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Ó©®� }ºÓ�¯ºã
� ÒãÒ� °¹Ë�ÒÈã
Ó©Ë� 	È�Ò
¹¯º�Ë°°È�



i¯��È«� mºÏäºÎÓÈ«� Á�Ó}�Ò«� °ãª®mÈ� �� Ò°¹ºã
ÏºmÈÓÒË� Ë�º� }È}
¹Ë¯Ë�È��Ò}È�� ��Ë� ÈÓÈãº�Ò�Ó©Ë� °Ò�ÓÈã©� º�� ÏÈ�¯�ÎËÓÓ©²� ªãËäËÓ�ºm
ÓË¹¯Ë¯©mÓº�¹º°��¹È����º­¯È­È�©mÈ��°«�Ò�²¯ÈÓ«�°«�m�¹Èä«�Ò�°ãª®mÈ��p°ãÒ
º�� äÈ°�Ë¯È� ¹º°��¹ÈË�� ÏÈ¹¯º°�� �º� °ãª®m� ÓËäË�ãËÓÓº� ¹º°©ãÈË�� °Èä©Ë
¹º°ãË�ÓÒË� ¯ËÏ�ã
�È�©� ÒÏ� ²¯ÈÓ«�Ò²°«�� {� °ãª®mË� �È}ÎË� º°��Ë°�mã«Ë�°«
¹º°�º«ÓÓ©®� }ºÓ�¯ºã
� ÏÈ� º	Ò­}ÈäÒ�� Ò� äÈ°�Ë¯� �mË�ºäã«Ë�°«� m� °ã��ÈË
º­ÓÈ¯�ÎËÓÒ«�º	Ò­}Ò�­ãÈ�º�È¯«�}º���m�º�mË�Óºä�°ºº­�ËÓÒÒ�¹º°©ãÈËäº�º
º���ÏãÈ�

��������¯ºmËÓ	�����v�¯�}��¯È�}ÈÓÈãºm�3�1(7�

|­©�Óº� �°�¯º®°�mº� 3�1(7
��ª�º� °ËÓ°º¯� ÒãÒ� ÒÓ�Ë¯ÁË®°Ó©®
äº��ã
�� � |Óº� äºÎË�� º�Óº°Ò�°«� }
º�Óºä�� ÒãÒ� ­ºãËË� °Ò�ÓÈãÈä
¹¯º�Ë°°ºm�� �È}Ò²� }È}� �ÒÁ¯ºmº®
m©²º�� ÒãÒ� ÈÓÈãº�ºm©®� m²º��
zºÎ�©®� °Ò�ÓÈã� ¹¯º�Ë°°ºm
È°°º�ÒÒ¯�Ë�°«� °� �º¹ºãÓÒ�Ëã
Óº®
ÒÓÁº¯äÈ�ÒË®�� w�Ò� ¹Ë¯ËäËÓÓ©Ë�
}º�º¯©Ë� º�Óº°«�°«� }� °Ò�ÓÈã�
¹¯º�Ë°°È�� °m«Ï©mÈ��°«� °º
°¹Ë�ÒÈã
Ó©äÒ
}ºÓÁÒ��¯È�ÒºÓÓ©äÒ� Á�Ó}�Ò«äÒ�
¹¯Ëº­¯ÈÏºmÈÓÒËä�
äÈ°	�È­Ò¯ºmÈÓÒËä�� ÁÒã
�¯È�ÒË®�
°ºº­�ËÓÒ«äÒ�º­�º	Ò­}È²�Ò������

{� 3�1(7� ª�º�� ÓÈ­º¯
¹Ë¯ËäËÓÓ©²� Ò� Á�Ó}�Ò®� �ã«
º�Óº�º� °Ò�ÓÈãÈ� ¹¯º�Ë°°È
º¹¯Ë�Ëã«Ë�°«� }È}� �|­�Ë}�
¹¯º�Ë°°È��Ò�ÓÈÏ©mÈË�°«��zÈÓÈã��

zÈÓÈã� °º�Ë¯ÎÒ�� m°Ë
ÓËº­²º�Òä©Ë� �ÈÓÓ©Ë� �ã«
¹º��Ë¯Î}Ò� �¯Ë­�Ëä©²� Á�Ó}�Ò®
�¹¯ÈmãËÓÒ«� º­�Ë}�È� ¹¯º�Ë°°È�

�����iº°��¹�}�3�1(7�°�¹Ë¯°ºÓÈã	Óº�º�}ºä¹	
�Ë¯È

�Ë¯°ºÓÈã
Ó©®� }ºä¹
��Ë¯� ��z�� �È°�º� Ò°¹ºã
Ï�Ë�°«� m� 3�1(7� }È}
º�ÒÓ� ÒÏ� äÈ°�Ë¯ºm�� |­©�Óº� �z� ¹º�°ºË�ÒÓ«Ë�°«� }� 3�1(7� � ¹º°¯Ë�°�mºä
¹º�}ã��ËÓÒ«�ÓÈ�¹ãÈ���



|­äËÓ� �ÈÓÓ©²� m� ¯ËÎÒäË
¯ËÈã
Óº�º� m¯ËäËÓÒ� äËÎ��
¹¯ÒãºÎËÓÒ«äÒ� 06�:LQGRZV
º°��Ë°�mã«Ë�°«� ­ãÈ�º�È¯«� �2/(�
$XWRPDWLRQ�� �2EMHFW� /LQNLQJ� DQG
(PEHGGLQJ�� °m«Ï©mÈÓÒË� Ò� m°�Èm}È
º­�Ë}�ºm��

�º��}��� ÓÈÏmÈÓÓ©®� 9,*2� � ­©ã� ¯ÈÏ¯È­º�ÈÓ� �ã«� ªÁÁË}�ÒmÓº�º
°ºË�ÒÓËÓÒ«� È¹È¯È�Óº�º� º­Ë°¹Ë�ËÓÒ«� 3�1(7� Ò� ¹¯º�¯Èää� :LQGRZV�� {
ÏÈmÒ°Òäº°�Ò� º�� ¹¯ÒãºÎËÓÒ«���¯��ÒË� °Ò°�Ëä©�	ÒÓ� �È}ÎË� � äº���� ­©�

¹º�°ºË�ÒÓËÓ©�Ò�m°�¯ºËÓ©�m�º}¯�ÎËÓÒË�

rºãËË� �º�º�� (WKHUQHW� Ò� ¹º�º­Ó©Ë� Ë®� ãº}Èã
Ó©Ë� °Ë�Ò� äº���� ­©�

Ò°¹ºã
ÏºmÈÓ©�m� }È�Ë°�mË� ¹Ë¯Ë�È��Ë®� °¯Ë�©�� }º��È� ¹Ë¯ËÁË¯Ò®Ó©Ë�	ÒÓ©
°m«ÏÒ�¯È°¹ºãºÎËÓ©�ÓÈ��¯��Ò²��z�

9,*2�¯ÈÏ¯È­º�ÈÓ��ã«�°ºÏ�ÈÓÒ«�¹¯º°�º�º�ÒÓ�Ë¯ÁË®°È�äËÎ���3�1(7
Ò�°�ÈÓ�È¯�Ó©äÒ�¹È}Ë�ÈäÒ�¹¯º�¯Èää���È}Ò²�}È}�}¯�¹ÓºÁº¯äÈ�Ó©Ë��È­ãÒ�©�
­ÈÏ©��ÈÓÓ©²��«Ï©}Ò�¹¯º�¯ÈääÒ¯ºmÈÓÒ«��9LVXDO�%DVLF��9LVXDO�&����Ò��ºä�
¹º�º­ÓºË��� ¹¯º�¯Èää©�mÒÏ�ÈãÒÏÈ�ÒÒ� �Ò¹È� 6&$'$�� ÒÓ�Ë¯ÁË®°©��ËãºmË}�
äÈ	ÒÓÈ�Ò��È}��ÈãËË�

9,*2� �ÈË�� mºÏäºÎÓº°�
� �ã«� m°Ë²� ¹Ë¯ËäËÓÓ©²� mÓ��¯Ò� ÁÒÏÒ�Ë°}º®
°Ò°�Ëä©�°�Ò�È�
°«�m�}È�Ë°�mË�ãº}Èã
Ó©²��ÈÓÓ©²�Ò�­©�
��º°��¹Ó©äÒ�}È}�ÒÏ
¹¯ÒãºÎËÓÒ®�:LQGRZV�

sÒÎË�¹¯ÒmË�ËÓ�¹¯ÒäË¯
¹¯º�¯Èää©�ÓÈ�9LVXDO�%DVLF�
°º°�º«�Ò®�ÒÏ��¯Ë²�¹¯º°�©²�	È�ºm

VHW$$ &UHDWREMHFW��9,*2��

9,*2� °ºÏ�ÈË�� mÒ¯��Èã
Ó©®
º­�Ë}��kk��}º�º¯©®�¹º�ºä� °�ÈÓË�
�È°�
��º}¯�ÎËÓÒ«�9LVXDO�%DVLF�

$$�3K\VOG �6HWSRLQW�

{Ò¯��Èã
Ó©®� º­�Ë}�� kk
°ºÏ�ÈÓ��ã«� �}ÈÏÈÓÒ«� ÁÒÏÒ�Ë°}º�º
º­�Ë}�È� ¹��Ëä� º¹¯Ë�ËãËÓÒ«
ÁÒÏÒ�Ë°}º�º� Ò�ËÓ�ÒÁÒ}È�º¯È
°mº®°�mÈ��}º�º¯©®�ÓÈÏmÈÓ�3K\VOG�

; $$�([)ORDW����ÒãÒ�����
$$�([)ORDW ��

{°Ë� äÈÓÒ¹�ã«�ÒÒ� ÓÈ�
ÁÒÏÒ�Ë°}Òä� º­�Ë}�ºä
m©¹ºãÓ«��°«�ÓÈ��mÒ¯��Èã
Ó©ä�



 �º­©�º¹Ë¯Ò¯ºmÈ�
�°�º­�Ë}�ºä��ºãÎËÓ�­©�
�¹¯ÒãºÎËÓ��Ò¹�°��Óº°�Ò
�ã«�Ò�ËÓ�ÒÁÒ}È�ÒÒ��Ò¹È�¹Ë¯ËäËÓÓº®� m� �ÏãË�� �Ò¹�([IORDW� ¹º}ÈÏ©mÈË�����º
º­�Ë}�ÓÈ«� ¹Ë¯ËäËÓÓÈ«���¹Ë¯ËäËÓÓÈ«� mË�Ë°�mËÓÓº�º� �Ò¹È� �°� ¹ãÈmÈ��Ë®
�º�}º®��� ([ERRO� �� ­�ãËm°}È«� ¹Ë¯ËäËÓÓÈ«� Ò� ������ |­�Ë}�� äºÎË�
Ò°¹ºã
ÏºmÈ�
°«�m�Óº¯äÈã
Óºä�ÏÈ�ÈÓÒÒ�� �È}ºä�� }È}� �°�ÈÓºm}È�ÒãÒ� ÏÈ�ÈÓÒË
Á�Ó}�ÒÒ��lÓº�ÒË�º­�Ë}�©�äº����°ºÏ�ÈmÈ�
°«��ã«�¯ÈÏãÒ�Ó©²�ÓËÏÈmÒ°Òä©²
¹¯ÒãºÎËÓÒ®�

������¯º�¯ÈääÓºË�º­Ë°¹Ë�ËÓÒË�3�1(7

z¯ºäË� °�ÈÓ�È¯�Óº�º� äË�º�È� Èm�ºäÈ�ÒÏÈ�ÒÒ� 2/(�� �ã«� º­äËÓÈ
�ÈÓÓ©äÒ�¹º��06�:,1'2:6�°��Ë°�m�����È}ÎË�3�1(7��¯È®mË¯©��ã«�''(
�'\QDPLF� 'DWD� ([FKDQJH�� º­äËÓ� �ÒÓÈäÒ�Ë°}ÒäÒ� �ÈÓÓ©äÒ��� iã«� 3�1(7
�º°��¹Ó©�ÒÓ°�¯�äËÓ�©�¹¯º�¯ÈääÓº�º�º­Ë°¹Ë�ËÓÒ«��ã«��Ë}��Ë�º�}ºÓ�¯ºã«
Ò� º�ãÈ�}Ò�� *UDILF� &RQWURO� 6\VWHPV� �°Ò°�Ëä©� }ºÓ�¯ºã«� �¯ÈÁÒ}Ò��
ÒÓ°�¯�äËÓ�©� �ã«� ¹¯º�¯Èää� ÏÈ�¯�Ï}Ò� m� ¹Èä«�
� Ò� �ã«� }ºÓÁÒ��¯È�ÒÒ�
¯Ë�È}�º¯©�Ò��È}��ÈãËË�

3URFHVV�3DVFDO��º°��¹ËÓ�m�}È�Ë°�mË�ÒÓ°�¯�äËÓ�È� ¹¯º�¯ÈääÒ¯ºmÈÓÒ«
�ã«�}ºÓ�¯ºããË¯ºm�3�1(7��}º��È�ºÓ�«mã«Ë�°«�°�ÈÓ�È¯�ºä�,62�3$6&$/��°
�º¹ºãÓÒ�Ëã
Ó©äÒ� mºÏäºÎÓº°�«äÒ��ã«� º­�«mãËÓÒ«� ¹Ë¯ËäËÓÓ©²� m� °Ë�Ò� Ò
�ã«��¹¯ÈmãËÓÒ«�ÏÈ�È�ÈäÒ�m�ä�ã
�ÒÏÈ�È�Óº®�°¯Ë�Ë�



�����¯º�¯Èää©�� ÓÈ¹Ò°ÈÓÓ©Ë� ÓÈ� 3URFHVV�3DVFDO�� Ò°¹ºã
Ï���
�ãº­Èã
Ó©Ë� ¹Ë¯ËäËÓÓ©Ë� 3�1(7� }È}�� Ë°ãÒ� ºÓÒ� ­©ãÒ� ­©� ãº}Èã
Ó©äÒ
¹Ë¯ËäËÓÓ©äÒ�� cÈÏãÒ�ÒË� äºÎË�� ­©�
� º­ÓÈ¯�ÎËÓº� ãÒ	
� m� °¹º°º­Ë
º­�«mãËÓÒ«�¹Ë¯ËäËÓÓº®��{ºÏäºÎÓº°�Ò�ä�ã
�ÒÏÈ�È�Óº°�Ò��È}ÎË�m}ã��ËÓ©
m�3URFHVV�3DVFDO��¹¯Ë��°äÈ�¯ÒmÈË�°«����ÏÈ�È�Ò�ÓÈ�}ÈÎ�©®�lÈ°�Ë¯�



������Ë�}º°�	�¯ËÈãÒÏÈ�ÒÒ�3�1(7

|�ÓÈ�ÒÏ�¹¯Ò�ÒÓ�­ºã
	º�º��Ò°ãÈ�ÒÓ°�Èã«�Ò®�3�1(7���Ë®°�m���Ò²
°Ë®�È°��äºÎË��­©�
�°m«ÏÈÓÈ�°�ÓÒÏ}º®�°�ºÒäº°�
��¯ËÈãÒÏÈ�ÒÒ��ÏãÈ�

|�ãÒ�Ò�Ëã
ÓÈ«��Ë¯�È�3�1(7���ª�º�Ò°¹ºã
ÏºmÈÓÒË�º�Óº�º�Ò��º�º�ÎË
äÒ}¯º¹¯º�Ë°°º¯È� �ã«� }ºÓ�¯ºã«� }È}� ÏÈ� �ãÈmÓº®� ÏÈ�È�Ë®� �¹¯Ò}ãÈ�ÓÈ«
º­ãÈ°�
��� � �È}� � Ò� ÏÈ� ÏÈ�È�Ë®� }ºää�ÓÒ}È�ÒÒ�� iÈÓÓ©Ë� ²¯ÈÓ«�°«� m� º�Óºä
º¹¯Ë�ËãËÓÓºä� äË°�Ë�� �¯Ò� ¹¯Ò°ºË�ÒÓËÓÒÒ� 3�1(7� }È}� °º°�ÈmÓº®��È°�Ò
�°�¯º®°�mÈ��ºÓÈ�äºÎË��­©�
�Ò°¹ºã
ÏºmÈÓÈ��ã«�m©¹ºãÓËÓÒ«�}ºÓÁÒ��¯È�ÒÒ�Ò
�ã«���ËÓÒ«�°º°�º«ÓÒ«��°�¯º®°�mÈ

|­©�Óº�ª�º�ºÏÓÈ�ÈË�����º�GLS�¹Ë¯Ë}ã��È�ËãÒ��ã«�m©­º¯È�°}º¯º°�Ò
¹Ë¯Ë�È�Ò�m�rº�È²�Ò��ã«�¯ÈÏäË�ËÓÒ«�È�¯Ë°È��ÏãÈ�äº����­©�
�Ò°}ã��ËÓ©�

i¯��ÒË��Ò¹©�Ò°¹ºã
Ï�����º­Èmº�Ó©Ë��Ë¹Ò� m� }ÈÎ�ºä� �ÏãË� m�Áº¯äË
º��Ëã
Óº®� ¹ãÈ�©�äÒ}¯º¹¯º�Ë°°º¯È� �ã«� }ºää�ÓÒ}È�ÒÒ�� iÈÓÓ©Ë
º­äËÓÒmÈ��°«� �Ë¯ËÏ� �m�²¹º¯�ºm©®� 5$0�� �È}º®� ¹¯ÒÓ�Ò¹� m°Ë��È� �ÈË�
¯ËÏ�ã
�È�©�m�mÈÎÓ©²�m©°º}º®�°�ºÒäº°�Ò��ã«�}ºÓË�Óº�º�¹¯º��}�È�



w�º� ÓË� Ó�ÎÓº� �ã«� °¹Ë�ÒÈã
Óº� �°�ÈÓºmãËÓÓ©²� °²Ëä�� }º��È
¯ËÈãÒÏ�Ë�°«� 3�1(7� ¹¯º�º}ºã�� ¹º�ºä����º� ¹¯º�¯ÈääÈ��ã«� °ãª®mÈ� äºÎË�
�¯Ë­ºmÈ�
� �ºã
}º�ÓË°}ºã
}º� }­È®�� }º�ºm��w�º� º­Ë°¹Ë�ÒmÈË�� ��º­°�mº��ã«
Ò°¹ºã
ÏºmÈÓÒ«� º­�Ë�º� °�ÈÓ�È¯�È� º��Ëã
Ó©²� äÒ}¯º¹ �̄Ë°°º¯Ó©²� °²Ëä�
ÓÈ¹¯ÒäË¯�s���������sv���������������Ò�������m}ã��È«�8$57�

iã«� º­äËÓÈ� º¹©�ºä� ¹º� ¯ËÈãÒÏÈ�ÒÒ� �Ïãºm� 3�1HW� Ò� ¹ºäº�Ò��ã«
¹¯ºÒÏmº�Ò�ËãË®�°ºÏ�ÈÓÈ�º �̄ÈÓÒÏÈ�Ò«�¹ºã
ÏºmÈ�ËãË®�3�1(7�

vãË�ºmÈ�Ëã
Óº��äºÎÓº�ÏÈ}ã��Ò�
����º�Ò°¹ºã
ÏºmÈÓÒË��Ïãºm�3�1(7
º­²º�Ò�°«� ÓË� �º¯ºÎË�� �Ëä� �¯È�Ò�ÒºÓÓºË� äÒ}¯º¹¯º�Ë°°º¯ÓºË
º­º¯��ºmÈÓÒË��ÓË�º­ãÈ�È��ËË�°ºË�ÒÓËÓÒËä�3�1(7�

������z¯È�}ºË�º¹Ò°ÈÓÒË�È¯²Ò�Ë}��¯©�3�1(7

3�1(7� º­ºÏÓÈ�ËÓÈ� Ò� ¯ËÈãÒÏºmÈÓÈ� °º�ãÈ°Óº� ª�ÈãºÓÓº®� äº�ËãÒ
mÏÈÒäº�Ë®°�mÒ«� º�}¯©�©²� °Ò°�Ëä� �wl{|v�� 2SHQ� 6\VWHP� ,QWHUFRQQHFWLRQ
5HIHUHQFH�0RGHO�� ÓÈ� �¯ÈmÓË� ��� ��� ��� ��� Ò� ��� |­©�ÓÈ«�	ÒÓÈ� ¹º�}ã��ÈË�°«
�ºã
}º� ÓÈ� �¯ºmÓË� ��� ��� Ò� ��� ��}�� º°º­ËÓÓº°�
�� 3�1(7� «mã«Ë�°«
äÓº�º°Ë�ËmÈ«�°�¯�}��¯È���º�¹¯º�º}ºã�¯ËÈãÒÏ�Ë�°«��È}ÎË�ÓÈ��¯ºmÓË���Ò���

�¯ºmËÓ
���º­Ë°¹Ë�ÒmÈË��¹Ë¯Ë�È���ÓËº­¯È­º�ÈÓÓº�º�­Ò�È�¹º�	ÒÓË��|Ó
�º�Óº� º¹¯Ë�Ëã«Ë�� }È­Ëã
� }È}� �� ÒãÒ� �� Ò� m©�ÈË�� °ºº­�ËÓÒË� � m�	ÒÓ�����º
�¯ºmËÓ
�¹º�}ã��ËÓ�Ò�����



�¯ºmËÓ
� �� º­Ë°¹Ë�ÒmÈË�� ¹Ë¯Ë�È��� äÈ¯}Ë¯È� äËÎ��� äÈ°�Ë¯ÈäÒ�
�¹È}ºm©mÈË���ÈÓÓ©Ë�m�­ãº}Ò��ã«�º�¹¯Èm}Ò��m}ã��È«�È�¯Ë°È�º�¹¯ÈmÒ�ËãË®�Ò
¹ºã��È�ËãË®��È��È}ÎË�º­ÓÈ¯�ÎÒmÈÈË��º	Ò­}Ò�

�¯ºmËÓ
���«mã«Ë�°«��¹º��º®��3�1(7��}º�º¯È«�¹ºã��ÈË��Ò�º�¹¯Èmã«Ë�
­ãº}� �ÈÓÓ©²� °º�ãÈ°Óº� È�¯Ë°Èä� ¹ºã��È�ËãË®�� vºº­�ËÓÒË� äºÎË�� ­©�

º�¹¯ÈmãËÓº� ¹º� �¯Ë­ºmÈÓÒ�� m� �¯��º®� ¹º¯�� ÒãÒ� °ã�Î­��� ÒãÒ� mË¯Ó��
°«
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