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� &)� + 2 <=> &2)� + ) ��� �Û��� � � >�� ��@
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�� &)�2 + &2 <=>&)� + &2� ��� �Û��� � � >�@

�� &)�2 + &2 <=>&2)� + )&2 ��� �Û��� � � >�@
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��� )2 + 12 <=>12� + ) ��� �Û��� � Û��� >�@

��� �)2 <=> �) + 2� ��� �Û��� � � >�@

��� �)2 <=> ) + )22 ��� �Û��� � � >�@

��� )2 + 1)� <=> �) + 12) ��� �Û��� � � >�@
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��� )�2 + 1)� <=> 1)� + )2 ��� �Û��� ��� ����� >�@

��� �1) <=> �) + 1� ��� �Û��� � � >�@

��� ) + 1) + 0 <=> 1)� + 0 $U ��� �Û��� Û���� � >�@ F
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��� 1� + 2 <=>12 + 1 ��� �Û��� � ����� >�� �@
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��� �12 <=> 1� + 2� ��� �Û��� � ����� >�@ E
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jny� �ºä ��� ¢ � �



N = $7β
H[S




Û
(
D

7




�

lÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	� zºÓ°�¯�}�Ò« ¯È°°äÈ�¯ÒmÈËäº�º m �ÈÓÓº® ¯Èº�Ë ¯ËÈ}�º¯È ¹º�¯ºÓº º¹Ò°ÈÓÈ m

>�@� |Ó ¹¯Ë�°�Èmã«Ë� °ºº® º²ãÈÎ�ÈËä�
 }Ë¯ÈäÒ�Ë°}�
 ¯ÈÏ¯«�Ó�
 �¯�}� ¹º }º�º¯º® �Ë�Ë� ¹º�º} º¯ÈÈ�

�©mÈËäº�º �ÈÏÈ� ¹º°Ë¯Ë�ÒÓË ¯ÈÏ¯«�Ó�
 �¯�}� ¹Ë¯Ë°Ë}ÈË� mºãÓºmº�� m äË°�Ë ¹Ë¯Ë°Ë�ËÓÒ« º¯ÈÏ�Ë�°« m©°º}º�

�Ëä¹Ë¯È��¯ÓÈ« ¹ãÈÏäÈ� ¹º°ãË ¯ËÈ}�º¯È �ÈÏ ¹º°��¹ÈË� m �Ë¹ãººäËÓÓÒ}� ��Ë ¹¯ºÒ°²º�Ò� Ë�º ¹ºãÓºË º²ãÈÎ�ËÓÒË�

�¯º�ºãÎËÓÒË �Èã� �

� � � � � � � � �

>2� ⁄ ��� ⁄ 1� ⁄ ��� ⁄ 12 ⁄ � ⁄ 1�2 ⁄ ��� ⁄ @ si $U ��� �Û��� � ����� >�@

��� 1�2 + 2 <=> 1� + 2� ��� �Û��� � ����� >�� �@ E

��� 1�2 + 2 <=> �12 ��� �Û��� � ����� >�� �@ E

��� 1�2 + 1 <=> 1� + 12 ��� �Û��� � ����� >�@

��� 1�2 + 12 <=>1� + 12� ��� �Û��� � ����� >�� �@

��� 12 + 2(+0) <=>12�(+0) {i ��� �Û�� Û���� � >�@

>12� ⁄ � ⁄ 12 ⁄ ��� ⁄ 2� ⁄ ��� ⁄ 1�2 �
si 1� ��� �Û��� Û���� ��� >�@

� ��� ⁄ &2� ⁄ ���� ⁄ $U ⁄ ��� ⁄ @
��� 12� + 2 <=> 12 + 2� ��� �Û��� � Û��� >�� �@

��� 12� + 1 <=> 1�2 + 2 ��� �Û��� � � >�@

��� 12� + 1 <=> �12 ��� �Û��� � � >�@

��� 12� + 12 <=>1�2 + 2� ��� �Û��� � ����� >�@

��� �12� <=> �12 + 2� ��� �Û��� � ����� >�@ E

��� 12� + 12 <=> �12� ��� �Û��� � Û��� >�@

��� 12� + 2(+0) <=>12�(+0) {i ��� �Û��� � � >�� �@

>2� ⁄ ��� ⁄ &2� ⁄ ��� ⁄ @ si 1� ��� �Û��� Û���� ���� >�� �@

��� 12�(+0) <=>12 + 2�(+0) {i
si

��� ���
��� �Û���

�
�

����
����

>�� �@
>�@ E

��� 12� + 12� <=>12 + 12� + 2� ��� �Û��� � ���� >�� �@ E

��� 12� + 2 <=> 12� + 2� ��� �Û��� � � >�� �@

��� �12� <=> �12� + 2� ��� �Û��� � ���� >�� �@ E

��� 1�2�(+0) <=> �12�(+0) {i
si 1�

��� ����
��� ���

Û���
Û���

����
����

>�@
>�@

��� 1�2� + 2 <=>1�2� + 2� ��� �Û��� � � >�@

��� 12� + 12(+0) <=>1�2�(+0) {i
si 1�

��� �Û���
��� �Û���

���
Û���

�
�

>�@
>�@

��� 1�2� + 2 <=> �12� ��� �Û��� � � >�@

��� �1 + 0 <=> 1� + 0 1� ��� �Û��� � Û��� >�@

>1 ⁄ � ⁄ 2 ⁄ ��� ⁄ @ � � >�@

��� �) + 0 <=> )� + 0 $U ��� �Û��� Û��� ��� >�@

��� 1) + 1�)� <=> 1)� + 1� + ) ��� �Û��� � � >�@

��� 1)� + 1) <=> 1�)� + ) ��� �Û��� � � >�@

��� 1)� + 1)�(+0) <=>1�)�(+0) {i
si

��� �Û���
��� �Û���

�
�

�
�

>�@
>�@

L

��� 12� + 12�(+0) <=>1�2�(+0) {i
si

��� �Û���
��� �Û���

�
Û���

�
�

>�@
>�@

��� &)� + 1 <=> )&1 + ) ��� �Û��� � � >�@ D

��� &)� + &)� <=>&)� + &) ��� �Û��� � � >�@ D� L

��� &�1� + 1 <=> &&1 + 1� ��� �Û��� � � >�@ D

��� )&2 + 12 <=>12) + &2 ��� �Û��� � � >�@ D

��� &�2� + ) <=> )&&2 + &2 ��� �Û��� � ��� >�@ D

� ¯ Ò ä Ë � È Ó Ò «� 0 Û �¯Ë�	« �È°�Ò�È� si Û ÓÒÏ}ºË �ÈmãËÓÒË� {i Û m©°º}ºË �ÈmãËÓÒË� $(P) °ºº�mË�°�m�Ë�
$⋅��P� D Û m ãÒ�Ë¯È��¯Óºä Ò°�º�ÓÒ}Ë ÓË º¹¯Ë�ËãËÓ© ¹¯º��}�© ¯ËÈ}�ÒÒ� E Û ÓÈÒã���È« È¹¹¯º}°ÒäÈ�Ò« m°Ë² �ÈÓÓ©²

ÒÏ >�@� F Û È¹¹¯º}°ÒäÈ�Ò« �ÈÓÓ©²� ¯È°°�Ò�ÈÓÓ©² ¹º º¯È�Ó©ä }ºÓ°�ÈÓ�Èä� G Û °ºmäË°�ÓÈ« È¹¹¯º}°ÒäÈ�Ò« �ÈÓÓ©²

¹º ¹¯«äº® Ò º¯È�Óº® }ºÓ°�ÈÓ�Ë� H Û ÓÈÒã���È« È¹¹¯º}°ÒäÈ�Ò« m°Ë² °ºm¯ËäËÓÓ©² �ÈÓÓ©² ÒÏ >�@� I Û ªÁÁË}�ÒmÓº°�	

�¯Ë�	Ò² �È°�Ò� �ã« ¯ÈÏãÒ�Ó©² }ºä¹ºÓËÓ� mÏ«�È ÒÏ >�@� J Û ÓÈÒã���È« È¹¹¯º}°ÒäÈ�Ò« m°Ë² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² �ÈÓÓ©²

ÒÏ >�@� K Û }ºÓ°�ÈÓ�È ¹ºã��ËÓÈ ÒÏ º¯È�Óº®� ¯È°°�Ò�ÈÓÓº® ¹¯Ò ���� .� L Û ¹¯«äÈ« }ºÓ°�ÈÓ�È ¯È°°�Ò�ÈÓÈ ¹º º¯È�Óº®�
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j°¹ºã	ÏºmÈÓÓ©Ë �ã« äº�ËãÒ¯ºmÈÓÒ« ÓÈ�Èã	Ó©Ë �°ãºmÒ« Ò ¹È¯ÈäË�¯© ¯ËÈ}�º¯È�

iãÒÓÈ ¯ÈÏ¯«�Óº® �¯�}Ò ��� ää

iÒÈäË�¯ ¯ÈÏ¯«�Óº® �¯�}Ò � ää

iÒÈäË�¯ ¹º°ãË¯ÈÏ¯«�Óº® �¯�}Ò �� ää

cÈ°²º� �ÈÏÈ ��Û�� ã�äÒÓ

{}ãÈ�©mÈËäÈ« m ¯ÈÏ¯«� äº�Óº°�	 �Û��� }{�

vº°�Èm Ò°²º�Óº® °äË°Ò 1��2��&)� = ���Û���γ����γ�γ� γ = ���Û����
�¯Ò ¯ÈÏ¯Èº�}Ë äÈ�ËäÈ�Ò�Ë°}º® äº�ËãÒ ©ãÒ ¹¯ÒÓ«�© °ãË��
�ÒË ¹ºãºÎËÓÒ« Ò �º¹��ËÓÒ«�

�� °Ò°�ËäÈ ÒäËË� �ÒãÒÓ�¯Ò�Ë°}�
 �ËºäË�¯Ò
�

�� m°« ªÓË¯�Ò« äÒ}¯ºmºãÓºmº�º ¯ÈÏ¯«�È Ò�Ë� ÓÈ ÓÈ�¯ËmÈÓÒË �ÈÏºmº�º ¹º�º}È�

�� �ãÒÓÈ ¯ÈÏ¯«�Óº® ºãÈ°�Ò Ò ¯È�ÒÈã	ÓºË ¯È°¹¯Ë�ËãËÓÒË ªÓË¯�ºm}ãÈ�È «mã«
�°« m²º�Ó©äÒ ¹È¯ÈäË�¯ÈäÒ

äº�ËãÒ �mÏ«�© ÒÏ >�@��

iº¹��ËÓÒË �� º¹¯Èm�ÈÓº� �È} }È} äÒ}¯ºmºãÓºmº® ¯ÈÏ¯«� º©�Óº ²È¯È}�Ë¯ÒÏ�Ë�°« ÓÒÏ}ÒäÒ ÏÓÈ�ËÓÒ«äÒ

¹¯ÒmË�ËÓÓº® ÓÈ¹¯«ÎËÓÓº°�Ò ªãË}�¯Ò�Ë°}º�º ¹ºã« Ò ²È¯È}�Ë¯Óº® �Ëä¹Ë¯È��¯º® ªãË}�¯ºÓºm� { ª�Ò² �°ãºmÒ«²

¹¯È}�Ò�Ë°}Ò m°« ªÓË¯�Ò« ªãË}�¯ºÓºm� ¹ºã��ÈËäÈ« º� ¹ºã«� Ò�Ë� ÓÈ mºÏ�Î�ËÓÒË m¯È�È�Ëã	Ó©² Ò ¹º°��¹È�

�Ëã	Ó©² °�Ë¹ËÓË® °mºº�© äºãË}�ã�

lÈ�ËäÈ�Ò�Ë°}Ò ÏÈ�È�È °Áº¯ä�ãÒ¯ºmÈÓÈ m mÒ�Ë °ãË��
�Ë® °Ò°�Ëä© �ÒÁÁË¯ËÓ�ÒÈã	Ó©² �¯ÈmÓËÓÒ®�
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~�Ë°	 ��� Û �¯ÈmÓËÓÒË °º²¯ÈÓËÓÒ« ªÓË¯�ÒÒ� ��� Ò ��� º¹Ò°©mÈ
� ÏÈ}ºÓ© °º²¯ÈÓËÓÒ« Ò ÓË¯ÈÏ¯©mÓº°�Ò

äÈ°°©� ÒÏºÈ¯Óº°�	 °Ò°�Ëä© ¹¯Ë�°�ÈmãËÓÈ �¯ÈmÓËÓÒËä ���� È ��� Û �¯ÈmÓËÓÒË °º°�º«ÓÒ« Ò�ËÈã	Óº�º �ÈÏÈ�

zÈ} mÒ�Óº ÒÏ °Ò°�Ëä© ���Û���� äº�Ëã	 ÓË ��Ò�©mÈË� «mãËÓÒ« ¹¯º�ºã	Óº® �ÈÏºmº® �ÒÁÁ�ÏÒÒ Ò �Ë¹ãº�

¹¯ºmº�Óº°�Ò� �È} }È} m©°º}ÒË °}º¯º°�Ò �Ë�ËÓÒ« �ÈÏÈ º�°ãÈmãÒmÈ
� °��Ë°�mËÓÓºË ¹¯ËºãÈ�ÈÓÒË }ºÓmË}�ÒÒ

ÓÈ� �¯��ÒäÒ ¹¯º�Ë°°ÈäÒ ¹Ë¯ËÓº°È m º°Ëmºä ÓÈ¹¯ÈmãËÓÒÒ�

�¯Ò º�ËÓ}Ë �Ò¹Ò�Ó©² ¯ËÎÒäºm ¯Èº�© ¯ËÈ}�º¯È ©ãº ºÓÈ¯�ÎËÓº� ��º }¯Ò�Ë¯Ò® cË®Óºã	�°È 5H �ã«

²ºãº�Óº�º �ÈÏÈ äºÎË� �º°�Ò�È�	 ÏÓÈ�ËÓÒ® ¹º¯«�}È �� ���� ��º °ºº�mË�°�m�Ë� �Ò°�º ��¯�ãËÓ�Óºä� ¯ËÎÒä�

�Ë�ËÓÒ«� { �º ÎË m¯Ëä«� m ¯ÈÏ¯«�Óº® m©°º}º�Ëä¹Ë¯È��¯Óº® ºãÈ°�Ò ¯ËÈ}�º¯È 5H äºÎË� ¹È�È�	 �º mËãÒ�ÒÓ©

����Û����� ��º °ºº�mË�°�m�Ë� ¹Ë¯Ë²º�Óºä� ¯ËÎÒä� �Ë�ËÓÒ«� �È}ºË ¹ºmË�ËÓÒË }¯Ò�Ë¯Ò« cË®Óºã	�°È º�°ãºm�

ãËÓº ÈÓºäÈã	Óº m©°º}Òä ¯º°�ºä m«Ï}º°�Ò ÈÏº�È� }º�º¯©® °º°�Èmã«Ë� º′ã	��
 �È°�	 °äË°Ò� ° ¹ºm©�ËÓÒËä

�Ëä¹Ë¯È��¯©� zÈ} ÒÏmË°�Óº� äº�ËãÒ¯ºmÈÓÒË ¹Ë¯Ë²º�Ó©² ¯ËÎÒäºm �Ë�ËÓÒ« ¹¯Ë�°�Èmã«Ë�°« º�ËÓ	 °ãºÎÓº®

cÒ°� �� rÈãÈÓ° È�ºäºm ��ãË¯º�È m ¯ÈmÓºmË°Ó©² �°ãºmÒ«² ¹¯Ò Óº¯äÈã	Óºä �ÈmãËÓÒÒ

�ã« �Ò°�º�º ¹Ë¯Á�º¯äË�ÈÓÈ �È� Ò °äË°Ò 1
�
�2

�
�&)

�
 ������������ ��� E

&
� �� 7� .
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ÏÈ�È�Ë® �ÈÎË �ã« ÓË ¯ËÈ�Ò¯�
�Ò² °Ò°�Ëä� { °m«ÏÒ ° ª�Òä� �ã« �¹¯º�ËÓÒ« äº�ËãÒ ä© m �ÈÓÓº® ¹º°�ÈÓºm}Ë�

�È}ÎË }È} Ò m >�@� ÓË ¯È°°äÈ�¯ÒmÈãÒ �¯ÈmÓËÓÒË �mÒÎËÓÒ«� {äË°�º ª�º�º ÏÈ�ÈmÈãÒ°	 ¯ÈÏãÒ�Ó©Ë ¯È�ÒÈã	Ó©Ë

¯È°¹¯Ë�ËãËÓÒ« °}º¯º°�Ò �ÈÏÈ� }º�º¯©Ë °�Ò�ÈãÒ°	 �°�ÈÓºmÒm�ÒäÒ°« ���¯�ãËÓ�Ó©äÒ ãÒº ãÈäÒÓÈ¯Ó©äÒ� Ò

Óº¯äÒ¯ºmÈãÒ°	 ÓÈ °�ääÈ¯Ó©® äÈ°°ºm©® ¯È°²º� °äË°Ò�

cËÏ�ã	�È�© äº�ËãÒ¯ºmÈÓÒ«� �Ë¯äº�ÒÓÈäÒ�Ë°}Ò® ÈÓÈãÒÏ ¹º}ÈÏ©mÈË�� ��º ¹Ë¯Á�º¯äË�ÈÓ ²È¯È}�Ë¯ÒÏ�Ë��

°« º�ËÓ	 m©°º}º® °�ÈÒã	Óº°�	
 Ò �Ë¯äÒ�Ë°}º® �°�º®�Òmº°�	
� { �Ò°�ºä mÒ�Ë ºÓ °�ÈÒãËÓ �°ä� ¯Ò°� �� È�

�º �Ëä¹Ë¯È��¯ ����Û���� . �Ï�Ë°	 Ò �ÈãËË ¯ËÏ�ã	�È�© ¹¯Òmº�«�°« �ã« È�äº°ÁË¯Óº�º �ÈmãËÓÒ«�� p�º ¹ºãÓºË

¯ÈÏãºÎËÓÒË mºÏäºÎÓº �ºã	}º ¹¯Ò �Ëä¹Ë¯È��¯È² m©�Ë ���� .� �Ëä ÓË äËÓËË� �ÈÎË ���� . ÓË�º°�È�º�Óº �ã«

¹ºãÓº�º ¯ÈÏ¯��ËÓÒ« m°Ë² &)[ °ºË�ÒÓËÓÒ®� iºÈmãËÓÒË }Ò°ãº¯º�È ¹¯Òmº�Ò� } �äËÓ	�ËÓÒ
 ¹º¯º�È �Ë¯äÒ�

�Ë°}º® �°�º®�Òmº°�Ò &)� �º D���� . �°ä� ¯Ò°� �� �� { ª�ºä °ã��ÈË Ë�º ¹ºãÓºË ¯ÈÏãºÎËÓÒË mºÏäºÎÓº �ÎË

¹¯Ò 7 ! ���� .� �¯Ò ª�ºä º°ÓºmÓ©äÒ ¹º�ËÓ�ÒÈã	Ó©äÒ ¹¯º��}�ÈäÒ }ºÓmË¯°ÒÒ &)� «mã«
�°« }Ò°ãº¯º�°º�

�Ë¯ÎÈ�ÒË äºãË}�ã©� &2)�� &2�� &2� jäËÓÓº m �È}º® ¹º°ãË�ºmÈ�Ëã	Óº°�Ò ºÓÒ ¹º«mã«
�°« m ¯ÈmÓºmË°Óº®

°äË°Ò ° ¹ºm©�ËÓÒËä �Ëä¹Ë¯È��¯©� �¯Ò �Ëä¹Ë¯È��¯È² °m©�Ë ���� . m ¹¯º��}�È² }ºÓmË¯°ÒÒ ¹º«mã«Ë�°«

ÏÈäË�ÓºË }ºãÒ�Ë°�mº &1 Ò &� ~ÈäË�Òä� º�ÓÈ}º� ��º º°ÓºmÓ©ä ��ãË¯º�°º�Ë¯ÎÈ�Òä mË�Ë°�mºä m ¯ÈmÓºmË°Óº®

¹ãÈÏäË m �Ò¯º}ºä ÒÓ�Ë¯mÈãË �Ëä¹Ë¯È��¯ º� ���� �º ���� . «mã«Ë�°« &2�

zÈ} ¹¯ÈmÒãº� m ¯ËÈã	Ó©² �°ãºmÒ«² °º°�Èm ¹¯º��}�ºm º�ãÒ�ÈË�°« º� ¯ÈmÓºmË°Óº�º� �ãÈmÓ©ä º¯ÈÏºä ª�º

º�°ãºmãËÓº º�¯ÈÓÒ�ËÓÓ©ä m¯ËäËÓËä ¹¯Ë©mÈÓÒ« �ÈÏºmº® °äË°Ò m �º¯«�Ë® ÏºÓË ¯ËÈ}�º¯È� sÈ ¯Ò°� � ¹¯ÒmË�

cÒ°� �� jÏäËÓËÓÒË }ºÓ�ËÓ�¯È�Ò® º°ÓºmÓ©² }ºä¹ºÓËÓ� mº m¯ËäËÓÒ ¹¯Ò ÒÏº�Ë¯äÒ�Ë°}ºä

¯ÈÏãºÎËÓÒÒ ¹Ë¯Á�º¯äË�ÈÓÈ� È Û 7  ���� .�  Û ����� sÈ�Èã	ÓÈ« °äË°	 1
�
�2

�
�&)

�
 

 ������������� {©�ËãËÓÓÈ« ºãÈ°�	 º�º¯ÈÎÈË� ²È¯È}�Ë¯ÓºË m¯Ëä« ¹¯Ë©mÈÓÒ« �ÈÏÈ m

¯ÈÏ¯«�Óº® ÏºÓË ¯ËÈ}�º¯È� ;� �� W� °

cÒ°� �� ~ÈmÒ°Òäº°�	 ²È¯È}�Ë¯Óº�º m¯ËäËÓÒ ÒÏº�Ë¯äÒ�Ë°}º�º ¯ÈÏãºÎËÓÒ« ¹Ë¯Á�º¯äË�È�
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�� .DERX]L <�� 0RLVDQ 0�� 5RVWDLQJ -� &� HW DO� $EDWHPHQW RI SHUIOXRULQDWHG FRPSRXQGV XVLQJ PLFURZDYH SODVPDV

DW DWPRVSKHULF SUHVVXUH��-� $SSO� 3K\V� ����� 9RO� ��� 3S� ����Û�����

�� 5ROLQ 0� 1�� 6KDEXQ\D 6� ,�� 5RVWDLQJ -� &�� DQG 3HUULQ -� 6LPXODWLRQ RI PLFURZDYH GLVFKDUJH LQ QLWURJHQ DW

DWPRVSKHULF SUHVVXUH��3URF� ,QW� :RUNVKRS �1RQHTXLOLEULXP SURFHVVHV LQ FRPEXVWLRQ DQG SODVPD EDVHG WHFKQRORJLHV��

0LQVN� +07,� ����� 3S� ��Û���

�� &KHUQXNKR $� 3�� 0LJRXQ $� 1�� =KGDQRN 6� $� HW DO� 0RGHOLQJ RI 3)& GHVWUXFWLRQ LQ DWPRVSKHULF SUHVVXUH

PLFURZDYH GLVFKDUJH��3URF� ,QW� :RUNVKRS �1RQHTXLOLEULXP SURFHVVHV LQ FRPEXVWLRQ DQG SODVPD EDVHG WHFKQRORJLHV��

0LQVN� +07,� ����� 3S� ��Û���

�� %XUFDW $� 7KLUG 0LOOHQQLXP ,GHDO *DV DQG &RQGHQVHG 3KDVH 7KHUPRFKHPLFDO 'DWDEDVH IRU &RPEXVWLRQ��7HFKQLRQ

$HURVSDFH (QJLQHHULQJ �7$(�� 5HSRUW � ���� -DQXDU\ �����

�� 0F%ULGH %� -�� =HKH 0� -�� DQG *RUGRQ 6� 1$6$ *OHQQ &RHIILFLHQWV IRU &DOFXODWLQJ 7KHUPRG\QDPLF 3URSHUWLHV

RI ,QGLYLGXDO 6SHFLHV� 1$6$ UHSRUW 73������������� 6HSWHPEHU �����

�� /LQVWURP 3� -� DQG 0DOODUG :� *� 1,67 &KHPLVWU\ :HE%RRN� 1,67 6WDQGDUG 5HIHUHQFH 'DWDEDVH 1XPEHU ���

0DUFK ����� 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\� *DLWKHUVEXUJ 0'� ����� �KWWS���ZHEERRN�QLVW�JRY��

�� .RQQRY $� $� 'HYHORSPHQW DQG YDOLGDWLRQ RI D GHWDLOHG UHDFWLRQ PHFKDQLVP IRU WKH FRPEXVWLRQ RI VPDOO K\GUR�

FDUERQV�����WK 6\PSRVLXP �,QW�� RQ &RPEXVWLRQ� (GLQEXUJK� ����� 3� ����

�� 6PLWK *� 3�� *ROGHQ '� 0�� )UHQNODFK 0�� 0RULDUW\ 1� :�� (LWHQHHU %�� *ROGHQEHUJ 0�� %RZPDQ &� 7��

+DQVRQ 5� .�� 6RQJ 6�� *DUGLQHU :� &� -U�� /LVVLDQVNL 9� 9�� DQG =KLZHL 4� KWWS���ZZZ�PH�EHUNHOH\�HGX�JULBPHFK�

�� 0LOOHU -� $� DQG %RZPDQ &� 7� 0HFKDQLVP DQG 0RGHOLQJ RI 1LWURJHQ &KHPLVWU\ LQ &RPEXVWLRQ��3URJ� (QHUJ\

&RPEXVW� 6FL� ����� 9RO� ��� 3S� ���Û����

��� :DQJ +� DQG )UHQNODFK 0� $ 'HWDLOHG .LQHWLF 0RGHOLQJ 6WXG\ RI $URPDWLFV )RUPDWLRQ LQ /DPLQDU 3UHPL[HG

$FHW\OHQH DQG (WK\OHQH )ODPHV��&RPEXVWLRQ DQG )ODPH� ����� 9RO� ���� 3S� ���Û����

��� +XJKHV .� -�� 7XUD′Q\L 7�� &ODJXH $�� DQG 3LOOLQJ 0� -� 'HYHORSPHQW DQG WHVWLQJ RI D FRPSUHKHQVLYH FKHPLFDO

PHFKDQLVP IRU WKH R[LGDWLRQ RI PHWKDQH��,QW� -� &KHP� .LQHW� ����� 9RO� ��� 3S� ���Û����

��� /H\OHJLDQ -� &�� =KX '� /�� /DZ &� .�� DQG :DQJ +� ([SHULPHQWV DQG 1XPHULFDO 6LPXODWLRQ RQ WKH /DPLQDU

)ODPH 6SHHGV RI 'LFKORURPHWKDQH DQG 7ULFKORURPHWKDQH��&RPEXVWLRQ DQG )ODPH� ����� 9RO� ���� 3S� ���Û����

��� 7XUQLSVHHG $� $�� %DURQH 6� )�� -HQVHQ 1� 5�� DQG +DQVRQ '� 5���-� 3K\V� &KHP� ����� 9RO� ��� 3� �����

��� .DERX]L <�� &DO]DGD 0� '�� 0RLVDQ 0� HW DO� 5DGLDO FRQWUDFWLRQ RI PLFURZDYH�VXVWDLQHG SODVPD FROXPQV DW

DWPRVSKHULF SUHVVXUH��-� $SSO� 3K\V� ����� 9RO� ��� 3S� ����Û�����
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