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}Ò² ¯ÈÏ¯��ËÓÒ®� È ÁÈ}�º¯ �Ò}ãÒ�Ë°}º® ÓÈ�¯��
ÎËÓÓº°�Ò «mã«Ë�°« º�ÓÒä ÒÏ º°ÓºmÓ©² ¹¯Ò º¹�
¯Ë�ËãËÓÒÒ �¯Ë­ºmÈÓÒ® } m«Ï}º°�Ò äÈ�Ë¯ÒÈãºm�
|�ËmÒ�Óº� ��º �ã« ¯Ë�ËÓÒ« ª�Ò² ÏÈ�È� ÓËº­²º�
�Òäº º­¯È�Ò�	°« } ÁÒÏÒ�Ë°}Òä äË�º�Èä ÈÓÈãÒÏÈ
¹¯º�Ë°°ºm ¯ÈÏ¯��ËÓÒ«� sÒÎË ¹¯Ë�°�ÈmãËÓ© º°�
ÓºmÓ©Ë ¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ®� m©¹ºãÓËÓÓ©²
m ¡sjj zl ½�¯ºäË�Ë®� m ª�Ò² ÓÈ¹¯ÈmãËÓÒ«²�

�¯º�ÓºÏÒ¯ºmÈÓÒË �Ò}ãÒ�Ë°}º® ¹¯º�Óº°�Ò �Ò�
¹ºm©² °mÈ¯Ó©² �Ïãºm l�v�� |°ÓºmÓ©äÒ ÓÈ¹�
¯ÈmãËÓÒ«äÒ Ò°°ãË�ºmÈÓÒ® «mã«ãÒ°	� ÈÓÈãÒÏ ÓÈ¹�
¯«ÎËÓÓº��ËÁº¯äÒ¯ºmÈÓÓº�º °º°�º«ÓÒ« �siv� ÏºÓ

ÓÈÒ­ºãËË mË¯º«�Óº�º mºÏÓÒ}ÓºmËÓÒ« �°�Èãº°�Ó©²
�¯Ë�ÒÓ }ºÓ�ËÓ�¯È�º¯ºm Áº¯ä© Ò }ºÓ°�¯�}�ÒmÓ©²
�ËÁË}�ºm �mÈ� º¹¯Ë�ËãËÓÒË ²È¯È}�Ë¯Ò°�Ò} °º¹¯º�
�ÒmãËÓÒ« äÈ�Ë¯ÒÈãÈ �°�Èãº°�Óºä� ¯ÈÏ¯��ËÓÒ
�
¯È°�Ë�Ó©Ë º�ËÓ}Ò ÓÈ ­ÈÏË m©­¯ÈÓÓº® äº�ËãÒ ¯ÈÏ�
¯��ËÓÒ«� iã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ« �ºã�ºmË�Óº°�Ò ªãË�
äËÓ�ºm }ºÓ°�¯�}�Ò® ° }ºÓ�ËÓ�¯È�º¯ÈäÒ ÓÈ¹¯«�
ÎËÓÒ® ÓÈÒ­ºãËË ¯È°¹¯º°�¯ÈÓËÓ ¹º�²º�� º¹¯Ë�Ëã«�

�Ò® }ºãÒ�Ë°�mº �Ò}ãºm 1Σ �º º­¯ÈÏºmÈÓÒ« �¯Ë�
�ÒÓ© ¯ÈÏäË¯ºä ��ã�­ÒÓº®� DI m mÒ�Ë
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��Ë 1L�HD� Û ÏÈmÒ°Òäº°�	 }ºãÒ�Ë°�mÈ �Ò}ãºm �º
¹º«mãËÓÒ« �¯Ë�ÒÓ© º� Èä¹ãÒ���© �ËÁº¯äÈ�ÒÒ HD�
D�D� Û �Ë}��Ò® Ò ÓÈ�Èã	Ó©® ¯ÈÏäË¯© ��ã�­ÒÓÈ�
�¯Ë�ÒÓ©�9N�∆.�� .�PD[� Û ÏÈmÒ°Òäº°�	 °}º¯º°�Ò
¯º°�È �¯Ë�ÒÓ© º� ¯ÈÏäÈ²È }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ�

°ÒmÓº°�Ò ÓÈ¹¯«ÎËÓÒ® ∆.� Ò äÈ}°ÒäÈã	Óº�º Ë�º
ÏÓÈ�ËÓÒ« m �Ò}ãË .�PD[�

�¯ÒäËÓÒ�Ëã	Óº } °mÈ¯Ó©ä °ºË�ÒÓËÓÒ«ä �È}º®
¹º�²º� �¯Ë­�Ë� º¹¯Ë�ËãËÓÒ« ¹È¯ÈäË�¯ºm siv� HD�
ÏÈmÒ°Òäº°�Ë® ∆.� Ò .�PD[ º� È�È �È}ÎË Á�Ó}�Ò®�
²È¯È}�Ë¯ÒÏ�
�Ò² °º¹¯º�ÒmãËÓÒË äÈ�Ë¯ÒÈãÈ ¯ÈÏ�

¯��ËÓÒ
� 1L�HD� Ò 9N�∆.��.�PD[�� |�ÓÈ}º ÒäËË�°«
­ºãËË °ãºÎÓÈ« ¹¯º­ãËäÈ� °m«ÏÈÓÓÈ« ° º�°��°�mÒËä
º¹¯Ë�ËãËÓÓº°�Ò m m©­º¯Ë ÓÈ�Èã	Óº�º ¯ÈÏäË¯È �¯Ë�
�ÒÓ© D� ¹¯Ò ¹¯Ë�°�ÈmãËÓÒÒ ¯Ë°�¯°È }È} °�ää©
�m�² °ãÈ�ÈËä©²� |ÓÈ º°º­ËÓÓº È}��Èã	ÓÈ ÒäËÓÓº
�ã« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° º°�¯©äÒ }ºÓ�ËÓ�¯È�
�º¯ÈäÒ ÓÈ¹¯«ÎËÓÒ®� ¯È�Ò�° }º�º¯©² 5 °ãË��Ë�
¯È°°äÈ�¯ÒmÈ�	 }È} °ã��È®Ó�
 mËãÒ�ÒÓ��

|°ÓºmÓ©ä äË�º�ºä ÈÓÈãÒÏÈ siv «mã«ã°« �Ò°�
ãËÓÓ©® äË�º� }ºÓË�Óº�º ªãËäËÓ�È �lzw�� sÈ ­ÈÏË
äÓº�º�Ò°ãËÓÓ©² ¯Ë�ËÓÒ® lzw ¹¯Ë�ãºÎËÓº º¹Ò�
°©mÈ�	 ¯È°¹¯Ë�ËãËÓÒË äË°�Ó©² ÓÈ¹¯«ÎËÓÒ® m ÏºÓÈ²
Ò² }ºÓ�ËÓ�¯È�ÒÒ °ºº�Óº�ËÓÒËä >�Ü�@�

.O(U) = � + $

√ 5 + QU
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��Ë .O�U� Û }ºªÁÁÒ�ÒËÓ� }ºÓ�ËÓ�¯È�ÒÒ ÓÈ¹¯«�
ÎËÓÒ® ÓÈ ¯È°°�º«ÓÒÒ U �º �º�}Ò Ò² äÈ}°Òä�äÈ�
Q  ��� � &�U�$��� &  �…� �m ÏÈmÒ°Òäº°�Ò º�
¯È°°äÈ�¯ÒmÈËäº�º ÓÈ¹¯ÈmãËÓÒ«�� ½�È¯ÈäË�¯ äÈ}�
¯º�ËºäË�¯ÒÒ� k �ää���� ÏÈmÒ°Ò� º� �Ò¹È� ¯ÈÏäË¯ºm
Ò �°ãºmÒ® ÓÈ�¯�ÎËÓÒ« °ºË�ÒÓËÓÒ« Ò äºÎË� ¯È°�
°äÈ�¯ÒmÈ�	°« }È} º­º­�ËÓÓÈ« ²È¯È}�Ë¯Ò°�Ò}È siv
}ºÓ�ËÓ�¯È�º¯È ÓÈ¹¯«ÎËÓÒ®� w�º ¹ºÏmºã«Ë� º��ËãÒ�	
�Ë²Óºãº�Ò�Ë°}Ò® ÁÈ}�º¯ �º¹¯Ë�Ëã«
�Ò® °�È�Ò°�Ò}�

ρ� º� }ºÓ°�¯�}�ÒmÓº�º� ¹º�ãËÎÈ�Ë�º º�ËÓ}Ë ÓÈ °�È�
�ÒÒ ¹¯ºË}�Ò¯ºmÈÓÒ«� �¯Ë�ãºÎËÓ ¯«� ÒÓ�Ë¯¹ºã«�Ò�
ºÓÓ©² Áº¯ä�ã �ã« º�ËÓº} k ¹¯ÒäËÓÒ�Ëã	Óº } �m�²�
äË¯Ó©ä °ºË�ÒÓËÓÒ«ä �°�©}ºm©ä� �Èm¯ºm©ä Ò �¯���
È �È}ÎË �ã« ¹¯º°�¯ÈÓ°�mËÓÓ©² ��¯Ë²äË¯Ó©²�
�Ïãºm >�@� sÈÒ­ºãËË º­�ËË °ºº�Óº�ËÓÒË ÒäËË� mÒ�
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��Ë I�θ� Û Á�Ó}�Ò« ��ãÈ ¹¯ÒãË�ÈÓÒ« �mÈ } º°�
ÓºmÓºä� äË�Èãã� �äºÎË� ­©�	 ¹¯ÒÓ«�È }È} VLQ���θ��
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� K
 Û ¯ÈÏäË¯© °ºË�ÒÓËÓÒ« m ¹¯ºË}�ÒÒ Ë�º
ÓÈ¹ãº°}º°�	�¹Ë¯¹ËÓ�Ò}�ã«¯Ó�
º°Ò �mÈ� D�… D� Û
}ºªÁÁÒ�ÒËÓ�©� ¹ºã��ËÓÓ©Ë ¹¯Ò º­¯È­º�}Ë äÈ°�
°Òmºm ¯Ë�ËÓÒ® ¹º äË�º�� ÓÈÒäËÓ	�Ò² }mÈ�¯È�ºm�
�Ë¯Ë²º� º� äË°�Ó©² ÓÈ¹¯«ÎËÓÒ® } ÒÓ�ËÓ°ÒmÓº°�Ò
äË°�Ó©² �ËÁº¯äÈ�Ò® HL º°��Ë°�mã«Ë�°« ¹º
Áº¯ä�ãË .WL�U�  .W�U�I�I�� ��Ë .WL Û º�Óº�ËÓÒË
HL( } ¹Ë¯¹ËÓ�Ò}�ã«¯Óº® º°Ò �mÈ }ºä¹ºÓËÓ�Ë Óº�
äÒÓÈã	Ó©² ÓÈ¹¯«ÎËÓÒ® >�@� �º¹¯Èm}È I� ��Ò�©mÈË�
ÓÈãÒ�ÒË �m�²º°Óº�º ÓºäÒÓÈã	Óº�º ÓÈ¹¯«ÎËÓÓº�º
°º°�º«ÓÒ«� ¹º¹¯Èm}È I� Û mºÏäºÎÓº°�	 �¹¯��º¹�
ãÈ°�Ò�Ë°}º�º �ËÁº¯äÒ¯ºmÈÓÒ« ° ��Ë�ºä äË²ÈÓÒ�
�Ë°}º® ÓËº�Óº¯º�Óº°�Ò º°ÓºmÓº�º äË�ÈããÈ Ò äË�
�ÈããÈ �mÈ�

lË�º�ºä ¯Ë�Ò°�¯È�ÒÒ ÒÏäËÓËÓÒ« ¹º�ËÓ�ÒÈã	Óº®
ªÓË¯�ÒÒ ¹¯Ò äº�ËãÒ¯ºmÈÓÒÒ lzw ¹¯º�mÒÎËÓÒ«
�¯Ë�ÒÓ© ¹ºã��ËÓ© ÏÈmÒ°Òäº°�Ò ∆.� Ò .�PD[ º�
È m ¹ºã«² °�ääÈ¯Ó©² �º°�È�º�Ó©² Ò ª}°¹ã�È�È�
�ÒºÓÓ©²� ÓÈ¹¯«ÎËÓÒ®� iã« �¯Ë�ÒÓ� ¯ÈÏmÒmÈ
�
�Ò²°« ÒÏ }ºÓ�ËÓ�¯È�º¯ºm ÓÈ¹¯«ÎËÓÒ« Áº¯ä© �mÈ�
¯Ë}ºäËÓ�ºmÈÓ© °ãË��
�ÒË ÒÓ�Ë¯¹ºã«�ÒºÓÓ©Ë
Áº¯ä�ã©�

∆.� = σÓ<�<�πD�

.�PD[ = >σ�²<�(� Ü σÓ ⁄ σ�) + σÓ@ <�<�πD� ���

��Ë <� Û ¹º¹¯Èmº�ÓÈ« Á�Ó}�Ò«� ��Ò�©mÈ
�È«

}ºÓ�ËÓ�¯È�Ò
 ÓÈ¹¯«ÎËÓÒ®� <�  � � ����$

D(� + �D ⁄ $�)
×

�(√ρ + ���D Ü √ρ ) � <� Û ¹º¹¯Èm}È vÓË��ºÓÈ ÓÈ Áº¯ä�

�¯Ë�ÒÓ© �º�Óº�ËÓÒË ËË ¹ºã�º°Ë®�� σ�[ Û °¯Ë�ÓÒ®
�¯ºmËÓ	 |vs m }ºÓ�ËÓ�¯È�º¯Ë� <� Û ¹º¹¯Èmº�ÓÈ«
Á�Ó}�Ò«� ��Ò�©mÈ
�È« �¯È�ÒËÓ� |vs� ¯ÈmÓÈ«
H[S>Ü����D�=��@�

|­º­�ËÓÒË ¯ËÏ�ã	�È�ºm ¯Ë�ËÓÒ« �Ë¯äº�ËÁº¯�
äÈ�ÒºÓÓ©² �°mÈ¯º�Ó©²� ÏÈ�È� lzw ¹ºÏmºãÒãº
¹¯Ë�ãºÎÒ�	 �ÒÁÁË¯ËÓ�ÒÈ�Ò
 °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ® ¹º �¯ºmÓ
 ¹Ë¯¹ËÓ�Ò}�ã«¯Óº® }ºä¹ºÓËÓ�©
|vs σ�[ m ÏÈmÒ°Òäº°�Ò º� }ºãÒ�Ë°�mÈ ¹¯º²º�ºm
¹¯Ò °mÈ¯}Ë� ÓÈãÒ�Ò« º�¯ÈÓÒ�ËÓÓ©² �°È�º�Ó©² ¹Ë�

¯ËäË�ËÓÒ®� �Ëä¹Ë¯È��¯ ÁÈÏºmº�º γ → α�¹Ë¯Ë²º�È�
iã« º¹¯Ë�ËãËÓÒ« ÏÈmÒ°Òäº°�Ë®� m²º�«�Ò² m

���� m©¹ºãÓËÓ }ºä¹ãË}° Ò°°ãË�ºmÈÓÒ® °º¹¯º�Òm�
ãËÓÒ« �°�Èãº°�Óºä� ¯ÈÏ¯��ËÓÒ
 º�Ë�Ë°�mËÓÓ©²
°��º}º¯¹�°Ó©² °�ÈãË®� �ºã��ËÓº���º ÏÈmÒ°Òäº°�	

1L�HD� ¹¯Ò }ºªÁÁÒ�ÒËÓ�Ë È°ÒääË�¯ÒÒ �Ò}ãÈ ρ  
 Ü� äºÎË� ­©�	 ÏÈ�ÈÓÈ m mÒ�Ë

ËÈp  �����1L
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� ���σm �l�È�� ���

��Ë σm Û ¹¯Ë�Ëã ¹¯º�Óº°�Ò�
{ºÏ�Ë®°�mÒË }º¯¯ºÏÒºÓÓº® °¯Ë�©� mºÏ¯È°�ÈÓÒË

U �º ¹¯Ë�Ëã	Ó©² m©°º}Ò² ÏÓÈ�ËÓÒ®� ÒäÒ�Ò¯�
�
�ËË ÓÈãÒ�ÒË |vs� ÓÈãÒ�ÒË ÓËº­¯È­º�ÈÓÓº® ¹º�
mË¯²Óº°�Ò ¹¯º}È�È m °²º�Óº® °�Ë¹ËÓÒ ¹¯Òmº�«�
} ¹¯È}�Ò�Ë°}ºä� Ò°�ËÏÓºmËÓÒ
 mãÒ«ÓÒ« ¹¯º�Óº°�
�Ò äÈ�Ë¯ÒÈãÈ ÓÈ mËãÒ�ÒÓ� 1L�

iã« m°Ë² °��º}º¯¹�°Ó©² äÈ�Ë¯ÒÈãºm ¹ºã��ËÓ©

¹¯È}�Ò�Ë°}Ò °ºm¹È�È
�ÒË ÏÈmÒ°Òäº°�Ò 9N�∆.��
.�PD[� ��ÒÈ�¯Èää© �Ò}ãÒ�Ë°}º® �¯Ë�ÒÓº°�º®}º°�
�Ò�� iÈÓÓ©Ë �ã« äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m
°º°�º«ÓÒÒ ¹º°ãË °mÈ¯}Ò ²È¯È}�Ë¯ÒÏ�
�°« ­ºã	�Òä
¯ÈÏ­¯º°ºä� Óº ¹º°ãË ¹¯ÒäËÓËÓÒ« º­ÎÈ�Ò« º­¯ÈÏ�ºm
�ã« °Ó«�Ò« |vs ¹ãÈ°�Ò�Ë°}Òä �ËÁº¯äÒ¯ºmÈÓÒËä

��º ���…��� �� ºÓÒ ¹¯È}�Ò�Ë°}Ò °ºm¹È�È
� ° �ÈÓ�
Ó©äÒ �ã« º°ÓºmÓº�º äË�ÈããÈ� {ãÒ«ÓÒË ÏÓÈ}º¹º�
ãºÎÒ�Ëã	Óº® È°ÒääË�¯ÒÒ �Ò}ãÈ ÓÈ�¯�ÎËÓÒ« ÓÈ }Ò�
ÓË�Ò}� �¯Ë�ÒÓ© ¯ËÏ}º m©¯ÈÎËÓº ãÒ�	 m ¹¯Ò¹º�
¯º�ºmº® º­ãÈ°�Ò �ÒÈ�¯Èää �¹¯Ò 9N � ��Ü� ä��Ò}ã�
Ò äºÎË� äº�ËãÒ¯ºmÈ�	°« ÒÏäËÓËÓÒËä ¹º¯º�ºm©²
ÏÓÈ�ËÓÒ® ∆z��∆.WK� }È} Á�Ó}�ÒÒ ρ� { Ò�º�Ë �ã«
º¹Ò°ÈÓÒ« }ÒÓË�Ò}Ò �¯Ë�ÒÓ© m äË�ÈããË ÓË�Ë¯äº�
º­¯È­È�©mÈËä©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¯Ë}ºäËÓ���
Ë�°« °ºº�Óº�ËÓÒË
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{ °m«ÏÒ ° ¹¯º­ãËäÈäÒ Ò°¹ºã	ÏºmÈÓÒ« Áº¯ä�ã©
��� �ã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ« �ºã�ºmË�Óº°�Ò °mÈ¯Ó©²
°ºË�ÒÓËÓÒ® ° ½º°�¯©äÒ� }ºÓ�ËÓ�¯È�º¯ÈäÒ ÓÈ¹¯«�
ÎËÓÒ® ­©ãÈ ¹¯Ë�ãºÎËÓÈ äº�Ëã	 ¯ÈÏmÒ�Ò« �°�Èãº°�
�Óº�º ¯ÈÏ¯��ËÓÒ«� ¯È°°äÈ�¯ÒmÈ
�È« °}º¯º°�	 Ë�º
¯È°¹¯º°�¯ÈÓËÓÒ« }È} °�ää� �m�² °º°�Èmã«
�Ò²�
°}º¯º°�Ò ¯º°�È äÈ}¯º�¯Ë�ÒÓ© 9N� º¹¯Ë�Ëã«Ëäº®
¹º ���� Ò �º¹ºãÓÒ�Ëã	Óº® °}º¯º°�Ò ¹ºm¯ËÎ�ËÓÒ«
9L� º¹¯Ë�Ëã«Ëäº® Èä¹ãÒ���º® ¹ãÈ°�Ò�Ë°}Ò² �ËÁº¯�
äÈ�Ò® HDSO� m º¹¯Ë�ËãËÓÓº® �º�}Ë >�@�
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 9L�HDSO� º¹¯Ë�Ëã«ãÒ ¹º ¯ËÏ�ã	�È�Èä
Ò°¹©�ÈÓÒ® �ãÈ�}Ò² º­¯ÈÏ�ºm ���� �¯Ò ¯È°�Ë�Ë HDSO
��Ò�©mÈãÒ °ÓÒÎËÓÒË ¹¯º�Óº°�Ó©² ²È¯È}�Ë¯Ò°�Ò}
äÈ�Ë¯ÒÈãÈ m ¹¯Ò¹ºmË¯²Óº°�Ó©² °ãº«² äË�ÈããÈ�

HDSO  HD Ü 6°
�>� Ü H[S�ÜNÈ�@�(� ��Ë 6°

� Û �Ò}ãÒ�

�Ë°}Ò® ¹¯Ë�Ëã �Ë}��Ë°�Ò ¹¯Ò �°�ÈÓºmÒm�Ëä°« ¯Ë�
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�Ë¯ÒÈãÈ�

 Ò°ãËÓÓºË ÒÓ�Ë�¯Ò¯ºmÈÓÒË ��� º°��Ë°�mã«ãÒ
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 °¹Ë�ÒÈã	Óº® ¹¯º�¯Èää© �ã« �w{l�
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�Èã º¹¯Ë�ËãËÓÓ©Ë m©�Ë
Á�Ó}�ÒÒ HÈ�È� Ò .��D�� �¯ºmË¯}� �º°�ºmË¯Óº°�Ò
äº�ËãÒ ¹¯ºmº�ÒãÒ °º¹º°�ÈmãËÓÒËä ¯ËÏ�ã	�È�ºm
¯È°�Ë�È Ò Ò°¹©�ÈÓÒ® º­¯ÈÏ�ºm ° äË²ÈÓÒ�Ë°}Ò
ÒÓÒ�ÒÒ¯ºmÈÓÓ©äÒ }ºÓ�ËÓ�¯È�º¯ÈäÒ ÓÈ¹¯«ÎËÓÒ«

¹¯Ò ¯ÈÏãÒ�Óºä °ºº�Óº�ËÓÒÒ ¹È¯ÈäË�¯ºm k� ρ Ò
mÈ¯	Ò¯ºmÈÓÒÒ U� { º�ãÒ�ÒË º� ÒÏmË°�Ó©² ªä¹Ò�
¯Ò�Ë°}Ò² °ºº�Óº�ËÓÒ® ��Ë�Ë¯°ºÓÈ� ~Ò­Ëã«Üb�Òã�
ãË¯È� äº�Ëã	 ¹ºÏmºã«Ë� �º°�È�º�Óº �º�Óº ¹¯º�Óº�
ÏÒ¯ºmÈ�	 °ºmäË°�ÓºË mãÒ«ÓÒË ÓÈ �ºã�ºmË�Óº°�	 }ºÓ�
�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ® Ò ÏÓÈ}º¹ºãºÎÒ�Ëã	Óº®
È°ÒääË�¯ÒÒ �Ò}ãÈ�

�ºãºÎÒ�Ëã	Ó©Ë ¯ËÏ�ã	�È�© mË¯ÒÁÒ}È�ÒÒ äº�
�ËãÒ ¹ºÏmºãÒãÒ Ò°¹ºã	ÏºmÈ�	 ËË }È} ÒÓ°�¯�äËÓ�
�Ò°ãËÓÓº�º Ò°°ãË�ºmÈÓÒ« ¹¯º�Ë°°È ¯ÈÏ¯��ËÓÒ«
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° �ËºäË�¯Ò�Ë°}Ò ÓËº�Óº¯º��
Ó©äÒ }ºÓ�ËÓ�¯È�º¯ÈäÒ ÓÈ¹¯«ÎËÓÒ® Áº¯ä© �mÈ�
tÈ¯È}�Ë¯Ò°�Ò}Ò ¯È°¹¯Ë�ËãËÓÒ® ¯È�Ò�°È °º¹¯«ÎË�

ÓÒ« �mÈ ° º°ÓºmÓ©ä äË�Èããºä �ρÈ Û äÈ�ËäÈ�Ò�
�Ë°}ºË ºÎÒ�ÈÓÒË� ρσ Û °�ÈÓ�È¯�ÓºË º�}ãºÓËÓÒË�
­©ãÒ º¹¯Ë�ËãËÓ© äË�º�ºä °ãË¹}ºm �ã« º°ÓºmÓ©²
�Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm °mÈ¯}Ò� �¯Ò äº�ËãÒ�
¯ºmÈÓÒÒ ¹¯º�Ë°°È ¯È°°äÈ�¯ÒmÈãÒ ¯ÈÏmÒ�ÒË �¯Ë�Ò�
Ó© m ¹ºãË äË°�Ó©² ÓÈ¹¯«ÎËÓÒ®� º¹¯Ë�Ëã«Ëäºä
°�È�Ò°�Ò}º® äÒ}¯º�ËºäË�¯ÒÒ }ºÓ�ËÓ�¯È�º¯È ÓÈ¹�
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¯«ÎËÓÒ®� { ¯ËÏ�ã	�È�Ë ¯È°�Ë�Ó©² Ò°°ãË�ºmÈÓÒ®
�°�ÈÓºmãËÓº� ��º �ã« ¹¯Ë�Ëã	Óº m©°º}º�º �¯ºmÓ«
|vs Ò ÓÈÒ­ºãËË ÓË­ãÈ�º¹¯Ò«�Ó©² ¹È¯ÈäË�¯ºm
¯È°¹¯Ë�ËãËÓÒ« ¯È°�Ë�Ó©Ë }¯Òm©Ë �°�Èãº°�Ò ²º¯º�
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ªãËäËÓ�ºm�� w�º °º�ãÈ°�Ë�°« °º °¹º°º­ºä ¹ºã��ËÓÒ«
¹º°ãË�ÓÒ² }È} ÓÒÎÓÒ² º�Ò­È
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º¹¯Ë�ËãËÓÒË ½­ÈÏºmº®� }¯Òmº® �°�Èãº°�Ò m mÒ�Ë
ÈÓÈãÒ�Ò�Ë°}º�º m©¯ÈÎËÓÒ« ��� m ÏÈmÒ°Òäº°�Ò º�
ºÎÒ�ÈËäº�º �¯ºmÓ« |vs �°ÓÒÎËÓÒË �¯ºmÓ« |vs
¹¯Òmº�Ò� } �mËãÒ�ËÓÒ
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º¹¯Ë�ËãËÓÒË ªÁÁË}�ÒmÓº�º }ºªÁÁÒ�ÒËÓ�È }ºÓ�
�ËÓ�¯È�ÒÒ ÓÈ¹¯«ÎËÓÒ® °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¹º º��
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�Ë²Óºãº�Ò�Ë°}Ò² º­¯È­º�º}� ¹¯Òmº�«�Ò² } �ã���
�ËÓÒ
 �ËºäË�¯ÒÒ }ºÓ�ËÓ�¯È�º¯È ÓÈ¹¯«ÎËÓÒ«
�È¯�ºÓº���ºmºË º¹ãÈmãËÓÒË� äË²ÈÓÒ�Ë°}È« º­¯È�
­º�}È� ÒãÒ º­¯ÈÏºmÈÓÒ
 °ÎÒäÈ
�Ò² º°�È�º�Ó©²
ÓÈ¹¯«ÎËÓÒ® �¹ºmË¯²Óº°�Óº�¹ãÈ°�Ò�Ë°}ºË �ËÁº¯�
äÒ¯ºmÈÓÒË��

sËº­²º�Òäº ¹º��Ë¯}Ó��	� ��º ¹ºãºÎËÓÒË mmº�
�Òä©² ­ÈÏºm©² }¯Òm©² �°�Èãº°�Ò ÒäËË� °ãºÎÓ�

ÁÒÏÒ�Ë°}�
 ¹¯Ò¯º��� º�¯ÈÎÈ« ¹¯Ëº­ãÈ�ÈÓÒË �Ë�
Áº¯äÈ�ÒºÓÓº�º ¹¯º�Ë°°È ¹ºm¯ËÎ�ËÓÒ« °mÈ¯Óº�º °º�
Ë�ÒÓËÓÒ« m äÈãº�Ò}ãºmº® º­ãÈ°�Ò ÓÈ�¯�ÎËÓÒ«� Ò
�°ãºmÒ« °�¯È�ÒmÈÓÒ« äÒ}¯º�¯Ë�ÒÓ© m äÓº�º�Ò}�
ãºmº® º­ãÈ°�Ò�

|�ËÓ}È ¹¯º�Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ®
l�v� ¹º º�Óº�ËÓÒ
 } ²¯�¹}Òä ¯ÈÏ¯��ËÓÒ«ä�
j°°ãË�ºmÈÓÒ« siv m ª�ºä ÓÈ¹¯ÈmãËÓÒÒ m}ã
�ÈãÒ
¹¯º�ÓºÏÒ¯ºmÈÓÒË ¹È¯ÈäË�¯ºm äË²ÈÓÒ}Ò ¯ÈÏ¯��Ë�
ÓÒ« �ã« �¯Ë�ÒÓ m ¹ºãË |vs Ò ª}°¹ã�È�È�ÒºÓÓ©²
ÓÈ¹¯«ÎËÓÒ® ¹¯Ò Ò² ¹¯ºÒÏmºã	Óº® º¯ÒËÓ�È�ÒÒ�
¯ÈÏäË¯È² Ò ¹¯º°�¯ÈÓ°�mËÓÓºä ¹ºãºÎËÓÒÒ� �º}È�
ÏÈÓº� ��º �ã« ¹ºã��ËÓÒ« ¹¯Ë�Ëã	Ó©² º�ËÓº} °�ä�
äÒ¯ºmÈÓÒË º°�È�º�Ó©² Ò ª}°¹ã�È�È�ÒºÓÓ©² ÓÈ¹�
¯«ÎËÓÒ® �ºãÎÓº ¹¯ºmº�Ò�	°« ¹º ¹¯ÒÓ�Ò¹� °�ä�
äÒ¯ºmÈÓÒ« -�ÒÓ�Ë�¯Èãºm� { ª�ºä °ã��ÈË ¹Ë¯Ë�
¯È°¹¯Ë�ËãËÓÒË ¹ãÈ°�Ò�Ë°}Ò² �ËÁº¯äÈ�Ò® ¹¯Ò
¹¯º�mÒÎËÓÒÒ �¯Ë�ÒÓ© ¹¯Òmº�Ò� } �ºä�� ��º °
��Ë�ºä |vs mäË°�º ËË �ãÒÓ© °ãË��Ë� Ò°¹ºã	�
ÏºmÈ�	 ¯ÈÏäË¯ ½ÏºÓ© ¹¯º�Ë°°È� ¹¯Ò °mÈ¯}Ë ÒãÒ
�ºã�ÒÓ� °ºË�ÒÓËÓÒ« ¹¯Ò ÓÈ®�ËÓÓ©² m ¯È­º�Ë �Ò°�
ãËÓÓ©² }ºªÁÁÒ�ÒËÓ�È²� sÈ¹¯ÒäË¯� ¹¯Ë�Ëã	Ó©Ë
º�ËÓ}Ò �ã« �¯Ë�ÒÓ©� º¯ÒËÓ�Ò¯ºmÈÓÓº® ¹º¹Ë¯Ë}
�mÈ� ¹¯Òmº�«� } Áº¯ä�ãË
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ÓËº­²º�Òäº°�	 Ò°¹ºã	ÏºmÈÓÒ« ¹¯Ò È��Ë°�È�ÒÒ äÈ�
�Ë¯ÒÈãºm ¹È¯ÈäË�¯ºm ÓËãÒÓË®Óº® äË²ÈÓÒ}Ò ¯ÈÏ�
¯��ËÓÒ«� ¹È¯ÈäË�¯È &72'�¹¯ÒäËÓ«Ëäº�º m ÏÈ¯��
­ËÎÓºä °��º°�¯ºËÓÒÒ� ÒãÒ }¯Ò�Ò�Ë°}º�º ÏÓÈ�ËÓÒ«
-�ÒÓ�Ë�¯ÈãÈ� { ª�Ò² ¯ÈÏ�ËãÈ² �|v� ������Ü�� º��
ãÒ�ÈË�°« º� °ºm¯ËäËÓÓ©² ÏÈ¯�­ËÎÓ©² °�ÈÓ�È¯�ºm
Ò ÓË ¯È°¹¯º°�¯ÈÓÒä ÓÈ äÈ�Ë¯ÒÈã ° ÓÈãÒ�ÒËä |vs�
�ºª�ºä� ¹¯ÒÓ«�È« äË�º�Ò}È Ò°¹©�ÈÓÒ® ÓÈ �¯Ë�Ò�
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�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�ºmÈÓÒ® �ã« º¹¯Ë�ËãË�
ÓÒ« }º¯¯Ë}�Óº°�Ò Ò°¹©�ÈÓÒ® º��Ëã	Ó©² °�¯�}��¯�
Ó©² °º°�Èmã«
�Ò² äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®�

cËÏ�ã	�È�© º¹¯Ë�ËãËÓÒ« �Ëä¹Ë¯È��¯Ó©² ÏÈmÒ�
°Òäº°�Ë® �¯Ë�ÒÓº°�º®}º°�Ò �ã« m°Ë² ¯È°°äº�¯ËÓ�
Ó©² °��º}º¯¹�°Ó©² äÈ�Ë¯ÒÈãºm ¹ºÏmºãÒãÒ m©«�
mÒ�	 �¯Ò º­ãÈ°�Ò ° ¯ÈÏãÒ�Ó©ä �Ò¹ºä ¯ÈÏ¯��ËÓÒ«
�¯Ò°� ��� m©°º}º�Ëä¹Ë¯È��¯Ó�
 �¯ÈÏ¯��ËÓÒË ¹¯º�
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 �°�È�
­Òã	Ó©® ¯º°� �¯Ë�ÒÓ© ÏÈmË¯�ÈË�°« ÓË°�È­Òã	Ó©ä
¯ÈÏ¯��ËÓÒËä ° ¯ËÏ}Òä ¹Ë¯Ë²º�ºä º� mºãº}ÓÒ°�º�º
ÒÏãºäÈ } }¯Ò°�ÈããÒ�Ë°}ºä�� Ò ÓÒÏ}º�Ëä¹Ë�
¯È��¯Ó�
 �°�È­Òã	Ó©® ¯º°� �¯Ë�ÒÓ© º�°��°�m�Ë��
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}¯Ò°�ÈããÒ�Ë°}Ò®�� �Ò�	 m ¹º°�
ãË�ÓËä °ã��ÈË �°ãºmÒ« ¯ÈÏ¯��ËÓÒ« ²È¯È}�Ë¯ÒÏ��

�°« Ë�ÒÓ°�mËÓÓ©ä ¹È¯ÈäË�¯ºä Û �¯Ë�ÒÓº°�º®�
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� { ¹¯ºäËÎ��º�Óº® º­ãÈ°�Ò }¯Ò�Ò�Ë°}ÒË ¹È�
¯ÈäË�¯© ¹¯Ò °�¯È�ÒmÈÓÒÒ �¯Ë�ÒÓ© Ò ÓË°�È­Òã	Óºä
¯ÈÏ¯��ËÓÒÒ ¯ÈÏãÒ�Ó©� È °�È­Òã	Ó©® ¯º°� �¯Ë�Ò�
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�ËÓÒ«� È �ã« ¹¯ºäËÎ��º�Óº® º­ãÈ°�Ò Û �¯Ë�Ò�
Óº°�º®}º°�	� º¹¯Ë�ËãËÓÓÈ« ¹º äºäËÓ�� ÓË°�È­Òã	�
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v Ò°¹ºã	ÏºmÈÓÒËä äË�º�Ò}Ò m©¹ºãÓËÓ© º�ËÓ}Ò
�Ò}ãÒ�Ë°}º�º ¯Ë°�¯°È º°ÓºmÈÓÒ« Ò ãË�ºmº�º ¹º«°È
¹¯ºË}�È l�v� ½�¯Ò¯ÈÏãºäÓÈ«�� ¹º}ÈÏÈm�ÒË ¯Ë�
Èã	Óº°�	 mºÏÓÒ}ÓºmËÓÒ« ¹¯ËÎ�Ëm¯ËäËÓÓ©² �Ò}ãÒ�
�Ë°}Ò² ¯ÈÏ¯��ËÓÒ® ¹¯Ò ãË�ºmº® ÓÈ�¯�Ï}Ë ªãËäËÓ�
�ºm ãË�ºmº�º ¹º«°È Ò ÓËº­²º�Òäº°�	 Ò°¹ºã	ÏºmÈÓÒ«
¹¯Ò °�¯ºÒ�Ëã	°�mË �º¹ºãÓÒ�Ëã	Ó©² �Ë²Óºãº�Ò�Ë°�
}Ò² äË¯º¹¯Ò«�Ò®�

cËÏ�ã	�È�© º­º°ÓºmÈÓÒ« }¯Ò�Ë¯ÒËm m«Ï}º°�Ò Ò
²ãÈ�º°�º®}º°�Ò mº�ãÒ m m©¹��ËÓÓ©Ë m ���� ��
½�¯ÈmÒãÈ }ãÈ°°ÒÁÒ}È�ÒÒ� ¹º°�¯º®}Ò Ò º­º¯��º�
mÈÓÒ« lv���r�� cË�Ò°�¯È� m �È°�Ò ½lÈ�Ë¯ÒÈ�
ã©�� ½vmÈ¯}È�� ½zº¯¹�°�� ~�Ë°	 m¹Ë¯m©Ë m º�Ë�
�Ë°�mËÓÓºä °��º°�¯ºËÓÒÒ �°�ÈÓºmãËÓ© º­�Ëä© �º�
¹ºãÓÒ�Ëã	Ó©² Ò°¹©�ÈÓÒ® äÈ�Ë¯ÒÈãºm �ã« º­º°Óº�
mÈÓÒ« º­ãÈ°�Ò Ò² ¹¯ÒäËÓÒäº°�Ò� º°ÓºmÓ©Ë ¹ºãº�
ÎËÓÒ« äË�º�Ò} Ò°¹©�ÈÓÒ®� �¯Ë­ºmÈÓÒ« } ¹È�
¯ÈäË�¯� &72' �ã« º°ÓºmÓº�º äË�ÈããÈ Ò äË�ÈããÈ
°mÈ¯Ó©² °ºË�ÒÓËÓÒ®� �¯ºmËÓ	 �¯Ë­ºmÈÓÒ® ÏÈmÒ°Ò�
º� }È�Ë�º¯ÒÒ ªãËäËÓ�È }ºÓ°�¯�}�ÒÒ ¹º °�Ë¹ËÓÒ
Ò² º�mË�°�mËÓÓº°�Ò ��«ÎË°�Ò ¹º°ãË�°�mÒ® ¹¯Ò ¯ÈÏ�
¯��ËÓÒÒ� Ò �°ãºmÒ® Ë�º ÓÈ�¯�ÎËÓÒ«� �Ò}ãÒ�Ë°}º�º

cÒ°� �� vº¹º°�ÈmãËÓÒË ¯ËÏ�ã	�È�ºm Ò°¹©�ÈÓÒ® º­¯ÈÏ�ºm °�ÈÓ�
�È¯�Óº® ��� Ò ÓË°�ÈÓ�È¯�Óº® ��� �ËºäË�¯ÒÒ

���������� ��



ÒãÒ °�È�Ò�Ë°}º�º� È �È}ÎË mºÏäºÎÓº°�Ò �ÒÓÈäÒ�
�Ë°}º�º ²È¯È}�Ë¯È ¹¯ÒãºÎËÓÒ« ÓÈ�¯�Ï}Ò�

vÁº¯ä�ãÒ¯ºmÈÓÓ©Ë �¯Ë­ºmÈÓÒ« Ò°¹ºã	ÏºmÈãÒ
¹¯Ò ¯ÈÏ¯È­º�}Ë °¹Ë�ÒÁÒ}È�Ò® ÓÈ äÈ�Ë¯ÒÈã© Ò �Ë²�
Óºãº�Ò�Ë°}ÒË ¹¯º�Ë°°© °mÈ¯}Ò �ã« ¹¯ºË}�ºm
l�v� ½�¯Ò¯ÈÏãºäÓÈ«�� ½lÈãË}¹È}�� ½vÈ²ÈãÒÓ�
��� È �È}ÎË �ã« ¯Ë�ËÓÒ« ¯«�È �È°�Ó©² mº¹¯º°ºm
�ÓÈ¹¯ÒäË¯� mº¹¯º°È º �º¹�°�Òäº°�Ò º�äËÓ© ¹º°�
ãË°mÈ¯º�Óº® �Ë¯äºº­¯È­º�}Ò °ºË�ÒÓËÓÒ® ­ºã	�Ò²
�ºã�ÒÓ��

lË�º�Ò�Ë°}ÒË ¯ÈÏ¯È­º�}Ò m º­ãÈ°�Ò Ò°¹©�ÈÓÒ®
ÓÈ �¯Ë�ÒÓº°�º®}º°�	 mº�ãÒ m º�º­¯ËÓÓ�
 cË�Ò°�
�¯ºä cn ½lË�º�Ò}� º¹¯Ë�ËãËÓÒ« ¹È¯ÈäË�¯ºm �¯Ë�
�ÒÓº°�º®}º°�Ò ¹¯Ò °�È�Ò�Ë°}ºä ÓÈ�¯�ÎËÓÒÒ �ã«
äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®�� ~È ¹º°ãË�ÓÒË �º�©
ºÓÈ ¹ºã��ÒãÈ �Ò¯º}ºË È¹¯º­Ò¯ºmÈÓÒË ¹¯Ò °Ë¯�Ò�
ÁÒ}È�ÒºÓÓ©² Ò°¹©�ÈÓÒ«² äÈ�Ë¯ÒÈãºm Ò �Ë²Óºãº�
�Ò�Ë°}Ò² ¹¯º�Ë°°ºm °mÈ¯}Ò� ¹¯ºmË�ËÓÓ©² ¹º� ÓÈ��
Ïº¯ºä cË�Ò°�¯È Ò ÏÈ¯�­ËÎÓ©² }ãÈ°°ÒÁÒ}È�ÒºÓÓ©²
º­�Ë°�m �'Q9� /OR\G Ò �¯��� È �È}ÎË ¹¯Ò m©¹ºã�
ÓËÓÒÒ �ËãËm©² ¹¯º�¯Èää lÒÓÒ°�Ë¯°�mÈ ÓÈ�}Ò cn
Ò �º�ºmº¯Ó©² ¯È­º� ° cº°°Ò®°}Òä È�ËÓ�°�mºä ¹º
°��º°�¯ºËÓÒ
� {©¹ºãÓËÓ© °Ë¯�ÒÁÒ}È�ÒºÓÓ©Ë Ò°�
¹©�ÈÓÒ« ãÒ°�ºmº�º ¹¯º}È�È ¯«�È äË�Èãã�¯�Ò�Ë°�
}Ò² ¹¯Ë�¹¯Ò«�Ò® cº°°ÒÒ Ò ¯ÈÏ¯È­È�©mÈËä©² �Ë²�
Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm °mÈ¯}Ò �ã« }ºÓ°�¯�}�Ò®
È¯}�Ò�Ë°}º�º ­ÈÏÒ¯ºmÈÓÒ«� { �Ëãºä º¹©� ª�Ò² ¯È�
­º� ¹º}ÈÏ©mÈË�� ��º ¯ËÏ�ã	�È�© �º¹ºãÓÒ�Ëã	Ó©²
Ò°¹©�ÈÓÒ® ÓÈ �¯Ë�ÒÓº°�º®}º°�	 º­©�Óº ¹ºÏmºã«
�
°��Ë°�mËÓÓº ¯È°�Ò¯Ò�	 º­ãÈ°�	 ¹¯ÒäËÓÒäº°�Ò °Ë¯�
�ÒÁÒ�Ò¯�Ëäº�º äÈ�Ë¯ÒÈãÈ �mº¹¯Ë}Ò º�¯ÈÓÒ�ËÓÒ«ä
ÏÈ¯�­ËÎÓ©² Óº¯äÈ�ÒmÓ©² �º}�äËÓ�ºm� ÏÈ °�Ë� �mË�
ãÒ�ËÓÒ« ÒÓÁº¯äÈ�ÒmÓº°�Ò �ÈÓÓ©² º äÈ�Ë¯ÒÈãË�

�È}Òä º­¯ÈÏºä� ¯ËÏ�ã	�È�© m©¹ºãÓËÓÓ©² �Ëº�
¯Ë�Ò�Ë°}Ò² Ò ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�ºmÈÓÒ®
¹¯º�Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹ºÏmºãÒãÒ ¯ÈÏ¯È�
­º�È�	 mÏÈÒäº°º�ãÈ°ºmÈÓÓ©® }ºä¹ãË}° Óº¯ä Ò äË�
�º�Ò}� º­Ë°¹Ë�ÒmÈ
�Ò® ¯Ë�ËÓÒË �Ë}��Ò² ÏÈ�È�
¹¯ºË}�Ò¯ºmÈÓÒ« Ò °�¯ºÒ�Ëã	°�mÈ }ºÓ°�¯�}�Ò® äº¯�
°}º® �Ë²ÓÒ}Ò �ã« �Ëã	ÁÈ�

�� )DWLJXH 6WUHQJWK $QDO\VLV IRU 0RELOH 2IIVKRUH 8QLW� Û
'Q9� 'HW 1RUVNH 9HULWDV� &ODVVLILFDWLRQ 1RWHV ¢ ����� Û
����� Û �� S�

�� %6 ����� ����� %ULWLVK 6WDQGDUG 6SHFLILFDWLRQ IRU :HOGDEOH
6WUXFWXUDO 6WHHOV IRU )L[HG 2IIVKRUH 6WUXFWXUHV� Û %6,�
����� Û �� S�

�� &DQDGLDQ 6WDQGDUG $VVRFLDWLRQ� 3UHOLPLQDU\ 6WDQGDUG 6����
0����� 6WHHO 6WUXFWXUHV� 3DUW ,,, RI WKH &RGH IRU WKH 'H�
VLJQ� &RQVWUXFWLRQ DQG ,QVWDOODWLRQ RI )L[HG 2IIVKRUH 6WUXF�
WXUHV� ����� Û �� S�

�� jã	ÒÓ k� {�� �ËºÓºm {� ��� lÈÓÓÒÓËÓ �� �� {ãÒ«ÓÒË �Ëº�
äË�¯ÒÒ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÓÈ }ºÓ�ËÓ�¯È�Ò
 �¹¯��Ò²
ÓÈ¹¯«ÎËÓÒ® �� {º¹¯� °��º°�¯ºËÓÒ«� vË¯� vmÈ¯}È� Û
����� Û {©¹� ��� Û v� ��Ü���

�� cÈ°�Ë�ÓºË º¹¯Ë�ËãËÓÒË �ºã�ºmË�Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ® ° ��Ë�ºä mãÒ«ÓÒ« �Ë²Óºãº�Ò�Ë°}Ò² ÁÈ}�º¯ºm � j� {�
�º¯©ÓÒÓ� k� {� jã	ÒÓ� {� �� �ËºÓºm Ò �¯��� v��º°�¯�
¹¯ºä�°�	� vË¯� lÈ�Ë¯ÒÈãºmË�ËÓÒË� vmÈ¯}È� Û ����� Û
{©¹� ��� Û v� �Ü���

�� jã	ÒÓ k� {�� �ËºÓºm {� �� vºmË¯�ËÓ°�mºmÈÓÒË ¯È°�Ë�Ó©²
¹¯º�Ë��¯ º�ËÓ}Ò �ºã�ºmË�Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® }ºÓ°�
�¯�}�Ò® ­�¯ºm©² ¹ãÈ�Áº¯ä ÓÈ º°ÓºmË äº�ËãÒ¯ºmÈÓÒ« ¹¯º�
�Ë°°ºm �Ò}ãÒ�Ë°}º�º ¯ÈÏ¯��ËÓÒ« �� v­� ÓÈ��� �¯� cº°�
°Ò®°}º�º lº¯°}º�º cË�Ò°�¯È v��º²º�°�mÈ� Û ����� Û
¢ ��� Û v� ���Ü����

�� jã	ÒÓ k� {�� �ËºÓºm {� ��� lÒÏË�}Ò® k� {� lË�º� �Ò°�
ãËÓÓº�º äº�ËãÒ¯ºmÈÓÒ« ÓÈ�Èã	Óº® °�È�ÒÒ �Ò}ãÒ�Ë°}º�º
¹ºm¯ËÎ�ËÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� �º°�¯ºËÓÒË 6Ü1�}¯Ò�
m©² �� {º¹¯� äÈ�Ë¯ÒÈãºmË�ËÓÒ«� Û ����� Û {©¹� �����
Û v� ��Ü���

�� �� �����������Ü����� �¯º}È� �ºã°�ºãÒ°�ºmº® ÒÏ °�ÈãÒ ¹º�
m©�ËÓÓº® ¹¯º�Óº°�Ò �ã���ËÓÓº® °mÈ¯ÒmÈËäº°�Ò�

�� :(6 ����� 0HWKRG RI DVVHVPHQW IRU GHIHFWV LQ IXVLRQ�ZHO�
GHG MRLQWV ZLWK UHVSHFW WR EULWWOH IUDFWXUH �� -DS� :HOG�
(QJ� 6RF� Û �����

��� vÒ¯È�º¯Ò l�� lÒË⋅⋅°Ò ��� lÈ��°Ò�È t� {©�Ò°ãÒ�Ëã	ÓÈ«
äË²ÈÓÒ}È ¯ÈÏ¯��ËÓÒ«� �Ë¯� ° «¹� Û l�� lÒ¯� ����� Û
��� °�

��� jã	ÒÓ k� {� lÒÏË�}Ò® k� {� �°ãºmÒ« °�È­Òã	Óº�º Sº°�È
�SË�ÒÓ© Ò ÓË°�È­Òã	Óº�º SÈÏS��ËÓÒ« m äÈ�ËSÒÈãÈ² ° m«Ï�
}º²S�¹}Òä �Ëä¹ËSÈ��SÓ©ä ¹ËSË²º�ºä �� {º¹S� äÈ�ËSÒÈ�
ãºmË�ËÓÒ«� Û ����� Û ¢ � ����� Û v� ��Ü����

��� jã	ÒÓ k� {� �¯º�ÓºÏÒ¯ºmÈÓÒË mÒ�È -Ü5�}¯Òm©² Ò �°ãº�
mÒ® °�È­Òã	Óº�º ¯º°�È �¯Ë�ÒÓ© ¹¯Ò º�Óº¯º�Óºä ÓÈ Á¯ºÓ�
�Ë �¯Ë�ÒÓ© ÓÈ¹¯«ÎËÓÓºä °º°�º«ÓÒÒ �� ~Èm� ãÈ­� Û
����� Û ��� ¢ �� Û v� ��Ü���

��� jã	ÒÓ k� {�� �ËºÓºm {� �� |°º­ËÓÓº°�Ò Ò°¹ºã	ÏºmÈÓÒ«
¹È¯ÈäË�¯È &72' }È} ²È¯È}�Ë¯Ò°�Ò}Ò ¹Ë¯Ë²º�È º� ¯ËÎÒäÈ
°�È­Òã	Óº�º ¯º°�È �¯Ë�ÒÓ© } ÓË°�È­Òã	Óºä� ¯ÈÏ¯��ËÓÒ

m }ºÓ°�¯�}�ÒºÓÓ©² °�Èã«² �� �Èä ÎË� Û ����� Û ���
¢ �� Û v� ��Ü���

3URYLVLRQ RI RSHUDWLQJ UHOLDELOLW\ RI KXOO VWUXFWXUHV RI RII�VKRUH SODWIRUPV LQ WKH 5XVVLDQ VKHOI UHTXLUHV PHHWLQJ D VHW RI

UHTXLUHPHQWV WR WKH TXDOLW\ RI ZHOGHG MRLQWV� JXDUDQWHHLQJ SUHYHQWLRQ RI F\FOLF DQG EULWWOH IUDFWXUHV� 3UREOHPV DUH DQDO\]HG�
ZKLFK DULVH ZKHQ XVLQJ WKH DSSURDFKHV� VXJJHVWHG E\ IRUHLJQ H[SHUWV� WR VXEVWDQWLDWLRQ RI WKHVH UHTXLUHPHQWV� DQG ZD\V RI
VROYLQJ WKHP DUH SURSRVHG� SURFHHGLQJ IURP WKH PHWKRGV RI SK\VLFDO PRGHOLQJ PHWKRGV RI IUDFWXUH SURFHVVHV� ,QYHVWLJDWLRQ

UHVXOWV DUH LPSOHPHQWHG LQ WKH FRGHV DQG SURFHGXUDO GRFXPHQWV RI 5) 5HJLVWHU DQG DUH XVHG LQ FHUWLILFDWLRQ RI PDWHULDOV
DQG WHFKQRORJLFDO SURFHVVHV RI ZHOGLQJ IRU WKH VKHOI FRQVWUXFWLRQV�

IhklmibeZ \ j_^Zdpbx ����������

�� ����������


