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vãË��Ë� º�äË�Ò�	� ��º m©�Ò°ãËÓÒ« ¹Ë¯ËäË�Ë�
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�

�Ò²°« α Ò v� w�º ÎË º�Óº°Ò�°« Ò } m©¯ÈÎËÓÒ«ä
�ã« Z�
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� ää ÏÈ � ä}F�

cÈ°¹¯º°�¯ÈÓ«
�ÒË°« m ª�Ò² ¹ãÈ°�ÒÓÈ² mºãÓ©
cªãË«� ¯È°°�Ò�ÈÓÓ©Ë ¹º Áº¯ä�ãË ���� �ã« ¹ãÈ°�ÒÓ
�ºã�ÒÓº® �� �� �� °ä� ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� �� kÓÈ�
ãÒÏÒ¯�« �¯ÈÁÒ}Ò� äºÎÓº ÏÈäË�Ò�	� ��º �mÒÎ��È«°«
mºãÓÈ ÒäËË� �Ë�}º m©¯ÈÎËÓÓ�
 }ºÓÁÒ��¯È�Ò
� Ò
° �mËãÒ�ËÓÒËä �ºã�ÒÓ© ¹ãÈ°�ÒÓ© ª�È }ºÓÁÒ��¯È�
�Ò« ¹¯ÒãÒÎÈË�°« } }ºÓÁÒ��¯È�ÒÒ mºãÓ© cªãË« m
¹ºã�¹¯º°�¯ÈÓ°�mË� v �mËãÒ�ËÓÒËä �ºã�ÒÓ© ¹ãÈ°�
�ÒÓ© ÓËÏÓÈ�Ò�Ëã	Óº ¯È°��� Èä¹ãÒ���© mºãÓ©�

�º°ãË�ÓËË º�«°Ó«Ë�°« �Ëä� ��º ¹¯Ò α¹ → � °
�mËãÒ�ËÓÒËä �ºã�ÒÓ© ¹ãÈ°�ÒÓ© m Áº¯äÒ¯ºmÈÓÒÒ
°�ääÈ¯Óº® mºãÓ© ¹¯ÒÓÒäÈ
� ��È°�ÒË m°Ë ºã	�ËË
�Ò°ãº ªãËäËÓ�È¯Ó©² mºãÓ�

iã« ª�Ò² ÎË ¹ãÈ°�ÒÓ Ò �°ãºmÒ® ¯È°°�Ò�ÈËä mºÏ�
ä��ËÓÒË Ò² ¹ºmË¯²Óº°�Ò� m©ÏmÈÓÓºË ¯È°¹¯º°�¯ÈÓ«
�
�ÒäÒ°« m ÓÒ² �¹¯��ÒäÒ mºãÓÈäÒ�ªäÈ� cÈ°�Ë�©¹¯º�
mË�Ëä �ã« ¹ãÈ°�ÒÓ �ºã�ÒÓº® ���� ���� �� �� �� Ò �� °ä�
sÈ ¯Ò°� � ¹¯ÒmË�ËÓ© ª¹
¯© ª�Ò² mºãÓ� kÓÈãÒÏÒ¯�«
Ò²� ÓËº²º�Òäº º�äË�Ò�	 °��Ë°�mËÓÓºË ¯ÈÏãÒ�ÒË m
Èä¹ãÒ���È² Ò ²È¯È}�Ë¯Ë ¯È°¹¯º°�¯ÈÓËÓÒ« mºãÓ�ªäÈ
¹º °¯ÈmÓËÓÒ
 ° mºãÓÈäÒ cªãË«� cÈ°¹¯º°�¯ÈÓ«
�È«°«
mºãÓÈ m �ºÓ}Ò² ¹ãÈ°�ÒÓÈ² ÒäËË� ºã	�ºË }ºãÒ�Ë°�mº
ÓËÏÓÈ�Ò�Ëã	Óº º�ãÒ�È
�Ò²°« �¯�� º� �¯��È äÈ}°Ò�
ä�äºm Ò äÒÓÒä�äºm� j �ºã	}º ° �mËãÒ�ËÓÒËä �ºã�Ò�
Ó© ¹ãÈ°�ÒÓ© º�È« }È¯�ÒÓÈ ÓÈ�ÒÓÈË� äËÓ«�	°«� ÓÈ�
ã
�ÈË�°« Áº¯äÒ¯ºmÈÓÒË º�¯ÈÓÒ�ËÓÓº�º �Ò°ãÈ ¹Ò}ºm
Èä¹ãÒ��� ¹Ë¯ËäË�ËÓÒ®�

{ ¹ãÈ°�ÒÓÈ² �ºã�ÒÓº® � °ä Ò ºãËË ¯ËÏ}Ò® ¹Ò}
¹º«mã«Ë�°« ÓÈ ¯È°°�º«ÓÒÒ ��� °ä º� �ËÓ�¯È ÒÏã��Ë�
ÓÒ«� w�º� ¹Ò} °ºº�mË�°�m�Ë� mºãÓË� �mÒ�È
�Ë®°« °º
°}º¯º°�	
 ���� ä�°� �Ë¯ËäË�ËÓÒ« ãÒÎÈ®�Ë® }
ª�º® mºãÓË �È°�Ò ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ© ¹¯º�ºãÎÈ�

� Óº°Ò�	 ²Èº�Ò�Ë°}Ò® ²È¯È}�Ë¯� v �Èã	ÓË®�Òä
�mËãÒ�ËÓÒËä �ºã�ÒÓ© ¹ãÈ°�ÒÓ© m ¹¯º�Ë°° Áº¯äÒ�
¯ºmÈÓÒ« °�ääÈ¯Óº® mºãÓ© mºmãË}È
�°« m°Ë Óºm©Ë
ªãËäËÓ�È¯Ó©Ë mºãÓ©� Ò ²È¯È}�Ë¯ mºãÓºmº® ¹ºmË¯²�
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¯È°¹¯º°�¯ÈÓ«
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¯Ë�Ò ª�º® mºãÓ©� v}º¯º°�	 Ò² ¯È°¹¯º°�¯ÈÓËÓÒ« °º°�
�Èmã«Ë� ���� Ò ���� ä�°� w�Ò °}º¯º°�Ò ¹¯ÒãÒÎËÓ�
Óº °ºº�mË�°�m�
� °}º¯º°�«ä ¯È°¹¯º°�¯ÈÓËÓÒ« ¹º¹Ë�
¯Ë�Óº® v� Ò ¹¯º�ºã	Óº® v� mºãÓ©�
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º¯ÈÏºmÈÓÒ
 º�Óº® mºãÓ©� }È} m °ã��ÈË ¹ºã�¹¯º°�
�¯ÈÓ°�mÈ �mºãÓÈ cªãË«�� { ¹ãÈ°�ÒÓÈ² ºã	�Ò² �ºã�
�ÒÓ º�Óºm¯ËäËÓÓº °��Ë°�m�
� ÓË°}ºã	}º �Ò¹ºm
mºãÓ� ¯È°¹¯º°�¯ÈÓ«
�Ò²°« ° ¯ÈÏãÒ�Ó©äÒ °}º¯º°�
�«äÒ� �Ë¯ËäË�ËÓÒ« ¹ºmË¯²Óº°�Ò �ã« ¹ãÈ°�ÒÓ º�ËÓ	
ºã	�º® �ºã�ÒÓ© º¹¯Ë�Ëã«
�°« ¹º Áº¯ä�ãË� ¹º�
ã��ËÓÓº® ÒÏ m©¯ÈÎËÓÒ« ���� ¹��Ëä ¹¯Ë�Ëã	Óº�º ¹Ë�
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vãË��Ë� ºãËË ¹º�¯ºÓº º°�ÈÓºmÒ�	°« ÓÈ ²È¯È}�Ë�
¯Ë ¯È°¹¯º°�¯ÈÓËÓÒ« �¹¯��Ò² mºãÓ m �ºÓ}Ò² ¹ãÈ°�Ò�
ÓÈ²� tÈ¯È}�Ë¯Ó©ä mºãÓºm©ä ¹ºãËä �ã« ª�Ò² ¹ãÈ°�ÒÓ
«mã«Ë�°« ¹ºãË� ¹¯Ë�°�ÈmãËÓÓºË ÓÈ ¯Ò°� �� È� � { �º
ÎË m¯Ëä« ¯È°¹¯º°�¯ÈÓ«
�È«°« ¹º ¹ãÈ°�ÒÓË mºãÓÈ
° �mËãÒ�ËÓÒËä ¯È°°�º«ÓÒ« º� Ò°�º�ÓÒ}È ÒÏã��ËÓÒ«
�Ë¯«Ë� m °¹Ë}�¯Ë� rºãËË }º¯º�}ÒË ªãËäËÓ�È¯Ó©Ë °º°�
�Èmã«
�ÒË mºãÓ© ÏÈ��²È
� ° �mËãÒ�ËÓÒËä ¯È°°�º�
«ÓÒ« ºãËË ÒÓ�ËÓ°ÒmÓº� �Ëä �ãÒÓÓ©Ë� �¯º�Ë��È«
ºã	�ºË ¯È°°�º«ÓÒË mºãÓÈ �ªäÈ ÒäËË� ºãËË �Ï}Ò®
°¹Ë}�¯ ¹º °¯ÈmÓËÓÒ
 ° Ò°²º�Óº®� iÒÓÈäÒ�Ë°}È« ÏÈ�
�È�È �Ëº¯ÒÒ �¹¯��º°�Ò ° ��Ë�ºä °º¹¯º�ÒmãËÓÒ« °¯Ë�
�© äÓº�º °ãºÎÓËË� Ò ËË ¯Ë�ËÓÒË m©²º�Ò� ÏÈ ¯Èä}Ò
ÓÈ°�º«�Ë® °�È�	Ò�

cÒ°� �� zºªÁÁÒ�ÒËÓ� ªãË}�¯ºÈ}�°�Ò�Ë°}º�º ¹¯Ëº¯ÈÏºmÈÓÒ« z
�ã« �È��Ò}È kw �Ò¹È ikw����c�

cÒ°� �� cÈ°¹¯º°�¯ÈÓËÓÒË �¹¯��º® mºãÓ© ¹º ¹ºmË¯²Óº°�Ò ¹ãÈ°�
�ÒÓ© ÒÏ °¹ãÈmÈ kl�� �ºã�ÒÓº® �°ä m �ÒÈ¹ÈÏºÓË mºãÓºm©² �Ò°Ëã
º� � �º � °ä
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iã« ¹¯ÒãÒÎËÓÓº® º�ËÓ}Ò mãÒ«ÓÒ« Ò°�ËÏÓºmË�
ÓÒ« }º¯º�}Ò² mºãÓ ÒÏ °¹Ë}�¯È Ò°²º�Óº® mºãÓ© ÓÈ
ËËÁº¯ä� Ò Èä¹ãÒ���©¯È°°äº�¯Òä ¹ºãË mºãÓ m ¹ãÈ°�
�ÒÓË �ºã�ÒÓº® � °ä m °¹Ë}�¯Ë kw �È��Ò}È �Ò¹È
ikw����c� ¯Èº�È
�Ë�º m �ÒÈ¹ÈÏºÓË mºãÓºm©² �Ò�

°Ëã � ≤ α ≤ � °ä
Ü�
�¯Ò°� ���

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓÈ ª¹
¯È mºãÓ©� ¯È°¹¯º°�
�¯ÈÓ«
�Ë®°« º� Ò°�º�ÓÒ}È ÒÏã��ËÓÒ«� }º�º¯©® ÓÈ�
²º�Ò�°« ÓÈ �ã�ÒÓË ��� °ä º� ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ©
�ºã�ÒÓº® � °ä� v¯ÈmÓÒmÈ« ¹È¯ÈäË�¯© ª�º® mºãÓ©
° ÈÓÈãº�Ò�Óº® m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË �È°�º�
�¯Ò°� �� m�� mÒ�Òä �º°�È�º�Óº °��Ë°�mËÓÓ�
 ¯ÈÏÓÒ�
��� �È}Òä º¯ÈÏºä� ÓÈãÒ�ÒË º�¯ÈÓÒ�ËÓÓº® ¹ºãº°©
�È°�º�� m }º�º¯º® ¯Èº�È
� �È��Ò}Ò kw� äºÎË� ¹¯Ò�
mË°�Ò } °��Ë°�mËÓÓºä� Ò°}ÈÎËÓÒ
 Áº¯ä© mºãÓ©
kw Ò� }È} °ãË�°�mÒË� } �ã���ËÓÒ
 ÒãÒ �²���ËÓÒ

¯Ë�Ò°�¯È�ÒÒ mºãÓ� �º�Óº°�Ò º¹¯Ë�ËãËÓÒ« }ºº¯�ÒÓÈ�
Ò°�º�ÓÒ}ºm kw�

�È}Òä º¯ÈÏºä� ¹ºã��ËÓ© �Ëº¯Ë�Ò�Ë°}ÒË ÏÈmÒ�
°Òäº°�Ò� º¹Ò°©mÈ
�ÒË �ËÓË¯Ò¯ºmÈÓÒË �¹¯��Ò²
mºãÓ m äÈ�Ë¯ÒÈãÈ² ° �ËÁË}�ÈäÒ� ãº}Èã	Óº ¯ÈÏmÒmÈ�

�ÒäÒ°« m ÓÒ² ¹¯Ò �ËÁº¯äÒ¯ºmÈÓÒÒ� imÒÎËÓÒË
º�ÒÓº�Óº�º äÒ}¯º�ËÁË}�È� ÓÈ¹¯ÒäË¯� �Ò°ãº}È�ÒÒ�
m ¹¯ÒmË�ËÓÓ©² m©�Ë m©}ãÈ�}È² äº�ËãÒ¯�Ë�°« �mÒ�
ÎËÓÒËä �º�Ë�Óº�º Ò°�º�ÓÒ}È� p°ãÒ ¹Ë¯ËäË�ËÓÒË Ò°�
�º�ÓÒ}È ÓË ÏÈ}ÈÓ�ÒmÈË�°« º�ÒÓº�Ó©ä °}È�}ºä� �º
}È¯�ÒÓÈ mºãÓºmº�º ¹ºã«� º¯ÈÏºmÈÓÓÈ« ¹Ë¯ËäË�È
�
�Ë®°« �Ò°ãº}È�ÒË® ÒãÒ ¯ÈÏmÒmÈ
�Ë®°« �¯Ë�ÒÓº®�
äºÎË� ©�	 ¹ºã��ËÓÈ ¹��Ëä °�¹Ë¯¹ºÏÒ�ÒÒ }mÈÓ�ºm
}ÈÎ�º�º Ë�ÒÓÒ�Óº�º Ò°�º�ÓÒ}È ° ¯È°�Ë�ºä ÓÈãºÎË�
ÓÒ« Ò² �Ë®°�mÒ« �¯�� ÓÈ �¯��È�

�� rº¯ºm {� ��� vmÒ¯Ò�ºm �� r� �¯ÈÓ°Áº¯äÈ�Ò« Òä¹�ã	°ºm
¯ªãËËm°}Ò² mºãÓ m Óº¯äÈã	Ó©Ë mºãÓ© m �¹¯��ºä °�Ë¯ÎÓË�
}ºÓ�È}�Ò¯�
�Ëä ° ¹ºã�¹¯º°�¯ÈÓ°�mºä �� kÓÓº�� �º}ã� ;,
{°Ë°º
Ï� È}�°�Ò�� }ºÓÁ� �lº°}mÈ� ���� ���� Û l�� k}�°�Ò��
ÒÓ��� ����� Û v� ���

�� r��ËÓ}ºm �� k��sË�ÏmË�}È«|�{�{ºãÓ©cªãË«� ÒÏã��ÈËä©Ë
äº�Ëã«äÒ Ò°�º�ÓÒ}ºm È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ �� iËÁË}�º°�
}º¹Ò«� Û ����� Û ¢ �� Û v� �Ü���

�� {È²ÈmÒºãº° v� iÎ�� {ºÓ� {� iËmÒ�� vºmË¯�ËÓ°�mºmÈÓÒË äË�
�º�È Ò °¯Ë�°�m È}�°�Ò�Ë°}º�ªäÒ°°ÒºÓÓº�º }ºÓ�¯ºã« ¯Èº�È�

�Ë�º ºº¯��ºmÈÓÒ«� |�ËÓ}È mºÏäºÎÓº°�Ò �Èã	ÓË®�Ë® ª}�
°¹ã�È�È�ÒÒ �{iw� Ò ÓË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 ÓÈ º°ÓºmË
ÈÓÈãÒÏÈ ¯Ò°}ºm �|{iw�z|kc� �� �ËÏ� �º}ã� ��® äËÎ���
ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�º¹¯ºmº�ºm�� lº°}mÈ� ��Ü��
äÈ« ���� �� Û v� ����

�� �ÈãÈÏ
} {� k�� sË�º°Ë}È k� Ð��  �äÈ} k� z� j°°ãË�ºmÈÓÒË
ÏÈmÒ°Òäº°�Ò mºãÓºmº�º ¹¯º�Ë°°È ÓÈ ¹ºmË¯²Óº°�Ò �¹¯��º�º
°ãº« º� ¯ÈÏäË¯ºm Ò °}º¯º°�Ò mºÏÓÒ}ÓºmËÓÒ« mÓ��¯ËÓÓË�º
�ËÁË}�È �Ò¹È �¯Ë�ÒÓ© �� �Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯���
}ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� �Ü���

�� j°¹ºã	ÏºmÈÓÒË äÓº�ºÁ�Ó}�ÒºÓÈã	Óº® È}�°�Ò}º�ªäÒ°°ÒºÓ�
Óº® °Ò°�Ëä© lkwv �ã« }ºÓ�¯ºã« ¹¯º�Ë°°È °mÈ¯}Ò � {� k�
��äËÓ
}� k� {� Ð}ºmãËm� {� k� v�ã	ÎËÓ}º� s� k� zÈÏÈ}ºm
�� �ËÏ� �º}ã� ��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�º¹�
¯ºmº�ºm�� lº°}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

�� iº°ã��ÎËÓÓ« m}ãÈ�� ²mÒã	 cËãË« m È}�°�Ò�ÓË ¹ºãË� �º mÒ�
ÓÒ}È¼ ¹¯Ò ¯ºÏmÒ�}� mÓ��¯��Ó	º�º �ËÁË}�� � |� �� kÓ��
¯Ë®}�m� |� l� vË¯��¼Ó}º� l� {� �Ò°È}� {� c� v}Èã	°	}Ò®
�� n�Ï��²�ä� äË²ÈÓ�}È äÈ�Ë¯�Èã�m� Û ����� Û ¢ �� Û
v� ��Ü���

�� jmÈÓºm{�j�k}�°�Ò�Ë°}È« ªäÒ°°Ò« m ¹¯º�Ë°°Ë}º�Ë¯ËÓ�Óº�º
¯ÈÏ¯��ËÓÒ« �� iº}ã� ks vvvc� Û ����� Û ���� ¢ ��
Û v� ���Ü����

�� jmÈÓºm {�j��¯ÒäËÓËÓÒË äË�º�È È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ �ã«
ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« Ò Ò°°ãË�ºmÈÓÒ« äÈ�Ë¯ÒÈãºm �|�
Ïº¯ º°ÓºmÓ©² ¹¯ºãËä Ò ÏÈ�È�� �� iËÁË}�º°}º¹Ò«� Û
����� Û ¢ �� Û v� ��Ü���

�� zºÎÈ¯ÒÓºm {� �Ë¯°¹Ë}�Òm© ¹¯ÒäËÓËÓÒ« È}�°�Ò}º�
ªäÒ°°ÒºÓÓº�ºäË�º�È ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« m ¹¯ºÒÏmº��
°�mË �� �ËÏ� �º}ã� ��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯��
º¹¯ºmº�ºm�� lº°}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

��� �©}ºm �� j�� �ÈÓÒÓ {� j�� b�ãÈ�ºm k� {� jÏã��È�Ëã	
mºãÓ©cªãË« Òä¹�ã	°Ó©® �º�Ë�Ó©®j{cj������ËÏ� �º}ã�
��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�º¹¯ºmº�ºm�� lº°�
}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

��� sË�º°Ë}È k� Ð�|°Óºm© ¯È°�Ë�È Ò �ÒÈ�Óº°�Ò}Ò °mÈ¯Ó©² }ºÓ�
°�¯�}�Ò® � zÒËm� jÓ�¹¯ºä� �����Û ��� °�

��� &HUDQRJOX $� 1�� 3DR <��+� 3URSDJDWLRQ RI (ODVWLF 3XOVHV
DQG $FRXVWLF (PLVVLRQ LQ D 3ODWH �� $SSOHG 0HFKDQLFH� Û
����� Û 9RO� ��� Û 3� ���Ü����

��� 3DR <��+�� *DMHZVNL 5� 5�� &HUDQRJOX $� 1� $FRXVWLF HPLV�
VLRQ DQG WUDQVLHQW ZDYHV LQ DQ HODVWLF SODWH �� $FRXVWLFDO
6RFLHW\ RI $PHULFD� Û ����� Û ��� ¢ �� Û 3� ��Ü����

��� 3DR <��+�� *DMHZVNL 5� 5� *HQHUDOL]HG UD\ WKHRU\ DQG WUDQ�
VLHQW UHVSRQVH RI OD\HUHG HODVWLFVROLGV �� 3K\VLFDO DFRXVWLFV�
Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� :HDYHU 5� /�� 3DR <��+� 6SHFWUD RI WUDQVLHQW ZDYHV LQ HODVWLF
SODWHV �� $FRXVWLFDO 6RFLHW\ RI $PHULFD� Û ����� Û ���
¢ �� Û 3� ����Ü�����

��� *LOOLV 3� 3� 'LVORFDWLRQ PRWLRQV DQG DFRXVWLF HPLVVLRQV��
3URF� RI V\PSRVLXP SUHVHQWHG DW WKH 'HFHPEHU &RPPLWWHH
:HHN $PHULFDQ 6RVLHW\ IRU 7HVWLQJ DQG 0DWHULDOV RQ DFMXVWLF
HPLVVLRQ� %DO +DUERXU� )ORULGD� �Ü� 'HFHPEHU ����� Û 3� ��Ü
���

��� 7HWHOPDQ $� 6�� &KRZ 5� $FRXVWLF HPLVVLRQ WHVWLQJ DQG PLF�
URFUDFNLQJ SURFHVVHV �� �Èä ÎË� Û c� ��Ü���

jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�
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