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'LYUL L�0DGHQ� OHWPHVL¶QGH�.DWODUDUDVÕ�3DWODWPD��
�<HOSD]H�dHNPH�0HWRGX�LOH�.DWODUDUDVÕ�6HUEHVW�<�]H\�
2OX WXUXOPDVÕ��

%ODVWLQJ�%HWZHHQ�6XEOHYHOV�,Q�'LYUL L�0LQH�2SHUDWLRQV�

�'HYHORSLQJ�)UHH�)DFH�%HWZHHQ�6XEOHYHOV�E\�)DQ�±�&XW��
7HFKQLTXH��
0HWHKDQ�'HU\D�
�2ULFD�1LWUR�3DWOD\ÕFÕ�0DG��6DQ��9H�7LF��$� ���*�2�3��$QNDUD��

hPLW�.ÕOÕo
�2ULFD�1LWUR�3DWOD\ÕFÕ�0DG��6DQ��9H�7LF��$� ���*�2�3��$QNDUD��

0XUDW�0HWH
�dD\HOL�%DNÕU� OHWPHOHUL��dD\HOL�5L]H��

g=(7�%X�ELOGLUL��(UGHPLU
H�DLW�'LYUL L�$�±�.DID�PDGHQ�L OHWPHVLQGH�3DUN�'HPLU�0DGHQ�
WDUDIÕQGDQ�\HUDOWÕQGD�DUD�NDWOÕ�J|oHUWPH�\|QWHPL\OH�GHPLU�FHYKHUL��UHWPHN��]HUH�LON�NH]�NDWODU�
DUDVÕ�GHOPH�SDWODWPD�WDVDUÕPÕQÕQ�\DSÕOPDVÕ��X\JXQ�SDWOD\ÕFÕ�VHoLPL�YH�\HOSD]H�oHOPH�PHWRGX�
LOH�VHUEHVW�\�]H\�ROX WXUXOPDVÕ�X\JXODPDODUÕQÕ��DQODWPDNWDGÕU��

$%675$&7� 7KLV� SDSHU� H[SODLQV� WKH� VXEOHYHO� FDYLQJ� EODVWLQJ� GHVLJQ�� H[SORVLYHV� VHOHFWLRQ�
DQG� IUHH� IDFH�GHYHORSLQJ�DSSOLFDWLRQV�EHWZHHQ� VXEOHYHOV�E\� IDQ�±�FXW� WHFKQLTXH� � WR�SURGXFH�
UXQ�RI�PLQH�RI�LURQ�LQ�'LYUL L�$�±�.DID��0LQH�2SHUDWLRQV�ZKLFK�LV�RSHUDWHG�E\�3DUN�'HPLU�
0DGHQ��
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��� 'LYUL L�<HUDOWÕ�'HPLU� OHWPHVL��

7�UNL\H
QLQ�LON�\HU�DOWÕ�GHPLU�FHYKHUL�PDGHQL��
6LYDV� OL�� 'LYUL L� LOoHVL� VÕQÕUODUÕ� LoHULVLQGH�
EXOXQDQ�(UGHPLU
H�DLW�'LYUL L�$�.DID�\HU�DOWÕ
PDGHQ� L OHWPHVL�� 3DUN� 'HPLU� 0DGHQ�
WDUDIÕQGDQ� \HUDOWÕQGD� DUD� NDWOÕ� J|oHUWPH�
PHWRGX�LOH�L OHWPH\H�DOÕQPÕ WÕU��

8]XQ� \ÕOODUGÕU� \�]H\GHNL� FHYKHUL� L OHQHQ�
'LYUL L
GH� \�]OHUFH�PHWUH� GHULQOLNWHNL� GHPLU�
UH]HUYOHULQLQ� EX� \|QWHP� LOH� oÕNDUWÕOPDVÕ
SODQODQPDNWDGÕU���

� $�±�.$)$�<(5�$/7,�2&$ ,�
+$=,5/,.�d$/, 0$/$5,�

3DUN� 'HPLU� 0DGHQ� )LUPDVÕ� WDUDIÕQGDQ� DUD�
NDWOÕ� J|oHUWPH� PHWRGX� LOH� �UHWLP�

\DSÕODELOPHVL� LoLQ� ����� YH� ����� DGÕ� YHULOHQ�
\HU�DOWÕ�NDWODUÕQGD�FHYKHU� LoHULVLQGH�JDOHULOHU�
V�U�OP� W�U��8OD ÕPÕ�DQD�UDPSD�LOH�VD ODQDQ�
EX� NDWODUGDQ� |]HOOLNOH� ����� NDWÕQÕQ� 'R X� ��
GL\H� DGODQGÕUÕODQ� E|O�P�QGH� FHYKHU�
LoHULVLQGH� �� IDUNOÕ� JDOHUL� �JDOHUL� ��� JDOHUL� ���
JDOHUL����JDOHUL����JDOHUL����JDOHUL����JDOHUL����
JDOHUL���� V�U�OP� W�U��%X�JDOHULOHULQ�KHU�ELUL�
RUWDODPD� ��� ±� ��� PHWUH� X]XQOXNWD� ROXS�
WRSODP� X]XQOXNODUÕ� \DNOD ÕN� ���� ±� ����
PHWUHGLU�����������

��� +D]ÕUOÕN�*DOHULOHULQGH�'HOPH�±�
3DWODWPD� L�

+D]ÕUOÕN� DPDoOÕ� V�U�OHQ� JDOHULOHUGH� SDWODWPD�
\|QWHPL�RODUDN�SDUDOHO�GHOLN�PHWRGX�VHoLOPL
ROXS�� WDVDUÕP� YH� X\JXODPDODU� EX� \|QWHPGH�
ROGXNoD� WHFU�EHOL� RODQ� 3DUN� 'HPLU� 0DGHQ�



��

ILUPDVÕ� P�KHQGLVOHUL�� GHOLFL� RSHUDW|UOHUL� YH�
DWH OH\LFLOHUL�WDUDIÕQGDQ�\DSÕOPDNWDGÕU��

+D]ÕUOÕN� JDOHULOHULQGH� X\JXODQDQ� SDWODWPD�
WDVDUÕPÕQD�DLW�GH L NHQOHU�D D ÕGD�YHULOPL WLU�
� HNLO����� HNLO�����dL]HOJH������

HNLO����+D]ÕUOÕN�JDOHUL�NHVLWL�YH�JHFLNPHOHU�

HNLO����+D]ÕUOÕN�JDOHULVL�NHVPH�E|OJHVL�
GHWD\Õ

dL]HOJH� ��� +D]ÕUOÕN� JDOHULOHUL� GHOPH� ±�
SDWODWPD�SDUDPHWUHOHUL��

)RUPDV\RQ� � � � �� 'HPLU�FHYKHUL�
3DWODWPD�\|QWHPL�� �� 3DUDOHO�GHOLN�
.HVLW�DODQÕ �� ������Pð�
*DOHUL�WDEDQ�JHQL OL L� �� �����P�
*DOHUL�\�NVHNOL L� � �� �����P�
2UWDODPD�GHOLN�VD\ÕVÕ �� ���±�����DG��
3DWOD\ÕFÕ�GHOLN�oDSÕ �� ���PP�
%R �GHOLN�oDSÕ �� ���PP�[���DG��
'HOLN�ER\X� � �� �����P�
OHUOHPH������� �� �����P�
3DWODWÕODQ�KDFLP��
������LOHUOHPH��� �� ��������Pñ��

$QD�SDWOD\ÕFÕ �� $1)2�
7RSODP�DQD�SDWOD\ÕFÕ �� ����.J��

<HPOHPH� �� 3��0DJQXP������
����[����PP�

$WH OHPH�VLVWHPL� � �� ([HO�/3���P��
<�]H\�ED ODQWÕ
VLVWHPL� �� QILODNOÕ

ILWLO���J��P��
g]J�O� DUM� � �� �����.J��Pñ�
g]J�O�GHOLN�� �� �����P�Pñ�

+D]ÕUOÕN� JDOHULOHULQGH� NXUX� GHOLNOHUGH� DQD�
DUM� RODUDN� $1)2� NXOODQÕOPDNWD� YH�
$1)2¶QXQ� SDWODWPD� GHOLNOHULQH�
GROGXUXOPDVÕ� L L� |]HO�$1)2� DUM�PDNLQHOHUL�
LOH� \DSÕOPDNWDGÕU�� 'HOLNOHUGH� VX� EXOXQDQ�
JDOHUL� D\QDODUÕQGD� LVH� DQD� SDWOD\ÕFÕ� RODUDN�
$1)2¶QXQ�\HULQH�NDSV�OH�GX\DUOÕ�HP�OVL\RQ�
SDWOD\ÕFÕ� RODQ� 3RZHUJHO� 0DJQXP� ���� ���
��[����PP��NXOODQÕOPDNWDGÕU��
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��� +D]ÕUOÕN�*DOHULOHUL�*HQHO�'XUXP�YH�
hUHWLP�3ODQODUÕ���������������������

����� NDWÕ� GL\H� DGODQGÕUÕODQ� YH� FHYKHU�
LoHULVLQGH� EXOXQDQ� NDWWD� V�U�OHQ� �� IDUNOÕ
JDOHUL� GH� D D ÕGDQ� \XNDUÕ\D� GHOLQHFHN�
GHOLNOHUOH� � �IDQ�� SDWODWPDODU� \DSÕODUDN� DUD�
NDWOÕ� J|oHUWPH� \|QWHPLQLQ� X\JXODQPDVÕ
SODQODQPÕ WÕU���

����� NDWÕ�� 'R X� �� JDOHULVL� YH� �� QR�OX��
GULIW¶LQ� J|U�Q�P�� YH� WDVDUODQDQ� SDWODWPD�
WDVDUÕPÕ HNLO����GH�YHULOPL WLU���

HNLO���������.DWÕ�JHQHO�J|U�Q�P��
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6HUSDQWLQ�
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<h=(<�2/8 7858/0$6,�
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$UD� NDWOÕ� J|oHUWPH� � \|QWHPL� LOH� �UHWLP�
SDWODWPDODUÕ� \DSÕODELOPHVL� LoLQ� |QFHOLNOH�
X\JXQ� KDFLPGH� VHUEHVW� \�]H\� ROX WXUXOPDVÕ
JHUHNPHNWHGLU�� 'HOPH� ±� SDWODWPD� � LOH�
ROX WXUXOPDVÕ� SODQODQDQ� EX� VHUEHVW� \�]H\��
SDUDOHO� GHOLN� YH\D� \HOSD]H� oHNPH� SDWODWPD�
\|QWHPOHUL� LOH� DoÕODELOLU� �2ULFD�� (QJLQHHU�
7UDLQLQJ�3URJUDP�±�3DFNDJH�1R��������

$UD� NDWOÕ� J|oHUWPH� � \|QWHPL� LOH� �UHWLP�
SDWODWPDODUÕ� \DSÕODELOPHVL� LoLQ� |QFHOLNOH�
X\JXQ� KDFLPGH� VHUEHVW� \�]H\� ROX WXUXOPDVÕ
JHUHNPHNWHGLU�� 'HOPH� ±� SDWODWPD� � LOH�
ROX WXUXOPDVÕ� SODQODQDQ� EX� VHUEHVW� \�]H\��
SDUDOHO� GHOLN� YH\D� \HOSD]H� oHNPH� SDWODWPD�
\|QWHPOHUL� LOH� DoÕODELOLU� �2ULFD�� (QJLQHHU�
7UDLQLQJ�3URJUDP�±�3DFNDJH�1R��������
%X� D DPDGD� VHUEHVW� \�]H\LQ� \HOSD]H� oHNPH�
PHWRGX� LOH� ROX WXUXOPDVÕ� NDUDUOD WÕUÕOPÕ ��
SDWODWPD� GL]D\Q� YH� SODQODUÕ� EX� GR UXOWXGD�
ROX WXUXOPX WXU�� HNLO����� HNLO����� HNLO������

%X� D DPDGD� VHUEHVW� \�]H\LQ� \HOSD]H� oHNPH�
PHWRGX� LOH� ROX WXUXOPDVÕ� NDUDUOD WÕUÕOPÕ ��
SDWODWPD� GL]D\Q� YH� SODQODUÕ� EX� GR UXOWXGD�
ROX WXUXOPX WXU�� HNLO����� HNLO����� HNLO������

HNLO����3ODQODQDQ�SDWODWPD�WDVDUÕPÕHNLO����3ODQODQDQ�SDWODWPD�WDVDUÕPÕ

7DVDUODQDQ�JHoLNPH�QR�ODUÕ
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GHOLNOHULQ�

DoÕODUÕ

��QR�OX�GULIW�

3DWODWPD�'HOLNOHUL�

g]HO� GHOLFL� LOH�
GHOLQHPH\HQ�
DoÕGDNL�
GHOLNOHU��

6L\HQLW�

'HPLU�&HYKHUL�

����

6HUSDQWLQ�

��
�P

��

HNLO� ��� 3ODQODQDQ� SDWODWPD� WDVDUÕPÕ��
JHFLNPHOHU�YH�GHOLN�G�]HQL��NHVLW��
HNLO� ��� 3ODQODQDQ� SDWODWPD� WDVDUÕPÕ��

JHFLNPHOHU�YH�GHOLN�G�]HQL��NHVLW��

3DWODWPD�WDVDUÕPÕQ�X\JXODPD�D DPDVÕQGD�SHN�
oRN� ]RUOXNOD� NDU ÕOD ÕOPÕ WÕU�� %XQODUGDQ� HQ�
|QHPOLVL� EX� SDWODWPDODU� LoLQ� |]HO� RODUDN�
DOÕQPÕ � RODQ� GHOLFL� PDNLQHQLQ� �6LPED��
\HOSD]H� oHNPH� PHWRGXQXQ� JHUHNWLUGL L�
DoÕODUGD�|QH� H LPOL� GHOLNOHUL� GHOPH\H�X\JXQ�
ROPD\Õ ÕGÕU�� HNLO������

3DWODWPD�WDVDUÕPÕQ�X\JXODPD�D DPDVÕQGD�SHN�
oRN� ]RUOXNOD� NDU ÕOD ÕOPÕ WÕU�� %XQODUGDQ� HQ�
|QHPOLVL� EX� SDWODWPDODU� LoLQ� |]HO� RODUDN�
DOÕQPÕ � RODQ� GHOLFL� PDNLQHQLQ� �6LPED��
\HOSD]H� oHNPH� PHWRGXQXQ� JHUHNWLUGL L�
DoÕODUGD�|QH� H LPOL� GHOLNOHUL� GHOPH\H�X\JXQ�
ROPD\Õ ÕGÕU�� HNLO������
'HOLFL� PDNLQH� SDUDOHO� GHOLN� PHWRGXQXQ�
X\JXODQPDVÕQD�\|QHOLN� WDVDUODQPÕ �ROXS�|QH�
GR UX� YHUHELOHFH L� HQ� E�\�N� DoÕ� ���¶GLU�
� HNLO�������

'HOLFL� PDNLQH� SDUDOHO� GHOLN� PHWRGXQXQ�
X\JXODQPDVÕQD�\|QHOLN� WDVDUODQPÕ �ROXS�|QH�
GR UX� YHUHELOHFH L� HQ� E�\�N� DoÕ� ���¶GLU�
� HNLO�������

'HOLFL�PDNLQH�SDWODWPD�
WDVDUÕPÕQÕQ�JHUHNWLUGL L�
DoÕODUGD�GHOHPHPHNWHGLU��

����

HNLO����'HOLFL�PDNLQH�LOH�|QH�GR UX�HQ�ID]OD�
����LOH�GHOLN�GHOLQHELOPHNWHGLU��
HNLO����'HOLFL�PDNLQH�LOH�|QH�GR UX�HQ�ID]OD�

����LOH�GHOLN�GHOLQHELOPHNWHGLU��

'HOLFL�0DNLQH��

6LPED�+�����
HNLO���

hUHWLP�
SODQÕ
������NDWÕ
HQ��VW�NDW�
ROXS�
GL HU�
NDWODU�
GDKD�DOW�
NRWODUGD�
GÕU���

&HYKHU�

\�NOHPH�
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%X� GXUXPGD� GHOLFL� PDNLQHQLQ� �VLPED��
GHOHPHGL L� |QH� JHQL � DoÕOÕ� SDWODWPD�
GHOLNOHULQLQ�� JDOHUL� D\QDODUÕQÕQ� GHOLQPHVLQGH�
NXOODQÕODQ�HOHNWUR�KLGUROLN�GHOLFL� �MXPER�� LOH�
GHOLQPHOHUL� NDUDUOD WÕUÕOPÕ WÕU�� 7DVDUÕP�
�]HULQGH� JHUHNOL� GH L LNOLNOHU� \DSÕOGÕNWDQ�
VRQUD�� X\JXQ� SDWOD\ÕFÕ� YH� DWH OHPH� VLVWHPL�
VHoLP�D DPDVÕQD�JHOLQPL WLU���

��� 8\JXODPD\D�gQFHVL

OHWPHQLQ�HOLQGH�EXOXQDQ�GHOPH�YH� DUMODPD�
HNLSPDQODUÕ� J|]� |Q�QH� DOÕQDUDN� \DSÕODQ�
SDWODWPD� WDVDUÕPÕQÕQ� X\JXODQDELOHFH L� \HU�
RODUDN� \HU� DOWÕ� PDGHQ� RFD ÕQÕQ� ����� NDWÕ��
GR X���JDOHULVL�YH�GULIW���VHoLOPL WLU���

����� 3DWOD\ÕFÕ�YH�(NLSPDQ�6HoLPL�

������� 3DWOD\ÕFÕ�0DGGHOHU�

$QD�SDWOD\ÕFÕ�RODUDN�\DWD\�JDOHULOHUGH�ROGX X�
JLEL� $1)2� VHoLPL� �]HULQGH� GXUXOPX WXU��
$QFDN� VHoLOHFHN� SDWOD\ÕFÕQÕQ� JDOHUL� WDYDQÕQD�
GHOLQHQ�GLN�GHOLNOHUGHQ��QRUPDO�LOH������D D Õ
G|N�OPHPHVL� YH� PHYFXW� $1)2� DUM�
PDNLQHVL� LOH� ]RUODQPDGDQ� DUMODQDELOPHVL�
JHUHNPHNWHGLU�� %X� QHGHQOH� HP�OVL\RQ�
SDWOD\ÕFÕ� LOH� EHOOL� \�]GHOHUGH� NDUÕ WÕUÕOPÕ
$1)2�LOH�oDOÕ ÕOPDVÕ�SODQODQPÕ WÕU���

%HOOL� RUDQGD� NDUÕ WÕUÕOÕS� 'LYUL L¶QH� JHWLULOHQ�
EX�|]HO�SDWOD\ÕFÕ�NDUÕ ÕPÕ������NDWÕ��'R X���
JDOHULVL� YH� �� QR�OX� GULIW¶� WH� GHQHQPL � DQFDN�
ED DUÕ� VD ODQDPDPÕ WÕU�� (P�OVL\RQ� NDUÕ ÕP�
RUDQÕ� \HWHUOL� ROPDGÕ ÕQGDQ� GLN� GHOLNOHUH�
DUMODQDQ�SDWOD\ÕFÕ�GHOLNWH� WXWXQDPD\ÕS�D D Õ
G|N�OP� W�U�� %X� D DPDGD� SDWOD\ÕFÕ
WHGDULNoLVLQGHQ� GDKD� \�NVHN� \�]GH�
RUDQODUÕQGD� HP�OVL\RQ� NDUÕ WÕUÕOPÕ � \HQL�
SDWOD\ÕFÕ�QXPXQHOHUL� LVWHQPL WLU�� �'HQHPHOHU�
VRQXFXQGD� $1)2� DUM� PDNLQHVLQLQ� UDKDWoD�
DUM� HGHELOHFH L�� GLN� GHOLNOHUGH� WXWXQDELOHQ�
HP�OVL\RQ� ±� $1)2� NDUÕ ÕP� RUDQÕ� WHVSLW�
HGLOPL WLU��

������� $1)2� DUM� 0DNLQHVL� YH� $QWL�VWDWLN�
+RUWXPODU�

'HQHPH�SDWODWPDVÕQÕQ�L OHWPHGH�KDOHQ�JDOHUL�
SDWODWPDODUÕQGD� GD� NXOODQÕODQ� ���� NJ��
NDSDVLWHOL� $1)2� DUM� �QLWHVL� LOH�
JHUoHNOH WLULOPHVL� NDUDUOD WÕUÕOPÕ WÕU�� %XQXQ�
\DQÕ�VÕUD�GLN�GHOLNOHUH� DUMODPD�\DSÕODELOPHVL�

LoLQ� GDKD� |QFHGHQ� \XUW� GÕ ÕQGDQ� VLSDUL
HGLOHQ� VHUW� DQWL�VWDWLN� DUM� KRUWXPODUÕQÕQ�
NXOODQÕOPDVÕ�NDUDUOD WÕUÕOPÕ WÕU���

������� $WH OHPH�6LVWHPL�

3ODQODQDQ� GHQHPH� SDWODWPDVÕQGD� DWH OHPH�
VLVWHPL� RODUDN� HOHNWULNVL]� NDSV�OOHULQ�
NXOODQÕOPDVÕ�X\JXQ�EXOXQPX WXU�� HNLO�������

� 8<*8/$0$��

��� 'HOLNOHULQ�'ROGXUXOPDVÕ�YH�
%D ODQWÕODU�

$UD� NDWOÕ� J|oHUWPH� \|QWHPL� LOH� �UHWLP� � YH�
VHUEHVW� \�]H\� ROX WXUXOPDVÕQD� LOL NLQ��
SDWODWPD� WDVDUÕP� GH L NHQOHUL� D D ÕGD�
YHULOPL WLU��dL]HOJH������

dL]HOJH����3DWODWPD�WDVDUÕP�GH L NHQOHUL��

)RUPDV\RQ� � � � �� 'HPLU�FHYKHUL�
3DWODWPD�\|QWHPL�� �� <HOSD]H�oHNPH�
'HOLN�GXUXPX� �� .XUX�
*DOHUL�WDEDQ�JHQL OL L� �� �����P�
*DOHUL�\�NVHNOL L� � �� �����P�
'HOLN�VD\ÕVÕ �� ����DG��
%LU�VÕUDGDNL�GHOLN�
VD\ÕVÕ �� ��DG��

3DWOD\ÕFÕ�GHOLN�oDSÕ
�MXPER�� �� ���PP�[����DG��

������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN�������P��
-XPER�GHOLNOHULQGH�
DUM��$1)2�±0��
NRQVDQWUDV\RQX�

�� �����NJ�P�

3DWOD\ÕFÕ�GHOLN�oDSÕ
�VLPED�� ���PP�[����DG��

������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN�������P��
������VÕUD�������\DWD\�� �� ��GHOLN��������P��
6LPED�GHOLNOHULQGH�
DUM��$1)2�±0��
NRQVDQWUDV\RQX�

�����NJ�P���
�a�����]D\LDW��

$QD�3DWOD\ÕFÕ �� $1)2�±�0��

<HPOHPH� ��
3��0DJQXP������
����[����PP�
�����J��DG���

$WH OHPH�VLVWHPL� � �� ([HO�/3����P��
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