
���

t»ÅÁÄÊ¾½¾À¶�¾�¶ÓÆÄÂ»Ë¶Ã¾À¶��ÈÄÂ����²���������¹�

ufl��������

bltjdopg��uqrbdmgojg��dtprjyopk
ogustpkyjdpst~���d��trgwngropn
qperbojyopn��smpg

b�d��cpklp��d�d��lpimpd��d�d��s}irboxgd��d�b��{grcblpd

jÃÇÈ¾ÈÉÈ�È»ÄÆ»È¾Í»ÇÀÄ¿�¾�ÅÆ¾ÀÁ¶ºÃÄ¿�Â»Ë¶Ã¾À¾�sp�rbo�
oÄ¸ÄÇ¾·¾ÆÇÀ

j°°ãË�ºmÈÓÈ� m�º¯Ò�ÓÈ«� ÓË�°�º®�Òmº°�	� ÓÈ� �¯�¹¹Ë� mÒ²¯Ë®�� ¯ÈÏmÒmÈ
�Ò²°«� m� ¹º�¯È�
ÓÒ�Óºä� °ãºË���º}ÈÏÈÓº����º��ã«� Ë���Ò²� mºãÓ� °��Ë°�m�Ë�� ºãÈ°�	� ãÒÓË®Óº�º� ¯ÈÏmÒ�Ò«� Ò
�Ëä¹©�¯º°�È�mºÏä��ËÓÒ®�°��Ë°�mËÓÓº�ÏÈmÒ°«��º��¯È°°�º«ÓÒ«�äËÎ���mÒ²¯«äÒ���¯Ë�ãºÎË�
Ó©�Ò�ºº°ÓºmÈÓ©�äË�º�©��¹¯ÈmãËÓÒ«�m�º¯Ò�Óº®�ÓË�°�º®�Òmº°�	
�ª�Ò²�mÒ²¯Ë®�°�¹ºäº�	

}ºÓ�¯ºãÒ¯�Ëäº®�mºãÓ©�Ò�ãº}ÈãÒÏºmÈÓÓº�º�º�°º°È�

���ddgfgojg

rºã	�ÒÓ°�mº� äË�º�ºm� �¹¯ÈmãËÓÒ«� ¹Ë¯Ë²º�ºä� }� ��¯�ãËÓ�Óº°�Ò� m� ¹¯Ò°�ËÓ�
Ó©²��Ë�ËÓÒ«²��²º¯º�º�¯ÈÏmÒ�©²��ã«��m�äË¯Ó©²��Ë�ËÓÒ®��«mã«
�°«�¹È°°ÒmÓ©äÒ�
¹º°}ºã	}��¹¯Ò�Ò²�¹¯ÒäËÓËÓÒÒ�ÓË�°��Ë°�m�Ë���Ë¹Ò�º¯È�Óº®�°m«ÏÒ��ã«��Ë�Ë}�Ò�
¯ºmÈÓÒ«�Ò�äÈÓÒ¹�ãÒ¯ºmÈÓÒ«� °�¯�}��¯º®� �Ë�ËÓÒ«�� ���Ë�� º�°��°�m�Ë�� mºÏäºÎÓº°�	
ÒÏäËÓÒ�	�°�Ë¹ËÓ	�mºÏ�Ë®°�mÒ«�ÓÈ�¹º�º}��sÈÒºãËË�ÒÏmË°�Ó©Ë�°¯Ë�Ò�ª�Ò²�äË�º�ºm
��º�°º°�¹º�¯ÈÓÒ�Óº�º�°ãº«��º²ãÈÎ�ËÓÒË�ÒãÒ�ÓÈ�¯Ëm�¹ºmË¯²Óº°�Ò��°ºÏ�ÈÓÒË�ãÈ�º�
¹¯Ò«�Ó©²� � �¯È�ÒËÓ�ºm� �ÈmãËÓÒ«�� �È}�� m� ¯Èº�Ë� >�@� ©ãº� ¹º}ÈÏÈÓº�� ��º��ËãËmº®
º�°º°�°¹º°ºËÓ�ÏÓÈ�Ò�Ëã	Óº�°ÓÒÏÒ�	�Èä¹ãÒ������m�äË¯Óº®�mºãÓ©�ÓË�°�º®�Òmº°�Ò
��mºãÓ©��ºããäÒÓÈ���bãÒ²�ÒÓ�È���b����Ò�ÏÈ�«Ó��	�¹Ë¯Ë²º��}���¯�ãËÓ�Óº°�Ò�
�¯Ò�ª�ºä�º�äË�ËÓº����º�mºÏ�Ë®°�mÒË�º}ÈÏ©mÈË�°«�°��Ë°�mËÓÓ©ä�ãÒ�	�ÓÈ�°�È�ÒÒ
ãÒÓË®Óº�º�ÓÈ¯È°�ÈÓÒ«�mºãÓ��Ë°ãÒ�m��Ë�ËÓÒÒ�ÓÈã
�È
�°«�ÓËãÒÓË®Ó©Ë�mÏÈÒäº�Ë®�
°�mÒ«�Ò�¹¯ºÒ°²º�Ò��Áº¯äÒ¯ºmÈÓÒË��¯Ë²äË¯Ó©²�°�¯�}��¯���º��ËãËmº®�º�°º°�º}È�
Ï©mÈË�°«� ÓË� °�ºã	� ªÁÁË}�ÒmÓ©ä��  È°�º� Ò°¹ºã	Ï�
�°«� �È}ÎË� �°�¯º®°�mÈ� �Ò¹È
¯ÒãË�� >��� �@�� }º�º¯©Ë� ¯È°¹ºãÈ�È
�� m� ¹º�¯ÈÓÒ�Óºä� °ãºË� °� �Ëã	
� ¹º�ÈmãËÓÒ«
Áº¯äÒ¯ºmÈÓÒ«� ÒãÒ� mÏÈÒäº�Ë®°�mÒ«� º¯�ÈÓÒÏºmÈÓÓ©²� �¯Ë²äË¯Ó©²� °�¯�}��¯�� ÓÈ�
¹¯ÒäË¯�/�mÒ²¯Ë®�

|�ÓÒä� ÒÏ� Èã	�Ë¯ÓÈ�ÒmÓ©²� äË�º�ºm� m� ¯È°°äÈ�¯ÒmÈËäº®� ¹¯ºãËäË� «mã«Ë�°«
Ò°¹ºã	ÏºmÈÓÒË� ÓË¹º°¯Ë�°�mËÓÓº�º� mºÏ�Ë®°�mÒ«� ÓÈ� mºãÓ©� �b�� ¯ÈÏmÒmÈ
�ÒË°«� m
�Ë�ËÓÒÒ�� �¯Ò� �È}ºä� ¹º�²º�Ë� mºÏä��ËÓÒ«� �È°«�°«� ÒãÒ� ¹º� }¯È®ÓË®� äË¯Ë
º°ãÈã«
�°«�m°ãË�°�mÒË�°�¹Ë¯¹ºÏÒ�ÒÒ�ãÒÓË®Ó©²�mºãÓ��¹¯Ò�Ëä�äºÎÓº�Ò°¹ºã	Ïº�
mÈ�	� ¯ÈÏãÒ�Ó©Ë� °¹º°º©� mºÏ�Î�ËÓÒ«� �¹¯Èmã«
�Ò²� mºãÓ� m� ¹º�¯ÈÓÒ�Óºä� °ãºË�
iã«�ª�º�º�ÓËº²º�Òäº�°ºÏ�È�	�mºÏ�Ë®°�m�
�ËË��°�¯º®°�mº��}º�º¯ºË�ªÁÁË}�ÒmÓº
�ËÓË¯Ò¯�Ë����¯���
�mºãÓ���º®�ÎË�Èä¹ãÒ���©��Óº�°�¹¯º�Òmº¹ºãºÎÓº®�ÁÈÏº®���È}�
m� �¯Èº�È²� >���� �@� mºÏä��ËÓÒ«�m�¹º�¯ÈÓÒ�Óºä�°ãºË�mºÏ�Î�ÈãÒ°	� mÒ¯Ò¯�
�Ë®
ãËÓ�º®� Ò� ¹¯ºmºãº}º®�� °Ò°�Ëäº®� ÓÈ�¯ËmÈ�Ëã	Ó©²� ªãËäËÓ�ºm�� Ïm�}ºä�� m��mºä�
º�°º°ºä��Ë¯ËÏ�¯«��º�mË¯°�Ò®���¹¯Èmã«
�È«�mºãÓÈ���°ºÏ�ÈÓÓÈ«�ãÒº�m�º¯©ä�mºã�
Óºº¯ÈÏºmÈ�ËãËä��¯È°¹ºãºÎËÓÓ©ä�ÓÒÎË�¹º� ¹º�º}���ãÒº�mÒ¯È�ÒË®�¹ºmË¯²Óº°�Ò�
Ò°¹ºã	Ï�Ë�°«��ã«�äÒÓÒäÒÏÈ�ÒÒ�Èä¹ãÒ���©�¹Ë¯mÒ�Óº®�mºãÓ©��b��w�Ò�ª}°¹Ë¯Ò�
äËÓ�©� ¹º}ÈÏÈãÒ� ¯ËÈã	Ó�
� mºÏäºÎÓº°�	� ¯ÈÏ¯��ËÓÒ«� �m�äË¯Ó©²� mºãÓ� �b� m
¹º�¯ÈÓÒ�Óºä�°ãºË�¹��Ëä�mmË�ËÓÒ«��¹¯Èmã«
�Ë®�mºãÓ©�¹º�²º�«�Ë®�Èä¹ãÒ���©�

lËÎ����Ëä�m�¯«�Ë�°ã��ÈËm�°�È�Ò«�¯ÈÏmÒ�Ò«��m�äË¯Óº®�ÓË�°�º®�Òmº°�Ò��äº�
ÎË��©�	�º�ËÓ	�}º¯º�}È�ÒãÒ�º�°��°�mºmÈ�	�mºm°Ë��{�}È�Ë°�mË�¹¯ÒäË¯ºm�¹¯ÒmË�Ëä

���rº®}º�k�{���zºÏãºm�{�{���v©Ï¯ÈÓ�Ëm�{�{���uË¯È}ºm�{�k�������

http://www-psb.ad-sbras.nsc.ru/t&a299/t&a299w.htm
http://www.itam.nsc.ru/


���

�¯Ë²äË¯Ó©Ë��Ë�ËÓÒ«�ÓÈ� °}ºã	Ï«�Ëä�}¯©ãË�� m¯È�È
�Ëä°«��Ò°}Ë�� � mº�Ó��º®�¹º�
mË¯²Óº°�Ò��{�ª�Ò²� °ã��È«²�¯ÈÏmÒ�ÒË�ÓË�°�º®�Òmº°�Ò� °Òã	Óº� ÏÈmÒ°Ò�� º�� ãº}Èã	�
Ó©²� �°ãºmÒ®� m� mºÏÓÒ}È
�Ò²� °�È�ÒºÓÈ¯Ó©²� mÒ²¯«²�� mºãÓ©�� ¯ÈÏmÒmÈ
�ÒË°«� m
°º°Ë�ÓÒ²� mÒ²¯«²�� äº���� ÒäË�	� ¯ÈÏãÒ�Ó©Ë� Èä¹ãÒ���©� >�@�� sËº�Óº¯º�Óº°�	� ¹ºã«
mºÏä��ËÓÒ®�¹¯Òmº�Ò��}��ºä�����º�¹Ë¯Ë²º��}���¯�ãËÓ�Óº°�Ò�º©�Óº�¹¯ºÒ°²º�Ò�
ÓÈ�}ÈÎ�ºä�ÒÏ�mÒ²¯Ë®�ÓËÏÈmÒ°Òäº�º��°º°Ë�ÓÒ²����º�°ºÏ�ÈË��²È¯È}�Ë¯Ó�
�Ï��È��

Áº¯ä�� ãÒÓÒÒ� ¹Ë¯Ë²º�È�� iã«� �È}Ò²� �Ë�ËÓÒ®� ¹¯ÒäËÓËÓÒË� �m�äË¯Ó©²� ¹È°°ÒmÓ©²
äË�º�ºm��¹¯ÈmãËÓÒ«�ÏÈ�È°��
�ÓËªÁÁË}�ÒmÓº��¹º°}ºã	}��¹¯Òmº�Ò��}�¯ÈÏãÒ�Óºä�
mºÏ�Ë®°�mÒ
�m�¯ÈÏÓ©²��º�}È²�¹º�º}È�

iã«��¹¯ÈmãËÓÒ«�ÓË�°�º®�Òmº°�	
�m��È}º�º�¯º�È��¯Ë²äË¯Ó©²��Ë�ËÓÒ«²��ºÎË
äºÎÓº� ¹¯ÒäËÓ«�	� È}�ÒmÓ©Ë� äË�º�©�� �¯ÒÓ�Ò¹ÒÈã	ÓÈ«� °²ËäÈ� °Ò°�Ëä©� È}�ÒmÓº�º
�¹¯ÈmãËÓÒ«� ÓË�°�º®�Òmº°�	
� °º°�ºÒ�� m� °ãË��
�Ëä� >�@�� �ºã��È«� °Ò�ÓÈã©� °
�È��Ò}ºm�� ¯È°¹ºãºÎËÓÓ©²� m� ¹º�º}Ë�� ÈÓÈãÒÏÒ¯�
�ËË� �°�¯º®°�mº� ¹¯ºmº�Ò�� º¯È�
º�}�� °Ò�ÓÈãºm� Ò� º¹¯Ë�Ëã«Ë�� Èä¹ãÒ���©�� ÁÈÏ©� Ò� �¯��ÒË� ²È¯È}�Ë¯Ò°�Ò}Ò
mºÏä��ËÓÒ®�� iÈãËË� mºÏ�Ë®°�m�
�ÒË� �°�¯º®°�mÈ� ãÒº� mºÏ�Î�È
�� m� � �Ë�ËÓÒÒ
�¯Ë²äË¯Ó©Ë�mºÏä��ËÓÒ«�°��È}ÒäÒ�ÎË�²È¯È}�Ë¯Ò°�Ò}ÈäÒ��Óº�°� ¹¯º�Òmº¹ºãºÎÓº®
ÁÈÏº®��ãÒº�¹¯ºÒÏmº�«��ãº}ÈãÒÏºmÈÓÓ©®�º�°º°�ÒãÒ�ÒÓ©Ë�ãº}Èã	Ó©Ë�¹º�¹¯º°�¯ÈÓ�
°�m�� mºÏ�Ë®°�mÒ«� ÓÈ� �Ë�ËÓÒË�� iÈ��Ò}Ò� Ò� � mºÏ�Ë®°�m�
�ÒË� �°�¯º®°�mÈ� �ºãÎÓ©
¯È°¹ºãÈ�È�	°«� mãÒÏÒ� �¯��� �¯��È�� ��º©� ¹º� mºÏäºÎÓº°�Ò� ÒÏËÎÈ�	� ÒÏäËÓËÓÒ«
°mº®°�m��Ë�ËÓÒ«�ÓÈ���È°�}Ë�äËÎ���ÓÒäÒ�

cÈÏmÒ�ÒË� ¹º�ºÓ©²� äË�º�ºm� �¹¯ÈmãËÓÒ«� �¯Ë�Ë�� ¹¯ÒäËÓËÓÒ«� °¹Ë�ÒÈã	Óº®�
ÓÈ¹¯ÒäË¯� äÒ}¯ºäÈ�ÒÓÓº®�� �Ë²Óºãº�ÒÒ� >��� ��@�� }º�º¯È«� ¹ºÏmºã«Ë�� ÒÏ�º�ºmã«�	
º��Ëã	Ó©Ë� �Ïã©� Ò� �ÈÎË� �Ëã©Ë� �°�¯º®°�mÈ� º�ËÓ	� äÈã©²� ¯ÈÏäË¯ºm�� rºãËË� �º�º�
äºÎÓº� �º°�Ò�	� ÒÓ�Ë¯È}�ÒmÓº�º� � ¯È°¹¯Ë�ËãËÓÓº�º� �¹¯ÈmãËÓÒ«� º�Ë�ÒÓËÓÒËä� ÓÈ
º�Óº®�¹ºmË¯²Óº°�Ò��È��Ò}ºm��mºÏ�Ë®°�m�
�Ò²��°�¯º®°�m�Ò�äÒ}¯º¹¯º�Ë°°º¯ºm�

iÈÓÓÈ«�¯Èº�È�«mã«Ë�°«�¹¯º�ºãÎËÓÒËä��Ò}ãÈ�Ò°°ãË�ºmÈÓÒ®�>���������@�� � ��Ë
¹¯ºmË�ËÓº�ÒÏ��ËÓÒË�°mº®°�m�mºãÓ�Ò�äË²ÈÓÒÏäºm� m�º¯Ò�Óº®� ÓË�°�º®�Òmº°�Ò�¹Ë¯�
mÒ�Ó©²�°�È�ÒºÓÈ¯Ó©²�mÒ²¯Ë®��¯È°¹ºãºÎËÓÓ©²�m��¹º�¯ÈÓÒ�Óºä�°ãºË���¯Ë�ãÈ�È
��
°«��mÈ�äË�º�È�È}�ÒmÓº�º��¹¯ÈmãËÓÒ«�¹Ë¯Ë²º�ºä�m��È}ºä��Ë�ËÓÒÒ���mÏÈÒäº�È�Ë�
ÓÒË�mºãÓ�Ò�ãº}ÈãÒÏºmÈÓÓ©®��º�°º°��m�¯Èº�Ë��È}ÎË�º¹¯Ë�ËãËÓ©�²È¯È}�Ë¯Ò°�Ò}Ò
mºÏä��ËÓÒ®���ÓÈ¯È°�È
�Ò²�m�°Ò°�ËäË�°�È�ÒºÓÈ¯Ó©²�mÒ²¯Ë®�

����swgnb���lsqgrjngotb��j��jingrjtgm~ob���bqqbrbturb

w}°¹Ë¯ÒäËÓ�©� ¹¯ºmº�ÒãÒ°	� m� �ºÏm�}ºmº®� äÈãº��¯�ãËÓ�Óº®� Èª¯º�ÒÓÈ�
äÒ�Ë°}º®��¯�Ë�������jÓ°�Ò���È��Ëº¯Ë�Ò�Ë°}º®�Ò�¹¯Ò}ãÈ�Óº®�äË²ÈÓÒ}Ò�v|�cks�
kª¯º�ÒÓÈäÒ�Ë°}È«� �¯�È��������� ÏÈä}Ó��º�º� �Ò¹È� °� ¯Èº�Ë®� �È°�	
� °Ë�ËÓÒËä
��u���ä�Ò��ãÒÓº®���ä��v�Ë¹ËÓ	���¯�ãËÓ�Óº°�Ò�¹º�º}È�m�¯Èº�Ë®��È°�Ò�ÓË�¹¯Ëm©�
�ÈãÈ���������°}º¯º°�Ò�ÓÈË�È
�Ë�º�¹º�º}È��8�� �����ä�°��

{� }È�Ë°�mË� ¯Èº�Ë®� äº�ËãÒ� m©¯ÈÓ� m©°º}ºÓË°��Ò®� }¯©ãºmº®� ¹¯ºÁÒã	
v���� °� ��ãºä� °}ºã	ÎËÓÒ«� ��q� Ò� ²º¯�º®� ���� ää�� �¯ºÁÒã	� °º°�ºÒ�� ÒÏ� °ÒääË��
¯Ò�Óº�º� ºÎÒmÈã	Óº�º� Óº°Ò}È� �ºã�ÒÓº®� m� °Èäº®� �Ò¯º}º®� �È°�Ò�� °º°�Èmã«
�Ë®
����� ²º¯�©�� Ò� �ãÒÓº®� ��� ää�� ¹Ë¯Ë²º�«�Ë�º� m� �mË� º�ÒÓÈ}ºm©Ë� °²º�«�ÒË°«
¹ãº°}ÒË�¹ºmË¯²Óº°�Ò���¯ºÁÒã	�¯È°¹ºãÈ�Èã°«�mË¯�Ò}Èã	Óº�Ò�ÎË°�}º��}¯Ë¹Òã°«�}
�º¯ÒÏºÓ�Èã	Ó©ä�°�ËÓ}Èä�¯Èº�Ë®��È°�Ò��È}����º©�¯Èº�È«�¹ºmË¯²Óº°�	�¹¯ºÁÒã«
¹¯Ë�°�Èmã«ãÈ�°ºº®�¹ãº°}º°�	��¯È°¹ºãºÎËÓÓ�
�¹º��Ó�ãËm©ä���ãºä�È�È}Ò���È}ºË
}¯Ë¹ãËÓÒË��mº�¹Ë¯m©²��ºË°¹Ë�ÒmÈãº�mºÏäºÎÓº°�	�¹Ë¯ËäË�È�	��È��Ò}��Ë¯äºÈÓË�
äºäË�¯È� ¹È¯ÈããËã	Óº� ¹ºmË¯²Óº°�Ò� äº�ËãÒ� °� m©°º}º®� �º�Óº°�	
�� È� mº�m�º¯©²�
�¹¯º�Èãº�ÈÓÈãÒÏ�º�Ë}ÈÓÒ«�äº�ËãÒ��¹º°}ºã	}��}¯ÒmÒÏÓÈ�©ãÈ�°��Ë°�mËÓÓÈ�ãÒ�	
mãÒÏÒ�Óº°Ò}È�}¯©ãÈ�Ò�ãº}Èã	Ó©®�º�¯©m�¹º�º}È�m�ºãÈ°�Ò�°Ë¯Ë�ÒÓ©�²º¯�©�}¯©�
ãÈ�� mºÏÓÒ}È
�Ò®� º©�Óº� ¹¯Ò� ÓËºã	�Ò²� ��ãÈ²� È�È}Ò�� º�°��°�mºmÈã�
j°¹ºã	ÏºmÈÓÓºË� }ºº¯�ÒÓÈ�ÓºË� �°�¯º®°�mº� ¹ºÏmºã«ãº� ¹Ë¯ËäË�È�	� �È��Ò}
�Ë¯äºÈÓËäºäË�¯È�¹º� }ºº¯�ÒÓÈ�Èä�;��=��<� °� �º�Óº°�	
� °ºº�mË�°�mËÓÓº� ����� ���� Ò
�����ää��v¹Ë�ÒÈã	Ó©Ë�Ò°°ãË�ºmÈÓÒ«� >���� ��@� ¹º}ÈÏÈãÒ�� ��º� m� ºãÈ°�Ò� ÒÏäË¯ËÓÒ®
�t�!����� ää�� ¹¯º�ºã	Ó©®� �¯È�ÒËÓ�� °}º¯º°�Ò� º�°��°�mºmÈã�� È� ¹¯ºÁÒã	� °¯Ë�ÓË®
°}º¯º°�Ò�8�<��©ã�ãÒÏº}�}�¹¯ºÁÒã
�rãÈÏÒ�°È��{°Ë�ÒÏäË¯ËÓÒ«�°¯Ë�ÓË®�°}º¯º°�Ò
Ò�ËË�mºÏä��ËÓÒ®�¹¯ºmº�ÒãÒ°	�m�ºãÈ°�Ò�ãÒÓË®Óº�º�¯ÈÏmÒ�Ò«�Ë���Ò²�mºãÓ�



���

v�È�ÒºÓÈ¯Ó©Ë� mºÏä��ËÓÒ«� ¯ÈÏmÒmÈ�

ãÒ°	� ÏÈ� ªãËäËÓ�ÈäÒ� �Ë¯º²ºmÈ�º°�Ò�

¹¯Ò}ãËËÓÓ©äÒ�}�¹ºmË¯²Óº°�Ò��j²�¹ºãºÎË�

ÓÒË�ÓÈ�}¯©ãË�¹º}ÈÏÈÓº�ÓÈ�¯Ò°�����È�Áº¯äÈ

Ò�¯ÈÏäË¯©�©ãÒ�ÈÓÈãº�Ò�Ó©�¹¯ÒÓ«�©ä�m�>��@��{º�ÒÏËÎÈÓÒË�°¯©mºm�¹º�º}È�°�¯È°�

¹ºãºÎËÓÓº�º�m©�Ë�¹º�¹º�º}��}ºÓ�È�m©°��¹È��¹º°ãË�ÓÒ®�©ã�¹¯º�ºãÎËÓ�ÓÈ�ÓË¯È�

º��
� °�º¯ºÓ�� }¯©ãÈ�� �¯��º®� Ë�º� }ºÓË��� ÓÈ²º�«�Ò®°«� � ÓÒÎË� ¹º� ¹º�º}��� ©ã

°�ãÈÎËÓ��{�ºã	�ÒÓ°�mË�ÒÏäË¯ËÓÒ®�¯È°°�º«ÓÒË�äËÎ���ªãËäËÓ�ÈäÒ��Ë¯º²ºmÈ�º°�Ò

°º°�Èmã«ãº� ��� ää�� ��º�� }È}� ¹º}ÈÏÈãÒ� °¹Ë�ÒÈã	Ó©Ë� ÒÏäË¯ËÓÒ«�� ãÒÏ}º� }� ²È�

¯È}�Ë¯Óºä��¯È°°�º«ÓÒ
��ã«�Ë°�Ë°�mËÓÓ©²�mÒ²¯Ë®�ÓÈ��ÈÓÓºä�°}ºã	Ï«�Ëä��}¯©ãË

Ò�¹¯Ò��ÈÓÓ©²��°ãºmÒ«²��Ë�ËÓÒ«�

iã«�mºÏ�Î�ËÓÒ«�Ë���Ò²�mºãÓ�ÒÏ��ÒÈ¹ÈÏºÓÈ�ÓË�°�º®�Òmº°�Ò�°�È�ÒºÓÈ¯Ó©²

mÒ²¯Ë®�°�}ºÓ�¯ºãÒ¯�Ëä©äÒ�ÏÓÈ�ËÓÒ«äÒ�Èä¹ãÒ���©�Ò�ÁÈÏ©�Ò°¹ºã	ÏºmÈã°«�Ïm�}�

}º�º¯©®� �ËÓË¯Ò¯ºmÈã°«��ÒÓÈäÒ�Ë°}Òä� �¯ºä}º�ºmº¯Ò�ËãËä��ÓÈ²º�Òm�Òä°«�ÏÈ�äº�

�Ëã	
�� m� �ÒÁÁ�Ïº¯Ë� �¯�©�� Ò� ÒÏã��Èm�Òä� Ïm�}� ¹¯º�Òm� ÓÈ¹¯ÈmãËÓÒ«� ¹º�º}È�

 È°�º�È�Ò�Èä¹ãÒ���È�Ïm�}È��ÏÈ�ÈmÈãÒ°	�°�¹ºäº�	
��ËÓË¯È�º¯È�Ïm�}ºm©²�°Ò�ÓÈ�

ãºm�

iã«� mmË�ËÓÒ«� ¹º�Èmã«
�Ë�º� °Ò�ÓÈãÈ� Ò°¹ºã	ÏºmÈãº°	� mºÏ�Î�ËÓÒË� mºãÓ

m��mºä�º�°º°ºä� �Ë¯ËÏ� }¯��ãºË� º�mË¯°�ÒË� �ÒÈäË�¯ºä� ���� ää�� ¯È°¹ºãºÎËÓÓºË� ¹º

�¯ÈÓ°mË¯°Èã	Óº®� }ºº¯�ÒÓÈ�Ë� ¹º�� º�ÓÒä� ÒÏ� mÒ²¯Ë®� ÓÈ� ¯È°°�º«ÓÒÒ� t�  � ���� ää�

�º°¯Ë�°�mºä�¹ÓËmäº�¯È°°©�º�mË¯°�ÒË�°ºË�ÒÓ«ãº°	�°��ÒÓÈäÒ�Ë°}Òä��¯ºä}º�ºmº¯Ò�

�ËãËä�� }º�º¯©®� m©Ï©mÈã� ¹Ë¯Òº�Ò�Ë°}ÒË� ¹�ã	°È�ÒÒ� �ÈmãËÓÒ«�� kä¹ãÒ���È� ª�º�º

°Ò�ÓÈãÈ�ÏÈ�ÈmÈãÈ°	��Ëä�ÎË���ËÓË¯È�º¯ºä�Ïm�}ºm©²�°Ò�ÓÈãºm��Óº�mäË°�Ë�°��Ëä�ÒäË�

ãÈ°	��º¹ºãÓÒ�Ëã	ÓÈ«�mºÏäºÎÓº°�	�ÒÏäËÓ«�	�ÁÈÏ��mmº�Òäº�º�mºÏä��ËÓÒ«��ÒÏäË�

Ó««�m�º¹¯Ë�ËãËÓÓ©²�¹¯Ë�ËãÈ²���ãÒÓ��¹ÓËmäº�¯È°°©��w�º�ÎË�º�mË¯°�ÒË�Ò°¹ºã	Ïº�

mÈãº°	��ã«�¹¯ºmË�ËÓÒ«��ãº}ÈãÒÏºmÈÓÓº�º�º�°º°È�

v¯Ë�Ó««�8�Ò�¹�ã	°È�ÒºÓÓÈ«�Xc� °º°�Èmã«
�ÒË�¹¯º�ºã	Óº®�}ºä¹ºÓËÓ�©� °}º�

¯º°�Ò�ÒÏäË¯«ãÒ°	�º�ÓºÓÒ�º�Ó©ä��È��Ò}ºä��Ë¯äºÈÓËäºäË�¯È�¹º°�º«ÓÓº®��Ëä¹Ë¯È�

��¯©�� vÒ�ÓÈã©� º¹¯Ë�Ëã«ãÒ°	� °� ¹ºäº�	
� äº°�È� �Ë¯äºÈÓËäºäË�¯È� ',6$���l���

º�}��È�ºÓÒ�¹º°��¹ÈãÒ�m�ÈÓÈãº�º�ÒÁ¯ºmº®�¹¯Ëº¯ÈÏºmÈ�Ëã	��k¡����È�ÏÈ�Ëä�m�¹Ë¯�

°ºÓÈã	Ó©®� }ºä¹	
�Ë¯�� ��Ë� m� ²º�Ë� ª}°¹Ë¯ÒäËÓ�È� ãÒÓËÈ¯ÒÏºm©mÈãÒ°	� Ò

¹º�mË¯�ÈãÒ°	��Èã	ÓË®�Ë®�º¯Èº�}Ë�¹º�°¹Ë�ÒÈã	Óº�¯ÈÏ¯Èº�ÈÓÓº®�¹¯º�¯ÈääË�

iÈ��Ò}��Ë¯äºÈÓËäºäË�¯È��È¯Ò¯ºmÈã°«�m�°mºº�Óºä�¹º�º}Ë�ÓÈ¹¯º�Òm��¯�}Ò

�Ò�º����¯ÈÓ��ã«�¹¯Ò�°}º¯º°�«²�¹º�º}È�m��ÒÈ¹ÈÏºÓË��������ä�°��¹º�¯Ë�Óº°�	�º¹�

¯Ë�ËãËÓÒ«�°¯Ë�ÓË®�°}º¯º°�Ò�©ãÈ�äËÓ	�Ë��������È¯Ò¯ºmº�ÓÈ«�Á�Ó}�Ò«�º¹Ò°©mÈ�

Ë�°«�Áº¯ä�ãº®

� � � � ��

��

��
�

�

�

�

��
((N((N8 ��� �

��Ë�p�Ò�(
�
���m©²º�Ó©Ë�ÓÈ¹¯«ÎËÓÒ«�°��Ë¯äºÈÓËäºäË�¯È�¹¯Ò�°}º¯º°�Ò�¹º�º}È�8�Ò

m� ¹º}ºË� °ºº�mË�°�mËÓÓº�� N
�
�� N

�
� Ò� Q��� }ºÓ°�ÈÓ�©�� º¹¯Ë�Ëã«Ëä©Ë� � ªä¹Ò¯Ò�Ë°}Ò�

�Ë¯m©®��ãËÓ�°ºº�mË�°�m�Ë��ÒÏmË°�Óºä��m©¯ÈÎËÓÒ
�zÒÓ�È��m�º¯º®��ºÈmãËÓ��ã«

��Ë�È� °mºº�Óº®� }ºÓmË}�ÒÒ� ¹¯Ò� äÈã©²� °}º¯º°�«²� ¹º�º}È�� {ËãÒ�ÒÓÈ� ��Q� ©ãÈ

ãÒÏ}È�}�����

iã«�ÒÏäË¯ËÓÒ«�9�}ºä¹ºÓËÓ�©�mË}�º¯È�°¯Ë�ÓË®�°}º¯º°�Ò�Ò°¹ºã	ÏºmÈã°«�;�º�

¯ÈÏÓ©®��m�²ÓÒ�º�Ó©®��È��Ò}��p�º���m°�mÒ�Ëã	Ó©Ë�ªãËäËÓ�©��¹¯Ë�°�Èmã«ãÒ�°ºº®

mºã	Á¯Èäºm©Ë�ÓÒ�Ò��ÒÈäË�¯ºä���ä}ä�Ò��ãÒÓº®���ää���¯È°°�º«ÓÒË�äËÎ����ËÓ�¯È�

äÒ�ÓÒ�Ë®�°º°�Èmã«ãº���ää����ºã�äËÎ���ÓÒ�«äÒ�©ã�¯ÈmËÓ���q��ÓÒ�Ò�¯È°¹ºãÈ�ÈãÒ°	

cÒ°�����v²ËäÈ�ª}°¹Ë¯ÒäËÓ�È�

�����ÒÓÈäÒ}��ã«�mºÏ�Î�ËÓÒ«�mºãÓ�m���

mºä�º�°º°ºä�������ÁÈÏºm¯È�ËÓÒË�������

º�mË¯°�ÒË���������ÒÓÈäÒ}����ã«�mºÏ�Î�Ë�

ÓÒ«�mºãÓ�Ïm�}ºä�������ËÓË¯È�º¯�°Ò�ÓÈãºm�



���

m� ¹ãº°}º°�Ò�� ¹Ë¯¹ËÓ�Ò}�ã«¯Óº®� äº�ËãÒ�� sÈ¹¯«ÎËÓÒ«� °� ÓÒ�Ë®� º¹¯Ë�Ëã«ãÒ°	� °
¹ºäº�	
�¹È¯©�ÓËÏÈmÒ°Òä©²� �Ë¯äºÈÓËäºäË�¯ºm�',6$���l���� º�}��È�ºÓÒ�¹º°���
¹ÈãÒ��Ë¯ËÏ�ãº}�°äË�ËÓÒ«�¹º°�º«ÓÓº�º�ÓÈ¹¯«ÎËÓÒ«�m�k¡����m��Èã	ÓË®�Ëä�°Ò��
ÓÈã©� º¯ÈÈ�©mÈãÒ°	� �È}� ÎË�� }È}� ¹¯Ò� ÒÏäË¯ËÓÒÒ� 8� Ò� Xc�� jÏäË¯ËÓÒ«� °}º¯º°�Ò
ÓÈË�È
�Ë�º� ¹º�º}È� m� ¹¯º�Ë°°Ë� � �È¯Ò¯ºm}Ò� ¹¯ºmº�ÒãÒ°	� ¹º� ¹Ë¯Ë¹È��� °�È�
�Ò�Ë°}º�º� �ÈmãËÓÒ«� äËÎ��� Áº¯}ÈäË¯º®� Ò� ¯Èº�Ë®� �È°�	
� �¯�©� m� �ÒÈ¹ÈÏºÓË

°}º¯º°�Ë®��������ä�°�Ò���ãºm��r��q�
�ÒÓËÈ¯ÒÏÈ�Ò«� °Ò�ÓÈãºm� ¹¯Ò� �m�²ÓÒ�º�Ó©²� ÒÏäË¯ËÓÒ«²� ¹¯Ë�°�Èmã«Ë�

ÏÓÈ�Ò�Ëã	Ó�
��¯��Óº°�	��¹¯Ò�Ëä�º°ÓºmÓÈ«�º�Ò}È�ª}°¹Ë¯ÒäËÓ�È�º©�Óº�°m«ÏÈÓÈ
ÒäËÓÓº� °� }È�Ë°�mºä� ãÒÓËÈ¯ÒÏÈ�ÒÒ�� {ÈÎÓ©äÒ� ªãËäËÓ�ÈäÒ� Ò°¹ºã	ÏºmÈÓÓº®� ¹¯º�
�¯Èää©�º¯Èº�}Ò�«mã«
�°«�°¹º°º�¹¯«äº�º�°ºº�mË�°�mÒ«�äËÎ���ÓÈ¹¯«ÎËÓÒ«äÒ�°
äº°�ºm� � �Ë¯äºÈÓËäºäË�¯ºm� Ò� ¹ºã��ÈËä©äÒ� ÏÓÈ�ËÓÒ«äÒ� }ºä¹ºÓËÓ�� °}º¯º°�Ò�� È
�È}ÎË� äË�º�Ò}È� ¹¯º°�¯ÈÓ°�mËÓÓº�º� °ºmäË�ËÓÒ«� ÓÒ�Ë®� �È��Ò}È�� }º�º¯ºË
ÓËº²º�Òäº�¹¯Ò�°Òã	Óºä�¹º¹Ë¯Ë�Óºä��¯È�ÒËÓ�Ë�°}º¯º°�Ò��°ºÏ�ÈmÈËäºä��mÒ²¯«äÒ�
�º�¯ºÓº�Ò°¹ºã	ÏºmÈÓÓ©®�äË�º��ãÒÓËÈ¯ÒÏÈ�ÒÒ��ÈÓÓ©²�¹¯Ò���m�²ÓÒ�º�Ó©²�ÒÏäË�
¯ËÓÒ«²�º¹Ò°ÈÓ�m�>��@�

����rgium~tbt}��jingrgojk

�������w¶Æ¶ÀÈ»Æ¾ÇÈ¾À¾�¸ÄÁÃ��Æ¶½¸¾¸¶ÔÏ¾ËÇµ�Ã¶�¹ÆÉÅÅ»�¸¾ËÆ»¿

zÈ}�º�äË�Èãº°	�m©�Ë��ÏÈ�}ÈÎ�©ä�ªãËäËÓ�ºä��Ë¯º²ºmÈ�º°�Ò�º¯ÈÏºm©mÈã°«
°�È�ÒºÓÈ¯Ó©®�¹¯º�ºã	Ó©®�mÒ²¯	�� ÓÈ�}º�º¯ºä�¯ÈÏmÒmÈãÒ°	� °º°�mËÓÓ©Ë� Ë���ÒË
mºãÓ©�� cÈ°¹¯Ë�ËãËÓÒ«� �ËÁË}�È� ¹¯º�ºã	Óº®� °}º¯º°�Ò� º�Óº°Ò�Ëã	Óº� ÓËmºÏä��ËÓ�
Óº�º�¹º�¯ÈÓÒ�Óº�º�°ãº«�'8�8��Ò�¹�ã	°È�Ò®�ÓÈ��È°�º�Ë�mºÏ�Î�ÈËäº�º�Ïm�}È�¹¯Ë��

°�ÈmãËÓ©� ÓÈ� ¯Ò°�� ��� v¹ãº�Óº®� ãÒÓÒË®� ¹º}ÈÏÈÓ©� �°ãºmÓ©Ë� }ºÓ��¯©� mÒ²¯Ë®�
¯È°°�º«ÓÒË� äËÎ��� ÓÒäÒ� °º°�Èmã«ãº� ��� ää�� cÈ°¹¯Ë�ËãËÓÒË� �ËÁË}�È� ¹¯º�ºã	Óº®
}ºä¹ºÓËÓ�©�°}º¯º°�Ò�¹¯Ë�°�Èmã«Ë��°ºº®�¹i¯©�ÒÏ©�}È�Ò��ÓË�º°�È�}È�°}º¯º°�Ò�

}ÈÎ�È«� ÒÏ� }º�º¯©²� ²È¯È}�Ë¯ÒÏ�Ë�
º�ÒÓ� °�È�ÒºÓÈ¯Ó©®� � mÒ²¯	�� j²� Èä�
¹ãÒ���È� '8� � �8PD[� ��8PLQ��8�� °º�

°�Èmã«Ë���ÒÈ¹ÈÏºÓ��������������¹¯Ò�Ëä
ÏÓÈ�ËÓÒ«� �ËÁË}�ºm� �ã«� ¯ÈÏÓ©²� mÒ²�
¯Ë®� ãÒÏ}Ò�� lËÎ��� �Ëä� ÒÓ�ËÓ°ÒmÓº�
°�Ò� ¹�ã	°È�Ò®� m� °º°Ë�ÓÒ²� mÒ²¯«²
ÏÈäË�Óº� ¯ÈÏãÒ�È
�°«� �¯Ò°�� ��� E��� �È�
}ºË� � ¯ÈÏãÒ�ÒË�� ¹º�mÒ�Òäºä��� º�«°�
Ó«Ë�°«� ÓË°}ºã	}º� ¯ÈÏÓ©äÒ� �°ãºmÒ«�
äÒ�� � }º�º¯©Ë�Áº¯äÒ¯�
�� °�È�ÒºÓÈ¯�
Ó©Ë�mÒ²¯Ò��Ò�}È�Ë°�mËÓÓº�°ºm¹È�ÈË��°
¯ËÏ�ã	�È�ÈäÒ� �¯��Ò²� ª}°¹Ë¯ÒäËÓ�ºm
>�@�� zÈ}� ©ãº� ¹º}ÈÏÈÓº� m� >��@�
¯ÈÏmÒ�ÒË� mºÏä��ËÓÒ®� äºÎË�� ©�	
º�ËÓ	� ��m°�mÒ�Ëã	Óº� }� ãº}Èã	Ó©ä
�°ãºmÒ«ä�ÓÈ�}¯©ãË��¹ºãÓ©®�}ºÓ�¯ºã	
ÏÈ�}º�º¯©äÒ�ÏÈ�¯��ÓËÓ��ÒÏ�ÏÈ��Ë�º�Ò
äºÎË�� mºÏÓÒ}Ó��	� °�ºã	� ÏÈäË�ÓºË
¯ÈÏãÒ�ÒË�m�Èä¹ãÒ���Ë�mºãÓ�

cÒ°������cÈ°¹¯Ë�ËãËÓÒË���ËÁË}�ºm��¹¯º�
�ºã	Óº®�}ºä¹ºÓËÓ�©�°}º¯º°�Ò��È��Ò

¹�ã	°È�Ò®�ÓÈ���È°�º�Ë��Ïm�}ºmº�º��mºÏ�
�Î�ËÓÒ«���E���m�°Ò°�ËäË�mÒ²¯Ë®�

|mÈãÈäÒ��°²ËäÈ�Ò�Ë°}Ò��ÒÏº¯ÈÎËÓ©
}ºÓ��¯©�mÒ²¯Ë®�



���

{� �°ãºmÒ«²� }ºÓ�¯ºãÒ¯�Ëäº�º
mºÏ�Î�ËÓÒ«� mºãÓ� ©ã� Ò°°ãË�ºmÈÓ
mº¹¯º°� º� ãÒÓË®Óº°�Ò� mºãÓ�� mºÏÓÒ�
}È
�Ò²�ÓÈ�ÓÈº¯Ë�mÒ²¯Ë®��sÈ�¯Ò°���
¹¯Ë�°�ÈmãËÓ©� � }¯Òm©Ë� ÓÈ¯È°�ÈÓÒ«
ÒÓ�ËÓ°ÒmÓº°�Ò�mºãÓ�¹¯Ò�Èä¹ãÒ���Ë�mºÏ�Î�ËÓÒ«�mºãÓ©�}�}ºÓ�����È°�}È�ÒÏäË¯Ë�
ÓÒ«������������Ò�������������~ÓÈ�ËÓÒ«�Xc�Óº¯äÒ¯ºmÈÓ©�ÓÈ�äÈ}°ÒäÈã	ÓºË��jÏäË¯ËÓÒ«
¹¯ºmº�ÒãÒ°	� m� «�¯Ë� mÒ²¯«� ¹¯Ò� mÈ¯	Ò¯ºmÈÓÒÒ� Èä¹ãÒ���©� Ïm�}È� m� º�Óº®� �º�}Ë
¹¯º°�¯ÈÓ°�mÈ����º�¹ºÏmºãÒãº��°�¯ÈÓÒ�	�mºÏäºÎÓ©Ë�º�Ò}Ò��°m«ÏÈÓÓ©Ë�°��°�ÈÓºm�
}º®��È��Ò}È��zÈ}�mÒ�Óº�ÒÏ�¯Ò°�����m�ººÒ²�°ã��È«²�}¯Òm©Ë�ÓÈ¯È°�ÈÓÒ«�°ºm¹È�È
�
�¯���°��¯��ºä����º��ºmº¯Ò��º�Èä¹ãÒ���Óº®�ÓËÏÈmÒ°Òäº°�Ò�¯º°�È��mºÏä��ËÓÒ®�ÓÈ
ÓÈº¯Ë� mÒ²¯Ë®�� sË}º�º¯©Ë� º�ãÒ�Ò«� º�� ª}°¹ºÓËÓ�ÒÈã	Óº�º� ÏÈ}ºÓÈ� ¯º°�È� äºÎÓº
º�«°ÓÒ�	�ÓË�º�Óº°�«äÒ��°�ÈÓºm}Ò��È��Ò}È�m��º�}��äÈ}°Òä�äÈ�¹�ã	°È�Ò®��sÒ}È�
}Ò²� °mÒ�Ë�Ëã	°�m� mºÏÓÒ}ÓºmËÓÒ«� m� �ÈÓÓ©²� �°ãºmÒ«²� ¯ÈÏÓº°�Ó©²� �È¯äºÓÒ}� ÒãÒ
ÒÓ©²�ÓËãÒÓË®Ó©²�ªÁÁË}�ºm�¹ºã��ËÓº�ÓË�©ãº�

jÏ� ¯È°¹¯Ë�ËãËÓÒ«� ÁÈÏ� ¹�ã	°È�Ò®� °}º¯º°�Ò� ¹ºã��ËÓº�� ��º� ¹¯Ò� ººÒ²
ÏÓÈ�ËÓÒ«²� Èä¹ãÒ���©� mmº�Òäº�º� Ïm�}È� °}º¯º°�	� ¯È°¹¯º°�¯ÈÓËÓÒ«� °º°�mËÓÓ©²
mºÏä��ËÓÒ®�m�ºã	�mÒ²¯«�º°�ÈË�°«�ÓËÒÏäËÓÓº®��}È}�Ò�m�°ã��ÈË�º�ÒÓº�Óº�º�mÒ²¯«��
°º°�Èmã««�����°}º¯º°�Ò�ÓÈË�È
�Ë�º�¹º�º}È��{©«°ÓËÓº����º��Ëä¹�¯º°�È�mºÏä��Ë�
ÓÒ®���m°�mÒ�ËãËÓ� }� ÒÏäËÓËÓÒ
� °�mÒ�È� °¯Ë�ÓË®� °}º¯º°�Ò� m� �¯ÈÓ°mË¯°Èã	Óºä�ÓÈ�
¹¯ÈmãËÓÒÒ�m�ÏÈmÒ°Òäº°�Ò�º��¯È°°�º«ÓÒ«�äËÎ���°�È�ÒºÓÈ¯Ó©äÒ�mÒ²¯«äÒ��sÈ�¯Ò°�
��¹¯Ë�°�ÈmãËÓ©�ÒÓ}¯ËäËÓ�©�Ë°�Ë°�mËÓÓ©²�Ë���Ò²�mºÏä��ËÓÒ®�D

L
� �m��ÒÈ¹ÈÏºÓË

t� ������� ����ää��ã«�ÓË°}ºã	}Ò²�¯È°°�º«ÓÒ®�äËÎ��� °�È�ÒºÓÈ¯Ó©äÒ� � mÒ²¯«äÒ

'=�� ÏÓÈ�ËÓÒ«� D
L�
� Óº¯äÒ¯ºmÈÓ©� ÓÈ� �ºã�ÒÓ�� m©�Ë°ÓËÓÒ«� ¹º�¯ÈÓÒ�Óº�º� °ãº«� G


�

cÈ°°�º«ÓÒË� äËÎ��� °�È�ÒºÓÈ¯Ó©äÒ� mÒ²¯«äÒ� '=� Ò�ËÓ�Ò�Óº� ¯È°°�º«ÓÒ
� äËÎ��
ÓÈ}ãË®}ÈäÒ� ��Ë¯º²ºmÈ�º°�«äÒ��� {� }È�Ë°�mË� °¯ÈmÓËÓÒ«� ¹¯ÒmË�ËÓÈ� �È}ÎË
ÏÈmÒ°Òäº°�	� D

�
�I�� �ã«� º�ÒÓº�Óº�º� mÒ²¯«�� iã«� °º¹º°�ÈmãËÓÒ«� ÏÈmÒ°Òäº°�Ë®� ¹º

ÈÓÈãº�ÒÒ�°��Ò°ãºä�v�¯�²Èã«�mmË�ËÓ��È°�º�Ó©®�¹È¯ÈäË�¯�.� �I'�8�����Ë��mËãÒ�Ò�

ÓÈ�'� �8��_G8�G=_PD[�
���²È¯È}�Ë¯ÒÏ�Ë��°�mÒ��°}º¯º°�Ò�m��¯ÈÓ°mË¯°Èã	Óºä�ÓÈ¹¯Èm�

ãËÓÒÒ�>��@��zÈ}�mÒ�Óº���ÒÈ¹ÈÏºÓ�.�º°�ÈË�°«�¹º��Ò�¹º°�º«ÓÓ©ä��ã«�m°Ë²�¯È°°äº��
¯ËÓÓ©²�°ã��ÈËm�

jÏ�¯Ò°����°�ÈÓºmÒ�°«�«°Óº����º�¹¯Ò�°ãÒÎËÓÒÒ�mÒ²¯Ë®�Èä¹ãÒ���È�¹�ã	°È�Ò®
ÏÈäË�Óº�°ÓÒÎÈË�°«�¹º�m°Ëä��°¹Ë}�¯��ÓË�°�º®�Òmº°�Ò��sÈ¹¯ÒäË¯��¹¯Ò�ÒÏäËÓËÓÒÒ

'=� °� ��� �º� �� ää� }ºªÁÁÒ�ÒËÓ�
ÓÈ¯È°�ÈÓÒ«� ÓÈÒºãËË� ÓË�°�
�º®�Òmº®�mºãÓ©�m�¹È}Ë�Ë�°ÓÒÎÈ�
Ë�°«� °� ����� �º� ������ s�ÎÓº
º�äË�Ò�	����º��ÓË°äº�¯«�ÓÈ��È}ºË
ÒÏäËÓËÓÒË� � Èä¹ãÒ���©�� ¹È}Ë�
mºÏä��ËÓÒ®�mË�Ë��°Ë«�}È}�Ë�Ò�
ÓºË� �ËãºË� Ò� ÒÏäËÓËÓÒË� �Ëä¹ºm
¯º°�È� � ¹¯ºÒ°²º�Ò�� mº� m°Ëä� �ÒÈ�
¹ÈÏºÓË�ÓË�°�º®�Òmº°�Ò�

cÒ°������sÈ¯È°�ÈÓÒË��m�º¯Ò�Ó©²��mºãÓ�
mºÏ�Î�ÈËä©²�Ïm�}ºä��ÓÈ�ÓÈº¯Ë

°�È�ÒºÓÈ¯Ó©²�mÒ²¯Ë®�¹¯Ò�¯ÈÏãÒ�Óº®
Èä¹ãÒ���Ë�mºÏ�Î�ËÓÒ«�

�¯«äÈ«�ãÒÓÒ«���ª}°¹ºÓËÓ�ÒÈã	Ó©®
ÏÈ}ºÓ�

cÒ°�����~ÈmÒ°Òäº°�	�}ºªÁÁÒ�ÒËÓ�
�ºm�ÓÈ¯È°�ÈÓÒ«��¹È}Ë�È��mºÏä��Ë�
ÓÒ®�º��¯È°°�º«ÓÒ«�äËÎ���mÒ²¯«äÒ�

��������'=� ���������������ää��f�



���

�������jÇÇÁ»ºÄ¸¶Ã¾»�¸½¶¾ÂÄ¸Á¾µÃ¾µ�ÇÄÇ»ºÃ¾Ë�¸¾ËÆ»¿

iã«�ÈÓÈãÒÏÈ�¹ºã��ËÓÓº®�ÏÈmÒ°Òäº°�Ò�ÒÓ}¯ËäËÓ�ºm�º��'=� ©ãÒ� �¹¯ºmË�ËÓ©
�m�²ÓÒ�º�Ó©Ë�ÒÏäË¯ËÓÒ«��t�º¯ÈÏÓ©ä��È��Ò}ºä�ÒÏäË¯«ãÒ°	�8���Ò�9�}ºä¹ºÓËÓ�©
°}º¯º°�Ò� m� °Ò°�ËäË� mÒ²¯Ë®�� jÏäË¯ËÓÒ«� ¹¯ºmº�ÒãÒ°	� ¹¯Ò� ¹Ë¯ËäË�ËÓÒÒ� �È��Ò}È
¹È¯ÈããËã	Óº�¹ºmË¯²Óº°�Ò� �¹¯Ò�¹º°�º«ÓÓºä�<��m�ºã	�º°Ò�=� F��È�ºä���ää��ã«���
ÏÓÈ�ËÓÒ®�<�� �¯ºäËÎ��º�Ó©Ë� ÏÓÈ�ËÓÒ«� � ¹ºã��ËÓ©� ¹��Ëä� ÒÓ�Ë¯¹ºã«�ÒÒ� �ÈÓÓ©²
}�Ò�Ë°}ÒäÒ�°¹ãÈ®ÓÈäÒ�

sÈ� ¯Ò°�� �� ¹¯ÒmË�ËÓ©� ¯È°¹¯Ë�ËãËÓÒ«� �ËÁË}�ºm� ¹¯º�ºã	Óº®� � °º°�Èmã«
�Ë®
°¯Ë�ÓË®�°}º¯º°�Ò�8��È��Ò�Óº¯äÈã	Óº®�9�}ºä¹ºÓËÓ�©�°}º¯º°�Ò��E���¹¯Ò�'=� ����Ò
���ää� m� °Ë�ËÓÒÒ�t�  � ����ää�� {Ò�Óº�� ��º� ¹¯Ò� °ãÒÎËÓÒÒ� mÒ²¯Ë®� 9�}ºä¹ºÓËÓ�È
ÏÈäË�Óº��äËÓ	�ÈË�°«���È}��¹¯Ò�'=� ����ää�ËË�äÈ}°Òä�ä�°º°�Èmã«Ë��������È�¹¯Ò
'=� �����ää������������È}ºË�º°ãÈãËÓÒË�9�}ºä¹ºÓËÓ�©�¹¯Òmº�Ò��}���äËÓ	�ËÓÒ

�ËÁË}�ºm�8�}ºä¹ºÓËÓ�©��ÒÓÈ�Ë��ºmº¯«��¹¯Ò�°ãÒÎËÓÒÒ�mºÏÓÒ}ÈË���mÏÈÒäºmãÒ«ÓÒË
mÒ²¯Ë®��¯���ÓÈ��¯��È��|�ÓÈ}º�°ãÒÎËÓÒË�mÒ²¯Ë®�äÈãº�mãÒ«Ë��ÓÈ�Áº¯ä��¯È°¹¯Ë�
�ËãËÓÒ«� �ËÁË}�ºm� °}º¯º°�Ò�� v¯ÈmÓËÓÒË� ¯Ò°�� ��� ,�� È� Ò� ��� ,,�� È� ¹º}ÈÏ©mÈË�� ¹º��Ò
ÓËÒÏäËÓÓ©Ë� ¯È°¹¯Ë�ËãËÓÒ«� äÈ}°Òä�äºm� Ò� äÒÓÒä�äºm� 8�}ºä¹ºÓËÓ��� ²È¯È}�Ë¯Ò�
Ï�
�Ò²�mÒ²¯Ò��Ò�¹º¯ºÎ�È
�ÒË�Ò²�mº°²º�«�ÒË�Ò� ÓÒ°²º�«�ÒË�¹º�º}Ò�9�}ºä¹º�
ÓËÓ�©� ¹¯Ò� °º²¯ÈÓËÓÒÒ� º�Ë®� Áº¯ä©� ÒÏºãÒÓÒ®�� �È}�� �ã«� '=�  � ��� ää� º�¯Ò�
�È�Ëã	Ó©®��ËÁË}��°}º¯º°�Ò��äÈ}°Òä�ä��°º°�Èmã«Ë��������È��ã«�'=� ����ää�������
°}º¯º°�Ò�ÓÈË�È
�Ë�º�¹º�º}È���¯Ò�°ãÒÎËÓÒÒ�mÒ²¯Ë®��º�'=� ���ää�ª�È�mËãÒ�ÒÓÈ
�äËÓ	�ÈË�°«��º������8����È}Òä�º¯ÈÏºä��¹¯ºÒ°²º�Ò��°ÓÒÎËÓÒË�Èä¹ãÒ���©�mÒ²¯«

Ò�°ºº�mË�°�mËÓÓº� Ù°Òã	Ó©²µ�°ãºËm�°�mÒ�È�°}º¯º°�Ò�� º¹¯Ë�Ëã«
�Ò²�¯ÈÏmÒ�ÒË�ÓË�
�°�º®�Òmº°�Ò�m��ÈÓÓºä��Ë�ËÓÒÒ�>��@��m°ãË�°�mÒË��Ë�º�¹¯Ò�°º²¯ÈÓËÓÒÒ�º�Ë®�}È¯�
�ÒÓ©��Ë�ËÓÒ«�¯º°��m�º¯Ò�Ó©²�mºÏä��ËÓÒ®�ÏÈäË�ã«Ë�°«����º�äºÎË��°��Ë°�mËÓÓº
ÏÈ�«Ó��	� ¹Ë¯Ë²º��� �ºª�ºä�� ÒÏäËÓËÓÒË� ¯È°°�º«ÓÒ«� äËÎ��� °º°Ë�ÓÒäÒ� mÒ²¯«äÒ� m

cÒ°�����cÈ°¹¯Ë�ËãËÓÒË��ËÁË}�ºm�8���D��Ò�9�}ºä¹ºÓËÓ���E��°}º¯º°�Ò�m�ÓÈº¯Ë�°�È�ÒºÓÈ¯Ó©²
mÒ²¯Ë®�m�°Ë�ËÓÒÒ�t� �����ää�¹¯Ò�'=� ����ää��,������ää��,,��



���

ÙË°�Ë°�mËÓÓºäµ� °ã��ÈË� äºÎË�� Ò�¯È�	� ¯ºã	� ÏÈäË�Óº�º� ÁÈ}�º¯È� m� ¯ÈÏmÒ�ÒÒ� m�º�

¯Ò�Ó©²�mºãÓ�

�������r¶ÇÅÆÄÇÈÆ¶Ã»Ã¾»�·»¹ÉÏ¾Ë�¸Ä½ÂÉÏ»Ã¾¿�ÅÄ�Ç¾ÇÈ»Â»�¸¾ËÆ»¿

{ÈÎÓ©äÒ�È°¹Ë}�ÈäÒ�}È¯�ÒÓ©�ÓË�°�º®�Òmº°�Ò�¹¯Ë�°�Èmã«
�°«� �È}ÎË� � mºÏ�

äºÎÓº°�Ò�¹Ë¯Ë²º�È�mºÏä��ËÓÒ®�°�º�Óº�º�mÒ²¯«�ÓÈ��¯��º®�Ò�mÏÈÒäº�Ë®°�mÒ«�mºãÓ�

¯ÈÏmÒmÈ
�Ò²°«�ÓÈ�¯ÈÏÓ©²�mÒ²¯«²��iã«�ÒÏ��ËÓÒ«�ª�Ò²�mº¹¯º°ºm�©ãº�Ò°¹ºã	Ïº�

mÈÓº� mºÏ�Î�ËÓÒË� mºãÓ� ÓË�°�º®�Òmº°�Ò� °� ¹ºäº�	
� ãº}Èã	Óº�º� ¹Ë¯Òº�Ò�Ë°}º�º

m��mÈ�º�°º°È� m� °¯ÈmÓËÓÒÒ� °º� Ïm�}ºm©ä� mºÏ�Î�ËÓÒËä�� jÏäË¯ËÓÒ«� ¹¯ºmË�ËÓ©� m

°Ë�ËÓÒÒ�t� �����ää�ÓÈ�¯È°°�º«ÓÒÒ�����ää�º��º�mË¯°�Ò«��cÈ°¹¯Ë�ËãËÓÒ«�¹�ã	°È�

�Ò®�°}º¯º°�Ò�m� �°Ò°�ËäË�mÒ²¯Ë®�ÓÈ��È°�º�Ë�mºÏ�Î�ËÓÒ«�¹¯Ò�mmË�ËÓÒÒ�Ò²�È}��

°�Ò�Ë°}Òä�¹ºãËä�Ò�¹Ë¯Òº�Ò�Ë°}Òä�m��mºä�º�°º°ºä�¹¯Ë�°�ÈmãËÓ©�ÓÈ�¯Ò°�����{Ò�Óº�

��º� mºãÓÈ� ÓË�°�º®�Òmº°�Ò� ¹¯Ò� m��mË�º�°º°Ë� mºÏÓÒ}ÈË�� �ºã	}º� ÓÈ� º�Óºä

��ËÓ�¯Èã	Óºä�� mÒ²¯Ë�� ¹º�� }º�º¯©ä�¯È°¹ºãºÎËÓº� º�mË¯°�ÒË�� ¹¯Ò�Ëä� ¯È°¹¯Ë�ËãË�

ÓÒ«� ¹�ã	°È�Ò®� ¹¯Ò� ººÒ²� äË�º�È²� mºÏ�Î�ËÓÒ«� ÈÓÈãº�Ò�Óº� °ã��È
� º�ÒÓº�Óº�º

>��@�

cÒ°�����cÈ°¹¯Ë�ËãËÓÒË�mºÏä��ËÓÒ®�m�ÓÈº¯Ë�mÒ²¯Ë®�¹¯Ò�mºÏ�Î�ËÓÒÒ�mºãÓ�Ïm�}ºä��È��

m��mºä�º�°º°ºä��E��

2mÈãÈäÒ�°²ËäÈ�Ò�Ë°}Ò�¹º}ÈÏÈÓ©�}ºÓ��¯©�mÒ²¯Ë®�



���

sÈ� º°ÓºmË� ÒÏ��ËÓÓ©²� m� ¹¯Ë�©�
���Ëä� ¯ÈÏ�ËãË� °mº®°�m� mºãÓ� äºÎÓº
¹¯Ë�ãºÎÒ�	� äË�º�� ãº}Èã	Óº�º� È}�Òm�
Óº�º� �¹¯ÈmãËÓÒ«� ÓË�°�º®�Òmº°�	
� ÓÈ
º�Óºä� ÒÏ� mÒ²¯Ë®�� ¹¯Ò� °ºº�mË�°�m�
�
�Ëä� ¹º�º¯Ë� ÁÈÏ©� Ò� Èä¹ãÒ���©
mºÏä��ËÓÒ«�� mmº�Òäº�º� ¹Ë¯Òº�Ò�Ë°�
}Òä�m��mºä�º�°º°ºä��äºÎÓº��¹¯Èmã«�	
¯ÈÏmÒ�ÒËä�mºãÓ��mºÏ�Î�ÈËä©²�ÒÏmÓË�
ÓÈ¹¯ÒäË¯��Ïm�}ºä�

sÈ� ¯Ò°�� �� ¹º}ÈÏÈÓ©� ¯ËÏ�ã	�È�©
ÒÏäË¯ËÓÒ«� °¹Ë}�¯ºm� ¹�ã	°È�Ò®� � °}º�
¯º°�Ò� m� �ËÓ�¯Èã	Óº®� �È°�Ò� º�Óº�º� ÒÏ
Ò°°ãË��Ëä©²�mÒ²¯Ë®���¯Ë�°�ÈmãËÓÓ©Ë
�ÈÓÓ©Ë� Òãã
°�¯Ò¯�
�� ¹¯ÒÓ�Ò¹ÒÈã	�
Ó�
� mºÏäºÎÓº°�	� ÒÏäËÓËÓÒ«� Èä¹ãÒ�
���©� mºÏä��ËÓÒ®� ¹¯Ò� ÓÈãºÎËÓÒÒ
mºãÓ� º�ÒÓÈ}ºm©²� �È°�º��� mºÏ�Î�ÈË�
ä©²�¯ÈÏÓ©äÒ�Ò°�º�ÓÒ}ÈäÒ��sÈ�¯Ò°�Ó�

}Ë�¹¯ÒmË�ËÓ©� °¹Ë}�¯©�mºÏä��ËÓÒ®�¹¯Ò� mºÏ�Î�ËÓÒÒ� mºãÓ� �È°�º�©� I�  � ���� ��
Ïm�}ºä�����Ò�¹Ë¯Òº�Ò�Ë°}Òä�m��mºä�º�°º°ºä��Ë¯ËÏ�º�mË¯°�ÒË�����¹º�º��Ëã	Óº°�Ò�Ò
°ºmäË°�Óº�����m�¹¯º�ÒmºÁÈÏË��È��Ò�°ÒÓÁÈÏÓº��E���{Ò�Óº�����º�m�¯ËÏ�ã	�È�Ë�ÓÈãºÎË�
ÓÒ«�m�¹¯º�ÒmºÁÈÏË�Èä¹ãÒ���È� °�ääÈ¯Óº�º� °Ò�ÓÈãÈ� �¯ÈmÓÈ�����������º�ÓÒÎË�Ò°�
²º�Ó©²� ÏÓÈ�ËÓÒ®� ������� Ò� ������� m� °ã��ÈË� � mºÏ�Î�ËÓÒ«� mºãÓ©� °ºº�mË�°�mËÓÓº
Ïm�}ºä� Ò� m��mºä�º�°º°ºä��� ���Ë�� Èä¹ãÒ���È� mºãÓ�� � mºÏ�Î�ËÓÓ©²� Ïm�}ºä�� �äËÓ	�
�ÒãÈ°	��sÈºº¯º���Ë°ãÒ�mºÏä��ËÓÒ«�mmº�ÒãÒ°	�°ÒÓÁÈÏÓº���º�Ò²�¯ËÏ�ã	�Ò¯�
�È«
Èä¹ãÒ���È�ÏÈäË�Óº�¯º°ãÈ�Ò� �°º°�ÈmÒãÈ�������� �mmº�ÒãÒ°	�mºãÓ©�°�Èä¹ãÒ���ÈäÒ
������º��È}�°�Ò�Ë°}º�º�Ò°�º�ÓÒ}È�Ò��������m��mºä�º�°º°ºä��

rºãËË� �Ë�Èã	Óº� }È¯�ÒÓÈ� mÏÈÒäº�Ë®°�mÒ«� mºãÓ�� mºÏ�Î�ÈËä©²� �}ÈÏÈÓÓ©äÒ
m©�Ë� °¹º°ºÈäÒ� m� ¹¯º�ÒmºÁÈÏË�� ¹¯Ë�°�ÈmãËÓÈ� ÓÈ� ¯Ò°�� ��� �È¯ÈäË�¯©� º��Ëã	Óº
mºÏ�Î�ÈËä©²�mºãÓ�¹ºãÓº°�	
�°ºº�mË�°�mºmÈãÒ�¹¯ÒmË�ËÓÓ©ä�ÓÈ�¯Ò°�����kä¹ãÒ���
�È�mºãÓ��mºÏ�Î�ÈËä©²�Ïm�}ºä��¯ÈmÓÈ«��������°ä��¯Ò°�����È����äËÓ	�ÒãÈ°	�¹º�m°Ë®
ÏÈÓÒäÈËäº®�mÒ²¯Ëä�ºãÈ°�Ò�m�°ºº�mË�°�mÒÒ�°�Èä¹ãÒ���º®�¹º�Èmã«
�Ë�º�°Ò�ÓÈãÈ
�������°ä��¯Ò°�����E��Ò�°º°�ÈmÒãÈ��������°ä��¯Ò°������s�ÎÓº�º�äË�Ò�	����º�m©�Ò�ÈÓÒË
mºãÓ�¹¯ºÒ°²º�Ò��¹º�m°Ëä��ÏÈÓÒäÈËäºä��mÒ²¯Ëä�¹¯º°�¯ÈÓ°�m�����º�mÒ�Óº�ÓÈ�¹¯Ò�
äË¯Ë�m�º¯º�º�º}ºmº�º�äÈ}°Òä�äÈ��p�º�Èä¹ãÒ���È��È}ÎË�ÒÏäËÓÒãÈ°	�°�������¹¯Ò
m��mË�º�°º°Ë��º��������¹¯Ò�°�ääÈ¯Óºä�mºÏ�Î�ËÓÒÒ��¹¯Ò�ª�ºä�Èä¹ãÒ���È�mºÏä��
�ËÓÒ®�ÓÈ�°º°Ë�ÓÒ²�mÒ²¯«²��}È}�Ò�¹¯Ë�¹ºãÈ�Èãº°	��ÓË�ÒÏäËÓÒãÈ°	���È}�}È}�ÓÈ�ÓÒ²
mºÏä��ËÓÒ«� m��mºä�º�°º°ºä� ÓË� mºÏ�Î�ÈãÒ°	�� �¯Ò� ºãËË� �º�Óºä� ¹º�º¯Ë� ÁÈÏ�
mÒ�Òäº��mºÏäºÎÓº�ºãËË�°Òã	ÓºË
¹º�ÈmãËÓÒË�mºÏä��ËÓÒ®�

�È}Òä� º¯ÈÏºä�� m� Ò°°ãË�
��Ëäºä� �¯Ë²äË¯Óºä� �Ë�ËÓÒÒ
¹º}ÈÏÈÓÈ� mºÏäºÎÓº°�	� �¹¯ÈmãË�
ÓÒ«� ¯ÈÏmÒ�ÒËä� ÓË�°�º®�Òmº°�Ò

cÒ°�� ��� v¹Ë}�¯©� mºÏä��ËÓÒ®� m� �ËÓ�¯Ë
mÒ²¯«��vãºÎËÓÒË�mºãÓ�m�¹¯º�ÒmºÁÈÏË��È��Ò
m�ÁÈÏË��E���;� �����ää�

cÒ°������cÈ°¹¯Ë�ËãËÓÒË�mºÏä��ËÓÒ®
m�ÓÈº¯Ë�mÒ²¯Ë®�¹¯Ò�°ºmäË°�Óºä
mºÏ�Î�ËÓÒÒ�mºãÓ�m��¹¯º�ÒmºÁÈÏË�

Ïm�}ºä�Ò�m��mºä�º�°º°ºä�

|mÈãÈäÒ�°²ËäÈ�Ò�Ë°}Ò�¹º}ÈÏÈÓ©
}ºÓ��¯©�mÒ²¯Ë®�



���

�Ë¯ËÏ� mÏÈÒäº�È�ËÓÒË� mºÏä��ËÓÒ®� ¹��Ëä� �º¹ºãÓÒ�Ëã	Óº�º� mºÏ�Î�ËÓÒ«� mºãÓ� m
¹¯º�ÒmºÁÈÏË��p°ãÒ�¹¯Ë�¹ºãÈ�ÈËä©®�Ò°�º�ÓÒ}���Ë��°¹º°ºËÓ�mº°¹¯ºÒÏmË°�Ò�mË°	
¹È}Ë��mºãÓ�°�ÏÈ�ÈÓÓ©äÒ��È°�º�Óº�Èä¹ãÒ���Ó©äÒ�²È¯È}�Ë¯Ò°�Ò}ÈäÒ���º�mºÏäºÎÓº
¹º��Ò�¹ºãÓºË�Ò²�¹º�ÈmãËÓÒË�Ò�ÏÓÈ�Ò�Ëã	ÓºË�ÏÈ�«�ÒmÈÓÒË�¹Ë¯Ë²º�È�}����¯�ãËÓ��
Óº°�Ò�m�mÒ²¯Ë�

�����mÄÀ¶Á¾½Ä¸¶ÃÃÑ¿�Ã»ÅÆ»ÆÑ¸ÃÑ¿�ÄÈÇÄÇ

{�º¹Ò°©mÈËä©²�ÓÒÎË�ª}°¹Ë¯ÒäËÓ�È²��ÏÈ�Ò°}ã
�ËÓÒËä�º�Óº�º��m°Ë�ÒÏäË¯ËÓÒ«
¹¯ºmË�ËÓ©�m��°ãºmÒ«²�� }º��È� º�°º°� ¯È°¹ºãÈ�Èã°«�ÓË¹º°¯Ë�°�mËÓÓº�¹º�� º�ÓÒä�ÒÏ
mÒ²¯Ë®�� ~ÈmÒ°Òäº°�	� Èä¹ãÒ���©� mºãÓ� m�º¯Ò�Óº®� ÓË�°�º®�Òmº°�Ò� º�� mËãÒ�ÒÓ©
º�°º°È�¹º}ÈÏÈÓÈ�ÓÈ�¯Ò°�����~�Ë°	�¹¯Ë�°�ÈmãËÓ©�¯È°¹¯Ë�ËãËÓÒ«�¹�ã	°È�Ò®��mºÏ��
Î�ÈËä©²�Ïm�}ºä�¹º¹Ë¯Ë}��Ë�ËÓÒ«��°º�Ë¯ÎÈ�Ë�º�°�È�ÒºÓÈ¯Ó©Ë�mÒ²¯Ò��jÏäË¯ËÓÒ«
°�ËãÈÓ©�m�°Ë�ËÓÒÒ�t� �����ää�¹¯Ò�<� ���ää��{Ò�Óº����º�º�°º°�º}ÈÏ©mÈË��ÏÈäË��
ÓºË�mãÒ«ÓÒË�ÓÈ�Èä¹ãÒ������¹�ã	°È�Ò®�m�«�¯Ë�mÒ²¯«�Ò��Ëä�ºã	�Ë�ª�È�mËãÒ�ÒÓÈ�
�Ëä�°Òã	ÓËË�mºÏ�Ë®°�mÒË��iÈÎË�¹¯Ò�°Èäºä�°ãÈºä� º�°º°Ë��}º��È�Ë�º�ÏÓÈ�ËÓÒË�°º�
¹º°�ÈmÒäº�°�Ò°¹ºã	Ï�Ëä©ä�m��m�äË¯Óºä��Ë�ËÓÒÒ�>�@���¯ÈÏÓÒ�È�m�Èä¹ãÒ���È²�mºãÓ
©ãÈ� mË°	äÈ� °��Ë°�mËÓÓÈ�� w�º� ¹º}ÈÏ©mÈË��� ��º� m� �È}ºä� �¯Ë²äË¯Óºä� �Ë�ËÓÒÒ�
ÓÈ¹¯ÒäË¯�ÓÈ�ÓË°}ºã	}Ò²�¹º°ãË�ºmÈ�Ëã	Ó©²�º�mË¯°�Ò«²��äºÎÓº��ªÁÁË}�ÒmÓº�¹¯Ò�
äËÓ«�	��È}º®�ÓËºã	�º®�º�°º°�

v¹Ë}�¯Èã	Ó©Ë�ÒÏäË¯ËÓÒ«�m�«�¯Ë�mÒ²¯«�¹º}ÈÏÈãÒ����º�º�°º°��mºÏ�Ë®°�m�Ë��ÓÈ
mË°	�°¹Ë}�¯�mºãÓ�ÓË�°�º®�Òmº°�Ò��¹ºª�ºä���º�ËmÒ�Óº��mºÏ�Ë®°�mÒË��}È}�Ò�m�°ã��ÈË
¹º�¯ÈÓÒ�Óº�º�°ãº«�rãÈÏÒ�°È��º°��Ë°�mã«Ë�°«�¹¯ËÎ�Ë�m°Ë�º�º¹º°¯Ë�ºmÈÓÓº���Ë¯ËÏ
ÒÏäËÓËÓÒË�²È¯È}�Ë¯Ò°�Ò}��Ë�ËÓÒ«�m�°�È�ÒºÓÈ¯Ó©²�mÒ²¯«²��iã«�m©«°ÓËÓÒ«�ª�º�º
mº¹¯º°È�©ãº�¹¯ºmË�ËÓº�°¯ÈmÓÒ�Ëã	ÓºË�ÒÏäË¯ËÓÒË�°¯Ë�ÓË®�°}º¯º°�Ò�Ò�¹�ã	°È�Ò®
m�¹ãº°}º°�Ò�<=�¹¯Ò�t� �����ää��iã«�¹ºm©�ËÓÒ«��º�Óº°�Ò�ÒÏäË¯ËÓÒ«�¹¯ºmº�ÒãÒ°	
m�º�Óº®���º�}Ë�¹¯º°�¯ÈÓ°�mÈ�¹��Ëä�m}ã
�ËÓÒ«�Ò�m©}ã
�ËÓÒ«�º�°º°È��cËÏ�ã	�È�©
ª}°¹Ë¯ÒäËÓ�È�°�º�°º°ºä�¹º}ÈÏÈÓ©�ÓÈ�¯Ò°�������¯Ò�°º¹º°�ÈmãËÓÒÒ�°�¯Ò°�������Ë�¹¯Ò�
mË�ËÓ©�¯ËÏ�ã	�È�©�ª}°¹Ë¯ÒäËÓ�È�ËÏ�º�°º°È��mÒ�Óº����º� �ãº}Èã	ÓºË�mºÏ�Ë®°�mÒË
º�°º°È�¹¯Òmº�Ò��}�°ÓÒÎËÓÒ
�Èä¹ãÒ���©�¹�ã	°È�Ò®�ÓÈ�°¯Ë�ÓËä�mÒ²¯Ë�¹¯ÒäË¯Óº�m
��� ¯ÈÏ�� {� �º� ÎË� m¯Ëä«� mºÏ�Ë®°�mÒË� ÓÈ� °º°Ë�ÓÒË� mÒ²¯Ò� º}ÈÏ©mÈË�°«� ÓË�
ÏÓÈ�Ò�Ëã	Ó©ä�Ò�äºÎË��©�	�°¯ÈmÓÒäº�°�º�Ë®�º�Ò}º®�ÒÏäË¯ËÓÒ®�ãÒº�°�ÓË}º�
�º¯©ä� mºÏ�Ë®°�mÒËä� ÓÈ� mÒ²¯Ò�� ¯È°¹ºãºÎËÓÓ©Ë� ¯«�ºä�� ¹¯Ò� ºã	�º®� Èä¹ãÒ���Ë
º�°º°È�

zÈ}� Ò� ¹¯Ë�¹ºãÈ�Èãº°	�� º�°º°� º}ÈÏ©mÈË�� °Òã	ÓºË� mºÏ�Ë®°�mÒË� ÓÈ
¯È°¹¯Ë�ËãËÓÒË�°¯Ë�ÓË®�°}º¯º°�Ò�m��ºä�mÒ²¯Ë��¹º��}º�º¯©ä�¯È°¹ºãºÎËÓº��º�mË¯�
°�ÒË�� �¯Ò� ª�ºä� mºÏ�Ë®°�mÒË� ÓÈ� °�¯�}��¯�� mÒ²¯«� º}ÈÏ©mÈË�°«� ÓË°ÒääË�¯Ò�Ó©ä�
rºãËË�m°Ë�º�ºÓº�°}ÈÏ©mÈË�°«�ÓÈ�mËãÒ�ÒÓË�º�¯Ò�È�Ëã	Óº�º��ËÁË}�È�°}º¯º°�Ò��}º�º�

cÒ°�����cÈ°¹¯Ë�ËãËÓÒË�mºÏä��ËÓÒ®�m�°Ò°�ËäË�mÒ²¯Ë®��mºÏ�Î�ËÓÒË��Ïm�}ºä��

����º�°º°È�ÓË�����������°¯Ë�ÓË¯È°²º�ÓÈ«��°}º¯º°�	�º�°º°È�m�º�mË¯°�ÒÒ�'8�8��¯ÈmÓÈ�°ºº��

mË�°�mËÓÓº�����������
Ò������



���

¯ºË� �äËÓ	�ÈË�°«� ÓÈ� ����8��� �º��È

}È}� ¹ºãºÎÒ�Ëã	Ó©®� �ËÁË}�� �mË�
ãÒ�ÒmÈË�°«� ãÒ�	� ÓÈ� ����8��� �È}È«

ÓË°ÒääË�¯Ò«�äºÎË��©�	�º�«°ÓËÓÈ�
m��È°�Óº°�Ò��yã	�Òä��mºÏ�Ë®°�mÒËä
ÓÈ�¹º¹Ë¯Ë�Ó�
�}ºä¹ºÓËÓ���°}º¯º°�Ò
m�¹¯Ò°�ËÓÓº®�ºãÈ°�Ò���Ëä�mº�mÓË��
ÓË®�� {Ë¯º«�Óº�� º�°º°� äºÎË�� ÏÈäË�Óº
º°ãÈÒ�	� � mº°²º�«�Ò®� º�� °�ËÓ}Ò
¹º�º}� Ò�� °ãË�ºmÈ�Ëã	Óº�� �äËÓ	�Ò�	
ÒäËÓÓº�º�¯Ò�È�Ëã	Ó�
��È°�	��ËÁË}�
�È� °}º¯º°�Ò�� j�º�ºm©®� °�mÒ�� °}º¯º�
°�Ò��°ºÏ�ÈmÈËä©®�mÒ²¯Ëä��°ÓÒÎÈË�°«
°�����8����º�����8������Ë��¹¯ÒäË¯Óº�ÓÈ

������°mºË®�¹Ë¯mºÓÈ�Èã	Óº®�mËãÒ�ÒÓ©�
�È}Òä�º¯ÈÏºä�� °�¯�}��¯È� mÒ²�

¯«�¹º�mË¯�ÈË�°«�°Òã	Óºä�� mºÏ�Ë®°��
mÒ
� ÓÈ� °�È�ÒÒ� ãÒÓË®Óº�º� ¯ÈÏmÒ�Ò«
Ë���Ò²� mºãÓ�� zÈ}� Ò� m� �m�äË¯Óºä
°ã��ÈË� >�@�� ª�º� ¹¯Òmº�Ò�� }� ÒÏäËÓË�
ÓÒ
��°ãºmÒ®��°�º®�Òmº°�Ò�m��Ë�ËÓÒÒ
Ò��}È}�°ãË�°�mÒË���}�°ÓÒÎËÓÒ
��¯ºm�
Ó«� ¹�ã	°È�Ò®�� �È}È«� ÏÈmÒ°Òäº°�	
ÒÓ�ËÓ°ÒmÓº°�Ò�¯º°�È� mºÏä��ËÓÒ®� º�

mËãÒ�ÒÓ©�°�mÒ�È�°}º¯º°�Ò��¹º¯ºÎ�ÈËäº�º�mÒ²¯Ëä��©ãÈ�Ò°°ãË�ºmÈÓÈ�m�>��@��tº¯º�
�º� mÒ�Óº�� ��º� °��Ë°�mËÓÓÈ«� �È°�	� mºÏ�Ë®°�mÒ«� º°��Ë°�mã«Ë�°«� m� �ËÓ�¯Èã	Óºä
mÒ²¯Ë��m�°º°Ë�ÓÒ²�ÎË�mÒ²¯«²�ºÓº�¹¯È}�Ò�Ë°}Ò�ÓË�ÏÈäË�Óº�Ò�°º°�Èmã«Ë��ÓË�ºãËË
����8���{�¯ËÏ�ã	�È�Ë��}È}��¹º}ÈÏ©mÈË�

¯Ò°������mºÏ�Ë®°�mÒË�ÓÈ�mºÏä��ËÓÒ«�m
°º°Ë�ÓÒ²�mÒ²¯«²�ÓËÏÓÈ�Ò�Ëã	Óº��ÈÎË
¹¯Ò��È}º®�ºã	�º®�mËãÒ�ÒÓË�º�°º°È�

|¹Ò°ÈÓÓÈ«� ãº}Èã	Óº°�	� mºÏ�Ë®�
°�mÒ«� º�°º°È� º¹¯Ë�Ëã«Ë�� ÓËº²º�Ò�
äº°�	� ÒÏ��ËÓÒ«� mãÒ«ÓÒ«� äË°�º¹ºãº�
ÎËÓÒ«� �º�}Ò� º�°º°È� ÓÈ� °ÓÒÎËÓÒË
mºÏä��ËÓÒ®�� �r©ãÒ�¹¯ºmË�ËÓ©�ÒÏäË�
¯ËÓÒ«� �ã«� �º�}Ò� º�°º°È�� °äË�ËÓÓº®
ÓÈ�¹ºãºmÒÓ���¯ÈÓ°mË¯°Èã	Óº�º�¹Ë¯Òº�
�È�°ãË�ºmÈÓÒ«�mÒ²¯Ë®�Ò�¯È°¹ºãºÎËÓ�
Óº®�� �È}Òä� º¯ÈÏºä�� äËÎ��� ÓÒäÒ� �m
�Ë®°�mÒ�Ëã	Óº°�Ò� °äË�ÈãÒ°	� °ÈäÒ
ÓÈ}ãË®}Ò�º�Óº°Ò�Ëã	Óº�ÓË¹º�mÒÎÓº�º

cÒ°���������cÈ°¹¯Ë�ËãËÓÒË���ËÁË}�È
°¯Ë�ÓË®�°}º¯º°�Ò��È���Ò�Ë���Ò²�mºÏ�
ä��ËÓÒ®��E���m�°Ò°�ËäË�mÒ²¯Ë®�¹¯Ò

º�°º°Ë�

&¯Ë�ÓË¯È°²º�ÓÈ«��°}º¯º°�	��º�°º°È��m
º�mË¯°�ÒÒ�8�8�� �����

cÒ°�������{ãÒ«ÓÒË�º�°º°È�äËÎ���mÒ²¯«äÒ
ÓÈ�¯È°¹¯Ë�ËãËÓÒ«�°¯Ë�ÓË®�°}º¯º°�Ò��È��Ò
¹�ã	°È�Ò®��E��m�°Ò°�ËäË�mÒ²¯Ë®��<� ��

ää��

����ËÏ�º�°º°È������°�º�°º°ºä��v�¯Ëã}È
�}ÈÏ©mÈË��äË°�º�º�°º°È�



���

º�mË¯°�Ò«�m�}¯©ãË���cËÏ�ã	�È�©�ÒÏäË¯ËÓÒ®��¹¯ÒmË�ËÓ©�ÓÈ�¯Ò°��������Ë�¹º}ÈÏÈÓ©

°¯ÈmÓÒ�Ëã	Ó©Ë�¯È°¹¯Ë�ËãËÓÒ«�¹¯º�ºã	Ó©²�}ºä¹ºÓËÓ�©� °}º¯º°�Ò�8�È�� Ò� ¹�ã	°È�

�Ò®�ÓÈ��È°�º�Ë��mºÏ�Î�ËÓÒ«�Ïm�}ºä��E���ã«�°ã��È«�º�°º°È�äËÎ���mÒ²¯«äÒ��<� ��

ää��� {Ò�Óº�� ��º� ²º�«� Ò°}ÈÎËÓÒË� °¯Ë�ÓË®� °}º¯º°�Ò� Ò� °º²¯ÈÓ«Ë�°«�� Èä¹ãÒ���È

Ë���Ò²� mºãÓ� ¹¯È}�Ò�Ë°}Ò� ÓË�äËÓ«Ë�°«�� {Ë¯º«�Óº� mºÏ�Ë®°�mÒË�� º}ÈÏ©mÈËäºË� ÓÈ

mÒ²¯Ò�� ÓË� ÏÈ�¯È�ÒmÈË�� ��� �È°�	� �Ë�ËÓÒ«�� }º�º¯È«� � º�mË�°�mËÓÓÈ� ÏÈ� �ËÓË¯È�Ò


ÓË�°�º®�Òmº°�Ò�>��@��{��È°�Óº°�Ò��mËãÒ�ÒÓÈ�°�mÒ�È�°}º¯º°�Ò�m��ËÓ�¯Ë�mÒ²¯«�º°�È�

ÓË�°«�¹¯ËÎÓË®��ÓË°äº�¯«�ÓÈ�ÓË}º�º¯ºË�Ò°}ÈÎËÓÒË��Ë�ËÓÒ«�ÓÈ�Ë�º�¹Ë¯ÒÁË¯ÒÒ�

d}dpf}

iã«��¯�¹¹©�mÒ²¯Ë®��¯ÈÏmÒmÈ
�Ò²°«�m�¹º�¯ÈÓÒ�Óºä�°ãºË���°�ÈÓºmãËÓº�� ���º

ÓÈ¯È°�È
�ÒË� ÓÈ� ÓÒ²� Ë���ÒË� mºãÓ©� ÒäË
�� �È}ÒË�ÎË� Èä¹ãÒ���Ó©Ë� Ò� ÁÈÏºm©Ë

²È¯È}�Ë¯Ò°�Ò}Ò����º�Ò�ÓÈ�º�ÒÓº�Óºä�mÒ²¯Ë��°��Ë°�m�Ë���È}ÎË�ºãÈ°�	�ãÒÓË®Óº�º

¯ÈÏmÒ�Ò«�Ë���Ò²�mºãÓ��{��º�ÎË�m¯Ëä«�¹º}ÈÏÈÓº����º��Ëä¹©�¯º°�È�mºÏä��ËÓÒ®

°��Ë°�mËÓÓº� ÏÈmÒ°«�� º�� ¯È°°�º«ÓÒ«� äËÎ��� mÒ²¯«äÒ�� ��º� º�«°Ó«Ë�°«

mÏÈÒäºmãÒ«ÓÒËä�°º°Ë�ÓÒ²�mÒ²¯Ë®�

�¯Ë�ãºÎËÓ©�Ò�ºº°ÓºmÈÓ©�äË�º�©��¹¯ÈmãËÓÒ«�m�º¯Ò�Óº®�ÓË�°�º®�Òmº°�	


°�È�ÒºÓÈ¯Ó©²�¹¯º�ºã	Ó©²�mÒ²¯Ë®�m�¹º�¯ÈÓÒ�Óºä�°ãºË�

¹º}ÈÏÈÓº����º�°�¹ºäº�	
�}ºÓ�¯ºãÒ¯�Ëäº®�mºãÓ©��mºÏ�Î�ÈËäº®�m�mÒ²¯Ë�ÏÈ

°�Ë�� ¹Ë¯Òº�Ò�Ë°}º�º� m��mÈ�º�°º°È� �Ë¯ËÏ� º�mË¯°�ÒË�� äºÎÓº� È}�ÒmÓº� mºÏ�Ë®�

°�mºmÈ�	�ÓÈ�¯ÈÏmÒ�ÒË�Ë°�Ë°�mËÓÓ©²�mºãÓ�ÓÈ���È°�}Ë�ãÒÓË®Óº�º�¯º°�È�Ò�ÏÈäË�ãÒ�	

Ò²� ÓÈ¯È°�ÈÓÒË�� ��º� �}ÈÏ©mÈË�� ÓÈ� mºÏäºÎÓº°�	� ¹¯ÒäËÓËÓÒ«� 0(06��Ë²Óºãº�ÒÒ�

º�äË�ËÓÈ�ãº}ÈãÒÏÈ�Ò«�ª�º�º��mºÏ�Ë®°�mÒ«�m�¹¯Ë�ËãÈ²�º�Óº�º�ÒÏ�mÒ²¯Ë®�

ºÓÈ¯�ÎËÓº����º�º�°º°�°¹º°ºËÓ�ÏÈäË�Óº�º°ãÈÒ�	�m�º¯Ò�Ó�
�ÓË�°�º®�Òmº°�	

¹º°¯Ë�°�mºä�ãº}ÈãÒÏºmÈÓÓº�º� mºÏ�Ë®°�mÒ«�ÓÈ� °�¯�}��¯�� �Ë�ËÓÒ«��|�äË�ËÓº����º

°�Ë¹ËÓ	�mºÏ�Ë®°�mÒ«�ÏÈmÒ°Ò��º��äË°�º¹ºãºÎËÓÒ«�º�°º°È�º�Óº°Ò�Ëã	Óº�«�¯È�mÒ²�

¯Ëm©²�°�¯�}��¯��äÈ}°ÒäÈã	ÓºË�mºÏ�Ë®°�mÒË�º}ÈÏ©mÈË�°«�¹¯Ò�º�°º°Ë�ÓË¹º°¯Ë�°��

mËÓÓº�¹º��mÒ²¯Ëä�

cÈº�È� m©¹ºãÓËÓÈ� ¹¯Ò� ÁÒÓÈÓ°ºmº®� ¹º��Ë¯Î}Ë� cnnj� ��¯ÈÓ�©� ¢� ������

������Ò���������������È��È}ÎË�vÒÒ¯°}º�º�º��ËãËÓÒ«�cks��m�¯Èä}È²�äºãº�ËÎÓº�º

¹¯ºË}�È�v|�cks��

sqjspl��mjtgrbtur}

���zºÏãºm�{�{����Ëm�ËÓ}º�{�Ð���uË¯È}ºm�{�k��cÈÏmÒ�ÒË�mºÏä��ËÓÒ®�m�¹º�¯ÈÓÒ�Óºä�°ãºË

¹¯Ò��ËãËmºä�º�°È°©mÈÓÒÒ��������ÏÈ¹��¡k�j���������������,;��¢�������v�����������

���%RLNR�$�9���.R]ORY�9�9���6\]UDQWVHY�9�9���6FKHUEDNRY�9�$��7UDQVLWLRQ�FRQWURO�E\�ULEOHWV�LQ

VZHSW� ZLQJ� ERXQGDU\� OD\HU� ZLWK� HPEHGGHG� VWUHDPZLVH� YRUWH[� ��� (XU�� -�� 0HFKDQLFV�

%�)OXLGV������������9RO������1R�������3������������

���*UHN�*�5���.R]ORY�9�9���7LWDUHQNR�6�9���.OLQJPDQQ�%�*�%��7KH�� LQIOXHQFH�RI�ULEOHWV�RQ�D

ERXQGDU\�OD\HU�ZLWK�HPEHGGHG�VWUHDPZLVH�YRUWLFHV����3K\V��)OXLGV�$������������9RO����

1R��������3��������������

���0LOOLQJ�5�:��7ROOPLHQ�6FKOLFKWLQJ�ZDYH�FDQFHOODWLRQ����3K\V��)OXLGV������������9RO�������

3������������

���*LOHY�9�0�� 7ROOPLHQ�6FKOLFKWLQJ� ZDYH� H[FLWDWLRQ� RQ� WKH� YLEUDWRU� DQG� ODPLQDU�WXUEXOHQW

WUDQVLWLRQ� FRQWURO� ��� /DPLQDU�7XUEXOHQW� 7UDQVLWLRQ� �� (G�� 9�9�� � .R]ORY���� %HUOLQ� HW� DO��

6SULQJHU�9HUODJ����������3������������

��� .R]ORY� 9�9��� /HYFKHQNR� 9�<D�� /DPLQDU�7XUEXOHQW� 7UDQVLWLRQ� &RQWURO� � E\� /RFDOL]HG

'LVWXUEDQFHV����,87$0�6\PS��RQ�7XUEXOHQFH�0DQDJHPHQW�DQG�5HODPLQDUL]DWLRQ�3URF���

(GV��+�:��/LHSPDQQ��5��1DUDVLPKD����%DQJDORUH�������

����ÒãËm�{�l���zºÏãºm�{�{��{ãÒ«ÓÒË�¹Ë¯Òº�Ò�Ë°}º�º�m��mÈ�º�°º°È�ÓÈ��¹¯º�Ë°°�¹Ë¯Ë²º�È�m

¹º�¯ÈÓÒ�Óºä�°ãºË����sºmº°ÒÒ¯°}������������¯Ë¹¯����v|�ks�vvvc��vÒ��º����ÓÒË��j��

�l��¢����

���6ZHDULQJHU�-�'���%ODFNZHOGHU�5�)��7KH�JURZWK�DQG�EUHDNGRZQ�RI�VWUHDPZLVH�YRUWLFHV� LQ

WKH�SUHVHQFH�RI�WKH�ZDOO����-��)OXLG�0HFK������������9RO���������3�������������

��� %RLNR� $�9��� .R]ORY� 9�9�� 0HWKRGV� RI� FRQWUROOHG� GLVWXUEDQFHV� IRU� ODPLQDU�WXUEXOHQW

WUDQVLWLRQ�UHVHDUFK�DQG�FRQWURO����,QWHUQ��&RQI��RQ�WKH� �0HWKRGV�RI�$HURSK\V��5HVHDUFK��

3URF��3W������1RYRVLELUVN����������3����������



���

���� +R� &K��0��� 7DX� <X�&K�� 0(06�� 6FLHQFH� DQG� WHFKQRORJ\� ��� $SSOLFDWLRQ� RI

0LFURIDEULFDWLRQ�WR�)OXLG�0HFK������������9RO���������3����������

����rº®}º�k�{���zºÏãºm�{�{���v©Ï¯ÈÓ�Ëm�{�{���uË¯È}ºm�{�k��w}°¹Ë¯ÒäËÓ�Èã	ÓºË�Ò°°ãË�º�

mÈÓÒË�¹¯º�Ë°°È�¹Ë¯Ë²º�È�}���¯�ãËÓ�Óº°�Ò�ÓÈ��º�ÒÓº�Óºä�°�È�ÒºÓÈ¯Óºä�mºÏä��ËÓÒÒ�m

¹º�¯ÈÓÒ�Óºä�°ãºË�°}ºã	Ï«�Ë�º�}¯©ãÈ�����l�n������������¢������v����������

����rº®}º�k�{���zºÏãºm�{�{���v©Ï¯ÈÓ�Ëm�{�{���uË¯È}ºm�{�k��j°°ãË�ºmÈÓÒË�mãÒ«ÓÒ«�mÓ���

¯ËÓÓË®�°�¯�}��¯©�¹¯º�ºã	Óº�º�mÒ²¯«�ÓÈ��¯ÈÏmÒ�ÒË�Ë���Ò²�mºÏä��ËÓÒ®�m�ÓËä�����Ë¹�

ãºÁÒÏÒ}È�Ò�Èª¯ºäË²ÈÓÒ}È������������������¢������v������������

���� %RLNR� $�9��� 6\]UDQWVHY� 9�9��� 6FKHUEDNRY� 9�$�� ,QYHVWLJDWLRQ� RI� � VWUHDPZLVH� VWDWLRQDU\

YRUWH[� E\� GRXEOH�ZLUH� KRW�ZLUH� DQHPRPHWHU� SUREH� ��� ,QWHUQ�� &RQI�� 0HWKRGV� $HURSK\V�

5HVHDUFK����3URF��3W������1RYRVLELUVN����������3�����Ü����

����%RWWDUR�$���.OLQJPDQQ�%�*�%��2Q�OLQHDU�EUHDNGRZQ�RI�*RHUWOHU��YRUWLFHV����(XU��-��0HFK��

%�)OXLGV������������9RO������1R�������3������������

v�È�	«�¹º°��¹ÒãÈ�m�¯Ë�È}�Ò
���ÁËm¯Èã«��������


