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.DUNKLQ 9� $�� ,OMLQ $� 6�� 3ORVKLNKLQ 9� 9�� 3ULNKRGRYVN\ $� $� (I�

IHFW RI KHDW RI DOXPLQLXP DOOR\ PHOWLQJ RQ VKDSH DQG VL]HV RI ZHOG SRRO �������������� �

6KHLNR 3� 3�� =KHUQRVHNRY $� 0�� 6KLPDQRYVN\ <X� 2� 3XOVHG�DUF
FRQVXPDEOH HOHFWURGH ZHOGLQJ ZLWK DXWRPDWLF VWDELOL]DWLRQ RI FRQGLWLRQ

SDUDPHWHUV ������������������������������������������������������������������������������������������������������ �

0DNKQHQNR 9� ,�� 0DNVLPRY 6� <X�� .RURO\RYD 7� 9� 6WXG\ RI VSHFLI�
LFV RI K\GURJHQ WUDQVIHU LQ XQGHUZDWHU IXVLRQ ZHOGLQJ RI VWUXFWXUDO
VWHHOV ������������������������������������������������������������������������������������������������������������ ��

%RULVRY <X� 6�� =DWVHUNRYQ\ $� 6�� .ULYWVXQ ,� 9� 0DWKHPDWLFDO PRG�

HOLQJ RI SURFHVV RI SODVPD VSUD\LQJ RI FRPSRVLWH SRZGHUV ZLWK DOORZ�

DQFH IRU H[RWKHUPDO UHDFWLRQ RI V\QWKHVLV RI FRDWLQJ PDWHULDO ��������������������������� ��

.LUHHY /� 6�� 6KXUXSRY 9� 9�� 3HVKNRY 9� 9�� %HVSORNKRWQ\L (IIHFW
RI PDWHULDO RI WHFKQRORJLFDO IL[WXUH RQ VWUHQJWK FKDUDFWHULVWLFV RI WLWD�

QLXP DQG LWV MRLQWV LQ GLIIXVLRQ ERQGLQJ ������������������������������������������������������������ ��
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3DWRQ %� (�� &KHSXUQR\ $� '�� 6DHQNR 9� <D�� 0HGRYDU /� %� 3URV�
SHFWV RI SURGXFWLRQ RI ZHOGHG WKLFN�ZDOOHG ELPHWDO ERGLHV RI KLJK�SUHV�
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/HEHGHY 9� .� 7HQGHQFLHV LQ GHYHORSPHQW RI VXSSO\ VRXUFHV DQG FRQ�
WURO V\VWHPV �IURP LQIRUPDWLRQ RI 86$ SDWHQWV� ������������������������������������������������ ��

.XFKXN�<DWVHQNR 9� 6�� 6DNKDWVN\ $� *�� 1DNRQHFKQ\L $� $� 5H�
VLVWDQFH ZHOGLQJ RI IOH[LEOH VLOYHU�FRSSHU FXUUHQW�FDUU\LQJ EXVEDUV ������������������� ��

.KRUXQRY 9� )�� 0DNVLPRYD 6� 9�� 6WHIDQLY %� 9�� .DUDFKHQWVHY
*� *�� =DGLUDND 9� <X� $SSOLFDWLRQ RI WKHUPDO EUD]LQJ LQ PDQXIDFWXUH
RI XQLWV RI EHHU FRROHUV ���������������������������������������������������������������������������������� ��
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=DJRUQLNRY 9� ,� (%: RI IODPH WXEH RI VWDWLRQDU\ JDV WXUELQH �������������������������� ��

2UORY /� 1�� *RO\DNHYLFK $� $�� 1RYLNRYD '� 3�� 3HOHVKNR 9� 1�� 6L�
PRQHQNR 9� 9� )OX[�FRUHG ZLUHV IRU ZHOGLQJ DQG ZHOGLQJ�XS RI GH�
IHFWV RI ��2*��/ VWHHO FDVWLQJV ��������������������������������������������������������������������� ��

,QIRUPDWLRQ RI SUHVV VHUYLFH RI 3:,� (XURSHDQ SURJUDP 120$' IRU
WKH FUHDWLRQ RI URERWLF FHOO IRU KLJK�HIILFLHQW ZHOGLQJ RI VSHFLDOL]HG
VWUXFWXUHV ������������������������������������������������������������������������������������������������������ ��

7KHVHV IRU VFLHQWLILF GHJUHH ��������������������������������������������������������������������������� ��
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,QWHUQDWLRQDO ([KLELWLRQ DQG &RQIHUHQFH LQ .DWRZLFH ����������������������������������������� ��

'LVFXVVLRQ RI SUREOHPV RI UHVLGXDO OLIH RI ZHOGHG VWUXFWXUHV �DW WKH
PHHWLQJ RI VFLHQWLVWV RI WKH 1$6 RI 8NUDLQH ZLWK MRXUQDOLVWV� ����������������������������� ��

,1)250$7,21

1DWLRQDO DQG LQWHUQDWLRQDO HYHQWV LQ WKH ILHOG RI ZHOGLQJ DQG DOOLHG WHFK�
QRORJLHV LQ ���� �������������������������������������������������������������������������������������������� ��
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)HMXSV�MR�'LMIJ
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=Y� 7� &SVMWSZ� 2� 1� :SVSTEM�

:� *� +VEFMR� :� 2� >EQOSZ�

%� 8� >IPRMGLIROS� %� =E� -WLGLIROS�

-� :� /VMZXWYR�

7� -� /YGLYO�=EXWIROS� =Y� 2� 0EROMR�

:� /� 0IFIHIZ �ZMGI�GLMIJ IH�
�

:� 2� 0MTSHEIZ �ZMGI�GLMIJ IH�
�

0� 1� 0SFERSZ� %� %� 1E^YV�

:� -� 1EOLRIROS� :� *� 1SWLOMR�

3� /� 2E^EVIROS� -� /� 4SOLSHR]E�

-� %� 6]EFXWIZ� =Y� %� 7XIVIRFSKIR�

&� :� /LMXVSZWOE]E �I\IG� WIGV�
�

:� *� /LSVYRSZ� /� %� =YWLGLIROS
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SJ XLI 2%7 SJ 9OVEMRI�
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��� 3ORFKLNKLQH 9�� %HUJPDQQ +� :� &RUUHODWLRQ EHWZHHQ WKH
ZHOGLQJ SDUDPHWHUV DQG WKH JUDLQ VWUXFWXUH IRU WKH IDVW PR�
YLQJ KLJK SRZHU OLQH KHDW VRXUFH LQ D WKLQ SODWH �� 0DWKH�
PDWLFDO PRGHOOLQJ RI ZHOG SKHQRPHQD � � (G� +� &HUMDN�
Û /RQGRQ� ����� Û 3� ���Ü����

$Q DOJRULWKP LV GHYHORSHG IRU VROYLQJ WKH TXDVLVWDWLRQDU\ WHPSHUDWXUH SUREOHP� WDNLQJ LQWR DFFRXQW WKH KHDW RI PHOWLQJ DQG

VROLGLILFDWLRQ� EDVHGRQ WKHPHWKRGRI VRXUFHV �*UHHQ IXQFWLRQ�� 7KH FDVH RI ZHOGLQJ WKLQ DOXPLQXPSODWHV LV XVHG WR GHPRQVWUDWH�
WKDW WKH PHOWLQJ KHDW KDV D VLJQLILFDQW LQIOXHQFH RQ WKH VKDSH DQG GLPHQVLRQV RI WKH ZHOG SRRO DQG VROLG�OLTXLG ]RQH� ,W LV

QRWHG� WKDW WKH WKHUPDO HIILFLHQF\ RI WKH SURFHVV RI PHOWLQJ ηW RI D SODWH E\ D OLQHDU VRXUFH FDQ EH PXFK KLJKHU WKDQ �������

DOORZLQJ IRU WKH PHOWLQJ KHDW� .QRZQ VLPSOLILHG PHWKRGV RI DOORZLQJ IRU WKH PHOWLQJ KHDW PD\ OHDG WR FRQVLGHUDEOH HUURUV

LQ ηW GHWHUPLQDWLRQ� $ FRPSDULVRQ RI WKH FDOFXODWHG DQG H[SHULPHQWDO VKDSH RI WKH ZHOG SRRO LV JLYHQ�

IhklmibeZ \ j_^Zdpbx ����������

cÒ°� �� {ãÒ«ÓÒË �Ë¹ãº�© ¹ãÈmãËÓÒ« ÓÈ ��ºã Á¯ºÓ�È ÏÈ�mË¯�ËmÈ�
ÓÒ« ¹¯Ò °mÈ¯}Ë �Ë¹ãºÒÏºãÒ¯ºmÈÓÓ©² ¹ãÈ°�ÒÓ ÒÏ Èã
äÒÓÒËmº�º
°¹ãÈmÈ ãÒÓË®Ó©ä Ò°�º�ÓÒ}ºä
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�� �� bpqz|� }ÈÓ�� �Ë²Ó� ÓÈ�}� k� l� ypcs|vpz|{� �� |� bjlks|{vzjq� ÒÓÎËÓË¯©

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

®ÏÇÁÄÃÄÌÚ ÏÄÆÒÊÛÑ¿ÑÚ ÇÐÐÊÄÃÍÁ¿ÌÇÈ Ï¿ÆÏ¿ÀÍÑ¿ÌÌÍÈ ÃÁÒÔÉÍÌÑÒÏÌÍÈ ÐÇÐÑÄËÚ ¿ÁÑÍË¿ÑÇÖÄÐÉÍÈ ÐÑ¿ÀÇÊÇÆ¿ÕÇÇ ÐÏÄÃÌÇÔ

ÆÌ¿ÖÄÌÇÈ Ì¿ÎÏÞÅÄÌÇÞ Ì¿ ÃÒÂÄ Ç ÐÁ¿ÏÍÖÌÍÂÍ ÑÍÉ¿ ÎÏÍÕÄÐÐ¿ ÇËÎÒÊÛÐÌÍ�ÃÒÂÍÁÍÈ ÐÁ¿ÏÉÇ ÎÊ¿ÁÞØÇËÐÞ ÜÊÄÉÑÏÍÃÍË

�§£°®¼� Ð ÁÍÆÃÄÈÐÑÁÇÄË Ì¿ Î¿Ï¿ËÄÑÏÚ ÇËÎÒÊÛÐÍÁ ÇÐÑÍÖÌÇÉ¿ ÎÇÑ¿ÌÇÞ Ç ÐÉÍÏÍÐÑÛ ÎÍÃ¿ÖÇ ÜÊÄÉÑÏÍÃÌÍÈ ÎÏÍÁÍÊÍÉÇ
ÐÍÍÑÁÄÑÐÑÁÄÌÌÍ� §ÆÒÖÄÌÍ Ï¿ÆÃÄÊÛÌÍÄ Ç ÐÍÁËÄÐÑÌÍÄ ÁÊÇÞÌÇÄ ÁÍÆËÒØ¿ÝØÇÔ ÎÏÍÇÆÁÍÃÐÑÁÄÌÌÚÔ Ó¿ÉÑÍÏÍÁ �ÇÆËÄÌÄÌÇÞ

ÁÚÊÄÑ¿ ÜÊÄÉÑÏÍÃÌÍÈ ÎÏÍÁÍÊÍÉÇ� ÒËÄÌÛ×ÄÌÇÞ Ì¿ÎÏÞÅÄÌÇÞ ÎÇÑ¿ÝØÄÈ ÐÄÑÇ� Ì¿ ÎÏÍÕÄÐÐ §£°®¼ ÒÂÊÄÏÍÃÇÐÑÚÔ ÐÑ¿ÊÄÈ

Ç É¿ÖÄÐÑÁÍ ËÄÑ¿ÊÊ¿ ×ÁÍÁ�

zã
� Ë m © Ë ° ã º m È � Òä¹�ã	°Óº����ºmÈ« °mÈ¯}È ¹ãÈm«�Òä°«

ªãË}�¯º�ºä� mºÏä��È
�ÒË ÁÈ}�º¯©� ��ãË¯º�Ò°�©Ë }ºÓ°�

�¯�}�ÒºÓÓ©Ë °�ÈãÒ� °�È­ÒãÒÏÈ�Ò« ¹¯º�Ë°°È� °¯Ë�ÓÒË ÏÓÈ�Ë�

ÓÒ« ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë� °¯Ë�ÓÒË ÏÓÈ�ËÓÒ« °mÈ¯º�Óº�º �º}È�

º­¯È�Ó©Ë °m«ÏÒ� ¹È¯ÈäË�¯© ¯ËÎÒäºm� }È�Ë°�mº �mºm

jä¹�ã	°Óº����ºmÈ« °mÈ¯}È ¹ãÈm«�Òä°« ªãË}�¯º�

�ºä �jiv�w� m °äË°«² �ÈÏºm ÓÈ º°ÓºmË È¯�ºÓÈ

ªÁÁË}�ÒmÓº ¹¯ÒäËÓ«Ë�°« mº äÓº�Ò² º�¯È°ã«² ¹¯º�

ä©�ãËÓÓº°�Ò ¯ÈÏmÒ�©² °�¯ÈÓ� w�º� °¹º°º­ ¹ºÏ�

mºã«Ë� �äËÓ	�È�	 ¯ÈÏ­¯©Ï�ÒmÈÓÒË ªãË}�¯º�Óº�º

äË�ÈããÈ� È �È}ÎË m©¹ºãÓ«�	 °mÈ¯}� mº m°Ë² ¹¯º°�

�¯ÈÓ°�mËÓÓ©² ¹ºãºÎËÓÒ«²� °mÈ¯}� �ºÓ}ºãÒ°�ºmº�º

äË�ÈããÈ Ò äÓº�º¹¯º²º�Ó�
� sËº­²º�Òäº º�äË�Ò�	

m©°º}ÒË äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ �mºm� ¹º�

ã��ËÓÓ©² °¹º°º­ºä jiv�w� ��º º­�°ãºmãËÓº ÒÏ�

äËã	�ËÓÒËä äÒ}¯º°�¯�}��¯© ° º­¯ÈÏºmÈÓÒËä m ÓË®

Ò�ºã	�È�º�º ÁË¯¯Ò�È >�Ü�@�

{ ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«² ¹¯º�Ë°° jiv�w

¹º�mË¯ÎËÓ mãÒ«ÓÒ
 ¯ÈÏãÒ�Ó©² mºÏä��È
�Ò²ÁÈ}�

�º¯ºm >�� �@� }º�º¯©Ë ÒÏäËÓ«
� º°ÓºmÓ©Ë ªÓË¯�

�Ë�Ò�Ë°}ÒË ¹È¯ÈäË�¯© °mÈ¯}Ò Û °¯Ë�ÓÒË ÏÓÈ�ËÓÒ«

°mÈ¯º�Óº�º �º}È ,
°m�°¯

Ò ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë 8
��°¯

�

��º ¹¯Òmº�Ò� } ÓË°�È­Òã	Óº°�Ò �ËºäË�¯Ò�Ë°}Ò² ¯ÈÏ�

äË¯ºm �mºm Ò ¹º«mãËÓÒ
 m ÓÒ² �ËÁË}�ºm�

{ jwv Òä� p� |� �È�ºÓÈ ¯ÈÏ¯È­º�ÈÓ Óºm©®
mÈ¯ÒÈÓ� ¹º°�¯ºËÓÒ« °Ò°�Ëä °�È­ÒãÒÏÈ�ÒÒ ¹¯º�Ë°°È

jiv�w >�@� { ÓÈ°�º«�Ë® ¯È­º�Ë ¹¯ÒmË�ËÓ© ¯Ë�

Ï�ã	�È�© Ò°°ãË�ºmÈÓÒ® mãÒ«ÓÒ« ÓÈ °�È­Òã	Óº°�	

¹º}ÈÏÈ�ËãË® }È�Ë°�mÈ ¹¯º�Ë°°È jiv�w ¹¯Ò �Ë®°��

mÒÒ ÓÈ ÓË�º }È} º��Ëã	Ó©² mºÏä��È
�Ò² ÁÈ}�º¯ºm

�ÒÏäËÓËÓÒ« m©ãË�È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� ÓÈ¹�

¯«ÎËÓÒ« ¹Ò�È
�Ë® °Ë�Ò� ¹¯Ëm©�ËÓÒË m©°º�© }¯º�

äº}�� �È} Ò Ò² º�Óºm¯ËäËÓÓºä }ºä¹ãË}°Óºä �Ë®°�

�mÒÒ ¯ÈÏ¯È­º�ÈÓÓº® �m�²}ºÓ��¯Óº® °Ò°�Ëä© Èm�º�

äÈ�Ò�Ë°}º® °�È­ÒãÒÏÈ�ÒÒ °¯Ë�ÓÒ² ÏÓÈ�ËÓÒ® ÓÈ¹�

¯«ÎËÓÒ« ÓÈ ���Ë Ò °mÈ¯º�Óº�º �º}È ° mºÏ�Ë®°�mÒËä

ÓÈ ¹È¯ÈäË�¯© Òä¹�ã	°ºm �º}È Ò°�º�ÓÒ}È ¹Ò�ÈÓÒ«

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

mË�°�mËÓÓº� �¯Ò ª�ºä Ò°¹ºã	ÏºmÈã°« ¯ÈÏ¯È­º�ÈÓ�

Ó©® m jwv Òä� p� |� �È�ºÓÈ Òä¹�ã	°Ó©® Ò°�º�ÓÒ}

¹Ò�ÈÓÒ« ° ¹ãÈmÓº® ¯Ë��ãÒ¯ºm}º® ¹È¯ÈäË�¯ºm Òä�

¹�ã	°ºm �Ò¹È j����� { ª}°¹Ë¯ÒäËÓ�È² ¹¯ÒäËÓ«ãÒ

°mÈ¯º�Ó�
 �ºãºm}� �Ò¹È �v��� ° °Ò°�Ëäº® �¹�

¯ÈmãËÓÒ« rkcv��{� sÈ¹ãÈm}� m©¹ºãÓ«ãÒ ÓÈ ¹ãÈ°�

� �� �� bË®}º� k� l� yË¯Óº°Ë}ºm� �� |� bÒäÈÓºm°}Ò®� ����

cÒ°� �� ~ÈmÒ°Òäº°�	 °¯Ë�ÓÒ² ÏÓÈ�ËÓÒ® ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë 8
��°¯

�È� Ò °mÈ¯º�Óº�º �º}È ,
°m�°¯

�­� �¯ËÎÒä© �Ü�� º� m©ãË�È ªãË}�¯º�È
/   ��…�� ää ¹¯Ò jiv�w °�ÈãÒ v�� m °äË°Ò �ÈÏºm �� � kU � �� � &2

�
¹¯ºmºãº}º® vm�����v �ÒÈäË�¯ºä ��� ää ­ËÏ °Ò°�Ëä©

°�È­ÒãÒÏÈ�ÒÒ �O� Ò °º °�È­ÒãÒÏÈ�ÒË® ÓÈ¹¯«ÎËÓÒ« Ò �º}È �V�
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�ÒÓ© ÒÏ °�ÈãÒ v�� �ºã�ÒÓº® ��� �� ää m °äË°Ò

�� � $U � �� � &2� ¹¯ºmºãº}º® vm�����v �ÒÈäË��

¯ºä ��� ää� °}º¯º°�	 °mÈ¯}Ò °º°�Èmã«ãÈ �� ä���

{ ¯ËÏ�ã	�È�Ë ¹¯ºmË�ËÓÓ©² ª}°¹Ë¯ÒäËÓ�Èã	Ó©² Ò°�

°ãË�ºmÈÓÒ® ¹ºã��ËÓ© ÏÈmÒ°Òäº°�Ò äËÎ�� º°ÓºmÓ©äÒ

ªÓË¯�Ë�Ò�Ë°}ÒäÒ ¹È¯ÈäË�¯ÈäÒ ¹¯º�Ë°°È jiv�w

�8
��°¯� ,°m�°¯� Ò ÓÈÒ­ºãËË �È°�º �Ë®°�m�
�Òä m

¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«² mºÏä��È
�Òä ÁÈ}�

�º¯ºä Û ÒÏäËÓËÓÒ«äÒ m©ãË�È ªãË}�¯º�Óº® ¹¯º�

mºãº}Ò /� vËäË®°�mº ª�Ò² ÏÈmÒ°Òäº°�Ë®� ¹ºã��ËÓ�

Ó©² ¹¯Ò ¯ÈÏãÒ�Ó©² ÏÓÈ�ËÓÒ«² 8
��°¯� ,°m�°¯� / ¹¯Ò

jiv�w ­ËÏ °Ò°�Ëä© °�È­ÒãÒÏÈ�ÒÒ Ò °º °�È­ÒãÒ�

ÏÈ�ÒË®� ¹¯Ë�°�ÈmãËÓº ÓÈ ¯Ò°� �� sÈ ¯Ò°�Ó}Ë }¯Òm©Ë

� �O� ¹º}ÈÏ©mÈ
� ²È¯È}�Ë¯ Ò ¹¯Ë�Ëã© ÒÏäËÓËÓÒ«

ÏÓÈ�ËÓÒ® 8
��°¯� ,°m�°¯ ­ËÏ ¹¯ÒäËÓËÓÒ« °Ò°�Ëä© °�È�

­ÒãÒÏÈ�ÒÒ �ÓÈ�Èã	Ó©Ë ÏÓÈ�ËÓÒ« 8
��°¯  �� {�

,°m�°¯  ��� k�� �¯Ò ª�ºä °mÈ¯º�Ó©® �º} �äËÓ	�

�ÈË�°« �º ��� k� zÈ} mÒ�Óº ÒÏ ¯Ò°� �� ÒÏäËÓËÓÒË

8
��°¯ °º°�ÈmÒãº � {� È ,°m�°¯ Û �� k ¹¯Ò äÈ}°Ò�

äÈã	Óºä m©ãË�Ë ªãË}�¯º�Óº® ¹¯ºmºãº}Ò �� ää�

z¯Òm©Ë � �V� Òãã
°�¯Ò¯�
� �Ë ÎË ÏÈmÒ°Òäº°�Ò

¹¯Ò �Ë² ÎË ÓÈ�Èã	Ó©² �°ãºmÒ«²� Óº ¹¯Ò Ò°¹ºã	�

ÏºmÈÓÒÒ °Ò°�Ëä© Èm�ºäÈ�Ò�Ë°}º® °�È­ÒãÒÏÈ�ÒÒ�

~ÓÈ�ËÓÒ« 8
��°¯ ¹¯È}�Ò�Ë°}Ò ÓË ÒÏäËÓÒãÒ°	� È ÏÓÈ�

�ËÓÒ« ,°m�°¯ ÒÏäËÓÒãÒ°	 äÈ}°Òä�ä ÓÈ �� k ¹¯Ò /  

 �� ää�

�È}ÒË ÎË ÏÈmÒ°Òäº°�Ò 8
��°¯  I�/�� ,°m�°¯  

 I�/� ¹ºã��ËÓ© �È}ÎË �ã« �¯��Ò² ÓÈ�Èã	Ó©²

ÏÓÈ�ËÓÒ® 8
��°¯� ,°m�°¯ �°ä� ¯Ò°� ��� tÈ¯È}�Ë¯ ÏÈ�

mÒ°Òäº°�Ë® ÈÓÈãº�Ò�ËÓ� }È} Ò m °ã��ÈË 8
��°¯  

 �� {� ,°m�°¯  ��� k� �¯Ò ¯È­º�Ë ÓÈ ­ºãËË ÓÒÏ}Ò²

¯ËÎÒäÈ² �º�Óº°�	 °�È­ÒãÒÏÈ�ÒÒ ¹ºm©�ÈË�°«�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓ© º°�Òããº�¯Èää© ,°m�°¯ Ò

8
��°¯ ¹¯º�Ë°°È jiv�w ¹¯Ò ÒÏäËÓËÓÒÒ m©ãË�È ªãË}�

�¯º�Óº® ¹¯ºmºãº}Ò / m ¹¯Ë�ËãÈ² ��…�� ää� iãÒ�

�Ëã	Óº°�	 Òä¹�ã	°ºm �º}È °º°�Èmã«ãÈ ���⋅��Ü� °� �È°�
�º�È Ò² °ãË�ºmÈÓÒ« Û �� ��� zÈ} mÒ�Óº ÒÏ ¯Ò°� ��

È� �mËãÒ�ËÓÒË m©ãË�È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò ¹¯Ò�
mº�Ò� } ¹ºm©�ËÓÒ
 ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë Ò �äËÓ	�

�ËÓÒ
 �º}È °mÈ¯}Ò� �¯Ò�Ëä ÒÏäËÓËÓÒ« ÓÈ¹¯«ÎËÓÒ«

ÓÈ ���Ë ÏÈäË�Óº mºÏ¯È°�È
� m }ºÓ�Ë ¹¯º�Ë°°È� ¹º°�

}ºã	}� ¹¯ºÒ°²º�Ò� °��Ë°�mËÓÓºË ¹È�ËÓÒË ÓÈ¹¯«�

ÎËÓÒ« ÓÈ m©ãË�Ë ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� ��º ²È�

¯È}�Ë¯Óº �ã« °�Èã	Ó©² ¹¯ºmºãº} >��@� j°¹ºã	�

ÏºmÈÓÒË º­¯È�Ó©² °m«ÏË® ¹ºÏmºã«Ë� �äËÓ	�Ò�	 mãÒ�

«ÓÒË m©ãË�È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� °�È­ÒãÒÏÒ�

¯ºmÈ�	 ÏÈ�ÈÓÓ©Ë ÏÓÈ�ËÓÒ« 8
��°¯ Ò �äËÓ	�Ò�	 °ÓÒ�

ÎËÓÒË ÏÓÈ�ËÓÒ® ,°m�°¯ �¯Ò°� �� ­�� {ÓË�ÓÒ® mÒ�

�mºm� m©¹ºãÓËÓÓ©² ÓÈ �}ÈÏÈÓÓºä m©�Ë ¯ËÎÒäË�

¹¯ÒmË�ËÓ ÓÈ ¯Ò°� �� bºm ÓÈ ¯Ò°� �� È ÒäËË� ÓË�

¯ÈmÓºäË¯ÓºË Áº¯äÒ¯ºmÈÓÒË ¹º �ãÒÓË� m }ºÓ�Ë �mÈ

¯È°¹ºãºÎËÓ ��È°�º} ¹º¯� m©²º�«�Ò² ÓÈ ¹ºmË¯²�

Óº°�	� w�º º­�°ãºmãËÓº ¹ºm©�ËÓÒËä ÓÈ¹¯«ÎËÓÒ«

ÓÈ ���Ë� ��º °mÒ�Ë�Ëã	°�m�Ë� º ËË ��ãÒÓËÓÒÒ ¹¯Ò

�mËãÒ�ËÓÒÒ m©ãË�È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò� bºm

ÓÈ ¯Ò°� �� ­� m©¹ºãÓËÓÓ©® ° °Ò°�Ëäº® °�È­ÒãÒ�

ÏÈ�ÒÒ� º�ãÒ�ÈË�°« º�°��°�mÒËä ¹º¯ Ò �¯��Ò² �Ë�

ÁË}�ºm� °�È­Òã	Óº® �Ò¯ÒÓº® Ò ¯ÈmÓºäË¯Ó©ä Áº¯�

äÒ¯ºmÈÓÒËä ¹º m°Ë® �ãÒÓË�

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓ© ¹¯º�ºã	Ó©Ë ¯ÈÏ¯ËÏ©

�mºm� ¹º}ÈÏÈÓÓ©² ÓÈ ¯Ò°� �� jÏ ¯Ò°� �� È mÒ�Óº�

��º �ã�­ÒÓÈ ¹¯º¹ãÈmãËÓÒ« ÓË°�È­Òã	ÓÈ� ËË ÒÏäË�
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äË�ÈããÒ�Ë°}Ò² }º¯¹�°ºm º�ãÒ�Èã°« ÓÒÏ}Òä }ºªÁ�
ÁÒ�ÒËÓ�ºä Ò°¹ºã	ÏºmÈÓÒ« äÈ�Ë¯ÒÈãºm �m °¯Ë�ÓËä
����� m©°º}º® �¯��ºËä}º°�	
 Ò �ãÒ�Ëã	Óº°�	
 �Ò}�
ãÈ ÒÏ�º�ºmãËÓÒ«� ��º °�Ë¯ÎÒmÈãº m©¹�°} �}ÈÏÈÓ�
Ó©² ÒÏ�ËãÒ®�

vãË��Ë� º�äË�Ò�	� ��º Ë�Ë m ���� �� ÓÈ �È�
�ÈÓ¯º�°}ºä ÏÈmº�Ë ½z¯È°Ó©® }º�Ëã	�Ò}� ��z~�
m �Ë°Óºä °º�¯�ÎË°�mË ° jwv Òä� p� |� �È�ºÓÈ
m¹Ë¯m©Ë m äÒ¯ºmº® ¹¯È}�Ò}Ë °¹º°º­ºä ªãË}�¯º��
ãÈ}ºmº® °mÈ¯}Ò �wbv� ÒÏ�º�ºmãËÓ© �ºã°�º°�ËÓÓ©Ë
­È¯È­ÈÓ© ¹È¯ºm©² }º�ãºm �Ë¹ãºm©² ªãË}�¯º°�
�ÈÓ�Ò® ÒÏ ãÒ°�ºmº�º ¹¯º}È�È� vÓÈ�ÈãÈ º°mºÒãÒ
°mÈ¯}� �ºã	}º ¹¯º�ºã	Ó©² �mºm� È ÏÈ�Ëä Ò }ºã	�
�Ëm©²� { ���� �� ¹¯ºÒÏmº�°�mº ��Èä¹º°mÈ¯Ó©² ­È�
¯È­ÈÓºm }º�ãºm ° ¹¯ÒäËÓËÓÒËä wbv ­©ãº ÓÈ�È�º
ÓÈ rÈ¯ÓÈ�ã	°}ºä }º�Ëã	Óºä ÏÈmº�Ë �rz~�� �¯Ò
º°mºËÓÒÒ Óºmº® �Ë²Óºãº�ÒÒ ¹¯ºÒÏmº�°�mÈ ­È¯È­È�
Óºm }º�ãºm ÓÈ �z~ º­Ë�È®}Ò ÒÏ ãÒ°�ºmº® °�ÈãÒ
äÈ¯}Ò ��z �ºã�ÒÓº® �� ää mÈã	�ËmÈãÒ� È ÓÈ rz~
ÒÏ�º�ºmã«ãÒ ÒÏ �m�² ¹ºã�º­Ë�ÈË} �}º¯©��� }º�º¯©Ë
��Èä¹ºmÈãÒ ÓÈ °¹Ë�ÒÈã	Óºä ¹¯Ë°°Ë >�@�

iã« ¹¯ºä©�ãËÓÓº® ¯ËÈãÒÏÈ�ÒÒ ��Èä¹º°mÈ¯Óº�
�º mÈ¯ÒÈÓ�È ÒÏ�º�ºmãËÓÒ« �ºã°�º°�ËÓÓ©² ­ÒäË�Èã�
ãÒ�Ë°}Ò² }º¯¹�°ºm �¯Ë­ºmÈãÒ°	 }¯�¹Óº�È­È¯Ò�Ó©Ë
­ÒäË�ÈããÒ�Ë°}ÒË ãÒ°�© �ºã�ÒÓº® ��… ���� �Ò�
¯ÒÓº® �º ���� Ò �ãÒÓº® �º ���� ää ° �È¯ÈÓ�Ò�
¯ºmÈÓÓº® ¹¯º�Óº°�	
 °�Ë¹ãËÓÒ« äËÎ�� ¹ãÈ}Ò¯��

�Òä Ò º°ÓºmÓ©ä °ãº«äÒ ¹º m°Ë® ¹ãº�È�Ò ãÒ°�È�

}º�º¯©Ë ÓÈ�È ¹¯ºä©�ãËÓÓº°�	 m �º m¯Ëä« ÓË ¹¯º�
ÒÏmº�ÒãÈ�

{ ¯ËÏ�ã	�È�Ë °ºmäË°�Ó©² ª}°¹Ë¯ÒäËÓ�ºm� ¹¯º�
mË�ËÓÓ©² m ����Ü���� ��� jwv Òä� p� |� �È�ºÓÈ
z�ÏÓË�}Òä äË�Èãã�¯�Ò�Ë°}Òä }ºä­ÒÓÈ�ºä Ò rz~�
m º¹©�Óº�¹¯ºä©�ãËÓÓ©² �°ãºmÒ«² ­©ã ¹¯Ë�ãºÎËÓ
°¹º°º­ ¹¯ºÒÏmº�°�mÈ ­ÒäË�ÈããÒ�Ë°}Ò² ãÒ°�ºm ÓÈ
º°ÓºmË ¹¯ÒäËÓËÓÒ« wbv >�@� v��Óº°�	 ª�º�º °¹º�
°º­È ÏÈ}ã
�ÈãÈ°	 m �ºä� ��º ¹ãÈ}Ò¯�
�È« ¹ãÒ�È
ÒÏ ÓË¯ÎÈmË
�Ë® m©°º}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ ÒãÒ
°¹ãÈmÈ ¹¯ÒmÈ¯ÒmÈãÈ°	 °¹º°º­ºä wbv } º�Óº® ÒãÒ
�m�ä �Ò¯º}Òä ¹ãº°}º°�«ä °ãÒ�}È ÒãÒ ¹º}ºm}Ò ÒÏ
��ãË¯º�Ò°�º®� ÓÒÏ}º� ÒãÒ °¯Ë�ÓËãË�Ò¯ºmÈÓÓº® °�ÈãÒ�
È ÏÈ�Ëä �È}È« °mÈ¯ÓÈ« ÏÈ�º�ºm}È ÓÈ�¯ËmÈãÈ°	 Ò ¹¯º�
}È�©mÈãÈ°	 ÓÈ °�ÈÓË �º ¹ºã��ËÓÒ« �m�²�� �¯Ë²°ãº®�
Óº�º ãÒ°�È ÓËº­²º�Òä©² ¯ÈÏäË¯ºm �¯Ò°� ���

{ ���� �� ÓÈ y�ÈÓºm°}ºä ÏÈmº�Ë �«ÎËãº�º äÈ�
�ÒÓº°�¯ºËÓÒ« Û y~l� �m ÓÈ°�º«�ËË m¯Ëä« Û
lÈ¯Ò�¹ºã	°}Ò® ÏÈmº� �«ÎËãº�º äÈ�ÒÓº°�¯ºËÓÒ«
Û l~�l�� lË�Èãã�¯�Ò�Ë°}ºä ÏÈmº�Ë Òä� jã	Ò�È
Ò zºää�ÓÈ¯°}ºä äË�Èãã�¯�Ò�Ë°}ºä ÏÈmº�Ë �Ó©ÓË
Û kã�Ëm°}Ò® äË�Èãã�¯�Ò�Ë°}Ò® }ºä­ÒÓÈ�� klz�
°ºmäË°�Óº ° jwv Òä� p� |� �È�ºÓÈ ­©ãÒ ¹¯º�
�ºãÎËÓ© ¯È­º�© ¹º °ºmË¯�ËÓ°�mºmÈÓÒ
 °¹º°º­È
¹ºã��ËÓÒ« ÓÈ º°ÓºmË wbv �m�²�� �¯Ë²°ãº®Óº�º
ãÒ°�ºmº�º ¹¯º}È�È� { ¯ËÏ�ã	�È�Ë ÓÈ y~�l Ò lË�
�Èãã�¯�Ò�Ë°}ºä ÏÈmº�Ë Òä� jã	Ò�È °ºmäË°�Óº ° jwv
Òä� p� |� �È�ºÓÈ ­©ãº º°mºËÓº ¹¯ºÒÏmº�°�mº ãÒ°�ºm
ÒÏ ­ÒäË�ÈããÈ ����v � �t��s��� �ºã�ÒÓº®
���…��� ää °¹º°º­ºä wbv� �¯Ò ª�ºä ­ÒäË�Èã�
ãÒ�Ë°}ÒË ÏÈ�º�ºm}Ò äÈ°°º® �º �� � °mÈ¯ÒmÈãÒ ÓÈ
y~�l� È ÏÈ�Ëä ¹¯º}È�©mÈãÒ ÓÈ °�ÈÓË ���� lË�
�Èãã�¯�Ò�Ë°}º�º ÏÈmº�È Òä� jã	Ò�È >�� �@� {ÈÎÓ©ä
¹¯ËÒä��Ë°�mºä �}ÈÏÈÓÓº�º °¹º°º­È «mã«Ë�°« �º�
��º ÈÓ�Ò}º¯¯ºÏÒºÓÓ©Ë Ò �¯��ÒË °mº®°�mÈ ¹ãÈ}Ò�
¯�
�Ë�º °ãº«� º¹¯Ë�Ëã«Ëä©Ë ²ÒäÒ�Ë°}Òä °º°�Èmºä
äË�ÈããÈ ¹ãÈ}Ò¯�
�Ë® ¹ãÒ�©� äº��� ­©�	 ÏÈ�ÈÓ©
Ë�Ë �º ÒÏ�º�ºmãËÓÒ« ­ÒäË�ÈããÒ�Ë°}º® °mÈ¯Óº® ÏÈ�
�º�ºm}Ò� z¯ºäË �º�º� ¹¯ÒäËÓËÓÒË wbv �ã« ¹º�
ã��ËÓÒ« ­ÒäË�ÈããÈ ¹ºÏmºã«Ë� º­Ë°¹Ë�ÒmÈ�	 ÓÈ�ËÎ�
ÓºË °�Ë¹ãËÓÒË °ãºËm� ÓË ÏÈmÒ°«�ËË º� °�Ë¹ËÓÒ º­�
ÎÈ�Ò« ¹¯Ò ¹¯º}È�}Ë Ò �º°�Ò�ÈËäºË m ¯ËÏ�ã	�È�Ë
¹¯º¹ãÈmãËÓÒ« °mÈ¯ÒmÈËä©² }¯ºäº} ¹¯Ò wbv�

{ ­©m�Ëä vvvc ¹Ë¯m©Ë �ºã°�º°�ËÓÓ©Ë °º°��©
m©°º}º�º �ÈmãËÓÒ« m ��Èä¹º°mÈ¯Óºä Ò°¹ºãÓËÓÒÒ

cÒ°� �� b�Èä¹º°mÈ¯Óº® �È¯ºº­¯ÈÏÓ©® ­ÈããºÓ �3¯È­
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ÒÏ ­ÒäË�ÈããÈ ­©ãÒ ÒÏ�º�ºmãËÓ© m ���� �� ÓÈy~�l
m °ºº�mË�°�mÒÒ ° �Ë²Óºãº�Ò�Ë°}Òä ¹¯º�Ë°°ºä� ¯ÈÏ�
¯È­º�ÈÓÓ©ä °ºmäË°�Óº ° jwv Òä� p� |� �È�ºÓÈ�
w�º ­©ãÒ �È¯ºº­¯ÈÏÓ©Ë ­ÈããºÓ© >�@ F �ºã�ÒÓº®
°�ËÓ}Ò ��� ää Ò �ÒÈäË�¯ºä ���� ää ÒÏ ­ÒäË�ÈããÈ
����v � �t��s���� ¹¯Ë�ÓÈÏÓÈ�ËÓÓ©Ë �ã« ¯È­º�©
¹¯Ò �ÈmãËÓÒÒ �� l�È Ò �Ëä¹Ë¯È��¯Ë º� Ü�� �º
��� Åv �¯Ò°� ��� { ���� �� ÓÈ ª�ºä ÎË ÏÈmº�Ë
º°mºËÓº ¹¯ºÒÏmº�°�mº �ÒãÒÓ�¯Ò�Ë°}Ò² ­ÈããºÓºm
>�@ �° ¹ºã�°ÁË¯Ò�Ë°}ÒäÒ �ÓÒ�ÈäÒ� ÒÏ ­ÒäË�ÈããÈ
����v � �t��s��� �ºã�ÒÓº® ��� Ò �ÒÈäË�¯ºä
���� ää �ã« ¯È­º�© ¹¯Ò �ÈmãËÓÒÒ �� l�È Ò �Ëä�
¹Ë¯È��¯Ë º� Ü�� �º ��� Åv �¯Ò°� ���

{ ���� �� ÓÈ y~�l m¹Ë¯m©Ë m º�Ë�Ë°�mËÓÓº®
¹¯È}�Ò}Ë ÒÏ�º�ºmãËÓ ��Èä¹º°mÈ¯Óº® }º¯¹�° �¯ÈÓ�
°¹º¯�Óº�º È�ºäÓº�º ªÓË¯�Ë�Ò�Ë°}º�º ¯ËÈ}�º¯È |z�
��� ÒÏ ­ÒäË�ÈããÒ�Ë°}º�º ¹¯º}È�È ��t�lk �
� ��t��s��� �¯Ò°� ��� { °ºÏ�ÈÓÒÒ ­ÒäË�ÈããÒ�
�Ë°}º�º ��Èä¹º°mÈ¯Óº�º }º¯¹�°È |z����� }¯ºäË
jwv Òä� p� |� �È�ºÓÈ� y~�l Ò lË�Èãã�¯�Ò�
�Ë°}º�º ÏÈmº�È Òä� jã	Ò�È� ¹¯ÒÓÒäÈãÒ ��È°�ÒË
sjzjw�� jkw Òä� j� {� z�¯�È�ºmÈ� ¡sjj
½�¯ºäË�Ë®� Ò �¯��ÒË º¯�ÈÓÒÏÈ�ÒÒ�

rºã	�È« ÏÈ°ã��È m °ºÏ�ÈÓÒÒ Óºm©² °¹º°º­ºm
Ò �Ë²Óºãº�ÒÒ ¹ºã��ËÓÒ« ÓÈ º°ÓºmË °mÈ¯º�Ó©² ¹¯º�
�Ë°°ºm Ò ��Èä¹º°mÈ¯Óº�º mÈ¯ÒÈÓ�È �ã« ¹¯ºÒÏmº��
°�mÈ �ºã°�º°�ËÓÓ©² ­ÒäË�ÈããÒ�Ë°}Ò² °º°��ºm m©�

°º}º�º �ÈmãËÓÒ« ¹¯ÒÓÈ�ãËÎÒ� È}È�ËäÒ}� sks �}�
¯ÈÒÓ© r� j� lË�ºmÈ¯�� ¹º� ÓÈ��Ó©ä ¯�}ºmº�°�mºä
Ò ° ÓË¹º°¯Ë�°�mËÓÓ©ä ��È°�ÒËä }º�º¯º�º ¹¯ºmº�
�ÒãÒ°	 ª�Ò ¯È­º�© m �Ë�ËÓÒË äÓº�Ò² ãË��

v¹º°º­ ¹¯ºÒÏmº�°�mÈ �ºã°�ºãÒ°�ºmº�º ­ÒäË�Èã�
ãÈ ° ¹¯ÒäËÓËÓÒËä wbv ¹ºã��Òã ¹¯ÒÏÓÈÓÒË }È}
� ÓÈ° m °�¯ÈÓË� �È} Ò ÏÈ ¯�­ËÎºä� jÏ ­ÒäË�ÈããÈ�
¹ºã��ËÓÓº�º ª�Òä °¹º°º­ºä� ­©ã ÒÏ�º�ºmãËÓ ¯«�
º�mË�°�mËÓÓ©² °º°��ºm m©°º}º�º �ÈmãËÓÒ«� {äË°�Ë
° �Ëä �Ò¯º}ºË ¹¯ÒäËÓËÓÒË °¹º°º­È wbv ¹¯Ò ¹¯º�
ÒÏmº�°�mË ­ÒäË�ÈããÈ ÓÈ y~�l °�Ë¯ÎÒmÈãº°	 °¯Èm�
ÓÒ�Ëã	Óº m©°º}º® �¯��ºËä}º°�	
 Ò °ãºÎÓº°�	

¹¯ÒäËÓ«Ëäº® m �º m¯Ëä« �Ë²Óºãº�Ò�Ë°}º® °²Ëä©
wbv ­ÒäË�ÈããÒ�Ë°}Ò² ÏÈ�º�ºmº} �ºã�ÒÓº®
���…���� Ò m©°º�º® �º ���� ää� v �Ëã	
 º­Ë°�
¹Ë�ËÓÒ« ¯ÈmÓºäË¯Óº�º Ò äÒÓÒäÈã	Óº�º ¹¯º¹ãÈmãË�
ÓÒ« °mÈ¯ÒmÈËä©² }¯ºäº} wbv m©¹ºãÓ«ãÒ �Ë°�	

ªãË}�¯º�ÈäÒ �ÒÈäË�¯ºä � ää �m�ä« °mÈ¯º�Ó©äÒ È¹�
¹È¯È�ÈäÒ k����� �¯Ò ª�ºä m°Ë �Ë°�	 ªãË}�¯º�ºm
�Ë¯ËÏ ä�Ó����}Ò ¹º�ÈmÈãÒ º�Óºm¯ËäËÓÓº m º­��

°mÈ¯º�Ó�
 mÈÓÓ� �¹º �¯Ò ° }ÈÎ�º® °�º¯ºÓ© °mÈ�
¯º�Óº�º ÏÈÏº¯È� �°ä� ¯Ò°� �� È�� { ¹¯º�Ë°°Ë °mÈ¯}Ò
º°��Ë°�mã«ãº°	 mºÏm¯È�Óº�¹º°��¹È�Ëã	ÓºË ¹Ë¯ËäË�
�ËÓÒË ä�Ó����}ºm m�ºã	 °mÈ¯º�Óº�º ÏÈÏº¯È ¹º
�ºã�ÒÓË °�©}È Û º� ­º}ºmº® }¯ºä}Ò �º °Ë¯Ë�ÒÓ©
Ò º­¯È�Óº �ã« }ÈÎ�º�º È¹¹È¯È�È k�����

{ }ºÓ�Ë �����² ��� ¹¯ºÒÏmº�°�mº �ºã°�ºãÒ°�º�
mº�º ­ÒäË�ÈããÈ °¹º°º­ºä wbv �ã« °º°��ºm m©�

cÒ°� �� b�Èä¹º°mÈ¯Óº® }º¯¹�° �¯ÈÓ°¹º¯�Óº�º È�ºäÓº�º ªÓË¯�Ë�
�Ò�Ë°}º�º ¯ËÈ}�º¯È ­ÒäË�ÈããÒ�Ë°}º�º ¹¯º}È�È ��t�lk �
� ��t��s��� m °�ËÓ�Ë ¹º°ãË º}ºÓ�È�Ëã	Óº® äË²ÈÓÒ�Ë°}º® º­¯È�
­º�}Ò

cÒ°� �� v²ËäÈ ��Èä¹º°mÈ¯Óº�º ¯ËÈ}�º¯È �ã« ¯ÒÁº¯äÒÓ�È �3¯È­
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°º}º�º �ÈmãËÓÒ« ­©ãº ¹¯Ë}¯È�ËÓº m °m«ÏÒ ° ¯ÈÏ�
¯È­º�}º® Ò º°mºËÓÒËä ÓÈ �}ÈÏÈÓÓ©² ÏÈmº�È² Óºmº®
�Ë²Óºãº�ÒÒ ¹ºã��ËÓÒ« ­ÒäË�ÈããÈ °¹º°º­ºä Èm�º�
mÈ}��äÓº® °mÈ¯}Ò �ÈmãËÓÒËä �kvi� ¹��Ëä ¹¯º�
}È�}Ò ÓË°ÒääË�¯Ò�Ó©² ¹È}Ë�ºm� sºmÈ« �Ë²Óºãº�Ò«�
¹º °¯ÈmÓËÓÒ
 ° ¹¯ÒäËÓ«Ëäº® ¯ÈÓËË ÓÈ º°ÓºmË wbv�
²È¯È}�Ë¯ÒÏºmÈãÈ°	 ­ºãËË m©°º}ÒäÒ �Ë²ÓÒ}º�ª}º�
ÓºäÒ�Ë°}ÒäÒ ¹º}ÈÏÈ�Ëã«äÒ >�Ü�@�

{Ë°	äÈ ªÁÁË}�ÒmÓº ¹¯ÒäËÓËÓÒË �ºã°�º°�ËÓÓ©²
­ÒäË�ÈããÒ�Ë°}Ò² °º°��ºm m©°º}º�º �ÈmãËÓÒ« m ÓËÁ�
�Ë²ÒäÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò� �¯ºÒÏmº�°�mº
��Èä¹º°mÈ¯Ó©² ¯ËÈ}�º¯ºm �ã« �Ò�¯ºº�Ò°�}Ò Ò ¯Ò�
Áº¯äÒÓ�È ÒÏ ¹ºã��ËÓÓº�º °¹º°º­ºä kvi ­ÒäË�ÈããÈ
° }º¯¯ºÏÒºÓÓº°�º®}Òä °ãºËä ÒÏ °�ÈãÒ ��t��s���
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¯º�}ÒäÒ ÏÈä©}ÈÓÒ«äÒ ���ºmº�º ¹¯ºäËÎ��}È ªÁ�

ÁË}�ÒmËÓ Ò ¹¯Ò °mÈ¯}Ë m °äË°«² ÓÈ º°ÓºmË È¯�ºÓÈ�

�� ~È°ã�ÎÒmÈË� mÓÒäÈÓÒ« °�È­ÒãÒÏÈ�Ò« ¹¯º¹�

ãÈmãËÓÒ« ¹¯Ò °mÈ¯}Ë º�Óº°�º¯ºÓÓÒ² �mºm� º°Óº�

mÈÓÓÈ« ÓÈ Èm�ºäÈ�Ò�Ë°}ºä ÈÓÈãÒÏË ÒÏäËÓËÓÒ® ¯Ë�

ÎÒäÈ °mÈ¯}Ò ¹¯Ò ¹Ë¯Ë²º�Ë } °}mºÏÓºä� ¹¯º¹ãÈm�

ãËÓÒ
� Ò ÓÈº­º¯º��

�� sºm©Ë Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« �ã« ���ºmº® °mÈ¯}Ò

°ºÏ�È
�°« ¹¯ËÒä��Ë°�mËÓÓº ÓÈ º°ÓºmË °Òãºm©²

�¯ÈÓÏÒ°�º¯ºm� �¹¯Èmã«Ëä©² }ºä¹	
�Ë¯Óº® �Ë²ÓÒ�

}º®�

�� { º°ÓºmË Óºm©² Ò°�º�ÓÒ}ºm ¹Ò�ÈÓÒ« ãËÎÈ�

¹¯Ëº­¯ÈÏºmÈ�ËãÒ �È°�º�© Ò ÁÈÏ� ��º ¹ºÏmºãÒãº

¹ºã��Ò�	 ÓË �ºã	}º º¹¯Ë�ËãËÓÓ©Ë ªÓË¯�Ë�Ò�Ë°}ÒË

¹¯ËÒä��Ë°�mÈ� Óº Ò º­Ë°¹Ë�Ò�	 ­©°�¯º�Ë®°�mÒË °Ò°�

�Ëä �¹¯ÈmãËÓÒ«�

�� sºm©Ë Ò°�º�ÓÒ}Ò ¹Ë¯ËäËÓ�

Óº�º �º}È °ºÏ�È
�°« m mÒ�Ë }È°�

}È�ºm ¹º°ãË�ºmÈ�Ëã	Óº °ºË�ÒÓËÓ�

Ó©² ÒÓmË¯�º¯ºm� �Ë¯m©® ÒÓmË¯�º¯

°ºË�ÒÓËÓ ° �¯Ë²ÁÈÏÓº® °Ë�	
 Ò

¹¯Ëº­¯ÈÏ�Ë� m©¹¯«äãËÓÓºË ÓÈ¹¯«�

ÎËÓÒË °Ë�Ò m º�ÓºÁÈÏÓºË m©°º}º®

�È°�º�©� }º�º¯ºË ÏÈ�Ëä °ÓÒÎÈË�°«

m©°º}º�È°�º�Ó©ä �¯ÈÓ°Áº¯äÈ�º�

¯ºä �º �¯Ë­�Ëäº�º ÏÓÈ�ËÓÒ«� {�º�

¯º® ÒÓmË¯�º¯ ¹¯Ëº­¯ÈÏ�Ë� º�Óº�

ÁÈÏÓºË ÓÈ¹¯«ÎËÓÒË m©°º}º® �È°�

�º�© m ÓÒÏ}º�È°�º�ÓºË� ÏÓÈ�ËÓÒË

}º�º¯º�º m©­Ò¯ÈË�°« Èm�ºäÈ�

�Ò�Ë°}Ò Ò ¯ÈmÓº �È°�º�Ë ¹Ë¯ËÓº°È

}È¹Ëã	 ° ªãË}�¯º�È m °mÈ¯º�Ó�


mÈÓÓ��

�� zºÓ�È}�ÓÈ« °mÈ¯}È �È}ÎË

¯ÈÏmÒmÈË�°« ­ãÈ�º�È¯« �°¹Ë²Èä ¹º�

ã�¹¯ºmº�ÓÒ}ºmº® �Ë²ÓÒ}Ò� Óº m

¯È°°äÈ�¯ÒmÈËä©® ¹Ë¯Òº� m¯ËäËÓÒ ­©ãº ÏÈ¯Ë�Ò°��

¯Ò¯ºmÈÓº m°Ë�º ãÒ�	 º�ÒÓ��mÈ ¹È�ËÓ�È m ª�º®

º­ãÈ°�Ò� ~ÓÈ}ºä«°	 ° º�ÓÒä ÒÏ �¹ºä«Ó��©² ¹È�

�ËÓ�ºm� äºÎÓº ¹¯Ë�¹ºãºÎÒ�	� ��º ÓÈÒ­ºã	�ÒË ÒÏ�

äËÓËÓÒ« }º°Ó��°« }ºÓ�È}�Óº® äÒ}¯º°mÈ¯}Ò�

�� sË Ò°}ã
�ËÓº� ��º Èm�ºäÈ�Ò�Ë°}Ò® }ºÓ�¯ºã	

¹¯º�Ë°°È °mÈ¯}Ò º}ÈÎË�°« ªÁÁË}�ÒmÓ©ä °¯Ë�°�mºä

¹¯Ë�mÈ¯Ò�Ëã	Óº�º m©«mãËÓÒ« �ËÁË}�Ó©² äË°� m

°mÈ¯Ó©² �mÈ²�

�� �È�ºÓ r� p�� �º�È¹	Ëm°}Ò® k� ��� �º�ºãÈ s� {� jä¹�ã	�
°Óº����ºmÈ« °mÈ¯}È ¹ãÈm«�Òä°« ªãË}�¯º�ºä ° ¹¯º�¯Èä�
äÓ©ä �¹¯ÈmãËÓÒËä ¹¯º�Ë°°È �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� �Ü��

�� �È�ºÓ r� p�� �Ë­Ë�Ëm k� {� �¹¯ÈmãËÓÒË ¹ãÈmãËÓÒËä Ò ¹Ë�
¯ËÓº°ºä ªãË}�¯º�Óº�º äË�ÈããÈ ¹¯Ò °mÈ¯}Ë m &2� �� �Èä
ÎË� Û ����� Û ¢ ��� Û v� �Ü��
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cÒ°� ��
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�� 3DW� ������� 86$ % �� . ����� 0HWKRG IRU FRQWUROOLQJ D
ZHOGLQJ DSSDUDWXV DQG FRUUHVSRQGLQJ FRQWURO GHYHFH � 9�
-DQN� 0� 5X⋅⋅KUKR⋅⋅VVH� 5� )QRXHQVFKXK� +� )QLHGH� Û 3XEO�
�����������

�� 3DW� ������� 86$ % �� . ����� :HOGLQJ FRQWURO V\VWHP �
-� 1RUULVK HW DO� Û 3XEO� �����������

�� 3DW� ������� 86$ % �� . ����� 6\VWHP DQG PHWKRG IRU
FRQWUROOLQJ DQ HOHFWULF DUF ZHOGLQJ � %� p� )XOPHU� 6� 5�
3HWHUV� Û 3XEO� �����������

�� 3DW� ������� 86$ % �� . ����� :HOGLQJ DUF SHQHWUDWLQJ
SRZHU UHDOWLPH GHWHFWLRQ V\VWHP � &� 5LFKDUG HW DO� Û
3XEO� �����������

�� 3DW� �������� 86$ % �� . ����� &RQWURO PHWKRG DQG DS�
SDUDWXV IRU DQ DUF ZHOGLQJ V\VWHP � 5� 5RWKHUPHO� Û 3XEO�
�����������

�� 3DW� ������� 86$ % �� . ����� 0HWKRG RI FRQWUROOLQJ WKH
$& SXOVHG DUF ZHOGLQJ DQG ZHOGLQJ SRZHU VXSSO\ DSSDUDWXV
WKHUHIRU � +� 7RQJ HW DO� Û 3XEO� �����������

�� 3DW� ������������ 86$ % �� . ����� (OHFWULF DUF ZHOGHU
DQG FRQWUROOHU WR GXSOLFDWH D NQRZQ ZDYHIRUP WKHUHIRU �
&� +VX HW DO� Û 3XEO� �����������

��� 3DW� ������������ 86$ % �� . ����� (OHFWULF DUF ZHOGLQJ
V\VWHP � :� 6� +RXVWRQ� 5� .� 0\HUV� (� .� 6WDYD� Û
3XEO� �����������

��� 3DW� ������������ 86$ % �� . ����� 3RZHU VXSSO\ IRU
HOHFWULF DUF ZHOGLQJ � (� 6WDYD� Û 3XEO� �����������

��� 3DW� ������������ 86$ % �� . ����� $UF ZHOGLQJ TXDOLW\
HYDOXDWLRQ DSSDUDWXV � <� 6X]XNL� Û 3XEO� �����������

��� 3DW� ������������ 86$ % �� . ����� 5HVLVWDQFH ZHOGLQJ
SRZHU VXSSO\ DSSDUDWXV � 0� :DWDQDEH� Û 3XEO�
�����������

86 SDWHQW LQIRUPDWLRQ FRYHULQJ GHYHORSPHQWV LQ WKH ILHOG RI SRZHU XQLWV DQG FRQWURO V\VWHPV IRU WKH DUF DQG UHVLVWDQFH

ZHOGLQJ SURFHVVHV PDGH GXULQJ WKH ODVW WZR \HDUV LV SUHVHQWHG� 7KH SDWHQWV JLYH DQ LGHD RI WKH FXUUHQW WUHQGV LQ WKH DERYH
ILHOG�

IhklmibeZ \ j_^Zdpbx ����������

�������� ��	


­ÌÏÉÃ ÊËÌÁÌÉÃÐËÃÁÌ ÍÃÎÃÎÙÀ¾� ÏÀÝÅ¾ËËÌÁÌ Ï

Î¾ÏÍ¾ÂÌÊ ¯ÌÜÅ¾� ÀÌÅÌ¿ËÌÀÆÉÌÏÚ ÏÌÐÎÑÂËÆÕÃÏÐÀÌ

ÂÀÑÓ Â¾ÀËÆÓ ÂÃÉÌÀÙÓ Í¾ÎÐËÃÎÌÀ x «ÌÀÌÈÎ¾Ê¾ÐÌÎ�

ÏÈÌÁÌ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÌÁÌ Å¾ÀÌÂ¾ �Á� ¨Î¾Ê¾�

ÐÌÎÏÈ� ¢ÌËÃÔÈÌÇ Ì¿É�� Æ ¯­ ��»ÎÂÛËÛÐ� �ªÌËÁÌÉÆÝ��

  ÏÌÌÐÀÃÐÏÐÀÆÆ Ï Å¾ÈÉÜÕÃËËÙÊ Î¾ËÃÃ ÈÌËÐÎ¾ÈÐÌÊ

ËÌÀÌÈÎ¾Ê¾ÐÌÎÔÙ ÆÅÁÌÐÌÀÆÉÆ Æ ÍÌÂÁÌÐÌÀÆÉÆ È

ÌÐÁÎÑÅÈÃ ÊÌËÁÌÉÚÏÈÆÊ ÁÌÎËÌÂÌ¿ÙÐÕÆÈ¾Ê Ì¿ÌÎÑÂÌ�

À¾ËÆÃ ÎÑÂÌÎ¾ÅÊÌÉÚËÌÇ Ö¾ÎÌÀÌÇ ÊÃÉÚËÆÔÙ ª¶´

���������� È¾ÕÃÏÐÀÃËËÌ ËÌÀÌÁÌ ÐÃÓËÆÕÃÏÈÌÁÌ

ÑÎÌÀËÝ�

­ÌÀÙÖÃËËÙÃ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ Æ ÛÈÌ�

ËÌÊÆÕËÌÏÐÚ ÝÀÉÝÜÐÏÝ ¿ÃÅÑÏÉÌÀËÙÊÆ ÍÉÜÏ¾ÊÆ

ËÌÀÌÇ Ê¾ÖÆËÙ� ¥¾ ÏÕÃÐ ÍÎÆÊÃËÃËÆÝ ÏÌÀÎÃÊÃËËÙÓ

ÐÃÓËÆÕÃÏÈÆÓ ÎÃÖÃËÆÇ ÛÐ¾ ÊÃÉÚËÆÔ¾ ÏÍÌÏÌ¿Ë¾

ÍÃÎÃÎ¾¿¾ÐÙÀ¾ÐÚ À ÁÌÂ Ë¾ ��� ÐÙÏ� Ð ÎÑÂÙ ¿ÌÉÚÖÃ�

ÕÃÊ Î¾ËÃÃ ÀÙÍÑ×ÃËËÙÃ� Ï¿ÃÎÃÁ¾Ý ÍÎÆ ÛÐÌÊ ÊÆÉÉÆÌË ÈÆÉÌÀ¾ÐÐ�Õ¾ÏÌÀ ÛÉÃÈÐÎÌÛËÃÎÁÆÆ�

£×Ã ÌÂËÌÇ ÌÏÌ¿ÃËËÌÏÐÚÜ ËÌÀÌÇ ÊÃÉÚËÆÔÙ ÝÀÉÝÃÐÏÝ ÆÅË¾Õ¾ÉÚËÌ Å¾ÉÌÄÃËË¾Ý ÈÌËÏÐÎÑÈÐÌÎ¾ÊÆ ÀÌÅ�

ÊÌÄËÌÏÐÚ ÑÏÐ¾ËÌÀÈÆ ÃÃ Ë¾ ÏÐ¾ÎÙÃ ÒÑËÂ¾ÊÃËÐÙ� ÕÐÌ ÍÎÆ ÊÌËÐ¾ÄÃ ÍÌÅÀÌÉÆÐ ÅË¾ÕÆÐÃÉÚËÌ ÏËÆÅÆÐÚ

È¾ÍÆÐ¾ÉÚËÙÃ Å¾ÐÎ¾ÐÙ�

«¾ÏÐÌÝ×ÆÇ ÈÌËÐÎ¾ÈÐ ¿ÙÉ ÍÌÂÍÆÏ¾Ë À ÍÃÎÆÌÂ ÂÀÑÏÐÌÎÌËËÆÓ ÀÆÅÆÐÌÀ ÍÎÃÅÆÂÃËÐÌÀ ªÌËÁÌÉÆÆ «� �¾�

Á¾¿¾ËÂÆ À ¨ÆÃÀ Æ ©� ¨ÑÕÊÙ À ±É¾Ë��¾ÐÌÎ� ®ÃÅÑÉÚÐ¾ÐÌÊ ÛÐÆÓ ÀÆÅÆÐÌÀ ÏÐ¾ÉÆ Å¾ÈÎÃÍÉÃËÆÃ Ë¾ÊÃÐÆÀÖÆÓÏÝ

Å¾ ÍÌÏÉÃÂËÃÃ ÀÎÃÊÝ È¾ÕÃÏÐÀÃËËÙÓ ÆÅÊÃËÃËÆÇ À ÂÀÑÏÐÌÎÌËËÆÓ ÌÐËÌÖÃËÆÝÓ Ë¾ ÍÌÉÆÐÆÕÃÏÈÌÊ ÑÎÌÀËÃ�

ÏÌÅÂ¾ËÆÃ ÑÏÉÌÀÆÇ ÂÉÝ ¾ÈÐÆÀËÌÁÌ Ë¾É¾ÄÆÀ¾ËÆÝ ÐÌÎÁÌÀÌ�ÛÈÌËÌÊÆÕÃÏÈÆÓ ÏÀÝÅÃÇ�

¥¾ÆËÐÃÎÃÏÌÀ¾ËËÌÏÐÚ ÊÌËÁÌÉÚÏÈÌÇ ÏÐÌÎÌËÙ À Î¾ÏÖÆÎÃËÆÆ ÂÃÉÌÀÙÓ ÈÌËÐ¾ÈÐÌÀ ÍÌÂÐÀÃÎÂÆÉ ÀÍÌÏ�

ÉÃÂÏÐÀÆÆ Ë¾ ÀÏÐÎÃÕÃ Ï ÍÎÃÂÏÐ¾ÀÆÐÃÉÃÊ «¨ª¥� Å¾ÊÃÏÐÆÐÃÉÃÊ ÂÆÎÃÈÐÌÎ¾ ÀËÃÖËÃÐÌÎÁÌÀÌÇ ÒÆÎÊÙ

¯� ®ÌÊ¾ËÃËÈÌ ­ÌÕÃÐËÙÇ ÈÌËÏÑÉ ªÌËÁÌÉÆÆ À ±ÈÎ¾ÆËÃ ÁÌÏÍÌÂÆË ­� �¾ÐÏ¾ÇÓ¾Ë Æ ÁÃËÃÎ¾ÉÚËÙÇ ÂÆÎÃÈÐÌÎ

¯­ ��»ÎÂÛËÛÐ� ÁÌÏÍÌÂÆË «¾Î¾ËÓÑÑ� ®ÃÕÚ� À Õ¾ÏÐËÌÏÐÆ� ÖÉ¾ Ì ÎÃÈÌËÏÐÎÑÈÔÆÆ ÍÌÏÐ¾ÀÉÃËËÌÁÌ ÂÃÏÝ�

ÐÆÉÃÐÆÝ Ë¾Å¾Â ËÌÀÌÈÎ¾Ê¾ÐÌÎÔ¾ÊÆ Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÂÉÝ ÁÌÎËÌÎÑÂËÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� À ÐÌÊ ÕÆÏÉÃ

ÎÑÂÌÎ¾ÅÊÌÉÚËÙÓ ÊÃÉÚËÆÔ�

  ÍÎÌÆÅÀÌÂÏÐÀÃ ÛÐÌÇ ÐÃÓËÆÈÆ «¨ª¥ ÆÊÃÃÐ ¿ÌÉÚÖÌÇ ÌÍÙÐ� ¥¾ ÀÎÃÊÝ ÏÑ×ÃÏÐÀÌÀ¾ËÆÝ Å¾ÀÌÂ¾ ÆÓ

ÀÙÍÑ×ÃËÌ ¿ÌÉÃÃ ����ÖÐ� »ÐÆÊÆ ÊÃÉÚËÆÔ¾ÊÆ ÌÏË¾×ÃËÙÀÏÃ ÁÌÎËÌ�Ì¿ÌÁ¾ÐÆÐÃÉÚËÙÃ ÈÌÊ¿ÆË¾ÐÙ ÕÃÎËÌÇ

Æ ÔÀÃÐËÌÇ ÊÃÐ¾ÉÉÑÎÁÆÆ ÍÌÏÐÏÌÜÅ¾� ¾ Ð¾ÈÄÃ ÂÎÑÁÆÓ ÏÐÎ¾Ë� À ÕÆÏÉÃ ÈÌÐÌÎÙÓ ªÌËÁÌÉÆÝ�

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

¯¿ÆÏ¿ÀÍÑ¿Ì¿ ÑÄÔÌÍÊÍÂÇÞ ÉÍÌÑ¿ÉÑÌÍÈ ÐÁ¿ÏÉÇ Ì¿ ÁÍÆÃÒÔÄ Ç Á Æ¿ØÇÑÌÍË Â¿ÆÄ ÂÇÀÉÇÔ ËÄÃÌÚÔ ×ÇÌ Ð ÎÏÇÁ¿ÏÄÌÌÚËÇ Ì¿

ÉÍÌÑ¿ÉÑÌÚÔ ÎÊÍØ¿ÃÉ¿Ô ÐÄÏÄÀÏÞÌÚËÇ ÎÊ¿ÐÑÇÌ¿ËÇ ÎÏÇËÄÌÇÑÄÊÛÌÍ É ÇÆÂÍÑÍÁÊÄÌÇÝ ÂÇÀÉÇÔ ÐÁÞÆÄÈ ÃÊÞ ÁÚÐÍÉÍÁÍÊÛÑÌÚÔ

Á¿ÉÒÒËÌÚÔ ÎÄÏÄÉÊÝÖ¿ÑÄÊÄÈ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ ÍÎÏÄÃÄÊÄÌÌÍË ÑÄÏËÍÃÄÓÍÏË¿ÕÇÍÌÌÍË ÕÇÉÊÄ ÁÍÆËÍÅÌÍ ÎÍÊÒÖÄÌÇÄ

É¿ÖÄÐÑÁÄÌÌÍÂÍ ÐÁ¿ÏÌÍÂÍ ÐÍÄÃÇÌÄÌÇÞ Î¿ÉÄÑ¿ ËÄÃÌÍ�ÐÄÏÄÀÏÞÌÍÈ ÓÍÊÛÂÇ� §ÆÒÖÄÌ ËÄÔ¿ÌÇÆË ÃÄÓÍÏË¿ÕÇÇ Î¿ÉÄÑ¿ Ç

ÓÍÏËÇÏÍÁ¿ÌÇÞ ÐÁ¿ÏÌÍÂÍ ÐÍÄÃÇÌÄÌÇÞ� §ÆÂÍÑÍÁÊÄÌÚ ÜÉÐÎÄÏÇËÄÌÑ¿ÊÛÌ¿Þ ÒÐÑ¿ÌÍÁÉ¿ Ç ÀÊÍÉ ÒÎÏ¿ÁÊÄÌÇÞ ÎÏÍÕÄÐÐÍË

ÐÁ¿ÏÉÇ�

zã
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�È�Ëã	

cÈÏ¯È­º�}È �Ë²Óºãº�ÒÒ }ºÓ�È}�Óº® °mÈ¯}Ò ­ÒäË�
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¯«Óº�äË�Ó©² �Ò­}Ò² °m«ÏË®� m �È°�Óº°�Ò �ã« m©�

°º}ºmºã	�Ó©² mÈ}��äÓ©² ¹Ë¯Ë}ã
�È�ËãË®� |°Óºm�
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�ÒÓÈä� «mã«
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°�È­Òã	Óº ÓÒÏ}ºË ¹Ë¯Ë²º�ÓºË °º¹¯º�ÒmãËÓÒË m ¹¯º�

�Ë°°Ë ¯È­º�© Ò m©°º}È« �°�Èãº°�ÓÈ« ¹¯º�Óº°�	
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}ÈÏÈã� ��º º­¯ÈÏºmÈÓÒ« ²¯�¹}Ò² ÁÈÏ ÓË ¹¯ºÒ°²º�Ò��
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7KH WHFKQRORJ\ RI UHVLVWDQFH ZHOGLQJ LQ DLU DQG VKLHOGLQJ JDV DWPRVSKHUH KDV EHHQ GHYHORSHG IRU MRLQLQJ IOH[LEOH FRSSHU
EXVEDUV ZLWK VLOYHU SODWHV ZHOGHG WR WKH FRQWDFW SDGV WR PDQXIDFWXUH IOH[LEOH FRQQHFWLRQV IRU KLJK�YROWDJH YDFXXP VZLWFKHV�
,W KDV EHHQ HVWDEOLVKHG WKDW WKH XVH RI D FHUWDLQ WKHUPDO�GHIRUPDWLRQ F\FOH FDQ SURYLGH D VRXQG ZHOGHG MRLQW RQ WKH FRSSHU�VLOYHU
IRLO VWDFN� 7KH PHFKDQLVP RI GHIRUPDWLRQ RI WKH VWDFN DQG IRUPDWLRQ RI D ZHOGHG MRLQW KDYH EHHQ VWXGLHG� 7KH H[SHULPHQWDO
ZHOGLQJ PDFKLQH DQG FRQWURO XQLW KDYH EHHQ PDQXIDFWXUHG�
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Ò }Ë¯ÈäÒ�Ë°}Ò² ¹ÒmÓ©² }ºãºÓÓ m �� z¯È°Óº¹Ë¯Ë�

}º¹°}Ë �km�ºÓºäÓÈ« cË°¹�­ãÒ}È z¯©ä� Û ~k|

½�z°ÓÈ­�� �¯Ë�¹¯Ò«�ÒË º°ÓÈ�ËÓº °Èä©ä °ºm¯Ë�

äËÓÓ©ä º­º¯��ºmÈÓÒËä �ã« ¹¯ºÒÏmº�°�mÈ º²ãÈ�Ò�

�ËãË® ÒÏ kÓ�ãÒÒ� �Ë¯äÈÓÒÒ� iÈÓÒÒ� pÎË�º�Óº ¯ÈÏ�

¯È­È�©mÈË�°« �… � Óºm©² º²ãÈ�Ò�ËãË®� ÒÏ ÓÒ² º°�

mÈÒmÈË�°« �… � äº�ËãÒ� }º�º¯©Ë ¹º°�Èmã«
�°« m

�}¯ÈÒÓ�� cº°°Ò
� zÈÏÈ²°�ÈÓ�

sË�º°�È�}ºä m �Ë«�Ëã	Óº°�Ò }ºä¹ÈÓÒÒ ­©ãº º��

°��°�mÒË �º°�È�º�Óº�º º¹©�È äºÓ�ÈÎÓº® ¹È®}Ò� ��º

«mã«ãº°	 ¹¯Ò�ÒÓº® º�}ÈÏÈ m ¯È­º�Ë º­º¯��ºmÈÓÒ«

¹º°ãË Ë�º �¯ÈÓ°¹º¯�Ò¯ºm}Ò Ò ª}°¹ã�È�È�ÒÒ� w�È

¹¯º­ãËäÈ ­©ãÈ �°�¯ÈÓËÓÈ °ºmäË°�Ó©äÒ �°ÒãÒ«äÒ

~k| ½�z°ÓÈ­� Ò jÓ°�Ò���ºä ªãË}�¯º°mÈ¯}Ò Òä�
p� |� �È�ºÓÈ�

�¯Ë�°�º«ãº ¯Ë�Ò�	 °ãË��
�ÒË ÏÈ�È�Ò�

• ¹¯ºmË°�Ò ÈÓÈãÒÏ �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È

¹È®}Ò� m©«mÒ�	 Ë�º ÓË�º°�È�}Ò Ò º¹¯Ë�ËãÒ�	 ¹¯Ò�

�ÒÓ� ¹º«mãËÓÒ« ­¯È}È�

• ¯ÈÏ¯È­º�È�	 �Ë²Óºãº�Ò
 ¹È®}Ò ÓÈ �¯ºmÓË äÒ�

¯ºm©² °�ÈÓ�È¯�ºm �ã« ¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãºm� ¹¯Ò�

äËÓ«Ëä©² m ¹¯ºÒÏmº�°�mË�

• ¹¯ºmË°�Ò º­��ËÓÒË ¹È«ã	�Ò}ºm ¹¯Ë�¹¯Ò«�Ò«�

|²ãÈ�Ò�ËãÒ ¹ÒmÈ °º°�º«� ÒÏ È�¯Ë�È�Óº�º Ò �Ë²�

Óºãº�Ò�Ë°}º�º º�°Ë}ºm� ¹ºäË�ËÓÓ©² m äË�ÈããÒ�Ë°�

}Ò® }º¯¹�° �¯Ò°� ��� tºãº�Òã	ÓÈ« äÈ�ÒÓÈ� ÓÈ�

²º�«�È«°« m È�¯Ë�È�Óºä º�°Ë}Ë� °º°�ºÒ� ÒÏ �¯��

� {� n� tº¯�Óºm� v� {� lÈ}°ÒäºmÈ� r� {� v�ËÁÈÓÒm� �� �� zÈ¯È�ËÓ�Ëm� {� �� ~È�Ò¯È}È� ����

cÒ°� �� |²ãÈ�Ò�Ëã	 ¹ÒmÈ

cÒ°� �� iËÁË}�© m ¹È«Ó©² °ºË�ÒÓËÓÒ«²� È Û ÓË¹¯º¹È®� ���� ­ Û ¹º¯Ò°�º°�	� ����

�� ������



­º¹¯ºmº�ºm� ÒäË
�Ò² ÓÈ²ãË°�º�Ó©Ë �¯�­�È�©Ë °º�
Ë�ÒÓËÓÒ« �ÒÈäË�¯ºä �… �� ää� È �È}ÎË �¯º°°Ëã«
�}È¹Òãã«¯Óº® �¯�­}Ò ° ÓÈ¯�ÎÓ©ä �ÒÈäË�¯ºä � ää�
m²º�«�Ë® m Ò°¹È¯Ò�Ëã	 ° mÓ��¯ËÓÓÒä �ÒÈäË�¯ºä
�… � ää�� {°Ë °�©}ºm©Ë °ºË�ÒÓËÓÒ« �¯�­º¹¯ºmº�
�ºm ²ºãº�Òã	Óº® äÈ�ÒÓ© ¹ºã��È
� ° ¹ºäº�	

¹È®}Ò�

jÏmË°�Óº� ��º ¹È®}È Û °ãºÎÓ©® �Ë²Óºãº�Ò�
�Ë°}Ò® ¹¯º�Ë°°� ÏÈmÒ°«�Ò® º� äÓº�Ò² mÏÈÒäº°m«�
ÏÈÓÓ©² ¹È¯ÈäË�¯ºm� }º�º¯©Ë �ºãÎÓ© ­©�	 m©­�
¯ÈÓ© �È}Òä º­¯ÈÏºä� ��º­© º­Ë°¹Ë�Ò�	 }È¹Òãã«¯�
Ó�
 ¹È®}�� �� Ë� ¯È°�Ë}ÈÓÒË ¹¯Ò¹º« Ò ÏÈ�Ë}ÈÓÒË
m ÏÈÏº¯ ÏÈ °�Ë� }È¹Òãã«¯Ó©² °Òã�

�Ë²ÓÒ�Ë°}Ò® ÈÓÈãÒÏ �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È
¹È®}Ò m©¹ºãÓ«ãÒ ¹��Ëä º�ËÓ}Ò }È�Ë°�mÈ ¹È«Ó©²
äË�Ó©² °ºË�ÒÓËÓÒ® °Ë¯Ò®Óº�º ¹¯ºÒÏmº�°�mÈ� v
ª�º® �Ëã	
 ¹¯ºmº�ÒãÒ mÒÏ�Èã	Ó©® º°äº�¯ Ò äË�
�Èããº�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« ° ¹ºäº�	
 º¹�Ò�
�Ë°}º�º Ò ¯È°�¯ºmº�º äÒ}¯º°}º¹ºm� �¯Ò mÒÏ�Èã	Óºä
º°äº�¯Ë ÓÈ²ãË°�º�Ó©² �¯�­�È�©² °ºË�ÒÓËÓÒ® º­�
ÓÈ¯�ÎËÓº ÒÏ­©�º�ÓºË }ºãÒ�Ë°�mº ¹¯Ò¹º« m©�Ë
��È°�}È ÓÈ²ãË°�}Ò� ¹¯Ò äË�Èããº�¯ÈÁÒ�Ë°}ºä Ò°�
°ãË�ºmÈÓÒÒ �Ë² ÎË °ºË�ÒÓËÓÒ® º­ÓÈ¯�ÎËÓ© ­ºãËË
°Ë¯	ËÏÓ©Ë �ËÁË}�©� }º�º¯©Ë äº��� ¹¯Òmº�Ò�	 }
¹º�Ë¯Ë ¯È­º�º°¹º°º­Óº°�Ò °ºË�ÒÓËÓÒ« �¯Ò°� ��� sÈ�
ãÒ�ÒË �È}Ò² �ËÁË}�ºm º­�°ãºmãËÓº ÓÈ¯��ËÓÒËä

�Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È ¹ºã��ËÓÒ« ¹È«Ó©² °º�
Ë�ÒÓËÓÒ®�

sÈ º°ÓºmË Ò°°ãË�ºmÈÓÒ®� ¹¯ºmË�ËÓÓ©² m jwv
Òä� p� |� �È�ºÓÈ� º�¯È­º�ÈÓÈ �Ë²Óºãº�Ò« �ÈÏº¹�
ãÈäËÓÓº® ¹È®}Ò �¯�­�È�©² °ºË�ÒÓËÓÒ® ÒÏ ¯ÈÏãÒ��
Ó©² äÈ�Ë¯ÒÈãºm �m �ºä �Ò°ãË ¹¯Ë�mÈ¯Ò�Ëã	ÓÈ« ¹º��
�º�ºm}È ¹È«Ëä©² ¹ºmË¯²Óº°�Ë®��

iã« �ÈÏº¹ãÈäËÓÓº® ¹È®}Ò �¯�­�È�©² äË�Ó©²
°ºË�ÒÓËÓÒ® Ò°¹ºã	ÏºmÈãÒ °Ë¯Ë­¯«Ó©Ë Ò äË�Óº�Áº°�
Áº¯Ò°�©Ë ¹¯Ò¹ºÒ� v Ò² ¹ºäº�	
 ¹ºã��ËÓ© }È�
�Ë°�mËÓÓ©Ë ¹È«Ó©Ë °ºË�ÒÓËÓÒ« ° ²º¯º�Òä Áº¯�
äÒ¯ºmÈÓÒËä mÓ��¯ËÓÓË® Ò ÓÈ¯�ÎÓº® �Èã�ËãÒ
�¯Ò°� �Ü��� lÒ}¯º°�¯�}��¯È ¹È«Óº�º �mÈ °º°�ºÒ�
ÒÏ ÏË¯ËÓ �mË¯�º�º ¯È°�mº¯È ÓÈ º°ÓºmË äË�Ò Ò ªm�
�Ë}�Ò}Ò �¯Ò°� ���

�È®}È ¯ÈÏÓº¯º�Ó©² °ºË�ÒÓËÓÒ® äË�	ÜÓË¯ÎÈ�
mË
�È« °�Èã	 ÓÈ mºÏ��²Ë ­ºãËË °ãºÎÓÈ« ÏÈ�È�È�
ÒäË
�È« °mºÒ º°º­ËÓÓº°�Ò� º­�°ãºmãËÓÓ©Ë º­¯È�
ÏºmÈÓÒËä º}°Ò�ºm ÓÈ ¹È«Ëäº® ¹ºmË¯²Óº°�Ò� �¯Ò
¹È®}Ë ÓË¯ÎÈmË
�Ë® °�ÈãÒ ÓËº­²º�Òäº ¹¯ÒäËÓ«�	
È}�ÒmÓ©Ë Áã
°© Ò ¹¯Ò¹ºÒ ° ­ºãËË ÓÒÏ}º® �Ëä�
¹Ë¯È��¯º® ¹ãÈmãËÓÒ«�

{°Ë ¯Ë}ºäËÓ��Ëä©Ë Áã
°© �ã« ¹È®}Ò ª�Ò² äÈ�
�Ë¯ÒÈãºm ­©°�¯º �Ë¯«
� È}�ÒmÓº°�	 m ¹ãÈäËÓÒ �º�
¯Ëã}Ò� ¹ºª�ºä� mÈÎÓ�
 ¯ºã	 Ò�¯ÈË� �Ë²ÓÒ}È ÓÈ��
¯ËmÈ� z¯ºäË �º�º� ÓËº­²º�Òäº º­Ë°¹Ë�Ò�	 º�Óºm�
¯ËäËÓÓºË °äÈ�ÒmÈÓÒË º­ºÒ² äÈ�Ë¯ÒÈãºm Ò ��ºm�
ãË�mº¯Ò�Ëã	Ó�
 ¹¯º�Óº°�	 ¹È«Ó©² °ºË�ÒÓËÓÒ®� {
�ÈÓÓºä °ã��ÈË ÓÈÒ­ºãËË ¹¯ÒËäãËä© °Ë¯Ë­¯«Ó©Ë
¹¯Ò¹ºÒ� ÒäË
�ÒË ÓËº­²º�Òä©® �Ëä¹Ë¯È��¯Ó©® ÒÓ�

cÒ°� �� �È«Ó©® �ÏËã º²ãÈ�Ò�Ëã« ¹ÒmÈ

cÒ°� �� �È«ÓºË °ºË�ÒÓËÓÒË }È¹Òãã«¯È �ÒÈäË�¯ºä � ää ° �¯�­}ÈäÒ
�ÒÈäË�¯ºä ��� Ò �� ää

cÒ°� �� �È«ÓºË äË�ÓºË �¯�­�È�ºË °ºË�ÒÓËÓÒË

cÒ°� �� lÒ}¯º°�¯�}��¯È ¹È«Óº�º �mÈ äË�Óº�º �¯�­�È�º�º °ºË�Ò�
ÓËÓÒ«� �����

cÒ°� �� �È«ÓºË °ºË�ÒÓËÓÒË äË�	ÜÓË¯ÎÈmË
�È« °�Èã	

������ ��



�Ë¯mÈã� ­ºã	��
 ÎÒ�}º�Ë}��Ë°�	� °ãÈ­º ¯È°�mº�
¯«
� }º¯¯ºÏÒºÓÓº°�º®}ÒË °�ÈãÒ m ¹¯º�Ë°°Ë ¹È®}Ò�
ÓË º­ãÈ�È
� ¹¯ºÓÒ}È
�Ë® �¹º �¯ÈÓÒ�Èä ÏË¯ËÓ�
°¹º°º­Óº°�	
 Ò ÓË º­¯ÈÏ�
� ¹¯º°ãºË} ²¯�¹}Ò²
ÒÓ�Ë¯äË�ÈããÒ�ºm �¹¯Ò �º�Óºä °º­ã
�ËÓÒÒ �Ë²Óº�
ãº�Ò�Ë°}º�º ¹¯º�Ë°°È ¹È®}Ò�� �ºã��ËÓÓ©Ë ¹È«Ó©Ë
°ºË�ÒÓËÓÒ« ²È¯È}�Ë¯ÒÏ�
�°« ¹ãº�Ó©äÒ ­ËÏ�ËÁË}�
�Ó©äÒ �mÈäÒ� ÓÈãÒ�ÒËä mÓ��¯ËÓÓË® Ò ÓÈ¯�ÎÓº®
�Èã�ËãÒ �¯Ò°� ���

|°º­©® °ã��È® ¹¯Ë�°�Èmã«
� ¯ÈÏÓº¯º�Ó©Ë °º�
Ë�ÒÓËÓÒ« ãÈ��Ó	ÜÓË¯ÎÈmË
�È« °�Èã	 �¯Ò°� ��� v
º�Óº® °�º¯ºÓ©� �ÈÓÓ©Ë äÈ�Ë¯ÒÈã© ÓËã	Ï« ¹Ë¯Ë��
¯ËmÈ�	� ¹º°}ºã	}� ÓË¯ÎÈmË
�È« °�Èã	 ­©°�¯º º}Ò°�
ã«Ë�°«� È ãÈ��Ó	 ²È¯È}�Ë¯ÒÏ�Ë�°« ÓËm©°º}º® �Ëä�
¹Ë¯È��¯º® ¹ãÈmãËÓÒ« ÒÏ�ÏÈ ÓÈãÒ�Ò« ãË�}ºÒ°¹È¯«�

�Ë�º°« ªãËäËÓ�ÈÛ �ÒÓ}È� v �¯��º®Û ¹ºã��ËÓÒË
}È�Ë°�mËÓÓº�º °ºË�ÒÓËÓÒ« �¯Ë­�Ë� äË�ãËÓÓº�º Ò
¹ºãÓº�º ¹¯º�¯ËmÈ }È} ÓË¯ÎÈmË
�Ë® �¯�­}Ò� �È}
Ò äÈ°°ÒmÓº�º ãÈ��ÓÓº�º ����Ë¯È� �È}ÒË º°º­ËÓ�
Óº°�Ò °ºÏ�È
� �º¹ºãÓÒ�Ëã	Ó©Ë º�¯ÈÓÒ�ËÓÒ« ¹¯Ò
m©­º¯Ë ¹¯Ò¹º« Ò ¯ËÎÒäÈ �ÈÏº¹ãÈäËÓÓº�º ÓÈ�¯ËmÈ�

j°}ã
�Ò�	 �È}ÒË ÓËÎËãÈ�Ëã	Ó©Ë «mãËÓÒ«� }È}
º}Ò°ãËÓÒË º°ÓºmÓº�º äË�ÈããÈ� Ò°¹È¯ËÓÒË ãË���Ò²
ªãËäËÓ�ºm ¹¯Ò ¹È®}Ë ãÈ��ÓÒ °º °�Èã	
� ��Èãº°	
­ãÈ�º�È¯« °¹Ë�ÒÈã	Óº® �Ë²Óºãº�ÒÒ ¹È®}Ò Ò ¹¯È�
mÒã	Óº m©­¯ÈÓÓºä� °º°�Èm� ¹¯Ò¹º«�

vºmäË°�Ó©äÒ �°ÒãÒ«äÒ ~k| ½�z°ÓÈ­� Ò jwv
Òä� p� |� �È�ºÓÈ ­©ãÒ ¯Ë�ËÓ© m°Ë ¹º°�ÈmãËÓÓ©Ë
ÏÈ�È�Ò� º�¯È­º�ÈÓÈ �Ë²Óºãº�Ò« ¹È®}Ò }È} m ãÈ­º�
¯È�º¯Ó©²� �È} Ò m ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«²�
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cÒ°� �� v²ËäÈ ¹È«Óº�º °ºË�ÒÓËÓÒ« ÒÏ ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm�
� Û ����Ë¯ �ãÈ��Ó	�� � Û �¯�­}È �ÓË¯ÎÈmË
�È« °�Èã	�� � Û
¹¯Ò¹º®

9,,, ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËË¾Ý ÀÙÏÐ¾ÀÈ¾ �¯ �®¨�������

��Ü�� Ò
Ó« ���� �� sÒÎÓÒ® sºm�º¯º�

|¯�ÈÓÒÏÈ�ÒºÓÓ©® }ºäÒ�Ë� ¹¯Ò�ãÈ�ÈË� ¹º°Ë�Ò�	 9,,, °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ�
 m©�
°�Èm}� ½v{kczk������ ° äËÎ��ÓÈ¯º�Ó©ä ��È°�ÒËä ÓÈ ­ÈÏË {©°�Èmº�Óº�º }ºä�
¹ãË}°È ½sÒÎË�º¯º�°}È« Ð¯äÈ¯}È��

�ËäÈ�Ò}È m©°�Èm}Ò�

• |­º¯��ºmÈÓÒË Ò º°ÓÈ°�}È �ã« }ºÓ�È}�Óº® °mÈ¯}Ò
• |­º¯��ºmÈÓÒË �ã« °¹Ë�ÒÈãÒÏÒ¯ºmÈÓÓ©² °¹º°º­ºm °mÈ¯}Ò
• lÈ�ÒÓ© Ò º­º¯��ºmÈÓÒË �ã« ���ºmº® °mÈ¯}Ò Ò ¯ËÏ}Ò� Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ«�
¹¯Ò°¹º°º­ãËÓÒ« Ò ÒÓ°�¯�äËÓ�©

• |­º¯��ºmÈÓÒË �ã« ¹ãÈÏäËÓÓº® º­¯È­º�}Ò äË�Èããºm
• lÈ�ÒÓ© Ò º­º¯��ºmÈÓÒË �ã« �ÈÏºmº® °mÈ¯}Ò� m°¹ºäº�È�Ëã	Ó©® ÒÓ°�¯�äËÓ�
• |­º¯��ºmÈÓÒË� ¹¯Ò°¹º°º­ãËÓÒ« Ò ÒÓ°�¯�äËÓ�© �ã« °mÈ¯}Ò m °¯Ë�Ë ÏÈ�Ò�Óº�º �ÈÏÈ
• |­º¯��ºmÈÓÒË �ã« ¹º��º�ºm}Ò ¹ºmË¯²Óº°�Ò
• km�ºäÈ�Ò�Ë°}ÒË °Ò°�Ëä© �¹¯ÈmãËÓÒ« �ã« °mÈ¯º�Ó©² ¹¯º�Ë°°ºm� ¯º­º�© Ò
¯º­º�º�Ë²ÓÒ�Ë°}ÒË }ºä¹ãË}°©

• jÏäË¯ËÓÒË� }ºÓ�¯ºã	� Ò°¹©�ÈÓÒ«� º­¯È­º�}È �ÈÓÓ©²
• v¯Ë�°�mÈ ÏÈ�Ò�© °mÈ¯�Ò}ºm Ò º²¯ÈÓÈ º}¯�ÎÈ
�Ë® °¯Ë�©
• sÈ��ÓºË Ò ÒÓÁº¯äÈ�ÒºÓÓºË º­Ë°¹Ë�ËÓÒË

�ÂÎÃÏ ÌÎÁÈÌÊÆÐÃÐ¾ ÈÌËÒÃÎÃËÔÆÆ�
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ÓÈ¹ãÈmãËÓÓºä äË�ÈããË� zºä¹ãË}°ÓºË ãË�Ò¯ºmÈÓÒË äÈ¯�ÈÓ�Ëä�
�Ò�ÈÓºä� mÈÓÈ�ÒËä� äºãÒ­�ËÓºä Ò �¯��ÒäÒ ãË�Ò¯�
�ÒäÒ ªãË�
äËÓ�ÈäÒ ¹ºÏmºã«Ë� ¯ËÈãÒÏºmÈ�	 °�¯�}��¯� È�°�ËÓÒ�È� �¹¯º�ÓËÓ�
Ó�
 �Ò°¹Ë¯°Ó©äÒ }È¯­Ò�ÈäÒ >�� �@� { �ËãË ÏË¯ÓÈ ÓÈ­ã
�ÈË�°«
°Ë�}È ¹ºãÒ�ºÓÒÏÈ�ÒºÓÓ©² �¯ÈÓÒ� �¯Ò°� ��� �ãº­�ã«¯Ó©Ë ÓËäË�
�ÈããÒ�Ë°}ÒË m}ã
�ËÓÒ« �ÒÈäË�¯ºä ���…��� ä}ä ¯ÈmÓºäË¯Óº
¯È°¹¯Ë�ËãËÓ© m äË�ÈããË Ò ¹¯Ë�°�Èmã«
� °º­º® °ãºÎÓ©Ë º}°Ò�
°�ã	ÁÒ�©� lË�Èãã °mÈ¯Óº�º �mÈ º­ãÈ�ÈË� ¹¯ÒËäãËä©äÒ äË�

²ÈÓÒ�Ë°}ÒäÒ °mº®°�mÈäÒ� σm  ���…��� l�È� σ�  

 ���…��� l�È� δ  ��…�� �� .&9  ���…��� iÎ�°ä
�

¹¯Ò ���Åv� ~ÈmÈ¯}È �ËÁË}�ºm ãÒ�	« °�ÈãÒ ������� ¯ËÈãÒÏºmÈÓÈ
° ¹¯ÒäËÓËÓÒËä °�ÈÓ�È¯�Óº® �Ë²Óºãº�ÒÒ�

�¯ÒäËÓÒ�Ëã	Óº } °mÈ¯}Ë ¯ÈÏÓº¯º�Ó©² °�ÈãË® �������� �
� ����� �������� � ���v�� ¯ÈÏ¯È­º�ÈÓÈ °ÈäºÏÈ�Ò�ÓÈ« ¹º�

¯º�}ºmÈ« ¹¯ºmºãº}È {p��pz����� ∅ ���…��� ää ° °Ò°�Ëäº®
ãË�Ò¯ºmÈÓÒ« )HÜ&UÜ0Q� iã« ¹ºã��ËÓÒ« �°�º®�Òmº® È�°�ËÓÒ��
Óº® °�¯�}��¯© º¹�ÒäÒÏÒ¯ºmÈÓº °º�Ë¯ÎÈÓÒË äÈ¯�ÈÓ�È� ²¯ºäÈ�
��ãË¯º�È Ò ÈÏº�È >��@� { äË�ÈããË ÏºÓ© °¹ãÈmãËÓÒ« Ò °mÈ¯Óº�º
�mÈ ÓË º­ÓÈ¯�ÎËÓ© º­º°º­ãËÓÓ©Ë }¯�¹Ó©Ë }È¯­Ò�©� �Ë¹º�}Ò
ÒãÒ ¹¯º°ãº®}Ò }È¯­Ò�ºm ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ� �Ò°¹Ë¯°Ó©Ë }È¯�
­Ò�© Ò }È¯­ºÓÒ�¯Ò�© ¯ÈmÓºäË¯Óº ¯È°¹¯Ë�ËãËÓ© m �ËãË ÏË¯ÓÈ
Ò ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ� �¯Ò ¹ºm©�ËÓÓºä �Ë¹ãºmãºÎËÓÒÒ mºÏ�
äºÎÓº º­¯ÈÏºmÈÓÒË ¹º�°ºãÒ��°Ó©² �º¯«�Ò² �¯Ë�ÒÓ �¯Ò°� ���

lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ �mÈ� σm  ���…��� l�È� σ�  
 ���…��� l�È� δ  ��…�� �� .&9  ���…��� iÎ�°ä

�

¹¯Ò ��� Åv� { ÏºÓË °¹ãÈmãËÓÒ« ° ¹Ë¯ãÒ�Óº® °�Èã	
 ²¯�¹}ÒË
¹¯º°ãº®}Ò ÓË º­ÓÈ¯�ÎËÓ©� n¯È}�º�¯ÈÁÒ�Ë°}Ò® ÈÓÈãÒÏ ÒÏãºäºm
º­¯ÈÏ�ºm äË�ÈããÈ �mºm� m©¹ºãÓËÓÓ©² ¹º¯º�}ºm©äÒ ¹¯ºmºãº�
}ÈäÒ {p��pz����� Ò {p��pz������ ¹º}ÈÏÈã� ��º m º­ºÒ²
°ã��È«² ²È¯È}�Ë¯Óº m«Ï}ºË ¯ÈÏ¯��ËÓÒË ¹º äË²ÈÓÒÏä� °ãÒ«ÓÒ«
¹º¯ ÓËÏÈmÒ°Òäº º� mÒ�È Ò°¹©�ÈÓÒ« �¯Ò°� �� È� ­��

sºm©Ë ¹º¯º�}ºm©Ë ¹¯ºmºãº}Ò ÒäË
� ²º¯º�ÒË °mÈ¯º�Óº�
�Ë²Óºãº�Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò� °�È­Òã	ÓºË �º¯ËÓÒË ���Ò� ÓËÏ�
ÓÈ�Ò�Ëã	ÓºË ¯ÈÏ­¯©Ï�ÒmÈÓÒË ªãË}�¯º�Óº�º äË�ÈããÈ� ãË�}�

º��ËãÒäº°�	 �ãÈ}ºmº® }º¯}Ò �ÈÎË m �ã�­º}º® ¯ÈÏ�Ëã}Ë }¯ºäº}�
²º¯º�Ò® mÓË�ÓÒ® mÒ� ¹ºmË¯²Óº°�Ò �mÈ� �º °¯ÈmÓËÓÒ
 ° ÈÓÈ�
ãº�ÈäÒ ÓÈ �� � ÓÒÎË °º�Ë¯ÎÈÓÒË º}°Ò�ºm äÈ¯�ÈÓ�È m °mÈ¯º�Óºä
Èª¯ºÏºãË� zºªÁÁÒ�ÒËÓ� Ò°¹ºã	ÏºmÈÓÒ« ¹¯ºmºãº}Ò ÓÈ²º�Ò�°«
m ¹¯Ë�ËãÈ² .

¹¯
 ����…���� { ¹¯º�Ë°°Ë }ºÓ�¯ºã« }È�Ë°�mÈ

°mÈ¯Ó©² °ºË�ÒÓËÓÒ® �ËÁË}�© m mÒ�Ë ¹º¯Ò°�º°�Ò Ò �¯Ë�ÒÓ m
ÓÈ¹ãÈmãËÓÓºä äË�ÈããË Ò °mÈ¯Óºä °ºË�ÒÓËÓÒÒ ÓË º­ÓÈ¯�ÎËÓ©�
�º¯º�}ºm©Ë ¹¯ºmºãº}Ò {p��pz����� Ò {p��pz�s���� �°�
¹Ë�Óº ¹¯ÒäËÓ«
�°« ÓÈ z¯Òmº¯ºÎ°}ºä �ËÓ�¯Èã	Óºä ¯��Óºä ÏÈ�
mº�Ë ��� z¯Òmº® cº�� ¹¯Ò ¹¯ºÒÏmº�°�mË º�mË�°�mËÓÓ©² }ºÓ°�
�¯�}�Ò®�

�� ���¯ËäºÓ w� v¹Ë�ÒÈã	Ó©Ë °�ÈãÒ� Û l�� �s�j ãÒ�Ë¯È��¯©
¹º �Ë¯Óº® äË�Èãã�¯�ÒÒ� ����� Û ���� ��� °�

cÒ°� �� lÒ}¯º°�¯�}��¯È äË�ÈããÈ �mÈ� m©¹ºãÓËÓÓº�º ¹º¯º�}ºmº® ¹¯ºmº�
ãº}º® {p��pz�s����� ����

cÒ°� �� �º�°ºãÒ��°ÓÈ« �º¯«�È« �¯Ë�ÒÓÈ m äË�ÈããË �mÈ ° °Ò°�Ëäº® ãË�Ò�
¯ºmÈÓÒ« )HÜ0QÜ&U

cÒ°� �� �ºmË¯²Óº°�	 ¯ÈÏ¯��ËÓÒ« º­¯ÈÏ�ºm ¹¯Ò �Ëä¹Ë¯È��¯Ë Ò°¹©�ÈÓÒ« ��� Åv ÓÈ ¯ÈÏ¯©m �È�� ���� Ò ��È¯Ó©® ÒÏ�Ò­ �­�� ����

�� ������



�� yÒ�Óºm v� {�� iÈm©�ºm s� ��� r¯È��Ò}ºm v� �� {©°º}ºäÈ¯�
�ÈÓ�ºmÒ°�©Ë °�ÈãÒ� Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

�� lº¯ºÏºm°}È« p� s� v�¯�}��¯È º}ºãº�ºmÓº® ÏºÓ© ¹¯Ò ÓÈ¹�
ãÈm}Ë ÓÈ °�Èã	 ���� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��
Û v� ��Ü���

�� �º�Èã	°}Ò® �� s� z ¹¯º­ãËäË °mÈ¯}Ò ¯ÈÏÓº¯º�Ó©² °�ÈãË®
m }ºÓ°�¯�}�Ò«²� �ãÒ�Ëã	Óº ¯È­º�È
�Ò² ¹¯Ò m©°º}º® �Ëä�
¹Ë¯È��¯Ë �� �Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

�� zºÓ�¯È�
} v� p�� zÈ°È�}ÒÓ |� �� cÈÏ¯��ËÓÒË ãÒ�º® äÈ¯�
�ÈÓ�ºmÒ°�º® °�ÈãÒ� Û zÒËm� sÈ�}� ��ä}È� ����� Û ��� °�

�� sºm©Ë äÈ�Ë¯ÒÈã© �ã« °mÈ¯}Ò °�ÈãË® ������� Ò ��� � {� s�
�Ò¹º�ÈËm� s� j� zÈ²ºm°}Ò®� {� v� nËã	�äÈÓ Ò �¯� ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� lÈãÒÓºm �� v�� tÈ¯ãÈÓºmÈ p� Ð� {ãÒ«ÓÒË ãË�Ò¯ºmÈÓÒ« Ò
¹¯Ë�mÈ¯Ò�Ëã	Óº® �ËÁº¯äÈ�ÒÒ ÓÈ ÁÈÏºm©® °º°�Èm Ò äË²ÈÓÒ�
�Ë°}ÒË °mº®°�mÈ °¹ãÈmºm )HÜ0Q �� lË�Èãã©� Û ����� Û
¢ �� Û v� ���Ü����

�� rË¯ËÏºm°}Ò® k� {�� rÈ¯äÒÓ �� s�� b�ä«}ºm {� j� {ãÒ«ÓÒË
°º°�ÈmÈ ªãË}�¯º�Óº�º äÈ�Ë¯ÒÈãÈ ÓÈ °mº®°�mÈ °mÈ¯Ó©² °ºË�Ò�
ÓËÓÒ® °�ÈãÒ ������� �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��
Û v� ��Ü���

�� sºm©Ë ªãË}�¯º�© �ã« °mÈ¯}Ò Ò ÓÈ¹ãÈm}Ò °�ÈãÒ ������� �
{� {� vÓÒ°È¯	� w� �� iËä�ËÓ}º� |� j� r¯Ë�ÓËm Ò �¯� ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� vmÈ¯º�Ó©Ë äÈ�Ë¯ÒÈã© �ã« °mÈ¯}Ò °�ÈãË® Ò ����ÓÈ �ªãË}��
¯º�©� Áã
°© Ò ¹¯ºmºãº}Ò� � {� s� �º¯¹ËÓ
}� �� {� j��
ÓÈ��ËÓ}º� v� v� lËãÒ�ËÓ}º Ò �¯�� v¹¯Èmº�ÓÒ}� Û zÒËm�
����� Û ��� °�

���  Ë®ã«² k� ��� lÈãÒÓºm �� v� vmº®°�mÈ Ò ¹¯Ëm¯È�ËÓÒ« m
²¯ºäºäÈ¯�ÈÓ�Ëm©² }º¯¯ºÏÒºÓÓº�°�º®}Ò² °�Èã«²��lË�Èã�
ãºmË�� Ò �Ë¯äÒ�Ë°}È« º­¯È­º�}È äÈ�Ë¯� Û ����� Û ¢ �� Û
v� ��Ü���

��� cÈÏÒ}ºm l� j�� zº�ËmÈ �� s�� �ºã°�©² �� �� v�¯�}��¯ÓÈ«
�ÒÈ�¯ÈääÈäË�ÈããÈ�mÈ ÓÈ ²¯ºäºäÈ¯�ÈÓ�ºmÒ°�©² °�Èã«²��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

3RRU ZHOGDELOLW\ RI VWHHO ���*��/� FDXVHG E\ D JURZWK LQ KHDW LQSXW� LV RXWOLQHG� (OHFWURGHV� GHYHORSHG DW GLIIHUHQW SHULRGV

RI WLPH IRU ZHOGLQJ +DGILHOG VWHHO DQG LWV GLVVLPLODU MRLQWV� DUH GHVFULEHG� &KDUDFWHULVWLF RI GHYHORSHG 70:HOWHFK IOX[�FRUHG
ZLUHV :HOWHFK�+���8 DQG :HOWHFK����8 UHODWLYH WR ZHOGLQJ�XS RI ���*��/ VWHHO FDVWLQJV DQG ZHOGLQJ RI GLVVLPLODU MRLQWV
RI WKLV VWHHO ZLWK VWHHO ��*6/ LV JLYHQ�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

p{c|�pqvzkÐ �c|�ckllk 120$' �| v|~ik�
sj� c|r|�j~jc|{kss|q Ð pqzj i�Ð {hv|�
z|�c|j~{|ij�p�es|q v{kczj v�p¡jk�j~j�
c|{kssht z|sv�c�z¡jq

�¯º�¯ÈääÈ 120$'Û º�ÓÈ ÒÏ ¹«�Ò äËÎ��ÓÈ¯º�Ó©² ¹¯º�¯Èää�
}º�º¯©Ë m©¹ºãÓ«
�°« m ¯Èä}È² pm¯º¹Ë®°}º® }ºäÒ°°ÒÒ� ¡Ëã	

¹¯º�¯Èää© «mã«Ë�°« °ºÏ�ÈÓÒË ¯º­º�ÒÏÒ¯ºmÈÓÓ©² °mÈ¯º�Ó©²
¹¯ºÒÏmº�°�mËÓÓ©² «�ËË} Óºmº�º ¹º}ºãËÓÒ«� |°ÓºmÓºË º�ãÒ�ÒË
°ºÏ�ÈmÈËä©² «�ËË} º� �ÎË °��Ë°�m�
�Ò² °º°�ºÒ� m �ºä� ��º
°mÈ¯º�Ó©® ¯º­º�� �°�ÈÓºmãËÓÓ©® ÓÈ °¹Ë�ÒÈã	Óº® �ËãËÎ}Ë� äº�
ÎË� °mº­º�Óº ¹Ë¯ËäË�È�	°« mÓ��¯Ò «�Ë®}Ò Ò ¹¯ºÒÏmº�Ò�	 °mÈ¯�
}� ¯ÈÏãÒ�Ó©² }ºÓ°�¯�}�Ò® m °ºº�mË�°�mÒÒ ° ÏÈ�ÈÓÓº® ¹¯º��
¯Èääº®� sÈ �ËãËÎ}Ë� }¯ºäË ¯º­º�È� ¯ÈÏäË�ÈË�°« m°Ë
ÓËº­²º�ÒäºË º­º¯��ºmÈÓÒË �ã« °mÈ¯}Ò lk�� È �È}ÎË ­ãº}Ò
�¹¯ÈmãËÓÒ« ¹¯º�Ë°°ºä °mÈ¯}Ò Ò ¹Ë¯ËäË�ËÓÒËä �ËãËÎ}Ò
�¯Ò°� ��� �ËãËÎ}È� «mã«
�È«°« ¹º °��Ò ¯º­º}È¯ºä� äºÎË� ¹¯º�
ÒÏmº�Ò�	 mÓ��¯Ò «�Ë®}Ò °mÈ¯}� ÒÓ�ÒmÒ��Èã	Ó©² }ºÓ°�¯�}�Ò®
äÈ°°º® �º �� � ° ¹¯ºÒÏmº�Ò�Ëã	Óº°�	
� ¹¯Ò°��Ë® m ÓÈ°�º«�ËË
m¯Ëä« }¯�¹Óº°Ë¯Ò®Óºä� ¹¯ºÒÏmº�°�m��

sÈmÒ�È�ÒºÓÓÈ« °Ò°�ËäÈ ¯º­º}È¯È º­ÓÈ¯�ÎÒmÈË� }ºÓ°�¯�}�
�Ò
� ¹º�ãËÎÈ��
 °mÈ¯}Ë� º¹¯Ë�Ëã«� ËË ¹ºãºÎËÓÒË mÓ��¯Ò «�Ë®�
}Ò Ò �¹¯Èmã«Ë� ¹Ë¯ËäË�ËÓÒËä ¯º­º}È¯È m ¯È­º�ËË ¹ºãºÎËÓÒË�
v ¹ºäº�	
 ­ÈÏ© �ÈÓÓ©² ­ãº} �¹¯ÈmãËÓÒ« ¹¯º�Ë°°ºä °mÈ¯}Ò
¯È°¹ºÏÓÈË� �ËºäË�¯Ò�Ë°}�
 Áº¯ä� °mÈ¯ÒmÈËäº�º ÒÏ�ËãÒ«� ¯È°�
¹ºãºÎËÓÒË Ò �ËºäË�¯Ò�Ë°}ÒË ¯ÈÏäË¯© °mÈ¯Ó©² �mºm Ò ¹Ë¯Ë�ÈË�
¹È¯ÈäË�¯© �Ë²Óºãº�ÒÒ °mÈ¯}Ò }ºÓ°�¯�}�ÒÒ °mÈ¯º�Óºä� ¯º­º��
�¯Ò°� ���

{ ÓÈ°�º«�ËË m¯Ëä« ¯ÈÏ¯È­È�©mÈ
�°« ªãË}�¯ºÓÓ©Ë äº�ËãÒ
�ã« °mÈ¯}Ò �m�² ÒÏ�ËãÒ®� Á¯È�äËÓ�È äº°�È �ã« ÁÒ¯ä© ½1XVWHHO
6WUXFWXUHV� Ò °�¯Ëã© ª}°}ÈmÈ�º¯È ÁÒ¯ä© ½&DWHUSLOODU�� { °�È�ÒÒ
}ºÓ°�¯�Ò¯ºmÈÓÒ« ÓÈ²º�Ò�°« �È}ÎË �ËãËÎ}È ¯º­º}È¯È� { ÏÈ}�
ã
�ËÓÒË ¹¯ºË}�È ÓÈ º�Óºä ÒÏ ¹¯Ë�¹¯Ò«�Ò® ½&DWHUSLOODU� ­��Ë�
°äºÓ�Ò¯ºmÈÓÈ �ËäºÓ°�¯È�ÒºÓÓÈ« ¹¯ºÒÏmº�°�mËÓÓÈ« ¯º­º�ÒÏÒ¯º�
mÈÓÓÈ« °mÈ¯º�ÓÈ« «�Ë®}È Óºmº�º ¹º}ºãËÓÒ«�

{ ¹¯ºË}�Ë ��È°�m�
�� rËã	�Ò« �ÁÒ¯äÈ ½&DWHUSLOODU��� {Ë�
ãÒ}º­¯Ò�ÈÓÒ« �r¯Ò�ÈÓ°}Ò® ÒÓ°�Ò��� °mÈ¯}Ò�� �Ë¯äÈÓÒ« �n¯È�
�Ó²ºÁË¯ºm°}Ò® ÒÓ°�Ò��� Ò ÁÒ¯ä© ½5HLV��� nÒÓã«Ó�Ò« �ÁÒ¯äÈ
½'HOIRL��� n¯ÈÓ�Ò« �ÁÒ¯äÈ ½5RERVRIW��� bmË�Ò« �ÁÒ¯äÈ
(6$%�� v¯º} m©¹ºãÓËÓÒ« ¹¯ºË}�È Û ��� �º�È� °�ºÒäº°�	 Û
��� äãÓ Ëm¯º� ÒÏ }º�º¯©² �� � ÁÒÓÈÓ°Ò¯�Ë�°« pm¯º¹Ë®°}º®
}ºäÒ°°ÒË® Ò �� � Û ¹È¯�ÓË¯ÈäÒ ¹¯ºË}�È�

j� k� c«­�Ëm

���������	
���

�
�����
���

cÒ°� �� �ËãËÎ}È�¯º­º}È¯ ° ¯ÈÏäË�ËÓÓ©ä ÓÈ ÓË® ¯º­º�ºä� °mÈ¯º�Ó©ä º­º�
¯��ºmÈÓÒËä Ò °Ò°�ËäÈäÒ �¹¯ÈmãËÓÒ«

cÒ°� �� |°ÓºmÓ©Ë ªãËäËÓ�© ¯º­º�ÒÏÒ¯ºmÈÓÓº® «�Ë®}Ò �ã« m©°º}º¹¯ºÒÏ�
mº�Ò�Ëã	Óº® °mÈ¯}Ò� � Û ­ãº} ¯ÈÏ¯È­º�}Ò �Ë²ÓÒ�Ë°}Ò² �¯Ë­ºmÈÓÒ® } ÒÏ�
�ËãÒ
� � Û ­ãº} ªãË}�¯ºÓÓº�º ¹¯ºË}�Ò¯ºmÈÓÒ« �Ë²Óºãº�ÒÒ °mÈ¯}Ò
ÒÏ�ËãÒ®� � Û ãÒÓÒÒ ¹Ë¯Ë�È�Ò �ÈÓÓ©²� � Û ­ãº} �¹¯ÈmãËÓÒ« ¹¯º�Ë°°ºä
°mÈ¯}Ò Ò ¹Ë¯ËäË�ËÓÒËä �ËãËÎ}Ò� � Û ¯�}È ¯º­º�È� � Û �ËãËÎ}È� � Û
ÓÈmÒ�È�ÒºÓÓÈ« °Ò°�ËäÈ� � Û �Ë�Èã	� ¹º��º�ºmãËÓÓÈ« �ã« °mÈ¯}Ò� � Û
�Ë�Èã	 m ¹¯º�Ë°°Ë °mÈ¯}Ò� ��Û ­ãº} Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº�º }ºÓ�¯ºã« ¹¯º�
�Ë°°È

������ ��



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

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

{� k� bÈ¹ºmÈãºm �jwv� ÏÈ�Ò�Òã �� º}�«­�
¯« ���� �� �º}�º¯°}�
 �Ò°°Ë¯�È�Ò
 ÓÈ �Ëä� ½sÈ�
��Ó©Ë Ò �Ë²Óºãº�Ò�Ë°}ÒË º°Óºm© ¹ãÈÏäËÓÓº�
ÒÓ��}�ÒºÓÓº�º m©¯È�ÒmÈÓÒ« }¯�¹Ó©² äº�
Óº}¯Ò°�Èããºm ���º¹ãÈm}Ò² äË�Èããºm��

{ ¯È­º�Ë m¹Ë¯m©Ë ¯Ë�ËÓÈ ¹¯º­ãËäÈ
m©¯È�ÒmÈÓÒ« }¯�¹Ó©² º¯ÒËÓ�Ò¯ºmÈÓÓ©² äº�
Óº}¯Ò°�Èããºm mºã	Á¯ÈäÈ Ò äºãÒ­�ËÓÈ ° �º°�È�

�º�Óº °ºmË¯�ËÓÓº® °�¯�}��¯º® Ò �ã���ËÓÓ©äÒ ÁÒÏÒ}º�
äË²ÈÓÒ�Ë°}ÒäÒ °mº®°�mÈäÒ m ¯ËÏ�ã	�È�Ë ÒÏ��ËÓÒ« Ò �°ºmË¯�ËÓ�
°�mºmÈÓÒ« ¹ãÈÏäËÓÓº�ÒÓ��}�ÒºÓÓº® ÏºÓÓº® ¹ãÈm}Ò� °�È­ÒãÒ�
ÏÈ�ÒÒ ¹¯º�Ë°°È °ºmäË°�Óº® ¯È­º�© ÒÓ��}�º¯È Ò ¹ãÈÏäº�¯ºÓÈ
Ò �¹¯ÈmãËÓÒ« �Ëä¹Ë¯È��¯Ó©ä ¹ºãËä m°Ë�º äºÓº}¯Ò°�ÈããÈ mº
m¯Ëä« m©¯È�ÒmÈÓÒ« Ò º²ãÈÎ�ËÓÒ«�

iÒ°°Ë¯�ÈÓ�ºä º­º°ÓºmÈÓÈ Ò ¹¯È}�Ò�Ë°}Ò ¹º��mË¯Î�ËÓÈ
°�È­Òã	ÓÈ« ¯È­º�È ÒÓ��}�º¯È m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË äº�Óº°�Ò
¹¯Ò }ºä­ÒÓÒ¯ºmÈÓÓºä ¹ãÈÏäËÓÓº�ÒÓ��}�ÒºÓÓºä ÓÈ�¯ËmË äº�
Óº}¯Ò°�Èããºm ¹��Ëä ¯ÈÏäË�ËÓÒ« ²ºãº�Óº® °Ë}�ÒºÓÓº® °�ËÓ}Ò
m ÏÈÏº¯Ë äËÎ�� ÒÓ��}�º¯ºä Ò äºÓº}¯Ò°�Èããºä� ��º ¹¯Ë��¹�
¯ËÎ�ÈË� mºÏ­�Î�È
�ÒË �Ë®°�mÒ« ¹ãÈÏäËÓÓº® ���Ò�

km�º¯ºä m¹Ë¯m©Ë °Áº¯ä�ãÒ¯ºmÈÓ© ¹º�²º�© } �¹¯ÈmãËÓÒ

�Ë²Óºãº�Ò�Ë°}Òä ¹¯º�Ë°°ºä ­Ë°�Ò�Ëã	Óº® ¹ãÈÏäËÓÓº�ÒÓ��}�
�ÒºÓÓº® ÏºÓÓº® ¹ãÈm}Ò� }º�º¯©Ë ­ÈÏÒ¯�
�°« ÓÈ ¯Ë��ãÒ¯ºmÈÓÒÒ
äº�Óº°�Ò ¹ãÈÏäËÓÓº����ºmº�º Ò ÒÓ��}�ÒºÓÓº�º Ò°�º�ÓÒ}ºm ÓÈ�
�¯ËmÈ� ¹º��Ë¯Î}Ë º¹�ÒäÈã	Óº�º °ºº�Óº�ËÓÒ« }ºä¹ºÓËÓ�ºm
°äË°Ò ¹ãÈÏäºº­¯ÈÏ�
�Ë�º �ÈÏÈ� ��Ë�Ë �ËºäË�¯Ò�Ë°}Ò² ¯ÈÏäË¯ºm
Ò äÈ°��È­Óº�º �¯ºmÓ« °�­°�¯�}��¯© ÏÈ¯º�©�È }¯Ò°�ÈããÈ� ��º
º­Ë°¹Ë�ÒmÈË� �È¯ÈÓ�Ò¯ºmÈÓÓºË Áº¯äºº­¯ÈÏºmÈÓÒË äºÓº}¯Ò°�Èã�
ãÈ ° �º°�È�º�Óº °ºmË¯�ËÓÓº® °�­°�¯�}��¯º®� �º}ÈÏÈÓº� ��º
°ºmË¯�ËÓ°�mº °�­°�¯�}��¯© m ¹¯º�Ë°°Ë m©¯È�ÒmÈÓÒ« Ò º²ãÈÎ�
�ËÓÒ« }¯�¹Ó©² äºÓº}¯Ò°�Èããºm äºÎÓº ¹ºm©�È�	 ÏÈ °�Ë�
ÒÓ��}�ÒºÓÓº�º ÓÈ�¯ËmÈ� }º�º¯©®� }¯ºäË Á�Ó}�Ò® È}�ÒmÓº�º
�¹¯ÈmãËÓÒ« �Ëä¹Ë¯È��¯Ó©ä ¹ºãËä m ÏºÓË Áº¯äÒ¯ºmÈÓÒ« äº�
Óº}¯Ò°�ÈããÈ Ò ªãË}�¯ºäÈ�ÓÒ�Óº�º ��Ë¯ÎÒmÈÓÒ« mÈÓÓ© ¯È°¹ãÈmÈ
º� m©ãÒmºm� ¹ºÏmºã«Ë� °ÓÒÏÒ�	 ÓÈ¹¯«ÎËÓÒ« Ò �ËÁº¯äÈ�ÒÒ äº�
Óº}¯Ò°�ÈããÈ�

�¯Ò ÒÏ�º�ºmãËÓÒÒ }¯�¹Ó©² �Ë�ÈãË® ª}°¹Ë¯ÒäËÓ�Èã	Óº ¹º��
�mË¯Î�ËÓÈ mºÏäºÎÓº°�	 ¹¯ÒäËÓËÓÒ« }¯�¹Ó©² º¯ÒËÓ�Ò¯ºmÈÓÓ©²
äºÓº}¯Ò°�Èããºm mºã	Á¯ÈäÈ Ò äºãÒ­�ËÓÈ m }È�Ë°�mË äÒ�ËÓË®
¹¯Ò ¯È°¹©ãËÓÒÒ Ò º­¯È­º�}Ë �ÈmãËÓÒËä� m �ºä �Ò°ãË �ã« ¹ºã��
�ËÓÒ« ¹ãº°}º�º �Ò¯º}ºÁº¯äÈ�Óº�º ¹¯º}È�È �ºÓ}Ò² °Ë�ËÓÒ®�

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

k� r� �Ë°Óº® �jwv� ÏÈ�Ò�Òã � Óº«­¯«
���� �� }ÈÓ�Ò�È�°}�
 �Ò°°Ë¯�È�Ò
 ÓÈ �Ëä�
½zºä¹	
�Ë¯ÓºË äº�ËãÒ¯ºmÈÓÒË �Ë¹ãºäÈ°°ºº­äË�
ÓÈ Ò �Ò�¯º�ÒÓÈäÒ}Ò ¹¯Ò ªãË}�¯ºÓÓº�ã��Ëmºä ¹Ë�
¯Ë¹ãÈmË °¹ãÈmºm ÓÈ º°ÓºmË �Ò�ÈÓÈ��

z ÓÈÒ­ºãËË °��Ë°�mËÓÓ©ä ¯ËÏ�ã	�È�Èä ¯È�
­º�© º�Óº°«�°«�

• ¯ÈÏ¯È­º�}È }ºä¹	
�Ë¯Óº® äº�ËãÒ� ¹ºÏmº�
ã«
�Ë® Ò°°ãË�ºmÈ�	 mãÒ«ÓÒË �Ë²Óºãº�Ò�Ë°}Ò² ¹È¯ÈäË�¯ºm ªãË}�
�¯ºÓÓº�ã��Ëmº�º ¹Ë¯Ë¹ãÈmÈ �w��� ÓÈ }ÒÓË�Ò}� ¹¯º�Ë°°ºm �Ë¹�
ãºäÈ°°ºº­äËÓÈ� �Ò�¯º�ÒÓÈäÒ}� Ò º­¯ÈÏºmÈÓÒË ²ÒäÒ�Ë°}º® ÓË�
º�Óº¯º�Óº°�Ò ¹¯Ò m©¹ãÈm}Ë °ãÒ�}ºm �Ò�ÈÓºm©² °¹ãÈmºm� ��º
¹ºÏmºã«Ë� °º}¯È�Ò�	 }ºãÒ�Ë°�mº �º¯º�Ò² ÓÈ��¯Ó©² ª}°¹Ë¯ÒäËÓ�
�ºm ¹¯Ò °ºmË¯�ËÓ°�mºmÈÓÒÒ Ò ¯ÈÏ¯È­º�}Ë Óºm©² �Ë²Óºãº�Ò®
w���

• Ò°°ãË�ºmÈÓÒË °¹º°º­ÈäÒ äÈ�ËäÈ�Ò�Ë°}º�º äº�ËãÒ¯ºmÈÓÒ«
�Ò�¯º�ÒÓÈäÒ}Ò ÎÒ�}º® äË�ÈããÒ�Ë°}º® mÈÓÓ© ¹¯Ò w�� °ãÒ�}ºm
ÓÈ º°ÓºmË �Ò�ÈÓÈ� �º}ÈÏÈÓº� ��º º°ÓºmÓ©ä ÁÈ}�º¯ºä� º¹¯Ë�Ë�
ã«
�Òä �mÒÎËÓÒË ¯È°¹ãÈmÈ� «mã«Ë�°« �Ë¯äº�¯ÈmÒ�È�ÒºÓÓÈ«
}ºÓmË}�Ò«� ÒÓ�ËÓ°ÒÁÒ�Ò¯�ËäÈ« �Ë¯äº}È¹Òãã«¯Ó©äÒ ¹ºmË¯²�
Óº°�Ó©äÒ °ÒãÈäÒ lÈ¯ÈÓ�ºÓÒ� zºÓ�ËÓ�¯È�ÒºÓÓÈ« }ºÓmË}�Ò« ²È�
¯È}�Ë¯ÒÏ�Ë�°« °ãÈ­º® ÒÓ�ËÓ°ÒmÓº°�	
 Ò ÓË ÒäËË� «¯}º m©¯È�
ÎËÓÓº�º mãÒ«ÓÒ« ÓÈ �Ò�¯º�ÒÓÈäÒ}� ¯È°¹ãÈmÈ� �Ë¯Òº�Ò�Ë°}ºË
�Ë®°�mÒË °�¯�Ò °ãÒmÈËäº�º äË�ÈããÈ ÒÏ ¹¯ºäËÎ��º�Óº® Ëä}º°�Ò
¹¯Òmº�Ò� } �È°�Ò�Óºä� ¹º�¹ãÈmãËÓÒ
 Á¯ºÓ�È �mË¯�ËÓÒ« ¹¯Ò
¹¯ºÓÒ}ÓºmËÓÒÒ °�¯�Ò ­ºã	�Ë �Ëä ÓÈ ��� �ã�­ÒÓ© mÈÓÓ©� {Ë�
ãÒ�ÒÓÈ º¹ãÈmãËÓÒ« °ãÈ­º ÏÈmÒ°Ò� º� �Ëä¹Ë¯È��¯© ¹Ë¯Ë�¯ËmÈ
°ãÒmÈËäº�º äË�ÈããÈ Ò º¹¯Ë�Ëã«Ë�°« °�Ë¹ËÓ	
 ¹¯ºÓÒ}ÓºmËÓÒ«
Ò ��ãºä ¯È°}¯©�Ò« °�¯�Ò� �º}ÈÏÈÓº� ��º °�¯�« ÏÓÈ�Ò�Ëã	Óº
ªÎË}�Ò¯�Ë� ¹Ë¯Ë�¯Ë�©® äË�Èãã ° ¹¯Ò¹ºmË¯²Óº°�Ó©² °ãºËm ¯È°�
¹ãÈmÈ Ò �¯ÈÓ°¹º¯�Ò¯�Ë� Ë�º m �ã�­	 mÈÓÓ©�

• �°�ÈÓºmãËÓÒË ÏÈ}ºÓºäË¯Óº°�Ë® º­¯ÈÏºmÈÓÒ« ²ÒäÒ�Ë°}º®
ÓËº�Óº¯º�Óº°�Ò m ÎÒ�}ºä Ò �mË¯�Ë
�Ëä äË�ÈããË ¹¯Ò w��
°¹ãÈmºm �Ò�ÈÓÈ ° ¹ºm©�ËÓÓ©ä °º�Ë¯ÎÈÓÒËä Èã
äÒÓÒ«�

• �°�ÈÓºmãËÓÒË ÓÈ º°ÓºmË m©�Ò°ãÒ�Ëã	Ó©² ª}°¹Ë¯ÒäËÓ�ºm
°¹º°º­ºm Ò mºÏäºÎÓº°�Ë® mãÒ«ÓÒ« ÓÈ Áº¯äÒ¯ºmÈÓÒË �Ò�¯º�Ò�
ÓÈäÒ}Ò ¯È°¹ãÈmÈ� �Ë¹ãºmºË °º°�º«ÓÒË ÎÒ�}º® äË�ÈããÒ�Ë°}º®
mÈÓÓ© Ò º­¯ÈÏºmÈÓÒË ²ÒäÒ�Ë°}º® ÓËº�Óº¯º�Óº°�Ò m �mË¯�Ë
�Ëä
äË�ÈããË� �°�ÈÓºmãËÓº� ��º ÓÈÒ­ºãËË ­ãÈ�º¹¯Ò«�Ó©Ë �°ãºmÒ«
Áº¯äÒ¯ºmÈÓÒ« ¯ÈmÓºäË¯Óº�º ²ÒäÒ�Ë°}º�º °º°�ÈmÈ m�ºã	 ¯È�Ò�
�°È °ãÒ�}È º­Ë°¹Ë�ÒmÈË�°« ¹¯Ò �º¹ºãÓÒ�Ëã	Óºä ãº}Èã	Óºä ¹¯Ò�
äËÓËÓÒÒ ªãË}�¯ºÓÓº�ã��Ëmº�º ÓÈ�¯ËmÈ m �ËÓ�¯Èã	Óº® ÏºÓË ÏË¯�
}ÈãÈ mÈÓÓ©� ¯È°¹ºãºÎËÓÓº® ÓÈ ����…���� ¯È�Ò�°È °ãÒ�}È�

��� �	�������
�����	�	
�

�zÒ�È®�� ����� Û

9RO� ��� ¢ � �ÈÓ�ã� «Ï��

4LX 7DR HW DO� lº�ËãÒ¯ºmÈÓÒË Ò ÈÓÈãÒÏ ÓÈ º°ÓºmË °Ë�Ò
�Ë�¯Ò �Ò­}º�º Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº�º ��È°�}È �ã« °mÈ¯}Ò� °� �Ü��

5HQ =KHQ HW DO� w¯ºÏÒºÓÓÈ« °�º®}º°�	 ¹ºmË¯²Óº°�Ó©² °ãºËm
�mºm )HÜ&Ü&U� °� �Ü���

=KRX 5RQJOLQ HW DO� {ãÒ«ÓÒË �Ë¯äÒ�Ë°}º�º �Ò}ãÈ ÓÈ �ÒÁ�
Á�ÏÒºÓÓºË °ºË�ÒÓËÓÒË ° ÁÈÏºm©ä ¹¯Ëm¯È�ËÓÒËä �Ò�ÈÓÈ ° ÓË¯�
ÎÈmË
�Ë® °�Èã	
� °� ��Ü���

<X -LDQURQJ HW DO� n�Ó}�Ò« °ÒÓ�Ë�Ò�Ë°}º® }ºãÒ�Ë°�mËÓÓº®
º�ËÓ}Ò �Ò¹Ò�Ó©² ¹È¯ÈäË�¯ºm ¹¯º�Ë°°È ���ºmº® °mÈ¯}Ò m &2��
°� ��Ü���

7LDQ -LQVRQJ HW DO� j°°ãË�ºmÈÓÒË º­�Ë® º­¯È�Óº® }ÒÓË�
äÈ�Ò}Ò m¯È�È�Ëã	Óº�º�ÓÈ}ãºÓÓº�º ¹ºÏÒ�ÒºÓË¯È �ã« ¯º­º�Ò�

ÏÒ¯ºmÈÓÓº® ���ºmº® °mÈ¯}Ò ° Èm�ºÓºäÓ©ä ¹¯º�¯ÈääÒ¯ºmÈÓÒËä�
°� ��Ü���

)X /L[LQ HW DO� lË�º� ÒÏäË¯ËÓÒ« Ò }º¯¯Ë}�Ò¯ºm}Ò º�Ò­º}
äË°�º¹ºãºÎËÓÒ« ¹¯Ò ¯º­º�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ë� °� ��Ü���

+X 6KHQJVXQ HW DO� cÈÏ¯È­º�}È °Ò°�Ëä© °ãËÎËÓÒ« ¹º °�©}�
° �ã	�¯ÈÏm�}ºm©ä �È��Ò}ºä Ò °ÈäºÓÈ°�¯ÈÒmÈ
�Òä°« ÓË�Ë�}Òä
�¹¯ÈmãËÓÒËä� °� ��Ü���

+H -LQVKDQ HW DO� lÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	 Ò äº�ËãÒ¯ºmÈÓÒË
�mÈ ° �È°�Ò�Ó©ä ¹¯º¹ãÈmãËÓÒËä� °� ��Ü���

<DQJ 6KL\DQ HW DO� cÈÏ¯È­º�}È °mÈ¯º�Óº® �°�ÈÓºm}Ò �ã«
�¯Ë²äË¯Óº® äº�ËãÒ ¹¯º�Ë°°È �°}º¯ËÓÓº® ¯ÈÏ¯È­º�}Ò ¹¯º�¯Èää�
°� ��Ü���

:DQJ )XGH HW DO� �¯º�ÓºÏÒ¯ºmÈÓÒË ²Òä°º°�ÈmÈ ¹º¯º�}ºmº®
¹¯ºmºãº}Ò �ã« ÓÈ¹ãÈm}Ò ° ¹ºäº�	
 ÓË®¯ºÓÓº® °Ë�Ò�
°� ��Ü���

/L 'RQJTLQJ HW DO� �¯ºË}�Ò¯ºmÈÓÒË °Ò°�Ëä© ÒÏäË¯ËÓÒ«
�ÒÓÈäÒ�Ë°}º�º °äË�ËÓÒ« ¹¯Ò °mÈ¯}Ë ° ¹ºäº�	
 ãÈÏË¯Óº® ªãË}�
�¯ºÓÓº® °¹Ë}ã�ÒÓ�Ë¯ÁË¯ºäË�¯ÒÒ� °� ��Ü���

'RQJ 6KLMLH HW DO� j°°ãË�ºmÈÓÒË °ãºÎÓº® ¹ºmË¯²Óº°�Óº®
º­¯È­º�}Ò °�ÈãÒ ��&U0R$O� °� ��Ü���


 cÈÏ�Ëã ¹º��º�ºmãËÓ °º�¯��ÓÒ}ÈäÒ ÓÈ��Óº® ­Ò­ãÒº�Ë}Ò jwv Òä� p� |� �È�º�
ÓÈ� 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�

�� ������



:DQJ 4LQJ HW DO� lº�ËãÒ¯ºmÈÓÒË Ò ÒäÒ�È�Ò« ¯ÈÏ�¯�Ïº��
Óº�º °mÈ¯º�Óº�º �¯ÈÓ°Áº¯äÈ�º¯È� °� ��Ü���

�zÒ�È®�� ����� Û 9RO� ���

¢ � �ÈÓ�ã� «Ï��

&KHQJ )DQJMLH HW DO� lÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	 �ã« º¹¯Ë�Ë�
ËãËÓÒ« �Ë¯º²ºmÈ�º°�Ò }ºÓ�È}�Óº® ¹ºmË¯²Óº°�Ò ¹¯Ò �º�Ë�Óº®
°mÈ¯}Ë� °� ��Ü���

=KDR 'RQJELQ HW DO� lº�ËãÒ¯ºmÈÓÒË ÓË®¯ºÓÓº® °Ë�Ò �ã«
Òä¹�ã	°Óº® °mÈ¯}Ò �j� ° ¹¯Ò°È�º�Óº® ¹¯ºmºãº}º® ÓÈ º°ÓºmË
¹¯º�¯ÈääÓº�º º­Ë°¹Ë�ËÓÒ« 0$7/$%� °� ��Ü���

:HL -LQVKDQ� =KDQJ 7LDQKRQJ� {ãÒ«ÓÒË m�º¯Ò�Óº�º �Ë¯�
äÒ�Ë°}º�º �Ò}ãÈ °mÈ¯}Ò ÓÈ °�¯�}��¯� Ò °mº®°�mÈ� F� ��Ü���

/LX /LPLQJ HW DO� j°°ãË�ºmÈÓÒË ²È¯È}�Ë¯Ò°�Ò}Ò �¹¯º�ÓËÓÒ«
°�­äÒ}¯ºÓÓ©ä }ºä¹ºÏÒ�ºä ° ¹º¯º�}ºm©ä ÓÈ¹ºãÓÒ�ËãËä
$O2������$O m ¹¯º�Ë°°Ë ãÈÏË¯Óº® °mÈ¯}Ò� °� ��Ü����

:DQJ ;LEDR HW DO� �Ëº¯Ë�Ò�Ë°}È« º�ËÓ}È �¯ÈÓ°¹º¯�È ¹º�
¯º�}ºm m ¹ãÈÏäË ���Ò ¹¯«äº�º �Ë®°�mÒ« m ¯ËÎÒäË }ºÈ}°ÒÈã	Óº®
¹º�È�Ò ¹º¯º�}È� °� ���Ü����

=KDQJ *XDQJMLQ HW DO� j°°ãË�ºmÈÓÒË °mÈ¯º�Óº�º Ò°�º�ÓÒ}È
¹Ò�ÈÓÒ«� Ò°¹ºã	Ï�Ëäº�º m ÒÓ�ËããË}��Èã	Óºä �°�¯º®°�mË �¹¯Èm�
ãËÓÒ« �ã« Áº¯äÒ¯ºmÈÓÒ« °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò Òä¹�ã	°Óº®
°mÈ¯}Ë �j�� °� ���Ü����

&KHQ =KHQJ HW DO� v¯ÈmÓËÓÒË «mãËÓÒ« ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ
¹¯Ò ÈÓº�Óºä °ºË�ÒÓËÓÒÒ m ªãË}�¯Ò�Ë°}ºä ¹ºãË }ºmÈ¯�°�Ë}ãÈ Ò
}ºmÈ¯�¹ãËÓ}Ò Èã
äÒÓÒ«�°�Ë}ãÈ� °� ���Ü����

0D &KHQJ\RQJ HW DO� �¯ÒäËÓËÓÒË Ò ¹Ë¯°¹Ë}�Òm© }ºä¹	�

�Ë¯Óº® �Ë²Óºãº�ÒÒ m º­ãÈ°�Ò °mÈ¯}Ò äÈ�Ë¯ÒÈãºm� °� ���Ü����

;X :HQOL HW DO� sºm©® äË�º� °mÈ¯}Ò ãÒ°�ºmº�º Èã
äÒÓÒ�
Ëmº�º °¹ãÈmÈ /<��&= m©°º}º® ¹¯º�Óº°�Ò� °� ���Ü����

=KDQJ 'HTLQ HW DO� j°¹ºã	ÏºmÈÓÒË º¯�º�ºÓÈã	Óº�º ¹ãÈÓÈ
m ª}°¹Ë¯ÒäËÓ�Ë ¹º ¹ãÈÏäËÓÓº����ºmº® ¹º¯º�}ºmº® ÓÈ¹ãÈm}Ë�
°� ���Ü����

=KDQJ 'HNX HW DO�lË²ÈÓÒÏä ãÈÏË¯Óº® °mÈ¯}Ò �¹¯º�ÓËÓÓº�º
6L& }ºä¹ºÏÒ�È ° Èã
äÒÓÒËmº® äÈ�¯Ò�Ë® /'�� °� ���Ü����

'RQJ &KXP HW DO� j°°ãË�ºmÈÓÒË ÈÓ�¯º¹ºäº¯ÁÓº® ¯�}Ò
¯º­º�È �ã« °mÈ¯}Ò ��'2)� °� ���Ü����

*RQJ 6KXLOL HW DO� j°°ãË�ºmÈÓÒË �ÒÓÈäÒ�Ë°}Ò² äË²ÈÓÒ�Ë°�
}Ò² ²È¯È}�Ë¯Ò°�Ò} °mÈ¯Óº�º °ºË�ÒÓËÓÒ«� °� ���Ü����

;XH 6RQJEDL HW DO� lË²ÈÓÒÏä mÏÈÒäº�Ë®°�mÒ« äËÎ�� ¯Ë��
}ºÏËäËã	Ó©ä ªãËäËÓ�ºä &H Ò ¹¯ÒäË°Ó©äÒ ªãËäËÓ�ÈäÒ 3E Ò %L
m ¹¯Ò°È�º�Óºä äË�ÈããË ÓÈ º°ÓºmË °Ë¯Ë­¯È� °� ���Ü����

:DQJ )XGH HW DO� j°°ãË�ºmÈÓÒË °�º®}º°�Ò } È­¯ÈÏÒmÓºä�
ÒÏÓº°� ¹º}¯©�Ò« <'&U0R9� ÓÈÓË°ËÓÓº�º ° ¹ºäº�	
 ÓÈ¹ãÈm}Ò
¹º¯º�}ºmº® ¹¯ºmºãº}º® m ÏÈ�Ò�Óº® °¯Ë�Ë &2�� °� ���Ü����

/LQ 6DQEDR HW DO� {ãÒ«ÓÒË È}�ÒmÒ¯�
�Ò² Áã
°ºm ÓÈ äË�
²ÈÓÒ�Ë°}ÒË °mº®°�mÈ �mºm� m©¹ºãÓËÓÓ©² °mÈ¯}º® �j��
°� ���Ü����

�zÒ�È®�� ����� Û 9RO� ���

¢ � �ÈÓ�ã� «Ï��

=KX =L[LQ HW DO� j°°ãË�ºmÈÓÒË äÒ}¯º°�¯�}��¯© Ò °mº®°�m
°}º¯º°�Óº�º ���ºmº�º ÓÈ¹©ãËÓÒ« ÒÓ�Ë¯äË�ÈããÒ�Ë°}º�º ¹º}¯©�
�Ò« )H�$O� °� �Ü��

6RQJ <XHH HW DO� �º�²º� } ÒÏäË¯ËÓÒ
 ¹ºãºÎËÓÒ« ���Ò
°mÈ¯º�Óº�º ¯º­º�È 5K-'��� �ã« m©¹ºãÓËÓÒ« }ÈãÒ­¯ºm}Ò�
°� �Ü��

6XQ 'DTLDQ HW DO� |°º­ËÓÓº°�Ò äÒ}¯º°�¯�}��¯© Ò ¯ÈÏ¯��
�ËÓÒ« }ºä¹ºÏÒ�Ó©² °ºË�ÒÓËÓÒ® ÓÈ Èã
äÒÓÒËmº® º°ÓºmË m ¹Ë�
¯Ë²º�Óº® ÎÒ�}º® ÁÈÏË� °� �Ü���

:DQJ 3HQJ HW DO� cÈ°¹ºãºÎËÓÒË }¯ºäº} ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ
Èm�ºäÈ�Ò�Ë°}º® °Ò°�Ëä© °ãËÎËÓÒ« ¹¯Ò °mÈ¯}Ë m �Ï}Ò® ÏÈÏº¯ °
ÓË­ºã	�Òä ��ãºä ÓÈ}ãºÓÈ �mÈ� °� ��Ü���

&KHQ )XURQJ HW DO�lÒ}¯º°�¯�}��¯È Ò m«Ï}º°�	 ¯ÈÏ¯��ËÓÒ«
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ ��&U0Q6L1L�$� m©¹ºãÓËÓÓ©² ªãË}�
�¯ºÓÓº�ã��Ëm©ä ¹¯º�Ë°°ºä� °� ��Ü���

&DL =KLSHQJ HW DO� sË°�È�ÒºÓÈ¯ÓÈ« °Ò°�ËäÈ ÒÏäË¯ËÓÒ« °mÈ�
¯º�Ó©² �ËÁº¯äÈ�Ò®� °� ��Ü���

/LQ 6DQEDR HW DO� zºÓ�Ë¹�Ò« ÒÓ�ËããË}��Èã	Óº�º Èm�ºäÈ�
�ÒÏÒ¯ºmÈÓÓº�º ¹¯ºË}�Ò¯ºmÈÓÒ« �ã« °²Ëä© ¯È°�Ë�È °mÈ¯º�Óº�º
äÈÓÒ¹�ã«�º¯È� °� ��Ü���

-LDQJ /SHL HW DO� j°°ãË�ºmÈÓÒË ¹ºãÓº°�	
 Èm�ºäÈ�ÒÏÒ¯º�
mÈÓÓº�º ���ºmº�º Èm�ºäÈ�È �ã« °mÈ¯}Ò °ÁË¯Ò�Ë°}º�º ¯ËÏË¯m�È¯È�
°� ��Ü���

/L /LDQJ\X HW DO� {ãÒ«ÓÒË ���Ò ÓÈ ¯È�ÒÈ�ÒºÓÓ©® ¹Ò¯ºäË�¯
m ¹¯º�Ë°°Ë °mÈ¯}Ò� °� ��Ü���

<DQJ 6KL\DQ HW DO� |¹¯Ë�ËãËÓÒË Ò ¹¯ºmË¯}È ²È¯È}�Ë¯Óº�º
°Ò�ÓÈãÈ }È¹Ëã	Óº�º ¹Ë¯ËÓº°È º� ���Ò m ¯ËÎÒäË ¹º¹Ë¯Ë�Óº�º
¹Ë¯ËäË�ËÓÒ« ¹¯ºmºãº}Ò� °� ��Ü���

:DQJ <DVKHQJ HW DO� �¹¯ÈmãËÓÒË ° ÓË�Ë�}º® ãº�Ò}º® ¹¯Ò
°mÈ¯}Ë m &2� ° ¹Ë¯ËÓº°ºä äË�ÈããÈ }º¯º�}ÒäÒ ÏÈä©}ÈÓÒ«äÒ�
º°ÓºmÈÓÓºË ÓÈ °ÓÒÎËÓÒÒ ÏÈmÒ°Òäº°�Ò º� �äËÓÒ« º¹Ë¯È�º¯È�
°� ��Ü���

:DQJ &KXQVKHQJ HW DO� lº�ËãÒ¯ºmÈÓÒË ªãË}�¯º�Ë¯äÒ�Ë°�
}º�º mÏÈÒäº�Ë®°�mÒ« m ¹¯º�Ë°°Ë }ºÓ�È}�Óº® �º�Ë�Óº® °mÈ¯}Ò
ÓÒÏ}º��ãË¯º�Ò°�º® Ò ÓË¯ÎÈmË
�Ë® °�ÈãË®� °� ��Ü���

:DQJ +RQJ\LQJ HW DO� j°°ãË�ºmÈÓÒË °}º¯º°�Ò ÓÈ¹ãÈm}Ò
Ò }ºªÁÁÒ�ÒËÓ�È ¯ÈÏ­ÈmãËÓÒ« ¹¯Ò ¹ãÈÏäËÓÓº® ÓÈ¹ãÈm}Ë�
°� ��Ü���

4L )DQJMXDQ HW DO� j°°ãË�ºmÈÓÒË ¯ÈÏ¯��ËÓÒ« °mÈ¯Óº® ¹º�
ãÒª�ÒãËÓºmº® �¯�­© m©°º}º® ¹ãº�Óº°�Ò� °� ��Ü���

&KHQ <DQELQ HW DO� ~ÈmÒ°Òäº°�	 äËÎ�� °mÈ¯º�Ó©äÒ ¹È¯È�
äË�¯ÈäÒ Ò �ÈÓÓ©äÒ È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ m ¹¯º�Ë°°Ë ãÈÏË¯Óº®
°mÈ¯}Ò ° �ã�­º}Òä ¹¯º¹ãÈmãËÓÒËä� °� ��Ü���

-LDQJ =KLKRQJ HW DO� kÓÈãÒÏ Óºmº�º ¹ãÈmÓº ¹Ë¯Ë}ã
�ÈËäº�º
¹¯Ëº­¯ÈÏºmÈ�Ëã« °º °�mÒ�ºä ÁÈÏ� °� ��Ü���

=KDQJ .HNH HW DO� �ã	�¯ÈÏm�}ºmº® }ºÓ�¯ºã	 }È�Ë°�mÈ °º�
Ë�ÒÓËÓÒ«� m©¹ºãÓËÓÓº�º °mÈ¯}º® m �mË¯�º® ÁÈÏË� ° ¹ºäº�	

��¹È v��Ò¹È ° mÒÏ�ÈãÒÏÈ�ÒË® �ÈÓÓ©²� °� ��Ü���

&XL =H HW DO� |­�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓÈ« �¯ÈÁÒ�Ë°}Ò °äº�
�ËãÒ¯ºmÈÓÓÈ« °¯Ë�È ° Ò°¹ºã	ÏºmÈÓÒËä ÓË°}ºã	}Ò² ¯º­º�ºm �ã«
¹¯º�¯ÈääÒ¯ºmÈÓÒ« ÏÈ�È� ¹º °mÈ¯}Ë� °� ��Ü���

=KDR ;LKXD HW DO� kÓÈãÒÏ ¹¯º�Óº°�Ò °ºË�ÒÓËÓÒ« ¹¯Ò ¯È°�
�«ÎËÓÒÒ ÒÏ °¹ãÈmÈ 7L1L ° ¹Èä«�	
 Áº¯ä©� m©¹ºãÓËÓÓº�º ¹¯Ë�
�ÒÏÒºÓÓº® Òä¹�ã	°Óº® }ºÓ�È}�Óº® °�©}ºmº® °mÈ¯}º®� °� ��Ü���

/LX ;XHVRQJ HW DO� sË°�È­Òã	Óº°�	 ¯ÈÏäË¯ºm °mÈ¯Ó©² ÒÏ�
�ËãÒ® ÒÏ °¹ãÈmÈ Èã
äÒÓÒ« ¹¯Ò }ºäÓÈ�Óº® �Ëä¹Ë¯È��¯Ë Ò ¹º°ãË
�Ë¯äÒ�Ë°}Ò² �Ò}ãºm� °� ��Ü���

-2851$/ 2) 7+( -$3$1

:(/',1* 62&,(7< �Ð¹ºÓÒ«��

����� Û 9RO� ��� ¢ � �«¹� «Ï��

1RJL .� {ãÒ«ÓÒË äÒ}¯º°�¯�}��¯© ÓÈ m«Ï}º°�	 ¯ÈÏ¯��ËÓÒ«
}ºÓ°�¯�}�ÒºÓÓº® °�ÈãÒ� °� �Ü��

v¹Ë�ÒÈã	Ó©® m©¹�°}� ljzc|v|pijspsjp

:DNDED\DVKL 6� lË�º�© ÈÓÈãÒÏÈ Ò °ºË�ÒÓËÓÒË }º¯¹�°ºm
¹ºã�¹¯ºmº�ÓÒ}ºm©² ¹¯Ò­º¯ºm� °� �Ü���

1DNDWVXND <� v¹º°º­© �¹¯ÈmãËÓÒ« ¹ºmË¯²Óº°�	
 ¯ÈÏ�ËãÈ
äË�ÈããÜ¹ºãÒäË¯ ¹¯Ò °­º¯}Ë ªãË}�¯ºÓÓ©² °Ò°�Ëä� °� ��Ü���

2WVXND .� | ãÒÓË®Ó©² °�¯�}��¯È² �ã« ¹Ë¯Ë�È�Ò �Ò�È�Ë¯�
�Ëm©² °Ò�ÓÈãºm� °� ��Ü���

7DNDKDVKL .� v²Ëä© �ã« äÈÓÒ¹�ã«�ÒÒ äÒ}¯º�È°�Ò�ÈäÒ °
¹ºäº�	
 ªãË}�¯º°�È�Ò�Ë°}º® Ò È��ËÏÒºÓÓº® °Òã� °� ��Ü���

$RWD .� �¯ÒäËÓËÓÒË °mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä
�ã« äÒ}¯º°ºË�ÒÓËÓÒ«� °� ��Ü���

�Ë}�ÒÒ ¹º °ºË�ÒÓËÓÒ
 Ò º­¯È­º�}Ë ¹ãÈ°�äÈ°°�
1DNDPXUD +�� 7HUDGD 0� vmÈ¯}È ¹ãÈ°�äÈ°° ¹ºã�¹¯ºmº��

ÓÒ}ºm©ä ãÈÏË¯ºä� °� ��Ü���
7DPDNL .� �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒË m &UÜ0R °�Èã«² ¹¯Ò ¹ºm�

�º¯Óºä ÓÈ�¯ËmË� °� ��Ü���

��Ë¯äÈÓÒ«�� ����� Û

¢ � �ÓËä� «Ï��

%OXP 3� sºm©Ë ¹¯ºÁË°°ÒÒ ªãË}�¯º�Ë²ÓÒ}ºm °º °äËÎÓº®
}mÈãÒÁÒ}È�ÒË®� °� ����

0DWWKHV .� -�� 6HOLJD (� sËº­²º�Òäº°�	 Ò°°ãË�ºmÈÓÒ« �Ë²�
ÓÒ}Ò °ºË�ÒÓËÓÒ« ° �º�}Ò Ï¯ËÓÒ« ¯ÈÏ¯È­º��Ò}ºm� °� ���Ü����

%HUQGO 0�� &UDPHU +� zºÓ�È}�ÓÈ« �º�Ë�ÓÈ« °mÈ¯}È °¹ãÈmºm
äÈ�ÓÒ«� °� ���Ü����

�º�Ë�ÓÈ« °mÈ¯}È °¹Ë�ÒÈã	Ó©ä ¹ãÈÏäËÓÓ©ä È¹¹È¯È�ºä�
°� ���Ü����

v�ÈÓ�È¯�© Û }È¯äÈÓÓ©® °¹¯Èmº�ÓÒ} ijs ���� °� ����
c�}ºmº�°�mº �ã« ¹¯È}�Ò}ºm Û sºmºË ¹º°�ÈÓºmãËÓÒË ¹º

�Ë²ÓÒ}Ë ­ËÏº¹È°Óº°�Ò� °� ���Ü����
vmÈ¯}È m È¹¹È¯È�º°�¯ºËÓÒÒ Ò °º°��º°�¯ºËÓÒÒÒ� °� ����
v¹¯Èmº�ÓÒ} ¹º Èã
äÒÓÒ
�  �� |°Óºm© Ò äÈ�Ë¯ÒÈã©�

°� ����
vºË�ÒÓËÓÒË ¹ãÈ°�äÈ°°� v¹¯Èmº�ÓÒ} ÓÈ º°ÓºmÈÓÒÒ ÒÓ°�¯�}�

�Ò® Ò �Ò¯Ë}�Òm '96� °� ����
0XHV 8� ~ÈäË¯© Ò mË�ËÓÒË �º}�äËÓ�È�ÒÒ mÈÎÓº Ò ¹¯Ò

}ºÓ�È}�Óº® °mÈ¯}Ë� °� ���Ü����

������ ��



9ROOUDWK .� w}ºÓºäÒ�ÓºË ÒÏ�º�ºmãËÓÒË }�Ïºmºm °Ë¯mº}ãË�
�ÈäÒ ° Èm�ºäÈ�Ò�Ë°}Òä �¹¯ÈmãËÓÒËä� °� ���Ü����

 �º Óºmº�º ÓÈ }ºÓÁË¯ËÓ�ÒÒ ¹º °mÈ¯}Ë m rË¯ãÒÓË"� ���� ���
°� ����

�Ë²ÓÒ}È ­ËÏº¹È°Óº°�Ò Ò ÏÈ�Ò�È º}¯�ÎÈ
�Ë® °¯Ë�©�
lËÓ	�Ë ÓË°�È°�Ó©² °ã��ÈËm ÓÈ °�¯ºÒ�Ëã	Ó©² ¹ãº�È�}È²�

­ãÈ�º�È¯« ã���Ë® }ºº¯�ÒÓÈ�ÒÒ� °� ����
3HVFKHFN '� p�Ë ¯ÈÏ º ¹¯ºË�ÈÓÒÒ }¯©°ÈäÒ �¯�­ ÒÏ �{t�

°� ���Ü����
��« }ºÓÁË¯ËÓ�Ò« ½vmÈ¯}È m °��º°�¯ºËÓÒÒ Ò m ÒÓÎËÓË¯Ó©²

°ºº¯�ÎËÓÒ«²�� °� ���

��ºã	�È�� ����� Û

¢ � �¹ºã� «Ï��

$GDPLHF 3� HW DO� cÈ°�Ë� °mº®°�m äË�ÈããÈ� ÓÈ¹ãÈmãËÓÓº�º
¹º¯º�}ºmº® ¹¯ºmºãº}º®� °� �Ü��

.OLPSHO $� HW DO�  Ò°ãËÓÓ©® Ò ª}°¹Ë¯ËäËÓ�Èã	Ó©® ÈÓÈãÒÏ
¹¯º�Ë°°È °mÈ¯}Ò �Òº�Ó©ä ãÈÏË¯ºä m©°º}º® äº�Óº°�Ò �º¯�Ëm©²
°ºË�ÒÓËÓÒ® �ºÓ}ºãÒ°�ºm©² °�ÈãË®� °� �Ü��

1RZDFNL -� HW DO� ~È�Ò�Ó©Ë �ÈÏ© �ã« º¯­Ò�Èã	Óº® °mÈ¯}Ò
7,* �¯�­ ÒÏ ��¹ãË}°Óº® °�ÈãÒ 816 6������ °� �Ü���

6HQNDUD -� �¯º�ÓºÏÒ¯ºmÈÓÒË ¹º�Ë¯	 }ºä¹ºÓËÓ�ºm °¹ãÈmÈ
¹¯Ò °mÈ¯º�Ó©² ¹¯º�Ë°°È²� °� ��Ü���

��ºã	�È�� ����� Û

¢ �Ü� �¹ºã� «Ï��

.OLPSHO $� HW DO� vmÈ¯}È °ºË�ÒÓËÓÒ® ÁË¯ä ° ÈÓ}Ë¯Óº®
¹ãÒ�º® ÎËãËÏº­Ë�ºÓÓº® }ºÓ°�¯�}�ÒÒ �ËãË}ºää�ÓÒ}È�ÒºÓÓº®
­È�ÓÒ m z�mË®�Ë� °� �Ü��

3DVWHUQDN -�� :RODQVNL 5� lË�º�Ò}È �ã	�¯ÈÏm�}ºm©² Ò°�
°ãË�ºmÈÓÒ®� °� �Ü��

0LUVNL =�� *UDQDW .� km�º�ËÓÓÈ« �ÈÏºmÈ« ¹È®}È º�ÒÓ}º�
mÈÓÓ©² °�Èã	Ó©² �¯�­� °� ��Ü���

=DGURGD /� HW DO� cËã	ËÁÓÈ« °mÈ¯}È �ÈmãËÓÒËä °�ÈãÒ �ã«
ÒÏ�º�ºmãËÓÒ« ¹¯��}ºm� �Ë¯äº�¹¯º�ÓËÓÓº® äË�º�ºä 7(03&2�
5(� °� ��Ü���

�km°�¯Ò«�� ����� Û

¢ � �ÓËä� «Ï��

5DXFK 5� HW DO� |¹�ÒäÈã	Ó©® m©­º¯ °�ÈãÒ ° �º�}Ò Ï¯ËÓÒ«
ª}ºÓºäÒ�Óº�º Ò ÓÈ�ËÎÓº�º ÒÏ�º�ºmãËÓÒ« �ã« äº°�º°�¯ºËÓÒ« Ò
ÒÏ�º�ºmãËÓÒ« �¯�­º¹¯ºmº�ºm �ÈmãËÓÒ«� °� ��Ü���

+XSSHUW] 3� +� l
Ó²ËÓ� °mÈ¯}È m È¹¹È¯È�º°�¯ºËÓÒÒ Ò
°º°��º°�¯ºËÓÒÒ m ÁËm¯ÈãË ���� �� |­äËÓ º¹©�ºä �ã« ¹¯È}�Ò}ºm�
°� ��Ü���

+LPPHOEDXHU .� sºm©Ë ¯ÈÏ¯È­º�}Ò m º­ãÈ°�Ò m©°º}º¹¯º�
ÒÏmº�Ò�Ëã	Ó©² °¹º°º­ºm °mÈ¯}Ò� °� ��Ü���

yËãËÏÓÈ« �º¯º�È �ËãÈË� °�Èm}� ÓÈ �ã	�¯ÈÏm�}� °� ��Ü���

�km°�¯Ò«�� ����� Û

¢ � �ÓËä� «Ï��

.XQHV *�� %DODV *� ¡ÒÁ¯ºmÈ« ¯È�Òº�¯ÈÁÒ« m �º¹ºãÓËÓÒË
} }ãÈ°°Ò�Ë°}ºä� }ºÓ�¯ºã
 ¹¯º°mË�ÒmÈÓÒËä� °� ��Ü���

$XIULFKW *� |��Ë� º ���ä ÏÈ°Ë�ÈÓÒÒ ¹º�}ºäÒ�Ë�È ¹º �ã	�
�¯ÈÏm�}ºmºä� }ºÓ�¯ºã
� �º}ãÈ�© ÓÈ �Ëä� ½zºÓ�¯ºã	Óº�ÒÏäË�
¯Ò�Ëã	ÓÈ« �Ë²ÓÒ}È�� °� ���

0HL[QHU 5� zºÓ�¯ºã	 °mÈ¯Ó©² }ºÓ°�¯�}�Ò® mÒ²¯Ëm©äÒ �º�
}ÈäÒ� °� ��Ü���

+HQNHO *� wãË}�¯º¹ºãÒ¯ºmÈÓÒË Û °ºm¯ËäËÓÓ©Ë� ÓÈ�ËÎÓ©Ë
Ò ªÁÁË}�ÒmÓ©Ë äË�º�© �ËÁË}�º°}º¹ÒÒ �Ë�ÈãË® ÒÏ ÓË¯ÎÈmË
�Ë®
°�ÈãÒ� °� ��Ü���

vÈä©Ë ¹¯º�Ó©Ë �mË¯Ò m äÒ¯Ë �¯ÈÓ°¹º¯�Ó©² °¯Ë�°�m�
°� ��Ü���

zÈ}ºmÈ }ºÓ�ËÓ�¯È�Ò« ºÏºÓÈ ¹¯Ò °mÈ¯}Ë"� °� ���
-HVVRS 7� lËÎ��ÓÈ¯º�ÓÈ« È��Ë°�È�Ò« Û °�¯ËäãËÓÒË } �ÓÒ�

ÁÒ}È�ÒÒ� °� ���

��Ë¯äÈÓÒ«�� ����� Û

¢ � �ÓËä� «Ï��

�°�ÈÓºm}È �ã« ¹ãÈÏäËÓÓº® �º�Ë�Óº® °mÈ¯}Ò� °� ���Ü����
sºm©® �Ò�¯ÈmãÒ�Ë°}Ò® �ÒãÒÓ�¯ °ÓÒÎÈË� mË¯º«�Óº°�	 ÓË°�

�È°�Ó©² °ã��ÈËm ¹¯Ò m©¹ºãÓËÓÒÒ }ãÒÓ�Ëm©² °ºË�ÒÓËÓÒ®�
°� ����

6DLGRY 5� 0� HW DO� �¯ÒäËÓËÓÒË Áã
°ºm �ã���ÈË� °mÈ¯Ò�
mÈËäº°�	 Èã
äÒÓÒËm©² °¹ãÈmºm�  � �� lÒ}¯º°�¯�}��¯È� ²ÒäÒ�
�Ë°}ÒË Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ� ¯ÈÏ�Ëã}È }¯ºäº}� °� ���Ü����

sºmºË m °mÈ¯º�Óº® �Ë²ÓÒ}Ë m ���� �º���
lË�Èãã�¯�Ò« °mÈ¯}Ò� °� ���Ü����
lº�ËãÒ¯ºmÈÓÒË °mÈ¯ÒmÈËäº°�Ò� °� ���Ü����
vmÈ¯}È ÓËãË�Ò¯ºmÈÓÓ©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®�

°� ���Ü����
vmÈ¯}È äËã}ºÏË¯ÓÒ°�©² °�¯ºÒ�Ëã	Ó©² Ò m©°º}º¹¯º�Ó©²

°�ÈãË®� °� ���Ü����
vmÈ¯}È �mË�Ó©² äË�Èããºm� °� ���Ü����
vmÈ¯}È m©°º}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® Ò °¹ãÈmºm ÓÈ º°ÓºmË

ÓÒ}Ëã«� °� ���Ü����
zºÓ�¯ºã	 °mÈ¯ÒmÈËäº°�Ò� °� ���Ü����
vmÈ¯}È ����ÓÈ� °� ���Ü����
6XN +� *� jÏ�º�ºmãËÓÒË ä�ã	�Ò}ºä¹ºÓËÓ�Ó©² ¹º¯º�}ºm

ÓÈ º°ÓºmË &U�|� �ã« m«Ï}Ò² ÒÏÓº°º°�º®}Ò² ¹º}¯©�Ò® ° ¹º�
äº�	
 ¹ãÈÏäËÓÓº® äº�ÒÁÒ}È�ÒÒ� °� ���Ü����

%HFNHUW 0� jÏ Ò°�º¯ÒÒ °mÈ¯}Ò Û �ã	�¯ÈÏm�}ºmÈ« °mÈ¯}È�
°� ���Ü����

5RRV (�� 'HLPHO 3� vËäÒÓÈ¯ m º}�«­¯Ë ���� �� m b�����È¯�Ë
½rËÏº¹È°Óº°�	 ªÓË¯�ºº­º¯��ºmÈÓÒ«�� °� ���Ü����

-RVW *� ��® Áº¯�ä ¹º ¹È®}Ë m tËäÓÒ�Ë ��� äÈ« ���� ����
F� ���Ü����

.RKOHU *� HW DO� �ÈÏË¯ÓÈ« ¹È®}È m äÒ}¯º�Ë²Óºãº�ÒÒ °
¹¯ÒäËÓËÓÒËä °�Ë}ã«ÓÓº�º ¹¯Ò¹º«� °� ���Ü����

-DQVVHQ +� HW DO� �¯Ò¹ºÒ ÓÈ º°ÓºmË ÓÒ}Ëã« Û ¹º�ËÓ�ÒÈã
Ò m©Ïºm� °� ���Ü����

:LHODJH %�� 0XFNOLFK 6� �È®}È äÈ�ÓÒËm©² äÈ�Ë¯ÒÈãºm
­ËÏ ¹¯Ò¹º«� F� ���Ü����

)XVVHO 8� HW DO� �¯ÒäËÓËÓÒ« }ãÈ°°Ò�Ë°}º® °mÈ¯º�Óº® �Ë²�
ÓÒ}Ò �ã« ¹È«ÓÓ©² °ºË�ÒÓËÓÒ® ° ¯ÈÏ�Ëã}º® �}ÈÓÈm}º®��
F� ���Ü����

�{ËãÒ}º­¯Ò�ÈÓÒ«�� ����� Û

¢ ��� �ÈÓ�ã� «Ï��

&ROHJURYH 3�� 7KUHDGJLOO 3� jÓ°�¯�äËÓ� 70 ½7ULYH[� �ã«
°mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� °� ��

2DNOH\ 3�� 'XQFDQ $� ��« ¯Èäº�ÓÈ« ¹¯º�¯ÈääÈ pm¯º¹Ë®°�
}º�º vº�¯�ÎË°�mÈ� °� ��

|­Ïº¯ Ò°¹ºã	ÏºmÈÓÒ« �°ãºmÓ©² º­ºÏÓÈ�ËÓÒ® °mÈ¯Ó©² �mºm
ÓÈ �Ë¯�ËÎÈ²� °� �Ü��

7KRPDV :� HW DO� 70 ½&RP�VWLU� °ãºÎÓºË �mÒÎËÓÒË ¹¯Ò
°mÈ¯}Ë �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� °� ��

�vbk�� ����� Û 9RO� ���

¢ � �ÈÓ�ã� «Ï��

/LSSROG -� &� iÒ°�ÈÓ�ÒºÓÓºË �}ºä¹	
�Ë¯ÓºË� º­��ËÓÒË m
º­ãÈ°�Ò °mÈ¯º�Óº® �Ë²ÓÒ}Ò� °� ��Ü���

*UHHU -� (� |­��ËÓÒË m ª}°�¯ËäÈã	Ó©² �°ãºmÒ«² Û ­ãÈ�
�º�È¯« ¯Ë�ËÓÒ
 �¯��Óºm©¹ºãÓ«Ëä©² ÏÈ�È� äºÎÓº ¹ºm©°Ò�	
}mÈãÒÁÒ}È�Ò
 °mÈ¯�Ò}È� °� ��Ü���

.XVNRY <X� 0� sºm©® ¹º�²º� } ªãË}�¯º�ãÈ}ºmº® °mÈ¯}Ë�
°� ��Ü���

%LFNUHVW (� zÈ} m©­Ò¯È�	 ¹¯Òm«ÏÓ©Ë ¯ËäÓÒ ­ËÏº¹È°Óº°�Ò
°mÈ¯�Ò}È� °� ��Ü���

8WWUDFKL -� nÒ¯äÈ 1$6&$5 Û ¹¯ºÒÏmº�Ò�Ëã	 �ºÓº�Ó©²
Èm�ºäº­ÒãË® Û �¯Ë­�Ë� m©¹ºãÓËÓÒ« }È�Ë°�mËÓÓ©² �mºm�
°� ���Ü����

3DQNUDW] 0� �¯º­ãËä© ­ËÏº¹È°Óº°�Ò ÓÈ ¯È­º�Ëä äË°�Ë ¹¯Ò
°mÈ¯}Ë� °� ���Ü����

=KRX 0� HW DO� ~ÈmÒ°Òäº°�	 äËÎ�� }È�Ë°�mºä Ò °mº®°�mÈäÒ
�º�Ë�Ó©² °mÈ¯Ó©² �mºm� °� ��Ü���

2KWD $� HW DO� �ºm©�ËÓÒË �°�Èãº°�Óº® ¹¯º�Óº°�Ò ÓÈ²ãË°�
�º�Ó©² °ºË�ÒÓËÓÒ® ÒÏ �ºÓ}ºãÒ°�ºmº® °�ÈãÒ ­ãÈ�º�È¯« Ò°¹ºã	�
ÏºmÈÓÒ
 °mÈ¯º�Óº® ¹¯ºmºãº}Ò ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ÁÈÏºmº�º
¹¯Ëm¯È�ËÓÒ«� °� ��Ü���

%URRNV -� $� HW DO� vmº®°�mÈ �mºm� m©¹ºãÓËÓÓ©² ÒÏ ÓË¯�
ÎÈmË
�Ë® °�ÈãÒ $,6, ��� ­ËÏ äË²ÈÓÒ�Ë°}º® º­¯È­º�}Ò� °� ��Ü���

�vbk�� ����� Û 9RO� ���

¢ � �ÈÓ�ã� «Ï��

wãËäËÓ�È¯Ó©Ë ¹ºÓ«�Ò« }ºÓ�¯ºã« ÏÈ mÒ²¯Ëm©äÒ �º}ÈäÒ�
°� ��Ü���

*RXG\ -�� %URN -� j°¹ºã	ÏºmÈÓÒË °mÈ¯}Ò �j� �ã« ¯ËäºÓ�È
¯È}Ë�Ó©² �º¹ãÒmº¹¯ºmº�ºm� °� ��Ü���

�� ������



6WLOO -� 5� {©­º¯ ¹¯Ò°È�º�Ó©² äË�Èããºm �ã« °ºË�ÒÓËÓÒ«
äº¯°}Ò² �¯�­º¹¯ºmº�ºm� °� ��Ü���

.DQJ <� +�� 1D 6� -� |¹¯Ë�ËãËÓÒË º¹�ÒäÈã	Ó©² ¹È¯È�
äË�¯ºm °mÈ¯}Ò lj� m �Ï}Ò® ÏÈÏº¯ Ò ²È¯È}�Ë¯Ò°�Ò} °Ò�ÓÈãÈ
���Ò ° ¹ºäº�	
 ªãË}�¯ºäÈ�ÓÒ�Óº�º }ºãË­ÈÓÒ« ���Ò� °� ��Ü���

3DGLOOD 7� 0� HW DO� lÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	 äË²ÈÓÒÏäºm
¹º�È�Ò ¹¯ºmºãº}Ò ¹¯Ò °mÈ¯}Ë lj�� °� ���Ü����

$UHQDV 0� )�� $FRII 9� /� kÓÈãÒÏ �mºm� m©¹ºãÓËÓÓ©²

ÓÈ °¹ãÈmË γ�7L$O äË�º�ºä °mÈ¯}Ò �j�� °� ���Ü����
7DQJ +� HW DO� {ãÒ«ÓÒË äË²ÈÓÒ�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò} °mÈ�

¯º�Óº® �°�ÈÓºm}Ò ÓÈ ¹¯º�Ë°° �º�Ë�Óº® °mÈ¯}Ò Ò }È�Ë°�mº �mºm�
°� ���Ü����

�vbk�� ����� Û 9RO� ���

¢ � �DÓ�ã� «Ï��

&RRN *� (� HW DO� zºÓ�¯ºã	 ¹¯º�Ë°°È ¯º­º�ÒÏÒ¯ºmÈÓÓº®
°mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� °� ��Ü���

.HLEOHU &� �ãÈÓÒ¯ºmÈÓÒË ¹º��º�ºm}Ò �Ë�ÈãË® ¹º� ¯º­º�Ò�
ÏÒ¯ºmÈÓÓ�
 °mÈ¯}�� °� ��Ü���

0RUHKHDG 7� �¯ÒäËÓËÓÒË ¹¯º�Ë°°È Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò
lj� ¹º°ãË�ºmÈ�Ëã	Ó©äÒ ���ÈäÒ �ã« ¹ºm©�ËÓÒ« ¹¯ºÒÏmº�Ò�
�Ëã	Óº°�Ò� °� ��Ü���

vÒ°�ËäÈ �ã« ¯º­º�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò� ¹ºÏmºã«
�È« �°º�
mË¯�ËÓ°�mºmÈ�	 ¹¯ºÒÏmº�°�mº °�Èã	Ó©² �º¹ãÒmÓ©² ­È}ºm �ã«
­�ã	�ºÏË¯ºm� °� ��Ü���

'XRQW -� 1� HW DO� lÒ}¯º°�¯�}��¯Ó©Ë ÒÏäËÓËÓÒ« Ò °mÈ�
¯ÒmÈËäº°�	 ¯ÈÏÓº¯º�Ó©² �mºm °�¹Ë¯È�°�ËÓÒ�Óº® ÓË¯ÎÈmË
�Ë®
°�ÈãÒ Ò °¹ãÈmºm ÓÈ º°ÓºmË ÓÒ}Ëã«� °� ���Ü����

2PZHJ *� 0� HW DO� {ãÒ«ÓÒË °mÈ¯º�Ó©² ¹È¯ÈäË�¯ºm Ò
¹È¯�ÒÈã	Óº�º �ÈmãËÓÒ« +�6 ÓÈ °}ãºÓÓº°�	 m©°º}º¹¯º�Ó©² ÓÒÏ�
}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® } º­¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ ¹º� ÓÈ¹¯«ÎË�
ÓÒËä ¹º� mºÏ�Ë®°�mÒËä °�ã	ÁÒ�ºm� °� ���Ü����

4LDQ 0�� /LSSROG -� &� ÐmãËÓÒË ãÒ}mÈ�ÒÒ m °äº�ËãÒ¯º�
mÈÓÓº® ÏºÓË �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ« °¹ãÈmÈ ��� m ¯ËÏ�ã	�È�Ë
äÓº�º�Ò°ãËÓÓ©² �Ò}ãºm �Ë¯äºº­¯È­º�}Ò ¹º°ãË °mÈ¯}Ò�
°� ���Ü����

0HVVOHU 5� :� HW DO� vºË�ÒÓËÓÒ« kk����� m©¹ºãÓËÓÓ©Ë
° ¹ºäº�	
 ãÈÏË¯Óº® °mÈ¯}Ò� �ã« Èm�ºäº­Òã	Ó©² }ºÓ°�¯�}�Ò®�
°� ���Ü�����

�����
�����

rË¯ËÏºm°}Ò® r� l� lÈ�ËäÈ�Ò�Ë°}ÒË äº�ËãÒ ���ºmº® °mÈ¯}Ò� jÏ�ÈÓÒË m ��²

�ºäÈ²� Û  Ëã«­ÒÓ°}� jÏ��mº �ÎÓº��¯Èã� �º°� �Ó��È� ����Ü�����

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

�ºä �� lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Ò ÒÓÁº¯äÈ�ÒºÓÓ©Ë �Ë²Óºãº�ÒÒ� äº�ËãÒ °mÈ¯º�Óº®
mÈÓÓ© Ò Áº¯äÒ¯ºmÈÓÒ« �mÈ

�ºä �� lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Ò º¹�ÒäÒÏÈ�Ò« Áº¯äÒ¯ºmÈÓÒ« ¯ÈÏãÒ�Ó©² �Ò¹ºm
°mÈ¯Ó©² �mºm

�ºä �� iÈmãËÓÒË ���Ò� �ËÁË}�© °mÈ¯Ó©² �mºm� ¹Ë¯ËÓº° ªãË}�¯º�Óº�º äË�ÈããÈ

������ ��
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K �� ih �� hdly[jy \ ]hjh^_ DZlh\bp_ �J_kim[ebdZ Ihev�

rZ� ijhreZ x[be_cgZy ; F_`^mgZjh^gZy \uklZ\dZ ©,Q�

WHUZHOGLQJ ����ª b ijbmjhq_ggZy d g_c ���y GZmqgh�l_o�

gbq_kdZy dhgn_j_gpby ©<ebygb_ k\Zjhqguo l_ogheh]bc

gZ dZq_kl\h b dhgdmj_glhkihkh[ghklv gZpbhgZevghc wdh�

ghfbdbª� Hj]ZgbaZlhjZfb \uklZ\db b dhgn_j_gpbb \uk�

lmiZeb Ihevkdbc bgklblml k\Zjdb \ =eb\bp_ kh\f_klgh k

G_f_pdbf k\Zjhqguf h[s_kl\hf �'96��

< \uklZ\d_ ijbgyeb mqZklb_ �� nbjf ba Ihevrb� :\�

kljbb� ;_ev]bb� <_g]jbb� =_jfZgbb� NjZgpbb� Q_obb�

R\_cpZjbb b R\_pbb� \dexqZy lZdb_ k\Zjhqgu_ [jwg^u�

dZd $%,&25 %,1=(/� $5& 0$&+,1(6� &/226� (6$%�

)521,86� /,1'( *$=� 0(66(5 b ^j� KZfu_ [hevrb_

wdkihabpbb [ueb ij_^klZ\e_gu Ihevkdbf bgklblmlhf

k\Zjdb �bkke_^h\Zgby b jZajZ[hldb \ h[eZklb k\Zjdb b

kf_`guo l_ogheh]bc� ih^]hlh\dZ b k_jlbnbdZpby i_jkh�

gZeZ�� nbjfZfb (6$% �h[hjm^h\Zgb_ b fZl_jbZeu ^ey

jZaebqguo kihkh[h\ ^m]h\hc k\Zjdb�� 0(66(5 �]Zau b

]hj_edb ^ey ^m]h\hc b ieZaf_gghc k\Zjdb b j_adb� b

/,1'( *$= �]Zau ^ey k\Zjdb b j_adb�� ijbq_f fgh]b_

wdkihabpbb ih^]hlh\e_gu b ij_^klZ\e_gu nbebZeZfb

mdZaZgguo nbjf \ Ihevr_� Wlh k\b^_l_evkl\m_l h \u�

khdhc kl_i_gb bgl_]jZpbb ihevkdbo ijhba\h^bl_e_c b

ihlj_[bl_e_c k\Zjhqgh]h h[hjm^h\Zgby� l_ogheh]bc b fZ�

l_jbZeh\ \ h[s__\jhi_ckdbc jughd lh\Zjh\ b mkem] \

h[eZklb k\Zjdb b jh^kl\_gguo ijhp_kkh\� GZ hldjulbb

\uklZ\db Ij_^k_^Zl_ev hj]ZgbaZpbhggh]h dhfbl_lZ ^b�

j_dlhj Ihevkdh]h bgklblmlZ k\Zjdb ijhn� Y� Ibeyjqbd

\ukdZaZe ij_^iheh`_gb_� qlh b \uklZ\dZ� b dhgn_j_gpby

ihkem`Zl hkgh\hc ^ey ^Zevg_cr_]h jZa\blby b ih\ur_�

gby dhgdmj_glhkihkh[ghklb k\Zjhqghc ijhfure_gghklb

dZd gZ ihevkdhf� lZd b gZ h[s__\jhi_ckdhf jugd_� Z lZd�

`_ ij_^hklZ\bl mqZklgbdZf ij_djZkgmx \hafh`ghklv ^ey

mklZgh\e_gby gh\uo ^_eh\uo dhglZdlh\� Bgl_j_kgh hl�

f_lblv� qlh gZ \uklZ\d_ lZd`_ [ueZ ij_^klZ\e_gZ wdk�

ihabpby f_lZeebq_kdbo kdmevilmj� ba]hlh\e_gguo k bk�

ihevah\Zgb_f k\Zjdb� ih^]hlh\e_ggZy :dZ^_fb_c bays�

guo bkdmkkl\ \ DjZdh\_�

IZjZee_evgh k jZ[hlhc \uklZ\db ijhoh^beZ f_`^mgZ�

jh^gZy k\ZjhqgZy dhgn_j_gpby� \ jZ[hl_ dhlhjhc ijbgyeb

mqZklb_ [he__ ��� ki_pbZebklh\ ba Ihevrb� =_jfZgbb

b MdjZbgu� D __ hldjulbx \ ki_pbZevghf \uimkd_ `mj�

gZeZ ©;xee_l_gv BgklblmlZ k\Zjdb \ =eb\bp_ª [ueb

him[ebdh\Zgu ^hdeZ^u� Kj_^b gbo ^hdeZ^ ij_^k_^Zl_ey

'96 ijhn� >� nhg Ohn_ ©Khklhygb_ b gZijZ\e_gby jZa�

\blby k\Zjdb \ =_jfZgbbª� \ dhlhjhf k lhqdb aj_gby '96

[ue ^Zg ZgZeblbq_kdbc h[ahj kh\j_f_ggh]h khklhygby ^_e

\ h[eZklb k\Zjdb� gZijZ\e_gbc b i_jki_dlb\ __ jZa\blby

\ =_jfZgbb� Ijb\_^_gguc ZgZeba k^_eZg gZ hkgh\_ bg�

nhjfZpbb� ij_^hklZ\e_gghc L_ogbq_kdhc dhfbkkb_c� GZ�

mqguf hl^_ehf� Z lZd`_ jZaebqgufb bgklblmlZfb '96�

< ^hdeZ^_ hljZ`_gh khklhygb_ hkgh\guo hljZke_c ijh�

fure_gghklb� \ dhlhjuo bkihevam_lky k\ZjdZ� Hkh[h_

\gbfZgb_ m^_e_gh ijhfure_gghfm ijbf_g_gbx ]b[�

jb^ghc eZa_jgh�^m]h\hc k\Zjdb b ijhp_kkZ k\Zjdb lj_�

gb_f k i_j_f_rb\Zgb_f� H[ahj aZ\_jrZ_lky bkke_^h�

\Zgb_f ijhfure_ggh]h agZq_gby k\Zjdb b jh^kl\_gguo

l_ogheh]bc�

������ ��



>hdeZ^ K� DZcl_ey� F� Kljhn_jZ b O� ;mllohnZ ©Kh\�

j_f_ggu_ l_g^_gpbb jZa\blby \ukhdhijhba\h^bl_evguo

kihkh[h\ ^m]h\hc k\Zjdbª ihk\ys_g \ukhdhijhba\h^b�

l_evguf ijhp_kkZf ^m]h\hc k\Zjdb lZdbf� gZijbf_j� dZd

^\mo^m]h\Zy k\ZjdZ F:=� k\ZjdZ ihjhrdh\hc ijh\hehdhc

b ]b[jb^gZy eZa_jgh�^m]h\Zy k\ZjdZ� IhdZaZgu ij_bfm�

s_kl\Z mdZaZgguo kihkh[h\ k\Zjdb ij_`^_ \k_]h ih\u�

r_gb_ ijhba\h^bl_evghklb aZ kq_l m\_ebq_gby kdhjhklb

k\Zjdb� ijhZgZebabjh\Zgu i_jki_dlb\u ^Zevg_cr_]h jZa�

\blby \ukhdhijhba\h^bl_evguo k\Zjhqguo l_ogheh]bc�

< ^hdeZ^_ ;� I_ddZjb ©Ijh]j_kk \ h[eZklb k\Zjhqguo

l_ogheh]bc ² \Z`guc nZdlhj jZa\blby ijhfure_gghk�

lbª ijb\_^_gu ijbf_ju ijbf_g_gby k\Zjdb \ km^hkljh�

_gbb� ijb ijhba\h^kl\_ \_ljyguo we_dljhklZgpbc b \ Z\�

lhfh[bevghc ijhfure_gghklb� oZjZdl_jbamxsb_ky ih�

gb`_gguf hljbpZl_evguf \ebygb_f gZ hdjm`Zxsmx

kj_^m� IjhZgZebabjh\ZgZ kblmZpby \ h[eZklb h[hagZq_gbc

�fZjdbjh\db� k\Zjhqgh]h h[hjm^h\Zgby b k\Zjhqguo fZ�

l_jbZeh\� ba]hlh\bl_eb dhlhjuo ^_deZjbjmxl kh[ex^_�

gb_ lj_[h\Zgbc ih hojZg_ hdjm`Zxs_c kj_^u�

Ke_^mxsZy ;, F_`^mgZjh^gZy k\ZjhqgZy \uklZ\dZ b

���y GZmqgh�l_ogbq_kdZy dhgn_j_gpby \ DZlh\bp_ aZieZ�

gbjh\Zgu gZ ���� ]�

B� <� Djb\pmg� ^�j l_og� gZmd
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AZ ihke_^gb_ ]h^u \ j_amevlZl_ jZaebqguo ijbqbg agZqb�

l_evgh \hajhkeh dhebq_kl\h dhgkljmdpbc� khhjm`_gbc b

^jm]bo h[t_dlh\� hljZ[hlZ\rbo k\hc ghjfZlb\guc kjhd� Ih

ih^kq_lZf ki_pbZebklh\� \ujZ[hldZ h[hjm^h\Zgby b fZrbg

\ hl_q_kl\_gghc ijhfure_gghklb ij_\urZ_l �� ��

<f_kl_ k l_f jZkoh^u gZ j_fhglgu_ jZ[hlu ^ey ih^�

^_j`Zgby bf_xs_cky l_ogbdb \ jZ[hq_f khklhygbb k_cqZk

\ � jZa ij_\urZxl jZkoh^u gZ kha^Zgb_ gh\hc l_ogbdb�

qlh \_^_l d mkdhj_gbx klZj_gby b \ujZ[hldb h[hjm^h\Zgby

b khhjm`_gbc� < gZr_c kljZg_ lhevdh gZ h[t_dlZo [Zah\uo

hljZke_c wdkiemZlbjm_lky [he__ �� feg l g_kmsbo f_lZe�

ebq_kdbo dhgkljmdpbc b [he__ ��� luk� f
�
`_e_ah[_lhg�

guo dhgkljmdpbc� agZqbl_evgZy qZklv dhlhjuo lh`_ bk�

q_jiZeZ k\hc j_kmjk�

Wlh ebrv ^\Z lbibqguo ijbf_jZ� < lZdhf `_� _keb

g_ \ om^r_f khklhygbb� gZoh^blky agZqbl_evgh_ dheb�

q_kl\h h[t_dlh\ l_ieh� b ]b^jhwg_j]_lbdb� fZ]bkljZevgu_

ljm[hijh\h^u� h[hjm^h\Zgb_ ^ey g_nl_� b ]Zah^h[u\Zx�

s_c� g_nl_i_j_jZ[Zlu\Zxs_c b obfbq_kdhc ijhfure_g�

ghklb� `_e_agh^hjh`gu_ b Z\lh^hjh`gu_ fhklu� kljhb�

l_evgu_ f_lZeebq_kdb_ dhgkljmdpbb� dhfie_dku `bevy

b h[t_dlu dhffmgZevghc kh[kl\_gghklb b ^j�

Qlh fh`gh b gm`gh k^_eZlv ^ey lh]h� qlh[u ba[_`Zlv

\hafh`guo Z\Zjbc b dZlZkljhn" Hl\_l gZ wlhl bkdex�

qbl_evgh \Z`guc \hijhk ^Z_l gZmdZ� Ih bgbpbZlb\_ Ij_�

ab^_glZ G:G MdjZbgu ZdZ^_fbdZ ;� ?� IZlhgZ ijb Ij_�

ab^bmf_ ZdZ^_fbb [ue kha^Zg GZmqgh�dhhj^bgZpbhgguc

b wdki_jlguc kh\_l ih \hijhkZf j_kmjkZ b [_ahiZkghklb

wdkiemZlZpbb dhgkljmdpbc� khhjm`_gbc b fZrbg� dhlh�

juc hg ebqgh \ha]eZ\ey_l� Kh\_l hj]Zgbah\Ze g_h[oh^b�

fu_ gZmqgu_ bkke_^h\Zgby ih wlhc hkljhc ijh[e_f_�

ijb\e_d d gbf ^jm]b_ gZmqgu_ hj]ZgbaZpbb MdjZbgu�

< hdly[j_ ���� ]� \ dhgn_j_gp�aZe_ khklhyeZkv \klj_qZ

\_^msbo mq_guo G:G MdjZbgu k `mjgZebklZfb� >bkdmk�

kby [ueZ ihk\ys_gZ ZdlmZevghc ijh[e_f_² l_ogbq_kdhc

[_ahiZkghklb wdkiemZlZpbb h[t_dlh\ gZjh^gh]h ohayckl\Z

b \hijhkZf hij_^_e_gby bo hklZlhqgh]h j_kmjkZ�

Q_eh\_q_kl\h \ha^\b]Z_l keh`gu_ khhjm`_gby� fhklu�

lmgg_eb� ljm[hijh\h^u� [Zrgb� Zlhfgu_ we_dljhklZgpbb�

ebgbb we_dljhi_j_^Zq� l_iehwe_dljhp_gljZeb b l� ^�Fgh�

]b_ h[t_dlu hlghkylky d ebg_cguf kbkl_fZf� \uoh^ ba

kljhy h^gh]h a\_gZ \_^_l d hklZgh\d_ \k_]h h[t_dlZ b�

dZd \hafh`guc j_amevlZl� d l_ogh]_gghc dZlZkljhn_� Ih�

wlhfm [hevrh_ \gbfZgb_ \ \uklmie_gbyo [ueh m^_e_gh

\hijhkm hp_gdb l_ogbq_kdh]h khklhygby b ijh]ghabjh\Z�

gbx hklZlhqgh]h j_kmjkZ h[t_dlh\ gZjh^gh]h ohayckl\Z�

b]jZxsbo dexq_\mx jhev \ `bag_^_yl_evghklb h[s_kl\Z�

H l_ogbq_kdhf khklhygbb b hklZlhqghf j_kmjk_ dhg�

kljmdpbc b khhjm`_gbc hkgh\guo hljZke_c ohayckl\Z \

MdjZbg_� gZijZ\e_gbyo b j_amevlZlZo \uihegy_fuo gZ�

mqguo bkke_^h\Zgbc� gZmqgh h[hkgh\Zgguo f_jhijby�

lbyo� gZijZ\e_gguo gZ bkijZ\e_gb_ kblmZpbb� ij_^hl\�

jZs_gby l_ogh]_gguo Z\Zjbc b dZlZkljhn `mjgZebklZf

jZkkdZau\Zeb ba\_klgu_ mdjZbgkdb_ mq_gu_�

:� =� GZmfh\_p ² qe_g Ij_ab^bmfZ G:G MdjZbgu�

ZdZ^_fbd G:G MdjZbgu
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E�F� Eh[Zgh\² aZf_klbl_ev ^bj_dlhjZ BWK bf� ?� H�

IZlhgZ G:G MdjZbgu� aZf_klbl_ev ij_^k_^Zl_ey GZmq�

gh�dhhj^bgZpbhggh]h b wdki_jlgh]h kh\_lZ ih \hijhkZf

j_kmjkZ b [_ahiZkghklb wdkiemZlZpbb dhgkljmdpbc� kh�

hjm`_gbc b fZrbg ijb Ij_ab^bmfZ G:G MdjZbgu� ZdZ�

^_fbd G:G MdjZbgu

B� D� Ihoh^gy ² qe_g Ij_ab^bmfZ G:G MdjZbgu�

ZdZ^_fbd G:G MdjZbgu

<� <� IZgZkxd ² ^bj_dlhj Nbabdh�f_oZgbq_kdh]h bg�

klblmlZ bf� =� <� DZji_gdh G:G MdjZbgu� ZdZ^_fbd G:G

MdjZbgu

<� B� Ihofmjkdbc ² aZf_klbl_ev ^bj_dlhjZ Nbabdh�

f_oZgbq_kdh]h bgklblmlZ bf� =� <� DZji_gdh G:G Md�

jZbgu� qe��dhj� G:G MdjZbgu

<� B� Dbjvyg ² aZ\_^mxsbc hl^_ehf BWK bf� ?� H�

IZlhgZ G:G MdjZbgu� qe��dhj� G:G MdjZbgu

:� Y� DjZkh\kdbc ² aZ\_^mxsbc hl^_ehf BgklblmlZ

ijh[e_f ijhqghklb bf� =� K� IbkZj_gdh G:G MdjZbgu�

qe��dhj� G:G MdjZbgu

:� Y� G_^hk_dZ ² aZ\_^mxsbc hl^_ehf BWK bf� ?� H�

IZlhgZ G:G MdjZbgu� ^�j l_og� gZmd� ijhn�

:� B� EZlmo�Eys_gdh² ijhn� dZn_^ju ©Fhklu b lmg�

g_ebª =hkm^Zjkl\_ggh]h ljZgkihjlgh]h mg�lZ� ^�j l_og�

gZmd

<� F� =hj^__\ ² i_j\uc aZf_klbl_ev ij_^k_^Zl_ey

ijZ\e_gby <:L Mdj=GBB ©Ijh_dlklZevdhgkljmdpbyª�

^�j l_og� gZmd� ijhn�

<� K� =bj_gdh ² \_^msbc gZmqguc khljm^gbd BWK

bf� ?� H� IZlhgZ G:G MdjZbgu� ^�j l_og� gZmd

<� :� Dh\lmg_gdh ² aZ\_^mxsbc eZ[hjZlhjb_c BWK

bf� ?� H� IZlhgZ G:G MdjZbgu� dZg^� l_og� gZmd

K� =� Iheydh\ ² \_^msbc gZmqguc khljm^gbd BWK

bf� ?� H� IZlhgZ G:G MdjZbgu� ^�j l_og� gZmd

< k\h_f ���fbgmlghf ^hdeZ^_ E� F� Eh[Zgh\ ^_lZevgh

baeh`be keh`b\rmxky kblmZpbx l_ogbq_kdh]h h[kem`b�

\Zgby b khklhygby h[t_dlh\� Z lZd`_ jZkkdZaZe h ijh\h�

^bfuo f_jhijbylbyo�

Khklhygb_ ljm[hijh\h^h\� fhklh\� lmgg_e_c b l_ieh�

fZ]bkljZe_c fh`_l klZlv ijbqbghc l_ogh]_gghc dZlZkl�

jhnu� AZdhgqbeky kjhd wdkiemZlZpbb hl �� ^h �� � f_�

lZeebq_kdbo b `_e_ah[_lhgguo dhgkljmdpbc� Ba ���� luk�

dZgZebaZpbhgguo k_l_c ��� luk� iheghklvx baghr_gu�

Lj_[mxl j_fhglZ �� luk� fhklh\ b ��� feg f
�
`bevy�

< ly`_ehf khklhygbb hdZaZeky jy^ h[t_dlh\ kljhbl_ev�

guo f_lZeehdhgkljmdpbc� <ke_^kl\b_ j_adh]h kiZ^Z ijh�

ba\h^kl\Z f_lZeeZ b nbgZgkbjh\Zgby j_fhglguo jZ[hl

hlkmlkl\m_l \hafh`ghklv aZf_gu kms_kl\mxsbo dhgk�

ljmdpbc�

;ueb hlf_q_gu mki_ob gZmdb \ kh\_jr_gkl\h\Zgbb f_�

lh^h\ g_jZajmrZxs_]h dhgljhey� hij_^_e_gby gZijy`_g�

gh�^_nhjfbjh\Zggh]h khklhygby� ^bZ]ghklbd_ k\Zjguo

dhgkljmdpbc� Kha^Zxlky gh\u_ kbkl_fu g_ij_ju\gh]h

fhgblhjbg]Z �ke_`_gby� aZ khklhygb_f h[t_dlh\�

@mjgZebklZf [ue ij_^klZ\e_g ohjhrh hnhjfe_gguc

nZdlbq_kdbc fZl_jbZe k j_amevlZlZfb ZgZebaZ khklhygby

dhgkljmdpbc b h[t_dlh\�

;hevrh_ \gbfZgb_ kms_kl\mxs_c ijh[e_f_ m^_ey_l

g_^Z\gh kha^Zgguc GZmqgh�dhhj^bgZpbhgguc b wdki_j�

lguc Kh\_l ih \hijhkZf j_kmjkZ b [_ahiZkghklb wdkiem�

ZlZpbb dhgkljmdpbc� khhjm`_gbc b fZrbg ijb Ij_ab^b�

mf_ G:G MdjZbgu� ;ue ih^]hlh\e_g h[ahj ih kms_kl�

\mxs_c ijh[e_fZlbd_ b ij_^klZ\e_g gZ jZkkfhlj_gb_ gZ

aZk_^Zgbb Kh\_lZ ih gZpbhgZevghc [_ahiZkghklb b h[h�

jhg_� Ih j_amevlZlZf aZk_^Zgby ih ihjmq_gbx kh\_lZ

[ueZ ih^]hlh\e_gZ b ml\_j`^_gZ dhgp_ipby ih [_ah�

iZkghklb� Z lZd`_ kha^Z_lky gZmqgh�l_ogbq_kdZy ijh]�

jZffZ ©J_kmjkª�

< aZ\_jr_gb_ ^hdeZ^Z [ueh ih^q_jdgmlh� qlh� g_kfhl�

jy gZ kms_kl\_ggu_ nbgZgkh\u_ ljm^ghklb� \ p_ehf ihk�

lZ\e_ggu_ ijZ\bl_evkl\hf aZ^Zqb [m^ml \uiheg_gu�

< \uklmie_gbb ZdZ^_fbdZ G:GM B� D� Ihoh^gb hl�

f_qZehkv� qlh g_kfhljy gZ ijh]ghau nmlmjheh]h\ h aZ�

f_g_ klZevguo dhgkljmdpbc gZ dhgkljmdpbb ba ieZklfZkk�

dhfihablh\� e_]dbo f_lZeeh\� klZev ijh^he`Z_l hklZ\Zlv�

ky hkgh\guf dhgkljmdpbhgguf fZl_jbZehf \ gZjh^ghf

ohayckl\_ b ih djZcg_c f_j_ _s_ �� e_l [m^_l lZdh\uf�

D ihke_^gbf ^hklb`_gbyf gZmdb fh`gh hlg_klb kha�

^Zgb_ f_lh^Z ki_pbZevghc l_jfhh[jZ[hldb dhjimkh\

Zlhfguo j_Zdlhjh\� bkq_jiZ\rbo k\hc j_kmjk� Ijbf_g_�

gb_ ^Zgghc l_jfhh[jZ[hldb iha\hey_l \hkklZgh\blv ieZk�

lbq_kdb_ k\hckl\Z jZ^bZpbhggh hojmiq_ggh]h f_lZeeZ�

B� D� Ihoh^gy lZd`_ hlf_lbe h g_h[oh^bfhklb [he__

ihegh]h hk\_s_gby `mjgZebklZfb bgl_gkb\ghc jZ[hlu

hl_q_kl\_gguo mq_guo \ h[eZklb dZd gZmdb \ p_ehf� lZd

ijh[e_f� jZkkfZljb\Z_fuo gZ ^Zgghc \klj_qb� ;hevrh_

\gbfZgb_ g_h[oh^bfh m^_eylv dZ^jh\hfm \hijhkm ²

ijb\e_q_gbx fheh^_`b \ gZmdm� :dZ^_fbd B� D� Ihoh^gy

gZihfgbe� qlh gug_rgb_ mki_ob \ wdkiemZlZpbb dhfiv�

xl_jghc l_ogbdb [ueb aZeh`_gu _s_ [he__ �� e_l gZaZ^

ZdZ^_fbdhf <� F� =emrdh\uf ijb jZajZ[hld_ b ihim�

eyjbaZpbb \uqbkebl_evghc l_ogbdb�

< k\h_f \uklmie_gbb qe��dhj� G:G MdjZbgu <� B�

Ihofmjkdbc m^_ebe \gbfZgb_ ijh[e_f_ dhjjhabb� JZg__

\ gZr_c kljZg_ \ kj_^g_f ijhba\h^behkv � l klZeb gZ

� q_eh\_dZ� K_cqZk \ k\yab k mf_gvr_gb_f __ ijhba\h^�

kl\Z b hlkmlkl\b_f \hafh`ghklb aZf_gu dhgkljmdpbc

i_j\hkl_i_ggh_ \gbfZgb_ ke_^m_l m^_eblv ijh[e_f_ aZ�

sblu hl dhjjhabb� G_h[oh^bfu gh\u_ ghjfZlb\gu_ j_]�

eZf_glbjmxsb_ ^hdmf_glu \ wlhc h[eZklb� G_h[oh^bfh

nbgZgkbjh\Zgb_ ^ey j_ZebaZpbb ]hkm^Zjkl\_gghc ijh]�

jZffu ©J_kmjkª�

<� B� Ihofmjkdbc hlf_lbe� qlh k_]h^gy hsmsZ_lky hk�

ljuc ^_nbpbl dZ^jh\ ih bamq_gbx \ebygby dhjjhabb� lZd

dZd l_ogbq_kdb_ ki_pbZevghklb l_i_jv f_g__ ij_klb`gu�

;b[ebhl_qgu_ nhg^u \ukrbo mq_[guo mqj_`^_gbc djZc�

g_ h]jZgbq_ggh ihihegyxlky gZmqghc ebl_jZlmjhc b `mj�

gZeZfb jZaebqguo kljZg fbjZ� >ey j_r_gb_ ijh[e_fu

gZmqgh]h bgnhjfZpbhggh]h ]heh^Z bgklblmlhf jZa \ ^\Z

]h^Z ijh\h^blky ki_pbZebabjh\ZggZy dhgn_j_gpby b k_�

fbgZju�
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Qe��dhj� G:G MdjZbgu :� Y� DjZkh\kdbc ihk\ylbe

k\hc ^hdeZ^ jZa\blbx dhfivxl_jguo kbkl_f fhgblhjbg�

]Z fZ]bkljZevguo g_nl_�� ]Zahijh\h^h\ b ij_^klZ\be be�

exkljbjh\Zgguc fZl_jbZe�

<� F� =hj^__\ \ k\h_f \uklmie_gbb� \ qZklghklb mdZ�

aZe� qlh j_amevlZlhf g_m^h\e_l\hjbl_evgh]h khklhygby

j_a_j\mZjgh]h iZjdZ dhgkljmdpbc y\eyxlky dhjjhabhg�

gu_ ih\j_`^_gby� g_dhgljhebjm_fu_ gZ]jmadb� ^_fhglZ`

we_f_glh\ dhgkljmdpbc ihklhjhggbfb ebpZfb� g_k\h_\�

j_f_ggZy ebd\b^Zpby ^_n_dlh\�

:� B� EZlmo�Eys_gdh hlf_lbe� qlh aZiZk ijhqghklb

kms_kl\mxsbo fhklh\ y\ey_lky �…��djZlguf� Ihwlhfm

hiZkghklb dZlZkljhn g_ kms_kl\m_l� h^gZdh \_jhylghklv

Z\Zjbc kms_kl\m_l� GZb[hevr__ [_kihdhckl\h \uau\Z_l

khklhygb_ fhklh\ fZeuo ]hjh^h\ b k_e� Hgb g_ ih^\_j�

]Zebkv h[ke_^h\Zgbyf [he__ ^_kylb e_l� ihwlhfm bgnhj�

fZpby h[ bo khklhygbb hlkmlkl\m_l� Ijh[e_fZ hp_gdb l_o�

gbq_kdh]h khklhygby fhklh\uo khhjm`_gbc lZd`_ bf__l

hj]ZgbaZpbhgguc Zki_dl ² hlkmlkl\mxl kem`[u wdkiem�

ZlZpbb fhklh\� \ qZklghklb bgki_dpbb fhklh\�

MdjZbgkdb_ fhklu gZoh^ylky \ g_m^h\e_l\hjbl_evghf

l_ogbq_kdhf khklhygbb� �� � fhklh\ b iml_ijh\h^h\ g_

khhl\_lkl\m_l lj_[h\Zgbyf kh\j_f_gguo ghjf hlghkb�

l_evgh ]Z[Zjblh\ b ]jmahih^t_fghklb� < qZklghklb� hiZk�

gZy kblmZpby khojZgy_lky \ hlghr_gbb q_luj_o db_\kdbo

fhklh\�X`gh]h� IZlhgZ� =Z\Zgkdh]h b Fhkdh\kdh]h� LZd�

fhkl IZlhgZ� dhlhjhfm m`_ bkihegbehkv �� e_l� [ue aZi�

jh_dlbjh\Zg gZ gZ]jmadm \ �� luk� Z\lhfh[be_c \ kmldb�

Gug_ hgZ ^hklb]eZ m`_ �� luk� Fhklu g_h[oh^bfh kbk�

l_fZlbq_kdb bkke_^h\Zlv b j_fhglbjh\Zlv \ f_klZo� ih\�

j_`^_gguo dhjjhab_c� K_]h^gy wlb jZ[hlu ijZdlbq_kdb

g_ \_^mlky ba�aZ g_^hklZldZ kj_^kl\�

<� <� IZgZkxd \ k\h_f \uklmie_gbb hlf_lbe i_j\hk�

l_i_ggmx jhev hljZke_\h]h b j_]bhgZevgh]h mjh\g_c ijb�

gylhc ijh]jZffu ©J_kmjkª� G_h[oh^bfZ ih^]hlh\dZ ghj�

fZlb\ghc [Zau b h[mq_gb_ ki_pbZebklh\ ih hij_^_e_gbx

hklZlhqgh]h j_kmjkZ dhgkljmdpbc� G_h[oh^bfu khhl\_l�

kl\mxsb_ aZdhgh^Zl_evgu_ Zdlu�

<� B� Dbjvyg \ k\h_f \uklmie_gbb mdZaZe gZ lh� qlh

_keb nbgZgkbjh\Zgb_ jZ[hl g_ [m^_l� lh l_ogh]_gghc dZ�

lZkljhnu fu ba[_`Zlv g_ kfh`_f�

WdkiemZlbjm_fu_ f_lZeehdhgkljmdpbb fh`gh jZa^_�

eblv gZ ^\_ dZl_]hjbb� I_j\mx �f_gvrmx� khklZ\eyxl

l_� dhlhju_ m`_ k_cqZk g_ hl\_qZxl ihdZaZl_eyf [_ah�

iZkghklb� fhjZevgh b nbabq_kdb mklZj_eb� <lhjmx ²

h[t_dlu� j_kmjk dhlhjuo fh`gh ijh^eblv� h[ke_^h\Z\ bo

b hlj_fhglbjh\Z\� >ey fgh]bo h[t_dlh\ ² ]Zahijh\h^h\�

:WK ² j_kmjk j_]eZf_glbjh\Zg� ?keb kqblZ_lky� qlh ba�

ghk khklZ\ey_l � � \ ]h^� lh agZqbl q_j_a �� e_l h[t_dl

ihiZ^Z_l \ jZajy^ baghr_gguo� Gh ijh\_^_ggu_ k_]h^gy

bkke_^h\Zgby ihdZaZeb� qlh gZ fgh]bo h[t_dlZo f_lZee

hklZeky \ lhf `_ khklhygbb� qlh b �� e_l gZaZ^� Dhjjhabb

ih^\_j`_gu ebrv g_dhlhju_ mqZkldb� dhlhju_ b ke_^m_l

hlj_fhglbjh\Zlv� Wlh h[hc^_lky ^_r_\e_� q_f f_gylv

\_kv h[t_dl�

<� K� =bj_gdh hlf_lbe� qlh \j_f_ggu_ mkeh\by wdk�

iemZlZpbb [hevrhc ijhly`_gghklb ljm^gh \hkijhba\h�

^ylky \ eZ[hjZlhjguo mkeh\byo� Ijb hij_^_e_gbb hklZ�

lhqgh]h j_kmjkZ j_qv b^_l h j_kmjk_ ih khklhygbx� H^�

gZdh _klv jy^ \hijhkh\� dhlhju_ gZ ^Zgguc fhf_gl g_

ih^e_`Zl ijh]ghabjh\Zgbx ijb wdkiemZlZpbb h[t_dlh\�

LZdbf h[jZahf� [eZ]h^Zjy mkbebyf mq_guo hij_^_e_gh

bklbggh_ khklhygb_ ihl_gpbZevgh hiZkguo h[t_dlh\ Md�

jZbgu� jZajZ[hlZgu wnn_dlb\gu_ j_dhf_g^Zpbb b f_lh�

^u hij_^_e_gby bo hklZlhqgh]h j_kmjkZ� l� _� kdhevdh \j_�

f_gb b ijb dZdbo mkeh\byo \hafh`gZ bo ^Zevg_crZy wd�

kiemZlZpby� Mq_gu_ jZajZ[hlZeb dhgdj_lgu_ ij_^eh`_�

gby hlghkbl_evgh ijh^he`_gby [_ahiZkgh]h nmgdpbhgb�

jh\Zgby mdZaZgguo h[t_dlh\� <uiheg_gb_ ^Zgguo f_jhi�

jbylbc ^Z_l \hafh`ghklv ij_^hl\jZlblv \uoh^ ba kljhy

hl\_lkl\_gguo h[t_dlh\�

Jh[hlZ k_cqZk aZ l_f� qlh[u gZklhcqb\h� [ukljh \g_^�

jylv gZmqgu_ gZjZ[hldb�B a^_kv ^he`gu kdZaZlv k\h_ keh�

\h b ijbgylv g_h[oh^bfu_ nbgZgkh\u_ b hj]ZgbaZpbhg�

gu_ f_ju \eZklgu_ kljmdlmju gZ h[s_]hkm^Zjkl\_gghf

b f_klghf mjh\gyo�

:� X� ;hg^Zj_gdh� bg`�
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