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6LVVHMXKDWXV

5HJUHVVLRRQ� MD� GLVSHUVLRRQDQDO��VL�PXGHOLG� MD� QHLG� K}OPDYDG� �OGLVHG� OLQHDDUVHG�PXGHOLG�

RQ WlQDSlHYDO� HQLP� UDNHQGDWDYDG�PDWHPDDWLOLVH� VWDWLVWLND�PHHWRGLG�� 6HRVHV� DUYXWXVWHKQLND�

NLLUH� DUHQJXJD� RQ� VDDQXG� Y}LPDOLNXNV� W||PDKXNDWH� KLQGDPLVDOJRULWPLGH� NDVXWDPLQH��

PLVW}WWX� DQDO��VLWDYD� PXGHOL� YDOLNXO� VDDE� HQDP� WlKHOHSDQX� S||UDWD� UHDDOVXVH� WlSVHPDOH�

SHHJHOGDPLVHOH�� .XQD MlUMHVW� OLKWVDPDNV� RQ� PXXWXQXG� ND� DQGPHWH� NRJXPLQH� MD� VDJHOL�

NDVXWDWDNVH� DMDV� NRUGXYDLG YDDWOXVL�� WXOHE� XXULWDYDW� WXQQXVW� NLUMHOGDYDLV� PXGHOHLV� VDJHOL

DUYHVWDGD� NRUGXYDWH� P}}WPLVWHJD�� 9LLPDVH� WDUYLV� OLVDWDNVH� OLKWVDPDO� MXKXO� PXGHOLVVH�

NRUGXYDWHOH� P}}WPLVWHOH� YDVWDYDWH� MllNOLLNPHWH� NRUUHOHHULWXVW� YlOMHQGDYDG� NRPSRQHQGLG��

NHHUXOLVHPDO� MXKXO� S��WDNVH� DJD� Y}LPDOLNXOW� WlSVHOW� PRGHOOHHULGD� LJDO� REMHNWLO� VRRULWDWXG�

NRUGXYDWH� P}}WPLVWH� NXOJX�� 0XGHOLG�� PLV� WDROLVW� XXULWDYD� WXQQXVH� NRUGXYDOW� P}}GHWXG�

YllUWXVWH� PXXWXVW� S��DYDG� NDMDVWDGD�� RQ� NDVXWXVHO� N�OODOWNL� ODLDOGDVHOW�� NXLG� RQ� HUL�

YDOGNRQGDGHV� Y}L� NRRONRQGDGHV� HVLWDWXG� HQDPDVWL� WHDWXG� VSHWVLLILOLVHO� NXMXO�� 1lLWHNV� RQ�

WDLPHGH� MD� ORRPDGH� NDVYX� XXULPLVHO� NDVXWXVHO� �KW� W��SL�PXGHOLG�� PLQJL� NHHPLOLVH� QlLWDMD�

PXXWXPLVW� V}OWXYDOW� WHPSHUDWXXULVW� Y}L� JHRJUDDILOLVHVW� DVXNRKDVW� NLUMHOGDYDG� WHLVW� W��SL�

PXGHOLG�� HOXNHVWXVH� XXULPLVHO� UDNHQGDWDNVH� NROPDQGDW� W��SL� PXGHOHLG� MQH�

/RRPDNDVYDWXVWHDGXV� MD� JHQHHWLND� RQ� XXULWDYDWH� WXQQXVWH� MD� DQGPHWH� VWUXNWXXUL� SRROHVW�

VHGDY}UG� PLWPHNHVLVHG�� HW� QHLV� YDOGNRQGDGHV� S}LPXYDG� RPDYDKHO� HQDPXV� PXXGHV�

YDOGNRQGDGHV�UDNHQGDWDYDLVW�PXGHOHLVW�

9DMDGXV� XXWH� PXGHOLWH� MlUHOH� WHNNLV� ORRPDNDVYDWXVWHDGXVWHV� MD� JHQHHWLNDV�� NXVW� RQ� DOJXVH�

VDDQXG�SDOMXG�XXHG� VXXQDG��OGLVWH� OLQHDDUVHWH�PXGHOLWH� WHRRULDV�� QDJX� LNND�PDMDQGXVOLNHVW�

NDDOXWOXVWHVW� OlKWXYDOW�� 2Q� MX� ORRPXOLN�� HW� LQGLYLLGL� JHQHHWLOLVW� SRWHQWVLDDOL� VDDE� WlSVHPDOW�

KLQQDWD� MXKXO�� NXL� VHOOH� LQGLYLLGL� M}XGOXVQlLWDMDWH� NRKWD� RQ� WHDGD� HQDP� NXL� YDLG� �NV�

VXPPDDUQH�QXPEHU��$MDV�NRUGXYDOW�P}}GHWXG�QlLWDMDWH�NDVXWDPLQH� WHHE�Y}LPDOLNXNV�YlOMD�

VHOHNWHHULGD�QHHG�LQGLYLLGLG��NHOOH�M}XGOXVRPDGXVHG�PXXWXYDG�N}LJH�RSWLPDDOVHPDOW��6DPXWL�

VDDE�DMDV�PXXWXYDQD�KLQQDWD�SRSXODWVLRRQL�JHQHHWLOLVL�SDUDPHHWUHLG� QDJX�QlLWHNV�SlULWDYXVW�

6HH RPDNRUGD�Y}LPDOGDE�VHOHNWHHULGD�JHQHHWLOLVHOW�SDUHPDG�LQGLYLLGLG�N}UJHPD�SlULWDYXVHJD�

YDDWOXVWHOH� WXJLQHGHV�� /HYLQXG� WHUPLQ� WDROLVWH� PXGHOLWH� NRKWD� ORRPDNDVYDWXVWHDGXVWHV� RQ�

MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHO� �UDQGRP� UHJUHVVLRQ� PRGHOV� Y}L� VLVXOH�

OlKHGDVHPDOW�± MXKXVOLNH�NRUGDMDWHJD��OGLQH�OLQHDDUQH�VHJDPXGHO�

9HHO� �NV� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLWH� UDNHQGXV� RQ� SXXGXYDWH� YllUWXVWH�

SURJQRRVLPLQH�� 6LWXDWVLRRQLV�� NXV� RVDGHO� LQGLYLLGLGHO� RQ� P}QHG� NRUGXYDWH� P}}WPLVWH�
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YllUWXVHG�SXXGX�� VDDE�QHHG�SURJQRRVLGD�� DUYHVWDGHV� DQGPHVWLNXVW� QlKWXYDW� �OGLVW� WUHQGL� MD�

OLVDGHV�VLQQD�NRQNUHHWVH�LQGLYLLGL�HULSlUD��

.lHVROHYD�PDJLVWULW||�HVLPHVHV�RVDV�DQQDPH��OHYDDWH�MXKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�

VHJDPXGHOL�ROHPXVHVW��7||�WHLVHV�RVDV�NLUMHOGDPH�VHOOH�PXGHOL�UDNHQGXVL�ORRPDGH�DUHWXVHV��

0LWPHG�UDNHQGXVYDOGNRQQDG�VHO�DODO�RQ�SUDHJXVHO�KHWNHO�DOOHV�HVPDVWH�XXULQJXWH�WDVDQGLO�MD�

MXKXVOLNH� NRUGDMDWHJD� �OGLQH� OLQHDDUQH� VHJDPXGHO� RQ� MlUMHVW� SRSXODDUVXVW� NRJXPDV��

0DJLVWULW||� NROPDV� RVD� UllJLE� OlKHPDOW� SHDPLVHOW� SLLPDNDUMD� M}XGOXVQlLWDMDWH� JHQHHWLOLVHV�

KLQGDPLVHV� OHYLQXG� NRQWUROOSlHYD� PXGHOLVW�� PLGD� DQWXG� KHWNHO� NDVXWDWDNVH� ND� (HVWL�

-}XGOXVNRQWUROOL� .HVNXVHV�� MlUMHVWDPDNV� W}XORRPL� MD� YDOLPDNV� JHQHHWLOLVHOW� SDUHPDLG�

LVHQGHLG� MlUJODVS}OYNRQQD� YDQHPDLNV�� $QQDPH� �OHYDDWH� QLPHWDWXG� PXGHOL� HULQHYDWHVW�

W��SLGHVW��PLOOHVW��NV�RQ�MXKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�NRQWUROOSlHYD�PXGHO��7XWYXVWDPH�

ND� IXQNWVLRRQH�� PLGD� NRQWUROOSlHYD� PXGHOLWHV� NDVXWDWDNVH�� NLUMHOGDPDNV� XXULWDYD� WXQQXVH�

DMDV� NXOJHPLVH� WUDMHNWRRUL�� 7||� QHOMDQGDV� RVDV� UDNHQGDPH� HULQHYDLG� MXKXVOLNH� NRUGDMDWHJD�

�OGLVL� OLQHDDUVHLG� VHJDPXGHOHLG� (30h� YHWHULQDDUPHGLWVLLQL� MD� ORRPDNDVYDWXVH� LQVWLWXXGL�

UDNHQGXVXXULQJX�³(HVWL�YHLVHW}XJXGH�PDNVLPDDOVH�SLLPDM}XGOXVH�YlOMDVHOJLWDPLQH´�DQGPHWH�

DQDO��VLO�� .DVXWDGHV� YDUDVHPDWHV� XXULQJXWHV� HVLWDWXG� MXKXVOLNH� NRUGDMDWHJD� IXQNWVLRRQL�

NXMXVLG�� YDOLPH� YlOMD� VRELYDLPD� PXGHOL� HQHUJLD� MlUJL� NRUULJHHULWXG� SLLPDWRRGDQJX�

NLUMHOGDPLVHNV� ODNWDWVLRRQL� HVLPHVHO� SRROHO�� SURJQRRVLPH� LJDSlHYDVHG� WRRGDQJXQlLWDMDG�

N}LJLOH�DQGPHVWLNNX�NXXOXYDWHOH�OHKPDGHOH�QLQJ�KLQGDPH�SXOOLGH�DUHWXVYllUWXVWH�WUDMHNWRRUH�

WXJLQHGHV�QHQGH�W�WDUGH�WRRGDQJXQlLWDMDWH�HULQHYXVHOH�NDUMD�NHVNPLVHVW��

$QWXG�PDJLVWULW||V�HVLQHYDG�ORRPDNDVYDWXVDODVHG�P}LVWHG�RQ�ODKWL�VHOHWDWXG�W||�OLVDV ��
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���-XKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�VHJDPXGHOL�

ROHPXV

�����hOGLQH�OLQHDDUQH�VHJDPXGHO�

3HDW�NLV� HVLWDWX S}KLQHE� UDDPDWXO� >�@ QLQJ� ORHQJXPDWHUMDOLGHO� >�@ MD� >�@� hOGLQH� OLQHDDUQH�

PXGHO�RQ�VHRV�XXULWDYDWH�WXQQXVWH�MD�V}OWXPDWXWH�WXQQXVWH�HKN�IDNWRULWH�YDKHO�

2OHQHYDOW� XXULMD� HHVPlUNLGHVW� MD� DQDO��VLWDYDWHVW� DQGPHWHVW� RPLVWDWDNVH� LJDOH� IDNWRULOH�

NLQGHO�W��S�± ILNVHHULWXG�Y}L�MXKXVOLN�

)LNVHHULWXG� IDNWRULO RQ� YlKH� WDVHPHLG�� LJD� WDVH� SDNXE� LVHVHLVYDW� KXYL� MD� RQ� YDOLWXG�

PLWWHMXKXVOLNXOW��$QGPHWHV�RQ� HVLQGDWXG�N}LN�KXYLSDNNXYDG� WDVHPHG��6HHW}WWX�NlVLWOHWDNVH�

ILNVHHULWXG�IDNWRULWH�WDVHPHWHOH�YDVWDYDLG�HIHNWH�NXL�NRQVWDQWH�

-XKXVOLNXO� IDNWRULO RQ� SRWHQWVLDDOVHOW� YlJD� SDOMX� �O}SPDWX� KXON�� WDVHPHLG� MD� DQGPHWHV� RQ�

QHLVW�HVLQGDWXG�YDOLP��+XYL�SDNXE�VHH��NXL�VXXU�RVD�XXULWDYD�WXQQXVH�NRJXYDULHHUXYXVHVW�RQ�

NLUMHOGDWXG� DQWXG IDNWRUL� SRROW HKN� IDNWRUL� N}LJL� Y}LPDOLNH� WDVHPHWH� NHVNPLQH� P}MX��

-XKXVOLNH� IDNWRULWH� WDVHPHWHOH�YDVWDYDLG� HIHNWH�NlVLWOHWDNVH�NXL�PLQJL� WHRUHHWLOLVH� MDRWXVHJD�

MXKXVOLNH� VXXUXVWH� UHDOLVHHUXQXG� YllUWXVL� hOGMXKXO� RQ� VHOOHNV� WHRUHHWLOLVHNV� MDRWXVHNV�

QRUPDDOMDRWXV�

)LNVHHULWXG� HIHNWLGHJD �OGLQH� OLQHDDUQH� PXGHO RQ� WDYDOLVH� NRUGXVWHWD� NDKHIDNWRULOLVH�

GLVSHUVLRRQDQDO��VL�PXGHOL�QlLWHO�HVLWDWDY�NXMXO

LM L M LM\ D EP H � � � � �����

NXV� LD �� ������L U ��RQ�HVLPHVH�IDNWRUL�L�QGD�WDVHPH�P}MX�� ME �� ������M V ��RQ�WHLVH�IDNWRUL�M�QGD�

WDVHPH�P}MX�� LM\ RQ HVLPHVH� MD� WHLVH� IDNWRUL� L�QGD� MD� M�QGD� WDVHPH�NRPELQDWVLRRQLOH�YDVWDY�

YDDWOXV�� P RQ� �OGNHVNPLQH� QLQJ� �a ��� �LM 1 HH V RQ� MXKXVOLN� YLJD�� $LQXNH� PLWWHNRQVWDQWQH�

OLLJH�PXGHOL������ SDUHPDO�SRROHO�RQ� LMH �

hOGLQH�OLQHDDUQH�PXGHO�RQ�PDDWULNVNXMXO�HVLWDWDY�MlUJPLVHOW�

\  ;�� 0 � �����
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NXV� MXKXVOLNH� YLJDGH� YHNWRU� RQ� QRUPDDOMDRWXVHJD� �a � � �1 HV0 � , � 9DDWOXVWH� YHNWRU� RQ� \��

PDDWULNV ; RQ�SODDQLPDDWULNV�QLQJ�YHNWRU�� VLVDOGDE PXGHOL������ SXKXO��OGNHVNPLVHOH� P MD

ILNVHHULWXG�HIHNWLGHOH� LD �� ME YDVWDYDLG�SDUDPHHWUHLG�

hOGLQH OLQHDDUQH� VHJDPXGHO VLVDOGDE�QLL� ILNVHHULWXG�NXL�ND� MXKXVOLNHOH IDNWRULWHOH�YDVWDYDLG�

HIHNWH��/XJHGHV�PXGHOLV������ WHLVH�IDNWRUL� MXKXVOLNXNV��VDDPH� L�QGDOH�ILNVHHULWXG�MD� M�QGDOH�

MXKXVOLNXOH�HIHNWLOH�YDVWDYD�YDDWOXVH� LM\ DYDOGDGD�NXMXO

LM L M LM\ D EP H � � � � �����

NXV� LD �� ������L U �� RQ� ILNVHHULWXG� IDNWRUL� L�QGD� WDVHPH�P}MX�� �a ��� �M EE 1 V �� ������M V �� RQ�

MXKXVOLNX IDNWRUL� M�QGD� WDVHPH�P}MX� P RQ��OGNHVNPLQH�QLQJ� �a ��� �LM 1 HH V MXKXVOLN�YLJD��

6HHJD�RQ� ILNVHHULWXG� HIHNWLGHJD�PXGHOL� MD� MXKXVOLNNH� HIHNWH� VLVDOGDYD�PXGHOL� YDDWOXVWHYLLVL�

HVLWXVHG� ����� MD� ����� LGHQWVHG�� HULQHYXV� LOPQHE� HIHNWLGH� MDRWXVWHV�� -XKXVOLNH� HIHNWLGH�

�a ��� �M EE 1 V MD� �a ��� �LM 1 HH V NRKWD�HHOGDWDNVH�WUDGLWVLRRQLOLVHOW��HW�QDG�RQ�V}OWXPDWXG�

FRY� � � �� � MDM L ME L L MH c c c c � �

7DYDOLVHOW�HHOGDWDNVH�ND��HW� ME HULQHYDWH�SDDULGH�YDKHOLQH�NRYDULDWVLRRQ�RQ�QXOO

FRY� � � �M ME E M Mc c � z �����

QLQJ�DQDORRJLOLVHOW�ND�MXKXVOLNH�YLJDGH�SXKXO

FRY� � � � MDLM L M L L M MH H c c c c � z z � �����

-XKWXGHO� L Lc MD� M Mc DYDOGLVWHV������ MD������ RQ GLVSHUVLRRQLG

�YDU� �M EE MV � QLQJ� �YDU� � MDLM L MHH V � � �����
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'LVSHUVLRRQH� �
EV MD� �

H
V QLPHWDWDNVH� GLVSHUVLRRQLNRPSRQHQWLGHNV�� NXQD� QDG� RQ� YDDWOXVH�

GLVSHUVLRRQL�NRPSRQHQGLG�

� � �YDU� � YDU� �\ LM M LM E\ E HV P H V V  � �  � �

1lLGH����

2OJX�PHLO� �KH� ILNVHHULWXG� IDNWRULJD� ��� WDVHW�� �U  �� MD� �KH� MXKXVOLNX� IDNWRULJD� �NDNV� WDVHW��

�V  ���OGLQH�OLQHDDUQH�VHJDPXGHO��������6LLQ� �����L  MD� ���M  ��9DDWOHPH�OLKWVDPDW�MXKWX��

NXV� WHJX� YDLG� ��YDDWOXVHOLVH� YDOLPLJD� �LJDO� IDNWRULWH� WDVHPHWH� NRPELQDWLVRRQLO� RQ� �NV�

YDDWOXV���(VLWDPH�YDVWDYD PXGHOL�PDDWULNVNXMXO�

N

N

N

N

�� ��

�� ��

��� ���

��� � ��

��� ��

�� ��

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

� � � � � �

\

\

D\ E

D\ E

D\

\

H

H

HP

H

H

H

H

§ · § ·§ · § ·
¨ ¸ ¨ ¸¨ ¸ ¨ ¸

§ ·¨ ¸ ¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸ ¨ ¸¨ ¸ ¨ ¸§ ·¨ ¸ � �¨ ¸ ¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸¨ ¸ ¨ ¸© ¹¨ ¸ ¨ ¸¨ ¸¨ ¸ ¨ ¸¨ ¸ ¨ ¸© ¹¨ ¸ ¨ ¸¨ ¸ ¨ ¸¨ ¸ ¨ ¸¨ ¸ ¨ ¸
© ¹ © ¹© ¹ © ¹

X

�

\ ; =
���	��
 �	


�

NXV� a � � �1X � * QLQJ� a � � �10 � 5 �

hOGLQH�OLQHDDUQH�VHJDPXGHO�RQ�PDDWULNVNXMXO MlUJPLQH�

\  ;��=X� 0 � �����

NXV� a � � �1X � * QLQJ� a � � �10 � 5 �

hNV� SHDPLVL� HULQHYXVL� ILNVHHULWXG� HIHNWLGHJD� �OGLVH� OLQHDDUVH� ����� MD� �OGLVH� OLQHDDUVH�

VHJDPXGHOL������ PDDWULNVHVLWXVHV�RQ�VHH��HW��OGLVW�OLQHDDUVHW�VHJDPXGHOLW�HVLWDWDNVH�WDYDOLVHOW�

NDKH� SODDQLPDDWULNVL�; MD�= DELO�� NXV�; YDVWDE� ILNVHHULWXG� HIHNWLGHOH� QLQJ�= MXKXVOLNHOH�

HIHNWLGHOH��9HNWRU� � NRRVQHE�ILNVHHULWXG�HIHNWLGHOH�YDVWDYDWHVW�SDUDPHHWULWHVW�QLQJ�YHNWRU�X

MXKXVOLNHOH�HIHNWLGHOH�YDVWDYDWHVW�SDUDPHHWULWHVW�



�

-XKXVOLNH�HIHNWLGH NRYDULDWVLRRQLPDDWULNV�DYDOGXE������ MD������ S}KMDO NXMXO

�

�

� �

�

� � �

� � �

� � �

�

� � � �

E

E

E V E

E

V V

V

V

V V

V

u

§ ·
¨ ¸
¨ ¸
¨ ¸  
¨ ¸
¨ ¸
¨ ¸
© ¹

* ,

"

"

"

# # # %

�����	����


� �����

NXV� V RQ� MXKXVOLNX� IDNWRUL� WDVHPHWH� DUY�� .XL� MXKXVOLNNH� IDNWRUHLG� RQ� URKNHP� NXL� �NV�� RQ�

PDDWULNV� *� EORNNGLDJRQDDOQH� ± LJDOH� IDNWRULOH� YDVWDE� WHPD� WDVHPHWH� DUYXOH� YDVWDYD�

GLPHQVLRRQLJD�GLDJRQDDOPDDWULNV�

-XKXVOLNH�YLJDGH�NRYDULDWVLRRQLPDDWULNV�RQ������ MD������ S}KMDO�

�
QH

V 5 , � �����

NXV�Q RQ�YDOLPL PDKW��

(HOGDWDNVH�� HW� PDDWULNVLG� * MD� 5 RQ� PLWWHVLQJXODDUVHG� MD� SRVLWLLYVHOW� PllUDWXG�

UXXWPDDWULNVLG�

9DDWOXVWH� YHNWRUL� \� NRYDULDWVLRRQLPDDWULNVL� 9 VDDE� PXGHOLOH� ����� MD� VHOOH� SDUDPHHWULWH�

NRYDULDWVLRRQLVWUXNWXXULOH�WXJLQHGHV�DYDOGDGD�MlUJPLVHOW�

YDU� � YDU� � ^PXGHOLVW`

YDU� � YDU� � YDU� � ÔLLGHWDYDWH�V}OWXPDWXV`
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�������/RRPDPXGHO

7lQDSlHYDO� HQLP� NDVXWDWDYD� PXGHOL� SXKXO� S��WDNVH� KLQQDWD� N}LJL� ORRPDGH� JHQHHWLOLVW�

SRWHQWVLDDOL�� 6HOOLVHV� PXGHOLV�� PLGD� QLPHWDWDNVH� ORRPDPXGHOLNV �DQLPDO� PRGHO��� RQ�

MXKXVOLNXNV HIHNWLNV� ORRPD� HQHVH�P}MX� MD� ORRPDHIHNWLGHOH� YDVWDYDV� GLVSHUVLRRQLPDDWULNVLV�

S��WDNVH� DUYHVVH� Y}WWD� N}LNL� ORRPDGHYDKHOLVL� VXJXOXVVLGHPHLG�� 9LLPDVH� WDUYLV�

NRQVWUXHHULWDNVH� HULOLQH� DGLWLLYVH� JHQHHWLOLVH� VXJXOXVH� PDDWULNV $�� PLOOH� GLPHQVLRRQ� RQ�

Y}UGQH�N}LJL�DQGPHVWLNXV�HVLQGDWXG�ORRPDGH�MD�QHQGH�DQDO��VLO�NDVXWDWDYDWH�HHOODVWH�DUYXJD��

0DDWULNVL�$ HOHPHQWLGHNV� LMD RQ�W}HQlRVXVHG��HW�LQGLYLLGLGH�L MD�M�JHQRW��ELV�HVLQHYDG�JHHQLG�

RQ�VDPD�SlULWROX��3HDGLDJRQDDOLO��NXV�Y}UUHOGDNVH�LQGLYLLGL�L�JHQRW��SL�WHPD�HQGD�RPDJD��RQ�

VHHJD��KHG ± LQGLYLLGL�VXJXOXV�LVHHQGDJD�RQ��NV� (UDQGLNV�RQ�ROXNRUG��NXV�LQGLYLLGL�YDQHPDG�

RQ� RPDYDKHO� VXJXOXVHV�� 6LLV OLVDQGXE� SHDGLDJRQDDOL� HOHPHQGLOH� LLD YDQHPDWHYDKHOLVW�

VXJXOXVW�LVHORRPXVWDY�NRQVWDQW��VXJXOXVNRHILWVLHQW���6HO�HULMXKXO�VDDE� LLD ROOD�ND�VXXUHP�NXL�

�NV��6HHJD�PXGHOL������ WlKLVWHV�SROH�DQWXG�MXKXO�ORRPD�P}MXOH�YDVWDYDWH�MXKXVOLNH�HIHNWLGH�

X NRYDULDWVLRRQLPDDWULNV HQDP�GLDJRQDDOPDDWULNV�

�YDU� � DV  X * $ �

NXV� �
DV RQ� DGLWLLYJHQHHWLOLQH� GLVSHUVLRRQ� 6DPDV� HHOGDWDNVH� VLLQJL�� HW� �KHOW ORRPDOW� RQ�

PXGHOLV� �NV YDDWOXV� QLQJ� MXKXVOLNH� YLJDGH� NRYDULDWVLRRQLPDDWULNV� RQ� VDPD� NXMXJD� QDJX�

LVDPXGHOLO�� .XQD� PDDWULNV� * SROH� GLDJRQDDOQH�� VLLV� RQ� XXULWDYD� WXQQXVH�

NRYDULDWVLRRQLPDDWULNV�ORRPDPXGHOL�NRUUDO�
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1lLGH����

,VD� MD� ORRPDPXGHOLW� RQ� NDVXWDWXG� YHLVWH� DUHWXVYllUWXVH� KLQGDPLVHNV� -}XGOXVNRQWUROOL�

.HVNXVHV �-..��� $DVWDWHO� ����� � ���� KLQQDWL� PDLQLWXG� DUHWXVYllUWXVL� LVDPXGHOL� DELO��

HGDVSLGL�Y}HWL�NDVXWXVHOH�ORRPDPXGHO��
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-}XGOXVWXQQXVWHVW�KLQQDWDNVH�HUDOGL�SLLPD��SLLPDUDVYD� MD�SLLPDYDOJX�NRJXV�NLORJUDPPLGHV��

+LQQDWDYDLG�YlOLPLNXWXQQXVHLG�RQ��OH�N�PQH��QHQGH�KXOJDV�W}X�W��S��XGDU��MDODG���OGKLQQH��

0XGHOLG�KLQQDWDNVH�HUDOGL�HHVWL�SXQDVW�W}XJX��(3.��MD�HHVWL�KROVWHLQL�W}XJX��(+)��OHKPDGHOH

>�@�

-..�UDNHQGDWDYDG�PXGHOLG�

x ,VDPXGHO

LMNO L M MN LMNO\ . J VP H � � � � �

NXV� P RQ� �OGNHVNPLQH�� MJ RQ� SXOOLGH� JHQHHWLOLVH� JUXSL� M HIHNW�� MNV SXOOL�N HIHNW� YDVWDYDV�

JHQHHWLOLVHV� JUXSLV� M�� LMNOH RQ� MllNHIHNW�� hOHMllQXG� OHKPD� O WRRGDQJXW� P}MXWDYDG� HIHNWLG�

�NDUMD� SLGDPLVH� MD� V||WPLVH�� SRHJLPLVDDVWD� P}MX� MQH�� VLVDOGXYDG� QQ� NDUMDHIHNWLV� L. ��

-XKXVOLNHQD�RQ�DQWXG�PXGHOLV�NlVLWOHWXG�LVD�HIHNWL�QLQJ�MllNHIHNWL >�@�

x /RRPDPXGHO�M}XGOXVWXQQXVWHOH�YDUDVHPDWHO�DDVWDWHO�

LMNO L M N O LMNO\ Y S + DP H � � � � � �

)LNVHHULWXG�P}MXGHQD�RQ�PXGHOLV�SRHJLPLVH�YDQXVNODVV� LY ��SRHJLPLVYDKHPLNX�SLNNXVNODVV�

MS MD� NDUL�DDVWD�VHVRRQ NRRVP}MX� N+ �� NXV� DDVWD� RQ� SRHJLPLVDDVWD�� PLV� RQ� MDJDWXG�

SHULRRGLGHNV�MDDQXDU�± PDL�QLQJ�MXXQL�± GHWVHPEHU��/LVDNV�RQ�PXGHOLV�ND�KLQQDWDYD�ORRPD�O

MXKXVOLN�DGLWLLYJHQHHWLOLQH�HIHNW� OD HKN�DUHWXVYllUWXV��MXKXVOLN�MllNOLLJH� LMNOH MD��OGNHVNPLQH�

P >�@�

x /RRPDPXGHO�YlOLPLNXWXQQXVWH�KLQGDPLVHNV�

LMNOP L M N O P LMNOP\ ) + Y S DP H � � � � � � �

0XGHOLV� VLVDOGXYDG� OLVDNV� �OGNHVNPLVHOH� P QLQJ� MXKXVOLNHOH ORRPD�P DGLWLLYJHQHHWLOLVHOH�

HIHNWLOH PD MD�MllNHIHNWLOH� LMNOPH MlUJPLVHG�ILNVHHULWXG NHVNNRQQDHIHNWLG��NODVVLILWVHHULMD�DDVWD
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L) �� NDUL�NDUMDNODVV��DDVWD M+ �� YDQXV� HVLPHVHO� SRHJLPLVHO NY �� ODNWDWVLRRQLSlHYDG�

NODVVLILWVHHULPLVHO OS �

$ODWHV�������DDVWDVW�NDVXWDWDNVH�ORRPDPXGHOLW�ND�VLJDGH�DUHWXVYllUWXVWH�KLQGDPLVHNV >�@�

�����-XKXVOLNH NRUGDMDWHJD��OGLQH�OLQHDDUQH�VHJDPXGHO�ORRPDGH�DUHWXVHV

6DDPDNV� �OHYDDGHW� NDVYDWDWDYDWH� ORRPDGH� M}XGOXVQlLWDMDWH� PXXWXPLVHVW�� VRRULWDWDNVH�

PLWPHVXJXVHLG� NRQWUROOP}}WPLVL� SLGHYDOW�� *HQHHWLOLVHOW� SRWHQWVLDDOLOW� SDUHPDWH� ORRPDGH�

WlSVHPD� VHOHNWHHULPLVH� KXYLGHV� RQ� P}WWHNDV� S��GD� DUYHVWDGD� DQGPHWH� ROHPDVROHYD�

VWUXNWXXULJD� MD�PLWWH� KDNDWD� ROHPDVROHYDWH�PXGHOLWH� UDNHQGDPLVH� WDUYLV� DQGPHLVW� HHOQHYDOW�

NRNNXY}WWHLG� WHJHPD�� 0XGHOHLNV�� PLV� Y}LPDOGDNVLG� DUYHVWDGD� DMDV� NRUGXYDOW� P}}GHWXG�

M}XGOXVQlLWDMDWHJD�� RVXWXVLG� MXKXVOLNH� NRUGDMDWHJD� �OGLVHG� OLQHDDUVHG� VHJDPXGHOLG� $QWXG

NRQWHNVWLV Y}LE QHLG�PXGHOHLG�QLPHWDGD�ND�MXKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHOLWHNV�

9}WWHV� MXKXVOLNH� NRUGDMDWHJD� �OGLVHV� OLQHDDUVHV� VHJDPXGHOLV DUJXPHQWWXQQXVWHNV� VRELYD�

OLQHDDUVH� DMDIXQNWVLRRQL� � �I W �� VW� DHJ� RQ� PXGHOLV� SLGHYD� DUJXPHQGLQD�� HL� SHD� P}}WPLVHG�

VXEMHNWLGHO� ROHPD� WHKWXG� VDPDGHO� DMDKHWNHGHO� MD� VDPD� SDOMX� DUY� NRUGL�� 9LLPDQH� WLQJLPXV�

OXEDE� DQDO��VL� NDDVDWD� ND� WDYDSlUDVH� NRUGXYDWH� P}}WPLVWH� DQDO��VL� P}LVWHV� SXXGXYDWH�

YllUWXVWHJD� VXEMHNWLG�� 6HH� W}VWDE� DQDO��VLGH VWDWLVWLOLVW Y}LPVXVW� QLQJ� YlKHQGDE� VDDGDYDWH�

KLQQDQJXWH� QLKHW�� NXQD� SRSXODWVLRRQL� NRKWD� ROHYDLG� DQGPHLG� RQ� URKNHP� NXL� SXXGXYDWH�

YllUWXVWHWD�DQDO��VL�UDNHQGDPLVHO >�@�

0XGHOL������� HVLWXVHV�LVHORRPXVWDYDG�ILNVHHULWXG�HIHNWLG�D MD�E YDVWDYDOW�XXULWDYD�WXQQXVH�\

SRSXODWVLRRQL� �OGNHVNPLVW� MD� IDNWRUL� NHVNPLVW�P}MX� HULQHYDWHO� DMDKHWNHGHO� QLQJ� MXKXVOLNXG�

HIHNWLG� LF MD� LG YDVWDYDOW� VXEMHNWL� LQGLYLGXDDOVHW� HULQHYXVW� SRSXODWVLRRQL� �OGNHVNPLVHVW� MD�

IDNWRUL�NHVNPLVHVW�P}MXVW�YDVWDYD�WXQQXVH�RVDV��7lQX�VXEMHNWLVSHWVLLILOLVWHOH�NRPSRQHQWLGHOH�

LF MD� LG VDDE�MXKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�VHJDPXGHOL�DELO�KLQQDWD�XXULWDYD�WXQQXVH�

\ NXOJHPLVH� WUDMHNWRRUL� LJDOH� VXEMHNWLOH� HUDOGL�� 9DDGHOGXG� PXGHOLVW� NHHUXNDPDG�

PLWPHIDNWRULOLVHG� PXGHOLG� Y}LYDG� VLVDOGDGD� ND� ILNVHHULWXG� IDNWRUHLG� )LNVHHULWXG� IDNWRULWH�

NDDVDPLQH� OXEDE� SUDNWLNDV� DUYHVVH� Y}WWD� QlLWHNV� NHVNNRQQD� P}MXVLG �NDUL��

SLGDPLVWLQJLPXVHG�MPV��
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1LPHWDWXG� HHOLVWH� W}WWX�YDUHP�NDVXWXVHO� ROQXG� WUDGLWVLRRQLOLVWH�PXGHOLWH� HHV�RQ�YDDGHOGDYD�

PXGHOL� �NV� WXQWXPDLG� UDNHQGXVL� ORRPDGH� DUHWXVHV� MXVW� SLLPDNDUMD� JHQHHWLOLQH� KLQGDPLQH�

NRQWUROOSlHYD� WRRGDQJX� DELO�� .RQWUROOSlHYD� PXGHOLVW� OlKHPDOW� NROPDQGDV� SHDW�NLV�� $QWXG

YDOGNRQQDV�RQ� DJD�Y}LPDOLN� OHLGD�ND� WHLVL� UDNHQGXVL��PLOOHVW� DQQDE�KHD� �OHYDDWH�6FKDHIIHU

>�@�

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHOL�Y}LE�NLUMD�SDQQD�NXMXO
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NXV� LMNQW\ RQ�ORRPD�N YDDWOXV�Q DMDKHWNHO�W� PLV�NXXOXE�ILNVHHULWXG�IDNWRUL�WDVHPHOH�L MD�JUXSSL�

M� L) RQ� DMDVNDDODVW� V}OWXPDWX� ILNVHHULWXG HIHNW� �QW� DVXNRKD� HIHNW� Y}L� NDUL�NRQWUROOSlHYD�

HIHNW��� � � MJ W RQ� IXQNWVLRRQ�LG��� PLV� NLUMHOGDE�NLUMHOGDYDG JUXSL� M N}LJL� ORRPDGH� NHVNPLVW�

YDDWOXVW�
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NO LMNO

O
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¦ RQ� MXKXVOLNH� NRUGDMDWHJD� UHJUHVVLRRQLIXQNWVLRRQLG� DMDVW�

V}OWXYDWH� NRYDULDQWLGHJD� LMNO[ �� ORRPD� N DGLWLLYJHQHHWLOLVHOH� HIHNWLOH� MD� S�VLYDOH�

NHVNNRQQDHIHNWLOH� YDVWDYDWH� UHJUHVVLRRQLNRUGDMDWHJD� NOD MD� NOS �� LMNQWH RQ� MXKXVOLN� YLJD�

NHVNYllUWXVHJD� QXOO� QLQJ� HULQHYDWH� GLVSHUVLRRQLGHJD� LJD� DMDKHWNH� W Y}L� W IXQNWVLRRQL� MDRNV�

)XQNWVLRRQ� � � MJ W Y}LE� ROOD� QLL� OLQHDDUQH� NXL� ND� PLWWHOLQHDDUQH� MD� LVHORRPXVWDE� XXULWDYD�

WXQQXVH�NXOJX�DMDV��.XL�VHOOLVH�PXXWXVH�WUDMHNWRRUL�NXMX�SROH�WHDGD�Y}L�RQ�VHH�PLWWHOLQHDDUQH��

VLLV� Y}LE� � � MJ W ROOD� NODVVLILWVHHULYDWH� WXQQXVWH� NRJXP� .ODVVLILWVHHULYDG� WXQQXVHG� YDMDYDG�

N�OO�URKNHP�YDEDGXVDVWPHLG�QLQJ�Q}XDYDG�VXXUW�YDDWOXVWH�DUYX�LJDOH�WDVHPHOH��NXLG�VDPDV�HL�

VXQQL�QDG�GHILQHHULPD�NRQNUHHWVHW�WUDMHNWRRUL�NXMX�

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�IXQNWVLRRQLG RQ�P}HOGXG�KlOEH�PRGHOOHHULPLVHNV�WXQQXVH�

NHVNPLVH� WUDMHNWRRUL��PEHU�QDJX�HHOQHYDOW�NLUMHOGDWXG�PXGHOL� ������ MDRNV��$UJXPHQWLGHNV�

RQ QHLV�PXGHOLWHV� VRRYLWDWXG� VWDQGDUGLVHHULWXG� DMDJD�RUWRJRQDDOVHLG�SRO�QRRPH��PLOOHVW� RQ�

OlKHPDOW� NLUMXWDWXG� SXQNWLV� ����� 1LPHWDWXG� SXQNWLV� RQ� ND� QlLWHLG� SUDNWLNDV� NDVXWDWXG�

MXKXVOLNH�NRUGDMDWHJD�IXQNWVLRRQLGHVW�
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�������.DVYXN}YHUDG

/RRPDGH� NDVYX� PXXWXVW DMDV� VDDE� PRGHOOHHULGD� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOL�

DELO��hOGLVHOW�RQ�NDVY�NDULORRPDGH�SXKXO�PDMDQGXVOLNXOW�ROXOLQH�WXQQXV��.DVYXJD�RQ�VHRWXG�

V||PXV�� V||GDYllULQGXV�� UDVYD� ODGHVWXPLQH� OLKDVPDVVL DUHQJ�� OXXGH SLNNXV MD� NHKDOLQH�

NRQGLWVLRRQ� .RQWUROOSlHYD�SLLPDNRJXVWH MD�NDVYX�DQDO��V�RQ�YHLGL�HULQHY��NXQD�NDVY�RQ�DMDV�

NXPXODWLLYQH� 6HH� ROHNV� DQDORRJLOLQH� MXKXJD�� NXL� LQGLYLGXDDOVHWH� NRQWUROOSlHYD� WRRGDQJXWH�

DVHPHO�YDDGDWD�VXPPHHULWXG�LJDSlHYDVHLG�SLLPDNRJXVHLG�

*HQHHWLOLVWHVW� HIHNWLGHVW� SHHWDNVH� NDVYXWXQQXVWH� SXKXO� ROXOLVHNV� HHON}LJH� HPDSRROVHLG�

JHQHHWLOLVL�HIHNWH�MD�VHGD�HHON}LJH OLKDNDUMDGHV�

-XKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOL� UDNHQGDPLVHO� NDVYXWXQQXVWHOH� RQ�

Y}WPHN�VLPXVWHNV�YDMDOLN�LQGLYLLGL�P}}WPLVWH�DUY��PLOOLVHV�YDQXVHV�QHHG�RQ�VRRULWDWXG�QLQJ�

PLOOLQH�RQ�YDQXVH��OHPSLLU��PLOOHVW�HGDVL�ORRPDG�WDYDOLVHOW�NDV�WDSHWDNVH�Y}L�HL�SDNX�HGDVLQH�

YlKHLQWHQVLLYQH� NDVY� OLKWVDOW� HQDP� KXYL�� 1HQGH� P}}WPLVWH� WHRVWDPLVH�PDNVXPXV�P}MXWDE�

VDPXWL� VHGD�� NXL� VDJHOL� MD� PLOODO� NDVYX� P}}WD�� -XKXVOLNH� NRUGDMDWHJD UHJUHVVLRRQLPXGHO�

Y}LPDOGDE�VHOOHV�VXKWHV�URKNHP�YDEDGXVW MD��OGLVHOW�NDDOXWDNVH�ORRPL�N}LJLV�YDQXVWHV�V�QQLVW�

WlLVHDOLVHNV�VDDPLVHQL��2VDGHO�ORRPDGHO�Y}LE�ROOD�SDOMX�P}}WPLVL��VDPDV�NXL�WHLVWHO�RQ�QHLG�

YDLG� P}QHG�� )LNVHHULWXG� NDVYXN}YHUDG� WXOHNV� KLQQDWD� VXJXGH� NDXSD�� V�QQLDDVWDWH� VLVHVHOW��

W}XJXGH� Y}L� W}XULVWDQGLWH� SLLUHV� QLQJ� HPDVORRPDGH� HULQHYDWH� ODNWDWVLRRQLGH� VLVHVHOW�� 6HOOHV�

UDNHQGXVYDOGNRQQDV�RQ�YHHO�SDOMX�W||G�lUD�WHKD�

3HDOH� ORRPDGH� VDDE� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLW� UDNHQGDGD� HULQHYDWHOH�

WDLPHGHOH�� QlLWHNV� S}OOXVDDJLOH �PLV� NDVYDE� NLLUHVWL� Y}L� SXXGHOH �PLV� NDVYDYDG� DHJODVHOW���

6DPXWL�Y}LE�VHGD�PXGHOLW�NDVXWDGD� WHDWDYDWHV� WLQJLPXVWHV�NDVYDQXG�EDNWHULWH�SRSXODWVLRRQL�

PRGHOOHHULPLVHNV�� -XKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD�PXGHOL� UDNHQGDPLQH NDVYX� DQGPHWHOH�

RQ��NV�NLLUHOW�DUHQHY XXULPLVYDOGNRQG�

�������-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHO�ORRPDGH�HOXNHVWXVDQDO��VLV

(OXNHVWXVWXQQXV�RQ�VHOOLQH�WXQQXV��PLGD�RQ�Y}LPDOLN�P}}WD�LJD�SlHY�ORRPD�HOXDMD�MRRNVXO��

NXLG� DQGPHWHV� RQ� WDYDOLVHOW� NLUMDV� YDDWOXV� YDLG� DMDKHWNHVW�� PLO� ORRP� VXUHE� Y}L� YlOMD�

SUDDJLWDNVH�� -XKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOL UDNHQGDPLVW� HOXNHVWXVDQDO��VLV�

VRRYLWDVLG� ������ DDVWDO� 9HHUNDPS�� %URWKHUVWRQH� MD� 0HXZLVVHQ� /RRPD� LQGLYLGXDDOQH�
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³HOXNHVWXVN}YHU´ RQ� VLUJMRRQ�YllUWXVHO� � ORRPD�V�QQLVW� NXQL�NDUMDVW� HHPDOGDPLVHQL�PLQJLO�

S}KMXVHO� �QW� VXUP�� }QQHWXV��� 6HOOHVW� KHWNHVW� DODWHV� NXQL� YDDWOXVSHULRRGL� O}SXQL� RQ� SLGHYD�

VLUJMRRQH� YllUWXVHNV� ��� 3DOMXGH� ORRPDGH� ³HOXNHVWXVN}YHUDWH´ NHVNPLQH� DQQDE� PHLOH�

SRSXODWVLRRQL� NHVNPLVH� HOXNHVWXVN}YHUD RRGDWDYDVW� YlOMDPLQHNX� PllUDVW HULQHYDWHO�

DMDKHWNHGHO� 9DDWOXVSHULRRGL� DOJXVHV� �WDYDOLVHOW� V�QG� Y}L� HVLPHQH� SRHJLPLQH�� RQ� SHDDHJX�

N}LN� ORRPDG� YHHO� HOXV�� PLVW}WWX� WXQQXVH YDULHHUXYXV� RQ� QXOOLOlKHGDQH�� 8XULWDYD� WXQQXVH�

GLVSHUVLRRQ� NDVYDE� DMD� MRRNVXO�� NXQL SRSXODWVLRRQLV RQ� DOOHV� MllQXG ���� ORRPDGHVW��

9DDWOXVSHULRRGL� O}SXV OlKHQHE� GLVSHUVLRRQ� WDDV� QXOOLOH�� VHVW� VHOOHNV� DMDNV� RQ� SHDDHJX� N}LN�

ORRPDG�NDUMDVW�YlOMD�ODQJHQXG�

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHO�HOXNHVWXVHV�RQ�HVLWDWDY�MlUJPLVHO�NXMXO�
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NXV� � �LM6 W RQ�VDPDO�DDVWDO�VHVRRQLO� L HVPDNRUGVHOW�SRHJLQXG� MD�Q��G�DMDSHULRRGLO� W NDUMDV� M

ROHYDWH�OHKPDGH�JUXSL�HIHNW�� � �LNP& W RQ�ILNVHHULWXG�HOXNHVWXVN}YHU�HVPDVSRHJLPLVYDQXVHOH N

MD� WRRGDQJXWDVHPHOH P�� /LLGHWDYDG�
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¦ RQ� YDVWDYDOW� ORRPD� Q

DGLWLLYJHQHHWLOLVW� HIHNWL� MD� S�VLYDW� NHVNNRQQDHIHNWL� PRGHOOHHULYDG� MXKXVOLNH� NRUGDMDWHJD�

IXQNWVLRRQLG�

6HH� PXGHO� OXEDE� NDDVDWD� YHHO� HQGLVHOW� NDUMD� NXXOXYDLG� ORRPL� �SXXGXYDG� YDDWOXVHG� MD�

Y}LPDOGDE�OHKPDGH�HOXNHVWXVH�JHQHHWLOLVW�KLQGDPLVW� 7XOHPXVHQD�Y}LE�JHHQLGH�VXPPDDUVHVW�

WRLPHVW�PllUDWXG�SRWHQWVLDDOVH�HOXNHVWXVH��HKN�HOXNHVWXVH�DUHWXVYllUWXVH��HVLWDGD�WHDWXG�DUYX�

NXXGH��OHHODQXWH�SURWVHQGLQD�SHDOH�HVPDSRHJLPLVW��$OWHUQDWLLYVHOW�Y}LNV�HVLWDGD�NXXGH�DUYX�

SHDOH�HVLPHVW�SRHJLPLVW��PLOOH�MRRNVXO�SXOOL�MlUJODVWHVW�RQ�NDUMDVW�HHPDOGDWXG�����

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHOLWH�DODVHG�XXULQJXG�HOXNHVWXVHV�RQ�DOOHV�DOJXVMlUJXV�

�������*HQRW��EL�MD�NHVNNRQQD�NRRVP}MX�XXULQJXG

*HQRW��EL� MD� NHVNNRQQD� NRRVP}MX� WlKHQGDE�� HW� ORRPDGH� MlUMHVWXV� JHQHHWLOLVH� SRWHQWVLDDOL�

SRROHVW�SROH�HULQHYDWHV�NHVNNRQQDWLQJLPXVWHV��KHVXJXQH� .XL�QHLG�NHVNNRQQDWLQJLPXVL�VDDE�

MlUMHVWDGD� �QW� WHPSHUDWXXUL�QLLVNXVH� LQGHNVL� Y}L NDUMD� NHVNPLVH� WRRGDQJX� MlUJL��� VDDE�
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UDNHQGDGD� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLW�� NXV� DMDWXQQXVH� DVHPHO� RQ� PDLQLWXG�

MlUMHVWDYDG� WXQQXVHG�� 6HOOLVHVW� PXGHOLVW� RQ� DQWXG� MXKXO� NDVX�� NXL� HULQHYDLG� WLQJLPXVL� RQ�

URKNHP�NXL�P}QHG�NDWHJRRULDG�

6WDQGEHUJ� MW� NDVXWDVLG� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLW� JHQRW��EL� MD� NHVNNRQQD�

NRRVP}MXGH� XXULPLVHNV S}KMDPDDGH� SXQDVHNLUMXGH� YHLVHW}XO�� 6}OWXPDWX� PXXWXMD� RQ NDUL�

DDVWD� NHVNPLQH� NXL� KlOYH� NROPH� ULLJL� �6RRPH�� 1RUUD�� 5RRWVL�� N}LJL� DDVWDWH� NHVNPLVHVW��

0XGHO�RQ NXMXO
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NXV� LM\ RQ�LVD�L MlUJODVH�M XXULWDYD�WXQQXVH�YllUWXV�� LM; RQ�LVD�L MlUJODVH�M NDUL�DDVWD NHVNPLVH�

KlOYH� NROPH� ULLJL� N}LJL� DDVWDWH� NHVNPLVHVW� � �LMI ; RQ� ILNVHHULWXG� UHJUHVVLRRQLNRUGDMDWHJD�

OLQHDDUIXQNWVLRRQ� NDUL�DDVWD� NHVNPLVHVW� KlOEHVW LM; ��
�

�
LO LMO

O

V ;
 
¦ RQ� MXKXVOLNH

UHJUHVVLRRQLNRUGDMDWHJD� OLQHDDUIXQNWVLRRQ LVD L P}MXOH DUJXPHQGLJD� LM; MD� LMH RQ� MXKXVOLN�

YLJD��PLOOHOH�HHOGDWDNVH��KLVW�GLVSHUVLRRQL��OH�YDDGHOGDYDWH�ULLNLGH��8XULWDYDNV�WXQQXVHNV� \

ROL� ���� ODNWDWVLRRQLSlHYD� YDOJX WRRGDQJ�� XXVO�SVLSHULRRGL� SLNNXV Y}L� DMDLQWHUYDOO�

SRHJLPLVHVW�YLLPDVH�VHHPHQGXVHQL�

*HQRW��EL� MD� NHVNNRQQD� NRRVP}MX� XXULQJXWHV� NDVXWDWXG� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD�

PXGHOLG� YDMDYDG� YHHO� WlLHQGDPLVW�� .DDVDPD� SHDNV� ND� ILNVHHULWXG� N}YHUDG� �IHQRW��ELOLVH�

VHRVH�DUYHVWDPLVHNV��MD�XXULPD�N}UJHPDW�MlUNX�RUWRJRQDDOVHWH�SRO�QRRPLGH�VRELYXVW��.XQD�

LJDOW� ORRPDOW� RQ� QHLV� XXULQJXWHV� NDDVDWXG� YDLG� �NV� YDDWOXV� ��KHV� NLQGODV� LQWHUYDOOLV� Y}L�

NHVNNRQQDV��� VLLV� Y}LNV� ORRWD�� HW� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHO� Y}LPDOGDE HVLOH�

WXXD NRUUHODWVLRRQL�Y}L�WUHQGL�LVDGH�JHQHHWLOLVH�P}MX�MD�NHVNNRQQD�YDKHO�

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD�PXGHO�RQ�SRWHQWVLDDOVHOW�UDNHQGDWDY�LJD�NRUG��NXL�RQ�WHJX�

XXULWDYDWH� WXQQXVWH� MD� DMD� Y}L� YDQXVH� YDKHOLVH� VHRVHJD��+HD�PXGHO� ORRPDNDVYDWXVHV� SHDNV�

VLVDOGDPD� ILNVHHULWXG� NRUGDMDWHJD� N}YHUDLG� HULQHYDWHOH� LQGLYLLGLGH� JUXSSLGHOH�� MXKXVOLNH�

NRUGDMDWHJD� N}YHUDLG� ORRPD� DGLWLLYJHQHHWLOLVHOH� MD� S�VLYDOH� NHVNNRQQDHIHNWLOH�� .}LJH�

VRELYDP� RQ� PXGHOL� DUJXPHQWLGHQD� NDVXWDGD� RUWRJRQDDOVHLG� SRO�QRRPH�� 3DULPD� MlUJX�

PllUDPLVHNV�QHLOH�SRO�QRRPLGHOH�RQ�YDMD�OlEL�YLLD�YHHO�WlLHQGDYDLG�XXULQJXLG��



��

/LVDNV� NLUMHOGDWXG� UDNHQGXVWHOH� ORRPDGH� DUHWXVHV� Y}LE� OHLGD� MXKXVOLNH�

UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLWH� NDVXWXVW� ND� SLLPDNDUMD� VLJLPLVXXULQJXWHV� MD� WHLVWH�

NRGXORRPDGH� WRRGDQJXQlLWDMDWHV� �QW� NDQDGH� PXQDWRRGDQJ�� ODPPDVWH� LJD�DDVWDQH�

YLOODWRRGDQJ MQH��
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���.RQWUROOSlHYD�PXGHO

-lUJQHYDOW� NLUMHOGDPH� OlKHPDOW� SLLPDNDUMD� WRRGDQJXQlLWDMDWH� QLQJ� JHQHHWLOLVWH� SDUDPHHWULWH�

KLQGDPLVHV� OHYLQXG� NRQWUROOSlHYD� PXGHOLW �WHVW�GD\� PRGHO�� .30��� 6HOOH� PXGHOL�

UDNHQGDPLVHNV� YDMDOLN� DQGPHVWLN� VLVDOGDE� XXULWDYDLG� QlLWDMDLG� P}}GHWXQD� OHKPDGHO�

O�SVLSHULRRGL� HKN� ODNWDWVLRRQL� �XPEHV�����SlHYD��YlOWHO� NRUGXYDOW�� WDYDOLVHOW� LJDNXLVHOW� Y}L�

NYDUWDDOVHOW�� (QDPDVWL� NDVXWDWDNVH� DQGPHLG� NROPH� HVLPHVH� ODNWDWVLRRQL� NRKWD�� (QQH�

NRQWUROOSlHYD� PXGHOLW� NDVXWDWL� VDPDGH� QlLWDMDWH� DQDO��VLNV� SXQNWLV� ���� NLUMHOGDWXG�

ORRPDPXGHOLW�� PLOOH� UDNHQGDPLVHNV� VXPPHHULWL� LJDOW� OHKPDOW� VDDGXG� YDDWOXVHG� �KHNV�

ODNWDWVLRRQL�NRJXWRRGDQJXNV��

9}UUHOGHV�YDUHP�NDVXWDWXG�ORRPDPXGHOLJD�RQ�NRQWUROOSlHYD PXGHOLO�PLWPHLG�HHOLVHLG��.30�

Y}LPDOGDE� ODNWDWVLRRQL� MRRNVXO� PXXWXYD� NHVNNRQQDHIHNWL� DUYHVVH� Y}WPLVW� NRQNUHHWVHO�

NRQWUROOSlHYDO�� OHKPDVLVHVH� YDULHHUXYXVH� QLQJ� ND� OHKPDGH� WRRGDQJXQlLWDMDWH� HULQHYD�

PXXWXPLVH� NLUMHOGDPLVW� ODNWDWVLRRQL� O}LNHV�� 6DPDV� RQ� WlQX� MXKXVOLNH� NRUGDMDWHJD�

NRQWUROOSlHYD� PXGHOLVW� KLQQDWXG� SDUDPHHWULWHOH� Y}LPDOLN� DUYXWDGD� JHQHHWLOLVHG� QlLWDMDG��

PLOOH�DELO�KLQQDWD�SLLPDWRRGDQJX�S�VLYXVW SHDOH�WRRGDQJX�N}UJSXQNWL��PLV�VDDEXE�WDYDOLVHOW�

WHLVHO�ODNWDWVLRRQLNXXO >����@

-XKXVOLNH�UHJUHVVLRRQLNRUGDMDWHJD PXGHOLW WXWYXVWDV�������DDVWDO�&��5��-U�+HQGHUVRQ��$DVWDO�

����� VRRYLWDVLG� /�� 5�� 6FKDHIIHU� MD -�� &�� 0� 'HNNHUV� VHGD� PXGHOLW� NRQWUROOSlHYD�

WRRGDQJXDQGPHWH� DQDO��VLNV� SLLPDNDUMD� DUHWXVHV�� .�� 0H\HU� MD� :�� *�� +LOO� QlLWDVLG� ������

DDVWDO� NRYDULDWVLRRQLIXQNWVLRRQLGH� MD� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOL�

VDPDYllUVXVH�� 9DUDVHLPDWHV� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� NRQWUROOSlHYD� PXGHOLWHV�

PRGHOOHHULWL� MXKXVOLNH� NRUGDMDWHJD� �OGLVH� OLQHDDUVH� VHJDPXGHOL� DELO� �NVQHV� ORRPD�

DGLWLLYJHQHHWLOLQH� HIHNW�� $ODOLQH� NHVNNRQQDHIHNW� PRGHOOHHULWL� NRUGXYDWH� P}}WPLVWH� PXGHOL�

DELO�� 6HOOLQH� PXGHO� DQGLV� DJD� HEDUHDDOVHLG� DGLWLLYJHQHHWLOLVH� GLVSHUVLRRQL KLQQDQJXLG��

9LLPDVH�VHLWVPH�DDVWD�MRRNVXO�RQ�OHLGQXG�MXKXVOLNH�NRUGDMDWHJD��OGLQH�OLQHDDUQH�VHJDPXGHO�

ODLDOGDVW�UDNHQGXVW�SDOMXGHV�XXULQJXWHV�MD�YlOMD�RQ�W||WDWXG�PlUNVD�VRELYDPDLG�PXGHOHLG�>�@��

.RQWUROOSlHYD� DQGPHWH� SXKXO� RQ� VHHJD� �OHVDQGHNV� OHKPDVLVHVH� QLQJ� OHKPDGH� YDKHOLVH�

YDULHHUXYXVH� NRUUHNWQH� DUYHVWDPLQH MD� VDPDV� Y}LPDOLNXOW� YlKHVWH� SDUDPHHWULWHJD� PXGHOL�

GHILQHHULPLQH >��@�� .RQWUROOSlHYD� PXGHOL� SDUDPHHWULWH KLQGDPLVHO� SROH� HHVPlUN� VDDGD�
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³}LJHLG³�KLQQDQJXLG�� YDLG� M}XGD� UDKXOGDYD�NRPSURPLVVLQL�PXGHOL� NHHUXNXVH� MD�KLQQDQJXWH�

NRUUHNWVXVH�YDKHO >��@��

���� .RQWUROOSlHYD�PXGHOLWH W��ELG

/RRPDGH� DUHWXVHV� RQ� YLLPDVWH� DDVWDWH� MRRNVXO� KXYL� NRQWUROOSlHYD� DQGPHWH� DQDO��VL� YDVWX�

MlUMHVW� NDVYDQXG�� -lUJQHYDOW� RQ� DUWLNOLWH� >��� �� �� ��@� S}KMDO� HVLWDWXG� �OHYDDWH� HULQHYDWHVW

OHYLQXPDWHVW NRQWUROOSlHYD�PXGHOLWHVW��PLV�RQ UDNHQGDWDYDG ND�PXXGHV�YDOGNRQGDGHV�� NXV�

HVLQHYDG�VDPD�VWUXNWXXULJD�DQGPHG� 0XGHOHLG�RQ�S��WXG�HVLWDGD�Y}LPDOLNXOW��KWVHW WlKLVWXVW�

NDVXWDGHV��HW�QHLG�VDDNV�Y}UUHOGD�

�������.DKHVDPPXOLQH�NRQWUROOSlHYD�PXGHO

.DKHVDPPXOLQH� .30 �WZR�VWHS� WHVW�GD\� PRGHO� RQ� PXGHO�� NXV� NRQWUROOSlHYD� DQGPHG�

NRUULJHHULWDNVH� HVLPHVHO� VDPPXO� N}LJHSHDOW� NRQWUROOSlHYD� NHVNNRQQDHIHNWLGHOH�� WDYDOLVHOW�

ILNVHHULWXG� HIHNWLGHJD� UHJUHVVLRRQLPXGHOLW� NDVXWDGHV�� -lUJQHYDOW� NRPELQHHULWDNVH� HVLPHVHO�

VDPPXO� VDDGXG� PXGHOL� MllJLG� NRJX� ODNWDWVLRRQL LVHORRPXVWDYDNV� VXXUXVWHNV �QlLWHNV�

ODNWDWVLRRQL� SLLPD� NRJXWRRGDQJ��� PLOOHOH� VHHMlUHO� WHLVHO� VDPPXO� UDNHQGDWDNVH� P}QGD�

WUDGLWVLRRQLOLVW�PXGHOLW��QlLWHNV�LVD� Y}L�ORRPDPXGHO��

1lLGH ���

9DDWDPH� NDKHVDPPXOLVH� PXGHOL� UDNHQGDPLVW� OLKDW}XJX� SXOOLGH �HGDVSLGL SXOOLGH�� NDDOX�

MXXUGHNDVYX�KLQGDPLVHNV >��@� (VLPHVHO�VDPPXO�UDNHQGDWL�LJD�SXOOL NRQWUROOSlHYD�NDDOXGHOH�

OLQHDDUVHW�UHJUHVVLRRQLPXGHOLW

\ DW H � �

NXV� \ RQ� SXOOL� NDDO� NRQWUROOSlHYDO� W�� H RQ� MXKXVOLN� YLJD�� 5HJUHVVLRRQLNRUGDMD� D

LVHORRPXVWDE�SXOOL�NDDOX�SlHYDVW�MXXUGHNDVYX��6HGD�NRUGDMDW�NRQWUROOSHULRRGL�SLNNXVHJD������
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SlHYD��NRUUXWDGHV�VDDGL�SXOOL�NRQWUROOSHULRRGL�MXXUGHNDVY� 6HHMlUHO�NDVXWDWL�NRQWUROOSHULRRGL�

MXXUGHNDVYX�YDDWOXVHQD�JHQHHWLOLVHNV KLQGDPLVHNV�ORRPDPXGHOLV

LMNOP L M N O P LMNOP\ E Y J + D H � � � � � �

NXV� LMNOP\ RQ� MXXUGHNDVY� W}XVW� L DOJYDQXVHV� M NRQWUROOJUXSLVW� N SlULW� SXOOLO NDUMD MD� DDVWD�

NRRVP}MXJD� O�� -XKXVOLNH� HIHNWLGHQD� RQ�PXGHOLV� NlVLWOHWXG� SXOOL� DGLWLLYJHQHHWLOLVW� HIHNWL� PD

QLQJ�MXKXVOLNNX�YLJD� LMNOPH �

�������)LNVHHULWXG�UHJUHVVLRRQLNRUGDMDWHJD�NRQWUROOSlHYD�PXGHO

)LNVHHULWXG�UHJUHVVLRRQLNRUGDMDWHJD�.30 �WHVW�GD\�PRGHO ZLWK�IL[HG�UHJUHVVLRQV��RQ�PXGHO��

NXV� ODNWDWVLRRQLN}YHU� RQ� PRGHOOHHULWXG� ILNVHHULWXG� HIHNWLGH� DELO� MD� VDPD� OHKPD� NRQWUROO�

O�SVLGH�YDKHOLQH�VHRV�RQ�HVLWDWXG�QDJX�WUDGLWVLRRQLOLVHV NRUGXYDWH�P}}WPLVWH�PXGHOLV��6HGD�

PXGHOLW� RQ� �OGLVWDWXG� ND� PLWPH� XXULWDYD� WXQQXVHJD MXKXOH� �PXOWLSOH� ODFWDWLRQ� WHVW� GD\�

PRGHO��� NXV� NRQWUROOSlHYD� YDDWOXVL� NlVLWOHWDNVH� NRUGXYDWH� P}}WPLVWHQD� ODNWDWVLRRQLVLVHVHOW�

QLQJ� HULQHYDWH� WXQQXVWHQD� ODNWDWVLRRQLGH� O}LNHV >��@�� 6HOOLQH� �OGLQH� PXGHO� ROL� YDUHP�

NDVXWXVHO� 6DNVDPDDO� MD� DQGLV� HHVNXMX� VDUQDVH� PXGHOL� MXXUXWDPLVHO� (HVWLV� -}XGOXVNRQWUROOL�

.HVNXVHV��NXV�DODWHV�������DDVWD�QRYHPEULVW�KDNDWL� M}XGOXVWXQQXVWH�DUHWXVYllUWXVL�KLQGDPD�

DQDORRJLOLVH� NRQWUROOSlHYD� ORRPDPXGHOLJD� �YW� QlLGH� ����� 0LWPH� ODNWDWVLRRQLJD� ILNVHHULWXG�

UHJUHVVLRRQLNRUGDMDWHJD�.30�DYDOGXE�NXMXO
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NXV� LMNOP\ RQ� OHKPD� N ODNWDWVLRRQL� O NRQWUROOSlHYD� P WRRGDQJ�� LO+ RQ� DMDVW� V}OWXPDWX�

ILNVHHULWXG� NDUMD� MD� NRQWUROOSlHYD NRRVP}MX L ODNWDWVLRRQLO� O�� NOD RQ� OHKPD� N MXKXVOLN�

DGLWLLYJHQHHWLOLQH� HIHNW ODNWDWVLRRQLO� O�� NOS RQ� OHKPDJD� N VHRWXG� S�VLY� NHVNNRQQDHIHNW�

ODNWDWVLRRQLO�O QLQJ� LMNOPH RQ�MXKXVOLN�YLJD��/DNWDWVLRRQLN}YHU�PRGHOOHHULWDNVH� EQ ILNVHHULWXG�
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SDUDPHHWULJD� UHJUHVVLRRQLIXQNWVLRRQL�
�

EQ

MOQ NOPQ

Q

[E
 
¦ NDVXWDGHV�� NXV MOQE RQ� ODNWDWVLRRQL� O�

ODNWDWVLRRQLN}YHUD� M UHJUHVVLRRQLNRUGDMD� Q MD� NOPQ[ RQ� VHOOHOH� NRUGDMDOH� Q� YDVWDY�

ODNWDWVLRRQLN}YHUDW�NLUMHOGDYD�ODNWDWVLRRQLSlHYD�IXQNWVLRRQL�HOHPHQW�

(ULQHYDG� NHVNPLVHG ODNWDWVLRRQLN}YHUDG� KLQQDWDNVH� ILNVHHULWXG� HIHNWLGH� NODVVLGHOH QDJX�

QlLWHNV�YDQXV��VHVRRQ MD� UHJLRRQ� (GDVLVH��OGLVWXVHQD�Y}LE� OHLGD�HUDOGL� UHJUHVVLRRQLN}YHUDG�

ND� LJDOH� NDUL�DDVWD� NRRVP}MXOH�� HW� Y}WWD� DUYHVVH� NDUMDGH� YDKHOLQH� YDULHHUXYXV�

ODNWDWVLRRQLN}YHUD� NXMXV�� (ULQHYDG� V||WPLVVWUDWHHJLDG� Y}LYDG� WXQGXYDOW� P}MXWDGD�

ODNWDWVLRRQLN}YHUD� NXMX�� /LVDGHV� PDLQLWXG� ILNVHHULWXG� HIHNWLGHOH� ND� MXKXVOLNXG� HIHNWLG�� RQ�

WHJX� OLKWVD� NRUGXYP}}WPLVWH� PXGHOLJD�� PLV� HHOGDE� NRJX� ODNWDWVLRRQL� YlOWHO� NRQVWDQWVHLG�

GLVSHUVLRRQH� DGLWLLYJHQHHWLOLVHOH� MD� S�VLYDOH� NHVNNRQQDHIHNWLOH� 6HH� WlKHQGDE� Y}UGVHLG�

NRUUHODWVLRRQH� PLVWDKHV� NDKH� HULQHYD� NRQWUROOSlHYD� YDDWOXVH� YDKHO�� V}OWXPDWD� VHOOHVW�� NXL�

NDXJHO��NVWHLVHVW�QHHG�YDDWOXVHG�DMDV�SDLNQHYDG��

/HKPD� O ODNWDWVLRRQL� V�PPHHWULOLQH� NRQWUROOSlHYDGH� YDKHOLQH� NRYDULDWVLRRQLPDDWULNV�

DYDOGXE�ILNVHHULWXG�UHJUHVVLRRQLNRUGDMDWHJD�.30�NRUUDO�MlUJPLVHOW�
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QLQJ� RQ� DQWXG� PXGHOL� NRUUDO� Y}UGQH� XXULWDYD� WXQQXVH� NDKH� NRQWUROOSlHYD� YDKHOLVH�

NRUUHODWVLRRQLJD�
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1lLGH����

3UDHJXVHO� DMDO� NDVXWDE� -..�PLWPH� XXULWDYD� WXQQXVHJD ILNVHHULWXG� UHJUHVVLRRQLNRUGDMDWHJD�

NRQWUROOSlHYD�PXGHOLW�M}XGOXV� MD�XGDUD�WHUYLVH�WXQQXVWH�JHQHHWLOLVHO�KLQGDPLVHO >�@�

x 0LWPH�WXQQXVHJD�NRQWUROOSlHYD�ORRPDPXGHO�M}XGOXVWXQQXVWH�KLQGDPLVHNV

,JDOH� KLQGDPLVHV� RVDOHYDOH� ORRPDOH� KLQQDWDNVH� NRQNUHHWVH� WXQQXVH� �SLLP�� SLLPDUDVY��
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6HOOLVW� WDDQGDWXG� GLPHQVLRRQLJD� PXGHOLW� NDVXWDWDNVH� QlLWHNV� 6RRPHV� SLLPDNDUMD� ULLNOLNXV�

KLQGDPLVV�VWHHPLV�

�������(ULQHYDW�W��SL NRQWUROOSlHYD�PXGHOLWH�HHOLVHG�MD�SXXGXVHG

1DJX� QlKD�� VDDE� NRQWUROOSlHYD� DQGPHWHOH� UDNHQGDGD� HULQHYDLG�PXGHOHLG� QLQJ� NlHVROHYDNV

KHWNHNV SROH� �KWH� SDULPDW� YlOMD� VHOJLWDWXG�� 3DULPD� PXGHOL� ROHPDVROX� RQ� ND� �VQD�

HEDW}HQlROLQH��NXQD�NRQNUHHWVHG�WLQJLPXVHG�Y}LYDG�PllUDWD�PXGHOLV�YDMDOLNXG�HIHNWLG�

)LNVHHULWXG� UHJUHVVLRRQLNRUGDMDWHJD� .30� �).30�� HHOGDE LQGLYLLGLGHOH� NRJX� ODNWDWVLRRQL�

YlOWHO� NRQVWDQWVHW� DGLWLLYJHQHHWLOLVW� HIHNWL� HJD� OXED� ODNWDWVLRRQLN}YHUDWH� NXMXV� HULQHYXVL�

ORRPDGH�WDVDQGLO��YDLG�DLQXOW�VDUQDVWH�ORRPDGH�JUXSSLGH�YDKHO��hKHOW�SRROW�RQ�VHOOH�HHOGXVH�

WXOHPXVHNV� |NRQRRPQH� SDUDPHWULVDWVLRRQ�� WHLVDOW� HL� QlL� ).30� NRQWUROOSlHYDGH�

LQIRUPDWVLRRQL� KlVWL� NDVXWDYDQD� QLQJ� HL� SHHJHOGD� KlVWL� P}}GHWXG� YllUWXVL� 1LL�

PLWPHP}}WPHOLQH .30� �0.30� NXL� ND� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� .30� �-.30�

KLQGDYDG�ODNWDWVLRRQLN}YHUDG LJDOH�LQGLYLLGLOH�HUDOGL��0.30�PLWPHP}}WPHOLQH�OlKHQHPLQH�

Q}XDE� VXXUW� KXOND� HULQHYDLG�SDUDPHHWUHLG��PLOOH� KLQGDPLQH�RQ� DUYXWXVOLNXOW� YlJD�PDKXNDV�

�VXXUWH� DQGPHVWLNH� SXKXO� ODXVD� Y}LPDWX��� 6HOOHJD� Y}LYDG� NDDVQHGD� VXXUHG� VWDQGDUGYHDG��

/LVDNV� VHOOHOH�SROH�PXGHOLO�Y}LPDOLN�RVD� LQIRUPDWVLRRQL� ��KH�NXX� MRRNVXO� WHKWXG�PLWPHWHVW�

P}}WPLVWHVW�� lUD� NDVXWDGD�� 7lQX� NRYDULDWVLRRQLIXQNWVLRRQLGH� UDNHQGDPLVHOH� MXKXVOLNH

UHJUHVVLRRQLNRUGDMDWHJD� NRQWUROOSlHYD� PXGHOLWHV VDDE� OHLGD� GLVSHUVLRRQL� MD� NRYDULDWVLRRQL�

NLUMHOGXVH� LJDOH� ODNWDWVLRRQLSlHYDOH� QLQJ� VHHJD� OXEDE� IHQRW��ELOLVH LQIRUPDWVLRRQL�

RSWLPDDOVHW�NDVXWDPLVW�MD�MlUHOLNXOW�ND�NRUUHNWVHPDW�SDUDPHHWULWH�KLQGDPLVW�



��

���� -XKXVOLNH�NRUGDMDWHJD IXQNWVLRRQL�YDOLPLQH

6RELYDW�NXMX�SLLPDNDUMD�M}XGOXVQlLWDMDLG�LVHORRPXVWDYDWHOH�ODNWDWVLRRQLN}YHUDWHOH�RQ�RWVLWXG�

MXED� SLNHPDW� DHJD HQQH� MXKXVOLNH� NRUGDMDWHJD� IXQNWVLRRQLGH� NDVXWXVHOH� Y}WPLVW >��@�

(VLDOJVHWH�� OHKPDGHOH� YlKHPDOW� WHDWDYD� DODJUXSL� SLLUHV� �KLVWH� ODNWDWVLRRQLN}YHUDWH DVHPHO�

KDNDWL�����QGDWH�DDVWDWH�HVLPHVHO SRROHO KLQGDPD QHLG�N}YHUDLG�ND�LJDOH�OHKPDOH�HUDOGL��

6FKDHIIHU� MD� 'HNNHUV� >��@ SDNNXVLG� YlOMD� PXGHOL�� PLV� HULQHYDOW� YDUDVHPDWHVW� VLVDOGDV�

MXKXVOLNNH� UHJUHVVLRRQLNRUGDMDLG� NRQWUROOSlHYD� IXQNWVLRRQLOH� ODNWDWVLRRQLN}YHUD� NXMX�

NLUMHOGDPLVHNV QLQJ� Y}LPDOGDV� VHHJD� LJDOH� OHKPDOH� OHLGD� LQGLYLGXDDOVH� ODNWDWVLRRQLN}YHUD�

0XGHOLV�NDVXWDVLG�DUWLNOL�DXWRULG�MXKXVOLNH�NRUGDMDWHJD� �D MD� �D IXQNWVLRRQL

� �� � OQ����� �I /3 /3 /3D D 
 � 
 �

NXV�/3 RQ�ODNWDWVLRRQLSlHY�

-XKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOLW�� PLOOHV� HULQHYDOW� PXGHOLVW� ����� HL UDNHQGDWXG�

UHJUHVVLRRQLIXQNWVLRRQL� MXKXVOLNXOH� NHVNNRQQDHIHNWLOH�� NDVXWDVLG� ������ DDVWDO� -DPUR]LN� MD�

6FKDHIIHU�>��@��/RRPD�DGLWLLYJHQHHWLOLVW�HIHNWL�DQWXG�PXGHOLV�NLUMHOGDV�MlUJPLQH�IXQNWVLRRQ�

� �
� � � � �� � OQ��� � >OQ��� �@I /3 & & & &D D D D D � 
 � 
 � 
 � 
 � �����

NXV� � ���& /3 �

$QWXG� IXQNWVLRRQL�RQ�NDVXWDWXG�DUWLNOLWHV�NRUGXYDOW�ND�Y}UGOXVHV�HULQHYDWH� IXQNWVLRRQLGHJD�

ILNVHHULWXG� Y}L MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD� PXGHOL RVD� YDOLNXNV >���� ��@�� 6DUQDVHOW�

IXQNWVLRRQLJD������ RQ�SDOMX�UDNHQGXVW�OHLGQXG�ND�:LOPLQNL�IXQNWVLRRQ

� � �� � H[S� ���� �I /3 /3 /3D D D � 
 � 
 � 
 � �����

6HGD IXQNWVLRRQL� NDVXWDWL NXQL� ������ DDVWD� PDLNXXQL� .DQDGDV�� NXV� �KHQD� HVLPHVWHVW

UDNHQGDWL�NRQWUROOSlHYD�PXGHOLW�SXOOLGH�JHQHHWLOLVHO KLQGDPLVHO >��@�

9LLPDVWHO� DDVWDWHO� RQ� SDOMXG� XXULMDG �NDDVDDUYDWXG� .DQDGDV >��@�� ORREXQXG

ODNWDWVLRRQLN}YHUD� NXMX� NLUMHOGDPLVHVW �ODOWRRGXG� DMDIXQNWVLRRQL� DELO�� NXQD�

DGLWLLYJHQHHWLOLVHOH� MD� S�VLYDOH� NHVNNRQQDHIHNWLOH� KLQQDWDYDWH NRYDULDWVLRRQLPDDWULNVLWH



��

NRPSRQHQGLG� RQ� VHO� MXKXO RPDYDKHO� WXJHYDVWL� NRUUHOHHULWXG� QLQJ� VHH� Y}LE� UDVNHQGDGD�

KLQGDPLVSURWVHVVL� $MD�PXXWXMDJD�RUWRJRQDDOVHWHO�SRO�QRRPLGHO�RQ�NRPSRQHQWLGH�YDKHOLQH�

NRUUHODWVLRRQ� SDOMX� YlLNVHP� QLQJ� QHQGH� DELO� VDDGXG� NRYDULDWVLRRQLPDDWULNVLWH� KLQQDQJXG�

NDOGXYDG�ROHPD�SDOMX� UREXVWVHPDG��OH�HULQHYDWH�DQGPHVWLNH��(ULQHYDW� W��SL�RUWRJRQDDOVHWH�

SRO�QRRPLGH��QlLWHNV�/HJHQGUH�YHUVXV�7ãHE}ãRYL�SRO�QRRPLG��DUYXWXVRPDGXVWHV�Y}LE�ROOD�

HULQHYXVL� /HJHQGUH�SRO�QRRPLG�RQ��KHG�OLKWVDPDG��PLGD�NDVXWDGD >����@� 9LLPDVWHO�DDVWDWHO�

RQJL�QHHG�SRO�QRRPLG�OHLGQXG�ODLDOGDVW�NDVXWXVW�ODNWDWVLRRQLN}YHUD�PRGHOOHHULPLVHO

>������@�

1RUPHHULWXG�/HJHQGUH�SRO�QRRPLG�RQ�DQWXG�YDOHPLJD
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NXV�> @� �M RQ�VXXULP�WlLVDUY��QLL�HW�> @� � � �M Md �

(VLPHVHG�NROP�SRO�QRRPL�DYDOGXYDG�YDOHPLWHJD�
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/HJHQGUH�SRO�QRRPLG�RQ�GHILQHHULWXG�O}LJXO�>����@��6HHW}WWX�WXOHE�QHQGH�UDNHQGDPLVHNV�DHJ�
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NXV� PLQ/3 RQ�YDUDVHLP�DMDKHWN�QLQJ� PD[/3 RQ�KLOLVHLP�DQGPHWHV�HVLQHY�DMDKHWN�

/LGDXHU�MD�0lQW\VDDUL�>��@ NDVXWDVLG�DJD�/HJHQGUH�SRO�QRRPH�QRUPHHULPDWD�NXMXO�
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1DG� OHLGVLG ODNWDWVLRRQLN}YHUD� NXMX� NLUMHOGDPLVHNV NRPSURPLVVL� /HJHQGUH� SRO�QRRPLGH�

QLQJ�:LOPLQNL�IXQNWVLRRQL�YDKHO�

� � � � � � �� � � � � � � � H[S� ���� �I W 3 W 3 W 3 W WD D D D 
 � 
 � 
 � 
 � 
 � ������

$QWXG� PXGHOLW� RQ� NDVXWDQXG� VDPXWL� PLWPHG� XXULMDG� VRELYDWH� ORRPDVSHWVLLILOLVWH�

ODNWDWVLRRQLN}YHUDWH� YlOMDVHOJLWDPLVHNV� Y}UGOXVHV� :LOPLQNL� MD� HULQHYDW� MlUNX� /HJHQGUH�

SRO�QRRPLGHJD�>�����@�



��

���5DNHQGXVXXULQJ�³(HVWL�YHLVHW}XJXGH�PDNVLPDDOVH�

SLLPDM}XGOXVH�YlOMDVHOJLWDPLQH´�MD�MXKXVOLNH�NRUGDMDWHJD�

�OGLVH�OLQHDDUVH�VHJDPXGHOL�UDNHQGDPLQH�VHOOH�UDDPHV

�����5DNHQGXVXXULQJ�³(HVWL�YHLVHW}XJXGH�PDNVLPDDOVH�SLLPDM}XGOXVH�

YlOMDVHOJLWDPLQH´�MD�MXKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�VHJDPXGHOL�

YDMDGXV�VHOOH�UDDPHV

(30h� /RRPDNDVYDWXVLQVWLWXXGL� SRROW� ������ DDVWDO� 3}OXOD� NDWVHODXGDV� DOXVWDWXG�

UDNHQGXVXXULQJ� ³(HVWL� YHLVHW}XJXGH� PDNVLPDDOVH� SLLPDM}XGOXVH� YlOMDVHOJLWDPLQH´� RQ�

PDDLOPDV� VXKWHOLVHOW� DLQXODDGQH�NRPSOHNVXXULQJ��NXV�HULQHYDWH�HULDODGH� VSHWVLDOLVWLG�YLLYDG�

�KHDHJVHOW�VDPDGHO�ORRPDGHO�OlEL�SDOMXGH�HULQHYDWH�HOXWDOLWOXVHJD�VHRWXG�QlLWDMDWH�XXULQJXLG��

9HWHULQDDULG� MD� VLJLPLVW� XXULYDG� WHDGODVHG� ILNVHHULYDG� N}LN� VHHPHQGXVWH� MD� SRHJLPLVWHJD�

VHRQGXYD� QLQJ� PllUDYDG� UHJXODDUVHOW� HULQHYDWH� KRUPRRQLGH� WDVHW� YHUHV�� 6||WPLVH� MD�

DLQHYDKHWXVH�XXULMDG�ILNVHHULYDG�OHKPDGH�SRROW�V||GXG�V||GDNRJXVHG�QLQJ�PllUDYDG�V||GD�

NRRVWLVH� DOXVHO� VHOOHVW� VDDGDYD� HQHUJLD� �V}OWXYDOW� V||GD� NRRVWLVHVW� MDJXQHE� V||GDVW� VDDGDY�

HQHUJLD� YHHO� SDOMXGHNV� DODOLLNLGHNV�� PLV� ND� �NVKDDYDO� NLUMD� SDQQDNVH��� VDPXWL� PllUDWDNVH�

YHUHSURRYLGHVW� HULQHYDWH� PHWDEROLLWLGH� VLVDOGXV�� PLOOH� DELO� S��WDNVH� VDPXWL� LVHORRPXVWDGD�

ORRPD� RUJDQLVPL� HQHUJLDJD� YDUXVWDWXVW�� 3LLPDM}XGOXVH� XXULMDG� NRJXYDG� NRNNX� DQGPHG�

OHKPDGH� SLLPDWRRGDQJX� MD� VHOOH� NRQVLVWHQWVL� NRKWD�� SLLPDNYDOLWHHGL� XXULPLVH� ODERU� DJD�

PllUDE�SLLPDSURRYLGHVW�SLLPD�ODDSXPLVRPDGXVHG��YLLPDVWHVW�V}OWXE�QlLWHNV�SLLPDVW�VDDGDYD�

MXXVWX� NYDOLWHHW��� /LVDNV� NDDOXWDNVH� OHKPL� UHJXODDUVHOW� QLQJ� KLQQDWDNVH� QHQGH� WRLWXPXVW�

YLVXDDOVHOW��.RNNXY}WWHV�RQ�QlLWHNV�V||GDVW�VDDGXG�HQHUJLD�QLQJ�SLLPDWRRWPLVHNV�MD�PXXNV�

HOXWHJHYXVHNV�NXOXWDWXG��HQHUJLD�YDKHQD�OHLWDY�HQHUJLDELODQVV �V}OWXE�OHKPD�NDDOXVW���PLV�RQ�

SHDPLQH� OHKPDGH� RSWLPDDOVH� V||WPLVH� XXULPLVHO� NDVXWDWDY� QlLWDMD�� 9LLPDVW� RQ� RPDNRUGD�

Y}LPDOLN� N}UYXWDGD� QLL� SLLPDNYDOLWHHGLQlLWDMDWHJD� NXL� ND� VLJLPLVW� Y}L� DLQHYDKHWXVW�

LVHORRPXVWDYDWH�QlLWDMDWHJD��9}WWHV�N}LJHOH�HHOQHYDOH�MXXUGH�YHHO�ND�OHKPDGH�S}OYQHPLVH�MD�

JHQHHWLOLVHG�XXULQJXG��RQ�Y}LPDOLN�XXULGD�VLJLPLVH��DLQHYDKHWXVH�MD�M}XGOXVH�JHQHHWLOLVW�VHRVW�

QLQJ GHWHUPLQHHULWXVW��3HDOH� VHOOH�RQ� WlQDSlHYDVHV�PDMDQGXVUXXPLV�KDUXOGDVHQD� ILNVHHULWXG�

MD� WHKWXG� XXULMDLOH� NlWWHVDDGDYDNV� N}LNVXJX� NXOXGH� MD� WXOXGHJD� VHRWXG� QXPEULG�� PLV�



��

Y}LPDOGDE� WHKD�NRNNXY}WWHLG�QLQJ� WHRVWDGD�XXULQJXLG�SLLPDNDUMD�SLGDPLVH� WDVXYXVHVW�(HVWL�

9DEDULLJLV�

.RPSOHNWVHWH�� HULQHYDLG� YDOGNRQGL� K}OPDYDWH XXULQJXWH� OlELYLLPLQH� RQ� VHQL� ROQXG� VLLVNL

UDVNHQGDWXG��3}KMXV�SHLWXE VHOOHV�� HW� LQLP� MD� ILQDQWVUHVVXUVVLGH�SLLUDWXVH� W}WWX�HL�ROH�ROQXG�

P}HOGDY� XXULWDYDWH� QlLWDMDWH� P}}WPLQH� MD� ILNVHHULPLQH� LJDSlHYDVHOW� .}LNY}LPDOLNXG�

QlLWDMDG� RQ� PllUDWXG� YDLG� NRUG� Y}L� SDDU� NXX� MRRNVXO�� $QGPHWH� VWUXNWXXUL� WHHE� YHHO�

NHHUXOLVHPDNV�VHH�� HW� WHDWXG�VSHWVLLILOLVHG�SURRYLG�Y}HWDNVH�N}LJLOW� OHKPDGHOW� WHDWXG�NLQGODO

NXXSlHYDO��PLOODO�YDVWDYD�HULDOD�VSHWVLDOLVW�ODXWD�N�ODVWDE���(GDVLVH�XXULQJX�DMDOLQH�WHOJ�DJD�HL�

MlUJL�PLWWH�NDOHQGULNXXSlHYL��YDLG�OHKPDGH�VLJLPLVWV�NOLW��NXV�NRNNXOHSSHOLVHOW�RQ�HVLPHVHNV�

SlHYDNV� OHKPD�SRHJLPLVSlHY��PLV�RQ�DJD�HULQHYDWHO� OHKPDGHO�NXXSlHYD�RVDV�HULQHY��3HDOH�

N}LJH� PXX� RQ� 3}OXOD� NDWVHODXGDV� ND� OHKPDGH� NDUMDVW� YlOMDODQJHYXV� MD� SUDNHHULPLQH�

VXKWHOLVHOW� VXXU�� /LVDNV� WXOHE� DHJDMDOW� HWWH� SLLPD� Y}L� YHUHSURRYL� ULNQHPLVL� Y}L�P}}WHYLJX��

6HH�N}LN�WRRE�DJD�NDDVD�VXXUH�KXOJD�SXXGXYDWH�YDDWOXVWHJD�DQGPHVWLNX�

6HOOHNV�� HW� WHRVWDGD NRPSOHNWVHLG� DQDO��VH� HULQHYDWHO� DMDKHWNHGHO� ILNVHHULWXG� WXQQXVWHJD�

�QlLWHNV� SLLPD ODDSXPLVRPDGXVWH� MD� YHUHQlLWDMDWH� Y}L� HQHUJLDELODQVL� YDKHOLVH� Y}LPDOLNX�

VHRVH�XXULPLQH���RQ�YDMDOLN�QHQGH�WXQQXVWH�YllUWXVWH�SURJQRRVLPLQH�VDPDGHNV�DMDKHWNHGHNV��

$UYHVWDGHV� QLL� NRQNUHHWVH� WXQQXVH� �OGLVW� DMDOLVW� G�QDDPLNDW� XXULWDYDV� NDUMDV�� WHDWXG�

WlLHQGDYDWH�IDNWRULWH��SRHJLPLVVHVRRQ��YDQXV��S}OYQHPLQH��P}MX�NXL�ND�ORRPD�HQGD�RPDSlUD�

�YlOMHQGDWXQD� WHPDO� P}}GHWXG� WXQQXVH� YllUWXVWHQD��� RQ� VHOOLVHNV� LQGLYLLGLGHOH� SXXGXYDWH�

YllUWXVWH� SURJQRRVLPLVHNV� VRELY� NDVXWDGD� SXQNWLV� ����� NLUMHOGDWXG� MXKXVOLNH�

UHJUHVVLRRQLNRUGDMDWHJD�GLVSHUVLRRQDQDO��VL�VHJDPXGHOLW�

7XOHPXVHQD�NLUMHOGDE�LJD�ORRPD�LJD�WXQQXVW�DMDV�NXOJHY�N}YHU��(ULQHYDWH�WXQQXVWH�YDKHOLVWH�

SRWHQWVLDDOVHWH�VHRVWH�XXULPLVHNV�HL�Y}UUHOGD�RPDYDKHO�HQDPDVWL�PLWWH�N}YHUDLG��QHLG�RQ�KHD�

NDVXWDGD� WXOHPXVWH� LOOXVWUHHULPLVHNV��� YDLG� ORHWDNVH� LJD� ORRPD� LJDOH� WXQQXVHOH� YDVWDYDOW�

N}YHUDOW� YlOMD� WHDWXG� LVHORRPXVWDYDG� QlLWDMDG� �QlLWHNV� PDNVLPXP� Y}L� PLLQLPXP�� VHOOH�

VDDYXWDPLVH� KHWN�� ODQJXVSHULRRGL� SLNNXV MQH��� 6HOOLVWH NRQNUHHWVH� WXQQXVH� NlLWXPLVW�

LVHORRPXVWDYDWH ORRPDVSHWVLLILOLVWH� WXQQXVWH�DOXVHO�RQ�YLLPDNV�Y}LPDOLN� OlEL�YLLD�DQDO��VLG��

HW�NRQWUROOLGD K�SRWHHVH�HULQHYDWH�QlLWDMDWH�RPDYDKHOLVH�NRUUHOHHULWXVH�NRKWD�



��

�����-XKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�VHJDPXGHOL�UDNHQGDPLQH�

SLLPDWRRGDQJX�XXULPLVHNV

(HVPlUN�RQ� DQWXG� MXKXO� OHLGD� MXKXVOLNH�NRUGDMDWHJD��OGLQH� OLQHDDUQH� VHJDPXGHO��PLOOH� DELO�

Y}LPDOLNXOW� WlSVHOW� KLQQDWD� OHKPDGHOH� LQGLYLGXDDOVHG� HQHUJLD� MlUJL� NRUULJHHULWXG�

SLLPDWRRGDQJX� �(&0�� ODNWDWVLRRQLN}YHUDG�� (&0� RQ� �NV� SHDPLVL OHKPDGH� V||PXVW� MD�

SLLPDWRRGDQJXW� NRPSOHNWVHOW� NDMDVWDYDLG� QlLWDMDLG��(W� SLLPDV� SHLWXYD� HQHUJLD� NRJXV� V}OWXE�

HHON}LJH� SLLPD� UDVYD� MD� YDOJXVLDOGXVHVW�� DUYXWDWDNVH� ND� (&0� EDVHHUXYDQD� SLLPD�

NRJXWRRGDQJXO� QLQJ� UDVYD� MD� YDOJX� RVDO� VHOOHVW�� -lUJQHYDLV� XXULQJXLV� RQ� (&0� DUYXWDWXG�

6RRPHV�NDVXWXVHO�ROHYD YDOHPL�MlUJL�

���� ��� ������
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UDVY YDON
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NXV� SLLP RQ� NLORJUDPPLGHV� SlHYD� NRKWD� QLQJ� UDVY MD� YDON RQ� SURWVHQGLOLVH� VLVDOGXVHQD�

SLLPDV�

/HKPDVSHWVLLILOLVWH� ODNWDWVLRRQLN}YHUDWH� DELO� SURJQRRVLPH�(&0�WRRGDQJX� ��� ± ����� ODNWDW�

VLRRQLSlHYDOH�� +XYLSDNNXYD� SHULRRGL� SLLUDPLQH� ����� ODNWDWVLRRQLSlHYDJD� EDVHHUXE�

YDUDVHPDWH�DDVWDWH�SLLPDWRRGDQJXDODVWHO�XXULQJXWHO��1HQGH�WHDGPLVWH�S}KMDO�RQ�DOXVW�DUYDWD��

HW� OHKPD� I�VLRORRJLDVW� WLQJLWXOW� RQ� PXXWXVHG� HQHUJLDELODQVLV� VXXUHPDG� MXVW� QLPHWDWXG�

SHULRRGL� YlOWHO�� 7HDGPLVHG� HQHUJLDELODQVL� NRKWD� ODNWDWVLRRQL� HVLPHVHO� SRROHO� Y}LPDOGDYDG�

OHKPDGH�V||WPLVW�RSWLPDDOVHPDNV�PXXWD��

�������$QGPHVWLNX�NLUMHOGXV

$QGPHG� RQ� NRJXWXG� DMDYDKHPLNXO� ����������� ± ����������� NDNV� NRUGD� NXXV� 3}OXOD�

NDWVHODXGDV�� $QGPHVWLN� VLVDOGDE� ���� OHKPD� DQGPHLG� HVLPHVH� ODNWDWVLRRQL� ��� ± �����

ODNWDWVLRRQLSlHYD� NRKWD�� (VLPHVWHO� SlHYDO� SHDOH� SRHJLPLVW� RQ� OHKPD� SLLPD� NRRVWLV�

WDYDSlUDVHVW�HULQHY�QLQJ�VHHW}WWX�SROH�HVLPHVHO�QlGDODO�SHDOH�SRHJLPLVW�VRRULWDWXG�NRQWUROO�

O�SVLGH� WXOHPXVHG� DQDO��VL� NDDVDWXG��9DDWOXVL� RQ NRNNX������� ,JDO� OHKPDO�RQ�YDDGHOGDYDO�

SHULRRGLO�VRRULWDWXG���± ���P}}WPLVW��-RRQLVHOW�����RQ�QlKD��NXL�PLWPHO� OHKPDO�NRQNUHHWQH�

P}}WPLVWH�DUY�HVLQHV�
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-RRQLV������(ULQHYDWH YDDWOXVVDJHGXVWHJD�OHKPDGH�DUY

3HDDHJX�SRROWHO�OHKPDGHO�RQ�XXULWDYD�SHULRRGL�MRRNVXO��KHNVD�P}}WPLVW��7HLVWHVW�URKNHP�RQ�

ND�N�PQH�YDDWOXVHJD�OHKPL�

$QGPHVWLNXV�ROHYDG�OHKPDG�RQ�MDJDWXG�NROPH�U�KPD��HHVWL�KROVWHLQ��(+)���HHVWL�SXQDQH�NDUL�

�(3.���SXQDVHNLUMX�KROVWHLQ��5+)���/HKPDGH�U�KPDGHVVH�MDJXQHPLQH�RQ�JUDDILOLVHOW�HVLWDWXG�

MRRQLVHO�����
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-RRQLV����� /HKPDGH�DUY�HULQHYDWHV�W}XU�KPDGHV
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$QDO��VLWDY�DQGPHVWLN�VLVDOGDE�MlUJPLVL�WXQQXVHLG�

5(*B15�± OHKPD�UHJLVWUHHULPLVQXPEHU�

%5(('�± OHKPD�U�KP�

)$7+(5�± OHKPD�LVD�QLPL�

',0�± ODNWDWVLRRQLSlHY�

(&0B.*�± HQHUJLD�MlUJL�NRUULJHHULWXG�SLLP��(&0��NLORJUDPPLGHV�

8XULWDYDW�WXQQXVW�NLUMHOGDYDG�DUYNDUDNWHULVWLNXG�RQ�WRRGXG�DOOMlUJQHYDV�WDEHOLV�����

7DEHO����� (&0 NLUMHOGDYDG�DUYNDUDNWHULVWLNXG

.HVNP 6WDQGDUGK 0HGLDDQ 0LQ 0D[

������ ����� ������ ����� ������

�������0XGHOLG�MD�NRYDULDWVLRRQLVWUXNWXXUL�VRELWDPLQH

0XGHOLWH� DQDO��VLNV� NDVXWDPH� 6$6� SURWVHGXXUL� 0,;('� MD� OlKWXPH� NRUGXYDWH� P}}WPLVWH�

DQDO��VL� VNHHPLVW� QLPHWDWXG� SURWVHGXXULJD� >��@�� 6HOOH� NRKDVHOW� RQ� HVLDOJVH� PXGHOL�

NLUMDSDQHNX� MlUHO� YDMD� OHLGD� DQGPHWHJD� NRRVN}ODV� ROHY� NRYDULDWVLRRQLVWUXNWXXU�� 6HHMXXUHV�

SHDNV�DUYHVWDPD�KHWHURJHHQVHWH�GLVSHUVLRRQLGHJD�HULQHYDWH�W}XJXGH�YDKHO�QLQJ�ND�VHOOHJD��HW�

OHKPD� DMDV� OlKHVWLNNX� DVXYDG� YDDWOXVHG� RQ� RPDYDKHO� URKNHP� NRUUHOHHULWXG� NXL� �NVWHLVHVW�

SLNHPD DMDSHULRRGL� NDXJXVHO� ROHYDG� YDDWOXVHG�� 6HHW}WWX� Y}LNV� ROHWDGD�� HW� VRELYDPDG� RQ�

7RHSOLW]L�72(3 MD�HVLPHVW�MlUNX�DXWRUHJUHVVLLYQH�$5��� NRYDULDWVLRRQLVWUXNWXXULG�NXMXO
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RPDYDKHOLVH� VHRVH� WXJHYXVH� PllUDPLVHNV�� 7RHSOLW]L� NRYDULDWVLRRQLVWUXNWXXU� RQ� �OGLVHP��
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NXQD� HULQHYDWH� DMDYDKHPLNH� MDRNV� OHLWDNVH� QHQGHYDKHOLQH� VHRV� V}OWXPDWXOW�� PLWWH� �KLVH�

SDUDPHHWUL�DELO��
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.RYDULDWVLRRQLPDDWULNVL� VWUXNWXXULG &6� MD�9& RQ�RPDNRUGD� OLKWVXVWDWXG�HULMXKXG�HHOQHYDOW�

NLUMHOGDWXG�VWUXNWXXULGHVW��HHOGDGHV�NRQVWDQWVHW�YDDWOXVWHYDKHOLVW�NRYDULDWVLRRQLVWUXNWXXUL�&6

SXKXO�QLQJ�YDDWOXVWH�YDKHOLVW�V}OWXPDWXVW�VWUXNWXXUL�9& NRUUDO�

9DDGHOGDYDWH� NRYDULDWVLRRQLVWUXNWXXULGH� Y}UGOXVHNV� DQWXG� PXGHOL� SXKXO� NDVXWDPH� PXGHOL�

KHDGXVW� KLQGDYDLG� VWDWLVWLNXLG� $,&� �$NDLNH¶V� ,QIRUPDWLRQ� &ULWHULRQ��� %,&� �6FKZDU]¶V�

%D\HVLDQ� &ULWHULRQ�� MD� ��5//� �5(0/� /RJ� /LNHOLKRRG��� 1HQGH� S}KMDO� WXOHNV� RWVXVWDGD�

VWUXNWXXUL�NDVXNV��PLOOH�SXKXO�PXGHOL�KHDGXVH�VWDWLVWLNXWH�YllUWXVHG�RQ�PLQLPDDOVHG��.DKH�

HULQHYD� NRYDULDWVLRRQLVWUXNWXXULJD� PXGHOL� ROXOLVW� HULQHYXVW� NRQWUROOLPH� VWDWLVWLNX�

� �>���// � ���// �@� DELO�� N}UYXWDGHV� VHGD� �F MDRWXVHJD�� 9DEDGXVDVWPHWH� DUY� RQ� PXGHOLWH�

NRYDULDWVLRRQLSDUDPHHWULWH�DUYX�YDKH��.XL�HULQHYXV�SROH�VWDWLVWLOLVHOW�ROXOLQH��WXOHE�HHOLVWDGD�

OLKWVDPD�NRYDULDWVLRRQLVWUXNWXXULJD�PXGHOLW�

3URRYLPH� SLLPDWRRGDQJX� (&0� ODNWDWVLRRQLN}YHUD� NXMX� VRELWDPLVHO� HULQHYDLG� MXKXVOLNH�

NRUGDMDWHJD�IXQNWVLRRQH��PLGD�RQ�NDVXWDWXG�YDUDVHPDWHV�XXULQJXWHV�PXMDO�PDDLOPDV�

.XQD�N}LN�OHKPDG�RQ�SlULW�VDPDVW�NDWVHODXGDVW��VLLV� WDYDSlUDVHOW�PXGHOLV�DUYHVWDWDYDW�NDUMD�

HIHNWL� DQWXG� MXKXO� SROH�� .�OO� DJD� WXOHNV� DUYHVWDGD� OHKPDGH� JHQHHWLOLVWH� U�KPDGH YDKHOLVW�

HULQHYXVW� SLLPDWRRGDQJXV�� 6HHW}WWX� OLVDPH� PXGHOLVVH� ILNVHHULWXG� HIHNWLQD� U�KPD� WXQQXVH�

%5(('�

0XGHO��

6RELYDLPD�PXGHOL� RWVLQJXLG� DOXVWDPH� OLKWVDLPDVW�PXGHOL� NXMXVW��PLV� Y}LNV� SLLPDWRRGDQJX�

PXXWXPLVW�NLUMHOGDGD�± ODNWDWVLRRQLSlHYD�NXXSPXGHO�
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6HOJXE�� HW� DQWXG� PXGHOLW� SROH� Y}LPDOLN� KLQQDWD� PLWWH� �KHJL� YDOLWXG�

NRYDULDWVLRRQLVWUXNWXXULJD��VHVW�DUYXWXVSURWVHVV�HL�NRRQGX��6HHW}WWX�DVXPH�RWVLPD�VRELYDPDW�

PXGHOLW�

0XGHO��

.DVXWDPH�(&0�WRRGDQJX�KLQGDPLVHNV�SXQNWLV�����WRRGXG�IXQNWVLRRQL������ QLQJ�OLVDPH�W}X�

ILNVHHULWXG�HIHNWL��6DDPH�PXGHOL NXMXO
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7DEHO������.RYDULDWVLRRQLVWUXNWXXULGH�VRELYXV�PXGHOLOH��

.RY�
VWUXNWXXU ��5// $,& %,&

9& � � �
&6 ������ ������ ������

$5��� ������ ������ ������
72(3 � � �

7DEHOLV�����RQ�WRRGXG�VWDWLVWLNXG�YDLG�NDKHOH�NRYDULDWVLRRQLVWUXNWXXULOH��NXQD�9& MD�72(3

VWUXNWXXUL�HL�}QQHVWXQXG�YDDGHOGDYD�PXGHOLJD�DQDO��VLWDYDWHOH�DQGPHWHOH�VRELWDGD��

3DULPDNV�RVXWXE�HVLPHVW�MlUNX�DXWRUHJUHVVLLYQH�NRYDULDWVLRRQLVWUXNWXXU��

0XGHO��

8XULPH�DUWLNOLV� >�@ HVLWDWXG� ODNWDWVLRRQLN}YHUDW�PRGHOOHHULYDW�NROPDQGD�DVWPH�QRUPHHULWXG�

/HJHQGUH�SRO�QRRPL

� � � � � � � � �B � � � � � � � �(&0 .* D %5((' D 3 W D 3 W D 3 W D 3 WP Hc c c c � 
 � 
 � 
 � 
 � 
 � �

NXV� � �L3 Wc RQ� YDVWDYDOW MlUNX L /HJHQGUH� SRO�QRRP MD� DHJ� W WlKLVWDE� VWDQGDUGLVHHULWXG�

ODNWDWVLRRQLSlHYD�
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/lKHPDOW� /HJHQGUH� SRO�QRRPLGHVW� SXQNWLV� �����hOHYDDWH� HULQHYDWH� VWUXNWXXULGH� VRELYXVHVW�

DQQDE�MlUJQHY�WDEHO�����

7DEHO����� .RYDULDWVLRRQLVWUXNWXXULGH�VRELYXV�PXGHOLOH��

.RY�
VWUXNWXXU ��5// $,& %,&

9& � � �
&6 ������ ������ ������

$5��� ������ ������ ������
72(3 ������ ������ ������

6DUQDVHOW� PXGHOLOH� �� HL� }QQHVWX� ND� PXGHOL� �� SXKXO� KLQQDWD� NRYDULDWVLRRQLVWUXNWXXUL�9&��

0XGHOL�KHDGXVH�NDUDNWHULVWLNXWH�$,&�MD�%,&�S}KMDO�RQ�SDULP�HVLPHVW�MlUNX�DXWRUHJUHVVLLYQH�

NRYDULDWVLRRQLVWUXNWXXU�� 6DPDV� RQ� VWDWLVWLNX� ��//� S}KMDO� SDUHP� 72(3 VWUXNWXXU�� .XQD

$5��� MD� 72(3 VWUXNWXXULG SROH VWDWLVWLNX� $5��� 72(3>���// � ���// �@� YllUWXVH� S}KMDO�

ROXOLVHOW� HULQHYDG �VWDWLVWLNX� YllUWXV� ����� YDEDGXVDVWPHLG� ���� ���� VLLV� HHOLVWDPH� $5����

NRYDULDWVLRRQLVWUXNWXXULJD�PXGHOLW�� NXL� OLKWVDPDW��.RYDULDWVLRRQLVWUXNWXXULGHO�&6 MD�$5���

RQ� SDUDPHHWUHLG� �KHSDOMX� ����� VHHJD� SDUHPDNV� Y}LE� ND� VHOOHV� Y}UGOXVHV� SLGDGD� YlLNVHPD�

VWDWLVWNX���//�YllUWXVHJD�$5��� VWUXNWXXUL�

0XGHO��

.DVXWDPH�DQWXG�PXGHOLV�IXQNWVLRRQL �������PLV�RQ�NRPSURPLVV�WRRGXG�PXGHOL���MD�:LOPLQNL�

N}YHUD�YDKHO�

� � � � � � � �B � � � � � � H[S� ���� �(&0 .* D %5((' D 3 W D 3 W D 3 W D WP H � 
 � 
 � 
 � 
 � 
 � 
 � �

NXV� � �L3 W RQ�L�QGDW�MlUNX�/HJHQGUH�SRO�QRRP�

6DUQDVHOW� PXGHOLOH� ��� SROH� DQWXG� PXGHOL� SXKXO� Y}LPDOLN� VRELWDGD� DQGPHWHOH�

NRYDULDWVLRRQLVWUXNWXXUH� 9& MD� 72(3� �WDEHO� ������ 0XGHOL� KHDGXVH� VWDWLVWLNXWH� S}KMDO�

HHOLVWDPH�HVLPHVW�MlUNX�DXWRUHJUHVVLLYVHW�NRYDULDWVLRRQLVWUXNWXXUL�
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7DEHO������.RYDULDWVLRRQLVWUXNWXXULGH�VRELYXV�PXGHOLOH��

.RY�
VWUXNWXXU �5// $,& %,&
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6HHJD�RVXWXV�N}LJL�PXGHOLWH�SXKXO�SDULPDNV�DXWRUHJUHVVLLYQH�NRYDULDWVLRRQLVWUXNWXXU�$5�����

PLV�VRELE�ND�LQWHUSUHWDWVLRRQL�SRROHVW�

�������3URJQRRVLG�MD�SDULPD�PXGHOL�YDOLN

2OOHV�PllUDQXG� YDDGHOGDYDWHOH�PXGHOLWHOH� NRYDULDWVLRRQLVWUXNWXXUL�� WXOHE� WHKD� O}SOLN� YDOLN�

PXGHOLWH������MD���YDKHO��3DULP�PXGHO�SHDNV�Y}LPDOLNXOW�WlSVHOW�SURJQRRVLPD�LQGLYLGXDDOVHLG�

ODNWDWVLRRQLN}YHUDLG�� VW� ROHPD� NRRVN}ODV� UHDDOVHWH� DQGPHWHJD�� 6DPDV� HL� WRKL� WD� PLQQD�

YDVWXROOX��OGWXQQXVWDWXG� MD� I�VLRORRJLOLVHOW�S}KMHQGDWXG� M}XGOXVQlLWDMDWH�PXXWXPLVWHOH�DMDV��

(W�VHGD�KLQQDWD� SURJQRRVLPH�Y}UUHOGDYDWH�PXGHOLWHJD�ODNWDWVLRRQLN}YHUDG�

3URJQRRVLPLVHNV� NDVXWDPH� 6$6� SURWVHGXXUL� 0,;('� SRROW� YlOMDVWDWXG� DQGPHVWLNNH�

ILNVHHULWXG� QLQJ� MXKXVOLNHOH� HIHNWLGHOH �6$6� YlOMXQGLG� RQ� WRRGXG� OLVDV� ���� 1LL� VDDE� LJD�

NRQNUHHWVH�OHKPD�MDRNV�OHLGD�ILNVHHULWXG�MD�LQGLYLGXDDOVH�HIHNWL�VXPPHHULPLVHO�QLQJ�YDVWDYD�

ODNWDWVLRRQLSlHYD�YllUWXVH�DELO�LJDSlHYDVHG�(&0�WRRGDQJXG�

,JDSlHYDVHG� OHKPDVSHWVLLILOLVHG� (&0� SURJQRRVLG� OHLDPH� 6$6� SURWVHGXXUL� ,0/� DELO��

ILNVHHULWXG� MD� MXKXVOLNH� HIHNWLGH� QLQJ� ODNWDWVLRRQLSlHYD� MD� U�KPD� PllUDYDLG� PDDWULNVHLG�

NDVXWDGHV�� ,OOXVWUHHULPDNV� VDDGXW�� RQ� MlUJQHYDLO� MRRQLVWHO� NXMXWDWXG� YDOLWXG� OHKPDGH�

ODNWDWVLRRQLN}YHUDLG��PLV�RQ�KLQQDWXG�NROPH�HULQHYD�PXGHOL�DELO�
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-RRQLV������0XGHOL���DELO�OHLWXG�(&0�SURJQRRVLN}YHUDG�HULQHYDWHOH�OHKPDGHOH

.ROPDQGD� MD� QHOMDQGD� PXGHOL� SURJQRRVLG� RQ� �VQD� VDUQDVHG�� NXQD� PXGHOLWHV� NDVXWDWDYDG�

IXQNWVLRRQLG� VLVDOGDYDG� VXXUHPDV� RVDV� VDUQDVHLG� NRPSRQHQWH��0DLQLWXG�PXGHOLWH� HULQHYXV�

Y}UUHOGHV�PXGHOLJD� �� RQ� VXXULP� MXVW� ODNWDWVLRRQL� DOJXVSlHYDGHO�� NXV�PXGHOL� �� DELO� VDDGXG�

SURJQRRVLG� RQ� WHLVWHJD� Y}UUHOGHV� VXXUHPD� KDMXYXVHJD�� +LOMHP� RQ� PXGHO� �� DJD� VWDELLOQH��

-RRQLVWH�MlUJL�RWVXVWDGHV�WXQGXYDG�SDUHPDG�SURJQRRVLG�ROHPD�PXGHOLWHO���MD����1HQGH�NDKH�

PXGHOL�YDKHO�SROH�DJD�YLVXDDOVHOW�Y}LPDOLN��KH�Y}L�WHLVH�NDVXNV�RWVXVWDGD�

8XULPH�N}LJHSHDOW�PXGHOLWH�NLUMHOGDYXVW� MXKXVOLNXOH�YHDOH�YDVWDYD�GLVSHUVLRRQLNRPSRQHQGL�

DELO� ± PLGD� YlLNVHP� RQ� NRPSRQHQGL� YllUWXV�� VHGD� VXXUHP� RVD� HQHUJLD� MlUJL� NRUULJHHULWXG�

SLLPDWRRGDQJX�YDULHHUXYXVHVW�}QQHVWXE�PHLO�YDVWDYD�PXGHOLJD�NLUMHOGDGD��.}LJH�VXXUHP�RQ

MXKXVOLNX�YHD�GLVSHUVLRRQLNRPSRQHQW�PXGHOLO�������������PXGHOLG���MD���RQ VHOOHV�RVDV��VQD�

VDUQDVHG��YDVWDYDOW��������MD����������6HHJD�Y}LE�WHLVWHVW�SDUHPDNV�SLGDGD�PXGHOLW���

(GDVL� Y}UGOHPH� SURJQRRVLGH� NRRVN}OD� WHJHOLNXOW� P}}GHWXG� YllUWXVWHJD�� 6HOOHNV� OHLDPH�

3HDUVRQL�NRUUHODWVLRRQLNRUGDMD�MD�NHVNPLVH UXXWYHD��06(��
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NXV� ÖL\ RQ� SURJQRRVLWXG� MD� L\ WHJHOLN� (&0� YllUWXV� ODNWDWVLRRQLSlHYDO� L QLQJ� Q WlKLVWDE�

YDDWOXVWH�DUYX�

7XOHPXVHG�RQ�WRRGXG�MlUJQHYDV�WDEHOLV�����

7DEHO������(ULQHYDWH�PXGHOLWH�VRELYXVQlLWDMDG

0XGHO .RUUHODWVLRRQ 06(
0� ������ ������
0� ������ ������
0� ������ ������

1DJX�QlKD��RQ�N}LNLGH�PXGHOLWH�SXKXO�YDDGHOGDYDG�QlLWDMDG��VQD��KHVXJXVHG��7HLVWHVW�YHLGL�

VXXUHPD�NRUUHODWVLRRQLNRUGDMD�MD�YHLGL�YlLNVHPD�NHVNPLVH�UXXWYHDJD�RQ�PXGHO���

8XULPH� ND� VHGD�� NXL� KlVWL� RQ� YDDGHOGDYDG� PXGHOLG� SURJQRRVLQXG� (&0� YllUWXVL� LJDOH�

OHKPDOH�HUDOGL��6HOOHNV�OHLDPH�NRUUHODWVLRRQLG�OHKPD�YDDWOXVWH�MD�YDVWDYDWHOH�O�SVLSlHYDGHOH�

DUYXWDWXG�SURJQRRVLGH�YDKHO�QLQJ�YDDWDPH�VDDGXG�VHRVWH� WXJHYXVW� �VW�NRUUHODWVLRRQLNRUGDMD�

DEVROXXWYllUWXVW���6HOOHVW�DQQDE��OHYDDWH�WDEHO�����

7DEHO����� /HKPDGHOH�OHLWXG�NRUUHODWVLRRQLGH�WXJHYXVW�NLUMHOGDYDG�QlLWDMDG

0XGHO 0HGLDDQ 0LQ 0D[ $O�NYDUWLLO hO�NYDUWLLO
0� ������ ������ ������ ������ ������
0� ������ ������ ������ ������ ������
0� ������ ������ ������ ������ ������

7DDV� RQ� VRELYXVH� SRROHVW� WHLVWHVW� YHLGL� SDUHP� PXGHO� �� ± PLQLPDDOQH� MD� PDNVLPDDOQH�

NRUUHODWVLRRQ� OHKPD� WHJHOLNH� MD� SURJQRRVLWXG� (&0� YllUWXVWH� YDKHO� RQ� WHLVWHVW� VXXUHPDG��

.}LJH� VXXUHP� HULQHYXV� YDDGHOGDYDWH� PXGHOLWH� KXOJDV� SDLVWDE� VLOPD� DOXPLVH� NYDUWLLOL�

YllUWXVHV�� PLV� RQ� PXGHOL� �� SXKXO� WHLVWHVW� PlUJDWDYDOW� VXXUHP� QLQJ� YLLWDE� VHOOHOH�� HW�

WXJHYDPDLG�NRUUHODWVLRRQH�HVLQHE�VHOOH�PXGHOL�SXKXO WHLVWHVW�URKNHP��

$UWLNOLV� >�@ Y}UUHOGDNVH� HULQHYDLG� PXGHOHLG� SLLPDWRRGDQJX� ODNWDWVLRRQLN}YHUD�

NLUMHOGDPLVHNV��0XGHOLWH� �� MD� �� VRELWDPLVHO� MXKXVOLNXOH� RVDOH� LVD� MD� ORRPDPXGHOLV� OHLGVLG�

DUWLNOL� DXWRULG�� HW� SDUHP� RQ� PXGHO� ��� 6RELYXVNULWHHULXPLQD� NDVXWDWL� ��5//� PLQLPDDOVHW�

YllUWXVW��hNVQHV�VHOOHVW�NULWHHULXPLVW�OlKWXGHV�RQ�PHLO�HHOLVWDWXP�PXGHO���



��

(HOQHY�Y}UGOXV�S}KLQHE�PXGHOLWH�PDWHPDDWLOLVHO�KHDGXVHO��7XOHPXVWH�S}KMDO�Y}LNV�SDULPDNV�

SLGDGD�PXGHOLW����PLOOHVW�YHLGL�KDOYHPDG�QlLWDMDG�RQ�PXGHOLO����/LVDNV�NRQNUHHWVHWH�UHDDOVHWH�

YllUWXVWHJD� NRRVN}OD� VDDYXWDPLVHOH� RQ� DJD� WlKWLV� ND� PXGHOL� LQWHUSUHWHHULWDYXV� ± NXL� KlVWL�

YDVWDYDG� SURJQRRVLWXG� N}YHUDG� SUDNWLNDV� NLQQLWXVW� OHLGQXG� ODNWDWVLRRQLN}YHUDOH�� 2RGDWDYD�

SLLPDWRRGDQJX� ODNWDWVLRRQLN}YHUD� NRKDVHOW� SHDNV� SHULRRGL� DOJXO� WRRGDQJ� NDVYDPD� QLQJ�

VDDYXWDPD�PDNVLPXPL�WHLVHNV�ODNWDWVLRRQLNXXNV��KDNDWHV�VHHMlUHO�YlKHKDDYDO�ODQJHPD�>��@�

7XOHE�VLOPDV�SLGDGD�DJD�VHGD��HW�3}OXOD�NDWVHODXGD�OHKPDG�HL�HVLQGD�(HVWL�NHVNPLVW�OHKPDGH�

SRSXODWVLRRQL��3DOMXG�VHDOVHG�OHKPDG�RQ�N}UJH�WRRGDQJXJD�MD�QHLO�HVLQHE�VXXUL�YllUWXVL�NRJX�

YDDGHOGDYD� SHULRRGL� YlOWHO�� 0XXWOLNNH� YDDWOXVL� OHKPD� NRKWD� HVLQHE� VDPXWL� �VQD� SDOMX��

9LLPDVHLG SROHJL�Y}LPDOLN�WXYDVWDGD�HULQGLWH�RWVLPLVHO�DQGPHVWLNXVW��VHVW��NVLNYDDWOXVHQD�RQ�

QDG� QRUPDDOVHG��.�OO� DJD� LOPQHE� HUDQGOLN� WUHQG� NRQNUHHWVH� ORRPD� MlUMHVWLNXVHLG�P}}WPLVL�

N}UYXWDGHV��1DJX� QlKD� MRRQLVWHOW� ���� MD� ����� RQ� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD�PXGHOLG�

N�OODOW� SDLQGOLNXG� PRGHOOHHULPDNV� ND� HUDQGOLNX� ODNWDWVLRRQL� NXOJHPLVHJD� OHKPDGH�

WRRGDQJXLG� QLQJ� WXOHPXVHNV� Y}LYDG ROOD� RRGDWXOH� YDVWXSLGLVH� NXMXJD� N}YHUDG�� 6HHJD� Y}LE�

VLLQNRKDO�DQGPHVWLNX�XXHVWL��OH�YDDGDWD��HUDQGOLNXG OHKPDG�YlOMD�MlWWD�QLQJ�VRELWDGD�PXGHOLW�

XXHVWL��3}OXOD�NDWVH�SXKXO�RQ�WHJX�QLLJL�YlLNHVH�YDOLPLJD�QLQJ�VHHW}WWX�S��DPH�SLJHP�OHLGD�

PXGHOLW��PLV� ND� HUDQGOLNH� OHKPDGH� WRRGDQJXWHOH� HQDP� ORRJLOLVHG� WUDMHNWRRULG� SURJQRRVLNV��

7RRGXG�NDDOXWOXVWHVW�OlKWXYDOW�Y}LNV�DQWXG�MXKXO�SDUHPDNV�WXQQLVWDGD�PXGHOL����PLOOH�SXKXO�

SROH�SURJQRRVLWXG�ODNWDWVLRRQLN}YHUDWHO�XXULWDYD�SHULRRGL�O}SXV�QLL�MlUVNX�W}XVX��

9}WWHV� NRNNX� VWDWLVWLOLVH� VRELYXVH� MD� NRRVN}OD� UHDDOVXVHJD� Y}LE� (&0�WRRGDQJX�

SURJQRRVLPLVHO�WHLVWHVW�SDUHPDNV�SLGDGD�PXGHOLW���

/HLWXG� SURJQRRVLGHVW� VDDPH� LJDOH� OHKPDOH� YlOMD� OXJHGD� PDNVLPDDOVH� (&0�WRRGDQJX� MD�

VHOOHOH� YDVWDYD� ODNWDWVLRRQLSlHYD� 7XOHYLNXV� RQ� NDYDV� OHLGD� OLVDNV� (&0�WRRGDQJX�

SURJQRRVLGHOH� LQGLYLGXDDOVHG� N}YHUDG� ND� OHKPDGH� NHKDNDDOXOH� MD� V||PXVHOH� 1LPHWDWXG�

NROPH� QlLWDMD� DOXVHO� VDDE� VHHMlUHO� DUYXWDGD� LJDSlHYDVHOW� HQHUJLDELODQVL WUDMHNWRRULG� LJDOH�

OHKPDOH�HUDOGL�
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�������3XOOLGH�(&0�WRRGDQJX�DUHWXVYllUWXVWH�KLQGDPLQH�OHLWXG�

SURJQRRVLGH�DELO

6DDGXG�SDULPD�PXGHOL�SURJQRRVH�RQ�PHLO�Y}LPDOLN�NDVXWDGD�ND�JHQHHWLOLVHNV�KLQGDPLVHNV��

HW� YlOMD� VHOJLWDGD�� NXL� KHD� (&0� WRRGDQJX� SlUDQGDYDG� SXOOLG� DQGPHVWLNXV� ROHYDWHOH�

OHKPDGHOH�NXL�RPD�MlUJODVWHOH�

/DNWDWVLRRQLN}YHUDWH� DELO� OHLWXG� (&0� SURJQRRVH� VDDPH� NDVXWDGD� LVDGH� (&0� WRRGDQJX�

DUHWXVYllUWXVH� DUYXWDPLVHNV� LJDOH� ODNWDWVLRRQLSlHYDOH� L HUDOGL�� 6HOOHNV� OHLDPH� LJD� SXOOL�

MlUJODVWH�NHVNPLVH�WRRGDQJX�HULQHYXVH�SRSXODWVLRRQL �OGNHVNPLVHVW�

Ö �� �
L LV V$ 3 3 � �����

NXV� Ö
LV

$ RQ�SXOOL�V DUHWXVYllUWXV�ODNWDWVLRRQLSlHYDO�L��
LV

3 RQ�LVD�V MlUJODVWH�NHVNPLQH�XXULWDYD�

WXQQXVH� YllUWXV� ODNWDWVLRRQLSlHYDO� L MD� 3 SRSXODWVLRRQL� �OGNHVNPLQH� >��@� $UHWXVYllUWXV�

QlLWDE� VHHJD�� NXL� SDOMX� �OH� Y}L� DOOD� SRSXODWVLRRQL� NHVNPLVH� WDVHPH� MllE� XXULWDYD� WXQQXVH�

YllUWXV NRQNUHHWVHO�LQGLYLLGLO�QLQJ�ROHQHE�VHHJD�LQGLYLLGLVW�MD�SRSXODWVLRRQLVW�

7DEHO������(ULQHYD�DUYX�W�WDUGHJD�SXOOLGH�DUY

3XOOL�W�WDUGH�DUY � � � � � � � � � ��

3XOOLGH�DUY �� �� � � � � � � � �

1DJX� QlKD� WDEHOLVW� ����� RQ� HQDPLNXO� SXOOLGHVW� YDDGHOGDYDV� DQGPHVWLNXV� YDLG� �NV� MlUJODQH��

1HLOH� SXOOLGHOH� SROH� RWVWDUEHNDV� DUHWXVYllUWXVL� OHLGD�� 0LGD� URKNHP� MlUJODVL� DUHWXVYllUWXVH�

DUYXWDPLVHNV�NDVXWDGD�RQ�� VHGD�XVDOGXVYllUVHPDG�RQ� WXOHPXVHG��-RRQLVHO�����RQ�NXMXWDWXG�

YlKHPDOW�YLLW�MlUJODVW�RPDQXG�SXOOLGH�YDOHPL������ DOXVHO�KLQQDWXG�DUHWXVYllUWXVHG��
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$GDP�(7 $OVWDQ�5(' (JEHUW

+DQVPRHQ +ROJHU -XEKDQFHU�5('

1LOV 3URILO�(7 9HVW�7RS

-RRQLV������(ULQHYDWH�SXOOLGH�KLQQDWXG�DUHWXVYllUWXVHG�ODNWDWVLRRQL�HVLPHVHO�SRROHO

hVQD� VDUQDVH� NXMXJD N}YHUDG� RQ� SXOOLGHO�1LOV� MD� 3URILO� (7��1HQGH� W�WDUGH� WRRGDQJ� QlLWDE�

ODNWDWVLRRQL�DOJXO�ODQJXVWUHQGL�Y}UUHOGHV�DQGPHVWLNX�NHVNPLVHJD��9DVWXSLGLVW�WUHQGL�QlLWDYDG�

RPDYDKHO� VDUQDVHG� N}YHUDG� SXOOLGHOH� (JEHUW� MD� $GDP� (7�� 7HLVWHVW� YHLGL� VXXUHPD�

DUHWXVYllUWXVH�SRROHVW�SDLVWDE�VLOPD�$GDP�(7�QLQJ��VQD�VWDELLOVHOW�PDGDOD�DUHWXVYllUWXVHJD�

RQ�+ROJHU��9HVW�7RSL�MlUJODVWH�ODNWDWVLRRQL�DOJXVH�PDGDO�WRRGDQJ�QlLWDE�W}XVXWUHQGL�

-lUJQHYDOW� XXULPH�� NXL� WlSQH� RQ� VRELYDLPDNV� WXQQLVWDWXG� MXKXVOLNH� UHJUHVVLRRQLNRUGDMDWHJD�

PXGHO���DQWXG�SXOOLGH�SXKXO��.DV�P}QH�SXOOL�MlUJODVWHOH�VRELE�VHH�PXGHO�SDUHPLQL"�6HOOHNV�

OHLDPH�LJD�SXOOL�MlUJODVWH�NHVNPLVH�UXXWYHD��PLV�RQ�WRRGXG�MRRQLVHO������
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$GDP�(7 $OVWDQ

5('

(JEHUW +DQVPRHQ +ROJHU -XEKDQFHU

5('

1LOV 3URILO�(7 9HVW�7RS

3XOOL�QLPL
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-RRQLV����� (ULQHYDWH�SXOOLGH�W�WDUGH�(&0�WRRGDQJX�UXXWNHVNPLVHG�YHDG

(QDPLNHO� SXOOLGHO� RQ� W�WDUGH� NHVNPLVWH� UXXWYLJDGH� KDMXYXV� VDUQDQH�� 7HLVWHVW� VXXUHPDLG�

YllUWXVL�HVLQHE�SXOOLGHO�+ROJHU�MD�$GDP�(7��9lLNVHPDG�NHVNPLVHG�UXXWYHDG�RQ�SXOOLO�9HVW�

7RS�� 6LLVNL� SROH� HULQHYXVHG� SXOOLGH� YDKHO� NXLJL� VXXUHG� QLQJ� DQGPHWH� YlKHVXVH� W}WWX� SROH�

DOXVW� YlLWD�� HW� PXGHO� �� VRELE� WHDWXG� SXOOLGH� MlUJODVWH� (&0�WRRGDQJX� SURJQRRVLPLVHNV�

SDUHPLQL�MD�WHDWXG�SXOOLGH�MlUJODVWH�(&0�WRRGDQJX�SURJQRRVLPLVHNV�KDOYHPLQL�

/HLDPH� DQWXG� SXOOLGHOH� ND� YDDGHOGDYD� SHULRRGL� DUHWXVYllUWXVH�� PLV� RQ� LJDSlHYDVHOW OHLWXG�

DUHWXVYllUWXVWH�VXPPD�

���

�

Ö Ö
LV V

L

$ $
 

 ¦ �

6DDGXG�VXPPDDUVHWH�DUHWXVYllUWXVWH�DOXVHO�VDDPH�SXOOLG�UHDVWDGD�SDUHPXVH�MlUJL��WDEHO�������
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7DEHO����� 3XOOLGH�SDUHPXVMlUMHVWXV�DUHWXVYllUWXVH�MlUJL

3XOO $UHWXVYllUWXV
$GDP�(7 �����
1LOV �����
(JEHUW �����
+DQVPRHQ �����
-XEKDQFHU�5(' ����
$OVWDQ�5(' �����
3URILO�(7 ������
+ROJHU ������
9HVW�7RS ������

6HHJD�Y}LPH�|HOGD��HW� ODNWDWVLRRQL�HVLPHVH�SRROH�HQHUJLD� MlUJL�NRUULJHHULWXG�SLLPD�WRRGDQJ�

RQ�N}LJH� VXXUHP�SXOOL�$GDP�(7� MlUJODVWHO��3DUHPXVHOW� WHLQH�RQ�SXOO�1LOV�� -RRQLVHOW�����RQ�

QlKD�� HW� QLPHWDWXG� SXOOLGHO� RQ� DUHWXVYllUWXV� SRVLWLLYQH� NRJX� YDDGHOGDYD� SHULRRGL� MRRNVXO��

6XXUXVHOW� NROPDQGD� DUHWXVYllUWXVHJD� SXOOLO� (JEHUW� RQ� DUHWXVYllUWXV� HVLPHVHO�

ODNWDWVLRRQLNXXO�QHJDWLLYQH��
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.RNNXY}WH

.lHVROHYDV�PDJLVWULW||V�DQQDPH��OHYDDWH�MXKXVOLNH�NRUGDMDWHJD��OGLVH�OLQHDDUVH�VHJDPXGHOL�

ROHPXVHVW� QLQJ� UDNHQGXVWHVW� ORRPDGH� DUHWXVHV�� NXV� QLPHWDWXG� PXGHOLW� NDVXWDWDNVH� MlUMHVW�

HQDP� QLL� PDMDQGXVOLNXOW� ROXOLVL� WXQQXVHLG� P}MXWDYDWH� IDNWRULWH� YlOMD� VHOJLWDPLVHO� NXL� ND�

ORRPDGH� JHQHHWLOLVHO� KLQGDPLVHO�� (HON}LJH� YLLPDVH� HHVPlUJL� WDUYLV� YlOMDW||WDWXG�

NRQWUROOSlHYD� PXGHOL� ILNVHHULWXG� UHJUHVVLRRQLNRUGDMDWHJD� YDULDQWL� UDNHQGDWDNVH� ND� (HVWLV�

-}XGOXVNRQWUROOL� .HVNXVHV� YHLVWH� M}XGOXVWXQQXVWH� DUHWXVYllUWXVWH� KLQGDPLVHNV�� /LVDNV�

NRQWUROOSlHYD� PXGHOLOH� OHLDE� MXKXVOLNH� NRUGDMDWHJD� �OGLQH� OLQHDDUQH� VHJDPXGHO� NDVXWXVW�

ORRPDGH� DUHWXVHV� ND� QlLWHNV� NDVYXN}YHUDWH�� HOXNHVWXVH� QLQJ� JHQRW��EL� MD� NHVNNRQQD�

NRRVP}MX� DODVWHV� XXULQJXWHV�� (QDPLNHV� QHLVW� YDOGNRQGDGHVW� RQ� DQWXG� W��SL� PXGHOLWH�

UDNHQGDPLQH� DOOHV�DOJXVMlUJXV�QLQJ�VRELYD�PXGHOL�YlOMDNXMXQHPLQH�Q}XDE�YHHO� WlLHQGDYDLG�

XXULQJXLG�

7||V�UDNHQGDPH�MXKXVOLNH�NRUGDMDWHJD��OGLVW�OLQHDDUVHW�VHJDPXGHOLW�UDNHQGXVXXULQJX�³(HVWL�

YHLVHW}XJXGH� PDNVLPDDOVH� SLLPDM}XGOXVH� YlOMDVHOJLWDPLQH´� DQGPHWHOH�� 6HOOH� XXULQJX�

PLWPHNHVLVWH� QlLWDMDWH� KXOJDVW� SDNXE� DQWXG� MXKXO� KXYL� ��� ± ����� ODNWDWVLRRQLSlHYD� HQHUJLD�

MlUJL� NRUULJHHULWXG� SLLPDWRRGDQJ�� (HVPlUN� RQ� OHLGD� DQGPHLG� KlVWL� NLUMHOGDY� QLQJ� ND�

UHDDOVXVHJD� NRRVN}ODV� ROHY� PXGHO� OHKPDGHOH� LQGLYLGXDDOVHWH� ODNWDWVLRRQLN}YHUDWH�

KLQGDPLVHNV�� 6HOOHNV� VRELWDPH� DQWXG� DQGPHWHOH� YDUDVHPDWHV� DUHWXVDODVWHV� XXULQJXWHV�

NLUMHOGDWXG� ODNWDWVLRRQLN}YHUD� IXQNWVLRRQH�� $QGPHWH� DQDO��VLPLVHNV� NDVXWDPH� 6$6�

SURWVHGXXUL�0,;('�

3DULPD� PXGHOL� YlOMDVHOJLWDPLVW� DOXVWDPH� PXGHOLWHOH� VRELYD� NRYDULDWVLRRQLVWUXNWXXUL�

PllUDPLVHVW� QLQJ� VHHMlUHO� Y}UGOHPH� PXGHOLWH� KHDGXVW� MllNYDULHHUXYXVH� NHVNPLVH� UXXWYHD�

QLQJ� SURJQRRVLGH� MD� WHJHOLNH� YllUWXVWH� YDKHOLVWH� NRUUHODWVLRRQLGH� DELO�� .XQD� PXGHOLWH�

KHDGXVH� QlLWDMDWHV� YlJD� VXXUL� HULQHYXVL� HL� HVLQH�� WHHPH� O}SOLNX RWVXVH� RRGDWDYD� N}YHUD�

NXMXJD�SDUHPLQL�VRELYD�PXGHOL�NDVXNV��9DVWDY�PXGHO�RQ�NXMXO�
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NXV� � �L3 W RQ�L�MlUNX�/HJHQGUH�SRO�QRRP��%5((' RQ�OHKPD�U�KPD�ILNVHHULWXG�P}MX��H RQ�

MXKXVOLN YLJD�QLQJ�W RQ�O}LJXOH�> ���@� VWDQGDUGLVHHULWXG�DMDKHWN�
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NXV� PLQ/3 RQ�YDUDVHLP�DMDKHWN�QLQJ� PD[/3 RQ�KLOLVHLP�DQGPHWHV�HVLQHY�DMDKHWN�

7RRGXG�PXGHOL� S}KMDO� OHLWXG� LQGLYLGXDDOVHWH� ODNWDWVLRRQLN}YHUDWH� DELO� OHLDPH� DQGPHVWLNXV�

ROHYDWH� OHKPDGH� LVDGHOH� �NHOOHO� DQGPHVWLNXV� RQ� YlKHPDOW� YLLV� MlUJODVW�� DUHWXVYllUWXVHG� QLL�

LJDSlHYDVHOW� NXL� ND� YDDGHOGDYD� SHULRRGL� VXPPDDUVH� YllUWXVHQD�� 9DVWDYDWHOW� N}YHUDWHOW� RQ�

QlKD�� HW� HQDPLNH SXOOLGH� SXKXO� PXXWXE� DUHWXVYllUWXV� HULQHYDOW�� 6LLVNL� HL� VDD� MlUJODVWH

NHVNPLVWH�UXXWYLJDGH�S}KMDO�YlLWD��HW�YDOLWXG�PXGHO�SURJQRRVLNV�P}QH�SXOOL� W�WDUGH�HQHUJLD�

MlUJL� NRUULJHHULWXG� SLLPDWRRGDQJXW� SDUHPLQL�� +XYL� SDNNXQXG� SHULRRGL� VXPPDDUVH�

DUHWXVYllUWXVH� S}KMDO� VDDPH� YDDWOXVDOXVHG� SXOOLG� MlUMHVWDGD� JHQHHWLOLVH� SDUHPXVH� DOXVHO��

6XXULPD�DUHWXVYllUWXVHJD�RQ�SXOO�$GDP�(7��WDOOH�MlUJQHYDG�SXOOLG�1LOV�MD�(JEHUW�

.RNNXY}WWHV� VDLPH� MXKXVOLNH� NRUGDMDWHJD� �OGLVH� OLQHDDUVH� VHJDPXGHOL� DELO� LQGLYLGXDDOVHG�

ODNWDWVLRRQLN}YHUDG� OHKPDGH� (&0�WRRGDQJXOH� QLQJ� KLQGDVLPH� VDDGXG� WXOHPXVWH� DOXVHO� ND�

SXOOH�QHQGH�SRROW�RPD� W�WDUGHOH�SlUDQGDWDYD�(&0�WRRGDQJX�JHQHHWLOLVH�SRWHQWVLDDOL�DOXVHO��

7XOHYLNXV� RQ� NDYDV� OHLGD� OLVDNV� (&0�WRRGDQJX� SURJQRRVLGHOH� LQGLYLGXDDOVHG� N}YHUDG� ND�

OHKPDGH� NHKDNDDOXOH� MD� V||PXVHOH�� PLVMlUHO VDDE� QLPHWDWXG� NROPH� QlLWDMD� DOXVHO� OlEL� YLLD�

HQHUJLDELODQVL�DODVHLG XXULQJXLG�
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5DQGRP�UHJUHVVLRQ�PRGHO�LQ�DQLPDO�EUHHGLQJ�

0DVWHU�7KHVLV

0LUMDP�9DOODV
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DQLPDO�EUHHGLQJ��,Q�WKH�SUHVHQW�FRQWH[W�JHQHUDO�OLQHDU�PL[HG�PRGHOV�DUH�DOVR�FDOOHG�UDQGRP�
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LQGLYLGXDO� ODFWDWLRQ� FXUYHV� RI FDWWOH� ZLWKLQ� �� WR� ���� GD\V� RI� ODFWDWLRQ�� )RU� WKLV� SXUSRVH�

IXQFWLRQV� IRU� ODFWDWLRQ� FXUYHV� SURSRVHG� LQ� WKH� OLWHUDWXUH� ZHUH� XVHG�� 'DWD� DQDO\VLV� ZDV�

LPSOHPHQWHG� LQ� VRIWZDUH� SDFNDJH� 6$6�67$7� �YHUVLRQ� ����� XVLQJ� SURFHGXUH�0,;('��7KH�
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ZKHUH� PLQ/3 LV�WKH�HDUOLHVW�WLPH�SRLQW�DQG PD[/3 WKH�ODWHVW�WLPH�SRLQW�SUHVHQW�LQ�WKH�GDWD�

%DVHG�RQ�WKH�LQGLYLGXDO�ODFWDWLRQ�FXUYHV�REWDLQHG�IURP�WKH�ILWWHG�PRGHO�WKH�EUHHGLQJ�YDOXH��

ERWK�GDLO\�DQG�FRQVLGHULQJ�LW�DV�D�WRWDO�PHDVXUH�RYHU�WKH�REVHUYHG�SHULRG��IRU�VLUHV�KDYLQJ�DW�

OHDVW�ILYH�RIIVSULQJ�ZHUH�HVWLPDWHG��7KH�WRWDO�EUHHGLQJ�YDOXH�HQDEOHV�WR�RUGHU�WKH�FRQVLGHUHG�

VLUHV�IURP�WKH�EHVW�WR�WKH�ZRUVW��
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+ROVWHLQV� HVWLPDWHG� LQ� UDQGRP� UHJUHVVLRQ� PRGHOV� XVLQJ� 5(0/�� -RXUQDO� RI� 'DLU\�

6FLHQFH�����������������± �����

�� -HQVHQ��-��*HQHWLF HYDOXDWLRQ�RI�GDLU\�FDWWOH�XVLQJ�WHVW�GD\�PRGHOV��-RXUQDO�RI�'DLU\�

6FLHQFH�����������������± �����

��� YDQ�GHU�:HUI��-�+�-���*RGGDUG��0�(���0H\HU��.��7KH�XVH�RI�FRYDULDQFH�IXQFWLRQV�DQG�

UDQGRP� UHJUHVVLRQV� IRU� JHQHWLF� HYDOXDWLRQ� RI� PLON� SURGXFWLRQ� EDVHG� RQ� WHVW� GD\�

UHFRUGV��-RXUQDO�RI�'DLU\�6FLHQFH�����������������± �����



��

��� 0LV]WDO��,���6WUDEHO��7���-DPUR]LN��-���0lQW\VDDUL�(�$���0HXZLVVHQ��7�+�(��6WUDWHJLHV�

IRU�HVWLPDWLQJ�WKH�SDUDPHWHUV�QHHGHG�IRU�GLIIHUHQW�WHVW�GD\�PRGHOV��-RXUQDO�RI�'DLU\�

6FLHQFH�����������������± �����

��� 6ZDOYH�� +�+��� 7KHRUHWLFDO� EDVLV� DQG� FRPSXWDWLRQDO� PHWKRGV� IRU� GLIIHUHQW� WHVW�GD\�

JHQHWLF�HYDOXDWLRQ�PHWKRGV��-RXUQDO�RI�'DLU\�6FLHQFH�����������������± �����

��� 6]\GD��-���/LX��=��0RGHOOLQJ�WHVW�GD\�GDWD�IURP�GDLU\�FDWWOH�

>KWWS���JHQ�DU�ZURF�SO�7GPRGHO�SGI@�������������

��� 6FKHQNHO��)�6���0LOOHU��6�3��� -DPUR]LN��-���:LOWRQ��-�:��5DQGRP�UHJUHVVLRQ�DQDO\VLV�

RI�ZHLJKW�JDLQ�RI�VWDWLRQ�WHVWHG�EHHI�EXOOV��

>KWWS���EUX�DSV�XRJXHOSK�FD�$UWLFOHV��������SJ��SGI@������������

��� 5HHQWV��5���'RSS�� /��*HQHWLF� HYDOXDWLRQ� IRU� GDLU\� SURGXFWLRQ� WUDLWV�ZLWK� D� WHVW� GD\�

PRGHO�IRU�PXOWLSOH�ODFWDWLRQV��,QWHUEXOO�%XOOHWLQ����������������± ����

��� 0H\HU��.���+LOO��:�+��(VWLPDWLRQ�RI�JHQHWLF�DQG�SKHQRW\SLF�FRYDULDQFH�IXQFWLRQV�IRU�

ORQJLWXGLQDO� RU� ¶UHSHDWHG� ¶UHFRUGV E\� UHVWULFWHG� PD[LPXP� OLNHOLKRRG�� /LYHVWRFN�

SURGXFWLRQ�VFLHQFH����������������± ����

��� 6KHUFKDQG�� /��� 0F1HZ�� 5�:��� .HOORJJ�� '�:��� -RKQVRQ�� =�%�� 6HOHFWLRQ� RI� D�

PDWKHPDWLFDO�PRGHO� WR�JHQHUDWH� ODFWDWLRQ�FXUYHV�XVLQJ�GDLO\�PLON�\LHOGV�RI�KROVWHLQ�

FRZV��-RXUQDO RI�'DLU\�6FLHQFH�����������������± �����

��� 6FKDHIIHU��/�5���'HNNHUV��-�&�0��5DQGRP�UHJUHVVLRQV�LQ�DQLPDO�PRGHOV�IRU�WHVW�GD\�

SURGXFWLRQ�LQ�GDLU\�FDWWOH��3URFHHGLQJV�RI�WKH��WK�ZRUOG�FRQJUHVV�RQ�JHQHWLFV�DSSOLHG�

WR�OLYHVWRFN�SURGXFWLRQ����������������± ����

��� -DPUR]LN�� -��� 6FKDHIIHU�� /�5�� (VWLPDWHV� RI� JHQHWLF� SDUDPHWHUV� IRU� D� WHVW� GD\�PRGHO�

ZLWK�UDQGRP�UHJUHVVLRQV�IRU�\LHOG�WUDLWV�RI�ILUVW� ODFWDWLRQ�KROVWHLQV��-RXUQDO�RI�'DLU\�

6FLHQFH����������������± ����



��

��� *XR��=��� 6ZDOYH��+�+��&RPSDULVRQ� RI� GLIIHUHQW� ODFWDWLRQ� FXUYH� VXE�PRGHOV� LQ� WHVW�

GD\�PRGHOV��,QWHUEXOO�%XOOHWLQ���������������± ���

��� -DPUR]LN�� -��� 6FKDHIIHU�� /�5��� 'HNNHUV�� -�&�0�� 5DQGRP� UHJUHVVLRQ� PRGHOV� IRU�

SURGXFWLRQ�WUDLWV�LQ�&DQDGLDQ�+ROVWHLQV��,QWHUEXOO�%XOOHWLQ����������������± ����

��� -DPUR]LN��-���6FKDHIIHU��/�5���/LX��=���-DQVHQ��*��0XOWLSOH�WUDLW�UDQGRP�UHJUHVVLRQ�WHVW�

GD\�PRGHO�IRU�SURGXFWLRQ�WUDLWV��,QWHUEXOO�%XOOHWLQ���������������± ���

��� .LVWHPDNHU��*�-��7KH�&DQDGLDQ�WHVW�GD\�PRGHO�XVLQJ�/HJHQGUH�SRO\QRPLDOV��,QWHUEXOO�

%XOOHWLQ����������������± ����

��� &RIIH\��0�3���6LPP��*���%URWKHUVWRQH��6��(QHUJ\�EDODQFH�SURILOHV�IRU� WKH�ILUVW� WKUHH�

ODFWDWLRQV� RI� GDLU\� FRZV� HVWLPDWHG� XVLQJ� UDQGRP� UHJUHVVLRQ�� -RXUQDO� RI� 'DLU\�

6FLHQFH�����������������± �����

��� 6WUDEHO�� 7��� 3WDN�� (��� 6]\GD�� -��� -DPUR]LN�� -�� 0XOWLSOH�ODFWDWLRQ� UDQGRP� UHJUHVVLRQ�

WHVW�GD\�PRGHO�IRU�3ROLVK�%ODFN�DQG�:KLWH�&DWWOH��,QWHUEXOO�%XOOHWLQ����������������±

����

��� /LGDXHU��0���0lQW\VDDUL��(�$��0XOWLSOH�WUDLW�UHGXFHG�UDQN�UDQGRP�UHJUHVVLRQ�WHVW�GD\�

PRGHO�IRU�SURGXFWLRQ�WUDLWV��,QWHUEXOO�%XOOHWLQ���������������± ���

��� 6WUDEHO��7���6]\GD��-���3WDN��(��� -DPUR]LN��-��&RPSDULVRQ�RI� UDQGRP�UHJUHVVLRQ� WHVW�

GD\� PRGHOV� IRU� SURGXFWLRQ� WUDLWV� RI� GDLU\� FDWWOH� LQ� 3RODQG�� ,QWHUEXOO� %XOOHWLQ�� ����

����������± ����

��� /HKWR�� .�� 5HWURVSHNWLLYVHWHOH� NRUGXYP}}WPLVWHOH� WXJLQHYDG� ODVWH� MD� QRRUXNLWH�

NDVYXPXGHOLG��0DJLVWULW||��7DUWX�������
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/RRPDNDVYDWXVDODVWH�P}LVWHWH�VHOHWXV
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SRSXODWVLRRQL�NHVNPLVHVW�
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HQHUJLDNRJXVH�YDKH�
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JHQRW��ELOLVWHVW�HULQHYXVWHVW�LQGLYLLGLGH�YDKHO�

6||GDYllULQGXV�± V||GDNXOX�WRRGDQJX�KLNX�NRKWD��

6||PXV�± ORRPD SRROW�WDUELWXG�V||WDGH��QHLV�VLVDOGXYD�NXLYDLQH�Y}L�RUJDDQLOLVH�DLQH NRJXV�

8XVO�SVLSHULRRG�± O�SVLSHULRRG�SRHJLPLVHVW�WLLQHVWXPLVHQL�
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