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<XVKFKHQNR .� $�� 6DYFKHQNR 9� 6�� 6WDUXVKFKHQNR 7� 0�

5ROH RI R[\JHQ VHJUHJDWLRQ LQ ZHOGLQJ DOOR\V RI ,QYDU W\SH ����������������� �

6LGRUHWV 9� 1�� =KHUQRVHNRY $� 0� 1XPHULFDO PRGHOLQJ RI

SRZHU VRXUFH�DUF ZLWK D FRQVXPDEOH HOHFWURGH V\VWHP �������������������� ��

&′ LULF′ 5�� ýDQWUDN 6�� 5DLF′ .� $QDO\VLV RI PHFKDQLVP RI MRLQLQJ

DQG DSSHDUDQFH RI D WRXJK OD\HU LQ WKH SURFHVV RI VWLU IULFWLRQ

ZHOGLQJ ��������������������������������������������������������������������������������������������� ��

3LVPHQQ\L $� 6�� 1RYLNRYD '� 3�� 3URNRILHY $� 6�� 3ROXNKLQ

9� 9� 3URSHUWLHV RI ZHOG PHWDO LQ LQGXFWLRQ EUD]H ZHOGLQJ RI

VWHHO �� �������������������������������������������������������������������������������������������� ��
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(GXFDWLRQDO SURJUDPV ,QIRUPDWLRQ ����������������������������������������������������� ��
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(GLWRU�LQ�&KLHI
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<X� 6� %RULVRY� 1� 0� 9RURSDL�

9� )� *UDELQ� 9� 1� =DPNRY�

$� 7� =HOQLFKHQNR� $� <D� ,VKFKHQNR�

,� 9� .ULYWVXQ�

6� ,� .XFKXN�<DWVHQNR� <X� 1� /DQNLQ�

9� .� /HEHGHY �YLFH�FKLHI HG���

9� 1� /LSRGDHY �YLFH�FKLHI HG���

/� 0� /REDQRY� $� $� 0D]XU�

9� ,� 0DNKQHQNR� 9� )� 0RVKNLQ�

2� .� 1D]DUHQNR� ,� .� 3RNKRGQ\D�

,� $� 5\DEWVHY� <X� $� 6WHUHQERJHQ�

%� 9� .KLWURYVND\D �H[HF� VHFU���

9� )� .KRUXQRY� .� $� <XVKFKHQNR
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$GGUHVV�

7KH (� 2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH

RI WKH 1$6 RI 8NUDLQH�

�� %R]KHQNR VWU�� ������ .\LY� 8NUDLQH

7HO�� ������� ��� �� ��� ��� �� ��

)D[� ������� ��� �� ��

(�PDLO� MRXUQDO#SDWRQ�NLHY�XD

KWWS���ZZZ�QDV�JRY�XD�SZM

(GLWRUV�

(� 1� .D]DURYD� 9� ,� .RWO\DU�

7� 9� <XVKWLQD

(OHFWURQ JDOOH\�

,� 6� %DWDVKHYD� $�,�6XOLPD�

,� 5� 1DXPRYD�

,� 9� 3HWXVKNRY

6WDWH 5HJLVWUDWLRQ &HUWLILFDWH

.9 ���� RI ����������

$OO ULJKWV UHVHUYHG�

7KLV SXEOLFDWLRQ DQG HDFK RI WKH DUWLFOHV

FRQWDLQHG KHUH LQ DUH SURWHFWHG

E\ FRS\ULJKW�

3HUPLVVLRQ WR UHSURGXFH PDWHULDO

FRQWDLQHG LQ WKLV MRXUQDO PXVW EH REWDLQHG

LQ ZULWLQJ IURP WKH 3XEOLVKHU�

� 1$6 RI 8NUDLQH� 3:,� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�� ����
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-RXUQDO �$YWRPDWLFKHVND\D 6YDUND� LV SXEOLVKHG LQ (QJOLVK XQGHU WKH WLWOH �7KH 3DWRQ :HOGLQJ -RXUQDO��

&RQFHUQLQJ SXEOLFDWLRQ RI DUWLFOHV� VXEVFULSWLRQ DQG DGYHUWLVLQJ� SOHDVH� FRQWDFW WKH HGLWRULDO ERDUG�

������
�������������
��������
������������������������������

)RXQGHUV� 7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH 3XEOLVKHU� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

7KH (� 2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH

,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

1� 3� $O\RVKLQ

%� %UDLWKZDLWH

&� %RXFKHU

'� YRQ +RIH

*XDQ 4LDR

8� 'LOWH\

3� 6H\IIDUWK

$� 6� =XEFKHQNR

7� (DJDU

.� ,QRXH

1� ,� 1LNLIRURY

%� (� 3DWRQ

<D� 3LODUF]\N

=KDQJ <DQPLQ

9� .� 6KHOHJ

�5XVVLD�

�8.�

�)UDQFH�

�*HUPDQ\�

�&KLQD�

�*HUPDQ\�

�*HUPDQ\�

�5XVVLD�

�86$�

�-DSDQ�

�5XVVLD�

�8NUDLQH�

�3RODQG�

�&KLQD�

�%HODUXV�



M>D �����������������������������

������������	

��
���������
�������

��������
��
����

k}È�ËäÒ} sks �}¯ÈÒÓ© z� k� �upsz|� {� v� vk{ psz|� ��¯ �Ë²Ó� ÓÈ�}� �� l� v�kc�upsz|� }ÈÓ�� �Ë²Ó� ÓÈ�}

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

²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÑÏÄØÇÌÚ ÎÏÇ ÐÁ¿ÏÉÄ ÐÎÊ¿Á¿ )Hw�� �1L ÁÍÆÌÇÉ¿ÝÑ ÎÏÄÇËÒØÄÐÑÁÄÌÌÍ ÎÏÇ ÑÄËÎÄÏ¿ÑÒÏ¿Ô� ÆÌ¿ÖÇÑÄÊÛÌÍ
ÌÇÅÄ ÑÄËÎÄÏ¿ÑÒÏÚ ÐÍÊÇÃÒÐ¿� Á ÑÄËÎÄÏ¿ÑÒÏÌÍË ÇÌÑÄÏÁ¿ÊÄ �ÎÏÍÁ¿Ê¿� ÎÊ¿ÐÑÇÖÌÍÐÑÇ� ®ÏÇ ÐÁ¿ÏÉÄ Á ÐÁ¿ÏÌÍË ÐÍÄÃÇÌÄÌÇÇ

ÐÍÆÃ¿ÝÑÐÞ ÒÐÊÍÁÇÞ ÃÊÞ ÍÀÍÂ¿ØÄÌÇÞ ËÄÑ¿ÊÊ¿ ×Á¿ ÉÇÐÊÍÏÍÃÍË� ®ÏÇ ÎÍÐÊÄÃÒÝØÄË ÍÔÊ¿ÅÃÄÌÇÇ ÎÏÍÇÐÔÍÃÇÑ ÍÀÍÂ¿ØÄÌÇÄ

ÇË ÀÍÊÛ×ÄÒÂÊÍÁÚÔ ÂÏ¿ÌÇÕ ÆÄÏÄÌ Æ¿ ÐÖÄÑ ÑÄÏËÍÃÄÓÍÏË¿ÕÇÍÌÌÚÔ ÎÏÍÕÄÐÐÍÁ Á ËÄÑ¿ÊÊÄ� ÖÑÍ ÁÄÃÄÑ É ÐÌÇÅÄÌÇÝ

ÎÊ¿ÐÑÇÖÌÍÐÑÇ Ç ÍÔÏÒÎÖÇÁ¿ÌÇÝ� ° ÇÐÎÍÊÛÆÍÁ¿ÌÇÄË 9DUHVWUDLQW WHVW ÎÍÉ¿Æ¿Ì¿ ÉÍÊÇÖÄÐÑÁÄÌÌ¿Þ Æ¿ÁÇÐÇËÍÐÑÛ ÁÊÇÞÌÇÞ

ÉÇÐÊÍÏÍÃ¿ Ì¿ ÎÏÍÁ¿Ê ÎÊ¿ÐÑÇÖÌÍÐÑÇ ËÄÑ¿ÊÊ¿ ×Á¿�

zã
� Ë m © Ë ° ã º m È � °¹ãÈm �Ò¹È ÒÓmÈ¯� ¹ãÈ°�Ò�Óº°�	� °Ë��

¯Ë�È�Ò«� ºº�È�ËÓÒË }Ò°ãº¯º�ºä� ²¯�¹}ºË ¯ÈÏ¯��ËÓÒË� °ºãÒ�

��°� �º¯«�ÒË �¯Ë�ÒÓ©� �¯ÈÓÒ�© ÏË¯ËÓ� °mÈ¯ÓºË °ºË�ÒÓËÓÒË�

|ÎË�°¹Ë}�¯º°}º¹Ò«

|°º©Ë �Ë¹ãºÁÒÏÒ�Ë°}ÒË °mº®°�mÈ ÎËãËÏºÓÒ}ËãË�

m©² °¹ãÈmºm �Ò¹È ÒÓmÈ¯ �)HÜ�� � 1L� m °º�Ë�ÈÓÒÒ

° m©°º}º® ¹ãÈ°�Ò�Óº°�	
 Ò m«Ï}º°�	
� m �ºä �Ò°ãË

¹¯Ò ÓÒÏ}Ò² �Ëä¹Ë¯È��¯È²� º�°ãºmÒãÒ Ò² �Ò¯º}ºË

Ò°¹ºã	ÏºmÈÓÒË m äÈ�ÒÓº� Ò ¹¯Òº¯º°�¯ºËÓÒÒ�

v¹ãÈm �Ò¹È ÒÓmÈ¯ ÒäËË� °ãË��
�Ò® ²ÒäÒ�Ë°}Ò®

°º°�Èm� äÈ°� �� ���� &� ���� 6L� ���� 0Q� ���� 1L�

���� &U� ����� 6� ����� 3� ����� >2@� ������� >+@�

j°°ãË�ºmÈÓÒ« ¹º}ÈÏÈãÒ� ��º °mÈ¯Ó©Ë �m© °¹ãÈ�

mÈ mË°	äÈ ��m°�mÒ�Ëã	Ó© } º¯ÈÏºmÈÓÒ
 �º¯«�Ò²

�¯Ë�ÒÓ� { ¯Èº�Ë >�@ �°�ÈÓºmãËÓº� ��º �¯Ë�ÒÓ©

mºÏÓÒ}È
� m �m�² �Ëä¹Ë¯È��¯Ó©² ÒÓ�Ë¯mÈãÈ²� m

�ºä �Ò°ãË ¹¯Ò �Ëä¹Ë¯È��¯È² ÓÒÎË ���� Åv ��� Ë�
ÓÒÎË �Ëä¹Ë¯È��¯© °ºãÒ��°È 7

6
�� ¯È°¹ºãÈ�È
�°«

¹º �¯ÈÓÒ�Èä ÏË¯ËÓ Ò Áº¯äÒ¯�
�°« m ¹¯º�Ë°°Ë º²�

ãÈÎ�ËÓÒ« äË�ÈããÈ �mÈ �¯Ò°� ��� sÒÏ}ºË °º�Ë¯�

ÎÈÓÒË °Ë¯© Ò Áº°Áº¯È ÓË ¹¯Ë�º�m¯È�ÈË� º¯È�

ÏºmÈÓÒË �º¯«�Ò² �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë °¹ãÈmºm �Ò¹È

ÒÓmÈ¯� j°°ãË�ºmÈÓÒ« ¹º}ÈÏÈãÒ >�� �@� ��º }Ò°ãº¯º�

äºÎË� ÒÓÒ�ÒÒ¯ºmÈ�	 mºÏÓÒ}ÓºmËÓÒË �º¯«�Ò² �¯Ë�

�ÒÓ �}ÈÏÈÓÓº�º m©�Ë mÒ�È�

�¯Ò ÒÏ��ËÓÒÒ m©°º}º�Ëä¹Ë¯È��¯Óº® ¹ãÈ°�Ò��

Óº°�Ò °¹ãÈmÈ Ò �mºm �Ò¹È ÒÓmÈ¯ º¹¯Ë�ËãËÓº

�¯Ò°� ��� ��º m °ã��ÈË °}º¯º°�Ò ¹ãÈ°�Ò�Ë°}º® �Ë�

Áº¯äÈ�ÒÒ ������ °
Ü�� m �Ëä¹Ë¯È��¯Óºä ÒÓ�Ë¯mÈãË

���…���� Åv ¹¯ºÒ°²º�Ò� ¹º�Ë¯« �½¹¯ºmÈã�� ¹ãÈ°�

�Ò�Óº°�Ò �'75� äË�ÈããÈ �Ëä ºã	�Ë� �Ëä m©�Ë

°º�Ë¯ÎÈÓÒË }Ò°ãº¯º�È m Ò°°ãË��Ëäºä äÈ�Ë¯ÒÈãË�

� z� k� ��ËÓ}º� {� v� vÈm�ËÓ}º� �� l� v�È¯��ËÓ}º� ����

cÒ°� �� lÒ}¯º°�¯�}��¯È äË�ÈããÈ �mÈ ° ¹º�mÈãÒ}ºmº® �º¯«�Ë®
�¯Ë�ÒÓº® ¹¯Ò äÓº�º°ãº®Óº® °mÈ¯}Ë °¹ãÈmÈ ��st� ���� �k Û
����� cÒ°� �� ~ÈmÒ°Òäº°�	 ¹ãÈ°�Ò�Óº°�Ò ψ º°ÓºmÓº�º äË�ÈããÈ ��� Ò

äË�ÈããÈ �mºm ��� �� º� �Ëä¹Ë¯È��¯©� �Ü� Û °º�Ë¯ÎÈÓÒË }Ò°ãº�
¯º�È °ºº�mË�°�mËÓÓº ������ ����� Ò ����� äÈ°� �

������� �



n¯È}�º�¯Èää© ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« º¯ÈÏ�
�ºm ÒÏ °¹ãÈmÈ ��st ¹¯Ò �Ëä¹Ë¯È��¯Ë ��� Åv
�¯Ò°� �� ¹º}ÈÏÈãÒ ÓÈãÒ�ÒË ¹¯ËÒä��Ë°�mËÓÓº ²¯�¹�
}º�º äËÎÏË¯ËÓÓº�º ¯ÈÏ¯��ËÓÒ« °º °ãË�ÈäÒ äÒ}�
¯º¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� { °m«ÏÒ ° ª�Òä m©°�
}ÈÏÈÓº ¹¯Ë�¹ºãºÎËÓÒË� ��º mË¯º«�Óº® ¹¯Ò�ÒÓº®

º¯ÈÏºmÈÓÒ« �º¯«�Ò² �¯Ë�ÒÓ m �Ëä¹Ë¯È��¯Óºä ÒÓ�
�Ë¯mÈãË ½¹¯ºmÈãÈ� ¹ãÈ°�Ò�Óº°�Ò �'75� «mã«Ë�°«
ÓË¯ÈmÓºmË°ÓÈ« �ÒÁÁ�ÏÒ« È�ºäºm ¹¯ÒäË°Ó©² ªãË�
äËÓ�ºm �ÓÈ¹¯ÒäË¯� }Ò°ãº¯º�È�� ÓÈ²º�«�Ò²°« m
�mË¯�ºä ¯È°�mº¯Ë ÓÈ �¯ÈÓÒ�Ë ÏË¯ËÓ� �¯Ò ª�ºä ¯Ë�
�È
�Òä ÁÈ}�º¯ºä� º¹¯Ë�Ëã«
�Òä °}º¯º°�	 �ÒÁ�
Á�ÏÒÒ� «mã«Ë�°« ¹ãÈ°�Ò�Ë°}È« m©°º}º�Ëä¹Ë¯È��¯�
ÓÈ« �ËÁº¯äÈ�Ò«� ¹º°�º«ÓÓº ÒäË
�È« äË°�º m äË�
�ÈããË �mÈ Ò ÏºÓË �Ëä¹Ë¯È��¯Óº�º mãÒ«ÓÒ« ¹¯Ò
°mÈ¯}Ë� zºãÒ�Ë°�mËÓÓ�
 º�ËÓ}� ��m°�mÒ�Ëã	Óº°�Ò
äË�ÈããÈ �mÈ } º¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë
m©¹ºãÓ«ãÒ ¹��Ëä �ÒÓÈäÒ�Ë°}º�º �ËÁº¯äÒ¯ºmÈÓÒ«
ÓÈ �°�ÈÓºm}Ë �Ò¹È 9DUHVWUDLQW WHVW >�@ ¹ãÈ°�ÒÓ©
º¯ÈÏ�ºm ¯ÈÏäË¯ºä ��������� ää� vmÈ¯}� º°��
�Ë°�mã«ãÒ °¹º°ººä 7j� ÓÈ m©¯ÈÓÓºä ¯ËÎÒäË
�,

°m
 ��� k� 8

�
 �� {� Y

°m
 �� ä��� ¹¯Ò ¹º°�

�º«ÓÓºä ÏÓÈ�ËÓÒÒ �ËÁº¯äÈ�ÒÒ ¹ºmË¯²Óº°�Ó©² °ãº�
Ëm ¹ãÈ°�ÒÓ© ���� ��

lË�º�© Ò°¹©�ÈÓÒ®� ÒÓÒ�ÒÒ¯�
�ÒË º¯ÈÏº�
mÈÓÒË �¯Ë�ÒÓ� ¹¯Ë��°äÈ�¯ÒmÈãÒ m©¹ºãÓËÓÒË º�Óº�
Ò �m�²¹¯º²º�Óº�º �mºm� ¹Ë¯m©® Û ¹º º°ÓºmÓºä�
äË�Èãã� �ã« º�ËÓ}Ò �¯Ë�ÒÓº°�º®}º°�Ò äË�ÈããÈ
º�Óº¹¯º²º�Óº�º �mÈ� m�º¯º® Û �mÈ ¹¯º²º�È ¹º
º°ÓºmÓºä� äË�Èãã�� �¯Ò�Ëä m©¹ºãÓËÓÒË m�º¯º�º
¹¯º²º�È ºË°¹Ë�ÒmÈãº ¹Ë¯Ë}¯©�ÒË ¹Ë¯mº�º ¹¯º²º�È
¹¯ÒäË¯Óº ÓÈ �� � ¹ãº�È�Ò ¹Ë¯mº�º ¹¯º²º�È ��ã«
äº�ËãÒ¯ºmÈÓÒ« °mº®°�m äÓº�º°ãº®Óº® ÓÈ¹ãÈm}Ò��
cËÏ�ã	�È�© Ò°¹©�ÈÓÒ® °Ë¯ÒÒ º¯ÈÏ�ºm ° ¯ÈÏÓ©ä

cÒ°� �� n¯È}�º�¯Èää© ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« º¯ÈÏ�ºm ÒÏ
°¹ãÈmÈ ��st ¹¯Ò �Ëä¹Ë¯È��¯Ë ��� Åv� È Û �����  Û ����

cÒ°� �� {ãÒ«ÓÒË }Ò°ãº¯º�È ÓÈ �Ëä¹Ë¯È��¯Ó©® ÒÓ�Ë¯mÈã ²¯�¹�
}º°�Ò °¹ãÈmÈ )HÜ�� � 1L� � Û %75� � Û '75� °¹ãº�Ó©Ë }¯Ò�
m©Ë Û °º�Ë¯ÎÈÓÒË }Ò°ãº¯º�È ������ äÈ°� �� ��¯Ò²ºm©Ë Û
������ äÈ°� � �ε Û ¹ãÈ°�Ò�Ë°}È« �ËÁº¯äÈ�Ò«�

cÒ°� �� {ÓË�ÓÒ® mÒ� °mÈ¯Óº�º º�Óº� �È� Ò �m�²¹¯º²º�Óº�º ���mºm ÓÈ °¹ãÈmË ��st¹º°ãË Ò°¹©�ÈÓÒ®� �� �Û �¯Ë�ÒÓ© °ºº�mË�°�mËÓÓº
m ºãÈ°�Ò %75 Ò '75 ��¯Ë�ÒÓ© m ¹Ë¯mºä �mË º¯ÈÏºmÈãÒ°	 ¹º� �Ë®°�mÒËä �ËÁº¯äÈ�ÒÒ ¹¯Ò m©¹ºãÓËÓÒÒ m�º¯º�º�

� �������



°º�Ë¯ÎÈÓÒËä }Ò°ãº¯º�È ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� ��
mÓË�ÓÒ® mÒ� °mÈ¯Ó©² �mºm ¹º°ãË Ò°¹©�ÈÓÒ® Û
ÓÈ ¯Ò°� �� kÓÈãÒÏ ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�ºm ¹º}ÈÏÈã�
��º m äË�ÈããË �mºm ° °Ò°�Ëäº® ãË�Ò¯ºmÈÓÒ« ¹º
�Ò¹� °¹ãÈmÈ ÒÓmÈ¯ °��Ë°�m�
� �mÈ �Ò¹È ½¹¯ºmÈãÈ�
¹ãÈ°�Ò�Óº°�Ò Û '75 Ò m©°º}º�Ëä¹Ë¯È��¯Ó©®
ÒÓ�Ë¯mÈã ½¹¯ºmÈãÈ� ¹ãÈ°�Ò�Óº°�Ò %75 �¯Ò°� ���
¹¯Ò�Ëä }Ò°ãº¯º� º}ÈÏ©mÈË� mãÒ«ÓÒË ÓÈ ²È¯È}�Ë�
¯Ò°�Ò}Ò ¹ãÈ°�Ò�Óº°�Ò ¹¯ËÒä��Ë°�mËÓÓº m �Ëä¹Ë�
¯È��¯Óºä ÒÓ�Ë¯mÈãË '75� z¯ºäË �º�º� °ãË��Ë� º��
äË�Ò�	� ��º ��m°�mÒ�Ëã	Óº°�	 } º¯ÈÏºmÈÓÒ
 �¯Ë�
�ÒÓ ¹º�mÈãÒ}ºmº�º �Ò¹È m©�Ë� �Ëä m �mË� m©�
¹ºãÓËÓÓºä m ¹¯º�Ë°°Ë Ò°¹©�ÈÓÒ« �¯Ò°� �� �� �º�
mÒ�Òäºä�� m ª�ºä °ã��ÈË °}ÈÏ©mÈË�°« °�ääÈ¯ÓºË
mãÒ«ÓÒË }Ò°ãº¯º�È ÓÈ °}ãºÓÓº°�	 } º²¯�¹�ÒmÈÓÒ

¹Ë¯mº�º �mÈ� }È} m ¹¯º�Ë°°Ë Ë�º m©¹ºãÓËÓÒ« mÓË
�°�ÈÓºm}Ò 9DUHVWUDLQW WHVW� �È} Ò m °ã��ÈË ¹ºm�
�º¯Óº�º ÓÈ�¯ËmÈ Ò º�Óºm¯ËäËÓÓº�º ¹¯ÒÓ��Ò�Ëã	�
Óº�º �ÒÓÈäÒ�Ë°}º�º �ËÁº¯äÒ¯ºmÈÓÒ« ¹¯Ò Ò°¹©�
�ÈÓÒÒ ÓÈ �}ÈÏÈÓÓº® �°�ÈÓºm}Ë�

n¯È}�º�¯Èää© ¹ºmË¯²Óº°�Ò �¯Ë�ÒÓ '75� ¹¯Ë��
°�ÈmãËÓÓ©Ë ÓÈ ¯Ò°� �� Ò ²È¯È}�Ë¯ ¯È°¹¯º°�¯ÈÓËÓÒ«
�¯Ë�ÒÓ �°ä� ¯Ò°� �� � °mÒ�Ë�Ëã	°�m�
� º �ºä�
��º ÒäËË� äË°�º ²¯�¹}ºË äËÎÏË¯ËÓÓºË ¯ÈÏ¯��ËÓÒË
°º °ãË�ÈäÒ äÒ}¯º¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� tÈ�
¯È}�Ë¯Ò°�Ò}Ò ¹ºmË¯²Óº°�Ò �¯Ë�ÒÓ© äºÎÓº º�ËÓÒ�	
}È} �Ò¹ 5 >�@� wãËäËÓ�Ó©® °º°�Èm ¹ºmË¯²Óº°�Ò
�¯Ë�ÒÓ© '75 Ò ¹ºmË¯²Óº°�Ò ÓË¹ºm¯ËÎ�ËÓÓº�º ãÒ�
�º�º äË�ÈããÈ m }È�Ë°�mË ª�ÈãºÓÈ Ò°°ãË�ºmÈãÒ ÓÈ
�°�ÈÓºm}Ë �¯Ë²äË¯Óº�º ÈÓÈãÒÏÈ äº�ËãÒ /$6�����
äË�º�ºä ªãË}�¯ºÓÓº® |ÎË�°¹Ë}�¯º°}º¹ÒÒ� iã«
ÒÏ��ËÓÒ« ¯È°¹¯Ë�ËãËÓÒ« ªãËäËÓ�ºm ¹º �ã�ÒÓË äË�
�ÈããÈ �º� ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ«� ¹¯ÒäËÓ«ãÒ
¹º°ãº®ÓºË �¯ÈmãËÓÒË ÒºÓÈäÒ È¯�ºÓÈ� cÈº�Ò® mÈ}��

�ä m ¹¯º�Ë°°Ë ÒÏäË¯ËÓÒ® °º°�Èmã«ã ���⋅��Ü� �È�

��º ¹ºÏmºãÒãº ¹º°ãË ��ÈãËÓÒ« ° ¹ºmË¯²Óº°�Ò º�
¯ÈÏ�È È�°º¯È�ºm Ò ÏÈ�¯«ÏÓËÓÒ® �¹¯Ò �¯ÈmãËÓÒÒ
�º � äÒÓ� °º²¯ÈÓ«�	 �Ò°��
 ¹ºmË¯²Óº°�	 m �Ë�ËÓÒË
�� �� �¯ºÁÒãº�¯Èää© ¯È°¹¯Ë�ËãËÓÒ« Ò ÒÏäËÓËÓÒ«

cÒ°� �� n¯È}�º�¯Èää© ¹ºmË¯²Óº°�Ò �¯Ë�ÒÓ© m ºãÈ°�Ò '75�
È Û ������  Û �����

cÒ°� �� jÏäËÓËÓÒË ÒÓ�ËÓ°ÒmÓº°�Ò ãÒÓÒ® ÎËãËÏÈ� ÓÒ}Ëã«� }Ò°ãº¯º�È ÓÈ ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« º¯ÈÏ�È �È� Ò °º�Ë¯ÎÈÓÒ« ª�Ò²
ªãËäËÓ�ºm m ¹ºmË¯²Óº°�Óºä °ãºË �� m ÏÈmÒ°Òäº°�Ò º� m¯ËäËÓÒ τ �¯ÈmãËÓÒ«� °¹ãº�Ó©Ë }¯Òm©Ë Û ÓË¹ºm¯ËÎ�ËÓÓ©® äË�Èãã �mÈ�
��¯Ò²ºm©Ë Û ¹ºmË¯²Óº°�	 �¯Ë�ÒÓ© �,Û ÒÓ�ËÓ°ÒmÓº°�	 m�º¯Ò�Óº�º ²È¯È}�Ë¯Ò°�Ò�Ë°}º�º ÒÏäË¯ËÓÒ«� (Û }ÒÓË�Ò�Ë°}È« ªÓË¯�Ò«�
O Û ¯È°°�º«ÓÒË º� �¯ÈÓÒ�© ÏË¯ËÓ�

������� �



°º�Ë¯ÎÈÓÒ« º°ÓºmÓ©² Ò ¹¯ÒäË°Ó©² ªãËäËÓ�ºm m
¹¯º�Ë°°Ë �¯ÈmãËÓÒ« ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� �� jÏ
¹¯ÒmË�ËÓÓ©² �ÈÓÓ©² °ãË��Ë�� ��º ²ÒäÒ�Ë°}Ò® °º°�
�Èm äË�ÈããÈ mãÒÏÒ ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« °º²�
¯ÈÓ«Ë�°« ÓËÒÏäËÓÓ©ä m �Ë�ËÓÒË �…� äÒÓ �¯Èm�
ãËÓÒ« �¯Ò°� �� È�� tÒäÒ�Ë°}Ò® °º°�Èm äÈ�¯Ò�©
äË�ÈããÈ �mÈ ºÓÈ¯�ÎÒmÈË�°« �Ë¯ËÏ � äÒÓ �¯Èm�
ãËÓÒ« �¯Ò°� �� �� �º��È }È} � ¹ºmË¯²Óº°�Ò ¯ÈÏ�
¯��ËÓÒ« ºÓ ÓË m©«mã«Ë�°« �ÈÎË �Ë¯ËÏ ��� äÒÓ
ÓË¹¯Ë¯©mÓº�º �¯ÈmãËÓÒ«�

vãË��Ë� º�äË�Ò�	� ��º º′ã	�È« �È°�	 ��ãË¯º�È
}È} ¹¯ÒäË°Ò mÓË�¯ËÓÒ« ��Èã«Ë�°« ° ¹ºmË¯²Óº°�Ò
¹º°ãË �¯ÈmãËÓÒ« m �Ë�ËÓÒË �� °� { ºãËË �ã�º}Ò²
°ãº«² äË�ÈããÈ Ë�º °º�Ë¯ÎÈÓÒË °�ÈÓºmÒ�°« ÓÒÎË
¹¯Ë�ËãÈ ��m°�mÒ�Ëã	Óº°�Ò |ÎË�°¹Ë}�¯º°}º¹ÒÒ� �º�
�ºÓÈ« }È¯�ÒÓÈ ÓÈã
�ÈË�°« Ò ¹¯Ò �¯ÈmãËÓÒÒ ¹º�
mË¯²Óº°�Ò �º¯«�Ë® �¯Ë�ÒÓ©� vË¯È ��Èã«Ë�°« ° ¹º�
mË¯²Óº°�Ò m �Ë�ËÓÒË �� ° �¯ÈmãËÓÒ«� kÏº� m °¹Ë}�¯Ë
ÓË ºÓÈ¯�ÎËÓ� {º�º¯º� äË�º�ºä |ÎË�°¹Ë}�¯º°�
}º¹ÒÒ �È}ÎË ÓË m©«mã«Ë�°«� º�ÓÈ}º ÒÏmË°�Óº� ��º
¹¯Ò ¹ºm©�ËÓÓ©² �ºãËË ��� Åv� �Ëä¹Ë¯È��¯È² Ë�º
¹º�mÒÎÓº°�	 ÓÈ°�ºã	}º mËãÒ}È� ��º ºÓ ÓË º}ÈÏ©mÈË�
mãÒ«ÓÒ« ÓÈ º¯ÈÏºmÈÓÒË Ò ¯º°� �º¯«�Ò² �¯Ë�ÒÓ
m äË�ÈããË �mÈ� ²º�« °º�Ë¯ÎÈÓÒË mº�º¯º�È m ÓËä
ÓË°}ºã	}º m©�Ë� �Ëä m º°ÓºmÓºä äË�ÈããË� �Ò}
}Ò°ãº¯º�È m ººÒ² °ã��È«² ÓÈã
�ÈË�°« ÏÓÈ�Ò�
�Ëã	Óº �ºã	�Ë� m º°ÓºmÓºä äË�ÈããË Û m �Ë�ËÓÒË
�� äÒÓ �¯ÈmãËÓÒ«� ÓÈ ¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« Û
ºãËË ��� äÒÓ� vãË�ºmÈ�Ëã	Óº� äºÎÓº ¹ºãÈ�È�	�
��º ÓÈ ¹ºmË¯²Óº°�Ò º°ÓºmÓº�º äË�ÈããÈ ÒäËË�°« º}�
°Ò�ÓÈ« ¹ãËÓ}È �ºã�ÒÓº® º}ºãº ���� ä}ä� È ÓÈ
¹ºmË¯²Óº°�Ò �º¯«�Ë® �¯Ë�ÒÓ© Û �ºã�ÒÓº® ºãËË
���� ä}ä�

iã« m©«°ÓËÓÒ« mºÏäºÎÓº°�Ò º°��Ë°�mãËÓÒ«
äÈ°°º¹Ë¯ËÓº°È }Ò°ãº¯º�È ÒÏ �ã�ÒÓ© �mÈ } Ë�º
¹ºmË¯²Óº°�Ò ¯ÈÏ¯��ËÓÒ« °¯ÈmÓÒmÈãÒ ÒÓ�ËÓ°ÒmÓº°�
�Ò ¹Ò}ºm º��Ëã	Ó©² ªãËäËÓ�ºm ÓÈ ¹ºmË¯²Óº°�Ò �¯Ë�

�ÒÓ m º¯ÈÏ�È² m °º°�º«ÓÒÒ ¹º°ãË °mÈ¯}Ò Ò m©�
�Ë¯Î}Ò m �Ë�ËÓÒË ��� Ò �� °�� m °mË¯²m©°º}ºä

��⋅��Ü� �È� mÈ}��äË� �¯Ò ª�ºä Ò°²º�ÒãÒ ÒÏ �º�º�
��º º°Ë�ÈÓÒË È�°º¯È�ºm ¹¯Ò°²º�Ò� ¯ÈmÓºäË¯Óº Ò
° º�ÒÓÈ}ºmº® ÒÓ�ËÓ°ÒmÓº°�	
 }È} ÓÈ ¹ºmË¯²Óº°�Ò
¯ÈÏ¯��ËÓÒ«� �È} Ò ÓÈ ¹ºmË¯²Óº°�Ò ÓË¹ºm¯ËÎ�ËÓ�
Óº�º �mÈ�

w}°¹Ë¯ÒäËÓ�© ¹º}ÈÏÈãÒ� ��º ÓÈÒºãËË È}�ÒmÓº
°º¯�Ò« }Ò°ãº¯º�È ¹¯º�Ë}ÈË� m ¹Ë¯m©Ë �È°© Ò
°��}Ò ¹º°ãË �¯ÈmãËÓÒ« ¹ºmË¯²Óº°�Ò äË�ÈããÈ� ~È�Ëä
°}º¯º°�Ò È�°º¯�ÒÒ Ò �Ë°º¯�ÒÒ }Ò°ãº¯º�È °�È�
Óºm«�°« ¹¯ÒäË¯Óº º�ÒÓÈ}ºm©äÒ� sÈ ¹ºmË¯²Óº°�Ò
º°�ÈË�°« ²Ëäº°º¯Ò¯ºmÈÓÓ©® °ãº®� È ÒÓ�ËÓ°ÒmÓº°�	
äÈ°°º¹Ë¯ËÓº°È ª�º® ¹¯ÒäË°Ò ÒÏ �ã�ÒÓ© } ¹ºmË¯�
²Óº°�Ò º°ÓºmÓº�º äË�ÈããÈ º°�ÈË�°« ¹¯È}�Ò�Ë°}Ò
ÓËÒÏäËÓÓº® m �Ë�ËÓÒË �� °��� �È}Òä º¯ÈÏºä� ÓË°�
äº�¯« ÓÈ �º� ��º ¯ËÈ}�ÒºÓÓÈ« °¹º°ºÓº°�	 }Ò°�
ãº¯º�È mËãÒ}È� È }ºªÁÁÒ�ÒËÓ� Ë�º �ÒÁÁ�ÏÒÒ m
äË�ÈããË ¹¯Ò }ºäÓÈ�Óº® �Ëä¹Ë¯È��¯Ë º�ËÓ	 äÈã

�¹¯ÒãÒÏÒ�Ëã	Óº �⋅��Ü�� °ä��°�� ÓÈã
�ÈË�°« ¹º�
m©�ËÓÓºË °º�Ë¯ÎÈÓÒË }Ò°ãº¯º�È m ¹ºmË¯²Óº°�Óºä
°ãºË �¯Ë�ÒÓ©� º�°ãºmãËÓÓºË Ë�º ¹Ë¯ËÓº°ºä ÒÏ
�ã�ÒÓ© äË�ÈããÈ�

cËÏ�ã	�È�© ª}°¹Ë¯ÒäËÓ�ºm ¹ºÏmºã«
� ��mË¯Î�
�È�	� ��º m Ò°°ãË��Ëäºä äË�ÈããË ÒäËË� äË°�º ¹Ë�
¯Ë¯È°¹¯Ë�ËãËÓÒË }Ò°ãº¯º�È� { ¯ËÏ�ã	�È�Ë �mËãÒ�Ò�
mÈË�°« °Ë�¯Ë�È�Ò« ª�º® ¹¯ÒäË°Ò Ò ¹¯ºÒ°²º�Ò� ºº�
�È�ËÓÒË �¯ÈÓÒ� Ò ºË�ÓËÓÒË �ËãÈ ÏË¯ÓÈ }Ò°ãº¯º�ºä�

vãË��Ë� ºÎÒ�È�	� ��º ÒäËÓÓº º°ºËÓÓº°�Ò äË�
²ÈÓÒÏäÈ mÓ��¯ÒÏË¯ËÓÓº® �ËÁº¯äÈ�ÒÒ m °¹ãÈmË )HÜ
�� � 1L äº��� °©�¯È�	 ¯Ë�È
��
 ¯ºã	 m ¹ºm©�
�ËÓÒÒ Ë�º °º¹¯º�Òmã«Ëäº°�Ò º¯ÈÏºmÈÓÒ
 ¹º�mÈ�
ãÒ}ºm©² �¯Ë�ÒÓ�

vº�ãÈ°Óº º�Ë¹¯ÒÓ«�ºä� ¹¯Ë�°�ÈmãËÓÒ
� ¹¯º�
�Ë°° ¯ËÈãÒÏÈ�ÒÒ mÓ��¯ÒÏË¯ËÓÓº® �ËÁº¯äÈ�ÒÒ m ÏÈ�
mÒ°Òäº°�Ò º� mÓË�ÓÒ² ÁÈ}�º¯ºm Ò �Ò¹È �ËÁº¯�
äÒ¯�Ëäº�º äË�ÈããÈ ¹¯ºÒ°²º�Ò� ° ��È°�ÒËä ãÒº

cÒ°� �� �ºÓ}È« °�¯�}��¯È äË�ÈããÈ �mÈ , °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ« ¹º°ãË ¹¯ÒÓ��Ò�Ëã	Óº�º �ËÁº¯äÒ¯ºmÈÓÒ« ¹¯Ò ��� Åv �������� È Û
mÓ��¯ÒÏË¯ËÓÓÈ«�  Û ¹¯Ò�¯ÈÓÒ�ÓÈ« ÏºÓÈ �°�¯Ëã}º® ººÏÓÈ�ËÓÈ ºãÈ°�	 ÏÈ¯ºÎ�ËÓÒ« ¹ºãº°ºm©² º¯ÈÏºmÈÓÒ®�

� �������



�Ò°ãº}È�ÒºÓÓº�º ��¯ÈÓ°ã«�ÒºÓÓº�º� >�@� ãÒº ¹º�
mº¯º�Óº�º �¯º�È�ÒºÓÓº�º� äË²ÈÓÒÏäÈ� �¯Ò�Ëä ²È�
¯È}�Ë¯Ó©Ë ÏÈ}ºÓºäË¯Óº°�Ò ¹º°ãË�ÓË�º �È�Ë m°Ë�º
¹¯º«mã«
�°« m °ãºÎÓ©² �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©² �°�
ãºmÒ«²� lºÎÓº ¹¯Ë�¹ºãºÎÒ�	� ��º ¯ÈÏãÒ�Ò« äËÎ��
�}ÈÏÈÓÓ©äÒ äË²ÈÓÒÏäÈäÒ °��Ë°�mËÓÓº mãÒ«
� ÓÈ
°º¹¯º�Òmã«Ëäº°�	 ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ Ò� }È}
°ãË�°�mÒË� ÓÈ º¯ÈÏºmÈÓÒË ¹º�mÈãÒ}ºm©² �¯Ë�ÒÓ�

{ °m«ÏÒ ° ÒÏãºÎËÓÓ©ä m©�Ë �ËãË°ºº¯ÈÏÓº
��º�ÓÒ�	 º°ºËÓÓº°�Ò �ËÁº¯äÈ�ÒÒ �m �ºä �Ò°ãË
mÓ��¯ÒÏË¯ËÓÓº®� äË�ÈããÈ °mÈ¯Ó©² �mºm� ºãÈ�È�

�Ë�º ¯ÈÏãÒ�Óº® ��m°�mÒ�Ëã	Óº°�	
 } º¯ÈÏºmÈ�
ÓÒ
 ¹º�mÈãÒ}ºm©² �¯Ë�ÒÓ�

sÈ ¹¯ÒäË¯Ë äË�ÈããÈ �mºm �m�² °Ò°�Ëä ãË�Ò�
¯ºmÈÓÒ« ��ÈãÒ�È� ° m©°º}º® Ò ÓÒÏ}º® ��m°�mÒ�
�Ëã	Óº°�	
 } �¯Ë�ÒÓÈä ÓÈäÒ º�ËÓÒmÈãÈ°	 �ºÓ}È«
°�¯�}��¯È� º¹¯Ë�Ëã«
�È« º°ºËÓÓº°�Ò ÒÏäËÓËÓÒ«
�Ò°ãº}È�ÒºÓÓº�º °�¯ºËÓÒ« äË�ÈããÈ m ¹¯º�Ë°°Ë
¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ Ò °º¹¯º�Òmã«Ëäº°�	 m©�
°º}º�Ëä¹Ë¯È��¯Óº® �ËÁº¯äÈ�ÒÒ�

v¯ÈmÓÒ�Ëã	Ó�
 º�ËÓ}� ÒÏäËÓËÓÒ® �ºÓ}º®
°�¯�}��¯© m©¹ºãÓ«ãÒ ÓÈ º¯ÈÏ�È² ° �ÒÈäË�¯ºä
¯Èº�Ë® �È°�Ò � ää ÒÏ äË�ÈããÈ mË¯²ÓË�º mÈãÒ}È
äÓº�º¹¯º²º�Ó©² �mºm m °º°�º«ÓÒÒ ¹º°ãË °mÈ¯}Ò�
È �È}ÎË ¹º°ãË �º¹ºãÓÒ�Ëã	Óº�º �ËÁº¯äÒ¯ºmÈÓÒ«
��º �� �� ¹¯Ò �Ëä¹Ë¯È��¯Ë ��� Åv °º °}º¯º°�	


����⋅��Ü� °Ü�� ��º °ºº�mË�°�m�Ë� ¹ºmË�ËÓÒ
 äË�ÈããÈ
m �Ëä¹Ë¯È��¯Óºä ÒÓ�Ë¯mÈãË '75�

{ äË�ÈããË �mºm , °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ« ��È�
ãÒ�È� �mËãÒ�ËÓÒË °�Ë¹ËÓÒ �ËÁº¯äÈ�ÒÒ ÓÈ �� �
°¹º°º°�m�Ë� Áº¯äÒ¯ºmÈÓÒ
 mº mÓ��¯ËÓÓÒ²
º�ËäÈ² äº�Ó©² ¹ºãº°ºm©² °�¯�}��¯ ��ËÁº¯äÈ�
�ÒºÓÓ©² ¹ºãº°�� äË²ÈÓÒ�Ë°}Ò² �mº®ÓÒ}ºm Ò ¹ºãº°�
°m«ÏÈÓÓ©² ° }ºããË}�ÒmÓ©äÒ Áº¯äÈäÒ �mÒÎËÓÒ«
�ËÁË}�ºm }¯Ò°�ÈããÒ�Ë°}º® ¯Ë�Ë�}Ò� ¯È°¹¯º°�¯È�
Ó«
�Ò²°« m�ºã	 m°Ë�º º�ËäÈ ÏË¯ÓÈ �¯Ò°� �� È��
lÈãº��ãºm©Ë �¯ÈÓÒ�© ÏË¯ËÓ ¹¯Ò ¹Ë¯ËäË�ËÓÒÒ �Ë�
Áº¯äÈ�ÒºÓÓ©² ¹ºãº° ÓË º}ÈÏ©mÈ
� �º¯äºÏ«�Ë�º
mãÒ«ÓÒ«� m �º m¯Ëä« }È} ºã	�Ë��ãºm©Ë �¯ÈÓÒ�©
ÏË¯ËÓ ãº}Ò¯�
� �Èã	ÓË®�ËË ¹Ë¯ËäË�ËÓÒË ¹ºãº°
°}ºã	ÎËÓÒ« m °º°Ë�ÓÒË ÏË¯ÓÈ �¯Ò°� �� ��

~È¯ºÎ�ËÓÒË ¹ºãº°ºm©² °�¯�}��¯ ¹¯ºÒ°²º�Ò� m
º¹¯Ë�ËãËÓÓ©² ��È°�}È² m ²Èº�Ò�Ë°}ºä �Ò°ãº}È�
�ÒºÓÓºä ÈÓ°ÈäãË� º�ãÒ�È
�Ëä°« m©°º}º® ¹ãº��

Óº°�	
 �ËÁË}�ºm ¯Ë�Ë�}Ò �ρ ≈ �⋅����… �⋅���� °äÜ���
sÈãÒ�ÒË m ¯È°°äÈ�¯ÒmÈËäº® °�¯�}��¯Ë äË�ÈããÈ

�mºm , °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ« Ë�ÒÓÒ�Ó©² �º°ãº}È�
�Ò® m�ºã	 }¯Ò°�Èããº�¯ÈÁÒ�Ë°}Ò² °Ò°�Ëä °}ºã	�
ÎËÓÒ« ¹º �Ëã� ÏË¯ÓÈ m °ã��ÈË º�°��°�mÒ« ¹¯ÒÓ��
�Ò�Ëã	Óº® �ËÁº¯äÈ�ÒÒ Ò ¹º«mãËÓÒË ¹¯º�«ÎËÓÓ©²
¹ºãº°ºm©² º¯ÈÏºmÈÓÒ® m ÏË¯ÓÈ² ¹º äË¯Ë ÓÈ¯È°�
�ÈÓÒ« mÓË�ÓË�º ÓÈ�¯�ÎËÓÒ« °mÒ�Ë�Ëã	°�m�Ë� º �ºä�
��º ¹ãÈ°�Ò�Ë°}È« mÓ��¯ÒÏË¯ËÓÓÈ« �ËÁº¯äÈ�Ò« ¹¯º�
Ò°²º�Ò� ÏÈ °�Ë� }ãÈ°°Ò�Ë°}Ò² �Ò°ãº}È�ÒºÓÓ©²

��¯ÈÓ°ã«�ÒºÓÓ©²� äË²ÈÓÒÏäºm >�@� �¯Ò�Ëä ½äº��
Óº°�	� �¹¯º�«ÎËÓÓº°�	� °�mÒ�ºm ��¯ÈÓ°ã«�Ò®� Ò
ÏÓÈ�Ò�Ëã	ÓÈ« °�Ë¹ËÓ	 ¹º�mÒÎÓº°�Ò �ËÁË}�ºm ¯Ë�
�Ë�}Ò m ¹ºãË ÓÈ¹¯«ÎËÓÒ® mº äÓº�ºä º�°ãºmãËÓ©�
° º�Óº® °�º¯ºÓ©� m©°º}ÒäÒ ÏÓÈ�ËÓÒ«äÒ ªÓË¯�ÒÒ
�ËÁË}�ºm �¹È}ºm}Ò äË�ÈããÈ °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ«
)HÜ1L� È ° �¯��º®� }È} ÒÏmË°�Óº� ÓËÏÓÈ�Ò�Ëã	Ó©ä
¹¯Ë¹«�°�mÒËä �ã« ¹Ë¯ËäË�ËÓÒ« �ËÁº¯äÈ�ÒÒ� vãË�
��Ë� ¹º��Ë¯}Ó��	� ��º äº�Ó©Ë }ºããË}�ÒmÓ©Ë ¹Ë�
¯ËäË�ËÓÒ« �ËÁË}�ºm ¯Ë�Ë�}Ò mº mÓ��¯ËÓÓËä
º�ËäË ÏË¯ËÓ� ÓÈ¹¯ÈmãËÓÓ©Ë } �¯ÈÓÒ�Èä� °º¹¯º�
mºÎ�È
�°« ½�¯ÈÓ°¹º¯�Ò¯ºm}º®� ¹¯ÒäË°Ó©² ªãË�
äËÓ�ºm Ò Ò² °}º¹ãËÓÒËä m ºãÈ°�Ò äËÎÏË¯ËÓÓ©²
�¯ÈÓÒ�� ��º ÓÈã
�Èãº°	 ÓÈ �Ëä¹ºã	Ó©² °�¯�}�
��¯Ó©² Ò äÒ}¯º�ÒÁ¯È}�ÒºÓÓ©² ÒÏº¯ÈÎËÓÒ«²�
�º�mÒ�Òäºä�� °¹Ë�ÒÁÒ}È ¹Ë¯ËäË�ËÓÒ« �ËÁË}�ºm
¯Ë�Ë�}Ò m ¹¯º�Ë°°Ë ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ
º�°ãºmãÒmÈË� ÓÈãÒ�ÒË °Ë�¯Ë�È�ÒºÓÓ©² °}º¹ãËÓÒ®
Ò Óºm©² ÁÈÏ m�ºã	 äËÎÏË¯ËÓÓ©² �¯ÈÓÒ� Ò º��
°��°�mÒË Ò² mº mÓ��¯ËÓÓÒ² º�ËäÈ² ÏË¯ËÓ�

�È}Òä º¯ÈÏºä� �Ë�Èã	Ó©® ÈÓÈãÒÏ °�¯�}��¯Ó©²
ªãËäËÓ�ºm� ¯È°¹¯Ë�ËãËÓÒ« ÁÈÏ Ò º°ºËÓÓº°�Ë® äË�
²ÈÓÒÏäÈ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ °mÒ�Ë�Ëã	°�m�Ë�
º �ºä� ��º m äË�ÈããË �mÈ ° °Ò°�Ëäº® ãË�Ò¯ºmÈÓÒ«
)HÜ1L m°ãË�°�mÒË ¯ËÈãÒÏÈ�ÒÒ �¯ÈÓ°ã«�ÒºÓÓº�º äË�
²ÈÓÒÏäÈ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ Áº¯äÒ¯�Ë�°«
mË°	äÈ ÓËº�Óº¯º�ÓÈ« °�¯�}��¯È� ÒäË
�È« ÏÓÈ�Ò�
�Ëã	Ó©® �¯È�ÒËÓ� äËÎ�� �Ëãºä ÏË¯ÓÈ Ò ºã	�Ë�
��ãºm©äÒ �¯ÈÓÒ�ÈäÒ ¹º ¹ãº�Óº°�Ò �Ò°ãº}È�Ò®�
ÓÈãÒ�Ò
 ÁÈÏºm©² m©�ËãËÓÒ® Ò °Ë�¯Ë�È�Ò®�

v�¯�}��¯È äË�ÈããÈ �mºm ° °Ò°�Ëäº® ãË�Ò¯ºmÈÓÒ«
)HÜ&UÜ1LÜ0QÜ1 Ò m©°º}º® °º¹¯º�Òmã«Ëäº°�	
 º�
¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ ²È¯È}�Ë¯ÒÏ�Ë�°« ¹¯ËÎ�Ë m°Ë�º ÓÈ�
ãÒ�ÒËä m äË�ÈããË ÁÈÏºm©² m©�ËãËÓÒ® m©°º}º® °�Ë¹Ë�

ÓÒ �Ò°¹Ë¯°Óº°�Ò �G
Á�m

≈ ����…���� ä}ä� Ò º�Óº¯º��
Óº°�	
 Ò² ¯È°¹¯Ë�ËãËÓÒ« ¹º m°Ëä� º�Ëä� äË�ÈããÈ

�mÈ �äËÎ�È°�Ò�ÓºË ¯È°°�º«ÓÒË O
�

≈ ����…���� ä}ä��
�º äË¯Ë �mËãÒ�ËÓÒ« °�Ë¹ËÓÒ �ËÁº¯äÈ�ÒÒ ¯Èm�

ÓºäË¯Óº ¹º m°Ëä� º�Ëä� ÏË¯ÓÈ mºÏ¯È°�È
� ¹ãº��
Óº°�	 �Ò°ãº}È�Ò® Ò ÏÈ�º¯äºÎËÓÓº°�	 °�mÒ�ºm m
}¯Ò°�Èããº�¯ÈÁÒ�Ë°}Ò² ¹ãº°}º°�«² °}ºã	ÎËÓÒ«� ÓË�
¯Ë�}º º¯ÈÏ�
�°« ¯È°�Ë¹ãËÓÓ©Ë �Ò°ãº}È�ÒÒ� ��º
°mÒ�Ë�Ëã	°�m�Ë� º º�Ëä �äËÓ	�ËÓÒÒ ªÓË¯�ÒÒ �Ë�

ÁË}�ºm �¹È}ºm}Ò γ
���

äË�ÈããÈ ¹¯Ò ¹Ë¯Ë²º�Ë º� ,
}º ,, °Ò°�ËäË ãË�Ò¯ºmÈÓÒ«�

~È�º¯äºÎËÓÓº°�	 �¯ÈÓ°ã«�Ò® ÒÓ�ÒmÒ��Èã	Ó©²
�Ò°ãº}È�Ò® m ¹¯Ë�ËãÈ² °Ò°�Ëä °}ºã	ÎËÓÒ«� ¹º�
mÒ�Òäºä�� «mã«Ë�°« °ãË�°�mÒËä º�Ë�º °ÓÒÎËÓÒ«

γ
���

m ¯ËÏ�ã	�È�Ë ãË�Ò¯ºmÈÓÒ«� w�º� Ë°�Ë°�mËÓÓº�
ÏÈ�¯��Ó«Ë� ¹ãÈ°�Ò�Ë°}�
 �ËÁº¯äÈ�Ò
 ¹º }ãÈ°°Ò�
�Ë°}ºä� �Ò°ãº}È�ÒºÓÓºä� äË²ÈÓÒÏä�� �ã« }º�º¯º�º
²È¯È}�Ë¯Óº ¹º¹Ë¯Ë�ÓºË °}ºã	ÎËÓÒË �Ò°ãº}È�Ò®�

{ �È}ºä °ã��ÈË �ã« äË�ÈããÈ ° ÓÒÏ}Òä ÏÓÈ�ËÓÒËä

γ
���
¹Ë¯Ë²º� �Ò°ãº}È�ÒÒ ÓÈ �¯���
 ¹ãº°}º°�	 °}ºã	�

tÒäÒ�Ë°}Ò® °º°�Èm Ò ��m°�mÒ�Ëã	Óº°�	 } ¹º�mÈãÒ}ºm©ä �¯Ë�ÒÓÈä äË�ÈããÈ �mºm

vÒ°�ËäÈ

ãË�Ò¯º�

mÈÓÒ«

lÈ�Ë¯ÒÈã

lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm� �  �m°�mÒ�Ë�

ã	Óº°�	 }

¹º�mÈãÒ}ºm©ä

�¯Ë�ÒÓÈä& 0Q 6L &U 1L 0R i¯��ÒË

, ��st ���� ���� ���� ���� ���� Û ����� 6� ����� 3� ����� >2@� ������ >+@ {©°º}È«

,, ��t��s�����kl�

�)HÜ&UÜ1LÜ0QÜ1�

���� ���� ���� ���� ���� ��� ����� 6 sÒÏ}È«

������� �



ÎËÓÒ« mºÏäºÎËÓ ¹¯Ò �°ãºmÒÒ º�Ë�ÒÓËÓÒ« �¹¯Ë�
º¯ÈÏºmÈÓÒË �È°�Ò�Óº® �Ò°ãº}È�ÒÒ m ¹ºãÓ�
��
w�º� ¹¯º�Ë°° �Ëä ºãËË ªÓË¯�ºËä}Ò®� �Ëä �Ò¯Ë

�ËÁË}� �¹È}ºm}Ò ��� Ë� �Ëä ÓÒÎË ÏÓÈ�ËÓÒ« γ
���
��

��º ²È¯È}�Ë¯Óº �ã« äË�ÈããÈ �mºm ,, °Ò°�Ëä©
ãË�Ò¯ºmÈÓÒ«�

v�Ò�ÈË�°«� ��º °ãºÎÓ©Ë �Ò°ãº}È�ÒºÓÓ©Ë ¹Ë�
¯Ë°�¯º®}Ò ¹º�ºÓº�º �Ò¹È Ò mÏÈÒäº�Ë®°�mÒ« �Ò°�

cÒ°� �� �ºÓ}È« °�¯�}��¯È äË�ÈããÈ �mÈ ,, °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ« ��������� È Û �Ò°¹Ë¯°ÒºÓÓ©Ë m©�ËãËÓÒ« ÒÏ©�º�Ó©² ÁÈÏ ¹º �Ëã�
ÏË¯ËÓ�  Û �Ò°ãº}È�ÒºÓÓºË °�¯ºËÓÒË ¹¯Ò�¯ÈÓÒ�Óº® ÏºÓ©� m Û ¯È°�Ë¹ãËÓÓ©Ë �Ò°ãº}È�ÒÒ m °�¯�}��¯Ë �mºm� � Û Á¯È�äËÓ�È�Ò«
°�¯�}��¯© äË�ÈããÈ ¹º°ãË ¹¯ÒÓ��Ò�Ëã	Óº�º �ËÁº¯äÒ¯ºmÈÓÒ« ¹¯Ò ��� Åv

cÒ°� ��� v²ËäÈ Áº¯äÒ¯ºmÈÓÒ« °�¯�}��¯ m �ËÁº¯äÒ¯�Ëäºä äË�ÈããË , �È� Ò ,, �� °Ò°�Ëä© ãË�Ò¯ºmÈÓÒ«� °�¯Ëã}Ò Û ÓÈ¹¯ÈmãËÓÒ«
¯º�È�ÒÒ Á¯È�äËÓ�ºm äË�ÈããÈ �mºm

� �������



ãº}È�ÒÒ ¯ÈÏãÒ�Ó©² °Ò°�Ëä °}ºã	ÎËÓÒ« ¹¯Òmº�«�
} º¯ÈÏºmÈÓÒ
 °Ë��È�º® °�¯�}��¯© >�@ �¯Ò°� ���

vãË�°�mÒËä ÒÏäËÓËÓÒ« äË²ÈÓÒÏäÈ �ËÁº¯äÈ�ÒÒ
«mã«Ë�°« Áº¯äÒ¯ºmÈÓÒË ÓÈ ÈÏË °Ë��È�º® °�¯�}��¯©
�Ò°¹Ë¯°Ó©² Á¯È�äËÓ�ºm ¯ÈÏäË¯ºä ¹¯ÒãÒÏÒ�Ëã	Óº
����… ���� ä}ä� º}È®äãËÓÓ©² ÏºÓÈäÒ ° m©°º}º®
¹ãº�Óº°�	
 �Ò°ãº}È�Ò® �¯Ò°� �� ��� jÏ�ÏÈ ª�º�º
°äËÎÓ©Ë äÒ}¯ºº�Ëä© ¯ÈÏmº¯È�ÒmÈ
�°« ÓÈ }ºÓË��
Ó©Ë ��ã©� m ¹º�ºÓ©² °ã��È«² ¯ËãÈ}°È�Ò« mÓ���
¯ËÓÓÒ² ÓÈ¹¯«ÎËÓÒ® º°��Ë°�mã«Ë�°« ¹º°¯Ë�°�mºä
¹ãÈ°�Ò�Ë°}Ò² ¹ºmº¯º�ºm �¯º�È�Ò®��

�È}Òä º¯ÈÏºä� ¹¯ºmË�ËÓÓ©Ë ª}°¹Ë¯ÒäËÓ�© ¹º�
}ÈÏÈãÒ� ��º m °²º�Ó©² �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©² �°�
ãºmÒ«² m äË�ÈããË �mºm ¯ÈÏãÒ�Ó©² °Ò°�Ëä ãË�Ò�
¯ºmÈÓÒ« Áº¯äÒ¯�
�°« °�¯�}��¯©� °��Ë°�mËÓÓ©ä
º¯ÈÏºä º�ãÒ�È
�ÒË°« ÓÈãÒ�ÒËä Ò ¯È°¹¯Ë�ËãËÓÒËä
¹¯ÒäË°Ë®� äº¯Áºãº�ÒË® ÁÈÏºm©² m©�ËãËÓÒ®� ¯ÈÏ�
äË¯ÈäÒ ÏË¯ÓÈ Ò °�°�¯�}��¯Ó©² ªãËäËÓ�ºm� ²È�
¯È}�Ë¯ºä �mÒÎËÓÒ« �ËÁË}�ºm }¯Ò°�ÈããÒ�Ë°}º® ¯Ë�
�Ë�}Ò m ¹ºãË �Ë®°�m�
�Ò² ÓÈ¹¯«ÎËÓÒ®� �º°ãË�ÓËË
°mÒ�Ë�Ëã	°�m�Ë� º �ºä� ��º äË²ÈÓÒÏä ¹ãÈ°�Ò�Ë°}º®
�ËÁº¯äÈ�ÒÒ m º¹¯Ë�ËãËÓÓ©² äÒ}¯ºº�ËäÈ² äË�Èã�
ãÈ �mÈ ¹¯Ò ¯ÈÏãÒ�Ó©² °Ò°�ËäÈ² ãË�Ò¯ºmÈÓÒ« �È}ÎË
ÓËº�ÒÓÈ}ºm� ¹¯Ò , °Ò°�ËäË ãË�Ò¯ºmÈÓÒ« ¹¯ËÒä��
�Ë°�mËÓÓº ¯ËÈãÒÏ�Ë�°« �Ò°ãº}È�ÒºÓÓ©® äË²ÈÓÒÏä
¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� ¹¯Ò ,, °Ò°�ËäË Û ¯º�
�È�ÒºÓÓ©® äË²ÈÓÒÏä �¯Ò°� �� ���

lºÎÓº ¹¯Ë�¹ºãºÎÒ�	� ��º °äËÓÈ äË²ÈÓÒÏäÈ
¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ º}ÈÏ©mÈË� ¯Ë�È
�ËË
mãÒ«ÓÒË ÓÈ ¹¯º�Ë°°© äÈ°°º¹Ë¯ËÓº°È ¹¯ÒäË°Ó©²
ªãËäËÓ�ºm� m©Ï©mÈ
�Ò² º²¯�¹�ÒmÈÓÒË ¹º �¯ÈÓÒ�
�Èä ÏË¯ËÓ� { ¹Ë¯mºä °ã��ÈË ¹¯Ò ¯ËÈãÒÏÈ�ÒÒ �¯ÈÓ�
°ã«�ÒºÓÓº�º äË²ÈÓÒÏäÈ �¯Ò°� �� È� äº�ÓºË
mÓ��¯ÒÏË¯ËÓÓºË °}ºã	ÎËÓÒË ÓÈ ¯È°°�º«ÓÒ«� °º¹º°�
�ÈmÒä©Ë ° ¯ÈÏäË¯ºä ÏË¯ÓÈ �}º��È �Ò°ãº}È�ÒÒ �mÒ�
Î��°« ¹º �Ëã� ÏË¯ÓÈ } �¯ÈÓÒ�Èä�� °¹º°º°�m�Ë�
�Ò°ãº}È�ÒºÓÓºä� ¹Ë¯ËÓº°� ª�Ò² ªãËäËÓ�ºm ÓÈ äËÎ�
ÏË¯ËÓÓ©Ë �¯ÈÓÒ�©� {º m�º¯ºä °ã��ÈË �¯Ò°� ��� ¹¯Ò
¹º�}ã
�ËÓÒÒ ¯º�È�ÒºÓÓº�º äË²ÈÓÒÏäÈ ÓË°äº�¯« ÓÈ

¯ÈmÓºÏÓÈ�ÓºË �ËÁº¯äÒ¯ºmÈÓÒË äË�ÈããÈ º�°��°�m�Ë�
«mÓº m©¯ÈÎËÓÓÈ« �ËÓ�ËÓ�Ò« } º¯ÒËÓ�Ò¯ºmÈÓÓºä�
} �¯ÈÓÒ�Èä ÏË¯ËÓ ¹Ë¯ËäË�ËÓÒ
 �Ò°ãº}È�Ò®� ÓÈ¹�
¯ÈmãËÓÓÈ« äÈ}¯º�ËÁº¯äÈ�Ò« º¯ÈÏ�È ÓÈ äÒ}¯º��
¯ºmÓË ¹¯ºÒ°²º�Ò� ¹¯ËÒä��Ë°�mËÓÓº ¹º°¯Ë�°�mºä
m¯È�È�Ëã	Óº�º �mÒÎËÓÒ« ªãËäËÓ�ºm mÓ��¯ÒÏË¯ËÓ�
Óº�º °�¯ºËÓÒ«� �¯ÒäËÓÒ�Ëã	Óº } °¹ãÈm� ÒÓmÈ¯ º��
äË�ËÓÓÈ« °¹Ë�ÒÁÒ}È äË²ÈÓÒÏäÈ ¹ãÈ°�Ò�Ë°}º® mÓ���
¯ÒÏË¯ËÓÓº® �ËÁº¯äÈ�ÒÒ m Ò�º�Ë °¹º°º°�m�Ë� ºº�
�È�ËÓÒ
 äËÎÏË¯ËÓÓ©² �¯ÈÓÒ� }Ò°ãº¯º�ºä� ��º m©�
Ï©mÈË� º¯ÈÏºmÈÓÒË ¹º�mÈãÒ}ºm©² �¯Ë�ÒÓ m äÓº�
�º°ãº®Ó©² �mÈ²�

{©mº�©

�� �º¯«�ÒË ¹º�mÈãÒ}ºm©Ë �¯Ë�ÒÓ© m äÓº�º°ãº®Ó©²
�mÈ² ° ãË�Ò¯ºmÈÓÒËä ¹º �Ò¹� °¹ãÈmÈ ÒÓmÈ¯ º�
¯ÈÏ�
�°« ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ�

�� sÈ ¹ºmË¯²Óº°�Ò ¹º�mÈãÒ}ºm©² �¯Ë�ÒÓ m äÓº�
�º°ãº®Ó©² �mÈ² ° ãË�Ò¯ºmÈÓÒËä ¹º �Ò¹� °¹ãÈmÈ
ÒÓmÈ¯ ÓÈã
�ÈË�°« ¹ºm©�ËÓÓºË °º�Ë¯ÎÈÓÒË ¹¯Ò�
äË°Ó©² ªãËäËÓ�ºm� ¹¯ËÎ�Ë m°Ë�º� }Ò°ãº¯º�È�

�� |º�È�ËÓÒË �¯ÈÓÒ� ÏË¯ËÓ m ¹¯º�Ë°°Ë °mÈ¯}Ò�
¹¯Òmº�«�ËË } º¯ÈÏºmÈÓÒ
 �º¯«�Ò² �¯Ë�ÒÓ m�mÈ²�
}ºÓ�¯ºãÒ¯�Ë�°« �Ò°ãº}È�ÒºÓÓ©ä ��¯ÈÓ°ã«�ÒºÓ�
Ó©ä� äË²ÈÓÒÏäºä ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ�

�� ��ËÓ}º z� k�� v�È¯��ËÓ}º �� l�� vÈm�ËÓ}º {� v� lË�
²ÈÓÒÏä º¯ÈÏºmÈÓÒ« �º¯«�Ò² �¯Ë�ÒÓ� m©Ï©mÈËä©² }Ò°ãº�
¯º�ºä� ¹¯Ò °mÈ¯}Ë jÓmÈ¯È �� km�ºäÈ�� °mÈ¯}È� Û �����
Û ¢ �� Û v� �Ü��

�� ��ËÓ}º z� k�� v�È¯��ËÓ}º �� l� cºã	 }Ò°ãº¯º�È m º�
¯ÈÏºmÈÓÒÒ �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë ÒÓmÈ¯È �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

�� 6DYDJH :� )�� /XQGLQ *� '� 7KH 9DUHVWUDLQW WHVW �� :HO�
GLQJ -� Û ����� Û ��� ¢ ��� Û 3� ���Ü����

�� )UDFWRJUDSKLF LQYHVWLJDWLRQ RQ VROLGLILFDWLRQ FUDFN LQ WKH
9DUHVWUDLQW WHVW RI IXOO\ DXVWHQLWLF VWDLQOHVV VWHHO�VWXGLHV RQ
IUDFWRJUDSK\ RI ZHOGHG ]RQH �,,,� � )� 0DWVXGD� +� 1DND�
JDZD� 6� 2JDWD� 6� .DWD\DPD �� 7UDQV� -:5,� Û �����
Û �� ¢ �� Û 3� ��Ü���

�� tÒ¯� iÎ�� �º�Ë j� �Ëº¯Ò« �Ò°ãº}È�Ò®� Û l�� k�ºäÒÏ�
�È�� ����� Û ��� °�

,W KDV EHHQ IRXQG WKDW FUDFNV LQ ZHOGLQJ RI )Hw�� � 1L DOOR\ DUH IRUPHG SULPDULO\ DW WHPSHUDWXUHV WKDW DUH PXFK ORZHU

WKDQ WKH VROLGXV WHPSHUDWXUH� L�H� ZLWKLQ WKH GXFWLOLW\�GLS WHPSHUDWXUH UDQJH� &RQGLWLRQV FDXVLQJ HQULFKPHQW RI ZHOG PHWDO
ZLWK R[\JHQ DUH IRUPHG LQ WKH MRLQW GXULQJ WKH ZHOGLQJ SURFHVV� 6XEVHTXHQW FRROLQJ OHDGV WR R[\JHQ HQULFKPHQW RI KLJK�DQJOH
JUDLQ ERXQGDULHV GXH WR WKHUPDO�GHIRUPDWLRQ SURFHVVHV RFFXUULQJ LQ PHWDO� ZKLFK OHDGV WR GHFUHDVH LQ GXFWLOLW\ DQG WR

HPEULWWOHPHQW� 9DUHVWUDLQW WHVWV KDYH VKRZQ H[LVWHQFH RI TXDQWLWDWLYH UHODWLRQVKLSV EHWZHHQ WKH HIIHFW RI R[\JHQ DQG GXFWLOLW\
GLS RI ZHOG PHWDO�

IhklmibeZ \ j_^Zdpbx ����������

������� �



M>D ����������

������������	���
���������������������

�������	���������������������
�	��

{� s� vji|cp¡� }ÈÓ�� �Ë²Ó� ÓÈ�}� k� l� ypcs|vpz|{� ÒÓÎ� �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

®ÏÄÃÊÍÅÄÌÍ Ë¿ÑÄË¿ÑÇÖÄÐÉÍÄ ÍÎÇÐ¿ÌÇÄ ÐÇÐÑÄËÚ ÇÐÑÍÖÌÇÉ ÎÇÑ¿ÌÇÞwÃÒÂ¿ Ð ÎÊ¿ÁÞØÇËÐÞ ÜÊÄÉÑÏÍÃÍË� §ÐÐÊÄÃÍÁ¿ÌÚ

ÒÐÊÍÁÇÞ ÐÑ¿ÑÇÖÄÐÉÍÂÍ ÐÒØÄÐÑÁÍÁ¿ÌÇÞ ÐÇÐÑÄËÚ Ð ÒÖÄÑÍË ÑÄÎÊÍÓÇÆÇÖÄÐÉÇÔ Ô¿Ï¿ÉÑÄÏÇÐÑÇÉ Î¿Ï¿ËÄÑÏÍÁ Ç ÇÆËÄÌÄÌÇÞ

ÁÚÊÄÑ¿ ÜÊÄÉÑÏÍÃ¿�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« °mÈ¯}È� ¹ãÈm«�Ò®°« ªãË}�¯º��
�Ò°ãËÓÓºË äº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°È� °�È�ÒºÓÈ¯ÓÈ« �ãÒÓÈ ���Ò�
º�Ë}� ¯Ë��ãÒ¯ºmÈÓÒ«� °�È�Ò�Ë°}ÒË mºã	��Èä¹Ë¯Ó©Ë ²È¯È}�

�Ë¯Ò°�Ò}Ò

vºÏ�ÈÓÒË Óºmº�º °mÈ¯º�Óº�º ºº¯��ºmÈÓÒ« �ã« ���

�ºmº® °mÈ¯}Ò Û Ò°�º�ÓÒ}ºm ¹Ò�ÈÓÒ«� Èm�ºäÈ�ºm

Ò ¹ºã�Èm�ºäÈ�ºm� È �È}ÎË °Ò°�Ëä Èm�ºäÈ�Ò�Ë°}º�º

¯Ë��ãÒ¯ºmÈÓÒ« Ò °�ÈÒãÒÏÈ�ÒÒ ¹¯º�Ë°°È Û �¯Ë�Ë�

m°Ë°�º¯ºÓÓË�º ÈÓÈãÒÏÈ °Ò°�Ëä© Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü

���È F ¹ãÈm«�Òä°« ªãË}�¯º�ºä�

{ ª�ºä È°¹Ë}�Ë º°�ÈË�°« È}��Èã	Ó©ä äÈ�ËäÈ�

�Ò�Ë°}ºË º¹Ò°ÈÓÒË ÒÏäËÓËÓÒ« �ãÒÓ© ���Ò mº m¯Ë�

äËÓÒ }È} º�Ë}�È ¯Ë��ãÒ¯ºmÈÓÒ«� º°ºËÓÓº m °m«ÏÒ

° ¹º«mãËÓÒËä Óºmº�º ¹¯º�¯ÈääÓº�º ºË°¹Ë�ËÓÒ«�

ÓÈ¹¯ÒäË¯ 0$7/$% 6LPXOLQN� ¹ºÏmºã«
�Ë�º ¹¯º�

mº�Ò�	 äº�ËãÒ¯ºmÈÓÒË ¯ÈÏãÒ�Óº�º ¯º�È ªãË}�¯º�

�Ë²ÓÒ�Ë°}Ò² °Ò°�Ëä� {ÈÎÓ©ä «mã«Ë�°« äÈ�ËäÈ�Ò�

�Ë°}ºË º¹Ò°ÈÓÒË °�È�Ò�Ë°}º® mºã	��Èä¹Ë¯Óº® ²È�

¯È}�Ë¯Ò°�Ò}Ò �°�º®�Òmº�º �Ë�ËÓÒ« ¹¯º�Ë°°È °mÈ¯�

}Ò� }º�º¯È« ÏÈmÒ°Ò� º� ¯ÈÏãÒ�Ó©² ÁÒÏÒ�Ë°}Ò²

°mº®°�m äÈ�Ë¯ÒÈãÈ ªãË}�¯º�È�

v��Ë°�m�
�ÒË ¹º�²º�© ÓË °ºm°Ëä �Ë�}º º¹�

¯Ë�Ëã«
� º¹�ÒäÈã	Ó©Ë }¯Ò�Ë¯ÒÒ °Ò°�Ëä© Ò°�º�ÓÒ}

¹Ò�ÈÓÒ«Ü���È F ¹ãÈm«�Òä°« ªãË}�¯º�ºä� ¹º°}ºã	}�

º�ãÒ�È
�°« ¯ÈÏãÒ�Ó©äÒ �°ãºmÒ«äÒ ¹¯ºmË�ËÓÒ« ª}�

°¹Ë¯ÒäËÓ�ºm >�� �@ Ò ÓË ��Ò�©mÈ
� º°ºËÓÓº°�Ë®

mºã	��Èä¹Ë¯Ó©² ²È¯È}�Ë¯Ò°�Ò} �°�º®�Òmº�º �Ë�Ë�

ÓÒ« ¹¯º�Ë°°È ���ºmº® °mÈ¯}Ò >�� �@�

{ ÓÈ°�º«�Ë® ¯Èº�Ë ¹ºã��ËÓ© �ÒÁÁË¯ËÓ�ÒÈã	�

Ó©Ë �¯ÈmÓËÓÒ«� ° ¹ºäº�	
 }º�º¯©² º¹Ò°ÈÓÈ °Ò°�

�ËäÈ Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü���È ° ¹ãÈm«�Òä°« ªãË}�

�¯º�ºä Ò Ò°°ãË�ºmÈÓ© �°ãºmÒ« °�È�Ò�Ë°}º�º °��

�Ë°�mºmÈÓÒ« ª�º® °Ò°�Ëä© ° ��Ë�ºä �Ë¹ãºÁÒÏÒ�

�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} ¹È¯ÈäË�¯ºm Ò ÒÏäËÓËÓÒ« m©�

ãË�È ªãË}�¯º�È�

iÒÓÈäÒ}È ¹ãÈmãËÓÒ« ªãË}�¯º�Óº® ¹¯ºmºãº}Ò�

�Ë¹ãºm©Ë ¹¯º�Ë°°© m ¹ãÈm«�Ëä°« ªãË}�¯º�Ë ��Ëä

¯È°°äÈ�¯ÒmÈ�	 ¹¯Ò °ãË��
�Ò² �º¹��ËÓÒ«²� ª�È¹©

ÓÈ�¯ËmÈ m©ãË�È ªãË}�¯º�È Ò Ë�º ¹ãÈmãËÓÒ« �º°�

�È�º�Óº ºº°ºãËÓ© Ò mÏÈÒäº�Ë®°�m�
� äËÎ�� °º�

º® �È}Òä º¯ÈÏºä� ��º }ºÓË�Ó©Ë �°ãºmÒ« ÓÈ�¯ËmÈ

«mã«
�°« ÓÈ�Èã	Ó©äÒ �°ãºmÒ«äÒ ¹ãÈmãËÓÒ«� ÒÏ�

ã��ËÓÒËä ° ¹ºmË¯²Óº°�Ò ªãË}�¯º�È ÓÈ ª�È¹Ë ÓÈ�¯ËmÈ

m©ãË�È ªãË}�¯º�È äºÎÓº ¹¯ËÓË¯Ë�	� �ãÒÓÈ ÏºÓ©

¹ãÈmãËÓÒ« ¹º °¯ÈmÓËÓÒ
 ° m©ãË�ºä äÈãÈ� ¹Ë¯ËÓº°

äË�ÈããÈ äËã}º}È¹Ëã	Ó©® �°�¯�®Ó©®��

�È}Òä º¯ÈÏºä� ÓÈ�¯Ëm m©ãË�È ¹¯ºÒ°²º�Ò� m

¯ËÏ�ã	�È�Ë ¹¯º�Ë}ÈÓÒ« m ÓËä �º}È� �º°��¹ãËÓÒËä

ªÓË¯�ÒÒ ¹��Ëä �Ë¹ãº¹Ë¯Ë�È�Ò ° ÏºÓ© ¹ãÈmãËÓÒ«

¹¯Ò �º°�È�º�Óº m©°º}Ò² °}º¯º°�«² ¹º�È�Ò ¹¯º�

mºãº}Ò äºÎÓº ¹¯ËÓË¯Ë�	�

�º��È °º�ãÈ°Óº ÏÈ}ºÓ� °º²¯ÈÓËÓÒ« ªÓË¯�ÒÒ� m°«

äº�Óº°�	� m©�Ëã«ËäÈ« º� ¹¯º²º�«�Ë�º m m©ãË�Ë �º}È�

Ò�Ë� ÓÈ �mËãÒ�ËÓÒË mÓ��¯ËÓÓË® ªÓË¯�ÒÒ� �� Ë� ÓÈ

ÓÈ�¯Ëm�

PFG7  5L
�
GW� ���

��Ë P� 5 Û °ºº�mË�°�mËÓÓº äÈ°°È Ò ªãË}�¯Ò�Ë°}ºË

°º¹¯º�ÒmãËÓÒË ªãËäËÓ�È¯Óº�º ��È°�}È ªãË}�¯º�È�

° Û ��Ëã	ÓÈ« �Ë¹ãºËä}º°�	 äË�ÈããÈ ªãË}�¯º�È�

L Û ä�ÓºmËÓÓºË ÏÓÈ�ËÓÒË °mÈ¯º�Óº�º �º}È� G7�

GW Û ¹¯Ò¯È�ËÓÒË °ºº�mË�°�mËÓÓº �Ëä¹Ë¯È��¯© Ò

m¯ËäËÓÒ�

{©¯ÈÏÒä ¹Ë¯ËäËÓÓ©Ë� m²º�«�ÒË m m©¯ÈÎËÓÒË

���� �Ë¯ËÏ ��Ëã	Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò

γ[6FG7 = ρ [

6

L
�
GW�

��Ë γ Û ¹ãº�Óº°�	 äË�ÈããÈ ªãË}�¯º�È� [ Û �ãÒÓÈ

ªãËäËÓ�È¯Óº�º ��È°�}È ªãË}�¯º�È� 6 Û ¹ãº�È�	

¹º¹Ë¯Ë�Óº�º °Ë�ËÓÒ« ªãË}�¯º�È� ρÛ ��Ëã	ÓºË ªãË}�

�¯Ò�Ë°}ºË °º¹¯º�ÒmãËÓÒË äË�ÈããÈ ªãË}�¯º�È�

{ ¯ËÏ�ã	�È�Ë ¹ºã��ÈËä �ÒÁÁË¯ËÓ�ÒÈã	ÓºË �¯Èm�

ÓËÓÒË �ã« �Ëä¹Ë¯È��¯© ÓÈ�¯ËmÈ m©ãË�È

G7

GW
= ρL�

γF6�
� ���

v ��Ë�ºä �º�º� ��º ¹¯Ò m©²º�Ë ÒÏ ä�Ó����}È

¹¯ºmºãº}È ÒäËË� �Ëä¹Ë¯È��¯� 7
�
� �¯ÈmÓËÓÒË ���

äºÎÓº ¹¯ºÒÓ�Ë�¯Ò¯ºmÈ�	� { ¯ËÏ�ã	�È�Ë

7 = 7
�

+
ρL�(O

Z
Ü O)

γF6�Y
�

��Ë O
Z

Û ¯È°°�º«ÓÒË äËÎ�� ä�Ó����}ºä Ò ÒÏ�

�ËãÒËä� O Û �ãÒÓÈ ���Ò� Y Û °}º¯º°�	 ¹º�È�Ò

¹¯ºmºãº}Ò�

{ ÏºÓË ¹ãÈmãËÓÒ« ªãË}�¯º�È ÒäËË� äË°�º �¯��º®

ÈãÈÓ° ªÓË¯�ÒÒ� wÓË¯�Ò« ¹º°��¹ÈË� ÒÏ ¹¯ÒªãË}��

¯º�Óº® ºãÈ°�Ò Ò ¯È°²º��Ë�°« �ºã	}º ÓÈ ¹ãÈmãËÓÒË

äË�ÈããÈ�

� {� s� vÒ�º¯Ë�� k� l� yË¯Óº°Ë}ºm� ����

�� �������



8
È
L = γ6Y

¹ã







F(7

¹ã
Ü 7

�
) + λ Ü

ρL�(O
Z
Ü O)

γ6�Y
¹ã







� ���

��Ë 8
È
Û ¹¯ÒÈÓº�ÓºË �ÒãÒ ¹¯Ò}È�º�ÓºË m ÏÈmÒ�

°Òäº°�Ò º� ¹ºã«¯Óº°�Ò �º}È °mÈ¯}Ò� ¹È�ËÓÒË ÓÈ¹�

¯«ÎËÓÒ« ° ��Ë�ºä ¹º�ËÓ�ÒÈãÈ m©²º�È ªãË}�¯ºÓºm

ÒÏ äË�ÈããÈ�7
¹ã
Û �Ëä¹Ë¯È��¯È ¹ãÈmãËÓÒ« äË�ÈããÈ�

λ Û ��Ëã	ÓÈ« �Ë¹ãº�È ¹ãÈmãËÓÒ« äË�ÈããÈ� Y
¹ã
Û

°}º¯º°�	 ¹ãÈmãËÓÒ«�

jÏ �¯ÈmÓËÓÒ« ��� äºÎÓº ÓÈ®�Ò °�È�ÒºÓÈ¯Ó�


°}º¯º°�	 ¹ãÈmãËÓÒ« ªãË}�¯º�Óº® ¹¯ºmºãº}Ò�

Y
¹ã

=
68

È
L + ρ(O

Z
Ü O)L�

γ6�>F(7
¹ã

Ü 7
�
) + λ@

�

iã« ÓË°�È�ÒºÓÈ¯Óº�º °ã��È« ÒÏäËÓËÓÒË �ãÒÓ©

���Ò º¹Ò°©mÈË�°« �ÒÁÁË¯ËÓ�ÒÈã	Ó©ä �¯ÈmÓËÓÒËä�

¹¯ÈmÈ« �È°�	 }º�º¯º�º Ò Ë°�	 ¯ÈÏÓº°�	 äËÎ�� °}º�

¯º°�«äÒ ¹ãÈmãËÓÒ« Y
¹ã

Ò ¹º�È�Ò Y ¹¯ºmºãº}Ò�

GO

GW
=

68
È
L + ρ(O

Z
Ü O)L�

γ6�>F(7
¹ã

Ü 7
�
) + λ@

Ü Y�

iÒÓÈäÒ}È ªãË}�¯Ò�Ë°}º® �Ë¹Ò ° ���º® ¹ãÈ�
m«�Ë�º°« ªãË}�¯º�È� wãË}�¯Ò�Ë°}�
 �Ë¹	� °º�Ë¯�

ÎÈ��
 ���� ° ¹ãÈm«�Òä°« ªãË}�¯º�ºä� äºÎÓº ÒÏº�

¯ÈÏÒ�	 ° ¹ºäº�	
 °²Ëä©� ¹º}ÈÏÈÓÓº® ÓÈ ¯Ò°� ��

vº�ãÈ°Óº ÏÈ}ºÓ� zÒ¯²�ºÁÈ� ÓÈ¹¯«ÎËÓÒË ²ºãº°�

�º�º ²º�È Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« 8
²�²

¯ÈmÓº °�ääË

¹È�ËÓÒ® ÓÈ¹¯«ÎËÓÒ® ÓÈ ªãËäËÓ�È² �Ë¹Ò Û È}�

�ÒmÓºä °º¹¯º�ÒmãËÓÒÒ Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« Ò ¹º��

mº�«�Ò² }ÈËãË® 5
V
� ÒÓ��}�ÒmÓº°�Ò Ò°�º�ÓÒ}È ¹Ò�

�ÈÓÒ« Ò ¹º�mº�«�Ò² }ÈËãË® /� È}�ÒmÓºä °º¹¯º�

�ÒmãËÓÒÒ ��È°�}È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò º� ä�Ó�

����}È �º ���ÒÛ Ò ¹È�ËÓÒ« ÓÈ¹¯«ÎËÓÒ« m ���ºmºä

¹¯ºäËÎ��}Ë

8
[�[

= 5
V
L + /

GL

GW
+ ρ

O
Z
Ü O

6
L + (O + 8

ÈÜ}
�

��Ë ( Û ÓÈ¹¯«ÎËÓÓº°�	 ªãË}�¯Ò�Ë°}º�º ¹ºã« m

°�ºãË ���Ò� ÓË ÏÈmÒ°«�È« º� �º}È� 8
ÈÜ}

Û °�ääÈ

¹¯ÒªãË}�¯º�Ó©² ¹È�ËÓÒ® ÓÈ¹¯«ÎËÓÒ« ÓÈ ÈÓº�Ë Ò

}È�º�Ë �m �Èã	ÓË®�Ëä �ã« �¹¯º�ËÓÒ« ÏÈ¹Ò°Ò �¯Èm�

ÓËÓÒ® ¹º� ÓÈ¹¯«ÎËÓÒËä ²ºãº°�º�º ²º�È Ò°�º�ÓÒ}È

¹Ò�ÈÓÒ«8
[�[

��Ëä ¹ºÓÒäÈ�	 ¯ÈÏÓº°�	8
²�²

Ü 8
ÈÜ}
��

v ��Ë�ºä ¹¯ÒmË�ËÓÓº�º m©�Ë °Ò°�ËäÈ �ÒÁÁË�

¯ËÓ�ÒÈã	Ó©² �¯ÈmÓËÓÒ®� ° ¹ºäº�	
 }º�º¯©² º¹Ò�

°©mÈ
� �ÒÓÈäÒ�Ë°}�
 °Ò°�Ëä� Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü

���È F ¹ãÈm«�Òä°« ªãË}�¯º�ºä� ÒäËË� mÒ�













GO

GW
=
68

È
L + ρ(O

Z
Ü O)L�

γ6�T
Ü Y�

GL

GW
= �

/
(8

[�[
Ü 5

V
L Ü ρ

O
Z
Ü O

6
L Ü (O)�

���

��Ë T  F�7
¹ã
Ü 7

�
� � λ Û }ºÓ°�ÈÓ�È� º¹¯Ë�Ëã«
�È«

�Ë¹ãºÁÒÏÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ ªãË}�¯º�Óº®

¹¯ºmºãº}Ò�

w�È °Ò°�ËäÈ �ÒÁÁË¯ËÓ�ÒÈã	Ó©² �¯ÈmÓËÓÒ® ��

�Ë� m �Èã	ÓË®�Ëä º�Ë}�ºä Ò°°ãË�ºmÈÓÒ«� |�Ë�

mÒ�Óº� ��º �ãÈmÓºË ËË °mº®°�mº Û ÓËãÒÓË®Óº°�	�

�ºª�ºä� ¹º°ãË�ºmÈ�Ëã	Óº ¹¯ÒäËÓÒä m°Ë ª�È¹© Ò°�

°ãË�ºmÈÓÒ« ¹º�ºÓ©² °Ò°�Ëä� ¹Ë¯m©ä ÒÏ }º�º¯©²

«mã«Ë�°« Ò°°ãË�ºmÈÓÒË º°º©² �º�Ë} �ÒãÒ �º�Ë}

¯ÈmÓºmË°Ò«��

v�È�Ò�Ë°}ºË °º°�º«ÓÒË °Ò°�Ëä© Ò°�º�ÓÒ} ¹Ò�
�ÈÓÒ«Ü���È F ¹ãÈm«�Òä°« ªãË}�¯º�ºä Ò �°ãºmÒ«
Ë�º °��Ë°�mºmÈÓÒ«� iã« Ò°°ãË�ºmÈÓÒ« º°º©² �º�

�Ë} ¹¯Ò¯ÈmÓ«Ëä ¹¯Èm©Ë �È°�Ò �¯ÈmÓËÓÒ® ��� Ó�ã


Ò ¹ºã��Òä ÓËãÒÓË®Ó�
 °Ò°�Ëä� �¯ÈmÓËÓÒ®













68
È
,
�

+ ρ(O
Z
Ü O

�
),
�

�

γ6�T
Ü Y = ��

8
[�[

Ü 5
V
,
�
Ü ρ

O
Z
Ü O

�

6
,
�
Ü (O

�
= �

���

º�Óº°Ò�Ëã	Óº }ºº¯�ÒÓÈ� º°ºº® �º�}Ò ,
�
Ò O

�
�

jÏ ¹Ë¯mº�º �¯ÈmÓËÓÒ« °Ò°�Ëä© ��� äºÎÓº ÓÈ®�Ò

ÏÈmÒ°Òäº°�	 O
�
º� ,

�
�

O
�

=
ρO
Z
,
�

� + 68
È
,
�
Ü TYγ6

ρ,
�

�
� ���

�º�°�ÈmÒm ª�� Áº¯ä�ã� mº m�º¯ºË �¯ÈmÓËÓÒË

°Ò°�Ëä© ���� äºÎÓº ÓÈ®�Ò m©¯ÈÎËÓÒ«� }º�º¯©Ë

º¹¯Ë�Ëã«
� ÏÈmÒ°Òäº°�	 ,
�
Ò O

�
º� ¹È¯ÈäË�¯ºm °mÈ�

¯º�Óº�º ¹¯º�Ë°°È Ò ªãË}�¯Ò�Ë°}º® �Ë¹Ò�

ρ5
V
,
�

�
Ü (8

[�[
+ 8

È
Ü (O

Z
),
�

� +

+ 6((8
È

+ TYγρ),
�
Ü TYγ(6� = ��

���

ρ(�
O
�

� + ρ(TYγρ Ü ((�8
[�[

+ 8
È

+ (O
Z

))O
�

� + …

… + >ρ8
[�[

(8
[�[

+ 8
D

+ �(O
Z

) +

+ (5
V
6 + ρO

Z
)((8

D
Ü �TYγρ)@O

�
+ …

… + TYγ(5
V
6 + ρO

Z
)� Ü 8

[�[
8
È
(5

V
6 + ρO

Z
) Ü

Ü ρ8
[�[

� O
Z

= ��

���

|È ª�Ò �¯ÈmÓËÓÒ« «mã«
�°« }�Ò�Ë°}ÒäÒ Ò äºÎ�

Óº ¹º}ÈÏÈ�	� ��º m ��� º�ÒÓ ¹ºãºÎÒ�Ëã	Ó©® }º¯ËÓ	�

È m©¯ÈÎËÓÒË ��� äºÎË� ÒäË�	 }È} ¹ºãºÎÒ�Ëã	Ó©Ë�

�È} Ò º�¯Ò�È�Ëã	Ó©Ë }º¯ÓÒ� j°°ãË��Ëä ª�º� mº¹¯º°�

v ÁÒÏÒ�Ë°}º® �º�}Ò Ï¯ËÓÒ« °�È�ÒºÓÈ¯ÓÈ« �ãÒÓÈ

���Ò ÒäËË� °ãË��
�ÒË º�¯ÈÓÒ�ËÓÒ«� �ãÒÓÈ ���Ò

�ºãÎÓÈ ©�	 ¹ºãºÎÒ�Ëã	ÓÈ Ò ÓË äºÎË� ©�	 ºã	�Ë

¯È°°�º«ÓÒ« äËÎ�� ä�Ó����}ºä Ò ÒÏ�ËãÒËä�

� � O � O
Z
� ���

{©¯ÈÎËÓÒË ��� äºÎÓº ÓÈÏmÈ�	 �°ãºmÒËä °��Ë°�

�mºmÈÓÒ« ¹¯º�Ë°°È °mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä�

�º�°�Èmã«« �¯ÈÓÒ�Ó©Ë ÏÓÈ�ËÓÒ« �ãÒÓ© ���Ò ÒÏ ���

m ���� ���� ¹ºã��ÈËä º�¯ÈÓÒ�ËÓÒ« ÓÈ ¹È¯ÈäË�¯©�

}º�º¯©Ë °ºº�mË�°�m�
� �ÈÓÓºä� �°ãºmÒ
 °��Ë°�mº�

mÈÓÒ«

cÒ°� �� wãË}�¯Ò�Ë°}È« �Ë¹	� äº�ËãÒ¯�
�È« ¹¯º�Ë°° °mÈ¯}Ò ¹ãÈ�
m«�Òä°« ªãË}�¯º�ºä

������� ��



TYγ(65
V

+ ρO
Z

)� Ü 8
[�[
8

È
(65

V
+ ρO

Z
) Ü ρ8

[�[

�
O
Z

= ��

TYγ65
V
Ü 8

[�[
8

È
+ 8

È
(O

Z
= ��

�°ãºmÒ« °��Ë°�mºmÈÓÒ« �ã« °}º¯º°�Ò ¹º�È�Ò

ªãË}�¯º�Óº® ¹¯ºmºãº}Ò °ãË��
�ÒË�

8
[�[

65
V
8

È
+ ρO

Z
(8

[�[
+ 8

È
)

Tγ65
V

> Y > 8
È

8
[�[

Ü (O
Z

Tγ65
V

� ����

p°ãÒ äÈ}°ÒäÈã	ÓÈ« °}º¯º°�	 ¹º�È�Ò �ãËmÈ«

�È°�	 m©¯ÈÎËÓÒ«�� ¹¯Ò }º�º¯º® ¹¯ºmºãº}È �¹Ò�

¯ÈË�°« m ÒÏ�ËãÒË� �º°�ÒÎÒäÈ m°Ë��È� �º äÒÓÒäÈã	�

ÓÈ« °}º¯º°�	 ¹º�È�Ò �¹¯ÈmÈ« �È°�	 m©¯ÈÎËÓÒ«��

¹¯Ò }º�º¯º® ªãË}�¯º� ¹ãÈmÒ�°« �º ä�Ó����}È� mºÏ�

äºÎÓÈ ãÒº ¹¯Ò �º°�È�º�Óº m©°º}Ò² ÏÓÈ�ËÓÒ«²

ÓÈ¹¯«ÎËÓÒ« ²ºãº°�º�º ²º�È Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ«

8
²�²

! (O
Z
ãÒº ¹¯Ò �º°�È�º�Óº äÈã©² ¯È°°�º«ÓÒ«²

º� ä�Ó����}È �º ÒÏ�ËãÒ« O
Z
� 8

²�²
�(�

sÈ¹¯ÈmãËÓÒË ÓË¯ÈmËÓ°�m m ���� Ò �ÈãËË ¹¯º°�

�Èmã«Ë�°« �È}Òä º¯ÈÏºä� ��º© ºË°¹Ë�Ò�	 °ºº��

mË�°�mÒË ° ���� ~�Ë°	 Ò �ÈãËË �Ò°ãËÓÓ©Ë ¹¯ÒäË¯©

Ò ¯Ò°�Ó}Ò m©¹ºãÓËÓ© �ã« ªãË}�¯º�Óº® ¹¯ºmºãº}Ò

�Ò¹È vm�����v �ÒÈäË�¯ºä ��� ää�

sÈ ¯Ò°� �� È ¹º}ÈÏÈÓ© º�¯ÈÓÒ�ËÓÒ« ¹º °}º¯º°�Ò

¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� m©¯ÈÎËÓÓ©Ë ÓË�

¯ÈmËÓ°�mÈäÒ �����

iã« ¹È¯ÈäË�¯È °mÈ¯º�Óº�º ¹¯º�Ë°°È ¯È°°�º«ÓÒË

º� ä�Ó����}È �º ÒÏ�ËãÒ« O
Z
Ò �°ãºmÒ« °��Ë°�

�mºmÈÓÒ« äºÎÓº ¹¯Ë�°�ÈmÒ�	 m mÒ�Ë

O
Z PD[

> O
Z

>
8

[�[
8

È
Ü TYγ65

V

(8
È

� ����

��Ë O
Z PD[

Û äÈ}°ÒäÈã	ÓºË ��ÈãËÓÒË ä�Ó����}È

�º ÒÏ�ËãÒ«� ¹¯Ò }º�º¯ºä mºÏäºÎËÓ °mÈ¯º�Ó©® ¹¯º�

�Ë°°� w�º ÏÓÈ�ËÓÒË äºÎÓº º¹¯Ë�ËãÒ�	� ¯Ë�Òm }mÈ��

¯È�ÓºË �¯ÈmÓËÓÒË

TYγρ�O
Z

�
Ü ρ>8

[�[
(8

[�[
+ 8

È
) Ü �TYγ65

V
@O
Z

+

+ 65
V
(TYγ65

V
Ü 8

[�[
8
È
) = ��

����

nÒÏÒ�Ë°}Ò® °ä©°ã �È}º�º º�¯ÈÓÒ�ËÓÒ« ¹ºÓ«�ËÓ�

�¯Ò ºã	�Ò² m©ãË�È² ªãË}�¯º�È º�¯ÈÓÒ�ÒmÈË�°«

�º} °mÈ¯}Ò� ��º ¹¯Ë¹«�°�m�Ë� ¹ãÈmãËÓÒ
� lÈ}°Ò�

äÈã	ÓºË ¯È°°�º«ÓÒË º� ä�Ó����}È �º ÒÏ�ËãÒ« ��Ë�

ÒäË�	 äË°�º ãÒº ¹¯Ò �º°�È�º�Óº ºã	�ºä ÏÓÈ�ËÓÒÒ

ÓÈ¹¯«ÎËÓÒ« ²ºãº°�º�º ²º�È

8
[�[

>
TYγ65

V

8
È

����

ãÒº ¹¯Ò �º°�È�º�Óº äÈãº® °}º¯º°�Ò ¹º�È�Ò ªãË}�

�¯º�Óº® ¹¯ºmºãº}Ò

Y <
8
[�[
8

È

Tγ65
V

�

�¯Ò ÓËm©¹ºãÓËÓÒÒ �°ãºmÒ« ���� º�¯ÈÓÒ�ËÓÒË�

}º�º¯ºË ÓÈ}ãÈ�©mÈË�°« ¹¯Èmº® �È°�	
 �°ãºmÒ«

����� ÓË ¹¯ÈmºäË¯Óº� { ª�ºä °ã��ÈË �Ë®°�m�Ë� º��

¯ÈÓÒ�ËÓÒË� ÓÈ}ãÈ�©mÈËäºË ãËmº® �È°�	
 ª�º�º m©�

¯ÈÎËÓÒ«� ¹¯ÒÓÒäÈ
�Ë® mÒ� O
Z PLQ

� O
Z
� O

Z PD[
�

��Ë O
Z PLQ

Ò O
Z PD[

Û ÏÓÈ�ËÓÒ«� }º�º¯©Ë «mã«
�°«

}º¯Ó«äÒ }mÈ�¯È�Óº�º �¯ÈmÓËÓÒ« �����

|�ËmÒ�Óº �È}ÎË Ò �º� ��º ¹¯Ò �º°�È�º�Óº äÈã©²

ÓÈ¹¯«ÎËÓÒ«² ²ºãº°�º�º ²º�È

8
[�[

< �√TYγ65
V
Ü 8

È

¹¯º�Ë°° °mÈ¯}Ò ÓË mºÏäºÎËÓ�

�¯ºÈÓÈãÒÏÒ¯�Ëä mãÒ«ÓÒË °º¹¯º�ÒmãËÓÒ« 5
V
� º¹�

¯Ë�Ëã«
�Ë�º ÓÈ}ãºÓ mÓË�ÓË® ²È¯È}�Ë¯Ò°�Ò}Ò Ò°�

�º�ÓÒ}È ¹Ò�ÈÓÒ«� |�¯ÈÓÒ�ËÓÒ« ÓÈ °º¹¯º�ÒmãËÓÒË

ÒäË
� mÒ�

5
V PD[

> 5
V

> 8
È

8
[�[

Ü (O
Z

TYγ6
�

��Ë 5
V PD[

Û ÏÓÈ�ËÓÒË� }º�º¯ºË äºÎÓº m©�Ò°ãÒ�	

}È} }º¯ËÓ	 �¯ÈmÓËÓÒ«

TYγ6�5
V

� + 6(�TYγρO
Z
Ü 8

[�[
8

È
)5

V
+

+ ρO
Z

(TYγρO
Z
Ü 8

[�[
(8

[�[
Ü 8

È
)) = ��

sÈ ¯Ò°� ��  ¹º}ÈÏÈÓ© º�¯ÈÓÒ�ËÓÒ«� ÓÈ}ãÈ�©�

mÈËä©Ë ÓÈ °º¹¯º�ÒmãËÓÒË 5
V
� |ÓÒ °º°�º«� m �ºä�

��º ¹¯Ò �º°�È�º�Óº ºã	�Ò² ÏÓÈ�ËÓÒ«² ÓÈ¹¯«ÎË�

ÓÒ«² ²ºãº°�º�º ²º�È Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« �8
[�[

!

! (O
Z
� ÓËº²º�Òäº ºË°¹Ë�Ò�	 ÓË}º�º¯©® ÓÈ}ãºÓ

mÓË�ÓË® ²È¯È}�Ë¯Ò°�Ò}Ò Ò°�º�ÓÒ}È ÏÈ °�Ë� mmË�

�ËÓÒ« äÒÓÒäÈã	Óº�º 5
V
� �¯Ò ÒÓ©² �°ãºmÒ«² ¹¯º�

�Ë°° ÓËº°��Ë°�mÒä� { °ã��ÈË º�ËÓ	 ½ÎË°�}Ò²�

mºã	��Èä¹Ë¯Ó©² ²È¯È}�Ë¯Ò°�Ò} Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ«

cÒ°� �� ~ÈmÒ°Òäº°�	 °�È�ÒºÓÈ¯Óº® �ãÒÓ© ���Ò O� º� °}º¯º°�Ò Y ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �È� Ò °º¹¯º�ÒmãËÓÒ« 5V
��

�� �������



ªãË}�¯º�ÓÈ« ¹¯ºmºãº}È ��Ë� ¹ãÈmÒ�	°« �º ä�Ó�

����}È�

sÈ¹¯«ÎËÓÒË ²ºãº°�º�º ²º�È «mã«Ë�°« Ë�Ë º�ÓÒä

¹È¯ÈäË�¯ºä� ²È¯È}�Ë¯ÒÏ�
�Òä Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«�

|�¯ÈÓÒ�ËÓÒ«� ÓÈ}ãÈ�©mÈËä©Ë ÓÈ ÓË�º� ÒäË
� mÒ�

8
[�[ PLQ

< 8
[�[

<
TYγ65

V
+ 8

È
(O

Z

8
È

�

��Ë 8
[�[ PLQ

Û äÒÓÒäÈã	ÓºË ÏÓÈ�ËÓÒË ÓÈ¹¯«ÎËÓÒ«

²ºãº°�º�º ²º�È� º¹¯Ë�Ëã«ËäºË ÒÏ �¯ÈmÓËÓÒ«

ρO
Z
8

[�[

� + 8
È
(65

V
+ ρO

Z
)8

[�[
Ü TYγ(65

V
+ ρO

Z
)� = ��

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓ© º�¯ÈÓÒ�ËÓÒ«� }º�º¯©Ë

ÓÈ}ãÈ�©mÈ
�°« ÓÈ ÓÈ¹¯«ÎËÓÒË ²ºãº°�º�º ²º�È Ò°�

�º�ÓÒ}È ¹¯Ò ¯ÈÏãÒ�Ó©² �Ë²Óºãº�Ò�Ë°}Ò² ¹È¯ÈäË�¯È²

°mÈ¯º�Óº�º ¹¯º�Ë°°È� jÏ ¯Ò°� ��  mÒ�Óº� ��º º��

¯ÈÓÒ�ËÓÒ« °�ÈÓºm«�°« ºãËË ½ÎË°�}ÒäÒ� ¹¯Ò �äËÓ	�

�ËÓÒÒ ¯È°°�º«ÓÒ« äËÎ�� ä�Ó����}ºä Ò ÒÏ�ËãÒËä�

v�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È
���Ò ° ¹ãÈm«�Òä°« ªãË}�¯º�ºä� v�È�ÒºÓÈ¯ÓºË

ÏÓÈ�ËÓÒË �ãÒÓ© ���Ò� Ò°°ãË�ºmÈÓÓºË m©�Ë� mÈÎÓº

¹¯Ò º¹¯Ë�ËãËÓÒÒ °�È�Ò�Ë°}º® mºã	��Èä¹Ë¯Óº® ²È�

¯È}�Ë¯Ò°�Ò}Ò ���Ò� w�º º�«°Ó«Ë�°« �Ëä� ��º ª��

²È¯È}�Ë¯Ò°�Ò}�� �� Ë� ÏÈmÒ°Òäº°�	 ÓÈ¹¯«ÎËÓÒË º�

�º}È� ãË��Ë ÒÏäË¯Ò�	 ª}°¹Ë¯ÒäËÓ�Èã	Óº� �¯Ò ÓÈ�Ò²

�º¹��ËÓÒ«² ÓÈ¹¯«ÎËÓÒË ÓÈ °�ºãË ���Ò °m«ÏÈÓº

° ËË �ãÒÓº® °ºº�Óº�ËÓÒËä 8
�
 (O

�
�

v ��Ë�ºä °�È�ÒºÓÈ¯Óº® �ãÒÓ© ���Ò� º¹¯Ë�Ë�

ãËÓÓº® Áº¯ä�ãº® ���� m©¯ÈÎËÓÒË �ã« °�È�Ò�Ë°}º®

mºã	��Èä¹Ë¯Óº® ²È¯È}�Ë¯Ò°�Ò}Ò ¹¯ÒÓÒäÈË� mÒ�

8
�

= (
ρO
Z
,
�

� + 68
È
,
�
Ü TYγ6

ρ,
�

�
� ����

zÈ} mÒ�Óº ÒÏ ����� °�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ«

²È¯È}�Ë¯Ò°�Ò}È º¹¯Ë�Ëã«Ë�°« ¹È¯ÈäË�¯ÈäÒ ���Ò �(�

8
È
�� ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �6� ρ� γ� T� Ò �Ë²�

Óºãº�Ò�Ë°}ÒäÒ ¹È¯ÈäË�¯ÈäÒ °mÈ¯º�Óº�º ¹¯º�Ë°°È

�Y� O
Z
�� Óº ÓË º¹¯Ë�Ëã«Ë�°« ¹È¯ÈäË�¯ÈäÒ ªãË}��

¯Ò�Ë°}º® �Ë¹Ò �8
[�[
� 5

V
� /��

iã« �º�º ��º© ÈÓÈãÒÏ ©ã m°Ë°�º¯ºÓÓÒä� ¹º��

¯ºÓËË º°�ÈÓºmÒä°« ÓÈ Ò°°ãË�ºmÈÓÒÒ º�Ò² °mº®°�m

Á�Ó}�ÒÒ �����

�¯Ò m©º¯Ë äÈ°��Èºm ÓÈ¹¯«ÎËÓÒ« (O
Z
Ò �º}È

6√ (TYγ) ⁄( ρO
Z
) m©¯ÈÎËÓÒË ���� äºÎÓº ¹¯Ë�°�ÈmÒ�	

m mÒ�Ë º�Óº¹È¯ÈäË�¯Ò�Ë°}º® Á�Ó}�ÒÒ

X′ = � + Q

L′
Ü

�

L′�
�

��Ë X′ Ò L′ Û äÈ°��ÈÒ¯ºmÈÓÓ©Ë ÏÓÈ�ËÓÒ« °ºº��

mË�°�mËÓÓº ÓÈ¹¯«ÎËÓÒ« Ò �º}È� Q = 8
È

⁄ √ TYγρO
Z
Û

Ë�ÒÓ°�mËÓÓ©® ¹È¯ÈäË�¯� }º�º¯©® º�Ë�ÒÓ«Ë� ¹È�

¯ÈäË�¯© ���Ò� ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò �Ë²Óº�

ãº�Ò�Ë°}ÒË ¹È¯ÈäË�¯© °mÈ¯º�Óº�º ¹¯º�Ë°°È�

|�äË�Òä� ��º mÒ� ª�º® Á�Ó}�ÒÒ }È�Ë°�mËÓÓº

ÓË ÏÈmÒ°Ò� º� ¹È¯ÈäË�¯È Q� lÈ}°Òä�ä ãËÎÒ� m°Ë��È

m©�Ë Ò ¹¯ÈmËË º� ¹Ë¯Ë°Ë�ËÓÒ« Á�Ó}�ÒË® �¯ºmÓ«

Ë�ÒÓÒ�©� �� Ë� ÓË m²º�Ò� m ºãÈ°�	 °��Ë°�mºmÈÓÒ«�

}º�º¯È« ÓÈ ¯Ò°� � ¹º}ÈÏÈÓÈ ÎÒ¯Óº® ãÒÓÒË®� ¹¯Ò

ã
©² ÏÓÈ�ËÓÒ«² ¹È¯ÈäË�¯ºm�

�È}Òä º¯ÈÏºä� °�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ« ²È�

¯È}�Ë¯Ò°�Ò}È ���Ò F ¹ãÈm«�Òä°« ªãË}�¯º�ºä m°Ë��È

ÒäËË� mºÏ¯È°�È
�Ò® ²È¯È}�Ë¯ ËÏ ª}°�¯Ëä�äºm Ò

°��Ë°�m�Ë� �ºã	}º m º¹¯Ë�ËãËÓÓºä �ÒÈ¹ÈÏºÓË �º}ºm�

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓº °ËäË®°�mº mºã	��Èä�

¹Ë¯Ó©² ²È¯È}�Ë¯Ò°�Ò}� jÏ ¯Ò°�Ó}È mÒ�Óº� ��º �°�

ãºmÒ« °��Ë°�mºmÈÓÒ« ���� ÓÈ}ãÈ�©mÈËä©Ë ÓÈ �ãÒÓ�

���Ò� º�¯ÈÎÈ
�°« Ò ÓÈ �º}Ë °�È�Ò�Ë°}º�º °º°�º«ÓÒ«

¯È°°äÈ�¯ÒmÈËäº® °Ò°�Ëä©�

iã« ���Ò ¹ãÈm«�Ë�º°« ªãË}�¯º�È ºÓ äºÎË� ÒÏ�

äËÓ«�	°« m ¹¯Ë�ËãÈ²�

,
� PLQ

< ,
�

< TYγ6
8

È

�
����

��Ë ,
� PLQ

Û äÒÓÒäÈã	Ó©® �º} ���Ò ¹ãÈm«�Ë�º°«

ªãË}�¯º�È� ÏÓÈ�ËÓÒË }º�º¯º�º äºÎÓº º¹¯Ë�ËãÒ�	�

¯Ë�Òm }mÈ�¯È�ÓºË �¯ÈmÓËÓÒË

ρO
Z
,
�

� + 68
È
,
�
Ü TYγ6� = �� ����

cÒ°� �� ~ÈmÒ°Òäº°�	 °�È�ÒºÓÈ¯Óº® �ãÒÓ© ���Ò O� º� ÓÈ¹¯«ÎËÓÒ« ²ºãº°�º�º ²º�È 8[�[ Ò°�º�ÓÒ}È ¹¯Ò ¯ÈÏãÒ�Ó©² °}º¯º°�Ò Y ¹º�È�Ò
ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �È� Ò ¯È°°�º«ÓÒÒ O

Z
äËÎ�� ä�Ó����}ºä Ò ÒÏ�ËãÒËä ��

cÒ°� �� |�Ò® mÒ� Á�Ó}�ÒÒ X′

������� ��



|�ËmÒ�Óº� ��º m©¯ÈÎËÓÒ« ���� Ò ���� äº���

©�	 Ò°¹ºã	ÏºmÈÓ© ¹¯Ò m©º¯Ë °mÈ¯º�Óº�º �º}È

¹º ¹È¯ÈäË�¯Èä ªãË}�¯º�Óº® ¹¯ºmºãº}Ò Ò �Ë²Óº�

ãº�Ò�Ë°}Òä ¹È¯ÈäË�¯Èä ¹¯º�Ë°°È °mÈ¯}Ò�

sÈ ¯Ò°� � ¹º}ÈÏÈÓº mãÒ«ÓÒË ÓÈ}ãºÓÈ mÓË�ÓË®

²È¯È}�Ë¯Ò°�Ò}Ò Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« ÓÈ ¹È¯ÈäË�¯©

�°�º®�Òmº�º ¹¯º�Ë°°È °mÈ¯}Ò�  Ëä m©�Ë ÓÈ¹¯«�

ÎËÓÒË ²ºãº°�º�º ²º�È� �Ëä ºã	�Ë ÏÓÈ�ËÓÒË äÒ�

ÓÒäÈã	Óº�º ÈããÈ°�Óº�º ¯ËÏÒ°�º¯È �ã« m©¹ºãÓËÓÒ«

�°ãºmÒ® °��Ë°�mºmÈÓÒ« ���� �¯Ò äÈã©² ÓÈ¹¯«�

ÎËÓÒ«² ²ºãº°�º�º ²º�È �ã« ºË°¹Ë�ËÓÒ« ¹ºãÓº�º

�ÒÈ¹ÈÏºÓÈ ÒÏäËÓËÓÒ« �º}È ���Ò ���� ÓËº²º�Òä©

°¹Ë�ÒÈã	Ó©Ë Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« ° mºÏ¯È°�È
�ÒäÒ

mÓË�ÓÒäÒ ²È¯È}�Ë¯Ò°�Ò}ÈäÒ >�@�

{ °ã��ÈË ¹¯ÒäËÓËÓÒ« �¯È�Ò�ÒºÓÓ©² Ò°�º�ÓÒ}ºm

¹Ò�ÈÓÒ« �äËÓ	�ÈË�°« �ÒÈ¹ÈÏºÓ ÒÏäËÓËÓÒ« �º}È ���

�Ò� ,
� PLQ

� ,
�
� ,

� PD[
� ��Ë ,

� PD[
Û äÈ}°ÒäÈã	Ó©®

�º} ���Ò ¹ãÈm«�Ë�º°« ªãË}�¯º�È� ÏÓÈ�ËÓÒË }º�º¯º�º

äºÎÓº º¹¯Ë�ËãÒ�	� ¯Ë�Òm }mÈ�¯È�ÓºË �¯ÈmÓËÓÒË

ρ(8
[�[

+ 8
È
Ü (O

Z
),
�

�
Ü 6(TYγρ + (8

È
),
�

+ TYγ(6� = ��

w�º� °ã��È® ÓÈ ¯Ò°� � °ºº�mË�°�m�Ë� �º�Ë�Ó©ä

}¯Òm©ä� lÈ}°ÒäÈã	Ó�
 �ãÒÓ� ���Ò� }º�º¯È« °º�

º�mË�°�m�Ë� äÈ}°ÒäÈã	Óºä� �º}�� äºÎÓº º¹¯Ë�Ë�

ãÒ�	� ¯Ë�Òm �¯ÈmÓËÓÒË

(
�
O
�

� + >TYγρ Ü ((�8
[�[

+ 8
È
)@O

�
+

+ 8
[�[

(8
[�[

+ 8
È
) Ü TYγρO

Z
= ��

{ ¯Èº�È² >�� �@ ¹¯Òmº�Ò�°« �º°�È�º�Óº äÓº�º

ª}°¹Ë¯ÒäËÓ�Èã	Ó©² °�È�Ò�Ë°}Ò² mºã	��Èä¹Ë¯Ó©² ²È�

¯È}�Ë¯Ò°�Ò} ���Ò F ¹ãÈm«�Òä°« ªãË}�¯º�ºä� |ÓÒ

ÒäË
� ¯ÈÏÓºº¯ÈÏÓ©® mÒ� Ò ¹ãº²º ¹º��È
�°« º�«°�

ÓËÓÒ
 Ò ºº�ËÓÒ
 �F}º¯ËË m°Ë�º ÒÏ�ÏÈ ¯ÈÏãÒ�Ó©²

�°ãºmÒ® ¹¯ºmË�ËÓÒ« ª}°¹Ë¯ÒäËÓ�ºm�� �¯ºÒãã
°�¯Ò�

¯�Ëä ª�º ÓË°}ºã	}ÒäÒ ¹¯ÒäË¯ÈäÒ� lºÎÓº °ÓÒäÈ�	

mºã	��Èä¹Ë¯Ó�
 ÏÈmÒ°Òäº°�	� ÒÏäËÓ«« �º}¹º°¯Ë�°�mºä

ÒÏäËÓËÓÒ« °}º¯º°�Ò ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò�

�È}º® °¹º°º ÓÈÒºãËË ¹¯ÒäËÓÒä � �Ë²Óºãº�ºm� �¯Ò

ª�ºä °�È�Ò�Ë°}ÒË mºã	��Èä¹Ë¯Ó©Ë ÏÈmÒ°Òäº°�Ò ����

ÒäË�	 mÒ�� ¹¯Ë�°�ÈmãËÓÓ©® ÓÈ ¯Ò°� �� È� j² äºÎÓº
º¹Ò°È�	 ° ¹ºäº�	
 °ãË��
�Ë�º m©¯ÈÎËÓÒ«�

8
�

= (
8

[�[
6 Ü (5

V
6 + ρO

Z
),
�

(6 Ü ρ,
�

�

|�ÓÈ}º ª�º ÓË «mã«Ë�°« °�È�Ò�Ë°}º® mºã	��Èä�

¹Ë¯Óº® ²È¯È}�Ë¯Ò°�Ò}º® ���Ò ° ¹ãÈm«�Òä°« ªãË}�

�¯º�ºä� �º °��Ò� ª�º mÓË�Ó«« ²È¯È}�Ë¯Ò°�Ò}È Ò°�

�º�ÓÒ}È ¹Ò�ÈÓÒ« ° ��Ë�ºä ¹È�ËÓÒ« ÓÈ¹¯«ÎËÓÒ«

ÓÈ ªãË}�¯º�Óº® ¹¯ºmºãº}Ë� �º��Ò m°Ë }¯Òm©Ë º��

Óº�Ò¹Ó©� }¯ºäË °ã��È« äÈã©² °}º¯º°�Ë® ¹º�È�Ò

ªãË}�¯º�Óº® ¹¯ºmºãº}Ò�

sÈ ¯Ò°� ��  ¹¯Ë�°�ÈmãËÓ© mºã	��Èä¹Ë¯Ó©Ë ²È�

¯È}�Ë¯Ò°�Ò}Ò� }º�º¯©Ë äºÎÓº ¹ºã��Ò�	� ÒÏäËÓÒm

�º} ���Ò ¹º°¯Ë�°�mºä ÒÏäËÓËÓÒ« ¯È°°�º«ÓÒË äËÎ��

ä�Ó����}ºä Ò ÒÏ�ËãÒËä� nº¯ä�ãÈ� º¹Ò°©mÈ
�È«

ª�Ò }¯Òm©Ë� ÒäËË� °ãË��
�Ò® mÒ��

8
�

= 8
[�[

+ 8
È
Ü 5

V
,
�
Ü
TYγ6
,
�

�

�¯Ò ºã	�Ò² ¯È°°�º«ÓÒ«² º� ä�Ó����}È �º

ÒÏ�ËãÒ« ²È¯È}�Ë¯Ò°�Ò}È äºÎË� ¹¯º«mÒ�	°« ¹ºã�

Óº°�	
� ¹¯Ò äÈã©² Û �ºã	}º �È°�Ò�Óº� °º�ãÈ°Óº

�°ãºmÒ«ä °��Ë°�mºmÈÓÒ«� sË¯Ë�}º ¹¯Ò ª}°¹Ë¯Ò�

äËÓ�Ë º¹¯Ë�Ëã«Ë�°« ãÒ�	 �È°�	 ²È¯È}�Ë¯Ò°�Ò}Ò�

w�Òä� mË¯º«�Óº� Ò º�«°Ó«Ë�°« ¯ÈÏ¯º° m ª}°¹Ë�

¯ÒäËÓ�Èã	Ó©² �ÈÓÓ©² >�� �@�

�Ë¯Ë�È�º�ÓÈ« Á�Ó}�Ò« ���Ò F ¹ãÈm«�Òä°«
ªãË}�¯º�ºä� �¯Ë�ãºÎËÓÓÈ« äº�Ëã	 ¹ºÏmºã«Ë� ¹º�

cÒ°� ��v�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ«²È¯È}�Ë¯Ò°�Ò}È8� ���Ò ° ¹ãÈm«�Òä°« ªãË}�¯º�ºä ¹¯Ò ¯ÈÏãÒ�Ó©² °}º¯º°�Ò Y ¹º�È�Ò ªãË}�¯º�Óº®
¹¯ºmºãº}Ò �È� Ò ¯È°°�º«ÓÒÒ O

Z
äËÎ�� ä�Ó����}ºä Ò ÒÏ�ËãÒËä ��

cÒ°� �� v�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È ���Ò ° ¹ãÈ�
m«�Òä°« ªãË}�¯º�ºä �°¹ãº�Ó©Ë ãÒÓÒÒ� Ò mÓË�ÓÒË ²È¯È}�Ë¯Ò°�
�Ò}Ò Ò°�º�ÓÒ}ºm ¹Ò�ÈÓÒ« ���¯Ò²ºm©Ë Ò �º�Ë�Ó©Ë�

�� �������



ã��Ò�	 ¹Ë¯Ë�È�º�Ó�
 Á�Ó}�Ò
 ���Ò ° ¹ãÈm«�Òä°«

ªãË}�¯º�ºä� �º°}ºã	}� ���È }È} ªãËäËÓ� ªãË}��

¯Ò�Ë°}º® �Ë¹Ò «mã«Ë�°« �m�²¹ºã
°ÓÒ}ºä� �º ¹Ë�

¯Ë�È�º�ÓÈ« Á�Ó}�Ò« äºÎË� ©�	 ¹¯Ë�°�ÈmãËÓÈ °º¹�

¯º�ÒmãËÓÒËä

:(S) = ∆X(S)
∆L(S)

�

��Ë ∆X�S� Ò ∆L�S� Û º�º¯ÈÎËÓÒ« �È¹ãÈ°È �ã«

¹¯Ò¯º°�ºm ÓÈ¹¯«ÎËÓÒ« Ò �º}È ���Ò� v ��Ë�ºä 8
�
 

 (O
�
¹¯Ò¯º°� ÓÈ¹¯«ÎËÓÒ« ¹¯º¹º¯�ÒºÓÈãËÓ ¹¯Ò�

¯º°�� �ãÒÓ© ���Ò� iã« ÓÈ²ºÎ�ËÓÒ« ¹º°ãË�ÓË�º

mº°¹ºã	Ï�Ëä°« ¹Ë¯m©ä �¯ÈmÓËÓÒËä °Ò°�Ëä© ����

{ ¯ËÏ�ã	�È�Ë

:(S) = (
68

È
+ �ρ(O

Z
Ü O

�
),
�

ρ,
�

�

�

Tγ6�

ρ,
�

�
S + �

= �

τS + �

�

jÏ ª�º® Áº¯ä�ã© mÒ�Óº� ��º ���È ¹ãÈm«�Ë�º°«

ªãË}�¯º�È m °ã��ÈË äËã}º}È¹Ëã	Óº�º ¹Ë¯ËÓº°È ¹¯Ë��

°�Èmã«Ë� °ºº® È¹Ë¯Òº�Ò�Ë°}ºË ÏmËÓº ¹Ë¯mº�º ¹º�

¯«�}È� � }º�º¯º�º }ºªÁÁÒ�ÒËÓ� �°ÒãËÓÒ« °º°�Èm�

ã«Ë�

N = (
68

È
+ �ρ(O

Z
Ü O

�
),
�

ρ,
�

�
�

È ²È¯È}�Ë¯ÓºË m¯Ëä«

τ = Tγ6�

ρ,
�

�
�

�¯Ò ¯ÈÏãÒ�Ó©² °ºº�Óº�ËÓÒ«² ¹È¯ÈäË�¯ºm ²È�

¯È}�Ë¯ÓºË m¯Ëä« τ äºÎË� ÒÏäËÓ«�	°« º� �Ë°«�}ºm

äÒããÒ°Ë}�Ó� �º Ë�ÒÓÒ� °Ë}�Ó��

�°�º®�Òmº°�	 °Ò°�Ëä© Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü���È
F ¹ãÈm«�Òä°« ªãË}�¯º�ºä� j°°ãË�ºmÈÓÒ« �°�º®�

�Òmº°�Ò ª�º® °Ò°�Ëä© äºÎÓº ¯ÈÏ�ËãÒ�	 ÓÈ �mÈ

ª�È¹È� ÒÏ��ËÓÒË ËË °�È�Ò�Ë°}º�º °º°�º«ÓÒ« �ÒÏãº�

ÎËÓº m©�Ë� Ò ËË �ÒÓÈäÒ�Ë°}º�º ¹ºmË�ËÓÒ« ¹¯Ò

äÈã©² º�}ãºÓËÓÒ«² º� °�È�Ò�Ë°}º�º °º°�º«ÓÒ«�

iã« ª�º�º ÓÈ®�Ëä äÈ�¯Ò�� Ð}ºÒ �ã« Ò°°ãË�

��Ëäº® °Ò°�Ëä© ���

- =












∂
∂L

GL

GW

∂
∂O

GL

GW

∂
∂L

GO

GW

∂
∂O

GO

GW












=

=














Ü
�

/
(5

V
+ ρ

O
Z
Ü O

�

6
) �

/
(ρ
6
,
�
Ü ()

68
È

+ �ρ(O
Z
Ü O

�
),
�

Tγ6�
Ü

ρ,
�

�

Tγ6�














�

m º}¯Ë°�Óº°�Ò °�È�Ò�Ë°}º�º °º°�º«ÓÒ«� �º��È ²È�

¯È}�Ë¯Ò°�Ò�Ë°}ºË �¯ÈmÓËÓÒË ÓÈ²º�Ò�°« ÒÏ �°ãºmÒ«

GHW�- Ü η,�  � Ò ÒäËË� mÒ� �, Û Ë�ÒÓÒ�ÓÈ«

äÈ�¯Ò�È�

Tγ/6�η� + 6>ρ/,
�

� + Tγ5
V
6� + Tγρ6(O

Z
Ü O

�
)@η + …

… + (8
È
6
� + ρ6,

�
>5

V
,
�
Ü 8

È
Ü �((O

Z
Ü O

�
)@ Ü

Ü ρ�,
�

�(O
Z
Ü O

�
) = ��

��Ë η Û °º°�mËÓÓ©Ë ÏÓÈ�ËÓÒ« Ò°°ãË��Ëäº® °Ò°�

�Ëä©�

j°²º�« ÒÏ ÏÓÈ�ËÓÒ® }º¯ÓË® ²È¯È}�Ë¯Ò°�Ò�Ë°�

}º�º �¯ÈmÓËÓÒ«� äºÎÓº º¹¯Ë�ËãÒ�	 ²È¯È}�Ë¯ ãº�

}Èã	Óº® �°�º®�Òmº°�Ò �ÒÓÈäÒ�Ë°}º® °Ò°�Ëä©� �¯È�

ÓÒ�ÓºË �°ãºmÒË� }º��È �Ë®°�mÒ�Ëã	ÓÈ« �È°�	 °º�

°�mËÓÓ©² ÏÓÈ�ËÓÒ® ¯ÈmÓÈ Ó�ã
� ÈÓÈãº�Ò�Óº �°�

ãºmÒ
� }º��È }ºªÁÁÒ�ÒËÓ� ¹¯Ò η ¯ÈmËÓ Ó�ã
� m

ÓÈ�Ëä °ã��ÈË�

ρ/,
�

� + Tγ6�5
V

+ Tγρ6(O
Z
Ü O

�
) = �� ����

�º°}ºã	}� m°Ë °ãÈ�ÈËä©Ë m Áº¯ä�ãË ���� ÒäË
�

¹ºãºÎÒ�Ëã	Ó©Ë ÏÓÈ�ËÓÒ«� ¯ÈmËÓ°�mº ÓË m©¹ºãÓ«�

Ë�°«� �È}Òä º¯ÈÏºä� °Ò°�ËäÈ ãº}Èã	Óº �°�º®�ÒmÈ

¹¯Ò m°Ë² °º�Ë�ÈÓÒ«² ¹È¯ÈäË�¯ºm Ò º�¯ÈÓÒ�ËÓÒ«

º°�È
�°« �ºã	}º �ã« �°ãºmÒ® °��Ë°�mºmÈÓÒ« ����

 Ò°ãËÓÓºË äº�ËãÒ¯ºmÈÓÒË Ò º°�Î�ËÓÒË ¯Ë�
Ï�ã	�È�ºm� iã« �º�º ��º© ÒÏ��Ò�	 �ÒÓÈäÒ}� Ò

�°�º®�Òmº°�	 °Ò°�Ëä© Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü���È F

¹ãÈm«�Òä°« ªãË}�¯º�ºä� ÓË º�¯ÈÓÒ�ÒmÈ«°	 �°ãº�

cÒ°� �� {ºã	��Èä¹Ë¯Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò� ¹ºã��ËÓÓ©Ë ¹¯Ò ÒÏäËÓËÓÒÒ °}º¯º°�Ò Y ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �È� Ò ¯È°°�º«ÓÒ«
O
Z
äËÎ�� ä�Ó����}ºä Ò ÒÏ�ËãÒËä ��

������� ��



mÒ«äÒ ãº}Èã	Óº°�Ò� ¹¯Ë�ãºÎËÓÓÈ« äº�Ëã	 ��� ¹Ë�

¯ËÓË°ËÓÈ m ¹¯º�¯ÈääÓ�
 äÈ�ËäÈ�Ò�Ë°}�
 °¯Ë��

0$7/$% 6LPXOLQN� r©ãÒ ¹ºã��ËÓ© m¯ËäËÓÓ©Ë ÏÈ�

mÒ°Òäº°�Ò �ã« ¹Ë¯Ë²º�Ó©² ¹¯º�Ë°°ºm� { }È�Ë°�mË

�Ë°�ºmº�º ¯È°°äº�¯ËÓ °ã��È® mºÏä��ËÓÒ« °Ò°�Ëä©

¹º °}º¯º°�Ò ¹º�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� j°�

°ãË�ºmÈÓÒ« ¹º��mË¯�ÒãÒ ¹¯ÈmºäË¯Óº°�	 °�ËãÈÓÓ©²

m©�Ë m©mº�ºm º ãº}Èã	Óº® �°�º®�Òmº°�Ò °Ò°�Ëä©�

tº�« ���È ¹ãÈm«�Ë�º°« ªãË}�¯º�È «mã«Ë�°« È¹Ë�

¯Òº�Ò�Ë°}Òä ÏmËÓºä� m °º°�ÈmË ªãË}�¯Ò�Ë°}º® �Ë¹Ò

ºÓÈ äºÎË� ÒäË�	 }ºãËÈ�Ëã	Ó©® ²È¯È}�Ë¯� º°ºËÓÓº

¹¯Ò ºã	�Ò² ÏÓÈ�ËÓÒ«² ÒÓ��}�ÒmÓº°�Ò / �¯º°°Ëã«

°mÈ¯º�Óº® �Ë¹Ò Ò äÈã©² ÏÓÈ�ËÓÒ«² ÈããÈ°�Óº�º

¯ËÏÒ°�º¯È 5
V
�

sÈ ¯Ò°� � ¹º}ÈÏÈÓº� }È} °Ò°�ËäÈ Ò°�º�ÓÒ} ¹Ò�

�ÈÓÒ«Ü���È ° ¹ãÈm«�Òä°« ªãË}�¯º�ºä º�¯ÈÈ�©mÈË�

mºÏä��ËÓÒË ¹º °}º¯º°�Ò ¹º�È�Ò ªãË}�¯º�Óº® ¹¯º�

mºãº}Ò� sËº²º�Òäº º�äË�Ò�	� ��º ¹¯Ò °�È�Òº�

ÓÈ¯Óº® �ãÒÓË ���Ò }ºãËÈ�Ëã	Ó©® ¹¯º�Ë°° äºÎË�

¹¯ÒmË°�Ò } ÓËm©¹ºãÓËÓÒ
 �°ãºmÒ« °��Ë°�mºmÈÓÒ«

���Ò ��� m �ÒÓÈäÒ}Ë �°ä� ¯Ò°� �� �� È ª�º m

°mº
 º�Ë¯Ë�	 Û } ÏÈ}º¯È�ÒmÈÓÒ
 ���ºmº�º ¹¯º�

äËÎ��}È Ò ÓÈ¯��ËÓÒ
 °mÈ¯º�Óº�º ¹¯º�Ë°°È�

�Ë¯Òº� ��º � °� Ò Èä¹ãÒ���È ��Ë°«�}Ò Èä¹Ë¯�

}ºãËÈÓÒ® �º}È ���Ò ¹¯Ò ¹Ë¯Ë²º�Óºä ¹¯º�Ë°°Ë �º°�

�È�º�Óº mËãÒ}Ò Ò äº��� °�È�	 ¹¯Ò�ÒÓº® �²���ËÓÒ«

}È�Ë°�mÈ °mÈ¯Óº�º �mÈ� �ºmãÒ«�	 ÓÈ ª�� °Ò��È�Ò


�¯��Óº� jÓ��}�ÒmÓº°�	 �¯º°°Ëã« �ºãÎÓÈ ©�	 �º°�

�È�º�Óº ºã	�º®� ��º© °�ãÈ�Ò�	 m©¹¯«äãËÓÓ©®

�º}� �mËãÒ�ËÓÒË °º¹¯º�ÒmãËÓÒ« ¹¯Òmº�Ò� } �²���

�ËÓÒ
 ªÓË¯�Ë�Ò�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} ¹¯º�Ë°°È

°mÈ¯}Ò� È �È}ÎË äÈ°°º�ÈÈ¯Ò�Ó©² ²È¯È}�Ë¯Ò°�Ò}

Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ«�

|�ÒÓ ÒÏ m©²º�ºm m �ÈÓÓº® °Ò��È�ÒÒ Û ª�º

¹¯ÒäËÓËÓÒË º¯È�Ó©² °m«ÏË® ¹º ÓÈ¹¯«ÎËÓÒ
 Ò �º}�

���Ò Ò ÏÈäËÓÈ ¹¯º�Ë°°È °mÈ¯}Ò ÓÈ ¹º°�º«ÓÓºä �º}Ë

Òä¹�ã	°Óº����ºmº® °mÈ¯}º®�

{©mº�©

�� �¯Ë�ãºÎËÓÓÈ« äº�Ëã	 °Ò°�Ëä© Ò°�º�ÓÒ} ¹Ò�

�ÈÓÒ«Ü���È F ¹ãÈm«�Òä°« ªãË}�¯º�ºä ¹ºÏmºã«Ë�

º¹¯Ë�ËãÒ�	 ¹È¯ÈäË�¯© ¹¯º�Ë°°È °mÈ¯}Ò Ò �ãÒÓ�

���Ò� ¹¯Ò }º�º¯©² ¹¯º�Ë°° °mÈ¯}Ò º°��Ë°�mÒä�

�� v�È�Ò�Ë°}È« mºã	��Èä¹Ë¯ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È

���Ò ° ¹ãÈm«�Òä°« ªãË}�¯º�ºä ÒäËË� mºÏ¯È°�È
�

�Ò® ²È¯È}�Ë¯ Ò °��Ë°�m�Ë� m º¹¯Ë�ËãËÓÓºä �Ò�

È¹ÈÏºÓË �º}ºm�

�� �ºã��ËÓÓÈ« ¹Ë¯Ë�È�º�ÓÈ« Á�Ó}�Ò« ���Ò ¹º�

}ÈÏ©mÈË�� ��º °mÈ¯º�Ó�
 ���� ° ¹ãÈm«�Òä°« ªãË}�

�¯º�ºä m °ã��ÈË äËã}º}È¹Ëã	Óº�º ¹Ë¯ËÓº°È äºÎÓº

¯È°°äÈ�¯ÒmÈ�	 }È} È¹Ë¯Òº�Ò�Ë°}ºË ÏmËÓº ¹Ë¯mº�º

¹º¯«�}È�

�� �º}Èã	ÓÈ« �°�º®�Òmº°�	 ÓË �È¯ÈÓ�Ò¯�Ë� Óº¯�

äÈã	Óº® º�¯Èº�}Ò mºÏä��ËÓÒ®� mºÏÓÒ}È
�Ò² m

°Ò°�ËäË Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü���È F ¹ãÈm«�Òä°« ªãË}�

�¯º�ºä� {ºÏäºÎÓº ÓÈ¯��ËÓÒË �°ãºmÒ® °��Ë°�mº�

mÈÓÒ« m �ÒÓÈäÒ}Ë� �� Ë� ¹¯Ò ¹Ë¯Ë²º�Óºä ¹¯º�Ë°°Ë�

�� vmÈ¯}È m ��ãË}Ò°ãºä �ÈÏË � j� j� ~È¯�È� r� v� zÈ°È��
}ÒÓ� s� j� zÈ²ºm°}Ò®� k� �� �º�È¹	Ëm°}Ò®� Û zÒËm� �Ë²�
ÓÒ}È� ����� Û ��� °�

�� �º�È¹	Ëm°}Ò® k� �� vmÈ¯}È m ÏÈ�Ò�Ó©² �ÈÏÈ² ¹ãÈm«�Òä�
°« ªãË}�¯º�ºä� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� {È¯�²È p� s�� iº}�º¯°}Ò® c� Ð� cÈ°�Ë� °}º¯º°�Ò ¹ãÈmãË�
ÓÒ« ªãË}�¯º�È ¹¯Ò äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ë �� vmÈ¯º��
¹¯�mº� Û ����� Û ¢ �� Û v� ��Ü���

�� ¡©�ã	}ÒÓ �� k� z mº¹¯º°� º �°�º®�Òmº°�Ò ¹¯º�Ë°°È ���
�ºmº® °mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� ��Ü���

$ PDWKHPDWLFDO GHVFULSWLRQ RI WKH SRZHU VRXUFHx FRQVXPDEOH�HOHFWURGH DUF V\VWHP LV SURSRVHG� &RQGLWLRQV RI VWDWLF H[LVWHQFH
RI WKH V\VWHP DUH VWXGLHG� DOORZLQJ IRU WKH WKHUPRSK\VLFDO FKDUDFWHULVWLFV RI WKH SDUDPHWHUV DQG YDULDWLRQ RI HOHFWURGH VWLFN�RXW

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

cÒ°� �� |°�Òããº�¯ÈääÈ º�¯Èº�}Ò mºÏä��ËÓÒ® ¹º °}º¯º°�Ò ¹º�
�È�Ò ªãË}�¯º�Óº® ¹¯ºmºãº}Ò °Ò°�Ëäº® Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«Ü���È F
¹ãÈm«�Òä°« ªãË}�¯º�ºä ¹¯Ò8[�[  �� %�5V

 ���� |ä� /  �⋅��Ü�

�È� Ò �⋅��Ü� �Ó ��

�� �������



M>D ����������

�����������������	
�����������
�������

����
�
�	�
�����
��		���
����
��
�

	�������������

c�  jcj � }ÈÓ�� �Ë²Ó� ÓÈ�} �{©°�È« �Ë²Ó� �}ºãÈ� ��  È�È}� vË¯Ò« Ò  Ë¯Óº�º¯Ò«��

v�  ks�ckz� z� ckj � �º}�º¯È �Ë²Ó� ÓÈ�} �rËã�¯È�� �Ó��� �� rËã�¯È�� vË¯Ò« Ò  Ë¯Óº�º¯Ò«�

¯¿ÐÐËÍÑÏÄÌÚ ÞÁÊÄÌÇÞ� Ï¿ÆÁÇÁ¿ÝØÇÄÐÞ Á ÎÏÍÕÄÐÐÄ ÏÍÑ¿ÕÇÍÌÌÍÈ ÐÁ¿ÏÉÇ ÑÏÄÌÇÄË Ð ÉÍÌÑÇÌÒ¿ÊÛÌÚË ÎÏÇÁÍÃÍË ÀÚÐÑ�

ÏÍÏÄÅÒØÄÈ ÐÑ¿ÊÇ ¯�«� Ð ÒÂÊÄÏÍÃÇÐÑÍÈ ÐÑ¿ÊÛÝ ��� ®ÏÄÃÊÍÅÄÌÍ Ç ÜÉÐÎÄÏÇËÄÌÑ¿ÊÛÌÍ ÎÏÍÁÄÏÄÌÍ Ë¿ÑÄË¿ÑÇÖÄÐÉÍÄ ÁÚ�

Ï¿ÅÄÌÇÄ ÃÊÞ Ï¿ÐÖÄÑ¿ Ï¿ÃÇ¿ÊÛÌÚÔ ÎÄÏÄËÄØÄÌÇÈ ËÄÑ¿ÊÊ¿ ÌÄÎÍÐÏÄÃÐÑÁÄÌÌÍ ÃÍ ÎÍÁÄÏÔÌÍÐÑÇ ÑÏÄÌÇÞ� §ÐÐÊÄÃÍÁ¿ÌÚ ÐÑÏÒÉ�

ÑÒÏ¿� Ó¿ÆÍÁÚÈ Ç ÔÇËÇÖÄÐÉÇÈ ÐÍÐÑ¿ÁÚ Á ÁÞÆÉÍË ÐÊÍÄ� ÎÊÍÐÉÍÐÑÇ ÑÏÄÌÇÞ Ç ÀÊÇÆÊÄÅ¿ØÇÔ ÆÍÌ¿Ô�

zã
� Ë m © Ë ° ã º m È � ¯º�È�ÒºÓÓÈ« °mÈ¯}È �¯ËÓÒËä� ©°��

¯º¯ËÎ��È«� ��ãË¯º�Ò°�È« °�Èã	� ¹ãÈ°�Ò�Ë°}È« �ËÁº¯äÈ�Ò«�

¯È°�Ë� ¹Ë¯ËäË�ËÓÒ®� m«Ï}Ò® °ãº®� äË²ÈÓÒÏä °ºË�ÒÓËÓÒ«�

äÒ}¯º°�¯�}��¯È� ÁÈÏºm©® °º°�Èm

�¯º�Ë°° ¯º�È�ÒºÓÓº® °mÈ¯}Ò �¯ËÓÒËä �v�� ° ÓË�

¹¯Ë¯©mÓ©ä ¹¯Òmº�ºä °º°�ºÒ� ÒÏ ¹«�Ò ÁÈÏ >�� �@�

ÓÈ�Èã	ÓºË �¯ËÓÒË �,�� ÓË°�ÈÒã	ÓºË �,,�� °�ÈÒã	�

ÓºË �,,,�� �È} ÓÈÏ©mÈËäÈ« }mÈÏÒ°�È�ÒºÓÈ¯ÓÈ« ÁÈÏÈ�

�º¯äºÎËÓÒË �,9� Ò �¹ãº�ÓËÓÒË�¹¯º}ºm}È �9�� �°�

�ÈÓºmãËÓº� ��º ,,, ÁÈÏÈ ÓÈ�ÒÓÈË�°« �º��È� }º��È

°ãº®� ²È¯È}�Ë¯ÒÏ�
�Ò®°« ºã	�º® ¹ãÈ°�Ò�Óº°�	


Ò ÓÒÏ}º® ¹¯º�Óº°�	
� ¯È°�Ò¯«Ë�°« m�ºã	 m°Ë®

¹ãº°}º°�Ò �¯ËÓÒ« >�Ü�@� v�Ò�ÈË�°«� ��º m ª�º®

ÁÈÏË �°�ÈÓÈmãÒmÈË�°« �ÒÓÈäÒ�Ë°}ºË �Ë¹ãºmºË ¯Èm�

ÓºmË°ÒË äËÎ�� }ºãÒ�Ë°�mºä m©�Ëã«Ëäº�º �Ë¹ãÈ Ò

�Ë¹ãÈ� ¹Ë¯Ë�ÈÓÓº�º º°ÓºmÓºä� äË�Èãã� �|l�� {

ª�º® ÁÈÏË� m°ãË�°�mÒË ºã	�º® ¹ãÈ°�Ò�Ë°}º® �Ë�

Áº¯äÈ�ÒÒ �ºÓ}Ò² }ºÓ�È}�Ó©² °ãºËm |l� m ¹ãº°�

}º°�Ò �¯ËÓÒ« �º°�Ò�È
�°« äÈ}°ÒäÈã	Ó©Ë �Ëä¹Ë�

¯È��¯©� °Èä©Ë ÓÒÏ}ÒË }ºªÁÁÒ�ÒËÓ�© �¯ËÓÒ«�

�°}º¯«
�°« ÓÈ�È�©Ë �ÒÁÁ�ÏÒºÓÓ©Ë ¹¯º�Ë°°© Ò

°ºÏ�È
�°« �°ãºmÒ« �ã« Áº¯äÒ¯ºmÈÓÒ« °ãº« äË�ÈããÈ

m m«Ï}ºä °º°�º«ÓÒÒ�

{ º�ãÒ�ÒË º� º�Óº¯º�Ó©² äË�Èããºm ¹¯Ò v�

äÈ�Ë¯ÒÈãºm ° ¯ÈÏÓ©äÒ �Ë¹ãºÁÒÏÒ�Ë°}ÒäÒ º°ºËÓ�

Óº°�«äÒ ÓÈÒºã	�È« °�Ë¹ËÓ	 �ËÁº¯äÈ�ÒÒ ÓÈã
�

�ÈË�°« ÓË ÓÈ �º¯�Ëm©² ¹ºmË¯²Óº°�«² |l� È mÓ��¯Ò

º�Óº�º ÒÏ ÓÒ² >�Ü��@� w�È º°ºËÓÓº°�	 º°ºËÓÓº

m©¯ÈÎËÓÈ ¹¯Ò v� m©°º}ºãË�Ò¯ºmÈÓÓ©² ©°�¯º�

¯ËÎ��Ò² °�ÈãË® �¹ºãÒÁÈÏÓ©Ë äÈ�Ë¯ÒÈã© ° ºãËË

�Ëä �� � }È¯Ò�Óº® ÁÈÏ©� ° �m�²ÁÈÏÓ©äÒ �¹Ë¯�

ãÒ�Óº�ÁË¯¯Ò�Ó©äÒ� ��ãË¯º�Ò°�©äÒ °�Èã«äÒ�

{ ¹º°ãË�ÓËË m¯Ëä« ¹¯Ë�¹¯ÒÓ«�© ¹º¹©�}Ò º¹Ò�

°ÈÓÒ« ÓË}º�º¯©² «mãËÓÒ®� ÒäË
�Ò² äË°�º m m«Ï}ºä

°ãºË m ÁÈÏË �È} ÓÈÏ©mÈËäº�º �ÒÓÈäÒ�Ë°}º�º ¯Èm�

ÓºmË°Ò« ¹¯Ò v� º�Óº¯º�Ó©² äÈ�Ë¯ÒÈãºm >�� ��@�

{ �º ÎË m¯Ëä« ÓÒ }È�Ë°�mËÓÓº� ÓÒ }ºãÒ�Ë°�mËÓÓº

ÓË º¹Ò°ÈÓ äË²ÈÓÒÏä �Ë�ËÓÒ« m«Ï}º® ÎÒ�}º°�Ò °

ºã	�º® �È°�	
 �mË¯�º® ÁÈÏ© ¹¯Ò v� ¯ÈÏÓº¯º�Ó©²

äÈ�Ë¯ÒÈãºm ©°�¯º¯ËÎ��Ò² °�ÈãË® ° ��ãË¯º�Ò°�

�©äÒ °�Èã«äÒ�

¡Ëã	
 ÓÈ°�º«�Ë® ¯Èº�© «mã«Ë�°« }ºãÒ�Ë°��

mËÓÓºË ÒÏäË¯ËÓÒË ¹È¯ÈäË�¯ºm ¹ãÈ°�Ò�Ë°}º® �ËÁº¯�

äÈ�ÒÒ ÓË¹º°¯Ë�°�mËÓÓº mãÒÏÒ ¹ãº°}º°�Ò �¯ËÓÒ«�

º¹Ò°ÈÓÒË äË²ÈÓÒÏäÈ °ºË�ÒÓËÓÒ« ©°�¯º¯ËÎ��Ò²

°�ÈãË® ° ��ãË¯º�Ò°�©äÒ °�Èã«äÒ m ÁÈÏË �¯ËÓÒ«

�¹¯ËÎ�Ë m°Ë�º m ,,, ÁÈÏË�� È �È}ÎË ÒÏ��ËÓÒË ÁÒÏÒ}Ò

¹¯º�Ë°°È m m«Ï}ºä °ãºË Ò ãÒÏãËÎÈ�Ò² ÏºÓÈ²�

lÈ�Ë¯ÒÈã Ò äË�º�Ò}È ª}°¹Ë¯ÒäËÓ�È� iã« °mÈ¯�

}Ò Ò°¹ºã	ÏºmÈÓ© º¯ÈÏ�© �ÒÈäË�¯ºä �� ää ÒÏ ©°�

�¯º¯ËÎ��Ë® °�ÈãÒ c�l� Ò °�ÈãÒ äÈ¯}Ò ��

��Èã� ��� tÒäÒ�Ë°}Ò® °º°�Èm ª�Ò² °�ÈãË® ¹¯ÒmË�ËÓ

m �Èã� �� lÈ�Ë¯ÒÈã© °mÈ¯ÒmÈãÒ äËÎ�� °ºº® ¯º�

�È�ÒºÓÓº® v� ° ÓË¹¯Ë¯©mÓ©ä ¹¯Òmº�ºä �¯Ò°� ���

�È¯ÈäË�¯© ¹¯º�Ë°°È v� °ãË��
�ÒË� �ÈmãËÓÒË �¯Ë�

ÓÒ« 3
W
 �� l�È� m¯Ëä« �¯ËÓÒ« 9

W
� ° �¯ÈÏÓºË��

�È°�º�È m¯È�ËÓÒ« ω �m ª}°¹Ë¯ÒäËÓ�Ë ω  FRQVW

 ���� äÒÓ
Ü��� �È¯ÈäË�¯© m ÁÈÏË ¹¯º}ºm}Ò� �Èm�

ãËÓÒË 3
S
� l�È� m¯Ëä« 9

V
� °� { ª}°¹Ë¯ÒäËÓ�Ë m¯È�

�Èã°« º¯ÈÏË� ÒÏ °�ÈãÒ c�l��

sÈ ª}°¹Ë¯ÒäËÓ�Èã	Ó©² º¯ÈÏ�È² m©¹ºãÓËÓ }º�

ãÒ�Ë°�mËÓÓ©® Ò }È�Ë°�mËÓÓ©® ÈÓÈãÒÏ Ò°¹©�ÈÓÒ«

°ãºËm m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ«� ÏºÓ© ÓË¹º°�

¯Ë�°�mËÓÓº mºÏãË ¹ãº°}º°�Ò �¯ËÓÒ« �ÏºÓÈ m©°º}º®

� c�  Ò¯Ò�� v�  ÈÓ�¯È}� z� cÈÒ�� ����

cÒ°� �� v²ËäÈ ¹¯º�Ë°°È ¯º�È�ÒºÓÓº® v� ° ÓË¹¯Ë¯©mÓ©ä ¹¯Òmº�
�ºä m ÁÈÏË �¯ËÓÒ« �È� Ò �¹ãº�ÓËÓÒ«�¹¯º}ºm}Ò ��

� È  ã Ò � È �� v¯ÈmÓÒ�Ëã	Ó©Ë ººÏÓÈ�ËÓÒ« Ò°¹ºã	Ï�Ëä©²
°�ÈãË®

lÈ¯}È °�ÈãÒ (1 ',1 :�1U $L6,�$(

3�0� +6 ����� 6 ����� ������ ����0�

�� &��� &��� ������ Û

 �¯ºÒÏmº�Ò�ËãËä Ò°¹ºã	Ï�Ëäº® ©°�¯º¯ËÎ��Ë® °�ÈãÒ ¹º� äÈ¯�
}º® l�� «mã«Ë�°« ½&RPHQWULHQ�� n¯ÈÓ�Ò«�

������� ��



¹ãÈ°�Ò�Óº°�Ò� Ò m«Ï}º�º °ãº«� v �Ëã	
 º¹¯Ë�Ë�
ãËÓÒ« ²È¯È}�Ë¯È Ò °�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯�
äÈ�ÒÒ ÓË¹º°¯Ë�°�mËÓÓº mºÏãË ¹ãº°}º°�Ò �¯ËÓÒ« m©�
¹ºãÓËÓ© ÒÏäË¯ËÓÒ« Ò ¯È°�Ë� °�mÒ�È �È°�Ò� º°�
ÓºmÓ©² äÈ�Ë¯ÒÈãºm m ÁÈÏË �¯ËÓÒ«� È �È}ÎË ¯È°�Ë�
¹È¯ÈäË�¯ºm ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� sÈ ÈÏË �Ë�
�Èã	Óº�º äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ Ò º�Ò²
Ò°°ãË�ºmÈÓÒ® º¹Ò°ÈÓ äË²ÈÓÒÏä °ºË�ÒÓËÓÒ« °�ÈãÒ
c�l� Ò °�ÈãÒ �� m ÁÈÏË �¯ËÓÒ«� ¹¯ËÎ�Ë m°Ë�º
m ,,, ÁÈÏË ¹¯º�Ë°°È�

{ ¯Èä}È² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°°ãË�ºmÈÓÒ® °
¹ºäº�	
 äË�º�È º¹�Ò�Ë°}º® Ò }ºãÒ�Ë°�mËÓÓº® º¹�
�Ò�Ë°}º® äÒ}¯º°}º¹ÒÒ� ªãË}�¯ºÓÓº® äÒ}¯º°}º¹ÒÒ�
ªÓË¯�º�Ò°¹Ë¯°ÒºÓÓº�º �wiv� ÈÓÈãÒÏÈ ÒÏ��ËÓ©
¹¯º�Ë°°©� ¹¯º�Ë}È
�ÒË m m«Ï}ºä °ãºË Ò °º°Ë�ÓÒ²
ÏºÓÈ²�

{ãÒ«ÓÒË ¹È¯ÈäË�¯ºm v� °�ÈãÒ c�l� Ò °�ÈãÒ
�� ÓÈ ²È¯È}�Ë¯ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ °ãºËm
ÓË¹º°¯Ë�°�mËÓÓº mºÏãË ¹ãº°}º°�Ò �¯ËÓÒ«� |°�
ÓºmÓº® �Ëã	
 ª}°¹Ë¯ÒäËÓ�È «mã«Ë�°« ÒÏäË¯ËÓÒË
°�Ë¹ËÓÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ °�ÈãÒ c�l� m
ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« m ÁÈÏË �¯ËÓÒ« ¹¯Ò ¯ÈÏ�
ãÒ�Ó©² ¹È¯ÈäË�¯È² v�� � º¯ÈÏ�ºm �ÒÈäË�¯ºä

�� ää m ¹¯º�ºã	Óº ¹¯º°mË¯ãËÓÓ©Ë º�mË¯°�Ò« �Ò�
ÈäË�¯ºä ��� ää ÓÈ ¯ÈÏãÒ�Óºä ¯È°°�º«ÓÒÒ º� º°Ò
m¯È�ËÓÒ« m°�ÈmãËÓ© äË�Ó©Ë ¹¯ºmº�ÓÒ}Ò �º�º ÎË
�ÒÈäË�¯È� { ¹¯º�Ë°°Ë °mÈ¯}Ò mäË°�Ë ° º°ÓºmÓ©ä
äÈ�Ë¯ÒÈãºä ¹Ë¯ËäË�ÈãÒ°	 Ò m°�ÈmãËÓÓ©Ë ¹¯ºmº��
ÓÒ}Ò� �º°ãË °mÈ¯}Ò ° �m�² º°ÓºmÓ©² äÈ�Ë¯ÒÈãºm
°ÓÒäÈãÒ �ºÓ}ÒË °ãºÒ äË�ÈããÈ� ÏÈ�Ëä ÒÏäË¯«ãÒ ¯È�
�ÒÈã	Ó©Ë Ò �ÈÓ�ËÓ�ÒÈã	Ó©Ë ¹Ë¯ËäË�ËÓÒ« º�mË¯�
°�Ò® �¹¯ºmº�ÓÒ}ºm� m °¯ÈmÓËÓÒÒ ° ¹ºãºÎËÓÒËä
�º °mÈ¯}Ò� �º ª�º® äË�º�Ò}Ë º¹¯Ë�ËãËÓ© °�mÒ�Ò
ÓÈ ¯È°°�º«ÓÒÒ ��� ää Ò ºãËË º� ãÒÓÒÒ °ºË�ÒÓËÓÒ«�
jÏäË¯ËÓÒË °�mÒ�ºm m ÏºÓÈ²� ÓÈ²º�«�Ò²°« mºÏãË
ãÒÓÒÒ °ºË�ÒÓËÓÒ«� ©ãº ÓËmºÏäºÎÓ©ä ÒÏ�ÏÈ ºã	�
�º® �ËÁº¯äÈ�ÒÒ ¹¯Ò}ºÓ�È}�Ó©² °ãºËm äË�ÈããÈ�

�ºmº¯º� ¹¯ºmº�ÓÒ}È äËÎ�� °º°Ë�ÓÒäÒ ¹ãº°�
}º°�«äÒ �¹º¹Ë¯Ë�Ó©äÒ ¯ÈÏ¯ËÏÈäÒ º¯ÈÏ�È�� ��È�
ãËÓÓ©äÒ äËÎ�� °ºº® ÓÈ ¯È°°�º«ÓÒË ��� ää� º¹�
¯Ë�ËãËÓ m ¯È�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ ° ¹ºäº�	


¹¯Ò¯º°�È �ÒÈäË�¯È ∆U� È m �ÈÓ�ËÓ�ÒÈã	Óºä Û ÒÏ�
äËÓËÓÒËä �ãÒÓ© ���Ò ∆V  U∆α� ��Ë ∆α Û ¹¯Ò¯º°�

��ãÈ ¹ºmº¯º�È ¹¯ºmº�ÓÒ}È ÓÈ �ãÒÓË ∆O  ��� ää�
|�Ò® º�Óº°Ò�Ëã	Ó©® ¹ºmº¯º� �°�mÒ�� º¹¯Ë�

�ËãËÓ º�Óº�ËÓÒËä

γ = WJ β =
√ (∆U)� + (∆V)�

∆O
� ���

|�Óº°Ò�Ëã	ÓºË ��ãÒÓËÓÒË ε Ò °}º¯º°�	 �ËÁº¯�
äÈ�ÒÒ ε′ º¹¯Ë�ËãËÓ© m©¯ÈÎËÓÒ«äÒ >��@

ε = (γ +√� + γ� )� ⁄ (� Ü N)
� ���

ε′ = ∆ε
9

�
���

��Ë N Û }ºªÁÁÒ�ÒËÓ� �ËÁº¯äÈ�ÒÒ °�mÒ�È �N  

 Ü��� ∆ε Û ¹¯Ò¯º°� º�Óº°Ò�Ëã	Óº® �ËÁº¯äÈ�ÒÒ
¹º �ãÒÓË� 9 Û m¯Ëä« �}º¯È�ÒmÈÓÒ« º¯ÈÏ�ºm ÓÈ

mËãÒ�ÒÓ� ∆O� ¯ÈmÓºË ∆O�L� L Û °}º¯º°�	 �}º¯È�
�ÒmÈÓÒ« Ò°¹©��Ëäº�º º¯ÈÏ�È m ÁÈÏË �¯ËÓÒ« ¹¯Ò
°mÈ¯}Ë� ää�°�

sÈ ¯Ò°� � ÓÈ ÈÏË ª}°¹Ë¯ÒäËÓ�Èã	Ó©² ¯ËÏ�ã	�
�È�ºm ° ¹ºäº�	
 �¯ÈmÓËÓÒ® ��������� ¹¯ÒmË�ËÓ©
ÏÓÈ�ËÓÒ« °�Ë¹ËÓÒ �ËÁº¯äÈ�ÒÒ �º�Óº°Ò�Ëã	Ó©² ���
ãÒÓËÓÒ®�� È �È}ÎË °}º¯º°�Ò �ËÁº¯äÈ�ÒÒ °�ÈãÒ
c�l� m ÁÈÏË �¯ËÓÒ«� sÈ º°ÓºmÈÓÒÒ ¯ËÏ�ã	�È�ºm
ÒÏäË¯ËÓÒ® º�äË�ËÓº� ��º ¯È�ÒÈã	Ó©Ë Ò �ÈÓ�ËÓ�Ò�
Èã	Ó©Ë °�mÒ�Ò äË�ÈããÈ m ÒÏäË¯«Ëä©² �º�}È² mºÏ�
¯È°�È
� ¹º äË¯Ë ¹¯ÒãÒÎËÓÒ« } ãÒÓÒÒ °ºË�ÒÓËÓÒ«
° �mËãÒ�ËÓÒËä ÓÈ�Èã	Óº�º ��ÈãËÓÒ« º�mË¯°�mÒ«
�¹¯ºmº�ÓÒ}È� º� º°Ò ¹ºmº¯º�È� È �È}ÎË ° mºÏ¯È°�
�ÈÓÒËä 3

W
Ò 9

W
�

cÈ�ÒÈã	Ó©Ë °�mÒ�Ò ÒÏäË¯«Ëä©² �º�Ë} ¹¯Ò Ò°�
¹ºã	Ï�Ëä©² ¯ËÎÒäÈ² v� Rã	�Ë� �Ëä �ÈÓ�ËÓ�Ò�

Èã	Ó©Ë� ¹¯Ò�Ëä º�Óº�ËÓÒË ∆U�∆V mºÏ¯È°�ÈË� ° �mË�
ãÒ�ËÓÒËä ¯È°°�º«ÓÒ« º� º°Ò ¯º�È�ÒÒ� {ºÏ¯È°�ÈÓÒË

cÒ°� �� v�Ë¹ËÓ	 �È� Ò °}º¯º°�	 �� �ËÁº¯äÈ�ÒÒ m °�ÈãÒ c�l�
ÓÈ ¯ÈÏãÒ�Óºä ��ÈãËÓÒÒ / º� ¹ºmË¯²Óº°�Ò �¯ËÓÒ« m �º�}È²� ¹Ë¯�
mºÓÈ�Èã	Óº ��ÈãËÓÓ©² º� º°Ò m¯È�ËÓÒ« ÓÈ ��� �}¯Òm©Ë �� Ò � ää
�}¯Òm©Ë ��� ¹¯Ò 9W  �� ° �°¹ãº�ÓÈ«� Ò ���� ° ���¯Ò²ºmÈ«�

� È  ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm Ò �mË¯�º°�	 º°ÓºmÓ©² äÈ�Ë¯ÒÈãºm

v�Èã	
lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm� � �mË¯�º°�	

+%
& 6L 0Q &U : 0R 9 6 3

c�l� ���� sË º¹¯� sË º¹¯� ���� ���� ���� ���� ������ ������ ���������

�� ���� ����� ���� ������ ������� Û Û sË º¹¯� sË º¹¯� sË º¹¯�

 { °º°�º«ÓÒÒ ¹º°ãË º�ÎÒ�È�

�� �������



ÏÓÈ�ËÓÒ« ¯È�ÒÈã	Ó©² ¹Ë¯ËäË�ËÓÒ® ¹º °¯ÈmÓËÓÒ

° �ÈÓ�ËÓ�ÒÈã	Ó©äÒ º�«°Ó«
�°« ¹º°ãË�°�mÒ«äÒ v�
° ºã	�º® �È°�º�º® m¯È�ËÓÒ«� m ¯ËÏ�ã	�È�Ë �Ë�º
�äËÓ	�ÈË�°« ½ÏÈ}¯��ÒmÈÓÒË� äË�ÈããÈ ¹º �ã�ÒÓË�
¹¯Ò ª�ºä �ËÁº¯äÈ�Ò« º°��Ë°�mã«Ë�°« m ºãËË �ºÓ�
}ºä °ãºË äË�ÈããÈ� {äË°�Ë ° �Ëä ÒÏ�ÏÈ ÓËºã	�º�º
�ÒÈäË�¯È º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ ��� ää� �Ë}��Ë°�	
äË�ÈããÈ m ¯È�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ ºãË��ËÓÈ�

v�Ë¹ËÓ	 Ò °}º¯º°�	 �ËÁº¯äÈ�ÒÒ mºÏ¯È°�È
� }È}
° �mËãÒ�ËÓÒËä 9

W
Ò ÓÈ�Èã	Óº�º ��ÈãËÓÒ« ÒÏäË�

¯«Ëäº® �º�}Ò º� º°Ò ¹ºmº¯º�È� �È} Ò ° ¹¯ÒãÒ�
ÎËÓÒËä } ãÒÓÒÒ °ºË�ÒÓËÓÒ«� sÈ ¯È°°�º«ÓÒÒ
���…� ää º� °ºË�ÒÓËÓÒ« ºË°¹Ë�ÒmÈË�°« º�Óº°Ò�
�Ëã	Óº m©°º}È« °�Ë¹ËÓ	 ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ

°�ÈãÒ c�l� �ε  ����…������
�È}Òä º¯ÈÏºä� ¹¯Ò ¹º°�º«ÓÓºä �ÈmãËÓÒÒ Ò °}º�

¯º°�Ò �¯ËÓÒ« ° �mËãÒ�ËÓÒËä m¯ËäËÓÒ �¯ËÓÒ« m º°�
ÓºmÓºä mºÏ¯È°�È
� ¹È¯ÈäË�¯© ¹ãÈ°�Ò�Ë°}º® �ËÁº¯�

äÈ�ÒÒ �∆U� ∆V� γ� ε� ε′�� �¯Ò 9 ! ���� ° ¹¯º�Ë°°
m²º�Ò� m �È} ÓÈÏ©mÈËä�
 }mÈÏÒ°�È�ÒºÓÈ¯Ó�
 ÁÈÏ�
�¯ËÓÒ«� m }º�º¯º® �Ëä¹Ë¯È��¯Óº��ËÁº¯äÈ�ÒºÓÓ©Ë �°�
ãºmÒ« °��Ë°�mËÓÓº ÓË ÒÏäËÓ«
�°«�

jÏäË¯ËÓÒË Ò ¯È°�Ë� ¹Ë¯ËäË�ËÓÒ® ÓË¹º°¯Ë��
°�mËÓÓº mºÏãË ¹ãº°}º°�Ò �¯ËÓÒ« m °�ÈãÒ c�l��
{ ²º�Ë ¯Èº�© º¹¯Ë�Ëã«ãÒ m©¯ÈÎËÓÒË �ã« ¯È°�Ë�È
¹Ë¯ËäË�ËÓÒ® m°ãË�°�mÒË �Ë¹ãºmº® �ËÁº¯äÈ�ÒÒ m
,,, ÁÈÏË ¹¯º�Ë°°È v� ÓË¹º°¯Ë�°�mËÓÓº mºÏãË ¹ãº°�
}º°�Ò �¯ËÓÒ« m °�ÈãÒ c�l�� jÏäË¯ËÓÒË ¹Ë¯ËäË�
�ËÓÒ« m©¹ºãÓËÓº m ºãÈ°�Ò� ��ÈãËÓÓº® º� ¹ãº°�
}º°�Ò �¯ËÓÒ« ÓÈ ��� ää� �º°ãË�Ó«« ��ÈãËÓÈ ÓÈ
��� ää º� ãÒÓÒÒ °ºË�ÒÓËÓÒ« °�ÈãÒ c�l� °º °�Èã	

�� Ò ÓÈ²º�Ò�°« m °�ÈãÒ c�l�� { �º ÎË m¯Ëä«
�º�ÓºË ÒÏäË¯ËÓÒË ¹Ë¯ËäË�ËÓÒ« m ºãÈ°�Ò� ��ÈãËÓ�
Óº® äËÓËË �Ëä ÓÈ ��� ää º� °ºË�ÒÓËÓÒ« ��� Ë� ÓÈ
��� ää º� ¹ãº°}º°�Ò �¯ËÓÒ«�� ÓËmºÏäºÎÓº ÒÏ�ÏÈ
mãÒ«ÓÒ« �¯��Ò² ÁÈ}�º¯ºm� �È}Ò²� }È} ¹ºãºÎËÓÒË
¹º�mÒÎÓº® ¯º�È�ÒºÓÓº® ¹ãº°}º°�Ò� ÓÈãÒ�ÒË m«Ï�
}º�º °ãº«� ÓÈmÈ¯ËÓÓº�º °ãº«� ÏºÓ© °äË�ÒmÈÓÒ«�
¯È°�mº¯ËÓÒ« }È¯Ò�Óº® ÁÈÏ©� m©°º}º® ãË�Ò¯ºmÈÓ�
Óº°�Ò È�°�ËÓÒ�Óº® ÁÈÏ© Ò �¯�

sÈ ÈÏË �Ë�Èã	Óº�º ª}°¹Ë¯ÒäËÓ�Èã	Óº�º ÈÓÈãÒÏÈ
¹¯ÒÓ«�º °ãË��
�ËË º�ËË �¯ÈmÓËÓÒË �Ò¹È -0$.
>��Ü��@� º¹Ò°©mÈ
�ËË �Ë�ËÓÒË äÈ�Ë¯ÒÈãÈ� �� Ë� ¹Ë�
¯ËäË�ËÓÒË }È¯Ò�Óº® ÁÈÏ© m ÁÈÏË �¯ËÓÒ« �¯Ò°� ���

/ = /(U� U�� N� Q) = . (� Ü H[S >Ü




U Ü U�

N(U�)




Q

@)� ���

��Ë / Û ��ÈãËÓÓº°�	 º� ÓÈ�Èã	Óº�º ¹ºãºÎËÓÒ«
¹ãº°}º°�Ò� ää� U�Û ÓÈ�Èã	ÓºË ��ÈãËÓÒË }È¯Ò�Óº®
ãÒÓÒÒ º� º°Ò m¯È�ËÓÒ« ¹¯Ò /  �� N�U�� Û }ºÓ�
°�ÈÓ�È� º¹¯Ë�Ëã«
�È« ÓÈ}ãºÓ }¯Òmº® ��º¯ÒÏºÓ�
�Èã	ÓÈ« ¹¯ºË}�Ò« �ÈÓ�ËÓ�© ¹¯Ò ¹Ë¯Ë°Ë�ËÓÒÒ º°Ò
U ° È°Òä¹�º�º® �¹ãº°}º°�	
 �¯ËÓÒ«��� . Û ÓÈ�
�Èã	ÓºË ��ÈãËÓÒË ÒÏäË¯«Ëäº® ¹ãº°}º°�Ò º� ¹ãº°�
}º°�Ò �¯ËÓÒ« �.  ��� ää�� Q Û km¯ÈäÒ ª}°�
¹ºÓËÓ�È >��Ü��@� Q ∈ 4� Q ∈ 5� Q ! ��

{ m©¯ÈÎËÓÒÒ ��� ÓË ¯È°°äÈ�¯ÒmÈ
�°« ¹Ë¯ËäË�
�ËÓÒ« m �ÈÓ�ËÓ�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ� }º�º¯©Ë m
°ºº�mË�°�mÒÒ ° ¯ËÏ�ã	�È�ÈäÒ °º°�mËÓÓ©² ÒÏäË¯Ë�
ÓÒ® ÏÓÈ�Ò�Ëã	Óº äËÓ	�Ë� �Ëä ¯È�ÒÈã	Ó©Ë >��@�

{ °ºº�mË�°�mÒÒ ° ¯Èº�ÈäÒ >��Ü��@ ÓÈ ÈÏË äÓº�
�º�Ò°ãËÓÓ©² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² ÏÓÈ�ËÓÒ® ÏÈmÒ�

°Òäº°�Ò ORJ 5  I�ORJ ε′� �ã« ©°�¯º¯ËÎ��Ò² °�È�
ãË® >��@ ���Ë 5 Û ¹¯º�Óº°�	� Ò ÓÈ º°ÓºmÈÓÒÒ
°º°�mËÓÓ©² ¯ËÏ�ã	�È�ºm ¹º}ÈÏÈÓº� ��º ¹¯Ò ª}°�

¹ºÓËÓ�Ë Q ≈ � m©¯ÈÎËÓÒË ��� ÒäËË� mÒ�

/ = /(U� U�� N) = .




� Ü H[S >Ü

U Ü U�

N(U�)
@



� ���

�º�Óº°�	 m©¯ÈÎËÓÒ« ��� ¹¯ºmË¯ËÓÈ ª}°¹Ë¯Ò�
äËÓ�Èã	Óº ÓÈ ÈÏË ÈÓÈãÒÏÈ ¹ºmº¯º�È }È¯Ò�Ó©²
¹ºãº° � º¯ÈÏ�ºm� m©¹ºãÓËÓÓ©² ÓÈ ¯ÈÏÓ©² ¯Ë�
ÎÒäÈ² v�� |¹¯Ë�ËãËÓÈ ¹¯«äÈ« ÏÈmÒ°Òäº°�	 ÓÈ}�
ãºÓÈ }¯Òm©² º� ÓÈ�Èã	Óº�º ¯È�ÒÈã	Óº�º ��ÈãËÓÒ«
}È¯Ò�Óº® ¹ºãº°© º� º°Ò m¯È�ËÓÒ«� �� Ë� º� N�U���
�ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© äºÎÓº ¹¯Ë�°�ÈmÒ�	 }È}
°ËäË®°�mº }¯Òm©² ° ¯ÈÏãÒ�Ó©äÒ ÏÓÈ�ËÓÒ«äÒ N�U��
�¯Ò°� ���

sÈ º°ÓºmË ÈÓÈãÒÏÈ ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò ¯È°�
°�Ë�Ó©² �ÈÓÓ©²� È �È}ÎË Ò² °¯ÈmÓËÓÒ«� äºÎÓº
°�ËãÈ�	 ¹¯Ë�mÈ¯Ò�Ëã	Ó©Ë m©mº�©�

¹ºã��ËÓÓºË m©¯ÈÎËÓÒË ��� �ÈË� mºÏäºÎÓº°�	
¯È°�Ë�È °ËäË®°�mÈ }¯Òm©² ÏÈmÒ°Òäº°�Ò ¯È�ÒÈã	Ó©²
¹Ë¯ËäË�ËÓÒ® º� ��ÈãËÓÒ« º� ¹ãº°}º°�Ò �¯ËÓÒ« Ò
ÓÈ�Èã	Óº�º ¯È�ÒÈã	Óº�º ��ÈãËÓÒ« º� º°Ò m¯È�ËÓÒ«
�¯Ò°� ���

m °ºº°Óº® ºãÈ°�Ò º¯ÈÏ�È ¯È�ÒÈã	Ó©Ë ¹Ë¯Ë�

äË�ËÓÒ« ∆U mºÏ¯È°�È
� ¹º äË¯Ë ¹¯ÒãÒÎËÓÒ« ¹ãº°�
}º°�Ò �¯ËÓÒ«� È �È}ÎË ° �mËãÒ�ËÓÒËä ÓÈ�Èã	Óº�º
¯È°°�º«ÓÒ« º� º°Ò m¯È�ËÓÒ« U� Ò È°Òä¹�º�Ò�Ë°}Ò
¹¯ÒãÒÎÈ
�°« } }ºÓË�Óºä� ÏÓÈ�ËÓÒ
� { ª�º® º�
ãÈ°�Ò �Ë®°�mÒ�Ëã	Óº m©¯ÈÎËÓÒË ����
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ÓÈ ¯ÈÏãÒ�Óºä ��ÈãËÓÒÒ º� ¹ãº°}º°�Ò �¯ËÓÒ« Ò ÓÈ�Èã	Óº�º ��È�
ãËÓÒ« º� º°Ò m¯È�ËÓÒ«
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m ºãÈ°�«²� ãÒÏ}Ò² } mÓË�ÓË® ��ÒãÒÓ�¯Ò�Ë°�
}º®� ¹ºmË¯²Óº°�Ò º¯ÈÏ�È� °��Ë°�m�Ë� �¯ÈÓÒ�È ½¹Ë�
¯ËmÈãÈ�� �¯Ò ª�ºä ÓË¹º°¯Ë�°�mËÓÓº �º �º�}Ò ½¹Ë�
¯ËmÈãÈ� �Ë®°�m�Ë� m©¯ÈÎËÓÒË ���� ~È ÓË® ¹¯º�
�ºãÎÈË�°« ¹Ë¯ËäË�ËÓÒË }È¯Ò�Ó©² ¹ºãº° m ¯È�
�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ� ��Ë ºÓÒ �ÎË ��Èã«
�°«
º� ¹ãº°}º°�Ò �¯ËÓÒ«�

ÏÈ}ºÓºäË¯Óº°�Ò ¹Ë¯ËäË�ËÓÒ« äÈ�Ë¯ÒÈãÈ m °º�
º°Óº® ºãÈ°�Ò ¹º°ãË È°Òä¹�º�Ò�Ë°}º�º ¹¯ÒãÒÎË�
ÓÒ« } ¹ãº°}º°�Ò �¯ËÓÒ« ÓË ÈÓÈãÒÏÒ¯ºmÈÓ© äÈ�Ë�
äÈ�Ò�Ë°}Ò� v�Ò�ÈË�°«� ��º m ª�º® ºãÈ°�Ò �mË¯�©Ë
�È°�Ò�© �}È¯Ò�©� ÓËäË�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ« Ò
�¯�� ¹º¹È�È
� m ÏºÓ� m«Ï}º�º °ãº«� j² �Èã	ÓË®�ËË
¹Ë¯ËäË�ËÓÒË ¯ÈÏmÒmÈË�°« ¹º ÏÈ}ºÓºäË¯Óº°�Ò �mÒ�
ÎËÓÒ« �mË¯�©² �È°�Ò� m m«Ï}ºä äÈ�Ë¯ÒÈãË� v�Ò�
�ÈË�°«� ��º ÓËäË�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ« ¹º°ãË ¹º�
¹È�ÈÓÒ« m ÏºÓ� m«Ï}º�º °ãº« º�ËÓ	 ©°�¯º ¹Ë¯Ë�
äË�È
�°« m �ÈÓ�ËÓ�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ� �È°�Ò�Óº
ÏÈ²mÈ�©mÈ
�°« äÒ}¯ºº�ËäÈäÒ äË�ÈããÈ� �È} ��º
Ò² m©�Ë°ÓËÓÒË ÒÏ ÏºÓ© �¯ËÓÒ« �È°Òä¹�º�Ò�Ë°}È«
¹ãº°}º°�	� ÒãÒ Ò² ÏÈ�Ë¯ÎÈÓÒË m ÓË® ÏÈmÒ°Ò� º�
äÓº�Ò² ÁÈ}�º¯ºm� jÏ��ËÓÒË ¹¯º�Ë°°È ¹Ë¯ËäË�ËÓÒ«
Ò m©�Ë°ÓËÓÒ« mÓË ¹ãº°}º°�Ò �¯ËÓÒ« ÓËÎËãÈ�Ëã	Ó©²
ÁÈÏºm©² °º°�Èmã«
�Ò² �ÓÈ¹¯ÒäË¯� ÓËäË�ÈããÒ�Ë°�

}Ò² m}ã
�ËÓÒ®� ÒäËË� ºã	�ºË ¹¯È}�Ò�Ë°}ºË ÏÓÈ�
�ËÓÒË�

lË²ÈÓÒÏä °ºË�ÒÓËÓÒ« °�ÈãÒ c�l� °º °�Èã	

�� m ÁÈÏË �¯ËÓÒ«� nÒÏÒ�Ë°}È« äº�Ëã	 ¯È°°äÈ��
¯ÒmÈËäº�º ¹¯º�Ë°°È ¯º�È�ÒºÓÓº® v� ° ÓË¹¯Ë¯©m�
Ó©ä ¹¯Òmº�ºä m ÁÈÏË �¯ËÓÒ« º°Óºm©mÈË�°« ÓÈ
�¯ËÓÒÒ �º¯�Ëm©² ¹ºmË¯²Óº°�Ë® �m�² �ÒãÒÓ�¯ºm�
º�ÒÓ ÒÏ }º�º¯©² �ÒÏ °�ÈãÒ c�l�� m¯È�ÈË�°« °
ºã	�º® °}º¯º°�	
 ¹º� ºã	�Òä È}°ÒÈã	Ó©ä �Èm�
ãËÓÒËä Ò m �°ãºmÒ«² mºÏäºÎÓº�º °mºº�Óº�º m©�
�Ë}ÈÓÒ« äÈ�Ë¯ÒÈãÈ m ¯È�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ�
�¯º�Ë°° ²È¯È}�Ë¯ÒÏ�Ë�°« ©°�¯©ä ¹ºm©�ËÓÒËä
�Ëä¹Ë¯È��¯© Ò �ËÁº¯äÈ�ÒÒ m ¯È�ÒÈã	Óºä� �ÈÓ�
�ËÓ�ÒÈã	Óºä Ò È}°ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒ«² m ÏÈmÒ�
°Òäº°�Ò º� ÓÈÏÓÈ�ÈËä©² ¹È¯ÈäË�¯ºm ¹¯º�Ë°°È Ò
º°ºËÓÓº°�Ë® |l >��� ��@�

{ ÓÈ�ÈãË , ÁÈÏ© ¯º�È�ÒºÓÓº® v� ° ÓË¹¯Ë¯©mÓ©ä
¹¯Òmº�ºä ÓÈã
�ÈË�°« Áº¯äÒ¯ºmÈÓÒË ¹Ë¯m©² °ºË�Ò�
ÓËÓÒ® äËÎ�� °�Èã	
 c�l� Ò °�Èã	
 ��� Ò² ¯ÈÏ¯©m
Ò ¹Ë¯ËÓº° �È°�Ò� °�ÈãÒ c�l� ÓÈ °�Èã	 �� >�� ��
��@� jÏ�ÏÈ º�Óº°Ò�Ëã	Óº ºã	�º® °}º¯º°�Ò �¯ËÓÒ« Ò
º�Óº°Ò�Ëã	Óº ºã	�º�º �ÈmãËÓÒ« m È}°ÒÈã	Óºä ÓÈ¹�
¯ÈmãËÓÒÒ� �� Ë� äËÓ	�Ë® º�ËäÓº® °}º¯º°�Ò Ò �Ë�
Áº¯äÈ�ÒÒ ¹º Rã	�Ë® �ã�ÒÓË m �ËÓ�¯Èã	Óº® �È°�Ò
º¯ÈÏ�È� °º °�ÈãÒ c�l� ÓÈ °�Èã	 �� ¹Ë¯ËÓº°«�°«
ºãËË }¯�¹Ó©Ë �È°�Ò�©� { �Èã	ÓË®�Ëä ¹¯º�Ë°°
°ºË�ÒÓËÓÒ« m ¹ãº°}º°�Ò �¯ËÓÒ« ¯ÈÏmÒmÈË�°« äËÎ��
¹Ë¯ËÓË°ËÓÓ©äÒ }¯�¹Ó©äÒ �È°�Ò�ÈäÒ °�ÈãÒ c�l�
Ò º°�Èm�Ë®°« Ò² �È°�	
� �º²º�Ò� �º Ò² �ËÁº¯äÈ�ÒÒ
°º °ãºÎÓº® �¯ÈË}�º¯ÒË® �mÒÎËÓÒ« �È°�Ò� Ò ¹È�
¯ÈããËã	Óº �º Ò² m©�Ë°ÓËÓÒ« mÓË ¹ãº°}º°�Ò �¯ËÓÒ«
>�� �@� {°ãË�°�mÒË ©°�¯º�º �mËãÒ�ËÓÒ« }ºÓ�È}�Óº®
¹ºmË¯²Óº°�Ò äºäËÓ� �¯ËÓÒ« �ÎË m ÓÈ�ÈãË , ÁÈÏ©
�º°�Ò�ÈË� äÈ}°ÒäÈã	Óº�º ÏÓÈ�ËÓÒ« �¯Ò°� ��� ��º
¹¯Òmº�Ò� } ¹ºm©�ËÓÓºä� m©�ËãËÓÒ
 �Ë¹ãÈ Ò �mË�
ãÒ�ËÓÒ
 �Ëä¹Ë¯È��¯© m ¹ãº°}º°�Ò �¯ËÓÒ«�

{º ,, ÁÈÏË ¹¯º�Ë°°È �¯ËÓÒ« äË�Èãã m }ºÓ�È}�Óº®
ÏºÓË m �°ãºmÒ«² m©°º}Ò² �Ëä¹Ë¯È��¯� ¹ºm©�ËÓÓº®
�ã�ÒÓ© ÏºÓ©� ÓÈ�¯Ë�º® �º m©°º}º® �Ëä¹Ë¯È��¯©�
Ò �äËÓ	�ËÓÓº�º °º¹¯º�ÒmãËÓÒ« } ¹ãÈ°�Ò�Ë°}º® �Ë�
Áº¯äÈ�ÒÒ �ËÁº¯äÒ¯�Ë�°« ° m©°º}º® °�Ë¹ËÓ	
� v
ÒÏäËÓËÓÒËä �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©² �°ãºmÒ® äËÓ«�
Ë�°« Ò ²È¯È}�Ë¯ �Ë�ËÓÒ« äË�ÈããÈ m m©°º}º¹ãÈ°�

cÒ°� �� lÒ}¯º°�¯�}��¯È °�ÈãÒ c�l� m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« �È�� ¯È�ÒÈã	Ó©Ë ¹Ë¯ËäË�ËÓÒ« �∆U  U Ü U�� ÓÈ ¯ÈÏãÒ�Óºä ��ÈãËÓÒÒ
º� ¹ãº°}º°�Ò �¯ËÓÒ« / Ò ¯ÈÏãÒ�Óºä ��ÈãËÓÒÒ º� º°Ò m¯È�ËÓÒ« U� �� �¯ËÎÒä v�� 9W  �� °� ËÏ ¹¯º}ºm}Ò�� °¹ãº�ÓÈ« }¯ÒmÈ« Û
ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë �ÈÓÓ©Ë� ��¯Ò²ºmÈ« Û ¯È°�Ë�Ó©Ë

cÒ°� �� ~ÈmÒ°Òäº°�	 °Òã© �º}È äº�º¯È �äºäËÓ�È �¯ËÓÒ«� º� m¯Ë�
äËÓÒ �¯ËÓÒ« 9W ¹¯Ò v� °�ÈãÒ c�l� °º °�Èã	
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�Ò�Ó©² ÏºÓÈ²� �¯Ò ª�ºä m ºãÈ°�Ò� ÓË¹º°¯Ë�°�mËÓÓº
¹¯ÒãË�È
�Ë® } ¹ãº°}º°�Ò �¯ËÓÒ«� m©°º}º¹ãÈ°�Ò��
Ó©® äË�Èãã ¹Ë¯ËäË�ÈË�°« ¹º äË²ÈÓÒÏä� ÓË �ºã	}º
m¯È�È�Ëã	Óº�º� Óº Ò mÒ²¯Ëmº�º �ãÈäÒÓÈ¯Óº�º Ò
��¯�ãËÓ�Óº�º� �Ë�ËÓÒ«� j Ë°ãÒ m¯È�È�Ëã	ÓºË �Ë�
�ËÓÒË º�°ãºmãËÓº ¹¯Ò¯º�º® ÁÒÏÒ�Ë°}º® äº�ËãÒ
¹¯º�Ë°°È� �º ��¯�ãËÓ�ÓºË ºã	�Ë® �È°�	
 «mã«�
Ë�°« °ãË�°�mÒËä º°ºËÓÓº°�Ë® |l� v�Èã	 c�l�
«mã«Ë�°« äÈ�Ë¯ÒÈãºä� °º�Ë¯ÎÈ�Òä ¹¯ÒäË¯Óº �� �
}È¯Ò�Óº® ÁÈÏ©� ° }È¯Ò�Ó©äÒ m©�ËãËÓÒ«äÒ ¯ÈÏ�
Óº�º mÒ�È Ò ¯ÈÏäË¯È� �Ë¯ËäË�ËÓÒ« m©°º}º¹ãÈ°�
�Ò�Ó©² �È°�Ò� °�ÈãÒ c�l� m °ãºË� ÓÈmÈ¯ËÓÓºä
ÓÈ °�Èã	 ��� Ò m º°�Èm�Ë®°« �È°�Ò °�ÈãÒ c�l�
m©Ï©mÈ
� Ò ¹Ë¯ËäË�ËÓÒ« �mË¯�©² �È°�Ò� }È¯Ò��
Óº® ÁÈÏ©� v ��ãÒÓËÓÒËä ÁÈÏ© �¯ËÓÒ« �ºã« }È¯�
Ò�Óº® ÁÈÏ© �äËÓ	�ÈË�°« ÒÏ�ÏÈ ¯È°�mº¯ËÓÒ« m �mË¯�
�ºä ¯È°�mº¯Ë Ò ÏÈ�Ë¯Î}Ò ÓÈ m¯È�È
�Ë®°« °�º¯ºÓË
¹ãº°}º°�Ò �¯ËÓÒ« >�Ü��@� i¯��È« mÈÎÓÈ« ¹¯Ò�ÒÓÈ
¹º«mãËÓÒ« ��¯�ãËÓ�Óº�º �Ë�ËÓÒ« Û °��Ë°�mºmÈ�
ÓÒË m m©°º}º¹ãÈ°�Ò�Óº® ÏºÓË °äË�ÈÓÓ©² �È°�Ò�
ººÒ² |l ° ¯ÈÏãÒ�Ó©äÒ äË²ÈÓÒ�Ë°}ÒäÒ Ò �Ë¹�
ãºÁÒÏÒ�Ë°}ÒäÒ º°ºËÓÓº°�«äÒ� v �mËãÒ�ËÓÒËä m¯Ë�
äËÓÒ �¯ËÓÒ« �äËÓ	�ÈË�°« mãÒ«ÓÒË �m�² ¹¯ÒmË�
�ËÓÓ©² ÁÈ}�º¯ºm� È mãÒ«ÓÒË ¹¯Ò¯º�© °Èäº�º ¹¯º�
�Ë°°È ÓÈ mÒ� ��¯�ãËÓ�Óº�º �Ë�ËÓÒ« mºÏ¯È°�ÈË��
,,, ÁÈÏÈ ÓÈ�ÒÓÈË�°«� }º��È °ãº® °�ÈãÒ c�l� m©�
°º}º® ¹ãÈ°�Ò�Óº°�Ò Ò ÓÒÏ}º�º °º¹¯º�ÒmãËÓÒ« }
�Ë¹ãºmº® ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ ¯È°�Ò¯Ò�°« ¹º
m°Ë® ¹ãº°}º°�Ò �¯ËÓÒ«� �ãÈ°�Ò�Ë°}È« �ËÁº¯äÈ�Ò«
m ª�º® ÁÈÏË m º°ÓºmÓºä ¯ÈÏmÒmÈË�°« m �ºÓ}Ò² ¹¯Ò�
}ºÓ�È}�Ó©² °ãº«² °�ÈãÒ c�l�� È äËÎ�� }ºãÒ�
�Ë°�mºä ¯ÈÏmÒ�º�º �Ë¹ãÈ Ò �Ë¹ãÈ� ¹Ë¯Ë�ÈÓÓº�º |l�
�°�ÈÓÈmãÒmÈË�°« ¯ÈmÓºmË°ÒË >�@� jÏ�ÏÈ m©°º}º® °�Ë�
¹ËÓÒ �ËÁº¯äÈ�ÒÒ� �È} ÓÈÏ©mÈËäº�º ¹ºãÒ¯ºmÈÓÒ«
�ºÓ}Ò² }ºÓ�È}�Ó©² °ãºËm °�ÈãÒ c�l�� m ÓÒ² �º°�
�Ò�È
�°« äÈ}°ÒäÈã	Ó©Ë �Ëä¹Ë¯È��¯© Ò °º°�º«ÓÒË
m©°º}º® ¹ãÈ°�Ò�Óº°�Ò >�� �@� m°ãË�°�mÒË }º�º¯©²
}ºªÁÁÒ�ÒËÓ� �¯ËÓÒ« Ò äºäËÓ� �¯ËÓÒ« °ÓÒÎÈ
�°«
�º ÓÒÎÓË�º ¹º°�º«ÓÓº�º �¯ºmÓ«� { ª�º® ÁÈÏË ¹¯º�
�Ë°°È v� °�ÈãÒ c�l� °º °�Èã	
 �� ÓÈ�Èm�ÒË°«
�ÒÁÁ�ÏÒºÓÓ©Ë ¹¯º�Ë°°© �°}º¯«
�°« Ò º�¯ÈÓÒ�Ò�
mÈ
� �°ãºmÒ« �ã« °äË�ÒmÈÓÒ« �È°�Ò� |l� È m
¹ãº°}º°�Ò �¯ËÓÒ« Áº¯äÒ¯�Ë�°« °ãº® äË�ÈããÈ m m«Ï�
}ºä °º°�º«ÓÒÒ >�� ��@� { ÓÈ�Èã	Óº® ÁÈÏË Áº¯�
äÒ¯ºmÈÓÒ« m m«Ï}ºä °ãºËä ÓÈ²º�Ò�°« ºãËË �� �

�È°�Ò� �mË¯�º® }È¯Ò�Óº® ÁÈÏ©� { �º ÎË m¯Ëä«
° ��ãÒÓËÓÒËä ¹¯º�Ë°°È �ºã« ÓË¯È°�mº¯ËÓÓ©² }È¯�
Ò�ºm �äËÓ	�ÈË�°« m°ãË�°�mÒË ¯È°�mº¯ËÓÒ« m �mË¯�
�ºä ¯È°�mº¯Ë� ÏÈ�Ë¯ÎÈÓÒ« ÓÈ �¯ÈÓÒ�Ë m«Ï}º�º °ãº«
ÓÈ m¯È�È
�Ë®°« °�º¯ºÓË >�@ Ò m©�Ë°ÓËÓÒ« mÓË
¹ãº°}º°�Ò �¯ËÓÒ«� �¯Ò ª�ºä }È¯Ò�©� ÏÈ�Ë¯ÎÈÓÓ©Ë
ÓÈ �º¯�Ëmº® ¹ºmË¯²Óº°�Ò m¯È�È
�Ë�º°« º¯ÈÏ�È
ÒÏ °�ÈãÒ c�l�� Áº¯äÒ¯�
� �ºmºã	Óº ¯ºmÓ©®
Á¯ºÓ� }È¯Ò�ºm ÓÈ ¹ãº°}º°�Ò �¯ËÓÒ«� v²ËäÈ ²È�
¯È}�Ë¯Ó©² ÏºÓ m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« m ,,,
ÁÈÏË ¹¯º�Ë°°È v� °�ÈãÒ c�l� °º °�Èã	
 �� ¹¯Ò�
mË�ËÓÈ ÓÈ ¯Ò°� ��

{ °ºº�mË�°�mÒÒ ° º¹Ò°ÈÓÓ©ä m©�Ë äË²ÈÓÒÏäºä
°ºË�ÒÓËÓÒ« Ò°¹©��Ëä©² °�ÈãË® äºÎÓº °�ËãÈ�	 m©�
mº�� ��º m °�ÈãÒ c�l� Áº¯äÒ¯�Ë�°« ÏºÓÈ °äË�
�ÒmÈÓÒ« �¯Ò°� �� ÏºÓÈ �� �ºã�ÒÓº® ��… ��� ä}ä�
m }º�º¯º® ÓÈ�ÒÓÈË�°« °äË�ÒmÈÓÒË �È°�Ò� ººÒ²
|l� È �È}ÎË ÓÈã
�ÈË�°« �ËÁº¯äÈ�Ò« m©°º}º�º
�¯ºmÓ«� w�È ÏºÓÈ ¹º°ãË º²ãÈÎ�ËÓÒ« ÓÈ mºÏ��²Ë
ÒäËË� äÈ¯�ËÓ°Ò�Óº�È�°�ËÓÒ�Óº�}È¯Ò�Ó�
 °�¯�}���
¯� m©°º}º® ¹¯º�Óº°�Ò �¯Ò°� ��� �}ÈÏÈÓÓÈ« ÏºÓÈ
ÓÈã
�ÈË�°« m °ãºË ÒÏ °�ÈãÒ c�l�� ÓÈmÈ¯ËÓÓºä
ÓÈ °�Èã	 �� �¯Ò°� �� °ãº® ��� Ò ÓÈ²º�Ò�°« m }ºÓ�È}�Ë
°º °ãºËä °�ÈãÒ c�l� ° �¯��º® °�º¯ºÓ© m¯È�È�

�Ë®°« ¹ãº°}º°�Ò �¯ËÓÒ« �¯Ò°� ��� �º°ãË�Ó«« äº�
ÎË� ÒäË�	 Ò mºãÓÒ°�©® mÒ�� ��º °mÒ�Ë�Ëã	°�m�Ë�
º �ºä� ��º m ¹¯º�Ë°°Ë ÁÈÏ© �¯ËÓÒ« °ºË�ÒÓ«Ëä©®
äÈ�Ë¯ÒÈã m º¹¯Ë�ËãËÓÓº® äË¯Ë ¹Ë¯ËäË�Èã°« ��¯�
�ãËÓ�Óº �¯Ò°� ��� rºãËË ¹º�¯ºÓ©Ë º�«°ÓËÓÒ«

cÒ°� �� v²ËäÈ ²È¯È}�Ë¯Ó©² ÏºÓ m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« �,,,
ÁÈÏÈ� ¹¯º�Ë°°È v� °�ÈãÒ c�l� °º °�Èã	
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}È¯Ò�Ó©® °ãº® �G  �����…����� ää�� °Áº¯äÒ¯ºmÈÓÓ©® mºÏãË
¹ãº°}º°�Ò �¯ËÓÒ«� � Û °ãº® °�ÈãÒ c�l�� ÓÈmÈ¯ËÓÓ©® ÓÈ °�Èã	
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cÒ°� �� lÒ}¯º°�¯�}��¯È m ²È¯È}�Ë¯Ó©² ÏºÓÈ² m ºãÈ°�Ò ¹ãº°�
}º°�Ò �¯ËÓÒ« °�ÈãÒ c�l� °º °�Èã	
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�Û °ãº® ÒÏ °�ÈãÒ c�l�� ÓÈmÈ¯ËÓÓ©® ÓÈ °�Èã	 ��� �Û �È°�Ò�©
°�ÈãÒ ��� º°�Èm�ÒË°« m °ãºË ÒÏ °�ÈãÒ c�l�� ÓÈmÈ¯ËÓÓºä ÓÈ °�Èã	
��� � Û ¹ãº°}º°�	 �¯ËÓÒ«� � Û °�Èã	 c�l�

cÒ°� �� lÒ}¯º°�¯�}��¯È °�ÈãÒ c�l� m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ«

������� ��



mºÏÓÒ}ÓºmËÓÒ« ÓÈmÈ¯ËÓÓº�º °ãº« �ÈÓ© m ¯Èº�Ë
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 È°�º m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« ÓÈ �º¯�Ëmº®
¹ºmË¯²Óº°�Ò m¯È�È
�Ë�º°« º¯ÈÏ�È ÒÏ °�ÈãÒ c�l�
m ¹¯º�Ë°°Ë v� Áº¯äÒ¯�Ë�°« }È¯Ò�Ó©® °ãº® ° ¯ºm�
Ó©ä Á¯ºÓ�ºä m ¹ãº°}º°�Ò �¯ËÓÒ«� m �º ÎË m¯Ëä«
° º¯È�Óº® °�º¯ºÓ© }È¯Ò�© m�Ò°Ó��© m º¯ÈÏË� ÒÏ
°�ÈãÒ c�l� �¯Ò°� ���� vº °�º¯ºÓ© °ãº« ÒÏ °�ÈãÒ
c�l�� ÓÈmÈ¯ËÓÓºä ÓÈ º¯ÈÏË� ÒÏ °�ÈãÒ ��� }º�º¯©®
ÓË m¯È�Èã°«� °��Ë°�mºmÈÓÒË °¹ãº�Óº® ÒãÒ ÓË¹¯Ë�
¯©mÓº® }È¯Ò�Óº® ¹ãº°}º°�Ò ÓË ÓÈã
�ÈË�°«�

v ºËÒ² °�º¯ºÓ ¹ãº°}º°�Ò �¯ËÓÒ« �°�ÈÓºmãËÓº
ÓÈãÒ�ÒË �Ï}º�º °ãº« ° ÓÒÏ}º® �È°�	
 }È¯Ò�Óº®
ÁÈÏ© Ò ºãËË }¯�¹Ó©ä }¯Ò°�ÈããÒ�Ë°}Òä ÏË¯Óºä ¹º
°¯ÈmÓËÓÒ
 ° °º°Ë�ÓÒäÒ ÏºÓÈäÒ �¯Ò°� ���� { °ºº��
mË�°�mÒÒ ° ¯ËÏ�ã	�È�ÈäÒ� ¹¯ÒmË�ËÓÓ©äÒ m ¯Èº�È²
>�� ��@� �}ÈÏÈÓÓ©® °ãº® ¹º«mÒã°« m ¹¯º�Ë°°Ë º²�
ãÈÎ�ËÓÒ« m«Ï}º�º� °Áº¯äÒ¯ºmÈÓÓº�º m ,,, ÁÈÏË v��

j°°ãË�ºmÈÓÒË ¹¯º�Ë°°ºm� ¹¯º�Ë}È
�Ò² m m«Ï�
}ºä °ãºË Ò °º°Ë�ÓÒ² ÏºÓÈ²� v ¹ºäº�	
 äË�º�È
º¹�Ò�Ë°}º® Ò }ºãÒ�Ë°�mËÓÓº® º¹�Ò�Ë°}º® äÒ}¯º°�
}º¹ÒÒ� ªãË}�¯ºÓÓº® äÒ}¯º°}º¹ÒÒ Ò wiv ÈÓÈãÒÏÈ
m©¹ºãÓËÓº �Ë�Èã	ÓºË Ò°°ãË�ºmÈÓÒË äÒ}¯º°�¯�}���
¯©� È �È}ÎË ÈÓÈãÒÏ ²ÒäÒ�Ë°}º�º Ò ÁÈÏºmº�º °º°�
�Èmºm m ºãÈ°�Ò °mÈ¯Óº�º °ºË�ÒÓËÓÒ«� º°ºËÓÓº m
ºãÈ°�Ò m«Ï}º�º °ãº« Ò ¹ãº°}º°�Ò �¯ËÓÒ«� kÓÈãÒÏ
m º°ÓºmÓºä º²mÈ�©mÈË� «mãËÓÒ« m ,,, ÁÈÏË �¯ËÓÒ«
¹¯º�Ë°°È v��

lÒ}¯º°�¯�}��¯È m«Ï}º�º °ãº«� { °ºº�mË�°�mÒÒ
° �ÈÓÓ©äÒ� ÒÏãºÎËÓÓ©äÒ m ¯Èº�È² >�� ��@ Ò °º�
°�mËÓÓ©äÒ ¯ËÏ�ã	�È�ÈäÒ� m ,,, ÁÈÏË ¹¯º�Ë°°È v�
m ºãÈ°�Ò ¹ãº°}º°�Ò �¯ËÓÒ« Áº¯äÒ¯�Ë�°« °ãº® äË�
�ÈããÈ m m«Ï}ºä °º°�º«ÓÒÒ �¯Ò°� ���� w�È ÏºÓÈ
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° ºËÒ² °�º¯ºÓ ¹ãº°}º°�Ò �¯ËÓÒ« ° ºãËË ÓÒÏ}Òä
°º�Ë¯ÎÈÓÒËä }È¯Ò�Óº® ÁÈÏ© ¹º °¯ÈmÓËÓÒ
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°Ë�ÓÒäÒ °ãº«äÒ� {«Ï}Ò® °ãº®� º°ºËÓÓº m �ËÓ��
¯Èã	Óº® ºãÈ°�Ò º¯ÈÏ�È� ¯ÈÏ�ËãËÓ �Ë�}º m©¯È�
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��º ° ºËÒ² °�º¯ºÓ ¹ãº°}º°�Ò �¯ËÓÒ« Áº¯äÒ¯�Ë�°«
m«Ï}Ò® °ãº® º¹¯Ë�ËãËÓÓº® �Ò¯ÒÓ©� m }º�º¯ºä m«Ï�
}È« äÈ°°È äË�ÈããÈ Ò �mË¯�©Ë }È¯Ò�Ó©Ë �È°�Ò�©
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�°« ¹º °ãºÎÓº® �¯ÈË}�º¯ÒÒ� ~ÈäË�ËÓº� ��º
¹º°ãË ÏÈ�mË¯�ËÓÒ« �¯Ò°� ��� äË�Èãã ÓÈ²º�Òã°« m
�mË¯�ºÎÒ�}ºä �m«Ï}ºä °º°�º«ÓÒÒ� ° º�Óº°Ò�Ëã	Óº
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äË�ÈããÈ �¯Ò°� ����

�È}Òä º¯ÈÏºä� ÓË¹º°¯Ë�°�mËÓÓº mºÏãË ¹ãº°�
}º°�Ò �¯ËÓÒ«� m ÏºÓË� ¹º�mË¯�Ó��º® ºã	�º® ¹ãÈ°�
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ÓÈ º¹¯Ë�ËãËÓÓ©® ��ºã ¹È¯ÈããËã	Óº ¹ãº°}º°�Ò �¯Ë�
ÓÒ«� sÈ ¯Ò°� �� mÒ�Ó© ��ã�ãËÓÒ« º}ºãº �È°�Ò�Óº
m©¯mÈÓÓº�º }È¯Ò�È� }º�º¯©Ë äº��� ©�	 °Áº¯�
äÒ¯ºmÈÓ© m °ãºÎÓºä ¹¯º�Ë°°Ë ¹ãÈ°�Ò�Ë°}º® �Ë�
Áº¯äÈ�ÒÒ m©°º}º® °�Ë¹ËÓÒ ÒãÒ ÏºÓ©� ÒÏ }º�º¯º®
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m °�ÈãÒ c�l� ¹º}ÈÏ©mÈ
�� ��º ºÓÒ ãË�Ò¯ºmÈÓ©
mÈÓÈ�ÒËä �mºÏäºÎÓº }È¯Ò�© 9& >��@�� �º��mË¯�
Î�ËÓº ¹¯Ò°��°�mÒË m}ã
�ËÓÒ®� ãË�Ò¯ºmÈÓÓ©² Èã
�
äÒÓÒËä Ò }¯ËäÓÒËä�

cÒ°� ��� lÒ}¯º°�¯�}��¯È äË�ÈããÈ °ºË�ÒÓËÓÒ« m ºãÈ°�Ò ¹ãº°�
}º°�Ò �¯ËÓÒ«� ����� cÒ°� ��� zÈ¯Ò�ÓÈ« �È°�Ò�È� ÏÈ�Ë¯ÎÈÓÓÈ« m m«Ï}ºä °ãºË� �����

cÒ°� ��� lÒ}¯º°�¯�}��¯È m«Ï}º�º °ãº« m ¹º¹Ë¯Ë�Óºä °Ë�ËÓÒÒ
°ºË�ÒÓËÓÒ« °�ÈãÒ c�l� °º °�Èã	
 ��� m©¹ºãÓËÓÓº�º v� °
¯ÈÏãÒ�Ó©ä ��ÈãËÓÒËä º� º°Ò m¯È�ËÓÒ«� ÈÛ º°	 m¯È�ËÓÒ«�  Û
����� m Û ����� � Û ����� � Û ���� ä}ä

������� ��



iºã« Ò ¯ÈÏäË¯© }È¯Ò�Óº® ÁÈÏ© Ò È�°�ËÓÒ��

Óº�º ÏË¯ÓÈ� ¡Ëã	
 Ò°¹©�ÈÓÒ® «mã«ãº°	 ÒÏäË¯ËÓÒË
�ºãÒ Ò ¯ÈÏäË¯ºm }È¯Ò�Óº® ÁÈÏ© Ò È�°�ËÓÒ�Óº�º
ÏË¯ÓÈ m m«Ï}ºä °ãºË Ò °º°Ë�ÓÒ² ÏºÓÈ²� j°¹©�ÈÓÒË
º¯ÈÏ�ºm� ¹ºã��ËÓÓ©² m ¹¯º�Ë°°Ë v� °�ÈãÒ c�l�
°º °�Èã	
 �� �9
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ÓÈ mºÏ��²Ë�� m©¹ºãÓËÓº ÓÈ ¹¯Òº¯Ë �ã« ÈÓÈãÒÏÈ
ÒÏº¯ÈÎËÓÒ® �Ò¹È ½4XDQWLPHW ��� 0&� ÁÒ¯ä©
½/HLFH� ° ¹ºäº�	
 º¹�Ò�Ë°}º�º äÒ}¯º°}º¹È�

iºã«� ¯ÈÏäË¯ Ò ¯È°¹ºãºÎËÓÒË }È¯Ò�Ó©² �È°�
�Ò� mãÒ«
� ÓÈ ²È¯È}�Ë¯ ¹¯º�Ë°°È m ²È¯È}�Ë¯Ó©²
ÏºÓÈ²� Ò ÓÈºº¯º�� �È}� ÓË¯È°�mº¯ËÓÓ©Ë }È¯Ò�©
}È} �mË¯�©Ë �È°�Ò�© m �mË¯�ºÎÒ�}ºä äË�ÈããË �m«Ï�
}ºä °ãºË� Ò m m©°º}º¹ãÈ°�Ò�Ó©² ÏºÓÈ² �mÓË Ë�º�
äº��� ÒäË�	 ÏÓÈ�Ò�Ëã	ÓºË mãÒ«ÓÒË ÓÈ ²È¯È}�Ë¯
�mÒÎËÓÒ« äË�ÈããÈ� { �º ÎË m¯Ëä« �Ë¯äº�ËÁº¯�

äÈ�ÒºÓÓ©Ë �°ãºmÒ« ÏÓÈ�Ò�Ëã	Óº mãÒ�
«
� ÓÈ «mãËÓÒ« ¯È°�mº¯ËÓÒ« Ò mºÏ�
äºÎÓ©Ë äË²ÈÓÒ�Ë°}ÒË ¯ÈÏ¯��ËÓÒ«
}È¯Ò�Óº® ÁÈÏ© Ò �¯�

|�ËäÓÈ« �È°�	 ÓË¯È°�mº¯ËÓÓ©²
}È¯Ò�Ó©² �È°�Ò� ¹º°ãË v� ËÏ ¹¯º�
}ºm}Ò ÒÏäË¯ËÓÈ ÓÈ ��ÈãËÓÓº°�Ò � ää
º� º°Ò m¯È�ËÓÒ« m m«Ï}ºä °ãºË� ¹ãº°�
}º°�Ò �¯ËÓÒ«� ÏºÓË °äË�ÒmÈÓÒ« ººÒ²
|l� äË�ÈããË ~�{ °�ÈãÒ c�l� Ò °�ÈãÒ
c�l� mÓË äË�ÈããÈ ~�{� v¯Ë�Ó«« ÒÏ�
äË¯ËÓÓÈ« �ºã« }È¯Ò�Óº® ÁÈÏ© Ò
°¯Ë�ÓÒ® ¯ÈÏäË¯ }È¯Ò�Ó©² �È°�Ò� m

²È¯È}�Ë¯Ó©² ÏºÓÈ² ¹¯ÒmË�ËÓ© m �Èã� �� ¹ãº�Óº°�	
mË¯º«�Óº°�Ò ¯È°¹¯Ë�ËãËÓÒ« }È¯Ò�Ó©² �È°�Ò� ¹º
¯ÈÏäË¯� Û ÓÈ ¯Ò°� ���

sÈ º°ÓºmÈÓÒÒ ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�ºm äºÎÓº
°�ËãÈ�	 m©mº�� ��º ÓÈÒºã	�È« º�ËäÓÈ« �ºã« }È¯�
Ò�Óº® ÁÈÏ© ÓÈã
�ÈË�°« m °�ÈãÒ c�l� mÓË äË�
�ÈããÈ ~�{ ������ ��� { ¹º°ãË�ÓË® ÓË¹º°¯Ë�°�mËÓÓº
mºÏãË m«Ï}º�º °ãº« �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©Ë �°ãºmÒ«
m ¹¯º�Ë°°Ë v� m©Ï©mÈ
� ¯È°�mº¯ËÓÒË Rã	�Ë® �È°�
�Ò }È¯Ò�Óº® ÁÈÏ© �º°�ÈË�°« ����� ��� ��º ÏÓÈ�
�Ò�Ëã	Óº äËÓ	�Ë ¹º °¯ÈmÓËÓÒ
 ° °º�Ë¯ÎÈÓÒËä m

cÒ°� ��� jãã
°�¯È�Ò« º�¯©mÈ }È¯Ò�Óº® �È°�Ò�© ÒÏ �mË¯�º�º
¯È°�mº¯È m ¹¯º�Ë°°Ë v�� �����

� È  ã Ò � È �� |�ËäÓÈ« �ºã« Ò °¯Ë�ÓÒ® ¯ÈÏäË¯ }È¯Ò�Ó©² �È°�Ò� m °ºË�Ò�
ÓËÓÒÒ °�ÈãÒ c�l� Ò °�ÈãÒ ��� m©¹ºãÓËÓÓºä v�

~ºÓÈ
|�ËäÓÈ« �ºã« ÓË¯È°�
�mº¯ËÓÓ©² }È¯Ò�ºm�

�

v¯Ë�ÓÒ® ¯ÈÏäË¯ }È¯�
Ò�Ó©² �È°�Ò�� ä}ä

�ãº°}º°�	 �¯ËÓÒ« ����� �������

{«Ï}Ò® °ãº® �mÓË ¹ãº°}º°�Ò �¯ËÓÒ«� ���� �������

~ºÓÈ °äË�ÒmÈÓÒ« ººÒ² |l ���� �������

~�{ m °�ÈãÒ c�l� ����� �������

|l m °�ÈãÒ c�l� ����� �������

� È  ã Ò � È �� v¯Ë�ÓÒ® ¯ÈÏäË¯ È�°�ËÓÒ�Óº�º ÏË¯ÓÈ m m©¯ÈÓ�
Ó©² ÏºÓÈ²

~ºÓÈ
v¯Ë�ÓÒ® ¯ÈÏäË¯ È�°�ËÓÒ�Óº�º

ÏË¯ÓÈ� ä}ä

{«Ï}Ò® °ãº® �������

~ºÓÈ °äË�ÒmÈÓÒ«

°�ÈãÒ c�l� Ò °�ÈãÒ ��
�������

lË�Èãã ~�{ m °�ÈãÒ c�l� �������

cÒ°� ��� �ãº�Óº°�	 ¯È°¹¯Ë�ËãËÓÒ«
}È¯Ò�Ó©² �È°�Ò� m m«Ï}ºä °ãºË
�È�� ¹ãº°}º°�Ò �¯ËÓÒ« ��� ÏºÓË °äË�
�ÒmÈÓÒ« ººÒ² |l �m�� äË�ÈããË
~�{ °�ÈãÒ c�l� ���� |l °�ÈãÒ
c�l� ���

�� �������



|l �°�Èã	 c�l��� p�Ë äËÓ	�È« �È°�	 }È¯Ò�Óº®
ÁÈÏ© ����� �� ÓÈã
�ÈË�°« m ÏºÓË °äË�ÒmÈÓÒ«
ººÒ² |l� ��º «mã«Ë�°« °ãË�°�mÒËä �º¹ºãÓÒ�Ëã	�
Óº�º °äË�ÒmÈÓÒ« �È°�Ò� ººÒ² |l� sÈÒäËÓ	�È«
�ºã« }È¯Ò�ºm °º�Ë¯ÎÒ�°« m m«Ï}ºä °ãºË ����� ���
��º ¹º��Ò m � ¯ÈÏ äËÓ	�Ë� �Ëä m °�ÈãÒ c�l��
{ �º ÎË m¯Ëä« �È°�	 }È¯Ò�ºm m ¹ãº°}º°�Ò �¯ËÓÒ«
m m«Ï}ºä °ãºË °º°�Èmã«Ë� ����� � �¹º��Ò ÓÈ �¯ºmÓË
°º�Ë¯ÎÈÓÒ« }È¯Ò�ºm m °�ÈãÒ c�l� Ò ÏÓÈ�Ò�Ëã	Óº
ÓÒÎË� �Ëä m �¯��Ò² °º°Ë�ÓÒ² ÏºÓÈ²�� ~ÈäË�ËÓº�
��º }È¯Ò�© m �}ÈÏÈÓÓº® ¹ãº°}º°�Ò Rã	�Ë®
�È°�	
 º¯ÒËÓ�Ò¯ºmÈÓ© ¹È¯ÈããËã	Óº ¹ãº°}º°�Ò �¯Ë�
ÓÒ«� �ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© �}ÈÏ©mÈ
� ÓÈ mË¯º�
«�Óº°�	 �º�º� ��º �mËãÒ�ËÓÒË }È¯Ò�Óº® ÁÈÏ© m
°Èäº® ¹ãº°}º°�Ò �¯ËÓÒ« «mã«Ë�°« °ãË�°�mÒËä ÏÈ�
�Ë¯ÎÈÓÒ« }È¯Ò�Ó©² �È°�Ò� m m«Ï}ºä äË�ÈããË mºÏ�
ãË °Èäº® ¹ãº°}º°�Ò �¯ËÓÒ«� ° º�Óºm¯ËäËÓÓ©ä °ÓÒ�
ÎËÓÒËä �ºãÒ }È¯Ò�Óº® ÁÈÏ© m º°�Èã	Ó©² ÏºÓÈ²�

{ °¯Ë�ÓËä }È¯Ò�Ó©Ë �È°�Ò�© m ²È¯È}�Ë¯Ó©²
ÏºÓÈ² äË�ÈããÈ ~�{ m °�ÈãÒ c�l� Ò ÏºÓË °äË�Ò�
mÈÓÒ« ººÒ² |l }¯�¹ÓËË� �Ëä m |l� �¯Ò�ÒÓº®
ª�º�º «mã«Ë�°« ¯È°�mº¯ËÓÒË ºãËË äËã}Ò² }È¯Ò�ºm
m �mË¯�ºä ¯È°�mº¯Ë m ¹¯º�Ë°°Ë v�� { �º ÎË m¯Ëä«
ÓÈãÒ�ÒË Rã	�Ë® �È°�Ò ÓËºã	�Ò² }È¯Ò�ºm m m«Ï�
}ºä °ãºË äºÎË� ©�	 °ãË�°�mÒËä ÏÈ�Ë¯ÎÈÓÒ« Rã	�
�Ë® �È°�Ò ºãËË }¯�¹Ó©² ÓË¹º°¯Ë�°�mËÓÓº mºÏãË
°Èäº® ¹ãº°}º°�Ò �¯ËÓÒ« Ò äËã}Ò² ÓË¯È°�mº¯ËÓÓ©²
�È°�Ò� m m«Ï}ºä °ãºË� cËÏ�ã	�È�© ÒÏäË¯ËÓÒ« ¯È°�
¹¯Ë�ËãËÓÒ« }È¯Ò�Óº® ÁÈÏ© �È
� mºÏäºÎÓº°�	 ¯È°�
�Ë�È Ò ¹¯º�ÓºÏÒ¯ºmÈÓÒ« ÓË}º�º¯©² ¹¯º�Ë°°ºm� mºÏ�
ÓÒ}È
�Ò² m ÁÈÏË �¯ËÓÒ« m ¹¯º�Ë°°Ë v��

jÏäË¯ËÓº °¯Ë�ÓÒ® ¯ÈÏäË¯ Ò ¯È°¹¯Ë�ËãËÓÒË È�°�
�ËÓÒ�Óº�º ÏË¯ÓÈ ¹º°ãË v� �9
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º²ãÈÎ�ËÓÒË ÓÈ mºÏ��²Ë� ÓÈ ��ÈãËÓÓº°�Ò � ää º�
º°Ò m¯È�ËÓÒ« m m«Ï}ºä °ãºË� ÏºÓË °äË�ÒmÈÓÒ« Ò
äË�ÈããË ~�{ m °�ÈãÒ c�l� ��Èã� �� ¯Ò°� ����

jÏ �ÈãÒ�© mÒ�Óº� ��º °¯Ë�ÓËË ÏË¯Óº È�°�ËÓÒ�È
¹º°ãË ÁÈÏ© �¯ËÓÒ« Ò º²ãÈÎ�ËÓÒ« ÓÈ mºÏ��²Ë �ËÏ
¹¯º}ºm}Ò� °ÈäºË ºã	�ºË m ÏºÓË °äË�ÒmÈÓÒ« °�ÈãÒ
c�l� Ò °�ÈãÒ ��� { ª�º® ÏºÓË ÓÈã
�ÈË�°« °ÈäÈ«
ÓÒÏ}È« °�Ë¹ËÓ	 ãË�Ò¯ºmÈÓÒ« Ò °ÈäÈ« ÓÒÏ}È« °º¹�
¯º�Òmã«Ëäº°�	 ¯º°�� ÏË¯ÓÈ� v¯Ë�ÓËË È�°�ËÓÒ�ÓºË
ÏË¯Óº m m«Ï}ºä °ãºË ÓËäÓº�º }¯�¹ÓËË ¹º °¯ÈmÓËÓÒ

° È�°�ËÓÒ�Ó©ä ÏË¯Óºä m ÓÈÒºãËË ÓÈ�¯Ë�©² ÏºÓÈ²
äË�ÈããÈ ~�{ ÓË¹º°¯Ë�°�mËÓÓº mºÏãË m«Ï}º�º °ãº«�
sÈ Áº¯äÒ¯ºmÈÓÒË ÒÏäË¯ËÓÓº�º ÏË¯ÓÈ È�°�ËÓÒ�È m
m«Ï}ºä °ãºË mãÒ«ãÈ ÓÒÏ}È« �ºã« ÓË¯È°�mº¯ËÓÓº®
}È¯Ò�Óº® ÁÈÏ©� �Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©Ë �°ãºmÒ«�
Ò m ÏÓÈ�Ò�Ëã	Óº® äË¯Ë ¹¯Ò¯º�È °Èäº�º m«Ï}º�º

°ãº«� { ¹¯º�Ë°°Ë ÁÈÏ© �¯ËÓÒ« m«Ï}Ò® °ãº® °º°�ºÒ�

ÒÏ È�°�ËÓÒ�È Ò }È¯Ò�ºm� mºÏäºÎÓº ¹º«mãËÓÒË δ�
ÁË¯¯Ò�È� { °ºº�mË�°�mÒÒ ° �ÒÈ�¯Èääº® °º°�º«ÓÒ«
>��@ ¹¯Ò �Ëä¹Ë¯È��¯Ë ���� Åv °��Ë°�m�
� }È¯Ò�©
�Ò¹È l�v Ò lv� ¹¯Ò ���� Åv Û mäË°�Ë ° È�°�ËÓÒ�ºä

Ò δ�ÁË¯¯Ò�ºä °��Ë°�m�Ë� ¯È°¹ãÈm ËÏ ¹¯Ò°��°�mÒ«
ÓË¯È°�mº¯«Ëä©² }È¯Ò�ºm� È °m©�Ë ���� Åv Û ¯È°�
¹ãÈm�

sÈ º°ÓºmÈÓÒÒ ÈÓÈãÒÏÈ ÁÈÏºmº�º °º°�ÈmÈ m«Ï}º�º
°ãº« ¹º°ãË º²ãÈÎ�ËÓÒ« �äÈ¯�ËÓ°Ò� Ò È�°�ËÓÒ� °
ÓÒÏ}º® �ºãË® }È¯Ò�Óº® ÁÈÏ©� äºÎÓº °�ËãÈ�	 m©�
mº�� ��º �Ëä¹Ë¯È��¯È m m«Ï}ºä °ãºË m �Ë�ËÓÒË ÁÈÏ©
�¯ËÓÒ« ÓÈ²º�ÒãÈ°	 m mË¯²ÓË® ºãÈ°�Ò �ÓË¹º°¯Ë��
°�mËÓÓº mºÏãË mË¯²ÓË® �¯ÈÓÒ�©� °��Ë°�mºmÈÓÒ«
ÓË¯È°�mº¯«Ëä©² }È¯Ò�ºm m °�ÈãÒ c�l��

{ ÏÈ}ã
�ËÓÒË äºÎÓº º�äË�Ò�	� ��º ÓÈ º°ÓºmÈÓÒÒ
¯ËÏ�ã	�È�ºm ¹Ë¯ËäË�ËÓÒ« ÒÏäË¯«Ëä©² �º�Ë} m °�ÈãÒ
c�l� ¹¯Ò Ò°¹ºã	ÏºmÈÓÓ©² ¯ËÎÒäÈ² v� ¯È�ÒÈã	Ó©Ë
¹Ë¯ËäË�ËÓÒ« ÏÓÈ�Ò�Ëã	Óº ºã	�Ë �ÈÓ�ËÓ�ÒÈã	Ó©²�
¹¯Ò�Ëä º�Óº�ËÓÒË ∆U�∆V mºÏ¯È°�ÈË� ° �mËãÒ�ËÓÒËä
¯È°°�º«ÓÒ« º� º°Ò m¯È�ËÓÒ«� �¯Ò ¹º°�º«ÓÓºä �Èm�
ãËÓÒÒ �¯ËÓÒ« ° �mËãÒ�ËÓÒËä m¯ËäËÓÒ �¯ËÓÒ« m º°�
ÓºmÓºä ¹ºm©�È
�°« ÏÓÈ�ËÓÒ« ¹È¯ÈäË�¯ºm ¹ãÈ°�Ò�

�Ë°}º® �ËÁº¯äÈ�ÒÒ �∆U� ∆V� γ� ε� ε′��
�¯Ë�ãºÎËÓº m©¯ÈÎËÓÒË ���� ºË°¹Ë�ÒmÈ
�ËË

¯È°�Ë� °ËäË®°�mÈ }¯Òm©²� �È
�Ò² ÏÈmÒ°Òäº°�	 ¯È�
�ÒÈã	Ó©² ¹Ë¯ËäË�ËÓÒ® m Á�Ó}�ÒÒ ��ÈãËÓÒ« º�
¹ãº°}º°�Ò �¯ËÓÒ« Ò ÓÈ�Èã	Óº�º ¯È�ÒÈã	Óº�º ¯È°�
°�º«ÓÒ« º� º°Ò m¯È�ËÓÒ«�

|¹Ò°ÈÓÓ©® äË²ÈÓÒÏä °ºË�ÒÓËÓÒ« °�ÈãÒ c�l�
°º °�Èã	
 �� m ¹¯º�Ë°°Ë ÁÈÏ© �¯ËÓÒ« ²º¯º�º
°º�ãÈ°�Ë�°« ° ª}°¹Ë¯ÒäËÓ�Èã	Ó©äÒ ¯ËÏ�ã	�È�ÈäÒ�

�¯Ò Ò°¹ºã	ÏºmÈÓÓ©² ¯ËÎÒäÈ² v� m ÁÈÏË �¯ËÓÒ«
Áº¯äÒ¯�Ë�°« ° ºËÒ² °�º¯ºÓ ¹ãº°}º°�Ò �¯ËÓÒ« m«Ï�
}Ò® °ãº® º¹¯Ë�ËãËÓÓº® �Ò¯ÒÓ©� imÒÎËÓÒË m«Ï}º®
äÈ°°© äË�ÈããÈ Ò �mË¯�©² }È¯Ò�Ó©² �È°�Ò� m
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��� �È�}º s� n�� �È�}º�kmÈ}«Ó v� {� �È®}È äË�Èããºm� Û
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¢ �����
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�ÈÏº¹ãÈäËÓÓº® ¹È®}º® �� v� �� ½�È®}È� °ºm¯ËäËÓÓ©Ë �Ë²�
Óºãº�ÒÒ� äÈ�Ë¯ÒÈã©� }ºÓ°�¯�}�ÒÒ�� Û l�� ¡ËÓ�¯Èã	Ó©®
cº°°Ò®°}Ò® iºä ÏÓÈÓÒ®� Û ����� Û v� ��Ü���
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p� k� zº¯�ËÓ}º �� ~� ÓÈ�}� ¹¯È�	 �il��� Û lÒ�
}ºãÈ�m� �il��� Û ����� Û ¢ �� Û ��� °�

��� k� °� vvvc ������� lzj { �� } ����� v¹º°º �ÈÏº¹ãÈäËÓ�
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��� k� °� vvvc ������ lzj { �� }� �°�¯º®°�mº �ã« �ÈÏº¹ãÈ�
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K\GURFDUERQ DQG K\GURJHQ IXHO LV JLYHQ� $QDO\]HG DUH WKH WHFKQRORJLFDO IHDWXUHV DQG FDSDELOLWLHV RI IODPH RI GLIIHUHQW FRPSRVLWLRQ
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«¾ÑÕËÌ�ÍÎÌÆÅÀÌÂÏÐÀÃËËÙÇ ÔÃËÐÎ �°ÆÐ¾Ë� ¦»¯ ÆÊ� £� ¬� ¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ

¯ÍÉ¾ÀÙ Ë¾ ÌÏËÌÀÃ ÐÆÐ¾Ë¾ ¿É¾ÁÌÂ¾ÎÝ ÀÙÏÌÈÌÇ ÑÂÃÉÚËÌÇ ÍÎÌÕËÌÏÐÆ Æ ÂÎÑÁÆÊ ÑËÆÈ¾ÉÚËÙÊ ÏÀÌÇÏÐÀ¾Ê

Ë¾ÖÉÆ ÖÆÎÌÈÌÃ ÍÎÆÊÃËÃËÆÃ À ¾ÛÎÌÈÌÏÊÆÕÃÏÈÌÇ ÐÃÓËÆÈÃ� Ï¾ÊÌÉÃÐÌÏÐÎÌÃËÆÆ� ÏÑÂÌÏÐÎÌÃËÆÆ� ÓÆ� ÊÆÕÃÏ�

ÈÌÊ Ê¾ÖÆËÌÏÐÎÌÃËÆÆ� ÛËÃÎÁÃÐÆÈÃ Æ ÂÎÑÁÆÓ Ì¿É¾ÏÐÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� ¬ÏËÌÀËÙÊ ÏÙÎÚÃÊ ÂÉÝ ÆÅÁÌÐÌÀ�

ÉÃËÆÝ ÐÆÐ¾ËÌÀÙÓ ÏÍÉ¾ÀÌÀ ÝÀÉÝÃÐÏÝ ÁÑ¿Õ¾ÐÙÇ ÐÆÐ¾Ë� ÈÌÐÌÎÙÇ ÍÎÌÆÅÀÌÂÆÐÏÝ Ë¾ ¥¾ÍÌÎÌÄÏÈÌÊ ÐÆÐ¾ËÌ�

Ê¾ÁËÆÃÀÌÊ ÈÌÊ¿ÆË¾ÐÃ ÆÅ ÆÉÚÊÃËÆÐÌÀÙÓ ÎÑÂ� ±ÈÎ¾ÆË¾ Å¾ËÆÊ¾ÃÐ ÐÎÃÐÚÃ ÊÃÏÐÌ À ÊÆÎÃ ÍÌ Å¾Í¾Ï¾Ê ÛÐÆÓ

ÎÑÂ� ÍÎÆÕÃÊ Ï¾ÊÌÁÌ ÀÙÏÌÈÌÁÌ È¾ÕÃÏÐÀ¾�
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ÈÌÌÍÃÎ¾ÔÆÌËËÙÃ ÏÀÝÅÆ ÏÌ ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÊÆ ÍÎÃÂÍÎÆÝÐÆÝÊÆ ±ÈÎ¾ÆËÙ� ÕÐÌ ÍÌÅÀÌÉÝÃÐ ÍÎÌÆÅÀÌÂÆÐÚ

Î¾ÅÉÆÕËÙÇ ÏÌÎÐ¾ÊÃËÐ ÍÌÉÑÒ¾¿ÎÆÈ¾ÐÌÀ ÆÅ ÐÆÐ¾Ë¾ �ÍÌÈÌÀÈÆ� ÍÎÑÐÈÆ� ÐÎÑ¿Ù� È¾È ÂÉÝËÑÄÂÍÎÌÊÙÖÉÃËËÌÏÐÆ

±ÈÎ¾ÆËÙ� Ð¾È Æ Ë¾ ÛÈÏÍÌÎÐ�

«´ �°ÆÐ¾Ë� ¦»¯ ÆÊ� £� ¬� ¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ
������ ÑÉ� ®¾ÈÃÐË¾Ý� ��� ¨ÆÃÀ� ±ÈÎ¾ÆË¾

°ÃÉ�� ������� ��������� Ò¾ÈÏ� ��������� H�PDLO� LQIR#WLWDQ�SDWRQ�NLHY�XD

�� �������
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�¯ÒäËÓËÓÒË ¹¯º�Ë°°È vl� �&ROG 0HWDO 7UDQ�

VIHU Û ¹Ë¯ËÓº° ²ºãº�Óº�º äË�ÈããÈ��

Û °mÈ¯}È �ºÓ}Ò² ãÒ°�ºm� ÓÈ¹¯ÒäË¯� ÒÏ Èã
�

äÒÓÒ« Ò Èã
äÒÓÒËm©² °¹ãÈmºm �ºã�ÒÓº® �º � ää�

}ºÓ°�¯�}�ÒºÓÓ©² °�ÈãË®� m �ºä �Ò°ãË ÓË¯ÎÈmË
�

�Ò²� �ºã�ÒÓº® �º � ää�

Û ¹È®}È vl��

�¯ËÒä��Ë°�mÈ ¹º °¯ÈmÓËÓÒ
 ° �¯È�Ò�ÒºÓÓ©�

äÒ �Ë²Óºãº�Ò«äÒ �¯Ò°� ���
°ÓÒÎËÓÒË �Ë¹ãºmãºÎËÓÒ« º�Óºm¯ËäËÓÓº ° �mË�

ãÒ�ËÓÒËä �°ÒãËÓÒ« �mÈ�

m©°º}È« °�ÈÒã	Óº°�	 °mÈ¯º�Óº® ���Ò� m �ºä �Ò°�

ãË ¹¯Ò ¯ËÏ}ºä ÒÏäËÓËÓÒÒ ÓÈ¹¯ÈmãËÓÒ« °mÈ¯}Ò �¹Ë�

¯Ëº¯ÒËÓ�È�ÒÒ ¯ºº�È��

m©°º}ÒË °}º¯º°�Ò °mÈ¯}Ò �$O�$O� °�©}ºmº® �ºm

�ºã�ÒÓº® � ää� Y°m �º ��� °ä�äÒÓ�� È �È}ÎË ¹È®�

}Ò vl� �°ºË�ÒÓËÓÒË mÓÈ²ãË°� �ã« ãÒ°�ºm� º�ÒÓ�

}ºmÈÓÓ©² ªãË}�¯ºãÒ�Ò�Ë°}Òä °¹º°ººä� Y¹È®}Ò  

 ��� °ä�äÒÓ�� ~ÈäË�Òä� ��º °}º¯º°�	 °mÈ¯}Ò� È

�È}ÎË °}ãºÓÓº°�	 } mºÏäºÎÓºä� º¯ÈÏºmÈÓÒ


¯©Ï� ÏÈmÒ°Ò� º� äË�º�È �ÒÓ}ºmÈÓÒ« Ò �ºã�ÒÓ©

¹º}¯©�Ò«� sÈ¹¯ÒäË¯� ãÒ°�©� º�ÒÓ}ºmÈÓÓ©Ë �º¯«�

�Òä °¹º°ººä� äº��� °mÈ¯ÒmÈ�	°« ¹º��Ò ËÏ ¯©Ï�

Ò ° ÓËºã	�º® °}º¯º°�	
 ¹È®}Ò�

�ã���ËÓÓºË ¹Ë¯Ë}¯©�ÒË ÏÈÏº¯È �¹¯Ò �ºã�ÒÓË

ãÒ°�È � ää mºÏäºÎÓº ¹Ë¯Ë}¯©�ÒË ÏÈÏº¯È �º ��� ää

�ã« ÓÈ²ãË°�º�Ó©² °ºË�ÒÓËÓÒ®��

¹¯È}�Ò�Ë°}Ò º�°��°�mÒË ¯©Ï� �¹º��Ò ÓË �¯Ë�Ë�

�º¹ºãÓÒ�Ëã	Óº® º¯Èº�}Ò��

¹¯Ë�º�m¯È�ËÓÒË ¹¯ÒãÒ¹ÈÓÒ« ªãË}�

�¯º�È �Á�Ó}�Ò« 6WLFNRXW� äºÎË� ºË°�

¹Ë�ÒmÈ�	°« m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË ¯Ë�

ÎÒäºm ËÏ °��Ë°�mËÓÓº�º ÒÏäËÓËÓÒ«

�º}È� ¹¯Ò ª�ºä ¯Ë��ãÒ¯�Ë�°«� �ãÈmÓ©ä

º¯ÈÏºä� °}º¯º°�	 ¹º�È�Ò ¹¯ºmºãº}Ò�

��º ºË°¹Ë�ÒmÈË� ¯ÈmÓºäË¯Ó©® ¹¯ºmÈ¯

�&U1L�)H��

jÏäËÓËÓÒ« m °�ÈÓ�È¯�Óºä ºº¯��ºmÈÓÒÒ Ò ÓËº²º�

�ÒäºË º°ÓÈ�ËÓÒË �ã« ¹¯º�Ë°°È vl��

j°�º�ÓÒ} ¹Ò�ÈÓÒ«� °¹Ë�ÒÈã	Ó©® Ò°�º�ÓÒ} ¹Ò�

�ÈÓÒ« �736 ���������������09� 5HPRWH Û Ò°�

¹ºãÓËÓÒË ° 5&8 ���� L�

mºÏäºÎÓº �¹¯ÈmãËÓÒË m°ËäÒ Á�Ó}�Ò«äÒ °�ÈÓ�

�È¯�Óº�º Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ« 736 �Òä¹�ã	°Ó©® ¯Ë�

ÎÒä� °�ÈÓ�È¯�Ó©® ¯ËÎÒä� °mÈ¯}È :,*�� ¹¯Ò Ò°�

¹ºã	ÏºmÈÓÒÒ ¹¯º�Ë°°È &07 �°�ÈÓºmãËÓ ¹º�ÎÒ� 6),

�¹º�ÎÒ� ËÏ ¯©Ï���
m º�ãÒ�ÒË º� °�ÈÓ�È¯�Óº�º Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ«

736 �°�ÈÓºmãËÓ /+6%� ÓºmÈ« ¹ãÈ�È� ÓÈ Á¯ºÓ�Èã	�
Óº® ¹ÈÓËãÒ 5HPRWH 86% Ë°�	 ¯ÈÏ�Ëä �ã« ºÓºm�

ãËÓÒ« �ÈÓÓ©²� ÒÏäËÓËÓÒ« ¹¯º�¯ÈääÓº�º ºË°¹Ë�Ë�

ÓÒ«� °º m�º¯º�º }mÈ¯�ÈãÈ ���� �� äºÎÓº ��Ë� m}ã
�

�Ò�	 ª�Ò Á�Ó}�ÒÒ m °�ÈÓ�È¯�Ó©® Ò°�º�ÓÒ} ¹Ò�ÈÓÒ«

�}º� °mºº�Óº�º m}ã
�ËÓÒ«��

lË²ÈÓÒÏä ¹º�È�Ò ¹¯ºmºãº}Ò� 95 ���� &07�

ÓºmÈ« ¹ãÈ�È� �°�ÈÓºmãËÓº °ºË�ÒÓËÓÒË ° /+6%� m

°�ÈÓ�È¯�Óºä Ò°¹ºãÓËÓÒÒ Û ° ¹º�È
�ÒäÒ ¯ºãÒ�

}ÈäÒ ��� ää +5�

bãÈÓ�ºm©® ¹È}Ë� �º¯Ëã}Ò ° Èäº¯�ÒÏÈ�º¯ºä

¹¯ºmºãº}Ò� �ãÒÓÈ ���� ÒãÒ ���� ä�

Èäº¯�ÒÏÈ�º¯ ¹¯ºmºãº}Ò �ºãÎËÓ ©�	 ¹º�mË�ËÓ

ÓÈ äÈÓÒ¹�ã«�º¯Ë� �ãÒÓÈ Èäº¯�ÒÏÈ�º¯È ¹¯ºmºãº}Ò

ÓÈ �ÏãË ¹¯Òmº�È ��� ä ��ãÒÓÈ ¹º°�º«ÓÓÈ«� �ã«

�º�º ��º© �È¯ÈÓ�Ò¯ºmÈ�	 �º�Ó©® ¯ËÎÒä ¯Èº�©��

�ãÈÓ� ¹º�È�Ò ¹¯ºmºãº}Ò�

}ÈËã	 /+6%� m°�ÈmãËÓÓ©® m �ãÈÓ�ºm©® ¹È}Ë��

�¯Òmº�Óº® äË²ÈÓÒÏä �¯Ò°� �� äÈ°°È ��� }� ËÏ
}º¯¹�°È �º¯Ëã}Ò�

�¯�Ïº¹º��ËäÓº°�	 ¯ºº�È � }��

}ºÓ°�¯�}�ÒË® ¹¯Ë��°äº�¯ËÓ ¹ºmº¯º� ÓÈ � º°Ë®�

}ºÓ°�¯�}�Ò« ° Ë°¹¯Òmº�Ó©ä °Ë¯mº�mÒ�È�ËãËä

¹Ë¯ËäËÓÓº�º �º}È �Ò°¹ºã	Ï�Ë�°« �È}ÎË m ¯ºº�È²��

Ò°¹ºã	ÏºmÈÓÒË °�ÈÓ�È¯�Ó©² }º¯¹�°ºm �º¯Ëãº}�

�°�ÈÓºm}È ¹¯ÒÎÒäÓº�º �ÈmãËÓÒ« ÓÈ ¯ºãÒ}È² ¹º�

�È�Ò ¹¯ºmºãº}Ò ¹¯Ò º�}¯©�ºä ¹¯ÒÎÒäÓºä ¯©�È�Ë�

|º¯��ºmÈÓÒË ¹¯º�Ë°°È &07 �ÈË� mºÏäºÎÓº°�	

m}ã
�ËÓÒ« m �¹¯ÈmãËÓÒË °mÈ¯º�Ó©ä ¹¯º�Ë°°ºä °}º�

¯º°�Ò ¹º�È�Ò ¹¯ºmºãº}Ò �}È} �ÒÓÈäÒ�Ë°}º�º ¯Ë�

��ãÒ¯�Ëäº�º ¹È¯ÈäË�¯È�� rãÈ�º�È¯« ª�ºä� º�}¯©�

cÒ°� �� wÁÁË}�ÒmÓÈ« ºãÈ°�	 ¹¯ÒäËÓËÓÒ« ¹¯º�Ë°°È vl�
¹º °¯ÈmÓËÓÒ
 ° �¯��ÒäÒ

��������	
��	�

cÒ°� �� �¯Òmº�Óº® äË²ÈÓÒÏä m ¹¯º�Ë°°Ë vl�

������� ��



mÈ
�°« È°ºã
�Óº Óºm©Ë mºÏäºÎÓº°�Ò ¯Ë��ãÒ¯º�

mÈÓÒ« Ò �¹¯ÈmãËÓÒ« °mÈ¯º�Ó©ä ¹¯º�Ë°°ºä�

�¯Ò ª�ºä ��ÈË�°«� ° º�Óº® °�º¯ºÓ©� °�ËãÈ�	

°mÈ¯º�Ó�
 ���� ºãËË °�ÈÒã	Óº® Ò ÓËÏÈmÒ°Òäº®

º� mÓË�ÓÒ² mãÒ«ÓÒ®� }È} ÓÈ¹¯ÒäË¯� °}º¯º°�Ò ¹º�

�È�Ò ¹¯ºmºãº}Ò� ÒÏäËÓËÓÒ® Á�Ó}�ÒÒ 6WLFNRXW ÒãÒ

º� °º°�º«ÓÒ« ¹ºmË¯²Óº°�Ò °mÈ¯ÒmÈËä©² �Ë�ÈãË®� Ò

° �¯��º® °�º¯ºÓ©� ºË°¹Ë�Ò�	 m ÓË® °mÈ¯º�Ó©®

¹¯º�Ë°° ËÏ ¯©Ï��

�º¯«�Ë�²ºãº�Ó©® ¹¯º�Ë°° ºË°¹Ë�ÒmÈË�
Óºm©Ë mºÏäºÎÓº°�Ò

sË}º�º¯©Ë äÈ�Ë¯ÒÈã© Ò ¹¯ÒäË¯© ¹¯ÒäËÓËÓÒ«

ÓË °º�ãÈ°�
�°« ° mºÏ�Ë®°�mÒËä m©°º}Ò² �Ëä¹Ë¯È�

��¯� º�°ãºmãËÓÓ©² °mÈ¯º�Ó©ä ¹¯º�Ë°°ºä� {º ÒÏ�

ËÎÈÓÒË ¹¯ºÎº�ºm Ò º¯ÈÏºmÈÓÒ« ¯©Ï�� È �È}ÎË

m �Ëã«² ºË°¹Ë�ËÓÒ« }È�Ë°�mËÓÓ©² °mÈ¯Ó©² °ºË�

�ÒÓËÓÒ® �¯Ë�
�°« ºãËË ÓÒÏ}ÒË �Ëä¹Ë¯È��¯©�

vÒ°�ËäÈ vl� �ÈãÈË� ª�º mºÏäºÎÓ©ä� zºÓË�Óº ÎË�

m ºãÈ°�Ò °mÈ¯º�Ó©² ¹¯º�Ë°°ºm ½²ºãº�Ó©®� «m�

ã«Ë�°« ¹ºÓ«�ÒËä º�Óº°Ò�Ëã	Ó©ä� Óº ¹º °¯ÈmÓËÓÒ


° �¯È�Ò�ÒºÓÓ©ä ¹¯º�Ë°°ºä 0,*�0$* vl� ºË°�

¹Ë�ÒmÈË� äËÓ	��
 �Ëä¹Ë¯È��¯� äË�ÈããÈ� vmÈ¯}È

m ¯ËÎÒäË �º¯«�Ò®Ü²ºãº�Ó©® äË�Èãã °�ÈãÈ mºÏäºÎ�

Óº® ãÈ�º�È¯« �Ë²Óºãº�Ò�Ë°}º® ¯ÈÏ¯Èº�}Ë ÁÒ¯�

ä© ½n¯ºÓÒ�°�� È ÒäËÓÓº� m}ã
�ËÓÒ
 ãº}ºm ¹º�

�È�Ò ¹¯ºmºãº}Ò m °Ò°�Ëä� ¯Ë��ãÒ¯ºm}Ò ¹¯º�Ë°°È

°mÈ¯}Ò� cËÏ�ã	�È�� ¯ºº�ÒÏÒ¯ºmÈÓÓÈ« °mÈ¯}È Ò ¹È®�

}È 0,*�0$* ËÏ º¯ÈÏºmÈÓÒ« ¯©Ï� �ã« °mË¯²�

�ºÓ}º�º äË�ÈããÈ �ºã�ÒÓº® ��� ää Ò ºã	�Ë�

sºmÈ« �Ë²Óºãº�Ò« º�ãÒ�ÈË�°« º�
�¯È�Ò�ÒºÓÓº®

vmÈ¯º�Ó©® ¹¯º�Ë°°� �º«mãËÓÒË ¹¯º�Ë°°È vl�

«mã«Ë�°« ÓºmºmmË�ËÓÒËä� iã« ¹¯Ë�ãºÎËÓÒ« ËË ÓÈ

¯©Óº} ¹ºÓÈ�ºÒãº°	 ¹«�	 ãË� Ò°°ãË�ºmÈ�Ëã	°}º®

¯Èº�© �¯Ò°� ��� { °�È�ÒÒ ¯ÈÏ¯Èº�}Ò ÓÈ²º�«�°«

Ò �¯��ÒË ¹Ë¯°¹Ë}�ÒmÓ©Ë ¹¯Ë�ãºÎËÓÒ« m ª�ºä ÓÈ¹�

¯ÈmãËÓÒÒ�

rãº}Ò ¹º�È�Ò ¹¯ºmºãº}Ò m}ã
�ËÓ© m °Ò°�Ëä�
¯Ë��ãÒ¯ºm}Ò ¹¯º�Ë°°È� iÈÓÓÈ« ÒÓÓºmÈ�Ò« mãÒ«Ë�

ÓÈ mË°	 °mÈ¯º�Ó©® ¹¯º�Ë°°� �È} }È} m¹Ë¯m©Ë ãº}Ò

¹º�È�Ò ¹¯ºmºãº}Ò ÓË¹º°¯Ë�°�mËÓÓº m}ã
�ËÓ© m

°Ò°�Ëä� Ë�º ¯Ë��ãÒ¯ºm}Ò� ¡ÒÁ¯ºmÈ« °Ò°�ËäÈ ¹¯º�

�Ë°°È ÁÒ}°Ò¯�Ë� mºÏÓÒ}ÓºmËÓÒË }º¯º�}º�º ÏÈä©�

}ÈÓÒ« Ò ¹��Ëä º�mº�È ¹¯ºmºãº}Ò ¹ºäº�ÈË� º��ËãË�

ÓÒ
 }È¹ãÒ �¯Ò°� ��� {°Ë ª�º ¹¯ºÒ°²º�Ò� m ¯ËÎÒäË

�ÒÁ¯ºmº�º �¹¯ÈmãËÓÒ«� m �Ëä Ò ÏÈ}ã
�ÈË�°« ¹Ë¯mºË

ÏÓÈ�Ò�Ëã	ÓºË ¯ÈÏãÒ�ÒË º� �¯È�Ò�ÒºÓÓº® °mÈ¯}Ò }º�

¯º�}º® ÓË¹¯Ë¯©mÓº® ���º®�

�äËÓ	�ËÓÒË mmº�È �Ë¹ãÈ� {�º¯ºË º�ãÒ�ÒË ¹¯º�
�Ë°°È� ¹Ë¯ËÓº° äË�ÈããÈ ¹¯ºÒ°²º�Ò� ¹º� �Ë®°�mÒËä

°Òã ÒÓË¯�ÒÒ� { �°ãºmÒ«² }º¯º�}º�º ÏÈä©}ÈÓÒ«

ºÓÈ °¯ÈÏ� ÎË Èm�ºäÈ�Ò�Ë°}Ò º�mº�Ò�°«� �È}Òä º�

¯ÈÏºä� m �Ë�ËÓÒË ÁÈÏ© �º¯ËÓÒ« °ÈäÈ ���È mmº�Ò�

�Ë¹ãº �ºã	}º }¯È�}ºm¯ËäËÓÓº� ÏÈ�Ëä mmº� �Ë¹ãÈ

�äËÓ	�ÈË�°«�

cÒ°� �� j°�º¯Ò« °ºÏ�ÈÓÒ« ¹¯º�Ë°°È vl�

cÒ°� �� |¯È�ÓºË �mÒÎËÓÒË ¹¯ºmºãº}Ò� °¹º°º°�m�
�ËË º�¯©m� }È¹ãÒ

�� �������



�Ë¯ËÓº° äÈ�Ë¯ÒÈãÈ ËÏ º¯ÈÏºmÈÓÒ« ¯©Ï�� cË�
Ï�ã	�È� �º°�Ò�ÈË�°« º�mº�ºä ¹¯ºmºãº}Ò m äºäËÓ�

mºÏÓÒ}ÓºmËÓÒ« }º¯º�}º�º ÏÈä©}ÈÓÒ«� ��º ¹ºäº�ÈË�

º��ËãËÓÒ
 }È¹ãÒ� zº¯º�}ºË ÏÈä©}ÈÓÒË ¹º� }ºÓ��

¯ºãËä� �º} }º¯º�}º�º ÏÈä©}ÈÓÒ« ÓËÏÓÈ�Ò�ËãËÓ

�¯Ò°� ��� ��º ºË°¹Ë�ÒmÈË� ¹Ë¯ËÓº° äÈ�Ë¯ÒÈãÈ ËÏ

º¯ÈÏºmÈÓÒ« ¯©Ï��

{°Ë ª�Ò ¯ÈÏãÒ�Ò« ¹ºÏmºã«
� º°��Ë°�mã«�	 º¹Ë�

¯È�ÒÒ� °m«ÏÈÓÓ©Ë ° ºã	�ÒäÒ �¯��Óº°�«äÒ� °mÈ¯�

Ó©Ë Ò ¹È«Ó©Ë �m© ËÏ º¯ÈÏºmÈÓÒ« ¯©Ï�� °mÈ¯ÓºË

°ºË�ÒÓËÓÒË °�ÈãÒ ° Èã
äÒÓÒËä� °mÈ¯}� °mË¯²�ºÓ�

}º�º ãÒ°�È ° �ºã�ÒÓº® ��� ää �ÈÎË °�©}ºm©ä �mºä

ËÏ �Ë²Óºãº�Ò�Ë°}º® ¹º�}ãÈ�}Ò �¯Ò°� �� �ã« °mÈ�

¯º�Óº® mÈÓÓ© Ò �� ¹�

{°« °Ò°�ËäÈ ¹¯Ò°¹º°ºãËÓÈ } º¹�ÒäÒÏÈ�ÒÒ
°mÈ¯º�Óº�º ¹¯º�Ë°°È� v �Ëã	
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���t���l ����� ���� ������� 0 � $ � . ����

���t�������v ����� ���� ������� $ � 0 � . ����

���t������v ���� ���� ������� $ � 0 � . ����

��t���l���v ���� ���� Û $ � 0 � . ����

�� �������



��� ������	
���	��
����

$8675$/$6,$1 :(/',1* -2851$/ �km°�¯ÈãÒ«��

����� Û 9RO� ��� )LUVW 4XDUWHU �ÈÓ�ã� «Ï��

+HQGHUVRQ ,� sÈ¹ãÈmãËÓÓ©Ë ¹º}¯©�Ò« �ã« mº°°�ÈÓºmãËÓÒ«� ÓÈÓË°ËÓÒ« �º¹ºãÓÒ�Ëã	Ó©² °ãºËm Ò
¹ºm©�ËÓÒ« ÒÏÓº°º°�º®}º°�Ò� °� �Ü���

jÏäË¯ËÓÒË �mË¯�º°�Ò ÓÈ °�Èã	Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²� °� ��Ü���
3LWUXQ 0�� 1RODQ '�� 'XQQH '� vºº�Óº�ËÓÒË °mÈ¯º�Ó©² ¹È¯ÈäË�¯ºm Ò °º�Ë¯ÎÈÓÒ« ¯È°�mº¯Òäº�º
mº�º¯º�È m�mÈ²� m©¹ºãÓËÓÓ©² ���ºmº® °mÈ¯}º® ¹º¯º�}ºmº® ¹¯ºmºãº}º® ° ¯��Òãºm©ä¹º}¯©�ÒËä�

°� ��Ü���

35$.7,.(5 ��Ë¯äÈÓÒ«��

����� Û ¢ � �ÓËä� «Ï��

sÈ�ËÎÓ©Ë� ��ºÓ©Ë �ã« ¹ºã	ÏºmÈ�Ëã« ÈããºÓ© ° ÏÈ�Ò�Ó©ä �ÈÏºä� °� ���

2WWR )� |�mË�°�mËÓÓº°�	 ÏÈ ËÏº¹È°Óº°�	 ¹¯ºÒÏmº�°�mËÓÓ©² �°�ÈÓºmº}� °� ��� ���
:LOKHOP *� �°¹Ë²Ò m ºãÈ°�Ò �ÈÏº�Ë¯äÒ�Ë°}º�º ÓÈ¹©ãËÓÒ« ¹ãÈ°�äÈ°°ºm©² ÒÏ�ËãÒ®� °� ���

0DWWKHV .��-� HW DO� �ºm©�ËÓÒË °�º®}º°�Ò °ºÓº�¯º�ºm ãÈÏË¯Ó©ä �Ò°¹Ë¯�Ò¯ºmÈÓÒËä �Òº¯Ò�ÈäÒ�

°� ��Ü���

6PXOF]\QVNL 8� cËäºÓ� �Òº�Óº�º ¹¯Ë°°È� °� ��Ü��� ���
6FKXVWHU -�� 6FKXO]H (� cÈÏ�äÓ©Ë m©mº�© ¹º°ãË ÈmÈ¯ÒÒ Û ¯ËÏ�ã	�È�© Ò°°ãË�ºmÈÓÒ®� °� ��Ü���

iÒ°}�°°Ò« ¹º mº¹¯º°� ¹¯Ë�Ëã	Óº �º¹�°�Òä©² }ºÓ�ËÓ�¯È�Ò® �©äÈ� °� ��Ü���

/HKH -�� 6HQN %� �º}ÈÏÈ�ËãÒ }È�Ë°�mÈ ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �ã« m©°º}º¹¯ºÒÏmº�Ò�Ëã	Óº®

°mÈ¯}Ò lk�� °� ��Ü���

35=(*/$' 63$:$/1,&7:$

��ºã	�È�� ����� Û ¢ � �¹ºã� «Ï��

/XNRMF $�� 1RZDFNL -� jÏäËÓËÓÒ« ~�{ ¹¯Ò °mÈ¯}Ë °�ÈãÒ ��¹ãË}°� °� �Ü��

6]HIQHU =� �Ëä¹Ë¯È��¯È ��m°�mÒ�Ëã	Óº°�Ò º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ Û ¹È¯ÈäË�¯ �Ë²Óºãº�ÒÒ °mÈ¯}Ò�

°� �Ü��� ��Ü���

.XUSVLW] %� �º��º�ºm}È °mÈ¯�Ò}ºm m �ºã	�Ë� m�Ë¯È� °Ë�º�Ó«� ÏÈm�¯È� °� ��Ü���

5,9,67$ ,7$/,$1$ GHOOD 6$/'$785$ �j�ÈãÒ«�� ����� Û $QQR /9� ¢ � �Ò�Èã� «Ï��

$GDPRZVNL -� HW DO� vmÈ¯ÒmÈËäº°�	 °ºm¯ËäËÓÓ©² m©°º}º¹¯º�Ó©² °�ÈãË®� Ò°¹ºã	Ï�Ëä©² m Èm�º�
äºÒã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� °� ���Ü����

%RQDOXPL 3� HW DO� v¹Ë�ÒÈã	Ó©Ë ¹¯Ò°È�º�Ó©Ë äË�Èãã© �ã« °mÈ¯}Ò Óºm©² }º�Ëã	Ó©² °�ÈãË® �Ò¹È

��� Ò ���� °� ���Ü����

0DVHWWL )� sºmÈ« �Ë²Óºãº�Ò« °mÈ¯}Ò ¹º�mË°Ó©² äº°�ºm� °� ���Ü����
%UHVFLDQL )� HW DO� zºÓ�¯ºã	 }È�Ë°�mÈ °mÈ¯}Ò �Ë¯äº¹ãÈ°�Ò�Ë°}Ò² äÈ�Ë¯ÒÈãºm� °� ���Ü����
9DOHQWH 7�� &UDEROHGGD 6� �¯ºãËä©� °m«ÏÈÓÓ©Ë °º °mÈ¯}º® m °��º°�¯ºËÓÒÒ� m �È°�Óº°�Ò� °º

°mÈ¯}º® ÓË¯ÎÈmË
�Ò² Ò ãÒ°�ºm©² °�ÈãË®� °� ���Ü����

%DFK )� :� HW DO� {ÓËmÈ}��äÓÈ« ªãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯}È �ºÓ}ºãÒ°�ºm©² äÈ�Ë¯ÒÈãºm Ò °�Èã	�
Ó©² ãÒ°�ºm� °� ���Ü����

6&+:(,66(1 81' 6&+1(,'(1 ��Ë¯äÈÓÒ«�� ����� Û ¢ � �ÓËä� «Ï��

�º°�Ë¹ËÓÓºË ºÎÒmãËÓÒË ¯©Ó}È ¹¯ºä©�ãËÓÓ©² ¯ºº�ºm� °� ��Ü���
2WWR )� |«ÏÈ�Ëã	°�mÈ ¹¯ºÒÏmº�Ò�ËãË® ¹Ë¯Ë� ¹ºã	ÏºmÈ�Ëã«äÒ� °� ���
{©°º}Ò® ¹º�ËÓ�ÒÈã ãÈÏË¯Óº® °mÈ¯}Ò ¹ãÈ°�äÈ°°� °� ��Ü���
�Ë¹ãºº�mº� ° ¹ºäº�	
 Èã
äÒÓÒËm©² ¹Ë�È�Ó©² ¹ãÈ� ¹¯Ò °mÈ¯}Ë� °� ���

cËäºÓ� }�Ïºmºm Èm�ºäºÒãË® ¯��Ó©ä ãÈÏË¯ºä� °� ���

=HQQHU +�� *U]HVLXN -� {ãÒ«ÓÒË ¯ÈÏ�Ëã}Ò }¯ºäº} Ò m©¹ºãÓËÓÒ« �mÈ ÓÈ ¹¯º�Óº°�	 °mÈ¯}Ò m©�

°º}º}È�Ë°�mËÓÓ©² Èã
äÒÓÒËm©² }ºÓ°�¯�}�Ò®� °� ��� ��Ü���

$QDJUHK 1�� 'RUQ /� �º��º�ºm}È ¹ºmË¯²Óº°�Ò °}ãËÒmÈËä©² ÒÏ�ËãÒ® ÒÏ Èã
äÒÓÒËmº�º �ËÁº¯äÒ�
¯�Ëäº�º °¹ãÈmÈ (1 $:�$O0J�� °� ��� ��Ü���

=DK 0��)�� (LUHLQHU '� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä ÓÈ Á¯ËÏË¯Óºä °�ÈÓ}Ë ° �ÒÁ¯ºm©ä

�¹¯ÈmãËÓÒËä� °� ��� ��Ü��� ��Ü���

%HFNHUW0�jÏ Ò°�º¯ÒÒ °mÈ¯}Ò� p�|��È�ºÓÛ ÎÒÏÓ	 Ò �¯��ºmÈ« �Ë«�Ëã	Óº°�	 mËãÒ}º�º °mÈ¯�Ò}È�

°� ��Ü���

 cÈÏ�Ëã ¹º��º�ºmãËÓ °º�¯��ÓÒ}ÈäÒ ÓÈ��Óº® ÒãÒº�Ë}Ò jwv Òä� p� |� �È�ºÓÈ� rºãËË ¹ºãÓº ÒãÒº�¯ÈÁÒ« ¹¯Ë�°�ÈmãËÓÈ m
vÒ�ÓÈã	Óº® ÒÓÁº¯äÈ�ÒÒ �vj� ½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ�� ÒÏ�ÈmÈËäº® m jwv Ò ¯È°¹¯º°�¯ÈÓ«Ëäº®

¹º ÏÈ«m}Èä �ÏÈ}ÈÏ ¹º �Ëã� ����� ���������� s�r jwv

������� ��



cÈº�È }ºäÒ°°Ò® ljv

,,, Û ½zºÓ�È}�ÓÈ« °mÈ¯}È��

;X 3� ,,:�&RPPLVVLRQ ,,, ½5HVLVWDQFH ZHOGLQJ� VROLG VWDWH ZHOGLQJ DQG DOOLHG MRLQLQJ SURFHVVHV��

,,:�6LW]XQJ LP -XQL ���� LQ %XNDUHVW� °� ��Ü���

,t Û ½�ºmË�ËÓÒË äË�Èããºm ¹¯Ò °mÈ¯}Ë�

+HUROG +� ,,:�.RPPLVVLRQ ,; ½9HUKDOWHQ GHU 0HWDOOH EHLP 6FKZHLβHQ�� °� ��Ü���
;9, Û ½vºË�ÒÓËÓÒË ¹ºãÒäË¯ºm Ò �Ë²Óºãº�Ò« °}ãËÒmÈÓÒ«��

3RWHQWH +� ,,:�.RPPLVVLRQ ;9, ½)X
⋅⋅
JHQ YRQ 3RO\PHUHQ XQG .OHEWHFKQRORJLH�� °� ��Ü���

;9 Û ½|°Óºm© }ºÓ°�¯�Ò¯ºmÈÓÒ«� ¯È°�Ë�È Ò ¹¯ºÒÏmº�°�mÈ °mÈ¯Ó©² }ºÓ°�¯�}�Ò®��

+REEDFKHU $� ,,: Û .RPPLVVLRQ ;9 ½*UXQGODJHQ GHU .RQVWUXNWLRQ� %HUHFKQXQJ XQG )HUWLJXQJ

YRQ 6FKZHLENRQVWUXNWLRQHQ�� °� ���

9 Û ½sË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 Ò ºË°¹Ë�ËÓÒË }È�Ë°�mÈ��

'REPDQQ *� ,,: Û .RPPLVVLRQ 9 ½=HUVWRUXQJVIUHLH 3UXIXQJ XQG 4XDOLWDWV�VLFKHUXQJ�� °� ���

9,,, Û ½�Ë²ÓÒ}È ËÏº¹È°Óº°�Ò��

=VFKLHVFKH :� ,,: Û .RPPLVVLRQ 9,,, ½$UEHLWV�XQG *HVXQGKHLWVVFKXW]�� °� ��Ü���

,, Û ½i��ºmÈ« °mÈ¯}È Ò ¹¯Ò°È�º�Ó©Ë äÈ�Ë¯ÒÈã©��

.DQQHQJLVVHU 7� ,,: Û .RPPLVVLRQ ,, ½/LFKWERJHQVFKZHLβHQ XQG =XVDW]ZHUNVWRIIH�� °� ��Ü���
t Û ½�ºmË�ËÓÒË °�¯�}��¯© °mÈ¯Óº�º °ºË�ÒÓËÓÒ«��

%ODXHO -� *� ,,: Û .RPPLVVLRQ ; ½6WUXNWXUYHUKDOWHQ YRQ 6FKZHLβYHUELQGXQJHQ Û 9HUVDJHQV�

YHUPHLGXQJ�� °� ��Ü���

6&+:(,66(1 81' 6&+1(,'(1 ��Ë¯äÈÓÒ«��

����� Û ¢ � �ÓËä� «Ï��

+DUWPDQQ *� )� �Ë¯m©Ë �È�Ò °¯Ë�ÓÒ² ¹¯Ë�¹¯Ò«�Ò® ÏÈ ¯�ËÎ� °� ���
v�È¯� �º�È �Ë²ÓÒ}Ò m rË¯ãÒÓË ����� �� º�«mãËÓ �º�ºä �Ë²ÓÒ}Ò�� °� ��Ü����

jÓ�Ë¯m	
 ° ¯�}ºmº�Ò�ËãËä jÓ°�Ò���È ãÈÏË¯Óº® �Ë²ÓÒ}Ò n¯È�Ó²ºÁË¯� °� ����

+RUQLJ +� iÒ°�ÈÓ�ÒºÓÓÈ« ãÈÏË¯ÓÈ« °mÈ¯}È m©²º�Ò� ÏÈ ¯Èä}Ò ãÈº¯È�º¯Óº�º °�È��°È� °� ����
jÏ�º�ºmãËÓÒË °Èäºº²ãÈÎ�È
�Ò² º�Ë} ° ¹ºäº�	
 ¯ºº�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò� °� ���Ü����

%DFK )��:� HW DO� i��ºmÈ« ¹¯ÒmÈ¯}È ¹¯ÒäËÓ«
�Ò²°« ¹º� mº�º® �¹ÒãË} ¯È°�«�ÒmÈËäº® ���º®�

°� ���� ���Ü����

'LOWKH\ 8�� %UDQGHQEXUJ $�� 6FKOHVHU 0� �¯ÒäËÓËÓÒË Ò �ºÏÒ¯ºm}È }ãË« ËÏ ÓÈ¹ºãÓÒ�Ëã« m

ºãÈ°�Ò äÒ}¯ºÒÏ�ËãÒ®� °� ���Ü����

=LQNH 0�� 6FKURGHU -� {ãÒ«ÓÒË ¯ÈÏãÒ�Ó©² mÒ�ºm ¹ºmË¯²Óº°�Ò m©°º}ºãË�Ò¯ºmÈÓÓº® °¹ãº�Óº®

¹¯ºmºãº}Ò �ã« °mÈ¯}Ò m ÏÈ�Ò�Ó©² �ÈÏÈ²� °� ���� ���Ü����

%HFNHUW 0� jÏ Ò°�º¯ÒÒ °mÈ¯}Ò� ¹Ë¯mÈ« �º}�º¯°}È« ¯Èº�È m ºãÈ°�Ò °mÈ¯º�Óº® �Ë²ÓÒ}Ò �km��°�
�Òã	¹Ë¯��� °� ���Ü����

cÈº�È °ã�Î© ÒÓÁº¯äÈ�ÒÒ� |Ïº¯ ãÒ�Ë¯È��¯© ¹º ÓË¯ÈÏ¯��È
�Ëä� }ºÓ�¯ºã
� °� ���Ü����

1LHVHOW�$FKLOOHV $� lÒÓÒÈ�
¯Ó©® �¯Ë²äË¯Ó©® äÒ¯� °� ���Ü����

iÒ°}�°°Ò« ¹º mº¹¯º°� ¹¯Ë�Ëã	Óº �º¹�°�Òä©² }ºÓ�ËÓ�¯È�Ò® �©äÈ� °� ���Ü����

:(/',1* $1' &877,1* ��Ë¯äÈÓÒ«��

����� Û ¢ � �ÈÓ�ã� «Ï��

�ÈÏË¯ÓÈ« ¯ËÏ}È Û ¹¯ÒÓ�Ò¹ Ò äË�º�© ¯Èº�© ãÈÏË¯ºm �ã« ¯ËÏ}Ò� °� ��Ü���

0DWWKHV .��-� HW DO� �ÈÏË¯ÓÈ« �Ò°¹Ë¯°Ò« �ã« ÒÏ�º�ºmãËÓÒ« �¹¯º�ÓËÓÓ©² º¯Ò�ºä ÒÏÓº°º°�º®}Ò²
¹ºmË¯²Óº°�Ë® �Ò�ÈÓºm©² °¹ãÈmºm� °� ��Ü���

1DVFLPHQWR 5� 0� GR HW DO� lÒ}¯º°�¯�}��¯ÓºË ÒÏäËÓËÓÒË Ò äË²ÈÓÒ�Ë°}È« ¹¯º�Óº°�	 ¹È«Ó©²

°ºË�ÒÓËÓÒ® äË�ÈããÒ�Ë°}Ò² °¹ãÈmºm ° º}Ò°	
 Èã
äÒÓÒ«� äË�ÈããÒÏÒ¯ºmÈÓÓ©² �Ò�ÈÓºä�

°� ��Ü����

)XVVHO 8�� %HHW] 5� lÓº�ºÁ�Ó}�ÒºÓÈã	Óº°�	 �Ë²Óºãº�ÒÒ °ºË�ÒÓËÓÒ« Û ¹È«Ó©Ë °ºË�ÒÓËÓÒ«

¹ºÏmºã«� �È}ÎË m©¹ºãÓ«�	 ÏÈ�È�Ò� °m«ÏÈÓÓ©Ë ° ����ÒäÒ Á�Ó}�ÒºÓÈã	Ó©äÒ ªãËäËÓ�ÈäÒ�

°� ���Ü����

%DFK )��:� HW DO��º��º�ºm}È ¹º�ãºÎ}Ò ° ¹ºäº�	
 º¯Èº�}Ò °�²Òä ã	�ºä Ò ÓÈÓË°ËÓÒË ¹º}¯©�Ò«

° ¹ºäº�	
 �Ë¯äÒ�Ë°}º�º ÓÈ¹©ãËÓÒ« ÏÈ º�ÒÓ ¯Èº�Ò® �Ò}ã� °� ���Ü����

0DWWKHV .� -� HW DO� zº¯¯ºÏÒºÓÓºË ¯È°�¯Ë°}ÒmÈÓÒË ¹º� ÓÈ¹¯«ÎËÓÒËä °ºË�ÒÓËÓÒ®� m©¹ºãÓËÓÓ©²

ã��Ëm©äÒ °¹º°ºÈäÒ °mÈ¯}Ò ÓÈ äÈãº��ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�Èã«²� °� ���Ü����

'LOJHU .� HW DO� cÈÏ¯Èº�}È Èm�ºäÈ�Ò�Ë°}Ò �¹¯Èmã«Ëäº�º �°�¯º®°�mÈ �ã« ¯��Óº�º ÓÈÓË°ËÓÒ« }ãË«�
°� ���Ü����

j~iksjÐ c|vvjj

v{kc| s|p �c|j~{|iv�{| �cº°°Ò«��

����� Û ¢ ������ �¯�°� «Ï��

sº¯ÒÓ �� k� {ºÏ�Î�ËÓÒË º�}¯©�º® °mÈ¯º�Óº® ���Ò Ò ¹Ë¯Ë²º� } �°�º®�Òmºä� ¯ËÎÒä� �º¯ËÓÒ«�

°� ��Ü���

i
¯�Ë¯ºm s� �� |¹¯Ë�ËãËÓÒË °mº®°�m ���Ò ¹¯Ò Òä¹�ã	°Ó©² ¹¯º�Ë°°È² °mÈ¯}Ò� °� ��Ü���
 Ë¯Ó©® |� l� {ãÒ«ÓÒË °Òã ¹ºmË¯²Óº°�Óº�º ÓÈ�«ÎËÓÒ« ÓÈ °�¯�®Ó©® ¹Ë¯ËÓº° äË�ÈããÈ ¹¯Ò °mÈ¯}Ë
�º}ºä º¯È�Óº® ¹ºã«¯Óº°�Ò� °� ��Ü���

ÐÏºm°}Ò² {� l�� rËãËÓ	}Ò® {� Ð�� z¯º�ºm �� s� lË²ÈÓÒÏä m�º¯Ò�Óº�ªäÒ°°ÒºÓÓ©² ¹¯º�Ë°°ºm

¹¯Ò ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ë ° äº��ã«�ÒË® ªãË}�¯ºÓÓº�º ¹��}È� °� ��Ü���

lÈ¯}È�ºmÈ �� j�� k¯°ËÓ
} {� {�� �¯Ò�º¯ËÓ}º �� l�� rË¯�ÓÒ}ºmÈ p� s�|°ºËÓÓº°�Ò ¹¯º�Ë°°ºm
äÈ°°º¹Ë¯ËÓº°È ¹¯Ò °mÈ¯}Ë �ÈmãËÓÒËä ¯ÈÏÓº¯º�Ó©² äË�Èããºm� °� ��Ü���

bÈ²äÈ�ºm l� {�� bÈ²äÈ�ºm i� l� |°ºËÓÓº°�Ò }ºÓ�È}�Óº® °�©}ºmº® °mÈ¯}Ò ����ÓÈ� °� ��Ü���

�� �������



b�¯Ò}äÈÓ l� l�� �ºãºm�Ëm {� k�� bÒããº �� {� Ò �¯� n¯Ò}�ÒºÓÓÈ« °mÈ¯}È ãÒ°�ºm©² }ºÓ°�
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< Z\]mkl_ wlh]h ]h^Z gZmqgh�kihjlb\gZy wdki_^bpby N_�

^_jZpbb ZevibgbafZ b kdZeheZaZgby MdjZbgu b GZpbh�

gZevghc ZdZ^_fbb gZmd MdjZbgu h[ke_^h\ZeZ ]hjguc

jZchg� dhlhjuc ijbe_]Z_l k \hklhdZ d Wev[jmkm�

Fgh]h kdZevgh�e_^h\uo \_jrbg hdjm`Zxl Wev[jmk b

khklZ\eyxl _]h dhjhgm� ;_aufygguc ibd \ukhlhc ���� f

y\ey_lky maeh\uf \ oj_[l_� dhlhjuc jZa^_ey_l e_^gbdb

QZl b Bjbd� dhlhju_ kl_dZxl k \hklhqgh]h kdehgZ Wev�

[jmkZ� MqZklgbdb wdki_^bpbb ijheh`beb gZ wlhl ibd ljb

fZjrjmlZ� ih \hklhqghfm b x`ghfm ]j_[gyf� Z lZd`_

ih k_\_jghfm j_[jm� I_j\h\hkoh`^_gby [ueb k^_eZgu

��±�� Z\]mklZ ���� ]�

DZd khh[sbeb \ ij_kk�kem`[_ N_^_jZpbb ZevibgbafZ

b kdZeheZaZgby MdjZbgu� ih ijZ\m� dhlhjh_ bf_xl i_j�

\hijhoh^pu� [_aufygguc ibd ���� gZa\Zg ©Ibd IZlhgZª

\ q_klv ;hjbkZ IZlhgZ� Ij_ab^_glZ GZpbhgZevghc ZdZ�

^_fbb gZmd MdjZbgu� GZ \_jrbgguo kdZeZo mklZgh\e_g

iZfylguc agZd�

< khklZ\_ wdki_^bpbb� dhlhjZy i_j\hc ih^gyeZkv gZ

ibd� [ueb <Ze_glbg Kbfhg_gdh ² ij_ab^_gl N_^_jZpbb

ZevibgbafZ b kdZeheZaZgby MdjZbgu� jmdh\h^bl_ev Kq_l�

ghc iZeZlu MdjZbgu� <eZ^bfbj Rmfbobg ² aZkem`_g�

guc ^_yl_ev gZmdb b l_ogbdb MdjZbgu� FklbkeZ\ =hj�

[_gdh ² aZkem`_gguc lj_g_j MdjZbgu� aZkem`_gguc

fZkl_j kihjlZ� <eZ^bfbj E_[_^_gdh² aZkem`_gguc \jZq

MdjZbgu b ^j�

M>D ����������������

����������������� �� 	

�

�±� hdly[jy ���� ]� \ Fhkd\_ \ D<P ©Khdhevgbdbª ijhr�

eZ ��y F_`^mgZjh^gZy ki_pbZebabjh\ZggZy \uklZ\dZ

©:HOGH[�Jhkk\ZjdZ ² ����ª� ?_ hj]Zgbah\Ze <uklZ\hq�

guc ohe^bg] 09. ijb kh^_ckl\bb dhfiZgbb ©Wek\Zjª�

D<P ©Khdhevgbdbª b Jhkkbckdh_ gZmqgh�l_ogbq_kdh_

k\Zjhqgh_ h[s_kl\h� Ih^^_j`dm hj]ZgbaZlhjZf hdZaZeb

Fbgbkl_jkl\h ijhfure_gghklb b wg_j]_lbdb JN� ijZ\b�

l_evkl\h Fhkdh\kdhc h[eZklb� Fhkdh\kdZy f_`hljZke_�

\Zy ZkkhpbZpby ]eZ\guo k\Zjsbdh\�

<uklZ\dZ ijhoh^beZ ih^ ^_\bahf ©Jhkkby ² jh^bgZ

we_dljbq_kdhc ^m]b b we_dljh^m]h\hc k\Zjdbª� < ���� ]�

bkihegbehkv ��� e_l kh ^gy jh`^_gby G� =� KeZ\ygh\Z�

kha^Z\r_]h \ O,; \� ZiiZjZl ^ey k\Zjdb f_lZeebq_kdbf

we_dljh^hf� Hg `_ kdhgkljmbjh\Ze i_j\uc \ fbj_ k\Z�

jhqguc ]_g_jZlhj� k^_eZe b hijh[h\Ze Z\lhfZlbq_kdh_

ijbkihkh[e_gb_ ^ey j_]mebjh\db ^ebgu ^m]b�

Ke_^m_l kjZam hlf_lblv ² \uklZ\dZ m^ZeZkv� Wlh

ij_`^_ \k_]h k\yaZgh k l_f� qlh k\ZjdZ b jh^kl\_ggu_

_c ijhp_kku �j_adZ� gZieZ\dZ� iZcdZ� gZg_k_gb_ aZsblguo

ihdjulbc� y\eyxlky gZ k_]h^gy rbjhdh bkihevam_fufb

l_ogheh]bq_kdbfb ijhp_kkZfb \h fgh]bo hljZkeyo ijh�

fure_gghklb �fZrbghkljh_gbb� wg_j]_lbd_� kljhbl_ev�

kl\_� Z\bZ�� km^h� b Z\lhfh[be_kljh_gbb \ ^j��� LjZgk�

nhjfbjh\Z\rbkv ba jZg__ ijh\h^bfuo \uklZ\hd ©Ih^�

fhkdh\gZy k\ZjdZª� \uklZ\dZ :HOGH[�Jhkk\ZjdZ k dZ`^uf

]h^hf jZkrbjy_l \uklZ\hqgmx wdkihabpbx b ijb\e_dZ_l

[he__ rbjhdbc djm] mqZklgbdh\� LZd� d ijbf_jm� wdkih�

abpbhggu_ iehsZ^b \uklZ\db \ gug_rg_f ]h^m khklZ�

\beb hdheh ���� f
�
�ijhlb\ ���� f

�
\ ���� ]��� Z dhebq_k�

l\h mqZklgbdh\ \hajhkeh kh ��� ^h ���� Wlhfm� \_jhylgh�

kihkh[kl\m_l gZ[ex^Zxsbcky \ Jhkkbb jhkl wdhghfbdb�

^bdlmxs_c ihlj_[ghklv \ aZf_g_ mklZj_\r_c k\Zjhqghc

�� �������



l_ogbdb b g_h[oh^bfhklv ijbf_g_gby kh\j_f_gguo l_o�

gheh]bc�

LjZ^bpbhggZy l_fZlbdZ \uklZ\db ho\Zlu\ZeZ \_kv

ki_dlj h[hjm^h\Zgby b l_ogheh]bb we_dljh^m]h\hc� ]Z�

ahwe_dljbq_kdhc� ieZaf_gghc� eZa_jghc� ]ZahieZf_gghc

k\Zjdb� j_adb b gZieZ\db �jmqghc� f_oZgbabjh\Zgghc b

Z\lhfZlbabjh\Zgghc�� h[hjm^h\Zgb_ b l_ogheh]bb dhglZd�

lghc k\Zjdb b k\Zjdb ieZklfZkk� iZcdb� l_jfbq_kdhc h[�

jZ[hldb� ijhba\h^kl\Z k\Zjhqguo fZl_jbZeh\� rbjhdmx

]Zffm fZl_jbZeh\ ^ey k\Zjdb� j_adb� gZieZ\db� gZiue_�

gby� iZcdb� kj_^kl\Z b f_lh^u aZsblu hl \j_^guo ijh�

ba\h^kl\_gguo nZdlhjh\� f_lh^u h[mq_gby b ih\ur_gby

d\ZebnbdZpbb k\Zjhqgh]h i_jkhgZeZ b ^j�

< \uklZ\d_ ijbgye mqZklb_ ��� wdkihg_gl� dhlhju_ ij_^�

klZ\eyeb ij_^ijbylby� hj]ZgbaZpbb b nbjfu Jhkkbb� <_g�

]jbb� BlZebb� =_jfZgbb� :g]ebb� Lmjpbb� :\kljbb� Z lZd`_

MdjZbgu b ;_eZjmkb� Kj_^b gbo :HOGRWKHUP =f[O� A:H

:eZjf� ;Zelbckdbc klZe_ijhdZlguc aZ\h^ ;ze_j <_e^bg]�

=JIA� H:H AHGL� A:H GIN ©BLKª� A:H BkdjZ� HHH

dhfiZgby ©Dhj^ª� HHH Ebgdhj� Ehkbghhkljh\kdbc we_dl�

jh^guc aZ\h^� HHH F_`]hkf_lba ² Fp_gkd� dhgp_jg

F_kk_j DZllbg] b <_e^bg]� H:H ©KlZevgZy ]jmiiZ F_q_eª�

A:H Fb^Zkhl�L� GBLB ©Ijh]j_kkª� HHH IeZafZ� HHH

JhKeZ\� KAKF ©Jhl_dkª� A:H Kh\Iebf� Ki_pwe_dljh^�

L_ogheh]bq_kdb_ kbkl_fu aZsblguo ihdjulbc� HHH L_o�

ghljhg� Njhgbmk�LP L_gZ b ^j�

<_^msb_ jhkkbckdb_� Z lZd`_ r\_^kdb_� ]_jfZgkdb_�

njZgpmakdb_ b ^jm]b_ ij_^ijbylby ij_^klZ\beb gZ :(/�

'(;�JHKK<:JD: gh\bgdb k\Zjhqguo l_ogheh]bc� kj_^b

dhlhjuo Z\lhfZlbabjh\Zggu_ dhfie_dku ^ey ieZaf_gghc

j_adb k pbnjh\uf ijh]jZffguf mijZ\e_gb_f� Rbjhdh

[ueh ij_^klZ\e_gh kh\j_f_ggh_ k\Zjhqgh_ h[hjm^h\Zgb_

^ey jmqghc Zj]hgh^m]h\hc� ihemZ\lhfZlbq_kdhc k\Zjdb k

bg\_jlhjgufb bklhqgbdZfb iblZgby� h[eZ^Zxsbfb lZdbfb

ij_bfms_kl\Zfb i_j_^ ljZ^bpbhggufb bklhqgbdZfb ib�

lZgby� dZd fZeZy fZkkZ� rbjhdbc ^bZiZahg j_]mebjh\Zgby

iZjZf_ljh\ k\Zjdb� qj_a\uqZcgh fZeh_ wg_j]hihlj_[e_gb_

ijb j_adhf memqr_gbb dZq_kl\Z k\Zjdb�

;ueb ij_^klZ\e_gu we_dljhl_ogbq_kdb_ ZiiZjZlu� mk�

lZgh\db ^ey jmqghc ieZaf_gghc k\Zjdb� k ljZ^bpbhg�

gufb b bg\_jlhjgufb bklhqgbdZfb iblZgby� Ij_bfm�

s_kl\h bg\_jlhjguo bklhqgbdh\ aZdexqZ_lky \ j_adhf

jZkrbj_gbb \hafh`ghkl_c k\Zjdb�

Jy^ ijhba\h^bl_e_c ij_^klZ\beb gZ \uklZ\dm \ukhdhdZ�

q_kl\_ggu_ k\Zjhqgu_ we_dljh^u� ijh\hehdb ^ey k\Zjdb

jZaghh[jZaguo f_lZeeh\ b kieZ\h\� ;ue ij_^klZ\e_g

bgkljmf_gl ^ey k\Zjhqguo ijhba\h^kl\ ² ^_j`Zl_eb� k\Z�

jhqgu_ fZkdb� we_dljbq_kdb_ jmqgu_ fZrbgu ^ey

aZqbkldb k\Zjguo r\h\� h[hjm^h\Zgb_ ^ey l_jfhh[jZ�

[hldb k\Zjguo r\h\� Z lZd`_ i_qb ^ey kmrdb b ijh�

dZeb\Zgby k\Zjhqguo fZl_jbZeh\�

Ij_^eZ]Zeky [hevrhc \u[hj jZaghh[jZaguo mkljhckl\

^ey aZsblu jZ[hlgbdh\ k\Zjhqguo ijhba\h^kl\ hl k\Z�

jhqguo ^ufh\� h[jZamxsboky ijb k\Zjd_ b j_ad_� m^Z�

e_gby b hqbkldb hl gbo \ha^moZ� Z lZd`_ \kihfh]Zl_evgh_

k\Zjhqgh_ h[hjm^h\Zgb_� dZglh\Zl_eb� klheu k\Zjsbdh\�

Rbjhdh [ueZ ij_^klZ\e_gZ kh\j_f_ggZy jZ[hqZy ki_ph�

^_`^Z ^ey k\Zjsbdh\� dhklxfu� fZkdb� i_jqZldb�

jmdZ\bpu� h[m\v� Ih fg_gbx ihk_lbl_e_c� ohjhrbf [ue

\u[hj h[hjm^h\Zgby ^ey dhgljhey dZq_kl\Z k\Zjdb mev�

ljZa\mdh\uf� j_gl]_glh\kdbf b ^jm]bfb f_lh^Zfb�

J_amevlZlu i_jki_dlb\guo gZmqguo jZajZ[hlhd ij_^�

klZ\be jy^ ZdZ^_fbq_kdbo bgklblmlh\ b mgb\_jkbl_lh\²

ih j_amevlZlZf jZajZ[hlhd k\hbo k\Zjhqguo dZn_^j� <hk�

lj_[h\Zgghc [ueZ bgnhjfZpby ih ih^]hlh\d_ k\Zjhqguo

dZ^jh\ gZ k\Zjhqguo dZn_^jZo b ki_pbZebabjh\Zgguo

p_gljZo ih^]hlh\db�

< jZfdZo \uklZ\db _`_^g_\gh ijh\h^bebkv ^_nbe_�

ihdZau ijhn_kkbhgZevghc h^_`^u k\Zjsbdh\� e_]dhc k\Z�

jhqghc l_ogbdb� k\Zjhqguo Zdk_kkmZjh\ b fZl_jbZeh\� qlh

iha\heyeh ihklhyggh ih^^_j`b\Zlv Zlfhkn_jm ijZa^gbq�

ghklb b aj_ebsghklb� agZdhfblv ihk_lbl_e_c k

gh\bgdZfb� ij_^klZ\e_ggufb gZ \uklZ\d_�

< aZdexq_gb_ g_fgh]h klZlbklbdb� Ih ^Zgguf fZj�

d_lbg]h\hc kem`[u 09.� h[hjm^h\Zgb_f b l_o�

gheh]byfb ^ey we_dljh^m]h\hc k\Zjdb f_lZeeh\ bgl_�

j_kh\Zehkv ����� � ihk_lbl_e_c� <hklj_[h\Zgu gZ jugd_

h[hjm^h\Zgb_ b l_ogheh]bb ieZaf_gghc� eZa_jghc� ]Z�

ahieZaf_gghc k\Zjdb� Bgl_j_k d gbf ijhy\beb ����� �

������� ��



ihk_lbl_e_c� <ua\Zeb bgl_j_k b ^hklb`_gby \ h[eZklb

hj[blZevghc k\Zjdb� DZd ihdZaZeb hijhku� ����� �

ihk_lbl_e_c ijboh^yl ^ey bamq_gby gh\uo jZajZ[hlhd�

Gh\bgdb l_ogheh]bc ihy\eyxlky gZ dZ`^hc k\Zjhqghc

\uklZ\d_� ijhoh^ys_c \ D<P ©Khdhevgbdbª� Bo

ijh^\b`_gbx gZ jugd_ ihfh]Zxl g_ lhevdh kZfb

\uklZ\db� gh b ijhoh^ysb_ \ jZfdZo ^_eh\hc ijh]jZffu

k_fbgZju b dhgn_j_gpbb� dhlhjuf ihk_lbl_eb ijb^Zxl

[hevrh_ agZq_gb_� ����� � ihk_lbl_e_c bsml gZ \uklZ\�

d_ ^_eh\u_ dhglZdlu� H[s__ dhebq_kl\h ihk_lbl_e_c

khklZ\beh ���� q_e�

©:(/'(;�JHKK<:JD:ª kihkh[kl\m_l jZa\blbx k\Zjh�

qguo l_ogheh]bc b bo mki_rghfm ijh^\b`_gbx gZ jugd_�

Gh \uklZ\dZ kh^_ckl\h\ZeZ lZd`_ \hagbdgh\_gbx bgl_j_kZ

d nhjfbjh\Zgbx fh^gh]h klbey ijhn_kkbhgZevghc h^_`^u

k\Zjsbdh\ b ^Z`_� dZd ml\_j`^Zxl mqZklgbdb� k\Zjhqgh]h

h[hjm^h\Zgby� K_]h^gy m`_ \k_ ihgbfZxl� qlh djZkhlZ b

m^h[kl\h kdZau\Zxlky gZ j_amevlZlZo ljm^Z�DZq_kl\h k\Zjdb�

\ i_j\mx hq_j_^v� h[mkeh\e_gh dZq_kl\hf h[hjm^h\Zgby� Gh

[_a fZkl_jkl\Z k\ZjsbdZ wlh]h dZq_kl\Z g_ hp_gblv�IhgbfZy

wlh� hj]ZgbaZlhju \uklZ\db klZ\yl i_j_^ kh[hc p_ev² ih^�

gylv ij_klb` ijhn_kkbc� h[kem`b\Zxsbo k\Zjhqgh_ ijh�

ba\h^kl\h� Wlhfm kem`Zl klZ\rb_ ^h[jhc ljZ^bpb_c dhg�

dmjku ©Emqrbc k\Zjsbdª� ©Emqrbc bg`_g_j�k\Zjsbdª b

©Fbkk K\ZjdZ Jhkkbbª� Ijhreb hgb b \ wlhf ]h^m�

A\Zgb_ ©Fbkk K\ZjdZ Jhkkbbª ijbkm`^_gh Hev]_

:jgZmlh\hc� f_g_^`_jm�dhgkmevlZglm ih ijh^Z`_ k\Zjhq�

gh]h h[hjm^h\Zgby nbjfu ©G=K�dhfie_dlª� hnbpbZev�

gh]h ij_^klZ\bl_evkl\Z ^Zlkdhc dhfiZgbb ©F?=:LJH�

GBDª� ]� Dhjhez\�

Dhgdmjk ©Emqrbc k\Zjsbdª ijhoh^be \ lj_o ghfb�

gZpbyo� < ghfbgZpbb ©JmqgZy ^m]h\Zy k\ZjdZª i_j\uf

klZe GbdheZc FmjZlh\� k\Zjsbd A:H ©FHKNEHM�

E:CGª� ]� Fhkd\Z� < ghfbgZpbb ©IhemZ\lhfZlbq_kdZy

k\ZjdZ ieZ\ys_cky ijh\hehdhc \ aZsblguo ]ZaZoª

�0B=�0$=� ih[_^bl_e_f klZe >fbljbc Nbev� k\Zjsbd

ij_^ijbylby ©KNL_ogheh]bbª� ]� Fhkd\Z� < ghfbgZpbb

©:j]hgh^m]h\Zy k\ZjdZ g_ieZ\ysbfky we_dljh^hf \ kj_^_

bg_jlguo ]Zah\ª �7B=� i_j\h_ f_klh m K_j]_y NhfbgZ�

k\ZjsbdZ HD; Kmoh]h� ]� Fhkd\Z� Ih[_^bl_e_f dhgdmjkZ

©Emqrbc bg`_g_j�k\Zjsbd�����ª \ ghfbgZpbb ©Emqrbc

bg`_g_j�l_ogheh]ª klZe :� =� :klZnv_\� bg`_g_j Bjdmlk�

dh]h Z\bZpbhggh]h aZ\h^Z �nbebZeZ H:H GID ©BJDMLª�

]� Bjdmlkd� aZ jZ[hlu b bah[j_l_gby \ h[eZklb k\Zjdb ih]�

jm`_gghc ^m]hc�

M`_ ljZ^bpbhggh fgh]b_ ba\_klgu_ aZjm[_`gu_ ijh�

ba\h^bl_eb h[hjm^h\Zgby b fZl_jbZeh\ [ueb ij_^klZ\�

e_gu gZ \uklZ\d_ k\hbfb jhkkbckdbfb ^bkljb[vxlhjZfb

HHH ;Zdhm�>Zeeha �re_fu k\Zjsbdh\ lhj]h\hc fZjdb

2SWUHO b %HDXYUJHU�� HHH <_[_j dhf_oZgbdk �h[hjm^h�

\Zgbb_ dhfiZgbb ,GHDO�:HUN� &($� 9LWDUL�� A:H <we^bg]

Weehck �Z\lhfZlu� ihemZ\lhfZlu b ihjhrdh\u_ ijh\h�

ehdb :HOGLQJ $OOR\V�� HHH =Zakljhck_j\ba �ijh^mdpby

(6$% $%�� Ah^bZd �h[hjm^h\Zgb_ dhfiZgbb >_kZ�� G=K�

Dhfie_dl �h[hjm^h\Zgb_ 0(*$7521,&� b ^j�

MdjZbgZ gZ \uklZ\d_ [ueZ ij_^klZ\e_gZ aZ\h^hf Z\lh�

]_ggh]h h[hjm^h\Zgby >hgf_l ² djmig_crbf \ MdjZbg_

ij_^ijbylb_f ih ijh_dlbjh\Zgbx b ijhba\h^kl\m k_jlbnb�

pbjh\Zggh]h ]Zahdbkehjh^gh]h h[hjm^h\Zgby ^ey j_adb�

k\Zjdb b iZcdb f_lZeeh\� H:H Ahgl b L_ofZr ² ijhba�

\h^bl_eyfb h[hjm^h\Zgby ^ey ]Zahdbkehjh^ghc b ieZaf_g�

ghc j_adb� HHH GZ\dh�L_o �mklZgh\db b jh[hlhl_ogbq_kdb_

dhfie_dku ^ey ^m]h\hc k\Zjdb��H:HKbfn_jhihevkdbc fh�

lhjguc aZ\h^ �kh\j_f_ggu_ we_dljhk\Zjhqgu_� \ lhf qbke_

bg\_jlhjgu_ b qhii_jgu_ bklhqgbdb gZ [Za_ dhfihg_glh\

\_^msbo fbjh\uo ijhba\h^bl_e_c� ijh]jZffbjm_fu_ mgb�

\_jkZevgu_ ihemZ\lhfZlu� ij_h[jZah\Zl_eb gZijy`_gby�� Z

lZd`_ ijhn_kkbhgZevgufb `mjgZeZfb ©:\lhfZlbq_kdZy

k\ZjdZª b ©K\Zjsbdª�

< jZfdZo \uklZ\db __ mqZklgbdb bf_eb \hafh`ghklv k^_�

eZlv djZldb_ khh[s_gby h gh\uo h[jZapZo l_ogbdb b fZ�

l_jbZeh\� \b^Zo mkem]� ij_^eZ]Z_fuo gZ jugd_ k\Zjhqgh]h

ijhba\h^kl\Z� LZdb_ \uklmie_gby ijha\mqZeb \h \j_fy \u�

_a^ghc k_kkbb�kbfihabmfZ Fhkdh\kdhc f_`hljZke_\hc Zk�

khpbZpbb ]eZ\guo k\Zjsbdh\ �FF:=K� � hdly[jy�

K_kkby [ueZ ihk\ys_gZ l_f_ ©Gh\u_ l_ogheh]bb� bgk�

ljmf_glu� fZl_jbZeu� Gh\u_ j_r_gby \ l_ogheh]bq_kdhf

h[hjm^h\Zgbbª� GZ g_c \uklmibeb ^bj_dlhj A:H ©We_dl�

jbd�Fbdk� ]� K��I_l_j[mj] �mkem]b ih fh^_jgbaZpbb klZjh]h

l_ogheh]bq_kdh]h h[hjm^h\Zgby k mq_lhf \hafh`ghklb gh�

\hc we_f_glghc [Zau�� ij_^klZ\bl_ev H:H Ahgl� ]� H^_kkZ

�hkh[_gghklb ih^\h^ghc ieZaf_gghc j_adb�� ij_^klZ\bl_ev

HHH ©K\ZjdZª� ]� K��I_l_j[mj] �ijhba\h^kl\h lhdhih^\h�

^ysbo gZdhg_qgbdh\�� ij_^klZ\bl_evFBNB� ]�Fhkd\Z �jZa�

jZ[hldZ Zfhjnguo e_gl�ijbih_\�� ij_^klZ\bl_ev Njhgb�

mk�LP L_gZ� ]� Fhkd\Z �KFL ijhp_kk ^ey k\Zjdb lhgdhebk�

lh\uo kh_^bg_gbc� b ^j�

<� G� Ebih^Z_\� ^�j l_og� gZmd�

:� L� A_evgbq_gdh� dZg^� nba��fZl� gZmd

�� �������
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²ÆÎÊ¾ �²ÎÌËÆÑÏ�²¾ÈÃÉ� ÌÎÁ¾ËÆÅÌÀ¾Ë¾ À ¾ÀÁÑÏÐÃ ���� Á�� ÈÌÁÂ¾ ÍÃÎÃÏÃÈÉÆÏÚ ÍÑÐÆ ÀÏÃÊÆÎËÌ

ÆÅÀÃÏÐËÌÇ ¾ÀÏÐÎÆÇÏÈÌÇ ÒÆÎÊÙ �²ÎÌËÆÑÏ� Æ �ÎÌÀ¾ÎÏÈÌÁÌ �¨ÆÃÀÏÈ¾Ý Ì¿É�� Å¾ÀÌÂ¾ �²¾ÈÃÉ��

  ÍÃÎÀÙÃ ÁÌÂÙ ÏÌÀÊÃÏÐËÌÃ ÍÎÃÂÍÎÆÝÐÆÃ ÀÙÍÑÏÈ¾ÉÌ ÏÀ¾ÎÌÕËÌÃ Ì¿ÌÎÑÂÌÀ¾ËÆÃ À ÌÏËÌÀËÌÊ ÂÉÝ

¾ÀÏÐÎÆÇÏÈÆÓ Å¾È¾ÅÕÆÈÌÀ ÍÌ Â¾À¾ÉÚÕÃÏÈÌÇ ÏÓÃÊÃ�   ÏÃÎÃÂÆËÃ �����Ó ÁÁ� �²ÎÌËÆÑÏ�²¾ÈÃÉ� ÍÌÉÌ�

ÀÆËÑ ÀÏÃÇ ÍÎÌÂÑÈÔÆÆ ÌÐÍÎ¾ÀÉÝÉ ÁÉ¾ÀËÌÊÑ Å¾È¾ÅÕÆÈÑ� �� � ÍÎÌÂ¾À¾É À ÎÃÏÍÑ¿ÉÆÈ¾Ó ¿ÙÀÖÃÁÌ

¯¯¯®� ¾ �� � ÎÃ¾ÉÆÅÌÀÙÀ¾É ÑÄÃ À ±ÈÎ¾ÆËÃ�

¯ ���� Á� Ì¿ØÃÊÙ ÍÎÌÆÅÀÌÂÏÐÀ¾ Æ ÎÃ¾ÉÆÅ¾ÔÆÆ Ë¾ ÍÎÃÂÍÎÆÝÐÆÆ ÃÄÃÁÌÂËÌ Î¾ÏÐÑÐ À ÏÎÃÂËÃÊ

Ë¾ ��…�� �� ¦ÅÊÃËÆÉ¾ÏÚ Æ ÏÐÎÑÈÐÑÎ¾ ÍÎÌÂ¾ÄÆ ÍÎÌÆÅÀÃÂÃËËÌÁÌ� ��…�� � ÐÃÍÃÎÚ ÛÈÏÍÌÎÐÆ�

ÎÑÃÐÏÝ À ®ÌÏÏÆÜ� �ÃÉÌÎÑÏÏÆÜ Æ ¨¾Å¾ÓÏÐ¾Ë� ÂÌ � � ÎÃ¾ÉÆÅÑÃÐÏÝ À �ÀÏÐÎÆÆ �À ÌÏËÌÀËÌÊ ÛÐÌ

Å¾Í¾ÏËÙÃ Õ¾ÏÐÆ�� �ÌÉÚÖÃ ÀÏÃÁÌ ÐÌÀ¾Î¾ ÍÎÌÂ¾ÃÐÏÝ Ë¾ ÀËÑÐÎÃËËÃÊ ÎÙËÈÃ�

±ÈÎ¾ÆËÏÈÆÊ Å¾È¾ÅÕÆÈ¾Ê �²ÎÌËÆÑÏ�²¾ÈÃÉ� ÍÌÏÐ¾ÀÉÝÃÐ ÏÀÙÖÃ ��� ÃÂÆËÆÔ ÏÀ¾ÎÌÕËÌÁÌ Ì¿Ì�

ÎÑÂÌÀ¾ËÆÝ ÃÄÃÊÃÏÝÕËÌ� ¯ÎÃÂÆ ÃÁÌ ÏÐÎ¾ÐÃÁÆÕÃÏÈÆÓ Í¾ÎÐËÃÎÌÀ x �¢ËÃÍÎÀ¾ÁÌËÊ¾Ö� �Á� ¢ËÃÍ�

ÎÌÂÅÃÎÄÆËÏÈ�� ¨ÎÜÈÌÀÏÈÆÇ À¾ÁÌËÌÏÐÎÌÆÐÃÉÚËÙÇ Å¾ÀÌÂ� ³¾ÎÚÈÌÀÏÈÆÇ Å¾ÀÌÂ ÆÊ� ª¾ÉÙÖÃÀ¾�

¯ÑÊÏÈÌÃ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÃËËÌÃ Ì¿ØÃÂÆËÃËÆÃ ÆÊ� ²ÎÑËÅÃ� ��«°¨ ÆÊ� �Ë�

ÐÌËÌÀ¾�� ©ÚÀÌÀÏÈÆÇ ¾ÀÐÌ¿ÑÏËÙÇ Å¾ÀÌÂ� ª¾ÎÆÑÍÌÉÚÏÈÆÇ ��ÅÌÀÊ¾Ö�� ¢¾ÎËÆÔÈÆÇ ÓÆÊÅ¾ÀÌÂ� ÍÆ�

ÀÌÀ¾ÎÃËËÙÃ Æ ÊÌÉÌÕËÙÃ ÍÎÃÂÍÎÆÝÐÆÝ ±ÈÎ¾ÆËÙ�   ¦ËÏÐÆÐÑÐÃ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ¾ÐÌË¾

Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÒÆÎÊÙ ÆÏÍÌÉÚÅÑÃÐÏÝ ÂÉÝ ÍÎÌÀÃÂÃËÆÝ Ë¾ÑÕËÌ�ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÆÓ Î¾¿ÌÐ �ÆÊ

ÌÏË¾×ÃËÌ ÐÎÆ É¾¿ÌÎ¾ÐÌÎÆÆ��

  ÊÌÂÃÉÝÓ� ÈÌÐÌÎÙÃ ÀÙÍÑÏÈ¾ÃÐ ÏÌÀÊÃÏÐËÌÃ ÍÎÃÂÍÎÆÝÐÆÃ� ÖÆÎÌÈÌ ÆÏÍÌÉÚÅÑÜÐÏÝ ÈÌËÐÎÌÉÆ�

ÎÑÜ×ÆÃ Æ ÀÙÕÆÏÉÆÐÃÉÚËÙÃ ÛÉÃÈÐÎÌËËÙÃ ÍÎÆ¿ÌÎÙ� «¾ �²ÎÌËÆÑÏ�²¾ÈÃÉÃ� Ë¾É¾ÄÃË¾ ÏÆÏÐÃÊ¾

³ÇÏË¿ �³ÏÍÌÇÒÐ� ÍÐÌÍÁ¿Ì¿ Á ���� Â� ¢ÝÌÑÄÏÍË ³ÏÍÌÇÒÐÍË� ®ÄÏÁ¿Þ ÎÏÍÃÒÉÕÇÞ ÓÇÏËÚ ÁÚÎÒÐ�

É¿Ê¿ÐÛ Á Â¿Ï¿ÅÄ� ¢ÍÊÍÁÌÍÈ ÍÓÇÐ ÓÇÏËÚ Ð ÎÏÍÇÆÁÍÃÐÑÁÄÌÌÍÈ À¿ÆÍÈ Ï¿ÐÎÍÊÍÅÄÌ Á Â� ¡ÄÊÐ� �Á�
ÐÑÏÇÞ� ©ÏÍËÄ ²ÉÏ¿ÇÌÚ� ÇÌÑÄÂÏÇÏÍÁ¿ÌÌÚÄ ÎÏÄÃÎÏÇÞÑÇÞ ÓÇÏËÚ Ï¿ÐÎÍÊÍÅÄÌÚ Ñ¿ÉÅÄ Á  Ï¿ÆÇÊÇÇ�

³Ï¿ÌÕÇÇ� ¢ÄÏË¿ÌÇÇ� ¬ÍÏÁÄÂÇÇ� ·ÁÄÈÕ¿ÏÇÇ� °ÊÍÁ¿ÉÇÇ� ¶ÄÔÇÇ Ç °·��

°ÓÄÏ¿ ÃÄÞÑÄÊÛÌÍÐÑÇ ÓÇÏËÚ �³ÏÍÌÇÒÐ�� ÉÏÍËÄ ÐÁ¿ÏÉÇ� ÁÉÊÝÖ¿ÝÑ Ñ¿ÉÅÄ ÎÏÍÇÆÁÍÃÐÑÁÍ Æ¿ÏÞÃÌÚÔ
ÐÇÐÑÄË Ç ÐÍÊÌÄÖÌÍÈ ÜÊÄÉÑÏÍÌÇÉÇ�

®Í Ã¿ÌÌÚË Æ¿ ���� Â� ÍÀØÄÄ ÖÇÐÊÍ ÐÍÑÏÒÃÌÇÉÍÁ ���� ÖÄÊ�� ÐÏÄÃÌÇÈ ÁÍÆÏ¿ÐÑ �� ÂÍÃ¿� ÃÍÔÍÃÚ
ÉÍËÎ¿ÌÇÇ ÀÍÊÄÄ ��� ËÊÌ ÄÁÏÍ� Æ¿ÑÏ¿ÑÚ Ì¿ ¬§©¯ �� �� ÒÃÄÊÛÌÚÈ ÁÄÐ ÜÉÐÎÍÏÑ¿ ���� �� ¿ÉÑÇÁÌÚÔ

Î¿ÑÄÌÑÍÁ ����

¡ ÐÍÁÄÑÐÉÍÄ ÁÏÄËÞ Æ¿ÁÍÃ �³¿ÉÄÊ� ÐÎÄÕÇ¿ÊÇÆÇÏÍÁ¿ÊÐÞ Ì¿ ÁÚÎÒÐÉÄ ÍÀÍÏÒÃÍÁ¿ÌÇÞ ÎÍ ÁÍÐÐÑ¿ÌÍÁ�
ÊÄÌÇÝ ÇÆÌÍ×ÄÌÌÚÔ ÃÄÑ¿ÊÄÈ Ë¿×ÇÌ� Ì¿ÌÄÐÄÌÇÝ Æ¿ØÇÑÌÚÔ Ç ¿ÌÑÇÉÍÏÏÍÆÇÍÌÌÍÐÑÍÈÉÇÔ ÎÍÉÏÚ�

ÑÇÈ� ¿ Ñ¿ÉÅÄ Á ÍÀÊ¿ÐÑÇ ÐÁ¿ÏÉÇ� ÏÄÆÉÇ Ç Î¿ÈÉÇ�

������� ��



ÑÍÎ¾ÀÉÃËÆÝ È¾ÕÃÏÐÀÌÊ ÍÎÌÂÑÈÔÆÆ� Á¾Î¾ËÐÆÇËÙÇ

Æ ÍÌÏÉÃÁ¾Î¾ËÐÆÇËÙÇ ÏÃÎÀÆÏ�  ÏÃ ÛÐÌ Å¾¿É¾ÁÌÀ�

ÎÃÊÃËËÌ ÌÐÎ¾¿¾ÐÙÀ¾ÉÌÏÚ Æ ÀËÃÂÎÝÉÌÏÚ ÏÍÃÔÆ�

¾ÉÆÏÐ¾ÊÆ ¾ÀÏÐÎÆÇÏÈÌÇ ÒÆÎÊÙ �²ÎÌËÆÑÏ��

�²ÎÌËÆÑÏ�²¾ÈÃÉ� Î¾ÏÍÎÌÏÐÎ¾ËÝÃÐ Æ ÍÌÊÌ�

Á¾ÃÐ ÀËÃÂÎÝÐÚ ÍÃÎÃÂÌÀÙÃ ÍÎÌÆÅÀÌÂÏÐÀÃËËÙÃ

ÐÃÓËÌÉÌÁÆÆ �²ÎÌËÆÑÏ¾� Ë¾ ÂÎÑÁÆÓ ÍÎÃÂÍÎÆÝÐÆ�

ÝÓ ±ÈÎ¾ÆËÙ�

�²ÎÌËÆÑÏ�²¾ÈÃÉ� ÌÐÈÎÙÉ ÏÀÌÆ ÍÎÃÂÏÐ¾ÀÆ�

ÐÃÉÚÏÐÀ¾ À¢ËÃÍÎÌÍÃÐÎÌÀÏÈÃ� ¥¾ÍÌÎÌÄÚÃ� ©ÚÀÌ�

ÀÃ� ¯ÑÊ¾Ó� ¬ÂÃÏÏÃ� «¾¿ÉÜÂ¾ÃÐÏÝ Â¾ÉÚËÃÇÖÆÇ

ÎÌÏÐ Ì¿ØÃÊÌÀ ÍÎÌÆÅÀÌÂÏÐÀ¾ Æ ÎÃ¾ÉÆÅ¾ÔÆÆ ÍÎÌ�

ÂÑÈÔÆÆ Æ ÏÌÌÐÀÃÐÏÐÀÃËËÌ ÍÎÆ¿ÙÉÆ Ë¾ �²ÎÌËÆ�

ÑÏ�²¾ÈÃÉÃ��  ÊÃÏÐÃ Ï ÐÃÊ� ÑÏÐ¾ÎÃÀÖÃÃ ÍÎÌÆÅ�

ÀÌÂÏÐÀÃËËÌÃ Ì¿ÌÎÑÂÌÀ¾ËÆÃ Ë¾ ÍÎÃÂÍÎÆÝÐÆÆ�

ÈÌÐÌÎÌÊÑ ÑÄÃ ��…�� ÉÃÐ� ËÃ ÊÌÄÃÐ Á¾Î¾ËÐÆÎÌ�

À¾ÐÚ ÏÌÓÎ¾ËÃËÆÝ ÏÐ¾¿ÆÉÚËÌÇ ÏÃ¿ÃÏÐÌÆÊÌÏÐÆ Æ

ÎÃËÐ¾¿ÃÉÚËÌÏÐÆ ÍÎÌÆÅÀÌÂÏÐÀ¾ ËÌÀÙÓ ¾ÍÍ¾Î¾ÐÌÀ� Ë¾ÂÉÃÄ¾×ÃÁÌ ÑÎÌÀËÝ ÆÓ È¾ÕÃÏÐÀ¾� ÌÛÐÌÊÑ

Æ ¿ÙÉÌ ÎÃÖÃËÌ ÏÌÀÊÃÏÐËÌ Ï ÒÆÎÊÌÇ �²ÎÌËÆÑÏ� Î¾ÅÎ¾¿ÌÐ¾ÐÚ ÍÎÌÃÈÐ ÈÌÎÃËËÌÇ ÐÃÓËÆÕÃÏÈÌÇ

ÍÃÎÃÏÐÎÌÇÈÆ ÍÎÌÆÅÀÌÂÏÐÀ¾ Ë¾ ¿ÎÌÀ¾ÎÏÈÌÊ ÍÎÃÂÍÎÆÝÐÆÆ� £ÁÌ ÆÏÍÌÉËÃËÆÃ Ï ÑÕ¾ÏÐÆÃÊ ÀÏÃÓ

Å¾ÆËÐÃÎÃÏÌÀ¾ËËÙÓ ÏÐÌÎÌË Ë¾ÕËÃÐÏÝ À ���� Á�

¯ÉÃÂÑÃÐ ÍÌÉËÌÏÐÚÜ Å¾ÊÃËÆÐÚ Ì¿ÌÎÑÂÌÀ¾ËÆÃ

Ë¾ ÑÕ¾ÏÐÈÃ Ë¾ÀÃÂÃËÆÝ ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎÌÀ� Ë¾

ÑÕ¾ÏÐÈÃ ÆÅÁÆ¿¾ ÊÃÐ¾ÉÉÆÕÃÏÈÌÁÌ ÉÆÏÐ¾ ÂÉÝ ÐÎ¾Ë�

ÏÒÌÎÊ¾ÐÌÎËÙÓ ÈÌÎÍÑÏÌÀ ÏÉÃÂÑÃÐ ÑÏÐ¾ËÌÀÆÐÚ

Ê¾ÖÆËÙ Ï µ±�   ÍÎÌÃÈÐÃ ÑÕÆÐÙÀ¾ÜÐÏÝ ÍÃÎÏÍÃÈ�

ÐÆÀÙ Î¾ÅÀÆÐÆÝ Ê¾ÖÆËÌÏÐÎÌÃËÆÝ ±ÈÎ¾ÆËÙ� ¾

ÆÊÃËËÌ Î¾ÏÐÑ×ÆÇ ÀËÑÐÎÃËËÆÇ ÏÍÎÌÏ Ë¾ ÏÀ¾ÎÌÕ�

ËÌÃ Ì¿ÌÎÑÂÌÀ¾ËÆÃ�

  ÛÐÌÊ ÁÌÂÑ ÍÉ¾ËÆÎÑÃÐÏÝ Å¾ÀÃÎÖÆÐÚ ÎÃÈÌËÏ�

ÐÎÑÈÔÆÜ ÍÌÊÃ×ÃËÆÝ ÍÌÂ ÐÃÓËÆÕÃÏÈÆÇ ÔÃËÐÎ

ÍÌÂÁÌÐÌÀÈÆ ÏÀ¾Î×ÆÈÌÀ ÆÅ ±ÈÎ¾ÆËÙ� ®ÌÏÏÆÆÆ�Ã�

ÉÌÎÑÏÏÆÆ� ÈÌÐÌÎÙÃ ¿ÑÂÑÐ Î¾¿ÌÐ¾ÐÚ Ë¾ Ì¿ÌÎÑÂÌ�

À¾ËÆÆ �²ÎÌËÆÑÏ¾�� �ÀÏÐÎÆÇÏÈ¾Ý ÒÆÎÊ¾ ÁÌÐÌÀ¾

ÆËÀÃÏÐÆÎÌÀ¾ÐÚ ÛÐÌÐ ÍÎÌÃÈÐ ÍÎÆ ÑÏÉÌÀÆÆ ÍÎÆÌ¿�

ÎÃÐÃËÆÝ �²ÎÌËÆÑÏÌÊ� ÅÃÊÃÉÚËÌÁÌ ÑÕ¾ÏÐÈ¾� Ë¾

ÈÌÐÌÎÌÊ Î¾ÏÍÌÉÌÄÃËÌ ÍÎÃÂÍÎÆÝÐÆÃ� À ÏÌ¿ÏÐÀÃËËÌÏÐÚ�

¬¿ÌÎÑÂÌÀ¾ËÆÃ� ÈÌÐÌÎÌÃ ÍÎÌÆÅÀÌÂÆÐ �²ÎÌËÆÑÏ�²¾ÈÃÉ�� ÂÃÇÏÐÀÆÐÃÉÚËÌ ÐÎÃ¿ÑÃÐ ÌÐ ÐÃÓ� ÈÐÌ

Ë¾ ËÃÊ ¿ÑÂÃÐ Î¾¿ÌÐ¾ÐÚ� ÀÙÏÌÈÌÁÌ ÑÎÌÀËÝ ÍÌÂÁÌÐÌÀÈÆ�   ÛÐÌÊ Ñ¿ÃÄÂ¾ÃÖÚÏÝ� ÈÌÁÂ¾ ÀÆÂÆÖÚ Ë¾

ÂÃÊÌËÏÐÎ¾ÔÆÌËËÌÊ ÏÐÃËÂÃ Î¾¿ÌÕÆÃ Ì¿Î¾ÅÔÙ ÆËÀÃÎÐÌÎËÙÓ ÍÌÉÑ¾ÀÐÌÊ¾ÐÌÀ °Î¾ËÏÍÑÉÚÏÏÆËÃÎ�

ÄÆÈ����� Æ ���� Æ ÂÎÑÁÑÜ ÏÌÀÎÃÊÃËËÑÜ ÐÃÓËÆÈÑ�

  ÍÎÌÖÉÌÊ ÁÌÂÑ Ì¿ØÃÊ ÎÃ¾ÉÆÅ¾ÔÆÆ ÍÎÌÂÑÈÔÆÆ Æ ÀÙÍÌÉËÃËÆÃ Å¾È¾ÅÌÀ �²ÎÌËÆÑÏ�²¾ÈÃÉ�

ÂÌÏÐÆÁ ¿ÌÉÃÃ �� ÊÉË ÁÎË�

  Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ Î¾ÏÏÊ¾ÐÎÆÀ¾ÃÐÏÝ Æ ÍÃÎÏÍÃÈÐÆÀËÙÇ ÀÌÍÎÌÏ ÈÌÌÎÂÆË¾ÔÆÆ ÍÎÌÆÅÀÌÂÏ�

ÐÀÃËËÙÓ ÑÏÆÉÆÇ ÍÎÃÂÍÎÆÝÐÆÇ À ÏÌÏÐ¾ÀÃ �²ÎÌËÆÑÏ� �ÐÎÃÓ Å¾ÀÌÂÌÀ À �ÀÏÐÎÆÆ� ¾ Ð¾ÈÄÃ ÍÎÃÂÍ�

ÎÆÝÐÆÇ À µÃÓÆÆ Æ ±ÈÎ¾ÆËÃ�� ÎÌÁÎ¾ÊÊ¾ ÍÎÃÂÑÏÊ¾ÐÎÆÀ¾ÃÐ ÍÎÃÄÂÃ ÀÏÃÁÌ ËÃÂÌÍÑ×ÃËÆÝ ÂÑ¿ÉÆ�

ÎÌÀ¾ËÆÝ ÀÙÍÑÏÈ¾ ÌÂÆË¾ÈÌÀÌÇ ÍÎÌÂÑÈÔÆÆ�

¬ÍÎÃÂÃÉÃËËÙÇ ÌÍÙÐ À ÛÐÌÊ ÏÊÙÏÉÃ ÑÄÃ ÆÊÃÃÐÏÝ� �²ÎÌËÆÑÏ�²¾ÈÃÉ� ÍÌÈÑÍ¾ÃÐ ËÃÊ¾ÉÌ ÈÌÊ�

ÍÉÃÈÐÑÜ×ÆÓ Ë¾ ÍÎÃÂÍÎÆÝÐÆÝÓ µÃÓÆÆ� ¦Ð¾ÉÆÆ� ¡ÃÎÊ¾ËÆÆ� ÍÌÛÐÌÊÑ ¿É¾ÁÌÂ¾ÎÝ Å¾ÎÑ¿ÃÄËÙÊ ÍÌÏ�

Ð¾ÀÈ¾Ê ÆÊÃÃÐ ÀÌÅÊÌÄËÌÏÐÚ ÓÌÎÌÖÌ ÌÎÆÃËÐÆÎÌÀ¾ÐÚÏÝ À Ì¿É¾ÏÐÆ ÔÃËÌÌ¿Î¾ÅÌÀ¾ËÆÝ�

  ÍÌÏÉÃÂËÆÃ ÂÃÏÝÐÆÉÃÐÆÝ ±ÈÎ¾ÆË¾ ÑÀÃÎÃËËÌ ÂÃÊÌËÏÐÎÆÎÑÃÐ ÑÏÍÃÓÆ À Ì¿É¾ÏÐÆ ÏÀ¾ÎÌÕËÌÁÌ

ÍÎÌÆÅÀÌÂÏÐÀ¾� ¦ ÛÐÑ ÏÉ¾ÀÑ Ë¾ÔÆÌË¾ÉÚËÌÁÌ ÉÆÂÃÎÏÐÀ¾ ÍÎÆÑÊËÌÄ¾ÃÐ À ÈÎ¾ÏÌÕËÌÊ ÏÃÉÃ ¨ËÝÄÆÕÆ

ÍÌÂ �ÎÌÀ¾Î¾ÊÆx ÒÆÎÊ¾ �²ÎÌËÆÑÏ�²¾ÈÃÉ�� ÍÎÌÆÅÀÌÂÆÐÃÉÚ Ï¾ÊÌÁÌ ÏÌÀÎÃÊÃËËÌÁÌ ÏÀ¾ÎÌÕËÌÁÌ

Ì¿ÌÎÑÂÌÀ¾ËÆÝ�

<� E� ;hg^Zj_gdh�

_\jhi_ckdbc bg`_g_j�k\Zjsbd

�� �������
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Scok
enkl[ H[cg`hi][hc` jki^k[ggv Jki_ifac-

m`fwhilmw Lkiec jki]`_`hcz 

 

���$�� '�����"����(�"��������������-��)�����"�)��������"�� 
�k Zll_klZpb_c gZ ijZ\h l_ogbq_kdh]h jmdh\h^kl\Z jZ[hlZfb ijb ba]hlh\e_gbb hl\_lkl\_gguo k\Zjguo dhgkljmdpbc 

\ l�q� ih^\_^hfkl\_gguo ]hkm^Zjkl\_gguf gZ^ahjguf hj]ZgZf� 

101 ih^]hlh\dZ b Zll_klZpby � g_^_eb ���� q� 

102 

L_ogbq_kdh_ jmdh\h^kl\h k\Zjhqgufb jZ[hlZfb gZ h[t_d�

lZo� aZ dhlhjufb hkms_kl\ey_lky ]hkm^Zjkl\_gguc gZ^ahj

�jmdh\h^bl_eb k\Zjhqguo jZ[hl�� i_j_Zll_klZpby �� q 
n_\jZev� hdly[jv 

103 ih^]hlh\dZ b Zll_klZpby � g_^_eb ��� q� fZjl� fZc� bxgv� hdly[jv 

104 

Jmdh\h^kl\h k\Zjhqgh-fhglZ`gufb jZ[hlZfb ijb kljhb�

l_evkl\_ b j_fhgl_ ]Zahijh\h^h\ ba ihebf_jguo fZl_jbZ�

eh\: i_j_Zll_klZpby � g_^_ey ��� q� n_\jZev� fZc 

105 Ih^]hlh\dZ b Zll_klZpby ij_^k_^Zl_e_c dhfbkkbc ih Zll_klZpbb k\Zjsbdh\ - wdki_jlh\ MdjZbgkdh]h
Zll_klZpbhggh]h dhfbl_lZ k\Zjsbdh\ �M:DK� � g_^_eb ���� q� k_gly[jv 

106 ki_pbZebklh\ l_ogheh]bq_kdbo kem`[� hl\_qZxsbo aZ hj]ZgbaZpbx

Zll_klZpbb k\Zjsbdh\  
� g_^_eb ��� q� bxgv� ^_dZ[jv 

107 
ki_pbZebklh\ kem`[ l_ogbq_kdh]h dhgljhey� hl\_qZxsbo aZ dhgljhev

k\Zjguo kh_^bg_gbc �\dexqZy ki_pbZevgmx ih^]hlh\dm d Zll_klZpbb

ih \bamZevgh-hilbq_kdhfm f_lh^m dhgljhey� 
� g_^_eb ��� q� n_\jZev� Zij_ev� bxgv�

bxev� k_gly[jv� ^_dZ[jv 

108 

Ih^]hlh\dZ qe_gh\ dhfbkkbb

ih Zll_klZpbb k\Zjsbdh\� 

ki_pbZebklh\ kem`[ hojZgu ljm^Z ij_^ijbylbc  � g_^_eb ��� q� bxev 

109 � ]h^Z �� q 

110 � e_l �� q 

111 

Ih^l\_j`^_gb_ iheghfhqbc� jZkrbj_gb_ ^himkdh\ ij_^�

k_^Zl_e_c dhfbkkbc - wdki_jlh\ M:DK kh klZ`_f� 
� e_l �� q 

ih kh]eZkh\Zgbx k M:DK 

114 � ]h^Z �� q fZc� hdly[jv 

115 � e_l �� q Zij_ev� bxgv� k_gly[jv 

116 

ki_pbZebklh\ l_ogheh]bq_�

kdbo kem`[ ih k\Zjd_ kh

klZ`_f� 
� e_l �� q fZc� hdly[jv 

117 ki_pbZebklh\ ih l_ogbq_kdhfm dhgljhex �� q Zij_ev� bxgv� ghy[jv 

118 

Ih^l\_j`^_gb_ iheghfhqbc�

jZkrbj_gb_ ^himkdh\ qe_gh\

dhfbkkbb ih Zll_klZpbb

k\Zjsbdh\� 

ki_pbZebklh\ ih hojZg_ ljm^Z �� q yg\Zjv� Zij_ev� fZc�

ghy[jv 

119 L_ogheh]by b hj]ZgbaZpby ijhba\h^kl\Z k\Zjhqguo we_dljh^h\ � g_^_eb ���� q� bxgv 

120 
Ijhn_kkbhgZevgZy ih^]hlh\dZ b Zll_klZpby ki_pbZebklh\ ih f_lZeeh]jZnbq_kdbf bkke_^h\Zgbyf

�bkke_^h\Zgb_ fZdjh- b fbdjhkljmdlmj� baf_j_gb_ l\_j^hklb� \uy\e_gb_ f_`djbklZeeblghc dhjjhabb
b hij_^_e_gb_ n_jjblghc nZau� 

� g_^_eb ��� q� n_\jZev� hdly[jv 

121 F_`^mgZjh^guc bg`_g_j ih k\Zjd_  �� b ��� q1 

123 F_`^mgZjh^guc l_ogheh] ih k\Zjd_ �� b ��� q1 

125 F_`^mgZjh^guc ki_pbZebkl ih k\Zjd_ �� b ��� q1 

fZjl� hdly[jv 

127 F_`^mgZjh^guc ijZdlbd ih k\Zjd_ �� b ��� q1 

133 

I_j_ih^]hlh\dZ ki_pbZebklh\ k\Zjhqgh]h ijhba\h^kl\Z ih

ijh]jZffZf F_`^mgZjh^gh]h bgklblmlZ k\Zjdb �k \u^Zq_c
f_`^mgZjh^gh]h ^biehfZ�� 

F_`^mgZjh^guc bgki_dlhj ih k\Zjd_ hl �� ^h ��� q1 
fZjl� ^_dZ[jv 

136 Ih^]hlh\dZ f_g_^`_jh\ ih mijZ\e_gbx dZq_kl\hf \ k\Zjhqghf ijhba\h^kl\_ �k \u^Zq_c _\jhi_c�

kdh]h k_jlbnbdZlZ� 
� g_^_eb ��� q� fZjl� ^_dZ[jv 

137 Hj]ZgbaZpby g_jZajmrZxs_]h dhgljhey gZ ij_^ijbylbyo `_e_agh^hjh`gh]h ljZgkihjlZ � g_^_eb ��� q� yg\Zjv� fZc� ^_dZ[jv 

138 L_ogbq_kdh_ jmdh\h^kl\h k\Zjhqgufb jZ[hlZfb ijb j_fhgl_ ^_ckl\mxsbo ljm[hijh\h^h\ �ih^
^Z\e_gb_f� � g_^_eb ��� q� ih kh]eZkh\Zgbx 

k aZdZaqbdhf 

139 ih\ur_gb_ d\ZebnbdZpbb b Zll_klZpby � g_^_eb ��� q� fZjl 

140 

Nbabdh-f_oZgbq_kdb_ bkiulZgby fZl_jbZeh\ b k\Zjguo
kh_^bg_gbc� i_j_Zll_klZpby �� q hdly[jv 

141 Zll_klZpby � g_^_eb ��� q� 

142 

Wfbkkbhgguc ki_dljZevguc ZgZeba �klbehkdhibjh\Zgb_�
f_lZeeh\ b kieZ\h\� i_j_Zll_klZpby �� q 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

M`g[mcr`lec` l`gch[kv �\hafh`gh ijh\_^_gb_ m aZdZaqbdZ� 

144 F_`^mgZjh^gu_ b gZpbhgZevgu_ klZg^Zjlu \ h[eZklb k\Zjhqgh]h ijhba\h^kl\Z b bo hl_q_kl\_ggu_

ZgZeh]b 
� ^gy 

145 Kh\j_f_ggh_ k\Zjhqgh_ h[hjm^h\Zgb_ gZ jugd_ MdjZbgu � ^gy 

146 Gh\u_ l_ogheh]bb ijhn_kkbhgZevghc ih^]hlh\db k\Zjsbdh\ b ^_n_dlhkdhibklh\ � ^_gv 

\ l_q_gb_ ]h^Z 
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201 Ih^]hlh\dZ� ih\ur_gb_ d\ZebnbdZpbb bgkljmdlhjh\ ih k\Zjd_ b jh^kl\_gguf l_ogheh]byf  � g_^_ev ���� q� 

202 Ih\ur_gb_ d\ZebnbdZpbb ij_ih^Z\Zl_e_c ki_pbZevguo ^bkpbiebg ih k\Zjd_ b jh^kl\_gguf l_o�

gheh]byf � g_^_eb ���� q� 
fZc� ghy[jv 
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 �k ijbk\h_gb_f d\ZebnbdZpbb \ khhl\_lkl\bb k gZpbhgZevgufb b f_`^mgZjh^gufb lj_[h\Zgbyfb� 

 Ji_^imi]e[ l][ktcei]�   

301 jmqghc ^m]h\hc k\Zjdb ihdjulufb we_dljh^Zfb � g_^_ev ���� q� 

302 jmqghc ^m]h\hc k\Zjdb g_ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ bg_jlguo ]ZaZo �LB=� � g_^_ev ���� q� 

303 ]Zah\hc k\Zjdb � g_^_eb ���� q� 

304 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ aZsblguo ]ZaZo

�FB=�F:=� 
� g_^_eb ���� q� 

bg^b\b^mZevgh_ h[mq_gb_

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

305 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ihjhrdh\hc ijh\hehdhc � g_^_eb ���� q� fZjl� k_gly[jv 

306 Z\lhfZlbq_kdhc ^m]h\hc k\Zjdb ih^ nexkhf � g_^_eb ���� q� Zij_ev� hdly[jv 

307 we_dljhreZdh\hc k\Zjdb � g_^_eb ���� q� fZc� ghy[jv 

308 dhglZdlghc �ij_kkh\hc� k\Zjdb �j_evkh\� ijhfukeh\uo b fZ]bkljZevguo g_nl_- b ]Zahijh\h^h\� � g_^_eb ���� q� bxgv� ^_dZ[jv 

309 ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� � g_^_ev ���� q� yg\Zjv� Zij_ev� bxgv�
bxev� k_gly[jv� ghy[jv 

310 ih ijh]jZffZf F_`^mgZjh^gh]h bgklblmlZ k\Zjdb k ijbk\h_gb_f d\ZebnbdZpbb F_`^mgZjh^guc
k\Zjsbd 

5 – �� g_^_ev1 ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

311 Ki_pbZevgZy ih^]hlh\dZ ih l_ogheh]bb b h[hjm^h\Zgbx dhglZdlghc k\Zjdb ZjfZlmju � g_^_eb ��� q� 

 Ji]vs`hc` e][fcoce[qcc l][ktcei]�  

312 jmqghc ^m]h\hc k\Zjdb ihdjulufb we_dljh^Zfb � g_^_eb ��� q� 

313 jmqghc ^m]h\hc k\Zjdb g_ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ bg_jlguo ]ZaZo �LB=� � g_^_eb ��� q� 

314 ]Zah\hc k\Zjdb � g_^_eb ��� q� 

315 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ aZsblguo ]ZaZo

�FB=�F:=� � g_^_eb ��� q� 

316 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ihjhrdh\hc ijh\hehdhc � g_^_eb ��� q) 

317 Z\lhfZlbq_kdhc ^m]h\hc k\Zjdb ih^ nexkhf � g_^_eb ��� q� 

318 we_dljhreZdh\hc k\Zjdb � g_^_eb ��� q� 

319 dhglZdlghc �ij_kkh\hc� k\Zjdb �j_evkh\� ijhfukeh\uo b fZ]bkljZevguo g_nl_- b ]Zahijh\h^h\� � g_^_ey ��� q� 

320 ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� � g_^_eb ��� q� 

321 Ih\ur_gb_ d\ZebnbdZpbb ]Zahk\Zjsbdh\ �]Zah\Zy iZcdZ p\_lguo f_lZeeh\� �� q 

 J`k`ji_^imi]e[ l][ktcei]�  

323 jmqghc ^m]h\hc k\Zjdb ihdjulufb we_dljh^Zfb 2 - � g_^_eb 

324 jmqghc ^m]h\hc k\Zjdb g_ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ bg_jlguo ]ZaZo �LB=� 2 - � g_^_eb 

325 ]Zah\hc k\Zjdb � g_^_eb 

326 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ aZsblguo ]ZaZo

�FB=�F:=� 
1 - � g_^_eb 

327 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ihjhrdh\hc ijh\hehdhc 1 - � g_^_eb 

328 Z\lhfZlbq_kdhc ^m]h\hc k\Zjdb ih^ nexkhf 1 - � g_^_eb 

329 we_dljhreZdh\hc k\Zjdb 1 - � g_^_eb 

330 ih ijh]jZffZf F_`^mgZjh^gh]h bgklblmlZ k\Zjdb k ijbk\h_gb_f d\ZebnbdZpbb F_`^mgZjh^guc
k\Zjsbd 5 – � g_^_ev1 

bg^b\b^mZevgh_ h[mq_�

gb_ ih kh]eZkh\Zgbx k

aZdZaqbdhf 

 Ji_^imi]e[� j`k`ji_^imi]e[ c ji]vs`hc` e][fcoce[qcc _`o`emileijclmi] 

334 mevljZa\mdh\h]h dhgljhey ��� q 

335 j_gl]_gh\kdh]h b ]ZffZ dhgljhey ��� q 
n_\jZev� hdly[jv 

336 fZ]gblgh]h dhgljhey ��� q 

337 

Ih^]hlh\dZ ^_n_dlhkdhibklh\� 

]Zah\h]h b `b^dhklgh]h dhgljhey ��� q 
Zij_ev� ghy[jv 

338 mevljZa\mdh\h]h dhgljhey ��� q 

339 j_gl]_gh\kdh]h b ]ZffZ dhgljhey ��� q 
n_\jZev� bxgv� hdly[jv 

340 fZ]gblgh]h dhgljhey ��� q 

341 

I_j_ih^]hlh\dZ ^_n_dlhkdhib�

klh\� 

]Zah\h]h b `b^dhklgh]h dhgljhey ��� q 
Zij_ev� ghy[jv 
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342 mevljZa\mdh\h]h dhgljhey hl ��� ^h ��� q4 

343 j_gl]_gh\kdh]h b ]ZffZ dhgljhey hl ��� ^h ��� q4 
n_\jZev� bxgv� hdly[jv 

344 fZ]gblgh]h dhgljhey hl ��� ^h ��� q4 

345 

Ih\ur_gb_ d\ZebnbdZpbb

^_n_dlhkdhibklh\� 

]Zah\h]h b `b^dhklgh]h dhgljhey hl �� ^h ��� q4 
Zij_ev� ghy[jv 

347 P_e_\Zy ih^]hlh\dZ ^_n_dlhkdhibklh\ mevljZa\mdh\h]h dhgljhey dhe_kguo iZj \Z]hgh\ hl �� ^h ��� q4 
ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

346 Ih^]hlh\dZ dhgljhe_jh\ k\Zjhqguo jZ[hl hl �� ^h ��� q4 n_\jZev� k_gly[jv 

 ?kn^c` jkio`llcc   

351 ]Zah\hc j_adb � g_^_eb ���� q� bxev� ghy[jv 

352 
Ih^]hlh\dZ ]Zahj_aqbdh\� 

jmqghc b f_oZgbabjh\Zgghc \ha^mrgh-ieZaf_gghc j_adb � g_^_eb ���� q� yg\Zjv� bxev 

353 Ih^]hlh\dZ f_lZeebaZlhjh\ ih gZg_k_gbx mijhqgyxsbo b aZsblguo ihdjulbc gZ f_lZeeu � g_^_ev ���� q� fZjl 

354 Ki_pbZevgZy ih^]hlh\dZ ih ih\_joghklghc aZdZed_ dhe_kguo iZj gZ mklZgh\dZo \ukhdhl_fi_jZlmj�

ghc aZdZedb �ih\ur_gb_ d\ZebnbdZpbb l_jfbklh\� � g_^_eb ���� q� ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

 

��������������	�
���������
�������	
���������� 
�\ khhl\_lkl\bb k gZpbhgZevgufb b f_`^mgZjh^gufb ghjfZfb b klZg^ZjlZfb� 

 

401 Ki_pbZevgZy ih^]hlh\dZ b Zll_klZpby k\Zjsbdh\ \ khhl\_lkl\bb k >KLM ����-��� >KLM ����-��� ijZ-
\beZfb =hkgZ^ahjhojZgljm^Z �>G:HI ����-1.16-���� ijZ\beZfb =hkZlhfgZ^ahjZ �IG:W=-7-003-87) 

hl �� ^h ��� q2 1-� g_^_ey f_kypZ 
3-� g_^_ey f_kypZ 

403 >hihegbl_evgZy Zll_klZpby k\Zjsbdh\ kh]eZkgh >G:HI ����-1.16-96 �� q ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

405 I_jbh^bq_kdZy Zll_klZpby k\Zjsbdh\ \ khhl\_lkl\bb k ijZ\beZfb =hkgZ^ahjhojZgljm^Z �>G:HI 
0.00-1.16-���� ijZ\beZfb =hkZlhfgZ^ahjZ �IG:W=-7-003-87) �� q _`_g_^_evgh 

406 Ih^]hlh\dZ b Zll_klZpby k\Zjsbdh\ \ khhl\_lkl\bb k f_`^mgZjh^gufb klZg^ZjlZfb ,62 ���� b 
EN 287 

� g_^_eb ��� q� 1-� g_^_ey f_kypZ 
3-� g_^_ey f_kypZ 

407 I_jbh^bq_kdZy Zll_klZpby k\Zjsbdh\ \ khhl\_lkl\bb k f_`^mgZjh^gufb b _\jhi_ckdbfb klZg^Zj�

lZfb ,62 ���� b (1 ��� �� q _`_g_^_evgh 

408 Ih^]hlh\dZ b Zll_klZpby k\Zjsbdh\ \ khhl\_lkl\bb k f_`^mgZjh^guf klZg^Zjlhf ,62 ����� �hi_jZ�
lhju Z\lhfZlbq_kdbo mklZgh\hd ^m]h\hc k\Zjdb ieZ\e_gb_f � hi_jZlhju dhglZdlghc lhq_qghc k\Zjdb� 

� g_^_eb ��� q� 

409 :ll_klZpby k\Zjsbdh\ gZ ijZ\h \uiheg_gby jZ[hl ijb j_fhgl_ ^_ckl\mxsbo fZ]bkljZevguo ljm[h�

ijh\h^h\ �ih^ ^Z\e_gb_f� � g_^_eb ���� q� 

410 I_jbh^bq_kdZy Zll_klZpby k\Zjsbdh\ gZ ijZ\h \uiheg_gby jZ[hl ijb j_fhgl_ ^_ckl\mxsbo fZ]b�

kljZevguo ljm[hijh\h^h\ �ih^ ^Z\e_gb_f� 
�� q 

411 D\ZebnbdZpbhggZy Zll_klZpby k\Zjsbdh\ gZ fZrbgZo dhglZdlghc �ij_kkh\hc� k\Zjdb �j_evkh\�
ijhfukeh\uo b fZ]bkljZevguo g_nl_- b ]Zahijh\h^h\� �� q 

412 D\ZebnbdZpbhggZy Zll_klZpby ]Zahj_aqbdh\ jmqghc b f_oZgbabjh\Zgghc \ha^mrgh-ieZaf_gghc
j_adb 

�� q 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

413 :ll_klZpby k\Zjsbdh\ ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� ijh\h^blky ih hdhgqZgbb dmjkZ ��� 

414 I_jbh^bq_kdZy Zll_klZpby k\Zjsbdh\ ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� �� q \ l_q_gb_ ]h^Z 

415 mevljZa\mdh\hc dhgljhev 

420 jZ^bZpbhgguc dhgljhev 
hl �� ^h ��� q3 

425 fZ]gblguc dhgljhev 

430 dZibeeyjguc dhgljhev 
hl �� ^h ��� q3 

435 

Ki_pbZevgZy ih^]hlh\dZ

^_n_dlhkdhibklh\ d Zll_klZ�

pbb \ khhl\_lkl\bb k >G:HI
0.00-1.27-97: 

\bamZevgh-hilbq_kdbc dhgljhev hl �� ^h �� q3 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

1 -  Ijh^he`bl_evghklv h[mq_gby mklZgZ\eb\Z_lkyMiheghfhq_ggufGZpbhgZevguf hj]Zghf �MGH�� 
2 -  Ijh^he`bl_evghklv ih^]hlh\db mklZgZ\eb\Z_lky Zll_klZpbhgghc dhfbkkb_c� 
3 -  Ijh^he`bl_evghklv h[mq_gby mdZau\Z_lky \ gZijZ\e_gbbHKI �hj]Zg ih k_jlbnbdZpbb i_jkhgZeZ�� 
4 -  Ijh^he`bl_evghklv h[mq_gby aZ\bkblhl d\ZebnbdZpbb kemrZl_ey� 

Ih ijhkv[_ aZdZaqbdh\ \hafh`gh ijh\_^_gb_ h[mq_gby \ ^jm]b_ kjhdb beb ih ^jm]bf ijh]jZffZf� g_ \hr_^rbf \ ^Zgguc i_j_q_gv� Z

lZd`_ gZl_jjblhjbb aZdZaqbdZ� 

GZ i_jbh^ h[mq_gby kemrZl_eyf ij_^hklZ\ey_lky h[s_`blb_ k hieZlhc aZ gZebqguc jZkq_l�  

Klhbfhklv h[mq_gby hij_^_ey_lky ijb aZdexq_gbb ^h]h\hjZ� 

>ey ijb_fZ gZ h[mq_gb_ g_h[oh^bfh gZijZ\blv aZy\dm \ Z^j_kP_gljZ k mdZaZgb_frbnjZ dmjkZ� dhebq_kl\Z ki_pbZebklh\ b ihqlh�

\uo j_d\bablh\ ij_^ijbylby� 

Nek[ch[� ������ ^� Ec`]-���� nf� <ia`hei� �� 
 

L_e� ����� ��� ���-63-30, 456-10-74, 261-54-62, 261-51-��� NZdk ����� ��� ���-48-94 
E-mail: paton-tc@paton.kiev.ua, http: www.paton-tc.kiev.ua 
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