YROJHQV� KHW� QLHXZH
%HVOXLW�6WUDOLQJVEHVFKHUPLQJ���%T�J�RI�HHQ�WRWDDO�YDQ������%T�>�@�
���� $FKWHUJURQG
'RRU�GH�XLWYLQGLQJ�YDQ�OHQVFRDWLQJ�DDQ�KHW�HLQG�YDQ�GH�MDUHQ�GHUWLJ�YDQ�GH�YRULJH�HHXZ�ZHUG
KHW�PRJHOLMN�FRPSOH[HUH�REMHFWLHYHQ��PHW�PHHU�HOHPHQWHQ��WH�SURGXFHUHQ��+LHUGRRU�ZHUG�HHQ
EHWHUH� FRUUHFWLH�PRJHOLMN��+HW� JHEUXLN� YDQ� VSHFLILHNH� JODVVRRUWHQ�ZDV� GDDUYRRU�ZHO� YHUHLVW�
([SHULPHQWHQ�PHW�µ]HOG]DPH�DDUGHQ¶�� ]RDOV�ODQWKDDQ�ZDUHQ�UHHGV�LQ������JHVWDUW�HQ�OHLGGHQ
XLWHLQGHOLMN� WRW� SDWHQWHQ� YRRU� (DVWPDQ�.RGDN� LQ� ����� HQ� YRRU� -HQDHU� *ODVVZHUNH� LQ� ����
>��@� ,Q�-DSDQ�YRQGHQ�GLUHFW�QD�GH�7ZHHGH�:HUHOGRRUORJ�YHUJHOLMNEDUH� LQVSDQQLQJHQ�SODDWV�
9DQDI� �����ZHUGHQ� GRRU�0LQROWD�&R��/WG��� )XML� 3KRWR� )LOP�&R�� /WG���.RQLND�&RUSRUDWLRQ�
2KDUD� ,QF��� HQ� 1LNRQ� &RUSRUDWLRQ�� JH]DPHQOLMN� DFKW� QLHXZH� RSWLVFKH� JODVVRRUWHQ
JHSURGXFHHUG� PHW� ]HOG]DPH� DDUGHQ�� ]RDOV� ODQWKDDQ� HQ� WKRULXP� >��@�� +HW� HHUVWH� WKRULXP�
� +HW�GLVSHUVLHJHWDO�ZRUGW�EHUHNHQG�GRRU�nG  QG����QI�QF���ZDDUELM�QI HQ�QF�GH�EUHNLQJVLQGLFHV�YDQ�UHVSHNWLHYHOLMNZDWHUVWRIURRG�HQ�ZDWHUVWRIEODXZ�]LMQ��9DDN�ZRUGHQ�RRN�GH�V\QRQLHPHQ�$EEH�JHWDO�RI�9�ZDDUGH�JHEUXLNW�
� 2S�EDVLV�YDQ�KHW�GLVSHUVLHJHWDO��nG� ZRUGW�IOLQWJODV�HQ�NURRQJODV�RQGHUVFKHLGHQ��)OLQWJODV�KHHIW�HHQ�nG � ���HQ
NURRQJODV�HHQ�nG ! ����$IKDQNHOLMN�YDQ�GH�YRRUQDDPVWH�FRPSRQHQWHQ�YDQ�KHW�JODV�NDQ�KHW�JODV� QRJ� HHQ� H[WUD
FRGHULQJ�PHHNULMJHQ��]RDOV�%D)��IOLQWJODV�GDW�EDULXPR[LGH�EHYDW�RI�/D.��NURRQJODV�GDW�ODQWKDDQR[LGH�EHYDW�
��,Q�GH�JODVLQGXVWULH�UHNHQW�PHQ�PHHVWDO�DOOHHQ�GH�/DQWKDQLGH�VHULH���GH�HOHPHQWHQ�VFDQGLXP��\WWULXP�HQ�WKRULXP
WRW�GH�]HOG]DPH�DDUGHQ�LQ�SODDWV�YDQ�DOOH����HOHPHQWHQ�YDQ�GH�/DQWKDQLGH�HQ�$FWLQLGH�VHULH�
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KRXGHQGH�JODV��RQWZLNNHOG�GRRU�(DVWPDQ�.RGDN��ZHUG�WRHJHSDVW�LQ�GH�$HUR�(NWDU�OHQ]HQ�GLH
LQ�GH��H�:HUHOGRRUORJ�ZHUGHQ�JHEUXLNW�YRRU� OXFKWIRWRJUDILH��7KRULXPKRXGHQGH� OHQ]HQ�YRRU
GH FRQVXPHQWHQPDUNW� ZHUGHQ� GRRU� YHUVFKLOOHQGH� FDPHUDSURGXFHQWHQ� JHSURGXFHHUG� WXVVHQ
FLUFD �����HQ������HQ�EHWURIIHQ�]RQGHU�XLW]RQGHULQJ�OLFKWVWHUNH�WRW�]HHU�OLFKWVWHUNH�OHQ]HQ�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
7KRULXPJHKDOWHV�LQ�JODV,Q� HHQ� DDQWDO� JODVVRRUWHQ� LV� WKRULXP� WRHJHSDVW� RP� GH� RSWLVFKH� NZDOLWHLW� WH� YHUEHWHUHQ�� ,Q
$PHULNDDQVH� SDWHQWHQ� ZRUGHQ� WKRULXPJHKDOWHV� JHQRHPG� WRW� ���� �%LMODJH� ���� 'H� LQ� GH
SDWHQWHQ� JHQRHPGH� JODVVRRUWHQ� ]LMQ� WHQ� GHOH� JHSURGXFHHUG�� )UDPH� HQ� .ROE� >�@� JHYHQ� HHQ
RYHU]LFKW�YDQ�GRRU�.RGDN�HQ�6FKRWW�JHSURGXFHHUG�RSWLVFK�JODV�PHW�WXVVHQ�GH���HQ�����7K2��3URGXFWLH�YDQ�WKRULXPKRXGHQG�JODV�GRRU�.RGDN�YRQG�SODDWV�WXVVHQ������HQ������>�@��%HKDOYH
YRRU FDPHUDOHQ]HQ�ZHUG�KHW�WKRULXPKRXGHQG�JODV�RRN�WRHJHSDVW�YRRU�RFXODLUV�HQ�REMHFWLHYHQ
YRRU PLFURVFRSHQ�>���������@�
1DDVW� EHZXVW� WRHSDVVHQ� YDQ� WKRULXP� LV� KHW� RRN� PRJHOLMN� GDW� WKRULXP� DOV� FRQWDPLQDQW� LV
PHHJHNRPHQ� ELM� GH� SURGXFWLH� YDQ� ODQWKDDQ� RI� DQGHUH� µ]HOG]DPH� DDUGHQ¶� XLW� PRQD]LHW�
µ0RQD]LWH� DOVR� FRQWDLQV� WKRULXP� DQG� \WWULXP�ZKLFK�PDNHV� KDQGOLQJ� GLIILFXOW� VLQFH� WKRULXP
DQG LWV� GHFRPSRVLWLRQ� SURGXFWV� DUH� UDGLRDFWLYH�� )RU� PDQ\� SXUSRVHV� LW� LV� QRW� SDUWLFXODUO\
QHFHVVDU\� WR� VHSDUDWH� WKH� PHWDOV�� EXW� LI� VHSDUDWLRQ� LQWR� LQGLYLGXDO� PHWDOV� LV� UHTXLUHG�� WKH
SURFHVV� LV� FRPSOH[�¶� >��@�� 'H� DFWLYLWHLW� YDQ� GLW� VRRUW� JODV� ]DO� HFKWHU� JHULQJHU� ]LMQ� GDQ� GH
KLHUERYHQ� JHQRHPGH� WKRULXPKRXGHQGH� JODVVRRUWHQ�� +HW� UDGLRDFWLHYH� /D����� ]DO�� JH]LHQ� GH
KDOIZDDUGHWLMG�YDQ�GLW�QXFOLGH������(����MDDU���KHW�JHULQJH�UHODWLHYH�YRRUNRPHQ��������HQ�GH
ODQWKDDQFRQFHQWUDWLH�LQ�KHW�JODV��DOV�EURQ�YDQ�DFWLYLWHLW�YDQ�JHULQJH�EHWHNHQLV�]LMQ�
/DQWKDDQ� HQ� DQGHUH� ]HOG]DPH� DDUGHQ� ZRUGHQ� QRJ� VWHHGV� WRHJHSDVW� LQ� DOOHUOHL� VRRUWHQ� JODV�
9RRUEHHOGHQ�GDDUYDQ�]LMQ�H\HSLHFHV�YRRU�WHOHVFRSHQ�YDQ�KHW�PHUN�µ2ULRQ¶��YDQ�GH�3HQWD[�;/�
VHULH�HQ�YDQ�KHW�PHUN�9L[HQ�HQ� LQ�GH�SULVPD¶V�YDQ� VRPPLJH�YHUUHNLMNHUV�� ,Q�KRHYHUUH�GH]H
JOD]HQ�UDGLRDFWLHI�]LMQ�LV�QLHW�EHNHQG�>]LH�R�D����@�
5DGLRDFWLHYH�REMHFWLHYHQ9RRU HHQ�RYHU]LFKW�YDQ� WKRULXPKRXGHQGH�REMHFWLHYHQ� LV�JHEUXLN�JHPDDNW�YDQ� LQIRUPDWLH�RS
LQWHUQHW��ZHEGLVFXVVLHJURHSHQ��IRWR��HQ�FDPHUDOLWHUDWXXU�HQ�UDGLRORJLVFKH�OLWHUDWXXU��2S�EDVLV
KLHUYDQ� ]LMQ� OHQ]HQ� �REMHFWLHYHQ�� RSJHVRPG�ZDDUYDQ� LQ� GH� OLWHUDWXXU� YHUPHOG�ZRUGW� GDW� ]H
ODQWKDDQ�RI�WKRULXP�EHYDWWHQ��RI�GDW�]H�UDGLRDFWLHI�]LMQ��PDDU�ZDDUYDQ�JHHQ�PHWLQJHQ�EHNHQG
]LMQ� �%LMODJH����� ,Q�7DEHO����� ]LMQ� DOOH� OHQ]HQ�RSJHVRPG�ZDDUDDQ�PHWLQJHQ�]LMQ� YHUULFKW��(U
ZRUGW�KLHU�YHUGHU�YRRUQDPHOLMN�RS�GH]H�ODDWVWH�OHQ]HQ�LQJHJDDQ�
'H DDQJHWURIIHQ� WKRULXPKRXGHQGH� REMHFWLHYHQ�ZRUGHQ� YRRU� HHQ� JURRW� GHHO� JHUHNHQG� WRW� GH
DV\PPHWULVFKH�GXEEHO�*DXVV�OHQ]HQ�'LW� OHQVW\SH�ZHUG� RQWZLNNHOG� DDQ� KHW� HLQG� YDQ� GH� ��H
HHXZ��PDDU�NZDP�SDV�WRW�RQWZLNNHOLQJ�QD�GH�XLWYLQGLQJ�YDQ�GH�FRDWLQJ�HLQG�MDUHQ�GHUWLJ��(HQ
JRHGH EHVFKULMYLQJ� YDQ� GH� GXEEHO� *DXVV�OHQ]HQ� HQ� GH� HOHPHQWHQ� ZDDUXLW� GH]H� OHQ]HQ� ]LMQ
RSJHERXZG�ZRUGW�JHJHYHQ�LQ�6PLWK�HQ�*HQHVHH�>��@��=LM�JHYHQ�DDQ�GDW�KHW��H�HQ��H�YDQ�GH��
HOHPHQWHQ�PHHVWDO�ELFRQYH[�]LMQ� HQ�JHPDDNW� ]LMQ�YDQ� ODQWKDDQ�IOLQWJODV��+HW� LV� HFRQRPLVFK
UHQGDEHOHU� RP� GH� DFKWHUVWH� OHQVHOHPHQWHQ�� GLH� NOHLQHU� YDQ� JURRWWH� ]LMQ� GDQ� GH� YRRUVWH
HOHPHQWHQ��YDQ�KHW�GXUH�ODQWKDDQ�IOLQWJODV�WH�PDNHQ��,Q�)LJXXU�����LV�HHQ�YRRUEHHOG�JHJHYHQ
YDQ HHQ� GHUJHOLMNH� OHQV�� GH� $HUR� (NWDU�� 'RRUGDW� GH� WKRULXPKRXGHQGH� OHQ]HQ� ]LFK� DDQ� GH
DFKWHU]LMGH�YDQ�KHW�REMHFWLHI�EHYLQGHQ�LV�GDDU�GH�VWUDOLQJVGLFKWKHLG�KHW�KRRJVW��2YHULJHQV�]LMQ
HU RRN�OHQ]HQ�ZDDU�GH�VWUDOLQJVGRVLV�DDQ�GH�YRRU]LMGH�KHW�KRRJVW�LV�]RDOV�GH�OHQV�YDQ�%HOO�HQ
+RZHOO�HQ�GH�/HLFD�6XPPLFURQ����PP�I������7DEHO������
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(U�LV�HHQ�EHSHUNW�DDQWDO�PHWLQJHQ�DDQ�KHW�WKRULXPJHKDOWH�LQ�FDPHUDOHQ]HQ��7D\ORU�>��@�PHOGW
YRRU� WZHH� VWDQGDDUGOHQ]HQ� UHVSHNWLHYHOLMN� ��� N%T� HQ� �� N%T� 7K������ /HZLQVN\� >��@
UDSSRUWHHUW�YRRU�HHQ�WY�FDPHUDOHQV�HHQ�WRWDDO�YDQ�����N%T�7K������'H�WKRULXPJHKDOWHV�LQ�KHW
�H��GH��H�HQ�GH��H�OHQVHOHPHQW�EHGUDJHQ�UHVSHNWLHYHOLMN��������HQ������+HW�EHWUHIW�KLHU�HHQ
XLW]RQGHUOLMN�]ZDUH�OHQV������NJ�JODV��PHW�HHQ�KRRJ�WKRULXPJHKDOWH��+HW�WRWDDOJHZLFKW�YDQ�GH
QRUPDOH� VWDQGDDUGOHQ]HQ� EHGUDDJW� GRRUJDDQV� �������� JUDP�� $OOH� KLHUERYHQ� JHQRHPGH
FDPHUD�OHQ]HQ�]LMQ�YROJHQV�KHW�QLHXZH�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�>�@�YHUJXQQLQJSOLFKWLJ�

)LJXXU������6FKHPD�YDQ�GH�OHQVHOHPHQWHQ�XLW�GH�SDWHQWDDQYUDDJ�YRRU�GH�$HUR�(NWDU����������
'H WKRULXPKRXGHQGH�OHQVHOHPHQWHQ�YDQ�GLW�REMHFWLHI�ZDUHQ�W��HQ�W��>86�3DWHQW����������@�
(U PDJ�ZRUGHQ�DDQJHQRPHQ�GDW�GH�DOID�GHHOWMHV�ELM�FDPHUDOHQ]HQ�QDXZHOLMNV�ELMGUDJHQ�DDQ�GH
GRVLV� JH]LHQ� GH� DIVFKHUPLQJ� GRRU� GH� FDPHUD� HQ� GH� DIVWDQG� WRW� KHW� RRJ�� 'H� EqWD�� HQ
JDPPDFRPSRQHQW�]LMQ�ZHO�YDQ�EHODQJ��+HW�GRVLVWHPSR�KDQJW�VWHUN�DI�YDQ�GH� ORFDWLH�YDQ�GH
WKRULXPKRXGHQGH� OHQ]HQ� LQ� KHW� REMHFWLHI�� 'RRU� 7D\ORU� HW� DO�� >��@� ZHUGHQ� DDQ� GH� YRRU�� HQ
DFKWHU]LMGH�YDQ�HHQ�3HQWD[�7DNXPDU�OHQV�GRVLVWHPSL�JHPHWHQ�YDQ�UHVSHNWLHYHOLMN����� 6Y�XXU
HQ ���� 6Y�XXU��'H�GRRU�/HZLQVN\�HW�DO��>��@�JHPHWHQ�GRVLVWHPSL�EHGURHJHQ������ 6Y�XXU�DDQ
GH YRRU]LMGH�YDQ�GH�OHQV�HQ����� 6Y�XXU�DDQ�GH�DFKWHU]LMGH�YDQ�GH�FDPHUD��+HW�KRRJVWH�GRRU
:DOLJRUVNL�HW�DO��>��@�JHPHWHQ�GRVLVWHPSR�EHGURHJ�DDQ�GH�YRRU]LMGH�YDQ�HHQ�)OHNWRJRQ�OHQV
��� 6Y�XXU�� WHUZLMO� DDQ�GH�ELQQHQ]LMGH�YDQ�GH� FDPHUD�KHW�GRVLVWHPSR����� 6Y�XXU�EHGURHJ�
9RRU� GH� YHUGHUH� EHUHNHQLQJHQ� LV� XLWJHJDDQ� YDQ� KHW� KRRJVWH� DDQ� GH� DFKWHU]LMGH� JHPHWHQ
GRVLVWHPSR�YDQ����� 6Y�XXU��]LH�7DEHO������
���� $DQWDOOHQ�LQ�1HGHUODQG
'RRU�:DOLJRUVNL�HW�DO��>��@�ZHUGHQ����OHQ]HQ�RQGHU]RFKW��ZDDUYDQ����WKRULXPKRXGHQG�EOHNHQ
WH� ]LMQ�� 9DQ� GH� ��� OHQ]HQ� GLH� 7D\ORU� HW� DO�� >��@� RQGHU]RFKWHQ� ZDUHQ� VOHFKWV� GULH
WKRULXPKRXGHQG�� WZHH�3HQWD[� OHQ]HQ� HQ� ppQ� )XMLQRQ� OHQV��2S� EDVLV� YDQ� GH]H� VWHHNSURHYHQ
NDQ�JHVFKDW�ZRUGHQ�GDW��������YDQ�GH�LQ������RS�GH�PDUNW�DDQZH]LJH�REMHFWLHYHQ�UDGLRDFWLHI
ZDV�� 'RRU� YHUVFKLOOHQGH� DXWHXUV� ZRUGW� YHURQGHUVWHOG� GDW� KHW� DDQWDO� UDGLRDFWLHYH� OHQ]HQ
DDQ]LHQOLMN� LV�� ZDDUELM� HU� VRPV� YDQ� ZRUGW� XLWJHJDDQ� GDW� DOOH� OHQ]HQ� PHW� ODQWKDDQJODV
UDGLRDFWLHI�]LMQ�>�����@��'RRU�%ODDXERHU�HW�DO��>�@�ZHUG�KHW�DDQWDO�WKRULXPKRXGHQGH�OHQ]HQ�LQ
1HGHUODQG�RS�EDVLV�YDQ�GH�GRRU�GH�1&53�>��@�DDQJHKDDOGH�JHJHYHQV�JHVFKDW�RS�����������
'H KLHUERYHQ� RS� EDVLV� YDQ� HQNHOH� VWHHNSURHYHQ� JHQRHPGH� SHUFHQWDJHV� HQ� DDQWDOOHQ� OLMNHQ
HFKWHU�QLHW�UHSUHVHQWDWLHI�YRRU�GH�KXLGLJH�PDUNW�
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2S�EDVLV�YDQ�RSJDYHQ�YDQ�IDEULNDQWHQ��LQ�KDQGERHNHQ��JHJHYHQV�RS�ZHEVLWHV�HQ�YHU]DPHOGH
VHULHQXPPHUV� LV� HHQ� LQVFKDWWLQJ� JHPDDNW� YDQ� KHW� DDQWDO� JHSURGXFHHUGH� OHQ]HQ� YDQ� HHQ
EHSDDOG� W\SH�� 7ZHH� NDQWWHNHQLQJHQ� ]LMQ� GDDUELM� RS� ]LMQ� SODDWV�� 7HQ� HHUVWH� LV� KHW� YRRU� YHHO
OHQ]HQ�PRHLOLMN�KHW�JHSURGXFHHUGH�DDQWDO�SUHFLHV�WH�DFKWHUKDOHQ�HQ�WHQ�WZHHGH�]LMQ�HU�YDQ�YHHO
OHQ]HQ�PHHUGHUH� VHULHV� JHSURGXFHHUG� GLH�ZHO� GH]HOIGH� QDDP�KHEEHQ��PDDU� QLHW� XLW� GH]HOIGH
JODVHOHPHQWHQ�]LMQ�RSJHERXZG��9HUNRRSFLMIHUV�YRRU�LQ�1HGHUODQG�YHUNRFKWH�OHQ]HQ�]LMQ�QLHW
EHVFKLNEDDU��2S�EDVLV�YDQ�GH�JHVFKDWWH�DDQWDOOHQ�OHQ]HQ�LV�EHUHNHQG�ZHON�GHHO� LQ�1HGHUODQG
DDQZH]LJ�]RX�NXQQHQ�]LMQ��+LHUYRRU�LV�HU�YDQXLW�JHJDDQ�GDW�YDQ�GH�LQ�(XURSD�JHSURGXFHHUGH
OHQ]HQ�����ELQQHQ�(XURSD� LV�YHUKDQGHOG� HQ�GDW�GDDUYDQ��������GHHO� LQ�1HGHUODQG� WHUHFKW� LV
JHNRPHQ��9DQ�HOGHUV�JHSURGXFHHUGH�OHQ]HQ�LV�HU�YDQXLW�JHJDDQ�GDW�����YDQ�GH�JHSURGXFHHUGH
OHQ]HQ�LQ�(XURSD�LV�YHUNRFKW��'H�UHVXOWDWHQ�]LMQ�VDPHQJHYDW�LQ�7DEHO�����
7DEHO� ����� /HQ]HQ�ZDDULQ� WKRULXP� LV� JHEUXLNW� RI�ZDDUYDQ�ZRUGW� YHUPHOG� GDW� ]H� UDGLRDFWLHI
]LMQ� HQ�ZDDUYDQ�PHWLQJHQ�]LMQ�JHSXEOLFHHUG
PHUN QDDP�OHQV W\SH EURQ MDDU�SURGXFWLH DDQWDOJHSURGXFHHUG DDQWDOLQ�1/
$QJHQLHX[ WY�FDPHUD ��[�I������ �� HLQG�µ�� � ��%HOO�HQ�+RZHOO �����PP��I���� �� MDUHQ�µ�� � �)XMLFD )XMLQRQ�: ���PP�I���� �� ���FD������ � �.RGDN $HUR�(NWDU ����PP�I���� ����� ��������� FD���������� ������.RGDN $HUR�(NWDU ����PP�I���� �� ]LH�.RGDN�$HUR�(NWDU�����PP�I���
/HLFD 6XPPLFURQ ���PP�I���� �� ������������ ������ ���/HLFD 6XPPLWDU�VWDU ���PP�I���� � ���� �� �/HLFD 6XPPLFURQ ���PP�I���� � ���� FD����� ���&DUO�=HLVV�-HQD 3DQFRODU ���PP�I���� �� ��������� ��������� ����&DUO�=HLVV�-HQD 3DQFRODU ���PP�I���� �� ��������� ���������� ����&DUO�=HLVV�-HQD )OHNWRJRQ ���PP�I���� �� ��������� ���������� ����&DUO�=HLVV�-HQD %LRPHWDU ���PP�I���� �� ��������� ���������� �����3HQWD[ 60&�7DNXPDU ���PP�I���� �� ��������� ������������ �����6WHLQKHLO $XWR�4XLQRQ ���PP�I���� �� �����FD����� ������� ����6WHLQKHLO $XWR�4XLQDU ����PP�I���� �� �����FD����� �������� ����7D\ORU�HQ�+REV� &RRNH�$SRWDO ��¶�I���� �� ��FD������ � �
727$$/ ��������� ������
��� DDQWDOOHQ�JHOGHQ�YRRU�DOOH�$HUR�(NWDU�OHQ]HQ�VDPHQ�� JHSURGXFHHUG�LQ�GULH�VHULHV����������������������HQ�����������PHW�UHVSHNWLHYHOLMN��������HOHPHQWHQ��3URGXFWLH�WRW������EDVLV�YRRU�GH�EHUHNHQLQJ��� &DUO�=HLVV�-HQD�HQ�3HQWD[�REMHFWLHYHQ��LQVFKDWWLQJ�RS�EDVLV�YHUNRFKWH�DDQWDOOHQ�FDPHUD¶V�HQOHQ]HQ� JHHQ�RI�WH�EHSHUNW�DDQWDO�JHJHYHQV�DDQZH]LJ�YRRU�HHQ�LQVFKDWWLQJ��DDQWDOOHQ�OHQ]HQ�EHSHUNW�
9DQ�GH�.RGDN�$HUR�(NWDU��HHQ�YDQ�RRUVSURQJ�YRRU�PLOLWDLUH�GRHOHLQGHQ�JHEUXLNWH�OHQV��]LMQ�HU
KRRJXLW�HQNHOH�WLHQWDOOHQ�LQ�1HGHUODQG�DDQZH]LJ��'DW]HOIGH�JHOGW�YRRU�GH�$QJHQLHX[��HHQ�WY�
FDPHUDOHQV��HQ�GH�7D\ORU�HQ�+REVRQ��HHQ�]RJHQDDPGH�SURFHV�OHQV�>]LH�R�D����@��'H�6XPPLWDU
VWDU ZDV�HHQ�SURWRW\SH�YDQ�GH�ODWHUH�6XPPLFURQ����PP�I����ZDDUYDQ�KHW�DDQWDO�QDXZNHXULJ
EHNHQG�LV�>���������@��0RJHOLMN�]LMQ�HU�YDQ�GH]H�OHQV�HQNHOH�H[HPSODUHQ�LQ�1HGHUODQG�
'H VWDQGDDUGOHQ]HQ�ZHUGHQ�LQ�JURWH�KRHYHHOKHGHQ�JHSURGXFHHUG��9DQ�GH]H�OHQ]HQ�ZRUGHQ�GH
/HLFD�6XPPLFURQ��GH�3HQWD[�6XSHU�7DNXPDU��GH�3HQWD[�7DNXPDU�HQ�GH�2RVW�(XURSHVH�&DUO
=HLVV� -HQD� OHQ]HQ� LQ�GH� UDGLRORJLVFKH� OLWHUDWXXU�KHW�PHHVW� JHQRHPG� >]LH� R�D�� ��� ��� ��@��9DQ
VRPPLJH�YDQ�GH]H�OHQ]HQ�LV�EHNHQG�GDW�]H�PLQGHU�LQ�1HGHUODQG�]LMQ�YHUNRFKW�GDQ�RS�JURQG
YDQ� GH� ERYHQVWDDQGH� EHUHNHQLQJ�PDJ�ZRUGHQ� DDQJHQRPHQ��'H� KXLGLJH� LPSRUWHXU� YDQ�&DUO
=HLVV� -HQD� OHQ]HQ� VFKDW� GDW� GH� KLHUERYHQ� JHQRHPGH� DDQWDOOHQ� YRRU� &DUO� =HLVV� -HQD� HQ
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6WHLQKHLO� OHQ]HQ� YRRU�1HGHUODQG� HHQ� IDFWRU� WLHQ� WH� KRRJ� ]LMQ� >��@��2S� EDVLV� YDQ� UXLP� ����
OHQVQXPPHUV� VFKDW�YDQ�2RVWHQ�GH� WRWDOH�KRHYHHOKHLG�JHSURGXFHHUGH�60&�7DNXPDU����PP
I����REMHFWLHYHQ�RS�UXLP����������9ROJHQV�KHP�LV�KHW�PRHLOLMN�HHQ�VFKDWWLQJ�WH�JHYHQ�YDQ�KHW
DDQWDO� LQ�1HGHUODQG� YHUNRFKWH� 3HQWD[�7DNXPDU� OHQ]HQ�� µKHW PHHVWH� JLQJ� QDDU� -DSDQ� HQ� GH
86$¶� (HQGHUGH�QDDU�-DSDQ�� UXLP�HHQGHUGH�QDDU�86$�HQ�GH� UHVW�QDDU�GH� UHVW�YDQ�GH�ZHUHOG
OLMNW�HHQ�UHsOH�DDQQDPH�>��@�
9RRU GH� PHHVWH� OHQ]HQ� JHOGW� ERYHQGLHQ� GDW� VOHFKWV� HHQ� GHHO� YDQ� GH� SURGXFWLH� XLW
WKRULXPKRXGHQGH� OHQ]HQ� EHVWRQG��9DQ� GH� /HLW]� 6XPPLFURQ� ���PP� I����� GLH� LQ� GULH� VHULHV
ZHUG JHSURGXFHHUG� YDQ� ����� WRW� KHGHQ�� LV� EHNHQG� GDW� DOOHHQ� OHQ]HQ� JHSURGXFHHUG� LQ� ����
WKRULXP�EHYDWWHQ�>�@��'DW�VOHFKWV�HHQ�GHHO�YDQ�GH�SURGXFWLH� WKRULXP�EHYDWWH��JHOGW�HYHQHHQV
YRRU�GH�2O\PSXV�=XLNR��]LH�%LMODJH�����HQ�YRRU�GH�&DUO�=HLVV�-HQD�OHQ]HQ�>��@��'LW�LV�VOHFKWV
WHQ�GHOH�PHHJHQRPHQ�LQ�GH�EHUHNHQLQJ��RPGDW�QLHW�YDQ�DOOH�OHQ]HQ�EHNHQG�LV�ZHON�GHHO�YDQ�GH
SURGXFWLH� WKRULXP� EHYDW��'H� LQ�7DEHO� ���� JHQRHPGH� DDQWDOOHQ�PRHWHQ� GDQ� RRN� DOV�PD[LPD
ZRUGHQ EHVFKRXZG��,Q�)LJXXU������LV�GH�&DUO�=HLVV�-HQD�)OHNWRJRQ���PP�I�����ZHHUJHJHYHQ�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
'H�1&53� >��@� UDSSRUWHHUW� JHHQ� LQGLYLGXHOH� RI� FROOHFWLHYH� GRVLV� RPGDW� JHJHYHQV� GDDUYRRU
RQWEUHNHQ�� %ODDXERHU� HW� DO�� >�@� UDSSRUWHUHQ� HHQ� LQGLYLGXHOH� GRVLV� YDQ� �� 6Y�MDDU� HQ� HHQ
FROOHFWLHYH�GRVLV�YRRU�1HGHUODQG�YDQ����PHQV6Y�MDDU��'RRU�(OHYHOG�HQ�3UXSSHUV�>�@�ZHUG�YDQ
GH]HOIGH�GRVHV�XLWJHJDDQ�
9RRU�HHQ�DDQWDO�FDPHUDOHQ]HQ�LV�GH�GRVLV�YRRU�KHW�RRJ�EHUHNHQG�HU�YDQXLW�JDDQGH�GDW�GH�GRVLV
DDQ GH�DFKWHU]LMGH�YDQ�GH�OHQV�RI�GH�FDPHUD�JHOLMN�LV�DDQ�GH�GRVLV�GLH�RS�KHW�RRJ�YDOW��HQ�HHQ
EORRWVWHOOLQJ�YDQ���XXU�SHU�GDJ�JHGXUHQGH�����GDJHQ��'H�JHPHWHQ�GRVLVWHPSL�]LMQ�GDDUELM�DOV
XLWJDQJVSXQW�JHQRPHQ��'DDUQDDVW�LV�HHQ�WKHRUHWLVFKH�EHUHNHQLQJ�XLWJHYRHUG�DDQ�GH�KDQG�YDQ
HHQ 3HQWD[�7DNXPDU� OHQV� YDQ� FLUFD� ���� JUDP��PHW� ����7K2�� HHQ� DIVWDQG� WRW� GH� OHQV� YDQ�� FP�� HHQ�JDPPDGRVLVFRQVWDQWH�YDQ����(���� 6Y�XXU�SHU�0%T�RS���PHWHU� DIVWDQG�HQ� HHQ
EORRWVWHOOLQJ�JHGXUHQGH���XXU�RYHU�����GDJHQ��'DDUELM�LV�YRRU�GH�FRQYHUVLH�YDQ�RRJOHQVGRVLV
QDDU LQGLYLGXHOH�GRVLV�JHEUXLN�JHPDDNW�YDQ�GH�GRRU�1&53�>��@�YHUPHOGH�FRUUHFWLHIDFWRU�YDQ
�(�����'H�UHVXOWDWHQ�]LMQ�VDPHQJHYDW�LQ�7DEHO�����
7DEHO� ����� 'RVLV� RS� KHW� RRJ� HQ� LQGLYLGXHOH� GRVLV� EHUHNHQG� YRRU� HQNHOH� GRRUJHPHWHQ
FDPHUDOHQ]HQ�DDQ�GH�KDQG�YDQ�JHPHWHQ�GRVLVWHPSL
OHQVW\SH ORFDWLH GRVLVWHPSR GRVLV�RS�RRJ LQG��GRVLV EURQ6Y�XXU 6Y�D 6Y�D
3��7DNXPDU����PP�I��� YRRU]LMGH ��� ��3 7DNXPDU����PP�I��� DFKWHU]LMGH ��� �(��� �(��� ��$QJHQLHX[�[��� YRRU]LMGH ���� ��$QJHQLHX[�[��� DFKWHU]LMGH�FDPHUD ���� �(��� �(��� ��)OHNWRJRQ����PP�I��� DW�ILOP�SODQH ��� �(��� �(��� ��3��7DNXPDU����PP�I��� DFKWHU]LMGH�FDPHUD �(��� �(��� ��

�� WKHRUHWLVFKH�EHUHNHQLQJ�PHW�EHKXOS�YDQ�GH�JDPPD�GRVLVFRQVWDQWH
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)LJXXU������'H�&DUO�=HLVV�-HQD�)OHNWRJRQ���PP�I������+HW�KRRJVWH�GRVLVWHPSR�ZHUG�JHPHWHQ
DDQ�GH�YRRU]LMGH�YDQ�GH]H�OHQV��1LHXZH�OHQ]HQ�YDQ�GLW�W\SH�EHYDWWHQ�JHHQ�WKRULXP�PHHU�>��@�
'H FROOHFWLHYH�GRVLV�LV�EHUHNHQG�PHW�GH�GRRU�%ODDXERHU�HW�DO��>�@�YHUPHOGH�LQGLYLGXHOH�GRVLV
HQ PHW�GH�LQ�7DEHO�����EHUHNHQGH�LQGLYLGXHOH�GRVLV�YRRU�GH�)OHNWRJRQ�OHQV��+HW�WRWDDO�DDQWDO
EORRWJHVWHOGH�SHUVRQHQ�LV�JHOLMNJHVWHOG�DDQ�KHW�DDQWDO�WKRULXPKRXGHQGH�OHQ]HQ��+LHUYRRU�LV�RS
EDVLV�YDQ�7DEHO�����GH�KRHYHHOKHLG�YDQ��������DDQJHKRXGHQ��'H�RSPHUNLQJHQ� LQ�KRRIGVWXN
��� JHYHQ�DDQ�GDW�KHW�UHsOH�DDQWDO�WKRULXPKRXGHQGH�OHQ]HQ�YHUPRHGHOLMN�PHHU�GDQ�IDFWRU�WZHH
ODJHU�LV��'H�JHJHYHQV�RYHU�GH�LQ�%LMODJH���YHUPHOGH�FDPHUDOHQ]HQ�ODWHQ�JHHQ�DDQWDOVVFKDWWLQJ
WRH��,QGLHQ�ZH�XLWJDDQ�YDQ�GH�LQ�%ODDXERHU�HW�DO��>�@�YHUPHOGH�LQGLYLGXHOH�GRVLV�GDQ�UHVXOWHHUW
GLW ELM� �������EORRWJHVWHOGHQ� LQ� �����PHQV6Y�SHU� MDDU��8LWJDDQGH� YDQ� HHQ� LQGLYLGXHOH� GRVLV
YDQ��(���� 6Y�D EHGUDDJW�GH�FROOHFWLHYH�GRVLV�YRRU�1HGHUODQG��(����PHQV6Y�SHU�MDDU��7DEHO
�����
7DEHO������&ROOHFWLHYH�GRVLV�YRRU�GH�JHEUXLNVIDVH�YDQ�FDPHUDOHQ]HQ

QXFOLGH PD[�DFWLYLWHLW LQGLYLGXHOHGRVLV ODQG DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ
N%T 6Y�D PHQV6Y�D

7K���� � � 1/ ���(��� �� �7K���� ���(��� �(��� 1/ �(��� �(��� GH]H�VWXGLH
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� %HHOGVFKHUPHQ
���� ,QOHLGLQJ
0RQLWRUHQ� YDQ� WHOHYLVLHV� HQ� SF¶V� EHYDWWHQ� ppQ� RI� PHHUGHUH� HOHNWURQHQEXL]HQ� �&57¶V�� GLH
HOHNWURQHQEXQGHOV� XLW]HQGHQ� YRRU� KHW� YRUPHQ� YDQ� KHW� EHHOG� RS� KHW� EHHOGVFKHUP�� 'H
XLWJH]RQGHQ�HOHNWURQHQEXQGHOV�ZRUGHQ�LQ�GH�EHHOGEXLV�DIJHERJHQ�HQ�GH�EHHOGVFKHUSWH�ZRUGW
EHSDDOG� GRRUGDW� GH� EXQGHOV� GRRU� KHW� VFKDGXZPDVNHU�� HHQ�PHWDOHQ� SODDW�PHW� JDWHQ��ZRUGHQ
JHVFKRWHQ��'H�HOHNWURQHQ�UDNHQ�GH�IRVIRUODDJ�DDQ�GH�ELQQHQ]LMGH�YDQ�KHW�EHHOGVFKHUP�HQ�ODWHQ
GH]H�PHW�GH�MXLVWH�NOHXU�RSOLFKWHQ�
+HW LV� WKHRUHWLVFK�PRJHOLMN� GDW� PRQLWRUHQ� U|QWJHQVWUDOLQJ� XLW]HQGHQ� GRRU� LQWHUDFWLH� YDQ� GH
HOHNWURQHQ�PHW�]ZDUH�PHWDOHQ�LQ�GH�IRVIRUODDJ�DDQ�GH�ELQQHQ]LMGH�YDQ�KHW�EHHOGVFKHUP��RI�PHW
PHWDOHQ RQGHUGHOHQ�LQ�GH�EHHOGEXLV�]RDOV�KHW�VFKDGXZPDVNHU��'H�IRWRQHQ�GLH�KLHUELM�RQWVWDDQ
GRRU� UHPVWUDOLQJ� KHEEHQ� HHQ� ODJHUH� HQHUJLH� GDQ� GH� VSDQQLQJ� RYHU� GH� EXLV� >���� ��@�� +HW
YHUVFKLO�PHW�HHQ�WUDGLWLRQHOH�U|QWJHQEXLV��GLH�LV�RQWZRUSHQ�RP�U|QWJHQVWUDOLQJ�XLW�WH�]HQGHQ��LV
GDW�GH]H�HHQ�NRSHU�RI�ZROIUDDP� WDUJHW�EHYDW�HQ�GDW�HU�YDQ�HHQ�KRJHU�YROWDJH�JHEUXLN�ZRUGW
JHPDDNW�� +HW� PD[LPDOH� YROWDJH� LQ� ]ZDUW�ZLW� PRQLWRUHQ� LV� RQJHYHHU� ��� N9�� ELM
NOHXUHQPRQLWRUHQ�OLJW�KHW�PD[LPXP�URQG�GH�������N9��7DEHO�������'DDUGRRU�EOLMIW�GH�HPLVVLH
UHODWLHI� ODDJ� YHUJHOHNHQ� PHW� HHQ� WUDGLWLRQHOH� U|QWJHQEXLV�� 0RJHOLMN� NHQQHQ� PRGHUQHUH
7ULQLWURQ EHHOGVFKHUPHQ� KRJHUH� PD[LPDOH� YROWDJHV�� 1RFK� LQ� GH� OLWHUDWXXU�� QRFK� RS� GH
EHHOGEXL]HQ�]HOI��]LMQ�KLHUYDQ�PHOGLQJHQ�DDQJHWURIIHQ�
7DEHO������.HQPHUNHQ�YDQ�HQNHOH�W\SHQ�EHHOGVFKHUPHQ�>QDDU���@

EHHOGVFKHUP]ZDUW�ZLW EHHOGVFKHUPNOHXU NOHXUHQ�WY
JHPLGGHOGH�KRRJVWH�YROWDJH��N9� ���� ���� ����JHPLGGHOGH�IRWRQ�HQHUJLH��NH9� ���� ���� ����
���� :HWJHYLQJ
'H� 9HUHQLJGH� 6WDWHQ� NHQW� YDQDI� ����� ULFKWOLMQHQ� WHU� EHSHUNLQJ� YDQ� GRRU� WY¶V� XLWJH]RQGHQ
U|QWJHQVWUDOLQJ�� ,Q������ZHUG�KHW�PD[LPDOH� WRHODDWEDUH�H[SRVLHWHPSR�JHQRHPG� LQ�GH�HHUVWH
ULFKWOLMQ�YHUODDJG�YDQ�RQJHYHHU���P5�XXU�QDDU�����P5�XXU�RS���FP�DIVWDQG�YDQ�GH�EHHOGEXLV�
'H]H ZDDUGH�ZHUG�RYHUJHQRPHQ�LQ�GH�$PHULNDDQVH�ZHWJHYLQJ�GLH�LQ������YDQ�NUDFKW�ZHUG
>��@��'H]H�ZDDUGH�ZHUG�HYHQHHQV�GRRU�GH�,$($�LQ������LQWHUQDWLRQDDO�DDQEHYROHQ�HQ�ZRUGW
RS PHHUGHUH� SODDWVHQ� JHKDQWHHUG� >]LH� ���� ��@�� ,Q� 1HGHUODQG� JROG� HHQ� PD[LPDDO� GRVLV�
HTXLYDOHQWWHPSR�YDQ��� 6Y�XXU�RS���FP�DIVWDQG�RI��� 6Y�XXU�RS����FP�>��@�� ,Q�KHW�QLHXZH
%HVOXLW� 6WUDOLQJVEHVFKHUPLQJ� LV� JHHQ� GRVLVOLPLHW� YRRU� HOHNWURQHQ�VWUDDOEXL]HQ� YRRU� YLVXHOH
EHHOGZHHUJDYH�PHHU�RSJHQRPHQ�>�@�
���� $FKWHUJURQG
'H� WRHQDPH� LQ� KHW� JHEUXLN� YDQ� WY¶V�� GH� RYHUJDQJ� YDQ� ]ZDUW�ZLW� QDDU� NOHXU� PHW� HHQ� KRJHU
YROWDJH� HQ� RS� KDQGHQ� ]LMQGH� ZHWJHYLQJ� KHHIW� HLQG� ]HVWLJHU� MDUHQ� JHOHLG� WRW� XLWJHEUHLG
RQGHU]RHN� QDDU� GH� VWUDOLQJVHPLVVLHV� GRRU� NOHXUHQ�WY¶V� LQ� GH� 9HUHQLJGH� 6WDWHQ�� 'H
HOHNWURQLVFKH� LQGXVWULH� KHHIW� QDDU� DDQOHLGLQJ� GDDUYDQ� PDDWUHJHOHQ� JHQRPHQ� RP� GH
KRHYHHOKHLG� U|QWJHQVWUDOLQJ� WH� EHSHUNHQ�� 'H]H� PDDWUHJHOHQ� EHVWRQGHQ� R�D�� XLW� HHQ� EHWHUH
NZDOLWHLWVFRQWUROH� ELM� GH� SURGXFWLH�� GH� RQWZLNNHOLQJ� YDQ� YHUEHWHUGH� HOHNWURQLVFKH
FRPSRQHQWHQ� HQ� KHW� LQERXZHQ� YDQ� EHYHLOLJLQJHQ� GLH� HHQ� WH� KRJH� EXLVVSDQQLQJ� PRHVWHQ
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YRRUNRPHQ� >���� ���� ��@�� 'DDUQDDVW� ZHUG� WHYHQV� U|QWJHQVWUDOLQJDEVRUEHUHQG� JODV� PHW� R�D�
VWURQWLXP�HQ�ORRG�WRHJHSDVW�>]LH�R�D��8�6��SDWHQW�QR�����������@��'RRU�GH]H�PDDWUHJHOHQ�ZHUG
GH HPLVVLH�YDQ�IRWRQHQ�DDQ]LHQOLMN�JHUHGXFHHUG�>��@��'H�PHHVWH�VWXGLHV�QDDU�IRWRQHQHPLVVLHV
GRRU�EHHOGVFKHUPHQ�YHUPHOGHQ�]HHU�ODJH�RI�YHUZDDUORRVEDUH�ZDDUGHQ��µ9LUWXDOO\ QRQH�RI�WKH
;�UD\V JHQHUDWHG�VKRXOG�SHQHWUDWH�WKH�WXEH�IDFH�LI�WKH�&57V�DUH�FRQVWUXFWHG�DFFRUGLQJ�WR�WKH
VSHFLILFDWLRQV¶ >��@�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
'H�JHPHWHQ�GRVLVWHPSL�YDQ�GH�ODDWVWH����MDDU�]LMQ�ODJHU�GDQ�GLH�LQ�GH�MDUHQ�]HVWLJ�HQ�]HYHQWLJ�
,Q� �����ZHUG� LQ�:DVKLQJWRQ� HHQ� RQGHU]RHN� XLWJHYRHUG� QDDU� GH� VWUDOLQJVHPLVVLHV� YDQ� UXLP
����� NOHXUHQ�WY¶V�� ,Q� ���� YDQ� GH� WRHVWHOOHQ� NRQ� JHHQ� U|QWJHQVWUDOLQJ� JHGHWHFWHHUG� ZRUGHQ
�� ���� 6Y�XXU���+HW�PD[LPDDO�JHPHWHQ�GRVLVWHPSR�EHGURHJ�PHHU�GDQ������ 6Y�XXU�� :DQJ
>��@�YHUPHOGW�YRRU�7DLZDQ�PHHWZDDUGHQ�YDQ������ WRW������ 6Y�XXU�YRRU�NOHXUHQ�WY¶V�RQGHU
QRUPDDO�ZHUNHQGH�RPVWDQGLJKHGHQ��+LUQLQJ�HQ�$LWNHQ�>��@�YRQGHQ�YRRU�HHQ�]ZDUW�ZLW�HQ�HHQ
NOHXUHQPRQLWRU� JHHQ� VLJQLILFDQW� YHUKRRJGH� HPLVVLH� ELM� HHQ� GHWHFWLHJUHQV� YDQ� ����� 6Y�XXU�
5HFHQWHUH�RQGHU]RHNHQ�OHYHUHQ�YRRU�GH�PHHVWH�WRHVWHOOHQ�PHHWZDDUGHQ�RS�YDQ������ 6Y�XXU
RI ODJHU�>����������@�
'H JHPHWHQ�ZDDUGHQ�]LMQ�YHUZDDUORRVEDDU� WHQ� RS]LFKWH� YDQ� GH� DFKWHUJURQG� HQ� ]LMQ� YRRUQD�
PHOLMN�DINRPVWLJ�YDQ�GH�UDGLRQXFOLGHQ�LQ�GH�EHHOGEXLV�>������@��'RRU�'RHUIHO�HW�DO��>��@�ZHUG
KHW GRVLVWHPSR� WHQ� JHYROJH� YDQ� U|QWJHQVWUDOLQJ� YRRU� NOHXUHQ�WY¶V� JHVFKDW� RS� JHPLGGHOG
�� Q6Y�XXU� HQ� YRRU� ]ZDUW�ZLW�VFKHUPHQ� RS� �� S6Y�XXU�� 'H� GRVLV� WHQ� JHYROJH� QDWXXUOLMNH
UDGLRQXFOLGHQ�LQ�KHW�VFKHUP�EHGURHJ����Q6Y�XXU��2S����FP�DIVWDQG�YDQ�KHW�EHHOGVFKHUP�LV�KHW
GRVLVWHPSR� QDJHQRHJ� YHUZDDUORRVEDDU�� 5HFHQWHU� EHSDDOGHQ� <DPDPRWR� HW� DO�� >��@� HHQ
GRVLVWHPSR� RS� ��� FP� YDQ� GH� EHHOGEXLV� YDQ� ����(���� 6Y�XXU�� 'LW� GRVLVWHPSR� ZRUGW
YRRUQDPHOLMN�EHSDDOG�GRRU�.����LQ�GH�EHHOGEXLV�HQ�EHGUDDJW�FLUFD�����H�YDQ�GH�DFKWHUJURQG�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
,Q� 7DEHO� ���� HQ� ���� ]LMQ� GH� EHUHNHQLQJHQ� YRRU� GH� GRVLV� WHQ� JHYROJH� YDQ� SF¶V� HQ� WY¶V
JHSUHVHQWHHUG�
9RRU GH� EHUHNHQLQJHQ� YDQ� GH� LQGLYLGXHOH� MDDUGRVLV� HQ� GH� FROOHFWLHYH� GRVLV� YDQ� GH� KXLGLJH
EHHOGVFKHUPHQ�LV�JHEUXLN�JHPDDNW�YDQ�GH�PHWLQJHQ�YDQ�<DPDPRWR�HW�DO��>��@��'H]H�DXWHXUV
JHYHQ�KHW�GRVLVWHPSR�RS����FP�YDQ�GH�EHHOGEXLV������(���� 6Y�XXU��HQ�YHUPHOGHQ�GDW�GH]H
YRRUQDPHOLMN� DINRPVWLJ� LV� YDQ� GH� UDGLRQXFOLGHQ� LQ� GH� EHHOGEXLV�� 8LWJDDQGH� YDQ� HHQ
EORRWVWHOOLQJVGXXU�YDQ�����XXU�SHU�MDDU�HQ�����PHWHU�DIVWDQG��UHVXOWHHUW�GLW�LQ�HHQ�LQGLYLGXHOH
GRVLV�YDQ����� 6Y�D��� ,Q������ZDUHQ�HU�����PLOMRHQ�SF¶V�LQ�1HGHUODQG�>��@��,QGLHQ�ZH�XLWJDDQ
YDQ� ���� PLOMRHQ� UHJHOPDWLJH� JHEUXLNHUV� GDQ� UHVXOWHHUW� GLW� LQ� HHQ� FROOHFWLHYH� GRVLV� YDQ
����PHQV6Y�SHU�MDDU��7DEHO������
'RRU %ODDXERHU�HW�DO��>�@�ZHUG�YRRU�SF¶V�YRRU������HHQ�LQGLYLGXHOH�GRVLV�YDQ���� 6Y�D���HQ
HHQ�FROOHFWLHYH�GRVLV�YDQ����PHQV6Y�EHUHNHQG�RS�EDVLV�YDQ�GH�ZHWWHOLMNH�OLPLHW�YDQ��� 6Y�XXU
RS ����P�DIVWDQG�>��@��(U�ZHUG�XLWJHJDDQ�YDQ�JHPLGGHOG�JHEUXLN�YDQ�����XXU�HQ�FLUFD��������
JHEUXLNHUV��,QGLHQ�ZH�GH]HOIGH�ZHWWHOLMNH�OLPLHW�FRPELQHUHQ�PHW�KHW�KXLGLJH�JHEUXLN������XXU�
��� PLOMRHQ�JHEUXLNHUV��GDQ�UHVXOWHHUW�GLW�LQ�HHQ�LQGLYLGXHOH�GRVLV�YDQ���� 6Y�SHU�MDDU�HQ�HHQ
FROOHFWLHYH�GRVLV�YDQ����PHQV6Y�SHU�MDDU��+LHUELM�LV�HU��FRQIRUP�GH�EHUHNHQLQJHQ�LQ�%ODDXERHU
HW DO��>�@��YDQXLW�JHJDDQ�GDW�GH�NZDGUDWHQZHW�PDJ�ZRUGHQ� WRHJHSDVW��&RUUHFWLH�YRRU�KHW� IHLW
GDW ZH�KLHU�QLHW�PHW�HHQ�SXQWEURQ�WH�PDNHQ�KHEEHQ��PDDU�PHW�HHQ�JURWHU�RSSHUYODN�UHVXOWHHUW
� YRRU�RPUHNHQLQJ�YDQ�H[SRVLH��5�XXU��QDDU�GRVLV��6Y�XXU��LV�HHQ�IDFWRU�YDQ������JHEUXLNW��$OOH�ZDDUGHQ�KHEEHQ
EHWUHNNLQJ�RS�GRVLVWHPSL�RS���FP�YDQ�KHW�EHHOGVFKHUP�WHQ]LM�DQGHUV�YHUPHOG�
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LQ�HHQ� LQGLYLGXHOH�GRVLV�YDQ����� 6Y�D��� HQ�HHQ�FROOHFWLHYH�GRVLV�YDQ�����PHQV6Y�SHU� MDDU�
+LHUELM� LV� GH� GRRU� +LUQLQJ� HQ� $LWNHQ� >��@� JHJHYHQ� IDFWRU� YDQ� ���� WRHJHSDVW� YRRU� KHW
GRVLVWHPSR�RS����FP�WHQ�RS]LFKWH�YDQ�KHW�GRVLVWHPSR�RS����FP�DIVWDQG�YDQ�KHW�VFKHUP��2S
HHQ DIVWDQG�YDQ�PHHU�GDQ����FP���[�GH�HIIHFWLHYH�VFKHUP�GLDPHWHU���NDQ�GH�NZDGUDWHQZHW�ZHO
ZRUGHQ�WRHJHSDVW�>��@�
7DEHO������,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV�WHQ�JHYROJH�YDQ�SF�JHEUXLN
LQG�� GRVLVRS ����P� LQG�� GRVLVRS�����P ODQG DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ

6Y�XXU 6Y�D PHQV6Y�D
� �����(��� 86$ ��(� ���� ��� ���(������ 1/ �����(� �� �� ���(������ 1/ ���(� �� RS�EDVLV�ZHWWHOLMN�PD[LPXP�%6.�>��@� ���(������ 1/ ���(� ��� RS�EDVLV�ZHWWHOLMN�PD[LPXP�%6.�>��@����(������ ���(��� 1/ ���(� ��� RS�EDVLV�JHJHYHQV�<DPDPRWR�HW�DO��>��@

��� GRVLV�RS�����P��LQ�SODDWV�YDQ�����P��JHHQ�FRUUHFWLHIDFWRU�WRHJHSDVW��� NZDGUDWHQZHW�WRHJHSDVW�� FRUUHFWLHIDFWRU�WRHJHSDVW
'H�EHUHNHQLQJHQ�YRRU�WY¶V�]LMQ�RS�YHUJHOLMNEDUH�ZLM]H�XLWJHYRHUG�DOV�GLH�YRRU�SF¶V��2S�EDVLV
YDQ� KHW� GRRU� <DPDPRWR� HW� DO�� >��@� JHUDSSRUWHHUGH� GRVLVWHPSR� YLQGHQ� ZH� ELM� HHQ
EORRWVWHOOLQJVGXXU�YDQ���XXU�SHU�GDJ�HQ���PHWHU�DIVWDQG�HHQ�LQGLYLGXHOH�GRVLV�YDQ������ 6Y�D��
HQ�HHQ�FROOHFWLHYH�GRVLV�YDQ������PHQV6Y�SHU�MDDU��(U�LV�XLWJHJDDQ�YDQ����PLOMRHQ�JHEUXLNHUV�
%ODDXERHU�HW�DO��>�@�UDSSRUWHHUGHQ�RS�EDVLV�YDQ�GH�KLHUERYHQ�JHQRHPGH�ZHWWHOLMNH�OLPLHW�HHQ
LQGLYLGXHOH� MDDUGRVLV� YDQ� ���� 6Y� D��� HQ� HHQ� FROOHFWLHYH� GRVLV� YDQ� ���PHQV6Y�SHU� MDDU��+HW
DDQWDO�EORRWJHVWHOGHQ�LV�OLFKW�WRHJHQRPHQ��PDDU�KHW�JHEUXLN�LV�YHUJHOLMNEDDU�PHW�GDW� LQ�����
>��@�� %LM� KHW� KXLGLJH� JHEUXLN� ]RX� GH� ZHWWHOLMNH� OLPLHW� UHVXOWHUHQ� LQ� HHQ]HOIGH� LQGLYLGXHOH
MDDUGRVLV� HQ� HHQ� FROOHFWLHYH� GRVLV� YDQ� ��� PHQV6Y� SHU� MDDU�� +LHUELM� LV� HU�� FRQIRUP� GH
EHUHNHQLQJHQ� YRRU� SF¶V�� YDQXLW� JHJDDQ� GDW� GH� NZDGUDWHQZHW� PDJ� ZRUGHQ� WRHJHSDVW�
7RHSDVVHQ� YDQ� GH� FRUUHFWLHIDFWRU� YDQ� +LUQLQJ� HQ� $LWNHQ� >��@� UHVXOWHHUW� LQ� HHQ� LQGLYLGXHOH
GRVLV YDQ���� 6Y�D���HQ�HHQ�FROOHFWLHYH�GRVLV�YDQ�����PHQV6Y�SHU�MDDU��7DEHO������
'H UHVXOWDWHQ� JHYHQ� DDQ� GDW� GH� LQGLYLGXHOH� MDDUGRVLV� KRRJ� NDQ� XLWYDOOHQ� ELM� SF¶V� GLH� QHW
YROGRHQ�DDQ�GH�ZHWWHOLMNH�OLPLHW�YROJHQV�KHW�%6.�>��@��=RZHO�SF¶V�DOV�WY¶V�OHYHUHQ�RQGHU�GLH
RPVWDQGLJKHGHQ� RRN� HHQ� ]HHU� KRJH� ELMGUDJH� DDQ� GH� FROOHFWLHYH� GRVLV�� 'H� PHWLQJHQ� YDQ
<DPDPRWR� HW� DO�� >��@� HQ�'RHUIHO� HW� DO�� >��@� JHYHQ� DDQ� GDW� GH�PHHVWH� EHHOGVFKHUPHQ� UXLP
RQGHU�GLH�OLPLHW�SUHVWHUHQ�
7DEHO������,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV�WHQ�JHYROJH�YDQ�WY�NLMNHQ
LQG�� GRVLVRS ����P LQG�� GRVLVRS���P ODQG DDQWDOEORRWJHVW� FROOHFWLHYHGRVLV EURQ

6Y�XXU 6Y�D PHQV6Y�D
� �����(��� 86$ ���(� ����� ��� ���(������ 1/ ��(� �� �� ���(������ 1/ ��(� �� RS�EDVLV�ZHWWHOLMN�PD[LPXP�%6.�>��@� ���(������ 1/ ��(� ��� RS�EDVLV�ZHWWHOLMN�PD[LPXP�%6.�>��@����(������ ���(��� 1/ ��(� ���� RS�EDVLV�JHJHYHQV�<DPDPRWR�HW�DO��>��@

��� GRVLV�RS�����P��LQ�SODDWV�YDQ�����P��JHHQ�FRUUHFWLHIDFWRU�WRHJHSDVW��� NZDGUDWHQZHW�WRHJHSDVW�� FRUUHFWLHIDFWRU�WRHJHSDVW
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� $QWLVWDWLVFKH�PLGGHOHQ
���� ,QOHLGLQJ
6WDWLVFKH�HOHNWULFLWHLW�RQWVWDDW�GRRU�IULFWLH�YDQ�WZHH�VOHFKW�JHOHLGHQGH�RSSHUYODNNHQ��6WDWLVFKH
HOHNWULFLWHLW�KHHIW�WRW�JHYROJ�GDW�SURGXFWHQ�]RDOV�SDSLHU�RI�IROLH�DDQ�HONDDU�SODNNHQ�WLMGHQV�KHW
SURGXFWLHSURFHV�� PDDU� RRN� GDW� VWRIGHHOWMHV� ZRUGHQ� DDQJHWURNNHQ� GRRU� KHW� PDWHULDDO� GDW
VWDWLVFK� JHODGHQ� LV�� 6WDWLVFKH� HOHNWULFLWHLW� NDQ� GRRU� KHW� RYHUVSULQJHQ� YDQ� YRQNHQ� EUDQG� WRW
JHYROJ�KHEEHQ�ELM�SURGXFWLHSURFHVVHQ�ZDDU�OLFKW�RQWYODPEDUH�VWRIIHQ�ZRUGHQ�JHEUXLNW��]RDOV
GH YHUILQGXVWULH�HQ�LQ�GUXNNHULMHQ�
%LM YHHO� LQGXVWULsOH� WRHSDVVLQJHQ� ZRUGHQ� DQWLVWDWLVFKH� PLGGHOHQ� WRHJHSDVW� ZDDUELM� GH
HOHNWURVWDWLVFK�JHODGHQ�GHHOWMHV�ZRUGHQ�JHQHXWUDOLVHHUG�RI�ZDDUELM�GHHOWMHV�ZRUGHQ�JHODGHQ�ELM
SDVVDJH�� (pQ� YDQ� GH�PDQLHUHQ�ZDDUPHH� GLW� NDQ� JHVFKLHGHQ� LV�PHW� EHKXOS� YDQ� UDGLRDFWLHYH
EURQQHQ�GLH�GH�OXFKW�LRQLVHUHQ��9RRUEHHOGHQ�YDQ�SURFHVVHQ�ZDDUELM�UDGLRDFWLHYH�HOLPLQDWRUHQ
ZRUGHQ JHEUXLNW� ]LMQ�� GH� SDSLHUSURGXFWLH�� YHUIVSXLWHQ�� ODEHO� SULQWLQJ�� SURGXFWLH� YDQ
KDOIJHOHLGHUFRPSRQHQWHQ�� RQWZLNNHOHQ� YDQ� IRWRJUDILVFKH� ILOPV�� HQ� SURFHVVHQ� LQ� GH� YHUI�� HQ
GUXNLQGXVWULH�� ZDDU� YDDN� PHW� OLFKW� RQWYODPEDUH� RSORVPLGGHOHQ� ZRUGW� JHZHUNW�� $OV
WRHSDVVLQJHQ� LQ� 1HGHUODQGVH� YHUJXQQLQJHQ� ZRUGHQ� JHQRHPG�� KHW� RQWODGHQ� YDQ
PDJQHHWEDQGHQ��YHUZLMGHUHQ�YDQ� VWDWLVFKH� ODGLQJHQ� LQ� HHQ� ILOPIDEULHN�� KHW� WRHSDVVHQ� LQ� HHQ
NDWRHQVSLQQHULM� HQ� KHW� VFKRRQEOD]HQ� YDQ� SRO\HWK\OHHQ� IOHVVHQ� >��@�� (HQ� YRRUEHHOG� YDQ� KHW
JHEUXLN�LQ�ODERUDWRULD�ZRUGW�JHJHYHQ�LQ�'LJQXP�HQ�/HHQKRXWV�>��@�
���� :HWJHYLQJ
'H� UDGLRDFWLHYH� VWDWLVFKH� HOLPLQDWRUHQ� PHW� 3R������ 5D����� RI� $P����� ZDUHQ� YHUJXQQLQJ�
SOLFKWLJ ELM� HHQ� DFWLYLWHLW� YDQ� �� N%T�� HQ� PHW� .U���� ELM� HHQ� DFWLYLWHLW� YDQ� ��0%T� >��@�� 'H
YULMVWHOOLQJVJUHQV� YRRU� GH]H� QXFOLGHQ� LV� YROJHQV� KHW� QLHXZH� %HVOXLW� 6WUDOLQJVEHVFKHUPLQJ
�� N%T�>�@�
���� $FKWHUJURQG
'H�HHUVWH�$PHULNDDQVH�SDWHQWHQ�YRRU�UDGLRDFWLHYH�DQWLVWDWLVFKH�DSSDUDWHQ�GDWHUHQ�XLW�GH�MDUHQ
YHHUWLJ�� 'H� PHHVWH� SDWHQWHQ� YHUPHOGHQ� 3R����� DOV� EURQ�� ,Q� 86� SDWHQW� ���������� XLW� ����
ZRUGW HHQ�JRHG�RYHU]LFKW�YDQ�GH�YHUVFKLOOHQGH�HOHNWURVWDWLVFKH�HOLPLQDWRUHQ�JHJHYHQ�
'H VWDWLVFKH� HOLPLQDWRUHQ� ZDDULQ� 3R����� RI� $P����� LV� YHUZHUNW� EHVWDDQ� PHHVWDO� XLW� WZHH
RQGHUGHOHQ�� HHQ� PHWDDOIROLH� ZDDULQ� KHW� UDGLRQXFOLGH� LV� RSJHQRPHQ� HQ� HHQ� VWDOHQ� RPKXOVHO
ZDDULQ KHW�PHWDDOIROLH� LV� RSJHERUJHQ� RP� KHW� WH� EHVFKHUPHQ� WHJHQ� EHVFKDGLJLQJ� >��@��0HHU
LQIRUPDWLH� RYHU� KHW� PHWDDOIROLH� LV� RSJHQRPHQ� LQ� )LJXXU� ���� HQ� %LMODJH� ��� %LM� IROLHV� GLH
RQWZLNNHOG� ]LMQ� LQ� GH� MDUHQ� ]HVWLJ� ZDV� KHW� 3R����� RI� $P����� RSJHEUDFKW� LQ� GH� YRUP� YDQ
NOHLQH NHUDPLVFKH�EROOHWMHV�GLH�GRRU�PLGGHO�YDQ� HHQ� DQRUJDQLVFKH�RI� HHQ�RUJDQLVFKH�PDWUL[
DDQ�GH�RQGHUJURQG�ZDUHQ�EHYHVWLJG��'H]H� IROLHV�JDYHQ�DDQOHLGLQJ� WRW� FRQWDPLQDWLH�� GRRUGDW
GH]H� EROOHWMHV� JHPDNNHOLMN� ORVNZDPHQ� ELM� KHW� VFKRRQPDNHQ�� ,Q�:HEE� >��@� HQ� &]DMNRZVNL
>��@�ZRUGW�HHQ�GHUJHOLMNH�FRQWDPLQDWLH�EHVFKUHYHQ�
���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
6WDWLVFKH�HOLPLQDWRUHQ�NXQQHQ�LQ�YHOH�YHUVFKLOOHQGH�YRUPHQ�YRRUNRPHQ��'H�PRPHQWHHO�LQ�GH
9HUHQLJGH� 6WDWHQ� JHUHJLVWUHHUGH� VWDWLVFKH� HOLPLQDWRUHQ� EHYDWWHQ� .U����� 3R������ 5D����� RI
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$P������7DEHO�������6WDWLVFKH�HOLPLQDWRUHQ�YRRU�]HHU�NOHLQH�SURFHVVHQ�EHYDWWHQ���������0%T
3R������ GH� KRRJVW� RSJHJHYHQ� DFWLYLWHLWHQ� EHGUDJHQ� ����� ±� �������0%T� 3R������'H�.U���
EURQQHQ� ]LMQ� ]RQGHU� XLW]RQGHULQJ� EXLVYRUPLJ� HQ� EHYDWWHQ� PD[LPDDO� ���� 0%T�� 1DDVW� GH
KLHUERYHQ�JHQRHPGH�WRHSDVVLQJHQ�ZRUGHQ�GH�HOLPLQDWRUHQ�RRN�WRHJHSDVW�YRRU�KHW�YRRUNRPHQ
YDQ�VWDWLVFKH�HOHNWULFLWHLW�LQ�SUHFLVLH�LQVWUXPHQWHQ��*HQRHPG�ZRUGHQ�R�D��HQNHOH�EDODQVHQ�YDQ
0HWWOHU�,QVWUXPHQW�&RUSRUDWLRQ�GLH�����0%T�5D�����EHYDWWHQ��'H�DFWLYLWHLWHQ�HQ�GRVLVWHPSL
YDQ�GH�LQ�GH�86�15&�GDWDEDVH�JHUHJLVWUHHUGH�VWDWLVFKH�HOLPLQDWRUHQ�]LMQ�VDPHQJHYDW�LQ�7DEHO
����
7DEHO������ ,Q�GH� UHJLVWUDWLH�YDQ�GH�86�15&�QD������RSJHQRPHQ� VWDWLVFKH� HOLPLQDWRUHQ� YDQ
YHUVFKLOOHQGH�IDEULNDQWHQ�HQ�GH�RSJHJHYHQ�DFWLYLWHLWHQ�HQ�GRVLVWHPSL�
EHGULMI GDWXP WRHSDVVLQJ QXFOLGH DFWLYLWHLW PD[LPDDO�RSJHJHYHQ�H[WHUQH�GRVHV

0%T

76,�,QF� ������� DHURVRO� VDPSOLQJ

V\VWHP

.U��� ������� ��� 6Y�KU� VXUIDFH� RXWHU� DO�� 7XEH�� ��� 6Y�KU� HQG� RI� LQOHW

DQG�RXWOHW��PD[����� 6Y�KU�RQ�VXUIDFH

$PHUVKDP ������� GLYHUVH�WRHSDVVLQJ� 3R���� ���FP VXUIDFH�GRVH�UDWH��������PUHP�KU�� ���� 6Y�KU�

15' ������� DLU�JXQ��DLU�EORZHU 3R���� �������� �����PLOOLURHQWJHQ�KU�RQ�VXUIDFH

15' ������� VPDOO�SURFHVVHV 3R���� ��� LQ�FRQWDFW�PD[�H[SRVXUH�UDWH�RI������P5�KU

15' ������� OLQHDLU�DLU�LRQL]HUV 3R���� ����������� EHUHNHQG��PD[������PLOOL5�KU�DW�VXUIDFH

$PHUVKDP ������ QR]]OH�GHYLFH 3R���� ������� ����HQ����� 6Y�KU�RS���FP�YDQ�IURQW�HQ�EDFN�HQ�����HQ�����

6Y�KU�RS����FP�DIVWDQG

�0 ������� DLU�JXQ 3R���� ��� H[SHFWHG�WR�EH�EHORZ�GHWHFWLRQ�OHYHO

15'�,QF� �������� DLU�EORZHU 3R���� ���� ���� 5�KU�DW���LQFK� �������FP

$($�7HFKQ� ������� µEDUV¶ 3R���� ��������� RS���FP����� 6Y�KU��RS����FP����� 6Y�KU

$($�7HFKQ� ������� DLU�EORZHU 3R���� ��������� RS���FP��� 6Y�KU��RS����FP����� 6Y�KU

$($�7HFKQ� ������� GLY��NOHLQH�WRHS� 3R���� ������ RS���FP���� 6Y�KU��RS����FP����� 6Y�KU

0HWWOHU�,QVWU ������� EDODQV 5D���� ��� QRUPDDO�����������P5�KU

/RFNKHHG�0DUWLQ ������� ODVHU�GHVLJQDWRU $P���� ����� QR�GHWHFWDEOH�UDGLDWLRQ�DERYH�EDFNJURXQG

)HUUDQWL�'HI��6\VW� ������� ODVHU�GHVLJQDWRU $P���� ����� QR�GHWHFWDEOH�UDGLDWLRQ�DERYH�EDFNJURXQG

/RFNKHHG�0DUWLQ ������� ODVHU�GHVLJQDWRU $P���� ����� QR�GHWHFWDEOH�UDGLDWLRQ�DERYH�EDFNJURXQG

'RRU� 15'�� GH� JURRWVWH� ILUPD� GLH� VWDWLVFKH� HOLPLQDWRUHQ� YHUNRRSW�� ZRUGHQ� RRN� NOHLQHUH
SURGXFWHQ� YHUNRFKW� GLH� QLHW� LQ� GH� ERYHQJHQRHPGH� GDWDEDVH� ]LMQ� RSJHQRPHQ�� 15'� OHYHUW
DQWLVWDWLVFKH� NZDVWMHV� RQGHU� KHW� PHUN� 67$7,&0$67(5� PHW� HHQ� DFWLYLWHLW� YDQ� ����� HQ
�����0%T� 3R����� �)LJXXU� ������ 'H]H� ERUVWHOV� ]LMQ� SRSXODLU� ELM� SURIHVVLRQHOH� HQ� DPDWHXU�
IRWRJUDIHQ�� PDDU� ZRUGHQ� WHYHQV� JHEUXLNW� ELM� KHW� ZHJHQ� PHW� DQDO\WLVFKH� EDODQVHQ�� 'H
67$7,&0$67(5�ERUVWHOV�]LMQ�VLQGV������RS�GH�PDUNW�� HQ�]LMQ� LQ�YHUVFKLOOHQGH� ODQGHQ�YULM
YHUNULMJEDDU�� ,Q� ����� JDI� GH� 153%� HHQ� UDSSRUW� XLW� QDDU� DDQOHLGLQJ� YDQ� KHW� IHLW� GDW� GH]H
ERUVWHOV�RS�JURWH�VFKDDO�LQ�KHW�9HUHQLJG�.RQLQNULMN�ZHUGHQ�DDQJHERGHQ�>��@��'H�153%�WURN
GH FRQFOXVLH� GDW� GH� 3R����� EHYDWWHQGH� NHUDPLVFKH� EROOHWMHV� ELM� EHVFKDGLJLQJ� NRQGHQ
ORVNRPHQ��HQ�GDW�XLW�WHVWV�PHW�YHUVFKLOOHQGH�VWDWLVFKH�HOLPLQDWRUHQ�QLHW�EOHHN�GDW�UDGLRDFWLHYH
HOLPLQDWRUHQ� EHWHU� ZDUHQ� GDQ� QLHW�UDGLRDFWLHYH� HOLPLQDWRUHQ�� 9HUNRRS� YDQ� UDGLRDFWLHYH
VWDWLVFKH� HOLPLQDWRUHQ� DDQ� KHW� SXEOLHN� LQ� KHW� 9HUHQLJG� .RQLQNULMN� ZHUG� GRRU� GH� 153%
DIJHUDGHQ�� 'H� LQ� %ODDXERHU� HW� DO�� >�@� HQ� (OHYHOG� HQ� 3UXSSHUV� >�@� JHQRHPGH� VWDWLVFKH
HOLPLQDWRUHQ�KHEEHQ�EHWUHNNLQJ�RS�GH]H�67$7,&0$67(5�ERUVWHOV�
���� $DQWDOOHQ�LQ�1HGHUODQG
8LW� GH� YHUJXQQLQJUHJLVWUDWLH� EOLMNW� GDW� HU� LQ� 1HGHUODQG� PLQGHU� GDQ� ��� EHGULMYHQ� ]LMQ� PHW
SURIHVVLRQHOH� UDGLRDFWLHYH� VWDWLVFKH� HOLPLQDWRUHQ�� 1RFK� ELM� �0�� QRFK� ELM� $PHUVKDP� ]LMQ
LQYRHUYHUJXQQLQJHQ� YRRU� DQWLVWDWLVFKH� PLGGHOHQ� DDQJHWURIIHQ�� ]RGDW� PRHW� ZRUGHQ
DDQJHQRPHQ�GDW� LQYRHU�KRRJXLW�RS�]HHU�EHSHUNWH�VFKDDO�SODDWV�YLQGW� >��@��8LW�ELM�KHW�5,90
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DDQZH]LJH� LQIRUPDWLH� EOHHN� GDW� LQ� KHW� YHUOHGHQ� 0HWWOHU�EDODQVHQ� PHW� 5D����� ]LMQ
JHwPSRUWHHUG�>��@��+HW�H[SRVLHWHPSR�HQ�GH�DFWLYLWHLW�YDQ�GH]H�EDODQVHQ�ZDV�DDQ]LHQOLMN�KRJHU
GDQ�GH�LQ�GH�86�15&�YHUPHOGH�ZDDUGH�YDQ����������P5�SHU�XXU��7RW�ZDQQHHU�LPSRUW�YDQ�GLW
VRRUW�DSSDUDWXXU�KHHIW�SODDWVJHYRQGHQ�HQ�KRHYHHO�HUYDQ�QRJ�LQ�JHEUXLN�LV��LV�QLHW�GXLGHOLMN�

)LJXXU ����� /LQNV� HHQ� GZDUVGRRUVQHGH� YDQ� GH� ELM� URRNPHOGHUV� HQ� DQWLVWDWLVFKH� PLGGHOHQ
JHEUXLNWH�IROLHV��'LNWHV�LQ�LQFKHV���UHFKWV�HHQ�YRRUEHHOG�YDQ�GH�67$7,&0$67(5�ERUVWHO�YDQ
15' ,QF��PHW������0%T�3R�����
,Q�GH�GRVVLHUV�YDQ�6=:�LV�HHQ�EHSHUNWH�KRHYHHOKHLG� LQIRUPDWLH�RYHU�KHW�DDQWDO�DQWLVWDWLVFKH
PLGGHOHQ� YRRU� GH� 1HGHUODQGVH� FRQVXPHQWHQPDUNW� LQ� GH� OLWHUDWXXU� DDQJHWURIIHQ�� 2S� EDVLV
KLHUYDQ� LQIRUPDWLH� YDQ� GH� LPSRUWHXU� YRRU� 15'� HQ� HQNHOH� IRWRYDNKDQGHOV� PRHW� ZRUGHQ
DDQJHQRPHQ�GDW�HU�JHHQ�67$7,&0$67(5�RI�DQGHUH�DQWLVWDWLVFKH�PLGGHOHQ�ZRUGHQ�YHUNRFKW
LQ� 1HGHUODQG� >��@�� 'H� 5LMNVRYHUKHLG� YRHUW� HHQ� WHUXJKRXGHQG� EHOHLG� WHQ� DDQ]LHQ� YDQ� KHW
WRHODWHQ�YDQ�GH]H�PLGGHOHQ�>������@�
%HJLQ WDFKWLJHU�MDUHQ�LV�GRRU�GH�.HXULQJVGLHQVW�YDQ�:DUHQ�HHQ�SDUWLM�3R�����KRXGHQGH�µ6WDW�
2II� DGDSWHUV¶� LQ� EHVODJ� JHQRPHQ�� 9RRU� GH]H� SURGXFWHQ� ZDV� UHFODPH� JHPDDNW� LQ� HHQ
IRWRYDNEODG�� (HQ� DQGHU� EHGULMI� KHHIW� LQ� GH]HOIGH� SHULRGH� YHUJXQQLQJ� DDQJHYUDDJG� YRRU� KHW
LPSRUWHUHQ�YDQ�3R�����KRXGHQGH�ERUVWHOV��'H]H� YHUJXQQLQJ� LV� GHVWLMGV� QLHW� YHUOHHQG� RPGDW
KHW�QXW�YDQ�GH]H�WRHSDVVLQJ�QLHW�RQRPVWRWHOLMN�YDVWVWRQG�>������@�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
,Q� :HEE� HW� DO�� >��@� ZRUGW� DDQJHJHYHQ� GDW� FRQWLQXH� EORRWVWHOOLQJ� DDQ� GH� ����� 0%T
67$7,&0$67(5�RS���P�DIVWDQG�OHLGW�WRW�HHQ�GRVLV�YDQ����� 6Y SHU�MDDU�HQ�GLHQWHQJHYROJH
YHUZDDUORRVEDDU�LV��'H�GRVLV�WHQ�JHYROJH�YDQ�GHVLQWHJUDWLH�GRRU�EUDQG�RI�EHVFKDGLJLQJ�YDQ�GH
67$7,&0$67(5�ZRUGW� GRRU� KHQ� YHHO� KRJHU� LQJHVFKDW�� 9HUVFKLOOHQGH� EURQQHQ� LQ� KHW� 86
UHJLVWHU� YRRU� LQJHNDSVHOGH� EURQQHQ� NRPHQ� WRW� GH]HOIGH� FRQFOXVLH� >��@��%ODDXERHU� HW� DO�� >�@
JLQJ XLW� YDQ� HHQ� LQGLYLGXHOH� GRVLV� YDQ� ����� 6Y� SHU� MDDU� FRQIRUP� GH� GRRU� 1&53� >��@
YHUPHOGH� GRVLV�� 2PGDW� KHW� DDQWDO� LQ� 1HGHUODQG� DDQZH]LJH� 67$7,&0$67(5� ERUVWHOV� QLHW
EHNHQG�ZDV�NRQ�JHHQ�FROOHFWLHYH�GRVLV�EHUHNHQG�ZRUGHQ��7DEHO������
$DQJH]LHQ� HU� YLD� GH� RIILFLsOH� LPSRUW� JHHQ� 67$7,&0$67(5� ERUVWHOV�ZRUGHQ� LQJHYRHUG� LQ
1HGHUODQG�LV�HU�KLHU�JHHQ�LQGLYLGXHOH�RI�FROOHFWLHYH�GRVLV�EHUHNHQG�
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7DEHO������'RVLV�EHUHNHQG�LQ�GH]H�VWXGLH�YHUJHOHNHQ�PHW�GLH�YDQ�YRRUJDDQGH�VWXGLHV�YRRU�GH
JHEUXLNVIDVH�YDQ�DQWLVWDWLVFKH�PLGGHOHQ
QXFOLGH PD[��DFWLYLWHLW LQGLYLGXHOHGRVLV ODQG DDQWDOSURGXFWHQ FROOHFWLHYHGRVLV EURQ

N%T 6Y�D PHQV6Y�D
3R���� ����(��� ������ 8. QLHW�EHNHQG � ��3R���� ����(��� ���� 86$ ������� �(��� ��3R���� ����(��� � 86$ ������ ��(��� ��3R���� ��(��� ���� 1/ QLHW�EHNHQG � �3R���� ��(��� � 1/ � � GH]H�VWXGLH
��� FRQWLQXH�EORRWVWHOOLQJ�DIVWDQG���P��YHURQGHUVWHOG���*\ ��6Y� QLHW�EHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
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� (OHNWURQLFD
���� ,QOHLGLQJ
(HQ� EHODQJULMN� GHHO� YDQ� GH� UDGLRDFWLHYH� HOHNWURQLFD� EHWUHIW� HOHNWURQHQEXL]HQ�
(OHNWURQHQEXL]HQ�ZHUGHQ�LQ�]HQGDSSDUDWXXU�JHEUXLNW�YRRU�KHW�UHJXOHUHQ�YDQ�GH�VWURRP�HQ�GH
VSDQQLQJ�� YRRU� KHW� JHQHUHUHQ� YDQ� UDGLRVLJQDOHQ� HQ� YRRU� GH� RP]HWWLQJ� YDQ� ZLVVHOVWURRP� LQ
JHOLMNVWURRP�� /DWHU� ZHUGHQ� ]H� RRN� LQ� DQGHUH� HOHNWULVFKH� DSSDUDWXXU� WRHJHSDVW� YRRU
YHUJHOLMNEDUH�GRHOHLQGHQ�>��@�� ,Q�HHQ�DDQWDO�JHYDOOHQ� LV� UDGLRDFWLHI�PDWHULDDO� WRHJHYRHJG�RP
GH LRQLVDWLH� LQ� GH� HOHNWURQHQEXLV� WH� EHYRUGHUHQ�� 'RRU� GH� LRQLVDWLH� ZRUGW� GH� GRRUVODJWLMG
YHUNRUW�� RI� ZRUGW� KHW� ]RJHQDDPGH� GRRUVODJYROWDJH� JHVWDELOLVHHUG� HQ� LV� GH]H� PLQGHU
DIKDQNHOLMN� YDQ� GH� RPJHYLQJVIDFWRUHQ�� 6RPV� LV� UDGLRDFWLHI� PDWHULDDO� WRHJHYRHJG� RP� GH
EHWURXZEDDUKHLG�YDQ�GH�RQWVWHNLQJ�WH�YHUKRJHQ�>��@�
'H HOHNWURQHQEXL]HQ� PHW� UDGLRDFWLHI� PDWHULDDO� EHKRUHQ� PHHVWDO� WRW� GH� JDVJHYXOGH
HOHNWURQHQEXL]HQ� RI� �NRXGH� FDWKRGH�� JDVGLRGHV�� 'H� WRHSDVVLQJHQ� ZDUHQ� ]HHU� GLYHUV�� R�D�
JORHLODPSHQ�� YROWDJH� UHJXODWRUHQ�� VWDUWHUV�� ]HQG�� HQ� RQWYDQJVFKDNHODDUV� �75�VZLWFKHV�� HQ
VSDQQLQJVRQGHUEUHNHUV�� (HQ� YROOHGLJHU� RYHU]LFKW� YDQ� GH� WRHSDVVVLQJHQ� LV� WH� YLQGHQ� LQ� 657
7HFKQRORJ\�>��@��0DJHUV� >�@�HQ�)UDPH�HQ�.ROE�>�@��'H PHHVWH� LQ�GH� OLWHUDWXXU�DDQJHWURIIHQ
JHYDOOHQ� YDQ� HOHNWURQHQEXL]HQ� PHW� UDGLRDFWLHI� PDWHULDDO� EHWUHIIHQ� PLOLWDLUH� WRHSDVVLQJHQ�
7RHSDVVLQJHQ�YRRU�GH�FRQVXPHQWHQPDUNW�EHWUHIIHQ�YHUGHU�R�D��7/�VWDUWHUV��VSHFLDOH�ODPSHQ�HQ
VSDQQLQJVRQGHUEUHNHUV��1XFOLGHQ�GLH�YDDN�ZHUGHQ� WRHJHSDVW� ]LMQ�+����&R�����1L�����.U����
3P�����HQ�5D�����HQ�LQ�PLQGHUH�PDWH�&�����&V������5H������7K������8������8�����
���� :HWJHYLQJ
'H�YULMVWHOOLQJVJUHQ]HQ�YRRU�.U�����&V�����HQ�5D�����]LMQ����N%T��YRRU�&R��������N%T��YRRU
3P������������N%T��YRRU�1L������������N%T�HQ�YRRU�+����(����N%T�>�@��'H�$PHULNDDQVH
ZHWJHYLQJ�NHQW�H[SOLFLHWH�YULMVWHOOLQJVJUHQ]HQ�YRRU�HOHNWURQHQEXL]HQ�
���� $FKWHUJURQG
(U�]LMQ�LQ�GH�86372�GDWDEDVH�����SDWHQWHQ�WHUXJ�WH�YLQGHQ�YDQ�HOHNWURQLFD�ZDDULQ�UDGLRDFWLHI
PDWHULDDO LV�JHEUXLNW� >&&/���������(/(&75,&�/$03�$1'�',6&+$5*(�'(9,&(6�ZLWK
UDGLRDFWLYH� PDWHULDO@�� 'H� PHHVWH� SDWHQWHQ� KHEEHQ� EHWUHNNLQJ� RS� KHW� YHUODJHQ� YDQ� GH
ZHHUVWDQG� KHW�YHUNRUWHQ�YDQ�GH�GRRUVODJWLMG�RI�KHW�YHUJHPDNNHOLMNHQ�YDQ�KHW�VWDUWHQ�YDQ�GH
DSSDUDWXXU�� 'H� HHUVWH� SDWHQWHQ� YRRU� HOHNWURQLFD� ZDDULQ� UDGLRDFWLHI� PDWHULDDO� ZHUG� JHEUXLNW
GDWHUHQ� YDQ� ������ )UDPH� HQ� .ROE� >�@� YHUPHOGHQ� GDW� URQG� ����� KHW� DDQWDO� WRHSDVVLQJ� YDQ
UDGLRDFWLHI�PDWHULDDO�VWHUN�WRHQDP�LQ�PLOLWDLUH�DSSDUDWXXU�HQ�YRRUQDPHOLMN�EHWUHNNLQJ�KDGGHQ
RS µUDGDU� WUDQVPLW� WXEHV�� WULJJHU� WXEHV�� DQG� WXEHV� IRU� YROWDJH� UHJXODWLRQ� DQG� VXUJH
SURWHFWLRQ¶��$DQYDQNHOLMN�ZHUG�YRRUQDPHOLMN�5D�����HQ�&V�����WRHJHSDVW��ODWHU�YRRUDO�&R����
+���HQ�.U����>����@��'H�RYHUVFKDNHOLQJ�YDQ�5D�����RS�.U����GDWHHUW�YDQ�GH�MDUHQ�]HVWLJ�
'H PHHVWH� HOHNWURQHQEXL]HQ� GLH� QRJ� LQ� JHEUXLN� ]LMQ�� ]LMQ� RQWZLNNHOG� LQ� GH� MDUHQ� YLMIWLJ� HQ
]HVWLJ�YRRU�UDGLR��WY��UDGDU��FRPSXWHUV�HQ�YRRU�VSHFLILHNH�WRHSDVVLQJHQ��(OHNWURQHQEXL]HQ�]LMQ
WHJHQZRRUGLJ�YRRU�HHQ�JURRW�GHHO�YHUYDQJHQ�GRRU�WUDQVLVWRUV��+HW�DDQWDO�W\SHQ�GDW�QRJ�ZRUGW
JHSURGXFHHUG� LV� ]HHU� EHSHUNW�� GH]H� HOHNWURQHQEXL]HQ� ZRUGHQ� JHEUXLNW� LQ� VSHFLILHNH
WRHSDVVLQJHQ�� 'DDUQDDVW� ]LMQ� HU� LQ� RXGHUH� DSSDUDWXXU� YDDN� QRJ� HOHNWURQHQEXL]HQ� DDQZH]LJ
>������@�� (HQ� JRHG� RYHU]LFKW� YDQ� GH� UDGLRQXFOLGHQFRQFHQWUDWLHV� LQ� HQ� GH� SURGXFWLH� YDQ
HOHNWURQHQEXL]HQ�ZRUGW�JHJHYHQ�LQ�0DJHUV�>�@�
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���� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
)UDPH�HQ�.ROE�>�@�JHYHQ�HHQ�OLMVW�PHW�����HOHNWURQHQEXL]HQ�PHW�GH�WRHJHSDVWH�QXFOLGHQ�HQ�GH
PD[LPDOH� DFWLYLWHLW��8LW� GH� RSJDYHQ� YDQ� GH� HOHNWURQHQEXL]HQ� LV� VRPV� WH� KHUOHLGHQ� GDW� GH]H
VSHFLDDO�YRRU�PLOLWDLUH�GRHOHLQGHQ�]LMQ�RQWZRUSHQ��PDDU�PHHVWDO�LV�GDW�QLHW�KHW�JHYDO��'H�GRRU
)UDPH HQ�.ROE�>�@�RSJHJHYHQ�DFWLYLWHLWHQ�SHU�QXFOLGH�]LMQ� VDPHQJHYDW� LQ�7DEHO������+LHUXLW
EOLMNW�GDW�LQ�KHW�PHUHQGHHO�YDQ�GH�HOHNWURQHQEXL]HQ�&R����ZHUG�WRHJHSDVW�HQ�LQ�PLQGHUH�PDWH
5D������ .U����� 1L���� HQ� +��� HQ� GDW� GH� JHPLGGHOGH� DFWLYLWHLW� YRRU� GH� PHHVWH� QXFOLGHQ
PD[LPDDO� HQNHOH� WLHQWDOOHQ� N%T� EHGUDDJW�� 9RRU� +���� 3P����� HQ� 8����� ZRUGHQ� KRJHUH
DFWLYLWHLWHQ�JHPHOG��,Q�%LMODJH���ZRUGW�HHQ�RYHU]LFKW�JHJHYHQ�YDQ�GH�DFWLYLWHLWHQ�SHU�QXFOLGH
SHU�WRHSDVVLQJ��+HW�DDQWDO�LQ�JHEUXLNVDUWLNHOHQ�WRHJHSDVWH�UDGLRQXFOLGHQ�LV�YHHO�EHSHUNWHU��'H
DFWLYLWHLW�YDQ�QXFOLGHQ�LQ�HHQ�DDQWDO�SURGXFWHQ�GLH�PHW�]HNHUKHLG�YRRU�GH�FRQVXPHQWHQPDUNW
JHSURGXFHHUG�ZRUGHQ�LV�JHJHYHQ�LQ�7DEHO�����
7DEHO������1XFOLGHQ� WRHJHSDVW� LQ�HOHNWURQHQEXL]HQ�RS�EDVLV�YDQ�JHJHYHQV� LQ�)UDPH�HQ�.ROE
>�@
QXFOLGH DDQWDO�EXL]HQ PLQLPXPDFWLYLWHLW PD[LPXPDFWLYLWHLW JHRPHWULVFKJHPLGGHOGHN%T N%T N%T
+�� �� ���� ���(��� ���(���&��� � �� ��� ����&R��� ��� ��� ��� ����1L��� �� ��� ��� ����.U��� �� ����� ���� ����3P���� �� ��� ���� �����&V���� � ���� ��� ����5H���� � ��� ��� ���5D���� �� ����� ����� ���7K���� � ���� ���� ���8���� � ��� ���� ������8���� � ��� ��� ���RQEHNHQG �� � � ��WRWDDO ��� � � �
� QLHW�EHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
���� $DQWDOOHQ�LQ�1HGHUODQG
'H� QXFOLGHQ� +���� .U����� 3P����� HQ� 7K����� ZRUGHQ� QRJ� PHW� ]HNHUKHLG� WRHJHSDVW� LQ
FRQVXPHQWHQHOHNWURQLFD� GLH� RRN� LQ� 1HGHUODQG� YHUNRFKW� ZRUGW�� 'H]H� QXFOLGHQ� ZRUGHQ� RRN
JHQRHPG�LQ�153%�*56�>��@��0RJHOLMN�ZRUGW�RRN�1L����QRJ� WRHJHSDVW��)UDPH�HQ�.ROE� >�@
YHUPHOGHQ�KHW�WRHSDVVHQ�YDQ�1L����HQ�LQ�6FKPLWW�+DQQLJ�HW�DO��>�@�ZRUGW�KHW�JHEUXLN�YDQ�1L�
�� KRXGHQGH�HOHNWURQLFD�JHQRHPG�YRRU�)UDQNULMN�
+��+���ZRUGW�WRHJHSDVW�LQ�]RJHQDDPGH�µVSDUN JDS�GHYLFHV¶ GLH�WH�KRJH�VSDQQLQJ�ELM�YHUVFKLOOHQGH
DSSDUDWXXU�PRHWHQ�YRRUNRPHQ�� -RVO\Q�� HHQ�YDQ� GH� ILUPD¶V� GLH� VSDQQLQJVRQGHUEUHNHUV� OHYHUW
QRHPW�HHQ�QRPLQDOH�ZDDUGH�YDQ���N%T�+���SHU�VSDQQLQJVRQGHUEUHNHU�>��@��+HW�DDQWDO�YDQ�GLW
VRRUW� DSSDUDWHQ� LV� RQEHNHQG�� PDDU� ORRSW� ZHOOLFKW� LQ� GH� ��������HQ�� 'H� ZHEVLWHV� YDQ
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YHUVFKLOOHQGH�ILUPD¶V�GLH�VSDQQLQJVRQGHUEUHNHUV�OHYHUHQ��LQFOXVLHI�GLH�YDQ�-RVO\Q��JHYHQ�JHHQ
LQIRUPDWLH�RYHU�KHW�DO�RI�QLHW�DDQZH]LJ�]LMQ�YDQ�+���
+��� ZRUGW� YHUGHU� JHEUXLNW� ELM� GH� SURGXFWLH� YDQ� VWDUWHUV� WHU� YHUEHWHULQJ� YDQ� GH
RQWVWHHNYHUWUDJLQJ�� 'H� WRHJHSDVWH� DFWLYLWHLW� LV� YROJHQV� %ODDXERHU� HW� DO�� >�@� ��� N%T�� 'H
KRHYHHOKHLG� +��� LV� GH� ODDWVWH� MDUHQ� DIJHQRPHQ� HQ� 3KLOLSV� YHUZDFKWWH� LQ� ����� GDW
WULWLXPVWDUWHUV�ELQQHQ�����MDDU�YHUYDQJHQ�]RXGHQ�ZRUGHQ�GRRU� µJURHQH�VWDUWHUV¶� >����������@�
3ULMVWHFKQLVFKH�RYHUZHJLQJHQ�]LMQ�GH�UHGHQ�GDW�HU�RS�GLW�PRPHQW�QRJ�+���VWDUWHUV�RS�GH�PDUNW
]LMQ >��@��+HW�DDQWDO�+���KRXGHQGH�VWDUWHUV�ZRUGW�]RZHO�GRRU�%ODDXERHU�HW�DO��>�@�DOV�(OHYHOG
HQ 3UXSSHUV� >�@� JHVFKDW� RS� ��PLOMRHQ��'LW� DDQWDO� LV� WHYHQV� WRHJHSDVW� LQ� GH� KLHU� XLWJHYRHUGH
EHUHNHQLQJHQ�HQ�UHVXOWHHUW�RS�JURQG�YDQ�ERYHQVWDDQGH�LQ�HHQ�FRQVHUYDWLHYH�VFKDWWLQJ�
7K����7KRULXPKRXGHQGH� ZROIUDDPHOHNWURGHQ� JDDQ� ]HHU� ODQJ� PHH� HQ� NXQQHQ� ]HHU� KRJH� YROWDJHV
YHUGUDJHQ�� =H� ZRUGHQ� GDDURP� WRHJHSDVW� LQ� VSHFLDOH� ODPSHQ�� 153%�*56� >��@� QRHPW� KHW
YRRUNRPHQ�LQ�ERRJODPSHQ��[HQRQ�VKRUW�DUF�ODPSV��PHUFXU\�VKRUW�DUF�ODPSV� HQ�PHWDDOKDOLGH
ODPSHQ��)LJXXU������PHW�HHQ�JHPLGGHOGH�DFWLYLWHLW�YDQ�����N%T�HQ�HHQ�PD[LPXP�YDQ����N%T�
,Q�153%�*56�>��@�ZRUGW�DDQJHJHYHQ�GDW�HU�JHHQ�VSHFLILHNH�JHJHYHQV�]LMQ�RYHU�SURGXFWLH�HQ
MDDUOLMNV�JHEUXLN��PDDU�GDW�GH�RPYDQJ�JH]LHQ�GH�VSHFLILHNH�WRHSDVVLQJ�EHSHUNW�LV��.RUWH�ERRJ�
ODPSHQ�ZRUGHQ�WRHJHSDVW�LQ�ELRVFRSHQ��VSRWOLJKWV�HQ�VSHFLDOH�PHGLVFKH�DSSDUDWXXU��'H�KRJH
NRVWHQ�� GH� NRUWH� OHYHQVGXXU� HQ� KHW� YHUPRJHQ� ������ ±� HQNHOH� N:�� PDNHQ� ERRJODPSHQ
RQJHVFKLNW� YRRU� DOJHPHHQ� JHEUXLN� >��@��0HHU� LQIRUPDWLH� RYHU� ERRJODPSHQ� LV� WH� YLQGHQ� RS
ZHEVLWHV� YDQ� IDEULNDQWHQ� >���� ��@� HQ� RSOHLGLQJHQ� >��@�� +HW� DDQWDO� SURGXFWHQ� LV� JH]LHQ� GH
VSHFLILHNH�WRHSDVVLQJ�JHVFKDW�RS������SHU�WRHSDVVLQJ�

)LJXXU ����� 7ZHH� YRRUEHHOGHQ� YDQ� ERRJODPSHQ� �DUF� ODPSV��� %RYHQ� HHQ� OLQHDLUH� ERRJODPS�
EHQHGHQ�HHQ�NRUWH�ERRJODPS��&RS\ULJKW�&&,�3XEOLVKLQJ��:DFR��7H[DV��86$�
7KRULXPKRXGHQG� ZROIUDDPHOHNWURGHQ� ZRUGHQ� RRN� LQ� DQGHUH� HOHNWURQHQEXL]HQ� WRHJHSDVW�
6YHWODQD�(OHFWURQLF�'HYLFHV�QRHPW�DOV� WRHSDVVLQJHQ�YRRU�HOHNWURQHQEXL]HQ�� µKLJK�SRZHU�5)
DSSOLFDWLRQV� DW� ELJ� UDGLR� VWDWLRQV� DQG� ODUJH� )0� EURDGFDVW� VWDWLRQV� DUH� DOPRVW� H[FOXVLYHO\
SRZHUHG� E\� WXEHV�� JXLWDU� DPSV�� SURIHVVLRQDO� DXGLR� H�J�� IRU� UHFRUGLQJ� DQG� KLJK�HQG� DXGLR
FRPSRQHQWV��1HDUO\�DOO�ELJ�SRZHU�WXEHV�XVHG�LQ�UDGLR�WUDQVPLWWHUV�XVH�WKRULDWHG�ILODPHQWV��DV
GR VRPH� JODVV� WXEHV� XVHG� LQ� KL�IL� DPSV�¶ (U� ZRUGHQ� JHHQ� DFWLYLWHLWHQ� JHQRHPG� >��@�
8LWJDQJVSXQW� YRRU� GH� EHUHNHQLQJHQ� LV� HHQ� DFWLYLWHLW� YDQ� ���� N%T� FRQIRUP� GH� LQ� 7DEHO� ���
YHUPHOGH�PHWDO�KDOLGH�ODPSHQ��KHW�DDQWDO�LV�JHVFKDW�RS��������
,Q� 1&53� >��@� ZRUGW� KHW� JHEUXLN� YDQ� WKRULXP� LQ� 7/�VWDUWHUV� JHQRHPG�� 'HUJHOLMNH� VWDUWHUV
ZRUGHQ RRN� JHQRHPG� LQ�)UDPH� HQ�.ROE� >�@� HQ�6DGDJRSDQ� HQ�6KXNOD� >���@� GLH� DFWLYLWHLWHQ
RSJHYHQ� YDQ� HQNHOH� P%T� WRW� HQNHOH� %T� �]LH� 7DEHO� ������ +HW� LV� WZLMIHODFKWLJ� RI� GHUJHOLMNH
SURGXFWHQ� QRJ� YHUNRFKW� ZRUGHQ� LQ� 1HGHUODQG�� 7RW� FD�� ����� ZHUG� GRRU� 3KLOLSV� (OHFWURQLFV
/LJKWQLQJ� GLYLVLH� 7K����� WRHJHSDVW� LQ� YHUVFKLOOHQGH� SURGXFWHQ�� 'LW� ZHUG� LQ� GH� PHHVWH
SURGXFWHQ�ODQJ]DPHUKDQG�YHUYDQJHQ�GRRU�.U����>��������������@�
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.U���.U���� ZRUGW� WRHJHYRHJG� DDQ� YXOJDV� YRRU� VSHFLDOH� ODPSHQ�� 'H� JHPLGGHOGH� KRHYHHOKHLG� LQ
PHWDDOKDOLGH�ODPSHQ�EHGUDDJW���N%T��KHW�PD[LPXP���N%T�SHU�H[HPSODDU�>��@�
7/�VWDUWHUV� EHYDWWHQ� HYHQHHQV� .U����� 'H� KRHYHHOKHLG� EHGUDDJW� JHPLGGHOG� �������� %T� SHU
H[HPSODDU�� PD[LPDDO� �� N%T� SHU� ODPS� VWDUWHU� >��@�� 'H� GRRU� 3KLOLSV� JHSURGXFHHUGH� VWDUWHUV
EHYDWWHQ�YURHJHU�YDDN�PHHU�GDQ����N%T��7HJHQZRRUGLJ�EHGUDDJW�GH]H�KRHYHHOKHLG�PD[LPDDO
� N%T�HQ�YDDN�]HOIV�PLQGHU�GDQ�����%T�>��@��+HW�DDQWDO�.U����VWDUWHUV�ZHUG�GRRU�%ODDXERHU�HW
DO� >�@�JHVFKDW�RS���PLOMRHQ��'LW� DDQWDO� LV�PRJHOLMN� DDQ�GH� ODJH�NDQW�GDDU� WKRULXPKRXGHQGH
SURGXFWHQ� GRRU� 3KLOLSV� ]LMQ� YHUYDQJHQ� GRRU� .U����KRXGHQGH� SURGXFWHQ� >���� ���� ��@�� ,Q
'XLWVODQG�ZRUGHQ�YHOH�PLOMRHQHQ�H[HPSODUHQ�SHU�MDDU�YHUNRFKW�>��@�
3P����'H PD[LPDDO�RSJHJHYHQ�3P�����DFWLYLWHLW�YRRU�ODPS�VWDUWHUV�EHGUDDJW����HQ������.%T��7DEHO
������ 3KLOLSV� SURGXFHHUW� JHHQ� SURGXFWHQ� PHW� 3P����� >��@�� ,Q� KHW� 153%�*56�UDSSRUW� RYHU
YHUYRHU� YDQ� FRQVXPHQWHQHOHNWURQLFD� PHW� UDGLRQXFOLGHQ� ZRUGW� WRHSDVVLQJ� YDQ� 3P����� ZHO
YHUPHOG��+HW�LV�QLHW�GXLGHOLMN�RI�GHUJHOLMNH�VWDUWHUV�LQ�1HGHUODQG�ZRUGHQ�YHUKDQGHOG�
(HQ DDQWDO� SURIHVVLRQHOH� GRRUVODJYHLOLJKHGHQ�EHYDWWHQ�3P����� HQ�ZRUGHQ� LQ� HHQ� DSDUW� GHHO
YDQ�GLW�UDSSRUW�EHKDQGHOG��2PGDW�]H�LQ�GH�RSHQEDUH�UXLPWH�ZRUGHQ�WRHJHSDVW�VWDDQ�OHGHQ�YDQ
GH EHYRONLQJ�EORRW�DDQ�VWUDOLQJ�DINRPVWLJ�YDQ�GH]H�GRRUVODJYHLOLJKHGHQ�
7DEHO������2YHU]LFKW�YDQ�PRPHQWHHO�QRJ�JHSURGXFHHUGH�UDGLRDFWLHYH�HOHNWURQHQEXL]HQ�YRRU�GH
FRQVXPHQWHQPDUNW
SURGXFW QXFOLGH PD[��DFWLYLWHLW EURQN%T
VSDQQLQJVRQGHUEUHNHU +�� � ��ODPS�VWDUWHU +�� �� ����ODPS�VWDUWHU +�� ��� ���ODPS�VWDUWHU +�� � ��YROWDJH�UHJXODWRU 1L��� ��� �PHWDO�KDOLGH�ODPS .U��� � ��ODPS�VWDUWHU .U��� �� �7/�VWDUWHU .U��� � ��7/�VWDUWHU .U��� ����� �ODPS�VWDUWHU" .U��� � ��SURPHWKLXP�VWDUWHU 3P���� �� �SURPHWKLXP�VWDUWHU 3P���� ���� ���7K�HOHNWURGH 7K�������� � ��WKRULXP�VWDUWHU 7K�������� ����(��� ��WKRULXP�VWDUWHU 7K�������� �(��� �WKRULXP�VWDUWHU 7K�������� ��(��� ���PHWDO�KDOLGH�ODPS 7K�������� ��� ��[HQRQ�VKRUW�DUF�ODPS 7K�������� � ��PHUFXU\�VKRUW�DUF�ODPS 7K�������� � ��
��� (OHYHOG�HQ�3UXSSHUV�>�@�YHUPHOGHQ�YRRU�+���HQ�.U����LQ�ODPS�VWDUWHUV�GH]HOIGH�DFWLYLWHLWHQ�DOV%ODDXERHU�HW�DO��>�@�� QLHW�EHNHQG
&R���+HW OLMNW�QLHW�ZDDUVFKLMQOLMN�GDW�&R����KRXGHQGH�HOHNWURQLFD�QRJ�LQ�1HGHUODQG�WH�YHUNULMJHQ�LV�
&REDOW���� LV� YHHOYXOGLJ� WRHJHSDVW� YRRU� PLOLWDLUH� GRHOHLQGHQ�� 0HW� EHWUHNNLQJ� WRW� GH
FRQVXPHQWHQPDUNW�ZRUGW�KHW�JHEUXLN�LQ�ROLHJHVWRRNWH�RYHQV�JHQRHPG�>�@��)UDPH�HQ�.ROE�>�@
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YHUPHOGHQ� GDW� HU� LQ� ����� QRJ� ���� YDQ� GH]H�&R���� RQWVWHNHUV� LQ� YRRUUDDG�ZDUHQ� HQ� GDW� ]H
GDDUQD� QLHW� PHHU� JHSURGXFHHUG� ]LMQ�� 'RRU� GH� 1&53� >��@� ZHUG� KHW� JHEUXLN� YDQ� GH]H
DSSDUDWXXU�YRRU�GH�FRQVXPHQWHQPDUNW�HYHQHHQV�JHQRHPG��+RHZHO�GH�FROOHFWLHYH�GRVLV�JH]LHQ
KHW�EHSHUNWH�DDQWDO�ZHUG�LQJHVFKDW�RS����ZHUG�JHEUXLN�GRRU�GH�1&53�DIJHUDGHQ��,Q�6FKPLWW�
+DQQLJ� HW� DO�� >�@� ZRUGHQ� &R���� KRXGHQGH� HOHNWURQHQEXL]HQ� JHQRHPG� YRRU� KHW� 9HUHQLJG
.RQLQNULMN� HQ� )UDQNULMN� PHW� HHQ� PD[LPDOH� DFWLYLWHLW� YDQ� UHVSHNWLHYHOLMN� �� HQ� ��� N%T�
$DQWDOOHQ�ZRUGHQ�QLHW�JHJHYHQ�
���� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
9HUVFKLOOHQGH� PLOLWDLUH� EURQQHQ� JHYHQ� DDQ� GDW� GH� UDGLRQXFOLGHQDFWLYLWHLWHQ� LQ
HOHNWURQHQEXL]HQ� GXVGDQLJ� ODDJ� ]LMQ�� GDW� HU�� ELM� LQWDFW� EOLMYHQ� YDQ� GH� EXLV�� JHHQ� VLJQLILFDQW
HIIHFW�WH�YHUZDFKWHQ�LV�>���@��'H 1&53�>��@�JHHIW�HYHQHHQV�DDQ�GDW�RQGDQNV�KHW�JURWH�DDQWDO
YHUNRFKWH�HOHNWURQHQEXL]HQ�GH�FROOHFWLHYH�GRVLV�EHSHUNW�LV��KHWJHHQ�YRRUQDPHOLMN�YHURRU]DDNW
ZRUGW GRRU�GH�JHULQJH�KRHYHHOKHLG�UDGLRQXFOLGHQ�SHU�EXLV��'H�KRRJVWH�LQGLYLGXHOH�GRVLV�ZRUGW
YHURRU]DDNW� GRRU� EXL]HQ� GLH� &V����� EHYDWWHQ� HQ� EHGUDDJW� �� 6Y� SHU� MDDU�� 9RRU� 1HGHUODQG
ZRUGW�GRRU�%ODDXERHU�HW�DO��>�@�GH�FROOHFWLHYH�GRVLV�JHVFKDW�RS������PHQV6Y�SHU�MDDU��(OHYHOG
HQ 3UXSSHUV�>�@�VFKDWWHQ�GH�FROOHFWLHYH�GRVLV�WHQ�JHYROJH�YDQ�&R����KRXGHQGH�HOHNWURQLFD�RS
�(����PHQV6Y�SHU�MDDU�
7DEHO�����'RVLV�EHUHNHQG� LQ�GH]H�VWXGLH�YHUJHOHNHQ�PHW�GLH�YDQ�YRRUJDDQGH�VWXGLHV�YRRU�GH
JHEUXLNVIDVH YDQ�HOHNWURQLFD
WRHSDVVLQJ QXFOLGH PD[�DFW� LQGLYLGXHOHGRVLV ODQG DDQWDOSURGXFWHQ FROOHFWLHYHGRVLV EURQ

N%T 6Y�D PHQV6Y�D
HOHNWURQHQEXL]HQ GLYHUVH � �(��� 86$ �(��� �(��� ��HOHNWURQLFD GLYHUVH � �(��� 1/ �(��� �(��� �VWDUWHUV�7/ GLYHUVH � �(��� 1/ �(��� �(��� �HOHNWURQLFD &R��� �� �(��� 1/ �(��� �(��� �HOHNWURQLFD +�� ���� �(��� 1/ �(��� �(��� �7/�VWDUWHUV +�� �� �(��� 1/ �(��� �(��� �7/�VWDUWHUV .U��� �� �(��� 1/ �(��� �(��� �VSDUN�JDS�GHYLFH +�� � �(��� 1/ �(��� �(��� GH]H�VWXGLH7/�VWDUWHUV +�� � �(��� 1/ �(��� �(��� GH]H�VWXGLHYROWDJH�UHJXODWRU 1L��� ��� �(��� 1/ �(��� �(��� GH]H�VWXGLHPHWDO�KDOLGH�ODPS .U��� � �(��� 1/ �(��� �(��� GH]H�VWXGLH7/�VWDUWHUV .U��� � �(��� 1/ �(��� �(��� GH]H�VWXGLH7/�VWDUWHUV 3P���� �� �(��� 1/ �(��� �(��� GH]H�VWXGLH7K�ILODPHQWV 7K���� ��� �(��� 1/ �(��� �(��� GH]H�VWXGLH7/�VWDUWHUV 7K���� �(��� �(��� 1/ �(��� �(��� GH]H�VWXGLHPHWDO�KDOLGH�ODPS 7K���� ��� �(��� 1/ �(��� �(��� GH]H�VWXGLH;H�VKRUW�DUF�ODPS 7K���� � �(��� 1/ �(��� �(��� GH]H�VWXGLH+J�VKRUW�DUF�ODPS 7K���� � �(��� 1/ �(��� �(��� GH]H�VWXGLH
� QLHW�EHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
'H� DFWLYLWHLWHQ� ]RDOV� JHSUHVHQWHHUG� LQ� 7DEHO� ���� ]LMQ� DOV� XLWJDQJVSXQW� JHEUXLNW� YRRU� GH� LQ
7DEHO�����JHSUHVHQWHHUGH�EHUHNHQLQJHQ��'H�DDQWDOOHQ�]RDOV�YHUPHOG�LQ�NRORP���YDQ�7DEHO����
]LMQ JHGHHOWHOLMN� DIJHOHLG� YDQ� %ODDXERHU� HW� DO�� >�@� HQ� (OHYHOG� HQ� 3UXSSHUV� >�@� �+��� ODPS
VWDUWHUV���GH�153%�*56�VWXGLH��PHWDO�KDOLGH�ODPS���DUF�ODPS���GH�3KLOLSV�MDDUYHUVODJHQ��7K�
VWDUWHUV�� HQ�PRHWHQ� EHVFKRXZG�ZRUGHQ� DOV� UXZH� VFKDWWLQJ��2S� EDVLV� YDQ� GH� LQIRUPDWLH� YDQ
3KLOLSV�PRHW�ELMYRRUEHHOG�ZRUGHQ�DDQJHQRPHQ�GDW�KHW�DDQWDO�+���KRXGHQGH�VWDUWHUV�DIQHHPW
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HQ� KHW� DDQWDO�.U���� KRXGHQGH� WRHQHHPW�� (HQ� XLWJHEUHLGHUH� VWXGLH� LV� QRGLJ� RP� GH� DDQWDOOHQ
UDGLRQXFOLGHQ�EHYDWWHQGH�HOHNWURQLFDSURGXFWHQ�QDXZNHXULJHU�WH�VFKDWWHQ�
%LM GH� EHUHNHQLQJHQ� LV� JHEUXLN� JHPDDNW� YDQ� GH� JDPPDGRVLVFRQVWDQWH� YDQ� GH� YHUVFKLOOHQGH
QXFOLGHQ� HQ� LV� FRQIRUP� GH� EHUHNHQLQJHQ� LQ� (OHYHOG� HQ� 3UXSSHUV� >�@� HHQ� DIVWDQG� YDQ� �� P
YHURQGHUVWHOG�HQ�HHQ�EORRWVWHOOLQJVGXXU�YDQ���XXU�SHU�GDJ��'H�GRVLV� WHQ�JHYROJH�YDQ�+��� LV
YHURQGHUVWHOG�QLKLO� WH�]LMQ��PLWV�GH]H�SURGXFWHQ�QLHW� OHNNHQ��'H� WRWDOH�FROOHFWLHYH�GRVLV�GRRU
FRQVXPHQWHQHOHNWURQLFD�ZRUGW�JHVFKDW�RS��(����PHQV6Y�SHU�MDDU�
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��� 7DQGSURWKHVHQ
����� ,QOHLGLQJ
7DQGSURWKHVHQ�EHVWDDQ�YRRU�KHW� JURRWVWH�GHHO� XLW� YHOGVSDDW�ZDDUDDQ� DFU\ODWHQ� HQ� SLJPHQWHQ
]LMQ WRHJHYRHJG��'H�SLJPHQWHQ�]LMQ�QRRG]DNHOLMN�RP�GH�WDQGSURWKHVHQ�HHQ�QDWXXUOLMNH�NOHXU�WH
JHYHQ��+HW�SRUVHOHLQ�YRRU�GH�WDQGSURWKHVHQ�ZRUGW�DDQJHOHYHUG�DOV�SRHGHU�GDW�YHUZHUNW�ZRUGW
GRRU� WDQGWHFKQLVFKH� EXUHDXV�� 'DDU� ZRUGW� KHW� RS� YRUP� JHPDDNW� HQ� ZRUGW� KHW� ELM� HHQ� KRJH
WHPSHUDWXXU������������&��JHEDNNHQ��(U�]LMQ�YHUVFKLOOHQGH�PHUNHQ�SRHGHU�>]LH���������@�
8UDQLXPR[LGH�LV�LQ�KHW�YHUOHGHQ�WRHJHYRHJG�DDQ�WDQGSURWKHVHQ�RPGDW�KHW�RQGHU�YHUVFKLOOHQGH
VRRUWHQ� EHOLFKWLQJ� UHVXOWHHUGH� LQ� HHQ� QDWXXUOLMNH� NOHXU�� 2QGHU� XOWUDYLROHW� OLFKW� NOHXUGH
XUDQLXPKRXGHQGH� WDQGSURWKHVHQ� RS� HHQ]HOIGH� PDQLHU� DOV� HFKWH� WDQGHQ� WHUZLMO� GH� PHHVWH
DQGHUH�WDQGSURWKHVHQ�GDDU�YDQ�DIZHNHQ��7HJHQZRRUGLJ�ZRUGHQ�YDDN�R[LGHQ�YDQ�ODQWKDQLGHQ
JHEUXLNW�]RDOV�FHULXP��RI�WHUELXP�>��@��,Q�6DLUHQML�HW�DO��>���@��1&53�>��@�HQ�3DSDVWHIDQRX�HW
DO� >���@� ZRUGW� HHQ� JRHG� RYHU]LFKW� JHJHYHQ� YDQ� KHW� JHEUXLN� YDQ� XUDQLXPR[LGH� HQ� GH
UDGLRORJLVFKH�DVSHFWHQ�
����� :HWJHYLQJ
%RYHQ�GH������YDOW�XUDQLXP�RQGHU�GH�VSOLMWVWRIIHQ�HQ�LV�GLHQWHQJHYROJH�YHUJXQQLQJSOLFKWLQJ
>���@��'H� YULMVWHOOLQJVJUHQV� YRRU�8������ LQ� KHW� QLHXZH�%HVOXLW� 6WUDOLQJVEHVFKHUPLQJ� >�@� LV
�� %T�J�KHWJHHQ�RYHUHHQNRPW�PHW�������LQGLHQ�ZH�XLWJDDQ�YDQ�8�����
����� $FKWHUJURQG
'H� HHUVWH� YHUPHOGLQJ� YDQ� WRHSDVVLQJ� YDQ� 82� LQ� WDQGSURWKHVHQ� GDWHHUW� YDQ� ������ 'RRU
&KDUOHV� 'LHW]� ZHUG� ELM� KHW� $PHULNDDQVH� SDWHQWEXUHDX� HHQ� SDWHQW� LQJHGLHQG� ZDDUELM� GRRU
WRHYRHJLQJ�YDQ�XUDQLXPR[LGH�DDQ�NXQVWPDWLJ�SRUVHOHLQ� WDQGSURWKHVHQ�ZHUGHQ�YHUNUHJHQ�GLH
HU RRN�RQGHU�XOWUDYLROHW�OLFKW�QDWXXUOLMN�XLW]DJHQ�>86�SDWHQW����������@��1D������]LMQ�HU�JHHQ
SDWHQWHQ�PHHU�DDQJHWURIIHQ�ZDDULQ�82� ZHUG�WRHJHYRHJG�DDQ�WDQGSURWKHVHQ�>��@��,Q�GH�MDUHQ]HYHQWLJ�ZHUG�KHW�JHEUXLN�YDQ�XUDQLXP�YDQZHJH�GH�UDGLRDFWLHYH�HLJHQVFKDSSHQ�DIJHUDGHQ�HQ
ZHUGHQ� DOWHUQDWLHYHQ� RQWZLNNHOG� RS� EDVLV� YDQ� R[LGHQ� YDQ� WHUELXP� HQ� FHULXP� >]LH� R�D�� 86
3DWHQW� ����������� HQ� ���������� XLW� ����@�� 'H� WRHSDVVLQJ� YDQ� XUDQLXPR[LGH� LV� VLQGV
KDOYHUZHJH� GH� MDUHQ� WDFKWLJ� DIJHQRPHQ�� ,Q� GH� SXEOLFDWLH� YDQ� GH� 2(&'� >���@� ZHUG� UHHGV
DDQJHJHYHQ� GDW� KHW� JHEUXLN� YDQ� XUDQLXP� LQ� WDQGSURWKHVHQ� DIQHHPW�� ,Q� 1&53� >��@� ZRUGW
JHPHOG� GDW� XUDQLXP� QLHW� ODQJHU�ZRUGW� JHEUXLN� GRRU� IDEULNDQWHQ� LQ� GH�9HUHQLJGH� 6WDWHQ�� ,Q
1HGHUODQG�ZRUGW�XUDQLXPR[LGH�QLHW�PHHU�WRHJHSDVW�
����� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
'H� YHUVFKLOOHQGH� JHZLFKWVSURFHQWHQ� XUDQLXP� LQ� WDQGSURWKHVHQ� VWDDQ� ZHHUJHJHYHQ� LQ� 7DEHO
������+RHZHO�GH�SDWHQWHQ�SHUFHQWDJHV�JHYHQ�WRW��������ZHUG�LQ�GH�1&53�EHUHNHQLQJHQ�>��@
XLWJHJDDQ� YDQ� HHQ� JHPLGGHOGH� YDQ� ������� 'H]H� KRHYHHOKHLG� EHQDGHUGH� GH� LQ� GH� SUDNWLMN
WRHJHSDVWH�JHPLGGHOGH�KRHYHHOKHLG��6DLUHQML�HW�DO��>���@�YHUPHOGHQ�DFWLYLWHLWHQ�YDQ�PD[LPDDO
����� YRRU�WDQGSURWKHVHQ�XLW�GH�86$�HQ�PD[LPDDO���������YRRU�-DSDQVH�WDQGSURWKHVHQ��'H
EHUHNHQLQJHQ�LQ�7DEHO������JDDQ�XLW�YDQ�KHW�JHEUXLN�YDQ�QDWXXUOLMN�XUDQLXP��,QGLHQ�HU�YDQXLW
ZRUGW JHJDDQ� GDW� KHW� XUDQLXP� LQ� HYHQZLFKW� LV� PHW� GH� GRFKWHUQXFOLGHQ� GDQ� OLJJHQ� GH
DFWLYLWHLWHQ� FLUFD� WZHH�PDDO� ]R� KRRJ� DOV� DDQJHJHYHQ� LQ�7DEHO� ������'H� QDWXXUOLMNH� DFWLYLWHLW
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YDQ�GH�SRUVHOHLQSRHGHUV�EHGUDDJW�FLUFD���������XUDQLXP�KHWJHHQ�RYHUHHQNRPW�PHW�������%T
XUDQLXP�SHU�JUDP�>���@�
7DEHO� ������ ,Q� YHUVFKLOOHQGH� SXEOLFDWLHV� RSJHJHYHQ� PD[LPDOH� KRHYHHOKHGHQ� XUDQLXP� LQ
WDQGSURWKHVHQ� LQ� JHZLFKWVSURFHQWHQ� HQ� LQ� %T�J� �XLWJDDQGH� YDQ� QDWXXUOLMN� XUDQLXP� ]RQGHU
GRFKWHUV�
ODQG PD[��JHKDOWH PD[�DFWLYLWHLW EURQ

� %T�J
86$ ��� �� 86�SDWHQW�����������GG��������86$ ���� �� 86�SDWHQW�����������GG��������8. ��� �� ���86$ ����� �� ���
-3 ������ � ���86$ ���� � ���86$ ���� �� ZHWWHOLMN�PD[LPXP�86$��86�15&������*UHHFH ����� �� ���86$ ������DYHUDJH� � ��

����� $DQWDOOHQ�LQ�1HGHUODQG
+HW�DDQWDO�XUDQLXPKRXGHQGH�WDQGSURWKHVHQ�ZHUG�YRRU�EHUHNHQLQJHQ�LQ������JHVFKDW�RS������
'LW DDQWDO�ZDV�JHEDVHHUG�RS�$PHULNDDQVH�DDQWDOOHQ��RPJHUHNHQG�QDDU�GH�1HGHUODQGVH�VLWXDWLH
>�@��+HW�DDQWDO�XUDQLXPKRXGHQGH�WDQGSURWKHVHQ�LQ�1HGHUODQG�QDP�WRHQ�YHUPRHGHOLMN�DO�DI��'H
ILUPD�,YRFODU��GLH�HHQ�JURRW�GHHO�YDQ�GH�WDQGSURWKHVHQ�LQ�:HVW�(XURSD�OHYHUW��JHHIW�DDQ�GDW�WRW
������MDDU�WHUXJ�JHULQJH�KRHYHHOKHGHQ�XUDQLXP�ZHUGHQ�JHEUXLNW�RP�HHQ�IOXRUHVFHUHQG�HIIHFW
LQ� WDQGSURWKHVHQ� WH� YHUNULMJHQ�� 8UDQLXPR[LGH� ZRUGW� PRPHQWHHO� QLHW� PHHU� WRHJHSDVW� >����
���@��'H�YHUYDQJLQJVGXXU�YDQ�WDQGSURWKHVHQ�EHGUDDJW�FLUFD����MDDU�>���@��'LW�EHWHNHQW�GDW�KHW
DDQWDO�QRJ�DDQZH]LJH�WDQGSURWKHVHQ�PHW�XUDQLXPR[LGH�]HHU�EHSHUNW�]DO�]LMQ�
����� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
'H�VWUDOLQJVGRVHV�GRRU�XUDQLXPR[LGH� LQ�GH� WDQGSURWKHVHQ�ZRUGHQ�YRRUQDPHOLMN�YHURRU]DDNW
GRRU� �GHHOWMHV� DINRPVWLJ� YDQ�8����� HQ�8����� HQ� GRRU� �GHHOWMHV� DINRPVWLJ� YDQ� 3D����P�
ZDDUELM� GH� �GHHOWMHV� GH� JURRWVWH� GRVLVELMGUDJH� DDQ� GH� RSSHUYODNWH� YDQ� GH� WDQGSURWKHVH
OHYHUHQ�� 'H� ELMGUDJH� YDQ� �VWUDOLQJ� ZRUGW� DOV� YHUZDDUORRVEDDU� YHURQGHUVWHOG�� 9RRU� GH
WDQGSURWKHVHQ� PHW� GH� KRRJVWH� FRQFHQWUDWLH� XUDQLXPR[LGH� EHGURHJ� GH� GRVLV� YRRU� KHW
PRQGVOLMPYOLHV�DDQ�GH�RSSHUYODNWH�YDQ�GH�WDQGSURWKHVH������P6Y�MDDU��'H�JHPLGGHOGH�GRVHV
YRRU PRQGVOLMPYOLHV�GRRU�GH�YHUVFKLOOHQGH�WDQGSURWKHVHQ�EHGURHJ�DDQ�GH�RSSHUYODNWH�WXVVHQ
GH ���HQ�����P6Y�MDDU�>���@��2¶5LRUGDQ�HQ�+XQW�>���@��7KRPSVRQ�>���@�HQ�3DSDVWHIDQRX�HW
DO��>���@�UDSSRUWHUHQ�PD[LPDOH�GRVHV�YRRU�PRQGVOLMPYOLHV�YDQ������P6Y�MDDU�������P6Y�MDDU
HQ� ����� P6Y�MDDU� ELM� UHVSHNWLHYHOLMN� ����� ����� HQ� ������� XUDQLXP�� 'H� JHJHYHQV� ]LMQ
VDPHQJHYDW�LQ�7DEHO������
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7DEHO�������'RVLV�YRRU�KHW�PRQGVOLMPYOLHV�EHUHNHQG�LQ�YHUVFKLOOHQGH�VWXGLHV
QXFOLGH JHZLFKWV�SURFHQW GRVLV�PRQG�VOLMPYOLHV ODQG EURQ

� 6Y�D
XUDQLXP ���� � 8. ���XUDQLXP ����� ��� 86$ ���XUDQLXP ���� ���� 86$ ���8���� ���� � *ULHNHQODQG ���
'H�1&53�>��@�JDDW�XLW�YDQ�HHQ�JHPLGGHOGH�GRVLV�YRRU�KHW�PRQGVOLMPYOLHV�GRRU� �VWUDOLQJ�YDQ
� P6Y�SHU�MDDU�ELM�������XUDQLXP��$OV�ZRUGW�XLWJHJDDQ�GDW�GLW����YDQ�KHW�KXLGRSSHUYODN�LV
PHW HHQ�ZHHJIDFWRU�YDQ�������GDQ�OHYHUW�GLW�HHQ�HIIHFWLHYH�GRVLV�RS�YDQ����� 6Y�SHU�SHUVRRQ
SHU MDDU�� 'RRU� 1&53� >��@� ZHUG� YHURQGHUVWHOG� GDW� ��� PLOMRHQ� $PHULNDQHQ� QRJ
XUDQLXPKRXGHQGH� WDQGSURWKHVHQ� GURHJHQ�� KHWJHHQ� UHVXOWHHUGH� LQ� HHQ� FROOHFWLHYH� GRVLV� YDQ
���� PHQV6Y�� +HW� DDQWDO� PRPHQWHHO� LQ� GH� 1HGHUODQGVH� SRSXODWLH� QRJ� DDQZH]LJH
XUDQLXPKRXGHQGH�WDQGSURWKHVHQ�LV�]HHU�EHSHUNW��GH�FROOHFWLHYH�GRVLV�LV�LQJHVFKDW�RS���PHQV6Y
SHU MDDU��7DEHO�������
7DEHO�������,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVLV�EHUHNHQG�YRRU�XUDQLXPKRXGHQGH�WDQGSURWKHVHQ
QXFOLGH JHZLFKWV�SURFHQW LQGLYLGXHOHGRVLV ODQG DDQWDOSURGXFWHQ FROOHFWLHYHGRVLV EURQ

� 6Y�D PHQV6Y�D
XUDQLXP ���� ��� 86$ ��(��� ���� ��8������&H���� � ��� 1/ �(��� ����� �XUDQLXP ���� � 1/ �(��� � GH]H�VWXGLH
��� ZRUGW�QLHW�PHHU�WRHJHSDVW� QLHW�EHNHQG
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��� .HUDPLVFKH�WHJHOV
����� ,QOHLGLQJ
,Q� GH� NHUDPLVFKH� LQGXVWULH� ZRUGW� ]RZHO� ]LUNRQLXPVLOLFDDW� �=U6L2���� DOV� ]LUNRQLXPR[LGH�=U2�� JHEUXLNW��%HLGH�ZRUGHQ�JHSURGXFHHUG�XLW�]LUNRRQ]DQG��=LUNRRQ]DQG�NRPW�YDQ�QDWXUHYRRU��PDDU�RQWVWDDW�RRN�DOV�ELMSURGXFW�YDQ�µKHDY\�PLQHUDO VDQG�PLQLQJ¶� =LUNRRQ]DQG�EHVWDDW
YRRU� ���� XLW� ]LUNRQLXPVLOLFDDW� �=U6L2���� HQ� ���� XLW� VLOLFLXPR[LGH� �6L2���� 1DDVW]LUNRQLXPR[LGH�GDW�ZRUGW�JHSURGXFHHUG�XLW�]LUNRRQ]DQG�NRPW�KHW�LQ�QDWXXUOLMNH�YRUP�YRRU�DOV
%DGGHOH\LWH�
=RZHO ]LUNRRQ]DQG�DOV�%DGGHOH\LWH�EHYDWWHQ�NOHLQH�KRHYHHOKHGHQ�XUDQLXP��HQ�WKRULXPR[LGH�
=LUNRRQ]DQG�ZRUGW�LQ�SHUFHQWDJHV�YDQ��������WRHJHYRHJG�DDQ�GH�EXLWHQVWH�JOD]XXUODDJ�YDQ
NHUDPLVFKH WHJHOV��)UDPH�HQ�.ROE�>�@�YHUPHOGHQ�RYHU�=U2�� µ]LUFRQLXP�R[LGH� LV�XVHG�DV�DQLQVXODWRU�� UHIUDFWRU\� OLQLQJ�� DQG� RSDFLILHU� LQ� HQDPHOV� DQG� JOD]HV¶� 'H� SLJPHQWHQ� ZDDULQ
]LUNRQLXPR[LGH� ZRUGW� YHUZHUNW�� ZRUGHQ� JHNHQPHUNW� GRRU� HHQ� JURWH� YXXUYDVWKHLG� HQ� KRJH
NOHXULQWHQVLWHLW� HQ� ZRUGHQ� JHEUXLNW� YRRU� WHJHOV�� VDQLWDLUH� DUWLNHOHQ� HQ� VHUYLHVJRHG� >���@�
9HUVFKLOOHQGH� WKRULXP�� HQ� XUDQLXPYHUELQGLQJHQ� ZHUGHQ� LQ� KHW� YHUOHGHQ� WRHJHSDVW� LQ� JODV�
SRUVHOHLQ� HQ� DQGHUH� NHUDPLVFKH� DUWLNHOHQ� YDQZHJH� GH� NOHXU�� 'H� WRHSDVVLQJ� YDQ� GHUJHOLMNH
YHUELQGLQJHQ�ZRUGW� YULM� XLWJHEUHLG� EHKDQGHOG� LQ� )UDPH� HQ�.ROE� >�@��+LHU� ]DO� YRRUQDPHOLMN
ZRUGHQ�LQJHJDDQ�RS�KHW�JHEUXLN�YDQ�]LUNRRQ]DQG�
����� :HWJHYLQJ
+HW�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�LV�QLHW�YDQ�WRHSDVVLQJ�RS�EORRWVWHOOLQJ�DDQ�UDGLRQXFOLGHQ�GLH
DDQZH]LJ�]LMQ�LQ�ERXZPDWHULDOHQ��.HUDPLVFKH�WHJHOV�ZRUGHQ�GDDU�QLHW�WRH�JHUHNHQG�HQ�YDOOHQ
GDDUGRRU�ZHO� RQGHU� GLW� EHVOXLW� >�@��'H� YULMVWHOOLQJVJUHQ]HQ� EHGUDJHQ� YRRU� GH� LQ� NHUDPLVFKH
WHJHOV� DDQZH]LJH� UDGLRQXFOLGHQ� 5D������� 7K����� HQ� 8������ ��� N%T� SHU� SURGXFW�� 'H
YULMVWHOOLQJVJUHQ]HQ�YRRU�GH�DFWLYLWHLWVFRQFHQWUDWLH�EHGUDJHQ���%T�J�YRRU�5D������HQ����%T�J
YRRU�7K�����HQ�8������>�@��%LM�GH�LQWHUSUHWDWLH�YDQ�GH]H�YULMVWHOOLQJVJUHQ]HQ�GRHQ�]LFK�WZHH
SUREOHPHQ�YRRU��PRHW�YRRU�GH�DFWLYLWHLWVFRQFHQWUDWLHV�GH�JHKHOH�WHJHO�ZRUGHQ�EHVFKRXZG�RI
DOOHHQ�GH�JOD]XXUODDJ�qQ�PRHW�GH�YULMVWHOOLQJVJUHQV�YRRU�DFWLYLWHLW�SHU�WHJHO�ZRUGHQ�EHVFKRXZG
RI YRRU�HHQ�WHJHOZDQG�DOV�JHKHHO�
1DDVW GH�YULMVWHOOLQJVJUHQ]HQ�YRRU�SURGXFWHQ�VWHOW�KHW�%HVOXLW�6WUDOLQJVEHVFKHUPLQJ�RRN�HLVHQ
DDQ� KHW� RPJHYLQJVGRVLVHTXLYDOHQW� GDW� OHGHQ� YDQ� GH� EHYRONLQJ� PRJHQ� RQWYDQJHQ�� 'H]H
EHGUDDJW���� 6Y�SHU�MDDU�>���1RWD�YDQ�WRHOLFKWLQJ�SDU�������@�
����� $FKWHUJURQG
+RHZHO� KHW� YRRUNRPHQ� YDQ�8����� HQ� 7K����� �HQ� GRFKWHUV�� LQ� NHUDPLVFKH� WHJHOV� DO� ODQJHU
EHNHQG� LV�� LV� HU� LQ� KHW� YHUOHGHQ� ZHLQLJ� DDQGDFKW� DDQ� JHVFKRQNHQ�� =RZHO� 2(&'� >���@� DOV
1&53 >��@� QRHPHQ� GH� DDQZH]LJKHLG� YDQ� 8����� HQ� 7K����� LQ� NHUDPLVFKH� WHJHOV�� PDDU
YHUPHOGHQ�JHHQ�GRVHV��9HUPRHGHOLMN�KHEEHQ�GH]H�YHUZLM]LQJHQ�EHWUHNNLQJ�RS�KHW�YRRUNRPHQ
YDQ� 7K����� HQ� 8����� LQ� NOHXUVWRIIHQ�� 'H� DDQGDFKW� YRRU� GH� LQ� ]LUNRRQ]DQG� DDQZH]LJH
QDWXXUOLMNH� UDGLRQXFOLGHQ� GDWHHUW� YDQ� HLQG� MDUHQ� ]HYHQWLJ� >���@�� (U� ]LMQ� VLQGVGLHQ� HQNHOH
SXEOLFDWLHV� YHUVFKHQHQ� ZDDULQ� GH� DFWLYLWHLWHQ� YDQ� .����� 5D������ 7K����� HQ� 8����� LQ
NHUDPLVFKH� WHJHOV� HQ�RI� ]LUNRRQ]DQG� ]LMQ� EHSDDOG��0HW� KHW� XLWNRPHQ� YDQ� QLHXZH� (XURSHVH
UHJHOJHYLQJ�GLH�OLPLHWHQ�VWHOW�DDQ�GH�DFWLYLWHLWVFRQFHQWUDWLHV�LQ�SURGXFWHQ�>���@�HQ�KHW�VWUHYHQ
YDQ�GH�5LMNVRYHUKHLG�GH�VWUDOLQJVGRVLV�ELQQHQVKXLV�RS�HHQ�FRQVWDQW�QLYHDX�WH�KDQGKDYHQ�LV�GH
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YUDDJ� QDDU� GH� KRHYHHOKHLG� VWUDOLQJ� YDQXLW� NHUDPLVFKH� WHJHOV� RRN� LQ� 1HGHUODQG� DFWXHHO
JHZRUGHQ�
����� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
'H�UDGLRQXFOLGHQFRQFHQWUDWLHV� LQ�]LUNRRQ]DQG�KDQJHQ�VWHUN�DI�YDQ�GH�KHUNRPVW�YDQ�GLW�]DQG
>���@��'H�FRQFHQWUDWLHV�YDQ�7K�����HQ�8�����LQ�NHUDPLVFKH�WHJHOV�OLJJHQ�UHVSHNWLHYHOLMN�PHHU
GDQ�HHQ�IDFWRU����HQ�PHHU�GDQ�HHQ�IDFWRU����ODJHU�GDQ�LQ�]LUNRRQ]DQG��'H�.����DFWLYLWHLW�OLJW
HHQ� IDFWRU� ������ KRJHU�� 'H� DFWLYLWHLWVFRQFHQWUDWLHV� YDQ� GH]H� UDGLRQXFOLGHQ� LQ� NHUDPLVFKH
WHJHOV�]LMQ�VDPHQJHYDW�LQ�7DEHO������HQ�OLJJHQ�UXLP�EHQHGHQ�GH�YULMVWHOOLQJVJUHQ]HQ�JHQRHPG
LQ�SDUDJUDDI������
'RRU 'HQJ� HW� DO�� >���@� ZHUG� KHW� GRVLVWHPSR� DDQ� VWDSHOV� WHJHOV� LQ� ZLQNHOV� JHPHWHQ� HQ� LQ
ZRRQKXL]HQ��+HW� JHPLGGHOGH� JDPPDGRVLVWHPSR�JHPHWHQ� DDQ� HHQ� VWDSHO� JHJOD]XXUGH� WHJHOV
ZDV ����KRJHU�GDQ�GH�DFKWHUJURQG��+HW�GRVLVWHPSR�JHPHWHQ�DDQ�RQJHJOD]XXUGH�WHJHOV�HQ�LQ
NDPHUV�EHWHJHOG�PHW�JHJOD]XXUGH�WHJHOV�YHUVFKLOGH�QLHW�VLJQLILFDQW�YDQ�GH�DFKWHUJURQG��'HQJ
HW DO��>���@�PHUNWHQ�RS�KHW�EHWD�GRVLVWHPSR�HYHQHHQV�LQ�RJHQVFKRXZ�WH�QHPHQ��2¶%ULHQ�HW�DO�
>���@� HQ�+LJJ\� HW� DO�� >���@�EHUHNHQGHQ�KHW�GRVLVWHPSR�XLW� GH� UDGLRQXFOLGHQFRQFHQWUDWLHV� LQ
NHUDPLVFKH�WHJHOV��'H�UHVXOWDWHQ�YDQ�GH�YHUVFKLOOHQGH�VWXGLHV�VWDDQ�VDPHQJHYDW�LQ�7DEHO������
7DEHO�������$FWLYLWHLWVFRQFHQWUDWLHV�LQ�NHUDPLVFKH�WHJHOV�HQ�GH�EHSDOLQJVPHWKRGH

.��� 5D���� 7K���� 8���� PHWKRGH EURQ%T�NJ %T�NJ %T�NJ %T�NJ
����� �VSHFWURPHWULH ���������� � ����� ����� �VSHFWURPHWULH ���������� ����� ����� ����� �VSHFWURPHWULH �������� �VSHFWURPHWULH ���

����� $DQWDOOHQ�LQ�1HGHUODQG
(U�]LMQ�LQ�1HGHUODQG�WZHH�JURWH�WHJHOSURGXFHQWHQ�HQ�HHQ�EHSHUNW�DDQWDO�NOHLQHUH��(pQ�YDQ�GH
JURWHUH��.RQLQNOLMNH�0RVD��SURGXFHHUW�SHU�MDDU�����PLOMRHQ�WHJHOV�ZDDUYDQ�QDDU�VFKDWWLQJ����
]LUNRRQVLOLFDDW�EHYDW��(HQ�GHHO�KLHUYDQ� LV�YRRU�GH�ELQQHQODQGVH�PDUNW��+HW�DDQWDO� WHJHOV�GDW
MDDUOLMNV�ZRUGW�JHwPSRUWHHUG�OLJW�YHUPRHGHOLMN�YHOH�PDOHQ�KRJHU�GDQ�����PLOMRHQ��,QIRUPDWLH
RYHU�ZHON�GHHO�YDQ�GH� LQ�1HGHUODQG�YHUNRFKWH�NHUDPLVFKH� WHJHOV�]LUNRRQVLOLFDDW�EHYDW�HQ� LQ
ZHONH�KRHYHHOKHGHQ�RQWEUHHNW�PRPHQWHHO�>��@�
����� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
5HFHQW� ]LMQ� HU� HQNHOH�SXEOLFDWLHV�YHUVFKHQHQ�GLH� LQJDDQ� RS� GH� DFWLYLWHLWVFRQFHQWUDWLHV� HQ� GH
LQGLYLGXHOH�GRVHV�GLH�KHW�JHYROJ�]LMQ�YDQ�KHW�JHEUXLN�YDQ�]LUNRRQ]DQG� LQ�JOD]XXU��'H]H�]LMQ
VDPHQJHYDW�LQ�7DEHO������
2¶%ULHQ HW� DO�� >���@� EHUHNHQGHQ� YRRU� HHQ� NDPHU� YDQ� �[�[�� P� EHWHJHOG� PHW� JHJOD]XXUGH
WHJHOV�HHQ�HIIHFWLHYH�GRVLV�YDQ����� 6Y�MDDU��%LM�HHQ�YHUEOLMIWLMG�YDQ������UHVXOWHHUW�GLW�LQ�HHQ
LQGLYLGXHOH� GRVLV� YDQ� ������� 6Y�MDDU�� (OHYHOG� HQ� 3UXSSHUV� >�@� EHUHNHQGHQ� YRRU� GH
1HGHUODQGVH� VLWXDWLH� HHQ� LQGLYLGXHOH� GRVLV� YDQ� �� 6Y�MDDU� HQ� HHQ� FROOHFWLHYH� GRVLV� YDQ
�� PHQV6Y�MDDU�� =LM� JDYHQ� DDQ� GDW� RYHUVFKULMGLQJ� YDQ� KHW� LQGLYLGXHOH� GRVLVFULWHULXP� YDQ
�� 6Y D���LQ�GH�1HGHUODQGVH�VLWXDWLH�QLHW�RQGHQNEDDU�LV��'H�GRVHV�GLH�WHJHO]HWWHUV�RQWYDQJHQ
RI� SHUVRQHQ� GLH� EHURHSVPDWLJ� YHUEOLMYHQ� LQ� HHQ� UXLPWH� PHW� YHHO� WHJHOV� ]LMQ� PRJHOLMN� YHHO
KRJHU�� 'H]H� VFKDWWLQJHQ� ]LMQ� HFKWHU� JHEDVHHUG� RS� HQNHOH� SXEOLFDWLHV� GLH� QLHW� QRRG]DNHOLMN
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UHSUHVHQWDWLHI� ]LMQ� YRRU� GH�1HGHUODQGVH� RPVWDQGLJKHGHQ��:DW� GH� UDGLRQXFOLGHQFRQFHQWUDWLHV
HQ GH�GRVLVWHPSL�]LMQ�YDQ�GH�LQ�1HGHUODQG�YHUNULMJEDUH�WHJHOV�HQ�GH�RPYDQJ�YDQ�GH�PDUNW�LV
QLHW EHNHQG�� 'H� FROOHFWLHYH� GRVLV� LV� GDDURP� QLHW� EHUHNHQG�� 0RPHQWHHO� ZRUGW� HHQ
RQGHU]RHNVSURMHNW�YRRUEHUHLG�RP�KLHURYHU�PHHU�LQIRUPDWLH�EHVFKLNEDDU�WH�NULMJHQ�
7DEHO�������'RVLVWHPSL�WHQ�JHYROJH�YDQ�JHJOD]XXUGH�NHUDPLVFKH�WHJHOV�ELQQHQVKXLV
W\SH�VWUDOLQJ GRVLVWHPSR YHUEOLMIWLMG LQG��GRVLV FROO��GRVLV EURQ6Y�XXU 6Y�D PHQV6Y�D
�GRVLVWHPSR �����±������ � � � �������GRVLVWHPSR ������������� ���PLQ�GDJ ������� � �������GRVLVWHPSR ���� ���� �������� � �������GRVLVWHPSR ����� ���PLQ�GDJ � �� ����

��� GRVLVWHPSR�LQ�ZHHIVHO����PJ�FP��� RS��������FP�DIVWDQG��DDQQDPH�*\� �6Y
��� GRVLVWHPSR�LQ�KHW�PLGGHQ�YDQ�HHQ��[�[����P� NDPHU�YRRU�HHQ�NHUDPLVFKH�ZDQG�YDQ�����FP
��� GRVLVWHPSR�LQ�KHW�PLGGHQ�YDQ�HHQ��[�[��P� NDPHU�EHWHJHOG�PHW�JHJOD]XXUGH�WHJHOV
��� GRVLVWHPSR�LQ�KHW�PLGGHQ�YDQ�HHQ��[�[��P� NDPHU�EHWHJHOG�PHW�JHJOD]XXUGH�WHJHOV
�  �RQEHNHQG
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��� %OLNVHPDIOHLGHUV
����� ,QOHLGLQJ
5DGLRDFWLHYH�EOLNVHPDIOHLGHUV�EH]LWWHQ�URQG�GH�SXQW�YDQ�GH�EOLNVHPDIOHLGHU�HHQ�UDGLRDFWLHYH
EURQ�� +HW� LGHH� GDDUDFKWHU� ZDV� GDW� HHQ� GHUJHOLMNH� EURQ� GH� UXLPWH� URQG� GH� EOLNVHPDIOHLGHU
LRQLVHHUW�ZDDUGRRU�HHQ�HIILFLsQWHUH�EOLNVHPDIOHLGLQJ�ZRUGW�YHUNUHJHQ�>86�SDWHQW�����������@�
0HHVWDO�ZHUGHQ�KLHUYRRU� ±HPLWWHUV�JHEUXLNW�]RDOV�5D�����HQ�$P�����
,Q GH�]HVWLJHU� MDUHQ�ZHUG��R�D��GRRU�.(0$��RQGHU]RFKW�RI� UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�HHQ
EHWHUH� ZHUNLQJ� YHUWRRQGHQ� GDQ� FRQYHQWLRQHOH� EOLNVHPDIOHLGHUV�� (U� NRQ� QLHW� ZRUGHQ
DDQJHWRRQG� GDW� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV� HHQ� JURWHUH� ZHUNLQJVUXLPWH� KDGGHQ� GDQ
FRQYHQWLRQHOH�� QLHW�UDGLRDFWLHYH� EOLNVHPDIOHLGHUV� >���@�� 'DDUPHH� YHUYLHO� RRN� KHW� QXW� RP
UDGLRDFWLHYH�EOLNVHPDIOHLGHUV� WH�SODDWVHQ�� ,Q�'HOKRYH�>���@�ZRUGW�XLWJHEUHLG�RS�UDGLRDFWLHYH
EOLNVHPDIOHLGHUV�HQ�GH�VWUDOLQJVULVLFR¶V�LQJHJDDQ�
����� :HWJHYLQJ
9DQDI�GH� HHUVWH� LPSRUW� YDQ� UDGLRDFWLHYH�EOLNVHPDIOHLGHUV� LQ�1HGHUODQG�� LQ������� WRW� HQ�PHW
����� ZDV� HU� JHHQ� YHUJXQQLQJ� QRRG]DNHOLMN� YRRU� KHW� SODDWVHQ� YDQ� HHQ� UDGLRDFWLHYH
EOLNVHPDIOHLGHU��9DQZHJH�GH�UDGLRWR[LFLWHLW�ZHUG�GH�LQYRHU�YDQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV
LQ������YHUERGHQ��7RW�FLUFD������ZHUGHQ�HU��YDQXLW�GH�EHVWDDQGH�YRRUUDDG��QRJ�UDGLRDFWLHYH
EOLNVHPDIOHLGHUV� JHSODDWVW�� 0HW� KHW� LQ� ZHUNLQJ� WUHGHQ� YDQ� KHW� 5DGLRDFWLHYH� VWRIIHQEHVOXLW
.H: RS��������ZHUG�KHW�EH]LW�YDQ�HHQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHU�YHUJXQQLQJVSOLFKWLJ��'H
PLQLVWHU�KHHIW�WRHQ�ZHJHQV�KHW�RQWEUHNHQ�YDQ�DDQWRRQEDDU�QXW�EHVORWHQ�GDW�JHHQ�YHUJXQQLQJHQ
PHHU� DIJHJHYHQ� ]RXGHQ� ZRUGHQ�� *HPHHQWHQ� ]LMQ� LQ� ����� DDQJHVFKUHYHQ� RP� GH� LQ� KXQ
JHPHHQWH�DDQZH]LJH�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�WH�PHOGHQ�HQ�WH�ODWHQ�YHUZLMGHUHQ�>���@��,Q
GH MDUHQ� ���������� LV� HU� GRRU� GH�0LOLHXLQVSHFWLH� =XLGZHVW� DFWLH� RQGHUQRPHQ� RP� DOOH� QRJ
DDQZH]LJH� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV� RS� WH� VSRUHQ� HQ� WH� YHUZLMGHUHQ�� 9LHU
EOLNVHPEHYHLOLJLQJVEHGULMYHQ�KDGGHQ�GDDUWRH�RQWKHIILQJ�JHNUHJHQ�>��@��(U�LV�PRPHQWHHO�QRJ
ppQ� ILUPD� LQ� KHW� EH]LW� YDQ� HHQ� YHUJXQQLQJ� µXLWVOXLWHQG� YRRU� KHW� YRRUKDQGHQ� KHEEHQ� YDQ
UDGLRDFWLHYH�EOLNVHPRSYDQJHUV�YDQ�EOLNVHPEHYHLOLJLQJVLQVWDOODWLHV�� ]XONV� LQ� YHUEDQG�PHW�KHW
YHUZLMGHUHQ�ELM�GHUGHQ�LQ�KHHO�1HGHUODQG¶ >���@�
����� $FKWHUJURQG
+HW�LGHH�YDQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�ZHUG�LQ������JHRSSHUG�GRRU�6]LOODUG�>�����@��7RW
WRHSDVVLQJ�NZDP�KHW�WRHQ�HFKWHU�QRJ�QLHW��'H�HHUVWH�$PHULNDDQVH�SDWHQWHQ�YRRU�UDGLRDFWLHYH
EOLNVHPDIOHLGHUV� GDWHUHQ� XLW� ����� HQ� ������ ,Q� WRWDDO� ]LMQ� HU� YDQ� GH� FD�� ���� SDWHQWHQ� GLH
EHWUHNNLQJ� KHEEHQ� RS� EOLNVHPDIOHLGHUV� ��� DDQJHWURIIHQ�ZDDUELM� UDGLRDFWLHYH� VWRIIHQ�ZRUGHQ
WRHJHSDVW��]LH�7DEHO��������,Q�HHQ�DDQWDO�JHYDOOHQ�ZRUGHQ�LQ�GH]H�SDWHQWHQ�QXFOLGHQ�JHQRHPG�
DFWLYLWHLWHQ�ZRUGHQ�QLHW�YHUPHOG�
'H HHUVWH� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV� ZDUHQ� YRRU]LHQ� YDQ� 5D����� >]LH� R�D�� 86� SDWHQW
���������@��'DDUQD�ZHUG�RRN�ZHO�.U����HQ�&R���� JHEUXLNW�� ,Q� GH� MDUHQ� ]HYHQWLJ�ZHUG� YHHO
$P�����JHEUXLNW�RPGDW�GLW� HHQ�a�HPLWWHU� LV�PHW�ZHLQLJ�JDPPD�DFWLYLWHLW��+HW�HHUVWH�SDWHQW
ZDDULQ $P����� ZRUGW� JHQRHPG�� GDWHHUW� YDQ� ����� HQ� PHOGW� GH� VFKDGHOLMNKHLG� YDQ� GH
JDPPDVWUDOLQJ�DINRPVWLJ�YDQ�KHW�WRW�GDQ�WRH�JHEUXLNHOLMNH�5D������2RN�XLW�DQGHUH�OLWHUDWXXU
EOLMNW�GDW�$P�����KRXGHQGH�EOLNVHPDIOHLGHUV�SDV�YDQDI�KDOYHUZHJH�GH�MDUHQ�]HVWLJ�LQ�JHEUXLN
NZDPHQ� >���@�� 6XEDVLF� HW� DO�� >���@�PHOGHQ� GDW� GH�PHHVWH� EOLNVHPDIOHLGHUV�ZDUHQ� YRRU]LHQ
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YDQ� 5D����� HQ� $P������ PDDU� GDW� WHYHQV� GH� QXFOLGHQ� &R����� (X����� HQ� (X����� JHEUXLNW
ZHUGHQ�� 6LQGV� ����� LV� GH� SURGXFWLH� HQ� YHUNRRS� LQ� )UDQNULMN�� ZDDU� YHHO� UDGLRDFWLHYH
EOLNVHPDIOHLGHUV�ZHUGHQ� JHSURGXFHHUG�� YHUERGHQ�� (HQ� RYHU]LFKW� YRRU�(XURSD� LV� JHJHYHQ� LQ
%LMODJH ��
7DEHO�������2YHU]LFKW� YDQ� SDWHQWHQ� YRRU� �UDGLRDFWLHYH�� EOLNVHPDIOHLGHUV� DDQJHWURIIHQ� LQ� KHW
8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH�>&&/������&@
SDWHQWKRXGHU EHGULMI GDWXP SDWHQW�QR� QXFOLGH
&DSDUW � �������� ��������� UDGLRDFWLHI*UHQLHU ,QW��+ROGLQJ�5DGLDO��/X[ ������� ��������� R�D��3E������7K����*UHQLHU 6WH�+HOLWD��3DULV ������� ��������� UDGLRDFWLHI'RQHOOL 86�5DGLXP�&RPS���1HZ�<RUN ������� ��������� a&DSDUW � ������� ��������� a&DSDUW � ������� ��������� a, b, 5D����5LWWHU *HQ��3URWHFWLRQ�(VW���/LHFKWHQVW� ������� ��������� UDGLRDFWLHI5LWWHU �*HQ��3URWHFWLRQ�(VW���/LHFKWHQVW� �������� ��������� $P����&RQVWDQW &(1��%UXVVHOV ������ ��������� b, .U���3XJHW 1XFOHDU�,EHULD ������� ��������� a, 5D������$P����,QYHUQL]]L � �������� ��������� �$P����'RQHOOL � ������ ��������� a� $P����,QYHUQL]]L (QHUJLH�)URLGH�,QW�6$��*HQHYD ������� ��������� JHHQ6DXWHUHDX�HD 6WH�)U��+HOLWD��3DULV ������� ��������� JHHQ/HIRUW�HD ,QGHOHF�6DUO��'RXDL��)5 ������� ��������� JHHQ
�  �RQEHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
����� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
,Q�1HGHUODQG�ZDUHQ�DOOHHQ�EOLNVHPDIOHLGHUV�YDQ�KHW�PHUN�+pOLWD�WRHJHVWDDQ��]LH�)LJXXU�������
'H GULH�W\SHQ�EOLNVHPDIOHLGHUV�GLH�LQ�1HGHUODQG�ZHUGHQ�YHUNRFKW�KDGGHQ�YROJHQV�GH�6RFLHWp
+pOLWD� HHQ� DFWLYLWHLW� YDQ� UHVSHNWLHYHOLMN� ������ ����� HQ� �����0%T�5D����� >R�D�� ���@�� 'H� ��
UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�GLH�LQ�GH�SHULRGH������±�����GRRU�KHW�5,90�ZHUGHQ�YHUZHUNW
HQ DIJHYRHUG� KDGGHQ� HHQ� JHPLGGHOGH� DFWLYLWHLW� YDQ� ���� 0%T� 5D������ 'H� KRRJVW� JHPHWHQ
ZDDUGH EHGURHJ�������0%T�5D����� >���@��:DW�GH� URO� YDQ� FRUURVLH� LV� LQ�GH� DIQDPH�YDQ�GH
DNWLYLWHLW�HQ�KHW�HIIHFW�GDDUYDQ�YRRU�GH�EORRWVWHOOLQJ�LV�QLHW�GXLGHOLMN�>���@�
+HW OLMNW�RQZDDUVFKLMQOLMN�GDW�HU�LQ�1HGHUODQG�EOLNVHPDIOHLGHUV�]LMQ�JHSODDWVW�PHW�$P������'H
LQYRHU� YDQ� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV� ZHUG� YHUERGHQ� YDQDI� ������ %OLNVHPDIOHLGHUV� PHW
$P�����NZDPHQ�GDDUQD�SDV�RS�GH�PDUNW�
����� $DQWDOOHQ�LQ�1HGHUODQG
1DDU�VFKDWWLQJ�ZDUHQ�HU�WRW����������UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�YHUVSUHLG�RYHU�1HGHUODQG
JHwQVWDOOHHUG�� 'LW� DDQWDO� LV� WRW� VWDQG� JHNRPHQ� GRRU� GH� DGUHVVHQOLMVW� YDQ� GH
DOOHHQYHUWHJHQZRRUGLJHU�YDQ�GH�6RFLHWp�+HOLWD� WH�FRPELQHUHQ�PHW�HHQ� LQYHQWDULVDWLH�YDQ�KHW
0LQLVWHULH� YDQ� 9RONVJH]RQGKHLG� XLW� ������ 'H]H� WRWDOH� OLMVW� LV� GRRU� GH� 0LOLHXLQVSHFWLH
=XLGZHVW� JHEUXLNW� RP� LQ� GH� MDUHQ� ����� HQ� ����� WH� NRPHQ� WRW� YHUZLMGHULQJ� YDQ� DOOH� QRJ
DDQZH]LJH� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV�� :HUHOGZLMG� ZHUG� KHW� DDQWDO� UDGLRDFWLHYH
EOLNVHPDIOHLGHUV�LQ������JHVFKDW�RS���������>�������@�
9DQ GH� ���� UDGLRDFWLHYH� EOLNVHPDIOHLGHUV�ZDUHQ� HU� LQ� ����� UHHGV� FLUFD� ���� DIJHYRHUG� QDDU
5,90 HQ� &295$�� 9DQ� GH� UHVWHUHQGH� ���� EOLNVHPDIOHLGHUV� EOHNHQ� HU� ���� UHHGV� WH� ]LMQ
JHGHPRQWHHUG��'H�EHVWHPPLQJ�YDQ�GH]H�EOLNVHPDIOHLGHUV�ZDV�QLHW�PHHU�WH�DFKWHUKDOHQ��,Q�GH
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SHULRGH�����������ZHUGHQ�HU����� QRJ� DDQZH]LJH� EOLNVHPDIOHLGHUV� YHUZLMGHUG� HQ� DIJHYRHUG
QDDU�&295$��9DQ�GH�RYHULJH����EOLNVHPDIOHLGHUV�]LMQ�HU�QD������QRJ�HQNHOH�PHW�]HNHUKHLG
DIJHYRHUG�>��@�
,Q� ����� HQ� ����� YHUZLMGHUGH� GH� ILUPD� +RPPHPD� UHVSHNWLHYHOLMN� QRJ� �� HQ� �� UDGLRDFWLHYH
EOLNVHPDIOHLGHU�>���@��'H�DIJHORSHQ�WZHH�MDDU�]LMQ�HU�JHHQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�PHHU
GRRU�+RPPHPD�YHUZLMGHUG��,Q������LV�YRRU�KHW�ODDWVW�HHQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHU�YLD�KHW
5,90 DIJHYRHUG� QDDU� GH�&295$� HQ� LQ� �����ZHUG� HU� GRRU� HHQ� EOLNVHPEHYHLOLJLQJVEHGULMI
QRJ� HHQ� UDGLRDFWLHYH� EOLNVHPDIOHLGHU� PHW� HHQ� JHVFKDWWH� DFWLYLWHLW� YDQ� ���� 0%T� 5D����
YHUZLMGHUG�LQ�5RWWHUGDP�>��@�
%UHDV� >���@� VFKDW� KHW� DDQWDO� QX� QRJ� DDQZH]LJH� H[HPSODUHQ� RS� PD[LPDDO� ���� (HQ
YHUWHJHQZRRUGLJHU�YDQ�GH�ILUPD�+RPPHPD�>���@�EHYHVWLJW�GDW�HU�QRJ�VSLWVHQ�VWDDQ��PDDU�NDQ
JHHQ�VFKDWWLQJ�JHYHQ��µ,Q�ZHONH�RUGH�YDQ�JURRWWH�GLW�DDQWDO�LV��LV�PRHLOLMN�LQ�WH�VFKDWWHQ�RPGDW
ZLM QLHW� RYHU� GH� LPSRUWJHJHYHQV� GDDUYDQ� EHVFKLNNHQ�� +HW� DDQWDO� NDQ� HFKWHU�� JH]LHQ� GH
JHERXZHQ� ZDDURS� ]H� YHHODO� ZHUGHQ� JHSODDWVW�� WRFK� JURWHU� ]LMQ� GDQ� ZRUGW� YHUPRHG�¶� (HQ
VFKDWWLQJ� YDQ� ��� UHVWHUHQGH� VSLWVHQ� OLMNW� JH]LHQ� GH� KLHUERYHQ� JHQRHPGH� DDQWDOOHQ� DDQ� GH
YHLOLJH�NDQW�

)LJXXU ������ /LQNV� HHQ� YRRUEHHOG� YDQ� GH� LQ� 1HGHUODQG� JHSODDWVWH� UDGLXPKRXGHQGH
EOLNVHPDIOHLGHUV��'H�UDGLRDFWLHYH�GHOHQ�]LMQ�PHW�D�HQ�E�DDQJHJHYHQ��5HFKWV�HHQ�GHWDLO�YDQ�HHQ
JHGHPRQWHHUGH�UDGLRDFWLHYH�EOLNVHPDIOHLGHU�

����� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
%LM� GH� EHUHNHQLQJHQ� LV� XLWJHJDDQ� YDQ� HHQ� DFWLYLWHLW� YDQ� ���0%T�5D������ HHQ� JDPPDGRVLV�
FRQVWDQWH�YDQ�����(���� 6Y�XXU�RS���P�SHU�0%T�5D������HHQ�EORRWVWHOOLQJVGXXU�YDQ���XXU
JHGXUHQGH�����GDJHQ�HQ�HHQ�DIVWDQG�YDQ����PHWHU��$IVFKHUPLQJ� LV�QLHW�PHHJHQRPHQ��(U� LV
DDQJHQRPHQ�GDW�HU�]LFK�QRJ����EOLNVHPDIOHLGHUV�RS�ZRQLQJHQ�RI�DQGHUH�JHERXZHQ�EHYLQGHQ�
%LM�GH�EHUHNHQLQJHQ�YDQ�GH�1&53�>��@�LV�HYHQHHQV�XLWJHJDDQ�YDQ�HHQ�EORRWVWHOOLQJVGXXU�YDQ
� XXU�SHU�GDJ��HU�ZRUGW�KLHU�JHHQ�DIVWDQG�RSJHJHYHQ��'H�LQGLYLGXHOH�GRVLV�EHGUDDJW���� 6Y�SHU
MDDU�� GH� FROOHFWLHYH� GRVLV� �(���� PHQV6Y� SHU� MDDU� �7DEHO� ������� 'H� GRVLV� WHQ� JHYROJH� YDQ
LQFLGHQWHQ� PRHW� YHUPRHGHOLMN� KRJHU� ZRUGHQ� LQJHVFKDW� GDQ� GH� GRVLV� GRRU� RS� JHERXZHQ
DDQZH]LJH�EOLNVHPDIOHLGHUV��PDDU�HHQ�VFKDWWLQJ�KLHUYDQ�LV�QLHW�WH�JHYHQ�>���@�
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7DEHO�������'RVHV�WHQ�JHYROJH�YDQ�GH�QRJ�DDQZH]LJH�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV
QXFOLGH PD[�DFWLYLWHLW LQG�GRVLV ODQG DDQWDOSURGXFWHQ DDQWDOEORRWJHVW FROOHFWLHYHGRVLV EURQ

N%T 6Y�D PHQV6Y�D
5D������$P���� � �(��� 86$ ����� ������ �(��� ��$P������ � �(��� 86$ ���� �� �(��� ��5D������� ��(��� �(��� 1/ �� �� �(��� GH]H�VWXGLH5D������� ��(��� �(��� 1/ � � �(��� GH]H�VWXGLH
��� GRVLV�ZHUNQHPHUV�SODDWVLQJ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�� GRVLV�OHGHQ�YDQ�GH�EHYRONLQJ�� GRVLV�ZHUNQHPHUV�YHUZLMGHULQJ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�  �QLHW�EHNHQG�RI�QLHW�YDQ�WRHSDVVLQJ
7HU�YHUJHOLMNLQJ�LV�KLHU�GH�GRVLV�YRRU�ZHUNQHPHUV�ELM�YHUZLMGHULQJ�JHJHYHQ��9RRU�GH�GRVLV�ELM
YHUZLMGHULQJ� LV� XLWJHJDDQ� YDQ� JHJHYHQV� ]RDOV� RSJHJHYHQ� LQ� KHW� LQVWUXNWLHKDQGERHN� YDQ� GH
ILUPD�+RPPHPD��DIVWDQG�����P��EORRWVWHOOLQJVWLMG���XXU�HQ�HHQ�PRQWDJHWHDP�YDQ���SHUVRQHQ
>���@��(U� LV�XLWJHJDDQ�YDQ�YHUZLMGHULQJ�YDQ��� UDGLRDFWLHYH�EOLNVHPDIOHLGHU�SHU� MDDU�PHW� HHQ
DFWLYLWHLW� YDQ� ��� 0%T�� 'H� LQGLYLGXHOH� GRVLV� ZHUG� JHVFKDW� RS� ��� 6Y� SHU� YHUZLMGHUGH
EOLNVHPDIOHLGHU��GH�FROOHFWLHYH�GRVLV�RS��(����PHQV6Y��7DEHO�������� ,Q�1&53�>��@�ZHUG�GH
LQGLYLGXHOH� GRVLV� ELM� LQVWDOODWLH� YDQ� EOLNVHPDIOHLGHUV� PHW� $P����� JHVFKDW� RS� ��� 6Y� SHU
JHwQVWDOOHHUGH�EOLNVHPDIOHLGHU��%LM�KHW�RSUXLPHQ�YDQ�HHQ�QDDU�EHQHGHQ�JHZDDLGH�UDGLRDFWLHYH
EOLNVHPDIOHLGHU�ZHUG�DDQ�GH�KDQG�YDQ�GRVLVPHWLQJHQ�EHUHNHQG�GDW�GH�H[WUD�RSJHORSHQ�GRVLV
��� 6Y�EHGURHJ� >���@��*H]LHQ�KHW� IHLW� GDW� GH� DFWLYLWHLW� UHODWLHI� KRRJ� LV� LQJHVFKDW� OLJJHQ� GH
UHsOH ZDDUGHQ�YHUPRHGHOLMN�ODJHU�GDQ�GH�KLHU�EHUHNHQGH�GRVHV�
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��� 'RRUVODJYHLOLJKHGHQ
����� ,QOHLGLQJ
'RRUVODJYHLOLJKHGHQ�� RRN� ZHO� RYHUVODJEHYHLOLJLQJHQ�� ZRUGHQ� WRHJHSDVW� LQ� KRRJVSDQQLQJV�
OHLGLQJHQ��]RDOV�ERYHQOHLGLQJHQ�YDQ�VSRRUZHJHQ��'H]H�GRRUVODJYHLOLJKHGHQ�GLHQHQ�RP�HHQ�WH
KRJH� VSDQQLQJ� RS� EHSDDOGH� RQGHUGHOHQ� WH� YRRUNRPHQ�� 2P� GH� LRQLVDWLH� YDQ� OXFKW� LQ� GH
RYHUVSDQQLQJEHYHLOLJLQJ� WH� EHYRUGHUHQ� NXQQHQ� KLHUDDQ� UDGLRDFWLHYH� VWRIIHQ� ZRUGHQ
WRHJHYRHJG��'RRU�DIVFKHUPLQJ�YDQ�GH�OXFKW�LQ�GH�EHYHLOLJLQJ��GRRU�GH�RPKXOOLQJ��YLQGW�HU�HHQ
JHULQJHUH�YRRULRQLVHULQJ�YDQ�GH�OXFKW�SODDWV�GRRU�OLFKW�HQ�DFKWHUJURQGVWUDOLQJ��'H�WRHYRHJLQJ
YDQ� 3P����� GLHQW� WHU� YHUODJLQJ� HQ� WHU� VWDELOLVHULQJ� YDQ� GH� DDQVSUHHNVSDQQLQJ� YDQ� GH
GRRUVODJYHLOLJKHLG� >���@�� (U� ]LMQ� YHUVFKLOOHQGH� ILUPD¶V� GLH� GRRUVODJYHLOLJKHGHQ� YRRU
KRRJVSDQQLQJVOHLGLQJHQ� SURGXFHUHQ�� ]RDOV� 6LHPHQV� HQ� $%%�� 8LW� GH� LQIRUPDWLH� GLH� GH]H
ILUPD¶V� RS� KXQ� LQWHUQHWVLWHV� YHUVWUHNNHQ�ZRUGW� QLHW� GXLGHOLMN� RI� ]LM� UDGLRQXFOLGHQ� WRHSDVVHQ
>ELMY�����@�
'H GRRUVODJYHLOLJKHGHQ� ZRUGHQ� RS� VWDOHQ� GHOHQ� JHPRQWHHUG� GLH� GRRU� LVRODWRUEUHXN� RI
GUDDGEUHXN� RQGHU� KRRJVSDQQLQJ� NXQQHQ� NRPHQ� WH� VWDDQ�� ]RDOV� SHUURQRYHUNDSSLQJHQ� HQ
VHLQSDOHQ� �]LH� )LJXXU� ������� 'H� GRRUVODJYHLOLJKHGHQ� KHEEHQ� GDDUELM� DOV� IXQFWLH
DDQUDNLQJVJHYDDU�WH�YRRUNRPHQ��GRRUGDW�ELM�RYHUVFKULMGLQJ�YDQ�HHQ�EHSDDOGH�GUHPSHOZDDUGH
HHQ�NRUWVOXLWLQJ�RQVWDDW�ZDDUGRRU�GH�ERYHQOHLGLQJ�ZRUGW�DIJHVFKDNHOG��%RYHQGLHQ�ZRUGW�KHW
RQJHZHQVW�ZHJYORHLHQ�YDQ�UHWRXUVWURRP�QDDU�GH�DDUGH�YRRUNRPHQ�>���@��'H�IDFWR�EHWUHIW�KHW
KLHU JHHQ� JHEUXLNVDUWLNHOHQ�� ZHO� NXQQHQ� OHGHQ� YDQ� GH� EHYRONLQJ� ZRUGHQ� EORRWJHVWHOG� DDQ
VWUDOLQJ DINRPVWLJ� YDQ� GH]H� SURGXFWHQ�� =RZHO� LQ� %ODDXERHU� HW� DO�� >�@� DOV� LQ� (OHYHOG� HQ
3UXSSHUV�>�@�ZRUGW�RS�GH�EORRWVWHOOLQJ�DDQ�GH]H�SURGXFWHQ�LQJHJDDQ�

)LJXXU ������ /LQNV�� YRRUEHHOG� YDQ� HHQ� ���� 9� GRRUVODJYHLOLJKHLG� ]RDOV� GH]H� LQ� 1HGHUODQG
ZRUGHQ�JHEUXLNW��1R����HQ���]LMQ�GH�HOHNWURGHQ��QR����LV�GH�����N9�GRRUVODJYHLOLJKHLG��0DWHQ
LQ�PP��5HFKWV��WRHSDVVLQJ�LQ�GH�SUDNWLMN�
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����� :HWJHYLQJ
+HW�QXFOLGH�3P�����LV�WRW�HHQ�DFWLYLWHLWVFRQFHQWUDWLH�YDQ��������N%T�QLHW�YHUJXQQLQJSOLFKWLJ�
+���WRW�HHQ�DFWLYLWHLWVFRQFHQWUDWLH�YDQ��(����N%T�>�@��'H�RSVODJ�LV�ZHO�YHUJXQQLQJSOLFKWLJ�
����� $FKWHUJURQG
'H� HHUVWH� SDWHQWHQ� ZDDULQ� GH� WRHSDVVLQJ� YDQ� UDGLRQXFOLGHQ� LQ� GRRUVODJYHLOLJKHGHQ� ZRUGW
JHQRHPG�� GDWHUHQ� XLW� GH� MDUHQ� GHUWLJ� HQ� YHHUWLJ� YDQ� GH� YRULJH� HHXZ� �7DEHO� ������� 'H]H
SDWHQWHQ� EHWUHIIHQ� KHW� YRRUNRPHQ� YDQ� RYHUVSDQQLQJ� GRRU� EOLNVHPLQVODJ�� ,Q� GH]H� HHUVWH
SDWHQWHQ� ZRUGHQ� YDDN� 5D����� HQ� 7K����� JHQRHPG� DOV� µYRRU�LRQLVDWRUHQ¶�� /DWHU� ZHUG
YRRUQDPHOLMN�1L����HQ�.U����JHEUXLNW�>86�3DWHQW����������@��+HW�HHUVWH�SDWHQW�ZDDULQ�1L���
HQ .U����ZRUGHQ�JHQRHPG�GDWHHUW�YDQ������
'H WRHSDVVLQJ�YDQ�3P�����ZRUGW�YRRU�KHW�HHUVW�JHPHOG�LQ�SDWHQWHQ�XLW�GH�]HYHQWLJHU�MDUHQ��(U
ZHUGHQ� LQ�GH�SHULRGH� QD� �����RRN�YHUVFKLOOHQGH� GRRUVODJYHLOLJKHGHQ� JHSDWHQWHHUG� GLH� JHHQ
UDGLRQXFOLGHQ�EHYDWWHQ�
����� $FWLYLWHLWHQ�HQ�GRVLVWHPSL
%ODDXERHU�HW� DO�� >�@�JHYHQ�YRRU�GH�DFWLYLWHLW� LQ�GRRUVODJYHLOLJKHGHQ�HHQ� UDQJH� DDQ�YDQ�����
����N%T�3P������(OHYHOG�HQ�3UXSSHUV�>�@�YDQ���������N%T�3P������'H�LQ�1HGHUODQG�GRRU�GH
16 WRHJHSDVWH�GRRUVODJYHLOLJKHGHQ�EHYDWWHQ�JHPLGGHOG����N%T�HQ�PD[LPDDO�����N%T�3P����
>���@�
7DEHO� ������ 2YHU]LFKW� YDQ� HHQ� DDQWDO� SDWHQWHQ� YRRU� �UDGLRDFWLHYH�� GRRUVODJYHLOLJKHGHQ
DDQJHWURIIHQ�LQ�GH�GDWDEDVH�YDQ�KHW�8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH
SDWHQWKRXGHU EHGULMI GDWXP SDWHQW�QR� QXFOLGH
+DQVHOO 5DGLR�&RUS�RI�$PHULFD �������� ��������� 5D����)RXONH *HQHUDO�(OHFWULF ������� ��������� 5D������7K2�:HOOLQJHU *HQHUDO�(OHFWULF ������� ��������� 1L�����.U����+DOH�HQ�:ULJKW 86$ ������ ��������� JHHQ6FXGQHU %HOO�7HOHSKRQH�/DEV�,QF� ������ ��������� JHHQ%DKU�HQ�3HFKH 6LHPHQV ������� ��������� 7K2�/DQJH 6LHPHQV ������� ��������� JHHQ3HFKH�HW�DO� 6LHPHQV ������ ��������� 3P����/DQJH 6LHPHQV �������� ��������� JHHQ.OD\XP 5HOLDEOH�(OHF��&RPS� ������� 5(������ 3P����0XQW 6LHPHQV ������� ��������� JHHQ

����� $DQWDOOHQ�LQ�1HGHUODQG
'RRU�%ODDXERHU�HW�DO��>�@�ZHUG�KHW�DDQWDO�DDQZH]LJH�GRRUVODJYHLOLJKHGHQ�JHVFKDW�RS��������
(U ZHUG� JHHQ� VFKDWWLQJ� JHPDDNW� YDQ� KHW� DDQWDO� EORRWJHVWHOGH� SHUVRQHQ�� 'RRU� (OHYHOG� HQ
3UXSSHUV�>�@�ZHUG�XLWJHJDDQ�YDQ�KHW�GRRU�%ODDXERHU�HW�DO��>�@�RSJHJHYHQ�DDQWDO��'H�DDQYUDDJ
YRRU�GH�FRPSOH[YHUJXQQLQJ�YDQ�5DLOSUR�JHHIW�DDQ�GDW�GH�GRRUVWURRP�FD���������VWXNV�SHU�MDDU
RPYDW��GH�RSVODJ�RPYDW�PD[LPDDO������GRRUVODJYHLOLJKHGHQ�>���@��9ROJHQV�5DLOSUR�]LMQ�GH
GRRUVODJYHLOLJKHGHQ�RS�DOOH�SDOHQ�YDQ�GH�ERYHQOHLGLQJ�JHPRQWHHUG�RS�FD�����FP�YDQ�GH�JURQG
>���@��+HW�DDQWDO�YDQ��������NRPW�JRHG�RYHUHHQ�PHW�GH�KRHYHHOKHLG�GLH�EHUHNHQG�NDQ�ZRUGHQ
XLWJDDQGH�YDQ������NP�VSRRUOLMQ�HQ����P�XLW�HONDDU�VWDDQGH�ERYHQOHLGLQJVSDOHQ�
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+HW� OLMNW� DDQQHPHOLMN� GDW� GRRUVODJYHLOLJKHGHQ� RRN� ELM� KRRJVSDQQLQJVOHLGLQJHQ� ZRUGHQ
WRHJHSDVW��+LHUYDQ�]LMQ�JHHQ�.H:�YHUJXQQLQJHQ�DDQJHWURIIHQ��KHWJHHQ�HU�RS�NDQ�ZLM]HQ�GDW
KLHU EHYHLOLJLQJHQ� ]RQGHU� UDGLRQXFOLGHQ� ZRUGHQ� WRHJHSDVW�� ,QGLHQ� EHYHLOLJLQJHQ� PHW� HHQ
YHUJHOLMNEDUH�DFWLYLWHLW�DOV�GH�KLHUERYHQ�YHUPHOGH�EHYHLOLJLQJHQ�ZRUGHQ�WRHJHSDVW��GDQ�PDJ�GH
EORRWVWHOOLQJ� DOV� ]HHU� EHSHUNW�ZRUGHQ� YHURQGHUVWHOG� JH]LHQ� GH� YHHODO� JURWH� DIVWDQG� WRW� OHGHQ
YDQ�GH�EHYRONLQJ�
����� ,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVHV
'H�JHPLGGHOGH�DFWLYLWHLW�YDQ�GH�GRRU�16�JHEUXLNWH�GRRUVODJYHLOLJKHGHQ�EHGUDDJW����N%T�3P�
����� (U� LV� LQ� GH� EHUHNHQLQJHQ� XLWJHJDDQ� YDQ� GH�PD[LPDOH� DFWLYLWHLW� YDQ� ���� N%T� 3P�����
(OHYHOG HQ�3UXSSHUV�>�@��JLQJHQ�XLW�YDQ�EORRWVWHOOLQJ�JHGXUHQGH����XXU�SHU�GDJ�RS���P�DIVWDQG
HQ HHQ�JDPPDGRVLVFRQVWDQWH�YDQ��(���� 6Y�K�RS���P�SHU�0%T��KHWJHHQ� UHVXOWHHUGH� LQ�HHQ
LQGLYLGXHOH� GRVLV� YDQ� ����� 6Y� SHU� MDDU�� 9RRU� GH� FROOHFWLHYH� GRVLV� ZHUG� XLWJHJDDQ� YDQ� �
EORRWJHVWHOGH�SHU�SURGXFW�
%ORRWVWHOOLQJ�YLQGW�YRRUQDPHOLMN�SODDWV�RS�VWDWLRQV��(U�LV�DDQJHQRPHQ�GDW�RS�GH�����VWDWLRQV
WRWDDO������GRRUVODJYHLOLJKHGHQ�]LMQ�JHSODDWVW��9RRU�GH�LQLGLYLGXHOH�GRVLV�LV�HHQ�EORRWVWHOOLQJ
EORRWVWHOOLQJ�YDQ����PLQXWHQ� SHU� GDJ� RS� ��PHWHU� DIVWDQG� DDQJHQRPHQ��'LW� UHVXOWHHUW� LQ� HHQ
LQGLYLGXHOH� GRVLV� YDQ� �(���� 6Y� SHU� MDDU�� +HW� DDQWDO� EORRWJHVWHOGHQ� LV� JHVFKDW� RS� FLUFD
������� ������GRRUVODJYHLOLJKHGHQ�[���EORRWJHVWHOGHQ�SHU�XXU�[����XXU���'H�FROOHFWLHYH�GRVLV
EHGUDDJW��(����PHQV6Y�SHU�MDDU��7DEHO��������$DQJH]LHQ�GH�JHPLGGHOGH�DFWLYLWHLW�RQJHYHHU�GH
KHOIW� EHGUDDJW� YDQ� GH� KLHU� JHEUXLNWH� KRHYHHOKHLG� HQ� GRRU� GH� RPKXOOLQJ� DIVFKHUPLQJ� SODDWV
YLQGW��]DO�GH�UHsOH�FROOHFWLHYH�GRVLV�QRJ�DDQ]LHQOLMN�ODJHU�]LMQ�
7DEHO�������,QGLYLGXHOH�HQ�FROOHFWLHYH�GRVLV�YRRU�GRRUVODJYHLOLJKHGHQ
QXFOLGH PD[�DFWLYLWHLW LQGLYLGXHOHGRVLV ODQG DDQWDOSURGXFWHQ FROOHFWLHYHGRVLV EURQ

N%T 6Y�D PHQV6Y�D
3P���� ��� � 1/ �(��� � �3P���� ��� ����� 1/ �(��� �(��� �3P���� ��� �(��� 1/ �(��� �(��� GH]H�VWXGLH
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��� 2YHULJH�SURGXFWHQ
(HQ�DDQWDO�SURGXFWHQ�LV�LQ�YRRUJDDQGH�UDSSRUWDJHV�JHQRHPG��PDDU�LV�RS�EDVLV�YDQ�GH�FULWHULD
JHQRHPG�LQ�KRRIGVWXN�����QLHW�LQ�GLW�UDSSRUW�RSJHQRPHQ��2S�HQNHOH�YDQ�GH]H�SURGXFWHQ�ZRUGW
KLHURQGHU NRUW�LQJHJDDQ�
7ULWLXPKRXGHQGH�XXUZHUNHQ�OHLGGHQ�LQ������WRW�HHQ�FROOHFWLHYH�GRVLV�YDQ����PHQV6Y�SHU�MDDU�
ZDDUELM� ZHUG� XLWJHJDDQ� YDQ� ��� PLOMRHQ� EORRWJHVWHOGHQ�� 9RRU� *7/6� �JDVHRXV� WULWLXP� OLJKW
VRXUFH��ZHUG�JHHQ�FROOHFWLHYH�GRVLV�EHUHNHQG�>�@��$DQ�WULWLXPKRXGHQGH�XXUZHUNHQ�HQ�*7/6
LV�YULM�XLWJHEUHLG�DDQGDFKW�EHVWHHG�LQ�(OHYHOG�HQ�3UXSSHUV�>�@��9RRU�*7/6�ZHUG�XLWJHJDDQ�YDQ
����� H[HPSODUHQ� FRQIRUP�%ODDXERHU� HW� DO�� >�@�� KHW� DDQWDO� WULWLXPKRXGHQGH� XXUZHUNHQ� ZDV
RQEHNHQG��(U�ZHUG�LQ�GH�EHUHNHQLQJHQ�YRRU�GH�FROOHFWLHYH�GRVLV�XLWJHJDDQ�YDQ�QLHW�OHNNHQGH
SURGXFWHQ��KHWJHHQ�YRRU�EHLGH�SURGXFWHQ�UHVXOWHHUGH�LQ�HHQ�YHUZDDUORRVEDUH�FROOHFWLHYH�GRVLV�
,QGLHQ�ZRUGW�XLWJHJDDQ�YDQ� OHNNHQGH�SURGXFWHQ�GDQ� UHVXOWHHUGH�GLW� LQ� HHQ� LQGLYLGXHOH� GRVLV
YDQ��� 6Y SHU�MDDU�
(U ]LMQ�HOI�=ZLWVHUVH�ILUPD¶V�GLH�OLFKWJHYHQGH�YHUI�SURGXFHUHQ��,Q������ZHUG�GRRU�GH]H�ILUPD¶V
YRRU� ���� 7%T� +��� LQJHNRFKW� >���@�� 'H� ILUPD¶V� 0%�0LFURWHF� $*� HQ� 5&�7ULWHF� $*
SURGXFHUHQ�*7/6�YRRU�KRUORJHV��NRPSDVVHQ�HQ�DQGHUH�DSSDUDWXXU��'H�XXUZHUNHQ��HQ�DQGHUH
]RJHQDDPGH�DDQZLMVLQVWUXPHQWHQ�YDOOHQ�RQGHU�DUWLNHOHQ�������YDQ�KHW�%6�>�@��7RHSDVVHQ�YDQ
UDGLRQXFOLGHQ� YRRU� YHUOLFKWLQJVGRHOHLQGHQ� LQ� DDQZLMVLQVWUXPHQWHQ� LV� YHUERGHQ�� WHQ]LM� KHW
LQVWUXPHQW� YROGRHW� DDQ� ELM� 0LQLVWULHOH� UHJHOLQJ� YDVWJHVWHOGH� UHJHOV� WHQ� DDQ]LHQ� YDQ� GH
FRQVWUXFWLH��'H�WRWDOH�DFWLYLWHLW�PDJ�QLHW�PHHU�EHGUDJHQ�GDQ��(����%T�+���RI��(����%T�3P�
����� +HW� DDQWDO� LQ� 1HGHUODQG� DDQZH]LJH� WULWLXPKRXGHQGH� XXUZHUNHQ� HQ� DQGHUH
DDQZLMVLQVWUXPHQWHQ�LV�RQEHNHQG�
%HWD�OLJKWV�� WULWLXPKRXGHQGH� OLFKWJHYHQGH� VWDDIMHV�� JHEUXLNW� LQ� GH� VSRUWYLVVHULM�� EHYDWWHQ
YROJHQV�RSJDYH�PD[LPDDO����*%T�+����'H�PD[LPDOH� VWUDOLQJVGRVLV�RS����FP� LV��� 6Y�SHU
XXU��,PSRUW�LV�YHUERGHQ��(HQ�HQNHOH�PDDO�ZRUGW�SDUDOOHOLPSRUW�JHFRQVWDWHHUG�GRRU�GH�LQVSHFWLH
>��@��'H�FROOHFWLHYH�GRVLV�LV�YHUZDDUORRVEDDU�
+HW JHEUXLN� YDQ� 7K2� LQ� RSWLVFK� JODV�ZHUG� JHQRHPG� GRRU� GH�1&53� >��@�� 7RHSDVVLQJ� YDQRSWLVFK�JODV�PHW�����7K2� LQ�RFXODLUV�UHVXOWHHUGH�LQ�HHQ�LQGLYLGXHOH�GRVLV�YDQ�����6Y�SHU�MDDURS KHW� RRJ�� 'H� 1&53� >��@� VFKDWWH� KHW� DDQWDO� WKRULXPKRXGHQGH� RFXODLUV� ODDJ� LQ�� PDDU
EHUHNHQGH� YDQZHJH� KHW� RQWEUHNHQ� YDQ� DDQWDOOHQ� JHHQ� FROOHFWLHYH� GRVLV�� )UDPH� HQ�.ROE� >�@
QRHPHQ� KHW� YRRUNRPHQ� YDQ� WKRULXP� LQ� ]RJHQDDPGH� &URRNHV� JODVVHV�� 'LW� VRRUW� JHNOHXUGH
EULOOHJOD]HQ�ZHUGHQ� JHSURGXFHHUG� WXVVHQ� ����� HQ� ������ 7RHSDVVLQJ� YDQ� WKRULXPIOXRULGH� LQ
RSWLVFK�JODV�ZRUGW�YHUGHU�LQ�HHQ�DDQWDO�UHFHQWH�SDWHQWHQ�YDQ�GH�86372�>��@�JHQRHPG��ELMY�
86 3DWHQW�����������GG���������HQ�����������GG�����������,Q�KRHYHUUH�KHW�WKRULXPIOXRULGH�LQ
GH SUDNWLMN�ZRUGW�WRHJHSDVW��ZRUGW�XLW�GH�SDWHQWHQ�QLHW�GXLGHOLMN�
,Q )UDPH� HQ� .ROE� >�@� ZRUGW� HHQ� YHUVFKHLGHQKHLG� DDQ� UDGLRDFWLHYH� JHEUXLNVDUWLNHOHQ
EHKDQGHOG�� 'H� PHHVWH� YDQ� GH]H� SURGXFWHQ� ]XOOHQ� QLHW� RI� VOHFKWV� LQ� ]HHU� EHSHUNWH� PDWH� LQ
1HGHUODQG� DDQZH]LJ� ]LMQ�� +HW� HIIHFW� YDQ� GH]H� SURGXFWHQ� RS� GH� WRWDOH� FROOHFWLHYH� GRVLV� ]DO
GDDURP�EHSHUNW�]LMQ�
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��� 5HVXOWDWHQ�HQ�GLVFXVVLH
,Q� 7DEHO� ����� ]LMQ� GH� GRRU� %ODDXERHU� HW� DO�� >�@� EHUHNHQGH� FROOHFWLHYH� GRVHV�� HQ� GH� LQ� KHW
KXLGLJH� UDSSRUW� EHUHNHQGH� FROOHFWLHYH� GRVHV� YRRU� 1HGHUODQG� VDPHQJHYDW�� +LHULQ� ]LMQ� GH
EHODQJULMNVWH�UDGLRDFWLHYH�JHEUXLNVDUWLNHOHQ�PHHJHQRPHQ�
2S EDVLV�YDQ�GH]H�VFKDWWLQJ�EOLMNW�GH�WRWDOH�1HGHUODQGVH�FROOHFWLHYH�GRVLV� WH�]LMQ�DIJHQRPHQ
YDQ�����PHQV6Y�SHU�MDDU�LQ������WRW�����PHQV6Y�SHU�MDDU�YRRU�������'H�JURRWVWH�GRVLVUHGXFWLH
ZHUG YHURRU]DDNW�GRRU�JORHLNRXVMHV�� FDPHUDOHQ]HQ��SF¶V� HQ� WY¶V��'H]H�SURGXFWHQ�GURHJHQ� LQ
������ PHW� ���� PHQV6Y�� YRRU� ELMQD� ���� ELM� LQ� GH� WRWDOH� FROOHFWLHYH� GRVLV� HQ� QHPHQ� LQ� GH
KXLGLJH� EHUHNHQLQJ� PHW� ���� PHQV6Y� FLUFD� ���� YRRU� KXQ� UHNHQLQJ�� 'H� UHGXFWLH� ZRUGW
YHURRU]DDNW� GRRU� HHQ� NOHLQHU� DDQWDO� YDQ� GH]H� SURGXFWHQ� RS� GH� FRQVXPHQWHQPDUNW
�JORHLNRXVMHV�� RI� GRRU� HHQ� ODJHUH� LQVFKDWWLQJ� RS� EDVLV� YDQ� QLHXZH� JHJHYHQV� �FDPHUDOHQ]HQ�
UDGLXPKRXGHQGH�URRNPHOGHUV���YHUYDQJLQJ�YDQ�UDGLRDFWLHYH�GRRU�QLHW�UDGLRDFWLHYH�SURGXFWHQ
�JORHLNRXVMHV�� WDQGSURWKHVHQ��� KHW� QLHW� PHHU� YRRUNRPHQ� YDQ� HHQ� EHSDDOG� SURGXFW� RS� GH
FRQVXPHQWHQPDUNW��ODVHOHNWURGHQ��DQWLVWDWLVFKH�PLGGHOHQ���HQ�GRRU�HHQ�ODJHUH�LQVFKDWWLQJ�YDQ
KHW�GRVLVWHPSR��QDPHOLMN�RS�EDVLV�YDQ�PHWLQJHQ�LQ�SODDWV�YDQ�HHQ�µZRUVW�FDVH¶�EHQDGHULQJ�PHW
KHW�JDPPDGRVLVWHPSR�RI�XLWJDDQGH�YDQ�GH�ZHWWHOLMNH�QRUPHQ��URRNPHOGHUV��EHHOGVFKHUPHQ��
9RRU� GH� PHHVWH� RQGHU]RFKWH� JHEUXLNVDUWLNHOHQ� ZDV� HU� JHHQ� VLJQLILFDQWH� DIQDPH� YDQ� GH
WRHJHSDVWH� DFWLYLWHLW�� $OOHHQ� YRRU� VRPPLJH� VRRUWHQ� HOHNWURQLFD�� ]RDOV� ODPSVWDUWHUV�� HQ� YRRU
GRRUVODJYHLOLJKHGHQ� ZHUG� HHQ� DDQ]LHQOLMNH� GDOLQJ� JHFRQVWDWHHUG�� 'H� PD[LPDOH� DFWLYLWHLW� LQ
GH]H�SURGXFWHQ�GDDOGH�YDQ����QDDU���N%T�.U�����HQ�YDQ�����QDDU�����N%T�3P�����
7DEHO� ������ 'H� GRRU� %ODDXERHU� HW� DO�� >�@� HQ� LQ� GH]H� VWXGLH� EHUHNHQGH� LQGLYLGXHOH� HQ
FROOHFWLHYH�GRVHV�YRRU�JHEUXLNVDUWLNHOHQ

%ODDXERHU�HW�DO���>�@ GH]H�VWXGLH
QXFOLGH LQGLYLGXHOH

GRVLV
DDQWDO� ��

EORRWJHVW�
FROOHFWLHYH
GRVLV

LQGLYLGXHOH
GRVLV

DDQWDO
EORRWJHVW�

FROOHFWLHYH
GRVLV

6Y�D PHQV6Y�D 6Y�D PHQV6Y�D
ODVHOHNWURGHQ 7K���� �(��� �(��� ��� �(��� �(��� �
JORHLNRXVMHV 7K���� �(��� �(��� �� �(��� �(��� �
URRNPHOGHUV��� $P�5D�.U QXFOLGH�DIK� �(��� ���� �(��� �(��� ����
URRNPHOGHUV $P���� �(��� �(��� ����� �(��� �(��� ����
FDPHUDOHQ]HQ 7K���� �(��� �(��� �� �(��� �(��� ����
SF¶V �(��� �(��� �� ���(��� ���(��� ���
WY¶V �(��� �(��� �� ���(��� ��(��� ����
DQWLVWDW��PLGGHOHQ 3R���� �(��� � � � �(��� �
HOHNWURQLFD GLYHUVH �(��� ��(��� ��� QXFOLGH�DIK� � ������
VWDUWHUV�7/ GLYHUVH �(��� ���(��� ���� �� �� ��

WDQGSURWKHVHQ 8���� �(��� �(��� ����� � �(��� �
NHUDPLVFKH�WHJHOV 5D���� � � � �(��� � �
EOLNVHPDIOHLGHUV � � � � �(��� �(��� �����
RYHUVODJEHYHLOLJ� 3P���� � �(��� � �(��� �(��� ��������
XXUZHUNHQ +�� �(��� ��(�� �� ���� � ����
727$$/ ��� ���
� JHJHYHQV�RQEUHNHQG�RI�GRVLV�EHWUHIIHQGH�JHEUXLNVDUWLNHO�QLHW�EHUHNHQG�
��� 9RRU�DQWLVWDWLVFKH�PLGGHOHQ�HQ�RYHUVODJ�EHYHLOLJLQJHQ��DDQWDO�SURGXFWHQ� �DDQWDO�EORRWJHVWHOGHQ
��� EORRWVWHOOLQJ�RS�GH�ZHUNSOHN
��� JHJHYHQV�YHUZHUNW�LQ�HOHNWURQLFD��]LH�K����
��� DDQQDPH��JHHQ�OHNNDJH�FRQIRUP�(OHYHOG�HQ�3UXSSHUV�>�@
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'H� UHGXFWLH� LQ�GH� FROOHFWLHYH�GRVLV�ZRUGW�YRRU��������YHURRU]DDNW�GRRU� HHQ� UHsHOH� DIQDPH
YDQ� KHW� DDQWDO� UDGLRDFWLHYH� SURGXFWHQ�� 'H� UHVWHUHQGH� ������� ZRUGW� YHURRU]DDNW� GRRU� HHQ
ODJHUH�LQVFKDWWLQJ�YDQ�KHW�DDQWDO�SURGXFWHQ�HQ�KHW�GRVLVWHPSR�RS�EDVLV�YDQ�QLHXZH�JHJHYHQV�
'H YHUYDQJLQJ� YDQ� WKRULXPKRXGHQGH� JORHLNRXVMHV� GRRU� QLHW�UDGLRDFWLHYH� SURGXFWHQ
UHVXOWHHUGH�LQ�HHQ�DIQDPH�YDQ�GH�FROOHFWLHYH�GRVLV�YDQ����QDDU���PHQV6Y�SHU�MDDU��+HW�WRWDDO
DDQWDO� JORHLNRXVMHV� LV�PHW� FLUFD� HHQ� IDFWRU�GULH�JHGDDOG��ZDDUYDQ� QDDU� VFKDWWLQJ� QRJ� VOHFKWV
����H�UDGLRDFWLHI�LV��(U�ZRUGW�YDQXLW�JHJDDQ�GDW�HU�QRJ�YHUGHUH�UHGXFWLH�]DO�SODDWVYLQGHQ��PHGH
YDQZHJH� KHW� IHLW� GDW� WKRULXPKRXGHQGH� JORHLNRXVMHV� RS� GH� OLMVW� PHW� QLHW� JHUHFKWYDDUGLJGH
SURGXFWHQ� JHSODDWVW� ]XOOHQ� ZRUGHQ�� 9RRU� GH� QRUPDOH� NDPSHHUGHUV� ]XOOHQ� LQ� GH� WRHNRPVW
YHUPRHGHOLMN�DOOHHQ�QRJ�QLHW�UDGLRDFWLHYH�JORHLNRXVMHV�WH�NRRS�]LMQ��'H�YROOHGLJH�YHUYDQJLQJ
YDQ� WKRULXPKRXGHQGH� KDUGH� YRRUJHYRUPGH� JORHLNRXVMHV� ]DO� YHUPRHGHOLMN� ODQJ]DPHU
YHUORSHQ�
'H UHGXFWLH� LQ� GH� FROOHFWLHYH� GRVLV� GRRU� FDPHUDOHQ]HQ� NDQ� ZRUGHQ� WRHJHVFKUHYHQ� DDQ� HHQ
ODJHUH�LQJHVFKDWWH�LQGLYLGXHOH�GRVLV�RS�EDVLV�YDQ�PHHWJHJHYHQV�HQ�HHQ�ODJHU�LQJHVFKDW�DDQWDO
UDGLRDFWLHYH� SURGXFWHQ� �������� LQ� SODDWV� YDQ� UXLP� �� PLOMRHQ��� +RHZHO� WKRULXPKRXGHQGH
FDPHUDOHQ]HQ� QLHW� PHHU� ZRUGHQ� JHSURGXFHHUG�� ]LMQ� HU� QRJ� YHHO� RS� GH� WZHHGHKDQGVPDUNW
YHUNULMJEDDU��9DQ�HHQ�DDQ]LHQOLMN�GHHO�YDQ�GH�LQ�GLW�UDSSRUW�JHQRHPGH�OHQ]HQ�ZRUGW�YHUPRHG
GDW� ]H� WKRULXP� EHYDWWHQ�� PDDU� ]LMQ� JHHQ� PHWLQJHQ� EHNHQG�� 'H]H� OHQ]HQ� ]LMQ� QLHW� LQ� GH
EHUHNHQLQJHQ�PHHJHQRPHQ��'H�LQ�GH�OLWHUDWXXU�JHUDSSRUWHHUGH�PHWLQJHQ�JHYHQ�DDQOHLGLQJ� WH
YHURQGHUVWHOOHQ� GDW� YHHO� WKRULXPKRXGHQGH� OHQ]HQ� YROJHQV� KHW� QLHXZH� %HVOXLW
6WUDOLQJVEHVFKHUPLQJ� YHUJXQQLQJSOLFKWLJ� ]LMQ�� $DQYXOOHQGH� PHWLQJHQ� NXQQHQ� HHQ
RQGHUERXZLQJ� OHYHUHQ� YDQ� GH� JHVFKDWWH� DFWLYLWHLW� SHU� OHQV� HQ� NXQQHQ� WHYHQV� GLHQHQ� WHU
YHULILFDWLH� YDQ� GH� LQ� %LMODJH� �� JHQRHPGH� OHQ]HQ� ZDDUYDQ� ZRUGW� YHUPRHG� GDW� ]H� WKRULXP
EHYDWWHQ�� +HW� HIIHFW� YDQ� KHW� UHVXOWDDW� YDQ� GH]H�PHWLQJHQ� RS� GH� WRWDOH� FROOHFWLHYH� GRVLV� ]DO
HFKWHU�EHSHUNW�]LMQ�
'H UHGXFWLH�YDQ�GH�FROOHFWLHYH�GRVLV�YRRU�EHHOGVFKHUPHQ� LV�KHW� JHYROJ�YDQ�KHW� JHEUXLN�YDQ
UHsHOH�PHHWJHJHYHQV�LQ�SODDWV�YDQ�GH�ZHWWHOLMNH�VWUDOLQJVQRUP�>�@��%HUHNHQLQJHQ�GLH��FRQIRUP
HHUGHUH�EHUHNHQLQJHQ��ZDUHQ�XLWJHYRHUG�PHW�GH�ZHWWHOLMNH�VWUDOLQJVQRUP�HQ�WRHSDVVLQJ�YDQ�GH
NZDGUDWHQZHW�� OLHWHQ� HHQ� VWLMJLQJ�PHW� HHQ� IDFWRU� WZHH� ]LHQ� YRRU� SF¶V� KHWJHHQ� YRRUQDPHOLMN
ZHUG YHURRU]DDNW�GRRU�WRHQDPH�YDQ�GH�EORRWVWHOOLQJVGXXU�HQ�KHW�DDQWDO�JHEUXLNHUV��9RRU�WY¶V
ZDV GH� WRHQDPH� EHSHUNW�� ,QGLHQ� UHNHQLQJ� ZRUGW� JHKRXGHQ� PHW� KHW� IHLW� GDW� KHW� KLHU� JHHQ
SXQWEURQ�EHWUHIW��HQ�GH�NZDGUDWHQZHW�QLHW�]RQGHU�PHHU�PDJ�ZRUGHQ�WRHJHSDVW��GDQ�UHVXOWHHUW
GH]H�EHUHNHQLQJ�LQ�HHQ�GRVLV�GLH�HHQ�IDFWRU�WLHQ�KRJHU�LV��8LWJDDQGH�YDQ�GH�ZHWWHOLMNH�OLPLHW
OHYHUW�GLW�HHQ�LQGLYLGXHOH�GRVLV�RS�GLH�YHHO�KRJHU�LV�GDQ�GH���� 6Y�SHU�MDDU�GLH�DOV�WRHODDWEDDU
ZRUGW�DDQJHQRPHQ�>�@�
7KRULXPKRXGHQGH� ODVHOHNWURGHQ� ]LMQ� YDQ� GH� OLMVW� PHW� UDGLRDFWLHYH� JHEUXLNVDUWLNHOHQ
DIJHYRHUG�� (U� ]LMQ� JHHQ� DDQZLM]LQJHQ� GDW� ]H� YRRU� GH� FRQVXPHQWHQPDUNW� EHVFKLNEDDU� ]LMQ�
7KRULXPKRXGHQGH� ODVHOHNWURGHQ� ZRUGHQ� ZHO� GRRU� SURIHVVLRQHOH� ODVVHUV� WRHJHSDVW� YRRU
KRRJZDDUGLJ� ODVZHUN�� KHWJHHQ� HHQ� NOHLQ� GHHO� YDQ� KHW� WRWDOH� ODVZHUN� YRUPW�� 9HUVFKLOOHQGH
VWXGLHV�ZLM]HQ�HU�RS�GDW�RQYROGRHQGH�DDQGDFKW�YRRU�GH�DUEHLGVRPVWDQGLJKHGHQ�NDQ�OHLGHQ�WRW
]HHU�KRJH�LQGLYLGXHOH�MDDUGRVHV��(U�]LMQ��PHGH�GRRU�ZHWJHYLQJ�HQ�SXEOLHNH�RSLQLH�JHwQLWLHHUGH�
DOWHUQDWLHYH� QLHW�WKRULXPKRXGHQGH� ODVHOHNWURGHQ� EHVFKLNEDDU� >��@�� (HQ� GHHO� YDQ� GH� PDUNW
EHVWDDW� PRPHQWHHO� XLW� GH]H� QLHW�WKRULXPKRXGHQGH� DOWHUQDWLHYHQ�� 9HUYDQJLQJ� YDQ
WKRULXPKRXGHQGH� ODVHOHNWURGHQ� GRRU� QLHW�WKRULXPKRXGHQGH� ]DO� PHGH� DIKDQJHQ� YDQ� GH
RSVWHOOLQJ�YDQ�GH�JHEUXLNHUV�HQ�GH�UHJHOJHYLQJ�RS�GLW�WHUUHLQ�
9RRU�FDPHUDOHQ]HQ��HOHNWURQLFD��NHUDPLVFKH�WHJHOV�HQ�GRRUVODJYHLOLJKHGHQ�JHOGW�GDW�HHQ�GHHO
YDQ GH� SURGXFWHQ� UDGLRDFWLHYH� VWRIIHQ� EHYDW� HQ� GDW� KHW� DDQWDO� LQ� 1HGHUODQG� DDQZH]LJH
UDGLRDFWLHYH�SURGXFWHQ�PRHLOLMN�LV�YDVW�WH�VWHOOHQ��9RRU�KHW�WRHSDVVHQ�YDQ�GH]H�SURGXFWHQ�ZDV
LQ KHW� YHUOHGHQ�� RI� LV� PRPHQWHHO� JHHQ� YHUJXQQLQJ� YHUSOLFKW�� 3URGXFWLQIRUPDWLH� ODDW� GH
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DDQZH]LJKHLG� YDQ� UDGLRQXFOLGHQ� PHHVWDO� RQYHUPHOG�� 6RPV� ELHGHQ� YHUJXQQLQJHQ� YRRU
SURGXFWLH�� RSVODJ� HQ�RI� YHUYRHU� HQLJ� LQ]LFKW�� 0RPHQWHHO� ZRUGW� HHQ� RQGHU]RHNVSURMHFW
YRRUEHUHLG�RP�PHHU� LQIRUPDWLH� WH�YHUNULMJHQ�RYHU�GH�DFWLYLWHLW� YDQ�NHUDPLVFKH� WHJHOV�GLH� LQ
1HGHUODQG�ZRUGHQ�WRHJHSDVW�HQ�GH�KRHYHHOKHLG�YDQ�GH]H�WHJHOV��9DQ�GH�JHQRHPGH�SURGXFWHQ
UHVXOWHUHQ�WHJHOV�YHUPRHGHOLMN�LQ�GH�KRRJVWH�FROOHFWLHYH�GRVLV�
'DW KHW� YDQ� EHODQJ� LV� RS� GH� KRRJWH� WH� EOLMYHQ� YDQ� GH� WRHSDVVLQJ� YDQ� UDGLRQXFOLGHQ� LQ
YHUVFKLOOHQGH� JHEUXLNVDUWLNHOHQ� RP� HHQ� JRHGH� LQVFKDWWLQJ� WH� NXQQHQ� JHYHQ� YDQ� GH
JHYDDU]HWWLQJ�LQ�YHUVFKLOOHQGH�VWDGLD�YDQ�KHW�SURGXFW��SURGXFWLH���JHEUXLNV��HQ�DIYDOIDVH��EOLMNW
XLW�UHFHQW�JHVWHOGH�NDPHUYUDJHQ�PHW�EHWUHNNLQJ�WRW� LRQLVDWLHURRNPHOGHUV�>���@�� ,Q]LFKW� LQ�GH
DDQWDOOHQ� YDQ� GH]H� SURGXFWHQ� HQ� KXQ� DFWLYLWHLW� HQ� KHW� DDQJHYHQ� YDQ� RQWZLNNHOLQJHQ� HQ
PRJHOLMNH�DOWHUQDWLHYHQ�LV�RQRQWEHHUOLMN�ELM�KHW�EHDQWZRRUGHQ�YDQ�]XONH�YUDJHQ��,Q�7DEHO�����
ZRUGW HHQ�NRUWH�VDPHQYDWWLQJ�JHJHYHQ�YDQ�GH�LQ�GLW�UDSSRUW�EHKDQGHOGH�JHEUXLNVDUWLNHOHQ�
7DEHO� ������ 2YHU]LFKW� YDQ� GH� LQ� GH]H� UDSSRUWDJH� RQGHU]RFKWH� JHEUXLNVDUWLNHOHQ�� KHW
WRHJHSDVWH�QXFOLGH�Q���IXQFWLRQDOLWHLW�YDQ�GH�UDGLRDFWLYLWHLW�YDQ�KHW�SURGXFW�GH�DDQZH]LJKHLG
YDQ�DOWHUQDWLHYHQ�HQ�GH�KXLGLJH�VWDWXV�YDQ�KHW�UDGLRDFWLHYH�SURGXFW
WRHSDVVLQJ QXFOLGH UDGLRDFWLYLWHLWIXQFWLRQHHO DOWHUQDWLHIYRRUKDQGHQ VWDWXV
ODVHOHNWURGHQ 7K���� QHHQ MD QLHW�YRRU�FRQVXPHQWHQJORHLNRXVMHV 7K���� QHHQ MD QLHW�WRHJHODWHQURRNPHOGHUV $P���� MD MD WRHJHODWHQ�WRW�����FDPHUDOHQ]HQ 7K���� QHHQ MD QLHW�PHHU�WRHJHSDVWEHHOGVFKHUPHQ .��� QHHQ QHHQ �DQWLVWDW��PLGGHOHQ 3R���� MD MD YHUERGHQHOHNWURQLFD GLY� MD PRJHOLMNWDQGSURWKHVHQ 8���� QHHQ MD YHUERGHQNHUDPLVFKH�WHJHOV 5D������7K�����8���� QHHQ MD
EOLNVHPDIOHLGHUV $P���� MD MD YHUERGHQGRRUVODJYHLOLJKHLG 3P���� MD PRJHOLMN QLHW�YRRU�FRQVXPHQWHQ
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>�@ %ODDXERHU� 52�� 9DDV� /+�� /HHQKRXWV�� +3�� 6WUDOLQJVEHODVWLQJ� LQ� 1HGHUODQG� LQ� ������(LQGUDSSRUW���9520�UDSSRUW����������µV�*UDYHQKDJH��9520�������>�@ (OHYHOG�+��3UXSSHUV�0-0��6FKDWWLQJHQ�YDQ�GH�LQGLYLGXHOH�HQ�FROOHFWLHYH�GRVLV�DOV�JHYROJ�YDQFRQVXPHQWHQSURGXFWHQ� ZDDULQ� UDGLRDFWLHYH� VWRIIHQ� ]LMQ� YHUZHUNW�� 5,90� UDSSRUW� QR������������%LOWKRYHQ��5,90�������>�@ %HVOXLW�6WUDOLQJVEHVFKHUPLQJ��6WDDWVEODG�����������>�@ 6FKPLWW�+DQQLJ�$��'UHQNDUG�6��:KHDWOH\�-��6WXG\�RI�FRQVXPHU�SURGXFWV�FRQWDLQLQJ�UDGLRDFWLYHVXEVWDQFHV� LQ� WKH� (8� 0HPEHU� 6WDWHV�� (8� UHSRUW� (8�����(1�� /X[HPERXUJ�� (XURSHDQ&RPPLVVLRQ�������>�@� KWWS���ZZZ�YDQGHUELOW�HGX�UDGVDIH��5DGVDIH��86$��GG����������>�@ )UDPH�3��.ROE�:��/LYLQJ�ZLWK�UDGLDWLRQ��7KH�ILUVW�KXQGUHG�\HDUV��0DU\ODQG��6\QWHF�,QF��������>�@ 0DJHUV�%�����\HDUV�RI�:HVWHUQ�(OHFWULF�WXEH�PDQXIDFWXULQJ��$�ORJ�ERRN�KLVWRU\�RYHU�����:(WXEHV�LQFOXGLQJ�GDWHV�RI�PDQXIDFWXUH��7HPSH��&DO���$QWLTXH�(OHF��6XSSO\�������>�@ *RUGRQ�%��7KH�HDUO\�6XPPLFURQ��������OHQVHV��/+6$�9LHZILQGHU��������������������>�@ 1RUGLQ�5��+DVVHOEODG�FRPSHQGLXP��D�FRPSOHWH�OLVWLQJ�DQG�GHVFULSWLRQ�RI�DOO�WKH�FDPHUDV��OHQVHVDQG�DFFHVVRULHV�PDGH�E\�+DVVHOEODG�$%��6PDOO�'ROH��8.��+RYH�%RRNV�������>��@ 8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH���������KWWS���ZZZ�XVSWR�JRY�SDWIW�LQGH[�KWPO>��@ 8QLWHG�6WDWHV�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��������,QGH[�RI�5DGLRDFWLYH�6HDOHG�6RXUFHV�DQG'HYLFHV�E\�0DQXIDFWXUHU�DQG�0RGHO�1XPEHU��KWWS���ZZZ�KVUG�RUQO�JRY�QUF�VHDUFK�KWP>��@ KWWS���ZZZ�RYHUKHLG�QO�RS��2IILFLsOH�2YHUKHLGVSXEOLFDWLHV��1HGHUODQG��GG����������>��@ KWWS���ZZZ�WZL�FR�XN�EHVWSUDF�MRENQRO�MN��KWPO�7KH�:HOGLQJ�,QVWLWXWH��8.��GG����������>��@ 9DQ�6OHHQ�+��7KRULXPGLR[LGH�ELM�KHW�7,*�ODVVHQ��/LWHUDWXXUVWXGLH�QDDU�GH�VWUDOLQJV�EHODVWLQJ�$PVWHUGDP��$PVWHUGDPVH�%HGULMIVDUWVHQ�RSOHLGLQJ�&2598�������>��@ 9DQ�9OLHW�7��2QGHU]RHNVUDSSRUW�*HEUXLNVDUWLNHOHQ�0DUNWRQGHU]RHN��5LMVZLMN��/DUHV�%9�������>��@ 1&53�5DGLDWLRQ� H[SRVXUH� RI� WKH�86� SRSXODWLRQ� IURP� FRQVXPHU� SURGXFWV� DQG�PLVFDOODQHRXVVRXUFHV��1&53�UHSRUW�QR������%HWKHVGD��0DU\ODQG��1&53�������>��@ 3DVFKHQ�3��$OWHUQDWLYHV�WR�WKRULXP�DGGLWLRQV�WR�WXQJVWHQ�EDVHG�PDWHULDOV��-20��������������������>��@ .HUQHQHUJLHZHW��6WDDWVEODG����������>��@ -DQNRYLF� -7��8QGHUZRRG�:6��*RRGZLQ�*0��([SRVXUHV� IURP� WKRULXP� FRQWDLQHG� LQ� WKRULDWHGWXQJVWHQ�ZHOGLQJ�HOHFWURGHV��$P��,QGXV��+\J��$VV��-�����������������������>��@ 0F(OHDUQH\�1�� ,UYLQH�'��$�VWXG\�RI� WKRULXP�H[SRVXUH�GXULQJ� WXQJVWHQ� LQHUW� JDV� HOGLQJ� LQ� DQDLUOLQH�HQJLQHHULQJ�SRSXODWLRQ��-��2FFXS��0HG�����������������������>��@ &ULP�(0��%UDGOH\�� 7'��0HDVXUHPHQWV� RI� DLU� FRQFHQWUDWLRQV� RI� WKRULXP� GXULQJ� JULQGLQJ� DQGZHOGLQJ�RSHUDWLRQV�XVLQJ�WKRULDWHG�WXQJVWHQ�HOHFWURGHV��+HDOWK�3K\V�����������������������>��@ 5HVFK� -��/HLFKWIULHG�*��7KRULXPYULMH� HOHNWURGHQ� YRRU� ODVVHQ� HQ� VQLMGHQ��/DVWHFKQLHN�� -DQXDUL����� ��������������>��@ KWWS���ZZZ�SUR�IXVLRQRQOLQH�FRP�WXQJVWHQ�UDGLRDFWLYLW\�KWP�3UR�)XVLRQ�7HFKQRORJLHV�,QF��86$GG����������>��@ KWWS���ZROIUDP�LQGXVWULH�FRP�LQWHUQ�HOHFWURGHVBLQW�KWP� :ROIUDP� ,QGXVWULH�� *HUPDQ\�� GG���������>��@ 'H� :LOGW� 3-0�� 7KRULXP� ODVHOHFWURGHQ�� (HQ� RQGHU]RHN� ELM� ]HV� EHGULMYHQ�� 5LMVZLMN�+RRIGLQVSHFWLH�0LOLHXK\JLHQH��+RRIGDIGHOLQJ�+DQGKDYLQJ�0LOLHXZHWJHYLQJ��7RH]LFKW�6WUDOLQJ�6WRIIHQ�HQ�3URGXNWHQ�������>��@ 153%�*56��7UDQVSRUW�RI�FRQVXPHU�JRRGV�FRQWDLQLQJ�VPDOO�TXDQWLWLHV�RI�UDGLRDFWLYH�PDWHULDOV�'UDIW�UHSRUW�(&��������'��������&KLOWRQ�8.��153%��&RORJQH��%5'��*56�������>��@ +X\VNHQV�&-��+HPHODDU�-7*0��.LFNHQ�3-+��6WUDOLQJVGRVHV� WHQ�JHYROJH�YDQ�UDGLRDFWLYLWHLW� LQJORHLNRXVMHV��78�6%'�UDSSRUW�������(LQGKRYHQ��7HFKQ��8QLYHUVLWHLW�������>��@ 6DGDJRSDQ�*��1DPEL�.69��9HQNDWDUDPDQ�*��6KXNOD�9.��.D\DVWK�6��(VWLPDWLRQ�RI�WKRULXP�LQJDV�PDQWOHV�WR�DVFHUWDLQ�UHJXODWRU\�FRPSOLDQFH��5DG��3URW��'RVLP���������������������

http://wolfram-industrie.com/intern/electrodes_int.htm
http://www.pro-fusiononline.com/tungsten/radioactivity.htm
http://www.hsrd.ornl.gov/nrc/search.htm
http://www.uspto.gov/patft/index.html
http://www.vanderbilt.edu/radsafe/


SDJ�����YDQ��� 5,90�UDSSRUW����������

>��@ /XGZLJ�7��6FKZDVV�'��6HLW]�*��6LHNPDQQ�+��,QWDNHV�RI�WKRULXP�ZKLOH�XVLQJ�WKRULDWHG�WXQJVWHQHOHFWURGHV�IRU�7,*�ZHOGLQJ��+HDOWK�3K\V�����������������������>��@ 5HLFKHOW�$��/HKPDQQ�.+��5HLQHNLQJ�$��(GHU�(��7KH�PHDVXUHPHQW� RI� UHOHDVHG� UDGLRQXFOLGHVGXULQJ�7,*�ZHOGLQJ�DQG�JULQGLQJ��,Q��.5�.DVH��HG���3URFHHGLQJV�,53$������������0D\������+LURVKLPD��-DSDQ��5��D�����>��@ +HH� *�� =HUELE� -�&�� (YDOXDWLRQ� RI� ULVNV� LQGXFHG� E\� XVLQJ� WKRULXP�FRQWDLQLQJ� WXQJVWHQHOHFWURGHV��6RXGDJH�7HFK��&RQQH[HV����������������������>��@ 6DLWR� +�� ,VKLGD� <�� 5DGLRDFWLYLW\�PHDVXUHPHQW� RI� WXQJVWHQ� URGV� FRQWDLQLQJ� WKRULXP��:HOGLQJ,QWHUQDWLRQDO���������������������>��@ 3RUV�:��1,/��1HGHUODQGV�,QVWLWXXW�YRRU�/DVWHFKQLHN��9RRUVFKRWHQ��SHUVRRQOLMNH�PHGHGHOLQJ�GG���������>��@ .UDDLM�+U��9HODWHF��9HUHQLJLQJ�YRRU�/DVWHFKQLHN��8WUHFKW��SHUVRRQOLMNH�PHGHGHOLQJ�GG����������>��@ %HVOXLW�NHUQLQVWDOODWLHV��VSOLMWVWRIIHQ�HQ�HUWVHQ�������>��@ KWWS���ZZZ�EULWHO\W�FRP�KLVW�KWP�3HWURPD[��%ULWHO\W��86$��GG����������>��@ KWWS��RXUZRUOG�FRPSXVHUYH�FRP�KRPHSDJHV�DZP�PDQWOH�KWP� 3UHVVXUH� /DPS� 8QOLPLWHG�� 86$�GG����������>��@ 0RKDPPDGL� +�� 0HKGL]DGHK� 6�� 5H�LGHQWLILFDWLRQ� RI� ���7K� FRQWHQW� DQG� UHODWLYH� UDGLRDFWLYLW\PHDVXUHPHQWV�LQ�D�QXPEHU�RI�LPSRUWHG�JDV�PDQWOHV��+HDOWK�3K\V��������������������>��@ 6KDEDQD� (,�� $O�0RJDEHV� .6�� $O�1DMHP� .1�� )DURXN� 0$�� 5DGLRDFWLYLW\� LQ� VRPH� JDV�IORZODQWHUQ�PDQWOHV�SURGXFHG�E\�GLIIHUHQW�PDQXIDFWXUHUV��$SSO��5DG��,VRWRSHV���������������������>��@ )XUXWD�(��<RVKL]DZD�<��$EXUDL�7��&RPSDULVRQV� EHWZHHQ� UDGLRDFWLYH� DQG� QRQ�UDGLRDFWLYH� JDVODQWHUQ�PDQWOHV��-��5DGLRO��3URWHFWLRQ�������������������>��@ %UDEHU�0��*URRWKDQGHO�0DULXV�%UDEHU�%9��=RHWHUPHHU��SHUVRRQOLMNH�PHGHGHOLQJ�GG���������>��@ +XJKHV� -6�� ,RQLVLQJ� UDGLDWLRQ� H[SRVXUH� RI� WKH� 8.� SRSXODWLRQ�� ����� UHYLHZ�� 5HSRUW� 153%�5�����+DUZHOO��'LGFRW��8.��1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG�153%�>��@ $XHUJHVHOOVFKDIW�*PE+��%HUOLMQ��EULHI�GG����������>��@ 1,%5$�� 2SWLVFKH� URRNPHOGHUV� YHUVXV� LRQLVDWLH� URRNPHOGHUV�� $UQKHP�� 1HGHUODQGV� ,QVWLWXXWYRRU�%UDQGZHHU�HQ�5DPSHQEHVWULMGLQJ�������>��@ %HVOXLW� 6WUDOHQEHVFKHUPLQJ� .H:� ����� �������� 6WDDWVEODG� ������ ����� 6WDDWVEODG� ������ ���6WDDWVEODG����������>��@ 5HJHOLQJ�DDQZLM]LQJ�URRNPHOGHUV�.HUQHQHUJLHZHW������,,,��6WDDWVFRXUDQW��������QU�����SDJ����>��@ 9520��%HOHLGVQRWLWLH�5RRNPHOGHUV��µV�*UDYHQKDJH��9520�������>��@ 2(&'�� 5HFRPPHQGDWLRQV� IRU� LRQL]DWLRQ� FKDPEHU� VPRNH� GHWHFWRUV� LQ� LPSOHPHQWDWLRQ� RIUDGLDWLRQ�SURWHFWLRQ�VWDQGDUGV��3DULV��2(&'��1($�������>��@ :LM]LJLQJ�UHJHOLQJ�DDQZLM]LQJ�URRNPHOGHUV�.HUQHQHUJLHZHW��6WDDWVFRXUDQW�������QU����>��@ 'H�:LOW�%��$MD[�)LUH�3URWHFWLRQ�%9��$PVWHUGDP��SHUVRRQOLMNH�PHGHGHOLQJ�GG����������>��@ :LWORNV�/��1,%5$��$UQKHP��SHUVRRQOLMNH�PHGHGHOLQJ�GG����������>��@ 'H�-RQJ�3��(PLVVLH��HQ�SURGXNWQRUPHQ��9520�UDSSRUW���(��µV�*UDYHQKDJH��9520�������>��@ .LQJVODNH�5��$�KLVWRU\�RI�WKH�SKRWRJUDSKLF�OHQV��%RVWRQ��$FDGHPLF�3UHVV�,QF�������>��@ 6PLWK�:-��*HQHVHH�2SWLFV�6RIWZDUH�,QF��0RGHUQ�/HQV�'HVLJQ��$�UHVRXUFH�PDQXDO��1HZ�<RUN�0F*UDZ�+LOO�3URIHVVLRQDO�3XEOLVKLQJ�������>��@ 0F0LOODQ�5&��+RUQH�$��(\H�H[SRVXUH�IURP�WKRULDWHG�RSWLFDO�JODVV��3URF���UG�,QW��&RQJUHVV�RIWKH�,53$��:DVKLQJWRQ�'&��,53$����������������>��@ /DQH\�'��/HLFD�&ROOHFWRUV�*XLGH��6PDOO�'ROH��8.��+RYH�&ROOHFWRUV�%RRNV�������>��@ KWWS���ZZZ�QLNRQ�FR�MS�PDLQ�HQJ�VRFLHW\�QLNNRU�QHZRSWL�1LNRQ��-DSDQ��GG����������>��@ )XUXWD� (�� $EXUDL� 7�� (YDOXDWLRQ� RI� UDGLDWLRQ� H[SRVXUH� IURP� D� FRQVXPHU� SURGXFW�DQ� RSWLFDOPLFURVFRSH��5DGLRLVRWRSHV�����������������������>��@ KWWS���ZZZ�ZHEHOHPHQWV�FRP�ZHEHOHPHQWV�HOHPHQWV�WH[W�/D�NH\�KWPO� :HEHOHPHQWV�� 8.�� GG���������>��@ KWWS���ZZZ�DQDO\WLFDOVFL�FRP�$VWURQRP\�7HOHVFRSHV�RULRQ�KWP� 2ULRQ� 7HOHVFRSH� (\HSLHFHV�86$��GG����������>��@ 7D\ORU� +:�� *LEELQV� :$�� 6YRERGD� ,�� *DPPD� UDGLDWLRQ� IURP� FDPHUD� OHQVHV�� 5DGLDW�� 3URW�'RVLP�����������������������
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>��@ /HZLQVN\� %�� 7KRULXP����� LQ� 79� FDPHUD� OHQVHV�� &RPPHQWV�� 5DGLDW�� 3URW�� 'RVLP�� ��������������>��@ :DOLJRUVNL� 035�� -DVLQVND� 0�� 6FKZDEHQWKDQ� -�� (QKDQFHG� QXFOHDU� UDGLDWLRQ� IURP� FDPHUDOHQVHV�+HDOWK�3K\V������������������������>��@ KWWS���ZZZ�V\VWHP�PLVVRXUL�HGX�LFV�VWDII�DQG\�$70�$5&+,9(6�$8*��� $PDWHXU� 7HOHVFRSHPDNHUV�$UFKLYH��86$��GG����������>��@ KWWS���ZZZ�LKDJHH�RUJ�OLVWIDFWV�SGI�,QIRUPDWLRQ�IURP�WKH�([DNWD�OLVW��GG����������>��@ KWWS���ZZZ�VPX�HGX�aUPRQDJKD�PI�HNWDU�KWPO� 0HGLXP� )RUPDW� 3DJHV�� .RGDN� (NWDU� OHQVHV�86$�� GG� ���������� HQ�� KWWS���ZZZ�VPX�HGX�aUPRQDJKD�PI�DUGLRDFWLYH�KWPO�5DGLRDFWLYH� JODVVLQ�OHQVHV�$UH�\RXU�OHQVHV�UHDOO\�KRW"����86$��GG���������>��@ KWWS���KY�JUHHQVSXQ�FRP�EERDUG�T�DQG�D�IHWFK�PVJ�WFO"PVJBLG ���F)/� :DUQLQJ�� UDGLRDFWLYHOHQVHV���GG���������
>��@ 9DQ� +DVEURHFN� 3+�� 7KH� /HLFD� $� KLVWRU\� LOOXVWUDWLQJ� HYHU\� PRGHO� DQG� DFFHVVRU\�� /RQGRQ�

6RWKHE\�3XEOLFDWLRQV�������>��@ 5RVNDP�+��'RFWHU�2SWLF��/HLGHQ��LPSRUWHXU�&DUO�=HLVV�-HQD�OHQ]HQ��H�PDLO�GG�����������H�PDLOGG ���������>��@ 9DQ�2RVWHQ�*-��DXWHXU�³7KH�$VDKL�3HQWD[�VFUHZ�PRXQW�JXLGH����������´��H�PDLO�GG����������H�PDLO�GG����������>��@ 3RPUR\�&��1RHO�/��/RZ�EDFNJURXQG�UDGLDWLRQ�PHDVXUHPHQWV�RQ�YLGHR�GLVSOD\�WHUPLQDOV��+HDOWK3K\V�����������������������>��@ <DPDPRWR�+��1RULPXUD�7��.DWDVH�$��&RQFHQWUDWLRQV�RI� UDGLRDFWLYH�QXFOLGHV�FRQWDLQHG� LQ� WKHIURQW�JODVV�RI�&57�DQG�UDGLDWLRQ�GRVHV��5DGLRLVRWRSHV����������������������>��@ 'RHUIHO�+5��*UDIIXQGHU�+��3LHVFK�(��0HDVXUHPHQW�RI�WKH�HIIHFWLYH�GRVH�HTXLYDOHQW�GXH�WR�ORZHQHUJ\� ;�UD\V� HPLWWHG� IURP� YLGHR� GLVSOD\� WHUPLQDOV� DQG� FRORXU� WHOHYLVLRQ� VHWV�� 5DG�� 3URW�'RVLP�����������������������>��@ :DQJ� <�6�� 0HDVXUHPHQW� RI� LRQL]LQJ� UDGLDWLRQ� IURP� FRORU� WHOHYLVLRQ� UHFHLYHUV� E\WKHUPROXPLQHVFHQW�GRVLPHWHUV��+HDOWK�3K\V���������������������>��@ +LUQLQJ�&5��$LWNHQ�-+��&DWKRGH�UD\�WXEH�;�UD\�HPLVVLRQ�VWDQGDUG�IRU�YLGHR�GLVSOD\�WHUPLQDOV�+HDOWK�3K\V�����������������������>��@ %UR\OHV�0��1HHO\�2��6OLQNPDQ�5��7KLHUIHOGHU�&��(YDOXDWLRQ�RI�79�FRQWULEXWLRQ�WR�WKH�DQQXDOJHQHWLFDOO\� VLJQLILFDQW� UDGLDWLRQ� GRVH� RI� WKH� SRSXODWLRQ�� ,(((�7UDQVDFWLRQV� RQ�%URDGFDVW� DQG7HOHYLVLRQ�5HFHLYHUV���������������������>��@ 0DLHOOR�0/��5RVHQWKDO�)��+DUOH\�1+��7KH�GHWHUPLQDWLRQ�RI�;�UD\�H[SRVXUH�IURP�FDWKRGH�UD\WXEHV��H[SRVXUHV�QRW�GHWHFWHG��+HDOWK�3K\V�����������������������>��@ &%6���������6WDWLVWLVFK�-DDUERHN�������µV�*UDYHQKDJH��&HQWUDDO�%XUHDX�YRRU�GH�6WDWLVWLHN�&%6�>��@ 'RVVLHUV�.H:��µV�*UDYHQKDJH��0LQ��6=:�&HQWUDDO�NDQWRRU�$,��DIGHOLQJ�EHVFKLNNLQJHQ�������>��@ 'LJQXP�3+��/HHQKRXWV�+3��+DYH�HOHFWURVWDWLF�HOLPLQDWRUV�WR�EH�UDGLRDFWLYH��+HDOWK�3K\V������������������>��@ :HEE�*$0��:LONLQV�%7��:UL[RQ�$'�� ��������$VVHVVPHQW� RI� WKH� KD]DUG� WR� WKH� SXEOLF� IURPDQWL�VWDWLF�EUXVKHV�FRQWDLQLQJ�SRORQLXP�����LQ�WKH�IRUP�RI�FHUDPLF�PLFURVSKHUHV��153%�UHSRUW5�����+DUZHOO��'LGFRW��8.��1DWLRQDO�5DGLRORJLFDO�3URWHFWLRQ�%RDUG�153%�>��@ &]DMNRZVNL� &-�� (YDOXDWLRQ� RI� VWDWLF� HOLPLQDWRUV� FRQWDLQLQJ� SRORQLXP������ 0DWHULDOV&KDUDFWHUL]DWLRQ��������������������>��@ 7HU�.XLOH�&5��*ODVWUD�3��9DQ�'RQJHQ�5��2QGHU]RHN�QDDU� UDGLRDFWLHYH�REMHFWHQ� HQ�PRJHOLMNHFRQWDPLQDWLH� KLHUYDQ� LQ� KHW� PXVHXP� %RHUKDYH� WH� /HLGHQ�� 5,90� UDSSRUW� QR�� ����������%LOWKRYHQ��5,90�������>��@ 6QRHN�(��-2(/�(8523(�%9��6FKLSKRO�5LMN��SHUVRRQOLMNH�PHGHGHOLQJ�GG���������>��@ %ORXZ� 3�� DIGHOLQJ� %HVFKLNNLQJHQ� 6=:�&HQWUDDO� NDQWRRU� $,�� µV�*UDYHQKDJH�� SHUVRRQOLMNHPHGHGHOLQJ�GG���������>��@ 'RVVLHUV�.H:���5LMVZLMN��9520�LQVSHFWLH�UHJLR�=XLGZHVW�������>��@ 1&53��5DGLDWLRQ�H[SRVXUH� IURP�FRQVXPHU�SURGXFWV� DQG�PLVFDOODQHRXV� VRXUFHV��1&53� UHSRUWQR� ����%HWKHVGD��0DU\ODQG��1&53�������>��@ KWWS���DYVWRS�FRP�$&�DSJHQHUDO�9$&88078%(6�KWPO�GG ���������

http://avstop.com/AC/apgeneral/VACUUMTUBES.html
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>��@ 656� 7HFKQRORJLHV�� �������� 6SDFH� DSSOLFDWLRQ� RI� UDGLRDFWLYH� PDWHULDOV�� +XQWVYLOOH�� $/�� 6567HFKQRORJLHV��>DVW�IDD�JRY�SGI�UDGHGLWV�SGI@�>��@ KWWS���ZZZ�VYHWODQD�FRP�GRFV�WXEHZRUNV�KWPO�6YHWODQD�(OHFWURQ�'HYLFHV��86$��GG����������>��@ -RVO\Q�� ��������5DGLRDFWLYH� SURPSWLQJ� RI� VSDUN� JDSV��*ROHWD��&$�� -RVO\Q� (OHFWURQLF� V\VWHPV&RUSRUDWLRQ�>��@ 9DQ� µW� +XOOHQDDU� )-:�� (EEHQ� /70�� -DDUYHUVODJ� ����� &RPPLVVLH� 5DGLRDFWLHYH� 0DWHULDOHQ(LQGKRYHQ��3KLOLSV�(OHFWURQLFV�1HGHUODQG�%9�������>��@ 9DQ� µW� +XOOHQDDU� )-:�� (EEHQ� /70�� -DDUYHUVODJ� ����� &RPPLVVLH� 5DGLRDFWLHYH� 0DWHULDOHQ(LQGKRYHQ��3KLOLSV�(OHFWURQLFV�1HGHUODQG�%9��������>��@ 9DQ� µW� +XOOHQDDU� )-:�� (EEHQ� /70�� -DDUYHUVODJ� ����� &RPPLVVLH� 5DGLRDFWLHYH� 0DWHULDOHQ(LQGKRYHQ��3KLOLSV�(OHFWURQLFV�1HGHUODQG�%9�������>��@ (EEHQ�� /��� 6WUDOLQJVEHVFKHUPLQJVGLHQVW� 3KLOLSV� %9�� (LQGKRYHQ�� SHUVRRQOLMNH� PHGHGHOLQJ� GG���������>��@ KWWS���ZZZ�PLVW\�FRP�SHRSOH�GRQ�VKRUWDUF�KWPO�'RQ�.OLSVWHLQ��86$��GG����������>��@ KWWS���RSWR�SHUNLQHOPHU�FRP��3HUNLQ�(OPHU�2SWRHOHFWURQLFV��86$��GG���������>��@ KWWS���ZZZ�DUF�ODPSV�FRP�SURGXFWV�KWPO�$GYDQFHG�5DGLDWLRQ�&RUSRUDWLRQ��86$��GG���������>��@ KWWS���FRUG�RUJ�FP�OHRW�FRXUVH��BPRG���PRG��B���KWP� &25'�HGXFDWLRQ��86$��GG���������>���@ 6DGDJRSDQ�*��6KXNOD�9.��5DGLDWLRQ�VDIHW\� DVSHFWV�RI� IOXRUHVFHQW� ODPS� VWDUWHUV� LQFRUSRUDWLQJUDGLDWLRQ�VRXUFH��,Q��.5�.DVH�HG���3URFHHGLQJV�,53$������������0D\�������+LURVKLPD��-DSDQ�3��D�����>���@ $QRQ\PXV��1DYDO�VKLSV¶�WHFKQLFDO�PDQXDO��&KDSWHU������(OHFWURQLFV��6�����1'�670�����&+����5���������ZZZ�QPF�HGX�PDULWLPH�HQJLQHOLE�ERRNV�FK����SGI�GG ���������>���@ 6DLUHQML�(��0RULZDNL�.��6KLPL]X�0��1RJXFKL�.��$Q]DL�,�� ,NHGD�1��'HWHUPLQDWLRQ�RI�XUDQLXPFRQWHQW� LQ�GHQWDO�SRUFHODLQV�E\�PHDQV�RI� WKH�ILVVLRQ� WUDFN�PHWKRG�DQG�HVWLPDWLRQ�RI� UDGLDWLRQGRVH�WR�RUDO�PXFRVD�E\UDGLRDFWLYH�HOHPHQWV��+HDOWK�3K\V�����������������������>���@ 3DSDVWHIDQRX�&��9LWVHQW]RV�6��*DUHILV�3��8UDQLXP�LQ�GHQWDO�SRUFHODLQ�SRZGHUV�DQG�GRVH�LQGXFHGLQ�RUDO�PXFRVD��5DG��3URW��'RVLP���������������������>���@ 2QWZHUS�EHVOXLW� WRW� ZLM]LJLQJ� YDQ� KHW� %HVOXLW� NHUQLQVWDOODWLHV�� VSOLMWVWRIIHQ� HQ� HUWVHQ�6WDDWVFRXUDQW�������������������>���@ 2(&'�� $� JXLGH� IRU� FRQWUROOLQJ� FRQVXPHU� SURGXFWV� FRQWDLQLQJ� UDGLRDFWLYH� VXEVWDQFHV�� 3DULV�2(&'�1($�������>���@ 2¶5LRUGDQ�0&��+XQW�*-��5DGLRDFWLYH� IOXRUHVFHUV� LQ�GHQWDO� SRUFHODLQV��+DUZHOO��'LGFRW��8.�153%��������,Q��>��@>���@ 7KRPSVRQ� '/�� 8UDQLXP� LQ� GHQWDO� SRUFHODLQ�� +(:� SXEOLFDWLRQ� �)'$�� ��������� 5RFNYLOOH�0DU\ODQG��&HQWHU�IRU�'HYLFHV�DQG�UDGLRORJLFDO�KHDOWK��������,Q��>��@�>���@ ,YRFODU��(*�6LFKHUKHLWVGDWHQEODWW�9LYRGHQW�&��9LYRSHUO�3(��9LYRSHUO�3(�2UWKRW\S��2UWKRW\S�$�6FKDDQ��/LHFKWHQVWHLQ��,YRFODU�������>���@ ,YRFODU����������%ULHIZLVVHOLQJ�PDDUW������>���@ 'H� -DJHU� 1�� $&7$�� $PVWHUGDP�� SHUVRRQOLMNH� PHGHGHOLQJ� GG� ��������� H�PDLO� $�� )HLO]HU� GG��������>���@ KWWS���ZZZ�VHSUEJS�FRP�SURGXFW�KWP�6(35�%*3�*URXS��)UDQFH��GG���������>���@ %UX]]L� /�� %DURQL� 0�� 0D]]RWWL� *�� 0HOH� 5�� 5LJKL� 6�� 5DGLRDFWLYLW\� LQ� UDZ� PDWHULDOV� DQG� HQGSURGXFWV�LQ�WKH�,WDOLDQ�FHUDPLFV�LQGXVWU\��-��(QYLURQ��5DGLRDFWLYLW\����������������������>���@ 5LFKWOLMQ�������(XUDWRP�YDQ�GH�5DDG�YDQ����PHL������WRW�YDVWVWHOOLQJ�YDQ�GH�EDVLVQRUPHQ�YRRUGH EHVFKHUPLQJ� YDQ� GH� JH]RQGKHLG� GHU� EHYRONLQJ� HQ� GHU� ZHUNHUV� WHJHQ� GH� DDQ� LRQLVHUHQGHVWUDOLQJ�YHUERQGHQ�JHYDUHQ��3XEOLNDWLHEODG�YDQ� GH�(XURSHVH�*HPHHQVFKDSSHQ��/����� ��� MXQL�����>���@ 'HQJ�:��7LDQ�.��=KDQJ�<��&KHQ�'��5DGLRDFWLYLW\� LQ� ]LUFRQ� DQG� EXLOGLQJ� WLOHV��+HDOWK� 3K\V����������������������>���@ 2¶%ULHQ��56��$UDO�+��3HJJLH�-5��5DGRQ�H[KDODWLRQ�UDWHV�DQG�JDPPD�GRVHV�IURP�FHUDPLF�WLOHV�+HDOWK�3K\V�����������������������

http://www.seprbgp.com/product.htm
http://cord.org/cm/leot/course04_mod05/mod04_05.htm
http://www.arc-lamps.com/products.html
http://www.misty.com/people/don/shortarc.html
http://www.svetlana.com/docs/tubeworks.html
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>���@ +LJJ\� 5+�� (O�7DKZD\� 06�� $EGHO�)DWWDK� $7�� $O�$NDEDZ\� 8$�� 5DGLRQXFOLGH� FRQWHQW� RIEXLOGLQJ� PDWHULDOV� DQG� DVVRFLDWHG� JDPPD� GRVH� UDWHV� LQ� (J\SWLDQ� GZHOOLQJV�� -�� (QYLURQ�5DGLRDFWLYLW\����������������������>���@ 0�OOHU�+LOOHEUDQG� '�� %HHLQIOXVVXQJ� GHU� %OLW]EDKQ� GXUFK� UDGLRDNWLYH� 6WUDKOHQ� XQG� GXUFK5DXPODGXQJHQ��(7=�(OHNWURWHFKQLVFKH�=HLWVFKULIW�������������>���@ 'HOKRYH�-��(WXGH�GHV�DVSHFWV�UDGLRORJLTXHV�OLHV�D�OD�IDEULFDWLRQ�HW�D�O~WLOLVDWLRQ�GH�SDUDWRQQHUUHVUDGLRDFWLIV��(85�����I��%UX[HOOHV��&&(�������>���@ /HLMHQ�&$70��6PHWVHUV�5&*0�� ,QFLGHQW�PHW�HHQ� UDGLRDFWLHYH�EOLNVHPDIOHLGHU�RS�KHW� WHUUHLQYDQ�GH�ZDWHUWRUHQ�WH�6DVVHQKHLP��5,90�UDSSRUW�QR�������������%LOWKRYHQ��5,90�������>���@ 9HUJXQQLQJYHUOHQLQJ�.HUQHQHUJLHZHW� DDQ�+RPPHPD� YDQ� ����� %9� GG� �������� 6WDDWVFRXUDQW�������QU����SDJ���>���@ 6XEDVLF�'��6FKDOOHU�$��1RYDNRYLF�0��5DGLRDFWLYH�OLJKWQLQJ�FRQGXFWRUV��VRPH�VSHFLDO�DWWHQWLRQQHHGHG��5DGZDVWH�0DJD]LQH��������������������>���@ KWWS���ZZZ�EDJ�DGPLQ�FK�VWUDKOHQ�SXEOLNDWLRQHQ�[�DEWHLOXQJ�����SGI�%$*��$EWHLOXQJ�6WUDKOHQ�VFKXW]��GG���������>���@ +RPPHPD����������9HUJXQQLQJDDQYUDDJ�.HUQHQHUJLHZHW�+RPPHPD�YDQ������%9��GG���������µV�*UDYHQKDJH��'RVVLHU�.HUQHQHUJLHZHW��0LQ��6RF��=DNHQ�	�:HUNJHOHJHQKHLG�>���@ %UHDV�*��9520�LQVSHFWLH�UHJLR�=XLGZHVW��5LMVZLMN��SHUVRRQOLMNH�PHGHGHOLQJ�GG���������>���@ +HQQHYHOG� +�� +RPPHPD� YDQ� ����� %9�� :LMN� ELM� 'XXUVWHGH�� SHUVRRQOLMNH� PHGHGHOLQJ� GG���������EULHI�GG���������>���@ 5DLOSUR�� �������� $DQYUDDJ�9HUJXQQLQJ�.HUQHQHUJLHZHW� 5DLOSUR� GG�� ���������� µV�*UDYHQKDJH�'RVVLHUV�.H:��0LQ��6RF��=DNHQ�	�:HUNJHOHJHQKHLG�>���@ ZZZ�UDLOZD\�WHFKQRORJ\�FRP�FRQWUDFWRUV�HOHFWULILFDWLRQ�DEE��$%%��=ZLWVHUODQG��GG���������>���@ 5DGHPDNHUV��%��5DLOSUR��+LOYHUVXP��SHUVRRQOLMNH�PHGHGHOLQJ�GG����������>���@ %XQGHVDPW� I�U� *HVXQGKHLW�� �������� 8PZHOWUDGLRDNWLYLWDW� XQG� 6WUDKOHQGRVHQ� LQ� GHU� 6FKZHL]�)ULERXUJ��%XQGHVDPW�I�U�*HVXQGKHLW��$EWHLOXQJ�6WUDKOHQVFKXW]�>���@ .DPHUVWXN� ����������� ������ ;,�� QU�� ���� 7ZHHGH� .DPHU� 9DVWVWHOOLQJ� EHJURWLQJ� YDQ� KHW0LQLVWHULH�YDQ�9520��;,��YRRU�KHW�MDDU�������9HUVODJ�DOJHPHHQ�RYHUOHJ�RS����RNWREHU�����RYHU� FRQVXPHQWHQSURGXFWHQ� PHW� UDGLRDFWLHYH� VWRIIHQ�� LRQLVDWLHURRNPHOGHUV� HQ� VWUDOLQJV�EHVFKHUPLQJ�>���@ KWWS���MDFDUSHQWHU�KRPHVWHDG�FRP�:,'(/8;)��KWPO�GG ���������>���@ KWWS���ZZZ�FO\HGV�FRP�FDPHUD�KWP�&O\HG¶V�&DPHUD�6WRUHV�,QF���86$�GG��������>���@ KWWS���ZZZ�SDFLILFULPFDPHUD�FRP�QKV���UI���I��KWP�1LNRQ�+LVWRULFDO�6RFLHW\�-RXUQDO��86$�GG���������>���@ KWWS���ZZZ�PLU�FRP�P\�UE�SKRWRJUDSK\�FRPSDQLHV�FDQRQ�IGUHVRXUFHV�IGOHQVHV�HDUO\IGOHQVHV���PPIG�KWP&DQRQ�3KRWRJUDSK\�LQ�0DOD\VLD��0DOD\VLD��GG����������>���@ KWWS���ZZZ�FDPHUDTXHVW�FRP�HN]RRP�KWP�&DPHUDTXHVW��86$��GG����������>���@ KWWS���QLNRQ�FR�MS�PDLQ�HQJ�VRFLHW\�QLNNRU�Q��BH�KWP�1LNRQ��-DSDQ��GG����������>���@ KWWS���ZZZ�OHLFDJDOOHU\�FRP�HOPDU��P�KWP�.%�&DPHUD�/HLFD�*DOOHU\��86$��GG����������>���@ KWWS��ZZZ�GDWDV\QF�FRP�aIDUUDU�]XLNR�KWPO� 8QRIILFLDO� 2O\PSXV� 20� =XLNR� /HQV� 3DJH� GG���������>���@ KWWS���ZZZ�GHMD�FRP�5HF�SKRWR�HSXLSPHQW����GLVFXVVLHJURHS��GG���������>���@ KWWS���ZZZ�SKRWR�QHW�EERDUG�3KRWRQHW�&RPPXQLW\��GG����������>���@ KWWS���ZZZ�HQUHVD�HV�LQJOHV�������������E�B��KWPO�(15(6$��6SDQMH��GG����������>���@ KWWS���ZZZ�LGHDO�HV�ZDVWH�SDUDUUD\RV�KWP�:$67(��0HGLR�$PELHQWH�0DJD]LQH�2Q�OLQH��6SDQMHGG���������>���@ ZZZ�FLWH�VFLHFHV�IU�DFWX�QXPHURV�1��BRFW���NLRVTXHV�KWPO�XQH��KWPO� $1'5$�� )UDQNULMN�� GG��������>���@ ZZZ�IUDQFHWHFKQRORJLH�FRP�FLH�SRX\HW�IUHQFK�SDJH��KWPO�3RX\HW�SDUDWRQQHUUHV�� )UDQNULMN�� GG���������>���@ 6XEDVLF�'��1RYRVHODF�=��6FKDOOHU�$��%DUWROLQFLF�6��5HSODFHPHQW�RI�UDGLRDFWLYH�OLJKWQLQJ�URGVE\�FODVVLF�OLJKWQLQJ�URGV��(OHNWURWHKQLND��������������������������

http://www.francetechnologie.com/
http://www.cite-scieces.fr/actu/numeros/N63_oct98/kiosques/html/une5.html
http://www.ideal.es/waste/pararrayos.htm
http://www.enresa.es/
http://www.photo.net/bboard
http://www.deja.com/
http://www.leicagallery.com/
http://nikon.co.jp/main/eng/
http://www.cameraquest.com/ekzoom.htm
http://www.mir.com.my/rb/photography/companies/canon/fdresources/fdlenses/earlyfdlenses/35mmfd.htm
http://www.pacificrimcamera.com/
http://www.clyeds.com/camera.htm
http://jacarpenter.homestead.com/WIDELUXF8.html
http://www.railway-technology.com/
http://www.bag.admin.ch/strahlen/publikationen/x/abteilung2000.pdf
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>���@ KWWS���LVP���LVP�DVVR�IU�NLRVTXH�SXEOLFDWLRQV�DUWLFOH�����KWPO� ,QVWLWXW� 6XSpULHXU� GHV� 0pWLHUV�)UDQNULMN��GG����������

http://ism01.ism.asso.fr/kiosque/publications/article/149.html
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%LMODJH�� 9HU]HQGOLMVW
� 'LUHFWLH�5,90
� 'LUHFWHXU�6HFWRU�0LOLHXULVLFR¶V�HQ�([WHUQH�9HLOLJKHLG
� +RRIG�YDQ�KHW�/DERUDWRULXP�YRRU�6WUDOLQJVRQGHU]RHN
� +RRIG�DIGHOLQJ�5LVLFRDQDO\VH�HQ�0RGHOOHULQJ�YDQ�KHW�/DERUDWRULXP�YRRU

6WUDOLQJVRQGHU]RHN
� 3URMHFWOHLGHU�SURMHFW�%HODVWLQJ�ULVLFR¶V�YDQ�VWUDOLQJ�LQ�1HGHUODQG�����������
� +RRIG�9RRUOLFKWLQJ�	�3XEOLF�5HODWLRQV
� DXWHXU
� %XUHDX�5DSSRUWHQUHJLVWUDWLH
� %LEOLRWKHHN�5,90
��� %LEOLRWKHHN�/62
����� %XUHDX�5DSSRUWHQEHKHHU
������ 5HVHUYH�H[HPSODUHQ�/62
�� 'HSRW�1HGHUODQGVH�3XEOLNDWLHV�HQ�1HGUODQGVH�%LEOLRJUDILH



SDJ�����YDQ��� 5,90�UDSSRUW����������

%LMODJH�� 5DGLRDFWLHYH�URRNPHOGHUV��SDWHQWHQ
2YHU]LFKW� YDQ� HHQ� DDQWDO� SDWHQWHQ� YRRU� HHQ� DDQWDO� UDGLRDFWLHYH� HQ� RSWLVFKH� URRNPHOGHUVDDQJHWURIIHQ�LQ�KHW�8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH�>��@
SDWHQWKRXGHU EHGULMI GDWXP SDWHQW�QR� QXFOLGH
'RQHOLDQ $P��'LVWULFW�7HOHJUDSK ������� ���������0HLOL (OHFWURZDWW�(OHFWLFDO ������� ��������� 5D����-HQNLQV � ������� ��������� IRWRHOHNWULVFK'HUIOHU &HUEHUXV�$* ������� ���������/DPSDUW &HUEHUXV�$* ������ ��������� +����&�����3R����6PLWK�	�+RXVH ,QWHUVWDWH�(QJLQ��&RUS� ������ ��������� IRWRHOHNWULVFK.OHLQ -RKQVRQ�6HUY��&RPS� ������� ��������� 3R����/DPSDUW�	�6HLGZHLOHU &HUEHUXV�$* ������� ���������6HLGZHLOHU�HW�DO &HUEHUXV�$* ������ ��������� LRQLVDWLH7LSWRQ�	�6XFKRPHO *HQHUDO�6LJQDO�&RUS� ������� ��������� LRQLVDWLH/DPSDUW�	�.XKQ &HUEHUXV�$* �������� ��������� LRQLVDWLH'REUDQ]NL�HW�DO (PKDUW�&RUS� ������� ���������6DVDNL�	�.RED\DVKL 1LWWDQ�&RPS� ������� ��������� LRQLVDWLH:HDYHU�HW�DO� 6WDWLWURO�&RUS� ������� ��������� $P����6RORPRQ *XOI�	�:HVWHUQ�0DQ� ������ ��������� 1L���
PHHU�SDWHQWHQ�LQ��>��@�&&/����������5$',$17�(1(5*<�:LWK�UDGLRDFWLYH�VRXUFH
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%LMODJH�� 5DGLRDFWLHYH�FDPHUDOHQ]HQ��SDWHQWHQ
2YHU]LFKW�YDQ�SDWHQWHQ�YRRU�RSWLVFKH�OHQ]HQ�XLW�KHW�8QLWHG�6WDWHV�3DWHQW�DQG�7UDGHPDUN�2IILFH�>��@
EHGULMI DDQWDOSDWHQWHQ YRRUQDDPVWH�EHVWDQGGHOHQ DDQWDO�PHW7K UDQJH�7K
$P��2SWLFDO�&RPS� � %�2�� %H&2�� &G2 � �%DXVFK�	�/RPE � %�2�� %D2��&G2��6L2� � ��������&RUQLQJ�*ODVV�:RUNV � 6L2� � �(DVWPDQ�.RGDN �� %�2�� /D�2� � �������(UQVW�/HLW]�*PE+ � %�2�� /D�2� � ������)DXOVWLFK�	�5LW]H � %�2�� %D2��/D�2�� 6L2� �+R\D�*ODVVZRUNV � %�2�� /D�2���*G�2� �-DS��0LQ��,QWHUQ��7UDGH � %�2�� &G2��/D�2� � �-HQDHU�*ODVVZHUN�6FKRWW � %�2�� /D�2� �3LONLQJWRQ�%URWKHUV�/LP� � %U�2�� /D�2� �6HPL�(OHPHQWV�,QF� � %�2�� *G�2� �&KDQFH�%URWKHUV�/LP� � 6L2�� %D2��%�2� � �������0LQQ�0LQLQJ�	�0DQ � 3E2��7L2� �)OH[�R�/LWH�0DQ��&RUS� � %D2��7L2� �
PHHU�SDWHQWHQ�LQ��>��@�&&/����������7KRULXP�R[LGH�FRQWDLQLQJ�RSWLFDO�JODVV



SDJ�����YDQ��� 5,90�UDSSRUW����������

%LMODJH�� 5DGLRDFWLHYH�FDPHUDOHQ]HQ��PHUNHQ���W\SHQ
/HQ]HQ�ZDDULQ�YROJHQV�GH�RSJDYH�µ]HOG]DPH�DDUGHQ¶�]LMQ�JHEUXLNW
QDDP W\SH SURGXFWLH DDQWDO�JH�SURGXFHHUG EURQ
3DQRQ�:LGHOX[�/X[ ���PP�I��� ����� ]HOG]DDP ���$JID�&RORU�6ROLQDU ���PP�I��� ��������� �� ���1LNNRU ���PP�I��� ��������� ��� ���&DQRQ�)'��� ���PP�I����6& ��������� ���9RLJWODQGHU�=RRPDU ������PP�I��� �����!���� ���1LNNRU�1 ���PP�I��� ��������� ���/HLFD�(OPDU ���PP�I��� ��������� ������ ���
��� ,Q�LHGHU�JHYDO���VHULHV�REMHFWLHYHQ
��� 6WDQGDDUGOHQV�YDQ�GH�$JID�6XSHU�,VROHWWH�,,�HQ�,,,����������
/HQ]HQ� ZDDULQ� WKRULXP� LV� JHEUXLNW� RI� ZDDUYDQ� ZRUGW� YHUPHOG� GDW� ]H� UDGLRDFWLHI� ]LMQ�� ]RQGHUYHUPHOGLQJ�YDQ�PHWLQJHQ
QDDP W\SH SURGXFWLH DDQWDO�JH�SURGXFHHUG EURQ
&DQRQ�3HOOL[ ���PP PLG�µ�� ��&DQRQ�)/ ���PP�I��� �*$)�$QVFRPDWLF ���PP�I��� �.LOILWW � ��������� �.RGDN�$HUR�(NWDU ����PP�I��� ��������� ]LH�7DEHO�� R�D����.RGDN�$HUR�(NWDU ����PP�I��� ��������� ]LH�7DEHO�� R�D����.RGDN�$QDVWDU ���PP�I��� �.RGDN�&LQH�(NWDU ���PP�I��� �.RGDN�(NWDQDU ���PP�I��� �.RGDN�(NWDQRQ ���PP�I��� �.RGDN�(NWDQRQ ���PP�I��� �.RGDN�(NWDU ���PP�I���� HLQG�µ�� �.RGDN�(NWDU ����PP�I���� HLQG�µ�� �2O\PSXV�=XLNR�0&��� ���PP�I��� ��������� ��������� ���2O\PSXV�=XLNR��� ���PP�I��� ��������� ������ ���5RGHQVWRFN�:Z�3HULJRQ ����PP�I�� ���� ��6FKQHLGHU�5HSUR�&ODURQ ����PP�I��� ��60&�7DNXPDU ���PP�I��� ���������6XSHU�7DNXPDU ���PP�I��� ��������� ������� ���6XSHU�7DNXPDU ���PP�I��� ��������� ��6XSHU�7DNXPDU ���PP�I��� � �6XSHU�7DNXPDU ���PP�I��� ��������� �6XSHU�7DNXPDU ����PP�I��� !����� �9RLJWODQGHU�$SR�/DQWKDU ����PP�I���" ����¶V ���<DVKLQRQ�'6 ���PP�I��� �
��� (U�]LMQ�YHUVFKLOOHQGH�YHUVLHV�YDQ�GH]H�OHQV��YHUPRHGHOLMN�����6RPPLJH�YURHJH�YHUVLHV�KHEEHQHHQ�UDGLRDFWLHI�µUDUH�HDUWK�JODVV�HOHPHQW¶�>���@��� (U� ]LMQ� PLQVWHQV� WZHH� YHUVLHV� YDQ� GH]H� OHQV�� (HQ� HUYDQ� KHHIW� WZHH� UDGLRDFWLHYH� µUDUH�HDUWKHOHPHQWV¶�>���@�
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%LMODJH�� 5DGLRDFWLHYH�IROLHV
'H�VWDWLVFKH�HOLPLQDWRUHQ�ZDDULQ�3R�����RI�$P�����LV�YHUZHUNW�EHVWDDQ�PHHVWDO�XLW�WZHH�RQGHUGHOHQ�HHQ�PHWDDOIROLH�ZDDULQ�KHW�UDGLRQXFOLGH�LV�RSJHQRPHQ�HQ�HHQ�VWDOHQ�RPKXOVHO�ZDDULQ�KHW�PHWDDOIROLHLV� RSJHERUJHQ� RP� KHW� WH� EHVFKHUPHQ� WHJHQ� EHVFKDGLJLQJ� >���� ���������@�� 7XVVHQ� GH� YHUVFKLOOHQGHSURGXFHQWHQ�EHVWDDQ�NOHLQH�YHUVFKLOOHQ�LQ�GUDJHU�HQ�DIGHNODDJ��+HW�PHWDDOIROLH�EHVWDDW�XLW�HHQ�PHWDOHQGUDJHU� �]LOYHU�� JRXG� RI� NRSHU�� YDQ�PD[LPDDO� ����PLFURPHWHU� GLN�ZDDURS� KHW� 3R����� RI�$P����LVJHGLVSHUJHHUG��+HW� UDGLRQXFOLGH� LV� DIJHGHNW�PHW� HHQ� HQNHOH�PLFURPHWHUV� GLNNH� ODDJ� YDQ� HHQ� JRXG�JRXG�SDOODGLXP��RI�HHQ�NRSHUYHUELQGLQJ��'RRU�PLGGHO�YDQ�HOHFWURO\VH�ZRUGW�GLW�JHKHHO�DIJHGHNW�PHWHHQ���RI���PLFURPHWHU�GLNNH�ODDJ�JRXG�RI�QLNNHO��(HQ�JRHGH�EHVFKULMYLQJ�LV�WH�YLQGHQ�LQ�KHW�UHJLVWHUDDQZH]LJH�GRFXPHQW�3�����YDQ���������RI�YDQ�3'0������YDQ���������'H�GZDUVGRRUVQHGH�YDQ�ppQYDQ�GH]H�IROLHV�LV�ZHHUJHJHYHQ�LQ�)LJXXU�����YDQ�GLW�UDSSRUW�'H�LQ�GH�WDEHO�RSJHJHYHQ�DNWLYLWHLWHQ�]LMQ�GLH�YRRU�HHQ�KHOH�SODDW�IROLH��,Q�GH]H�YRUP�ZRUGHQ�GH�IROLHVJHWUDQVSRUWHHUG�YRRU�YHUGHUH�YHUZHUNLQJ��$($�7HFKQRORJ\�PHOGW�RYHU�HHQ�W\SH�IROLH�GDW�GH]H�RS�KHWPRPHQW�YDQ�YHUYRHU�HHQ�DFWLYLWHLW�KHHIW�YDQ����PLOOL&XULH�SHU�PHWHU�>����$($�7HFKQRORJ\��������@�
'H�YHUVFKLOOHQGH�W\SHQ�EURQQHQ�GLH�JHEUXLNW�ZRUGHQ�LQ�VWDWLVFKH�HOLPLQDWRUHQ�]RDOV�RSJHJHYHQ�LQ�KHW86�15&�UHJLVWHU�YRRU�LQJHNDSVHOGH�EURQQHQ�PHW�GH�GDWXP�YDQ�UHJLVWUDWLH�>��@
GDWXP ILUPD PRGHO QXFOLGH W\SH�EURQ PD[��DFWLYLWHLW0%T
�������� $PHUVKDP�&RUS� $00 $P���� IROLH QLHW�RSJHJHYHQ������� 15' $���� $P���� IROLH ��������������� 15' 3���� 3R���� IROLH ����������������� $PHUVKDP�&RUS� 3'0����� 3R���� IROLH ������������ 'X3RQW�0HUFN 1(5����������������� .U��� JDVYRUPLJ ����������� �0 �%�/ 3R���� IROLH ����������� $($�7HFKQ� 3'0����� 3R���� IROLH ����
9RRU� VSHFLILHNH� WRHSDVVLQJHQ�ZRUGHQ� GH� IROLHV� RS�PDDW� JHNQLSW� HQ� GRRU� YHUVFKLOOHQGH� IDEULNDQWHQWRHJHSDVW�LQ�ELMYRRUEHHOG�µLQ�OLQH¶ VWDWLVFKH�HOLPLQDWRUHQ��µLRQ�DLU�JXQV¶�HQ�µDLU�EORZHUV¶� =H�NXQQHQGDDURP�LQ�GH�YRUP�YDQ�VWURNHQ�YRRUNRPHQ��PDDU�RRN�RSJHUROG� LQ�HHQ�NRNHU�ZDDUGRRU� OXFKW�ZRUGWJHSHUVW�� 'H� GRRU� $($� 7HFKQRORJ\� JHSURGXFHHUGH� VWDWLVFKH� HOLPLQDWRUHQ� EHYDWWHQ� ELMYRRUEHHOGPHWDDOIROLHV�$PHUVKDP�3'0������RI�15'�3�����YDULHUHQG�LQ�DNWLYLWHLW�YDQ�����������0%T�3R����>���� 0$������'�����%@�� 9RRU� GH� .U���� EHYDWWHQGH� EURQQHQ� JHOGW� KHW]HOIGH�� 76,� ,QFRUSRUDWLRQSURGXFHHUW�YHUVFKLOOHQGH�.U����EHYDWWHQGH�VWDWLVFKH�HOLPLQDWRUHQ�PHW�DNWLYLWHLWHQ�YDULHUHQG�YDQ����±����0%T��ZDDUYDQ�GH�EURQQHQ�GRRU�'X3RQW�0HUFN�]LMQ�JHOHYHUG��]LH�7DEHO��9RRU�GH�VWDWLVFKH�HOLPLQDWRUHQ�ZDDULQ�3R�����RI�5D�����KRXGHQG�IROLH�LV�YHUZHUNW�LV�LQ�GH�86$�ELMQD]RQGHU�XLW]RQGHULQJ�HHQ� MDDUOLMNVH�µOHDN� WHVW¶ YHUSOLFKW��'H�3R�����KRXGHQGH�EURQQHQ�ZRUGHQ� LQ�GHSUDNWLMN�YDDN�JHOHDVHG��ZDDUELM� GH� RXGH�3R�����EURQ� QD� HHQ� MDDU� JHZLVVHOG�ZRUGW�PHW� HHQ� QLHXZHEURQ��>����1<����'���*�GG�����������0$����'���%�GG����������@�
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%LMODJH�� 5DGLRDFWLHYH�HOHNWURQLFD
*HJHYHQV�]LMQ�JHEDVHHUG�RS�HHQ�RYHU]LFKW� LQ�)UDPH�HQ�.ROE�>�@��'H� IUHTXHQWLH�JHHIW�GH� IUHTXHQWLHYDQ�YRRUNRPHQ�LQ�GLW�RYHU]LFKW�
WRHSDVVLQJ QXFOLGH IUHTXHQWLH PLQLPXP PD[LPXP JHPLGGHOGHN%T N%T N%T
2YHUYROWDJH�6SDUN�*DS &V���� � ���� ��� ����2YHUYROWDJH�6SDUN�*DS RQEHNHQG � � � �$QWL�7UDQVPLW�5HFHLYH�6ZLWFK &R��� �� ���� �� ����$QWL�7UDQVPLW�5HFHLYH�6ZLWFK .U��� � � � ����$QWL�7UDQVPLW�5HFHLYH�6ZLWFK 5D���� � �� ��� ���&ROG�&DWKRGH .U��� � ��� ��� ���&ROG�&DWKRGH 5D���� � � � RQEHNHQG&ROG�&DWKRGH�)$; RQEHNHQG � � � �&ROG�&DWKRGH�,QGLFDWRU .U��� � ���� ��� ����&ROG�&DWKRGH�5HOD\ .U��� � ��� ��� ����&ROG�&DWKRGH�5HOD\ 5D���� � � � ��&ROG�&DWKRGH�5LQJHU .U��� � � � ��&ROG�&DWKRGH�7ULRGH .U��� � ���� ��� ����&ROG�&DWKRGH�7ULRGH 5D���� � ���� �� ����&ROG�&DWKRGH�7ULRGH�5HOD\ .U��� � � � �����&ROG�&DWKRGH�9ROWDJH�5HIHUHQFH .U��� � � � ���&ROG�&DWKRGH�9ROWDJH�5HJXODWRU .U��� � ���� ��� ���&ROG�&DWKRGH�9ROWDJH�5HJXODWRU 5D���� � ���� �� ����&RURQD�9ROWDJH�5HJXODWRU 1L��� �� ��� ��� ����&RURWURQ 1L��� � � � RQEHNHQG&RXQWHU�7XEH 8���� � � � ����&UDWHU�/DPS RQEHNHQG � � � �'LRGH�5HFWLILHU 7K���� � � � ����'RXEOH�*DS�&ROG�&DWKRGH�7ULRGH .U��� � � � ����'RXEOH�*DS�&ROG�&DWKRGH�7ULRGH 5D���� � ���� ���� ����'RXEOH�*DS�*DV�6ZLWFK &R��� � � � ����'XDO�7UDQVPLW�5HFHLYH�6ZLWFK &R��� � � � ����'XRWULRGH RQEHNHQG � � � �)LVVLRQ�&RXQWHU 8���� � ��� ���� ����)L[HG�7XQHG�*DV�6ZLWFKLQJ &R��� � � ��� �)XOO�:DYH�5HFWLILHU RQEHNHQG � � � �*DV�'LRGH�9ROWDJH�5HJXODWRU 5D���� � � � ����*DV�'LVFKDUJH�6WHSSLQJ .U��� � � � ����*DV�'LVFKDUJH�6XUJH�$UUHVWHU 1L��� � � � ����*DV�1RLVH�6RXUFH 5D���� � � � ����*DV�6ZLWFKLQJ &R��� � � � ����*DV�6ZLWFKLQJ RQEHNHQG � � � �+LJK�PX�'LDO�7ULRGH 5H���� � � � ���.U\WURQ�7ULJJHU 1L��� � � � ���0DJQHWURQ &R��� � � � ����0DJQHWURQ 7K���� � � � ����0LFURZDYH�1RLVH�6RXUFH 5D���� � � � ����0LFURZDYH�5HIHUHQFH�&DYLW\ &R��� � ���� �� ����0LFURZDYH�5HIHUHQFH�&DYLW\ +�� � � � ���(���1HRQ�9ROWDJH�5HIHUHQFH &R��� � � � ���1HRQ�9ROWDJH�5HIHUHQFH 5D���� � � � �����1HXWURQ�&RXQWHU 8���� � � � ���
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1L[LH�1XPHULF�'LVSOD\ RQEHNHQG � � � RQEHNHQG3RZHU�7ULRGH 7K���� � � � RQEHNHQG3UH�7UDQVPLW�5HFHLYH�6ZLWFK &R��� � ���� ���� ����3UH�7UDQVPLW�5HFHLYH�6ZLWFK +�� � � � ����3UH�7UDQVPLW�5HFHLYH�6ZLWFK 5D���� � � � ���5DGDU�7UDQVPLWWLQJ�5HFWLILHU 7K���� � � � ����5HFWLILHU 7K���� � � � RQEHNHQG6SDUN�*DS &V���� � �� ��� ���6SDUN�*DS RQEHNHQG � � � ��6SDUN�*DS�5DGDU�0RGXODWRU &R��� � � � ����6SDUN�*DS�5DGDU�0RGXODWRU 5D���� � �� �� ����6SDUN�*DS�5DGDU�0RGXODWRU RQEHNHQG � � � ��6SDUN�*DS�6ZLWFK &R��� � � � ��6SU\WURQ�7ULJJHU 1L��� � � � ���6XUJH�$UUHVWHU &R��� � � � ��6XUJH�$UUHVWHU 3P���� � � � ����75�/LPLWHU +�� � � � RQEHNHQG7UDQVPLW�5HFHLYH�/LPLWHU +�� � ���� ���(��� ���(���7UDQVPLW�5HFHLYH�6ZLWFK &R��� �� ��� � ����7UDQVPLW�5HFHLYH�6ZLWFK &R��� � � � RQEHNHQG7UDQVPLW�5HFHLYH�6ZLWFK +�� �� ���� ���(��� ���(���7UDQVPLW�5HFHLYH�6ZLWFK .U��� � � � ����7UDQVPLW�5HFHLYH�6ZLWFK 5D���� � � � ��7UDQVPLWWLQJ�3HQWRGH &R��� � � � ����7UDQVPLWWLQJ�7ULRGH 7K���� � ���� ���� ����9ROWDJH�$UUHVWHU .U��� � � � RQEHNHQG9ROWDJH�$UUHVWHU 5D���� � � � RQEHNHQG9ROWDJH�5HIHUHQFH &R��� � � � ���9ROWDJH�5HJXODWRU &��� � �� ��� ���9ROWDJH�5HJXODWRU &R��� �� ��� �� ����9ROWDJH�5HJXODWRU 1L��� � ���� ��� ����9ROWDJH�5HJXODWRU 1L��� � � � RQEHNHQG9ROWDJH�5HJXODWRU 5D���� � ����� ��� ����9ROWDJH�5HJXODWRU 8���� � � � ���9ROWDJH�5HJXODWRU RQEHNHQG � � � �9ROWDJH�6XUJH�3URWHFWRU 5D���� � � � ��9ROWDJH�6XUJH�3URWHFWRU RQEHNHQG � � � �8QNQRZQ &��� � � � ��8QNQRZQ &R��� �� ���� ���� ����8QNQRZQ &R��� � � � RQEHNHQG8QNQRZQ +�� � ���� ���(��� ���(���8QNQRZQ .U��� � ��� ��� ���8QNQRZQ 1L��� � � � ���8QNQRZQ 1L��� � � � RQEHNHQG8QNQRZQ 3P���� � ��� ���� ����8QNQRZQ 5D���� �� ���� ���(��� ���8QNQRZQ 7K���� � � � ����8QNQRZQ RQEHNHQG � � � �
727$$/ ���

+HW� RYHU]LFKW� EHWUHIW� ]RZHO� PLOLWDLUH� DOV� QLHW�PLOLWDLUH� HOHNWURQLFD�� +HW� LV� QLHW� GXLGHOLMN� LQKRHYHUUH�GH]H�HOHNWURQHQEXL]HQ�QRJ�LQ�GH�KDQGHO�]LMQ��'H�WRHSDVVLQJHQ�PHW�5D�����]LMQ�VLQGVGH�MDUHQ�]HVWLJ�YHUYDQJHQ�GRRU�WRHSDVVLQJHQ�PHW�.U����>�@��  �QLHW�YHUPHOG�RI�QLHW�YDQ�WRHSDVVLQJ



SDJ�����YDQ��� 5,90�UDSSRUW����������

%LMODJH�� 5DGLRDFWLHYH�EOLNVHPDIOHLGHUV��YRRUNRPHQ�HQVWDWXV�LQ�(XURSD
6WDWXV�YDQ�UDGLRDFWLHYH�EOLNVHPDIOHLGHUV�LQ�HHQ�DDQWDO�(XURSHVH�ODQGHQ
ODQG DDQWDO QXFOLGHQ VWDWXV EURQ
(XURSHVH�8QLH LQ�DOOH�ODQGHQ�YHUERGHQ �
'XLWVODQG � � QLHW�JHEUXLNW�ODDWVWH�������MDDU��JHHQJHJHYHQV�RYHU�DDQWDOOHQ �
)UDQNULMN ��������� � YHUERGHQ�VLQGV��������RSJHUXLPG����� ��������
*ULHNHQODQG �������� YQO�$P�������RRN5D����� JHSODDWVW�WXVVHQ������HQ�������QXYHUERGHQ �
,WDOLs ������ 5D������$P���� JHVFKDW�YRRU�������QX�µJUDGXDOO\GLVPDQWOHG¶ ������ �� ��
.URDWLs ��� &R�����(X�������� YHUERGHQ�SHU����� ���
/X[HPEXUJ ��� � LPSRUW�����YyyU�������QX�YHUERGHQ������ �
1HGHUODQG ��� �5D���� LQYRHU�YHUERGHQ�VLQGV������RSJHUXLPG�������� ������
6SDQMH ������������� 6U�����5D�����$P���� YHUERGHQ�VLQGV�������RSJHUXLPG������� �� ����

���
9HU��.RQLQNULMN � � µQRW DYDLODEOH�WR�SXEOLF¶ �
=ZLWVHUODQG ������� 5D���� WRW������JHwQVWDOOHHUG��QLHWYHUZLMGHUG ���
��� >���@�PHOGW�GDW�HU�YDQ�GH��������FD�������]LMQ�WHUXJJHKDDOG��� LQ�>�@�S�������������$P�����YRRU�*ULHNHQODQG�L�S�Y�������  �QLHW�YHUPHOG�RI�QLHW�YDQ�WRHSDVVLQJ
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