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+LSRSLWXLWDUL]DP�MH�MHGQD�RG�aHVWLK�SRVOHGLFD�KLSRWDODPR�KLSRIL]QLK�RERTHZD�NRMD�
VH�OHaH�PHGLNDPHQWQR��KLUXU^NL�L�LOL�UDGLRWHUDSLMRP������3UL�WRPH��RGUDVOL�EROHVQLFL�VX�
QDMaHS`H� VXSVWLWXLVDQL� WLURNVLQRP�� KLGURNRUWL]RQRP� L� SROQLP� VWHURLGLPD�� DOL� QH� L�
KRUPRQRP�UDVWD� �+5���1HGRVWDWDN�KRUPRQD�UDVWD� �+5�� MHGDQ� MH� RG�SUYLK�SRUHPH`DMD�NRML� VH�
PR¶H�MDYLWL�NDR�NDVQD�SRVOHGLFD�]UDaHZD�FHQWUDOQRJ�QHUYQRJ�VLVWHPD��&16���NDGD�VH�X�SRTX�
]UDaHZD� QDOD]L� KLSRWDODPR�KLSRIL]QD� RVRYLQD�� 0QRJH� VWXGLMH� SRND]DOH� VX� GD� MH� PHVWR�
R^WH`HZD� X]URNRYDQR� ]UDaHZHP� QDMYHURYDWQLMH� KLSRWDODPXV�� X� YH`RM� PHUL� QHJR� KLSRIL]D��
3UL� WRPH� PR¶H� GR`L� GR� SRUHPH`DMD� NDNR� VSRQWDQH� SXOVDWLOQH� VHNUHFLMH� +5� WDNR� L�
VWLPXOLVDQRJ�RGJRYRUD�+5�QD�UD]OLaLWH�SURYRNDFLRQH�VWLPXOXVH��8�GLMDJQRVWLFL�QHGRVWDWND�
+5�RSLVDQL�VX�+5�RVORED_DMX`L�SHSWLGL��*+53��NRML�VX�VQD¶QL�VLQWHWVNL�SROLSHSWLGL�NRML�
RVORED_DMX�+5�� EH]� VWUXNWXUQH� KRPRORJLMH� VD�*+5+� ���� ��� ��� ����*+53� GHOXMX� SRVUHGVWYRP�
VSHFLILaQLK�UHFHSWRUD�SULVXWQLK�X�KLSRIL]L�L�KLSRWDODPXVX��.ORQLUDQ�MH�*+53�UHFHSWRU�
L�GHWHNWRYDQ�MH�ZHJRY�SULURGQL�OLJDQG��*KUHOLQ�NRML�SULSDGD�IDPLOLML�JDVWURLQWHVWLQDOQLK�
KRUPRQD��3UYL�KHNVDSHSWLG�NRML�MH�SURXaDYDQ�MH�*+53����,VSRTDYD�VLQJHULVWLaNR�GHORYDZH�
GDW�]DMHGQR�VD�*+5+��^WR�SUHGVWDYTD�GR�VDGD�QDMMDaL�RSLVDQL�VWLPXOXV�]D�VHNUHFLMX�+5������

+LSRSLWXLWDUQH�RGUDVOH�RVREH� VD�QHGRVWDWNRP�KRUPRQD�UDVWD�LPDMX�L]PHZHQ�WHOHVQL�
VDVWDY� VD� SRYH`DQRP� SURFHQWXDOQRP� ]DVWXSTHQR^`X� PDVQRJ� WNLYD� ����� 1HGDYQR� MH� RSLVDQ�
KRUPRQ�SRUHNOD�DGLSRFLWD��OHSWLQ��NRML�SUHGVWDYTD�VLJQDO�PDVQRJ�WNLYD�KLSRWDODPXVX�JGH�
VX�GHWHNWRYDQL�UHFHSWRUL�]D�OHSWLQ��SULSDGDMX�IDPLOLML�FLWRNLQVNLK�UHFHSWRUD���3RVWRML�
SROQL� GLPRUIL]DP� VHNUHFLMH� OHSWLQD� �YH`H� VX� NRQFHQWUDFLMH� NRG� ¶HQD��� VHNUHWXMH� VH�
SXO]DWLOQR�� VD� FLUNDGLMDOQLP� ULWPRP�� RGQRVQR� PDNVLPDOQD� NRQFHQWUDFLMD� OHSWLQD� X�
FLUNXODFLML�GHWHNWXMH�VH�QHSRVUHGQR�SRVOH�SRQR`L������ALQLRFL�NRML�UHJXOL^X�RVORED_DZH�
OHSWLQD� L]� DGLSRFLWD� NRG� aRYHND� VX�� LQVXOLQ�� +5�� ,*)s��� WLUHRLGQL� KRUPRQL��
JOXNRNRUWLNRLGL�� SROQL� VWHURLGL�� FLWRNLQL� L� º� DGUHQHUJLaNL� DJRQLVWL�� 6PDWUD� VH� GD�
VPDZHZH� NRQFHQWUDFLMH� DGUHQDOLQD� WRNRP� QR`L� RPRJX`DYD� GD� GR_H� GR� SRYH`DZD�
NRQFHQWUDFLMH�OHSWLQD��V�RE]LURP�GD�MH�SRND]DQR�GD�DGUHQDOLQ�VXSULPXMH�HNVSUHVLMX�RE�JHQD�X�
DSLGRFLWLPD�PL^D��

8ORJD� L� ]QDaDM� OHSWLQD� VX� YL^HVWUXNL� �����.RG� JORGDUD� OHSWLQ� DNWLYLUD� VLPSDWLaNL�
QHUYQL�VLVWHP��UHJXOL^H�KHPDWRSRH]X��LPXQL�VLVWHP��NUYQL�SULWLVDN��DQJLRJHQH]X�L�YD¶DQ�MH�
UHJXODWRU� UD]YRMD� PR]JD� L� KLSRIL]H�� /HSWLQ� LPD� L� FHQWUDOQH� HIHNWH�� SUYHQVWYHQR� X�
UHJXODFLML� DSHWLWD� �SRVUHGVWYRP� QHXURSHSWLGD�<��� NDR� L� X� UHJXODFLML� SRWUR^ZH� HQHUJLMH�
������.RQFHQWUDFLMD� OHSWLQD� X� FLUNXODFLML� GLUHNWQR� MH� SURSRUFLRQDOQD� XNXSQRM� NROLaLQL�
PDVQRJ�WNLYD��.RG�KLSRSLWXLWDUQLK�RVRED�VD�QHGRVWDWNRP�+5�SRND]DQR�MH��SRUHG�L]PHZHQRJ�
WHOHVQRJ�VDVWDYD�L�SRYH`DZH�NRQFHQWUDFLMH�OHSWLQD�X�VHUXPX�����������������������

&LT�VWXGLMH�

&LT� QD^H� VWXGLMH� ELR� MH� GD� SURFHQL� XWLFDM� ]UDaHZD� KLSRWDODPR�KLSRIL]QH� UHJLMH�
�++5�� QD� VHNUHWRUQX� UH]HUYX� KRUPRQD� UDVWD�� NDR� L� QD� QR`QX� VHNUHFLMX� KRUPRQD� UDVWD��
WLUHRVWLPXOL^X`HJ� KRUPRQD� �76+�� L� OHSWLQD� X� JUXSL� EROHVQLND� OHaHQLK� ]ERJ� SULPDUQLK�



WXPRUD�PR]JD�YDQ�++5��

3DFLMHQWL�L�PHWRGH�

6WXGLMRP� MH�REXKYD`HQ����EROHVQLN� ���¶HQD�L����PX^NDUDFD��X]UDVWD������������ JRGLQH��
NRML� VX� SUH� ������ ���� JRGLQD� SULPLOL� VUHGZX� GR]X� ]UDaHZD� RG� ������� ���*\� X�++5��8� YUHPH�
]UDaHZD�ELOL�VX�X]UDVWD������������JRGLQH��=UDaHZH�MH�ELOR�GHR�WHUDSLMVNRJ�SURWRNROD�OHaHZD�
WXPRUD�PR]JD�ORNDOL]RYDQLK�L]YDQ�++5��L�WR�PHGXOREODVWRPD�]DGZH�OREDZVNH�MDPH��Q� ������
SLQHDORPD� �Q�  � ��� L� HSLQGLPRPD� �Q�  � ���� -HGLQR� MH� MHGQD�EROHVQLFD� ELOD� X� SUHSXEHUWDOQRP�
GREX� X� YUHPH� UDGLRWHUDSLMH� ���� JRGLQD��� WHUDSLMVNL� SURWRNRO� MH� SRGUD]XPHYDR� ]UDaHZH� L�
NUDQLRFHUYLNDOQRJ�SUHOD]D��WH�RQD�MHGLQD�QLMH�GRVWLJOD�QRUPDOQX�YLVLQX�X�RGUDVORP�GREX��

(QGRNULQROR^ND�REUDGD�RYLK�EROHVQLND�REXKYDWDOD�MH�VOHGH`H��

�� �� ED]QL� KRUPRQVNL� VWDWXV� �7��� 76+�� )6+�� /+�� WHVWRVWHURQ�� HVWUDGLRO�� NRUWL]RO��
SURODNWLQ��,*)�����

����GYD�VWLPXODFLRQD�WHVWD�]D�VHNUHFLMX�+5��
�

� WHVW� LQVXOLQVNH� KLSRJOLNHPLMH�s� ,77� ������8�NJ� EU]RGHOXMX`HJ� LQVXOLQD�
L�Y��EROXV��RGUH_LYDQ�+5�X���������������L�����PLQXWX���

�

�NRPELQRYDQL�WHVW�*+5+�*+53���
�*(5()�� 6HURQR�� 0DGULG�� ���µJ�� SOXV�*+53��� �&OLQDOID� /DXIHOILQJHU�� 6ZLW]HUODQG�� ���µJ� L�Y��

EROXV��� .RQFHQWUDFLMD� KRUPRQD� UDVWD� MH� PHUHQD� IOXRURLPXQRHVHMRP� �'HOSKLD�� :DOODF��

WXUNX�� )LQODQG�� µJ�/�� X� ����� ����� ��� ���� ���� ���� ���� ��� L� ���� PLQXWX�� $QDOL]LUDQD� MH� L�
SULND]DQD�VUHGZD�PDNVLPDOQD�NRQFHQWUDFLMD�KRUPRQD�UDVWD���6(��
�� ��QR`QD�VSRQWDQD�VHNUHFLMD�+5��76+��,50$��,QHS��=HPXQ��P8�/��L�OHSWLQD��5,$��/LQFR�

5HVHDUFK��6W��&KDUOHV��02��µJ�/��NRG���EROHVQLND��SUD`HQR�X����PLQXWQLP�LQWHUYDOLPD�RG�
���K�GR����K���
�
5H]XOWDWL�VX�SULND]DQL�NDR�VUHGZD�YUHGQRVW���6(��=D�VWDWLVWLaNX�DQDOL]X�NRUL^`HQ�MH�

W�WHVW��3UL�DQDOL]LUDZX�QR`QH�VSRQWDQH�VHNUHFLMH�+5��76+�L�OHSWLQD�UDaXQDWL�VX�VUHGZD�L�
LQWHJULVDQD� QR`QD� VHNUHFLMD� �DUHD� XQGHU� WKH� FXUYH�� $8&�� +5�� 76+� L� OHSWLQD� SULPHQRP�
WUDSH]RLGDOQRJ�PHWRGD��

5H]XOWDWL�

,�%D]QL�KRUPRQVNL�VWDWXV�

.RG� LVSLWLYDQLK� EROHVQLND� QLMH� ELOR� SRUHPH`DMD� VHNUHFLMH� GUXJLK� WURSQLK� KRUPRQD�
DGHQRKLSRIL]H�� L]X]HY� NRG� MHGQH� EROHVQLFH� NRMD� MH� LPDOD� KLSHUSURODNWLQHPLMX�� .RG� VYLK�
]UDaHQLK� EROHVQLND� NRG� NRMLK� MH� RGUH_LYDQD� NRQFHQWUDFLMD� OHSWLQD� X� VHUXPX�� QD_HQD� MH�
]QDaDMQR�YH`D�NRQFHQWUDFLMD�OHSWLQD�X�RGQRVX�QD�]GUDYH�NRQWUROQH�LVSLWDQLNH������������µJ�/�

NRG�]UDaHQLK�PX^NDUDFD�YV������������µJ�/�NRG�]GUDYLK�PX^NDUDFD�LVWRJ�X]UDVWD��S��������

,,�6WLPXOLVDQD�VHNUHFLMD�+5�

6� RE]LURP� QD� PDNVLPDOQH� NRQFHQWUDFLMH� KRUPRQD� UDVWD� �+5�� WRNRP� VWLPXODWRUQRJ�
WHVWD� LQVXOLQVNH� KLSRJOLNHPLMH� �,77�� FXW�RII� ]D� SRWSXQL� QHGRVWDWDN� +5� MH� ELR� �� µJ�/���
SRGHOLOL�VPR�EROHVQLNH�X�GYH�JUXSH��RQL�VD�QHGRVWDWNRP�+5��*+�GHILFLHQW�*+'��Q ����L�RQL�VD�
DGHNYDWQRP�VHNUHFLMRP�+5��QRQ*+�GHILFLHQW�Q*+'��Q �����

6UHGZD�PDNVLPDOQD�NRQFHQWUDFLMD�+5�SUL�,77�X�ELOD�MH�������������µJ�/�X�JUXSL�*+'�YV��

�����������µJ�/�X�JUXSL�Q*+'��S���������)LJ������6UHGZD�NRQFHQWUDFLMD�,*)���MH�ELOD��������������
QJ�/�X�JUXSL�*+'�YV���������������QJ�/�X�JUXSL�Q*+'��S�!��������

7RNRP� NRPELQRYDQH� SULPHQH� *+5+�*+53��� VUHGZD� PDNVLPDOQD� NRQFHQWUDFLMD� +5�



ELOD�MH�����������µJ�/�X�JUXSL�*+'�YV�������������µJ�/�X�JUXSL�Q*+'��S�������)LJ������

,,,�1R`QD�SXOVDWLOQD�VHNUHFLMD�+5��76+�L�OHSWLQD�

.RG� WUL� DQDOL]LUDQD� EROHVQLND� L]� *+'� JUXSH� QLVX� UHJLVWURYDQL� QR`QL� SXOVHYL�
VHNUHFLMH�+5� �MHGDQ� RG� EROHVQLND� SULND]DQ� s� )LJ�� ���� GRN� VX� NRG� RVWDOD� WUL� EROHVQLND� VD�
DGHNYDWQRP� UH]HUYRP� VHNUHFLMH� +5� �JUXSD� Q*+'�� MHGDQ� RG� EROHVQLND� SULND]DQ� s� )LJ�� ���
GHWHNWRYDQL� QR`QL� VNRNRYL� +5� �������� ������� �� µJ�/��� ,QWHJULVDQD� QR`QD� NRQFHQWUDFLMD� +5�

�$8&�� QLMH� VH� ]QDaDMQR� UD]OLNRYDOD�L]PH_X� RYH� GYH� JUXSH�LVSLWDQLND� ��������� ������µJ�/��K�

NRG�*+'�YV���������������µJ�/��K�NRG�Q*+'��S�!��������
6UHGZD�QR`QD�NRQFHQWUDFLMD�76+�X�*+'�JUXSL�QLMH�VH�UD]OLNRYDOD�X�RGQRVX�QD�Q*+'�

�������� ����� YV�� ������ ����P8�/�� S� !� ������� 7DNR_H�� QLMH� ELOR� ]QDaDMQH� UD]OLNH� X� YUHGQRVWLPD�
LQWHJULVDQH�QR`QH�VHNUHFLMH�76+��$8&��X�RYH�GYH�JUXSH����������������YV����������������P8�/��K��
S�!��������

6UHGZD�QR`QD�NRQFHQWUDFLMD�OHSWLQD�NRG�*+'�L�Q*+'�EROHVQLND�ELOD�MH������������YV��

����� �� ���� µJ�/� �S� !� ������� ,QWHJULVDQD� QR`QD� VHNUHFLMD� �$8&�� OHSWLQD� NRG� *+'� L� Q*+'�

EROHVQLND�ELOD�MH��������������YV���������������µJ�/��K��S�!��������

'LVNXVLMD�

0ODGH�RGUDVOH�RVREH�NRMLPD�MH�]UDaHQ�FHQWUDOQL�QHUYQL�VLVWHP��&16��X�GHWLZVWYX�]ERJ�
PDOLJQLWHWD�PR]JD�� aHVWR� X� RGUDVORP� GREX� LPDMX� QHGRVWDWDN�+5�� L]PHZHQ� WHOHVQL� VDVWDY� L�
SRYH`DQX� NRQFHQWUDFLMX� OHSWLQD� ������ 3UL� WRPH� KLSRSLWXLWDUL]DP� QH� UHPHWL� SROQL�
GLPRUIL]DP�� SXO]DWLOQRVW� L� FLUNDGLMDOQL� ULWDP� VHNUHFLMH� OHSWLQD� ����� ����� 7HUDSLMD�
KRUPRQRP� UDVWD� ]UDaHQH� KLSRSLWXLWDUQH� GHFH� GRYRGL� GR� VPDZHZD� NRQFHQWUDFLMH� OHSWLQD�
������ 7DNR_H�� NRG� RGUDVOLK� KLSRSLWXLWDUQLK� RVRED� VXSVWLWXFLMD� KRUPRQRP�UDVWD� GRYRGL� GR�
SURPHQH� WHOHVQRJ� VDVWDYD� X� VPLVOX� VPDZHZD� SURFHQWXDOQH� ]DVWXSTHQRVWL� PDVQRJ� WNLYD� L�
NRQFHQWUDFLMH�OHSWLQD�������=DNTXaHQR�MH�GD�MH�XWLFDM�KRUPRQD�UDVWD�QD�OHSWLQ�LQGLUHNWDQ�L�
GD�VH�RGLJUDYD�SRVUHGVWYRP�SURPHQH�WHOHVQRJ�VDVWDYD��RGQRVQR��SURFHQWD�PDVQRJ�WNLYD��NDR�L�
GD�LQWDNWQD�KLSRWDODPR�KLSRIL]QD�IXQNFLMD�QLMH�QHRSKRGQD�]D�FLUNDGLMDOQL�ULWDP�OHSWLQD�
������

2YRP� VWXGLMRP� SRND]DOL� VPR� GD� MH� VWLPXOLVDQL� RGJRYRU�+5� QD� NRPELQRYDQX� SULPHQX�
*+5+�*+53��� UHGXNRYDQ� NRG� ��� RG� XNXSQR� ��� LVSLWDQRJ� EROHVQLND�� WH� VX� RQL� VYUVWDQL� X�
JUXSX�EROHVQLND�VD�QHGRVWDWNRP�+5��7DNR_H��NRG�WUL�EROHVQLND�VD�GHILFLWRP�+5�QH�SRVWRML�
QR`QL�VNRN�VHNUHFLMH�+5��.RG�EROHVQLND�VD�DGHNYDWQRP�VHNUHWRUQRP�UH]HUYRP�+5�SRND]DQRP�
SUL� VWLPXODFLRQLP� WHVWRYLPD� SRVWRML� QR`QL� SRUDVW� VHNUHFLMH� +5�� DOL� LSDN� PDZL� RG�
QRUPDOQRJ� ����� µJ�/��� =DMHGQR� RYL� SRGDFL� XND]XMX� GD� MH� SULPDUQR� PHVWR� R^WH`HZD�
X]URNRYDQRJ�]UDaHZHP�KLSRWDODPXV��

+RUPRQ� SRUHNOD� DGLSRFLWD�� OHSWLQ�� UHJXOL^H� WHOHVQX� WH¶LQX� VXSULPRYDZHP� XQRVD�
KUDQH� L�LOL� SRYH`DZHP� SRWUR^ZH� HQHUJLMH�� 3ULPHQD� OHSWLQD� NRG� RE�RE� PL^D� GRYRGL� GR�
VPDZHZD�XQRVD�KUDQH�L�WHOHVQH�WH¶LQH��NDR�L�GR�SRYH`DZD�WHUPRJHQH]H�L�SRWUR^ZH�HQHUJLMH��

8� UHJXODFLML� SRWUR^ZH� HQHUJLMH� L� WHUPRJHQH]L� YD¶QX� PRGXODWRUQX� XORJX� LPDMX� L�
WLUHRLGQL� KRUPRQL�� 2QL� UHJXOL^X� DNWLYQRVW� HQ]LPD� XNTXaHQLK� X� PHWDEROL]DP� OLSLGD� L�
LPDMX�XORJX�X�IRUPLUDZX�WHOHVQRJ�VDVWDYD��7DNR_H��SRND]DQR�MH�LQ�YLWUR�GD�7��X�IL]LROR^NLP�
NRQFHQWUDFLMDPD�VWLPXOL^H�HNVSUHVLMX�L�51.�]D�OHSWLQ�NDR�L�VHNUHFLMX�OHSWLQD�L]�NXOWXUH�
DGLSRFLWD� ������ 6PDWUD� VH� GD� OHSWLQ� L� WLUHRLGQL� KRUPRQL� GHORYDZHP� QD� JUXSX�
PLWRKRQGULMDOQLK�WUDQVSRUWQLK�SURWHLQD��XQFRXSOLQJ�SURWHLQV��8&3���NRML�VX�HNVSULPLUDQL�X�
PL^L`LPD�L�EUDRQ�PDVQRP�WNLYX��UHJXOL^X�SRWUR^ZX�HQHUJLMH�L�WHUPRJHQH]X�������

8RaHQR� MH� GD� DPSOLWXGH� GLXUQDOQLK� YDULMDFLMD� OHSWLQD� ]QDaDMQR� NRUHOL^X� VD�
DPSOLWXGDPD� GLXUQDOQLK� YDULMDFLMD� WHOHVQH� WHPSHUDWXUH�� 0DNVLPDOQD� NRQFHQWUDFLMD�
OHSWLQD� WRNRP� QR`L� SRNODSD� VH� VD� PLQLPDOQRP� YUHGQR^`X� WHOHVQH� WHPSHUDWXUH�� 2YDM�
FLUNDGLMDOQL� ULWDP� VHNUHFLMH� OHSWLQD� QDOD]L� VH� SRG� NRQWURORP� HQGRJHQRJ� FLUNDGLMDOQRJ�
SDFHPDNHUD�L�PRGXODWRUD�NDR�^WR�VX�76+�L�NRUWL]RO�������

6WDZH� QHGRVWDWND� +5� NRG� EROHVQLND� NRML� VX� X� GHWLZVWYX� SULPLOL� NUDQLMDOQX�



UDGLRWHUDSLMX� NDUDNWHUL^H� VH� KLSHUOHSWLQHPLMRP� X]� RaXYDQ� HQGRJHQL� GLXUQDOQL� ULWDP� L�
SXOVDWLOQRVW�VHNUHFLMH�OHSWLQD�L�76+��

=$.48A$.�

1HGRVWDWDN�+5�NRML�VH�PR¶H�MDYLWL�NDR�SRVOHGLFD�]UDaQH�WHUDSLMH�&16�D�QDMYHURYDWQLMH�
XVOHG� R^WH`HZD� KLSRWDODPXVD�� QLMH� SUD`HQ� SURPHQDPD� SXOVDWLOQRVWL� QLWL� VUHGZH� QR`QH�
VHNUHFLMH�76+�L�OHSWLQD��

.RG�RGUDVOLK�EROHVQLND�QDNRQ�NUDQLMDOQH�UDGLRWHUDSLMH�VSURYHGHQH�X�GHWLZVWYX�PR¶H�
VH� MDYLWL� VWDZH� KLSHUOHSWLQHPLMH� X]� RaXYDQ� FLUNDGLMDOQL� ULWDP� VHNUHFLMH�� 2YR� VH� PR¶H�
REMDVQLWL� LOL� QHGRVWDWNRP� +5� �L� SRVOHGLaQLP� SRYH`DZHP� SURFHQWD� PDVQRJ� WNLYD�� LOL�
R^WH`HZHP�KLSRWDODPXVD�]UDaHZHP��

/,7(5$785$�

���&DUURO�� 3��� &KULVW�� (�� 	� *56� PHPEHUV� �������� *URZWK� KRUPRQH� GHILFLHQF\� LQ� DGXOWKRRG� DQG� WKH�

HIIHFWV�RI�JURZWK�KRUPRQH�UHSODFHPHQW��$�UHYLHZ��-��&OLQ��(QGRFULQRO��0HWDE���������s�����

���&DVDQXHYD��)��)���3RSRYLF��9���/HDO��$���HW�DO����������*URZWK�KRUPRQH�VHFUHWDJRJXHV�LQ�GLVHDVH�VWDWHV�

DVVRFLDWHG�ZLWK�DOWHUHG�JURZWK�KRUPRQH�VHFUHWLRQ��8��*URZWK�KRUPRQH�VHFUHWDJRJXHV��%��%���%HUFX��

5��)��:DONHU��(GV����6SULQJHU�9HUODJ��1HZ�<RUN��SS�����s�����

���'LHJXH]��&���3RSRYLF��9���0LFLF��'��� HW�� DO�� ��������*URVZWK�KRUPRQH� VHFUHWDJRJXHV��3K\VLRORJLFDO�
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